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1.1 Preamble

Rivers are the most important surface fresh wateraesotuthe world. The total volume in
ZRUOG:-V ULYHUYV L(Grdomdridge/& Jenkinkl A998). Rivers are easily accasdible,
useful in multiple facets. Most perennial rivers are priemawable water resource for agriculture,
domestic and industrial use. Additionally, they are vital fgatrayi aquatic life, and generation of
hydroelectricity. In short, rivers are indispensable inamaigtenvironmental equilibrium and for
human development. Accordingly, it is clearly evident tha eiVvitizations, since ancient times till
date, have thrived along major rivers of the world (Hilg2) T®/inner, 2012). Consequently, the
rivers held the positio prima in all parts of the ancietd.ws the world entered the modern era, on
the advent of technology and industrialization, the esgseafiavers and our dependence on them
has increased (Hillel, 1992).

The Ganga is not just a River; the mythological imporsswaased with the River is deep-
URRWHG LQ WKH ,QGLDQ FXOWXUH KIHQ GWDWHKR/QLN Q G HWHHFER D
Ganga has attained, in India and worldwide, is a wondrousaperdon deliberately makes up his
mind to clear all his conceptions about the reverencelsoRizer Ganga, its glory and its mystic
characteristics; and decides to ponder about what réaf/theRiver outstanding, there is a logical
path on which his thoughts can tread on.

A shrewd scientist, who would not want to delve into thgueness and beneficial
characteristics of the River Ganga, and not indulge in #ojogigal background which the River
has, would see the River as one of the many river systesssthe world. Even in this sense, River
Ganga is an important river system of the world. The Baalgaraputra-Meghna composite river
system, which drains a massive 1.7 million km2, is one ofdisé laer systems in the world by
drainage area (Arnold, 2000). The trans-boundary svebhsgin spread over four countfiésdia,
Nepal, China and Bangladesh. River Ganga is fed by snewatereitom Himalayan glaciers and also
by sub-surface flows and Plateau Rivers; and flowsigyefhe River flows for 2,525 kmmaking
it the 39th longest in the world2 and second in terne dbtal suspended load which is 524 Mega
tonnes/year (Tandon, Sinha, Gibling, Dasgupta, & Ghazaffi), @T Consortium, 2013). This
perennially flowing River has spurred development in thebasime Dams and barrages have been
built with an intention of providing energy and massive increasesprofaction. Some parts of the
River are used for navigation. The River carries fertimladlediment from the Himalayas and
deposits in the plains of Uttar Pradesh, turning theitdgttame of the most fertile alluvium plains in
the world (Taneja et al., 2014). Most importantly, thea®asm supports a population of about 600
PLOOLRQ DQG JHQHUDWLQJ RY HU(The \Rdrld BaBK.-Repdrt N® STEPTUK L
2011) All these physical and natural attributes of the RingaGdready make it an important and
special river system of the world.

River Ganga is enshrined in the psyche of the majoritdiahdras mother Ganga. People
have an involuntary and natural sense of revererareddive River Ganga, devoid of the facts and
figures mentioned above. For them, the River has gitetohdivilization itself, nurturing life from
time unknown. In addition, there is a strong mythological ysiit tmelief attached to the River. The

! The Merriam Webster Geographical diction#yalid source specified.and Berga.LInvalid source specified.have
indicated the length of the River Ganga as 2,505 km and 2,550 km reslyectiv
2 The rank is based on comparing the lengths of other major rejwsted in peer reviewed literature.
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Meghna composite basin

People throng to worship the River Ganga a
Uttarakhand

river is central in much of the spiritual and culturai@ssé this country. There is something about
the Ganga which people say makes it special; sometuagtifiable. For some, it is the strong
rooting in religion, which in turn points to mythology; aseh#ly worship the River. Others claim to
have witnessed some of the beneficial properties RivilreGanga, such as its ability to remain fresh
IRU ORQJ SHULRGYV DQG SRVLWRSHHU WILH N W K IRRKX RDQHH- \E KK ® IDHDY\AH
venerable.
This distinct superiority and extraordinary dimensions &itbe Ganga have been sung by
sages of old in India. The Himalayas, where the River @ignistes, has been an abode of spiritual
thinkers since ancient times. Great urban centres atbldsVaranasi and Pataliputoav(Patna ity
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thrived along the banks of the River Ganga. Many reshénamellers of the medieval era such as Ibn
Batuta and Jean-Baptiste Tavernier wrote exclusivelyreb&anga in their travel accounts. Amidst
industrialization in the Ganga basin during the British cobeniadl in the 19 century, Western
thinkers and scientists acknowledged certain uniqueaertsiesthat the River Ganga was known to
possess. Homebound British used to carnGtrega Jab England and discovered that the water
remained fresh throughout the journey. British physioestEH. Hankin was a pioneer in studying
the scientific aspect of such characteristics of thgaGeatter. It laid the foundation for further
UHVHDUFK E\ )HOL[ G-+HUHOOHREZISKDNHDFHG LW WRKDWUKID
another unique aspect of the River Gahia capacity to retain high level of dissolved oxygen anc
rapidly rejuvenate. His work in the 1980s explored tipsrfy@f River Ganga with great scientific
details (Bhargava D. , 1983) (Bhargava D. , 1987).

Therefore, the general supposition includes two fadbts ieputation surrounding the River
Ganga. Firstly, the natural aspects, such as thesyasidethe physical aspects associated with the
river basin itself, along with the massive population ibrssipfhe second is the uniqueness,
mysticism, and the beneficial properties which are bétidwedn the Ganga water. However, when
we look deeper into the subject, we can gather that the twe aspact completely disjoint, and may
have common ground in many areas. It is a very plausibhergrghat the sheer diversity within the
Ganga River basin, are causative in imbibing certainiaepedfjgerties. The Ganga basin is diverse -
in geology, climate, vegetation, and aquatic ecology to meawion a f

The Ganga basin, and especially the region along th&&iga, has been characterized by
rapid urbanization and industrialization in the past few dethdeRiver has been tapped as an
indispensible natural resource, and thereby impacting ma#dt afr its natural and physical
characteristics. These anthropogenic activities haveedripacivater quality of the River Ganga and
the interactive environment of the River system. Wialapdittg to carry out a scientific study to
understand the water quality and special propertiesRivdreGanga, it is necessary to examine the
River in its entirety, as a dynamic and interactive rivan.systere are numerous factors which are
interdependent and interact to impact the water quality of the Rigar Gan

It is necessary to monitor the River for these variatmmpters, and understand the
interrelationships. Information about the impact of eptigenic activities and the nature of special
properties is brought to th¢e RUH DV D UHVXOW RI FRPSUHKBQWHUY H

Faithful worshippers and
pilgrims taking bath in the ¥6€
cold waters of the Ganga
Gangotri : A common sig
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environment.

Royal families in India used to s
Ganga Jal in large volumes in silver
vessels and revered its sanctity

Ernest Hanbury Hankin, «
of the pioneer researchers
River Ganga

Source:
https://en.wikipedia.org/wiki/Ernest_
Hanburv Hankin

In these lines, this study aims to understand the GaegayRikem, and its interactions with
the natural environment which have an impact on its quetily. The study includes the analysis of
water and sediment throughout the River Ganga for anstixke list of parameters. In addition to the
information derived from the analyses, dedicated experimventseba undertaken to provide crucial
information about special properties in the River Gahgaimpact of change in water quality and
anthropogenic activities on such special propertiessbdsean discussed by collating the findings
from each component of this project. Similar study hasibdertaken on two major Rivers of India
2 Rivers Narmada and Yamuna, to obtain comparative informbtiohthe causative factors for
impact on water quality and the nature of special pespérhis study is supported by National
Mission for Clean Ganga (NMCG), Ministry of Water RespuReeer Development and Ganga
Rejuvenation (MoWR), Government of Ind@hapter 1 describes course and diversity of River
Ganga and factors likely to affect water quality such as diplogy, ecosystem, development,
population, agriculture and irrigation etc
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Box 1-1: Objectives of the project

Objectives of the project:
1. Assess the water

quality status of

f Over pre-monsoon and post-monsoon seasons
f 70 locations from origin to confluence

River Ganga f Comparative study with Rivers Narmada and Yamuna

. Carry out f Extensive array of parameters such as trace metalislepeessidue, endocrine disruptive
extensive analyst compounds, radionuclides, and planktons
for various f Bacterial diversity including a comprehensive study on phages

parameters whict
impact water

quality

. Assess the status
of flora in the
riparian zone,
especially in the
upper catchment

f Diversity of flora in the riparian zone
f The impact of flora on water quality in the riparian zone

. Extensive
literature search
and review for
water quality in

f Deriving information from numerous studies on River Ganga, éemngviewed literature
and credible sources

River Ganga
. Understanding f Carrying out field and laboratory based experimentsitponsspecial properties
the possible f Drawing information from the water quality assessment amesecharacteristics to aid ir
special properties understanding special properties
exhibited by
River Ganga
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Given above is a map of the document and the interrelatibesigen the contents of this
report, and the chapter in discussion is highlighted to guide theugpott.
1.2 Course of the River

River Ganga is part of the Ganga-Meghna-BrahmaputrayRieen. The Ganga River basin is
spread over 8, 62,769 4anddrains about 26 % of the geographical area of IndiaalOafater

A view of the Satopanth glacier where Rive
originates
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Commission - WRIS, 2014). The River flows through fies sfaindia before it drains into the Bay
of Bengal. River Ganga has five major headwatersfrapathe main stream3 Bhagirathi and
Alaknanda, all of which are snowmelt streams from the yamal&e River takes its name as Ganga
after River Bhagirathi and River Alaknanda join at Devprayag.

Bhagirathi originates at Gomukh’(30 p 1° - p ( (OHYDWLRQ source: Booyit 6
Earth 7.1.5.1557, Imagery Date: 26/0y/2gushing out from under the Gangotri Glacier. Bhadimtis for
18km and passes by Gangotri, and further travels akoutilf 81aneri where the stream is arrested
for the first time for hydroelectricity generation. Bihgnapidly descends the Himalayan slopes for
another 113km to join with Alaknanda at Devprayag. Atkkoaiginates from the Satopanth glacier
B3 - 1 ° - pu ( (OHYDWLRQ Sourcd® Gdo§l6 Earth 7.1.5.1557, Imagery Di@14p7/0
Saraswati, a headwater tributary of Alaknanda is the jbistat Mana Village, and flows about 5km
to reach Badrinath. About 35km downstream of Badrinati)igdraga joins Alaknanda. The river
traverses about 150km to join Bhagirathi at Devprayag.

The River descends to the lower Himalayas, the Shivalitesacres the town of Rishikesh.
The Ganga then reaches Haridwar where the Bhimgodyge lzamass the river diverts about 80% of
the water. This lends the Ganga flowing in a braided marmewyindling discharge. The river heads
down South, flowing past the city of Bijnore, and redidresa. Ganga heads South-East thereon,
with the Ramganga joining at Kusumkher and the Kali Riveg jatnfKannauj, augmenting the flow
of Ganga.

River Bhagirathi gushing out from
the Gomukh glacier




The iconic Howrah Bridge at Kolkata city was bui43 therges
the River Ganga. Numerous developmental projefegdieare been un
along the River Ganga, especially around tlse urban centre

River Ganga enters the industrial belt of urban ceftaepur, Allahabad and Varanasi. The
canal network of Upper Ganga Canal and Lower Gangae@analally re-join River Ganga at
Kanpur, and further downstream of Kanpur as well. Aldhalthe renowned site of confluence of
the two major Himalayan Rivers - the Ganga and the YarharRiver turns East and heads towards
Varanasi, before reaching which; the River Tons joirga GarSirsa. The River flows for about
1000km in the State of Uttar Pradesh (UP) and flowd@okmi forming the natural state borders
between UP and Bihar. The River Sone and River Gandahkej@ariga near Patna city. Kosi is
another Himalayan tributary which joins the Ganga at&ureal the town of Bhagalpur. The Ganga
travels 405km in Bihar, after which it enters the d$tsitesi Bengal. The Ganga at this point splits,
forming the Hooghly River and the Ganga-Brahmaputra coniple former continues to flow
Southwards in India into the Bay of Bengal whereas #rectaises the international border and
flows into Bangladesh. The Hooghly characteristically dodeita while it terminates in the Bay of
Bengal, and the region is home to one of the lardeghytac mangrove forests in the world - the
Sunderbans. Gangasagar is one of the largest islandSundidans and marks the mouth of the
Ganga.
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Legend

—— River Ganga
Ganga Basin

: | State Boundaries Not To Scale

Fig. 1-3: Ganga basin and River Ganga

(Source: Background fill?Google Earth Image® 2015; Indian Administrative Boundary? NRSC - BHUVAN 2015)
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1.3 Diversity in the Ganga Basin
1.3.1 Topography

The physical boundaries of the Ganga Basin are theHBredayan ridge to the North,
Brahmaputra ridge to the East, slopes of the Aravghi tathe West, and the slopes of the Vindhya
and Chotanagpur plateau to the South (Sanghi & Kausbaldtion to Our National River Ganga
via cmaps, 2014). The Ganga basin has a vivid topogtapkyer, it can be broadly classified into
five categories.

The Great Himalayan Range

The Shivaliks

Gangetic plains

Hills and Plateau tracts of the South
The Sunderbans delta

The Himalayas: The Himalayan Mountains were formed due to the collisibmdiah
tectonic plate with the Eurasian plate, and its consegibeluiction, about 25 million years ago. The
headwaters of the River Ganga originate at the tewhimasy glaciers of the Himalayan Range. The
altitude in this region ranges from 2500-450The region is home to many of the tallest peaks in the
world'. Snow-capped surfaces and alpine vegetation are gsiicastehis region. The River flows
for about 100 km in this regforiThe region is very stéesnd the geological formations have

The Gangotri group of mountains. The ridge separfites 1
which Rivers Bhagirathi, Alaknanda and Mandakini origi

® The average altitude range is for the River Ganga, and not the entire physasgnaggfion
* The Gangotri group of peaks are mountains especially around the Gategién, @f which Chaukhamba (7,138 m),
Kedarnath (6,940 m), Shivling (6,543 m), Meru (6,660 m)Bhagirathi (6,856 m) are the notable peaks

® This roughly corresponds to the distance traversed by the RiveiGamukh to Chinali Saur near Tehri

® The average slope in this region is about 1 in 67 (Sanghi & Kaushatjuotian to Our National River Ganga via
cmaps, 2014)
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numerous folds and faults. The soil type is dominated bymaltonsisting of minerals like illite,
chlorite and kaolinite (Sanghi & Kaushal, IntroductiorutaNational River Ganga via cmaps, 2014)
The drainage in this region is a combination of direct-fumof precipitation and melting of glaciers.
The soil-type and geological formations make the land sugbgptible to erosion. Land use in this
region is very limited, although terrace farming is praetleacer altitudes (~<2000m). River Ganga,
while flowing through this region, provides appreciabénti@tto harness hydroelectricity. The
course which River Ganga and its tributaries take inrttadalian region is characterized by sudden
changes in bed slope, waterfalls, and narrow gorges.

The Shivaliks: The Shivalik hills are the parallel highlands to the Sotitd blimalayan
range. The range is about 50 km wide and has an aadge of 1,500 m (Kohli, 2004). It is
extremely hard to distinguish between the Lower Himalaythe 8tdvaliks, when descending from
the Himalayas onto the plains, as they seem to be contiguous.

The region is characterized by hills covered with Himalajsinemperate vegetation. The
River flows for approximately 150 kinghis region. A larger fraction of the land has bdévated
as compared to the Himalayan region, and terrace falonmgates agricultural practices. Larger
settlements, such as Tehri, Chamba, and Rishikesh, lie in this region.

Gangetic Plains: The River Ganga, along with River Yamuna, erodes tiye qguwolidated
sedimentary rocks of the Himalayas and deposits the séaymehy-layer in the plains, resulting in
almost a kilometre thick alluvial wide valley plain (NGRBA & TIBRL) ZSanghi & Kaushal,
Introduction to Our National River Ganga via cmaps, .20kd¥e aquifers extend beyond the basin
and account for massive deposits of groundwater in IndiaBCZB0OYCWC, 2010) (CGWB, 2012)
Large interfluves separate the valleys in the Gangetic plainsl, Seaded with climate and tectonic
activity has shaped the fluvial morphology of the loweyeG@aplains and the delta (Sinha, Tandon,
Gibling, Bhattacharjee, & Dasgupta, 2005). The Gangetis plainfurther sub-divided in
physiographic regions such as (NGRBA & TERI, 2011).

" This roughly corresponds to the distance traversed by the RiverTiehri Reservoir to Haridwar
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Uttarkashi is a major town in
Uttarakhand, on the banks of the
Ganga

Trans-Yamuna plain on the Western end occupying the statgsofHend Rajasthan

Rohilkhand and Avadh plains occupying the region betwe@ariga and foothills of the Himalayas in
the East

North Bihar Plain occupying the riparian land to the obtiie River Ganga in Bihar. North Bengal
plain and the Bengal basin which are the plains betweediga and the foothills of the Eastern
Himalayas near Darjeeling; and the drainage basin exterdinigefrChotanagpur plateau to River

Ganga, respectively
Ganga-Yamuna Doab region, which is well-known fortite fdd alluvial deposit from Haridwar till
Allahabad. The doab tract falls in between the main drainage chBivezl&Sanga and River Yamuna,
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and measures about 300m in height at Haridwar slopindlgratdudhe confluence of the two Rivers
at Allahabad.

Land use in the Gangetic plain is dominated by agricultgesutlzan centres are found along
the banks of Rivers Ganga and Yamuna. Dry deciduous forests covarltivated swaths of land.

Hills and Plateau tracts in the SouthThe large plateau region to the Southwest of the
Gangetic plains is comprised of pre-cambrian geological fosnaatibthe Gondwana and Vindhya
highlands. Rewa, Bina, Khichiwar and Morena plateaus and Bijawar tiilie ¢bissphysiographical
region. Kaimur Hills to the south of Damoh plateau is a segarating the Ganga basin from the
Narmada basin. Vegetation in this region is dominated by grasslands anldiog f@eists.

Sunderbans deltaThe region is the largest contiguous mangrove fotést world, and is
about 140,000 hectare in expanse. The region waedeclUNSECO world heritage site in 1987
(UNESCO, 2016). In addition to mangrove forests, trattgpafal jungles which were once a part of
the Gangetic plain exist (Sanghi & Kaushal, IntroductiorurtdN@ional River Ganga via cmaps,
2014) The tidal waterways and mudflats are home to diveres gppdidra and fauna, making it one
of the most important biomes in the world. River Ganga dwsas it meets the Bay of Bengal in
the estuary, and deposits massive amounts of fine se@ilmeesfore, the delta is physiographically
comprised of myriad channels, mudflats and swamps. Tidal vdoatioates the characteristics of
the River Ganga in this region.

Climate change around the world is often characterizeihbytemaperatures and extreme
rainfall events. Both these phenomena are currentlyobserged in the Ganga Basin. A decrease in
crop yield is predicted in correlation to an increase ierstmme by about £& by 2050 (Das, 2014)
Though it is predicted that climate change will have aseatapact on the entire basin, it is known
to significantly affect two important biomes along the Bmaega? the Himalayan glaciers and the
Sunderbans delta. The impact of climate change on Himdéayars gs already evident, and is
currently being extensively researched. Studies havediralicaterease in the recession rate of
Gomukh glacier (around 0.4 %year) (Bhambri et al., 2012). The implications diCarige in
temperatures include a predicted 35% decrease in glacjgheosby increasing the discharge in the
River (Sanghi & Kaushal, Introduction to Our National Rivega®ada cmaps, 2014). Rise in sea level
and change in discharge in River Ganga are two principed Yelosich are known to affect the
Sunderbans delta. The tidal activity in the delta will be alteifexdstty due to climate change, which

Source: https://en.wikipedia.org/wiki/Sundarbans_National_Park

Halophytic mangrove f
in the Sunderbans delta
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will pose a serious threat to this richly diverse, but yet fragildestosys

1.4 Hydrological characteristics

About 60% of the flow in the River Ganga is from the Hyawalatreams, including the two
main headwatersBhagirathi and Alaknanda. About 40% of the flow istdbedion of the Plateau
Rivers joining the Ganga from its right bank (Ray, T%@8)vater budget of the River was estimated
at around 500 - 525 billion cubic metres (CPCB, 2Ra8) (998). Though evaporation and
groundwater recharge remove substantial amounts qfth@teronsoon rains contribute reliably to
the flow in the River Ganga. Hydrological characteristios River Ganga vary distinctly throughout
its course, and through time, and are exclusively immortangst the many diverse aspects of the
River. The variation in hydrological parameters can be categoritedardgmnificant aspects:

x Variation in velocity and channel regime
X Variation in seasonal flow
X Variation in the contribution of source
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After trekking a few kilometres from Gangot
Gangotri National Park




Precipitation is the prime source of flow in the River G&hgacontribution of Plateau Rivers, which
experience slightly different rainfall patterns, is also aigni8oow-melt water from the Himalayas
and Himalayan tributaries are also an important souroe.oftil® percentage contribution of each of
these sources varies throughout the year, and thasshasficant impact on the water quality and
sediment profile of the River Ganga.

Variation in velocity and channel regime is primarily duee tohinge in topographical
features. Rivers Bhagirathi and Alaknanda pierce thetinraiayh the loose alluvial sedimentary
formations of the Himalayas with great velocity and tuckuliere to the steep slope of this region.
The width of the channel in this region, where the fRives for approximately 250 km, varies from
about 5m at gorges to about 30m in wider and shallomnsethe width increases significantlyen th
flow regime downstream of dams. The mean annual flow rhie negion is about 850 m3/s.
Considering 90 percentile volumes, February records lowesdtdbout 140 m3/s and highest flow is
usually in the month of August, which is about 2000 m3/s. (Ray, 1998).

The Gangetic plains can be divided into two sections to tandetbe variation in
hydrological characteristics. The first section is from Hat@dahabad, before the confluence of
River Yamuna, and the second section is till Farakka frévabAtlaonwards. The River flows for
about 750 km in the first section, where the velociyasesrsubstantially due to the decrease in slope
of the channel. It is in this section that the Riaetssiepositing its sediments. This in turn makes the
channel shallower and wider. The channel regime becarded bt many locations, and the River
shifts its course marginally due to the siltation prd¢essider sections of the Ganga span over two
kilometres in this region. The mean annual flow rate nedios is about 850-1700 m3/s and the 90
percentile flows during the lean flow and monsoon periocbaue E60 m3/s and 6200 m3/s
respectively.

There are many tributaries which join the Ganga and centalibe flow of the River in the
section from Sangam in Allahabad, where the River Yamunigo(®anga, till Farakka barrage,
where the River forms a distributary. The slope of #mnehreduces further in this section with an
average slope of about 1:13000. It is at this poire tifeee is significant difference in the velocity of
the river through lateral and vertical dimensions. Nutridrpadintant dispersion vary significantly
from the middle section of the River to the sections near the bankearhgow rate in this region is
about 10,200 m3/s (Ray, 1998). Increased siltation aniiblargelumes result in an increase in the
width of the River, and the zone is prone to flooding.

The section from Farakka barrage till Gangasagar ssudméne zone, where the construction
of the Farakka barrage has significantly changedwhehficacteristics, and the course of the River.
The velocity of the river is extremely reduced in thishsteetd is below the threshold limit for
transport of sediments. Massive loads of sediment are depositadattthieetween Kolkata city and
Gangasagar. Past Kolkata city, tidal variation dominatesiyavelogy. The River breaks into
numerous small channels, and crawls through mudflatsrgsiesento the Bay of Bengal in the
Sunderbans.

The Central Water Commission of India (CWC) monitors theofltve River Ganga, and
has a strategic network of 316 gauging stations #ueo&anga Basin (National Remote Sensing
Centre, 2014). As is the case with many of the tranddvy river systems, data pertaining to the flow
in the River Ganga is not publicly released. The pregBnésamines critical parameters pertaining to
water quality of the River Ganga, for which informationtahe flow is invaluable. Information
pertaining to the flow of the River has been obtaimed €WC and has been used suitably to
interpret the findings from this study.
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1.5 Development
1.5.1 Demographics

The Ganga basin in India is home to about 440 million pedjld(Q013). As of today,
roughly one third of Indian population lives in towns armg eitbng the Ganga. Out of 2,300 towns in
India, 692 towns are located in the Ganga basin - hunfdvddsioare on the river bank itself. . The
population density in the Ganga basin is about 550 p@eoh®f, thereby creating a tough
competition for the resource. It is reported that ab@imillion people are directly dependent on the
River and its tributaries for water (NGRBA & TERI, 2011)

Significant diversity in demographics exists along the River Gaadnilly and mountainous
section of the River falls almost entirely in UttarakhandeRy a part of Uttar Pradesh, Uttarakhand
attained statehood in November 2000. The population iregiis is concentrated mainly in the
valleys below 2000m altitude. As a region which hasnfrewieral disasters and calamities,
population is sparsely distributed and growth is nominal. Hetti@ments are common at ridges,
confluences and river terraces. Forests occupy aldtosf 4fis region and about 30% of the land
has been cultivated. Agriculture is not common at altdbdes 2000 m (Ray, 1998). The region is
best-known for its serene atmosphere, and has maey plaeligious importance and spiritual
essence.

It has a vast tourism potential in adventure, leisudteea-tourism; and this contributes
significantly to the floating population in the Ganga valley (NGRBA & 2E&R))

As River Ganga enters the Gangetic plains, the lanbilgyadlad land use pattern change
completely. The Gangetic plain is one of the most depgpelatpd regions in India. It is here that
human activity is a dominant factor and has significanttevigdeact on the River Ganga. The alluvial
deposits brought down by the Ganga get deposited in tise qtainhese tracts in the Ganga-Yamuna
doab are most suitable for agriculture. There hasapé@mnbanization in the recent years, and there
are urban belts where many large cities and ttagssl are found along the River Ganga and its
tributaries in groups. The main stem of the River Glangathrough the states of Uttar Pradesh and
Bihar in this physiographic region, both of which haepaation of about 300 million, out of which
15% live in urban centres. Agriculture is the main stfuenue and the region produces a massive
67,000 tonnes of foodgrain per year (Directoratearfolfacs and Statistics, Ministry of Agriculture,
2013).

The deltaic region shows unevenness in population dmtriutegional level. However, it is
one of the most densely populated regions in the Gasiga Beough initial human settlement was
based on agriculture, and thereby rural agglomeratam,centres have emerged in the recent years
Kolkata city is the most important urban centre ingg@m and is also an economically significant
urban centre of India. Towns around Kolkata, such ampur, Asansol, and Burdwan, have grown
to become cities. The population in the region is abauill®n of which 20 million reside in Class |
and Class Il towns.

This diversity in demographics and lifestyle definitely has at anptée River Ganga.
However, such impacts are extremely hard to quantifyrnininformation about derivatives of
demographics, such as development and sanitation, giveeah estimate of the impact of social
parameters and human activities on the River.
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1.5.2 Agriculture and Irrigation

Agriculture and related sectors have been a centcal sbeconomy for India. River Ganga
flows through a physiographic region of India which is swdsible for agriculture. The states,
through which River Ganga flows amount to about 40%eoftotal cultivated area in India.
Urbanization constitutes a large fraction of the ndeal@nd in the Basin. The riparian states o
River Ganga have experienced extensive land clearing and &%esect@ered by forest.

Major canal networks were established during the 1%tinycéa maximise the physical
DYDLODELOLW\ RI WKH 5LYHU ZDRUWHU WEOWDKIREQ | * $RRILHDVY DIV
quoted as follows', QVWHDG RI WKH SDVVLYH WXKHHQQHD WRVDQ
obsessed with water management to the poidt@Qpara@ih T XDOOHG H[SORLWDW|
(Acciavatti, 2015)

The Upper Ganga Canal, the Middle Ganga Canal (or theaMzalya Canal), the East
Ganga Canal and the Lower Ganga Canal are the major water divggsisrafmog the Ganga River.
The Upper Ganga Canal (UGC) was started by the British Raj in 184€s® drdught and famine in
Western Uttar Pradesh. The project was completed iradi@3H4e canal irrigated 930,000 hectares.
The Ganga is diverted at Haridwar with a maximum diversionycap@97 ms, and the head
works are situated at Bhimgoda. It is 290 km long and es¥endst,000 km2 and is bounded both
by natural and man-made channels. The Middle Ganga C=rat tta Raoli Barrage in Bijnore. It is
115 km long and has a discharge capacity of 234 m3dstfibetaries further add to another 1466
km. The canal was built primarily to provide water for irrigatigrow paddy. It commands an area
of 114,000 hectares. The Lower Ganga Canal was b8#Bito irrigate the lower portion of Ganga,

DR AR T i lﬁx e .
‘r.'; ) B J b e “ 3
& | T § o gource hrtps /lhy;lﬁéggw

\! -~ [, ) e iy l'
- PN . - NI T
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Bore well used for flood irrigation in a paddyr fie
Pradesh
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Source: https://en.wikipedia.org/wiki/Ganges_Canal

A bridge over the Upper Ganga Canal near Roorke
Uttarakhand

after Allahabad. The barrage is located at Narora andkie lofg. It is 100 km long and has a
command area of 500,000 hectares. It has a dischaaify cAl56 m3/s. The East Ganga Canal was
built to harness the excess during monsoon to irregttéamds of paddy. It has a command area of
110,000 thousand hectares and mainly serves the paddy f&jdsre and HaridwgiNational
Institute of Hydrology, 2015).

The canal network eventually joins the River at Kamglfurther downstream. However, the
water follows an entirely different flow regime and isexkposlifferent natural conditions through a
canal network, before it re-joins the Ganga. In addhisrifrigated area uses about 6 million tonnes
of fertilizers and 9000 tonnes of pesticides, all of whickcihdidrain into the River Ganga. As the
River enters the state of West Bengal, the waterrtedliaethe Farakka Barragend canals taking
off at this point provide irrigation water for local agriculture.

$ERXW VTXDUH NLORPHWUBPRX@WUQJEWRLQERK WU U LI
total net irrigated area (NGRBA & TERI, 2011). It is comtmongate the land throughout the year,
as farmers grow more than one crop in a year. Tdssexpanses are irrigated either by the major
canal network of the Ganga, or by groundwater. Thge@G@plains have extremely high groundwater
potential, especially around the Rivers Ganga and Yarere jtvalways exceeds 40 yield litres/s
(Central Ground Water Board, 2009) (Acciavatti, 201&)nd@vater wells irrigate about 200,000
square kilometres of the Ganga Basin. The region aibitsexppreciable groundwater recharge
potential, which is indicated by the significant contributisnlegurface flows in the River Ganga.
Trickling down of pesticide residue and fertilizers is an important concern

Terrace farming is practised in the Himalayan region, anatdnards dominate cultivated
land. Apples, peaches, and litchis are widely grownarethi$addy fields are also found in slightly

8 Farakka Barrage was built in 1975 and is about 2.2 km long. Water divenethie barrage (about 100G/s) is used
to feed the Bhagirathi-Hooghly distributary, and plays an importéaimdlushing out the sediment in Kolkata region
Invalid source specified.
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lower altitudes and flatter tracts. The region is shdtiregds cash crops as opposed to pulses, and is
witnessing a constant increase in land clearance and cultivation.
The Gangetic plains in Uttar Pradesh, Bihar and partssoB@fgal are known to produce

Channel slope decreases sharply as the River éhieRiRislskeite
swift at this point; also favourable for rafting

almost all varieties of cereals and pulses, including a muitgubevarieties of cereals like rice and
corn. Sugarcane is the most dominant cash crop growa redion, grown throughout the year.
Owing to good groundwater potential and canal network,fanoers grow two crops every year
(Acciavatti, 2015).

1.5.3 Hydro-electric projects

Construction of hydroelectric projects across riverssenstive issue around the world.
Technological improvement in increasing the efficiencgnefaging hydroelectricity and carrying
power has encouraged hydroelectric projects in develapmgeso It has been perceived as a novel
VXEVWLWXWH IRU IRV YV In€arizetd envicanviehtal aigatddalhtiveshbdNeanged in
the recent years as concepts such as environmevdahflovers have been researched extensively.
However, resources committed to exploration of potentiedeigctric dam sites, and technological
improvements in the sector have far outweighed the cesoczommitted to understanding the
interaction and implication with the environment.
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Tehri Dam has a
massive hydro-power
potential of 2000

MW including its
pumped storage plant.
The dam wall is an
astounding 260 m

tall earth and rockfill
type, and is one of the
highest dams in the
world
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Hydroelectric projects along the River Ganga requirepar desderstanding about the
implications on the environment and comprehensive investajationthe impact on River Ganga
prior to construction, as the River shows potentialyfinoelectricity in the most ecologically sensitive
zone. The swift descent along the Himalayas is believedvime pgreat potential to harness
K\GURHOHFWULFLW\ LQ *DQJD:-V\R8KHO HFHDFIKF BKRWH DAY
significant few which are currently in operation alon@Ganga. A complete inventory of all the
projects, their status, and technical details is manaipedNstional Institute of Hydrology (NIH),
Roorkee and the Alternate Hydro Energy Centre, IITkReo(National Institute of Hydrology,
Roorkee, 2014). The current capacity developed awmnbihthe hydroelectric projects across the
Ganga is 4987.2 MW (Water Resources Information System - ISRO 20C3YC,

Flooding upstream, fall in discharge downstream, temporalsdhditme, sediment trapping,
impacts on aquatic life are some of the significant clangght about by a dam. Arresting the
natural flow regime of the river, simultaneously disrupgngatural sediment transport mechanism
impacts the hydrochemistry of the river, along with phlygdralulic properties. There are 13 hydro-
power projects which have been commissioned and in advagesdostconstruction, of which six
major hydroelectric projects are currently operatingsa®wer Ganga and its headwaters in
Uttarakhand (Ministry of Environment and Forests, 20Eheri Hydroelectric Project, Tehri Dam
and Koteshwar dam are the three stations acrossageaBh in the respective order of succession.
The Vishnuprayag Hydroelectric project is across theaAdkand Garhwal Rishikesh Chilla Dam is
across the Ganga. The Dhauli Ganga Hydroelectric Prgdatdra constructed across the Dhauli
Ganga and is currently being operated by NHPC Ltd. Telto Bigvelopment Corporation (THDC)
is a joint venture between the Govt. of India and the. @budttar Pradesh and is in charge of the
Tehri and Koteshwar projects (Water Resources Inforrggstem - ISRO & CWC, 2014). A detailed
investigation about the change in critical parametées River Ganga downstream of a hydroelectric
project is one of the components of this study.

A sugar plant in Uttar Pradesh. Sugar factorieearadealis
the major agro-based industries in the plains
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1.5.4 Industries

India, pre-dominantly an agrarian country, is moving towawdsopseent through
industrialization. A perennial river, such as the Ganggynsea to be the most important prerequisite
for industrial development. A river consequentially giviesditban centres, agriculture, trade and
industrialization. Many small towns from three to four deegdehave grown to become large cities.
Zoning in the state of Uttarakhand has comparativelydslinee pace of industrialization in
Uttarakhand. Unavailability of large swaths of flat lateb ia anajor reason for slowing the pace of
industrialization. However, drug and heavy electrical indhatreedeen established in the stretch
from Rishikesh to Haridwar. Gangetic plain is the most inlikestiri@gion. Distilleries and sugar mills
dominate agro-based industries in this region. Kanpurfaityoiss for tannery and textile industries.
The city accounts for almost 80-90% of leather expbthdia. Major urban centres, such as Patna
and Kolkata, in the lower plains and deltaic region, haael myustries pertaining to almost all the
industrial sectors.

On average, 260 MLD of industrial sewage finds its walyarf@ver Ganga. A complete list
of industries which directly or indirectly letting their efflugnt the River Ganga have been
inventorized and monitored by Central Pollution Control Bo&GRIC(CPCB, 2013). The recent
UHSRUW WLWOHG "3ROOXWLRQ $VGHKX®BQWG\S LRIHRDNMRUD L
located on the banks of the river, out of which 68 lbeee declared as grossly polluting industries
(CPCB, 2013). The ability of the river to digest orgaste, and to self-purify and rejuvenate is
significantly stressed in this stretch.

It is evident that the Ganga Basin and River Ganga are diverany aspects. There is an
intricate network of interdependencies and correlatiomgsintizese topics, which work as whole and
determine the characteristics of the water and sedim®iveo Ganga. However, it is not a
straightforward task to understand the impact of suckityivarthese multiple aspects, on the water
quality of the River, especially when focusing on certaificibEpsoperties of the River. Many studies
have been carried out on River Ganga and the Gangd@asiare are gaps which still exist, such as
examining the River in a comprehensive manner and ansWweriggestions about the special
properties which it might possess.
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Research gap in general, can be broadly classified ntitatoygaand qualitative gaps in what
exists and what has already been explored. An uneinestéa a broader domain is a qualitative gap,
whereas lack of depth in an existing area is a quandiegiilre The usual pattern is that qualitative
gaps are filled in first; and when a sense of completion is achievieakivpigaps are filled.

Research in the past two centuries concerning rigeichaed on innovative methodologies
to tap it as a resource. With the gloom of climate chadg#epletion and degradation of rivers, one
can witness a paradigm shift in research towards cthoseamd sustainable use of rivers. Applied
Research pertaining to any river can be broadly dividedorgimentioned two categories based on
the underpinning principle of the research.

2.1 Studies on River Ganga

Extensive research has been carried out on River Gagganotable is the fact that the
research is not limited to theoretical intricacies of tmdifgciaspects, but includes a social sphere
where the River is considered as a participating entityriamaic environment. These studies may be
broadly classified under the following categories.

1) Technical research by scientists and academicians on aémostomain of environmental
research. These studies are characterized by a limitpdriiegenerating sparse, skewed or
point-concentrated spatial coverage of the River or Ganga Basin

2) Social research through mass media, usually as través acmmyagers, journalists and writers.
Such coverage briefly discuss the scientific aspawtsRif/¢r, such as water quality, and focus
PRUH RQ 5LYHU:V UROH LQ D VRFLDO FXOWXUDO DQG U

3) Monitoring Studies - Various environmental aspects ofviieaRe monitored regularly. These
studies cover the entire stretch of the River and ttsegb&anga Basin spatially in majority of
the cases, and extend for long periods of time. Howss/docus is on monitoring the aspects,
and not profound research to draw specific inferenoesg.afe a vital source of information for
researchers carrying out a more focused study.

In addition to the above broad categories, Environmengact Assessment (EIA) and
Environmental Management Plan (EMP) studies are carriied watious developmental projects -
primarily hydroelectric projects - in the Ganga Basin. Scies@ficch on various aspects of the River
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Ganga by individuals, academicians, and organisationsprsefeasd, and ever expanding. Research
articles focus on specific scientific domains, such agygégldrology, or water quality. Books on the
River Ganga usually cover multiple aspects and perspeatiyieg, from Government policies to
diversity of phytoplanktons. A list of select notableswiarkhe recent past on River Ganga is as
follows:

1) Ganga River Basin: Environmental Management Pkancomprehensive management plan
SURSRVHG E\ WKH FRQVRUWLXRRORJIQGL ZRKLAIDIEEEN M\HY RV
such as environmental flows in the River, and sewagpefiteeapacities in towns along the River
Ganga in the form of thematic reports (IIT Consortium, 2013) (W$aZttum, 2015).

4) *DQJHV :DWHU ODFKLQH 'HVLJQLQJAA&tZEs b AthbnywAck@avattiH QW 5
exploring the evolution of water resources projects in the GamgghBaigwvatti, 2015).

5) Probable Maximum Precipitation Atlas for Ganga River BdsiirigcRiver Yamuna (2015)
Central Water Commission (CWC, 2015)

6) Our National River GangdA collation of works on River Ganga which is compreleendboth
scientific and socio-cultural aspg@anghi & Kaushal, Introduction to Our National River Ganga
via cmaps, 2014)

7) Ganga: The River, its pollution, and what we can do moitcRA briefing paper by Centre for
Science and Environment (Narain, 2014).

8) Ganga: An inclusive multi-stakeholder approach (20IH¢ Energy and Resources Institute,
Business Council for Sustainable Development and Yes 8a(kERI, BCSD, Yes Bank Ltd.,
2014)

9) Pollution Assessment: River Garfgd&/ater quality monitoring and pollution assessment from
domestic and industrial sources along the entire stretehRifeér Ganga and its major tributaries
carried out by the Central Pollution Control Board (CPCB, 2013).

10)Assessment of Cumulative Impacts of Hydropower Projédekimanda and Bhagirathi Bagin-
study undertaken by the Alternate Hydro Energy Cehti@-Boorkee for the Ministry of
Environment and Forests (MoEF) which provides the basdtimaation for various parameters
of the River Ganga in Uttarakhand, and impacts of hydroefgojects on the River and the
environment (Alternate Hydro Energy Centre, IIT Roorkeg). 201

32XU 1DWLRQIL
*DQJD” LV D FRPS
of works on various
aspects of the River.

= WATER
3*DQJHV :DWHU MACH'NE

Natlonal | is an innovative atlas
R' G ... explaining agriculture anc D Anetnr v
IVer a 7 omy irrigation in the Ganga
Ltelime of Millions .
Basin D

° An exhaustive list of books on the River Ganga compiled from internatesohas been presented in a chronological
order in this book (Appendix 2, Pg. 384)
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11)Environmental and Social Management Frame®wdrkstudy by National Ganga River Basin
Authority for the National Ganga River Basin Project dsbigt@he World Bank (NGRBA,
2011)

12)Bibliography of Environmental Studies in Natural Characteristics arapdgémic Influences on
the Ganga Rivef The article provides a complete bibliography of all tle rasgarch studies
carried out on different aspects of the River Ganga (Singh & Sigh, 200

5LYHU *DQJD KDV IRXQG PHQWLRXQWDRIPRKXWLHYWMERX W
a travel enthusiast could measure the diversity of India festdlling along the River Ganga. Starting
with Mark Twain in 1890s, many travellers and journalistexy@ered culture, science and diversity
DORQJ WKH 5LYHU *DQJD 3HWHDIF WRXWH-NM\ \DFARIQWWIKH Bl
GRFXPHQWDU\ WLWOHG “7KH *DQJHVpPWIKHWQWDMHG "RRQG
Crandall +ROOLEN-V

documentaryonth¢ "% HQDUDV LV ROGHU W

tF;';’er are SnOOTaeblg older than tradition, older even 0 ?/U N 7ZDLQ"
. on Varanasl praising
than legend, and looks twice as P s

examples. The its rich heritage
"(QYLURQPH ROG DV DOO RI WKHP S during his travel
and Social along the Ganga:
$VVHVVPHQWH VWXG\

undertaken by

National Ganga River Basin Authority (NGRBA) also stressesively on the social factors which
are interacting with the River, and vice versa (NGRBARE, PH11; NGRBA, 2011). However, there
is only a passing mention about water quality and th&isaspects are not discussed in detail in
these documentaries.

Various aspects of the Ganga are monitored reguld@lgvbynment agencies and research
wings. Regular monitoring of all the rivers in India is gedigmder the National Water Quality
Monitoring Programme, which directs the State and CentraioRdBontrol Boards to take up
monitoring activities. The Central Pollution Control Boar@BLRas established a network of 2500

The Gangotri glaci
photographed by Pete
McBride in his
documentary

" L )

m
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stations in 28 States and 6 Union Territories spreathewveuntry (CPCB - NWQMP, 2008). With
the advent of NMCG, CPCB has focused more on water Gsqlégts of the River Ganga on a
regular basis. However, most of these studies areedoofity to monitoring of rudimentary
characteristics and pollution load in the River Ganga andofatadributaries. The key points
concerning monitoring along the Ganga is as follows (CPCB, 2013).

In order to assess water quality of river Ganga, th@lC&silution Control Board has set up
57 water quality monitoring stations on the main stemeof Ganga, in association with State
Pollution Control Boards of Uttarakhand, Uttar Pradesh, Bil&khaltthand West Bengal.

Table 2-1: Monitoring stations and frequency of monitoringn States covered by the Ganga Basin (CPCB Report, 2013)

State Number of Stations Frequency of Monitoring
Uttarakhand 11 Yearly/Monthly
Uttar Pradesh 20 Monthly

Bihar 15 Monthly
Jharkhand 1 Monthly

West Bengal 10 Monthly

Exhaustive details about monitoring stations are found @RGB report on water quality of
River Ganga (CPCB, 2013). Apart from CPCB, Centrat G@nmission (CWC) and also Central
Ground Water Board (CGWB) monitor the Ganga Basin. Cerarat @Gbmmission is monitoring
water quality at about 300 key locations covering all the neajbasms of India. CWC is maintaining
a three tier laboratory system for analysis of the persn@VC operates 3 real-time water quality
monitoring stations along the Ganga, along with numerousnngngtations which assess water
qguality parameters on a periodical basis. The real-times statio monitor basic water quality
parameters such as pH, EC, Temperature, Dissolved ORyashemical Oxygen Demand and
Chemical Oxygen Demand (MoWR, 2014). The Central GroundB&atd closely monitors the
ground water situation countrywide through 1200 nakigdaedgraph network stations. It monitors

Gauge monitored by
Central Water
Commission (CWC) in
Sarda River at Banbasa

changes in water levels through these stations 4tyeas (Jan/May/Aug/Nov) and collects water
samples once a year for water quality analysis.

Assessment of Water Quality and Sediment to understdrelSpecial Properties of River Ganga
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2.2 Studies on special properties

Popular folklore states that the River Ganga possgsgisproperties which are beneficial in
several ways and are also unique to the River. Thesefare scientifically scrutable. One is that the
Ganga water has the ability to kill/inactivate microorgani$nsswas first observed by Ernest
Hankin, a British bacteriologist, who wrote about tlosisising property of the Ganga water in his
research paper of 1896 (Abedon et al., 20l DDWHU )HOL[ G --€&hddib® @ietobibDlogistH C
came across this property, and reported it as the attomses. ProfA.C.Shuklafrom Christ
Church College Kanpur, worked further on the actiothesfe viruseslay Ramachandeam ex-
executive at the famous pharmaceutical ixstraZeneca, argued that phages exist at all phes of
River and in all rivers. According to his report, therlzddt@d from anthropogenic factors may act as
a catalyst to phage growth and a wider variety of gth@ige (Independent Broadcasting Associates,
2007) The work of Chandra Shekar Nautiyal from CSIR-Natiotaali@a Research Institute, India,
has investigated the bactericidal property of the Gangiegy@N£009). In an experiment undertaken
by Dr. Nautiyal, bactericidal ability of Ganga water waatedahsing fresh, 8-year-old, and 16-year-
old Ganga water samples spiked with pathogenic Eschericteaotgpe O157:H7. It was seen that
survival of E. coli O157:H7 over the course of therempnt was 3, 7, and 15 days for fresh, 8-year-
old, andl6-year-old Ganga waters, respectively. On the comtrishili Q (Ultrapure Water branded
by Millipore Corporatidh water the decline in viable count of E. coli O157pH@ 80 days was only
2 log units. These findings suggest that Ganga water has celtaminogsobial attributes (Nautiyal,
2009)

5LYHU *DQJD ZDV GHFODUHG "7KH HDWQRD D®OSLKNLHU Zm
WKH "QDWLRQDO DTXDWLF DQ L PsanghlL&Kaushalp@u@duction tbHMIS H
National River Ganga via cmaps, 2014). The renewed fabhasenvenating the River Ganga led to
the establishment of National Ganga River Basin AutiN@B&®RA). The National Mission for Clean
Ganga (NMCQG) is the implementation wing of the NGRBA, andabethllocated to the Ministry of
Water Resources, River Development and Ganga RejuvenaiiiR)(MMCG is the national agency
responsible for numerous projects aimed at rejuvenating thedigar G

The second important property of the Ganga water isafieecity to retain high levels of
dissolved oxygen (Bhargava D. , 1@®&rgava D. , 1987) (Alley, 20D@yendra Swaroop Bhargava
retired Professor from the University of Roorkee wa® worked exclusively about the high re-
aeration rates which the Ganga exhibits and also about its sapadity to assimilate organic matter.
Definitive causal science behind this special propettyodgeestablished (Bhargava D. , Most rapid
BOD assimilation in Ganga and Yamuna rivers, (BB&)gava D. , Most rapid BOD assimilation in
Ganga and Yamuna rivers, 1983)

2.2.1 Study by CSIR-NEERI on the impact of the Tehri Dam on special propées:

CSIR-NEERI worked extensively to assess impacts of TeharDaater quality of the River
Bhagirathi. A study was carried out in 2004 on the infifadtroDam on self-purification capacity of
the River Bhagirathi (CSIR-NEERI, 2004). Another stuslycaveed out in 2013 to present a water
quality management plan for the Tehri reservoir. It bserved that faecal contamination with
increasing settlements. The metal concentration in thersadawdound to be much higher than the
crustal average. A study of the radioactive isotopegeimhdicaignificant difference in the radium
isotope presence.

Given this background, it can be seen that the River Gandeen extensively studied and
researched upon, with also a regular monitoring framiewsace. However, research on properties
such as the anti-microbial activity and high levels of dissolved twoyggncarried out, has not taken
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central stage. In other words, there is s
for filling the qualitative gap, and a nee
fill the quantitative gap in this topic.

2.3 Governmental policies

India, and specifically the Gan
Basin, witnessed large scale industrializ
and urbanization using River Ganga an
tributaries as the prime water resou
which led to serious concerns abowg
water quality of the River. In this light,
Ganga Action Plan (GAP) was launched
14" January 1986 with the objectives
lessening pollution and improving th The Ganges Dolphin - Water quality of the Ganges play
5LYHU-V Z D \Sdrghi T8 RaDdhs, important role in conserving this endangered species
Introduction to Our National River Ganga
via cmaps, 2014). The project aimed to achieve this égsimgrthe capacity of existing sewage
treatment plants and interception and diversion of dormedtindustrial sewage. As an extension, the
Ganga Action Plan Phase-Il (GAP-II) was formulated urtdeh ywmany projects and schemes were
initiated to revive and conserve the water quality ofbde@anga. The GAP eventually merged with
the National River Conservation Plan, the latter beisghbene to abate pollution and maintain the
water quality of all the major rivers of India (Sanghi & Elaustroduction to Our National River
Ganga via cmaps, 2014).

2.4 Relevance of this project

7KH *DQJD 5LYHU %DVLQ GUDLQIV, QGLDVW JIHRHRABEA EKDIOV D
Institute of Hydrology, India). The River has been aatqugint of human development, food
production, industrialization; and even religion and mythalogy historical times till date. From
profoundly scientific concepts, such as aquatic microddizdye to religious gathering of millions in
the Kumbhmethe Ganga is the focal point. The River has beendettiged and praised by saints of
old and great scholars of the modern era alike. Thdagithbbackground and the spiritual element
of the Ganga are vast, profound and have remainedtrédesaons. Coherent with many cultures in
the world, natural elements such as air, water, firardmtha/e been worshipped even in India. The
KumbhmMelahich is the largest religious gathering in the worlslplake on the banks of the River
Ganga. This reverence and recognition for the Gangaisdyepeople from different walks of life
believe that there is something special about the sivethsg naturally beneficial and self-healing.

: N t e
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Fig. 2-1: Conceptual model for the project
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In the scientific domain, the statement somewhat tramslatdee river possessing properties such as
bactericidal effect and retaining high concentrations of dissolved oxyge

Rapid urbanization in major cities along its banks and uncheckededafcbawage/industrial
wastewater into the river has posed concerns abaait egelogical health of the river. Hydroelectric
projects in the Himalayan section of River Ganga haveditres flow and impacted the natural
characteristics of the River. Substantial quantity ifisveiteerted from the River Ganga for providing
for irrigation and industries, thus changing the regime of the rivénemctitical parameters.

Therefore, there is a need to understand the nature dfet special properties which the
River Ganga believed to possess, and in extension, undargl the manner in which they
interact with the dynamic environment. Subsequentlythe impact of anthropogenic activities
and pollution on water quality and these properties has tee realized, so that the River and its
uniqueness can be suitably conserve@xtensive research has been undertaken in vasioenis
pertaining to this River such as hydraulic flow, aquatiselifienent constituent and transportation,
contaminant toxicology and rudimentary physico-chemical pesahl@teever, dedicated research to
unearth special properties of the river has been landeidconclusive from many perspectives. Such
a study has to be comprehensive in terms of analysiug y@rameters, as well as cover the entire
stretch of the River Ganga, over a complete seasonal cycle.

The Ministry of Water Resources, River Development amngh Gejuvenation (MoWR),
Government of India has undertaken several projects thedBiational Mission for Clean Ganga
(NMCG) in collaboration with national institutes and Stater@uoents. The Ministry of Water
Resources River Development and Ganga Rejuvenation, Goverrindiat pfesented the project to
CSIR-NEERI to monitor the entire stretch of Ganga - f@wmukh to Gangasagar - to monitor
water quality and understand special properties which eighigbhe to the River. The project was
conceived during October 2014.

The following were the terms of reference of CSIR-NEERI with MoW:

X To assess the existing seasonal water quality status of Garigaer for one complete
cycle (pre monsoon and post monsoon seasons).

x To monitor water quality for rudimentary and specific pysico-chemical (including
minerals and heavy metals), radiological, microbial (includg coliphage/bacteriophage)
and biological parameters in River Bhagirathi at selecbtations and along the River
Ganga.

X To collect and collate information in Upper Catchment and \getation (floral
composition) in riparian zone along the River Ganga.

X To undertake extensive literature search and survey resting to water quality in River
Ganga from peer reviewed literature and credible sources.

X To analyze the results to understand the possible spatiproperties which the Ganga
River might exhibit.

When the above mentioned objectives of the projecbraselered, it can be perceived tha
there is a two-pronged problem and the approach tmgatke solution is two-pronged as well.
Firstly, the scientific background of special properties River Ganga has to be brought to the fore.
Secondly, the impact of various anthropogenic activilepadlotion has to be evaluated and
quantified. To achieve these objectives, the study wgsedesomprising of two significant
components:

2-7



1) Monitor the water quality and sediment for a comprehensive lisheéteasaThe parameters can
be broadly categorized into physico-chemical, biological amibiatugrcal, trace metals,
radiological analysis, natural organics, and vegetatianpdisseters were monitored in pre-
monsoon and post-monsoon seasons along the entire strifte River Ganga, at the upstream
and downstream locations of major towns, dams, or confludimeewater quality analysis is
supplemented with a thorough literature review and follgwedust data analysis to understand
parameter correlations and variations.

2) Carry out dedicated studies to gather in-depth informd&toart the special properties. This
included laboratory-based experiments and experimentarehsgecifically designed to answer
guestions about special properties.

The study aims to provide scientific insight about exasténoique and beneficial properties
of the River Ganga and aims to quantify such propertesar found. It is also in the view of many
that environmental degradation of the River might leaé tosh of such properties. Therefore, the
relationship between pollution, and parameters of impodancerning such special properties, are
also studied. The study is comprehensive in scientific mtbtaibad in its approach; well aware that
the problem lies close to the fine obscure boundary of scrutalgle. scie

The current study is unique and comprehensive as & soner of the key gaps concerning
water quality of the River Ganga and its special propertiesy poeteare as follows:

Understanding the nature of special properties in itrex Banga requires a detailed
understanding about all parameters which impact the waliyr af the River. It is also necessary to
understand all causative factors for changes in wdist. fuahis regard, this study covers a far-
reaching extent in monitoring the water quality by analysingxbaastiwe array of parameters.

Water quality of River Ganga and its surrounding envirbrhmemge as the River flows.
Similarly, there might be a spatial variation in the exatehoegnitude of special properties in River
Ganga as well. Therefore, the study covers the &mstich sf the River Ganga, from its origin till its
confluence with the sea, to investigate the spatiibmanawater quality and anthropogenic factors
which are impacting the River.

River Ganga exhibits a seasonal variation in flow, whiah leads to a variation in water
quality through seasons. The study was carried outmierAmgnsoon and post-monsoon seasons to
understand about the seasonal variation in water qodli#ybeader understanding about the special
properties of the River Ganga. In combination of theealhwee aspect&scomprehensiveness of the
analysis, spatial coverage, and temporal scale, theostadyf its kind. In addition, studies in the past
on special properties are isolated in the aspect wéychdtiress. For example, studies on dissolved
oxygen and studies on anti-microbial characteristics imaneerk separate, and the entire River has
not been scrutinized for various special properties.sftldy fills this major research gap by
investigating a multitude of aspects regarding special propegitdseatmtire River.

Dedicated experiments have been carried out as partsbfidigiso understand the nature of
special properties and factors affecting water ge#ity.studies were carried out to examine high
dissolved oxygen concentrations and parameters contribmiagds dissolved oxygen. An
experimental framework was setup to understand théwebotr of medicinal plant extracts on the
water quality of the River.

Keeping in view the numerous parameters to be analpseticdghis study, and thereby the
variety and the sensitivity in the methodologies usedytmgtthe analysis, Quality Assurance and
Quality Control (QA/QC) measures were taken to arrivecataay, reliability and expected variation
in the analytical methods.
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Fig. 2-2 Parameters analysed as part of this study




During the course of the study, it was decided to mdmtétivers Narmada and Yamuna in a
similar framework as River Ganga to establish a comparative sehseeRmtdr Ganga. A multicentre
validation as a QA/QC measure ensured the reliability of artdlyseious parameters from a wide
spectrum of scientific domains.

CSIR-NEERI coordinated with other CSIR laboratories and alatistitutes to tackle the
colossal task of analysing all the parameters, fallingliffedent scientific domains, over two seasons
along the entire stretch of the River Ganga.
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3.1 Introduction

Keeping in view the aim of the project to identify and uaddrspecial properties of the
River Ganga and scientifically scrutinize these charasterisimprehensive sampling , analysis and
data interpretation of water and sediment samples alormgethiecom Gomukh to Ganga Sagar is
required. The framework comprised of following tasks prior to the commmeer of sampling.

Identifying appropriate parameters to be analysed in the watstiiquets

Screening of sampling locations to bring out information ed@oapecial characteristics of the River
and the impacts of anthropogenic activities on such characteristics

Formulation of the sampling framework and strategy fopasameter, including field data sheets and
chain of custody to ensure integrity of samples

Finalizing sampling and analysis protocol to ensure uniformity in this analy

Quality Control and Quality Assurance to strengthen the relialiig¢ydata

Constitution of the team of experts

The water quality of any river system is majorly governed by aetorslike source of water,
river bed interactions, riparian zone vegetation, micrafidrf@una and hydraulics. Any alteration to
these factors has an impact on river ecology and specificaliyalayer Anthropogenic interventions
like dams and excessive withdrawal of water through cairatgafiton may impact the water quality.
Apart from these factors, one predominant factor megpe for degrading the river water quality in
recent years is the discharge of treated / untreategesamahindustrial effluent in the river. Any
discharge exceeding the natural assimilation capacityieérttas adverse impacts on river water
qguality. Thus, to assess the water quality, predeaice loeneficial characteristics and impact of
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anthropogenic activities of the River Ganga, severekeyofinvestigation as shown in Fig xxx, were
identified.

r R

Phegsico « Chamical
Parameters

‘Water [ Sediment

= F
, Demand Paramter
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Fig 3-1 Key areas of investigation for water an
sediment analysis in River Ganga

In such a multi-dimensional project, it is necessary ¢hsartpling and analysis strategy be
designed by experienced scientist in each focus areael Afpexperienced scientist was identified
within CSIR-NEERI (Nagpur, Delhi Zonal Lab and Kolkata ZQeatre) to lead each key area of
investigation. Additionally, institutes like CSIR-NBRI, CSIR®EIKAIR-IMTECH and BRIT were
involved as project partners to avail their expertisegetatien, micro flora, medicinal plants,
microbial diversity and radioactivity. Each focus groupspassible for finalizing parameters under
their domain, sampling protocol, analysis and data interprdtagpimg in focus the aim of the
project. Each group, after initial deliberation, finalizguhtiaeneters to be analysed so as to achieve
the objectives of the project. Figxxx shows list of all the pardimateed under each domain.
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Fig 3-2: Water Quality Parameters

River Ganga, in Uttarkhand, flows through mountainoasnteand narrow and deep gorges.
It has been ling believed that the Himalayan biosphere icdila@s special properties in the River
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Ganga. The river then flows through vast area ialltheal plains, commonly known as Gangetic
plains. The river flows along the major human settlem®&tthe river flows towards Farakka, the
barrage diverts the water towards a shipping chanmedctmuh to the Bay of Bengal. The

characteristics of River Ganga in terms of its flow, tetaperclimate, vegetation, altitude and river
bed geology vary significantly as it flows from Gomukh tcaGaagar. The hydraulics of the River
Ganga varies distinctly when it flows in Himalayas, alluviaapaiirs the delta. The geography,

temperature and climate also follow a distinct variation in these ¢tchesstf the river:

Stretch 2 Gomukh to Haridwar
Stretch Il 2 Haridwar to Farakka
Stretch Ill 2 Farakka to Gangasagar

However, for certain parameters, the stretches danallfferentiated based on other relevant
criteria, and are mentioned in the respective sectionsideZing the River to be dynamic system,
selection of locations for collection of water and sedsaeies is crucial as it should not only aid in
the investigation of special properties of the River Qautgaso signify the anthropogenic impact on
such properties. In addition, the sampling locations mtigtlggaver the entire stretch of the River
Ganga. Accessibility for collection of samples was alsooataiinfactor to be considered, especially
in Stretch I. A panel of scientist discussed and detiberateive at the following outline which the
sampling locations and should possess so that the analysis is betefiolgetive of the project.

Cover entire geographic area of the river

Include catchment and side streams in the upper stretch
Consider major cities along the river

Include major flow intervention locations like dams and canals

Sampling locations were selected to ensure that a biacnsated in the analysis results
keeping in view the objective of the project. Hencajdos upstream and downstream of these
points of significance were selected so as to avoidagmydrains and banks which may have a
ORFDOL]JHG LPSDFW RQ WKH ZDWHUTLTXBORMWWNV B G L2ZYRHU W E |
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Fig 3-3: Major locations along River Ganga

3.2 Sampling methodology and locations

All environmental features along the entire stretcle ditter Ganga were closely scrutinized
before tentatively identifying sampling locations. Thorllegature search about some of the
reported water quality of the River Ganga helped in identyitable locations. The tentative
sampling lications were identified based on a detailed stud@I8siogls like Google Earth and
others, information from initial field work and reconnaissahdéeoactual places. During
reconnaissance, locals were contacted for taking rindotearious parts of the river and help
identifying possible sampling spots. Secondary data abhoytagenic sources such as industries,
domestic sewage and agricultural activities were collecieskdrio decide the sampling locations
Necessary reports and data pertaining to water quaditptudied in detail for possible locations.
Liaison staff off the concerned authorities at spat#§ogas contacted to arrange for sampling. Boat
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facilities were arranged for at sites where neceAgany.from the river Ganga, sampling lications
were identified on its major tributaries i.e., Alaknandandaimég Nandakini, Dhauliganga and
Pilangana.

Table 3-1 Sampling Locations

Stretch |
Bhagirathi / Ganga
Gomukh Gangotri Harsil Gangnani Bhatwari
Maneri Uttarkashi | Dharasu Chiniyali Saur | Tehri
Koteshwar | Devprayag| Rishikesh Haridwar
Alaknanda
Mana Badrinath | Vishnuprayag | Nandaprayag | Karnaprayag
Rudraprayag Srinagar Devprayag
Other Streams
Pilangana | Assi ganga| Bhilangana Nandakini Dhauliganga
Mandakini
Stretch Il
Bijnor Narora Kannauj Kanpur Allahabad
Mirzapur Varanasi Patna Bhagalpur Rajmahal
Stretch lll
Farakka | Berhampd Mayapur | Dakshineshw| Kolkata | Gangasag

Though Ganga is a perennial river, there is an apprdidfaebbmce in flow of the river along
the course in the pre-monsoon and post-monsoon selsaddition to a variation in flow, factors
such as runoff from the catchment, temperature,ingpptterns and water withdrawal also exhibit
this seasonal variation, and have substantial influereewatér quality parameters. Therefore, it is
necessary to perform the analysis for pre- and postbomoseasons. A framework which would
address the water quality issues of the River Gangadg#rorddnformation from seasonal data, as
something insignificant during one part of the year mighdutito be a key driver for water quality in
the other.

As part of a reconnaissance in the Himalayan streticb Gfanga, and to obtain an insight
during the lean flow period, samples were collected in the sei@son during November-December
2014. 21 sampling locations were chosen between bitarkh$laridwar, as places upstream were
inaccessible due to extreme weather conditions. Subsetheersiydy was extended to the entire
stretch of the Ganga and samples were collected durmgrs@on and post-monsoon seasons. Pre-
monsoon sampling was undertaken during May 2015 anda#0thications were selected covering
the entire stretch of the Ganga. Post-monsoon sampljngangéed out during October 2015.
Latitude, longitude and altitude were noted for each locatmgnai GPS and the locations were
marked on Google Earth.

The upstream and downstream samples were collected apghoxvithin 5-15 km of
tentative boundary of the main city/ inhabitation/ ingdigtuman activity zone. Water samples were
collected within 3-60 meter from bank, depending onatiie dharacteristics, the distance of main
river flow from bank in pre monsoon season, depth ofamngeaccessibility of the most appropriate
location. Water samples were collected at a depth of approximaaetynlfsebn water surface

3.3 Quality Control and Quality Assurance

Quality Assurance and quality control of (QA/QC) method was adaptedity ahehprevent
errors during characterization of water samples at diffarémer laboratories. QA/QC analysis also
evaluated the robustness of results obtained. WhilempegfdQA/QC analysis, water samples and
sediments for various analyses were collected as sifrlartatesame sampling location for analysis at
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three different laboratories, which included physic-chemreahepars, smls andmicrobiological
parameters.
The detall list of parameters analysed for QA/QC is stated in table below.

Table 3-2: Parameters analysed for QA/QC

Physico-Chemical Microbiological Parameters Metals
Properties

Temperature Coliforms (E-coli, Faecqd Iron
Turbidity Coliforms) Cadmium
pH Bacteriophages Chromium
Conductivity Lead
Hardness Zinc
Alkalinity Arsenic
Sodium Nickel
Potassium Aluminium
Chloride Barium
Phosphate Boron
Sulphate Copper
Nitrate Magnesium
Dissolved Oxygen Selenium
Biochemical  Oxygel Silver
Demand Mercury
Chemical Oxyger
Demand

The River water sample was collected at each locagalitrie dontainer and sub divided into
pre cleaned 9 bottles (1 litre each) for physico-ch@aiaaieters and 9 bottles (100 ml each) for
metal analysis. Ultrapure Nitric acid was added to prem@plessfor metal analysis. One set of
bottles (3 physico-chemical and 3 metals from each locati@n bottles for 3 locations) were
separately analysed at CSIR-NEERI, Nagpur, CSIR-NEERi . ZDehl Laboratory and CSIR-IITR,
Lucknow, respectively. A representative from eaclatiadyowas present during QA/QC Sample
collection. For Coliform (FC, TC, EC ) count by MembFiliation Technique (MFT), water
samples were collected in sterile bottles (1 L), with d&86empty space, in triplicates from each
location (three locations). Samples were stored immedidtedyywide at sampling sites till being
GLVSDWFKHG WR LWV GHVWLQDWDRSORY DHDHF K\L\WR UWHAHKH DAO\D E
analysis. Analysis was performed within 48 hours of sargdtiooo For Bacteriophages and
Pathogenic bacteria water samples were collected ibattdzsetwo bottles with two litres capacity),
with 10% empty head space, in triplicates from each Hofthtiee locations) and sent to CSIR-
NEERI, Nagpur, Indian Institute of Technology, Roorkee GBIR-National Chemical Laboratory,
Pune. Sediment samples were collected (250 g) in sterile bottsé tmoations (three locations).

3.4 Description of each sampling location in River Ganga
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3.4.1 Gomukh GOI\/JI_UKH

Gomukh is the end-point of the o~ & A +
Gangotri glacier, and origin of River . W ;
Bhagirathi which is the main headwater of ' 15
River Ganga, comes out from under the s ";;.

glacier at this terminus. The location is| of A ~

great significance, both scientific and | b Pl ' 3
religious. Snowmelt waters gather and flowordinates uis DIS
under the Gangotri glacier, and River )
Bhagirathi gushes out from under the gla€i@fitude AMSL (m) - 4305
The River is about 5 m wide right and vpgason (Monscon)|  Pre- Post: Pre- Post
) Cbllection X X 9 9
shallow (about 0.5 m deep) at this locati@®jour Brownish _|Clear
and is flowing in the North-west directi regl‘;‘éirty S%%“”ess S%%“”ess
The velocity and turbulence is high, and [t§&mpiing Point Right Bank |Right Bank
water sampled was turbid and sediment I x\éﬁfﬁf Temp.(°C) 0.4 2.3
. IStance
during pre-monsoon season, and clear dutiagh sank (m) -1 1
post-monsoon season. The surroundings_&ee surface (m) ~0.15 ~0.15
h . k . _Approach Bank Bank
Cc .aracterlzed py rocky mouptamous termaiibamer Sunny  [Cloudy
with the Bhagirathi and Bhrigupanth peaksgpe Grab Grab
. . .. Population Floating population (Trekking / Mountaineering)
on the left bgnk of the River. There is Iltﬂe < 200 persons per day (during Peak season)
to no vegetation around Gomukh, and alpine

: y Site Observations
vegetation can be seen about 5 h sediment load in water during pre-monsoon season

downstream of Gomukh. The site, howeyelear water during post-monsoon sampling
witnesses constant human activity from May
to October every year. Many pilgrims trek to Gomukkn{t8k from Gangotri temple); and trekkers

Google Earth
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and mountaineers go. beyond Gomukh to visit Tapovan Agitgeed on the Gangotri glacier.
Bhojwasa is located 5 km downstream of Gomukh and servesaagpsite for pilgrims and
mountaineers, where bathing and other human activitipseseat. The Gangotri National Park
controls these trekking activities and allows a maximunuiod 2@0 persons every day to trek along
this route. The route follows the banks of the RivagiBithi, at an altitude of aboutl®m above

the river. The use of plastics and littering along this iwstrictly prohibited, and rangers of the
Gangotri National Park regularly monitor the route. Thowgh waste is disposed in bins provided
along the route, some waste ends up along the bané&Rofer. Water samples were collected from
the bank, at 100 m downstream of the glacier wall at Gddmakiment samples were also collected at
this location.

Assessment of Water Quality and Sediment to understdrelSpecial Properties of River Ganga
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3.4.2 Gangotri GANGOTRI .
Gangotri is the famous temple-town in the o T “;"
Garhwal district of Uttarakhand. The temple| in )
Gangotri is dedicated to River Ganga and |s a i
famous pilgrimage centre in the Himalayas. Gangotri
town is 18 km downstream of Gomukh. The town f
marks the last point accessible by motor vehicles by
along the River Ganga. The town has nonjicabrdinates “uis DIS
permanent inhabitation. Large numbers of pilgrims Ld % 8 %
visit the town through the months April to OctobEnititude AMSL (m) 3059 3050
A limited number of buildings and infrastructure-38350n (Monsoon),_Pre- Post e Post
found, owing to the mountainous terrain. Most| Gblour Brown Brown Clear Clear
i i i i our Odourless |Odourless | Odourless [Odourless
the p(?p_ulatlon .|n .Gangotrl is floatlng popu_latlo\?glocity High High High High
comprising of pilgrims and tourists. The businesE&%piing Point | Right Bank [Right Bank | Right Bank [Right Bank
in the town are set up to cater the tourists. [T¥yater Temp.(°C) 4 5 11 11
. . Distance
banks of the River have been made accessible faaEank (m) ) ) 1 -1
the temple at Gangotri. Thereby, pilgrims and lgdgfs surface (m) ~015 | -015 ~015 | ~0.15
be f d taki dip in the Ri G J Approach Right Bank |Right Bank | Right Bank |Right Bank|
can be tound taking a dip In the River Ganga atijtther Sunny __ [Sunny Cloudy _ [Cloudy
location. The temperature is characteristic alpine Grab Grab Grab Grab
climate with cold and snow laden winters. The F’i\Plo rulation A floating population of about 2000 to 4000 perso

Ganga at this location is about 40 m wide and swiftly

during fair weather season

flows cutting through large boulders and for
rapids. The depth of the River changes sharply

rﬁ Site Observations
%yh Sediment load in water during pre-monsoon seasoaswtiesr wate

@@y post-monsoon season

Gangotri as the River falls through gorges and fofiging and rituals near the Gangotri temple

short waterfalls. Samples were collected from upstreadowanstream points of the temple at
Gangotri, which is the hub of activity in the town. WMeesampling locations were approximately 700

GangotriiD/S
&

o
Gangotri

Googleearth
<

GangotriU/S:@
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HARSIL
<+ » = +
Coordinates u/s D/S
U 1 -
U (
Altitude AMSL (m) 2486 -
Season (Monsoon) Pre- Post- Pre- Post-
Collection X 9 X X
Colour Clear
Odour Odourless
Velocity High
Sampling Point Left Bank
Water Temp.(°C) 11.9
Distance
from Bank (m) ~2
from surface (m) ~0.2
Approach Bank
Weather Cloudy
Type Grab
Population ~1200 (Census 2011)
Key Site Observations
Forest with rich variety of medicinal plants (Blue Pine)
Apple tree cultivation
Army Cantonment Area
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3.4.3 Harsil

. The small town of Harsil is about
22 km downstream of Gangotri. River
Ganga, until Gangotri, flows through high
alpine terrain. As the River crosses
Gangotri, the channel slopes steeply and
the River gushes down to lower altitudes in
a short span of distance. Riparian zone of
the River in this section is thickly forested
with rich variety of medicinal plants. Small
streams which drain micro-watersheds in
the region join the River Ganga at short
intervals. Harsil is a cantonment town and
houses military camps along the banks of
the River. The town is home to about a
1000 households. The channel of the River
widens considerably in the region. Samples
were collected from Harsil during the post-
monsoon season to increase the spatial
resolution in the Himalayan stretch of the
River. The samples were collected from the
point close to the helipad in the
cantonment area of Harsil. This point is
about 2 km upstream of Harsil town.

Google Earth
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3.4.4 Gangnani GANGNANI
Gangnani is a village located in the Bhatwadi s e Y _1L
sector of Uttarakhand and is about 15 |km i P i

downstream of Harsil. The village is home to small : '_ L
number of households located along the banks of
the River Ganga. Two headwater streams join the

River Bhagirathi from both the left bank and right | "--_:_a--

bank at Gangnani. The smaller streams which foiordinates |  UIS OIS

the River Bhagirathi have considerably less flow and LLJJ %

therefore have a laminar regime Plantation AitBude AMSL (m) . 2131

observed on both the banks of the river. Tugéasor_‘ (Monsoon)|  Pre- Post- Pre- Post-
_ollection X X X 9

samples were collected below the abutment Ofo@ur Clear

bridge across the River Bhagirathi about Zoﬁsgﬁ)iirty S%%””ess

upstream of the village. Sampling Point Right Bank
Water Temp.(°C) 13.8
Distance
from Bank (m) ~1
from surface (m) ~0.15
Approach Bank
Weather Cloudy
Type Grab
Population -

Key Site Observations
Numerous small streams join the river between Harsil agdd®a
Deep valley

!

Gangnani Q

Google Earth
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BHATWARI
i, 5
- e T 1 '|_ . -¢' .
l\.:'l: i ‘_L'
F a . .
'E:. _I'. -
{ . 1, ]
Coordinates u/s D/S
- U 1
u (
Altitude AMSL (m) - 1470
Season (Monsoon) Pre- Post- Pre- Post-
Collection - - 9 9
Colour Clear Clear
Odour Odourless  |Odourless
Velocity High High
Sampling Point Side Stream |Confluence
Water Temp.(°C) 13.5 13.5
Distance
from Bank (m) ~1 ~1
from surface (m) ~0.15 ~0.15
Approach Left Bank Right Bank|
Weather Cloudy Cloudy
Type Grab Grab
Population 1200 (Census 2011)

Key Site Observations
Confluence of small Glacier fed stream (Pilangana)
Small HEP on the side stream

3.4.5 Bhatwari

Bhatwari is a town located about 14 km
downstream of Gangnani and about 50 km
downstream of Gangotri. The town is located on
the banks of the River Bhagirathi and has about
300 households and some small businesses to cate
the tourist population. Numerous small streams
which drain small watersheds in the Himalayan
section join the River Bhagirathi constantly
augmenting its flow, as the River reaches Bhatwari.
The channel widens further and the valley is less
steep at this point as compared to the upper
sections. The town is spread along the banks of the
River for about 5 km as smaller villages with few
households are found sparsely distributed on the
banks of the River. The samples were collected
below the abutment of a bridge across the River
Bhagirathi about 2 km downstream of the
conglomeration of households of Bhatwari

Google Earth
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3.4.6 Maneri

Maneri was a small village with only a
households sparsely distributed along the ban
River Bhagirathi. However, the construction of
Maneri Stage-I Hydropower project in 1984 char
the landscape altogether. The town has bec
synonymous with the hydropower project ever s
The project was extended as Maneri Bhali Stg
Hydroelectric Project, with the addition of Bhali d
near Dharasu. The hydropower complex ha

combined capacity of 304 MW. This is the fi

human intervention on River Bhagirathi from
origin. Maneri is about 65 km downstream

Gangotri, and about 12 km upstream of Uttark

which is the district headquarters for the regidyater Temp.(°C)

Settlements along the banks of the Ganga ca
found from Maneri to Uttarkashi. Samples w
collected from upstream and downstream point
the Maneri Dam. Samples could not be colle
from the downstream point of Maneri dam dur
the post-monsoon season due to inaccessibility
sampling locations were chosen in a manne
reflect the impact of Maneri dam and the towr
Maneri
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SAltude AMSL (m) 1298 1253
=8ason (Monsoon) Pre- Post- Pre- Post-
‘Collection 9 X 9 9
IGwlour Brownish Clear Clear
agour Odourless Odourless |Odourless
Velocity Slow High Slow
ASHMpling Point Reservoir Right Bank [Right Bank|
18.8 18.2 16.7
Distance
rarrBank (m) ~4 ~2 ~2
dre@m surface (m) ~0.15 ~0.15 ~0.15
Approach Bank Bank Bank
ther Sunny Sunny Sunny
clepk Grab Grab Grab
rfapulation 1271 (Census 2011)
The
r\lﬁa}?Site Observations
er velocity was low due to Maneri Dam, Small Temple
®Bbken bridge; bank construction activity
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Coordinates u/s D/s

30°45'25.63"N
78°27'22.33"E

30°43'50.02"N
78°24'26.03"E

Altitude AMSL (m) 1175 1076

Season (Monsoon) Pre- Post- Pre- Post-
Collection 9 X 9 9
Colour Brownish Brownish |Clear
Odour Odour Free Odour Free |Odour Freq
Velocity Moderate Controlled |Controlled
Sampling Point Confluence Right Bank |Right Bank
Water Temp.(°C) | 20.1 14.3 20.5
Distance

from Bank (m) ~1 ~1 ~1

from surface (m) ~0.15 ~0.15 ~0.15
Approach Right Bank Right Bank |Right Bank
Weather Sunny Sunny Sunny
Type Grab Grab Grab
Population 17, 475 (Census 2011)

Key Site Observations
U/S: Confluence between Assi Ganga and Bhagirathi
D/S: <20 m from Hotel; Land Slide of about 1 km

Controlled flow; Safety wall construction on the banks

Uttarkashi D@
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3.4.7 Uttarkashi

Uttarkashi is districts headquarter
located in the Uttarakhand State in upper
Himalayan range. It is located
approximately 1158 m above the sea level
on the banks of river Bhagirathi. The
terrain consists of a flat valley compared to
the steeper valleys upstream. The climatic
conditions from here onwards slightly tend
to become moderate as compared to the
upper Himalayas. Uttarkashi is a significant
urban settlement and is the first of many
urban centres along the River Ganga which
let domestic sewage into the River. The
riparian vegetation is dominated by Pine
and Deodar trees. The flow of the River
significantly reduces, and is influenced by
Maneri dam which is upstream of the town

“ S, ButtarkashiUls
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3.4.8 Dharasu DHARASU
Dharasu is a small town located |on
the banks of river Bhagirathi in the
Uttarakhand State. It is approximately 1339m
above the sea level. It is an important
location enroute to major tourist centres
such as Gangotri and Yamunotri. Therefore
considerable human activity can be seenCaardinates uis DIS
- - L - - 30°36'41.14"N -
thIS' Ioca'Flon. Slmllar to Uttar!(a.ls..hl, the River 8°18'56 19"E
regime is suitable for activities such [ astude AMSL (m) 883 -
rafting. Pine and Deodar are found on gason (Monsoon)| _ Pre- Post- Pre- Post-
] Collection 9 9 X
banks of the River. A small stream meetsd@our Clear Clear
Bhagirathi in Dharasu. A landslide evef#owr Odour FreelOdour Free
. . Velocity Low Moderate

occurred upstream of the location during t&8mpiing Point Side StreanMain River
sampling activity. It is a common sight 1‘gl_a:er Temp.(°C) | 26.2 17.0
. . . . Distance
find travellers cleaning automobiles in t&mn Bank (m) ) 1
vicinity of this small stream from surface (m) | ~0.15 ~0.15

Approach Left Bank [Right Bank

Weather Cloudy Cloudy

Type Grab Grab

Population 579 (Census 2011)

Key Site Observations
Vehicle washing activities
Stray Cows and buffalo
U/S of the Maneri Phase Il power plant




CHINIALI SAUR

Coordinates u/s D/S

- 30°36'22.98"N

78°19'08.31"E

Altitude AMSL (m) - 828
Season (Monsoon) Pre- Post- Pre- Post-
Collection X X 9 9
Colour Brownish |Clear
Odour Odourless |Odourless
Velocity Moderate |Stagnant
Sampling Point Right Bank [Reservoir
Water Temp.(°C) 16 24
Distance
from Bank (m) ~2 ~50
from surface (m) ~0.15 ~3
Approach Bank Boat
Weather Sunny Sunny
Type Grab Grab
Population 6430(Census 2011)

Key Site Observations
In Post-monsoon, area filled by back waters of TehrviReser
Pre-monsoon, Sand Mining as the reservoir recedes
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3.4.9 Chiniali Saur

Chiniali Saur is a small town in the
Uttarkashi district of Uttarakhand State. It
is located on the banks of the river
Bhagirathi, approximately 35km from
Uttarkashi. The town has population of
approximately 7000. Chiniali Saur marks an
important point in the flow regime of
Bhagirathi, as this point onwards, the flow
in the River is greatly influenced by the
Tehri Dam. During season of low flow, the
floodplain is exposed, and sand mining
activities can be witnessed. During periods
of high flow, the backwater of the Tehri
dam fills the valley, which leaves the
velocity in the River to greatly reduce, and
even stagnate

Assessment of Water Quality and Sediment to understdrelSpecial Properties of River Ganga
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3.4.10 Tehri

The Tehri Hydro Power Complex is one of the largest danss ¢he River Ganga in terms of
hydropower capacity and water impoundment. The locatiomiglo importance to the study as the
impact of a major dam on the various water quality pasaeatebe investigated. Tehri dam wall is
about 260 m tall, and is about 600 m wide arresting thatRivearrow gorge. The dam is designed for
a probable maximum flood of about 15000 m3/s and has a hydramapacity of 2400 MW (Tehri
Stage? | (1000 MW), Tehri Stagdl (1000 MW; in commissioning stage) Koteshwar dam (400MW)
River Bhilangana joins Bhagirathi near the dam wall. AsvénesRarrested in a steep valley, the
reservoir of the dam is characteristically deep and lengesBnvoir has a massive volume of about 4
km3 and a surface area of about 42 sg. km (Adhikatii, @Barik, 2013). The water flows through a
chute spillway where it runs massive Francis turbinesthesidem structure and is let out at the
bottom of the dam wall on the other side.

To investigate the impact of water impoundment and thesdndimv regime, special focus had
to be given to the collection of samples from Tehri.-Q&ERI coordinated with officials from Tehri
Hydro Power Development Corporation (THDC) to carnsantpling activities and procure necessary
secondary data. Sampling at Tehri reservoir was carmeerotwvo days, both during pre-monsoon
and post-monsoon seasons. A total of 8 sites samplimgnkegere chosen in Tehri to reflect various
characteristics of the River. Out of these 8 samplinigihsc® were chosen on the reservoir alang th
River Bhagirathi. Sampling activity was carried out wittelfhefhtwo boats provided by THDC.
Instruments required for measurement of field parameterscaveed on the boats, and necessary
number of sampling bottles for all the parameters weesl s well. Sediment samples were collected
ZLWK WKH KHOS RI D "YDQ 9HHQ *YDE FROOCHOWU GDIQR AL \@ I
200 m in the reservoir.
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3.4.10.1Tehri Dam Wall 2

Sample was collected near the dam wall where the slopelaitivall limited the depth of
the reservoir to about 6 m.

3.4.10.2Tehri 5

This location marks the confluence of Rivers BhagiratBhaadgana. It is about 200 m from
the dam wall. As both the rivers form wide reservoirgiot ossible to distinguish the exact point of
confluence of the two Rivers.

3.4.10.3Tehri 4

This location corresponds to approximately 5 km from theaddl. The location is close to a
village named Panchkoti. As the reservoir has filled theallegs, short hilltops are visible on the left
bank and the village of Panchkoti, along with THDC offieesyn the right bank at this location. The
reservoir is about 2 km wide.

3.4.104Tehri 3

This location corresponds to approximately 10 km from tieveld. Roulakot village lies on the
left bank of Bhagirathi at this location. The reservaitysébarts to recede in width from this location
onwards. Ridges of hills extend across the reservoir in the forflesfdmaf the River meanders.

3.4.10.5Tehri 2

This location corresponds to approximately 15 km frodathevall. Small settlement of Jhinwali
lies on the right bank of the River at this location.

3.4.10.6Tehri 1

This location corresponds to approximately 20 km frordaimewall along River Bhagirathi
Bhaldiana village lies on the right bank of the River. iditieof the reservoir is about 300 m at this
location.

3.4.10.7Tehri 6

This location corresponds to approximately 10 km from thevelh along the River Bhilangana.
KailBagi is a small settlement on the left bank of theaRives location. The reservoir is about 200 m
wide.
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3.4.10.8Tehri D/S 1

The sample was collected downstream of Tehri dam near rig¢igy®, Brhich is about 2 km
downstream from the base of the dam wall. The sampteli®ated from below the abutment of the
bridge. The flow at this location is entirely controlledebggerations of the Tehri dam. The width of
the river is about 100 m at this section.

3.4.10.9Tehri D/S 2

An additional sampling location was identified downstream oftd edtwidy the impact of
water impoundment and discharge. This location correspaqmwaaimately 4 km downstream of
the Tehri dam wall, and is near Kyari village. This stretbh &fver is used for pumped storage
functions of the Tehri dam
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GHANSALI

Coordinates u/s D/S

- 30°25'46.98"N

78°39'22.55"E

Altitude AMSL (m) - 859
Season (Monsoon) Pre- Post- Pre- Post-
Collection X X 9 9
Colour Greenish | Greenish
Odour Odourless | Odourless
Velocity High High
Sampling Point Right Bank| Right Bank
Water Temp.(°C) 16 16
Distance
from Bank (m) ~1 ~1
from surface (m) ~0.15 ~0.15
Approach Bank Bank
Weather Cloudy Sunny
Type Grab Grab
Population -

Key Site Observations

High turbulent flow

Sewage from Ghansali flows in to the river without trelatmen
Solid waste observed near the bank
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3.4.11 Ghansali

Similar to Chinali Saur along River
Bhagirathi, Ghansali is an important town
along River Bhilangana. River Bhilangana
meets River Bhagirathi at Tehri dam. The
valley is deeper along River Bhilangana as
compared to River Bhagirathi. There is a
moderate influence of Tehri dam over
regime and velocity of the River at
Ghansali. The town houses a substantial
population in the valley and the domestic
sewage is let into River Bhilangana

Assessment of Water Quality and Sediment to understdrelSpecial Properties of River Ganga
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3.4.12 Koteshwar

KOTESHWAR DAM

The Koteshwar Dam is a Hydro
Electric Project which is integral part |of
Tehri hydropower complex and located |on
Bhagirathi River about 15 kilometres
downstream of Tehri Dam. The dam
significantly changes the river regime and the
velocity. Coordinates e Reservior
Water samples were collected at a Ld % Ld %
Koteshwar dam on the opposite bank [@ititude AMSL (m) 542 542
wSgason (Monsoon) Pre- Post- Post- Post-
dam wall (approx. 0.5 Ikm from the dam WaH = 5 5 5 5
towards west). Sediment samples We&ur Clear Clear Clear Clear
collected from the same location using /QAour Odourless |Odourless | Odourless |Odourless
" Velocity Stagnant [Stagnant Stagnant [Stagnant
veen sampler. Sampling Point Reservoir |Reservoir | Reservoir |Reservoir
Water & Sediment samples were 3 I‘g’@:ef Temp.(°C) | 21 22 18 18
. istance
collected at another sampling locatiGidm ank (m) 3 3 10 15
upstream of Koteshwar dam about, ungdigm surface (m) | ~0.15 ~0.15 ~3 -3
h . hash Approach Bank Bank Boat Boat
the cross over bridge between Bhasho ther Sunny [Sunny Sunny [Sunny
Vichitarpur village on the Bhagirathi Riverype Grab Grab Grab Grab
Porpulation -
The upstream and downstream samples were

collected in a manner to represent
change in flow regime because of Kotesh
dam.

the

Site Observations
reservoir is downstream of Tehri
Water from Koteshwar reservoir is recirculated to Tehra@ser
Reservior appears greenish
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MANA

Coordinates u/s D/S

U 1 U

U] ( U
Altitude AMSL (m) 3169 3169
Season (Monsoon) Pre- Post- Pre- Post-
Collection 9 9 9 X
Colour Colourless |Colourless | Colourless
Odour Odourless |Odourless | Odourless
Velocity High High High
Sampling Point River River River
Water Temp.(°C) | 20 7.3 20
Distance
from Bank (m) ~1 ~1 ~1
from surface (m) ~0.5 ~0.5 ~0.5
Approach Left Bank |Left bank Left Bank
Weather Cloudy Sunny Cloudy
Type Grab Grab Grab
Population Aprox. 600

Dry Rocky Terrain

Key Site Observations
Saraswati and Alaknanda Confluence

River appears greenish

3.4.13 Mana

Mana is located about 3 km from
the Badrinath shrine, last village at Indo
Tibet border. The village is located near the
confluence of River Saraswathi, a
headwater, with River Alaknanda. The
climatic and environmental setting in this
location is similar to Gangotri. Mana village
has about 180 household and population of
600, and faecal contamination might be a
probable factor to consider. However, there
IS no significant anthropogenic impact on
the water quality of the River because of
the settlement at Mana. The flow of the
River Alaknanda is substantial and
turbulent, and the terrain is rocky and
therefore the River forms rapids

3-26 Assessment of Water Quality and Sediment to understdreSpecial Properties of River Ganga



Sampling Methodologi Sf'—t”

3.4.14 Badrinath BADRINATH
Badrinath, is an important location
along River Alaknanda, and sees significant
anthropogenic activity during summer
season. The surroundings are charactefized
scattered patches of scrub vegetation |and
high mountains. The Badrinath town has
population of about 900 but mostlyCoordinates urs DIS
temporary residents for 6 -7 months. The Ld %
town experience high tourist pressure dufiRtude AMSL (m) 3133
_ Sgason (Monsoon) Pre- Post- Post- Post-
the May-September, use of polythen 38 ction " X 5 5
generally observed. Clothes and off&our Clear Clear
religious offering are directly dumped h@gl(())léirty S%%U”ess S%%U”ess
the river Alaknanda. Sampling Point River River
Water Temp.(°C) 20 4
Distance
from Bank (m) ~2 ~2
from surface (m) ~0.5 ~0.5
Approach Left Bank |Left Bank
Weather Cloudy Sunny
Type Grab Grab
Population 841 (Approx.

Key Site Observations
Small Hydro power plant

Sewage from Badrinath directly discharged into river
River appears greenish in pre monsoon
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VISHNUPRAYAG

Coordinates u/s D/S

U 1 30°33'59.68"N

U ( 79°33'13.07"E
Altitude AMSL (m) 1479 1470
Season (Monsoon) Pre- Post- Pre- Post-
Collection X 9 9 9
Colour Clear Clear Clear
Odour Odourless | Odourless [Odourless
Velocity High High High
Sampling Point River River River
Water Temp.(°C) 12 19 11
Distance
from Bank (m) ~2 ~2 Mid-point
from surface (m) ~0.5 ~0.5 ~0.5
Approach Left Bank Left Bank |Bridge
Weather Sunny Cloudy Sunny
Type Grab Grab Grab
Population

Key Site Observations

DhauliGanga flow is about twice that of Alaknanda
Landslide 1KM U/S, No Human activity
The flow in Alaknanda controlled by Hydroelectric plant
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3.4.15 Vishnuprayag

This location is important in two
aspects. Firstly, it is the point of confluence
of River Dhauliganga, which is the first
major headwater of River Ganga. Secondly,
it is the site for a major hydroelectric
project 2 the Vishnuprayag HEP. These
two factors impact the water quality mainly
through the alteration in the discharge and
regime of the River. At Vishnu prayag the
river banks are highly disturbed due to
flood and landslides that are quite frequent
during monsoons every Yyear. River
Dhauliganga adds substantial quantum of
water to River Alaknanda, but the River is
arrested for hydropower within a short
distance. Two samples were collected from
River Alaknanda in a manner to understand
the change in water quality due to the
contribution of River Dhauliganga
(upstream and downstream sample). In
addition, a sample was collected from River
Dhauliganga  before  joining  River
Alaknanda.

Assessment of Water Quality and Sediment to understdreSpecial Properties of River Ganga
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3.4.16 Nandapdrayag

Nandaprayag has similar characteristic

Vishnuprayag and marks the confluence of the River

Nandakini
constant human activity and people often

ritualistic materials into the River at the site

with Alaknanda. The town witnesses

confluence. Both Rivers Alaknanda and Nandakini

are turbulent and are swift in this locati
Confluence water is fresh, cle@@ GRHVQ -

any odour. Landslides are common during mons$@akude AMSL (m)

season upstream of the location. The samples
collected in a manner to reflect the impact
confluence of River Nandakini.

NANDAPRAYAG
S as
let
of
OQoordinates u/s D/S
30°19'58.43"N 30°19'53.50"N
W SRVVHYYV 79°19'03.22"E 79°18'37.91"E
859 850
\WEesen (Monsoon) Pre- Post- Post- Post-
"Collection 9 9 9 9
Odlour Colourless |Colourless | Colourless |Colourless
Odour Odourless |Odourless | Odourless |Odourless
Velocity High High High High
Sampling Point River River River River
Water Temp.(°C) | 21 10 21 13
Distance
from Bank (m) ~2 ~2 ~2 ~2
from surface (m) ~0.3 ~0.3 ~0.3 ~0.3
Approach Right Bank [Right Bank | Left Bank |Left Bank
Weather Sunny Sunny Sunny Sunny
Type Grab Grab Grab Grab
Population 1358

Water was turbulent

Key Site Observations
Samples collected before and after confluence at Kayatpp

Ritualistic material from a small temple was dumped on tlse bank

Assessment of Water Quality and Sediment to understdreSpecial Properties of River Ganga
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KARNAPRAYAG

Coordinates

D/S
30°15'57.12"N
79°12'44.00"E

Altitude AMSL (m) 812

Season (Monsoon) Pre- Post- Pre- Post-
Collection X X 9 9
Colour Colourless [Colourless
Odour Odourless |Odourless
Velocity High High
Sampling Point River River
Water Temp.(°C) 22 12
Distance

from Bank (m) ~2 ~2

from surface (m) ~0.3 ~0.3
Approach Left Bank |Left Bank
Weather Sunny Sunny
Type Grab Grab
Population 6972

Key Site Observations
Sampling done downstream of confluence
Human activities and discharge of sewage directly inteetrabserved

3.4.17 Karnaprayag

Karnaprayag marks the location of
confluence of River Pindar, originating from the
Pindari glacier, with River Alaknanda. The town
houses a population of about 7000 persons.
However, here the water is clear, fresh and odour
free. Bathing and worshipping activity can be
spotted frequently due to the mythological
significance which people associate with the
confluence of these Rivers. In addition to this
aspect, the town also receives tourists due to its by-
road connections to Almora, Nainital and Jim
Corbett National Park.
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3.4.18 Rudraprayag RUDRAPRAYAG

Rudraprayag marks another important
confluence, where River Mandakini meets River
Alaknanda. The elevation drops significantly as
compared to the upper stretch of River Alaknanda,
and as the valley gets flatter, the town has more
space for households on the banks of the River| The

velocity of the water and the turbulence howev@grdinates u/s D/S
P . 30°17'15.49"N 30°17'09.99"N
does not decrease significantly. The location from ~8°58'44.80"E 28°58'36.01"E
where samples were collected had crystal clear|wei&fe AMSL (m) 627 618
i _ i ~eagon (Monsoon) Pre- Post- Pre- Post-
during thg pre-monsoon seqson. The city hou“(:‘qu‘éction 5 5 5 5
comparatively large population, and the domestGur Colourless [Colourless | Colourless [Colourless
waste from the town drains into the River. Many-<four Odourless [Odourless | Odourless |Odourless
) ) o .1 Velocity High High High High
the constructions in the vicinity of the point [@ampiing Point
confluence were severely damaged during the %qu Temp.(°C) | 21 14 20 10
] IStance
floods in Uttarakhand. from Bank (m) 3 3 ) =)
from surface (m) ~0.3 ~0.3 ~0.3 ~0.3
Approach Right Bank [Right Bank | Left bank |Left Bank
Weather Sunny Sunny Sunny Sunny
Type Grab Grab Grab Grab
Population 9313

Key Site Observations

U/S was collected near the Ghat

Sewage was flowing in to the river

D/S was near the bridge after confluence; High turtfident
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SRINAGAR 3.4.19 Srinagar
Srinagar is an important town in the
Garhwal region and houses a significant
population. And also is a commercial hub for the
Garhwal region. It one of the largest valley town in
the Garhwal Hills and the narrow valley is
surrounded by high mountains. Pine forests are
Coordinates “uis DIS dominant form of tree vegetation on these
UU (1 ) mountains. Alaknanda Hydro Power construction
Altitude AMSL (m) 1479 site is located near Koteshwar. Srinagar lies on the
Season (Monsoon)|  Pre- Post- Pre- Post- south bank of River Alaknanda. River Alaknanda .
Collection X 9 X X . .
Colour Colourless The temperature of Srinagar remains hot and
Odour Odourless humid during summers while, cold and dry during
Velocity Medium . . .
Sampling Point River winters. The area also faced Himalayan Tsunami
Water Temp.(°C) 14 2013 that led to massive damage to the city
Distance i i
from Bank (m) Mid-point infrastructure due to floods in Alaknanda.
from surface (m) ~0.3
Approach Bridge
Weather Sunny
Type Grab
Population

Key Site Observations

Hydroelectric Plant

Wide river bed and shallow; water flow controlled by HEP
Shallow water; activities like cremation on the banks
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3.4.20 Devpdrayag

Devprayag marks the confluence of Ri
Alaknanda with River Bhagirathi, and in a way, R
Ganga takes its name from here onwards. The
of both Bhagirathi and Alaknanda Rivers is al
400 m and both the Rivers are swift and turbule
this location. Water of River Bhagirathi during {
monsoon was turbid whereas that of Alakn

River was clear and reverse is observed during|po

monsoon.
Four water samples were collected from
Devprayag at different locations viz. the upstrea
Bhagirathi River, upstream of Alaknanda Rive
confluence and downstream after confluence.

DEVPRAYAG
ver
River
vidth
bout
Nt in
Dre-
nda
CooEdinates u/s D/S
St 30° 8'21.14"N 30°8'50.08"N
78°35'49.15"E 78°35'52.98"E
#ffude AMSL (m) 483 473
"Season (Monsoon) Pre- Post- Pre- Post-
[TC@llection 9 9 9 9
Colpur Brownish |Colourless | Brownish |Colourless
'Odour Odourless [Odourless | Odourless [Odourless
Velocity Medium  |Medium Medium  [Medium
Sampling Point River River River River
Water Temp.(°C) | 22 18 22 17
Distance
from Bank (m) ~2 ~2 ~2 ~2
from surface (m) ~0.3 ~0.3 ~0.3 ~0.3
Approach Right Bank [Right Bank | Left Bank |Left Bank
Weather Sunny Sunny Sunny Sunny
Type Grab Grab Grab Grab
Population -

Key Site Observations
Low Sediment; Water appears greenish
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RISHIKESH 3.4.21 Rishikesh

Rishikesh is an important location and
marks the descent of the River into flatter region.
The velocity of the River slightly reduces, but
owing to the rocky terrain, the River remains
turbulent and forms rapids. The channel is wide,
and spans almost about 600 m at certain sections

Coordinates u/s D/S River rafting is a common adventure sport in River
30° 7'38.10"N 30° 4'7.20"N L . .
78°9111.80"E 78°17'1. 20"E Ganga Rishikesh. The city housgs a substaptlal

Altitude AMSL (m) 361 328 permanent population, along with a massive

Soason (Monsoon) Pre- Post e Post | floating population owing to the tourist attraction.

Colour Brownish |Colourless | Brownish [Colourless| Water is drawn for domestic purposes and

Odour Odourless |Odourless | Odourless |Odourless i i i i

Velooiy Medium T edium Modium Mg domestic sewage is let into the River Ganga. The

Sampling Point River River River River upstream sample was taken about 5 km upstream

Water Temp.(°C) | 25 19 28 20 of the city, whereas the downstream sample was

Distance ichi

from Bank (m) 3 3 3 3 taken after the barrage at Rishikesh. The flow

from surface (m) | ~0.5 ~0.5 ~0.5 ~0.5 regime varied significantly between the upstream

Approach Right Bank [Right Bank | Right Bank |Right Bank| h | .

Weather Sunny  [Sunny Sunny  [Sunny and the downstream locations.

Type Grab Grab Grab Grab

Population 70,499 (Census, 2011)

Key Site Observations
Recreational Activities like Rafting
Aquatic plants and algae growth at D/S location
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3.4.22 Haridwar HARIDWAR
Haridwar is an important location both |in
terms of the change in flow of the River and
anthropogenic activities. Haridwar is the location
which has the most significant anthropogenic activity
in Uttarakhand. The town receives a large floating
population, and ritualistic materials are let into| the
River. The Bhimgoda barrage at Haridwar divegtsrdinates uis D/S
. 29°59'31.90"N 29°5322.52"N
about 10000 cusecs of water into thg Upper.G anga 8°12'26.30"E 78° 825 39"E
canal, and greatly reduces the flow in the Riveraiifude AMSL (m) 297 267
addition, a substantial amount of sewage is letfigzon (Monsoon)|  Pre- Post: Pre- Post:
) Collection 9 9 9 9
the River. Colour Colourless |Colourless | Colourless |Colourless
fQgeur Odourless |Odourless | Odourless |Odourless
The_ upgtream _Sample was collected b "Velocity Moderate [Moderate | Moderate |[Moderate
the water is diverted into the Upper Ganga Cam@hpiing Point River River River River
near Har ki Paudi. During the pre-monsoon se qgﬂ:er Temp.(°C) | 27 26 27 21
Istance
the downstream sample was collected from the nfgf Bank (m) 3 3 3 3
bank of the River. At this time, the water w%gm SurLace (m) %Q'iISB kKAQalg_ ;{Q-%‘SB kEOﬁlg .
. . Approac ight Bank [Mid-Point ight Bank |Left ban
diverted into the Upper Ganga Canal, and r{i€amer Sunny [Sunny Sunny  [Sunny
sampling location had little flow. There was als@yee Grab Grab Grab Grab
. . | Population 1,927,029
drain from a sewage treatment plant (STP) joinin
River Ganga few hundred metres upstream of_the
: . : Site Observations
sampllng location. Du”ng post-monsoon Se.ason’ %Er was not diverted to Bhimghora Barrage during Biosbdh
Bhimgoda barrage was closed for maintenpfiTReffluent and sewage is discharged into the river
works, and most of the flow of River Ganga ﬂowgamestlc Solid waste landfill site around 200 m from theD8)k

through the main channel. Because of the increasetthé®ampling location on the right bank could
not be accessed, and sample was collected on thekleft the River. There was a solid waste landfill
site close to sampling location. Runoff during the moneasarsmight carry the leachate from the
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solid waste landfill site into River Ganga.
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BIJNOR 3.4.23 Bijnor

Bijnor marks an important change
in the environmental surrounding of River
Ganga. It is also the first sampling location
in the State of Uttar Pradesh. The River
slows down and channel widens at Bijnore.
However, the city itself is about 10 km

Coordinates u/s D/S from the River Ganga, towards its left
29°22'24.50"N 29°17'06.04"N : .
28°0226.14"E 28°06'06.93"E bank. The city Qraws water for dpmesﬂc

Altitude AMSL (m) 225 217 purposes from River Ganga and discharges

Soason (Monsoon) Pre- Post Pre Post_| the sewage into the River. There is a major

Colour Greenish |Greenish | Greenish |Greenish diversion at the Madhya Ganga barrage at

Odour Fishy __ [Fishy Fishy _ [Fishy Bijnor and the upstream sample was

Velocity Staghant [Stagnant Low Low ]

Sampling Point River River Rive River collected at the site of the barrage. The

Water Temp.(°C) | 34 23 34 23 diversion leaves the River braided, and the

Distance ; i

from Bank (m) =2 = ) = flow reduced, for a considerable distance.

from surface (m) | ~0.3 ~0.3 ~0.3 ~0.3 The downstream sample was collected

Approach Dam Dam Left Bank |[Left Bank km f h

Weather Sunny Sunny Sunny Sunny about 15 km from the barrage-

Type Grab Grab Grab Grab

Population 2,757,401 (Census, 2011)

Key Site Observations
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3.4.24 Narora NARORA

The River flows for about 170km
from Bijnor to Narora. The Lower Ganga
Canal is located at Narora and is a major
diversion project. In addition, water is drawn
from the Narora Thermal Power Plant for|its
operations. The upstream sample was
collected about 10 km upstream of th&ordinates uis DIS

28°14'45.40"N 28° 8'54.30"N

Narora dam, and upstream of the town| of 2892147 50"E 782611 30°E
Rajghat located right on the bank of {hetitude AMSL (m) 177 176
River. The flow in the River is consideragigason (Monsoon)| _ Pre- Post: Pre- Post:

) ) Cbllection 9 9 9 9
reduced because of the diversion, and |gas@&r Greenish _[Colourless | Greenish _|Colourless
the River braided. The downstream samSePur Odourless |Odourless | Odourless |Odourless

) . | Velocity Low Low Low Low

was collected from one of the braids of tf&mpiing Point

River from the left bank. Water Temp.(°C) | 33 23 33 23
Distance
from Bank (m) ~2 ~2 ~2 ~2
from surface (m) ~0.3 ~0.3 ~0.3 ~0.3
Approach Right Bank [Right Bank | Right Bank |Right Bank|
Weather Sunny Sunny Sunny Sunny
Type Grab Grab Grab Grab
Population 2934

Key Site Observations
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KANNAUJ

Coordinates

u/s
27°08'59.16"N
79°53'14.38"E

D/S
27°00'37.32"N
79°59'12.55"E

Altitude AMSL (m) 135 134
Season (Monsoon) Pre- Post- Pre- Post-
Collection 9 9 9 9
Colour Clear Brownish Clear Brownish
Odour Fishy Fishy Fishy Fishy
Velocity Low Low Low Low
Sampling Point

Water Temp.(°C) | 33 23 33 23
Distance

from Bank (m) ~2 ~2 ~2 ~2

from surface (m) ~0.3 ~0.3 ~0.3 ~0.3
Approach Right Bank [Right Bank | Ghat Ghat
Weather Sunny Sunny Sunny Sunny
Type Grab Grab Grab Grab
Population 1,658, 005

Key Site Observations
Turbid water during post-monsoon sampling
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3.4.25 Kannauj

River Ramganga is one of the
tributaries of River Ganga which joins at
Kannauj. The town draws water and also
lets out domestic waste into the River It is
observed that 96% wastewater generated is
discharged in Ramganga riverine system,
which ultimately leads to the main stem of
River Ganga at Kannauj. Pulp and paper
industry is the sector which generates 90%
of total waste water finally getting released
in Ganga at Kannauj. The upstream sample
was collected about 16 km from Kannauj
city, and the downstream sample was
collected from about 5 km downstream of
the city. The city itself is situated about 6
km from the main stem of River Ganga.
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3.4.26 Kanpur

Kanpur is situated on bank of river

Ganga and has an area of about 1040
and is 126 meters above sea level. In th

kms stretch between Kannauj and Kanpur
barrage, there are agricultural activities in
river bed, predominantly Cucurbitaceous

crops knowQ DV

significant degradation of river water quallity.

"3DOOD]H fiCoordinies U H

Another stretch of 7.5 kms from Kanp{Aititude AMSL (m)

barrage to Shuklaganj has wide flood

and there is extensive impact on River w

quality due to domestic and industrial wasf¥8ur

and dumping of solid wastes, Shuklaga

Jajmau stretch of 5.5 kms is the most cri

in terms of pollution load. Kanpur hagom sank (m)

roughly 5500 industries with 75 medium

large industries such as those of fertili

detergents, chemicals and paint factoriége

Out of these, the 350 odd leather indust

localized in one area called Jajmau along the

KANPUR
km?
e 78
LV uss D/S
26°37'3.60"N 26°22'38.20"N
80°16'25.60"E 80°29'36.80"E
123 116
1583son (Monsoon) Pre- Post- Post- Post-
"Collection 9 9 9 9
alRlour Brownish [Brownish | Brownish |[Brownish
Fishy Fishy Fishy Fishy
‘Velocity Low Low Low Low
JSHphpling Point
jMater Temp.(°C) | 33 23 32 23
Distance
~4 ~2 ~2 ~2
fiejn surface (m) ~0.3 ~0.3 ~0.3 ~0.3
Approach Boat Ghat Ghat Ghat
SAeather Sunny Sunny Sunny Sunny
Grab Grab Grab Grab
.Po§)ulation 6,377,452
re

river Ganga are let effluents into Ri
Ganga. The River is known to have shif

course through time near Kanpur. The

y Site Observations
umping of solid waste
ted

upstream sample was collected upstream of the Kanagebamd downstream sample was collected
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about 15 km downstream of the city.
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ALLAHABAD
Coordinates u/s D/S
25°24'14.70"N 25°24'31.30"N
81°48'30.20"E 81°53'35.50"E
Altitude AMSL (m) 77 76
Season (Monsoon) Pre- Post- Pre- Post-
Collection 9 9 9 9
Colour Brownish |Brownish Brownish |Brownish
Odour Odourless |Odourless | Odourless |Odourless
Velocity Low Low Moderate |Moderate
Sampling Point
Water Temp.(°C) | 31 30 32 30
Distance
from Bank (m) ~2 ~2 ~20 ~25
from surface (m) ~1 ~1 ~5 ~4
Approach Right Bank [Right Bank | Boat Boat
Weather Sunny Sunny Sunny Sunny
Type Grab Grab Grab Grab
Population 5,959,798

Key Site Observations

Massive human activities such as bathing, washing dttisg of
domestic animals and cremation and release of dead bodies
Discharge of industrial effluents, wastes and polythenes

3.4.27 Allahabad

Allahabad also known by its original name
Prayag and is important both for the change in
discharge in River Ganga, and the organic load
entering the River. Samples were taken from River
Yamuna, just before confluence in the Sangam
area; from River Ganga at Sangam area; and fromn
River Ganga upstream and downstream of
Allahabad city. River Yamuna was found to have
low velocity but greater depth than River Ganga
which was found to be shallow. The depth of River
Ganga, along with velocity and other hydraulic
characteristics change significantly after the
confluence of River Yamuna
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3.4.28 Mirzapur MIRZAPUR

Mirzapur is a city located on the banks of|the
river Ganga between Allahabad and Varanasi| The
River slightly increases in velocity, and is no more
braided, as the confluence of River Yamuna changes
the characteristics. Samples were taken about (8 km
upstream and 4 km downstream of the city. [The

River also makes a sharp turn downstream of the @itydinates uis DIS
. : . 25°10'20.30"N 25°10'53.00"N
towards the West, but immediately turns again 82°00'21 80'E 82°35'42 00"E
towards the East. Altitude AMSL (m) 75 74
Season (Monsoon) Pre- Post- Pre- Post-
Collection 9 9 9 9
Colour Brownish [Brownish Brownish |Brownish
Odour Foul Smell |[Foul Smell | Foul Smell |Foul Smell
Velocity Moderate |Moderate Moderate |[Moderate
Sampling Point River River River River
Water Temp.(°C) | 32 30 32 30
Distance
from Bank (m) ~30 ~30 ~20 ~30
from surface (m) ~7 ~5 ~4 ~4
Approach Boat Boat Boat Boat
Weather Sunny Sunny Sunny Sunny
Type Grab Grab Grab Grab
Population 2,496,970

Key Site Observations
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VARANASI

Coordinates u/s D/S

25°12'41.70"N 25°19'38.60"N

82°57'13.06"E 83° 4'35.22"E
Altitude AMSL (m) 75 67
Season (Monsoon) Pre- Post- Pre- Post-
Collection 9 9 9 9
Colour Clear Brownish Clear Brownish
Odour Fishy Fishy Fishy Fishy
Velocity Moderate |Moderate Moderate [Moderate
Sampling Point River River River River
Water Temp.(°C) | 39 30 32 30
Distance
from Bank (m) ~50 ~50 ~50 ~50
from surface (m) ~5 ~5 ~4 ~4
Approach Boat Boat Boat Boat
Weather Sunny Sunny Sunny Sunny
Type Grab Grab Grab Grab
Population 1423711

Key Site Observations
Release of industrial effluent

3.4.29 Varanasi

Varanasi is a city with great significance, but
River Ganga has been central in the development
of this city through the ages. The city of Varanasi
lies on the left bank of the River, and the channel is
about 800 m wide. The depth of the channel
increases significantly. However, the most
important factor at this location is the amount of
wastewater and industrial effluent let into the River,
and other non-point sources of organic load
entering into the River. Massive amounts of organic
load make their way into the River at the banks of
Varanasi, from ritualistic materials to solid waste.
The upstream sample was taken about 20 km
upstream of the city, and the downstream sample
was collected about 6 km downstream of the city.
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3.4.30 Patna

PATNA

Patna is the capital of the State of Bihar,
is an important urban centre. The city draws W
for domestic purposes and industries, and lets
substantial amount of sewage and indus

and

ater
out

trial

effluents. However, the city is also the point where
many tributaries of the River Ganga join. Therefore,

there is a significant increase in the discharge ofCtheiinates uis DIS
: : . . . 25°39'8.70"N 25°34'7.08"N
River, while there is a S|multanequs dlschgrge of 850 £'9 72"E 85°15'56.94"E
wastewater. The upstream sampling location Aftude AMSL (m) 53 52
Patna city was about 7.5 km from Patna Junqtigieon (Monsoon). _Pre- Post e Post
The sampling spot was unpaved Ghat where biGiéur Brownish |Greenish | Brownish |Greenish
drying and boat ferrying activities are undertakg#fyr Odourless jOdourless | Odourless Odourless
i | Velocity Low Low Low Low
The downstream site was near Godghat, about 24mpiing Point | River River River River
km away from the upstream site. The nearby nog(ﬁ?er Temp.(°C) | 20 22 20 22
. . . . . IStance
from the sampling site is Fatuha is an importa&gh Bank (m) s 65 5 5
industrial centre known for small industries an f/iﬁsn SurLace (m) él él 51-5 51-5
. . . .. pproac oat oat oat oat
handloom industries. The River Gandak joins Gaggamer Cloudy _[Cloudy Sunny [Sunny
within upstream and downstream points. Walepe Grab Grab Grab Grab
1,680,000

hyacinth was

observed during pre-monsp

Population
ol

sampling. Brick kilns are observed in nearby areas.

Major human activities include brick drying and

oGt

Site Observations
er muddy, Water Hyacinth

ferrying. The river was deep but velocity was lowBiipk drying activities, ferrying people by boats,
Samsan Ghat in the vicinity

general.
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BHAGALPUR
Coordinates u/s D/S
25°15'28.40"N 25°16'12.90"N
86°44'20.28"E 87° 1'38.94"E
Altitude AMSL (m) 32 29
Season (Monsoon) Pre- Post- Pre- Post-
Collection 9 9 9 9
Colour Brownish |Greenish Brownish |Greenish
Odour Odourless |Odourless | Odourless |Odourless
Velocity Low Moderate Low Moderate
Sampling Point River River River River
Water Temp.(°C) | 31 18 29 17
Distance
from Bank (m) ~6 ~6 ~6 ~6
from surface (m) ~1 ~1 ~1 ~1
Approach Boat Boat Boat Boat
Weather Sunny Cloudy Sunny Cloud
Type Grab Grab Grab Grab
Population 3,032,226

Key Site Observations

SamsanGhat nearby

Rocky formations are visible on the bank
People ferried by boats

3.4.31 Bhagalpur

The upstream sample was collected near
Sultanganj which is situated on the banks of River
Ganga about 25 km west of main Bhagalpur city.
The silk industry in the city is a prominent trade.
According to th@011 censuBhagalpur district
has gopulationof 3,032,226. The sampling bank
has some rocky formations. Use of water at this
sampling site includes bathing, washing and
occasional drinking. Ferrying people by boats is
prominent. Fishing boats are operated by some
locals who are engaged in fishing over Ganges. The
downstream sample was collected near Pool Ghat
about 33 km from the upstream location. The
major human activities at this site was boating and
bathing. It is a paved ghat, and ritualistic material
could be found in the River
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3.4.32 Rajmahal RAJMAHAL

Rajmabhal is a town located on the banks of
the River Ganga near the border between the states
of Jharkhand and West Bengal. The upstream
location was near Munnapatal Ghat near |the
Rajmahal town. The banks were found to| be
abundant with white sand at some stretches and sand

mining is undertaken at a few spots near | th®@rdinates uis D/S
: . . 25° 5'41.20"N 25° 320.10"N
sampllng site. .The locals use water fqr drllnklng, 87°46'27 30"E 87°50'10.74"E
cooking, washing purposes. Local fishing is [ad8@de AMSL (m) 26 24
prominent and boats are also used for ferryigeon Monsoon)| Pre- Post Post Post
people to nearby villages. The Gangetic dolphin e@&r Brownish |Greenish | Brownish |Greenish
also seen in this location. The water was relafi{dge" Odourless JOdourless | Odourless Odourless
L . ] Veldcity Moderate [Moderate Moderate |Moderate
free of turbidity and was light green in cold@Wampling Point River River River River
Downstream sampling location was about 1 IYDYﬁ:erTemp-@C) 33 22 29 24
. . Istance
from Rajmahal town. The water was turbid :lf,lés}n Bank (m) 1 30 3 85
current was medium from surface (m) ~15 ~1.5 ~2 ~5
Approach Boat Boat Boat Boat
Weather Sunny Sunny Cloudy Cloudy
Type Grab Grab Grab Grab
Population 17,974

Key Site Observations

White sand on the bank; Dolphins were observed; Waatiingies
undertaken by villagers

Kali Mandir nearby; Boats are ferrying people; Samsas f¥eaent
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FARAKKA

Coordinates

u/s
24°48'52.70"N
87°54'59.70"E

D/S
24°46'24.00"N
87°55'44.00"E

Altitude AMSL (m) 24 18

Season (Monsoon) Pre- Post- Pre- Post-
Collection 9 9 9 9
Colour Greenish |Greenish Greenish  |Greenish
Odour Odourless |Odourless | Odourless |Odourless
Velocity Low Moderate Low Moderate
Sampling Point River River River River
Water Temp.(°C) | 30.1 22.3 30.8 22.5
Distance

from Bank (m) ~60 ~55 ~35 ~4-

from surface (m) ~1.5 ~1.5 ~1.5 ~1.5
Approach Boat Boat Boat Boat
Weather Cloudy Cloudy Cloudy Cloudy
Type Grab Grab Grab Grab
Population 2,74,111

Key Site Observations
Eichornia Crassipead on bank; Fishing
NTPCuses river for industrial purpose
Hydrill&found in water

3.4.33 Farakka

Farakka is an important location as River
Ganga is diverted before it enters Bangaldesh and i
fed into River Hoogly. The diversion changes the
hydraulic characteristics such as depth and velocity
The diversion also provides water for irrigation in
the vicinity. There is also a NTPC plant in Farakka
which uses water from River Ganga for its
operations. The upstream sample was collected
from Talta Ghat about 1 km upstream of the
barrage. The river over the years has deposited
sediments at this place due to holding of water at
the barrage and the river bed has risen above the
water that allows cultivation and grazing, even
sparse settlements. The water flow is very low due
to the presence of barrage. Small fishing boats are
heavily deployed for local livelihood. The riverbed
has been observed to have growth of aquatic plants
due to low flow. The downstream sample was
taken near Benia gram about 2 km downstream of
the barrage towards the international border
between Bangladesh and India. Here also, river bec
has risen above the water level in the middle of the
river due to very low flow and water depth as the

barrage in upstream controls the water flow. In both seasolwytivas very low
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3.4.34 Berhampore

BERHAM

PORE

To have a better resolution in understand

ing

the water quality of River Ganga in the state of West
Bengal, it was decided to add three sampling

locations, and thereby six additional samples,
between Farakka and Kolkata. Samples were
collected only during the pre-monsoon season. As
part of this, samples were collected upstream| aowidinates us DIS
downstream of Berhampore city. In the upstream %%Oozsy?g_'gé..g 53:154%?.1137'%
sampling location, the bank was flanked with housesde AMSL (m) 18 17
and small shops. There was a water pumping stafiggzon (Monsoon) Prge' P‘)’(St' P;e' P‘)’(S"
PDLQWDLQHG E\ WKH FLW\ -V[CRWHU 6 K&edh' | 8Q LW cEdidh WKH
sampling site from where water is pumped to ﬁ/’gf)‘éirty Sg‘;“”ess Si‘;‘;‘“”ess
city. The nearby area was used for local ferry serg&®sing point River River
that carry people on the other side of river to oftiéter Temp.(°C) | - -
villages. Water was slightly turbid and was us q’?fﬁh?g‘;ik m) = 3
cleaning, washing cooking, fishing and navigatfm surface (m) | ~2 ~2

Approach Bank Bank
The downstream sample was collected about #Gner Sunny Sunny
from this location, and had similar streafape Grab Grab
conditions. However, thick vegetation was found gif-n 305,609

the banks of the river

Key Site Observations
Water is pumped from here for domestic usage in the city
Substantial inhabitation on the banks
Washing and bathing activities predominant
Cattle use water for drinking

Banks is substantially populated
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MAYAPUR
Coordinates u/s D/S
23°25'14.67"'N 23°24'30.09"N
88°23'5.81"E 88°22'46.83"E
Altitude AMSL (m) 16 15
Season (Monsoon) Pre- Post- Pre- Post-
Collection X 9 X 9
Colour Greenish Greenish
Odour Odourless Odourless
Velocity Moderate Moderate
Sampling Point River River
Water Temp.(°C) - -
Distance
from Bank (m) ~7 ~8
from surface (m) ~2 ~2
Approach Boat Boat
Weather Sunny Rainy
Type Grab Grab
Population 10,871

Key Site Observations

Bathing and washing on the banks

Dolphins were spotted in water

Fishing boats are used by locals for fishing

The site is flanked by kattcha houses on the bank

The site is mostly used for local bathing and statiohsmatl boats fo
fishing

3.4.35 Mayapur

The second such location chosed between
Farakka and Kolkata was near Nabadwip at
Mayapur. The upstream location was located at the
side of a large vacant land flanking a small town
area. It was a small Ghat primarily used by locals
for bathing, washing, cleaning of vehicles Jalangi
river meets the mainstream Ganga at an upstrearr
location a few hundred meters away from this site.
Gangetic Dolphins were observed this site. Locals
use boats for fishing in the region, which is a major
livelihood option here. Water was slightly turbid
and had moderate flow. At the downstream
location, water was slightly turbid and had
moderate flow. The channel was deep and lacks
accessibility from the banks due to the steepness.
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3.4.36 Dakshineswar

DAKSHINESHWAR

Among the additional locations, the last
at Dakshineshwar, which is about 20 km upstrea

vas
m of

Kolkata city. Dakshineshwar itself is a satellite t
on the banks of the River Ganga. The upstr
location is located just outside the main stretc
Kolkata city. Sample was collected from the k

own
Pam
h of

used by the local ferry service. The water was sl
turbid and flow was moderate. There was no bat

or washing activities at the location. The downsti

location was near a ghat used for bathing

washing. Water in the vicinity was found to h

ritualistic material. About 200 m downstream, a

bathing ghat witnesses people thronging to per

rituals in the ghats. This part of Ganga is affecte

daily tides and hence witnesses heavy current

water goes down to seas during low tides.

Uoy
I@latiydinates u/S D/S
hing 24°7'33.6"N 24°4'58.0794"N
88°15'0"E 88°14'6.36"E

eatittide AMSL (m) 9 9
sason (Monsoon) Pre- Post- Pre- Post-
“Collection 9 X 9 X
a¥&our Greenish Greenish
~PHeur Odourless Odourless

V&locity Moderate Moderate
dhhpling Point River River
dMaier Temp.(°C) | - :

Djstance
VoA Bank (m) ~9 ~6

from surface (m) ~1.5 ~15

Approach Jetty Jetty

Weather Sunny Sunny

Type Grab Grab

Population -

Key Site Observations

Jetty is present for local boat service
Water is affected by tides

Dakshineswar Temple is downstream
Local Temple activities are done on banks
There is a busy Ghat on downstream side where lothohgvasd bathing

take place
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KOLKATA

Coordinates u/s D/S

22°36'16.60"N 22°30'48.00"N

88°21'50.50"E 88°12'39.70"E
Altitude AMSL (m) 11 8
Season (Monsoon) Pre- Post- Pre- Post-
Collection 9 9 9 9
Colour Brownish [Brownish Brownish [Brownish
Odour Odourless |Odourless | Odourless |Odourless
Velocity Moderate [High Moderate [High
Sampling Point River River River River
Water Temp.(°C) | 35 27 33 27
Distance
from Bank (m) ~10 ~10 ~10 ~10
from surface (m) ~1.5 ~1.5 ~1.5 ~1.5
Approach Ghat Ghat Jetty Jetty
Weather Sunny Cloudy Sunny Sunny
Type Grab Grab Grab Grab
Population

Key Site Observations
Annapurna Ghat nearby

Lot of religious activities, bathing in the vicinity.

Local boat service is active here.

Kolkata Riverside realty project is on the bank.

Samsan Ghat on the banks.
Local bathing activities prevalent.
Banks are thickly vegetated by wetland plants.

3.4.37 Kolkata

Kolkata is one of the largest metropolitan
cities in India. The city has a significant impact on
River Ganga, in all aspects such as discharge flow
industrial and domestic sewage. The upstream
location was located in Noitlolkata The water
current was high and water receded by a few meter:
during low tide, exposing the banks. Greyish
sediment was observed at the river banks. Water
was turbid and brown in colour. Bathing, washing
and cleaning activites were observed. The
downstream location was located near Batanagar
Brick kilns were found in the vicinity along with
activities such as bathing, washing and cleaning. A
few boats were observed to dig silt from the banks
that was reportedly being hauled for construction
activities.
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3.4.38 Gangasagar GANGASAGAR

Gangasagar marks the confluence of |the
River Ganga in the Bay of Bengal. It is located in the
Sunderbans area. It is extremely hard to distinguish
freshwater and saline sea water, and tidal actjvities
dominate in this region. The upstream sample| was
collected from a channel near used for navigation

near the mouth of the River and tidal current \&a®rdinates uis D/S
21°52'30.25"N 21°38'45.74"N
observed. The downstream sample was collected 68°10'3 26"E 88°14'0.86"E
near the Gangasagar Island, and the sample Ani@ge AMSL (m) 1 1
collected early in the morning, before tidal act vg‘t;\n@l‘zgtri‘o(r']\"ons"o“) P;e' POQSt' Prge' POQS"
would lead to the recession in the water lew®lour Brownish [Brownish | Brownish _|Brownish
i i Odour Fishy Odourless | Fishy Odourless
thereby exposing the river bed. Velocity Moderate |Moderate Moderate |[Moderate
Sampling Point River River River River
Water Temp.(°C) | 32 22 32 27
Distance
from Bank (m) ~30 ~30 ~10 ~10
from surface (m) ~1.5 ~1.5 ~1.5 ~1.5
Approach Left Bank |Left Bank Left Bank |Left Bank
Weather Sunny Cloudy Sunny Cloudy
Type Grab Grab Grab Grab
Population

Key Site Observations

The bank is populated with mangrove plants
Water is very turbid

Tidal effect is strong as sea is nearby

It is a gateway to Gangasagar

Thick mangrove vegetation on the bank
Navigation is predominant

Strongly affected by tides
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3.5 Sampling in Rivers Yamuna and Narmada

The framework employed to achieve the objectives ifrdfextpinvolves a comprehensive
investigation of the water quality and sediment of theGwga, at various locations throughout the
River which reflect different causative environmentalgsestiich as urban centres, dams, and sites
where hydrological characteristics vary starkly. A warrattbe environmental factors such as
topography, vegetation, climate, hydrology, and others} timpavater quality and the sediment
profile; and in extension, these might impact specialt@®pdence, a similar study on other Rivers
which exhibit different environmental settings, or a difeei@ncariation in such factors, will help
uncover causative relationships of the factors on quetity and special properties. In these lines, a
comparative study was undertaken along Rivers Yamuna raratldjavhere water quality was
assessed and sediment was analysed from locations wbiet siffar characteristics as chosen for
River Ganga. Moreover, Rivers Yamuna and Narmada will asocaotrol group against which
special properties will be compared. Rivers Yamuna and Naanetadn chosen to represent river
originating from Himalayas (similar to River Ganga) and non-Himalayarrgdaeztively.

3.5.1 River Yamuna

River Yamuna is a major perennial river in Northern India wanigimates in the
%DQGDUSRRQFK UDQJH RI WKH +LPD@D\DV P DERYH ®QG
Google Earth 7.1.5.1557, Imagery Date: 15/6/2014) and fleentargest sub-basin of Ganga river-
system. The basin is spread over seven states ofTineliaver runs an extensive course of 1376 km,
and on its course, it forms the state borders betheetates of Uttarakhand-Himachal Pradesh and
Uttar Pradesh-Haryana. The basin drains a massiveZ4#4&848 km2 contributing to 40.14% of the
Ganga River Basin (Ravindra Kumar Rai, 1981). The rivellydionRaver Ganga, possesses religious
significance and principal status in Indian mythology, worshspgpedeaer-nourishing river Goddess.
The basin supports a population of about 12.75 Grdr®ams one of the most fertile alluvial plains
in the world - the Yamuna-Ganga Doab region.

The topographical features along the River Yamuna \@agmmlar manner as River Ganga.
The River originates in the Himalayas and flows throag&ithlik range and enters the plains in
Haryana. Yamuna is a hydro-geologically interesting steer-sg it has tributaries which originate
from the Himalayan ranges, and also from the Vindhya iRaDegetral India. River Tons is a major
Himalayan tributary of River Yamuna, which joins the Rieerkilometres upstream of Dakpatthar
barrage. Water is diverted to feed canal network at hakpmtrrage. Major hydroelectric projects
under construction in the Himalayan section of the Revéheilakhwar Dam at Lakhwar and the
Vyasi Hydroelectric Project at Hathiyari. The town ont®aSahib near the Uttarakhand-Haryana
border approximately marks the end of the Himalayan sdatenRiver. The Himalayan section of
the River has a rich diversity of medicinal plants along its riparian zone.

The land use in the plains is dominated by agriculture,eangattian zone of the River
Yamuna in this stretch has witnessed vast expansed dietance. Large urban centres, such as
Karnal and Panipat, are found on the banks of the &Svérenters the plains. The Yamuna is
extensively used for irrigation and there are two magirsyatems - the Eastern and the Western
Yamuna Canalat Hathnikund barrage in Yamuna Nagar, Haryana. Tdie lcave changed the flow
regime, and have an impact on the water quality of #re Rie River eventually enters the National
Capital Region (NCR) and a substantial part of the Rdieeited at Wazirabad barrage for domestic
and industrial purposes in the NCR. The stretch of YanmwmaAMazirabad to Okhla - through Delhi
- is found to be one of the most polluted river streichée world (CPCB, 2006) (Khan & Singh,
2013) Alarmingly low flow rates are maintained for ecologic&resr(®HI Group, 2010). Further
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down, numerous urban centres such as Agra, MatdWFaaabad also function on the banks of the
Yamuna, and greatly affect the quality and flows in the River.

The river shows seasonal fluctuations of high and low dioivey monsoon and non-
monsoon respectively, but the non-monsoon flow is sigtifieaagmented with the confluence of
Chambal near Etawah (CPCB, Water Quality Status of & &iwen, 2006) .Though it is a massive
and complex river-system itself, the river has alwayadsessed as a major tributary to the Ganga,
and a sub-basin (CWC, 1989)

There exists numerous studies on flood management andjuaditgrstatus in and around
Delhi (CSIR-NEERI, 2006) (MoEF, 2013) (CSIR-NEEBD22(Misra, 2010)), and also on general
water quality status and baseline information about gime (B&VC, 1989) (CPCB, Water Quality
Status of Yamuna River, 2006) (CPCB, Basin Sub Bastorineé Water Pollution - The Ganga
Basin Part One : The Yamuna sub - basin, 83Q&®HI Group, 2010). However, most of these
studies are spatially concentrated around the NCR. CSIR-KE&RXclusively worked on the
Yamuna river on the aspects of flood flow inundation andtiopa@ter quality due to the Mathura
refinery. CSIR-NEERI was retained by Delhi Development itytho study the effects of flood
flows on land inundation. The institution also studied the iopacter quality due to the effluent of
the Mathura treated refinery, and provided definite gesldtin safe effluent discharge (CSIR-
NEERI, 2006).

3.5.2 River Narmada

Narmada basin is spread across 98,976 km2and falls mostlyhenglateau tracts of
peninsular region of India. The basin extends over M&udhagash, Gujarat, Maharashtra and
Chhattisgarh. River Narmada originates as a sub-spriageat Amarkantak on the Madhya Pradesh-
Chattisgarh border. The River flows westwards for 4B&& km to join the Arabian Sea near
Bharuch in Gujarat (Narmada Valley Development Authority, 20&RiVEr has an utilizable surface
water resource of about 34,500 million m3.1t is the Idnvgsstflowing River of India. The origin of
the River and the boundaries of the basin are of specdhimp as Amarkantak marks the boundary
between the Narmada and the Ganga basins. The basindibypdb@ Satpura ranges to the South
and Vindhya ranges to the North.

In comparison to Rivers Ganga and Yamuna, characteristicendd#s in various
environmental parameters are seen in River Narmada.thesilyurce of the River is through the
natural drainage of the basin through base flow anditpteeip and snowmelt waters do not
contribute. Secondly, the geological setting, and thgd¥bgdological parameters, differs distinctly
from the Himalayas and the Gangetic plains. Slight similar#tynetti® physiographical features of
River Narmada and Rivers Ganga and Yamuna, as River Narmetasomgthe hilly region of the
Vindhya and Satpura ranges and enters the plains asweltbmards. However, the elevation, climate
and geological characteristics of these peninsular higihtaddiferent as compared to the Himalayas.
The hilly region in the upper parts of the basin idytHmiested and exhibits a rich diversity in flora
and fauna. Unlike Rivers Ganga and Yamuna, the Rivethflmwgh narrow gorges at most parts and
is much swifter.

The plain in the lower parts of the basin are broatg featts conducive for agriculture. Black
cotton soil is predominant in the basin, and in coasts] ardack layer of alluvium can be found
beneath a layer of black soil. The basin has an aeabté about 5.9 million hectare and agriculture
accounts for about 60% of the basin area (Ministry of Waterdess@015). River Tawa is one of the
most important tributaries of River Narmada and joins frotefttbank near Hoshangabad city
(Ministry of Water Resources, 2015). Though urb&esench as Jabalpur and Hoshangabad are
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found along the banks of River Narmada, the number of oedodres and the population density
along the River is comparatively lesser than along®Gavgs and Yamuna. The River has witnessed
massive developmental projects in the recent years thiheudgiarmada Valley Development
Authority which has undertaken irrigation and hydroelectjects on the River. The major
hydropower projects are the Sardar Sarovar Dam, Indifdsagand Bargi Dam. Bharuch is an
important industrial hub near the mouth of the River wiuokels a large number of industries in
various sectors.

Samples were collected from the locations indicated in tleenadgos; along Rivers Narmada
and Yamuna. Samples for radiological analysis and pharmaaedtpsstcide residue were collected
from select locations only. The detailed methodology folirsgand analysis for each parameter will
be discussed in the respective sections.
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Sampling locations
along River Yamuna
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Sampling locations
along River Narmada
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In this Chapter, the water and sediment quality of Ringa@zonitored during pre-monsoon
and post-monsoon seasons are presented and discussedl. itn deddition, the assessment of
chemical characteristics of Rivers Yamuna and Narmada bagmlgeesented and discussed. Total
of 70 locations were selected for assessment of waliey tihroughout the entire length of River
Ganga, including its major tributaries. In addition, 35 locagoeshosen from Rivers Yamuna and
Narmada to undertake a comparative study of water qiiakdye locations were selected based on
specific criteria which would bring forth information alioeitwater quality of the Rivers Ganga,
Yamuna and Narmada throughout its stretch from origin to coeflliecidition, details of causative
factors such as quantum of flow, abstraction of wa@rundment, and urban centres were collected.
The site specific details of these sampling locationsdegvprbsented in the earlier section (Chapter
3). Impact on water quality at various locations wasdssess

The chemical characteristics of a River provide valuabteatidn about the water quality at
any given point. A comprehensive study was undertalessetss the water quality and sediment
characteristics of River Ganga, taking into considerdtamerdi points that represent the changing

Fig. 4-1: Parameters monitored during pre-monsoon seasdonsassess the water quality and sediment characteristics
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environment of the River as it flows
across different States (Diversity of the
Ganga Basid Chapter 1). The changing
physiographical features alter the
environment and hence water quality
needs to be assessed by analysing the
River for parameters which encompass
all the possible impacts of this diverse
environment of which the River is a
part. As mentioned earlier (Chapter 3), a
panel of experts selected the list of
parameters to be analysed as part of this
project to serve the above said purpose.
The chemical characteristics of River
Ganga have been described by analysing
parameters under the domains of
physico-chemical, demand, metals, and
toxic compounds as indicated&mor!
eference source not found. Fig. 4-2: An example for the box and whisker plot used tepresent the

Water samples collected f results
chemical analysis were brought to CSir-

NEERI, Nagpur, CSIR-NEERI, Delhi and CSIR-NEERI, Kolkata chase the location. All
parameters were analysed as per standard proceduiesddesthe APHA manual with required
quality control checks to ensure reliability of data (ARMAVA & WEF Standard Methods 22nd
Edition, 2012).

Statistical analysis was done using SPSS 16.0 version (SBiS&afw. L) software. SPSS
was used to summarize the data and for plotting box @tmigle Earth was used for mapping
sampling locations. Data compilation and preliminary datsgmmgceras performed in Microsoft
Excef.

Box and whisker plots have been used to represesstitis of the analysis of the chemica
parameters and trace metals. The parameters haveobped gccording to the categories described
earlierError! Reference source not found.A comparison between the three stretches of River
anga used in this study as elucidated in the earlier sattiogsyith seasonal variation in pre-
monsoon and post-monsoon seasons can be drawn frdroxtlad whisker plots. The box and
whisker plot provides information about 5 key statistig#itpsafor each parameter analysed. This is
also called the 5-point summary in statistical terminolmgwhisker extending below the box is the
minimum value. The lower boundary of the box indicates gerc@tile value of the range of values
under consideration. The thick black line indicates the maldienwhereas the upper bounds of the
box indicate the 75 percentile value. The whisker extapdiagds indicates the maximum value. The
difference between 75 percentile (Third Quartile) and Zntder¢First Quartile) is known as the
Inter-quartile range (IQR); and values beyond 1.5 tien&3R plus the 75 percentile value, or salue
below 1.5 times the IQR subtracted from the 25 percentile valuetdiedide outliers.

In addition, bubble charts have been used to presergsthits as well. The bubble charts
provide individual values of the results for each location; and thefrmiusubble is proportional to
the magnitude of the result obtained. The bubble chaetbéan arranged in manner indicative of the
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geographical context of River Ganga. The features bfilthle charts, including the positions of the
bubbles, are only indicative and not to scale.

Radiological analysis, analysis for pesticide residue, asid &malfraces of emerging
pollutants (endocrine disrupting compounds) are not genredatyaken to study the water quality of
a river. However, the presence of large swathdafltagal lands along the banks of the Ganga, the
possibility of radionuclides entering into the River frongegbgenic sources, and the major urban
establishments along this River make it necessary tthstalyaspects. The proposition of special
properties in the River Ganga is chiefly based onqualéy of the River, and hence makes these
parameters much more relevant. The relevance and detiadseostudies have been elaborately
presented in the respective sections to follow.

4.1 Physico-chemical characteristics
4.1.1 Introduction

One of the major objectives of this project is to unddrsben water quality of the River
Ganga with specific focus on parameters that indicatetahaction of the river with its varied
environment. This includes the impact of anthropogenidtyaciiv water quality, discharge and
damming the River, urban centres on the bank of the &idethe geology and the hydrogeological
processes that impact various physical and chemicaledsticacbf the River. The goals of this
objective were met by carrying out a comprehensiveoktplaysico-chemical parameters at various
locations along the river. These parameters form tkeofcraonitoring the water quality of any
surface water bodies. The physical characteristics $tutlyisinclude colour, odour, turbidity and
temperature. The qualitative details of colour, odouempetature of the water samples, along with
water velocity at each sampling location has been presentedlieitiseasn (Chapter 3).

4.1.2 Water quality of the river

In order to understand the correlation between the pgaranbeing analysed and the water
quality of the River, it is necessary to understanaritexicof these parameters in terms of water
quality. In other words, the chemical composition gives aldut the environmental factors which
DUH LPSDFWLQJ WKH 5LYHU-V ZDWHU TXDOLW\

Table 4-1: CPCB water quality criteria

Designated-Best-Use Class of Criteria
water
Drinking Water Source without A Total Coliforms Organism MPN/100ml shall be 50 or less
conventional treatment but after pH between 6.5 and 8.5
disinfection Dissolved Oxygen 6mg/l or more
Biochemical Oxygen Demand 5 days 20°C 2mg/| or less
Outdoor bathing (Organised) B Total Coliforms Organism MPN/100ml shall be 500 or less pH
between 6.5 and 8.5 Dissolved Oxygen 5mg/lI or more
Biochemical Oxygen Demand 5 days 20°C 3mg/l or less
Drinking water source after C Total Coliforms Organism MPN/100ml shall be 5000 or less p
conventional treatment and between 6 to 9 Dissolved Oxygen 4mg/l or more
disinfection Biochemical Oxygen Demand 5 days 20°C 3mg/l or less
Propagation of Wild life and D pH between 6.5 to 8.5 Dissolved Oxygen 4mg/l or more
Fisheries Free Ammonia (as N) 1.2 mg/l or less
Irrigation, Industrial Cooling, E pH between 6.0 to 8.5
Controlled Waste disposal Electrical Conductivity at 25°C micro mhos/cm Max.2250
Sodium absorption Ratio Max. 26
Boron Max. 2mg/l
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CPCB categorizes the river into five classes viz. Claes#\B, Class C, Class D and Class E
based on the intended use of water and accordingly sp=eifiéards for Biochemical Oxygen
Demand, Dissolved Oxygen, pH, Total coliforms, Free AmmoniticBleconductivity and Boron.
Error! Reference source not foundspecifies the Class wise standards as stipulated by CPCB.
urther, CPCB has categorized River Ganga as Clags &drgyotri to Haridwar, Class B from
Haridwar to Kolkata. This indicates that water in Strett bbe used for drinking purposes with only
disinfection while in Stretch Il and Ill, the water canskd tor outdoor bathing and other purposes.
The parameters specified in the standard are indicatorepars. However, other water quality
parameters do influence these indicators. Nitrate, PhospithteSulphate are nutrients for
microorganisms. Though these nutrients may possibly eriffoat geogenic sources in small
guantities, fertilizers used in cultivated land which eweriindlltheir way into the River is an
important source of these nutrients in the River. Anatiajor source is the release of treated or
untreated sewage in the River. Excessive nutrients resulbtrolledayrowth of algae.

As CPCB has categorized majority of River Ganga a#\ ©lasdass B, which implies that
water can be used for drinking purposes with treatinentmperative to evaluate the River water
quality for chemical parameters as per the IS 1050@a2@E2d5s(CPCB - Control of Urban Pollution
Series (CUPS), 1978).

As elucidated in Chapter 2, CPCB and CWC monitor physioicahparameters of all the
major rivers in India. Turbidity, Dissolved Oxygen, Conductikityand Hardness are some of the
physico-chemical parameters which are monitored regulantyoiiitoring stations maintain a record
of these parameters over years (CPCB, 2013). CP@ilbeaken the study of water quality trend of
River Ganga (CPCB, Ganga water quality trend, 2009nonitering stations were divided in 5
stretches viz., Uttarakhand (Gangotri to Haridwar),rdpgenent in Uttar Pradesh (Garhmukteshwar
to Kanpur), Lower segment in Uttar Pradesh (Rai Barédhzipur), Bihar (Buxar to Rajmahal), West
Bengal (Behrampore to Diamond Harbour). CPCB reporteketiwwater quality parameters, BOD
and DO, for each location in all four stretches. Apart @overnment agencies, several monitoring
studies have been undertaken at various stretchethal@anga by scientists/academicians/agencies
to quantify these physico-chemical parameters.

4.1.3 Sampling and Methodology

Samples were collected from all the locations as describedoms pghapters during pre-
monsoon and post monsoon seasons. A detailed protocptepased to ensure sample integrity,
common methodology for sample collection, and optimal conditions duriny tiaitigse samples.

A set of three water samples were collected fromaaphng location for chemical analysis.
Depending on the accessibility to the site, water sampdesollected either directly by dipping the
container in the river water with closed tap and openingh the help of a depth sampler. As the
methodology for the collection of samples for the andlydigpbysico-chemical parameters does not
differ much, 1L sample was collected from each locatioall ftme chemical parameters in a
polypropylene bottle. Two additional samples were collethedtwo 500ml polypropylene bottles
for analysis of COD and BOD. Sample to be used for COD analysis was acidified ¥W§O, for
preservation. An additional water sample was collected for on-sig. analy

Samples were analysed for chemical water quality parandetscskaes] ifcrror! Reference
ource not found. Measurement of basic parameters like pH, conductivity téa(erature and
turbidity was done on site with pre-calibrated probes and.metssolved oxygen was measured on-
VLWH XVLQJ GLVVROYHG R[\JHQ SUVREHWXRG&G PR/QIQUPHGNBWH W-I
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standard thermometer was used to record the water temgpenasite. pH and electrical conductivity
(EC) were also measured in the laboratory. Colour andajdeater sample was noted based on
visual comparison and sensory response.

Table 4-2: Parameters analysed to assess the chemical chanmdstics of River Ganga

Ello Parameter Methodology Standard Method Number
1. Temperaturé’C) Thermometer 25508, APHA, 2012
- EC Probe on-site/Conductivity

2 Conductivity meter in lab 2510B, APHA, 2012
3 pH pH Probe on-site/pH meter in lab| 4500H+ B, APHA, 2012
4, Turbidity Turbidimeter 2130B, APHA, 2012
5. Alkalinity Titrimetric method 2320B, APHA, 2012
6 Total Hardness Complexometric Titration 2340C, APHA, 2012
7 Calcium Complexometric Titration 2340C, APHA, 2012
8 Magnesium Complexometric Titration 2340C, APHA, 2012
9. Chloride Argentometric Titration 4500&0U % $3+%
10. Nitrate Spectrophotometry 4500NOsU % $3+3$
11. Sulphate Spectrophotometry 4500S04U ( $3+%$
12. Sodium Flame Photometer 3500Na B, APHA, 2012
13. Potassium Flame Photometer 3500K B, APHA, 2012
14. Phosphate Spectrophotometry 4500P C, APHA, 2012
15. Fluoride Specific lon meter 4500) U & $3+%

. DO Probe and Titration by 5
16. Dissolved Oxygen "LQNOHU-V OHWKRG 450020 C/G, APHA, 2012
17. Biochemical Oxygen Deman( Incubation followed by titration 5210 B, APHA, 2012
18. Chemical Oxygen Demand | Acid digestion followed by titratiof 5220 B/C, APHA, 2012

4.1.4 Limitation of the study

Grab samples were collected from the flowing River framgla goint. The exact sampling
point at the pre-defined location was selected to ensumrepresentation of water quality. Uniform
mixing can safely be assumed in the first stretch dighteedhocity and smaller river bed width
however, the same assumption might not be true incitvedsand the third stretch as the velocity
reduces and width of the River increases. The tempa@abwdras been assessed only for a single
seasonal cycle and might not be sufficient to refletdranterm time-dependent processes. Width-
wise and depth-wise sampling has not been carried otitergidre, localised variation in water
quality is not adequately reflected.

4.1.5 QA/QC of physico-chemical parameters

Quality Assurance and Quality Control (QA/QC), when egdlamterms of a sample of
water from a surface water body, means that theisamdlyise sample is carefully controlled to
guarantee that the results are accurate within btedptats and recognized standar@sality
assuran@@@A) is a system of activities designed to make sureetltttdhmeet defined standards of
quality. It pertains to the overall management of thelisgngpogram, and includes planning,
documentation, training, consistency in collecting and hasalhges, analyses, validation and
reporting. Quality control (QC) refers to the techatalities used to reduce errors throughout the
sampling program. These activities measure the perfoohanuecess against defined standards to
verify that the data meets the expected quality. Eamreccur in the field, laboratory or while
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handling the data. QC should include both internal and exteasairese Internal QC is a set of
measures undertaken internally in an organization, wkegteaswl QC involves people and
laboratories outside the organization.

During QA/QC study, samples were collected in triplicates tésnah QC, and a multi-
laboratory validation was carried out for external QG= $anmeples were collected in quick succession
from a single location and handled in the same manneut® iatsrnal QC and the precision of the
methods. Quality control indicators include precision, accrgpmsentativeness, completeness,
comparability and sensitivity. With these indicators, theesafrvariability can be evaluated and
thereby increase the confidence in the data produced.

To determine the precision of analytical results tlee seahples were collected from three
Rivers Ganga, Narmada and Yamuna in triplicates and anatysedaboratories. One sampling
location was selected from each River; Haridwar for Gavgra, Lakhwar for River Yamuna, and
Mandla for River Narmada, the samples were analysed forsit®{ghemical properties at CSIR-
NEERI Nagpur and Delhi Zonal Laboratory C8SIRERI. The on-site analysis results have been
presented ikrror! Reference source not foundResults of various physico-chemical parameters for
ndividual laboratory have been presenteirior! Reference source not found.To study the
precision in inter-laboratory results, the mean and retatigard deviation have been calculated and
show good agreement and precision in addition to appreciable preciseihainaratory results.

Table 4-3: Physico-chemical analysis of samples collectfed QA/QC

Parameters Units Mandla Haridwar Lakhwar

pH - 7.70 (0.028)| 8.20(0.024)| 8.04 (0.017)
Electrical Conductivity puS/cm 213 (0.03) 578 (0.01) 250 (0.02)
Total Dissolved Solids mg/l 130 (0.028)| 365 (0.024) 147 (0.05)
Turbidity 76.3 (0.03) 7.7 (0.04) 13.2 (0.098)
Chemical Oxygen Demanq mg/l 15 (0.084) 20.2 (0.079) 7.5 (0.084)
Total Kjeldahl Nitrogen 7.26 (0.84) | 4.68(0.079)| 8.63(0.057)
Calcium Hardness mg/l 52 (0.054) 146 (0.038) 65.6 (0.04)
Magnesium Hardness mg/| 29 (0.072) 106 (0.053) | 31.6 (0.047)
Sodium mg/| 5.59 (0.032)] 7.8(0.045) | 4.97 (0.045)
Potassium mg/| 1.89 (0.055)|] 2.2 (0.037) | 12.19 (0.036)
Total Alkalinity mg/| 78 (0.039) | 188.7 (0.049)] 90.67 (0.045)
Sulphate mg/| 2.99 (0.097)| 85.6(0.032)| 21.91 (0.045)
Chloride mg/| 8.1 (0.05) 6.71 (0.046) | 7.83(0.074)
Nitrate mg/| 2.58 (0.079)| 6.68(0.054)| 1.68 (0.078)
Fluoride mg/| 0.05 (0.089)| 0.07 (0.079)| 0.055 (0.078)
Phosphate mg/| 0.27 (0.082)] 0.365(0.17)| 0.45(0.075)

Relative Standard Deviation given in braket

4.1.6 Results and discussion

Water being a good solvent ensures solubility of chemaoaladtural and anthropogenic
sources which is reflected with change in indicator pasatiietepH or electrical conductivity.
Change in EC is directly proportional to the quantity aiwbsssolids in the water. Although these
parameters indicate change in water quality, furthesisanélipnic species provides deeper insight
about these changes. Demand parameters are analysiediieatanfor pollution load. A statistical
sunmary of the results for these chemical parameteradegrinError! Reference source not
ound. and Error! Reference source not foundwhich offer a stretch-wise comparison of River
Ganga. In addition, information about the impact on watbtyqiize to possible causative factors
such as change in discharge, impoundment due to damsiabstiracater, and impact of major
urban centres have been analysed and relative charegerimuality has been presented. The
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quantitative results for all parameters analysed in thishautgypeen presented in the physico-
FKHPLFDO VHFWLRQ RI WKH "$QQH[] WR WKH UHSRUWu

Water samples from the select locations along the rivga @are assessed for all the listed
chemical parameters. The average value for eachatmetchvith the associated standard deviation
for each parameter in both the seasons is presentedEmor! Reference source not foundand
REF _Ref470515667 \h \* MERGEFORMAGrror! Reference source not foundThe minimum
and maximum value for each stretch has also been predentpavith the Drinking Water Quality
Standard (IS 10500:2012) for each parameter to obtain a coemgEnaéto the observed results.

The turbidity in Stretch | during pre-monsoon is excessidedoes not conform to the
Drinking Water Quality Standards at most locations. TDS irh $trecains well under the Drinking
Water Quality Standards in both seasons. The pH in the gmtch remains well within the
acceptable range with the exception of a couple abmscafotal hardness and alkalinity are also
under acceptable limits at all locations in Stretch | duringdmgbns; and same is the case with
Calcium, Chloride, and Fluoride.

Stretch Il and 11l have appreciable turbidity, and TDS isiit& acceptable limits, but close
to the threshold level. pH is found to be beyond thetabbe range on the alkaline side at some
locations in Stretch Il. Total Hardness conforms toDitveking Water Quality Standards at all
instances during both seasons in Stretch Il & Ill, whekkalinity is found to be high during post-
monsoon season in Stretch Il & Ill. Calcium, Chloride andddueme within the prescribed value for

both stretches and seasons. Parameter based details are probsEgliensisections.

Table 4-4: Statistical summary of chemical parameters fonier Ganga

Stretch | 1] 1
Parameter Drinking Mean (SD) Mean (SD) Mean (SD)
Water Min 2Max Min 2Max Min 2Max
Uni Quality
nits
Standard Pre- Post- Pre- Post- Pre- Post-
Season
(lS monsoon monsoon monsoon monsoon monsoon monsoon
10500:2012
B 121 (220)| 10(10) | 29 (22) 32 (22) 76 (75) 30 (23)
Turbidity | NTU > 2-714 0-36 777 5.-81 17- 282 5--74
81(37) | 85(50) | 230(100) | 234(79) | 164(22) | 184 (62)
oS mg/L 500 30-235 | 44-284 | 89-455 | 123-384 | 119-204 | 100- 320
56 oL ] 69(1.7) | 88(0.8)| 73(09) | 70(0.9) | 67(13) | 84(06)
9 15-94 | 74-109| 6.0-88 6-8.6 43-88 | 6.9-89
] ] 1707 | 39(12) | 23(1.0) | 3405 | 23(0.9)
BOD mg/L 00-28| 28-70 | 14-54 | 25-41 | 1.1-40
] 46 (53) | 42(16) | 39 (21) 28 (14) 43 (14) 67 (25)
cob mg/L 1-200 | 16-80 1172 1260 24-73 25-103
. ssgs | 7604) | 69(6) | 8007 | 7.6(06) | 80(04) | 83(01)
P e 71-84 | 56-81| 66-89 | 69-92 | 7.2-85 | 80-85
e o ] 135 (49) | 142 (83) | 358 (128) | 316 (102) | 279(29) | 349 (40)
W 51-202 | 74-473 | 177-593 | 195-492 | 237-333 | 304-414
Total oL 200 79(23) | 58(35) | 113(26) | 125(16) | 128(17) | 151 (10)
Hardness | M9 52-156 | 34-210 | 72-166 | 106-164 | 108-171 | 136-170
Sodumas| ] 175(5.6) | 10.0(0.2)| 37.4(26.7)| 19.7 (10.6)] 20.9(4.4)| 19.4 4.2)
Na- 9 6.0-286| 92-102| 3.7-101.7| 47-38.7 | 158-29.9| 14.9-261
Potassium ma/L ) 4.0(1.2) 1.4 (0.5) 7.3 (2.6) 4.4 (1.0) 4.7 (0.3) 4.3 (0.6)
asK* 9 18-80 | 08-24| 33-125| 23-62 | 43-52 | 3.0-50
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Stretch

Parameter Drinking Mean (SD) Mean (SD) Mean (SD)

Water Min 2Max Min 2Max Min 2Max

Units Quality

Standard Pre- Post- Pre- Post- Pre- Post-
Season

(Is monsoon | monsoon | monsoon monsoon monsoon monsoon

10500:2012
Calcium as ma/L 75 (as 17.6 (6.2) | 14.7 (8.0)| 24.1(5.1) 32.2 (5.0) 34.5 (3.8) 38.1(2.2)
Ca+ 9 Ca+) 8.0-30.4| 88-49.6| 18.4-36.8| 21.6-40.8| 28.3-40.0| 34.1-41.8
Magnesium ma/L ) 7.8 (2.7) 6.0 (4.3) 12.7 (5.0) 12.5(3.2) 11.9 (4.0) 15.6 (2.6)
as Mg+ 9 29-144| 22-241| 4.8-23.0 7.8-18.5 6.0-20.0 | 10.8-20.6

. 52 (18) 46 (30) 111 (36) 143 (31) 144 (14) 192 (25)
Alkalinity | mg/L 200 15-104 | 12-172 | 54-170 | 103-198 | 122-166 | 152-234
Sulphate as ma/L 200 31(11) 34 (22) 30 (9) 29 (7) 33 (7) 14 (8)
sQ, 9 16- 61 14-83 15- 40 17- 40 24-51 335
Chloride as ma/L 250 12.7 (4.1) | 19.5(3.8)| 31.7 (24.6)| 15.7 (9.4) 21.2 (8.2) 16.3 (3.9)
CtH 9 8.0-28.0| 14.0-30.0 3.0-97.0 29-320| 11.3-35.6| 11.5-245
Fluoride as ma/L 1 0.21 (0.08)| 0.21(0.14) 0.41(0.10)| 0.23(0.02)| 0.21(0.02)| 0.20(0.01)
F 9 0.10-0.50| 0.05-0.52 0.25-0.60| 0.19-0.30| 0.19-0.24| 0.18-0.22
Nitrate as ma/L 45 3.32(2.85)| 1.82 (0.85] 0.59(0.63)| 0.71(0.54)| 0.84 (0.64)| 0.24 (0.12)
NO3 9 1.0212.82| 0.74-4.52 0.02-2.18| 0.17-2.36| 0.37-2.25| 0.09-0.45
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4.1.6.1 Parameters

4.1.6.1.1 Turbidity

One of the key observations
during the sampling along the river
Ganga was theubstantial sediment
load in the River in Stretch I The
turbulence and velocity of the River
weathers the loose Himalayan alluvium
which remains suspended for long
distances and is transported from the
upper reaches in the Himalayas to the
plains. Stretch | has high discharge even
during the pre-monsoon season due to
melting of glaciers.

The turbidity range during pre-

monsoon was between <10 to 100 NTU BIS Drinking Water

with an exception afamples collected Quality Standard - -
from Gomukh and Gangotri where
turbidity was above 600 NTU The Fig. 4-3: Stretch-wise seasonal variation of turbidity

water gushing out from under the

Gangotri glacier at Gomukh was observed to have sedantttcRiver Bhagirathi flows from an
altitude of ~4000 m through the narrow valley of Ganiyatronal Park to a wider river bed near
Harsil at ~2000 m. At this point, turbidity tends to dexzr@sashe river bed widens and the velocity
relatively reduces. The high turbidity is observed till teke waches Maneri Dam. Along further
course of the river, anthropogenic activities like sandgnand road construction contribute to
marginal increase in turbidity until all the sediment settlesndthenTehri reservoir. However, due
to low discharge during post-monsoon, the observed tuviedityelatively lower, with Gangotri still
being an exception with high turbidity as compared to lottaions. Stretch Il & Il exhibit this
trend of lower turbidity during post-monsoon season.

"TXUELGLW\ LV WKH PHDVXUH RITYXH® DWL WK UELBEU VW\U F
sedimentation and siltation can occur, which can re sult in harm to habitat areas

for fish and other aquatic life. Particles also provid e attachment places for other
pollutants, notably metals and bacteria. For this r eason, turbidity readings can be
used as an indicator of potential pollution in a wa ter body p

-United States Geological Survey

IS 10500 Standard: <5 NTU
CPCB Standard: Not Defined
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4.1.6.1.2 pH

The hydrochemistry, speciation
chemistry and the degree of interaction
of water and sediment is governed by
pH. The interaction with sub-surface
flow significantly affects the pH of the
River as groundwater dissolves many
geogenic salts and minerals. Deviation
from the typical values of 628.5 is an
indication of anomalies and possible
contamination. In Stretch | during the
pre-monsoon season, the pH ranged
between 7.1 and 8.4 with an average pH
of 7.6, and during the post-monsoon
season, the pH ranged between 5.6 and
8.1 with an average pH of 6.9. The water
was found to be slightly alkaline in most BIS Drinking Water
locations in Stretch Il & Ill. Gomukh Quiality Standard - -
during post-monsoon season and
upstream of Bijnore during pre
monsoon season were identified as
outliers with pH of 5.6 and 6.8 respectively. Significeatiora was not observed in pH when
compared stretch-wis€here are two notable observations concerning pH along thRiver.
Firstly, the water is found to be slightly acidic aGomukh and Gangotri (5.6, 6.0 and 6.2). Eh
chemical characteristics of water in this region are ilfenced by the rock minerals of the
mountains and moraines buried under the glacier. It wa®@ind that the sediment load in the
River (also indicated by turbidity in this study) wasonsiderably less during the post-monsoon
season as compared to pre-monsoon. Therefore, the contritmurt of weathered rock minerals
might have also changed, and thereby resulting in a diffence in chemical characteristics of
the water, including pH.

Secondly, the pH along Allahabad and Varanasi is foundhtwében the alkaline side (8.6,
8.5, 8.8, 8.6, 8.5). It is a noteworthy point tleatathhropogenic impact of Kanpur, Allahabad and
Varanasi are seen in the water quality characteristctream of Allahabad. Results from other
studies along this stretch of River Ganga (Harendra Sidgh,also indicate a similar trend. The
chemical characteristics, including pH, have considerablgdchiongy this belt, owing to a more
magnified impact of anthropogenic sources.

Fig. 4-4: Stretch2wise seasonal variation of pH

‘pH is a measure of acidity or basicity of water. The pH of water determines the
solubility and biological availability of chemical co nstituents such as nutrients and
heavy metals p

- United States Geological Survey

IS 10500 Standard: 6.5 28.5; CPCB Standard: 6.5 28.5
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4.1.6.1.3 Electrical
Conductivity

Electrical conductivity is an
indirect measure of the dissolved ionic
elements and compounds in the River.
The sources of these compounds are
either geogenic as natural rock
formations are constituted of various
minerals and are weathered by the
River; or are anthropogenic as point-
source effluents from cities and
industries, and non-point source run off
from agricultural fields are sources of
such  compounds. An increased
electrical conductivity, beyond a
threshold factor which accounts for
geogenic sources, is an indicator of
anthropogenic impact on water quality.

The EC is expected to increa - Fig. 4-5: Stretch?wise seasonal variation of EC
as the River interacts with sediment <.....
flows through different topographic regions. Furtiminr@ogenic activities like agriculture, landfill,
industries, etc. also increase the quantum of total elissolds (TDS). This increase in TDS is
directly reflected by a change in the conductivity. A mbmsteeasing trend in EC was observed in
Stretch | during both pre-monsoon and post-monsoon seagtbncertain natural variation. With
increased anthropogenic activities, #lverage EC in Stretch Il & Il (327 pS/cm) is
comparatively higher than the average iBtretch | (138 pS/cm) The EC in Stretch | is low during
the post-monsoon season as compared to the pre-mae , and this might be attributed to the
change in discharge in the River, and the consequege amatfissolution of rock minerals. The
variation in EC remained within a narrow band of 80 - 146 #/nost of the locations of Stretch I.
However, the trend is reversed in Stretch Il & Il mairgytolan increased influx of dissolved solids
as run off during post-monsoon. As the river flowsugirdhe first major urban centres - Haridwar
and Rishikesh, electrical conductivity starts increasing drstinctly different from the results
upstream of Rishikesh. The average EC in Stretchdlma@s double as that of Stretch I. This trend
was observed in both seasons. Another contributing tiaetrds conductivity is the sub surface flow
in the Stretch 1. EC remains fairly consistent in Stiiétat seen irerror! Reference source not
ound..

IS0

"(OHFWULFDO ¥R hé&mehantre fithe/ ability of an electrolyte to conduct
electricity. In the context of a River, it correlates to the amount of salts and

PLQHUDOV GLVVROYHG ZKLFK LQ WXRQ\WQ F l FHSRAR-S MKW\ "R IO HIF
FRQGXFW HOHFWULFLW\u

IS10500 Standard: Not Defined
CPCB Standard: Not Defined
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4.1.6.1.4 Dissolved Oxygen

Dissolved oxygen indicates the

"KHD @W K psurface water body.

Though concentration of dissolved

oxygen in a river system is governed by

complex interrelated processes, it is

reduced by two important factors in a

River 2 respiration by aquatic biota and

stabilization of organic matter in the

River. As the River naturally draws

oxygen from the atmosphere, turbulence

i.e., good mixing at the surface of the

River enhances dissolved oxygen

concentration. The maximum

concentration of dissolved oxygen

attainable by the atmosphere is a

function of water temperature and CPCB Water Quality
atmospheric pressure. Criteria - - -

The first stretch of River Gan¢~
shows appreciable concentration of [
ranging from 7 to 9.5 mg/L. The lower temperatures ghdtiwrbulence in this region allow more
oxygen to be dissolved in the River. However, a decrafiseharge in the River due to seasonal
variation, and impoundment due to dam (TehriPRQVRRQ LPSDLU WKH 5LYHU:-V D
organic load entering into it. In Stretch 1l & IIl, the Rhas a DO concentration ranging from 6 to 9
mg/L (with the exception of Kolkata). However, this regas hotter climate, and thereby a lower
saturation concentrationt is observed that the high density population cengés and industrial
areas do not appreciably reduce the dissolved oxygen Isvim the River even though there is a
high influx of organic load into the River.

Dissolved Oxygen from Gomukh to Gangasagar remains abong/b.with exceptions at
Tehri D/S and Haridwar D/S during pre-monsoon season. Most @ddhtions had dissolved oxygen
near saturation levels both in pre- and post-monsoon.rghatancrease was observed in post-
monsoon in all three stretches which correlates with \oater temperature. To investigate this
anomaly concerning high and supersaturated DO in theh sitehg the urban belt, dedicated
experiments were carried out in Kanpur, Allahabad and Varanasipresested in Chapter 6.

Fig. 4-6: Stretch - wise seasonal variation of DO

‘Dissolved oxygen (DO) refers to the concentration o f oxygen gas incorporated in
water. Oxygen enters water by direct absorption from the atmosphere, which is
enhanced by turbulence. Water also absorbs oxygen r eleased by aquatic plants
during photosynthesis. Sufficient DO is essential fo r growth and reproduction of
aerobic aquatic life

-United States Environmental Protection Agency

IS 10500 Standard: Not Defined
CPCB Standard: Class A 2above 6 mg/l ; Class B 2above 5 mg/I
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4.1.6.1.5 Biochemical oxygen
demand (BOD)

Biochemical oxygen demand is a
measure of the organic load entering into
the River. The respiration from aquatic
biota also contributes to oxygen
consumption. The BOD was measured as
3-day BOD. The samples from Stretch |
(Gomukh to Haridwar) had a BOD less
than 2 mg/L at most locations in the first
stretch except for Gangnani during post-
monsoon season. The BOD in Stretch Il
ranges from 2 mg/L to 7 mg/L, with a
mean BOD of 3.6 mg/L during pre-
monsoon season. During post-monsoon,
the maximum BOD is 5.4 mg/L and the
minimum is 1.1 mg/L with an average of
2.2 mg/L. BOD at Sangam (Confluence
of Ganga and Yamuna) in Allahabad |
distinctly higher values of ~7 and 5.6
mg/L in pre- and post-monsoon respectively. Increadewn With the eventual dilution of the
organic load might be lowering the BOD range in the post-monsoon seaso

It should be noted all the sampling locations were selélogedupstream or downstream of
the city, except for Sangam which lies in the middle @fytherhe river flows through major t@wvn
and highly industrialized areas in Stretch Il where treatednteated domestic and industrial
effluents are discharged in the river. Even with apprekinT®0 tons per day of organic load
discharged into the River in the Stretch between Kanguvaanasi, the dissolved oxygen still
remains near saturation and BOD is still around CPCB Waildy Quiteria. CPCB has reported a
BOD load of about 1000 tonnes per day of all the drains dischargingen@®aRiya.

Fig. 4-7: Stretch-wise seasonal variation of BOD

“The amount of oxygen per unit volume of water required to bacterially oxidize
(stabilize) the oxidizable matter in water 1

-United States Environmental Protection Agency

IS 10500 Standard: Not Defined
CPCB Standard: Class A 2less than 2 mg/l ; Class B 2less than 3 mg/I
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4.1.6.1.6 Chemical Oxygne
Demand (COD)

Chemical oxygen demand refers
to the oxygen required to chemically
oxidise all the organic / inorganic matter
in the river water. It is also an indicator
of pollution, and especially reflects the
industrial pollution load on the River.
The value of COD ranged between <10
2 200 mg/L and 20 to 80 mg/L in
Stretch | during pre-monsoon. Although
a wider range was observed in the pre-
monsoon season, the average COD for
Stretch | was higher in post-monsoon
mainly due to decreased dilution effect
(low discharge).

Along the river, highest values of
COD were observed in Stretch | where
the pOIIUtion impaCt is the least. COD ~* Fig. 4-8: Stretch-wise seasonal variation of COD
200 mg/L at Gomukh during the pre
monsoon season correlates with turbidity at the samenlo@#ii® indicates that sediment in the
Stretch | of the river Ganga might be contributing towa@i3. The filtered samples from each
location were analysed for COD; however, a portioneaetliment with sub-micron particle size
SDVVHV WKURXJK WKH :KDWPDKOWM LFKRQMWWL SEXXWH WRHADNUYGSD WY
these outliers in post-monsoon season, when the setbageiwas substantially reduced, further
indicates that sediment contributes towards the COD. ®ene@D is a pollution indicator from
discharge of industrial effluent and in Stretch |, the hi@@8&r cannot nbe attributed towards
industrial discharge. No spike was observed in the Strettlerk COD ranged between 20 and 70
mg/L both in pre-monsoon and post-monsoon seasons. T8sblgoreasons for not observing
appreciable increase in COD as River flows through ttstrigdoelt could be the increased dilution
and settling of the chemical constituents along with sedioeetd low velocity. Marginal increase
and higher seasonal variation in mean COD value in Stretobldlibe attributed to reduced volume
of water beyond Farrakka Barrage.

“The chemical oxygen demand, of water can be considere d as the amount of
oxygen consumed in total chemical oxidation of the org anic constituents to
inorganic end products

-International Organization for Standardization

IS 10500 Standard: Not Defined
CPCB Standard: Not Defined
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4.1.6.1.7 Total Hardness
(Calcium and
Magnesium)

Hardness is an important
parameter which decides the suitability
of the River water for various purposes.

The dissolution of Calcium and

Magnesium minerals account for the

hardness of water. In the context of

River Ganga, the River weathers rock

formations which are constituted by

Calcium and Magnesium minerals in

significant proportion. In addition,

ground water also dissolves appreciable

amounts of Calcium and Magnesium

and eventually finds its way into the

River when the ground water interacts BIS Drinking Water

with River Ganga. Higher level of Quality Standard - -
hardness does not pose any dir~~* Fig. 4-9: Stretch-wise seasonal variation of total hardness
adverse health effects but it affects _ _

taste and acceptability as a drinking water sourcgnestaduring pre-monsoon and post-monsoon
seasons shows a similar trend, as it ranges from 4t¢pL7d Stretch | with the exception of the
location downstream of Haridwar. The average hardnesstam $tis 78 and 58 mg/L in pre-
monsoon and post-monsoon season respectively.

The average hardness in Stretch 1l & Ill is 120 and 128img@re-monsoon and post-
monsoon seasons respectively. A slight increase inhardhegpre-monsoon season in Stretch | can
be attributed to higher discharge and subsequent er@toept for water sample collected from
Haridwar D/S during post monsoon season, Hardness fortiteeRiner was below the BIS drinking
water standard of 200 mg/L.

‘Hardness is not caused by a single substance but by a variety of dissolved
polyvalent metallic ions, predominantly calcium and magnesium cations, although
RWKHU FDWLRQV DOVR FRQWULEXWHpu

-World Health Organisation
IS 10500 Standard: 200 mg/L
CPCB Standard: Not Defined

4-15



4.1.6.1.8 Alkalinity

The changes in the electrical
conductivity indicate the overall water
quality. Hardness and alkalinity are the
major contributors towards the change in
conductivity in inland surface water.

The rivers fed by snow/glacier
melt have limited interaction with rocks
and thus have lower values of hardness
and alkalinity as compared to rivers inland.
This trend was observed when hardness
and alkalinity was compared between
Stretch | and Stretches Il & lll. As the
river flows through Stretch IlI, the
subsurface lateral movement of ground
water and its influx into to the river
contributes to an increase in hardness and

BIS Drinking Water

Quality Standard - -

alkalinity.

A gradual increasing trend Fig. 4-1Q Stretch-wise seasonal variation of Alkalinity

observed in alkalinity of the River .

Stretch | as the River flows from Gomukh to Haridwah lofpre-monsoon and post-monsoon
seasons. Comparatively higher alkalinity is observed eamnsfrHaridwar in both pre-monsoon
and post-monsoon seasons. With the exception of thisriptiae average alkalinity is 52 mg/L and
46 mg/L in pre-monsoon and post-monsoon seasons redgediikalinity increases significantly in
Stretch Il & 11l from Kannauj onwards and maximum alkalifid84 mg/L is observed downstream
of Bhagalpur. The average alkalinity during pre-monsoon and pestimeeasons in Stretch Il & 111

is 124 mg/L and 163 mg/L respectively.

discharges. U

IS 10500 Standard: 200 mg/l
CPCB Standard: Not Defined

"Alkalinity is a measure of the capacity of water to n eutralize acids . Measuring
alkalinity is important in determining a stream's a bility to neutralize acidic
pollution from rainfall or wastewater. It's one of t he best measures of the
sensitivity of the stream to acid inputs.  Alkalinity in streams is influenced by rocks
and soils, salts, certain plant activities, and cer tain industrial wastewater

-United States Environmental Protection Agency
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4.1.6.1.9 Sodium and
Potassium

Sodium and Potassium are
important ~ cations  which  are
commonly found in rock minerals. In
addition, many by-products of
anthropogenic activities such as
industrial effluents, fertilizers, etc. also
have considerable amounts of Sodium
and Potassium salts. The
concentration of Sodium in Stretch |
is comparatively higher during pre-
monsoon than post-monsoon. This
can be attributed to higher discharge
and sediment load during pre-
monsoon season. The average Sodium

concentration in Stretch | was 17.5 IS 13428 - - -
and 9.9 mg/L during pre-monsoon
and post-monsoon seasons

respectively. In Stretches Il & I, the
Sodium  concentration  decreases
significantly between Bijnore and
Kannauj. The average Sodium
concentration in Stretch Il & Il was
30 and 20 mg/L during pre-monsoon
and post-monsoon seasons
respectively. 1S 13428 specifies the
guideline value as 150 mg/L for
Sodium in drinking water (There is no
drinking water quality standard for
Sodium as per BIS 10500:2012).
Though the Potassium concentrations
are on a lower scale as compared to
Sodium, a similar trend to that of
sodium is observed where pre-
monsoon concentrations in Stretch |
is generally higher than during post-
monsoon season.
The average concentration =  Fig. 4-11 Stretch-wise seasonal variation of Sodium and Potassium
Potassium in Stretch | is 4 and ..—
mg/L during pre-monsoon and post-monsoon seasons redpegtiveverall increase is observed in
Stretch Il & 1l as compared to Stretch I. Consistentliz b@mncentrations are observed from
downstream of Kannauj onwards until Varanasi. The agermgatration of Potassium in Stretch Il
& lll'is 6 and 4.3 mg/L during pre-monsoon and post-monseasons respectively. BIS 10500:2012
GRHVQ-W VSHFLI\ OLPLW IRU SRWDVVLXP

4-17



4.1.6.1.1CChloride

Chloride is an important anion,

and is extensively found in rock minerals
as salts of Sodium, Potassium and
Calcium. In addition, Chloride can be
found in other complex compounds
especially from products which are used
by people such as soaps, detergents, and
personal care products. Chloride follows a
similar trend as Sodium along all the three
stretches. However, Chloride
concentrations in Stretch | remain similar
both during pre-monsoon and post-
monsoon. The average concentration of
chloride in Stretch | is 12.7 and 19.4
mg/L during pre-monsoon and post-

monsoon seasons respectively. The BIS Drinking Water
average concentration in Stretch Il & Il
is 26 and 16 mg/L during pre-monsonn

and post-monsoon seasons respecti

Allahabad D/S was the only point expressed as outlier ih #treBtS 10500:2012 specifies chloride
acceptable value as 250 mg/L. Chloride levels alongitbesteetch were well below the Drinking

Water Quality Standard.

4-18

‘Chlorides are widely distributed in nature as salts of sodium (NaCl), potassium
(KCI), and calcium (CaCl ). Chloride is found in surface and groundwater from
both natural and anthropogenic sources, such as run -off containing road de-
icing salts, the use of inorganic fertilizers, landfi Il leachates, septic tank effluents,
animal feeds, industrial effluents, irrigation drain age, and seawater intrusion in
coastal areas |

-World Health Organization

IS 10500 Standard: 250 mg/I
CPCB Standard: Not Defined

Assessment of Water Quality and Sediment to understdreSpecial Properties of River Ganga
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Fig. 4-12 Stretch-wise seasonal variation of Chloride
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4.1.6.1.11Phosphate, Nitrate
and Sulphate

Increase in the ionic contribution
of Nitrate, Phosphate, and Sulphate is
possible indication of contamination
from untreated domestic sewage or
agricultural runoff. These nutrients are
also required for growth  of
microorganisms and aquatic biota. Nitrate
and Phosphate are also contributed by
streams flowing through dense forest
areas which have leaf litter in the flood
plain, as the decay of leaves and other
foliage release these nutrients into the
River.

Nitrate was below 10 mg/L along
the entire course of the river except for
Haridwar U/S and D/S in pre-monsoon.
This can be attributed to discharge -*
sewage in the river water.

BIS Drinking Water
Quiality Standard - -

Fig. 4-13 Strech-wise seasonal variation of Nitrate

Phosphate ranged between 0.02 mg/L to 2 mg/L for alhtee Stretches over both seasons
with some outliers. The variation also depends on the fnopaciatural and anthropogenic activities
around the location. Human activities like bathing amihgffdowers as a religious practice are
possible sources of Phosphate at Gomukh. Other locatitbnkigher values of Phosphate were

BIS Drinking Water
Quality Standard - -

Fig. 4-14 Stretch-wise seasonal variation of Sulphate and Phosphate
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Haridwar D/S (pre-monsoon) and Kannauj D/S (pre- and post-monab@re these concentrations

can be attributed to the discharge of sewage intavlre Rhe stretch between Gangotri to Batwari

exhibits higher concentration of Sulphates both duringgrseon and post-monsoon seasons. The
average Sulphate concentration in Stretch | is 30 and_38unmy pre-monsoon and post-monsoon

seasons respectively. Sulphate concentrations inIS&dttlare consistent and show little variation.

The concentration is between 15 to 45 mg/L with the®sweeof Bhagalpur during post-monsoon

season. The average concentration in Stretch Il & Il is 31 and 22 migg_jpde-monsoon and post-
PRQVRRQ VHDVRQV UHVSHFWLYHOXSBRRISIGD WEHEDEHEHIEB: VD \K 3 ¥
while standard for Nitrate and Sulphate is 45 mg/L and 200 mpéctiesly. No Stretch of the river

exceeds the prescribed drinking water standards.

‘Nutrient pollution is the process where too many nu trients, mainly nitrogen and

phosphorus, are added to bodies of water and can ac t like fertilizer, causing
excessive growth of algae.
-US 2 National Oceanic and Atmospheric Administration (N OAA)

IS 10500 Standard: Sulphate 2200 mg/l; Nitrate - 45 mg/I
CPCB Standard: Not Defined
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Fig. 4-15 Turnidity along River Ganga
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Fig. 4-16 pH along River Ganga
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Fig. 4-17 Electrical Conductivity along River
Ganga
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Fig. 4-18 Dissolved oxygen along River
Ganga



Water and Sediment Qualitl Sf'—%"

4-29



BOD
Unit: mg/L

CPCB classification for
designated best use

Class A: 2mg/L or less

Class B: 3mg/L or less

4-30

Assessment of Water Quality and Sediment to understtr@Special Properties of River Ganga

Fig. 4-19 BOD along River Ganga
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4.1.7 Comparison among Rivers: Ganga, Yamuna and Narmada

In order to compare the water quality of River Gangabthigh major Rivers in the country,
one similar and one dis-similar River was chosen for thevstudRRjvers Yamuna and Narmada.
Samples were collected and analysed from both Rivers anced@dmpesults of analysis from the
River Ganga.

River Yamuna has physiographical features which are giRilartGanga, as it originates in
the Himalayas at a similar altitude as River Ganga, and swédtiggldswn to the plains. The Rive
then flows through densely populated urban areasplaitnincluding Delhi, similar to River Ganga.
River Yamuna receives substantial quantum of wateRivemChambal which drains most of the
plateau tracts on the western parts of Ganga bdeie, ibgoins River Ganga at Allahabad. A total of
21 locations were chosen along River Yamuna to nefiéeot snvironmental factors as in the case of
River Ganga.

On the other hand, River Narmada is comparatively dissimitdah tivd Rivers in termd o
physiographic features, geology, and other envirohrfecttrs. River Narmada originates at
Amarkantak, in the Maikal hills which is at the junctiomndhya and Satpura ranges in the Deccan
plateau. As opposed to Rivers Ganga and Yamuna, River Ndesthals from hills at a moderate
altitude of about 450m AMSL, and flows through a rift wadlstwvards, making it the longest west
flowing River of India. River Narmada is used extensivelgdgation; and although the River flows
through urban centres, the population density and teniorloading in these patches are
comparatively less than Rivers Ganga and Yamuna. In ther,ntla@ comparison between these
three Rivers yields information about water quality. Samepéesollected from 14 locations along
River Narmada, which included urban centres and impoundments.

The comparison between the Rivers has been presehtbdxnaind whisker plots, similar to
the earlier section. The parameter wise water qudkiyeofGanga is compared with Yamuna and
Narmada. Similar to River Ganga, the flow characteristiogeofYBmuna are distinctly different.
Thus, River Yamuna is divided in two stretches viz. Strietch Yamunotri to Poanta sahib and
Stretch Il Paonta sahib to Allahabad.

Comparison between rivers and stream revealed thatehewedity from physico chemical
aspect was within the natural variation of the river efclstr. However, Yamuna water quality
degraded significantly in Stretch Il as the river flowgthidéational Capital Region and Agra. Water
guality of Narmada had a wider spread from its origin at Amarkantaicto Bar

Measurements across all the rivers and streams indicatBssthaéd oxygen remains near
saturation in the big river system except for few olitieddaridwar D/S on River Ganga and Delhi
and Agra on River Yamuna.

The variation in Rivers Ganga and Yamuna in Stretch dissigftat major towns and cities
have an impact on dissolved oxygen mostly due to dischseg@agé and other effluents. This was
also indicated through the increased values of COD and BGBnga and Yamuna. Although,
increase was observed both in Ganga and Yamuna for deraaretgyg, the extent of contamination
was higher in River Yamuna. However, main factorioikarid quantum of sewage discharged in
the two rivers is distinctly different. The base flowy&nuna reduces upstream of Delhi and
discharge of sewage increases. Although, River Garggthftmwgh the populated urban areas in
Uttar Pradesh, influx of fresh water like Ram Ganga, &hamid Gandak ensures higher base flow
than effluent discharge. Thus, lower contamination anhiteg®n in river Ganga than Yamuna
related to demand parameters is due to the dilution of descledfigent. Other water quality
parameters like pH, conductivity, hardness, alkalinity, antbrsitions followed a similar trend as
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demand parameters. Stretch | of Rivers Ganga and Yaadir@mflar water quality which
deteriorated in Stretch Il

High sediment load was characteristic feature of Rivea BaBigetch | which is indicated by
higher turbidity. However, this high sediment load wabsetved in Yamuna and Narmada. The
higher turbidity in Stretch 1l of Yamuna was primarily dughcsbwage discharge and anthropogenic
interventions rather than sediment load. The quantisedifnent flown along the Ganga is
considerably higher than Yamuna and Narmada.

Fig. 4-20 Comparison of DO, COD and BOD between rivers

4-33



Fig. 4-21 Comparison of Turbidity, pH and EC between Rivers
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Fig. 4-22 Comparison of T. Hardness, Alkalinity, Potassium and Sodin between Rivers
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Fig. 4-23 Comparison of phosphate and sulphate between Rivers
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4.1.8 Salient observations

Maneri and Bhimgoda Barrages were found to impact numparaoseters while Farakka
barrage had the least imp&ignificant variation is not observed in temperature yvéowarger
reservoirs have an impact both in pre- and post-monssamseSignificant change was not observed
for dissolved oxygen except during pre-monsoon at TehiTldarmommon water quality parameters
which have observable change in these interventicarsitesbidity, COD, Magnesium, Nitrate and
Phosphate.

Change in turbidity is flow and season dependent. Maherfirst flow intervention across
River Bhagirathi. A small reservoir is formed due to Maneandatne sediment settles down in the
reservoir lowering the turbidity to less than 10 NTU. vahation in Tehri and Koteshwar might be
due to landslides and anthropogenic activities like construction.

A negative variation in concentration of Magnesium wawedthsn all the intervention sites,
except Farakka. The rise in the Magnesium concentnat®ithan 50% in the dams could be due to
increased contribution of rock minerals. Magnesium is atsbuted by runoff from forest fire
affected areas.

Although a specific trend was not observed in Phosphdtéitrate, the changes were
significant at all the sites. Phosphate concentratioasedreownstream with the exceptions at
Farakka and Maneri (pre-monsoon). COD was observerté¢as#eat all locations except Tehri. The
increase in COD at Tehri could be due to increased agbrp activities and construction activities
in the vicinity.

Substantial impact on water quality was observed at Kislapginal change, and in some
cases, no change was observed in BOD at these loddtrates. Phosphate and COD were the key
parameters which reflected an impact of the cities on water quality.

The COD increases in Uttarkashi in pre- and post-mongbereas it marginally decreases in
pre-monsoon and increases during post-monsoon at Rigtmédsanpur; and decreases at Varanasi,
Patna and Kolkata in both seasons. The concentratiitrate and Phosphate increases as water
flows through the city; except at Rishikesh and Kdlkadi& least one season). The domestic sewage
generated from all the cities are treated, partial®dtoeaintreated before they are let into the river.
As discussed in the earlier section, COD in Stretch | is stronglyeabsmsiediment content in water.

The value of COD increases at Uttarkashi downstreamhinhieoseasons. The flow of the
river at Uttarkashi is controlled by the Maneri hydroelpower plant. Variation in flow and
discharge of untreated sewage contribute towardsia €€D. Impact of human activities at
Uttarkashi is reflected by a rise in levels of nitrate and phosphate.

The impact of Rishikesh and Kanpur on COD is associateel quantity of water available
for dilution. Although river Ganga is a perennial rivae thesignificant variation in seasonal flow,
and thereby, the impact on COD is reversed during pre-mamsgarly due to availability of water
for dilution. As the base flow decreases during post-momiseanange in COD is observed with a
sharp rise in downstream of Rishikesh and Kanpur. Thissraiso observed in nitrate concentration
for both seasons at Rishikesh.

COD decreases by over 40% in both seasons at Vdtatresiand Kolkata. However, nitrate
and phosphate increase at Varanasi and Patna. Taeeintmischarge of the River due to influx of
water from tributaries such as Gomti and Ghaghra reduce the ch@De in C

Other pollution indicating parameters such as dissolved axy&OD do not exhibit a
significant change as a result of impact of cities, acdritbe attributed to varied process governing
dissolved oxygen concentration and due to high settleable.
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Cities are associated with increased human activities angdpgla¢ion density. Generation
of wastewater, dumping of solid waste, runoffs from agricultdsabfidl discharge of untreated waste
are some factors which impact the water quality aizéme However, the extent of impact of these
activities depends on the quantum of pollutants dischahgedjildtion due to sub-surface
contributions and assimilation capacity of the River. Wasrao distinct trend in water quality was
observed upstream and downstream of major cities alengsBnga. Though water quality was not
as good as downstream in terms of many water qualiheigasa we refrain from concluding that
water quality downstream of these towns has considerablyadetetian upstream. This observation
is mainly based on the premise that sampling locatiorsmuompatrd particularly in downstream were
chosen to avoid effect of sewage/industrial wastewatesrdiss as mention in Chapter 3. Secondly,
banks of River Ganga are densely populated and numevassitiages exist which primarily
discharge untreated sewage at several locations thaungallén quantity therefore nullifying the
concept of a perfect upstream location. Though theastois are upstream of major cities, it is
imperative that these locations are downstream of smaths/vitbages. It can be assumed that
sewage discharge into River Ganga even through smalé#villages is equally important and need
immediate attention in addition to addressing similar issues ircitiegoiMoreover, comparative
better water quality in terms of some of the parametosvitstream locations of these major cities,
GRHVQ-W LQIHU WKDW VHZDJB VW DVKHND WB M RUUHAHDWRHH/Q VU 8 O
Factors such as joining rivers/streams (e.g. Patniaflatsace water quality, making analysis of data a
complex task.

In addition to the list of drains inventoried by CPCB in tesgsament of water quality of
River Ganga in 2013 (CPCB, 2013), there are many isdaursdrimwns on the banks of the River
Ganga which discharge domestic sewage and industrial effteetiysinto the River. There is an
immediate need to assess the pollution load on the Riverddarngathis discharge of waste, and
include them in the inventory of the drains discharging imtasRiver Ganga. An attempt has been
made to identify these drains from the satellite imagerpavitelp of Google Eafthand to mark
the coordinates of these drains. The images have bemmtguidor the citied Kanpur, Allahabad,
Varanasi, and Patna.
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4.2 Metals

Metals are introduced in river from various sources waithbe both natural and/or
anthropogenic. In unpolluted systems, the concentratioosbof the metals is in traces and is mostly
due to mineralogical phenomenon and weathé&iagence of metals in the water bodies warrants
serious attention and actions due to their copiousmesgy tand tenacity in the environment. The
increase in heavy metal contamination due to human activitiessifeads tdeterioration of water
quality, posing serious threat to flora and fadagr anthropogenic sources of heavy metals in
environment are mining, discharge of untreated wastasiogntoxic metals from industries and
uncontrolled use of metal containing agricultural prodetisls also enter into river through mining
activities including mine run-off, weathering of rocks amtduogten, deposition and dispersion of
metal containing particles. Rivers closer to urban setuplso prone to heavy metal contamination
due to discharge of untreated domestic sewage.

Although few metals namely iron, zinc, copper, mangamekel, etc. are essential
micronutrients for various processes in living beings incpldimg, animals and microorganisms,
several others such as cadmium, chromium and lead havevnghkgpsiological roles and they are
can be harmful beyond a certain limit. The permissible dnvédeg quality standard as per BIS
10500:2012 for most of these metals are very stii@gediug/l, Pb 10 ug/l and Cu 50 ug/l). Some
of these metals like arsenic and selenium have beehgzaaecinogens and other lethal diseases like
tumor, edema, indigestion, nasal and pharynx congestio@uasidgical, muscular, gastrointestinal,
reproductive and genetic diseases caused due to thgsmdtakssare well recognizéterefore,
most environmental regulations have established limitaticiasafdneavy metal concentration in
waters so that they do not exceed some quality critdha forotection of the environmefn the
other hand, there have been several reports oretloé¢ aistibacterial/medicinal properties of metals
such as copper, silver and their alloys. Extensive saudidselen undertaken in past to evaluate the
potential of copper, silver and brass for destroyingribaatel currently several well documented
proof are available delineating their real-world applicairowster disinfection, food preservation,
healing of wounds, disinfection of air and sanitation. taidigised that such properties of metals, is
related to oligodynamic effect resulting in binding of theaks méh sulphur and nitrogen containing
biomolecules and disrupting their functions and ultimately leading toidesifulce organism. Silver
and copper are the most extensively evaluated metals fotisnch ac

River waters are most vulnerable to metal contaminatiog towtheir easy accessibility for
discharge of wastddeavy metals in the river system can be are dispersed arvidddsgseries,
suspended patrticles, colloids, colloids and sediments. Cbansrndfahese metals in aqueous and
solid phases are continuously changed by sorption anptidesphenomenon. The portioning,
mobility and bioavailability of the metals are influenced byl $astera including temperature, pH,
presence of organic matter particularly various compleentgy,aadsorption, and ion exchange
processes and various biological activities.

Although several reports on the assessment of waty gased on physico-chemical and
microbiological parameters have been published by seveesk,welltively little information is
available about the status of heavy metal contaminath@nentire stretch of River Ganga i.e. from
Gomukh to Gangasagar. Most of the existing reports atsnmetivers in India are mainly focused on
few toxic metals such as Arsenic, Chromium, Cadmiumgesingoon assessment of pollution load.
Moreover, most of these reports are limited to Stretfithe River Ganga where numerous human
settlements exist discharging domestic and industrial wastewaker river. Furthermore, most of
the data are based on a sampling at one particular sdasloris insufficient to assess the water
guality of the river.
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With this background, the present study is aimed atresseskthe present status of variety
of metals in the entire stretch of River Ganga. Elemavnitgyhantimicrobial property like silver and
FRSSHU HWF ZHUH DOVR DQDORVMGRRWWENKWHUWR WKPHVR
SURSHUWLHVu RI *D éxiebsivelxuvrelation %fHnétals Wit other physico-chamica
microbiological parameters has also been attempted. Reguf#ismminsoon and post-monsoon
seasons for various locations are discussed in this sectios thessegoral and seasonal variations.

4.2.1 Methodology

4.2.1.1 Sample collection, preservation and storage

Standard sample collection, preservation and pre-treaspsnveare followed for collection,
preservation and transportation of samples. Special emasagisen on the quality of preservative
i.e. Nitric acid, since many of the trace metals are tpass@mpurities in un-purified acids.
Throughout the study, only commercially available tradegradtnitric acid was used and the level
of various metal impurities present in the preservatieadosed as Annexure |. The samples were
collected in pre-rinsed 250/500 ml PTFE narrow mouth seqeWwattles. The samples collected for
the determination of dissolved metals were filtered throdgimOpbre diameter membrane filter
either through syringe filter or using membrane filtanlblyseSelected samples were also collected
and processed for determination of total, suspended andedissattion as specified in APHA and
India Standards (BIS, METHODS OF SAMPLING AND TEST (PHYSICAL AND WNIHEAL)

FOR WATER AND WASTEWATER, 2009) for Ag, Cu and Cr corisgi¢heir possible role in
antibacterial properties. The sample for determinatiaiadffraction was collected and preserved
unfiltered. The unfiltered samples was then digested and tisang Microwave digestion. The
suspended fraction was determined by digesting the residned-@mahe filter after processing the
samples for dissolved fracion. The syringe or filter flasknsad with the filtered portion of the
sample, this portion was then discarded and the requirede voluthe filtrate was collected.
Preservation of the filtrate sample was done by addingnetalegrade nitric acid to pH<2 and
refrigeration at 4°C till transportation to lab.

4.2.1.2 Equipment and supplies

x All the analysis of metals was carried out using inductivelldcplasma mass spectrometer
(ICPMS) of Perkin Elmer Inc., U.S.A (Model: NexION 300X).

x Labware and glassware: Contamination and losses are ofqmuexa in the trace level
elemental analysis. A clean and dedicated laboratofyr as@aple handling was used. All
reusable labware was properly cleaned by soakingghldvand thoroughly washed with
laboratory grade detergent and water. Finally soakéd (W/2Q nitric acid for 12 hours and
rinsing with reagent grade water and storing in cleameosit All measuring glassware such as
volumetric flasks, micropipettes, graduated cylinders, etc. wentdiefl Class A grade.

4.2.2 Chemicals and Reagents

x Ultra-high purity grade Nitric Acid procured from RCL Labboated was used for rinsing,
preparing blank and diluent etc.

X BHDJHQW :DWHU 7\SH , ZDWHUVZR AW DUHWHE \MLRRWLROLP B+
system

4-40 Assessment of Water Quality and Sediment to understdreSpecial Properties of River Ganga



Water and Sediment Qualitl Sf -t

X Multi element standard stock solution: NIST traceable &ifiddt@® element stock solution of
concentration 10ug/g was procured from Merck, Germahysad for preparing calibration
standards of desired concentrations.

x Field reagent blank: Deionised water was taken in oreesaintiple bottles and treated in field
in exactly similar manner as samples and was returnedchtbdahlgsed. This sample indicates
the contribution of possible contamination which may arige thaedling and transportation
of sample from field to lab.

4.2.3 Instrument analysis

For the analysis of samples, ICP-MS, NexION 300X (PerkmiBbmeShelton, CT) was used.
The standard operating conditions of the instruments are recordderinrtiReference source not
ound..

Table 4-5: ICP-MS instrument operating conditions

Component /Parameter Type / Value/Mode
Nebuliser MEINHARD Concentric Nebulizer
Spray chamber Glass cyclonic
Triple cone interface materig Nickel/aluminium
Plasma gas flow 17.0L/min
Auxiliary gas flow 1.2L/min
Nebuliser gas flow 1.18L/min
RF Power 1600W
Replicate per sample 3
Mode of Operation Standard and collision

A protocol based on US EPA method 200.8 was used and expticnensure the operating
performance of the instrument. A summary of steps followed as peat 2@€8ois given below:

Ignite the plasma, allow 30 minutes to warm up
x Perform daily performance chedk fails perform other checks like torch adjustmentyliseb
gas flow, autolense etc. and check for the performance to pass

Calibrate using blank and standards

Monitor all masses necessary for interference correction
Run instrument performance evaluation tests

Run unknown sample (e.g. local tap water)

Review results of quality control samples for pass/fail criteria

X X X X X

4.2.4 Calibration and standardization

The operating conditions provided by the instrument mamefastere followedPre
calibration routine was completed prior to analysis of sawples.up of the instrument was done
for at least 30 mins. The performance was checkedhgsiging solution according to which the
intensity for the analytes Be, Mg, In, U should notssetii@n 2000, 15000, 40000, 30000 CPS
respectively and the background should not exceed Heyolll analysis was done unless these
conditions are met.

4.2.5 Calibration standards

The multi-element calibration standards were prepared andomugbe evaluation. The
calibration blank is the acidified reagent water whose imasxsame as matrix of standard and
samples. It was treated as zero standards and wascadibdate the ICP-MS instrument. Calibration
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standards were prepared using commercially available Né&bleraertified stock standards and
prepared by dilution of the standard stock solution tcethered concentration. These calibration
standards are used to calibrate the instrument resptimsespect to analytes concentration. The
samples were analysed immediately after calibration.

Table 4-6: Calibration standards

Analytes Standard 1| Standard 2| Standard 3| Standard 4
(PpRb) (ppb) (Ppb) (Ppb)
As, Ag, Al, Cd, Cr, Co, Cu, Fe, Mn, Pb, Se, Z 1 5 10 50

* Sample calibration curves for different elements areedtiadnnexure I

The details of various elements analysed and instrumetibmdimits (IDL), method
detection limits (MDL) and method quantification limits (MQL) Her dptimized method are
presented i&rror! Reference source not found.

Table 4-7: Elements measured simultaneously using NexKkD300X ICP-MS

Analyte Symbol | Mass (amu) | IDL MDL | MQL Mode
o/l Mg/l po/l

Arsenic As 75 0.007 | 0.12 0.35 Collision
Silver Ag 107 0.002 | 0.09 0.27 Standard
Aluminium Al 27 0.017 | 0.99 3.00 Standard
Cadmium Cd 111 0.002 | 0.07 0.20 Standard
Cobalt Co 59 0.002 | 0.17 0.51 Standard
Chromium Cr 52 0.071 | 0.21 0.64 Standard
Copper Cu 63 0.029 | 0.37 1.13 Standard
Iron Fe 57 0.311 | 1.63 4.94 Collision
Manganese | Mn 55 0.031 | 0.25 0.75 Standard
Nickel Ni 60 0.686 | 0.30 0.91 Standard
Lead Pb 206,207,208 | 0.006 | 0.20 0.59 Collision
Selenium Se 78,81 0.352 | 0.27 0.82 Collision
Zinc zn 66 0.067 | 1.59 5.92 Collision

Method detection limit wass determined by usin@FR Part 136, Appendix B. Seven
laboratory reagent water samples were prepared arssgudteough the analytical procedure. The
variance and standard deviation of the seven aliquot were @alculate
5 ABg882 AdgN O,

4?5 a

S?L

Standard Deviation5 L : 5~

Where,
X, 2 Analytical results obtained from n sample aliquots
X, 2Mean of the n sample aliquots
n- Number of aliquot analyzed
The MDL is computed as
/&. L PHS5
Where,
MDL 2 Method detection limit
t- Students t value for 99% confidence level which is 3.14
S- Standard deviation of replicates analysed
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4.2.6 Quality assurance and quality control

The quality control and assurance check was perfornsetlelsying the samples in triplicate
and sending it to three different laboratories for an&8lgsides CSIR-NEERI, two other laboratories
having state of the art facility for metal analysisseleeed and samples were collected, preservel
and immediately transported to respective laboratorieoRaialysis the samples were filtered by
using 0.45 micron filters and preserved by using tracgnag¢ahitric acid. Each sample is divided in
three bottles and sent to each participating laboratognélysis. Out of three, two laboratories
analysed the water samples using inductively coupled plasseotasmeter (ICP-MS) and other by
using inductively coupled plasma optical emission speatr@@Bt©OES). The ICP-MS provides
added advantage of lower detection threshold compared ©GPH@ES. Total 9 elements were
analysed by these laboratories which include Arsenic, Alur@ihromjum, Cadmium, Iron, Lead,
Nickel, Selenium and Uranium.

Table 4-8: Details of participating laboratories

Representation | Name of the Laboratory Instrument | Make

LAB 2A CSIR-National Environmental Engineering | ICP-MS Perkin
Research Institute, Nagpur, Maharshtra Elmer

LAB-B Regional Advance Water Testing Laboratory ICP-MS Agilent

Department of Water Supply and Sanitation,
Government of Punjab, S.A.S. Nagar (Moha
Punjab

LAB-C CSIR-National Environmental Engineering | ICP-OES Thermo
Research Institute, Nagpur, Maharshtra

The results obtained from different laboratories are cairgranteZ-score is calculated. The
Method used to calculate the results of the laboratories is as follows.

x Calculation of mean (X)

x Calculation of Standard deviation to all the laboratories
X ldentification and elimination of outliers

X Calculation of Z-score value

Calculation of the deviation of the results from threevalue by comparing it with reference
standard deviation is known as Z-score. The formula to calculate i8-go@n as

< L—
5

Where,

T- Mean value of the results of the participant laboratory

X- Value assumed to be true

S 2 Standard deviation of the mean of the result

For the gratifying results the Z-Score should be less than 2.

z-score calculations

Since the other participating laboratories provided resudtsly iron and aluminium above
the method detection limits, Z-score calculations for the iron and aluroirtiurae laboratories were
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performed and are presentedEimor! Reference source not found.for the samples encoded with
DU, MAN and LAK. The z-score was below * 2 which is the accepiadipe r

(a) (b)

Fig. 4-24 Z-score for iron (a) and aluminium (b) for the samples BU, MAN and LAK

4.2.7 Results and Findings

There are several reports available on heavy metalsriiG&ga, however detailed studies
using highly sensitive instrumentation namely ICP-MS hamjnigwedetection limits in parts per
trillion (ppt) range covering the entire stretch of stagting from Gomukh to Gangasagar has been
undertaken for the first time. Moreover, large numhercef metals and metaloids have been analysed
for the first time in the present study.

Data on metals in water samples collected from variousn@itiBiver Ganga stretching
from Gomukh to Gangasagar are discussed in detail in folletingss All the results are expressed in
-J / PLFURJUDP SHUut/thamépbrrt. ResUltsRveEKsRatistically analysed agdeaver
minimum, maximum, standard deivation and range are also rep@&tpdrcéhtage distribution of
various metals detected at various locations in pre-monggoesamonsson season are presented in
Error! Reference source not foundandError! Reference source not foundrespectively. Out of
locations, the maximum occurance was observed for AletbllpwFe and Mn. Considereing the
MDL specified irError! Reference source not found Al was detectd in 17.4 and 15.6 % sites in pre-
onsoon and post monsson season respectively. Fe ecssddet 15.9% and 14.5% locations in pre-
monsoon and post monsoon season respectively. Amongdilogslements, Pb was also observed
in more than 6 % locations both in pre and post monsasonséther metals namely Ag, As, Cr, Cu,
Zn etc were detected in 4.5-2% of the locations. Thedfrdigher occurrence of these toxic metals
during pre and post monsoon period is AI>Fe>Mn>As>Cu>Cr>Pb>Zn>Cb>Ag.
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Pre-Monsoon

Post-Monsoon

Fig. 4-25 Distribution of various metals for all locations where thewere detected during pre- and post-monsoor

In order to assess the pollution load, the levels of vamietass present at all sampling
locations throughout the river streams were compare®nviking Water Quality Specifications of
the Bureau of Indian Standards (BIS, Drinking water spiecifi@®12). The number of sites where
the dissolved concentraation of various metals exceededejp@tde limits are depictedeimor!
eference source not found.In most of the locations all the metals were preseatas twell below
the acceptable limits for drinking water. Al showed exceedenaximum locations i.e. 30 and 17 in
pre and post monsoon respectively after which As waktibgurpass the acceptable limits at 3 and 4
locations. During pre monsoon season Pb (05) and Cdn@4r), post monsoon season Cr (1) were
found above the acceptable limits. Rest of the metalthatlatlations remained below the acceptable
limits in both pre and post monsoon seasons.
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Fig. 4-26 Number of sites with metals above acceptable limits as pBtS 10500 (2012)

As mentioned in Chapter 2, River Ganga is divided in tlated stamely Stretch | (Gomukh
to Haridwar), Stretch Il (Bijnor to Farakka) and Strét¢Rdrakka to Kolkata). Besides, in Stretch |
other major stream namely Alaknanda also meets with RigaaifGanga at Tehri. Considering
the interpretation of results of metals w.r.t. flow efstineam, geogrophical features, occurance of
natural/anthropogenic sources etc. the locations have beahidiadellowing stretches:

x Stretch IA: Gomukh to Haridwar (Stream Bhagirathi)
x Stretch IB: Mana to Tehri (Stream Alaknanda)

x Stretch II: Bijnor to Rajmahal (Stream Ganga)

x Stretch Ill: Farraka to Kolkata (Stream Ganga)

Description of prevalance and levels of various metals in the abcivessaret detailed below:

4.2.7.1 Stretch IA and IB

The detailed results of various metals in Stretch | in @grgpomh monsoon season are
presented in Annexure-lll. It was observed that ircBthati.e from Gomukh to Haridwar relatively
lesser number of sites showed presence of the dissolMedmetempared to stretch Il and Ill. The
average concentrations of various metals during pre stnchgssson season for Stretch IA are
presented in figure below which showed that in Stretch XAnuoma average concnetration was
observed for Al followed by Fe. Interstingly the maximum dissolved atmamefrAl (306 ug/l) and
Fe (127 pg/l) were observed at Gomukh in pre monsoamsghgh can be attributed to very high
load of sedimnets observed during the sampling. Other elearaptg Ag, Be, As, Cd, Co, Cr, Cu
Pb, Zn showed presence in very low average concerations rddgugg at various locations. Traces
of silver was detected at three locations in Stretch Irigimilalaknanda stream maximum average
concnetrations were observed for Al followed by Fe and#lalso showed measurable average
concnetrations ranging between 2-4 pg/l at various locations @nélialstream.
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Fig. 4-27. Average concentration of various metals in pre- and postason in Stretch | (Bhagirathi / Ganga
Stream)

Fig. 4-28 Average concentration of various metals in pre- and postemsoon in Stretch IB (Alaknanda Stream)
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4.2.7.2 Stretch Il

The Stretch Il is marked with extensive anthorpogemdiestand is established as most
polluted stretch of River Ganga. Most of the previous studies tsmimBiger Ganga have focused in
this stretch, particularly to identify the pollution load addrstanding the sources, distribution and
prevalance of these metals. Detailed results of vari@ls imedtretch 1l in pre and post monsoon
season are presented in Annexure IV. In stretcd ffom Bijnor to Rajmahal relatively higher
concentrations of various elements were observedvérage concentrations of various elements
during pre and post monssson season in Stretch |l seatprein . It can be observed that during pre
monsoon maximum concnetration was observed for Al at Sau@s&ream which is signficantly
higher (1060 pg/l) than the acceptable limits (30 pg/l)emed more than four times of the
permisssible limits of drinking water as per BIS 10500E@t?.at the downstream location of
Varanasi, Al concentration of 808 pg/l was observedls&eshowed significant prevalance in the
range of 7 to 121 ug/l with averange of 47.7 ug/l imanesoon. The maximum concnetration of Fe
was observed at Kanpur downstream during pre-monsson.s8¢her metals namely Ag, Be, As,
Cd, Co, Cr, Cu Pb showed presence in relatively vargricgrations ranging between 3 and 20 pg/I
at various locations. Overall it was observed that vametass are present in relatively higher
concnetrations in Stretch 1l as compared to Stretch Ihwi@o be attributed to extensive
anthropogenic activities in this stretch.

Fig. 4-29 Average concentration of various metals in pre- and postemsoon in stretch Il (Ganga Stream)
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4.2.7.3 Stretch Il

The Stretch Il includes only two locations namely Kolkdt&arakka which are huge urban
setups and it is also established that sewage and indastiesbter is being discharged throughout
this stretch of River Ganga. Detailed results of various me&retch Il in pre and post monsoon
season are presented in Annexure V. The results ititatdltes is the most polluted stretch wherein
compartively high concnetrations of many metals wergazhséiaximum average concetrations of
more than 400 g/l of dissolved Al at downstream of Kkarkakh in pre and post monsoon season
were observed. Average concentrations of Fe, Cr,uamer€ also higher in this stretch ranging
between 20 and 60 pg/l. Other elements namely AgsBEdJACo, Cr, Cu Pb showed presence in
relatively very low concerations ranging between 30apgd/I2at various locations. Detectable
concnetrations of dissolved Ag, Cd, Pb and Zn were alsovambsndicating high level of
contamination of the river at these locations.

Fig. 4-30 Average concentration of various metals in pre- and postemsoon in Stretch Il (Ganga Stream)
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4.2.7.4 Metals

The discussion of the results
obtained for various metals in the water
samples collected from different locations
throughout the river Ganga from
Gomukh to Farraka are given in
subsequent sections.

4.2.7.4.1 Silver

Silver is considered as toxic
element for human health, but it also
possess strong antibacterial properties
owing to which it has been extensively
used for disinfection applications. It has
been monitored for the first time in entire
stretch of River Ganga using ICPMS

which can determine these elements at BIS Drinking Water
trace levels. BIS (10500, 2012) has Quality Standard - -
UHFRPPHQGHG -J O DV NDEEHSWNDFOH

. . . Lo Fig. 4-31 Stretch wiseseasonal variation of Silver
concentration of silver in drinking wat

with no relaxation. The distribution of Ag at various locations atoegtite stretch of River Ganga is
presented irError! Reference source not found.Ag was detected at very few locations ranging
HWZHHQ WR -J O LQ ERWK MRMFWIBBMOUWL R [LPXRJIVQO XE
Rajmahal during post-monsoon season. All the sampling ldeatiersg concentration well within

the acceptable limit of Bureau of Indian Standards (BIS,nDriwvkiter specification, 2012). The
distribution of Ag in Alaknanda stream was below the methextiaetlimits at all the locations

except at one location. Ag was detected at upstream of Dedlprangagost-monsson sampling.
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4.2.7.4.2 Arsenic

Arsenic (As) is a ubiquitous
metalloid widely distributed in the
environment, particularly in geologic
formations. It is mobilised in the
environment through a combination of
natural processes such as weathering
reactions, biological activity and volcanic
emissions as well as through a range of
anthropogenic activities. Most
environmental arsenic problems are the
result of mobilisation under natural
conditions, but anthropogenic sources
have lead to significant contributions
through mining activity, combustion of
fossil fuels, the use of arsenical pesticides,
herbicides and crop desiccants and the
use of arsenic as an additive to livest Fig. 4-32 Stretch wise seasonal variation of Arsenic
feed, particularly for poultry. Althoug:
the use of arsenical products such as pesticides aodé®Has decreased significantly in the last few
decades, their use for wood preservation is still commadmpéw on the environment of the use of
arsenical compounds, at least locally, will remain for some years.

%,6 KDV UHFRPPHQGHG -J O DV DFFH@GMW-DEQHSBRQR L
distribution of As at various locations of River Ganga dunénghonsson and post monsoon season
are presented Hrror! Reference source not found.The arsenic concentration varies from BDL to

-J O DQG %'/ WR -J O LQ SUH FRQOWRRQUMY S HIFRNWIMY HP
the acceptable limit was observed in Stretch Il and Ill. dopren monsoon As exceeded the BIS
acceptable limit at Kannuj and Kanpur upstream and downs$bestiions whereas during post
monsson As concentrations above the acceptable limitohsseed at Rajmahal, Farakka and
.RONDWD OD[LPXP DUVHQLF FRQVHQWHG®WMRQRZQVWUHDP:
post monsoon season. Interstingly several locationkofrda stream showed presence of As in the
UDQJH RI WR =J / G dnidLpQsi ndhsbonPsBaRviRR RIQvever, none of the
locations showed concentrations above the acceptable limit.

BIS Drinking Water
Quality Standard - -
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4.2.7.4.3 Aluminium

Aluminium is also very abundent
element found extensively in earth crust.
In waters Al may leach through natural
resources due to weathering of
rocks/minerals, however the major
sources of Al are due to anthropogenic
activities. Aluminium is also considered
as toxic element for human consumption
as it has been reported to cause
$O]KLHPU: -V nG LotherDhedltkk D
hazards. BIS has stipulated stringent
OLPLWV RI -J/ DV DFFHSWDEOH DQG
-J/ DV SHUPLVVLEOH LQ GULQNLQJ ZDWHU LQ
absence of alternate source. The
distribution of Al at various locations of
River Ganga during pre monsson and
post monsson season are presented in
Error! Reference source not found Al Fig. 4-33 Stretch wise seasonal variation of Aluminium
xceeded the acceptable limit at 32 anu ..
locations during pre monsoon and post monsoon seasartivepeMost of the locations of Stretch
,, DQG ,,, VKRZHG HOHYDWHG FRQROWQBWURQN.RQ RO ZLW-K P D
of Varansai during pre monsoon season. Comparitivelphdggtetations of Al were also observed at
Gomukh and Gangotri which may be due to high amount of sexliitognhg through the stream.
Sampling locations of Alaknanda stream also showed elevited Evenging between 3 and 459
-J / GXULQJ SUH DQG SRVW PRQVRRQ VHDVRQ

BIS Drinking Water
Quality Standard - -
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4.2.7.4.4 Cadmium

Cadmium is a rare element
distributed in the earth's crust in very
small amount. Cd may be present in the
aguatic environment at relatively low
levels as inorganic complexes such as
carbonates, hydroxides, chlorides or
sulphates, or as organic complexes with
humic acids. Even in polluted rivers the
Cd levels in aqueous phase may be
significantly low and even sometimes
below detection limit. A maximum
acceptable concentration for cadmium
in drinking water has been established
on the basis of health considerations.
BIS proposed very stringent maximum
DFFHSWDEOH OLPLW RI &G DV -J O DQG (
relaxation maximum permissible limit in
absence of alternate source. Sur’ "~ Fig. 4-34 Stretch wise seasonal variation of Cadmium
water containing in excess of a f_..
micrograms of cadmium per litre have probably been con&mimatindustrial wastes from
metallurgical plants, plating works, plants manufacturing ragngments, textile operations,
cadmium-stabilized plastics, or nigleddmium batteries, or by effluents from sewage tréatmen
plants. The distribution of Cd at various locations of Kdgaga during pre monsson and post
monsson season are presentderiior! Reference source not found.Cd was detected at very few
RFDWLRQV WKURXJKRXW WKHNYWHAGWFKWR ULYHU & IGAK LD
SRVW PRQVVRQ VHDVRQ ZLWK KkKUWUIJ&QHREN H RQHE WU VB DRI I
locations showed Cd concnetrations well below the atediptétls. In Alaknanda stream only four
locations in pre monsson and two locations in post monsoon seaged gresence of Cd.

BIS Drinking Water
Quality Standard - -
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4.2.7.4.5 Chromium

Chromium plays dual role in
environmetn as it can be either beneficial
or toxic to animals and humans
depending on its oxidation state and
concentrations. It can exist in valences
from -2 to 6 but is present in the
environment mainly in the trivalent or
hexavalent state. Cr(lll) is considered to
be a trace element essential for the proper
functioning of living  organisms
Nutritionally, at lower concentrations,
Cr(lll) is an essential component of a
balanced human and animal diet for
preventing adverse effects in the
metabolism of glucose and lipids, e.g.,
impaired glucose tolerance, increased
fasting insulin, increased cholesterol and
triglycerides, and hypoglycen Fig. 4-35 Stretch wise seasonal variation of Chromium
symptoms. Cr(lll)  at  increaseu
concentrations can interfere with several metabolicsgeec®ecause of its high capability to
coordinate various organic compounds resulting in inhibiteome metalloenzyme systems. On a
worldwide basis, the major chromium source in aquatic enesigstanneries, domestic wastewater
metal manufacturing, chemical manufacturing, smelting a@mdgreff nonferrous metals and
atmospheric fallout. BIS 10500- KDYH UHFRPPHQGHG DQ DFFHSWIDEOH OLP
in drinking water. The distribution of Cr at various lowatd River ganga during pre monsson and
post monsson season are presentégror! Reference source not found.Cr was detected 32 and

ORFDWLRQ GXULQJ SUH DQG SRVYVWWHKRQODRRIK EHIUYRRBYQUHV S\H
during pre and post monsson season with highest coooetfaP18 observed at Farakka. Other
locations of Stretch Il and Il showed presence of @essurable concnetrations, however below the
prescribed limits set by BIS for drinking water. Traceatdretations of Cr was also observed at
Gomukh and Gangotri during pre monsoon season. In Alakstaaaia very few locations showed
presnece of chromium.

BIS Drinking Water
Quality Standard - -

4-54 Assessment of Water Quality and Sediment to understdreSpecial Properties of River Ganga



Water and Sediment Qualitl Sf -t

4.2.7.4.6 Copper

Copper is another common
element that occurs naturally in the
environment and mobilise in the
environment through natural phenomena.
Copper is being used extensively for
various anthropogenic activities. It is an
essential element in human and animal
metabolism, and it is well-known that
deficiency results in a variety of clinical
disorders, including nutritional anaemia in
infants.  BIS  10500: 2012 has
recommended a acceptable limit of
-J O RI FRSSHU LQthtULQNLQJ ZDWH
acceptable limit can be extended to 1500
-J O RI FRSSHU LQ FDVH QR DOWHUQDW"* "'
. . BIS Drinking Water
source of water with desirable Quality Standard - - -
concentration is available. The intake of
large doses of copper results in advi Fig. 4-36 Stretch wise seasonal variation of Copper
health effects. Copper and its compounas
are widely distributed in nature, and copper is found ritggue surface water and in some
groundwater. Conversly copper is also known to paes#sacterial properties and it has been
categorically mentioned that consumption of water kepippercutensils reuslts in disinfection.
Distribution of Copper in all the locations of River Gangagipre monsoon and post monsson
season is presenteddmor! Reference source not found.The average concetrations of Copper in
KH 5LYHU *DQJD LQ SUH PRQVRRQ DI SRVW JPR IDVWQYR QP
FRQFHQWUDWLRQ RI -J O ZDW QEXH UNHGE QW SGRZ B R Q/\UR
of the sites exceeded the BIS acceptable limit for drinkerg Rraer Alaknanda showed presence of
Copper in several locations mainly during post monsoon season.

4-55



4.2.7.4.7 Lead

Lead is the one of the most toxic
metal which mainly originates from
industrial activities. The acceptable limit
as per BIS 10500: 2012 for lead in
GULQNLQJ ZDWHU LV VWULQJHQW -J / ZLWK
no relaxation. Above the acceptable limit
lead is considered as poisonous mostly
affecting the foetuses, infants and
children up to six years of age and
pregnant women. Lead severly affects the
central nervous system resulting in
dullness, restlessness, irritability, poor
attention span, headaches, muscle tremor,
hallucinations and loss of memory. Signs

of chronic lead toxicity, including BIS Drinking Water

tiredness, . §Ieeplgssness, |r.r|tab|I‘|ty, Quality Standard - -
headaches, joint pain and gastrointestinal
symptoms, may appear in adults. A Fig. 4-37: Stretch wise seasonal variation of Lead

one or two years of exposure, muscie
weakness, gastrointestinal symptoms, lower scoresclonpayic tests, disturbances in mood and
symptoms of peripheral neuropathy were observed in occupyatiymadied populations.
The spatio-temporal distribution of lead along the enétehsof River Ganga from Gomukh

to Kolkata is presented Ewror! Reference source not foundLead is observed mainly in Stretch Il
nd Stretch Il further confirming its anthropogenic ariggad was observed in the range of 0.6 - 84

-J O ZLWK PD[LPXP FRQFHQWUDWLR@VWIUHDP-RIO. REVXW Y Hl\V
locations namley Kannuj, Kanpur and Patna; lead wasttoencede the BIS acceptable limit. In
River Alaknanda, lead was detected above MDL only at athenleach in pre monsoon and post
monsoon.
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4.2.7.4.8 Zinc

Zinc is an essential micronutrient
required for flora and fauna. Zinc-
containing proteins and enzymes are
involved in every aspect of metabolism,
including the replication and translation
of genetic material. BIS has
UHFRPPHQGHG -J/ DFFHSWDEOH
concentration of zinc in drinking water,
which can be extended to 15 mg/l in
case no alternative source of water is
available. Prevalence of zinc at all the
locations of Ganga is depictedEmor!
eference source not found.Zinc was
observed intherange of 6 - -J / LQ
pre and post monsoon season. Similar to
other toxic metals Zinc was also
observed in Stretch 1l and Ill. The
average concentration of Zincinpre ¢ Fig. 4-38 Stretch wise seasonal variation of Zinc
post monsoon season was 55 and oo
-J/ UHVSHFWLYHO\ 7KH PD[LPXP RRRENGWYUB® IDRAQ XIVW L
Very few locations in River Alaknanda showed presenite @isZshown i&rror! Reference source
ot found..

BIS Drinking Water
Quality Standard - -
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4.2.7.4.9 Iron

Iron is another essential and highly
abundent element. According to BIS the
acceptable limit of Iron is 1 mg/l. Most of
the iron found to be associated with
suspended solid particles, and as
precipitates resulting in relatively less
dissolved concentrations. Occurrences of
dissolved iron at various locations of
entire stretch of River Gnaga during pre
monsoon and post monsoon season are
presented irError! Reference source
ot found.. Iron remained below
acceptable limits at all the locations with
average concnetrations of 38.3 and 22.9
-J/ GXULQJ SUH DB&®GE SRVW PRQ
season respectively. Dissolved iron with
FRQFHWUDWLRQ RI DQG -J/ ZzDV DOVF
observed during pre monsoon seasor Fig. 4-39 Stretch wise seasonal variation of Iron
orgin i.e. Gomukh and Gangotri whicn
are apparently the maximum concnetrations of dissolvedbserved in entire stretch. In River
Alaknanda, iron was observed at most of the locatigpet exone or two locations , however at all
the locations concnetrations were well below the acceptable limits.

BIS Drinking Water
Quiality Standard - -
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4.2.7.4.1MManganese and Cobalt

Manganese was found to be in the range of
10 to 60ug/l during both pre-monsoon and post-
monsoon seasons, in all the Stretches of River
Ganga. The measurements at Gomukh and
Gangotri were identified as outliers during the pre-
monsoon season. Downstream location of
Bhagalpur showed Manganese concentration close
to acceptable standard as per Drinking Water
Standards.

The pre-monsoon concentration of Cobalt
in Stretch | showed an anomaly, as aboug/i4
Cobalt concentrations ranged from 1 tag2 in
the other Stretches during both pre-monsoon and
post-monsoon seasons. The absence of an outlier
in the pre-monsoon season indicates that an
increased concentration of Cobalt was found in
many locations.

BIS Drinking Water
Quiality Standard - -

BIS Drinking Water
Quiality Standard - -

Fig. 440 Stretch wise seasonal variation of Manganes

and cobalt

4-59



1176 15782
)
309.27
3 O
375°
1248
7.63
19.2117.73
[ ] [ )
o 01078
3.03. . 27.22
11.37
aig  © 2212
23.56
o
2668
12.14
1409 °
o 2678
21.36

16.66
[ )
1548 381 3184
[ ]

[ ]
17.7116.3 °
10.53 22.98
. 10.13

11.81% e 1556

Aluminium

Unit: pug/L

Drinking Water Quality
Standard IS 10500:2012

30 pg/L

4-60

Assessment of Water Quality and Sediment to understtr@Special Properties of River Ganga

Fig. 441 Aluminium along River Ganga
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Arsenic

Unit: pg/L

Drinking Water Quality
Standard IS 10500:2012
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Fig. 443 Chromium along River Ganga
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4.2.7.5 River Yamuna and Narmada

As part of the water quality monitoring, samples faralgsis of metals were collected from
Rivers Narmada and Yamuna. The results from the analysissarged in th&rror! Reference
ource not found.andError! Reference source not found.

Table 4-9: Concentration of metals in River Yamuna and Narrda

2
5 | E E ] ¢
Location - = S E E’_ T = S T
21 8| E | 5 ||| 2 |§8|23|8| 5 |¢
wn < < @) (@) (@) (@] = zZ | = N
Yamuna
Yamunotri BDL | 3.0 33.3 BDL BDL | BDL | BDL 2.0 2.3 | BDL | 36.9 BDL

Jankichatti BDL |86 | 7.9 BDL BDL | BDL | BDL 4.9 2.2 | BDL | 27.7 BDL

Kishala (near
Barkot)
Naogaon
downstream
Dakpatthar
upstream
Dakpatthar
downstream

BDL | 4.7 | 10.1 | BDL BDL | BDL | BDL BDL |15 | BDL | 46.8 BDL

ND |42 |7.0 BDL ND |01 |ND ND 0.2 | ND | 231.0 ND

BDL | 3.6 | 129 | BDL BDL | BDL | BDL 59 25 | BDL | 41.6 27.3

BDL | 3.9 | 135 | BDL 1.6 BDL | BDL 9.7 3.0 | BDL | 1400.0 | 69.8

Narmada
Mandla D/S BDL | 1.1 | 1070.0, BDL 11.3 | 1.8 | 3.9 238.0 | 12.0| 16.2 | 1800.0 | 56.7
Amarkantak BDL | 0.5 | 12.2 BDL BDL | 1.4 | BDL 94.9 13 | 0.6 | 139.0 BDL
Bargi dam ND (03 |82 ND ND 0.2 ND 15.5 0.2 | ND | 256.0 ND
Bhedaghat ND |06 |14.1 BDL BDL | BDL | BDL 23.9 1.4 | BDL | 45.8 BDL

E;’SShangabad ND |09 |143 |BDL |BDL |BDL|BDL |104 |13 |BDL|582 |BDL
g;’ss’hangabad ND |12 |348 |[BDL |20 |BDL|BDL |183 |16 |BDL |4670.0 | 265

BharuchD/S | ND | 19.3|9.3 BDL 129.0/ 0.3 | 0.1 2.2 25 |ND | 5150 | 304

Bharuch U/S | ND | 10.2 | 4900.0, BDL 246.0/ 116 | 5.9 584.0 | 16.7| 2.8 | 26.7 BDL
Sardar Sarova

ND |12 |79 BDL 2.3 BDL | BDL 21 1.6 | BDL | 407.0 | 50.1

Dam

Koteshwar | ND |13 |138.0 |BDL |48 |BDL|BDL |50.0 |35 [BDL|39.4 |BDL
CD)/'gkareShwar ND |14 133 |[BDL |BDL |[BDL |[BDL |326 |18 |BDL|382 |BDL
Sgkaresr‘war ND 1.3 (136 |BDL |BDL |BDL |BDL |121 |18 |BDL|357 |BDL
'[;‘ggasagar ND |15 |115 |[BDL |BDL |[BDL [BDL |53.9 |17 |BDL|51.6 |BDL
Bg:;asagar ND |15 | 258 |[BDL |BDL [BDL|BDL |121 |14 |BDL 1820 |BDL

BDL 2Below Detection Limit || ND 2 Not Detected

4.2.8 Salient Findings

A comprehensive study of 14 metals along the entiréd sirdRovers Ganga and Alaknanda
were undertaken for the first time using the most sensitiw@ique of ICP-MS. The results of the
study reveal that presence of the metals at many kdatioding high concentrations of dissolved
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fraction of several metals which surpasses the BISahxéptits. It was also observed that most of
metals showed presence mainly in the locations of Stretath lll confirming the anthropogenic
origin of these metals in river streams. Some of the naetadly iron, aluminium, copper and cobalt
were also observed at origin i.e. Gomukh and Gangotri avhiclue to presence of high load of
sediments and of geogenic origin. It was also obseavedadst of the elements showed elevated
concentrations during post monsoon season. Many metalsass chromium, copper, lead and
cadmium were also detected in the Stretch Il. Two locatioef/iéanpur and Rajmahal emerge as
the most contaminated locations as far as metals are concerned.
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4.3 Bacteriological water quality

&ROLIRUP EDFWHULD DUH RIWHQ UWMPWWU EHGEDDXWHLWG&HEF D \Q |
potential presence of disease-causing bacteria in \watgme3ence of coliform bacteria in water
source does not guarantee that water will cause an Rladss, their presence indicates that a
contamination pathway exists between a source ofisbéstgtic system, animal waste, irrigation,
surface water etc.) and the water systems (Nautiyal, 2009).

In the present study, water quality of Ganga Riwen (@omukh to Ganga Sagar) was
monitored by detecting and counting indicator bacteria swdiifasms (Fecal Coliforms, Total
Coliforms, E.coli). Quality control and assurance (QA/QCaiopleng methods, standard laboratory
procedures for detection and counting were followed dbengater quality assessment of River
Ganga.

The water of the River Ganga is frequently used flousgsurposes including drinking,
cooking, and bathing, due to ancient knowledge that @ateyadoes not putrefy, even after long
periods of storage ( (Nautiyal, 20@9od A, 2014)). Possibility to use Ganga water asauveelcf
antimicrobial compounds has been reported by resear¢henstiyal, 2009)Kripa Ram, 2014)
However, reports also indicated the presence of mwalifiorthe water of river Ganga (CPCB, Polluted
Streches in India, 2015), which is due to disposal of untreated sewsgeaveto

Faecal Coliform bacteria have been reported to betghgeaghout the River Ganga (CPCB,
Polluted Streches in India, 2015). According to the CenltutiloR Control Board (CPCB), water in
which faecal coliforms are found above the stipulatedisewetssidered unsafe for drinking. There
are reports where worrying signs of increasing trendbfofms have been recorded in Rudraprayag
and Devprayag, suggesting untreated disposal of sedvagduaad flow in these highly polluting
stretches (CPCB, Status Paper of River Ganga, 20d@iidg to Status Report of the Ministry of
Environment and Forests, 2009 before the launchingnglaGection Plan, coliforms are a cause of
concern in several hotspots of River Ganga.

River water monitoring over the past 12 years has dextezhshat faecal coliform counts
reach up to FOMPN (most probable number) per 100 ml in the most pollaredipthe river in
Varanasi. Various studies revealed that the water gualdyanasi was not safe for human use
(Hamner S, 2006). Reports showed that fecal colifor@xI@0.100mL), Total coliform
(25.4x16/100mL) Escherichia coli (6.9X¥1D0mL) were substantially high and much beyond the
guideline values of WHO (Mishra A, 2009). This could bt dlisposal of sewage and industria
effluents directly into River Ganga. The fluctuating treméitef quality has been attributed to the
flow conditions in the river which also depend on rainfall (Trivedi, 2010).

Water quality monitoring of River Ganga in terms of Colifeaascarried out during present
study in pre-monsoon and post-monsoon seasons.

4.3.1 Sampling and methodology of analysis

4.3.1.1 Bacterial indicator microorganisms
Total coliforms (TG )ecal coliforms (FCE.coli (EC)

4.3.1.2 Number of water samples collead

63-65 (at different locations from Gomukh to Ganga Sagar) watptes were collected in
pre-monsoon and post-monsoon seasons along the River Ganga.
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4.3.1.3 Sampling

Water samples were collected from about 30 cm dept®Oinml @re-sterilized bottles using
grab sampling approach. Collected samples were immediatelyi@ed@Gh and transported until
used in the laboratory. Laboratory experiments wefi@npeat within 24-48 hours of sample
collection by membrane filtration technique (MFT) aStpedard Methods for the Examination of W
and Wastew&®222 B and 9222D.

4.3.1.4 Selection of bacteriological analytical technique

Two techniques are commonly used to detect the presefwiéforms in water. The first of
WKHVH LV FDOOHG "0ORVW 3ddigue.El® tHis InetdHaasui@d Yolulve of a
water sample is placed in test-tubes containing a cultwenniEue tubes are then incubated for a
standard time at a standard temperature. This techniquineamsoximate numberof coliform
counts as per index.

In the second technique, a measured volume of sampleed theisugh a fine filter that
UHWDLQV EDFWHULD 7KH ILOWAWQ% WR&HXE S WHEH &7 RLQ/ AX
JLOWHU 7THFKQLTXH 0)7 p

For large number of sample analysis, APHA approved girabdviembrane Filter
Technique (MFT) is commonly used. Over the last 30 years MFT has hiheopreferred method
for microbiological examination of water for indicator organi$here are a number of official
published methods based on MF, notably a series of IS@syetihrch as ISO 9308-1 for Coliforms
andE. colr.

The membrane filter method givesiract count of total coliforms, faecal coliforms dhdoli
present in a given sample of water. A measured voluragepisifiltered under vacuum through a
cellulose acetate/ester based membrane of 0.22/0.45 psizeoBacteria gets retained on the surface
of the membrane, which is then placed on a suitable sefeetium using sterile forcep and
incubated at an appropriate temperature {@t+39.2C for TC and EC and at 44& + 0.2C for
FC counts). If coliforms and/or faecal coliforms areeptes the water sample, characteristic colonies
appear on media plate that can be counted directly.

4.3.1.5 Methodology

Collected water samples (100 ml) were filtered through meribea0.45 um pore size and
47mm diameter) using filtration assembly and membranes weremlspecific media plates using
forcep. After incubation of plates having membrane ftwo@es, isolated coliforms colonies were
counted on media plates and reported as CFU/100 ml. Threeweeeliused for coliform counts
(culture based method): M-FC agar; M-TEC agar; M-Endo agar
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4.3.1.6 Quality assurance and quality control (QA/QC)

QA/QC for Coliform counts using Membrane Filter Technique [M&iTthree river water
samples (Ganga, Yamuna and Narmada) conducted at thegerlaboriz; NEERI, Nagpur, NCL,
Pune, IIT, Roorkee.

Quality control (QC) includes any testing which is don@ye fhat the results are reliable.
Results should not differ by more than 10%. Quality Assuf@A) is a set of operating principles
that must be followed during sample collection and analysis.

Sampling Water samples were collected in pre-sterilized bot#egréooapacity) with little
head spacen triplicates from each
location (HDU, LAK, MAN). Samples
were stored immediately on ice at
sampling sites till dispatch to destination
(NEERI, Nagpur; NCL, Pune; |IIT
Roorkee). On reaching laboratory,
samples were analysed within 24-48
hours. The results have been presented
LQ WKH FROLIRUP VHFWLRQ RI WKH "$QQH[ WR
W KH 5 HABRavislfipns for samples:

x HDU-  Haridwar Upstream
(Ganga)

X LAK- Lakhwar (Yamuna)

X MAN - Mandla (Narmada)

4.3.2 Results

4.3.2.1 E.coli & Faecal
Coliforms

Coliforms are used as indicators
to define the microbiological water
quality. Faecal coliforms and E.coli
indicate presence of bacteria of feacal
origin. Moreover, their presence suggests
presence  of pathogens and
oppportunistic  pathogens associated
with wastewater and sludge.

Ganga River water samples
showed presence of faecal coliforms. In
upper stretch of Ganga River (at
Uttarakhand) especially at Rudraprayag,
Devprayag, Karnaprayag, Nandaprayag
and Vishnuprayag, faecal contaminations
were observed, which might be due to
discharge of untreated sewage directly to
River Ganga.

4.3.2.2 Total Coliforms Fig. 4-44 Stretch wise variation inE. Coli and Faecal Coliforms
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Total coliforms are group of
bacteria that indicate vulnerability of
waer to contamination due to
wastewater/industrial discharge,
agricultural runoff and other
anthropogenic factors.

In pre-monsoon season, it was
observed that the maximum total
coliform count was about 200
cfu/200ml in Stretch 1. In Stretch I,
upstream of Patna was an outlier with a
count of about 350 cfu/100ml. The total
coliform count during the post-
monsoon season significantly increased
in Stretch 1l, suggesting the possible
impact due to increased monsoon
runoft.

Total 63 water sampleprg-
monsoon and 65 water sample®gt-
monsoon) were analysed f&rcoliFaecal coliform and Total coliforarrpr! Reference source not
ound. Error! Reference source not foundandError! Reference source not foungl.

During the pre-monsoon season, it was observed thartain clocation in Stretch |
(Uttarakhand) such as at Tehri, Koteshwar Dam, Gharsadéridi counts for FC TC and EC
indicated that water is contaminated. As River Ganga sdvenseHimalayan region to Rishikesh
and Haridwar, faecal coliform levels were found to increasgeénfrom 0 to 150 CFU/100ml, which
is not permissible for human consumption purpose as per BIS20Q20

Results from the post-monsoon analysis indicated tlatdaléorms increased in Stretches |l
and Il But decreased in Stretch | , especially at Rudiggpeyprayag, Karnaprayag, Nandaprayag
and Vishnuprayag. At Tehri, Koteshwar Dam, Ghansali, dakfcains were detected betwees00-
CFU/100 ml. Increase in faecal and total coliform wereveldsgr50 CFU/100 ml) from Rishikesh
to Haridwar.

In Stretch 1l & Il of River Ganga, cities like Bijnor, Mardllahabad, Mirzapur, Kolkata,
Bhagalpur, Rajmahal, and Patna were heavily polluted ardaatsisom CPCB 2015 recorded the
same. The cause for high faecal pollution could be disposalatédrsesvage in River Ganga.

Varying levels of coliforms at different locations werevebse€Comparative analysis of EC,
TC and FC in pre-monsoon and post-monsoon water samplesha¥ged increased level of
contamination of bacteria during post monsoon season.

Yamuna and Narmada River water samples were also stdijectalysis for TC, FC and EC
counts, for comparison with River Ganga water samplesrr@aldunts in Rivers Yamuna and
Narmada were also high indicating pollution in these rivers too.

4.3.3 Salient findings

Fig. 445 Stretch wise variation inTotal Coliforms

Previous publications too revealed the presence opfalkdain in River Ganga and reported
exceedance over CPCB criteria. The presence of tdlet@anpin the River Ganga exceeding CPCB
criteria has been reported widely (Chauhan and DhimanS@0d62014, CPCB report 2015), The
monitoring results obtained at NEERI, Nagpur, reflectedbt@érial population of faecal origin
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continue to dominate the pollution levels in River Gangaag@sted earlier by CPCB 2015 and
GAP.

It has been observed that in Stretch Il and Strétdhdtal coliform counts exceed the limit
(as per CPCB criteria), but in Stretch | at Gangotria Mad all five Prayags, coliforms were
comparatively low. It was also observed that total colitmum$ was higher along Stretch Il and
Stretch IlI.

The major water quality concerns as revealed from thwnngnresults are high faecal
coliforms and E coli (EC) observed in Stretch 1l and Stretch IlI.

Ganga River in Stretch | is not as contaminated as irsdtehes with respect to coliform
counts. This could be due to insignificant discharge ehateitrsewage in Stretch | and high flow
providing dilution. Coliforms increased downstream of Narordy edutd be due to discharge of
untreated sewage from number of small, medium and large(@R@B, Polluted Streches in India,
2015) Faecal coliform counts were high in Stretch Ill cochparether stretches, may be due to
sewage directly entering into river from densely populated areas.
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4.4 Water quality criteria and standards

In order to understand the relevance of the water gtladitsesults have been compared with
the Surface Water Quality Criteria of CPCB as per dedidpest use of the surface water body
(CPCB - Control of Urban Pollution Series (CUPS), 19@8na@ian Standard Drinking Water
Specification (IS 10500:2012). The graph to follow indioatelassification based on Surface Water
Quality Criteria (Class A, Class B, Class C or nonvoorgdo Class A, B, and C) for each sampling
location for pre-monsoon (solid) and post-monsoon (shaded) seasons.

It was seen that water quality at most locations in Stretchrhueohto Class A criteria. Water
quality at certain locations, especially during pre-monsthos 8tretch, fell under Class B mostly
because of total coliform count exceeding 50 CFU/100Mater quality at most of the locations in
Stretches Il and 11l fell outside Class A, B and C mainlyod8®D concentration above 3 mg/L.
During post-monsoon, most locations had water qualityrcondoto Class B, where total coliform
count exceeded 50 CFU/100 mL.

Water of River Ganga is used for drinking purposes, metimes without treatment. Hence
it is relevant to compare the results of chemical paratoeteesindian StandardDrinking Water
Specification (BIS Second Revision IS 10500:2012). Alkalinitydetkeeadeeptable limit (200 mg/L)
at both U/S and D/S of Patna and Bhagalpur during post-monbabwas within the permissible
limit in the absence of alternate sources (600 mg/L). Sjrhdadgess was found to be beyond the
acceptable limit (200 mg/L) at Haridwar D/S (210 mg/L) during mpossoon, but within the
permissible limit (600 mg/L). At all other locations, the wya&dity did not conform to the standards
because of higher concentrations of metals. In mest(@dsand 14 locations during pre- and post-
monsoon respectively), aluminium was found to be higheéh¢hacceptable limit (0.03 mg/L). It was
found to exceed the permissible limit (0.2 mg/L) at Gomukh argb@d/'S during pre-monsoon.
Arsenic, chromium, manganese and lead were some of theaitiie which exceeded the limits of
drinking water quality standards. In order to underdiancelevance of the results obtained, it is
necessary to compare the results with existing wdtsr critaria. Water of River Ganga is widely
used for drinking, and in most cases without treatmerte kteis relevant to compare the results to
the Indian Standar@iDrinking Water Specification (BIS Second Revision IS 10200m2@&Hdition,
CPCB has provided Surface Water Quality Criteria (CPCBol 6blirban Pollution Series (CUPS),
1978)as per designated best use of the surface watearwbdyereby it is also relevant to compare
the results with this criterion. The number of locatibeseathe result from the analysis exceeded the
relevant criterion is given in the table to follow:

It was seen that turbidity at most locations along Rivga@ahnot conform with the water
quality criteria. Alkalinity was found to exceed the ddeelntait at certain locations in Stretch Il
during the post-monsoon season. Other chemical parawaterfound to be within the acceptable
limits. B.O.D in Stretch Il was more than the prescribesfi@nitas per the designated best use.
Aluminium was found to be beyond the acceptable limit at ncatigrle throughout River Ganga.
Certain locations in Stretch Il and Il had Arsenic corateEms higher than the acceptable limit
during pre-monsoon and post-monsoon seasons respectively.
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| Class of water & Criteria

Class ADrinking Water Source without conventional
treatment but after disinfection

fTC d50 MPN/100mL
fDO t 6mg/L

fpH: 6.5 -8.5
f5-day BODd2mg/L

Class BOutdoor bathing (Organised)

fTC d500 MPN/100mL ~ fpH: 6.5 - 8.5
fDO t 5mg/L f5-day BODd3mg/L

Class CDrinking water source after conventional
treatment and disinfection

fTC d5000 MPN/100mL ~ fpH: 6 - 9

fDO t 4mg/L f5-day BODd3mg/L
Legend
Premonsoon Post-monsoon
Class A ® | Class A
Class B ® | ClassB
@® |cClassC @ | ClassC
o Not conforming to () Not conforming to
ClassA,B&C ClassA,B&C

Fig. 4-48: Comparison of water quality with CPCB surface water

quality criterio
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4.5 Planktons

Planktons are significant biological parameters in a sirehare central in maintaining the
ecological health of the River, and also impact otheliologital characteristics to the stream as well.
However, there is a distinction in the type of planktasedbon the water quality of the habitat, as
some planktons thrive in nutrient rich and acidic waterspthers are unable to live in streams
polluted with organics and chemicals (APHA, AWWA & WEF Sdavdéanods 22nd Edition, 2012)
Due to this property, planktons are helpful, in derivingmafmn about the water quality of the
River. However, the findings have to be correlatedhegitphysico-chemical profile of the River to
arrive at conclusions about the water quality of the stream.

Zooplanktons and Phytoplanktons form a significant fnacdothe aquatic food web.
Phytoplanktons are microscopic aquatic plants. It neeldghsand contains chlorophyll like any
other surface plants. This necessity binds it mostly uppke strata of a water body where sunlight
can penetrate, especially in streams which are turbiidnfduguch as nitrates and phosphates are
essential for its existence. Zooplanktons are microdee@mtrophs. They largely feed on
phytoplanktons and are important in keeping the equililofiutine aquatic ecosystem. Diurnal
migration from deeper waters to the surface is chatactef zoolplanktons. Their movement and
distribution is largely decided by water currents. The Biésolygen in a river is influenced by the
densities of zooplanktons and phytoplanktons.

4.5.1 Sampling and methodology

Samples were collected for the analysis of phytopgrtidnzooplanktons as part of the
monitoring activity to assess the water quality of RivgaGanereby, samples were collected from
the same locations along the River Ganga as indicateceanlidresections (Chapter 3 Locations)
during pre-monsoon and post-monsoon seasons. Grab sasrpleniected at most locations and
transferred to a 100 mL PPE bottle for the analygiytbplanktons. As the study included the
guantitative enumeration phytoplanktons smaller themn, 2bnet was not used, as it would capture
larger algae and leave out the comparatively small@tgrtkgtms for subsequent collection in PPE
bottle (APHA, AWWA & WEF Standard Methods 22nd Edition, 201)JRO -V VROXWLRC
preserve the sample and 0.7 mL was added to each samapl8tasdard Methods. The study of
zooplanktons focused on the microscopic protozoagrsotiind micro-crustaceans. Samples were
collected in 100 mL PPE bottles after passing throughm2plankton net. The samples were
preserved using 5% Formalin solution (APHA, AWWA & WERI&thrMethods 22nd Edition,
2012) Standard methods of examination were followed for the iga#aotf of planktons as per
APHA Standard Methods "2ZEdition (APHA, AWWA & WEF Standard Methods 22nd Edition,
2012)

45.2 Results

The results for phytoplanktons and zooplanktons lesregresented in the following graphs
separately for pr®&RQVRRQ DQG SRVW PRQVRRQ VHDOHQNMQGK3ID 6
Pollution Index at each location have also been presetitedigures to follow to give insight about
the diversity and the type of planktons found in eacloloc@he density of phytoplanktons and
zooplanktons has been plotted on the secondary axy/atain on the percentage composition of
the genera of planktons in that location.

4.5.2.1 Phytoplanktons
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Fig. 4-49 Density and composition of phytoplanktons during post-mnsoon season with SWI and PPI
indices
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4.5.2.2 Zooplanktons

Fig. 4-50 Density and composition of zooplankstons during pre- angost-monsoon season with SW
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Table 441Q The Shannon2 :HLQHU ,QGH[ DQG 3DOPHU:-V 3ROOXWLRQ ,QGH|[

SWI Range Shanon Weiner Index PPI Range 3DOPHU:V 3ROOXW
Plankton Diversity Status
<1 Maximum <15 Low organic pollution
1<3 Medium 1519 Probable evidence of high organic
pollution
. Minimum . Evidence of high organic pollution

During thepre-monsoon seasonphytoplankton density observed was between 233/mL and
5658/mL. 5 groups comprising 26 genera were identified. fhiylcgae was most dominant followed
by Bacillariophyceae. The highest density 5658/mL and tmemegy 233/mL were observed at
upstream of Kanpur and at Ghansali respectively. Shateer Diversity Index (SWI) values varied
from 1.57 to 3.97 indicated moderate to good levels apfankton diversity. At downstream of
Narora, upstream of Kanpur, downstream of Allahabadeampst@nd downstream of Mirzapur,
downstream of Varanasi and at Allahabad Sangam, the &PWweaiin between the range of 16 and
18 indicated probable organic pollution (Also indicated by higgntration of phosphate and nitrate
at Kannauj, Kanpur, and Allahabad as seen in the resmultthé chemical analysis). However, at
downstream of Kanpur and in Yamuna at Allahabad, the Rt welte 21 and 20 respectively, which
are evidences of high organic pollution. In majority db¢hdons in Stretch Il and Stretch 1ll, the
PPI values ranged between 0 and 14 indicating compaledsedyganic pollution. At rest of the
locations phytoplanktons were not observed which may be dueftovhiyid turbidity.

Zooplankton density was between 4674md 18133/ 4 groups comprising 10 genera and
one Nauplius larval stage were identified. Copepoda wamghe&ominant group followed by
Rotifera. Protozoa were observed in less number at (GHdreshighest density 18133/amd lowest
density 467/mwere observed at upstream of Patna and upstream afiMirzspectively. Shannon-
Wiener Diversity Index (SWI) values varied from 0.784tan8Aibated moderate levels of zooplankton
diversity.

During thepost-monsoon seasormphytoplankton density observed was between 14/mL and
1616/mL. 5 groups comprising 18 genera were identified. iPlyloeae was most dominant followed
by Cyanophyceae. The order was Chlorophyceae > Byzea®p > Xanthophyceae >
Bacillarophyceae > Cryptophyceae. The highest derdgifynlléand lowest density 14/mL were
observed at Banaras Upstream and Chiniali Saur relgpettiaenon-Wiener Diversity Index (SWI)
values varied from 0.00 to 2.27 indicated low to medium lepiysopiankton diversity. At upstream
and downstream of Allahabad, upstream of Kannauj, anédthen& at Allahabad, the PPI values
were in between the range of 15 and 18 indicating proasdlef organic pollution. Several locations
in stretch |1 show PPI values which indicate comparatively less pothatoo.

Zooplankton density observed was between %6&hd 23249/ 4 groups comprising 12
genera and one Nauplius larval stage were identifiego@apvas the most dominant group followed
by Rotifera. Copepoda > Rotifera > Cladocera > Prot@heahighest density 232497 and lowest
density 67/ mwere observed at downstream of Mirzapur and at tHeerwe of Bhilangana and
Bhagirathi at Tehri dam respectively. Shannon- Wieneitivelsx (SWI) values varied from 0.1 to
1.85 indicated moderate levels of zooplankton diversity.

Presence of high organic (disposal of ritualistic materiaffening such as flower, milk etc.)
and inorganic (such as agricultural and industrial flow cwngaimosphorus, nitrogen and micro-
nutrients) pollutants and disposal of sewage suppontothi g@f planktons in River Ganga. The
presence of planktons in the River has direct impact olvelissxygen and other parameters of the
River. In general presence of phytoplanktons indicasenpe of phosphorus and nitrogen in the
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water. So in the present findings which ascertain alkwsgty of phytoplanktons in Stretch | of River
Ganga show that the water is clean. However, in ¢tehStrthe maintenance of DO, despite high
pollutant load, is due to the presence of phytoplanktamprobable that the contribution to DO by
phytoplanktons helps in maintaining DO levels by assimilegaigicomatter. However, plankton
density beyond a certain threshold level might lead tatenempact on water quality due to
eutrophication.

Presence of lower level of phytoplanktons particGlaldyophycean (green alga) improve the
DO of Ganga. However, Cyanophycean membemslicinsyssp. andOscillatorgp. deteriorate the
water quality due to secretion of cyanotoxin. Cyanadlatdgins can bioaccumulate in vertebrates
and invertebrates found in River Ganga such as fish sGlafigig@ns, mussels, and zooplankton and
finally may cause human toxicity. For instance, thefleyahotoxin i.e. microcystin has been found
above the WHO permissible limit (1 ppb) in the Ganga fn@ateKanpur Industrial area (Dixit et al.,
2017, Ecol. Ind. 72,420-427). Lack of sunlight mag dmeline of phytoplanktons that will have
negative impact on the ecological balance and the general water quality
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4.6 Pharmaceuticals and Hormones

Industrial effluents, sewage, anthropogenic activitielead to the discharge of variety of
pollutants in the river. These include pesticides, metalmapbaticals, steroids, hormones,
surfactants, personal care products, microorganisnuetf. tbese, scientific literature is available on
the occurrence of metals, pesticides, microorganism idlpaeter, in rivers, surface water and
wastewater sources of India and abroad. In the reeest Ynited States Geological Survey (USGS)
and United States Environmental Protection Agency (USEPA) haveedesgitous concerns on the
occurrence and fate of emerging contaminants in diffexmtssurces. Emerging contaminants are
not routinely analyzed in the water quality monitoring prodfrancludes any synthetic/naturally
occurring chemical or microorganism that has a potentiaketoreto the environment. Emerging
contaminants can cause adverse ecological or human healih atmery low concentrations. Due to
limited scientific evidences, regulatory limits for emergingnocantts are not yet well established.
Thus, it is important to investigate the occurrencleest tcontaminants in major water streams to
strengthen the scientific databases. Herein, we tbpoqualitative analysis of four emerging
contaminants i.e. two pharmaceuticals (Primidone and Dicl@edasm) and two hormones
(Testosterone and Progesterone) in River Ganga. In add#imona and Narmada River samples
were taken as controls for the comparative analysis.

4.6.1 Resaerch Gaps

Pharmaceuticals and hormones are emerging contaminaared. shadies have proven the
adverse effects of these contaminants on biological systgpnssent there are no well- defined
norms to regulate the concentrations of these coatasim different sources of water (River,
Streams etc.). USEPA, USGS and other environmentalsagemanel the world have given special
attention on the prioritization, occurrence and ecoltoxazty assessment (e.g. endocrine disruption)
of emerging contaminants.

Analytes (Primidone, Diclofenac Sodium, Testosterone andid?oog@sconsidered in this
study have been used as medicines from many decadéeirbuicdurrence in the surface
water/wastewater has been witnessed quite later up@uvdet of sensitive and sophisticated
laboratory techniques. Available literature reveals e¢hatirtient data sets do not provide enough
worldwide information on the occurrence and ecological toxicityese compounds[2]. Thus
additional studies on the occurrence of emerging contaramaiteir ecological toxicity are needed
to strengthen current data sets.

4.6.2 Significance

Epidemiological report entails increasing incidences of infertdibgrine disorders, immune
depression, endocrine cancers etc. in human subjectsdepesndocrine disruptive compounds
(EDCs). Studies on in vitro/in vivo models demonstrate theaiogitdocrine disrupting potential of
Primidone, Diclofenac Sodium, Testosterone and Progeswoaosilering the serious threat posed
by emerging contaminants/EDCs on human health, regulagogiesgaround the world have been
tasked to identify these compounds in different wateresoara to assess their effects using
appropriate risk-based approaches.

Anthropogenic activities discharge variety of pharmakcauntichormones in River Ganga.
River Ganga also receives major pollutants from dischangestfies and sewage along its course.
Industrial effluents, sewage and anthropogenic actiatibe anajor sources of pharmaceuticals and
hormones in the River water. These alarming facts démaatedailed investigation on the occurrence
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of pharmaceuticals and hormones in River Ganga. Till ddegaied investigation is carried out on
the occurrence of these compounds in the entire stretch of Riger Ga

Present Study aims to generate a baseline qualitativdhidhtzan be helpful in identifying
the sensitive locations with respect to the occurcéngearmaceuticals and hormones along the
course of Ganga River.

4.6.3 Sampling and methodology / Internal Quality Checks

4.6.3.1 Sample collection and sample processing

Water samples were collected from the entire stretches of Gange, afadridarmada Rivers.
Entire course of River Ganga was divided in four stréfgh®sC and D) for this specific component
of the study based on the urban settlements/anthrop@gtinides and industrial activities which are
mainly responsible for the discharge of pharmaceuticals and hanrttzs&sver.

Stretch A Samples were collected from Gomukh to Devprayag (Bhdgjvatl), Mana to
Devprayag (Alaknanda River) and Devprayag to Haridwgastrékch is characterized by mountains,
trees, steep slope, rapid flow of water, lesser urban settlechésgs sdustrial developments.

Stretch B Samples were collected from Bijnor to Kannauj. Most wftee is diverted from
Bhimgoda Barrage near Har ki Pauri at Haridwar in to Gpgia Canal. This reduces the flow in
Stretch B. This stretch is characterized by major setilsments at Bijnor, Kannauj and Narora and
lesser industrial developments.

Stretch C Samples were collected from Kanpur to Bhagalpur. ffresni®st relevant stretch
with respect to the occurrence of pharmaceutical®andrtes as it is characterized by massive urban
settlements, high anthropogenic activities and major indudiviies. Many industries such as Pulp
and Paper, Pharmaceuticals, Chemical, Leather, Textile etateaténldhis stretch.

Stretch D Samples were collected from Rajmahal to Kakdwip. Agalciaitums are located
from Rajmahal to Farakka stretch with no major industfies Farakka, River Ganga enters Kolkata.
Kolkata city has massive urban settlements and pharmaceuticall, @hdmiber industries.

Some of the samples were collected from the extreme gdogatons via pedestrian route.
Care was taken to avoid the loss of samples during trat@pg@both via road and arial routes) and
storage. USGS Method 5-B9 demonstrates the estimation of Steroided@mnabrelated compounds
in water samples using HDPE (High Density Poly Propyleties bBlDPE bottles are resistant to
breakage and hence loss of samples during cold/freege stadatransportation can be avoided in
comparison to glass bottles that are susceptible tageddMethod of the NWQL). Considering these
issues, water samples (1L each) were collected ieripredstamber HDPE bottles and processed
considering the techniques given in the USEPA (United Btaiesnmental Protection Agency)
Method 539/USGS (United States Geological Survey) Method ppB&priate controls [Laboratory
Reagent Banks (LRB) and Field Reagent Blanks (FRBjhausi@ned during the sampling and
analysis procedures. Proper care was taken to avadination of samples during sampling
procedures. Preservatives [Sodium thiosulfate (80 mg/L) ancaptomyridine-1-oxide, sodium salt
(65 mg/L)] were added in the water sample to avoid degraofatioalytes. Water samples were
filtered through 0.45u glass microfiber filters and loadedlidrplsase extraction (SPE) cartridges

6RO (][] & &/1($1 7TKHUPR G6FLHQWLILFE 'LRRGIGEW L RO@HI
dichloromethane (DCM) followed by the conditioning with mettybutyl ether (MTBE), methanol
and de-ionized water with flow rate of 15mL/min. Environmevatdr samples were individually
passed through SPE cartridges at a flow rate of 10mL /amntnd@es were rinsed with de-ionized
water (18.20 ™ at a flow rate 20mL/min. SPE cartridges were dried by paissoggn gas for 15
min. Compounds were eluted using methanol: MTBE (1:9) anavitCile flow rate of 5 mL/min.
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Sample extracts were concentrated up to 1 mL by puiggnlyifsogen gas at a gentle flow rate. The
total residue was reconstituted in 1mL acetonitrile and subjected36MS/MS analysis.

4.6.3.2 Sample analysis

Samples were analyzed on Waters H-Class Acquity URI® esysipped with ESI source
XVLQJ :DWHUV %(+ & ; PPRWDO FRRIVXBQEH7KHVWHFRQYV
methanol and subjected to LC-MS/MS analysis with the developed. eta acquisition and
processing were carried out udiwtgssLynx V4.1 SCN 714 software (Waters)QuahLynx
(Waters)

4.6.3.3 Method Detection Limit (MDL)

Method detection limit for each analyte was estimated lyynigriik de-ionized reagent water
(1820™ DW DSSURSULDWH FRQFHQWUIDWH® QWD RS OM\HBH VMW D]
extracted and analysed in the similar fashion as that of the envabsangpies.

4.6.3.4 Quality control/

Appropriate experiments were conducted to check segcondtamination or loss of analytes
in the sample due to environmental conditions, reagenfdingabottles, man made errors etc.
Laboratory Reagent Banks (LRB) and Field Reagent @iRiswere included in the analytical
procedure to determine if the sample matrix or othereirgeces contributes bias to the analytical
results.

4.6.3.5 Description of LRB and FRB

Laboratory Reagent Blank (LRB): Appropriate volume of the laboratory reagent water is
extracted and analysed exactly similar as sample. This ineledpedure of reagent water to all the
containers, instruments, solvents, preservativescotiseimables, etc. LRB is used to verify if the
method analytes or other interfering compounds are pneseahe laboratory environment,
consumables used or in the instruments.

Field Reagent Blarkppropriate volume of laboratory reagent water is taken in ieldhentl
extracted and analyzed exactly similar as sample. This ineledpedtire of reagent water to all the
containers, instruments, solvents, preservatives,cotfsmables, environmental conditions in the
field and storage and transport conditions etc. FRB igousedfy the contamination of samples
during sampling, storage, transport and analysis.In &BXnd 15 FRB samples were taken for the
analysis. Tested analytes (Primidone, Diclofenac Sodium $aterdastand Progesterone) were not
detected in any of the LRB and FRB samples.

4.6.4 Results and discussion

Hughes, Kay and Brown evaluated the data sets of 20@qdaicals on River systati®ss
41 countries. It was found that the majority of thdiestuon the occurrence of pharmaceutical
compounds in River systems were carried out in North Ankernioge, and China (Huges, Kay, &
Brown, 2013). Kolpin et al. evaluated the occurrengiasmaceuticals, hormones and other
contaminants in 139 U.S. Streams across 30 states @ahhin2002). As far as the Indian River
systems are concerned, very limited studies were carri@dhotgspect to the occurrence of
Pharmaceuticals and hormones.Anthropogenic activitiessolaynrthe discharge of pharmaceuticals
and hormones in the River system. River Ganga also rewgmegpollutants from industries and
sewage treatment plants (STPs) situated along its course.dizfa€B that there is a gap between the
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sewage generation and sewage treatment capaciiiBs PGRuted Streches in India, 2015). This is
one of the reasons of the discharge of untreatedesew@&gnga River. CPCB has identified 138
drains along the course of Ganga River discharging appelyx6087 MLD of wastewater. Out of
these majority of the drains are situated in Uttar Prggsand West Bengal (54) (CPCB, Polluted
Streches in India, 2015). This data shows the exteasteivater discharge and anthropogenic load
on Ganga River.

Stretch A Stretch B

Stretch C Stretch D

Fig. 4-51 Representative Pictures

Error! Reference source not foundillustrates the sampling locations and the number of
amples collected from Ganga, Yamuna and Narmada RivailedDOetormation on the sampling
locations, geological coordinates etc., are given in the mptegssection of this report.

In total, water samples were collected from 64, 6shd2¥4docations during pre-monsoon
Ganga River, Post-monsoon Ganga River, Yamuna River andda\Rivest sampling. Out of these,
tested analytes (individual or multiple) were detected kiG] 2 samples of pre-monsoon Ganga
River, Post-monsoon Ganga River, Yamuna River and Narnvada r&spectively. Detailed
information on the locations indicating the occurrence ofdimalivor multiple analytes is given in
Error! Reference source not found.

No analytes were detected in the Stretch A and StretcBaBgd River during pre-monsoon
and post-monsoon sampling. Majority of the compounds etected! in Stretch C of Ganga River in
both the pre-monsoon and post-monsoon sampling. In hSt@&tanalyte(s) were detected in
Allahabad, Sangam (Allahabad), Jaffer@@nZ), Bhagalpur U/S (GC-10) and Bhagalpur D/S (GC-
9) locations during pre-monsoon or post-monsoon samplingevelg seasonal variations were
observed during both the sampling periods. In Stretchutremoe of Testosterone and Progesterone
was higher in pre-monsoon samples whereas the occafrierice@done was higher in post-monsoon
samples. Percent Detection Frequency for each analytemaedas follows:
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Where; n: number of samples in which the analyte wasdjefedotal number of samples
taken for the analysis.

Detection frequency is an important indicator to assessctherence of compounds.
Detection frequencies of drugs and other compounds inepatab wastewater have been reported
earlier. Results obtained in present study demonstrated HDigfleetion frequencies of
pharmaceuticals/ hormones in Stretch C of River Ganga and River ¥amples. Differences in the
detection frequencies of analytes in pre-monsoon antiguston samples of River Ganga could be
due to the variations in factors such as temperatowsmtieg for photo-degradation of analytes, flow
rates accounting for the dilution of analytes, microbial(éojddegrading bacteria), inner water
current, re-aeration capacities, antropogenic loa,ofygampling (grab sample) etc. Further
investigations are needed to confirm these results.

Table 4-11Analytes detected in Ganga, Yamuna and Narmada River watangples

Sampling Locations |Primidone |Diclofenac  |Testosterone |Progesterone

Stretch sodium salt

Sangam

Patna U/S

C Jafferkhan
Pre-Monsoon-

River Ganga Bhagalpur U/S

Bhagalpur D/S

+ [+ [+ [+

+ [+ [+ [+ [+ [+

D Kakdwip D/S

Allahabad D/s

Jafferkhan

Post-Monsson- c Bhagalpur U/S
River Ganga

Bhagalpur D/s

+ [+ [+
1
1
1

Kolkata-U/s

Yamuna Nagar
(Haryana) U/S
Yamuna Nagar
(Haryana) D/S
Panipat D/S

([

(@)

Delhi D/S

[+ [+ +
[+ [+ +

Delhi U/S

([
([

Yamuna River Mathura U/S

Mathura D/S

Agra D/S

Chambal U/S

Chambal Yamuna
confluence

(an} Nanl N an) ¥ anl f an) F el ey Y e
el [ Flalal v [F 1+ [+

+
I+ [+ [+ [+
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Stretch Sampling Locations [Primidone |Diclofenac  |Testosterone |Progesterone
sodium salt
Chambal Yamuna .
After confluence U + + +
\ . Hoshangabad D/S U + + +
armada River '
Bharuch D/S U + + N

“p 1RW GHWHFWHG 1' %HORZ MBLWRimMbo&® Q9.5 g/
Diclofenac sodium salt@.70ng/L), Testosteronel(41ng/L), Progesterond (13ng/L).

+u 3UHVHQFH/RIUDRrEa@DAY :HDown Stream.

Detailed description of each analyte and its occurretheewater of Rivers Ganga, Yamuna
and Narmada is given below:

4.6.4.1 Primidone

Primidone is widely used as an antiepileptic drug. It wadrbidhiced as Mysoline in the year
1952. Log K, value indicate lovbioaccumulation potential of Primidone. However, detailed
information on the bio-accumulative potential of Primidora asvailablePrimidonehas a biological
half-life of5-18 hour.Environmentally relevant concentrations of Primidone ardoverfg L'
compared to itsC./96 h value 100 mg/L; Fish). This indicates that Primidone can impart lesse
acute toxicity at environmentally relevant concentratdongver, chronic exposure to these lower
concentrations may produce considerable effects on bidggiemsConsidering the adverse health
impact of this drug, monitoring of Primidone in Indian Rivergently needed. Results obtained in
this study revealed that the occurrence of Primidoneomasiratively higher in Stretch C of Ganga
River (Pre-monsoon, 7.6%) and Stretch D (Post-mongd@fp)3 Primidone was not detected in
Stretch A and Stretch B of Ganga River, Yamuna River and Narmadanglesr sa

Occurence of Primidone in different stretches of
Ganga River (Post-monsoon)

Occurence of Primidone in different stretches of
Ganga River (Pre-monsoon)

n | ]
StretchA o StretchA | o
m6 u6
- -
StretchB o 6 StretchB 6
m 13 =13
Stretch C - =12 u TotalNo. of samples Stretch C - =9 ® TotalNo. of samples
¥ Not Detected/BDL = Not Detected/BDL
-8 u Detected a8
StretchD "8 etecte Stretch D =8 " Detected
0 L]
0 10 20 30 40 0 10 20 30 40

Number of samples

Occurence of Primidone in Yamuna River

Total No. of samples m27

Not Detected/BDL =27

Detected mo

0 5 100 15 20 25 30

Number of samples

Number of samples

Occurence of Primidone in Narmada River

Total No. of " 14
samples

Not Detected/BDL =14

Detected mo

0 5 10 15

Number of samples

Fig. 4-52 Environmental Occurance of Primidone



4.6.4.2 Diclofenac Sodium

Diclofenac is one of the most commonly used pain killers {{aatss: Pennsaid, Flector
Patch, Voltaren and Voltarol) throughout the world.dtfingt synthesized in the year 19h@re is a
gradual increase in the scientific documentation on this drug, lodghks drug is >3 which indicates
higher bio-concentration potential ;{95 h value 166.6 mg/L; Fish) of Diclofenac Sodium is higher
than its environmentally relevant concentrations ‘(hgSince, Diclofenac Sodium has higher bio-
concentration potential; it can cause adverse effdutdagical systems upon its chronic exposure at
lower concentrations. Detailed study on the occurrergiegawhaceutical in different water sources
revealed wider occurrence of Diclofenac in European amdcAstinents (Huges, Kay, & Brown,
2013).Results of this study showed higher detection frequehd@adofenac Sodium in Yamuna
River (25.9%) followed by Narmada River (14.3%) and Sti@t@a@ga River (Pre-monsson, 7.7%).
It was not detected in Stretch A and Stretch B of Ganga River.

Occurence of Diclofenac Sodium in different stretches
of Ganga River (Post-monsoon)

Occurence of Diclofenac Sodium in different stretches
of Ganga River (Pre-monsoon)

: 37 : 37
StretchA 37 StretchA | 37
m6 m6
=G =6
StretchB 0 StretchB 0
=13 = 13
Stretch C . m12 = TotalNo. of samples StretchC m13 = TotalNo. of samples
= Not Detected/BDL = Not Detected/BDL
mg L]
StretchD =8  Detected StretchD o =8 m Detected
0 10 20 30 40 0 10 20 30 40

Number of samples

Occurence of Diclofenac Sodiumin Yamuna River

Number of samples

Occurence of Diclofenac Sodium in Narmada River

Total No. of samples =27 TO;;:L]'\:)CI’é;)f m 14
Not Detected/BDL =20 Not Detected/BDL =12
Detected =7 Detected u2
o 5 10 15 20 25 30 o . 10 5

Number of samples Number of samples

Fig. 4-53 Environmental Occurence of Diclofenac Sodium

4.6.4.3 Testosterone

Testosterone is a steroid hormone primarily found in madaldition, small portion of
Testosterone is synthesized in adrenal glands and ovieneses. Testosterone regulates variety of
reproductive, neurological, developmental processes in hamgargher species. Log,,Kof
Testosterone (3.32) is >3 which indicates higher biertmaton potential. Lg96 h value %.6
mg/L; Crustacean) of Testosterone is higher comparedetavitonmentally relevant concentrations
(ng L'). Most of the report illustrate that chronic exposure to Texstos at lower concentrations can
cause endocrine disruption in aquatic animals (Taylor, [ 2@02)ure on the adverse effects of these
anabolic steroids on human health is available (Kolpin,2802) Being the hormone it can easily
bind to androgen and estrogen receptors and alter differlegical pathways. Chronic exposure to
Testosterone can induce endocrine disorder (Tolessa, 2008).

Detailed study on the occurrence of hormones in 139 k@&@nSentails wide occurrence of
Testosterone in surface water (Kolpin, et al., 2002st@ly showed higher detection frequencies of
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Testosterone in Yamuna River (33.3%) followed by Strefc@&hga River (Pre-monsoon, 30.7%),
Narmada River (14.2%) and Stretch D of Ganga River (Post-mongeépn, 7.6

Occurence of Testerosterone in different stretches of
Ganga River (Pre-monsoon)
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Fig. 4-55 Environmental Occurance of Testerosterone

4.6.4.4 Progesterone

Progesterone is an endogenous steroid and a sex hdrogoKg, of Progesterone (3.87) is

>3 which indicates higher bio-concentration potentigy96th value is not available, where@s,

Occurence of Progesterone in different stretches of
Ganga River (Pre-monsoon)
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Fig. 4-54 Environmetal occurance of Progeesterone
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(Oral, Rat) value of Progesterone is quite high (B@Rg) compared to its environmentally relevant
concentrations (ng 'Y). Similar to Testosterone, scientific literature showsrieedalisruptive
potential of Progesterone (Solomon, 2010) reportederoiof Progesterone in different streams in
U.S. (Kolpin, et al., 2002).

We found higher detection frequencies of Progesterdsieetch C of River Ganga (Pre-
monsoon, 38.4%) followed by River Yamuna (37%), Riveat\arifi4.2%) and Stretch D of River
Ganga (Pre-monsoon, 12.5%). Interestingly, samplegdall&ttg post-monsoon sampling of River
Ganga did not show the occurrence of Progesterondatéd earlier, variations in the detection
frequencies during pre-monsoon and post monsoon sanaplidde attributed to variety of factors
such as temperature, dilution effects, highly dynamie médttine River system, microbial load,
anthropogenic load, time specific events, type of sampling, ieneuwant etc.

4.6.5 Salient findings

x Present study provides a preliminary baseline data atctiveence of pharmaceuticals
(Primidone and Diclofenac Sodium) and hormones (TestostedoReogesterone) in Rivers
Ganga, Yamuna and Narmada. This is the first report oocctimeemce of these compounds in
the entire stretch of Rivers Ganga, Yamuna and Narmadgtesmonitored in this study
comes under the category of emerging contaminants wehicht aputinely analyzed in the
water quality programs. Regulatory limits for thesarooatds in water sources are not well
defined due to unavailability of significant documentary adifiscievidences on the
occurrence and fate of these compounds in different syatems all over the world. The
current data sets available throughout the world @tt¢herence of emerging contaminants in
water sources are weak and have regional biases/WSE8Aave given high importance to
evaluate the occurrence of emerging contaminants imerarntal sources. The present study
will help in strengthening the data sets on the occunkEpogerging contaminants in Indian
River systems.

x No analyte was detected in Stretch A of River Ganga dwinmgppsoon and post-monsoon
seasons. These results entail that this Stretch is ¢welyackeaner. Interestingly, no analyte
was detected in the samples collected from Stretch Bftevéhe major urban settlements in
this stretch. Considering the discharge of wastewatarem@anga (CPCB, Polluted River
Strches in India, 2013), it is important to validate thesresthit proper quantitative and
spatiotemporal studies based on the composite sampling g®cAttne same time, efforts
can be made to understand the possible degradation ekgiifgbyesent) in Stretch A and B of
River Ganga due to its unique properties such as highwiatez current, re-aeration
capabilities and other possible contributing parameterassoicrobes, bacteriophages, metals
etc.

X Result of this study showed comparatively higher oceuafeRamidone, Diclofenac Sodium,
Testosterone and Progesterone in Stretch C. CPCB mi#gedd438 wastewater discharge
drains along the course of River Ganga (CPCB, PollutedSRohes in India, 2B) Stretch C
receives majority of pollutants from the discharge dphimsnaceutical/chemical and other
industries, anthropogenic activities etc. Thus, it is thesems#tive Stretch with respect to the
occurrence of pharmaceuticals and hormones.

x In the present study, detection frequencies of Diclofendum, Testosterone and
Progesterone in Yamuna River samples were higher complaned found in Stretch A and B
of River Ganga and Narmada River samples. CPCB Report oMdRma (CPCB, Water
Quality of Yamuna River, 2005) state that 85% optdtation of Yamuna River is caused due
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to domestic sources. Cities such as Delhi, Panipat, Gaalifahad etc., accounts major
share in the discharge of domestic waste in River Yam@, (@Bter Quality of Yamuna
River, 2005). Yamuna River also receives wastewatendtstries such as from Pulp and
Paper, Pharmaceuticals, Chemical, Leather, Textileceticte@ce of pharmaceuticals and
hormones are reported earlier in the wastewater gdrfevat these industries. On the other
hand, Narmada River Basin has comparatively lesser ayghiopmad. The problem of water
pollution in this River is comparatively less due to lesser industrial devéRgmegee, 2010)
Overall, Stretch C of Rivers Ganga and Yamuna had higltionldtequencies of tested
analytes compared to the Stretch A and Stretch B of Rivers Ganga add.Narm

Locations depicting the occurrence of individual or multiplgsocods are given Hrror!
eference source not found. These locations are sensitive to the occurrencestaf te
compounds. In future, detailed quantitative and spatiotngtodies can facilitate better
understanding of the seasonal variations, concentrationisibutions of wastewater
(sewage/industrial) discharge points, anthropogenic load,effetts etc. in the evaluation of
pharmaceuticals and hormones in and around the sensitive locations.
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4.7 Pesticide residue and PCBs

Pesticide is a substance or a mixture of substancesougedvénting, destroying, or
controlling any pest including vectors of human, animalmrdaases and interfering with the
production, processing, storage, or marketing of faoyylagal commodities, wood products, animal
feedstuffs etc.

Most of the pesticides have a high biological activityaadutéronic toxicity and are capable
of harming all forms of life besides the target pesthémiatportant characteristic is their persistence
which again makes them a significant component which requires mowmgaraftee years of usage.

The sporadic and injudicious use of pesticides has nobwotagninated the environmental
resources but also resulted in the deterioration ofrtiete ecosystem due to bioaccumulation and
bio magnification of these compounds at various food chain levels.

The pesticides enter the environment by both point angamoinsource pollution. The
former contamination may come from specific and identifiabés pilee pesticide manufacturing
industries, leakage from storage sites, improper disgusstiaéfles and their containers. The latter is
the contamination that comes from the wide area includimigifthof the pesticides through the air,
pesticide run off into water ways, pesticide movement into the groem@imgdki & Temur, 2010).

4.7.1 Organochlorine pesWLFLGHV 2&3-V

Organochlorine pesticides have closely related similar cretroitakes with chlorine-
substituted aliphatic or aromatic cyclic rings. Becathgestructural similarities, these pesticides share
certain physicochemical characteristics such as persistenity, bioaccumulation, and long-range
transport potential. As a result a good number of drigmme pesticides are listed as POPs
(Persistent Organic Pollutants) under the Stockholm GionvéRepresentative compounds in this
group include Dichlorodiphenyl-trichloroethane (DDT), its desmgt Hexachlorocyclohexane
(HCHSs), Aldrin, Dieldrin, Chlordane,etc. (16No)

Currently, India is one of the largest producers ofigestin Asia and ranks high in the world
for the use of pesticides (Abhilasha & Singh, 2009)ndiheuse of pesticides in India is for the
agricultural activities and public health and household usage.

This requires the monitoring of these pesticides in swdtarebodies where they are likely to
enter from various sources like precipitated atmospheositibes, surface runoffs, sediment
deposits, global transport etc. Since River Ganga isdagjabal origin and these pesticides have a
capability of long range transport and persistence éfligistified to monitor the water of River
Ganga for these pesticides.

4.7.2 Literatur Review

Organochlorine pesticides persist in the environment. Persstiited as a half-life greater
than two months in water or six months in soil and sediB@ETOC, 2000). They are lipophilic
compounds that tend to bio accumulate in fatty tisstesylththe food chain. These pesticides are
water insoluble and semi-volatile, enabling their entry atntlesphere and transport over long
distances globally, mainly by air mass movements. Thegchapotar or high mountainous regions
and are effectively deposited in cold regions by snawghhitee phenomenon of cold condensation
and global distillation (Kang & Chang, 2011). Studies oodrigaine pesticides in the air of the Mt.
Everest region is the evidence for such transportghil,i, Wang, & X.H. and Lin, 2006). Some
authors have expressed their concerns over the sbunganochlorine pesticides in Ganga river
basin being anthropogenic or glacial (Mutiyar & Mittal, 2013).
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There are some studies available on River Ganga forsrecpref pesticides. Some studies
are systematic covering the entire catchment of Rivga,&adnle some studies have just been carried
out for a part of Ganga catchment. The pesticide monitorRiyer Ganga has focused mostly on
organochlorine pesticides. Organochlorine pesticidesrsistept organic pollutants, toxic in nature,
not easily degradable and tend to bioaccumulate. Possiblis the likely reason that the
organochlorine pesticides like HCHs, Endosulphans, DDTedmveelected for most of the studies.
Besides this, some studies have also reported organajgisodydbat of the studies have reported
concentration levels upto ng/L using GC-ECD analysis.

Mutiyar & Mittalhave analysed samples from 82 sampling locations coviring RRer
Ganga consisting Uttarakhand, Uttar Pradesh and Bihar i20$6-11. The pesticides reported by
them include, HCH 0217.6; DDT (?12.3; endosulfan285.4 and heptachlor?l.8 ng/l range
(Mutiyar & Mittal, 2013).

Singh, Choudhary and Leena have performed organo-chlroine pesticide analysis of River Ganga ¢
Bhagalpur- Champanala, Mond ghat and Burning ghat (upstream, midstream and downstream) fol
methyl parathion, Endosulphans and DDT and have detected organochlorines in ng/l levels. Studie
on organochlorine pesticides have also been carried out in Allahabad, Kachla, Fatehgarh and
Kannauj (U.P.) by different groups reporting ng/l levels of some pesticides (Singh, Choudhary, &
Leena, 2012).

These organic persistent compounds are of anthropageégiic and resist photolytic,
chemical, and biological degradation (Mehmetli and Koumanova, 2008).

4.7.3 Sampling and methodology

The sampling was performed during the pre-monsoon and pestem@easons for the River
Ganga followed by sampling in other rivers.

Grab sampling was done for all the samples. Samples weggl dol2ditre amber coloured
glass bottles with Teflon lined stoppers. Preparatidre afaimpling bottles included washing with
detergent, rinsing with tap water, ultrapure water (Milliporejhaerat $ollowed by air-drying.

After collection, the samples were transported in ceoldbio ice packs. After transportation
to the laboratory, samples were stored’& 40 extraction.

The details of the samples collected during various seasons are as follows:

4.7.3.1 Pre-monsoon sampling

Total 39 numbers of water samples were collected fremJinga. These include 21 samples
from Stretch |, 6 samples from Stretch Il and 12 samples from Skretch |

4.7.3.2 Post-monsoon sampling

Total 45 numbers of water samples were collected f'vemGanga and include 17 samples
from Stretch I, 16 samples from Stretch Il and 12 samples from Stretch 3

4.7.3.3 Control Samples

Total 39 numbers of water samples were collected from Rivers Yiandae@ada.
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4.7.3.4 Methodology

These water samples were analysed for organochlsticidgse(OCIPs) for 10 compounds
i+&+ -HCH, 3+ &+ -HCH, Aldrin, endosulphan |, endosulphan Il, p,p'-DDE, b}D> and
Endosulphan sulphate.

Water samples were filtered with Whatman no. 1 filter jpamemove suspended solids. In
most of the cases, 1 litre of water sample was tradsfao a 2 litre glass-separatory funnel. Then,
100 g of NaCl was added to it. It was thoroughly mixeddying the flask three to four times. The
sample was extracted thrice with 200 ml dichloromethane (100:%k&®0¥ost3-4 minutes each time
with periodic venting. The combined organic phase was dpaskbyg it through anhydrous,8ia.

The organic phase was concentrated to 1 ml in a vadawner@porator (Heidolph). The sample
was reconstituted in 1ml of n-hexane and aliquot wasdrnaly@C-ECD (Shimadzu GC-2010) and
GC2aMS (Varian Saturn 2200).

The quantitative results for organochlorine pesticidessae on GC-ECD estimation. Dual
column confirmation technique has been used for the Hangesticides which are detected in both
the columns have only been reported as positive deteGtienextracts have also been injected on
GC-MS for qualitative confirmation for presence of pesticides.

The GC-ECD conditions used for the analysis are as follows:

ltem Condition
GC Make 2 SHIMADZU GC-2010(with ECD ang
Auto sampler)
Column DB-5/DB1701 column of 30 m length, 0.25
mm inner diameter (ID) & film thickness of
- P

Injector temperature [250°C

Detector temperatur¢300°C

Carrier gas flow rate|0.95 mL/min

Oven programming |100°C (2 min hold) to 160°C

@ 15°C/min to 270°C @ 5°C/min (18 min
hold)

Total run-time 48 min

4.7.3.5 Internal quality checks

Analysis has been carried in controlled laboratory conditidndean environment. All the
glassware used for extraction and processing was s&iypaleaned and blank checks were
performed. All the critical consumables and solvents weuljscted to reagent blank checking.
Analytical method blanks and matrix spikes have also been used thesgsaltigytcontrol.

The details of the calibration curves plotted for allrnhlgsed compounds are given below
along with a chromatogram of the reference standard.

4.7.4 Results and discussion

4.7.4.1 Pre- and Post-monsoon season

No pesticides residues have been detected in most oalyme@drsamples above detection
level of 0.5 ppb (GC-ECD). All samples have been confimrmkh-torap GC-MS (Detection Level:
1ppm). Bet&Endosulphan has been detected in three samples (GA-30Q,a8Bd GC-1) however; its
presence was not confirmed by GC-MS (lon-trap, V&anrn 2200). The pesticides not confirmed
on GC-MS have been reported as BDL.

GC-MS detection level: 1 ppm
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$OSt

Fig. 456 GC-ECD (Top) & GC-MS (Bottom) Chromatogram: Farakka Downsgam
(Pesticide detected: Alpha - HCH)

4.7.5 Rivers Narmada and Yamuna

Pesticide Residues have not been detected in anyarhpiesssome of the samples at trace
and Below Detection Levels. Alpha HCH was detected in Bharuch D/S ahd/&gr
Beta HCH was detected positive in Chambal Yamuna coafarehGamma HCH in GJIN-
SS-'"'"( ZDV IRXQG L QIWGRIN-BA @JIN-Q7, NAR-2, NAR-3, NAR-4, ¥and
Chambal- Yamuna confluence. The presence of thésglgesvas seen on both the GC columns
during the dual column confirmation. However, being in logectrations their presence could not
be confirmed on GC-MS (lon-trap, Varigaturn 2200).
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4.7.6 Salient findings

Stretch | of River Ganga, mainly a forest and mountaireausvidh less of agricultural and
industrial activities shows negligible detection of pesticodeskas observed from the results. Stretch
Il and Stretch Il are mixed of urban settlements, agraiudtctivities and industries. During the pre-
monsoon season, organochlorines pesticides were nteddetaoost of the samples except a few
where Beté&Endosulphan was detected by GC-ECD but could not bencedfby GC-MS. In the
post-monsoon season, target organochlorine pesticreesoiveletected in Stretch I. In Stretch II,
breakdown products of DDT and in Stretch Ill, HCH isomers have beetedletec

Although DDT is banned for agricultural usage, India haphtsememption under the
Stockholm Convention for use of this pesticide for testnise in public health sector. The National
Malarial Program used 3750 tons of DDT in the year 2001 (Devi & Raja, 201

(Mutiyar & Mittal, 2013) have concluded that there egleidg trend in the occurrence of
organochlorine pesticides in River Ganga which has he#reconfirmed by our study which shows
a declining trend and more localised in the vicinity of pesticide indusitidanbam Stretch Il1.
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4.8 Radiological Analysis

The presence of radionuclides in water poses a nunhieaftbfhazards, especially when these
radionuclides are deposited in the human body through ingéstiater. Dissolved radionuclides in
water emit particles (alpha and beta) and photons (gamistagradually expose living tissues. The
potential adverse effect from ingestion of radionuclidesgthdrinking water, requires a standard to
be set in order to protect the members of public from radiation expuswegarmissible levels.

The World Health Organizations' Guidelines for Drinking -Viatelity recommended the
determination of gross alpha and gross beta activigntrations in drinking water as the first step of
the radiological aspect of the drinking water qualt(\®#004). Generally, radiation exposure due to
gross alpha is of greater concern than that due to gross batarédradioactivity (Bunotto & Bueno,
2008) This is due to the high LET nature of alpha parti¢cie wives them the ability to deposit
larger amount of energy within a small distance in a mediunseroe e the evaluation of the gross
alpha and gross beta activities is to ensure thaténenRe Dose Level (RDL) of committed effective
dose of 0.1 mSv from 1 year's consumption of drinkingisvatet exceeded. The RDL of 0.1 mSv is
equal to 10% of the dose limit for members of the pubtiommeended by the International
Commission for Radiological Protection (ICRP, 1990) andténeational Basic Safety Standards
(IAEA, Radiation Protection and Safety of Radiation Sonteesational Basic Safety Standards,
2007) Also, they are acceptable to most World Health CaanifWHO) member States, the
European Commission, and the Food and Agriculture Organigdtitnammad, Jaafar, & Akpa,
2010)

Analysis of radionuclides has been carried out in the lapafaioard of Radiation and
Isotopic Technology (BRIT), Mumbai, an organisation uDdpartment of Atomic Energy,
Government of India.

4.8.1 Sampling and methodology

Water samples were collected in plastic bottles afteg timsibottle with the water to be
sampled. These samples were collected by visiting NEERI team and dé&rfotatRanalysis.

4.8.1.1 Measuring gross alpha and gross beta activity concentrations

To analyse drinking water for gross alpha and grosstwatees, the most common approach
is to evaporate a known volume of the sample to dryntesseasure the activity of the residue. As
alpha radiation is easily absorbed within a thin layer of solid mateeigpihity and sensitivity of the
method for alpha determination may be reduced in samples Witin 8DS content. The
determination of gross beta activity using the evapona¢ittrod includes the contribution from
potassium-40. An additional analysis of total potassiunefertheequired if the gross beta screening
value is exceeded.

The co-precipitation technique is followed where the TDS is above 100 mg/L

The procedure followed is as per IS 14194 (part-1) 1994 for ta@sxd& 14194 (part 2) for
gross alpha measurement. For the measurement of radiomuskdi#®ent by gamma spectrometry,
the standard followed is (IAEA, Measurement of Radionuclif@®dnand the Environment
Guidebook, 1989).

4.8.1.2 Literature review along with limits as per AERB directives

As per AERB bookle? f$FFUHGLWDWLRQ RI /DERUDWRULHV Il
FRQWHQW LQ FRPPRGLWLHYV K DVKRIQIWHRYW EQWD\WRG K
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following the method of test IS 14194 (part 1) 199¢grdésss beta and IS 14194 (part 2) for gross
alpha.

The acceptable limits of radionuclide content in drinkingsaatetes as per IS 10500:2012 is
1.0 Bg/L for gross beta and 0.1 Bg/L for gross alpha.

The U-238, Th-232, Ra-226 & K-40 contents were raddsyiHPGe gamma spectrometry
method (IAEA, Measurement of Radionuclides in Food and the EnviroAn@Grittebook, 1989).

The measurement values are below the clearance level forlidesopfutatural origin in bulk
solid materials, as per (IAEA, SAFETY STANDARDS SERIES, 2864)E&B directive 01/2010
dated 26/11/2010.

4.8.2 Results

4.8.2.1 Water

Five litres water samples were collected from seletbnlwcaf the river stretch and
transported to BRIT, Mumbai for analysis of radionuclidesalphd and beta gross contents
respectively. The results obtained are giemar Reference source not found.

Table 412 Gross Alpha and Beta Content

Sr. No. | Parameter tested Value obtained Test Method
1. Gross alpha content below 0.1 Bg/L IS 14194 (part-2) 1994
2 Gross beta content Below 1.0 Bg/L IS 14194 (part-1) 1994

4.8.3. Sediments

One kilogram each of sediment samples were collectedléaniosations of the river stretch
and transported to BRIT, Mumbai for analysis of radionucliitessamples were analysed for U-238,
Th-232, Ra-226 & K-40 radioactivity content and the values obtairfetias/as

Table 4-13 Pre- and Post-monsoon concentration of radionuclide ifné sediment

SI. No. ‘ Location ‘ U-238 (Bg/Kg) ‘ Th-232 (Bg/Kg) ‘ Ra-226 (Bg/Kg) ‘ K-40 (Bg/Kg)
Pre-Monsooon
Bhagirathi and Ganga

1. Devprayag D/S <7.1 67.4 + 3.7 53.6+2.0 478.7 £ 21.2
2. Rishikesh U/S <7.1 36.1+1.7 31.7+1.2 328.2+ 13.7
3. Rishikesh D/S 48.0+7.9 49.0+5.3 79.3+49 330.0+11.8
4. Haridwar U/s 48.1+1.5 65.7 £ 1.3 52.9+4.0 850.9 + 18.3
5. Haridwar D/S 56.2 +1.7 72.4+5.6 55.0+ 4.6 534.4 + 16.8
6. Rajmahal U/S 62.6 +2.1 81.3+2.0 719+7.8 854.5 + 29.1
7. Rajmahal D/S 74.2+29 102.0+2.2 77.2+6.7 621.3+21.8
8. Farakka U/S 456+ 2.0 55.0+ 4.0 285+ 3.4 632.1 + 19.6
9. Farakka D/S 53.7+x15 69.0+4.1 485+ 4.3 549.4 £ 16.8
10. Kolkata U/S 52.1+16.0 72.6 2.7 51.8+5.0 687.8 £ 21.2
11. Kolkata D/S 448+ 1.6 67.1+6.3 38.8+4.4 750.2 £ 23.3
12. Kakdwip U/S 45.1+0.8 65.0+ 1.0 64.4+2.2 779.5+£9.0

13. Kakdwip D/S 425+ 1.6 67.6 2.8 324+4.0 825.3 £+ 25.0

Alaknanda

14. Mana U/S 20.0+1.6 21.6+1.4 179+1.8 574.2 £ 50.0
15. Vishnuprayag D/S | 48.4 + 6.6 36.3+0.7 355+05 268.4+5.7

16. Nandaprayag U/S | 84.4 + 4.5 624+ 23 539+17 428.6 + 16.6
17. Nandaprayag D/S | <7.1 352+19 359+15 4226 £ 16.9
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Sl. No. Location U-238 (Ba/Kg) | Th-232 (Bg/Kg) | Ra-226 (Bg/Kg) | K-40 (Bg/Kg)
18. Karnaprayag D/S | <7.1 30.8+1.7 30.7+1.3 3774+ 155
19. Rudraprayag D/S | <7.1 38.3+0.7 30405 350.5+6.1

Nandakini
20. Nandaprayag U/S | 85.4 + 9.0 100.7 £ 0.7 93.8+1.0 619.8 £8.3
Post-Monsooon
Bhagirathi and Ganga

1. Gangotri U/S 64.6x1.9 44 .52 8.9+1 841.4+21.4
2. Gangotri D/S 51.3+1.6 38.8+1.7 83.8+5.2 541.5+£15.9
3. Harsil D/S 78.6x2.4 50.9+2.1 32.9+2.9 622.1+18.2
4, Maneri Dam 82.8+1.9 78.3+5.8 18.3+x1.8 241.8+11
5. Chiniali Saur 36.4+0.5 47.8+0.8 48.4+1.6 747.5+7.5
6. Nandaprayag D/S | 34.3+1.2 28.8+1.5 26.6x1.4 641.4+18.1
7. Rudraprayag D/S | 34.4+0.5 47.7+0.4 37.6x1.6 580.2+6.8
8. Rishikesh U/S 442+1.4 48.4+3.4 48.2+1.6 595.4+18
9. Bijnor U/S 33.7£1.2 35.7+4 30.1+3.4 647.2+19
10. Bijnor D/S 24.2+0.4 33.7£1.1 25.7+1.2 397.4+6.0
11. Narora U/S 50.7£1.6 57.8+3.6 43.2+4 538.2+16.3
12. Narora D/S 37.7+1.4 29.8+3.2 47.9+£3.2 452.7+3.8
13. Kannauj U/S 29+1.2 42.8+3.1 14.6x2.1 518+16.4
14. Kannauj D/S 44+1.6 57.9+2.3 40.5+1.8 557.5+17.8
15. Kanpur U/S 33.8+£1.2 46.7£1.1 19.3+x2.5 436.4+14.7
16. Kanpur D/S 38.6x0.7 57+0.8 43.2+1.6 402.3£5.7
17. Allahabad U/S 39.5+1.4 56.8+4 37.6x4 517.6+18.1
18. Allahabad U/S 37.1+1.5 36.7x1.9 17.2+2.5 597.8+19.2
19. Sangam 28.1+1 40.4+4 25.2+3 436.6+£14.6
20. Allahabad D/S 16.5+0.9 11.9+0.6 7.4+1.3 386.4+14.7
21. Mirzapur U/S 20.9+1.0 28+1.5 19+2.5 452.7£15.3
22, Mirzapur D/S 25.5%15 87.6x5 11.7+0.9 0

23. Banaras U/S 93.9+2.3 148.9+2.1 45.5+4.3 522.2+17.3

Alaknanda
24. | Manauss | 43.820.5 | 31204 49+1.7 | 739.3:7.6

In all the samples tested, the radionuclide content is folnedwell within the acceptable
limits stipulated by various agencies. Hence, there is cdxadon@aplement steps to remove
radionuclide content in water and sediment samples.

4-103



4.9 Sediment Charecteristics
4.9.1 Preamble

Sediments are important part of any river system andrefitedtas reflection of quality of
river water. Sediments play an important role in envirohrsemigs of river, as they have long
residence time for their interaction with the biotic companfeiver. Sediment, in general, is a term
used to describe both suspended and deposited bed masetilmladBs the portion of sediment that
is transported along bedside by rolling and sliding, likewisededsfmad is the portion of the
sediment carried by the river flow. Weathering of pragxisick includes disintegration and
decomposition of material transported by river with its deghos#terial downstream away from their
place of formation. Physicochemical and biological propértigseraare heavily influenced by the

sedmHQW:V TXDOLW\ OLQHUDOV SUHVHOOW MWK MM SAUHGI HPUHWQ MHW

The metal ions originally derived from weathering of raekgoatrolled by several river valley
conditions. Suspended sediment consists of clay and slifpmwhisispension in river water, whereas
bed sediment is generally sand, which settles down dweeights Minerals and metals are found in
the sediment depending on geochemical constitution of maer &s well as catchment area. In this
way, sediment can impart different properties to river, wagéy can also provide important
information about the pollution of river, as several nagtdlsther pollutants can get accumulated in
sediment depending on river dynamics. This part of theé irejhades studies on sediment to find out
whether sediment imparts some kind of special property to River Ganga

To understand the impact of minerals, metals, other congohsatliments on water quality,
systematic and detailed investigations are required ttedaarttte sediment samples from different
locations of river. The following approach was followecdeipriésent study, mainly to investigate
properties of sediment samples for their possible infleemopart special properties to river Ganga
water:

1) Collection of sediment samples from different locations of the fixdt strever Ganga

2) Crystalline phases identification of sediment samples using X-cpditX&D) technique

3) Chemical composition analysis using ICP-MS (Inductivelydcplgsma? Mass Spectrometer)
technique and identification of compounds / materials present in therdsdiased on XRD and
chemical composition data

4) Study of the presence of organic functional groups on sediment samples

5) Radioactivity estimation on sediment samples.

Following sections provide brief details of these studiesl @arr under the present project.
Finally attempts have been made to correlate the prefseratals in river water and the composition
of sediments for their possible role in imparting any disinfection or nhedig@aties (Chapter 6).

4.9.2 Methodology for collection of sediment

Sediment samples were collected from river banks at mteraistance from locations
starting from Gangotri to downstream of Haridwar as shmokmor! Reference source not found.
s mentioned above, these samples were aimed to analgseithaie, properties, functional groups,
etc.
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Fig. 4-58 Protocol for analysis of
sediments

Fig. 4-57. The collection points of sediments of River Ganga

The following criteria were followed for the collection of sediment samples

1) The sampling locations were selected where the humaenirdarwas absent or minimal, to
avoid the anthropogenic impacts, which is now prominentodeeal community and large
number of tourists

2) Finer portion of sediments were selected by considerirfigcthimat finer sediment particles
usually have large surface area and provide adsomféige g&u metal ions and other organic
moieties, which at significant concentrations, may impart speceidlgsop river water.

3) Sediment samples should have relatively little interaction witswihg water (i.e., the water
should have larger residence time with the sediment sarmlesnay likely concentrate the
adsorbates if any in water). The sediment sample colleaiensarefully avoided at locations
with very high turbulence motion of water. In addition, setlisaenples were also collected
around at stagnant water at Gangotri as well as feolocttions with known concentrations of
flora with phytochemical presence.

Grab sampling procedure was used to collect the sedimeles samdpefforts were made to
possibly have a representative sample. Pre-cleaneapptayprbottles of 1 litre capacity and scoops
were used to collect the sediment samples. After colléotigediments were stored in a cool-box
and transported to the laboratory. The sediments obaagiing spot were transferred to a cleaned
beaker and mixed them thoroughly. 100 g of aliquot sexlnwemet dried separately by transferring
them to a cleaned glass petri dish. After drying, theeséslwere ground using a mortar and pestle
for 20 minutes and used them to analyse for their stuptaperties, heavy metals content etc., as
shown in schematifrror! Reference source not found.
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Fig. 4-58 Protocol for analysis of
sediments

4.9.3 Metal content of sediment samples

After analysing the sediment samples for the preseditiereint crystalline phases present,
these samples were also analysed for their chemical comgsémally the metal contents of these
sediments. This analysis was aimed at finding any posséhiaometween sediment chemical
composition and presence of metal ions in river water, mhicleventually impart disinfection or
medicinal properties. Since metals are known for suehntti@®pven at their very low concentrations,
their presence could be an interesting lead to explaal ppaperties of river water. At the same time
solubility of metals in water will be a complex phenomenonddepeon solubility of metal
salt/mineral, pH of water, presence of other chemicalmianabrganisms as well as flora in close
contacts of these sediments. The present study wagehorestricted to finding metal contents of
sediment samples using ICP-MS technique.

ICP-MS analysis of the sediments was performed to invelksagadssible elements and their
concentration present in the sediments. The elemenmistéomce cadmium (Cd), copper (Cu), cobalt
(Co), chromium (Cr), manganese (Mn), nickel (Ni), zijncléad (Pb), arsenic (As), beryllium (Be),
barium (Ba), etc. were observed in the sediments and their camceatias widely in all the selected
locations of River Ganga, however, in general the aatioastof these metals were observed to be
very low. Aluminium and iron were present in much highesrtmatons in the sediments, which is
obvious considering the presence of alumino-silicates apasedmminerals. The metal concentration
data obtained are therefore presented in two differetiwbrisaof lower and higher concentrations.
The minimum and maximum concentration range of lower fradtidre anetals observed are
presented irError! Reference source not found.while Error! Reference source not found.
esents the actual concentrations of metals observefy deye Concentrations for iron and
aluminium in mg/g are givenkmror! Reference source not found.

Although most of the metals were found to be presemy/@tlevel, their distribution is
presented in a graphical form for comparison. Further dia¢gs are separated into two categdries o
metals. Those less than 100 pg/g are shoman Reference source not foundand those higher
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han 100 pg/g are shownHmror! Reference source not found.ron and aluminium concentrations
are presented Error! Reference source not found.

Table 4-14 Metals in the sediment at various locations

Table 4-15 Metals (in pg/g) in sediment at various locations

Concentration range

Element (Gangotri to Haridwar)
(Hg/g9)

Cd -0.5

Cu 5280

Co 4235

Cr 102120

Ni 4-70

Zn 1602540

Pb 10280

As 55 2265

Be 210

Ba 852485

Mn 3002550

Ag -

Se -

Bi -

Location Cd Cu Co Cr Mn Ni Zn Pb As Be Ba
GAN 0.13 | 30.90 4.20 10.00 411.6 4.80 269.5 42.4 105.0 5.21 240.0
GAN STG 0.15 | 31.75 5.80 28.00 321.1 1265 | 2825 | 31.95 55.7 5.01 359.0
HAR 0.16 2.00 7.25 25.8 359.1 10.45 304 21.25 | 265.0 5.61 328.0
GG 0.21 7.90 4,50 19.60 517 8.95 2075 | 24.75 68.2 5.0 344.0
BHA 0.30 5.90 6.4 32.8 552 18.45 | 158.0 | 24.10 | 125.0 8.96 485.0
TEHRI 1 0.58 81.1 3425 | 121.8 | 419.05 71.4 304 45.0 82.7 6.01 84.79
HKP 0.25 5.20 7.50 39.8 478.55 | 12.25 539 81.4 125.7 2.9 267.5
HARIDWAR | 0.14 4.65 9.80 27.40 | 323.05| 1890 | 163.5| 12.60 57.2 1.835 326.0
D/S

Table 4416 Iron and Aluminium (in mg/g) in sediment at various locations

Location Al Fe
GAN 1434.5 550.4
GAN STG 116.0 1118.9
HAR 165.0 925.9
GG 1615.0 1072.4
BHA 1775.0 1177.4
TEHRI 1 2006.5 4611.9
HKP 1146.5 2220.9
HARIDWAR D/S 1069.0 1655.4
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Fig. 4-60 Metals (Be, Cd, Cu, Co, Cr, Ni, Pb) having concentt®n less than 100ug/g
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Fig. 4-62 Concentration of metals (Al and Fe) having concentration mg/g
The salient findings of the metal content analysis of the sediment sarapléslaws:

1) The concentration of metals analysed are observeddry bevw except for iron and aluminium,
which are commonly found in soil or clay
2) The concentration of Manganese was however, observedyréigtiezlamong the metals
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3) All the metals were observed at slightly higher concestrfaticthe sediments collected from

Tehri reservoir compared to the sediments collected atomdgons. This could be due to the
settling of sediment at reservoir from the long stretch of river

Overall the present metal concentration results sufgest is unlikely that sediment

contributes towards presence of any significant predemegals in River Ganga water that could
impart special medicinal or antibacterial properties. Howetaled studies are warranted to draw a
reliable inference.
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The microbiological characteristics of River Ganga aref dhe most important aspects,
especially considering the objectives of this project. Thesacteristics not only help in
understanding the water quality of the River Gangalsbupravide information about the overall
bacterial diversity. In addition, the most significant preamsglering the objectives of the project, is
the anti-microbial action by bacteriophages. This Chllegutesses the bacterial diversity throughout
River Ganga, and identification of bacteriophages and anti-mictiobial ac

5.1 Bacteriophages

Bacteriophages are prokaryotic viruses that infect and
propagate in bacteria. They are one of the largesensuaib
biological entities in nature. Bacteriophages reproduce inlbacteria
cells and lyse them in the process of their amplificationusnd th
are antibacterial in nattire

The River Ganga, since ages is believed to possess
healing properties and anti-bacterial nature; and is famous
popular legendsfor its purification properties and holiness. The
anti-bacterial properties of River Ganga had been explored over a
century ago by British and French scientists. InE8Bi@nbury ~ Fig- 5-1: Structure of Bacteriophage
Hankin noticed tha¥ibrio choletthg pathogen causing cholera,
could not survive in Ganga water for even few houredph et al., 2011). Also, the French
PLFURELRORJLVW )HOLJ[ '-+HUH Cduhtl évé&n\fedvieétrb&owdednl \WodigRof)
people floating in the Ganga, who died from dysentery aledaciThe factor contributing towards
this unique anti-bacterial nature was also found tihelomo labile and thus, in due course,

10 Courtesy- http://ecolyse.com/bacteriophage/



bacteriophages were first discovered in River Ganga. Tdlesindies on these bacteriophages
however remained preliminary.

The role of bacteriophages in special properties ofaGaag explored in detail by
Environmental Virology Cell at CSIR-NEERI. Bacteriophageitty@umbers, host range and types
were studied throughout the River from Gomukh to Gangasagar, esstogngemples collected from
select locations. Sampling was performed in pre-monsoon strdopsoon seasons to study
variations in bacteriophages on account of seasongésh@n compare special properties of the
River Ganga in terms of bacteriophages, samples from Yaveusia and Narmada were also
analyzed. This chapter describes the population of gu@Etho§ non-pathogenic bacteria,
bacteriophages, their interactions with the host battienidnost range and relative numbers based on
the entire study.

5.1.1 Literature Review

Discovery of Bacteriophage in Ganga

Many people believe that River Ganga has self-puryfipadperties. This belief has existed
since ages, and has been attributed to certain clstieeighich people believe are unique to River
Ganga.

Earliest work on bacteriophages in River Ganga wagedeporl896 by Ernst Hankin, a
British bacteriologist. He discovered bacteriophages in @aegavhile exploring the existence of
bactericidal properties. He demonstrated that the chategad)abrio choleraecould not survive in
Ganga water for few hours while it could survive in distéiet for about two days. Similarly, the
bacteria, while it could thrive in tap water, died in Gartga Waher important experiments of
Hankin were using boiled water of Ganga and filtered Rastepr filters) water which showed that
while filtered water continued to display bactericidal propédiesd water did not; leading to
conclusion that the factor in Ganga was thermolabile afidenable (Hankin, 1896). Thus, existence
of bacteriophages was first speculated. Similar phenonsnohserved two years later by a Russian
microbiologist, Gamaleya when working wBhcillus subtili&inother British physician, Dr.
C.E.Nelson, observed that water collected from &eepolluted stretches of the Garfgeloogly,
remained fresh for months (Shukla & Vandana, 1999 OL[ G:-+HUH@@nddianD )UHQ
microbiologist, did ground breaking research in the earlyf dlistsovery of bacteriophages and his
contributions to the field were invaluable. In 1910, heliserved the phenomenon of bacterial lysis
of this kind and independently of Frederick Twort, a Britshetologist, who co-discovered
bacteriophages in the second decade of thee®®ury. He worked wittholerS DWLHQWYV: IHFHYV
while isolating the pathogenic bacteria, observed cleararothe agar plates which he later termed as
plaques. This lead to discovery of a biological bacteridioial?fd2 YLUXV ZKLFK IXUWKHU
proposed to be used as therapy for treatment ofedismas successfully used it in the treatment of
FKROHUD GXULQJ WKH 6HFRQG :RUOG DUV R \SKRQEHDRYWI LR
1923, successfully conducted trials of phage therapyopased that bacteriophages could be the
new weapon for fighting against pathogens causingugeatiseases! Discovery of antibiotics in early
1940s however led to slowdown in phage research and phage studies.

Another recent research conducted by Malaria Researtdr, Qlew Delhi, shows that
mosquito breeding did not occur in the upper stretchelwesf ®anga and also in waters to which
Ganga water was added.

Bacteriophages, phytochemicals, metals and biodegradatioar giaobes together keep
the water clean and pure (Keary et al., 2013horédugh study of the diversity and properties of
bacteriophages in River Ganga has not been dealt in degutninyears. These bacteriophages may
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be contributing towards unique bactericidal propertiesdiVéesity, properties, host range, and
specificity of these phages might open up new aveueis@veries in this field which may lead to
path breaking research in the field of antimicrobials.

Bacteriophage is widely studied as part of phage therapsgtiog bacterial diseases in plants,
animals and humans. Bacteriophages in a single envirosoueogaare present in high diversity and
can infect different bacteria to different extent, and at diffengpétatures. Some are resistant to high
temperatures and infect pathogenic strains of bacteria, andisaah ibephage therapy. The complete
genome sequences of bacteriophages have also bgsed dnain a single environmental source
(Wittebole et al., 2014). Bacteriophages present mGQRinga may have bactericidal properties
spanning across several pathogenic bacteria wigthas explored in detail. After about a century,
this research work has pioneered in isolating and studyengumber of bacteriophages present in
the entire strecth of River Ganga. Bacteriophagestprether rivers in India like Yamuna and
Narmada have also been studied simultaneously. This studys dtieichgnitify uniqueness in the
diversity of bacteriophages in River Ganga based on the compdriS@mwita and Narmada.

5.1.2 Materials and method

5.1.2.1 Sample collection

Water and sediment samples were collected from Gomukhgas&gar in pre-monsoon and
post-monsoon seasons to assess whether microbiolagigahents are responsible in imparting any
unique characteristics to River Ganga. Five bacteriak spece isolated and challenged against
bacteriophage isolates from Ganga water and sediment saampdislg and analysis was divided in
four stretches. Samples were also collected from YamduNaranada River for comparison. The
analysis was performed in duplicates to ensure bettertyeli@bille 5-1summarizes total number of
samples collected in the River Ganga, and for this spedfycthe River has been divided into
following four stretches

Table 5-1: Sampling details for pre- and post-monsoon season

Sn. | Sampling Stretch Pre monsoon Total |Post monsoon [Total Sample
Water| Sediment Sampleswater |Sediment

1 Gomukh To Tehri (Stretch 1A) 22 20 42 21 13 34

2 Mana To Haridwar (Stretch 1§ 17 15 32 19 16 35

3 Bijnore to Varanasi (Stretch II| 15 15 30 16 14 30

4 Patna To Kakdwip (Stretdh) | 12 12 24 12 12 24

Total Samples from River Ganga | 66 62 128 68 55 123

5.1.2.1.1 Water

Samples for bacteriological examination of water and sedimewbleeted in clean, pre-
sterilized, narrow mouthed bottles of 2000ml and 250ml| capapiegtively of HiMedia. The
sampling bottles were opened only at the time of sampling (Rice &)al., 201

Samples were collected from all the locations described terChafrom Gomukh to
Gangasagar. The samples are considered representhigvevater to be tested and hence were
collected with utmost care to ensure that no contaonirmaicurs at the time of collection or prior to
examination. The sampling bottles were not opened till thef fiitheg. During sampling, the bottle
was held near the base and any contat with the lid aretkhef the bottle was avoided to prevent
any contamination. Water samples were collected witsing tive bottle. Samples were stored at 4
C immediately until carried to laboratory and analysis (Rice et)al., 2012
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5.1.2.1.2 Sediment

Sediment samples for bacteriological examination were colentdtefbed of River Ganga
in a pre-sterilized narrow mouth 250 ml HiMedia bottles. sUpnecaution was taken to prevent
contamination. Approximately 70% sediments and 30% wsteangierred to the sampling bottles
with sterile scoop and sediment sampler. After colleEsamples, they were immediately stored at
4”C during transportation until analysis (Rice et al., 2012).

5.1.2.1.3 Size of samples

Sufficeint quantity of sample from each location wadedltecarry out all the required tests.
The sampling bottles were not filled up to the lid and apptelyimri@% head space was left for
effective shaking of the bottle before analysis (Rice et al., 2012

5.1.2.1.4 Preservation and storage

Analysis of samples should start at 1 hour post collactibnot later than 6 hours post
collection of the samples. Under exceptional circumstances liketudyhisamples were kept in dark
at 1-4& and transported to the CSIR-NEERI laboratory in dry ice (Ricee12).

5.1.2.2 Analysis of samples

All glassware and apparatus were sterilized by augoatad2iC for 20 minutes prior to any
analysis of water and sediment samples. Analysis areashotojse were cleaned using surface
disinfectant and laminar hoods were disinfected by UV light expo20renfoutes (Rice et al., 2012).

5.1.2.2.1 Media Preparation

Only sterile distilled water was used for media preparBti@rcomponents of the media were
first weighed and suspended in sterile distilled water. Mediaewdseated to dissolve all the
components and subsequently autoclaved at 15 Ibs passul®iC for 20 minutes. After
autoclaving, it was allowed to cool in a water batACate#22C and then poured in plates aseptically
and further allowed to solidify (Rice et al., 2012).

5.1.2.2.2 Membrane filtration (MF) Technique

All the open apparatus (Graduated
Cylinders) were loosely covered with
metal foil prior to sterilization and
covered securely immediately after
sterilization to prevent contamination. For
filtration, 1 litre capacity side nozzle flask
connected to electric vacuum pump was
used. Samples were shaken well before
analysis. Dilutions of samples were
prepared as per standard protocol
described by APHA (Rice et al., 2012).
The samples were filtered through the
0.4%um sterilized membrane filter to
ensure complete retention of bacte Fig. 5-2: Membrane Filtration Assembly
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After filtration, the filter paper was placed on media gnddteincubation shown in Fig. 5-2. The
stepwise procedure is stated below:

1) Filtration assembly was connected to vacuum pump. Merfibeargaper was placed on the
trap, the jar was closed and 100ml water sample was poured in thmejdiftratio

4) Vacuum pump was switched on; entire sample was allowed torpagh the membrane. With
help of sterile forceps, membrane filter paper was thesd pip and placed on specific Agar
media plate.

5) Agar plates with filter paper were kept in incubator at requiredatemg®r 24 hours.

5.1.2.2.3 Isolation of bacterial host

The genug&scherichia, Enterobacter, Shigella, &adhWdredlare water-borne pathogens. All
the collected water and sediment samples from River Ganganalysed for presence of these
pathogens. The detected pathogens were isolated aifieddéntmmembrane filtration technique as
described in the previous subsection was used to isolpthibgenic species. After incubation
results were noted down, single colony was picked upentalp of inoculating needle and streaked
on another agar plate and kept for incubation foroRdshat 3% to get isolated colonies. The
isolated colonies were observed and their colony characteristicdéatietewn.

The composition of required media for growth of each miemiem, microscopy and
biochemical characterization of these microorganisms aibedest detail in the Bacteriophage
VHFWLRQ RI WKH "$QQH[ WR WKH 5HSRUWQU

5.1.2.2.4 Procedure for isolation of Bacteriophages

1) Efficient isolation of bacteriophages from Rivers Gangaynéaand Narmada was carried by coal
bed method (Khairnar et al., 2014). Bacteriophages vifeedlby zone of clearance in lawn
culture respective host in plates; called plaque.

6) Plague assay method- Specific lytic phages were isplpteque assay method in accordance
with standard method of American Public Health Agency (Rice dt23l., 20

5.1.2.3 Discard

After completion of work, culture
plates and tubes (solid and liquid culture) were
disposed by spraying with disinfectant and
then packed in autoclavable plastic bags as
shown in Fig. 5-3 to autoclave for 20 minutes
at 128C and 15 Ibs pressure. After
autoclaving, media were discarded from glass
tubes in disposable plastic bags, packed " Fig. 5-3: Culture plates for discarding autoclave
thrown in biohazard dustbin for further
disposal (WHO , 2004).

5.1.2.4 Quality control and quality assurance (QAQC)

Bacteriophage analysis was carried out for samplesddtaot one location in each of the
Rivers Ganga, Yamuna and Narmada; and analyzed as taplibegesdifferent laboratories (CSIR-
NEERI, Nagpur, IIT- Roorkee and CSIR-NCL, Pune) at semeeto check the robustness of the
experiments.
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Samples were collected in triplicates and plating was algotdple¢s. Samples were checked
for presence of bacteriophages by plating with positivaegative control, for conformation and
confidence on results.

Table 5-2: Sampling details for QA/QC

NEERI- Nagpur | NCL- Pune IIT - Roorkee Total

Sampling location samples

Water | Sediment| Water [Sediment Water | Sedimen
1 | Haridwar U/S 1X3|1X3 1X3 [1x3 [|1x3 [1x3 |18
(Ganga)

2 | Lakhwar (Yamuna) |1 X3 [1X3 1X3 [1X3 1X3 1X3 18
3 | Mandla (Narmada) |1 X3 [1X3 1X3 J1X3 1X3 1X3 18
Total Samples Taken 9 9 9 9 9 9 54

Fig. 5-4: Isolation of bacteriophages by plaque assay method

Table 5-3: Statistical interpretation bacteriophages analgsilata from three institutions

Sn | Bacterial p-value
Isolates Water | Sediment
Haridwar (River Ganga)

1 | Escherichia p<0.05] p<0.01
2 | Enterobacter p<0.01]| p<0.05
3 | Shigella p<0.01| p<0.05
4 | Salmonella p<0.01] p<0.01
5 | Vibrio p<0.05| p<0.05
Lakhwar (River Yamuna)
6 | Escherichia p<0.01| p<0.01
7 | Enterobacter p<0.01] p<0.01
8 | Shigella p<0.01]| p<0.05
9 | Salmonella p<0.01| p<0.01
10 | Vibrio p<0.01] p<0.05
Mandla (River Narmada)
11 | Escherichia p<0.01] p<0.01
12 | Enterobacter p<0.01]| p<0.05
13 | Shigella p<0.01| p<0.05
14 | Salmonella p<0.05| p<0.05
15 | Vibrio p<0.01| p<0.05

Within the limit of available data the experiments sets hatasigrabrrelation has been
found across using statistical tools with p-value within the ragnsgeadif to p<0.05.
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5.1.3 Results

Five human pathogenic speckesclierichia, Enterobacter, Salmonella, Shigediee Setbecipd
and isolated from Rivers Ganga, Yamuna and Narmada to checdkida activity of bacteriophages
against bacterial species isolates from collected waseddament samples. Diversity and activity of
bacteriophage from River Ganga was compared with thedmpiage activity from Rivers Yamuna
and Narmada to ascertain the unique characteristics in River Ganga.

Different pathogenic, non-pathogenic and opportunistiogeatic species Bhterobacteriacae
group Escherichia, Enterobacter, Salmonella aaddSpe#s)o¥ibrio genwgere isolated from all
the collected water and sediment samples during pre-mondgqmusamonsoon season. Bacterial
colonies isolated by MFT from water and sediment sampefurtregr studied for identification on
the basis of colony morphology, grams characteristitsoahdmical characterization. Pathogenic
bacterial species is indicated by Red colour, opportpaisitcgenic species by Yellow and non-
pathogenic species by Green colour in the tables to follow.sUlkeare presented season wise in the
following section.

5.1.3.1 Pre-monsoon season (Water and Sediment of River Ganga)

5.1.3.1.1 Isolation of different bacterial host for bacteriopghage

Bacterial species were isolated from water and sedmaessa# River Ganga (pre-monsoon
and post-monsoon), Rivers Yamuna and Narmada (for compadatm from River Ganga) by MFT
using four different selective media such as M- EC, MayC8&&kagar and TCBS agar. Single isolate
colony was selected on the basis of morphology (@izelaar). Yellow colonies were picked from
M-EC agar media, pink from MacConkey agar media, craathislack from SS agar media, yellow
from TCBS agar media and streaked on respective agatongadipure culture of isolates. Each
isolated pure culture was inoculated in TSB broth foefudiéntification and study. Some different
isolated colonies on agar plates by membrane filtratioléeshare shown in tikgror! Reference
ource not found. The sample wise details of isolated bacteria are direorlirReference source
not found. andError! Reference source not foundand summarized &rror! Reference source
not found. & Error! Reference source not found.



Fig. 5-5: Various Bacteria Isolated from Ganga River on spic media

Escherichia showing yellow colon
on M-EC test agar; Enterobacter spp. shov 17%
pink colonies on MacConkey adrigella sp
showing colorless colonies on SS 3
Salmonella sppowing black colonies on ¢
AgarYibrio sppshowing yellow colonies ¢
(TCBS) agar. These bacterial species
common to several sampling points in Ga
and can be taken as representative micr

Non Pathogenic
m Pathogenic

Opportunistic
Pathogenic

species of River Ganga.
Fig. 5-6: Percentage of different bacterial spp. Isolaté®m

water and sediment samples
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Table 5-4: Summary of different bacterial isolates from Gomukb Gangasagar

Sn | Bacterial Spp. Stretch IA Stretch IB Stretch II Stretch 11l
o (8} (8] (8]
B o 3 o 3 o 3 v
2 22 22 22
§& §& §& §&
Water
1 Escherichia 2 3 0 2 3 0 4 3 0 1 1 1|0
2 Enterobacter | O 0 12 4 0 5 0 0 11 2 0 6
3 Shigella 7 0 0 6 0 0 11 |0 0 7 0 |0
4 Salmonella 2 0 0 2 0 0 1 0 0 1 0 |0
5 Vibrio 2 3 1 0 0 3 0 0 6 0 2 |6
Water (W) 13 |6 13 14 |3 8 16 |3 17 11 |3 |12
Sediment
1 Escherichia 5 9 0 4 4 0 0 5 0 5 2 |0
2 Enterobacter | 4 0 10 2 0 6 3 0 8 1 0 9
3 Shigella 20 | O 0 9 0 0 13 |0 0 9 0 |0
4 Salmonella 7 0 0 2 0 0 2 0 0 1 0 |0
5 Vibrio 2 4 9 0 5 5 0 5 8 0 4 |8
Sediment (S) | 38 | 13 | 19 17 |19 11 18 | 10 | 16 16 |6 |17
Total (W+S) |51 |19 |32 31 |12 |19 34 |13 |33 27 |9 |29
Non Pathogenic 53
Pathogenic 143
Opportunistic Pathogenic 113
Total bacterial spp. isolated from water and sediment samples 309

Table 5-5:
Sample Bacterial species characterized from water sample
Sn | Sampling Location cod ep Escherichia | Enterobacter | Shigella | Salmonell | Vibrio
Spp. Spp. Spp. a spp Spp.
1 Gomukh Bhagirathi GA-1 ND ND ND ND ND
2 Gangotri U, Bhagirathij GA-2 ND ND ND ND ND
. . E. amnigenou
3 Maneri dam, Bhagirath GA-3 bio. Grp. Il ND ND
4 Gangotri,Bhagirathi GGA-3 ND ND ND ND V. hollisag
5 | Uttarkashi, Bhagirathi | GA-4 E. amnigenou ND ND
bio. Grp. Il
6 | Maneri dam Bhagirath| GA-5 ND S R ND ND
gergoviae
7 Pilangana, Pilangana | GA-6 | E. blaitae | ND ND ND
. . . Enterobacter
8 Uttarkashi, Bhagirathi | GA-7 ND taylorae ND
o Enterobacter
9 Dharasu, Bhagirati GA-9 ND taylorae ND ND ND
10 | Chinialisau, Bhagirathi GA-10 ND SRrEleesy ND
taylorae
11 | Tehri, Bilangana GA-11 ND Enterobacter) ND ND
taylorae
12 | Tehri, Bhagirathi GA-12 ND ND ND ND ND
13 | Near Koti, Bhagirathi | GA -13 ND ND ND ND ND
14 | Near Bhilar, Bhagirath| GA -14 ND Enterobacter| ND ND
taylorae
15 | Upstream Bhagirathi | GA -15 ND ND ND ND
o Enterobacter
16 Raulakot, Bhagirathi | GA -16 ND amnigenus ND ND




Sample Bacterial species characterized from water sample
Sn | Sampling Location cod ep Escherichia | Enterobacter | Shigella | Salmonell | Vibrio
SPp. SPp- SPp. a spp SPpP.
17 Gh_ansall u/s, GA -17 Enterobacter ND
Bhilangana cloacae
18 | Ghansali, Bhilangana | GA -17D ND ND
. oo Enterobacter
19 | Tehri D/S, Bhagirathi | GA-18 taylorae ND ND ND
Tehri downstream, .
20 Bhagirathi GA -19 ND ND ND ND V. hollisag
21 | Koteshwar, Bhagirathi| GA -20 ND ND ND ND
22 | Koteshwar, Bhagirathi| GA-21 ND Enterobacter| ND
amnigenus
23 Hari ki paudi, Haridwa| GA-31 ND ND ND ND ND
24 Rishikesh, Downstrear GA-32 ND ND ND ND
25 Mana, Downstream GA-33 ND ND ND ND ND
26 | Mana, Upstream GA-34 ND ND ND ND ND
Badrinatha E. amnigenou
21| Downstream GA-35 bio. Grp. Il ND ND
Vishnu Prayag, .
28 Downstream GA-36 ND ND ND V. hollisag
E. amnigenou :
29 | Nand Prayag GA-37 bio. Grp. I ND V. hollisag
30 Nand Prayag GA-38 ND ND ND
31 Nand Prayag GA-39 ND ND ND
32 Karn Prayag GA-40 ND ND ND
33 Rudra Prayag GA-42 ND
34 Rudra Prayag GA-43
35 Dev Prayag GA-44 V.furnissi
36 Dev Prayag GA-45 ND ND ND ND
E. amnigenou
37 Dev Prayag GA-46 ND bio. Grp. I ND ND ND
38 | Rishikesh Upstream | GA-47 ND SR e \D ND ND
bio. Grp. Il
39 | Haridwar GA-48 = EIMITIEEL R
bio. Grp. Il
40 | Bijnor upstream GB1U/S ND V. nereis
41 | Bijnor downstream GB1D/S E. arrclanrlrt;;](lanus ND ND
42 Narora upstream GB2U/S = arrénrlrfg;](lanus ND ND
43 | Narora downstream | GB2D/S ND E. a”g:'g‘f”“s " ND ND ND
44 Kannouj upstream GB3U/s ND ND ND
45 | Kannouj downstream | GB3D/S ND ND ND
46 Kanpur upstream GB4U/s = arrénrlgclanus t ND ND ND
47 | Kanpur downstream | GB4D/S = angrléjtlanus - ND ND
48 | Allahabad upstream | GB5U/S ND = G ND V.
Grp | furnissii
E. amnigenus V.
49 | Allahabad downstrean| GB5D/S ND Grp ND furnissii
. E. amnigenus V.
50 Mirzapur upstream GB6U/S ND Grp furnissii
51 | Mirzapur downstream | GB6D/S || JENGOIM E. amnigenus
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Sample Bacterial species characterized from water sample
Sn | Sampling Location cod ep Escherichia | Enterobacter | Shigella | Salmonell | Vibrio
Spp. Spp. Spp. a spp Spp.
Grp |
52 | Varanasi upstream | GB7U/S e arg':glenus ND ND ND
. V.
53 | Varanasi downstream| GB7D/S ND ND -
Sangam E. amnigenus V.
54 (Ganga+Yamuna) GB8 ND Grp | ND furnissii
Bag bazar ferri ghéat E. amnigenu
55 U/s Kolkatta GC1 ND (Bio. Group.ll ND ND
Bata Nagar D/s
56 Kolkata GC2 ND ND ND ND ND
57 | Kakdwip GhatU/s | GC3 ST ND V. neries
taylorae
58 | Kakdwip downstream | GC4 St ND ND V. neries
taylorae
59 | Farakka downstream | GC5 ND ND ND
E. amnigenu .
60 | Farakka U/s GC6 ND (Bio. Group.ll) ND V. hollisag
. Enterobacter
61 | Rajmahal downstream GC7 ND taylorae ND
62 | Rajmahal U/s GC8 ND ND ND ND ND
Enterobacter .
63 Bhagalpur downstrean GC9 ND taylorae ND V. neries
64 | Bhagalpur (U/s) GC10 ND ND ND V. neries
65 Patna U/s GC11 ND ND ND ND
Patna D/S GC12 ND ND V. neries
! =For pathogenidl = "] =Non-pathogenic =Opportunist =For no bacterial c(

Table 5-6:
Sample Bacterial species characterized from sediment sample
Sn | Sampling Location — eD Escherichia | Enterobacter | Shigella | Salmonella| Vibrio
Spp-. Spp- Spp. Spp.
1 Gomukh Bhagirathi GA-1 ND ND
2 Gangotri U, Bhagirathi | GA-2 ND ND
3 Maneri dam, Bhagirath) GA-3 S. chloraes| V. furniss
4 Gangotri,Bhagirathi GA-4 S. chloraes| V. furniss|
5 Uttarkashi, Bhagirathi | GA-5
6 Maneri dam Bhagirathi| GA-6 o V. nerieg
entericarizo
7 Pilangana, Pilangana | GA-7 ND V. neries
8 Uttarkashi, Bhagirathi | GA-9 S . V. nerieg
entericarizo
9 Dharasu Bhagirati GA-10
10 | Chinialisau, Bhagirathi| GA-11 V. nerieg
11  |Tehri, Bilangana GA-12 ND V. neries
12 | Tehri Bhagirathi GA -13 ND ND
13 |Near Koti Bhagirathi | GA -14 _
14 | Near Bhilar Bhagirathi | GA -15
15 | Upstream Bhagirathi | GA -16 ND
16 | Raulakot Bhagirathi GA -17 S. chloraes ND
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Samole Bacterial species characterized from sediment sample
Sn | Sampling Location — ep Escherichia | Enterobacter | Shigella | Salmonella| Vibrio
SPP- SPp- SPp.
Grp.l
17 | Ghansali U/S Bhilanga| GA -17D ’ anér;lr?e"nous S. chloraes| V. neries
18 |Ghansali Bhilangana | GA-19 ’ anénrlgelnous
Tehri Downstream . amnigenous
19 Bhagirathi GA -20 Grp. I
Tehri downstream . amnigenous 3
20 Bhagirathi GA-21 Grp. Il Vo EEE
21 | Hari ki paudi, Haridwar GA-31 ND ND V. furniss
22 | Rishikesh Downstrean GA-32 - amnigenus g ND ND
Group.ll
23 | Mana Downstream GA-33 ND V. furniss
24 | Mana Upstream GA-34 ND ND
. i . amnigenus H
25 |Badrinatha Downstreal GA-35 Group. I
26 Vishnu Prayag GA-36 ND
Downstream
27 |Nand Prayag GA-37 ND ND
28 |Nand Prayag GA-38 ND = arg:;{?ﬁ”“s ]
29 |Nand Prayag GA-39 ND
30 Karn Prayag GA-40 ND
31 Rudra Prayag GA-42 : argrr\:ogltlanus 1 ND V. furniss
32 |Rudra Prayag GA-43 ' argr:llogﬁnus | ND | V.furniss
33 | Dev Prayag GA-46 : argr::ogﬁnus 1 ND V. nereis
34 | Rishikesh Upstream | GA-47
35 |Haridwar GA-48
36 |Bijnor upstream GB1U/S ‘ argr:;)gﬁnus |
37 | Bijnor downstream GB1D/S E. argr:;)gltlenus |
38 |Narora upstream GB2U/S ND = argr:;)gﬁnus |
39 |Narora downstream | GB2D/S = argrrl}logﬁnus |
40 |Kannouj upstream GB3U/S ND ND V. neries
41 | Kannouj downstream | GB3D/S = argrrl}logﬁnus 1 ND V. neries
42 | Kanpur upstream GB4U/S ND ND V. neries
43 | Kanpur downstream | GB4D/S = argrrl}logﬁnus 1 ND V. neries
44 | Allahabad upstream | GB5U/S
45 | Allahabad downstream GB5D/S
46 | Mirzapur upstream GB6U/S ' an(;rrl;)gﬁnus |
47 | Mirzapur downstream | GB6D/S ND V. neries
48 | Varanasi upstream GB7U/S ND E. an(;rrl;)gﬁnus | V. hollisa
49 | Varanasi downstream | GB7D/S ND ND V. neries
Sangam .
50 (Ganaga+Yamuna) GBS ND ND V. neries
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Sample Bacterial species characterized from sediment sample

Sn | Sampling Location - ep Escherichia | Enterobacter | Shigella | Salmonella| Vibrio

SpPp. SPp- Spp. Spp.

Bag bazar ferri ghét E. amnigenus 3
51 U/s GC1 Grp I ND V. neries
52 |Bata Nagar D/s Kolkat{ GC2 5 anérr];)gﬁnus | ND V. neries
53 |Kakdwip Ghat U/s GC3 = arg%gﬁnus ' ND V. neries

. Enterobacter .
54 | Kakdwip D/s GC4 ND taylorae ND V. neries
55 |Farakka Dis GC5 ND R ND | V. hollisa

taylorae

56 |Farakka U/s GC6 E. blattae ND V. neries
57 |Rajmahal D/s GC7 ND V. fischer
58 |Rajmahal Uls Gcs ND 5 a“(‘;rr‘;)gﬁnus | ND [\ fischer
59 |Bhagalpur D/s GC9 Inactive E. cc = argr:;)gﬁ:nus ND ND V. nerieg

Enterobacter :
60 |Bhagalpur (U/s) GC10 taylorae ND V. hollisa
61 |Patna U/s GC11 ND ND V. fischer

Enterobacter .

62 |Patna D/S GC12 taylorae ND V. fischer

_ . | _ - . =Non- pathogenic

- =Pathogenic bacterig =Opportunistic Pathogenic bacteria

5.1.3.1.2 Isolation of bacteriophage from water samples of Rer Ganga

Bacteriophages were isolated from all water and sedimeles sseparately by coal bed
method. Thus two sets of bacteriophages were isolateddch sampling locatiGrone from water
and another from sediment.

Escherichia, Enterobacter, Shigella, Sadidrelaere detected and isolated in 20, 26, 27, 9
and 21 samples (water and sediment combined) respectStedycm IA from Gomukh to Tehri
Dam. Thus, total of 102, 62, 80 and 65 bacterialsspexi isolated from water and sediment in
Stretch IA, 1B, Il and Il during pre-monsoon sampling respectively

All bacteriophage isolates from each stretch were athlbgajnst all the isolated bacteria
(results shown in previous sub-section) in corresponiciteh.s The detailed results of activity of
bacteriophage against the bacteria are presentedBactegophage section in the Annex to the
Report. A bacteriophage was identified and labelled when it showeactivity against any
isolated strain. The classification is only done based on the activityt dgairstrain. Thus, the
number of bacteriophage represents all the identified allet lbbeteriophages. Further analysis of
genomic study of identified bacteriophage, which showty against same strain but detected in
different location, was beyond the scope of this stumhymparison of number of bacteriophages with
water and sediment samples is liEtedr! Reference source not foundand Error! Reference
urce not found. and Error! Reference source not foundfollowed by the brief summary of
bacteriophages isolated against each isolated bacterialrepestezsidError! Reference source not
ound..

Table 5-7:

Sn

StretchlA StretchIB Stretchll” Stretchlll” Total
Water | Sediment | Water | Sediment | Water | Sediment | Water | Sediment

Bacterial spp.
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1 Escherichia 31 20 18 31 27 30 15 19 191
2 Enterobacter 22 40 33 29 36 37 30 33 260
3 Shigella 27 15 27 28 44 45 24 24 234
4 Salmonella 4 18 13 12 21 21 8 12 109
5 Vibrio 21 38 37 51 45 48 29 31 300
Total Bacteriophages 105 131 128 151 173 181 106 119 1094
Total Bacteria 32 70 25 37 36 44 26 39

*Stretch 1A = Gomukh to TehriStretch IB= Mana to Haridwa§tretch Il1= Bijnor to Varanasgtretch Ill= Patna to Kakdwip

600 53T
500
400 365 m Pathogenic
300 phages
196

200 Opportunistic
100 pathogenic

0 330 phages

= Non-Pathogenic

Pathogenic ~ Opportunistic Nonpathogenic phages

Pathogenic

m Bacteria m Bacteriophages

Fig. 5-7: (a) Comparison of different bacteria and bacteriopfjes isolated from River Ganga; (b) Percentage of different
bacteriophages isolated from Gomukh to Gangasagar

Within the bacterial diversity detected, more pathogenieridbbawere detected than
opportunistic pathogenic and non-pathogenic bacterighinwvater and sediment samples of River
Ganga. Similar trend was observed in bacteriophages.

Highest number of bacteriophages were detected iranatesediment samples from Bijnore
to Varanasi (Stretch Il); followed by water and sedinmeplesafrom Mana to Haridwar (Stretch 1B);
followed by Gomukh to Tehri (Stretch IA) and then in wateples of Kolkata region. As compared
to water samples, more bacteriophages were detected in sediment sample

5.1.3.2 Discussion on River Ganga for pre-monsoon sampling

Total of 309 bacterial isolates of five different speeresisolated as host for bacteriophages
from water and sediment samples of River Ganga from Gom@dmngasagar. Deatils for all the
stretches are given below.

5.1.3.2.1 Gomukh to Tehri (Stretch 1A)

Total 42 samples (22 water and 20 sediment) were @dHectethis Stretch during pre-
monsoon season. No bacteria were detected in water saleptled from Gomukh. Pathogenic,
opportunistic and non-pathogenic strain of bacteriaBsminerichia, Enterobacter, Shigedaeckad
Vibrio sppwere detected in water samples of this Stretch. Higinder of bacterial species was
isolated from sediment sampl8s.sonn@las detected in sediment sample at Gomukh. Total 38
pathogenic, 13 nonpathogenic and 19 opportunisticibaetee detected in 20 sediment samples of
this stretch. The total of 236 bacteriophages froar aad sediment were found to be active against
102 bacterial isolates of this stretch.
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5.1.3.2.2 Mana to Haridwar (Stretch IB)

Total of 62 bacterial isolates were detected from avetesediment samples collected from
Mana to Haridwar (Stretch IB). It includes 31 pathodéhigpportunistic pathogenic and 12 non
pathogenic strains of bacteria isolated from 21 waterl3argkdiment samples. Toi9
bacteriophages from water and sediment were found againstrig? isatdées in this stretch.

5.1.3.2.3 Bijnore to Varanasi

Total 34 pathogenic bacteria in water and sediment weotedlein this Stretch, 33
opportunistic pathogenic bacteria and 13 non-pathogerecisolated. Non-pathogenic bacterial
species were found less as compared to pathogenic and oppqatimgienic bacteria.

Total 80 bacterial isolates including pathogenic, non-pathagdnipportunistic pathogenic
bacteria were found and, controlled by 354 bacteriop¥tagesre isolated from water and sediment
samples.

5.1.3.2.4 Patna to Gangasagar (Stretch Ill)

Total 24 water and sediment samples were collectethd@jepie bacteria including 11 from
water and 16 from sediments were detected. 12 oppmrtpaikbgenic bacteria from water and 17
opportunistic pathogenic bacteria form sediment were foédm@over only 3 non-pathogenic
bacterial species from water and 6 from sediment were detected.

Bacteriophages are the natural enemy of bacteriateriodphages against pathogenic,
opportunistic pathogenic and non-pathogenic bacteria Ritbr Ganga were detected. Water and
sediment samples were collected and analyzed for bactesictenmphages at Gomukh, dBhjgella

sonnevas found in sediment sample of Gomukh but bacteriopbalgésd from water were found
against pathogenic speciesizoli, S. boydon-pathogenic species. \Ez blattaénactive E. cafid
V. mimicudloreover phages from sediments were found a&ainsonella, Escheanbi&nterobacter

andVibrio species.

Table 5-8:
Sn | Bact. Spp. Stretch Bacteriophage from Water No. Bacteriophage from Sediment No.
Eci phagel Eci
Eci phage2 Eci phage7  Eci phagé3 Eci phagel Eciphagél hagd 7D
Stretch | Eci phage3 Eci phage9  Eci phagé4 10 Eci phage6  Eci phagé3 ?Eci gha e 8
Eci Eci phagé0 Eci phagé6 Eci phage7  Eci phagd7 ;l 9
phageGGA3
Eci
phage43
. . Eci phage33 Eci phage37 Eci
EC.' phages2 EC! phages7 Eci phage46 Eci phage34s Eci phage38 phage46
Stretch Il | Eci phage33  Eci phag88 Eci phaoe4? 8 Eci phaoe35 Eci phage3o Eci 12
Eciphag86  Eciphage43 —° Pnage ctpnage ¢l phages9s cl
Eci phage36 Eci phage40 phage47
. Eci
1 & C(.)“ phage48
(inactive) - - - -
Eci phage Eci phage Eci phage Eci phage Eci phage Eci phage
1U/s 3D/S phag 1U/s 3D/S phag
- - 6U/S . X 6U/S
Eci phage Eci phage Eci phage Eci phage Eci phage Eci phage
1D/S 4U/s phag 1D/S 4U/s phag
Stretch Il Eci Eci phage GED{:iS’ 15 Eci Eci phage 6EDc/iS 15
phage2U/S 4DIS phage2U/S 4D/S
. . phage7U/S . ; phage7U/S
Eci phage Eci phage Eci phage Eci phage Eci phage Eci phage
2DIS 5U/S phag 2D/S 5U/S phag
- - 7DIS ) X 7DIS
Eci phage Eci phage Eci phade 8 Eci phage Eci phage Eci phade 8
3u/s 5D/S phag 3U/s 5D/S phag
IEc phage
Stretch IV | |Ec phage3 |Ecphage 7 IEc phage 10| 3 IEc phage 3  |Ec phage 7 10 3
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Stretch Bacteriophage from Water No. Bacteriophage from Sediment No.
Ecphage 1 Ecphage 3
Swetn! | Eopagez  EPIOOR0 Fenasdd | g | eoprages  Eophaal Enacal)
Ecphage 4 Ecphagel0
Ecphage31 Ecphage35 Ecphage39
Ecphage34 Ecphages7 Ecphage46 Ecphage32 Ecphage36 Ecphage40
Stretch Il Ecphage35 Ecphage39 Ecohageds 8 Ecohage33 Ecohage37 Ecphaged? 12
Ecphage36 Ecphage43 cphage cphage cphage cphage
Ecphage34 Ecphage 38 Ecphage48.
Ec phage Ecphage
Ec phage Ec phage 1U/s 3D/Ss Ec phage
Ec phage 6U/S
2U/S 4U/s Ec phage Ec phage
6D/S Ec phage
Ec phage Ec phage 1D/S 4U/s
2D/S 4D/S Ec phage Ec phage Ec phage 6D/S
Stretch Il 7U/S 12 Ec phage | 15
Ec phage Ec phage 2U/s 4D/S
Ec phage 7U/S
3U/S 5U/S 7D/S Ec phage Ec phage Ec phage
Ec phage Ec phage Ec phage 8 2D/S 5U/S 7B/Sg
3D/S 6U/S phag Ec phage Ec phage Ec phage 8
3U/s 5D/S phag
Ec phagel Ec phage6 Ec phagel Ec phage6
Ec phage3 Ec phage7 Ec phage10 Ec phage3 Ec phage7 Ec phage10
Stretch IV Ec phagell | 11 Ec phagell 11
Ec phage4 Ec phage8 Ec phagel2 Ec phage4 Ec phage8 Ec phagel2)
Ec phage5 Ec phage9 phag Ec phage5 Ec phage9 phag
EE Bﬂggz % Eb phage 5 Eb phage 11
Eb phage 6 Eb phage 12 Eb phage 7  Eb phage 10
Stretch | Eé)bp;ﬁggeg Eb phage 9  Eb phage 16 12 Eb phage 9 Eb phage 14 Eb phage2l 5
GGA3 Eb phage 10 Eb phage 20
Stretch Il - - - 0 - - - 0
Stretch 11l - - - 0 - - - 0
Stretch IV - - - 0 Eb phage 5 Eb phage 9 2
Stretch | Ef phagel4 Ef phage 20 2 - - - 0
Stretch Il - - - 0 - - - 0
Stretch 11l - - - 0 - - - 0
Stretch IV - - - 0 - - - 0
Stretch | - - - 0 - - - 0
Evphage 34
Evphage38 Evphage40
Stretch Il Evphage40  Evphage46. 2 Evphage36 Evphage39 Evphage48 7
Evphage37
Stretch 11l - - - 0 - - - 0
Stretch IV | Ev phage 3s 1 Ev phage 3 Evphage4 Evphage8 3
Total Escherichia phages 91 100
Eabll Eabll
Eabll phage5 phagel4 phagel7D
Stretch | | Eabl phagel6 1 Eabll phage? Eabll Eabll 6
phagel7 phage21
Eabll Eabll
phage31 phage36 Eabll
Eabl phage31 Eabl phage37 Eabll Eabll phage42
Eabl phage32 Eabl phage38 Eabl phage44 phage32 phage37 Eabll
Eabl phage45
Eabl phage33 Eabl phage39 Eabll Eabll phage 46
Stretch Il Eabl phage46| 17 14
Eabl phage34 Eabl phage40 phage33 phage38 Eabll
E Eabl phage47
E abl phage35 Eabl phage42 Eabl phage48 Eabll Eabll phage 47
= Eabl phage36 Eabl phage43 phage34 phage39 Eabll
amnigenus bil Eabll hage48
BioGroup |l Ea a phage
phage35 phage40
Eabl Eabl phage Eabl Eabll phage  Eabll phage Eabll
phagelU/S 3D/S hage6U/S 1U/s 3D/S phage6U/S
Eabl Eabl P égm Eabll Eabll Eabll
phagelD/S phage4U/S hage6D/S phagelD/S phage4U/S phage6D/S
Stretch Il Eabl Eabl P égbl 15 Eabll Eabll Eabll 15
phage2U/S phage4D/S hage7U/S phage2U/S phage4D/S  phage7U/S
Eabl Eabl = Eabll Eabll Eabll
phage2D/S phage5U/S hage7D/S phage2D/S phage5U/S  phage7D/S
Eabl phage Eabl Epablg hages Eabll phage  Eabll phage Eabll
3U/S phage5D/S phages. 3U/S 5D/S phage8
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Ss phagel3 Ss phagelD

Sn | Bact. Spp. Stretch Bacteriophage from Water No. Bacteriophage from Sediment No.
Eabll
phage9
Eabl phagel Eabl phage5 Eabl phage9 Eabll phagel Eabll phage5 Eabll
Stretch IV Eabl phage2 Eabl phage6 Eabl phagel0 12 Eabll phage2 Eabll phage 6 phagelO 12
Eabl phage3 Eabl phage7 Eabl phagell Eabll phage3 Eabll phage7 Eabll
Eabl phage4 Eabl phage8 Eabl phagel2 Eabll phage4 Eabll phage8 phagell
Eabll
phagel2
Ec
Ec phagel Ec phagel0
phagel7D
Ec phage2 Ec phagell
Stretch | Ec phage 1 - - 1 Ec phage4 Ec phage14 Ec phagel9| 12
Ec phage9 Ec phagel7 Ec phage20
Ec phage21
Eg pﬂzgg 2:23 Ec phage 38 Ec phage 44 Ec phage31 Ec phage36 Ec phage42
Ec phage 34 Ec phage 39 Ec phage 45 Ec phage32 Ec phage37 Ec phage43
Stretch Il Ec phage 35 Ec phage 40 Ec phage 46| 16 Ec phage 33 Ec phage38 Ec phage46, 15
Ec Ehage 36 Ec phage 42  Ec phage 47 Ec phage34 Ec phage39 Ec phage47
7 Ec phage 37 Ec phage 43  Ec phage 48 Ec phage35 Ec phage40 Ec phage48
Ec
Ec Ec Ec phagelU/S Ec Ec
Stretch 111 | PPagesd/s  phageSuis o ooup | 6 Ec phage2DIS - se7DIS| 7
Ec Ec phage Ec phages phagelD/S Ec Ec phaoes
phage4U/S 7U/IS phag Ec phage6U/S phag
phage2U/S
Ec phagel Ec phage5 Ec phage8
Stretch IV Eg pﬂggg% Eﬁ ppgggg EECC phh;geefo 6 Ec phage2 Ec phage6 Ec phagelQ] 9
phag phag phag Ec phage3 Ec phage7 Ec phagell
Ea
Ea phagel phagel7D
Ea phage2 Ea phage4 Ea phagel2 Eg pﬂggg% Eg pﬂgggﬂ Ea phagel9
Stretch | Ea phage3 Ea phage7 Ea phagel3| 10 pnag pnag Ea phage | 12
Ea phage4d  Eaphagel4d
Ea Ea phage 11 Eaphagel4d Eaphage 9 Eaphagel? 20
phageGGA3 phag phag Ea phage
21
Stretch Il - - - 0 - - - 0
E Ea phage Ea Ea phage Ea Ea
8 amnigenus 1U/S phage3D/S 1U/s phage3D/S phage6U/S
Ea Ea Ea phage6U/S Ea Ea Ea
phagelD/S phage4U/S Ea phage6D/s phagelD/S phage4U/S phage6D/S
Stretch Il Ea Ea Eaphage7U/d 15 Ea Ea Ea 15
phage2U/S phage4D/S phag “ phage2U/S phage4D/S
Ea phage7D/S phage7U/S
Ea Ea Ea phage8 Ea Ea Ea
phage2D/S phage5U/S phag phage2D/S phage5U/S hage7D/S
Ea Ea Ea Ea [I)Ea gha e8
phage3U/S phage5D/S phage3U/S phage5D/S phag
Stretch IV - - - 0 - - - 0
Et phage 1
Et Et phage 7 Et phage 14 Et phage 17  Et phage 19
Stretch | phageGGA3 Etphage 13  Etphage 15 ! Et phage 17D Et phage 20 Etphage 21 5
Et phage 6
Stretch Il - - - 0 - - - 0
o | E-taylorae =g cich i - - i 0 - i i 0
Et phage 1 Et phage 5 Et phage 9 Et phage 1 Etphage 5 Etphage 9
Stretch IV Et phage 2 Et phage 6 Et phage 10 12 Et phage 2 Et phage 6 Etphage 10 12
Et phage 3 Et phage 7 Et phage 11 Et phage 3 Et phage 7 Etphage 1
Et phage 4 Et phage 8 Et phage 12 Et phage 4 Et phage 8 Et phage 12
Eg phage 4 Egphage 13 Eg phage
Stretch | Eg phage 7 Egphage 14 Egphage 15| 3 Egphage 11 Eg phage 14 17Ds. 5
10 | E. gergoviae| Stretch Il - 0 - 0
Stretch Il - 0 - 0
Stretch IV - 0 - 0
Total Enterobacter phages 121 139
Ss phage4 Ss phagel4
Ss phagel9 Ss phage7 Ss phagel7? Ss phage20
E- Stretch | Ss phage6 Ss phage15 Ss phage21 8 Ss phagel3 Ssphagel7D Ss phage2l 6
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Sn

12

Bact. S

5-18

Stretch Bacteriophage from Water No. Bacteriophage from Sediment No.
Ss phage3l Ssphage36 Ssphaged4 Ss phage3l Ssphage36 Ss phage4?
Ss phage32 Ssphage37 Ssphage45 Ss phage32 Ss phage37 Ss phage 43
Stretch Il Ss phage33 Ssphage 38 Ssphage46| 15 Ss phage33 Ssphage 38 Ssphage44 15
Ss phage34  Ssphage40 Ss phage4d7 Ss phage34 Ssphage 39 Ss phage47
Ss phage35 Ssphage42 Ss phage48 Ss phage35 Ss phage40 Ss phage48
Ss
Ss
phangD/S phage6U/S
Ss phagelU/S Ss phage3D/S Ss phage6U/S Ss phagelU/s hagedU/s Ss
Ss phagelD/S Ss phage4U/S Ss phage6D/S Ss phagelD/s P %s phage6D/S
Stretch Il | Ss phage2U/S Ss phage4D/S Ss phage7U/§ 15 | Ss phage2U/s hage4D/S Ss 15
Ss phage2D/S Ss phage5U/S Ss phage7D/g Ss phage2D/s P gS phage7U/S
Ss phage3U/s Ss phage5D/S  Ss phage8 Ss phage3U/s ha eSSU/S Ss
P gSs phage7D/S
phage5D/S Ss phage8
Ss phagel Ss phage 5 Ss phage9 Ss phagel Ssphage5 Ssphage9
Stretch IV Ss phage2 Ss phage6 Ss phagel0 12 Ss phage2 Ss phage6 Ss phagel0 12
Ss phage3 Ss phage7 Ss phagell Ss phage3 Ss phage7 Ss phagell
Ss phage4 Ss phage8 Ss phagel2 Ss phage4 Ss phage8 Ss phagel2
Sb phage 1
sb phage 3 sbphage 9 sbphag&6
sb phage sbphag&0 sbphagé7 sb phage 3 sbphage? sbphagé7
Stretch | GGA3 sbphagé1 sbphage7D 19 sb phage 5 sbphagé3 D 9
sb phage4 sbphag3 sbphage 19 sb phage 6 sbohagé? sbphage 20
sb phage 5 sbphagé&4 sbphage 20 phag phag sbphage21
sb phage 6 sbphagé5 sbphage21
sbphage?7
Sb phage31 Sb phage38 Sb phage45 gg Bﬂggggé Sb phage 36 Sb phage40
Stretch II Sb phage32 Sb phage40 Sb phage46 12 Sbphage33 Sb phage37 Sb phage42 13
Sb phage33 Sb phage43  Sb phage47 Sb phage 34 Sb phage38 Sb phage43
Sb phage37 Sb phage44  Sb phage48 Sb phage 35 Sb phage39 Sb phage47
Sb Sb Sb Sb Sb
phagelU/S phage3D/S phagelU/S phage3D/S hage6U/S
Sb Sb Sb phage6U/g Sb Sb P agS(E)
. - phagtte)lD/S phagsi4U/S gg pEagegaﬁ . phagt;lD/S phagtka)4U/S phagst:)(iD/S .
tretc phage7U/S
phag&;ZU/S phagi4D/S Sb phage7D/g pha%izuls pha%i4D/S phage7U/s
phage2D/S phage5U/S Sb phage8 phage2D/S phage5U/S Sb
phage7D/S
Sb Sb Sb Sb Sb phages
phage3U/S phage5D/S phage3U/S phage5D/S phag
Sb phagel Sb phage5 Sb phage9 Sb phagel Sb phage5 Sb phage9
Stretch IV Sb phage2 Sb phage6 Sb phagel0 12 Sh phage2 Sbh phage6 Sb phagel0 12
Sb phage3 Sb phage7 Sb phagell Sbh phage3 Sh phage7 Sb phagell
Sbh phage4 Sb phage8 Sb phagel2 Sh phage4 Sh phage8 Sb phagel2
Stretch | - - - 0 - - - 0
Stretch Il - - - 0 - - - 0
Sf
phage6U/S
Sf phagelU/S Sf phage3D/S Sf phage6U/s Sf phagelU/S Sf phage3D/S Sf
Sf phagelD/S Sf phage4U/S Sf phage7U/S Sf phagelD/S Sfphage4U/S phage6D/S
Stretch Il | Sfphage2U/S Sf phage4D/S Sf phage7D/S 14 | Sfphage2U/S Sfphage4D/S Sf 15
Sf phage2D/S Sf phage5U/S Sfphaas Sf phage2D/S Sf phage5U/S phage7U/S
Sf phage3U/S Sf phage5D/S phag Sf phage3U/S Sf phage5D/S Sf
phage7D/S
Sf phag8
Stretch IV - - - 0 - - - 0
Total Shigella Phages 122 112
Sophager  Sophage1s ¢ PER0%]
Stretch | Sc phage 15 Sc phage 17 2 S Sc phagel5 10
¢ phagell Sc phagel6 phagel7D
Sc phagel3 phag Sc phage21]
Sc phage31  Sc phage36 Sc phage31
Scphage33  Sc phage3? Sc phage42 Sc phage33 Sc phage37 Sc phage43
Stretch Il Sc phage44 | 11 Sc phage39 Sc phage47, 10
Sc phage34  Sc phage38 Sc phage45 Sc phage35 Sc phage42  Sc phage48
Sc phage35  Sc phage39 Sc phage36
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Stretch Bacteriophage from Water No. Bacteriophage from Sediment No.
Sc Sc
phage3D/S phage6U/S
Sc Sc
Sc phagelU/S Sc phage3D/S Sc phage6U/S Sc phagelU/S
Sc phagelD/S Sc phage4U/S Sc phage6D/S Sc phagelD/S phage4U/S phage6D/S
Stretch Il | Sc phage2U/S Sc phage4D/S Sc phage7U/S 15 | Sc phage2U/S ha g4D/S S’C 15
Sc phage2D/S Sc phage5U/S Sc phage7D/S Sc phage2D/S phag
Sc phage3U/S Sc phage5D/S  Sc phage8 Sc phage3U/S Sc phage7U/s
- = phage5U/S Sc
Sc phage7D/S
phage5D/S  Sc phage8
Sc phagel Sc phage5  Sc phage9
St Sc phagel Sc phaged Sc phagell Sc phage2 Sc phage6 Sc phagelQ
retch IV Sc phage2 Sc phage7 hagel? 8 Sc phage3 Scphage?  Sc phagell 12
Sc phage3 Sc phages Sc phage ¢ phage ¢ phage ¢ phage
Sc phage4 Sc phage8 Sc phagel?
Se phagel Se phagel3
Stretch | Se phagel5 Se phagel7 2 Se phage4 Se phagel5 g: pﬂggzgg 8
Se phagell Se phagel? phag
Stretch Il - 0 - 0
Stretch |1l - 0 - 0
Stretch IV - 0 - 0
Stretch | - 0 - 0
Stretch Il Se phage 37 Se phage39 2 Se phage31 Se phage37 2
Se
Se
Se phage2U/s Se phage3U/S Se phage7U/S Se phagelU/s phage4U/S
Stretch II Se phage2D/S Se phage5D/S  Se phage8 6 Se phage2D/< Se pShageGU/S 6
e phage8
phage5D/S
Stretch IV - 0 - 0
Total Salmonella phages 46 63
Vh phage3 Vh
Stretch | - Vh phage7 Vh phage9 phage11
Vh
Vh phage33 Vh phage38  Vh phagea? Vh phage31l Vh phage34 phf\/%e?,?
Stretch Il | Vhphage34 | phggg 6 vh phzgg 46| 7 | Vhphage32 Vhphagess ' .o | 9
Vh phage35 phag phag Vh phage33  Vhphage36 " v%
. phage40
17 | V. hollisae vih vh
Stretch Il phage4D/S Vh Vh 4 phage4U/S Vh Vh 4
Vh phage6U/S phage6D/S Vh phage5D/S  phage6U/S
phage5U/S phage4D/S
Vh
sveenny | VRO nonages vnonagens| | VOPRO2 vhpages  phagens |
vh phages phage8  Vh phagel2 Vh phages Vh phage8 Vh
phag phag
phagel2
Stretch | - 0 - 0
Vf phage31 Vfphage3l  Vfphage36 Vh phage
Vf phage32 x; gﬂgggs x; Bﬂgg:jg Vfphage32  Vfphage37 43
Stretch Il Vf phage33 Vi ph foh 13 Vfphage33 Vh phage 38 Vfphage46| 14
Vi phage34 phage39 — Vfphagears Vfphage34  Vfphage39 Vfphaged7
phag Vfphage44  Vfphage48 pnag phag phag
Vf phage35 P Vfphage35 Vh phage 40 Vfphage48
Vf Vf Vf Vf phage
phagelU/S \ii phagelU/S phage3D/S 6%/59
18 V.furnissii Vi phage4D/S Vh phage \%i Vi
phage2U/S Vf Vf phage6D/S 1D/s phage4U/S phage6D/S
Stretch IIl Vf phage5U/S  Vfphage7U/S 13 Vi VFf Vi 15
phage3U/S Vf Vf phage7D/S phage2U/S phage4D/S hage7U/S
Vi phage5D/S Vf phage8 Vh phage \%i P %f
phage3D/S Vf phage 2D/s phage5U/S
vf 6U/S Vi vi phage 7D
phage4U/S phage3U/S phage5D/S phage
Stretch IV - 0 Vf phage7 1
\iil
Vf! phagel Vii phage12 phagel6
Vfi phage2 ) Vi
Stretch | - 0 ) Vfi phagel4 10
Vfi phage7 Vii bhagels phagel7D
Vfi phagel11 phag Vi
phage21
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Sn

Bact. S

V. nereis

Stretch Bacteriophage from Water No. Bacteriophage from Sediment No.
Vi
phage43
Vfi phage31  Vfi phage35 Vfi phaged6 x;: Bﬂgggg% x;: Bﬂggggg pha\g/]felz46
Stretch Il Vf! phage32 Vf! phage44 Vf! phage47 9 Vi phage33  Vfi phaged0 Vi 12
Vfi phage34  Vfi phage4d5 Vfi phage48 Vii phage34  Vfi phage 42 phage47
Vi
phage48
\il Vi Vi
phagelU/S Vfi phage ' phagelU/S phage4U/S )
] Wil - ) Vi
Vil 4D/S hage6D/S Vil Vil hage6D/S
phage2U/S Vfi phage P gvﬁ phage2U/S phage4D/S prigphage
Vfi phage 5U/S \iil Vi
Stretch Il | )5 Vii phag\?]?.u’ S | 183 | phage2p/s  phagesurs V7f.U/ ﬁ 14
Vfi phage phage5D/S phage?ID /s Vfi phage Vi 7|Dp/Sage
3U/s Vfi phage Vfi phages 3U/s phage5D/S Vfi phage 8
Vfi phage 6U/S phag Vfi phage Vfi phage phag
4U/s 3D/S 6U/S
Vi
Vioheged  Viphagezz Pl
Stretch IV - 0 . Vfi phageld 10
Vfi phage7 Vii phage15 phagel7D
Vfi phagell Vi
phage21
Vn phage6  Vn phagel6
Stretch | vn pphag?elo Vn p?wag%l?D Vn phage20 8 Vnphage2  Vn phagel4 vn 5
Vn phage15 Vi phagel9 Vn phage21 Vnphage3  Vnphagelé phage2l
Vn
Stretch Il x: Sugggjg Vn phage43  Vn phage47 7 xz Eﬂggggé Vn phage38  phage40 7
Vin phage42 Vn phage44  Vn phage48 Vn phage34 Vn phage39 Vn
phage46
Vi vn Vn phage vn Vi Vn phage
phagelU/S phage3D/S 6U/S phagelU/S phage3D/S 6U/S
Vn Vn Vn phage Vn phage Vn Vn phage
phagelD/S phage4U/S 6D/S 1D/S phage4U/S 6D/S
Stretch Il Vi vn Vn 15 | Vnphage vn Vn 15
phage2U/S phage4D/S phage7u/s 2U/s phage4D/S phage7U/s
Vn Vn phage vin Vn phage Vn phage Vin phage
phage2D/S 5U/S phage7D/s 2D/s 5U/S 7D/S
Vn Vn phage Vn phages Vn Vn phage VN phages
phage3u/s 5D/S phag phage3Uu/s 5D/S phag
Vn phage9
Vn phagel Vn phage5 Vn phage9 Vn phagel Vn phage5 pthelo
Stretch IV Vn phage2 Vn phage6 Vn phagel0 12 Vn phage2 Vn phage6 vn 12
Vn phage3 Vn phage7 Vn phagell Vn phage3 Vn phage7 hagell
Vn phage4 Vn phage8 Vn phagel2 Vn phage4 Vn phage8 P V%
phagel2
Stretch | - 0 0
Stretch Il - 0 Vp phagel7D V p phagel9 2
Stretch Il - 0 - 0
Stretch IV - 0 - 0
Stretch | - 0 - 0
Stretch Il | Vo phage34 1 Vo phage 20 1
Vo
Vo phage33 Vo phage37 pha3e40
Stretch Il - 0 Vo phage34 Vo phage38 phagg 42 9
Vo phage35 Vo phage39 Vo
phage47
Stretch IV - 0 - 0
Stretch | Va phage 10 Va phage 14 2 - 0
Va phage 3 Va phage
Stretch Il - 0 va Shage 5 Va phage 11 SO 9 4
Stretch 11l - 0 - 0
Stretch IV - 0 - 0
Stretch | VI phage 9 1 - 0
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Stretch Bacteriophage from Water No. Bacteriophage from Sediment No.
VI phage 2 VI phage 14 Vi qgage
Stretch Il - 0 VI phage 5 VI phage 6 VI phage 8
Vlphage 6 VIphage 17D gl 9
Stretch 1l - 0 R 0
Stretch IV - 0 - 0
Vmphagel Vmphage3 Vm phage 14 )
Stretch | Vmphage2 Vmphage7 Vm phage 17 6 0
Stretch Il - 0 - 0
Stretch 1l - 0 - 0
Stretch IV - 0 - 0
V¢ phage 2s )
Stretch | Ve phage 3s Vc phage 9s Vc phage 14s| 4 0
) Vc phage 2 Vc phage
Stretch Il 0 Ve phage 3 Vc phage 9 14 4
Stretch 1l - 0 - 0
Stretch IV - 0 - 0
Total Vibrio phages 132 168
Total phages isolated from Water 512 Total phages isolated from Sediment 582

5.1.3.3 Post-monsoon season (Water and sediment samples from River Ganga)

Sampling and analysis during pest
monsoon season was perfmored with s
protocol as during pre-monsoon season.
results are presented in the following sec
for post-monsoon seasdarror! Referene
ource not found. summarizes the type ¢
bacterial species identified in the water
sediment samples across all the four stretc

Similar to pre-monsoon season,
detected bacteria were mostly pathog
followed by opportunistic pathogenic a
non-pathogenic in both water and sedim

samples of River Ganga' Similar trend rl\:Tg 5-8: Percent of different bacterialspp. Isolagesoim water anc

= Non Pathogenic

m Pathogenic

Opportunistic
Pathogenic

observed in bacteriophages which sediment samples
represented i&rror! Reference source not
ound..

Table 5-9: Summary of different bacterial isolates from Gomultb Gangasagar

S | Bacterial spp. Stretch IA Stretch IB Stretch Il Stretch 11l
n

.

k4]

[

=

o

Q.

(o8

(@)
1 | Escherichia 1 2 2 1 0 0 5 3 0 3 1 1
2 | Enterobacter 6 0 5 4 0 6 5 0 8 4 0 8
3 | Shigella 8 0 0 8 0 0 14 0 0 12 0 0
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4 | Salmonella 2 0 0 2 0 0 4 0 0 5 0 0
5 | Vibrio 0 0 10 1 1 1 0 6 2 0 3 7
Water (W) 17 02 17 16 01 07 28 09 10 24 4 16
Sediment
1 | Escherichia 0 3 0 5 1 1 4 3 0 4 4 1
2 | Enterobacter 3 0 6 6 0 4 4 0 8 5 0 7
3 | Shigella 11 0 0 9 0 0 11 0 0 12 0 0
4 | Salmonella 5 0 0 3 0 0 7 0 0 6 0 0
5 | Vibrio 0 2 6 0 3 2 0 6 6 0 6 5
Sediment (S) 19 5 12 23 4 7 26 9 14 27 10 13
Total (W+S) 36 07 29 39 05 14 54 18 24 51 14 29
Non Pathogenic 44
Pathogenic 180
Opportunistic Pathogenic 96
Total bacterial spp. isolated from water and sediment samples 320
Table 5-1Q Bacterial species isolation and charecterization from wateamples of River Ganga during post-monsoon season
sn Location Sample | Bacterial species characterized from water sample
' Code Escherichia | Enterobacter Shigella | Salmonella | Vibrio
1 Gomukh GA01 ND ND ND ND ND
2 Gangotri U/S GA02 ND ND ND ND ND
3 Jaat Ganga U/S GA03 ND ND ND ND ND
4 Harsil U/S GAO05 ND E.amnigenus I ND ND ND
5 Gangnani GA06 ND E.amnigenus I ND ND V. furnissii
6 Batwadi D/S GAO07 ND ND V. nereis
7 Maneri D/S GAQ9 ND ND ND V.furnissii
8 Uttarkashi U/S GA10 E. hermannii ND V.furnissii
9 Uttarkashi D/S GA12 E. hermannii | E.amnigenus | ND V. furnissii
10 Dharasu GA13 ND ND ND V.furnissii
11 Tehri 1 GA15 ND E.amnigenus Il ND ND
12 Tehri 2 GA16 ND ND ND ND ND
13 Tehri 3 GAl7 ND ND ND ND ND
14 Bhilagana GA18 ND E.amnigenus Il ND ND ND
15 Ghansali GA19 Inactive E.col V. nereis
16 Tehri Dam wall GA20 ND ND ND ND ND
17 Bhagirathi GA21 ND ND ND ND V.furnissii
18 Tehri confluence | GA23 ND ND ND ND ND
19 Bridge GA24 E. blattae V. nereis
20 Koteshwar GA25 ND ND V. nereis
21 Bhaso GA26 ND ND ND ND
22 Mana U/S GA30 ND ND ND ND ND
23 Badrinath GA31 ND ND ND ND ND
24 | Vishnuprayag U/S | GA32 ND ND ND ND ND
25 Vishnuprayag D/S | GA33 ND ND ND
26 Alaknanda GA34 ND ND ND ND ND
27 Nandprayag U/S | GA35 ND ND ND ND
28 Nandprayag D/S | GA36 ND ND V. furnissii
29 Karnaprayag D/S | GA37 ND ND ND ND
30 Rudraprayag U/S | GA38 ND ND ND ND ND
31 Rudraprayag D/S | GA39 ND E. amnigenus Biogrg ND ND
32 Srinagar (Dam) GA40 ND E. amnigenus Biogrg ND ND
33 Devprayag U/S GA41 E. amnigenus Biogrg V. ordalii
34 Devprayag GA42 ND ND ND
35 Devprayag D/S GA43 ND E. amnigenus Biogrg ND ND
36 Rishikesh U/S GA44 ND ND ND ND ND
37 Rishikesh D/S GA45 ND ND ND ND ND
38 Haridwar U/S GA46 ND ND ND ND ND
39 Haridwar GA47 ND E. amnigenus Biogrg ND ND
40 Haridwar D/S GA48 ND E. amnigenus Biogrg ND V. nereis
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41 Bijnor U/S GB1U E.blattae E.amnigenus Il ND V. fischeri
42 Bijnor D/S GB1D ND E.amnigenus | ND ND

43 Narora U/S GB2 U ND ND ND V. fischeri
44 Narora D/S GB2 D E.blattae E.amnigenus Il ND ND

45 Kannauj U/S GB3U | ND ND ND

46 Kannauj D/S GB 3D V. fischeri
a7 Kanpur U/S GB 4U ND E.amnigenus Il ND ND

48 Kanpur D/S GB 4D ND ND V. nereis

49 Allahabad Yamuna | ND ND

50 Allahabad U/S GB5U | E.blattae ND ND

51 Sangam Sangam - - V. nereis

52 | Allahabad D/S GB5D | ND E.amnigenus I V. ordalii

53 Mirzapur U/S GB6U | ND E.amnigenus | ND ND

54 Mirzapur D/S GB6D | ND E.amnigenus | ND V. ordalii

55 | Varanasi U/S GB7U | ND E.amnigenus | ND ND ND

56 Varanasi D/S GB7D V. fischeri
57 Kolkata U/S GC1 E.amnigenus | V. ordalii

58 Kolkata D/S GC2 V.furnissii
59 Kakdwip U/S GC3 E.hermannii | E.amnigenus Il V.furnissii
60 Kakdwip D/S GC4 ND E.amnigenus Il ND V.furnissii
61 Farakka D/S GC5 ND E.amnigenus Il V. fischeri
62 Farakka U/S GC6 ND ND V. nereis

63 Rajmahal D/S GC7 ND ND ND

64 Rajmahal U/S GC8 ND E.amnigenus | ND V. nereis

65 Bhagalpur D/S GC9 ND E.amnigenus | V. nereis

66 Bhagalpur U/S GC10 Inactive E.coll E.amnigenus I ND V. nereis

67 Patna U/S GC11 ND E.amnigenus | ND ND

68 Patna D/S GC12 ND V. fischeri

I - for Pathogenic | | =for nonpathogenic | | =For no bacterial count

Table 5-11 Bacterial species isolation and charecterization from sedent samples of River Ganga during pre-monsoon

season

Sn | Location Sample | Bacterial species characterized from sediment sample

Code Escherichia | Enterobacter | Shigella | Salmonella | Vibrio
1 Gomukh GAl ND ND ND ND
2 Gangotri U/S GA?2 ND V.furnissii
3 Jaat Ganga U/S GA3 Inactive E. col E.amnigenus V.furnissii
4 Maneri D/S GA9 ND E.amnigenus ND ND
5 Uttarkashi U/S GA 10 ND E.amnigenus V.furnissii
6 Uttarkashi D/S GA 12 Inactive E. col E.amnigenus V. ordalii
7 Dharasu GA 13 Inactive E. col ND V.furnissii
8 Tehri 1 GA 15 ND V.furnissii
9 Tehri 2 GA16 | ND ND ND ND ND
10 | Tehri3 GA 17 ND E.amnigenus ND V.logei
11 | Ghansali GA 19 ND E.amnigenus ND ND
12 | Koteshwar GA 25 ND ND ND V.furnissii
13 | Bhaso GA26 | ND ND ND ND ND
14 | Mana U GA30 |ND ND ND ND ND
15 | Badrinath GA31 ND ND ND ND ND
16 | Vishnuprayag U/S | GA32 ND ND ND
17 | Alaknanda GA34 ND ND ND V.logei
18 | Nandprayag D/S | GA36 E.blattae ND ND V. ordalii
19 | Karnaprayag D/S | GA37 ND E.amnigenusl ND ND
20 | Rudraprayag U/S | GA38 ND ND ND ND
21 | Rudraprayag D/S | GA39 ND ND ND
22 | Devprayag U/S GA41 ND
23 | Devprayag U/S GA42 ND ND ND
24 | Devprayag D/S GA43 ND E.amnigenusl ND V. fischeri
25 | Rishikesh U/S GA44 ND ND ND ND

5-23



Sn | Location Sample | Bacterial species characterized from sediment sample

Code Escherichia | Enterobacter | Shigella | Salmonella | Vibrio
26 | Rishikesh D/S GA45 ND E.amnigenusl ND ND
27 | Haridwar U/S GA46 ND E.amnigenus ND ND
28 | Haridwar GA47 E. hermannii | ND ND ND V. furnissii
29 | Haridwar D/S GA48 V. furnissii
30 | Bijnor U/S GB1U Inactive E. col ND V.furnissii
31 | Bijnor D/S GB1D E.amnigenusl V.furnissii
32 | Narora U/S GB2U | ND E.amnigenusl V. fischeri
33 | Narora D/S GB2D | ND ND ND ND V. fischeri
34 | Kannauj U/S GB3U | ND ND ND ND
35 | Kannauj D/S GB3D | ND ND V. ordalii
36 | Kanpur U/S GB 4U ND ND ND
37 | Kanpur D/S GB4D | ND ND V. nereis
38 | Allahabad U/S GB 5U E.amnigenusl| V. ordalii
39 | Allahabad D/S GB5D | ND E.amnigenusl| ND V. nereis
40 | Mirzapur U/S GB6U | ND E.amnigenusl| V. ordalii
41 | Mirzapur D/S GB 6 D | Inactive E. col E.amnigenus V. fischeri
42 | Varanasi U/S GB7 U | Inactive E. col E.amnigenusl| ND V. nereis
43 | Varanasi D/S GB7D E.amnigenusl| V. nereis
44 | Kolkata U/S GC1 ND V. fischeri
45 | Kolkata D/S GC2 E.amnigenusl| V. ordalii
46 | Kakdwip U/S GC3 E.blattae E.amnigenusl ND V. nereis
47 | Kakdwip D/S GC4 ND E.amnigenus V. nereis
48 | Farakka D/S GC5 Inactive E. col V. ordalii
49 | Farakka U/S GC6 E. hermannii ND V. fischeri
50 | Rajmahal D/S GC7 E.amnigenus V.furnissii
51 | Rajmahal U/S GC8 E.blattae E.amnigenus ND V.furnissii
52 | Bhagalpur D/S GC9 ND V. fischeri
53 | Bhagalpur U/S GC10 E.blattae ND V. nereis
54 | Patna U/S GC11 E.amnigenusl| V. ordalii
55 | Patna D/S GC12 ND E.amnigenus ND ND

=Non pathogenic  [JJll] = Pathogenic | [ = Opportunistic pathogen
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Table 512

Sn | Bacterial spp. StretchlA _ StretchIB _ Stretchli _ Stretchlir _ Total

Water | Sediment| Water | Sediment| Water | Sediment| Water | Sediment
1 | Escherichia 37 35 11 13 28 43 12 10 189
2 | Enterobacter 56 52 42 29 27 27 21 13 267
3 | Shigella 42 27 39 26 34 43 22 15 248
4 | Salmonella 23 19 28 11 26 18 10 14 149
5 | Vibrio 49 32 27 21 29 48 20 17 243
Total Bacteriophages| 207 165 147 100 144 179 85 69 1096
Total Bacteria 36 36 24 34 47 49 44 50
*Stretch 1A = Gomukh to TehriStretch IB= Mana to Haridwagtretch ll= Bijnor to Banard$§tretch Ill= Patna to
Kakdwip

600 583
500

m Pathogenic
400 322 phages
300
200 191 Opportunistic

pathogenic

100 A phages

= Non-Pathogenic
phages

Pathogenic  OpportunisticNon-Pathogenic
Pathogenic

m Bacteria m Bacteriophage

Fig. 5-9:(a) Comparison of different bacteria and bacteriophag isolated from River Ganga; (b) Percentage of different
bacteriophages isolated from Gomukh to Gangasagar during post-monsoon
During post-monsoon season, more number of bacteriophageketected in water samples
of Gomukh to Tehri Stretch. More number of bacteriophagiesed from sediment collected from
Bijnor to Varanasi were active against isolated bacteria.

5.1.3.4 River Ganga?post monsoon sampling

Total of 320 bacterial isolates were identified covesimgcks oEnterobacterigpaeip from
water and sediment samples from all the stretches.

5.1.3.4.1 Isolation of Bacterial Host

5.1.3.4.1.1Gomukh to Tehri (Stretch IA)

Total 34 samples (21 water and 13 sediment) were cdhectethis stretch during post-
monsoon season. Out of total 36 bacterial isolatesviten samples which comprise@&stherichia,
Enterobacter, ShigalmonebadVibrio sppthe number of pathogenic, opportunistic pathogedic a
non-pathogenic were 17, 17 and 2 respectively. @ bécterial isolates from sediment, 19 were
identified as pathogenic, 5 were opportunistic pathogeni? amere non-pathogen®. boydwas
found in sediment sample at Gomukh. Total 207 bacterisghaimewater and 165 bacteriophages
from sediment were found against 36 bacterial isolatesvater and 36 bacterial isolates from
sediment.
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5.1.3.4.1.2Mana to Haridwar (Stretch IB)

Total 58 bacteria were isolated from 35 samples of dMbfaaidwar stretch. It includes 16
pathogenic bacteria from water and 23 from sedimepportunistic pathogenic from water and 7
from sediments and 1 non pathogenic bacteria from wemaderd from sediment. Totdd7
bacteriophages from water were controlling 24 pathoggmortunistic pathogenic and non-
pathogenic bacteria, while 100 bacteriophages isatatedeftiments were controlling 34 bacterial
isolates from this stretch.

5.1.3.4.1.3Bijnore to Varanasi (Stretch Il)

Total 28 pathogenic bacteria in water and 26 in sesisrendetected in this stretch, while 10
from water and 14 from sediments, opportunistic patitogacteria were detected. Non-pathogenic
bacterial species were found less as compared to piatlaoge opportunistic pathogenic bacteria,
total 18 non-pathogenic bacterial species wereedetedioth water and sediment. A total of 144
bacteriophages were found against 47 bacterial isalatisgnpathogenic, opportunistic and non-
pathogenic in water samples, while 179 bacteriophagetimansesamples were found to be
controlling 49 bacterial isolates from this stretch. Mam#er of bacteriophages was found in
sediment samples as compared to water samples.

5.1.3.4.1.4Patna to Gangasagar (Stretch IlI)

51 pathogenic bacteria including 24 from water and A7sé&diments were detected. 16
opportunistic pathogenic bacteria from water and 13toptic pathogenic bacteria form sediment
were found. Non-pathogenic bacteria were detected mniasdeer as compared to pathogenic and
opportunistic pathogenic bacteria. When compared to stpgteh of river Ganga; lower stretch was
found to have more number of bacterial counts. As cethpa upper stretch of the River Ganga,
water and sediment samples of this region was found rflotedpand higher numbers of bacterial
isolates were detected. 94 bacterial isolates were fauatelriand sediment; which were found to be
controlled by 85 bacteriophages from water and 69 éaiment. The numbers of bacteriophages
found are lesser in number as compared to the upper stretch.

Table 513 Summary of Bacteriophages from water and sediment for post-nmsmon season

gg;t' Stretch Bacteriophage from Water No. | Bacteriophage from Sediment No.
IEc phage IEc phage
12 17
IEc phagel |Ec phage9 IEc phagel7 IEc phage 1
IEc phage 2 |Ec phagel0 IEc phagel8 IEc phage 2 Illéc phage IlEgC phage
Stretch | | IEc phage3 |Ec phagel2 IEc phage24| 15 IEc phage 3 IEc phage IEc phage 13
IEc phage5 IEc phagel3 IEc phage25 IEc phage 9 15 phag o5 phag
IEc phage7 IEc phagel6 IEc phage26 IEc phage 10 IEc phage IEc phage
E coli 16 26
(ir'];gﬁ've) Stretch Il | - 00 |- 00
IEc IEc
phagelD/S phage3U/S IEc IEc IEc phage
IEc IEc phage6D/S IEC phage1U phage4U 6U
Stretch Ill 08 | IEc phagelD 07
phage2U/S phage3D/S |Ec IEc phaae3D IEc IEc
IEc IEc phage7D/S phag phage5U phage7D
phage2D/S phage6U/S
IEc
Stretch IV | - 0 IEc phage4 phages8 2
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Stretch Bacteriophage from Water No. | Bacteriophage from Sediment No.
Stretch | | - 0 - 0
Ec
Ec phage30 Ec phage4€
Stretch Il Ecphage30 Ec phage45 Ec phage46 | 04 | Ec phage 31 phage41 Ec phage | 07
¢ phage32 E Ec
¢ phage36 48
phage45
Ec phage Ec
Ec phage 3D phage6U
1U/s Ec Ec Ec phagelU Ec Ec
Stretch Il Ec phage4D/S phage5D/S 7 Ec phage 1D phage4U phage6D 12
phage2U/S Ec Ec Ec phage2U Ec Ec
Ec phage5U/S phage6D/S Ec phage 2D phage5U phage7U
phage4U/S Ec Ec
phage5D phage7D
Stretch IV | Ec phage 5 Ec phagel0 Ecphage 11| 03 | Ecphage 7 Ec phage8 Ec phage 9| 03
Stretch | Eb phage3 Eb phage 12 Eb phage 24 6 Eb phagel Eb phage Eb phage 4
Eb phagel0 Eb phagel3 Eb phage 25 Eb phage2 10 26
Stretch Il Eggﬂggggg Eb phage44 Eb phage48 | 4 Eb phage45 Eﬁ;ge46 Eﬁage48 3
Eb phage Eb Eb phage Eb phage
1U/s phage3D/S Eb 3U 5D
Eb Eb phage6U/S Eb phage 1U Eb phage Eb phage
phagelD/S phaged4U/S Eb Eb phage 1D 3D 6U
Stretch lil Eb Eb phage7U/S 1 Eb phage 2U Eb phage Eb phage 12
phage2U/S phage4D/S Eb Eb phage 2D 4U 6D
Eb Eb phage7D/S Eb phage Eb phage
phage3U/S phage5D/S 4D 7U
Stretch IV | Eb phage4  Eb phage7 Eb phagel2 | 3 Eb phagel2 1
Efphage 1 Efphage 13 Efphage 9
Stretch | | Efphage 7 Efphage 15 E;pﬂ:gg ;Z 8 E;pﬂ:gg :2% Efphage E;pﬂgggllg 6
Efphage 9 Efphage 16 phag phag 10 phag
Stretch Il | - 0 - 0
Stretch Il | - 0 - 0
Stretch IV | - 0 - 0
Eh Eh
phagel0 phagel6
Eh phagel Eh Eh
St Ehphage3 — Eh phagel5 Eh phage25 Eh phage 2  phagel2 phagel?
retch| | Eh phage 12 Eh phagel8 h phage26 8 Enh oh 3 Eh Eh 12
Eh phagel3 Eh phage 24 Eh phage phage
E. Eh phage 9 phagel3 phage25
hermanii Eh Eh
phagel5 phage26
Stretch Il | Eh phage35 Eh phage43 Eh phage 48| 03 Eh phage44 01
Stretch Il | - 0 - 0
Stretch IV EE Sﬂggggl Eh phage8 Eh phage 12| 04 | Eh phage 1 Eg phage 02
Stretch | | - -
Stretch Il | - Ev phage36 Ev
phage38
Ev Ev
phage3D phage5D
Ev phage 1U Evphage4 Ev
Ev phage Ev phage Ev phagelD U hage6D
stretch Il | 459 080 2 By ghagezu Ev By 12
Ev phage2D phage5U phage7U
Evphage Ev
sangam phage7D
Stretch IV | Ev phage 2 Ev phage 9 2 Ev phage4 EX phage 2
Total Escherichia phages 88 101
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gggt' Stretch Bacteriophage from Water No. | Bacteriophage from Sediment No.
Stretch | | - 0 - 0
Eabgl
phage31 Eﬁbgl 37 Eabgl
Eabgl E age phage42
abgl
phage33 phage39 Eﬁlbg| Eﬁlbgl ol ol
Eabgl phage43 phage31 Eabg Eabg
Stretch Il phage34 Eggg: phage Eabgl 13 Eabgl phage39 phage44 4
Eabgl hage 40 phage44 phage37
phage35 E bgl Eabgl
Eabgl| ang phage48
E. phage4l
. phage36
amnigenus
BioGroup Eabgl phage
| Eabgl phage 1D Eabglphag Eabglphage
1U/s Eabgl phage Eabgl phage Eabglphage2 e 4U 6U
Stretch Il Eabgl phage 5D/S 5U/Ss 10 U Eabglphag Eabgl 10
2D/S Eabgl phage Eabgl phage Eabglphage e 5U phage6D
Eabgl phage 2 U/Ss 5D/Ss 2D Eabglphag Eabgl|
4U/S Eabglphage e 5D phage7D
3U
. Eabgl Eabgl
Eabgl phage:
Stretch IV | Eabgl phage: Eh%gleS Ehigflo 7 Eabgl phage3 Eﬁbgl Eﬁbgl > 3
Eabgl phaget ang ang phage’ phagel
phage9 phagel2
Eabgll phage
1 Eabgll phage Eabgll phage
Eabgll 15 20 Eabgll Eabgll
phage3 Eabgll phage Eabgll phage phagel2 phagel7
Eabgll 16 23 Eabgll phagel Eabgll Eabgll
Stretch | phage9 Eabgll Eabgll 16 Eabgll phagez phagel3 phagel9 12
Eabgll phagel7 phage24 Eabgll phage? Eabgll Eabgll
phagel0 Eabgll phage Eabgll phage Eabgll phage¢ phagel5 phage25
Eabgll phage 18 25 Eabgll Eabgll
12 Eabgll Eabgll phage phagel6é phage26
Eabgll phage phagel9 26
13
Eabgll Eabgll Eabgll
E. phage30 Eabgll Eabgll phage31 phage39 Eabgll
amnigenug Stretch II Eabgll phage35 phage42 8 Eabgll Eabgll phage46 8
BioGroup phag82 Eabgll Eabgll phage32 phage43  Eabgll
I Eabgll phage37 phage46 Eabgll Eabgll phage48
phage34 phage38 phage44
Eabgll
phage2U Eabgllphag Eabgll
Eabgll phage Eabgll phage Eabgll e 4D phage6U
Stretch Il 1D/S 6 D/S Eabgll phage 14 phage3U Eabgll Eabgllphag 10
Eabgll phage Eabgll phage 6D/S Eabgll phage phage5U e6D
6U/S 7U/IS 3D Eabgllphag Eabgll
Eabgll e5D phage7D
phage4U
Eabgll Eabgll Eabgll
Stretch IV phagel phage4 Eabgll 5 Eabgll phage: phagel0 Eabgll 5
Eabgll Eabgll phagel2 Eabgll phaget Eabgll phagel2
phage3 phagel0 phagell
Esk phagel Esk phagel: Esk Esk
Esk phage? Esk phagelt Esk phage20 Esk phagel phagel0 phagel9
sk phage sk phagelt
Stretch | | Esk phage3 Esk phageli Esk phage23 14 Esk phage2  Esk Esk 10
E Esk phage24 Esk phage3 phagel2 phage25
sk phage6 Esk phagel¢
Esk phage9 Eskphagel9 Esk phage25 Esk phage9 Esk Esk
phagel6é phage26
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Bact. Stretch Bacteriophage from Water No. | Bacteriophage from Sediment No.
Esk phage30 Esk phage3¢
Esk phage31 Esk phage3i Estpuagejg Esk phage30 Eﬁk 39 Eﬁk 44
Stretch Il | Esk phage32 Esk phage3¢ skphagess Esk phage32 phage phage 7
Esk phage34 Esk phage4( Esk phage47 Esk phage34 Esk Esk
Esk phage35 Esk phage4: Esk phage48 phage42 phage48
Stretch Il | - 0 - 0
Stretch IV | Esk phage5 Esk phage8 Esk phagel0 3 Esk phagel2 1
Ec
Ec phagel Ec phagel3 phagel0
Ec phage2 Ec phagel5 Ecpﬂagegg Ec phagel Ec Ec phageld
Ec phage3 Ec phagel6 ¢ phage Ec phage2 phagel3 € phage_4
Stretch | Ec phage24 | 17 Ec phage2§ 11
Ec phage9 Ec phagel? Ec phane25 Ec phage3 Ec Ec phage2e
Ec phagel0 Ec phagel8 Ecphage26 Ec phage9 phagel6 phag
Ec phagel2 Ec phagel9 phag Ec
phagel?7
Ec
Ec phage30 phage39 )
Suetcn I | EobpasESg Eophages Eophagedd |, | Ecphagerz £ 0PI
Ec phage37 Ec phage43 Ec phage48 Ec phage36 phage4l Ec phage4s
Ec phage38 Ec
phage42
Ecphage2U Ecphages Ecphage6U
Streteh ll | ©° e DO D o als |3 | Ecphagesd 2 o Ec 7
phage phage phage Ec phage4D Dcp age phage7D
Ec phagel Ec phage4 Ec phage9 Ec phagel
Stretch IV Ec phage2 Ec phage7 Ec phagel2 6 Ec phage3 Ec phage6 Ec phagel} 4
Eaer
phagel? Eaer Eaer
w1 | oy bpaceg Eaer  EITRNOE) | Enerphagen phagero phagent | g
E. Eaerphagellphage18 Eaer phage2 Eaer phage2 Eaer Eaer
aerugenue " Eaer phagel3 phagel9
S phagel9
Stretch Il | - 0 - 0
Stretch Il | - 0 - 0
Stretch IV | - 0 - 0
Eam Eam
phagel0 Eam phagel0 Eam
Eam phagel7 Eam phagel7?
Ean1phage1 phagel2 Eam Eam phagel phagel2 Eam
am phage2 E hagel19 Eam phage2 Eam hage19
Stretch | | Eam phage3 am phag 13 | Eam phage3 phag 13
. phagel3 Eam phagel3 Eam
E.amnige Eam phage5 Eam phage5
Eam phade9 Eam phage25 Eam phaqe9 Eam phage25
nus bhag phagel5 Eam phag phagel5 Eam
Eam phage26 Eam phage26
phagel6 phagel6
Stretch Il | - 0 - 0
Stretch Il | - 0 - 0
Stretch IV | - 0 - 0
Total Enterobacter phages 146 121
Ss phage5 Ssphagel3 Ss phage20 .
Ss phage7  Ss phagel5 Ss phage23 gsphagel Ssphage% Ss phagel¢
Stretch | | Ssphage9  Ssphagel6 Ssphage24 |15 | SSPhages  Ssphagel! g o nood 19
phag phag phag Ss phage9 Ss phagell phag
Ss phagel0 Ssphagel? Ss phage25 Ssphaael?  Ss phagel Ss phage2¢
Ss phagel2 Ss phagel8 Ss phage26 s phag phag
Ss phage30 Ss phage35 Ss phage40
Ss phage31 Ss phage36 Ss phaged4 Ss phage31
Stretch Il | Ss phage32 Ss phage37 Ssphaged45 | 15 | Ssphage38 gs pﬂagej; gs pEage44E 7
Ss phage33 Ss phage38 Ss phage46 Ss phage43 s phage s phage
Ss phage34 Ss phage39 Ss phage48
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Stretch Bacteriophage from Water No. | Bacteriophage from Sediment No.
Ss
Ssphage3U/ phage3D Ss
SsphagelU/s S Ss Ss phage5D
gsphagelD/ Sﬁ IS ghageGU/S g: Bﬂgggig ghage4U gs phage6l
phage S S S
Stretch Il Ssphage2U/< Ss phage6D/S 1 g: Bﬂggggg phage4dD phage6D 15
Ssphage2D/ phage5U/S Ss Ss phage3U Ss Ss phage7l
S Ss phage phage7U/S phage5U Ss
sangam Ss phage phage7D
sangam
Ss phagel Ss phage6
Ss phagel0
Stretch IV Ssphage2  Ss phage7 Ss phagell | 11 Ss phagel Ss phage8 Ss phagell 5
Ss phage3  Ss phage8 Ss phagel? Ss phage5 Ss phage9
Ss phage4  Ss phage9 phag
Sb phagel  Sbphagel?
Sbphage2 Sbphagel3 gg pﬂ:ggig Sb phagel Sb phage9 Sb phagel
Stretch | | Sbphage5 Sh phagel4 Sh phage25 14 | Sb phage2 Sh Sb phagezg 7
Sb phage7  Sb phagel5 Sh phage26 Sb phage3 phagel0 phag
Sbphage9 Sb phagel6 phag
Sb
Sb phage30 Sb phage37 Sb phage43 phage37
Sb phage31 Sb phage38 Sb phage44 Sb phage30 Sb Sb phage4?
Stretch |1 Sb phage32 Sb phage39 Sb phage45 18 Sb phage32 phage38 Sb phage4/ 12
Sb phage33 Sb phage40 Sb phage46 Sb phage34 Sb Sb phage4¢
Sb phage34 Sb phage4l Sb phage47 Sb phage36 phage39 Sb phage4é
Sb phage35 Sb phage42 Sb phage48 Sbh
phage42
Sb Sb
phagelU/S Sb Sb phage3D Sb
Sb phage4U/S phage6U/S Sh phage6U
Sb phagelU
gf;)agelD/S ps)r?age4D/S ps)r?ageGD/S Sb phage1D grl;age4u ;?ageGD
Stretch IlI phage2D/S  Sb Sh 13 | Sb phage2U phagedD  Sb 14
Sh phage5U/S phage7U/S gg 5223228 Sh phage7U
phage3U/S Sb Sb phage5U Sb
Shb phage5D/S phage7D/S Sh phage7D
phage3D/S phage5D
Sb phagel Sbphage5 Shb phagel0 Sb phagel
Stretch IV | Sb phage3  Sb phage8 Sb phagell | 9 Sb phage2 gg pngggg gg pﬂgggif 7
Sb phage4  Sb phage9 Sb phagel2 Sh phage4 phag phage:
Sf phage2
Sf phage5 Sfphagel3  Sfphage20 Sf phage2 Sf phagelz Sf phagel9
Sf phagel5 Sf phage24
Stretch | | Sf phage6 13 | Sfphage9 Sf phagelt Sfphage25| 9
Sfphagel6 Sf phage25 -
Sf phage7 Sfohagel? Sf phage26 Sfphagel0  Sf phagel7 Sf phage26
Sf phagel0 phag phag
Stretch |1 Sfphage3l Sfphage37 Sfphage47 6 2; Sﬂggggg Sf phage37 Sf phage47 7
Sfphage32 Sfphage40 Sf phage48 Sf phage3?2 Sf phage3¢ Sf phage48
Sf
Sf phage3D
phagelU/s Sf Sf Sf
Sf phage3U/S phage6U/S 2; Sﬂgggig phage4U  Sf phage6y
Stretch 111 | Phage1b/s St Sf 10 | Sfphage2u Sf Sfphage6l
Sf phage3D/S phage7U/S Sf phage2D phage4dD Sfphage7U
phage2u/S  Sf Sf of phage3U Sf Sf phage7D
Sf phage4U/S phage7D/S phag phage5U
phage2D/S Sf
phage5D
Stretch IV | Sf phagel Sf phage7 2 Sf phage6 Sf phage7 Sf phage9 | 3
137 111

Total Shigella phage
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Stretch Bacteriophage from Water No. | Bacteriophage from Sediment No.
Scphagel3s
Sc phagel  Sc phagel4d Sc phagel Sc -
Sc phage2  Sc phagel5 Sc phage23 Sc phage2 phagel4 Sc phagel
Sc phage 24 Sc phagel¢
Stretch | | Sc phage3  Sc phagel6 14 | Sc phage3 Sc 4113
Sc phage25 Sc phage2t
Sc phagel2 Sc phagel7 Sc phaue26 Scphage9 phagel5 Sc phage2e
Sc phagel3 Sc phagel9 phag Scphagel0 Sc phag
phagel6
Sc phage 30 Sc phage35
Sc phage31  Sc phage36 gg pﬂgggié Sc phage30 Scphage44 Scphage46
Stretch Il | Sc phage32 Sc phage37 Se phage45 14 | Sc phage3l Scphage4': Scphage48 7
Sc phage33 Sc phage39 Se phage46 Scphage39 phageas >cphag
Sc phage34 Sc phage40 phag
Sc
phagelU/S Sc Sc
Sc phage3D/S phage5D/S Sc Sc
phagelD/S Sc Sc Sc phagelU phage4dD phage6D
Sc phage4U/S phage6U/S Sc phagelD Sc Sc
Stretch lil phage2U/S Sc Sc 13 Sc phage2U phage5U phage7U 10
Sc phage4D/S phage7U/S Sc phage3U Sc Sc
phage2D/S Sc Sc phage6U phage7D
Sc phage5U/S phage7D/S
phage3U/S
Stretch IV Sc phagel Scphage7 Scphagell, 5 gggugggé gggugggg Scphagel§8
Sc phage5  Sc phagel0 Sc phage 12, Sc phage4 Sc phages Sc phagelZ
Se phage5 Se phagel5 Se phage24 )
Stretch | | Se phagel2 Se phagel9 Se phage25 |9 S:pﬂgggé S:pﬂgggg ggpngggiEG
Se phagel3 Se phage23 Se phage26 phag phag phage3
Se phage31 Se phage40
Se phage33 - Se phageal 22 Sﬂgggig Se phage30 Se
Stretch Il | Se phage34 Se phage42 Se phage4? 14 Se phagedd phage46 Se phage4q 4
Se phage35 Se phage43 Se phage4s
Se phage38 Se phage44 phag
Se
phagelU/S Se Se
Se phage3D/S phage6U/S Se
phagelD/S Se Se phage3U Se
Stretch 11 Se phage4U/S phage6D/S 13 22 Eﬂgggég Se phage5D 8
phage2U/S Se Se Se phage2D phaged4U Se
Se phage4D/S phage7U/S phag Se phage7D
phage2D/S Se Se phage4D
Se phage5U/S phage7D/S
phage3U/S
Se phage8
Stretch IV Se phagel Se phage5 Se phage10 | 5 Se phage4 Se Se phagelg 6
Se phage2 Se phage8 Se phage6 Se phagel:
phagel0
Total Salmonella phages 87 62
Viur Viur
phagel2 phagel9
Vfur phagel Vfur Viur Viur Viur
Vfur phage2 phagel3 phage21 phagel2 phagel7
Vfur phage3 Vfur Viur x;ﬂ: EEZSE; Viur Viur
V. furnissi| Stretch | Viur phage5  phagel5 phage23 19 | Vfur phage3 phagel3  phagel9 13
Vfur phage6 Vfur Viur Viur phage9 Viur Viur
Vfur phage9 phagel6 phage24 phagel5 phage25
Viur Viur Viur Viur phage10 Viur Viur
phagel0 phagel7 phage25 phagel6é phage26
Viur Viur
phagel8 phage26
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g;gt Stretch Bacteriophage from Water No. | Bacteriophage from Sediment No.
Viur Viur Viur
phage30 phage35 phage40 Viur Viur
Stretch |1 Viur Viur Viur 9 Vfur phage32 phage4l phage47 6
phage31 phage36 phage43 Vfur phage36 Vfur Viur
Viur Viur Viur phage46 phage48
phage34 phage39 phage48
Viur Viur
Viur Viur phage3U phage5D
phagelU/S phage3D/S Vfur Vfur phagelU Vfur Viur
Stretch IIl Viur Viur phage6D/S 8 Vfur phagelD phage3D phage6U 12
phagelD/S phaged4U/S Vfur Vfur phage2U Vfur Viur
Viur Viur phage7D/S Vfur phage2D phage4U phage6D
phage3U/S phage5D/S Viur Viur
phage5U phage7D
Viur Viur
Vfur phagel
Vfur phagel Viur phage7 phagel0
Stretch IV Viur phage2 Vfur phage4 phage10 4 x;ur pEageg Viur Viur 7
urphage phage9 phagel2
Vn Vn
Vn phagel phagel2 phagel7
Vn phage3 Vn phagel2 Vn phagel8 Vn phagel Vn Vn
Vn phage6 Vnphagel3 Vn phage19 Vn phage2 phagel3 phagel9
Stretch | v Vn phagel5 Vnphage2l | 16 12
n phage7 Vn phage9 vn Vn
Vn phage9 Vnphagel6 Vn phage23 Vn phagel0 phagel5 phage25
Vn phage10 Vn phagel7 Vn phage26 Vi vn
phagel6 phage26
Stretch Il | - 0 - 0
V. neries vn vn Vn Vn
phagelU/S phage3D/S Vn phage3U phage6U
vn vn phage6D/S Vn phagelU Vn Vn
phagelD/S phaged4U/S Vn Vn phagelD phage4U phage6D
Stretch Il Vn Vn phage7U/S 11 Vn phage2U Vn Vn 12
phage2U/S phaged4D/S Vn Vn phage2D phage4D phage7U
Vn Vn phage7D/S vn Vn
phage2D/S phage5D/S phage5D phage7D
Vn phagel Vnphage4 Vnphage7 Vn phage3 Vn
Stretch IV Vn phage3 Vnphage5 Vn phagelO 6 Vn phage7 Vn phage9 phagel0 4
Vo phagel Vo phagel5
Stretch | | Vo phagel0 Vo phagel6 xo pRagegg 8 xo pEageg Vr? 10 Vr? o5 4
Vo phagel?2 Vo phagel8 0 phage 0 phage phage phage
xg Suggzgg Vo phage40 Vo phage45 Vo phage30 Vo Vo
Stretch Il | Vo phage37? Vo phage42 Vo phage46 13 | Vo phage3? phage42 phage46 7
phage o phage
Vo phage38 Vo phage43 Vo phage47 Vo phage36 Vo Vo
Vo phage39 Vo phage44 Vo phage48. phage44  phage48
Vo
- phage3D Vo
V. ordalii Vo Vo phage1U Vo phage6U
phagelU/S Vo Vo Vo phage1D phage4dU Vo
Stretch IlI Vo phage2D/S phage4D/S 7 Vo phage2U Vo phage6D 14
phage
phagelD/S Vo Vo Vo phaae2D phage4dD Vo
Vo phage3U/D phage5U/S. Vo phage3U Vo phage7U
phage2U/S phag phage5U Vo
Vo phage7D
phage5D
Vo phagel Vo phage8 Vo phage?2 Vo Vo
Stretch IV Vo phage7 Vo phage9 Vo phage12 Vo phage3 phagell phagel2 4
V. fischeri| Stretch| | - - - - - -
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S
n Stretch Bacteriophage from Water No. | Bacteriophage from Sediment No.
1 Vfis Vfis
Vfis phage  Vfis ) Vfis phage32 phaged4 hage47
Stretch Ii 34 Phed phage41 Viis phage44 3 Vfis Bhage% 5)/ﬁsg {)/fisg 6
phage46 phage48
Vfis Vfis
Vfis phagelU phage3U phage6U
Stretch Il Vfis Vfis Vfis 3 Vfis phagelD Vfis Vfis 10
phage2D/S phage3D/S phaged4U/S Vfis phage2U phage3D phage6D
Vfis phage2D Vfis Vfis
phage4D phage7U
i Vfis phage7 i
Stretch IV x;:z Buggz% Vfis Vfis phagel2 5 Vfis phage6 ;J/lezgﬂ 2
phagel0
Stretch | | - - - 0 - - - 0
2 Stretch Il | Vp phage44 - - 1 Vp phage48 - - 1
2 Stretch Il | - - - 0 - - - 0
Stretch IV | - - - 0 - - - 0
Vliphage 1 VIphagel8 VIphage2l
, Stretch | VI phage9 Viphage19 VI phage25 6 VI phagel VI phage9 VI phagel0O| 3
3 Stretch Il | VI phage33 1 VI phage48 1
Stretch Il | - 0 - 0
Stretch IV | - 0 - 0
Total Vibrio phages 125 118
Total phages isolated from Water 583 | Total phages isolated from Sediment | 513

5.1.4 Comparison of Bacteriophages isolated in River Ganga with River Yamuna and
Narmada

Samples were collected from Rivers Yamuna and Narmadga doitcarcomparative study for
isolation of bacteria and assessment of bacteriophages.

5.1.4.1 River Yamuna

TheRiver Yamuna is the longest and the second lailgastry river of th®iver Gangan
northernindia. Origin of the River Yamuna i¥ atunotriglacier at a height of 6,387 m on the south-
western slopes of Banderpooch peak. It flows about 1,376 km aRi/griiidanga #llahabad.

5.1.4.1.1 Sampling in River Yamuna

Water and sediment samples were collected from River Yamomgpare the data with River
Ganga. The following table gives the details of sampling in River Yamuna.

Table 514 Sampling details for Yamuna River

Sn. | Sampling location Samples Collected
Water | Sediment [Total
1 Yamunotri To Dakpatthg 6 6 12
2 Paonta sahib to Allahabi 15 15 30
Total Samples Taken 21 21 42

5.1.4.1.2 Results of River Yamuna

Water and sediment samples were also collected and anatyzRtvdr Yamuna and the
procedure for collection of samples and analysis werth&egame as for River Ganga. Various
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bacterial species were isolated and identified from Riveraybyusing on specific selective and

Fig. 5-1QVarious Bacterial spp. Isolated from Yamuna River by memhnma fitlration

differential media; some representative isolates are slowan!iReference source not found.

The above picture sho®schericliaowing yellow colonies on M-EC test &jaerobacter spp.
showing transparent pinkish colonies on MacConkeghigella sghowing colorless colonies on SS
agarSalmonella.sppowing black colonies on SS agar.

5.1.4.1.3 Isolation and identification of bacterial speciesdr bacterophages
Table 515 Summary of different bacterial isolates from Yamuna River

Sn | Bacterial spp. | Stretch | Stretch Il
Opportunistic Opportunistic
Pathogens Pathogens
Water
1 Escherichia 0 3 1 6 0 0
2 Enterobacter | 0 0 5 6 0 7
3 Shigella 6 0 0 14 0 0
4 Salmonella 5 0 0 3 0 0
5 Vibrio 0 1 4 2 1 7
Water (W) 11 4 10 31 1 14
Sediment
1 Escherichia 4 0 1 5 1 0
2 Enterobacter | 3 0 3 6 0 4
3 Shigella 6 0 0 13 0 0
4 Salmonella 4 0 0 4 0 0
5 Vibrio 0 2 4 3 0 7
Sediment (S) | 17 2 8 31 1 11
Total (W+S) | 28 6 18 62 2 25
Non Pathogenic 8
Pathogenic 90
Opportunistic Pathogenic 43
Total bacterial spp. isolated from water and sediment samples 141
H pathogeni

® nonpathogenic

oppportunistic
pathogenic

Fig. 5-11 Percentage of different bacterial spp. Isolated from water dén
sediment samples in River Yamuna
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Table 516
Sn | Bact. Spp. | Stretch Bacteriophage from Water No. | Bacteriophage from Sediment No.
Stretch | | - 0 Ef phage 4 1
Ef phagel0 Ef phagel4d
! Stretch Il Eﬁa e13 Eﬁa el 2 Ef phagel2 Ef phagel5 E;pugggg 8
phagels phag Ef phagel3 Efphagels — P29
Stretch | | - 0 - 0
Ec phage 9 Ec phagel3 Ec phage 17
2 Ec Ec phage 10 Ec phagel4 Ec phagel8
Stretch Ii phagel5 1 Ec phage 11 Ec phagel5 Ec phagel 12
Ec phage 12 Ec phagel6 Ec phage3
Stretch | -
3 Eb phage 11 Eb phagel7
Stretch Il Eb phagel5 Eb phagel8 Eb phage2
Total Escherictphages 3 26
Stretch | - 0
4 Ec
Stretch Il phage 8 1
. Eall
5 ﬁ.amn@enL Stretch | phage 2 1
Stretch Il | - 0
E_ amnigent Stretch | - 0
6 | T e | B2 Eal 2
phage 8 phagel5
7 E_ gergoviad Stretch | - 0
- 9e19 Stretch 11 Eg phage 15 Eg phagel 2
Stretch | - 0
8 E. aerogene Ea phage 12
Stretch Il Ea phage 14 Ea phagel5 Eaphage 18| 4
Stretch | Et phage 2 1
9 E. taylorae Stretch 11 - )
10 Stretch | - 0
Stretch Il Es phagel3 1
Total Enterobacgdrages 4 34
Stretch | - 0
11 Stretch Il gs phage 1
Stretch | - 0
12 Stretch Il ifg phage 1
13 Stretch | Sb phage 1 1
Stretch Il Sb phage 7 Sb phage 16 Sb phage3 | 3
Total Shigellphages 2 25
Stretch | | - 0 - 0
14 Stretch Il SC Sc phagel0 Sc phage 16 Sc phage 2
phage18 phag phag pnhag
Stretch | Se phage 1
2
15 Se phage
Stretch Il 14
Total Salmonefthages 3 3
Stretch | | - 0 - 0
Vn Vn phage 7 Vn phage 12
Vn phage Vn phagel7
16 | V. neries phage 8 Vi Vnphage 8 Vnphage 13 . o 001g
Stretch Il | Vn 5 Vn phage 9 Vn phage 14 14
Vn phage2 Vn phagel
phage hagel Vn phage 10 Vn phagel5 Vn phage?
12 phag Vn phage 11 Vn phagel6 phag
Stretch | - 0
Vf
Stretch Il | phage Vi phage 2
12 14
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Stretch Bacteriophage from Water No. | Bacteriophage from Sediment No.
Stretch | | - 0 - 0
Vi Vhna phage 9
phage Vha phage Vna phage Vna phagel7
Stretch Il | 12 Vna Vna 4 |10 14 Vna phage1§ 9
Vna phagel phage2 Vna phage Vna phagel5 Vna phage2
phage 12 Vna phagel6
13
Stretch | Viu 1 Vfu phage2 Vfu phage3 2
phage 2
V. furnissii Vfu phage 9 Vfu phagel2 Vfu phagel7
Stretch Il | - 0 Vfu phagel0 Vfu phageld4 Vfu phagel8| 9
Vfu phagell Vfu phagel5 Vfu phage3
Stretch | - 0
Vc phage9 Vc phageld
Stech Ve phage10 Vophageds \CBr0%l9 |
Vc phagell Vc phagel6 Ve phage3
Vc phagel2 Vc phagel7? phag
Total Vibriophages 12 45
Total phages isolated from Water 24 | Total phages isolated from Sediment 133

Table 517 Summary of bacteria and bacteriophages isolated from water asgetliment (River Yamuna)

sn Bacterial spp. Stretchl _ Stretch2 _ Total
Water | Sediment | Water | Sediment

1 Escherichia 0 1 3 25 29

2 Enterobacter 1 1 3 33 38

3 Shigella 0 2 2 23 27

4 Salmonella 1 0 2 3 6

5 Vibrio 1 2 11 43 57

Total Bacteriophages | 3 6 21 127 157

Total Bacteria 25 27 46 43

100
80 m Pathogenic
hages
60 phag
40 Opportunistic
pathogenic
20 phages
0 = Non-
. - . Pathogenic
Pathogenic Opportunistic Nonpathogenic phages
Pathogenic
m Bacteria m Bacteriophages
Fig. 5-12 Comparison of different bacteria and bacteriophages isolatéwm River Yamuna; (b) Percentage of different
bacteriophages isolated from River Yamuna
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5.1.4.2 Discussion on River Yamuna

5.1.4.2.1 Isolation of bacterial host

Total 141 bacterial species were isolated and biochadeadfigd including 90 pathogenic
(42 from water and 48 from sediment), 8 non patho@efmimm water and 3 from sediment) and 43
opportunistic pathogenic species (24 from water a@ndni%ediment). Tot&ll Escherichia spéles
from water and 11 from sediment),BB#erobacter spgd@esom water and 16 from sediment), 39
Shigella spg@édrom water and 19 from sediment),dlth&el(& from water and 8 from sediment)
and 31Vibrio speci{@$ from water and 16 from sediment) were isolated.

5.1.4.2.2 Bacteriophages in River Yamuna

Total 157 bacteriophages were isolated from 42 wadersegliment samples, when
bacteriophages were isolates from water and sedintecislange against 141 bacterial isolates as
host for bacteriophages.

Escherichia speciephages-Total 29 (3 from water and 26 from sediment) coliphegyre
isolate from water and sediment.

Enterobacter Speciesphages- 4 Enterobactphages were isolated from water and 34
enterobacter phages from sediment were isolated.

Shigella speciegphages total 27Shigellahages were isolated from water and sediment
samples.

Salmonella species phagesnly 6 bacteriophages aga8aimonella spaaes isolated from
water and sediment samples.

Vibrio species phagestotal 57 bacteriophages including 12 from water anondSédiment
were isolated.

5.1.4.3 River Narmada

River Narmada flows over a length of 1,312 km before draining theGgitf bf ambaynto
theArabian Sea. It is one the longest west flowing Rivetian &nd also differs in topographical and
hydrogeological setting from Rivers Ganga and Yamuna

Water and sediment samples were collected from River Néontadapare the data with
River Ganga. The details of the samples are as given below.

Table 518 Sampling details for River Narmada

Sn. | Sampling Stretch Samples Collected
Water | Sediment [Total
1 Narmada (Madhya Pradej 6 6 12
2 Narmada (Gujarat) 8 7 15
Total Samples Taken 14 13 27
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Fig. 5-13 Various Bacterial spp. isolated from River Naramada by membradiltrtraion

Shown above are various bacteria isolated from River @Gaisgacific medigEscherichia
showing yellow colonies on M-EC test dfjaterobacter shypwing transparent pinkish colonies on
MacConkey agashigella sghowing colorless colonies Salmonella Shigel (SS agaBalmonella
sppshowing black colonies on SS Agar.

Table 519 Summary of different bacterial isolates from River Naramada

Sn | Stretch Narmada MP Narmada GJ
Opportunistic Opportunistic

Isolates Pathogenic Pathogenic

1 Escherichia 2 0 1 3 0 0

2 | Enterobacter 4 0 0 2 0 3

3 | Shigella 6 0 0 4 0 0

4 | Salmonella 0 0 0 1 0 0

5 | Vibrio 0 3 0 0 0 4
Water (W) 12 3 1 10 0 7

1 Escherichia 2 1 0 5 2 0

2 | Enterobacter 2 0 3 2 0 4

3 | Shigella 6 0 0 7 0 0

4 | Salmonella 4 0 0 5 0 0

5 | Vibrio 0 2 3 4 1 1
Sediment (S) 14 3 6 23 3 5
(W)+(S) 26 6 7 33 3 12
Pathogenic 59
Non pathogenic 9
Opportunistic pathogenic 19
Total bacterial spp. isolated from water and sediment samples 87
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m nonpathogenic

opportunistic

Fig. 5-14 Percentage of different bacterial spp. isolated from watand
sediment samples in River Narmada
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Table 520 Summary of isolated bacteriophages from water and sediment gales in River Narmada

Stretch Bacteriophage from Water No. | Bacteriophage from Sediment 2'
Stretch | | Eci phage5  Eci phage6 2 - 0
Eci phagel  Eciphage4 .
Stretch Il | Eci phage2  Eci phage5 Eg:ﬁgf%;; 8 Eci phage6 Eci phage8 2
Eci phage3  Eci phage6 phag
Ecphagel
Stretch | Ecphage4 Ecphage5  Ecphage6 4 Ecphage5 1
Stretch Il | Ecphage2 Ecphage6  Ecphage? 3 Ecphage3 Ecphage6 2
Stretch | | Ef phage2 Ef phage6 2 Ef phage2 Efphage5 Efphage6| 3
Stretch Il | - 0 - 0
E. Stretch | | Eh phageb 1 Eh phagel Eh phage3 2
4 hermanr
i Stretch Il | - 0 - 0
TotalEschericlphages 20 10
E. Eabll phagel Eabll
amnigen Stretch | | Eabll phagel Eabll phage?2 2 Eabll phage? Eabll phage3 phages 4
5 S Eabll phagel Eabll phage4
BioGrou| Stretch Il | Eabll phage2 Eabll phaget Egg”pﬂgggg 8 Egg”pﬂgggé E:B”pﬂgggg EﬁgueB 5
pll Eabll phage3 Eabll phage€ phag phag phages phag
Stretch | | - 0 - 0
6
Stretch Il | Ec phage4 Ec phage5 Ec phage6 3 Ec phage2 Ec phage5 Ec phage7| 3
Stretch | | - 0 - 0
7
Ea phage2 Ea phage4 Ea phagel Ea phage6
Stretch Il Ea phage3 Ea phage5 Ea phage6 5 Ea phage2 Ea phage7 Ea phages 5
Stretch | | - 0 Ea phage4 Ea phageb5 2
8
Stretch Il | Es phage6 1 - 0
Total Enterobacprages 19 19
Stretch | | - 0
Stretch Il | Ss phage5 1
Sb phage2 Sb phage2 Sb phage4
Stretch | Sb phage4 Sb phage5 Sb phage6 4 Sbphage3  Sb phage5 Sb phage6| 5
Stretch Il | Sb phage4 Sb phage5 Sb phage6 3 Sb phagel Sb phage3 2
Stretch | | - 0 Sf phage 5 1
Stretch Il | Sf phagel Sf phage8 2 Sfphage 6  Sf phage7 2
Total Shigellghages 10 10
Stretch | | Sc phage5  Sc phage 6 2 Scphagel Scphage?2 Scphageq 3
12
Stretch Il | - 0 - 0
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Stretch | | Se phage5 1 Se phage6 1
13

Stretch Il | - 0 - 0
TotalSalmonefihages 3 4

Stretch | | - 0 - 0
14

Stretch Il | Vv phage 7 1 Vv phage2 Vv phage7 2
5 V. furniss Stretch | | - 0 - 0

ii Stretch II Vf phage2 Vfphage4  Vfphage7 6 Vfphagel  Vfphage3 Vf phage6 6
Vf phage3 Vfphage5 Vfphage8 Vf phage2 Vf phage5 Vf phage?
Vna phage 2 Vna phage
16 v Stretch | Vna phage 4 Vna phage 5 6 4
natrigen Stretch Il - 0

Stretch | | - 0 - 0
17 | V. nereig Vn phagel

Stretch Il Vin phage4 Vn phage7 Vn phage8 4 Vn phage2 Vn phage6 2

Stretch | | - 0 - 0
18

Stretch Il | Vfl phage4 1 Vfl phagel Vil phage3  Vfl phage6| 3
Total Vibrio phages 12 17
Total phages isolated from Water 64 | Total phages isolated from Sediment 60

Table 521 Summary of bacteria and bacteriophages isolated from water asgtliment (River Narmada)

sn Bacterial spp. Stretch1 _ Stretch2 _ Total
Water | Sediment | Water | Sediment

1 Escherichia 9 6 11 4 30

2 Enterobacter 2 6 17 13 38

3 Shigella 4 6 6 4 20

4 Salmonella 3 4 0 0 7

5 Vibrio 0 4 12 13 29

Total Bacteriophages | 18 26 46 34 124

Total Bacteria 16 23 17 31
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Fig. 5-15 (a) Comparison of different bacteria and bacteriophages istéd from River Narmada; (b) Percentage of different
bacteriophages isolated frim River Naramada

5.1.4.4 Discussion on River Narmada

5.1.4.4.1 Isolation of Bacterial host

Five species of pathogen were isolated from waterdameérgesamples which were collected
from River Narmada, and identified magrphological, biochemical and microscopic examination.
Total 87 species were isolated and biochemically identifiedgrisudathogenic (22 from water and
37 from sediment), 9 non pathogenic (3 from water dnah6sediment) and 19 opportunistic
pathogenic species (8 from water and 11 from sedimetd$)l6Escherichia spéEiesm water and
10 from sediment), ZBnterobacter spigem water and 11 from sediment)Shgella spe(ifs
from water and 13 from sediment),shfimonella from water and 9 from sediment) and/i#io
speci€sfrom water and 11 from sediment) were isolated.

5.1.4.4.1 Bacteriophages in River Narmada

Total 124 bacteriophages were isolated from 27 wdtsediment samples, and challenged
against 87 bacterial isolates as a host for bacteriophages.

Escherichia speciesphages- Total 30coli phage®re isolated from water and sediment
including 15 against pathogenic, 12 against non-pathaggrcagainst opportunistic pathogenic
Escherichia speeiesisolated.

Enterobacter Speciegphages-total 38 Enterobactghages were isolated from water and
sediment samples. Including 9 against pathogenic and 29 againstistpppdthogenic

Shigella speciephages Total 20 phages against pathog8higellapecies were isolated
from water and sediment samples.

Salmonella species phage3-otal 7Salmoneltdages were isolated from water and sediment
samples.

Vibrio speciesphages total 29Vibriophages were isolated from water and sediment sample:
Including 5 against pathogenic, 4 against non-pathogdnR0 aagainst opportunistic pathogenic
Vibrio spec@sages were isolated.
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5.1.5 Summary

5.1.5.1 River Ganga during pre-monsoon season

Various bacteria like Escherichia spp., EnterobacteSkigella spp, Salmonella spp and
Vibrio spp were isolated from 128 samples.

The isolated species were biochemically tested and chedafderspecies which included
pathogenic, non-pathogenic and opportunistic pathogenic.

Overall a total of 309 bacteria (characterized biocheragc@8/ types) were isolated from
River Ganga as potential hostfor bacteriophages during the study.

Out of 28 types, a total of thirteeen types of pathodacteria were isolated from River
Ganga viz. E. fergusonii, E.coli, E. vulneris, E. sa@k&zaltoacae S. sonnei, S. boydii, S. flexnerii, S.
enterica, S. choleraesuis, S. enteric rizonae, V.tgwdm& V. parahaemolyticus . Out of 28 types
a total of eight opportunistic bacteria were isolated@anga river viz. E. gergoviae, E. taylorae, E.
amniegenus BioGroup, IE. amniegenus BioGroup |, E. amniegeMisnereis, V. hollisa&
V.furnissii and out of 28 a total of seven types opatregenic bacteria were isolated from Ganga
river viz. Inactive E.coli, E. blattae, V. mimicus, V. ordaligestuarianus, V.fishe&i,V. logei.
Bacteriophages were isolated against the respectivachersa from the samples of River Ganga by
plague assay method.

A total of 1094 bacteriophages were isolated from 12Rsdm@uding water & sediment);
these bacteriophages were challenged against 309 isolatddhbsisteviiich show phage biodiversity
and host susceptibility from different sites.

It was found that 49 percent bacteriophages weretagaihogenic bacteria, 33 percent
bacteriophages against opportunistic pathogenic bactdrida8 percent against non-pathogenic
bacteria.

5.1.5.2 River Ganga during post-monsoon season

Various bacteria likescherichia spp., Enterobacter spp., Shigella spp., Sanella spp.
and Vibrio spp. were isolated from 123 samples.

The isolated bacteria were biochemically tested and daachéte species which included
pathogenic, non-pathogenic and opportunistic pathogenic.

Overall a total of 320 bacteria (characterized biocherasg@8/ types) were isolated from
River Ganga as a potential hosts for bacteriophages duringythe stu

Out of 23 types a total of eleven typgsabhogenic bacteriawere isolated from River Ganga
viz. E. fergusonii, E.coli, E. vulneris, E. sakazakii, Eagl8asonnei, S. boydii, S. flexnerii, S. enterica,
S. choleraesuis & V. parahaemolyticus. Out of 23 tyqas @& sevempportunistic bacteriawere
isolated from Ganga river viz. E. hermanii, E. amniege@®&ioll, E. amniegenus BioGroup |, E.
amniegenus, V. nereis, E. aerogenes & V.furnissii aofd autotal of five types obn-pathogenic
bacteria were isolated from Ganga river viz. Inactive E. cdlafae, V. ordalii,, V.fisheri, and V.
logei.

Bacteriophages were isolated against the respectibadtiesa from the samples of River
Ganga by plague assay method.

A total of 1096 Bacteriophages were isolated fromrp&sgincluding water & sediment);
these Bacteriophages were challenged against 320 iaotated bost which show phage biodiversity
and host susceptibility from different sites.

Diversity of phages were obtained against each baspedms i.e.Efiterobacter, Shigella,
Salmonella, Escherichia) Yhbre than one type of bacteriophage were found.
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It was found that 53 percent bacteriophages werestagaihogenic bacteria, 29 percent
bacteriophages against opportunistic pathogenic bactdria8 percent against non-pathogenic
bacteria.

5.1.5.3 River Yamuna

Various bacteria like Escherichia spp., EnterobacterSsgella spp., Salmonella spp. and
Vibrio spp. were isolated from 42 samples.

The isolated species were biochemically tested and c¢hadaetkich included pathogenic,
non-pathogenic and opportunistic pathogenic.

Overall a total of 141 bacteria (characterized biocheragc@B/ types) were isolated from
Yamuna River as a potential hosts for bacteriophages during the study

Out of 23 types a total of twelve typespathogenic bacteriawere isolated from River
Yamuna viz. E.coli, E. fergusonii, E. cloacae, E. sak&akonnei, S. boydii, S. flexnerii, S.
choleraesuis, S. enterica, V. cincinnatensis, V.patgtiaesnand V. fluvialis. Out of 23 types a total
of eightopportunistic bacteriawere isolated from Yamuna river viz. E.hermannii, E. ansigé&nu
amniegenus Bio Group Il, E. aerogenes, E.gergovagomae,V.furnissii and V. nereis and out of a
total only three types obn-pathogenic bacteriawere isolated from Yamuna river viz. E.blattae,
Inactive E.coli and V. natrigens.

No bacteriophages were found against 3 types of baptedas out of 23 types of isolated
species viEscherichia hermdnaitiveE. colandVibrio paraheamolyticus

Bacteriophages were isolated against the respectibadiesa from the samples of River
Yamuna by plague assay method.

A total of 157 Bacteriophages were isolated from 42 sdmpleding water & sediment);
these Bacteriophages were challenged against 141 I[saté¢eidl hosts which show phage
biodiversity and host susceptibility from different sites.

It was found that 54 percent bacteriophages werestagaihogenic bacteria, 34 percent
bacteriophages against opportunistic pathogenic bacteria mretitbagainst non-pathogenic bacteria.

5.1.5.4 River Narmada

Various bacteria likBscherichia spp., Enterobacter spp., Shigella spp., Sa&nella spp.
and Vibrio spp. were isolated from 27 samples.

The isolated species were biochemically tested and d¢hadaatkich included pathogenic,
non-pathogenic and opportunistic pathogenic.

Overall a total of 87 bacteria (characterized biochemidalyyass) were isolated from River
Narmada as a potential hosts for bacteriophages during the study.

Out of 18 types a total eleven typegsadhogenic bacteriawere isolated from River Narmada
viz. E.coli, E. fergusonii, E. cloacae, E. sakazakii, Shaghnes. Sexnerii, S. choleraesuis, S..enteri
vulnificuand V. fluvialisOut of 18 types a total of figgportunistic bactelia were isolated from
Narmada river viE. hermanii, E. amniegenus Bio Group II, E, aéfogaesindV. nereiand out
of 18 a total only two types pbn-pathogenic bacteriawere isolated from River Narmada viz.
Inactive E. calnd V. natrigens.

Bacteriophages were isolated against the respectibadbesa from the samples of River
Narmada by plaque assay method.

A total of 124 Bacteriophages were isolated from 27 sgmgleding water & sediment); it
was found that 45 percent bacteriophages were ag#agfenic bacteria, 42 percent bacteriophages
against opportunistic pathogenic bacteria and 13 percent agapathogenic bacteria.
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Fig. 5-18 Comparison of Ganga river with Yamuna and Narmada for baceieiand bacetriophages isolates

5.1.6 Interpretation

The comparison of River Ganga with Rivers Yamuna andddasihmawved higher numbers

of bacteriophages against pathogenic bacterial dpeRiesr Ganga, pathogenic bacteriophages were
detected 3 times more than pathogenic bacteria. In cgg®udtinistic and non pathogenic bacteria,
lesser numbers of bacteriophages were detected corapaattbgenic bacteria. In the comparative
study with control Rivers Yamuna and Narmada, pathogemdopaetges were found lesser in
numbers than pathogenic bacterial species in both ¢dirgrared to River Ganga. As far as bacterial
species of opportunistic and non-pathogenic natureoacerned, slightly higher numbers of
bacteriophages were detected against opportunistigguathio River Yamuna, and higher numbers
were detected against non-pathogenic species in River Narmada.
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Water and sediment samples of River Ganga were analyweddnce of bacteriophages. It
was observed that the trend of bacteriophages pmesemater and sediment, and also trend of
bacteriophages against pathogenic, non-pathogenppandmstic pathogenic bacterial isolates were
found same. Bacteriophages in water samples were fbanddce in number than sediment samples
from the upper stretch of River Ganga. But in cagee @tretch between Bijnor and Varanasi, lesser
number of bacteriophages was found in water than in seddmeparison between the two stretches
of River Yamuna indicated that lesser number of bactegespgainst bacteria in Stretch I, whereas
higher number of bacteriophages was found againstabigctbe sediment samples from Stretch II.
In the Stretch of River Narmada between Amarkantak andr€stnwar, slightly higher number of
bacteriophages were found against bacterial speni@gafey samples; but in sediment samples, equa
amount of bacteria and bacteriophages were detecteel. Stretch from Omkareshwar to Bharuch,
higher number of bacteriophages were found agaitesiddespecies from both water and sediment
samples.
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5.2 Microbial diversity of River Ganga? metagenomic diversity
5.2.1 Introduction

River GangaDue to anthropogenic activities, about 2460 nmdisnper day (mLd) of
domestic sewage waste and 4570 mLd of raw sewage 8rote@and towns) directly enters into
the River Ganga through its tributaries (CPCB, 20@%aghwater from other sources like agriculture,
health sector, practices of holy-dip and crematory @®edssg the banks forms the other non-point
sources (Lata, Ram, & Agrawawl). Both these actiotti@siynchange the microbial composition but
also its distribution in water ecosystem of the River Gaag&Rivga that needs to be explored by
culturable as well as un-culturable approach asatieeome limitations in culture dependent
approach (Arvindraja & Viszwapriya, 2013). Both theseaapes when used in parallel provide
detailed information about the microbial flora of River GarggaRanga. Earlier studies have shown
influence of physo-chemical parameters on the abundance of different miatoBeser Ganga
(Basu, 2013). These microbes can be considered afaonadertants and thus quality of the water
can be determined on the basis of the presence oceab$¢he marker organisms (Anchal & Sati,
2011)

Although many organisms have already been known to &digriicangaRiver Ganga like
Klebesiellanterobact@lonso, 1998); other pathogenic bacteriaAdtanomyceg, Proteus vulgaris,
Pseudomonas aeruginosa, Salmonella typhi, r&gjshgn&tappglococcus, Vibrio parahaamdolyticus
Aeromonas hydropfalaare responsible for many infections héscebeen reported in River Ganga
from Varanasi (Mishra, 2009). But these studies lack completatiafoabout the microbial diversity
of the River Ganga these studies were based on traditidhadlsmef isolating and culturing
microorganism.

However, cultivation based methods have many limitations anagzing the bacterial
diversity of a particular environmental niche. Major limitagomg, aerobes and anaerobes cannot be
cultured together; fastidious organisms will often not, dgregause of the absence of essential
nutrients for growth or optimal environmental conditioos as temperature, pH, essential mixtures
of gases (Piterina & Pembroke, 2010). Hence, a comdéliregiproach was required to analyze the
bacterial diversity of such a niche, in terms of itsa@xorand biochemical attributes. For this,
culturable approach is to be combined with metagenomrcgcipn which whole DNA from
sample is to be isolated and sequenced to know about itsigydivat is not culturable on plates but
still play an important role in maintaining water ecosyshers,. gresent work mainly focuses to
unravel the distribution of species diversity, in River Ggngang both culturable and un-culturable
approach and to show how the various anthropogemtiesclead to the change in physiochemical
properties of water like pH, temperature, dissolved oxygeductivity, salinity, alkalinity, total
hardness, TDS, polyaromatic hydrocarbons, pesticides andnetajer that ultimately affect the
microbial flora of the area. This study will throw light torstathel the variation in microbial
communities in a better way so that communities that wekaawmn earlier will be identified and
their potential in different technologies can be explored.

5.2.2 Materials and Methods

5.2.2.1 Sampling sites and sample collection

The sampling site covered from the middle stretch of theGRinga starting from the state of
Uttar Pradesh, Bijnor, Narora, Kannauj, Kanpur, Allahalbaldabad Sangam, Mirzapur and Varanasi
(geographical location and coordinates are mentioRewinReference source not found.Water
nd sediment samples were collected from the upstream amsireinw of the respective sites.
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Sampling was carried out from different locations and colseiatttally in sterilized bottles/flasks
and transported immediately to the laboratory for furtheslbnalogical analyses. Water samples were
filtered by using filtration apparatus (Millipore Corggnasged with 47-mm membrane filters with an
DYHUDJH SRUH GLDPHWHU RI U+HP FB B G HFEMOHW VRL DK\
labeled according to location. The GPS location of all thevesieesnonitored using high sensitivity
handheld GPS receiver i.e. GPS 72H by GARMIN. The samplasonezieat 4°C till further use. For
long-term preservation samples were stored in -70°C in 20% @€xQlgly

Table 522 Sampling locations microbial diversity study

S. No. | Sampling site | Upstream/ Downstream GPS location

1 Bijnor Upstream 1/ f S (U [ B

2 Downstream 1/ f S f B

3 Narora Upstream 1/ f 6EL 78° 1782S

4 Downstream 1/ f TBEL 78°24B7S

5 Kannauj Upstream 1/ f 6EL 78° 81113S

6 Downstream 1/ f TBEL 78°8113S

7 Kanpur Upstream 1/ f TBEL 78°8113S

8 Downstream 1/ f YBEL 78°8113S

9 Allahabad Upstream 1/ f 1 8EL0.8°26%60S
10 Downstream 1/ f 1 8EL0.8°52P66S
11 Allahabad Sangam 1/ f 7 HEL0.81°52966S
12 Mirzapur Upstream 1/ f 1 8EL0.82°29%58S
13 Downstream 1/ f 9 $EL 0.82°33B16S
14 Varanasi Upstream 1/ f 9 8EL0.82°00992S
15 Downstream 1/ f 9 $EL0.83°00967S

5222 |solation

All samples were serially diluted up tousthg 0.8% normal saline solution. . Dilutions were
plated in duplicates on different microbiological media like R2A;TFRK soy broth agar; TSBA
dil- Tryptic soy broth agar diluted; AlA- Actinomycete isnlaigar; SSSalmonella Shigegjéa; XLD-
Xylose-Lysine Deoxycholate Agar; EMB-Eosin methyleneMi@ MacConkey Agar. The plated
samples were observed for recording CFU counts. Bamitiraés appearing on the plates were
picked and sub-cultured for further purification. Maintenand preservation of the strains were
performed on the selected media at 4°C for short teaim (sbculated on media plate) and glycerol
suspensions (10 %, v/v) at -80°C for long term.

5.2.2.2.1 Polyphasic taxonomic characterization of potential avel isolates

Colony and cell morphologies of the isolates were studiedirgcdo standard protocols
(Murray, Doetsch, & Robinow, 1994). The Gram stainingerfasmed using HiMedia kit (HiMedia,
,QGLD DFFRUGLQJ WR WKH PD@XQ\N FBARE K Y PULdh QD teBtaEHE/ K R
novel and the reference strains were performed. Thissen¢kide growth at different temperatures
(between 10, 12, 15, 20, 25, 30, 35, 37, 42 and 50°C), pHGtA®,80. 9.0,10, 11.0 and 12.0 (using
biological buffers) and NaCl concentrations (0, 2, 510, 83, 15 and 20%), catalase activity, citrate
utilization (using Simmons' citrate agar) and urea hydrotgsiex@med as described by (Cowan &
Steel, 1965). The casein hydrolysis, gelatine liqueficet@n80, starch and indole, the methyl red
test, the VogeProskauer test and oxidase activity were assessedmddas¢Smibert & R., 1994)
Nitrate reduction was tested as described by Lanyi (198K *Vcards were used in triplicates using
hours old culture incubated as per the instructiong ohdnufacturer (bioMérieux). Acid production
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from different carbohydrates was tested on minimal medium (amnsoiphate 0.2 %, potassium
hydrogen phosphate 0.024 %, magnesium sulphate Ofx#dsXiyum chloride 0.01 %, yeast extract
0.01 %, bromo cresol purple 0.2% asZagk indicator). For the analysis of cellular fatty theid ,
novel and other reference strains were grown on TSAmnmed@terlock Microbial Identification
System (MIDI) was used for fatty acid methyl ester araydescribed previously (Sasser,.1990)
Freeze-dried cells were prepared for further chemotaxaratyises by growing strains in tryptic soy
broth for 4 days at. Polar lipids and menaquinones waietezkiand analyzed by using the methods
described by Minnikiet al(1984) and Kroppenstedt (1982).

5.2.2.2.2 Molecular systematic analysis: DNA extraction and FRCamplification

Genomic DNA extraction, amplification and sequencing of 16S gBM& and phylogenetic
analysis were performed as described previously (MawlraD06). To determine the phylogenetic
relationship of the novel strains, the 16S rRNA seqweneeompared with those of type strains of
species of the genera and identification of phylogesigtibours and the calculation of pairwise 16S
rRNA gene sequence similarities were achieved using thenEsgraer (Kinet al.2012) and aligned
using Mega version 6.0 (Tametral 2013). Neighbour-joining, maximum parsimony and maximum
likelihood algorithms were used for construction of phylogeinee. Bootstrap analysis was
performed to assess the confidence limits of the brar@NAgDNA hybridization was performed
each time with freshly isolated genomic DNA and was redwatdirmes by the membrane filter
method (Tourova & Antonov, 1988). The G+C content ef genomic DNA was determined
spectrophotometrically (Lambda 35; Perkin Elmer) usingth®atlde-naturation method (Mandel &
Marmur, 1968).

5.2.2.2.3 Metagenome sequencing: illumine HI seq paired enddknology

/LEUDU\ SUHSDUDWLRQ ZDV SHUIRWPHGHRQWPLFNQIRPWLSULRNTY I
India, _http://www.genotypic.co.j 4 ng of Nanodrop quantified DNA was used for amplifying V3-
9 UHJLRQ RI 6 U51% JHQH UHJILRIG K LDMOK R SHOFLHL B § WIDRIH UAH
complementary to lllumina sequence adapter and index promethd Nextera XT Index kit V2.
This round of PCR generates single Amplicon of ~530hiepAmplified products were checked on
the Agarose Gel before proceeding for Indexing PCRelnext round of PCR (indexing PCR)
lllumina sequencing adapters and dual Indexing barcodes weresiaddkmited cycle PCR to give a
final product of ~610 bp. The library was validated fdityghg running an aliquot (1:10 Dilution) on
High Sensitivity Bioanalyzer Chip (Agilent technologies, iialifd$) and quantified using nanodrop
spectrophotometer. PCR products with unigue indicesf&omlibrary were taken in equal nhanogram
guantities and subjected to 100-nucleotide paired-end musigleencing using Illumina GAlIx
sequencer at Genotypic Technology Pvt. Ltd (Bangaldied, All the samples except R-SED were
pooled in a single lane. R-SED amplicons were sequenced in anotheblaed wath other samples
not related to this work. Image analysis and base catkndome using Illumina Analysis pipeline
(Version 2.2).

5.2.2.2.4 Sequence Processing and Data analysis

Raw Illumina sequence reads were processed using CLC Geodtbiesch 8.5 through its
Microbial Genomics Module (https://www.giagenbioinformatics.couhjpts/clc-genomics-
workbench/). The single reads were merged into pairedreanded and reads with low coverage
were removed. Sequences with fixed length and high covenegkistered on a 9 % identity level to
RSHUDWLRQDO WD[RQRPLF XQLWW8DQ & DD RQR.BRH & DANKNIR XR
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clustering tool using RDP and Greengenes as referehesem(@,3) at a 70% confidence threshold.
Around 599 chimera sequences were identified and removetheisgJ clustering tool of the
OLFURELDO *HQRPLFV ORGXOH $0SKD\®GRYHUNWWWE RHIHHX
(phylogenetic diversity and UniFrac distances), thergibygogenetic tree was constructed using a
Maximum likelihood approach based on Multiple sequence aligMi®antof the OTU sequences
JHQHUDWHG E\ 086&/( LQ WKH HARJUWHN HHP @d®Hadgdssment 20f 8 -\
abundance-based species richness estimators (ChaoSharthon diversity index. The sequences
were also deposited in MG-RAST pipeline, which performs initial prookdatago trim low-quality
regions from FASTQ reads, followed by de-replication whioles artificial duplicate reads. Further
the rRNA pipeline was used for initial BLAST search againsgddRINA database SILVA (5, 6) at
90% identity to rapidly identify sequences with similaritieesomal RNA. Rarefaction curves were
generated in order to estimate the alpha diversity afl tie sampling sites. Beta diversity of the
sampling sites detected the community clustering and wageprdbrough principle coordinate
analysis (PCoA) using the metagenomic annotation server of M@{pASE (1,15).

5.2.3 Results and Discussion

5.2.3.1 Culturable diversity

Sampling 1:0Out of the eight media used, maximum number of colony foumisgcfu/ml)
was observed in R2A, TSBA diluted and AIA media i.e nutsemeelia, which was expected to be
observed from the freshwater samples being oligotraphionenent. 400 isolates from all the
sediment and water samples were isolate and were funtifexddesing 16S rRNA gene sequencing.
Upon the identification of these 400 isolates, it was thahdhey belong to 64 different genera
including Pseudomonas, Alcaligenes, Frigoribacterium, Aciieetobdicrobacterium, Bacillus,
Stenotrophomonas, Enterobacter, Klebsiella, StreptococWagiesella, Brevundimonas,
Pseudochrobactrum, Nocardiopsis, Brevibacterium, Brewsbacileucobacter, Kytococcus,
Arthrobacter, Aeromonas, Fictibacillus, Plesiomonas, Hs¢l&gitatia, Rhodococcus, Micrococcus,
Geodermatophilus, = Agrococcus, Sphingomonas, Ochrobactrifoturia, = Agromyces,
Chryseomicrobium, Staphylococcus, Planococcus, Exiguamacteéaenibacillus, Streptomyces,
Lysobacter, Rheinheimera,  Porphyrobacter, Limnobac&phingopyxis, = Dermacoccus,
Pseudoxanthomonas, Micromonospora, Piscinibacter, étyojpbgga, Algoriphagus, Rhodobacter,
Deinococcus, Sanguibacter, Shigella, Cloacibacteriumde$jynglizabethkingia, Yonghaparkia
Chryseobacterium, Mycetocola, Arenimonas, Dietzia, Milrpédaanomicrobium and Cellvibrio.
Majority of genus was found to be that of Pseudomod#s, (Bacillus (14%), Arthrobacter (8%),
Acinetobacter (5%) and Rhodococcus (5%).

At phylum level, sediment samples were mostly dominated hyltiva Proteobactexial
Firmicuteghile water samples showed the dominandetwfobacteridso, it wasobserved in in the
Stretch between Bijnore and Narora, water samples vaen@ipeged byActinobacteand sediment
samples byProteobactaral FirmicuteBut as we movetbwards Mirzapur and Varanasi, it was
observed that a mixed proportion foteobacteAatinobacteaad Firmicutesoth in water and
sediment samples. Presence of phjdaoteroidetess only observed in the site Allahabad Sangam
Among the culturable isolates, 16 strains were foured goténtially novel belonging to the genera
BrevibacteriurRheinheimera, Pseudomonas, Geodermatophilus, AftirodactercusAcinetobacter,
Hydrogenophaga, Shigella, Deamocoisgobacterium.

Sampling 2:(Narora Upstream, middle and downstream) A total of 166 steai isolated
from all the sediment and water samples which were fig#mtified using 16S rRNA gene
sequencing. Upon the identification of these 166 isaatdsund that they belong to 38 different
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genera including Acinetobacter, Pseudomonas, Rhizobiymeliacterium, Vogesella, Deinococcus,
Bacillus, Chryseobacterium, Sphingomonas, Mitsuaria, Brewasdi@phingobium, Acidovorax,
Anuerinibacillus, Comamonas, Streptomyces, Microbacteruwan&a, Algoriphagus, Fictibacillus,
Enterobacter, Aeromonas, Zobellella, Klebsiella, Ensifer, GeatenpBahrobactrum, Rhodococcus,
Arthrobacter, Staphylococcus, Citricoccus, Halobadifis®bacter, Cupriavidus, Enterococcus,
Caulobacter, Agromyces and Escherichia.Among the ldelismdates, 7 strains were found to be
potentially novel belonging to the genera Pseudomonasgil®hjadicrobacterium, Arthrobacter and
Bacillus.

5.2.3.2 Culture independent approach

For metagenomic analysis, the sampling locations were dividexk istretches as given
below:

1) Upstream stretch Bijnor, Narora
7) Middle stretch- Kannauj, Kanpur, Allahabad, Allahabad Sangam
8) Downstream stretch Mirzapur, Varanasi

5.2.3.2.1 Alpha diversity and rarefaction curve

Alpha diversity is the microbial diversity assessed within a $ampdeefaction tables are the
basis for calculating diversity metrics, which reflect thsitgiweithin the sample based on the
abundance of various taxonomies within a community. Therqlated shows the rarefaction curve
of annotated species richness in V3-V4 samples. Thasscarplot of the total number of distinct
species annotation as a function of the number oérsmxpisampled. On the left, a steep slope
indicates that a large fraction of the species divems@iynseto be discovered. If the curve becomes
flatter to the right, a reasonable number of samplesraidered: more intensive sampling is likely to
yield only few additional species. Sampling curves geiseraklyy quickly at first and then level off
towards an asymptote as fewer new species are found péindividuals collected. As analyzed, the
steepest slope was observed for the Bijnor sample (ugipsinetch) which indicates that maximum
fraction of species diversity remains to be discoveredhis site. Whereas the least steep slope was
observed for the Allahabad site. This observation shawasstive move downwards from Bijnor to
Allahabad KHUH -V OHVV FKDQFHV RI JHWW LKRIXPRUHEHVEB W MW UWHL\E & WYHHE
Allahabad being more polluted then Bijnor, a particular kingecdes may be dominating in the
particular site hence there are less chances of getting dicers@spelation.

5.2.3.2.2 Beta diversity and principal coordinate analysis pbts

Beta diversity represents the explicit comparison of mi¢oolmgier) communities based on
their composition. Beta-diversity metrics thus asses$féhendes between microbial communities.
7TKH IXQGDPHQWDO RXWSXW RI WWHVIH FRHPSH DL GRYW DY FH v RX
calculated between every pair of community samples, retthectisgimilarity between those samples.
The data in this distance matrix can be visualized witlesusalgis as Principal Coordinate Analysis
(PCoA) and hierarchical clustering. As analyzed, weedbsemmunity clustering between sediment
samples which formed a separate cluster from the aagles The difference in the microbial
community structure could be ascribed to differences inetigpbrs which involve mostly physical
and chemical properties of soil. Moreover factors likeysalutiients, pH, water clarity, substrates
resource, and phytoplankton could also be correlatdtk téactors responsible for community
difference in freshwater and sediment samples.
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5.2.3.2.3 Phylum level diversity

Freshwater habitats harbor microbial taxa distinct frasa tbatinely detected in marine and
terrestrial ecosystems. Notably, surveys targetit@NB8Sgenes in freshwater lakes and reservoirs
KDYH LGHQWLILHG VHYHUDO 191FRWPRS ROLLEAHEPGtebYBCcEEE] S U |
ActinobacteridDther commonly recovered lineages belong tdBatheroidetégerrucomicrobia
Alphaproteobactearal Plactomycetes. CyanobactEBamma proteobaaeiaetrieved frequently in
particular types of lakes (e.g. hightguctive or polluted) (Ghai et. al. 2011). As revealedstudy,
we observed dominanceRybteobactariaediment samples and thaCganobacteniavater samples
which accordindo the previous reports are an indication of high pollutiomas followed by
Bacteroidetdsch was observed to be present more abundantlymmdifie stretch i.e. Kanpur and
Allahabad. The phyluActinobactervidiich is supposed to be present most abundantly iwdtesh
was observed to be present in less abundance overallcoNtparedActinobactenas observed
more in the upper stretch and least in the middle stratolmdgating the increase in pollution in the
middle stretch. Other phylum observed wEmnicutes, Verrucomicrobiales, Chloroflexii, Plancto
ChlorolzindAcidobacteria.

5.2.3.2.4 Genus level diversity

Bijnor: The upstream sediment sample had the diversity predbrbin&seudomonfaitowed by
Hydrogenoph&gmbacter Giesbergeria Clostridiundesulfovibaad Thermodesulfovibnersity in
downstream sediment sample differed due to the preser@endifiatutollowed by Geothrix,
EdaphobadedBacilludJpstream water sample had the diversity predominated by Darfalpwed
by Flavobacterium, Hydrogenophaga, Rhodobacter,dridG@si@tgatiadownstream water sample
the diversity differed due to the presencePraichlorocodollswed byRhodobacter, Prochlorothrix
Hydrogenophaga, Giesbergeria, @ydobgetidacter
Narora: Upstream sediment sample had the diversity predomynidtedspirdollowed byGeobacter,
Clostridium, Novosphingobium, Paucibacter, RhodobpbtgdHyeiregenn thlownstream sediment
sample the diversity differed due to the presendeeddsphaefhauera, Candidand Bacillus.
Upstream water sample had the diversity predominated by dteruabafollowed by &othrix,
Novosphingobium, Prochlorococcus, Rhodobacter, Sptitayahiaatteiimreas, in the downstream
water sample the diversity was almost same exqapstEmc®emequina.
Kannauj: Upstream sediment sample was dominatédhbgribactetiowed byBacillus, Clostridium,
Kaistobacter, Mycoplana, Paenispanodalanmtéomyedereas downstream sedimssnnple differed
due the presence danthinobacterium, Agrobacterium, Ps@laluonuneshiand Aeromicrobiufine
upstream water sample had the diversity predominatdceviogellafollowed by Luteolibacter,
Saccharopolyspora, Calothrix, Naamd&stidobactéthereas, in thdownstream water sample the
diversity differed due to the presenc@rothlorocoddigpcystis, Oleomonas, Alkaliphilus, Hydrogenc
andFusibacter.
Kanpur: Both upstream and downstream sediment samplesedon§Paenisporosarcina, Mycoplan.
Clostridium, Kaistobacter, Janthinoldbtardifference in presenceBafcillus, Adhaeribatigpstream
and Planomicrobium, Rhodobacter, Pseaudiomosaeansample. Upstream water sample had the
diversity predominated byewinelldollowed byProchlorocqc8ascharopolyspiaocysti€alothrix
Clostridiund Alkalibacterium/hereas, in the downstream water sample the communityrestwas
almost the same with addition of geblepmonasdFlavobacteriand absence 8accharopolyspora.
Allahabad: Upstream sediment sample had the diversity preztbbyhangilinefallowed byBellilinea
LewinellgAzohydromgndethylomonasaerolingad Clostridiundvhereas in thdownstream sediment
sample the diversity differed due to the presenciepbnem@pitutysPrevotell&eobacteand
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FlavobacteriufBoth the upstream and downstream water sample had dtstydipredominated by
Flavobacteridoillowed by ProchlorocqctawinellaRheinheimenMicrocystislydrogenophagal
Mycobacterivithereas in downstream water sample, the commandiure was found to be almost
similar with addition of the gerDalothrimandRhodobacter.

Allahabad Sangam: Sediment sample had the diversity predominbliGdspiafollowed by
Bifidobacterju8teroidobact@andidatus ewinellaRheinheimeaad Pedosphaatiaereas in the water
sample the diversity differs due to the presenééawbbacterifimiowed byRheinheimera, Calothrix,
Lewinella, Demequina, RicketBi@chlorococcus.

Mirzapur: Upstream sediment sample had the diversity predonby&alfuricurvufallowed by
Longiline&eobact@naerolingBelliline&lostridiuand Sulfurospirillum. Divemsdgwnstream sediment
sample differed due to the presenceNufospirafollowed by LewinellaCandidatudesulfovihrio
Azohydromon@lsermodesulfo\abid&kunelldBoth the upstream and downstream water sample had the
diversity predominated Bheinheiméoiowed byFlavobacterjidnochlorocqdoewinella, Demequina,
Saccharopolyspuat®licrocystis

Varanasi: Upstream sediment sample showed the dominancechoico€cus followed by
Proteiniclasticum, Clostridium, Planctomyces, AgrobacteriumaEtakiam, Planomicrobium whereas
downstream sample differed by the presence of Janthinobaaad Phenylobacterium, Polaromonas
and Anaerolinea. Upstream water sample had the diversityipageid by Rheinheimera followed by
Flavobacterium, Demequina, Prochlorococcus, Saccharopglfsimiphilium and FluviicoM/hereas, in

the downstream water sample the diversity was almoshtheitfa addition of genus Lewinella and
Rhodobacter. As analyzed, at genus level, more divassitiyserved in the upstream stretch i.e. Bijnor
and Narora and as we moved towards middle stretch to dowrsttetah we observed less diversity.
Also there was a difference in the diversity in waterdintesesamples in the upper stretch whereas
no significant difference was observed in the middle and dawnstretch which again could be
attributed to the increase in the level of pollution asnewe from upper stretch towards the
downstream stretch. Also, we observed some useful gemisvbkphingobium which is useful in
degrading@romaticcompounds such akeno) aniline nitrobenzen@andphenanthrenédgrobacterium
which has its importancegenetic engineeringitrospiraplays role in nitrificatioeobacter, useful

in bioremediation; Janthinobacterium, has anti-bacterial,anéindranti-fungal properti€uring our
studyalong with useful organisms, we also observed a numlaemdil fbacteria like Pseudomonas
which act aan opportunistibuman pathogess well as the plant pathogdigrocystisvhich produce
harmfulneurotoxinsandhepatotoxinssuch amicrocystirandcyanopeptolinfreponema, Clostridium
and Mycobacterium which act as human pathogens a&ed gauous diseases and Flavobacterium
which is responsible for causing diseases in zooplangtdatipo from the sites of Kanpur, Allahabad
and Varanasi. Presence of the harmful bacteria in tha fB@shwater indicates the extent to which it
has been polluted as these organisms act as marker organismaliistidhemthe particular site.

5.2.4 Bacteriophage

The earlier section on bacteriophages comprehensively dealtith the isolation of
bacteriophages, and the action of bacteriophages against varsobiacterial species categorized
under pathogenic, opportunistic pathogenic and non-pathogec types. In this section, the
classification of bacteriophages in Stretch Il of River Garag along with the viral diversity has
been presented.

$PRQJ DOO WKH fOLIH IRUPV . YLGXYHW\DH E LVRIOHR PLRFF\DW PR
water ecosystems (Fuhrman JA 1999). Environmeniassoocganic surface waters, coastal, and fresh
waters have been intensively studied for viral ecology \GlolEyaColwell RR., 2000) as the host
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microbial community in such ecosystem depends on the typal @osnmunity (Bouvier T, del
Giorgio PA., 2007; Faruque SM etal., 2005; Sadaa and®20@6sebuttle 2007; Yau S. et al., 2011) .
Although these ktUXVHYV KDYH JUHDW HFRORJLFDOTDYQE DHOY V& XY
organic matter to dissolved carbon and nutrient pools &uldfn1995; Nagata T., 2000; and Suttle
CA., 2005) and also act as natural genetic vectbositontal gene transfer events (Sullivian MB. Et
al 2006 and Weinbauer MG., 2004). Yet current infonnadtout marine viruses is restricted to the
euphotic zone of the habitat, which represents pdoiyof the oceanic biosphere (Carinaldesi C. et
al., 2003). Exploring the diversity of viruses is diffiedldédferent from prokaryotes. In order to
understand the abundance of prokaryotes, sequenciydareg the universally conserved 16S
rDNA gene is to be studied but no such gene is univehsaliy in case of viruses that had created a
major limitation in their characterization (Wommack et al), ZO0OS a comprehensive metagenomic
approach is used to study environmental viromes to gesigim into the genetic diversity and
previously unidentified viruses of different ecosystems @Aralal., 2006; Dinsdale E., et al., 2008;
Lopez A., et al., 2009 and Willner DL. Et al 2011). Tteoedhf strategies have been used for virome
analysis. One is linker-amplified shotgun library (LASL) metkbadgiB M. et al., 2002) used only for
double-stranded DNA (dsDNA) and the other method, known aplendisplacement amplification
(MDA) with phi29 polymerase (Edward RA and Rohwer F 204@%) for both dsDNA and single-
stranded DNA (ssDNA) of the viral genomes. Interest to gibdge diversity from different
environments in increasing day by day (Roux S. et al.Jr2@id present study, illumina sequencing
was used to conduct a metavirome analysis of River Gangentsediith special focus on the
complex phage communities responsible for affecting théialidiversity of the area and to unravel
the unidentified members of viral community.

5.2.4.1 Sequence processing and data analysis

For phage analysis, the assembled contigs were uploMETAMIR (Roux et al., 2011)
server, which performed comprehensive analysis of viral metagenome.

5242 Results

5.2.4.2.1 Characteristics of the sequences

y few
sequer of the
sequer own in

Error! |

Fig. 5-18 Charecteristics of the sequence
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Fig. 5-18 Charecteristics of the sequence

5.2.4.2.2 Number of predicted genes and ratio if affiliated catigs

Very few number of phage encoding genes was prediatedtad the members of phage
families remain unclassified. Also the same was confirmeitl wdrefound that among total number
of contigs, affiliated contigs are very less in number as compagdtilitechones .

Fig. 5-19 Number of predicted genes and ratio of affiliated contig

5.2.4.2.3 Phage community structure: a metagenomic approach

5.2.4.2.3.1Genome coverage

Based on METAVIR analysis, a total number of 86, 263 @were predicted from this present
work which includes the pre-dominance of dsDNA viruses, nosRigA (83, 960), followed by un-
classified phages (1149), Retro-transcribing virusgsu@défssified viruses (358), ssDNA viruses
(259), ssRNA viruses (206), un-classified archaeal (\Li@73esn-assigned viruses (32), virus families
not assigned to an order (5), un-classified virophaged(85RNA viruses (2). Among the dsDNA
viruses which was pre-dominated by the @dadoviralgs3, 032) followed by Phycodnaviridae (12,
897), mimiviridae (7, 703), un-classified dsDNA viruses (4p@64)idae (1, 651), un-classified
dsDNAphage (1, 287), herpesviridae (856), baculoviri@pe¢6bviridae (521), iridoviridae (373), un-
classified marseilleviridae (184), un-assigned marseillei@jaadseillevirus (108), ligamenvirales
(68), bicaudaviridae (44), nudiviridae (34), tectiviridacag8®yiridae (18), adenoviridae (6),
nimaviridae (5), plasmaviridae (2) and polydnaviridée t{i8.orderCaudoviralee observed three
families namelMyoviridaeomprising 7, 868 phage encoding sequé&iphsyiridaemprising 5, 358
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phage encoding sequences Rodoviridammprising 2, 248 phage encoding sequefrced
eference source not found.

Further analysis revealed that Pseudomonas phage (6%itedbiime classified group of
Podoviridéamily followed by 0.5-1% of phages against clinical isolatdsifi@obact8almonella
Chronobact€ellulophadgordetell€lostridiunshigell&rwinia an@itrobactehmong the un-classified
group of Podoviridéemily Planktothriphage PaWD (40%) are found to be abundant followed by
Cellulophaghage phil7:2. (4%kllulophaghage phil4:2 (3%) etc. Significantly phagesdikienia
phage GTES8Klebsiellzhage K5Vibriophage PVAL iberibactphage SCZ halassomoplaage BA3
andPelagibagtbage HTVCO10P against infectious bacteria were also present.

In Myoviridaamily, members oBpounaviringgo) dominated the classified group followed
Pbunalikevirus (0.09%). Under un-classified group, menib#ére Bacillugphage (28%) were
dominated, whereas other phages like Enterobacteriappgy€é2%)Clostridiurphage c-st (2%),
Cronobacptrage vB_CsaM_GAP32 (2%pchlorocopbage P-TIM68 (2% )icrocysphage MaMV-
DC (2%),Eschericlphage phAPECS (19%)elagibaqieageHTVCO008M (1%) an8ynechocqalcage
S-SM2 (1%) forms the minor portion of the family. Phaggsting pathogenic bacteria like
Mycobacteripimge Omegaurkholderiphage phi644ERseudomommiimge PMG1 an8treptococcus
phage SPQS1 were also present in this family.

The Siphoviridéemily comprised of very low abundance of classified mendierslided
Andromedalikevirus (1%), Tb5likevirus (0.9%), Phicbklikeviri&o)( Omegalikevirus (0.6%),
Phietalikevirus (0.4%), 77likevirus (0.3%), Phifllikevi@#)(@nd Whbetalikevirus (0.1%). In un-
classified membeksictococqimges (6%) were the most dominant followedlybgchocookage S-
SKS1 (3%)Brevibacillphage Jenst (2%Bacilluphage vB_BanS-Tsamsa (2%{robacteriymage
Minl (1%) andPaenibacillpage Tripp (1%). Phages infecting pathogerSdikenell@treptococcus,
Bacillus, Mycobacterium, \dhostridiurand Pseudomonase also present in the fan8@iyphoviridae
(Figure 32). Thenajor first ten abundance of phage types were givee figure 34. Detailed
information of the phages in the or@audoviralsslisted in the Microbial Diversity section of the
Annexure to the Report.

5.2.4.2.3.2Phylogenetic analysis of order Caudovirales

For the construction of phylogenetic tree, viral m@em@ninase protein (TerL) was used. The
phylotype composition of viral communities in River Ganga sediaraples revealed that the
sequences obtained in this analysis were more closely relateddessquoeSiphoviridae family that
included parasitic bacteria-infectious phage gkdygolfacteripimage,Staphylocoquuzge,Listeria
phage an&nterobacpdrage) detected in lake pavin and dtash water viral communities present in
the publically available databasaddition, the phylogenetic analysis also showed tisathences
identified in this study were moderately related to the knawimenseof thé?odoviridéamily. In the
phylogenetic tree one separate cluster was founth-¢tassified having close similarity with
BurkholdersamdMyxococdisage.
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Fig. 5-20 Phage abundance

5.24.3 Discussion

Bacteriophages are profound and diverse in the fresematenments. Phage metagenomics
was earlier started in marine environments with thedisit@avery of phages in aquatic samples, later
on phage communities were explored in freshwater ecobestamse of their significance in acting as
sources of drinking water, recreation, commerce. Reygyesst that till date, 12 metavirome datasets
have been generated for freshwater systems, manyclofwene achieved using 454 sequencing
(Bruder et al., 2016). Whereas in the present studydlNextrseq was used for sequencing pooled
metagenomic DNA obtained from the different sediments of Garega. A total of 31, 431, 3308
reads were produced while metagenomic assembly gene@tbat8btigs longer than 1000bp. Most
reads and contigs could not be taxonomically assigned, aqdfeattithe larger fraction of viral
diversity analyzed had low similarity to counterparts in the datalmases2A253, 65 sequences were
assigned to viral community, In this 96% of the viral community belonged to\dal¥&#é having no
RNA stage, Bacteriophages were represented by th€audeviraledich shared the 57% of the
total viral community. Further analysis showed the presefarailiesSiphovirida@odoviridasd
Myoviridae

Among these familiddyoviridaghared most of the viral encoding sequences i.e. 2886 of
total viral community, followed Bjphoviridaéhich shared 19% and findlgdoviridadiich shared
8%. Findings revealed variety of different phagesedhaparted to have specific bactericidal activity
against clinical isolates and pathogendijkebacterjiBireptococ@seudomonéarsinjaSalmonella
StaphylococKlebsiell®ibrig Shigell&lostridium, Acinetob&steinia, Aeromonas, Esche@icimabagcter
EnterobacteaadCampyloba&tr. Analysis showed the vast and unparallel divelsagtefiophages
present in the river River Ganga, which was achievegthcalture independent metagenomic
approach. However, it is essential to isolate and dtizegutages uncovered from new metaviromics
studies that would involve improved culturomics for phage isolation.
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5.24.4 Conclusion

In this present work, the viral metagenome has besnbtss and analysed in the sediments
of River Ganga, India, in the middle stretch starting fronr,Bijamra, Kannauj, Kanpur, Allahabad,
Triveni Sangam, Mirzapur and Varanasi. We produced a 8dtafidl, 3308 reads and metagenomic
assembly generated 35, 275 contigs longer than 190Dlmiba platform were analyzed. The fresh
water sedimentary metagenome-viromes differed from theveranies collected from other fresh
water sediments, as, the fresh water sediments frowolythrevzer River Ganga not only house novel
viromes, but also including unexplored double stranded DNA vBased on METAVIR analysis, a
total number of 86, 257 genes were predicted, whidemihe pre-dominance of dsDNA viruses, no
RNA stage (83, 960). Bacteriophage was represetitedimerCaudoviralehich shared the 57% of
the total viral community. Further analysis also showptetiance of famili€iphoviridae, Podoviridae
andMyovirida@dmong these famili&éyovirideshared most of the viral encoding sequences i.e. 28% ¢
the total viral community, followed $iphoviridéE9%) andPodoviridagnich shared 8%. This study
revealed variety of different phages that are repottaddapecific bactericidal activity against clinical
isolates and pathogens [Mgcobacteriustreptococ®seudomonésrsiniaSalmonell&taphylocgccus
KlebsiellaVibrig Shigella Clostridium, Acinetobacter, Erwinia, Aeromonas,, Excnetctter
EnterobacteaadCampylobacter

5.3 References
X Aravindraja, C., Viszwapriya, D. and Karutha Pandian, 8. @@dadeep 16S rRNA Sequencing

Analysis of Geographically Similar but Diverse Unexplored MaripkesS&eveal Varied Bacterial
Community CompositioPLoS ONE8(10).

X Alonso, J. L., Soriano, A., Amoros, |., and Ferre, MO98)(1Quantitative determination of Escherichia
coli and fecal coliforms in water using a chromogenic médienviron. Sdealth., Part 23(6), 1229
1248.

X Basu, S., Banerjee, T., Manna, P., Bhattachary@ah&.,B. (2013). Influence of Physicochemical
Parameters on the Abundance of Coliform Bacteria in astriakd8ite of the Hooghly River, India.
Proc. Zool Sei(1), 2@26.

x Central Pollution Control Board (CPCB): Annual Repartardl water quality monitoring network
(2002). [http://cpcbenvis.nic.infar2003/ar2- 3ch5.htm].

x Central Pollution Control Board (CPCB): National Water Quditjtoring at a Glance (2005).
[http://cpcbenvis.nic.infwg-2005/ watmain2005.htm].

x Cowan, S. T. & Steel, K. J. (1965). Manual for théitdeinn of Medical Bacteria. London: Cambridge
University Press.

x Das. S. (2011). Cleaning of the Gahdaeo. Soc. of Infdia124:30.

Xx *KDL 5 5RwIbraJB,HMcMahon, K. D., Toyama, D., Rinke, R.,(20&1). Metagenomics of
the Water Column in the Pristine Upper Course of the AmazorPRISONE. 6(8).

X Hodegkiss, 1. J. (1988). Bacteriological monitoringoonfi Kong marine water qualktyviron.
Int.14, 495499.

x Kampfer, P. and Kroppenstedt, R. M. (1996). Numeridgsianaf fatty acid patterns of coryneform
bacteria and related taan J Microbi2, 98921005.

x Kim, O., Cho, Y. J., Lee, K., Yoon, S. H., Kim, M.,HNaPark, S. C., Jeon, Y.S., Lee, J. H., Yi, H.,
Won, S. and Chun, J. (2012). Introducing EzTaxorr@ékaywtic 16S rRNA Gene sequence database
with phylotypes that represent uncultured spetidsSyst Evol Micr@dal162721.

5-57



5-58

Lata, P., Ram, S., Agrawal, M. and Shanker, R. @0@9pcodni river Ganga surface waters:
Propensity of species distribution, dissemination of antimigedistance and virulence-markers
among species along landsdaptC Microbid, 140.

Marmur, J. & Doty, P. (1962). Determination of base cdimpasf deoxyribonucleic acid from its
denaturation temperatudeMol Bidd, 109118.

Mayilraj, S., Saha, P., Suresh, K. and Saini, H. SQat06himicrobium kibbesgnsav. isolated from
the Himalayas. Indimt J Syst Evol Microb6ol16571661.

Minnikin, D. E., O"Donnell, A. G., Goodfellow, M., AldersonABhaly, M., Schaal, A. and Parlett, J.
H. (1984). An integrated procedure for the extradtisomrenoid quinones and polar lipiiicrobiol
Methodg, 233241.

Mishra, A., Mukherjee, A. and Tripathi, B. D. (20090org#daand Temporal Variations in Physico-
chemical and Bacteriological Characteristics of River GangaasiWat:ahEnviron. Re(3), 39302.

Murray, R. G. E., Doetsch, R. N. & Robinow, C. F. (1%®terminative and cytological light
microscopy. In Methods for General and Molecular Bacteriology#dp.Rdited by P. Gerhard, R. G.
E. Murray, W. A. Wood & N. R. Krieg. Washington, DC: American Socidigrobiology.

Piterina, A. V., Bartlett, J., & Pembroke, T. J. (2Bi&luation of the Removal of Indicator Bacteria
from Domestic Sludge Processed by Autothermal Thermophilic AerobioDAEAD). Int.  J.
of EnvironRes. and  PubHealth7(9),342223441.

Sasser, M. (1990). Identification of bacteria by gamatbgraphy of cellular fatty acids. MIDI
Technical note 101 Newark, DE: MIDI Inc.

Smibert, R. M., Krieg and N. R. (1994). Phenotypic teaaton. In Methods for General and
Molecular Bacteriology, Edited by P. Gerhard, R. G. E. MurrayWiod & N. R. Krieg. Washington
DC: American Society for MicroB0X6§.

Smd, A, Sati. A, Sharma, S., Bisht, S. and Kumar, V. Baxtéjial indicators of faecal pollution and
physiochemical assessment of tributaries of River Ganga Biadrwal Himalayas, IndRMZ 2 Mat.
and Geo envii8{2), 129142.

Tamura, K., Stecher, G., Peterson, D., Filipski, A. and K@&ngR013). MEGA6: Molecular
Evolutionary Genetics Analysis Version BlOlL Bio Evol. 30, 272%2729.

Tourova, T. P. & Antonov, A. S. (1988). Identificatiormiiroorganisms by rapid DNBNA
hybridization. Methods Microbiol 19, 3335.

Fuhrman JA (1999) Marine viruses and their biogeochemical andakefflegiie. Nature 399: 3548

Wommack KE, Colwell RR (2000) Virioplankton: Viruses in age@gigstems. Microbiol Mol Biol Rev
64: 69114

Bouvier T, del Giorgio PA (2007) Key role of selectiveindiaded mortality in determining marine
bacterial community composition. Environ Microbiol 922857

Farugue SM, Naser IB, Islam MJ, Farugue AS, Ghosh AN(2005) Seasonal epidemics of cholera
inversely correlate with the prevalence of environmioliadacphages. Proc Natl Acad Sci U S A 102:
170221707.

Sandaa RA, Larsen A (2006) Seasonal variations in stippspiutations in Norwegian coastal waters:
Focusing on the cyanophage community infecting nggmeehocosgpsAppl Environ Microbiol 72:
4610/4618.

Suttle CA (2007) Marine viruses2major players in the globakecdsgsRev Microbiol 5: 8&gi12.

Yau S, Lauro FM, DeMaere MZ, Brown MV, Thomas T, etCdl1)2/irophage control of antarctic
algal host-virus dynamics. Proc Natl Acad Sci U S A 10813853

Assessment of Water Quality and Sediment to understdreSpecial Properties of River Ganga



Microbial diversity and Bacteriophagel Sf -t

Yoshida M, Yoshida T, Kashima A, Takashima Y, Hosoda N(2&08l) Ecological dynamics of the
toxic bloom-forming cyanobacterium Microcystis aerugimalsits cyanophages in freshwater. Appl
Environ Microbiol 74: 32638273.

Yoshida M, Yoshida T, Yoshida-Takashima Y, Kashima A, Hir@d8aDpReal-time PCR detection of
host-mediated cyanophage gene transcripts during infettimnnatural Microcystis aeruginosa
population. Microbes Environ 25: 2215

Fuhrman JA, Noble RT (1995) Viruses and protists daniise Isacterial mortality in coastal seawater.
Limnol Oceanogr 40: 128@42.

Nagata T (2000) Production mechanisms of dissolved ongatec. In: Kirchman DL, editor.
Microbial ecology of the oceans. New York: Wiley-Lis&. 521

Suttle CA (2005) Viruses in the sea. Nature 4386356

Sullivan MB, Lindell D, Lee JA, Thompson LR, Bielawski JP(28108) Prevalence and evolution of
core photosystem Il genes in marine cyanobacterial virudesiramasts. PLoS Biol 4: e234.

Weinbauer MG (2004) Ecology of prokaryotic viruses. FEMS ibli€tel 28: 127181

Corinaldesi C, Crevatin E, Del Negro P, Marini M, Russ@i (2003) Large scale spatial distribution
of virioplankton in the Adriatic Sea: Testing the trophie stantrol hypothesis. Appl Environ
Microbiol 69: 2662673

Wommack KE, Bench SR, Bhavsar J, Mead D, Hanson 7. (80G&ion independent methods of
characterizing phage communities 2: characterizing a metalyirtbauks Mol Biol. 502:289

Angly FE, Felts B, Breitbart M, Salamon P, Edwards RA,(20@6) The marine viromes of four
oceanic regions. PLoS Biol 4. Z22231.

Dinsdale EA, Edwards RA, Hall D, Angly F, Breitbart M, et @B)(EQnctional Metagenomic Profiling
of Nine Biomes. Nature 452: 3347.

Lopez-Bueno A, Tamames J, Velazquez D, Moya A, Quesddd. £2009) High diversity of the viral
community from an Antarctic lake. Science 326:8833

Willner DL, Lim YW, Schmieder R, Chau B, et al. (2011) Bruayssaf DNA viral diversity obtained
through viral metagenomics of mosquitoes. PLoS ONE 6: e20579.

Rodriguez-Brito B, Li L, Wegley L, Furlan M, Angly BJ]. §2010) Viral and microbial community
dynamics in four aquatic environments. ISME J 47589

Vega Thurber RL, Barott KL, Hall D, Liu H, RodrigueziMu B, et al. (2008) Metagenomic analysis
indicates that stressors induce production of herpes-liles Wirtise coral Porites compressa. Proc Natl
Acad Sci U S A 105: 18418418.

Willner D, Furlan M, Haynes M, Schmieder R, Angly FE, &€0@8)(Metagenomic analysis of
respiratory tract DNA viral communities in cystic fibrosis andystio fibrosis individuals. PLoS ONE
4:e7370.

Zhang T, Breitbart M, Lee WH, Run JQ, Wei CL, é2G6)] RNA viral community in human feces:
Prevalence of plant pathogenic viruses. PLoS Biol 4:e3

Breitbart M, Salamon P, Andresen B, Mahaffy JM, Sega#t A\, (2002) Genomic analysis of
uncultured marine viral communities. Proc Natl Acad Sci U S A 9% 142250

Edwards RA, Rohwer F (2005) Viral metagenomics. Nat Rev Microléb3050

Roux S, Faubladier M, Mahul A, Paulhe N, Bernard A, Ddébrdasault F: Metavir: a web server
dedicated to virome analysis. Bioinformatics. 2011, 27: 3074-3098/ki0informatics/btr519.

Andrews S. (2010). FastQC: a quality control tool for high thubggigpence data

5-59



Namiki T, Hachiya T, Tanaka H, Sakakibara Y. (2012) Meta\dn extension of Velvet assembler to
de novo metagenome assembly from short sequence reads, Nucleés A{20, e155.

Doug Hyatt (2010). Prodigal: prokaryotic gene recogaitiranslation initiation site identification.
BMC Bioinformatics 2010 11:119.

Moriya, Y., Itoh, M., Okuda, S., Yoshizawa, A., aneéhican M.; KAAS: an automatic genome
annotation and pathway reconstruction server. Nucleic Aci@sR&4.82-W185 (2007).

F Meyer et al. The metagenomics RAST séivgrublic resource for the automatic phylogenetic and
functional analysis of metagenomes. BMC Bioinformatics /8 9:3

Martha R.J. Clokie, Andrew D. Millard, Andrey V. LetarovShadn Heaphy. Phages in nature.
Bacteriophage 2011 1:14381-

Bruder et al. freshwater metaviromics and Bacteriophagesent assessment of the state of the art in
relation to Bioinformatic challenges. Evolutionary Bioinfimsnaf016:12(s1l) 28 doi:
10.4137/EB0.s38549.

http://ecolyse.com/bacteriophaf

+DQNLQ (+ /-DFWLRQ EDFWpPpULFLGHH NXWHDX[ YAH WICR QX B@ DF KRO
Pasteur. 1896; 10:523

Bhargava, D. Ganges has magical cleaning properties.

d'Hérelle F. Sur un microbe invisible antagoniste des bacéegriyses. C R Acad Sci Ser
D. 1917;165:37375.(Fre).

Keary R. et.gR013), Bacteriophages and their endolysins for cdnpathogenic bacteria. Science,
technology and education (A. Mendez- Vilas, Ed.)

Jurczak-Kurek, Aet.,alBiodiversity of bacteriophages: morphological and biologicatipsopiea large
group of phages isolated from urban segageRep, 34338; doi: 10.1038/srep34338 (2016).

Wittebole Xavieet. aJ (2014), A historical overview of bacteriophages thasapy alternative to
antibiotics for the treatment of bacterial pathogens. Laiode®Bce Virulence 5:1, 2285;

Eugene W. Rice, Rodger B. Baird, Andrew D. Eaton, L8ndkesceriStandard Methods for
Examination of Water & Wastewater. 22nd edition. Washington, DC: American Public Health S.
(1987).

http://lwww.slideshare.net/HamaNabaz/water-microbiol2$923074

Khairnar, K., Sanmukh, S., Chandekar, R. and Paunikz®,1¥V.A simple and novel modification of
comet assay for determination of bacteriophages mediatedalbaell lysidournal of virological
method&)3, pp.338.

Laboratory bio safety manual &lition 2004, WHO Library Cataloguimgrublication Data World
Health Organization.

https://en.wikipedia.org/wiki/Yamuna

https://en.wikipedia.org/wiki/Narmada_River

Assessment of Water Quality and Sediment to understdreSpecial Properties of River Ganga



Additional field and laboratory studie{ Sf -t

6.1 Introduction

Focused field and laboratory based investigations were oatriéal gather in-depth
information about the special properties:

Presence and diversity of Bacteriophages

Higher dissolved oxygen

Antimicrobial activity

Contribution of Metals towards Anti-Microbial activity
Leaching of Phytochemicals

Presence and diversity of bacteriophage has alreadisbessed in Chapter 5. Other above
mentioned studies are described in this chapter.

6.2 Studies on Dissolved Oxygen

Dissolved oxygen is an important parameter which evinogsntral water quality of any
river. The organic waste entering the river is assimilat@drborganisms which consume oxygen in
the process. Rivers, however, draw oxygen fromntbspdiere through diffusion thereby replenishing
the oxygen levels. The monitoring activity indicated that Gaveya has high dissolved oxygen
concentrations along its entire length during both pilgaaat-monsoon seasons, with the exception
of few locations (refer Dissolved Oxygen in Chaptersggcklly, it was seen that dissolved oxygen
concentrations during theepmonsoon season along the stretch between Kanpaimi \Was above
saturation concentration corresponding to the wateetatuge. On the other hand, this stretch of
River Ganga receives the majority share of the totailcdogal entering into the River. The density of
phytoplanktons, which was found after analysing thegpéesawas correlated with the dissolved
oxygen levels. It was observed that locations with hgtopfankton population showed
supersaturated levels of dissolved ox¥geor!(Reference source not foungl.

With this observation, additional studies were carried outdésstand the dynamics of
dissolved oxygen, and the causative factors for high digsglgen. In this regard, a framework was
developed and experiments were planned and undertakerpatt, Kdlahabad, and Varanasi, to
investigate this aspect of River Ganga.
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Fig. 6-1: Correlation between supersaturated levels ésblved oxygen and densit
of phytoplanktons as observed in the pre-monsoon season

6.2.1 Background

Devendra Swaroop Bhasrgaretired Professor from the University of Roarvkeehas worked
exclusively to understand the dissolved oxygen relationdRipsriGGanga (Bhargava D. , 1987). He
has comprehensively written about the high re-aemtsnwrhich the Ganga exhibits and also about
its superior capacity to assimilate organic matter. Hih&sofocused on the settleable BOD fraction
which drives the quick self-purification of River Gangablevorked extensively on modifying the
Streeter-Phelps equation to understand the assimilatigyaic anatter in the River Ganga where
numerous successive point sources of sewage outopresent (Bhargava D. , Most rapid BOD
assimilation in Ganga and Yamuna rivers,.1983)

,Q DGGLWLRQ WR 'U %KDUJDYD:V [ZzRUbMara) reseéarcHitb *DQJELC
understand the processes which drive dissolved oxygeremsgstem. Dr. Steven Chapra, the co-
author of QUAL2K model, has worked extensively on déwgloywmerical models to describe
dissolved oxygen in the River (Chapra & Di Toro, 1991htAgreprominent study on this aspect is
by B.A. Cox, who has reviewed the various models delvel@rehe years describing the processes
governing dissolved oxygen concentrations in rivers (08), Zhe study frodorrea-Gonazalez et al.
(Correa-Gonzalez, Chavez-Parga, Cortes, & PerezJu@dB) is an example of similar
investigation on dissolved oxygen. This study was carriedRiat Chiquito, a shallow stream in
Mexico. Various relationships between photosynthesigaerdtion of streams were used in this
study, along with a high frequency measurement of dissolved oRQgamate intervals.

6.2.2 Theory and Approach
This study focused on the following aspects of the River Ganga:

1) Ability of the River Ganga to maintain high levels of didsmtygen, and D.O. levels higher than
saturation concentration at certain locations.

2) Study diurnal variation of dissolved oxygen in River Ganga

3) Variation in dissolved oxygen in River Ganga as it flowshthr@ajgr urban centresKanpur,
Allahabad, and Varanasi. This variation was investigatethaldegth of the River and through
time.

4) Impact of phytoplanktons on dissolved oxygen concensratid®tiver Ganga, especially whether
phytoplanktons are significantly contributing through photesyst
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The dissolved oxygen at any given infinitesimally small sedhenrioer is a function of

sources and sinks of oxygen, neglecting dispersion, amih@ssteady state conditions in one
dimension, and transport of constituents through adveEtimr! Reference source not found.
hows the sources and sinks of dissolved oxygen in a river.

1)

2)

3)

Fig. 6-2: Schematic representation of sources and sinksin. in a river section

Experiments were designed to elaborate on the four focal pointmeckceddier.
Therefore, the following conceptual framework and experimesigal \dere adopted:

Organic load entering into the River is the major reasdhefadecline in dissolved oxygen.
Organic matter is biologically assimilated by microorganisms sehidissolved oxygen in the
process. The reason for high levels of dissolved oxygetheugh there is significant organic
load entering into the River implies other processes whidigaificantly influencing D.O.
concentrations in River Ganga.

Measuring D.O. at short intervals brings forward strogdral variation in D.O., thereby giving
insight about the processes influencing the same. Téemioexperiment was designed to
measure D.O. at hourly intervals in a location, for about 60 houtwesatays.

BOD in a river can be classified into settleable BOD and tileatde BOD. Organic matter
tends to flocculate and settle down on the bed of the wikiereas the remaining fraction is
carried along with the stream. However, this settled draogoificantly affects the oxygen
demand of the sediment on the water column immediatelytactowith the bed, in the lower
stratum of the river. This is more evident in the stsetdhihe river where effective mixing and
turbulence is absent along the depth of the riverasushihe case of the stretch between Kanpur
and Varanasi. Dissolved oxygen was measured through thefdéet river to observe the
change in dissolved oxygen along the vertical cross-section.
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Supersaturation is the term which defines the state edneentration of a gas, dissolved
oxygen in this case, in the water exceeds the satemimentration of oxygen for the given
temperature and pressure. River Ganga is known tori@vea@pulation of planktons, as reported in
peer reviewed literature. Phytoplanktons produce oxsiggrsunlight, in addition to reaeration from
atmosphere. To investigate this contribution in partieufatL JKW D QG '@pefimerit RvdsW O H
carried out to highlight the contribution of photosynthiggiphytoplanktons towards dissolved
oxygen, and has been elaborated in the subsequent sections.

6.2.3 Sampling scheme and methodology

Based on the theory and approach, experiments weze cat with a sampling scheme and
methodology which would ensure that the theoretical wik$eaf carrying out the dedicated
experiments are fulfilled. The methodology for the thiseefsexperiments and other relevant details
have been explained below as three components.

Fig 6.1 Pontoon
bridge at Bithoor, near
Kanpur, where the
studies corresponding
to component 1, 2 and
4 werecarried out

6.2.3.1 Components 1 and 2: High frequency measurements to understand abternn
and diuranal variation in DO

1) A site was chosen about 15 km upstream of Kanpunedy the town of Bithoor (Latitude:
26°36'26.64"N; Longitude: 80°16'43.42"E), to catrthe high frequency diurnal measurements
of dissolved oxygen. The rationale behind choosing thenagasido ensure that there are no
significant point sources of organic loading which wouldddmmate the variation in D.O. A
makeshift pontoon bridge spanned across the River wbwadhepgraccess to collect samples from
the middle of the River. Dissolved oxygen measurements eerediaka set of three samples at
each instance sample from 2/10 of the depth, 8/10 of the depth and a cumulative
representative samples. The depth of the River in the nitldéelacation was about 4 m and
therefore, samples were collected at 1.5 m and 3 m degths;omposite sample. Samples were
collected using a van Dorn type depth sampler. Dissolvgehoxyd water temperature was
measured in these samples at hourly intervaleeasdrements were taken for 58 consecutive
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hours spanning over 3 days and 2 night¥hese measurements were made from a D.O. probe
which was calibrated after every 50 measurements and G810 ehrs each day. At regular
LQWHUYDOV ' 2 ZDV PHDVXUHGDBWH @WW-cMeal th&@suid/ftog J
the probe.

2) A representative sample at the same location washtadesronce each day, to measure the BOD.
Initial DO was measured and the samples were transfeB@&Dtbottles and placed in BOD
incubator.

The channel profile along the cross-section at thewssnhapped by measuring the depth of
the bed at 6 m interval. The velocity of the River at its middle was olosabeed 0.2 m/s.

Fig 6.2: D.O. was

analysed at regular
intervals to cross-
check results
obtained by D.O.
probe

6.2.3.2 Component 3: Variation in DO aling depth and through time in the ciés

1) Kanpur, Allahabad and Varanasi are the major urbarsaenith have significant anthropogenic
impact on the water quality of River Ganga. Experimergareied out in these three cities to
arrive at the variation in D.O. along the depth of the,Rive also through the day. Based on the
total depth of the channel, samples were collected gaiendétpths, in addition to composite
samples, and D.O. was measured in all the samples at all the locationadtarfoes in a day.
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2) Three locations were chosen in each city to carthisutomponent of the study, and these
locations roughly corresponded to the upstream boundaryniddle, and the downstream
boundary of the city as the River flows. The coordiofthe locations in each of the cities are

given below:.

Table 6-1: Coordinate of locations where D.O. was measrued iarfur, Allahabad and Varanasi

Sl. No. | City Location Latitude Longitude Approx. depth
of channel (m)

1. Kanpur Kanpur barrage 26°30'26.53"N | 80°19'3.32"E | 4

2. Shuklagan; 26°28'13.34"N | 80°22'26.52"E | 3

3. Jajmau area 26°26'12.76"N | 80°24'39.07"E | 4

4. Allahabad | Rasulabad STP 25°30'2.78"N | 81°51'5.85"E | 1

5. Phaphamau 25°30'29.83"N | 81°52'0.09"E | 1

6. Shivkuti 25°30'9.56"N | 81°53'16.90"E | 1

7. Varanasi | AH1/NH19 bridge 25°15'19.67"N | 83° 1'32.43"E | 5

8. Ramnagar pontoon bridgg 25°16'18.46"N | 83° 1'6.00"E 7.5

9. Rajghat bridge 25°19'26.12"N | 83° 2'3.27"E 15

3) In each of these locations, dissolved oxygen and tengearatermeasured at four instances, at
roughly four hour intervals, from 09:00 hrs to 2tr®€0Three samples were collected at each
instance corresponding to 2M1@nd 8/1¢' of the depth at that poft and a representative
sample. One sample for BOD analysis was also collecteddiolocation, along with samples
for zooplankton and phytoplankton analysis. Standard @ayeBt was carried out for BOD
measurements.

Fig 6.3: D.O. study
near Kanpur
barrage. Depth

sampler was used
to collect samples
from definite
depths

! The River was shallow in Allahabad, and samples were collected fromtapoesponding to % the depth of the
River. The point downstream of Varanasi city was about 15 m deep amtptes were collected from this point along
the vertical cross-section.
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6.2.3.3 Component 4: Contribution of phytoplanktons towards DO

1) 7KH fOLJKW DQG GDUN ERWW O HKHH MHH FOHRF\D WIDR/Q FDW
across the pontoon bridge 15 km upstream of Kanpur k@eatien as for components 1 and 2).
The details of this experiment are as follows:

2) Two pairs of bottleg one transparent and the other opaque, were tiedofe an a manner
where a pair of opaque and transparent bottle would be immersed lag¢lbvs the surface of the
River, and the other pair of opaque and transparent bottle at 3 rthbedarface.

The pair of bottles on top was filled with the water frdim depth at that location, and the
pair at the bottom was filled with water from 3 m below the suriagethesdepth sampler.

3) Initial readings of dissolved oxygen and temperature in hbttles were recorded, and the
bottles were properly stoppered and were immersed afpéetive depths below the surface of
the River.

4) Three measurements of dissolved oxygen and temperatuedl fitte bottles were taken on the
first day roughly corresponding to the sunrise, noosuasdt on that day. In a similar manner, 6
readings were recorded on the second day of the expewitierstdditional readings between
11:00 hrs and 16:00 hrs.

Fig 6.4

D.O. being
measured

LQ T/LIJKW
DQG 'DUN-
bottles

Two sets of samples were collected for zooplankton hgmoplankton analysis from this
location, once on each day, and preserved suitably to be testedtoryab

6.2.4 Results and discussion

6.2.4.1 Component 21 and 2: High frequency measurements to understand short term
and diuranal variation in DO.

Error! Reference source not foundshows the results from the high frequency measurement
f D.O. from River Ganga, at Bithoor town. The saturatoncentration of D.O. for the
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corresponding observed water temperature has beed filotted red line), along with observed
concentration of D.O. in depth-wise composite sample. 3illesrigom this experiment indicated a
characteristic diurnal variation in dissolved oxygen whretates with solar intensity. There is a
sinusoidal type of variation during day and night. D.O. cratterd rose above saturation levels at
about noon, and receded to below saturation levels wethiege It was seen that the fall in D.O. in
the absence of light is more significant than supelisatwtating the day. The maximum D.O.

observed was about 9 mg/l corresponding to 16:00 hrsasttee minimum D.O. observed was 4.3
mg/l corresponding to 07:00 hrs. There is a phase shi& fise and fall of D.O. in correlation with
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Fig. 6-3: Observed and saturation concentration ofstioved oxygen exhibiting a diuranal variation
light intensity.

6.2.4.2 Component 23. Variation in DO aling depth and through time in the cities

The results from this set of experiments have beerseated irError! Reference source
ot found. throughError! Reference source not found.Error! Reference sme not found. The
D.O. concentration has been expressed with a colouramgipg from 11mg/l on the green end to O
mg/l on the red. The depths at which samples were colle¢chedraspective locations have been
indicated by the bar graphs. Four such graphs haveplbded for each instance of sampling
corresponding to morning (09:00 hrs), afternoon (AGYGvening (17:00 hrs) and night (21:00 hrs),
in that specific order.

There were two significant types of variation obseriaxdcafrying out this study. Firstly,
there was decline in D.O. along the depth of the RivemdBecsimilar variation was observed
through time, as observed in the diurnal measurementsobfedissxygen, where D.O. increased
during midday and declined during night. It was also obsenvE®dQhaeclined sharply at depths
greater than 4 m. The D.O. in the deeper water colusmfowal to be almost anoxic near Rajghat
Bridge, where the channel depth was about 15 m. Anonekesbserved in the trend of D.O.
through the day, as in some instances, D.O. during thevaglsame or higher than D.O. levels
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11 10 9 8 7 6 5 4 3 2

D.O. (mg/l)
Fig. 6-4: Depth 2wise variation of D.O. at morning, afternoon evening and nigl{Cloakwise)

during the day. This could be attributed to other fagtoch significantly impact D.O. concentration
in the River such as wind, pressure, and organic load.

6.2.4.3 Component 24. Controbution of phytoplanktons towards DO

The results of the experiment have been preserigdihReference source not foundand
REF _Ref470713826 \h \* MERGEFORMATError! Reference source not found.D.O.
concentration has been indicated along the y-axis, vhergag of measurement has been indicated
along the x-axi€rror! Reference source not foundrepresents the set of measurements from the
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Fig. 6-5: Results from 'Light and Dark Bottle'experimens at 1.5m (top graph) and 3m (Botton graph) depth

pair of transparent and opaque bottles at 1.5 m, wiigrea Reference source not found.

represents the measurements from the bottles immersed dgpg (The markers have been
symbolically representeBfJ fOLIJKW:.- DQG YGDUN:- ERWWDUWH W K KAKWX WIWDDQV
River showed a similar trend during the day as seen isehef churnal variation. However, the

opaque bottle near the surface showed no increasoivedi©xygen throug KH GD\ % RWK WKH
DQG WKH YGDUN:- ERWWOHY DW P GHSWKKRZHCHQR VXEQOHDK\N EH
oxygen; in turn showed a decreasing trend. This provguhthasynthesis is a key factor in the
dynamics of dissolved oxygen in River Ganga, and the magnitadgiloution towards D.O. by
photosynthesis from phytoplankson
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Fig. 6-6: Phytoplankton desnity, composition and palmer'gollution index observed during the dissolved oxygen

6.2.4.4 Correlation with phytoplanktons

As it can be seen from the results of the studies olvedssxygen, planktons play a key role
in the dissolved oxygen dynamics of River Ganga. Tharetoaer to understand dissolved oxygen
as a characteristics property of River Ganga, it idiadssenunderstand the composition of
phytoplanktons and zooplanktons in the River.

Samples were collected for analysis of planktons frontdtieris where dissolved oxygen
studies were carried out. In addition, planktons have beéoretduring pre-monsoon and post-
monsoon seasons along this stretch between Kanpuatmad Fhere are two important aspects in
which the correlation between planktons and dissolved asygeportant keeping in mind the
objectives of the project.

Firstly, the density of phytoplanktons was found toilbote significantly towards DO in the
River with the availability of sunlight. However, the mréagesversed during night, and the River is
stressed because of respiration by the same communitytoplgmktons. In addition, the
contribution of DO during the day is not equivalent quantitativély twdp in DO during the night.

Secondly, nutrients such as phosphate and nitrateasdogs for phytoplanktons. On the
other hand, untreated and partially treated sewage, ongneff from agricultural fields are the
main sources of these nutrients. In other words,sexaggents develop eutrophic conditions in the
ULYHU ZKLFK LQGLFDWHV W KDOWRUW K H Wy toxadqlidtie\thy o poBEitin W
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monsoon analysis

of phytoplanktons to get an insight on whether thestgpphytoplanktons existing indicate polluted
conditions in River Ganga.

The Error! Reference source not foundpresents the phytoplankton density, composition,

QG WKH FRUUHVSRQGLQJ 3DOPHU:-VZEROEBXWKR QG LY ERO DMG VRK
were carried out. There is a large population of pmktipia at all the locations where the studies

were carried out. The density of phytoplanktons rargadafrout 2000 to 10000 planktons per ml,
ZLWK WKH H[FHSWLRQ RI WKH GHQNLDWA £ Q UMWK R | WMKIHQ ¥/%.D K W QDN
experiment, where the density was about 26000 pehantomposition of phytoplanktons was
dominated by cyanophyceae, more commonly known as blubaptsia. However, when we
FRQVLGHU WKH 3DOPHU:V 3ROOR®QRY KQO®H[D 333, DHRMH Rl WK
the possibility of organic pollution.

As it can be seen in the above figure, the analgbig@blanktons as part of the water quality
monitoring during the préRQVRRQ VHDVRQ DOVR LQGLFDWHI[GLWKWKWHWK
stretch between Kanpur and Varanasi, where D.O. eksaggi@tion concentration, was found to be
above 15.

6.2.5 Interferences and limitations

A comprehensive approach to understanding all the psogessrning D.O. concentration at
any location would be to carry out a dissolved oxygen balance. Add€@. Wwauld help in arriving at
rates for each of the processes describing the saudcgisks of dissolved oxygen. However, this is a
data intensive approach, and analytical solutions wouléiclét thf obtain given the complexity of
the model. Therefore, separate methods have been addptedtudy to answer important questions
about dissolved oxygen, and this approach has its limitatisidecng the comprehensiveness of
alternate methods. The spatial extent covered Isyréieh is limited to the section of the River from
Kanpur to Varanasi, and the variation in D.O. may belgrdifferent in other sections of River
Ganga.
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The studies clearly indicated that D.O. in River Gangacargderably in the short term,
where the range of variation is almost about 5 mg/l. $aksr&om the diurnal measurements also
clearly indicated that processes other than organic lmapiawged the D.O. of River Ganga in this
stretch. There is a strong correlation and direct pieadity between sunlight and D.O. during the
dD\ EXW WKH "2 ODJV LQ WLPH DRIOW KK WH VIKHF W/ W R WF KOO
experiment strengthened the findings from the diurnal em@asus, as the magnitude of contribution
from photosynthesis by phytoplanktons was observisdfollowed the similar trend as observed in
diurnal measurements, thereby indicating that the diuratdwas mainly because of photosynthesis
by phytoplanktons. In addition, it was found that D.dingscalong the depth of the channel. The
movement of the phytoplanktons to the upper sectiotieedRiver during the day may temporarily
cause stratification, as the velocity of the River strigtish is also low. The other factor might be the
settling of organic matter, which thereby exerts aarogggnand in the deeper sections of the River,
and causes oxygen depletion in these deeper sections. Hosveaterpfrdiffusion of D.O. across the
vertical cross-section of the River depends on a vdrfattars, including turbulence and velocity,
and therefore, it is difficult to quantify the rate at which D.O. declings$hedaepth.

Presence of lower level of phytoplanktons particulddyophycean (green alga) improve the
D.O. of Ganga and lack of sunlight may cause death of phytoplardtenl ad to deterioration of
water quality. However, Cyanophycean members viz. Misrggyand Oscillatoria sp. deteriorate the
water quality due to secretion of cyanotoxin. Cyanadlattigins can bioaccumulate in vertebrates
and invertebrates found in river Ganga such as fish, Gafyglgas, mussels, and zooplankton and
finally may cause human toxicity.

On the other hand, it was observed that the phytopramkimposition, during the water
quality monitoring activity and during these experiments, ititicdteninance of pollution indicating
VSHFLHV VXFK DV 2VFLOODWRULD Q&EFRREBDEHMPXOD IT7IKW] B
Index at most of the locations remained above 15, which is an indigatidralblie organic pollution.

D.O. and B.O.D have been conventionally used to classififage water body for its
designated use, and to evaluate the general water fittaditiRiger. However, the results from this
experiment stress the need to consider other asp#dusRiter to understand its water quality. The
time of day when D.O is measured in the River is also impanminimum D.O during the night
should be considered as critical D.O for the river system. The evaliat@armd B.O.D to arrive at
the water quality of complex river systems such asivga might be insufficient, and requires a
detailed analysis of short term variation in dissolved oxygen, and thenevbhcatic biota.

In summary, presence of phytoplankton contributed irDitigim the stretch of River Ganga
receiving maximum pollution load and in turn this rise in DO veasegfonsible for stabilizing
organic waste.
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6.3 Sediment Charecterization

Indo-gangetic plain is a densely populated region and ahe ¢drgest groundwater
repositories on earth. The Ganges River also called asi&#rg hallowed river of India. Ganga
located in a northern India originated from the Gangotiergland flows towards the border of
Bangladesh. It is highly hypothesized that Ganga River heisatiezliring properties. In order to
find the basis of this hypothesis, credible scientific easdare required. Broadly, such properties
could be due to the microbiological (e.g. bacterioplzagksther physicochemical parameters like
high re-aeration rate, presence of phytochemicals from higiter ittra as well as sediments.

X-ray diffraction analysis was carried using a benchripp diffractometer (Model: Rigaku
Miniflex, Japan) operated with NFOWHUHG &X .j UDGLDWLRQ N9 DQG
VFDQQHG DW " UDQJH IURP Rfi WR f1VTHZESediantBavipesvEery dridd
in a laboratory oven for 8 hour for removing moisturéTelR analysis. KBr was used as a standard
media for dispersion of sample. Sediment sample and KBr werg tii@dadio. FTIR spectra were
recorded in a wavelength range of400 and 4000 cm-JaUsiiB spectrometer (Bruker, Model
Vertex-70, Germany) to identify the presence of fuattiooups that may be present in the sediment
samples. The genesis for the presence of organicrfaingtioups could be mostly from the plants
debris and flora around and in the catchment area ofdhecawusidering the fact that this part of
Himalayan ecology is full of plants of medicinal values.ofpanit groups could be both from the
sediment composition which will depend on the geochemistrgrdbed/ and surrounding areas as
well as those from the adsorbed species on sediment particles.

A representative sediment (20mg) was carefully digestedgmeaus solution of ultra-high
purity acids containing concentrated HX&ml), HF (1 ml), HCI (2 ml), HCJQL ml) and KD, (0.5
ml) in a cleaned Teflon digestion vessel. HCI, Hi%® HF are essentially added to the solutions in
order to stabilize Ag, Ba, Sb and high concentrationasfddFe. HO, is added to oxidize organic
moieties, if any, in the sediment. The vessel is sealedtaddroen room temperature to 180°C in a
microwave system for 30 minutes for hydrothermal treatifiemtproper digestion of sediments, the
vessel is cooled down to room temperature. The digestedrdgedvere transferred quantitatively to a
volumetric flask and the volume was made up to 100 minigydesonised water. The aqueous
solutions of digested sediments were f
ICP-MS analysis.

6.3.1 Phase composition of sediment samples:

6.3.1.1 XRD analysis of sediments

Error! Reference source not foundshows the pXRD profile of sediment collected at

angotri, which showed the characteristic diffraction pegksartz (hexagonal-type structur3121

a= b= 0.48016nm¢c= 0.53177nm) (PDF No..@B32473);potassium feldspar(Anorthic-type
structure,C-1, a = 0.85670nmp = 1.298 nm,c = 0.72 nm) (PDF No.:00760826);feldspar
(monoclinic-type structur€2/m, a= 0.85160nmbh = 1.3023 nm¢= 0.7206 nm) (PDF No.:@i83
1324);Microcline (monoclinic-type structuf@-1 a = 0.8434 nmb = 1.3015 nm¢= 0.71717nm)
(PDF No0.:016831253);Lead silicate (monoclinic-type structure21/¢ a =1.19800nmb = 1.0342
nm,c= 1.0114 nm) (PDF No.:@B20537)Albite (anorthic-type structur€;1, a= 0.8138 nmb=
1.2789nm¢= 0.7156 nm) (PDF No.: @I*61819)Muscovite (hexagonal-type structup812la= b

= 0.5203 nm¢= 2.9988 nm) (PDF No.: @B7#0042), etc.
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Error! Reference source not foundshows the pXRD profile of sediment collected at Harsil,
hich showed the characteristic diffraction peakgiaftz (hexagonal-type structur8221la= b=
0.49133nmg = 0.54053nm) (PDF No.: @331161)Muscovite (hexagonal-type structur812]1a
b= 0.5203 nm¢= 2.9988 nm) (PDF No.: 00-007-0042pjte low (anorthic-type structur€;l a

0.8138 nmb = 1.2789nm¢ = 0.7156 nm) (PDF No.: @*61819)Birnessite (monoclinic-type
structureC2/m a= 0.5149 nmb = 0.2843 nm¢= 0.7176 nm) (PDF No.:@8031098)Microcline
(anorthic type structur€;1 a= 0.8581 nmb= 1.2961 nm¢= 0.7223 nm) (PDF No.: @H10705),
etc.

Error! Reference source not foundshows the pXRD profile of sediment collected at
angnanil(atitude- U -, Longitude- U - ), which showed the characteristic diffraction peaks of
Quartz (hexagonal-type structuRg8221a = b = 0.49133nm¢ = 0.54053nm) (PDF No.: @33
1161);Albite (anorthic-type structur€-1 a = 0.8165 nmbp = 1.2872 nm¢c= 0.7111 nm) (PDF
N0.:000100393); Microcline (anorthic-type structur€-1, a = 0.8581nm b= 1.2961 nmgc =
0.72230nm) (PDF No.: €©9090926) Muscovite (monoclinic-type structuré€2/c a= 0.51998nmb
= 0.90266nm¢= 2.01058nm) (PDF No.:@*21503) Zeolite (cubic-type structi@3ma= b= &
2.509 nm) (PDF No.:00742199; Birnessite (monoclinic-type structuré2/m a= 0.5149 nmb =
0.2843 nm;=0.7176 nm) (PDF No.:@1801098), etc

Error! Reference source not foundshows the pXRD profile of sediment collected at
hatwadil(atitude2 U - Lpngitude- U - ), which showed the characteristic diffraction peaks
of Quartz (hexagonal-type structuR8221a= b= 0.49133nm¢= 0.54053nm) (PDF No..@33
1161);Albite ordered (anorthic-type structur€-1, a = 0.8144 nmb = 1.2787 nm¢= 0.716 nm)
(PDF No.:000090466)Muscovite (hexagonal-type structur8121la= b= 0.5203 nm¢= 2.9989
nm) (PDF No.:.0@07%0042)Mg-Vermiculite (monoclinic-type structuit@; a= 0.533 nmb=0.918
nm,c= 2.89 nm) (PDF No.:007#0022), etc.

Error! Reference source not foundshows the pXRD profile of sediment collected at Tehri
eservoir, which showed the characteristic diffractionqfe@kartz (hexagonal-type structupr&221
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a=b=0.4912 nm¢= 0.5402 nm) (PDF No.:@I*81253)Albite ordered (anorthic-type structure,
C-1 a= 0.8144 nmb=1.2787 nm¢= 0.716 nm) (PDF No.:00030466)Muscovite (hexagonal-type
structurea = 0.516 nmp = 0.899 nmgc= 2.006 nm) (PDF No.:00461311);Manganese Silicon
Fluoride Deuterate (hexagonal-type structuRe3 a= b= 0.9678 nmg= 0.982 nm) (PDF No.:01-
0811307)Clinochlore (monoclinic-type structuit@2/m a= 0.535 nmb=0.9267 nm¢c= 1.427 nm)
(PDF No0.:010791270), etc.

Error! Reference source not foundshows the pXRD profile of a sediment collected at Har
i Paudi, which showed the characteristic diffraction pe@kmdf (hexagonal-type structur3121
a= b=0.48691nm;= 0.53703nm) (PDF No.: @B32467)Quartz (hexagonal-type structuae; b
= 0.4903 nm¢= 0.5393 nm) (PDF No.0iB20471)Quartz (hexagonal-type structurd12la= b
= 0.4625 nm¢= 0.5216 nm) (PDF No.:@I#31913)Muscovite (monoclinic-type structur€, a=
0.52099nmb = 0.90729nm¢ = 2.00639nm) (PDF No.:@61409),Bobierrite (monoclinic-type
structure,P21/m a = 1.008 nm,b = 2.786 nm,c = 0.4656 nm) (PDF No.:@B30877) and
Ferrobustamite (anorthic-type structurB;1 a= 0.7691 nmb = 0.7112 nm¢= 1.3765 nm) (PDF
No0..01-0720757). Several types of quartz structures with mliffettece parameters were observed at
Hari Ki Poudi.

Error! Reference source not foundshows the pXRD profile of a sediment collected at
ownstream of Haridwar which showed the characterist® @gQuartz (hexagonal-type structure,
P3121a= b = 0.4903 nm¢ = 0.5393 nm) (PDF No.: @»30444);Muscovite (monoclinic-type
structureC2/c a= 0.51998nmbh = 0.90266nm;= 2.01058nm) (PDF No.:@~21246)Albite high
(anorthic-type structur€-1 a =0.8149 nmb = 1.288 nmg= 0.7106 nm) (PDF No.:(IF21246);
Ferrobustamite (anorthic-type structurB;1 a= 0.7691 nmb = 0.7112 nm¢= 1.3765 nm) (PDF
No0.:010720757);Bobierrite (monoclinic-type structure2l/m a = 1.008 nmp = 2.786 nmgc=
0.4656 nm) (PDF No.:@B30877), etc.

Error! Reference source not foundshows comparison of pXRD profiles of the sediments
ollected at various locations of Ganga River. Althougledimesnts were collected at the basins of
Ganga River, their pXRD profiles are significantly diffexht ib terms of peak position and
intensity due to likely difference in nature of sedimentsarAbe seen in more detailEmor!
eference source not found.the sediment collected at Gangotri showed the chatiaatéfraction
peaks for Quartz, Microcline, Lead silicate, etc. Hovileeerharacteristic diffraction peaks of the
sediments collected at other sampling locations were shiftecktt diffraction angles compared to
Gangotri, which are assigned to Quartz, Microcline, Mescalitte (low-ordered structure), Mg-
vermiculite, Clinochlore, Ferrobustamite, etc. It shouldtbd that the diffraction peaks for Quartz
of the sediment that was collected at Gangotri weteddlofvards lower diffraction angle compared
to the other sediments due to likely phase transforndtipunartz or existence of other types of
guartz, changes in their lattice, different types ofedrdéucture due to their difference in motion
along with flow water or aging, interaction betweenhdmep that are present in the sediments, etc.
Lead-silicate was observed at Gangotri, however, it was nadstre remaining sediments due to
either its lower concentration or not present in tfiensats due to the difference in geochemistry of
river bed. The existence of Muscovite was observaitltfog sediments except the sediment collected
at Gangotri. Zeolite was observed in the case of theeséslcollected at Gangnani. The presence of
Mg-Vermiculite phase in the sediment was observed solelywadih@linochlore was observed in
the sediment that was collected at Tehri, which was sevet in other sampling locations. The
sediments of Hari ki Poudi and downstream of Haridwar showevgetence of Ferrobustamite,
phase which was not observed upstream of Tehri. Esalie suggest that the nature of sediments is
significantly different compared to other sediments collectexttdcskications.
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The sediments samples were also collected at Gangotringhezdiment was not in direct
contact with flowing water, so as to study the difierencharacteristics of such samigleor!
eference source not foundshows the pXRD profile of sediments collected at Gangutrh
showed the characteristic peakQué#rtz (hexagonal-type structuR812]1a= b= 0.49192nm¢=
0.5405 nm) (PDF No.:@r81252)Albite disordered (anorthic-type structur€;l, a= 0.8165nmb
=1.2872 nm¢= 0.7111 nm) (PDF No.:@30393)Zeolite (cubic-type structured3ma= b= c=
2.509 nm) (PDF No.:0d7?42199)Muscovite (monoclinic-type structuré2/c a= 0.51998nmb =
0.90266nm¢ = 2.01058nm) (PDF No..@*21503),Microcline (anorthic-type structur€-1 a =
0.8581nm b= 1.2961 nm¢= 0.7223 nm) (PDF No.: @30926) andirnessite (monoclinic-type
structureC2/m,a= 0.5149 nmh = 0.2843 nmg= 0.7176 nm) (PDF No.:@1801098).

Error! Reference source not foundshows the pXRD profiles of sediments collected at
angotri where the sediments are in direct contact ofaffmstagnant- water. Although the sampling
locations are not different, the nature of sedimentsifgcaigtly different as can be seen in the insets
of Error! Reference source not found.The sediment where it interacts with flowing water dhowe
he characteristic diffraction peak€ahrtz, Microcline, Lead silicate etc. Whereas, the diffraction
peaks ofQuartz, Microcline, etc. are shifted to lower diffraction angles in theediseents collected
at stagnant locations due to likely the formation of ordigveture or interaction/influence of other
phases that are present with the sediments. Thecgrefiduscovite phase was observed in the case
of sediments collected at stagnant location, howevér wesicot observed in the sediments that are
interacted with flow water.

Some of the minor peaks were not identified in most of Riie pfofiles and therefore in-
depth analysis including X-ray fluorescence spectroscdygyradjuired to identify such minor peaks.
Treatments of sediments (e.g., pipetting method, ball neiitingare essentially needed further to
separate their components to analyse them quantitatieejyresent study has established crystalline
phase compositions of the sediment samples collected fementlitications of river Ganga, and the
trend shows significant change in their composition. Fdetadied investigations will be warranted to
systematically study the genesis of different minerals editnerg and their possible impacts on
quality of river water.

6.3.1.2 Infrared absorption investigations on presence of organic functiahgroups and
compounds on sediment samples

As already explained, the Ganga river sediment sampldsdiedefa their possible role in
imparting antimicrobial and /or medicinal properties. Organicooemis were explored for their
possible presence on sediments. Infrared spectrossopseddo identify the presence of any organic
functional groups in sediment samples with an objectigereétate their origin with the presence of
phytochemical(s) mainly from the flora present in the catchnaeot @ver Ganga.

Error! Reference source not foundshows the FT-IR spectral profiles of sediments collected
rom Gangotri to downstream of Haridwar, which showed #raatéristic absorption peaks/bands,
both in the functional-group (408500 cri) and finger print (< 1500 cnregions. The sediment
collected at Gangotri showed the characteristic absqupa&ga of QO-H) stretching frequency at
3600 c. Symmetric and asymmetric stretching frequenci€@Nfét) were also observed at 3525

and 3440 cih respectively due to the presencéC@NH- group. Two types offC=0) stretching
frequencies were observed at 1795ad 1680 crh The absorption band at 1795"dmlikely due

to the presence of electronegative group associtite€€®O group. The othe@C=0) absorption
band at 1680 chis most likely due to the presence of -CONH functionap g@0-O) stretching
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frequencies were observed at 1285 and 105fremue to the presence of -OH group associated with
CH, and/or CH, groups. The presence ®H group was observed in all sediment samples, however,
the @O-H) stretching absorption was relatively broader andstafsed to higher and/or lower
frequency. This observation is likely due to the preeératber functional groups, which may
influence the@O-H) stretching frequency and/or the interaction’®@H based moieties with the
sediments. Detailed FT-IR analysis with other complimergatsospopy techniques are required to
derive this information. The presence of -CONH groumutaseen clearly in the sediments collected
at Tehri and Hari ki Poudi locations. The absorption band@\é-) stretching frequency were very
weak in the sediments collected at Harsil, Gangnani, Bhaivadwastream of Haridwar. These
results suggest that all sediments contain at@&dsgroups which may likely be associated with
CH,/CH ; groups. The presence &ONH group was observed clearly at Gangotri sediment sample.

* Absorption peaks symmetric and asymmetric stretching frequeiNtyt Boe weak compared to the
sediment collected at Gangotri.

Error! Reference source not foundshows the FT-IR spectral profiles of sediments collected
t Gangotri with contact of flowing- and stagnant- wetercharacteristic absorption peaks@oH)
(3600crl), @NH) (3525 and 3440 ¢jn @C=0) (1795 crh), @CONH) ( 1680 ci), Q(-CO)
(1285 and 1050 ¢n), etc. were observed clearly in the case of sedaffeeted from stagnant water
compared to the sediment collected from flowing-water. &othe peaks and bands were not
identified in the FT-IR spectra due to the complex natuediments. Detailed analysis and
treatments of sediments are needed further to get madlse anformation of sediments. The
absorption peaks due to hydrogen bonding attributed fwrekence ofPOH and -CONH groups
were also observed in the region of ~3300 ldowever, it needs further substantiation by performing
of FT-IR and other spectroscopic experiments of icrgameties separately that should be extracted
from the sediments. The absorption peaks corresptiydrimgen bonding were not observed clearly
in the sediment collected due to likely lower concentratiddHINH groups. It should be noted
that the intensity of the absorption peaks of vanmatidnal groups of randomly selected sediments
collected at stagnant- water is significantly higher cdrtp#ne sediment collected at flowing- water
and therefore suggest their higher concentrations.

IR spectroscopic studies infer the presence of diiefenctional groups in the sediment
samples, with reliable presence of different organic gowmil. This observation can be taken as a
significant lead for the presence of organic compounds feferdif origin; however, detailed
investigations will be required for conclusive inferendesl telgpresence of organic compounds or
phytochemicals in the sediments.

The following are some of the key research areas wihighahtatively and quantitatively
elaborate on the organic consitutents in the sediment:

Organic component being separated or extracted frasadimeents to analyse the presence of organic
functional groups/compounds

Concentration dependence studies to get the informaboh laydrogen bonding between organic
moieties if any

Interactions between organic moieties and sedimentddynpey FT-IR and other experiments on
the mixture of standard organic molecules and inorganic materiatdatecote of sediments.

XRD analysis results do not show any significant predemaeeral phases of these metals,
which further suggest their very low concentratiorsliment samples. The sediment metal analysis
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shows significant difference for different samples colleatedhie same location. This is mainly due
to their likely heterogeneity in nature.

6.4 Exploring the anti-microbial properties in water collected fom River Ganga

The present study is a preliminarily experiment to undettstaanti-microbial characteristics
present in River Ganga. Experiments were conducted asemgsamples from River Ganga spiked
with Escherichia dcteria (augmented to experimental reactions) anddefgroparticular time
period.

Among the limited studies on the anti-microbial propertiesef ®anga, one of the studies
in the recent past has been conducted by Dr. Chandea Shekiyal from CSIR-National Botanical
Research Institute He has investigated the bacteriojpatty of River Ganga (Nautiyal C. , Self-
purificatory Ganga water facilitates death of pathogscherichia coli O157: H7, 2009) by using
fresh, 8-year old, and 16-year old Ganga water sampiels vgitk pathogenic Escherichia coli
serotype O157:H7. It was seen that survival of E.t81:87 over the course of the experiment were
3 days, 7 days, and 15 days for fresh, 8-year-oldsrad-b&t water of River Ganga respectively. On
the contrary, in Milli Q water, the decline in viable @juaicoli O157:H7 up to 30 days was only 2
log units.

In similar lines, the present study has explored the anti-microbéitcktica of River Ganga,
where laboratory based experiments were conductedkEcsiligs model organism through sewage
spiked as inoculum. Four experiments were performed ugngamaples from River Ganga from
specific locations. The experiment was also carrieth eovdter samples from Rivers Yamuna and
Narmada to have a comparative aspect.

6.4.1 Methodology

6.4.1.1 Experiment 1: To assess the anti-microbial activity in Ganga water usiig coli

E.coli bacterial isolate was inoculated in 5 ml LB media aratedcat3T for 24 hours for
optimal growth. After 24 hours of incubation, E.cdiu(50 pl) was inoculated in fresh LB medium
(150 ml) and incubated for 4-5 hours to get cells jpinésg of growth. As the growth of cells reached
upto 1 OD 600 nm, cells were centrifuged and the walletvashed with Phosphate Buffer Saline
(PBS). Cells were re-suspended in 1 ml PBS and dilutionseparedpupto 10in PBS. Thereon,
cells (200 ul) were spiked in 2 ml Ganga water (colleatesp&oific locations) to get 1000 CFU/ml.
At O hrs 100 pul reaction media was plated on LB media a@dnhdia to get the initial bacterial
count. After 12 hours and 24 hours exposure/incubatittn Ganga water, 100 pl reactions were
aliquoted and plated on M-FC media to know the reductiomnis q@FU/100ul). Colonies were
reported as CFU/100 pl as observed on M-FC media asish@sultError! Reference source not
ound..

Samples from Gomukh, Mana and Yamunotri showed reducti@ncafh counts. In
comparison, other samples from Rivers Narmada and Yamuna showednicoediseunts.

The experiment was repeated following the same protwcahother set of water samples
from Rivers Ganga, Yamuna and Narmada. Water sampled ftocatbns - Gangotri, Batwadi,
Harsil, Gangnani, 3 samples from Tehri reservoir and HandRiaer Ganga; Yamunotri in River
Yamuna; and Mandla in River Narmada.

It was observed thd,colcounts reduced with time in samples collected from Mana, Gangott
Gangnani, Batwadi, Harsil, and Haridwar. However waters&ompldehri reservoir did not exhibit
reduction in count with time.
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6.4.1.2 Experiment 2: To assess the anti microbial activity of water and seaamt from
River Ganga

Experiment was performed using 24 water samples cdlectetifferent locations of River
Ganga (Gomukh to Patna). Bacteria (1000 cells/ml) fromgeses the source, was used as inoculum
and seeded to reaction media comprising of water (2 miyliamehs€200 mg) from River Ganga. At
0 hrs, 100 pl reaction media was plated on LB mediaitotbbtanitial bacterial count. After 7 hours
exposure/incubation, 100 ul of reaction mix was aliquoteplaiad on LB media. It was observed
that, after 7 hours incubation, bacterial counts nwdueed in the samples from Mana, Gomukh,
Gangotri, Ghansali, Chiniali Saur, Badrinath, Haridwar U/S eRisbikS, Devprayag, Vishnuprayag,
Karnaprayag, Nandaprayag, and Rudraprayag.The experanerepeated following the same
protocol, for another set of water and sediment samphesRivers Ganga, Yamuna and Narmada.
Water samples from 10 locations - Gangotri, Batwadi, Harsil, Gangamapile3 from Tehri reservoir
and Haridwar in River Ganga; Yamunotri in River Yamuna; and MandlahaRnafa.

6.4.2 Discussion and inference

The water quality monitoring activity, where samples frean Ganga were analysed for
presence oE.coliwas the baseline information upon which the experimergsdesigned and the
locations chosen. The results of experiments exhibitaih @gtimicrobial activity, in water. It was
seen that the anti-microbial activity was slightly prombwimn the action of water with sediment
was considered. In comparison, the water and sediment daompl®ivers Narmada and Yamuna
showed an increasedrcolcount. However, the causative factors for this anti-micrdbidy @een in
the samples from River Ganga could not be definitively deésérifeorough understanding of the
kind of anti-microbial activity and the causative factanga®durther experiments which cover
multiple aspects in its framework.

6.5 Investigation of Oligodynamic effect of Metal ions in Ganga water
6.5.1 Introduction

Heavy metals are repoVHG W Bliggkdynaimic gffedd YHQ DW ORZHU FRQF
(Petering,197%6 Oligodynamic effect is defined as the ability of metakett bactericidal effect on
viruses and living cells including bacteria, molds, algae and fungi. Msiads, ld@pper, zinc, nickel,
bismuth, gold, mercury and others are known to havecaniiali effect since ancient times. These
metals either kill the bacteria or inactivate the enzyavesver, the exact mechanism of these metals
is still unknown. Studies have reported their use as actdisiné varied concentrations showing
minimal effect on public health. This oligodynamic property afisntes been applied in the
treatment of drinking water and preservation of foodsj(f#erestha. et al., 2009). However, the
sensitivity of metals to human and microbial tissues varigéefent metals (Martin and Griswold,
2009). Silver is reported to be highly toxic against memdlmpared to be copper, nickel and barium
(Otitoloju et al., 2002; Top et al., 2004).

Of all metals, copper and silver are commonly known fomtleeobicidal property. Since
ancient days this property of copper and silver hasutieasd to treating and maintaining bacteria
free water. Reports showed that 80ug/l of silver ioneddrivm silver chloride could effectively
inhibit 5 log concentration &f.aeruginasal2 hour (Huang et al., 2Q08)r copper, reports suggest
that the ion levels should remain within the range of4:2¢)| to impart lethal effect against
microbes (Cachafeiro, et al., 2007). In the presdgt 8te investigated the oligodynamic action of
metal ions present in River Ganga water samples.
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Silver and copper are known as disinfectant since Raliaation. Silver and copper are
reported to act as disinfectant against broad rangeeridahile having minimal effect on mammals
(Zhao, & Stevens Jr, 1998). However, the exact matatiss property is still unknown but some
reports suggest that metal ions bind to the reactiyesgymsent in protein of target cell resulting in
precipitation and inactivation (Joshi et al., 2009 and ZBaev&ns Jr,. 1998). This misfolding and
aggregation of protein by metal ions affect cell viahiitpratein homeostasis (Tamas et al. 2014).
Similarly, the mechanism of the antimicrobial action of silvés masely related to their interaction
with thiol group (Bragg et al., 1974 and Belly et &), T9® findings imply that the interaction of
silver ions with thiol groups in enzymes and proteins bausdetase of 'Kons from bacteria; thus,
the rupturing the bacterial plasma or cytoplasmic men{blfambidge, 2001). The oligodynamic
action of metals is reported to be used in the treatdnelintical diseases, including eye prophylaxis,
burn wounds, orthopedic infections and intestinal wormsg(@taal., 2011 and Zhao, & Stevens
Jr.,1998). However, some bacterial strains are testifieddista@trto heavy metal (Bopp et al. 1983).

6.5.2 Methodology

6.5.2.1 Inoculum Preparation

Escherichia ,cpliocured from National Collection of Industrial Micrausgas (NCIM);
National Chemical Laboratory, Pune, was used as testrgaiti©®n. Test microorganism was
inoculated in nutrient broth and incubated overnight@tf8724h.

6.5.2.2 Media preparption

The commercially available Mueller Hinton Agar (MHA) wasirede according to the
PDQXIDFWXUHU:-V LQVWUXFWLRQ WKHFRRW RERIDY WERUEG L L
into petri dish. Overnighi.coliculture was streaked on to the MHA plates for ¢dvgnowth. After
streaking, MHA plate was allowed to stand for 5 min

6.5.2.3 Sample preparation

Water samples: Water samples from River Ganga were used fdy.the stu

Standard solutions: A set ofCstandards (0.5, 1, 2, 4, 5, 10 and 100 mg/L) wesrgutep
using copper sulphate (Cu2S04.5H20) in de-ionized wateiowhAig standards (0.5,1,2,3,5 and 10
mg/L), silver nitrate (AgNQwas dissolved in de-ionized water.

6.5.2.4 Antimicrobial sensitivity testing 2disc diffusion method

75 pL water samples were added on to the sterile discs (Hamedigeye placed on MHA
plates with lawn culture. Along with water samples, stasufations of different concentration of
copper and silver were assessed for formation of zanbilmfion. MHA plates with discs were
incubated at 37°C for 24h and were observed for zanhkilmfion. The zone of inhibition formed
around the disc was then measured (in cm).

6.5.3 Results and discussion

Results showed that metal ions in water samples collect&ivieoranga did not have any
oligodynamic effect as there was no formation of zonadatwaidiscs. Metal analysis of River Ganga
water samples has concentration of copper and silveamre] between 1.23 to 20.92 pg/l and 0.1
to 2.9 pg/l respectively. At this low concentration ppeoand silver ions, no antimicrobial property
was displayed. Further, experiments were also conduckei@rtoine minimum concentration of
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copper and silver ions that exhibit zone of inhibition. Mininmnmcentration of copper iotisat
showed zone of inhibition was 5mg/l while for silver it was 2 mg/I.
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6.6 Studies on presence of phytochemicalsin river water
6.6.1 Scope of work

To explore the presence of phytochemical groups in uppér streter ganga and streams of
river Bhagirathi, with their possible source of leachsgrohdary compounds from upland/riparian
vegetation and their likely contribution to the special properties.

6.6.2 Introduction

Rivers play an important role, which interplays as a nma@yao of elements from the
continents to the ocean, carrying both minerals aaci©gpecies as dissolved and particulate phase:
Riparian and Upland plant biodiversity along river Bhagirathmimense ecological and economic
significance. Water quality of the rivers may get influeypceirrounding environment and land uses
DORQJ WKH ULYHU +RZHYHU WKH WHWOMV RID @6 oRiehL D Q
interactions with river are still poorly understood and meegzehensive research interventions.
Riparian forests likely have the potential to improve quetitly along first order streams, rather than
larger streams (e.g. Ganga) because of high diluti@ndatetocity of water at high altitudes. At the
same time, the complex chemistry of river water compaoaittbrinteractions of these water
components with organics make the things further cotopligaw any direct conclusions. Once the
river system is exposed to pollutants of natural an@@odglenic origins, this would further add to
chemical complexity of river water. The amount of orgetter entering river ecosystem of Ganga
from terrestrial riparian and upland forests is consideaabléhas an important impact on water
quality (Wetzel R.G, 1992). Upland and riparian zonesseativect sources of Organic Matters (OM)
to adjacent/lateral streams via inputs from vegetation, organiosobariks, and hydrological inputs
of Dissolved Organic Matters (DOM). Carbonaceous miag¢teriggs, snags and leaf litter) remains
from forests on the banks of river Bhagirathi have dizserved to reside in streams for days, months
and even years where it is decomposed by a varietgiohlplthemical and biological processes at
different temperatures. Plants (Angiosperms and Gymnospegsent in first stretch (specify) of
Bhagirathi and other tributaries of Ganga are consideréd rhigghicinal and aromatic in nature.
About 175 medicinal plants from these stretches arexts@sively by various pharmaceutical and
cosmetic industries for treatment of a variety of ailrfiéat®nal Medicinal Plant Board, 2015 and
Uttarakhand State Medicinal Plant Board, 2015). Londupgevesearch on phytochemicals has
already identified many classes and groups of organicsg(Taerrpenoids, Alkaloids etc.) that
possesses  significant  antimicrobial and  disinfectant  psoperfibese  secondary
metabolites/phytochemicals from plants are likely to leackamsind later find their ways in Ganga
water. With this background and primary observationsayntfigan be hypothesized that inputs of
dead wood (logs and snags), leaves/needles, litter fronfléoreand partially decomposed plant
parts to lateral streams are the biogeochemical hotlepmesding from a large watershed in Ganga
water. Particularly large amounts of phytochemicals/sgcaretabolites might get leached at higher
temperatures. The observed amount of organic matter gurmayy field surveys entering river
ecosystem of Ganga from terrestrial riparian and uplastsfa considerable, and is perceived to
have a possible impact and giving a significant contribution to rerequadity ig. 5.7).
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Fig. 6-8: Source inputs of dead wood (logs and snags), leaV needles, litter fromforest floor and partially devompesl
plants parts to lateral as well as main stream of river Ganga

In addition to analysing the water samples for the presemptgtochemicals, simulated
experiments have also been performed by subjectintgtitedsplant parts to leaching experiments.
This was done to understand the leaching characteristics ofititegagtually trees) and to assess the
potential extraction of phytochemicals in river water timeleratural conditions. We have explored
the identification of phytochemicals prese@edrus Deod@aodariandPinus wallichigBaue Pine)
trees and the leaching of particular phytochemicals oua@une alcoholic phases from these plants.
These two species are the dominant species in tegdidt of Bhagirathi and Alakhnanda basin and
present in larger undisturbed landscape and mega watkeugiped stretch of Bhagirathi basin. These
are highly aromatic tree species of gymnosperms andidpaficant medicinal properties to be
considered for their potential contributions to special propentiesrdhagirathiFg. 5.2).
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Fig. 6-9 Cedrus DeodardDeodar) (Left) and Pinus wallichiana(Blue Pine) trees

Phytochemicals of these trees may have some significahbmmpater quality. Tree logs,
litter and needles of Deodar and Blue Pine along with manysgbciated conifer tree species were
observed submerged in river water at many palces aneé iquaagty. Phytochemicals from these
plants might be contributing to river water quality throtngir secondary metabolites or

phytochemicals. Typically, plant based phytochemicals tr@gdaarts, antimicrobial,

anti-

carcinogenesis, anti-diabetic, anti-inflammatory and antprdperties that have been proven
beneficial for the betterment of human beings. An ovenVimajor secondary metabolites present in
Pinus wallichiaredCedrus Deodand its medicinal properties are providdable 5.1.

Table 6-2: Major phytochemicals from plants dominated in upgy catchment of river Bhairathi with associated medicinal

propertes

Chemical nameof phytochemicals

Medicinal properties

Blue Pine (PinusWallichinia)

Beta sitosterol&H 50 O

Help in curing heart disease, colon cancer, arthritis utabisq
allergies, asthma, hair loss, bronchitis, headache and chrg
fatigue syndrome.

Oleanolic acid $gH4403

Hepato protective, anti-inflammatory, antioxidant, and
anticancer effects, Tuberculosis, cures liver cirrhosis.

Alpha Pinene {H1s

Mouthwash, chest ointments, cures fungal infections, help
cough lozenzes.

Beta Pinene@is

Analgesic and anti-inflammatory, asthma cures chronic pa
anti-proliferative. Relieves pain. Inhibits cancer cell growth

Rhamnetin GH1:07

Has Anti tuberculosis, cures diarrhoea and dysentenpias

Dodecane GH2¢

Antimicrobial and antifungal property.

Deodar (CedrusDeodara

Ampelopsin @&H1:0s

Cures fatty liver disease, improved glucose and lipid mmtal
has anti inflammatory effects.

Alpha terPineol {gH1s0

Anti cancer effects, Anti tumour, Anti bacterial and Anti vir

Limonene @H1s

Cures Cancer and Bronchitis, reduces Cholesterol, Aartu

Matairesinol £&H2206

Has Antimicrobial and Antibacterial properties.

Rhamnetin gH1:07

Has Antituberculosis effect, cures diarrhoea and Brysent
insomnia,

Dodecane GHos

Antimicrobial and Antifungal property.
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6.6.3 River water sampling

Two dominant tree species at landscape level from Gaagdtidil i.e. (Blue Pine and
Deodar) were selected for the simulated leaching experinesitsstem and needle samples were
collected from Harsil and were preserved in polybags andefvigerated. Approximately, 1 liter
water samples were collected from the upper stretedlekmdnda and Bhagirathi and were preserved
in ice packs and brought back to laboratory for ansaex. sampling was performed during the pre
and monsoon seasons for the Ganga basin. Grab sampeduprovas followe for all the samples
collected keeping in several sampling related precautions to oltain a representative sample.
These samples were collected in 2 litre amber colourethogtiess with teflon lined stoppers.
Preparation of the sampling bottles included washing witheti&teinsing with tap water, ultrapure
water (Millipore) and solvent followed by air-drying. Adtlerction, the samples were transported in
cool-box with ice packs. After transportation to therddory, samples were stored @ 4l
extraction. Sampling locations for plant samples and water samplesaredmel able 5.2:

6.6.4 Materials and methods

Different types of extraction techniques and instrumenta&ce used for the screening of
phytochemicals, and to explore the presence of anyeposganic compound in river water samples.
Additionally, simulated experiments were also performed as dliabesse in order to understand
the leaching characteristic of such compounds preskatglant species, to explain their leaching in
river water. The experimental design is depicted.i®.3. Direct injection of water sample, liquid-
liquid extraction and solid-phase extraction processes were usemhz@ntrate organics from water
samples to be able to detect using different instrumehtaftes. From the basic experiments of
organic compound detection to qualitative identification wgetethrfor which, instrumental
techniques including, TOC analysis, UV spectrophotoametrgpecific identification techniques like
FTIR (for functional groups), HPLC, GC-MS, GC-MS/MS and NWR used. These are some of
the most sensitive and reliable techniques available todachoexploratory studies related to
organics.

Plant parts Water sampling sites

Deodar and Blue Pine Gangotri, Harsil , Bhatwadi, Uttarkashi, Dharasu, Tehri Daams#&ih Koteshwar
(needle and stem) Dam, Mana, Vishuprayag, Nandprayag, Karanpryag, Radyapeprayag.

6.6.4.1 River water sample processing

Besides this, solvent extracted water samples from tha @eamgwere also analysed as
mentioned in the earlier sections. Water sample processing waggdéfdhe following techniques:

x Liquid Liquid Extraction (LLE): The LLE was performed usingl®@immethane as a solvent in
most of the cases. The samples were concentratedmri€®®dfore the analysis. After pre-
concentration (1000 x times) using LLE, the samplesanayzed using HPLC fingerprint
analysis followed by GC-MS and GC-MS/MS analyses.

x Solid phase extraction (SPE): Water samples were @etteded using solid phase extraction
(SPE) method. SPE cartridges (Waters S&@B8edk C18-10g) were used for pre-concentration
of water samples. SPE setup and sample preparationlpgsogipoen below. RP-SPE is usually
used to pre-concentrate the organic compounds of ptlae.nThe possibility of non-polar to
medium polar phytochemicals cannot be ignored. Chloroforasedatd extract and enrich the
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organic compounds in SPE cartridges. The samples wered amhygeHPLC for organic
fingerprinting.
X Ganga water samples as i.e. without any process or concéti&iand HPLC analysis.

Fig. 6-1Q Experimental flow chart to understand leaching of phytochmicals in Ganga Water
6.6.4.2 Instrumental analysis

For water samples analysis, sophisticated instrumenmajueshvere used, foccusing on
qualitative identification of functional groups and orgar@ssmp in very low concentrations in the
water samples. The samples were preconcentrated teung teahniques as mentioned in section
5.8.2 and were subjected to HPLC and GC-MS analysiseditg@mtometric experiments were not
performed on river water samples due to likely preseseeeadbther interfering compounds in the
spectrum, which could give misleading results.
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Fig. 6-11 Setup and protocol for SPE analysis
6.6.4.3 Instruments used

The parameters like pH (Eutech pH 1500) , EC(Eutetb0@), UV spectrometry (Lanindia
UV3200) was measured every alternate day, while TOC (SHAi@@dzcph) was analysed every fifth
day . HPLC (), FTIR (), GC-MS (Perkin Elmer Clarus GE3IMS/MS(Varian 240 MS) and NMR
analysis (Bruker Ascend 500) have also been performed as detadédve gections.

6.6.5 Results and discussion

The ganga samples collected from the upper stretcmgéd Gasin were subjected to sample
processing as detailed in the earlier section and wesedaoaliiPLC for organic finger printing and
GC-MS and GC-MS/MS for gualitative identification of secondary
metabolite/phytochemicals/terpenes and related compoundsuditiative phytochemicals screening
of Ganga water without any pre concentration hasesatted positive for tannins, saponins,
flavonoids, and alkaloids. However, upon pre-concentra@00titnes), gave positive tests with
vanillin-sulphuric acid regent, indicating the presence sgane @hemicals in Ganga water in very
dilute concentration (less than pico-mole). The results are disctisséallowing sections:

6.6.5.1 HPLC analysis

Generally, in pristine ecosystems, lipids and stabilizing mucdagesigae; phenolics,
carbohydrates and humic substances of higher plants originnpkamkimicroorganism contribute to
foams in stagnant water. The efforts were also maddetentiiAite the organic chemical flux in
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different collection sites. For this purpose, a Chemmfilke Rvas developed using reverse phase
HPLC analysis. The qualitative variation in the dissohagdcorhemicals in the Ganga water can be
visualised in the samples collected from different siteshithbotollection seasons (pre- and post
monsoon). HPLC profile analysis indicates that the omganmounds were relatively in higher
amounts in the samples of pre-monsoon than post-mortkeome the promonent dilution effect.
HPLC analysis was performed for the unconcentrated reghtrated samples, as mentioned in the
experimental section. Common peaks in the all the samphesiadécative of occurrences of some
common organic compounds (HPLC profile figure 5.7 and 5.8).

Fig. 6-12 Representative HPLC chromatogram of concentrated Gangaater sample (Pre 2monoon) after concentration
using LLE

Fig. 6-13 Representative HPLC chromatograms of concentrated Gangamsple (pre-monsoon) afe concenration using SPE
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6.6.5.2 GC-MS analysis

GC-MS and GC-MS/MS analyses were performed for the solvenatenghlnase extracts to
gualitatively identify the organic compounds/phytochemicalglthlibrary matching. As observed in
the FTIR analysis, the alcoholic and phenolic groupeesilend alkenes and ketones most likely
indicate a presence of terpenes and related compounds.

Similarly, compounds have been observed in the GC-MS rdsedts. cbmpounds are
prominently seen in the plant part simulated experimentseaalsa present in the water sample
extracts, thereby suggesting the possible sourcesefdbmpounds in Ganga water through plant
plant parts and debris present in significant quantitgrgt loctations in the upper stretch. Further
investigations on detecting their presence from largeenahmbpresentative Ganga water sampels as
well as their quantification are warranted for conclusive ingaretiae regard.

Table 6-3: Probable compounds identified in Ganga Water usi®C-MS analysis

Location Identified compounds
Gangotri Dodecane, phenol, carboxylic acid, 4 octyl ester, Beter3jtog
2,5-cyclohexandien-1,4-dione,2,5-cyclohexahdiag; 2,5-
cyclohexandien-1,4-dione,2,5-cyclohexafd@re, Docosane, 1-

hexadecanol

Bhatwadi 2,5-cyclohexandien-1,4-dione,2,5-cyclohexahdian;
Pyrrolodine, 2,5-cyclohexandigone,

Uttarakashi Dodecane, citronellol epoxide

Dharasu Dodecane, cholesto-dieimI3-

Near Koti village Quinoline

Ghansali Dodecane

Tehri Dam Piperidine

Koteshwar Dam| Beta-Sitosterol, Benzaldehyde, hexadecanoic acid ,patimitic
,hexadecanoic acid,

Mana Pyrrolidin
Vishnuprayag | Phenol, Di-methyl phenol, Amino-benzaldehye
Nandprayag Dodecane, maltol

Karanprayag Isophytol
Rudraprayag Phenol, dodecane, stigmasterol, ergosterol

Devprayag docosane, thia bicycle(3,3,1) non-6-EN -2- amine, N-methyl,
Inositol,
sycllo inositol, Oleanamide, octa-decanamide

6.6.5.3 NMR Analysis results

The presence of organic compounds was further confiyrietiand **C NMR analysis of
water samples carried outat C8BIRO$3 7KH SUHVHQFH RI DERXWLFLHQR IFRRP .
'H acquisitions. NMR analysis of Ganga water samples aitjiqare-concentration has not resulted
into any signal, which primeface suggest the absamyeosfanic compound in ttetection range
i.e. nano mole (nM).

NMR signal is generally indicative of the presence ofricent@tions (less than picomol) of
organic compounds. The characteristic NMR signal indicaéedstits aliphatic nature {Bllsignal
at 0.2-3.5ppm range). Analysis after 1000 times pesvcation of Ganga water samples using solid-
phase extraction using C18 cartridges and liquid-liquadtiemtrwith chloroform, provided few
signals in NMR spectra. The possibility of more thanampotinds cannot be ignored. Therefore,
exact identification was not possible without separatiois point. Additionally, no foam formation
was observed either in main rivers or streams falling in to Ganga attienitks. Due to time and
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other constraints, identification of dissolved organics in @atgacould not be completed in the
present study using NMR technique and it would require elaborttenefifbure.

6.6.6 Salient findings

A systematic attempt has been made to identify the pre§ghgtochemicals in Ganga water
to further correlate those to possibly impart any special priopever Ganga water. Keeping in mind
the complexity of river water composition due to the mresef large number of natural and
anthopogenic compounds and their interactions, as wajleagilation effect, the study was restricted
to upper stretch of river. Another important reasanséecting this study area was due to the
significant presence of riparian and upland vegetationdattfisent area of river, and the medicinal
importance of these vegetation. To narrow down thef ligtobable compounds, the dominant
vegetation parts of medicinally important trees werdembliemm the catchment areas and simulated
experiments were performed to identify the presencetofcempounds through leaching. These
compounds and other phytochemicals with their in vegetatiord ahe catchment area, were then
targetted for their presence in river water by usingcadivanalytical techniques. Following are the
important leads of this study, which needs further suéstamthrough a in-depth and more detailed
investigations in future:

X Riparian and upland vegetation likely introduces secondary metaladliges it lateral streams
coming from forests and finally merging in Bhagirathi and Alakhnanda.

x Simulated experiments clearly inferred the presence andtivguatitafirmation of
organics/terpenes and related compounds/phytochemical/seconadapolites in the
leachates as indicated in FTIR and GC-MS analysis resudtsalsbhirelates to the
phytochemicals present in the plant species in riparian buffers.

X Results of Ganga water sample analysis indicate confireneid Gngerprinting leading to
presence of terpenes and related compounds/phytochemicalfsgc metabolites as
interpreted through HPLC, NMR and GC-MS/MS analysis.

x Presence of phytochemical signatures were more prahatnearly all the confluences in the
upper stretch of Bhagirathi and Alakhnanda.

X Interestingly some of the probable compounds in theuater samples were those which were
also observed in leachets of simulated experiments, ¢éngshstning the hypothesis of their
origin from surrounding vegetaion in the catchment &hea.possible sources of these
phytochemical signatures can thus be attributed to ddbicativerse mega water sheds and
landscapes of this stretch. However, at some placasthifogogenic activities might also be a
significant contributor to these compounds.

x Dilution will play a crucial role for the effective concentsatbb these phytochemicals at
different locations of river and will ultimately determine thentml of their possible
contributions to impart any significant medicinal or special popertier water

As stated before, this study had several limitations. Additmorafyexity of the intra-
ecosystem interactions, which requires an indepth asseddimerscenerios and drivers controlling
the leaching and persistence of these phytochemibalsGanga water also need to be considered in
future studies. However, these initial findings stronglgssudgg a detailed related investigations in
future.
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7.1 Riparian buffer and its role in improving water quality

%LRORJLFDO GLYHUVLW\ DQG 5 MYHHWOVY (ZNDMGH D QX [J & MW I

use pattern along the riverside (Allan, 2004). River guatiy cannot be viewed in isolation, as
ULSDULDQ HFRVA\VWHPV DFW DV MBRMWR QH RRNEWAA HHRQ GISKI
RULJLQDWHG IURP WigaH ZIXWER ZBW GNHIB&DADEK dP water bodies (Goebel
R., 2003).Thus, vegetation present on the baries whter body is known as riparian forest or gallery
forests or streamside forests (Brinson, 1990). Rig&oagstem is a part of edge of terrestrial
ecosystem thus, the structure is almost similar to telrnesgetation. The figure to follow provides a
pictorial overview of riparian ecosystRiparian vegetation is a key element in a number afgsoce
that establish the ecogeomorphological features of grdadRidscape. Depending on the River water
stage fluctuations, vegetation biomass randomly switehesnbgtowth and degradation phases and
exhibits relevant temporal variations (Vesipa, CamporeRldpl& 2016).The expression riparian
buffer is used to explain lands adjoining streams whetatiorges strongly influenced by the
occurrence of water. These are mostly green bouhdaiies native grasses, flowers, shrubs and tree:
that line the stream banks. They are also called vegetfee zones. A healthy riparian area is
evidence of good land use management. Riparian bufferstaeffioient at improving water quality
when they include native grass or herbaceous pldmssfilter strip along with deep rooted trees and
shrubs along the stream. Riparian vegetation is a mag® &b energy and nutrients for stream
communities. They are especially important in small, heastreatas whereup to 99% of the energy
input may be from woody debris and leaf litter.

Riparian ecosystems are determined by its unique spatial pattempanal dynamics. There
are spatial dimensions and longitudinal dimensions in which rgeasgetems interact with its
neighboring environment. Longitudinal dimensions majorly indlockesges such as dispersal of
riparian plants by water; transverse dimension includedioegesemblages and its interaction with
River dynamics and vertical dimension includes transport@ftsutrought by upwelling water from
the area under the floodplain to the root zone of mp@eas (Nilsson & Berggren, 2000). River bank
or riparian vegetation at a particular location and timefresuinteractions between the physical
conditions created by geomorphic and hydrologic procefsestiream channel and responses by the
plants. Riparian vegetation can be composed of macsoplafiee grasses, sedges, forbs, climbers,
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Fig. 7-1: Overview of Riparian Ecosystem ideal and existj in Bhagirathi Basin of river Ganga

shrubs and treegcAll these species are well adapted to sandy habitats amrdl survive in low and
adequate moistened environment. Direct chemical uptake aget infliwences such as supply of
organic matter to soils and channels, modification of watemeat, and stabilization of soil are
directly linked to stream water chemistry, quality and ripagietation (Dosskey & Philippe Vidon,
2010).

Roots of riparian vegetation increase cohesion in sl@pikg Wwhile shoots and surface litter
protect the soil surface. River banks having denseorabffer greater resistance to lateral erosion
than non-vegetated banks. Open and diverse structiieenoiiked riparian forest supports the highest
number of species, while the closed canopy broadkstfdod agricultural sites supports relatively
few species (Sanyal, 2013). Healthy riparian ecosgsidespiood quality water, sediments filtration,
nutrition enrichment, buffering pollutants, providing orgamatter for terrestrial and aquatic
organisms; functioning as a corridor for movement of an{Matfwu, 2015)(Dosskey & Philippe
Vidon, 201Q)LYONS, BRIGHAM, TRAUT, & SCHWARTZ, 2005). Type of \etg®at depends on
edaphic, climatic and biotic factors, among which the affibet climatic factor is most significant.
The main climatic factors which control vegetative activity areaeemgesunlight and precipitation.

Researches through the previous decade have indicabeththhead and quality of organic
matter and the biota in the stream / river channel frenhéadwaters to the lower River courses
having positive correlation with riparian vegetation andvirdtd (Vannote, minshall, Cummins, &
Sedell, 1980)n turn, these parameters have a direct impact onquatiy, thereby linking riparian
vegetation to stream water quality. Floodplain in ripariarydallest provides primary source of
material and energy that fuels food webs in ecosystéqm Bayley, & sparks, 1989). Among all
ecosystem of the world, it is the most diverse and predectsystem (Lovett, 2007). But it is also
considered to be potentially threatened (Gopal, 2000)damfjered ecosystems (Natta AK, 2002) in
the world due to abusive and intensive land use on thedbaiwkss. Riparian zones that serve as
channel for substantial fluxes of materials and dgoergg/small parts of the landscape. Facing high
DOQWKURSRJHQLF LQWHUY &H@aV traR$ptivrQdtiia-preBeut thumekbUsRchie@ienDed
for conservator and planner (Ewel, 2001).
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Fig. 7-2: Structure and composition of riparian forest asgelated by geomorphic features and sediment transpc
processes through different mechanisms (Hickin, 1995)

7.2 Studies on vegetation along river Ganga in Stretch |

A number of researchers and explorers have attempmigaytoesearch on floral diversity in
Western Himalaya covering the stretch of Ganga from Gdmudaridwar and Mana to Haridwar.
However, no comprehensive vegetation assessment gbhyes@long the entire stretch of River
Ganga from Gomukh to Gangasagar is available. In thif stirdRiver Ganga (Gangotri-Haridwar
and Mana-Haridwar), first written account of journey tg@a dates back to 1820 by Fraser.
Subsequently, (Deodar, 188@udgen W. and Kenyer, 192%eske, 1937)(Macro, 1934)
(Schwarzgruper, 193%wuden, 1941), (Sahai, 19%Byson, 1954 Gupta, 180), (Bhattacharaya,
1982)and Botanical Survey of India, surveyed and explored thiayldiméoral diversity with
checklist and phytosociological studies along Rivers Bhagidatiaknanda. But the studies were
generally focused on the upland vegetation assessmenit.sRelies conducted by (Bisht & Badoni,
2009) (Negi Vikram S., 201 {lRawat, 2011)Nautiya & Thapliyal, 2011) have also emphasized on the
ethnobotanical survey in the Garhwal region of UttandkRbora of Gangotri National Park, acts as
interactive guide book with illustrative photographs coverirggfleméirof Gangotri National Park and
is a comprehensive description of flora from this stretch (R&8p, Pe book delivers an inventory of
alpine and sub-alpine species of plants from variousiedohiches and their ready identification
through analytical botanical keitsincludes 982 vascular plant species that include mveh84
species, 22 subspecies and 35 varieties spread afmgemeddb and 87 families of flowering plants; 68
species of Pteridophytes belonging to 25 genera tamdiliés and 11 Gymnosperm taxa belonging to
7 genera and 4 families. There is a significant work on flora of GaittevabwGaur, 1999. It covers
entire Garhwal region and with extensive floral detalsnd$ present in gallery forests of Ganga and
its tributaries. Terrestrial biodiversity from Gomukh to Haridrgaalso studied by Wildlife Institute
of India (WII) and provides detailed baseline about tleatieg present in the 18 sub basins of
Rivers Bhagirathi and Alaknanda in cumulative impact assespogn{Rajvanshi, et al., 2012)
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Fig. 7-3: Role of Riparian ecosystem in providing varietyray of Ecosystem goods and Services for healthy ri
ecosystem including habitat for RET species

Similarly many EIA and one Cumulative Impact Assessment Studyf (@ydro Power Projects on
different stretches on 18 sub basins of River Gangdsbagsrovided biodiversity baseline of these
areas ( (Raghuvanshi et al., 2014); (IIT, 2013)tsEdfeclimate change on riverine forests and
indicator species along River Ganga were recentlydabgestaeying the impact on indicator species
(Ramesh, 2015). Plant diversity studies along river Gabgadoaded in two groups based on their
habit and habitat. First group stands for Angiospermsrgad3@mnosperms along with lower group
of plants like Algae, Fungi, Lichens, Bryophytes, Pteridsgitin the riparian buffers, where as the
second group is of lower plant groups like algae, bdategiagnd aquatic angiosperms in banks and
river water.

Fig. 7-4: Overview of floral components present alongehributaries of River Ganga (Kumar S., 2001)
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7.3 Studies on vegetation along river Ganga from Haridwar to Gangasagar
(Stretch 1 & 111)

In the Himalayan region, riparian forests play a pivigahrhe life of people, to fulfill their
daily requirements like timber, fuel, fodder, medicine, frdiitghear purposes (Shyam, 2008). But, in
the plains the role of River Ganga is slightly differentatsns water for irrigation, drinking and also
receives increased pollution load due to densely populasedraits banks. After travelling from the
Himalayan geographic regime, River Ganga enters théoadgpldéin after Haridwar. From the
ecological point of view Stretch Il & Il (Haridwar to Gesagjar) the riparian forests are classified as
tropical dry deciduous forest, agriculture land, fallowal@hdiense mangrove vegetation. It links
terrestrial and aquatic habitat, under the influenceterivags such as rivulet banks or riverbanks,
(Dutta, Pradhan, & Roy, 2011).

Riparian plant habitats and communities are characterizegidiophitic plants like
macrophytes, native grasses, sedges, climbers, stinbesa(Dutta, Pradhan, & Roy, 2011). Water
current plays a decisive role in dispersal of vegetapagaiss and in influencing the marginal
vegetation. After the floods, new and more fertile landgesroentaining sprout luxuriant herbaceous
vegetation. Some of these plants are ecologically veramasrthey provide shelter to the aquatic
animals for breeding and spawning (Bilgrami, 1991). A #i&l oparian species were recorded from
5LVKLNHVK WR &KLQDVXUD LQ W&W LEIR R N/ WX @&AghEnBh ETO/HH G DE
In the middle section of the River Ganga in Uttar Pra8eddiqu{1991) gave an account of 40
riparian macrophytes from Narora-Kannauj region of velpebies oAmmania, Eclipt@olygonum,
IpomoeRumexSaccharu8cirpuand Tamarixare amphibious in nature. The vegetation of Mirzapur-
Ballia region was studied Taypathi(1991) who reported a total of 36 macrophytes in wbiob
species lik®Ruellia prostrata, Amaranthus spinosus, CalotapiPphpgenaim plebeiara present
along the bank of the River. In lower areas of Brbar Buxar to Barh, the presence of 7 shrubs, 41
herbs, 6 grasses and 2 sedges, besides these a htredepecies along the banks of River during
198788 was recorded umar2001 which entails that the canopy is mainly compoSitbraia
robusta, Diospyros melanoxylon, Boswellia serrataméetasiaall@rminalia bellayoica, Terminalia a
Pterocarpus marsupium, Madhuca indica, Justiciangieptadisat®uAchyranthesaasdemmoea
aguaticeKumar, 2001)Bilgram{1991) during the study on impact of flood on productiViBiara
land and vegetation reported 23 families comprising of 48sspebiara land of Ganga and its
tributaries in Bihar. The important species of this larelJusticia peploides, Rauwolfia serpentine, E
prostrate, Leucas aspera, Desmodium gangeticumahi$sapgavanitgsismar, 2001).

In Lower region of River Ganga particularly in West Behgaclimatic condition of this
UHJLRQ LV KXPLG VXEWURSLFDOQ RQ G RYERI&EBENGaleEEHIDFH
9 R L JHErtds Suburbanus calcuttensis 3 U Bdn@al \Plants (1903a), Flora of 24-Pergunahas
(1905), no systematic attempts have been made untitineeernid study the floristic composition of
West BengaCusha{@d950), and few subsequent researchers, listed spulactions of plants from
different parts of West Bengal; but these are inadénfiate a true representative collection of the
riparian vegetation in West BenBehng1980) andsuha Bakslii984) have published the flora in
Howrah and Murshidabad distridgisskar and Guha Bak$BB7) andNaskar(1900) have published
the mangrove flora of the Sundarbans and Aquatic and @eatic Alants of Lower Ganga Delta,
respectivelyMajumdail956, 1962) has worked out extensively about $sesgeamd weed flora of the
District 24-Parganaslajumdal1965),Datta and Majumdd©66) andDutta and Gang(l967)
published the flora of Kolkata and its neighbourhood. BdbelasPatil (1961),Ganguly1965),
Mukherjg@d975)Naskar and Guha Bak$8ir9, 1980, 1983a, 1983b, 1983c, 1984, 19854,9898,
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1987b, 1988, 1989, 1990) have also contributed luablegublications partly on the flora of the
Lower Ganga Delt&ilgram{1991) reported 212 macrophytes along the River Gahgaegion in
Munger-Farakk@atta(1991) enumerated 32 species of macrophytes from Bally to Bandel.

7.4 Research Approach

CSIR-NEERI, Nagpur and CSIR-CIMAP carried out the vegetdsessment in Stretch |
(Gomukh to Haridwar and Mana to Devprayag) while, CSIR-INBRhow, carried out the studies
to understand the vegetation patterns in Stretch Il & Ill ( Haridw@aGangasagar).

7.4.1 Scope of Work & Objectives

The primary objective of the study was to collect antedoflarmation of vegetation (floral
composition) in flood-zone along the River Ganga from Gomeuk¥angasagar. It included the
following components:

1) Collection of primary data on Gymnosperm and Angiosperm yiaosigy River Ganga at
identified locations from Gomukh to Gangasagar and understanclih on River health and
water quality

2) Collection of primary and secondary data on lower plantsgifidopens, Algae, Bryophytes,
Pteridophytes) and understand their role on River health and wayer qual

3) Analysis of secondary data of floral diversity along Rivga Gaated to invasives encroaching
riparian buffers and medicinal and aromatic plant diversity

4) Assessment of variety of disturbances (natural andpagemea) along river bank on water
quality

7.4.2 Sampling locations for floral survey

Floral surveys were conducted along River Bhagirathi d&ménéle from Gomukh to
Haridwar and Mana to Devprayag during pre- and post-onossasongE(ror! Reference source

Fig. 7-5: Map showing prominent locations for primary surye in Stretch | of River Ganga (Bhagirath
and Alaknanda), Uttarakhand, India
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ot found.). The entire stretch of River Ganga in Garhwal parttafakhand comprises of 18 Sub

basins (10 sub basin of Alaknanda; 7 sub-basin oBRaggrathi and 1 from Devprayag to Rishikesh)
endowed with diverse range of vegetation. These sububaSerhwal part of Uttarakhand cover

Uttarkashi, Chamoli, Rudraprayag, Pauri Garhwal, Tehwabarkd Haridwar districts. Vegetation

observations were made in 28 different locations fallirgjffar@nt sub-basins of River Ganga from

where water samples were collected for different phlgeimécal and microbiological analysis and
some additional locations of floral relevé&moer! Reference source not found.

The selected eleven sampling sites from Haridwar to Gangasee observed to be falling
under four major zones depending upon their dominant flovagetation, physical features and
climatic conditions. Riparian Zone | (RZI) i.e. Tropical degdfmrest zone (Haridwar and
Bhimgoda); Riparian Zone Il (RZIl): Fallow land zone (Naka@manauj, Kanpur and Allahabad);
Riparian Zone IIl (RZIII): Agricultural land zone (Varardlia, Patna and Bhagalpur and Riparian
Zone IV (RZIV): Evergreen mangrove forest (Farakka and Garasag

Table 7-1: Sampling locations for floral component assessmém Stretch 21, Il and Il from Gomukh to Gangasagar

Sr.No | District Location Latitude Longitude Altitude(amsl)
1. | Uttarkashi Gomukh U] 0] 3,962
2. | Uttarkashi Gangotri U U] 3,059
3. | Uttarkashi Jangla bridge (Bhaironghati) U] U] 2,962
4. | Uttarkashi Lanka 0] 0] 3,500
5. | Uttarkashi Toward Bhaironghati U] U] 2,700
6. | Uttarkashi Dharali U] U] 2,519
7. | Uttarkashi Harsil U U 2,465
8. | Uttarkashi Sukhitop U U] 2,454
9. | Uttarkashi Loharinagpala U] U] 2,181
10. | Uttarkashi Gangnani U U] 1,967
11. | Uttarkashi Batwari U] U] 1,594
12. | Uttarkashi Maneri U] U] u | 1,316
13. | Uttarkashi Uttarkashi U] U] 1,150
14. -Cl;zr;rr:wal Dharasu U] U] 883
15, gi;ﬁwal Chinyali Saur U U | 802

Tehri . .
16. Tehri Dam(Reservoir site) U U 755

Garhwal
17, | Tehri Ghansali U U 852

Garhwal
18. | Chamoli Mana U U 3,169
19. | Chamoli Badrinath U U 3,113
20. | Chamoli Vishnuprayag U 3l U 1,479
21. | Chamoli Nandaprayag U U 1,358
22. | Chamoli Karnaprayag U U p| 1,451
23. | Rudraprayag | Rudraprayag U Il U M| 895
24. | Pauri Garhwa| Srinagar U U K| 657
25, I;Z?ﬂwm Devprayag U M U 454
26. | Haridwar Rishikesh U 3l ) 376
27. | Haridwar Haridwar U U p | 345
28. | Haridwar Bhimgoda Barage U ) 279
29. | Haridwar Bhimgoda Barrage f f 301
30. | Narora Ganga Bridge; Ganga Ghat Z . Z 201
31. | Kanpur Ganga Bridge; Ganga Ghat z . z 110
32. | Kanauj Mehndi Ghat Z . Z 125
33. | Allahabad Phaphamau Z A 86
34. | Varanasi Ram Nagar , Pipra Ghat z A 67
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Sr.No

District

Location

Altitude(amsl)

35.

Ballia

Mahavir Ghat

Latitude

Longitude

54

36.

Patna

Kachhari Ghat

53

37.

Bhagalpur

Mahadevpur Ghat

N¢| N¢| N

N¢| N¢ N

36

38.

Farakka

Sosanghat Binia gram, Bindu
gram, Nimtita village,
Chandrapara, Wazitpur, LCT gh
(Near Benia gram), Dilavarnaga
Jamtala, Gandhighat, Shamsha
Kalimandir, PTS, Malda,
Husanpur and Palasia village

28

39.

Gangasagar

Princep ghat, Bagakadam talagl
Hindmotor Uttar para
Dharamtalla, Serampore,
Champdani, Baidybati, Pata Pel
ghat, Chandan nagar, Diamond
harbour, Vichnu Rampur,

Punyamasi

7.4.3 Methodology for assessment

Following methodology was adopted to understand and assdsdiieosity along river

Ganga:

x During field surveys in pre-monsoon and post-monsoon seasmiffied stretches were
closely observed along the River for the dominant gheabs, thorny species, and invasives
encroaching the riparian buffers. Vegetation assemisaigadentified to qualitatively describe
the vegetation types in the different locations/sub bakich also represent different eco-

climatic zones.

Fig. 7-6: Study locations for floral component assessmentgeyed along the flood zone of river Ganga
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X Series of surveys in the selected project sites weregwhlertwith information on different
terrestrial biodiversity components (Bryophytes, LickRtesdophytes and Angiosperms)
together with aquatic components such as algal taxa and somehgtes

x Field survey comprised of gathering information about medidifal(RRre Endemic and
Threatened), native or exotic nature were consideredeendaarefully recorded along with
ecological attributes.

X Phytosociological attributes of the tree covers in diffenest types and plantations along
flood plains along River Ganga from Haridwar to Gangasagar weesldnasfratified random
sampling technique as pdishra(1968). Quantitative analysis of vegetation for dendity a
dominance was calculated folloviviighrg1968).

X The canopy cover/LAl (Leaf Area Index) of the fostmtds at each location from Haridwar to
Gangasagar was measured with the LAI-2000 (LI-COR.immaln, NE, USA) plant canopy
analyzer (PCA). All 'below canopy' readings were ma@8 &aie7 angle with the sensor at 2 m
height from the ground level, to include all the multistorgpy layers excluding the ground
vegetation. Finally the average LAI for each forest type foo@tan was calculated.

X Biodiversity of the area within the Zone of Influence ydrépower projects and other
anthropogenic factors were qualitatively assessed.

X An extensive and elaborate literature survey was k@lddecollect secondary information
available about floral diversity of Ganga basin.

7.5 Ganga River environment: Overview

Positioning in tri-junction of the Oriental, PalaeardicE#mopian realms, Himalaya harbors a
diverse and unique assemblage of biodiversity (SanyaFk&04t&hility and resilience of mountain
ecosystem, biodiversity rich ecosystem is essential amd fopastacontributes in biodiversity rich
environment. Riparian forest cover present in StretfhRiver Ganga on the banks of Rivers
Bhagirathi and Alaknanda are better than riparian cdveetch 11 & 1ll. A large part of Garhwal
Himalaya harbors rich forest on high altitudes. Charactfrisatural riparian ecosystems vary with
size of River from narrow and relatively diverse stridgraflayan geography along the headwater
streams to homogeneous floodplains from upper readoggetaeaches along River Ganga. Within
the same geological regime riparian ecosystems harberiag gphness and diversity patterns are
similar to adjacent upland vegetation and it is also reported in pregieagBiswas & Mallik, 2010).

7.6 Vegetation in the riparian zone of Stretch | (from Gomukh to Haridwar ah
Mana to Haridwar)

The riparian zone of river Ganga supports many plantspieeat are of both ecological and
economic importance. Some play an important role in nutnéntvater conservation and in
controlling soil erosion, while many also possess importacinaieplioperties. Bhagirathi River
originates from Gomukh glacier and confluence with dtkams in Uttrakashi district they @
Kedar Ganga, Jadh Ganga, Syan Ganga, Kakora Gad and AsUtEmkgahi district has varying
geographic environment ranging from vegetation rich aalleyeaks with perpetual snow and
glaciers. At an altitude of 900-2000 m amsl compris@seoforests, Deodar forests lies between
20003000 m amsl, Fig and Spruce forests over 3000 m amsl arshuK@ak, Birch and Juniper
forests up to the 4000 m amsl. Alpine pastures presar2300 to 4877 m amsl| below snow line. As
per (Champion, 1968), Rey al.(2015) and Joskt al.(2016) vegetation can be characterized in
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different forest types in different sub basins with vafetgminant plant species as presented in
Error! Reference source not found.

Table 7-2: Vegetation characterization of the different suimsins of strech showing the number of forest types andminant
tree species in each sub basinSource(Ramesh, 2015); (Rajvanshi, et al., 2012))

Sr. No. Sub Basin No. of Forest Types Dominant species
1. Bhagirathi | 2 CBZedrus d.e'odara, Pinus wallichiana, Popolus cdiiata, Ace
etula utilis
2. o Alnus nepalensis, Quercus leucotricophora, Rinus roxby
Bhagirathi Il 5 Rhododendron arboreum, Lyonia ovalifolia
3. Bhagirathi Ill 5 Dalbergia sisso, Pinus roxburghii, Acacia catecteu, Toon
4, Bhagirathi IV 4 Acacia catechu, Pinus roxburghii, Miscellaneous Forest
5. Alaknanda | 2 Cedrus deodara, Pinus wallichiana, Popolus ciliate
6. Alaknanda Ii 5 Alnus nepalensis, Quercus leucotricophora, Rinus roxby
Rhododendron arboreum, Lyonia ovalifolia
7. Alaknanda Il 5 Dalbergia sisso, Pinus roxburghii, Acacia catecteu, Toon
8. Alaknanda IV 4 Acacia catechu, Pinus roxburghii, Bombax ceiba
9. Shorea robusta, Tectona grandis, Holoptelia intiegrifolia,
Ganga 7 cordifolia, Anogeissus latifolia, AegleNisretiaospus
Forest

A large number of medicinal herbs of great commercial, rdecinal, pharmaceutical,
cosmetic, neutraceutical value grow in sub alpine and al@ region near Gomukh, Bhojbasa,
Chidbasa, Gangotri and adjoining areasGangotri National Park is a protected and sensitive
biodiversity area in the upper stretch of River Bhagiféwhi.other tributary, River Alaknanda,
originates at the water divide between Satopanth andBh@gaciers (near Vashudhara Falls), flows
eastward and has a confluence with river Saraswati anilaémen flows in a South East direction up
to Joshimath where it meets Dhauliganga. Dhauligangatesigrom the peaks of Nanda Devi
Biosphere Reserve (NDBR) a world heritage site with dtextpd and biodiversity sensitive areas
(Nanda Devi National Park and Valley of Flower National Pat&jedeby Man and Biosphere
Programme of UNESCO in Niti valley. Before confluence with ijduagd Alaknanda has a minor
confluence downstream to Valley of Flower with tributagtdanga near Hanuman chatti and
Laxmanganga/Pulna near Govind Ghat. The forests presegttlaése tributariescan be broadly
grouped into different forest types as per Champib8eth (1968), Negi (1996), Rog(2015) and
Joshiet al (2016). Both Alaknanda and Bhagirathi valley congdrigdsghly diversified ecological
region, biodiversity hot spot and also sensitive in tetmangf RET wild plants and animal species
present in these mega basins based on a wide rangatif cbnditions under altitudinal variations.
Botanical Survey of India, Dehradun identified 800 spedeof plant as a result of survey
conducted in the area during past 4 yeatsy Hajra and Balodi (1995).
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Box 2 Seabukthorn (Hippophae salicifolia) an indicator species of riparian bffer health in upper Bhagirathi and
Alaknanda basin

A species whose presence, absence, or relative ngeilirligiven environment is a sign of the overall lndatth
ecosystem. By monitoring the condition and behaviariodigator species, scientists can conclude how chmatige
surroundings are expected to have an effect onspingies that are more complex to study. The netbisfkind of
consideration goes high in future in relation to fasgictgaecological, climatic and economic scenario in the
Himalayan Region. While, considering such parameter anteatintthe riparian buffers of Bhagirathi and Alakn
Basin | and IIHippophae saliciftizally known as Ames, Ameel, Chetgkwith traditionally established multipurp
utility .gEcological role in riparian buffers; slope stabilizakiity; soil quality amelioration; traditional usage;
addition potential and greening the wastelands in Himedéylaass proven high ecological and economic pote
(Dhyani D. M., 2007M. salicifolia present in riverine areas of inner montane vallegg. tAtofreely draining slop
on river bank#ippophae salicifofien forms pure stands on the freshly formed lasd#lifs a pioneer deciduo
species and is nitrogen fixer that improves soil fevthiigh eventually facilitates their replacement by latessucak
species. Thus, vegetation and a layer of decomptesirmplier bare ground area. Hydrological studie$oanelow
soil loss (range = 0.012 and 0.057 t/ha for rainyngéadorests of this region as compared to otherulsesl (Negi
1996)

Hippophae salicifoliaplant and degraded habitat on banks of Alaknanda and Bhagirathi basl and Il

Hippophae salici{@&abuckthorn), belongs to the family Elaegnaceagialrttie species is generally distributed ir
Trans Himalayan regions of Himachal Pradesh, Jammu andrKeerth East, and higher altitudes of Uttarakhg
The plant has its luxuriant growth mostly on sun faontigenn aspects of steep slopes in riparian bufens2®00 -
3600 m amsl. Plant prefers sandy and eroded soil asdwgrbwn gravelly sand and stone on the banks of
streamlets sometimes also in forests habitats. Five ofaédnggirathi and Alaknanda basin (Niti valley, Manag V
Bhyundar valley, Gangotri and Yamunotri valley) were dtudiederstand the riparian buffer health. Natural ha
of Hippophae saliciielantinuously being degraded. Although, logging foagsaremoval is prohibited for the spe
yet habitat destruction adue to upcoming HPP and oaattuctions near river banks and riparian buffermimao
(Dhyani, Dhyani, & Maikhuri, 201Bjppophaesources are continuously being harvested by |@ppthgartial and
complete) also leads to population decline in wilds. A detalgdis of relationship between density, demogt
structure, and harvestingtdf salicifoligrowing pockets in the five major valleys (Gangotri, YamiNitf Mana and
Bhyundhar/valley of flower) in the major riparian buffeeg®f river Ganga (Bhagirathi, Dhauliganga, Alaknand
Pulna) and Yamuna (Yamunotri) was carried out. A tof#lOofjuadrats were laid randomly to study popul
structure, regeneration, sex ratio and lopping ushdgads of 100 #(24 in each valley) Hippophagowing riparian
buffers. Study reflected that the density, size distniband regeneration bfippophagary considerably among t
major valleys. Trees in the Yamunotri valley have the Higingist of large trees but the lowest density of sedtling
shows threat to future population on river bank&afiuna. In contrast, there are few large trees bytseedlings ir
the Mana valley due to disturbance (natural and man Tmade)are removed or felled but continous regeneaat

future progeny needs to be conserved for healt@yaripbuffers. The number and size of lopped treesaaisd

among the valleys. Lopping was greatest in BhyundHheay/ of flower (11.4%) and Yamunotri (19.7%) and |eNitt i
(3.9%). The size of lopped trees differed substaatialrgll. Study revealed that unsustainable harvestingdnts
for fuel, fencing and fruits along with road broadeamtivities in riparian buffers or banks in Alakramd&hagirathi
basins are the main cause of habitat destruction. §aarate highlights the urgent need ifesituand exsitu

conservation oHippophae salicifiR WKDW LWV SRWHQWLDO ©BQHEMWDBLOHYLN
healthy riparian buffers but also providing sustainaiilensic opportunity to locals exstu conservation practice
(Dhyani, Dhyani, & Maikhuri, 2013)
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Extensive details of the qualitative assessment in SraktEHHQ SURYLGHG LQ WKH
WKH 5HSRUWu ZKHUH DV SKRWR VHIRSKNG DLQGWNKHH KH B W@ RIXKWVW

(From Top to Bottom) View of Pine dominated Bhagirathi catchmeat
Tehri Dam reservoir; Oak dominated mixed broad leaved forestBadaari with
luxuriantly growing ringal bamboo in understorey on thekof Bhagirathi
tributary; and below landcape showing high altitude catchniétiagirathi
dominated by Deodar and Blue Pine forests with Seabuckthdoards

Plate 7-1: Landscapes and dominant forest type at differdatations at Bhagirathi Basin
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Griffth snowberry
(Gaultheria griffithjana

Himalayan Indigo
(Indigofera heterantha

Himalayan Sorbaria
(Sorbaria tomentosa

Silky Rose
(Rosa sericea

Small leaf rowan
(Sorbnus microphylla

‘HEE-V 5RVH
(Rosa webbjana

Plate 7-2: Prominent plant species observed in Bhagiratind Alaknanda Basin
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&DQGROOWetdh OLON 2 Five Finger Cinquefoil

(Astragalus rhizanthus) (Pontentilla cuneata
Himalayan Rhubarb Indian celery
(Rheum acuminatum (Heracleum maxinum
Lower Mountain Sedum River beauty
(Rosularia alpgstri (Epilobium latifoljum

Plate 7-3: Plants observed in Bhariathi basin | at GomukhaBgotri National Park on the way to Gomukh Glacier
(Photographed: June 2016)
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Plate 7-4 (Clockwise) Dominant trees in Bhagirathi and Alaknanda Basih

(Betula utilis;Cedrus deodara male; Prinsepia utilis; Pinus wallichi@edrus deodara female and Hippophae
salicifolia at top)
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From Top to Bottom) Grass dominated Alaknanda catchment near Vddleg, Betula utilis
dominated forests on uplands near Badrinath; and below landeapimg Pinus
roxburghiidominated upland vegetation near Nandapraya
Plate 7-5:Landscapes and dominant forest type at differenthtions at Alaknanda Basin |
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7.7 Assessment of vegetation in Streatch Il and Il (Haridwar to Gangasagar)

Five major plant groups (Algae, Lichens PteridophyiephBtes, and) were explored in
various habitats, from which 368 species of angiagspE3nspecies of pteridophytes, 12 species of
bryophytes, 33 species of lichens and 30 specieseofwalge collected from different areas. A
consolidated list of specimens and taxa collected alongoNeithion localities, dates and taxon
identities is provided in Error! Reference source not found.

Table 7-3: Overview of Plant species observed in RZs frafaridwar to Gangasagar

Localities Angiosperms | Pteridophytes | Bryophytes Lichens Algae

F|IG |S |[F|G |S |[F|G|S|F|G|S|F|G]|S

Haridwar |52 |115|131| 7 | 8 | 10 |10| 14| 16| 3 | 6 | 10

Kannauj 13| 17| 18| 2 | 3 3 -l -1 -19 111|124 24|30

Kanpur 19| 34| 34| 2| 3 3 (5|9 (14|2 |3 |3 |3|21|24

Allahabad | 27| 41 | 43 | 2 | 3 3 |10|11|16| 2 |3 |3 (3|7 |7

Varanasi 16| 31 | 32 | - - - -l -1 -1 -1 -1-13/9|11
Ballia 17| 26 | 26

Bhagalpur | 20| 31 | 23 | - - - 2122|1111, 3]|3
Patna 9 13 | 13 | - - - 1112|2123 |3|4] 4

Farakka 48| 120| 144 7 | 10| 11| 7| 9 (10|10|13|17|3| 8 | 8

Gangasaga| 52 | 107 | 134| 6 | 8 9 | 7110|11| 4| 6 |12| 4|16 17

Abbreviations: F = Family; G = Genera; S = Species

Species list of Angiosperms and detailed description of lower pladtsp{Bties, Bryophytes,
Lichens and Algae) a@UHVHQWHG LQ WKH "$QQH[ VBR\WRN RBH.SRORA )
riparian zones have been presented in the sections to follow.

7.7.1 Stretch | 2Phytosociology of riparian patches (Haridwar area)

The west Gangetic mixed deciduous forest representsfatesedf medium to good height
including a number of dominant top story species intimatelyankeadyood many middle story trees
including some evergreen trees. The major dominant thellatas nudifloidsacia catediannea
coromandelididhuca indicaugeinia oojeineHsi®ptelea integrif@mblica officinadisd Mallotus
philippensiShe major shrub species aghatoda vasiCéerodendrum visc@alabrookia oppositifolia,
Holarrhena pubesh&i®tus nudiflodmminated the tree cover in the community, observed highes
(160.43) 1VI value followed Byacia cate¢bR.83)Dalbergia sisgdh95)Flacourtia ind{d@®.83) and
Mallotus philippe(&s7). The understory was invaded by gregarious pdlchietana camésaound
LAI values ranged between 1.11 to 3.19 withv&#0 angles in moist mixed deciduous forest along
the flood plain of Ganga River in Bhimgoda barrage and adipgeshiareas at Haridwar locality.
River bank vegetation is ecologically termed as riparigaritbia highly dynamic. It links terrestrial
and aquatic habitat, under the influence of watemdyassrivulet banks or riverbanks, is represented
by a particular type of tree cover that grows alengidles of rivers, which are called the river's
riparian zone.
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A few species of large trees typically form a rathewnfimge along the water courses
spreading out along the Ganga river flood plains of Har{@hangoda). Mostly the trees are
evergreen to semi-evergreen in nature. Trees stand spalsgd with smaller trees and shrubs
betweenTerminalia arjucamplete dominates the stand, along with few associatedftvallotus
nudifloru®\mple water supplies are available though the soil magrée and non-retentive. These
forest stands are mainly low lying, seasonally floodedhaldramks of rivers.The top story canopy is
mainly composed @yzygium cumini, Terminalia arjuna, Mallotus nudificate;cddacourtia
indica. Terminalia anlaminated the tree cover in the community, observed HI286) VI value
followed byMallotus nudiflo(88.54)Acacia cate¢Bb.29)Flacourtia ind{@®.41) an&yzygium cumini
(9.88). The major shrub speciesAatieatoda vasiCéerodendrum visc8slmmum torvanmd Cannabis
sativ&sround LAl values ranged between 2.14 to 3.72 in riffanging forest along the flood plain
of Ganga River in Haripur and adjacent areas at Haridvigy. IMaximum canopy cover (LAI=3.7)
was observed at Haridwar locality among all 11 locations dRipgdthn fringing forest, which
comprises 15-30% of the flood plain vegetation of river Gawgl represented with defigeminalia
arjundop story canopy, observed maximum dense canopy comgrrhaximum tree canopy cover (
LAI >3.3) at Bhimgoda region of Haridwar locality.

The dominant alien species of the zone composed of Agéraistonianum, Argemone
maxicana, Asclepias curassavica, Blainvillea acmellapi€aptyoera, Chenopodium album,
Euphorbia hirta, Ipomoea carnea, Lantana camara, Ocimaricaaum, Parthenium hysterophorus,
Saccharum spontaneum.Mostly the trees and shrubsiagpénygs and different growth forms of
lichens do not exhibit any change during the pre anthpnston seasons. However, the herbaceous
angiosperms, bryophytic taxa and ferns exhibit luxuarthgn the different localities in the post-
monsoon season. Since most of the localities of the #snentier the protected area of Rajaji
National Par therefore the zone is free from anthramogetivities (sand mining). However near
barrage bathing and washing cloth is a common pracecpse$énce of members of Chlorophyceae
(Green algal) in running water and absence of micropdhytesant growth of lichens, ferns and
bryophytes together with maximum canopy cover (LAl m8li¢ates more or less pollution free zone
with clean water quality.

7.7.2 Stretch Il 2Phytosociology of riparian patches (Narora to Allahabad)

Flood plain zones along Ganga River at Narora, KannauyrkaapAllahabad were majorly
under fallow land with very less scattered plantatioRsicdiimPsidiunplantations were majorly
observed along the Gangetic flood plains at Kanpur and{aocalitiesidiurspecies orchards is
the major canopy cover along flood plains of River Gak@gapur and Kannauj region. Average 11
numbers oPsidiurtrees were found in 40G sampling quadrate area along the Ganga Rsiaaim
plantations/orchards along the flood plain of river Gangargiuf district observed lowest LAI value
ranging from 1.21-1.44.The zone is dominated by shdibsrbaceous plants as most of fallow land
is used for agriculture. The shrubkasitana, Zyzyphus, Cappgether with herbs &accharum munja
and Cyperudominates the area. The localities in the zone hasedcttiss oMangifera indiacal
Syzygium cunmling pre and post-monsoon vegetation remains the samverhoviee post-monsoon
season the herbaceous flora grows luxuriantly andticeviarge tract of the ground. The floral
diversity of pteridophytes reduced drastically as in botmsseady three tolerant gendzolla,
MarsileandAmpelopteeahibit their occurrence.The bryophytic taxa showeddticarrence in both
the season however, in pegiasoon their population increased drastically and are eaklypnitiie
soil in moist places.
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A total of 11 genera with 16 species recorded to igrddeth season. The zone exhibit
occurrence of 12 species of toxitolerant lichen spetoesying to family Physciaceaeviangifera
indiatrees. Being perennial the population of species setnastant in both the seasons.The algal
taxa recorded from different localities of the zone indicateent rich water body polluted with
sewage disposal. The dominance of sensitive taxa of dogfetiner with green algal taxa indicates
non polluted water bodies. However, HPP areas havirengaresf high organic and inorganic
pollutants (disposal of sewage, agricultural and indust&l iwavater bodies exhibit dominance of
cyanobacterial and diatoms taxa.Being a fallow landatiiee$obave scattered plantationBdlium
having lower tree cover with LAl value ranging from1l4lFrom the primary and secondary data
available, the zone during pre-monsoon remains one a@haoste polluted stretch of river as
phytoplanktons particularly members of Chlorphycean (gigenexhibit their poor occurrence.
However cyanobacterial membersMizrosystgd Oscillatorexhibit their dominance and secretion
of cyanotoxin by the alga, increase the toxins in téebady in the form of microcystin. The stretch
also exhibit scare occurrence of most of the floral elements.

7.7.3 Stretch Il 2 Phytosociology of riparian patches (Varanasi to Bhagalpur)

No significant tree or shrub cover was found along the fflain of river Ganga at Varanasi,
Balia, Patna and Bhagalpur, as the flood plains along ¢fzer@anis under extensive agriculture and
anthropogenic disturbance. The pre-monsoon seasosshasnder of herbs and weeds which grow
luxuriantly and cover most of the ground cover in postaoorseason. Further, the agricultural
activities increased along the bank during pre-monsodmetogiéh mining of sand in some areas
The sloppy edge, dry alluvial and sandy soil along thenk/er thee zone does not allow many floral
elements to colonize. Further, the zone has agricpitaciices since the ancient time. The zone
having large tracts of agricultural lands with long rregéchsiand higher anthropogenic pressure
showed least floral diversity within the area. The inadigimespecies dominates the zone. The
extensive agricultural and HPP near cities furtheiodstethe water quality upto a greater extend.
No significant tree or shrub cover found along the ritkeilocalities. Due to HPP near cities pollute
the water through increase in sewage as indicated bylbigimance of cyanobacterial algal taxa and
Azollawhich prefers water with higher nutrient and heavy mestpésctively. The dominance of alien
species in the area together with exhaustive sand aisoingfluenced in reduction of floral diversity
along the river bank. Similar to zone Il this zone adspdua water quality near HPP due to presence
of sewage water and further addition of herbicides, pssigidenitrogen and phosphorous through
agricultural practices.

7.7.4 Stretch 1l 2Phytocociology of riparian patches (Farakka to Gangasagar)

No significant tree or shrub cover was found along the plain of river Ganga at Varanasi,
Balia, Patna and Bhagalpur, as the flood plains alongeth&diga is under extensive agriculture and
anthropogenic disturbance. The pre-monsoon seasosshasner of herbs and weeds which grow
luxuriantly and cover most of the ground cover in postaoorseason. Further, the agricultural
activities increased along the bank during pre-monsodmetogéh mining of sand in some areas.
The sloppy edge, dry alluvial and sandy soil along thenker thee zone does not allow many floral
elements to colonize. Further, the zone has agricpitactices since the ancient time. The zone
having large tracts of agricultural lands with long rre¢chsiand higher anthropogenic pressure
showed least floral diversity within the area. The inwdigmespecies dominates the zone. The
extensive agricultural and HPP near cities furthelodsteethe water quality upto a greater extend.
No significant tree or shrub cover found along the ritkeilocalities. Due to HPP near cities pollute
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the water through increase in sewage as indicated bylbigimance of cyanobacterial algal taxa and
Azollawhich prefers water with higher nutrient and heavy metpésctively. The dominance of alien
species in the area together with exhaustive sand atsoingfluenced in reduction of floral diversity
along the river bank. Similar to zone Il this zone atspdaa water quality near HPP due to presence
of sewage water and further addition of herbicides, psstridenitrogen and phosphorous through
agricultural practices.

The following are the major forest types along with twtaptams/monoculture stands were
observed along the Gangetic flood plains at Gangasagar are desmsibed bel

7.7.4.1 Casuarina & Lichi plantation

This association was least diverse with only 4 tree asd0amiasna equisetfagthe only
GRPLOQDWLQJ VSHFLHY FRQWULEXW3,QJ - Z DW R/AcBEApidra, 9, OL¢
speciesLichi plantations/orchards were majorly observed along the flaimdqgb river Ganga at
Farakka locality along with scattered trelgslbdtus nudiflonith very less tree cover (< 1 LAl value).

7.7.4.2 Acacia plantation

A total of 10 tree species were observédacialominated monoculture tree stands. Overall
IVI varied from 8.19Azadirachta indlita78.11Acacia catechiwo specieé\Cacia cateamaProsopis
juliflorpalone contributed about 47 % to total IVI highlightieg importance in the association while
rest 8 species collectively contributed about 53 % to total IVI.

7.7.4.3 Mangrove forest patches

Mangrove forests were majorly observed as the natasildover along the flood plains of
Gangasagar forming tree canopy of maximum height of i5{@&ngrove forest at Gangasagar
region was represented by total 7 specie assodiatesstly represent evergreen species. Maximum
number of 5 mangrove specieésr{ops tagal, Bruguiera parviflora, Aegialitis Aetyindifadidloricimnah
Rhizophora apicyldteninated this association Kvite FRQWULE XW IPRagniyvdactWisrasV D O !
alone showed maximum IVl of 68.22 followed Syzygium cum(®®.23).Mangrove forest at
Gangasagar observed LAI values ranging from ranging).&%%+8.22. Mangrove forest at Gangasagar
also observed moderate canopy cover with maximum LAl @&l@&s Therefore, we observed
maximum canopy cover at Riparian fringing forest at Harelyian followed by mangrove forest at
Ganga Sagar region.

7.7.4.4 Mixed forest patches

A total of 21 tree species were observed in moist migestl doiGanga Sagar region. 50 % of
the total IVl was contributed by just 6 spedieu¢ benghalensis, Ficus religiosa, Ficus racemosa, Gmel
arborea, Saraca asabalbizia lebbdabut of the total 21 species. Highest 1VI (46.64)swawn by
Saraca asedalelLeucaena leucocegpioabad minimum IVI (3.35) in the association. The associatio
was also characterized by maximum three species dfigaglél ranging from 25.71 to 37.7). The
moist mixed forest at Gangasagar observed LAl valuegyréoginl.85-2.81. The zone shows
dominance of trees, herbs and shrubs together withwvégyetation of cultivated Litchi and Mango
trees. TheCroton bonplandianirerb grow abundantly under the orchards and othes plhte
Eichhornia crassgoe®er gregariously spreading along the bank of rivggoadd. A number of
medicinal plants such Asorus calamus, Bacopa monierii, Datura singrfcfiptan albare also
recorded from the area.
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The Pteridohytic taxa also exhibit their luxuriant grovitte imone as 13 species belonging to
11 genera were exhibit their occurrence in the zoaezohlke also exhibited rich diversity of algae,
lichens and bryophytes represented by 17 genera b8 agagra and 17 species of lichens and more
than 20 species of bryophytes.Except change in tpmpwffew herbaceous plants during pre and
post-monsoon seasons most of the trees, lichenspajgpéytes and pteridophytes flora remains the
same in both the seasons.The zone exhibit higher canopy different tree vegetation ranged from
LAI values ranging from 1.4-3.22. The zone has domin&ivasive species represented by more
than 20 speciekichhornia crasggpesn abundantly on ponds and along the river bank wih lo
flow of water or in stagnant water. The over groivifiohhornia crassipéed the photosynthesis in
phytoplanktons beneath and thus reduced their growtiridnt growth of different plant groups and
their taxa in the zone together with higher LAI valuksates it as a less polluted zone. However,
occurrence of higher number of cyanobacterial taxadeigdra) with 5 genera of diatoms indicates
that the water bodies in the area are moderately polluted.

7.8 EXxotic plants present in riparian buffers
7.8.1 Invasive plants in riparian buffers of Stretch | (Alaknanda and Bhagithi Basin)

Ganga, Alaknanda and Bhagirathi banks and riparian kneffeesly invaded by variety of
invasives and thorny shrubs indicator of degraded slopeagagiath zones. International Union for
Conservation of Nature and Natural Resources (IUCN) slafina invasive species that establishes
itself in naturally occuring ecosystems or habitat. §pexges are considered to be agents of change
and are also threat to native biological diversity asutiteynpete native species for resources. These
invasive are widely distributed among all categories of ligangsims as well as all kinds of
ecosystems throughout Indian Himalayan Region now including dedch@sdopaiparian buffers of
Ganga (Sekar, 2012). These plants are posing a lotagemant problem and are also adversely
affecting the productivity of native plants becausenaif profuse regeneration potential and
allelopathic impacts. It is generally not very difficult togilisth between native and exotic species, as
exotic species regenearate very profusely in ripafiars.oPresence of profuse regeneration of
pioneer trees lik&lnus nepalermislDebregeasia sali@faighorny specieRdgsa brunonii, R. moschata
Berberis aristata, B. asiatica, Rubus ellipticus, Bacadiheciaersifo)iartandicator of disturbed
river banks due to regular road construction, broadespagring, landslides, extension of agriculture,
habitat destruction, increased fallow and wastetndsintana camara, Parthenium hysterophc
Eupatorium odoratunthE.adenophorprominent inavises/weeds present from Haridwar to Gangnani
in Bhagirathi basin and from Haridwar to Govind ghat in Aldanaasin Invasive plants, throny
plant species and pioneer tree species were noédemodbserved post Gangnani till Gangotri and
later Gomukh. Same were observations from Govind ghat #oitMalaknanda Basin. With seasonal
variations invasive species pass through vigorous opedhhases without any obstruction and
hinder the efforts to eradicate them. Invasive plantsnsasid multiply at the cost of indigenous
species. They occupy vast areas and have driven mamousdgpecies into red data categories.
Invasive species and may cause loss of biodiversity ingadiaeg extinctions, changes in hydrology
and ecosystem functioning of riparian buffers. The elamicspecies vary from native one, based on
their requirements, modes of resource sharing and utilizattee, consumption which may cause
changes in soil profile, soil structure, decomposition ofiongatter, soil nutrient content, soil
moisture etclnvasive species have a very significant and undesirableomip&cbiodiversity and
ecosystems. Thus, Invasive species might pose alsedmrsce for conservation and management
of our riparian buffers in Alaknanda and Bhagirathi dlsirer Ganga. Some prominently observed
invasive species are reporte&nmor! Reference source not foundWhen the density and growth
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ate of invasive species are high, the natural reigenpratess of native species can be suppressed
(Denslow, 2002) thus, the observations from Bhadieain and Alaknanda basinreflect the fact that
high frequency and high intensity of anthropogenic dieglda the invasion of alien weeds and
prickly irritant shrubs and it could ultimately suppresegeaeration of native species in riparian
zone and may also reverse the course of succession.

Table 7-4: Prominent Invasive plants present along Bhagirathnd Alaknanda Basins in Upper Ganga catchment

Sr.No. | Name of species along the River Bank| Family
1. Parthenium hysterophorus Asteraceae
2. Lantana camara Verbenaceae
3. Eupatorium odoratum Asteraceae
4. Eupatorium adenophorum Asteraceae
5. Alternanthera paronychioides Amaranthaceae
6. Alternanthera sessilis Amaranthaceae
7. Ageratum conyzoides Asteraceace
8. Argemone mexicana Papavaraceae
9. Bidens pilosa Asteraceae
10. | Calotropis gigantea Asclepiadaceae
11. | Calotropis procera Asclepiadaceae
12. | Cannabis sativa Cannabaceae
13. | Cassia tora Caesalpiniaceae
14. | Impatiens balsamina Balsaminaceae
15. | Ludwigia octovalvis Onagraceae
16. | Ludwigia perennisL. Onagraceae
17. | Monochoria vaginalis Pontederiaceae
18. | Datura metel Solanaceae
19. | Ruellia tuberosa Acanthaceae
20. | Sesbania bispinosa Fabaceae
21. | Sonchus oleraceus Asteraceae
22. | Cuscuta reflexa Cusutaceae

Source:Sekar Chandra K. (2012). Invasive Alien Plants of Indian HiyealaRegior?
Diversity and Implication. American Journal of Plant Sciences, 2017,7318
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Plate 7-6: Dominant invasives and / or thorny plants obseed encroaching Alaknanda and Bhagirathi basin riparian buffer

(clockwise-Eupatorium odoratum; Parthenium hysterophorus; Lam@mara and Urtica dieocia

7.8.2 Invasive Plant species in Stretch Il and Il (Haridwar to Gangasagar)

A total number of 67 Invasive alien species was encountered in allztwecad river Ganga.
The highest number of species was represented baynilyeAsteraceae (11 species). Invasive specie
of Asteraceae exhibited a much higher reproductivetycaipac those of other families. This high
reproductive potential is achieved by partitioning of regirngellcapital into a large number of
propagules that are minute, light, and wind dispersed. |@wb&ervation indicate that there are 10
most noxious invasive plant species in this region, pAgerstum conyzoides, Argemone mexicana,
tora, Datura innoxia, Lantana camara, Leucaena Rartbeapmaldysterophorus, Eichhornia cras
Maochoria vagireatid Xanthium strumari@ome species suchAggeratum conyzoides, Lantana cams
andParthenium hystero@rerbarmful to native species (Singh D. , 2014); Tripat8hakla, 2007;
Dogra et al 2009). Dominant Invasive species in different riparetches are(Haridwar to
Bhimgoda)Ageratum houstoniagAtgemone maxicAsalepias curass®laavillea acmell@alotropis
procer&henopodium allituphorbia hirfpomoea carheatana cama@ximum americaiarthenium
hysterophor8accharum spontaatuniNarora to Allahabad)Calotropis proc@aenopodium album
Chrozophora rottl€roton bonplandiaBugphorbia hirthantana camai@enna occidentalis,Xanthiun
strumariynCleomascosddyptisuaveolee. (Varanasi to BhagalpuDaturanetelProsopisliflora
Ecliptprostrata JatrophgossypiifpliaLantangamara Croton bonplandianddternanthesassilis
Nicotianplumbaginifplia Xanthiunstrumarium Eichhorniaassipes Oxalis cornicujataMalvastrum
coromandelianwatt. (Farakka and Gangasagdltgrnanthera philoxeroides, Synedrella nodiflora,
prostrata, Cleome rutidosperma, Solanum nigrumtaligerSacoh@um spontaneum, Solanum ni
Eichhornia  crassipes, Digera muricata, Chrozophora eotdleri, carhar#, Urena lobata,
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Nicotiana plumbaginifolia, Ipomoea carnea, CalogtopiBapracennoxiand Datura meded serious
threat to the native species of the region and amenkto cause delay in seedling growth of
neighbouring plants (Soetlal 2011)Leucaena leucocepteatathe natural growth of native plants
because not only it obstructs plenty of sunlight th seaface layer but also its allelopathic exudates
cause retardation in seedling growth of neighbouring (&ants 1980). Many invasive species tend
to respond to temporarily nutrient enriched soil substnatayrow and quickly cover the gaps in
disturbed forests. They can destroy arable soil, negdtaalyhe growth of orchard, and could also
suppress growth of grasses in pasture, excretixig adiatile that prevents grazing (Saxena, 1991).
The greater viability and tolerance to harsh conditbohd esult in the preponderance of herbs
across the region. (Saxena and RamakrishnanEikd8®)rnia crassipee most troublesome weed in
most of the marshy places, swamp, ponds, lakes, irrigat@ls of ared&ichhornia spspread
throughout the water body and it makes water ugedss]y or fully pollutes drinking water to foul
water, so it creates health hazard in the surroundibgser§ed invasive species Nenochoria
vaginalis, I[pomoea carnea, Cyperus sps. Cicluirasisa gpsEpases harmful effects on freshwater,
which are noxious for the aquatic lives and agricuttpe The most commonly documented effects
of Invasive aquatic species on phytoplankton that lpvesetuctivity and dissolved oxygen
concentrations beneath mats (Rommeea$ 2003; Mangas-Ramirez & Elias-Gutierrez, 2004; Perna &
Burrows, 2005). Other water quality effects includerhsgldimentdtRQ UDWHV ZLWKLQ W
complex root structure and higher evapotranspiratemfram water hyacinth leaves when compared
to evaporation rates from open water (Gopal, 1B&RAhornia crassfsshas been found to stabilize
pH levels and temperature in experimental lagoons, tpesgbnting stratification and increasing
mixing within the water column (Giraldo & Garzon, 2002). 8hutesis is limited bene&ibhhornia
crassipesats, and the plant itself does not release oxygemanimater as do phytoplankton and
submerged vegetation (Meerledfé| 2003), resulting in decreased dissolved oxygen concentration.

7.9 Threatened Medicianl and Aromatic Plants and Wild Edibles presém
Stretch | (Alaknanda and Bhagirathi Basin)

Western Himalaya is a biodiversity hotspot and a sigrifibéat to commercially important
but threatened medicinal and aromatic plants (MAPskhdticais traditionally is knowngadd mine
of medicinal plants. Herbs are grown naturally in thebome&haralk The sate itself declared as the
Herbal State 2003 and planned to develop medicinal plants segmoiooty (Gokhale and Neqgi,
2011). The region is a house of commercially importantaledia aromatic plants, nutraceuticals,
timber yielding and other non-timber forest products. & fangber of crude drugs in the market are
come from medicinal plants growing in Himalayan regiaion{Band Badoni, 2001; Mehta , 2001)
About 2,500 plant species are being reported talizedutn different Indian system of medicines
while, more than 1,750 herbal species are native toHmaialayan region. Western Himalaya has a
share of more than 1,000 species which are still Mastef the plants are observed and present in
Bhagirathi and Alaknanda basin that have some medicinanaaticgsroperty and majority of RET
MAPs (Medicinal and Aromatic Plants) species. AlaknanBhamirathi basin | and 1l zone harbours
high value species Rare, Endangered and Threatened (RET) medisiriaépdantly, 45 more species
are listed for their conservation which needs specisibatianluding 30 species from high altitude
alpine zone (Nautiyal and Nautiyal, 2004; Reivad2001). About 121 plant species of Himalayan
region are in IUCN Red data book while, Red data book pdhtiglBSI has identified about 214
species of flowering plants are endangered in Himadgyam out of which 29 species have been
listed under rare category and some of them are atgaewexktinction. Most of the medicinal plant
exploited indiscriminately from the wild. Due to non-availabilibundance, different populations
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are completely wiped off for economizing the collectiontyacin 1998 a ban was imposed on 29
plant species by Director General of Foreign Trade, @dutdia, having 15 medicinal species, viz.,
Aconitum sp. Aquilaria malaccensis, Coptis teeta, Gentieraloktaocbys grandiflora, Podophyl
hexandrum, Swertia chirayata, Panax pseudogins&ng,o®jcbmabiykrhiza hatagirea, Saussurea c
Dioscorea deltoidea, orchid sp., TaxusandiRauerndfia serpeintimaHimalayan region. Though, the
numbers of these plants have increased over yearsutuegidated harvesting of resources. Using
Red Data book criteria of International Union of Consenvaf Nature and Natural Resources
(IUCN) the threatened medicinal plant species have amsoategorized as vulnerable, critically rare
and endangered, under Biodiversity Conservation PrioritRedjent (BCPP) (Samaeital 1998).
Few abundantly occurring MAPs are open for harvestmgnld by sustainable harvesting measures
as suggested and directed by State Medicinal Plant Bodtalrakhand. These MAPs are mostly
concentrated in Bhagirathi and Alaknanda Basin Il and Gasigabelow Devprayag and close to
Rishikesh and Haridwar. TheseCardyceps sinensis, Aconitum heterophyllum, Ahjjahcaghalea,
Podophyllum hexandrum, Picrorhiza kurrooa, Naadtutitirhys Dgctylorhiza hatagirea, Arnet
benthamii,ietcname a few. Other inclu@ergenia ciliate; Carpinus viminea; Delphinium denudatt
oblongum; Picrorhiza kurrooa; Thallictrum Foliolosgaomn digtahep Swertia chirayita; Saussurea ob
Arnebia benthami; Cinnamomum Tamala; Fraxinus rusresatiehidaa; Dactylorhiza hatagirea; Symy
paniculata; Heteropogon Melanocarpus; ValerisBetjdgdaatamisies; Zathoxylum armatum; Elsholtzia
Hedychium spicata; Angelica glauca, Carum cacostBaubtegaaarpaea polyandra, Aconitum balfo
heterphyllum, Podophyllum hexandrum, Dactylari&erdvalagineallichianum, Allium stracheyi, Picrol
kurrooa, Nardoslachys graraifiocdher valuable and threatened MARsst of the MAPs in
Bhagirathi and Alaknanda basin are found in higher refcthgine subalpine, timberline, riparian,
moist and dry temperate forests. Medicinal plants grow varaeis types of stress conditions in
Himalayas and are considered to be store house of diffpesndf secondary metabolites. More than
63 medicinal plants are used by local healers foratimeetne of different ailments and some of them
also used by the classiégurvediformulations (Negi, 1996All these areas are sensitive and
threatened biodiversity habitats due to unsustainabletihgrve resources and anthropogenic
interferences. Hence, MAP extraction from these reachétiedesnd illegal unless permitted.
Alaknanda and Bhagirathi basins are also potential smestifmurpose, medicinal and lesser
known underutilized wild edibles. Among the wild edible pigmephae salicifolia, H. tiketana
present on the sun facing river banks from Man&gskmdprayag and Gangotri to Gangrfangigaria
nubicola, Geranium species, Prinsepia utilis, RuResalbipiiciy Corylus jacquemontii, Morchella es
(Fungi) Pleuospermum angelicoides and Alkmenfewnatber prominent ones.The natural forests and
plant composition in forests has been largely affectdd duergrazing, cultivation on slopes and
extension of agriculture, sub marginal lands, and unptiEevedobmental activities like construction
of tourist resorts, roads, buildings, etc. Indiscriminatevanekploitation have severely disturbed the
ecological balance.
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Table 7-5:Prominent MAPs present along Bhagirathi and Alaakda Basins in Upper Ganga catchment (Gangotri-Haridwar
and Mana-Devprayag)

Sr. No. | Trade/ Local Name Botanical Name Family Habit
1. | Ratti Abrus precatorius Fabaceae Cl
2. | BansaVasa fﬂa&giiezl)eylanica Acanthaceae H
3. | Bael Aegle marmelos Rutaceae T
4. | Satawar Asparagus racemosus Lilaceae H
5. | Pashanbhed Bergenia ciliata Saxifragaceae | H
6. | Priyangu Callicarpa macrophylla Verbenaceae T
7. | Amaltas Cassia fistula Caesalpiniaceae| T
8. | Malkanjani Celastrus paniculatus Celastraceae Cl
9. | Tejpat Cinnamomum tamala Lauraceae T
10. | Patha Cissampelos pareira Menispermaceag ClI
11. | Amla Emblica officinalis Euphorbiaceae | T
12. | Kapur kachri Hedychium spicata Zingiberaceae |H
13. | Marorphal Helicteres isora Sterculiaceae S
14. | Lajwanti Mimosa pudica Mimosaceae H
15. | Karipatta Murraya koengii Rutaceae S
16. | Gandhpasarni Paederia foetida Rubiaceae Cl
17. | Jhula Parmelia perlata Parmeliaceae Lichen
18. | Chitrak mool Plumbago zeylanica Plumbaginaceae| S
19. | Bidarikand Pueraria tuberosa Fabaceae Cl
20. | Bhutkesh Selinum tenuifolium Apiaceae H
21. | Kedarpati Skimmia laureola Rutaceae S
22. | Ginjaru Stephania glabra Menispermaceae CL
23. | Gugule Tanacetum dolichophyllum| Asteraceae H
24. | Sarpunkha Tephrosia purpurea Fabaceae
25. | Baheda Terminalia bellirica Combretaceae | T
26. | Harad Terminalia chebula Combretaceae | T
27. | Indrayan Trichosanthes spp. Cucurbitaceae | Cl
28. | Nirgundi \itex negundo Verbenaceae S

*T:Tree, S:Shrub, H:Herb, CL: Climber
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Table 7-6: Prominent MAPs present along Bhagirathi and Alaknda Basins open for collection from wild Upper Ganga

catchment
Sr. No.| Trade/ Local Name Botanical Name Family Habit
1. | Atibala Abutilon indicum Malvaceae S
2. | Apamarg/ Latjira Achyranthes aspera | Amaranthaceae H
3. | Punarnawa Boerhavia diffusa Nyctaginaceae H
4. | Aank Calatropis procera Asclepiadaceae S
5. | Agyaghas Cymbopogon spp. Poaceae H
6. | Dhatura Datura metel Solanaceae H
7. | Bhringraj Eclipta alba Asteraceae H
8. | Shahatara Fumaria indica Fumariaceae H
9. | Gurhal phul Hibiscus rosa sinensis| Malvaceae S
10. | Pudina Mentha arnensis Lamiaceae H
11. | Kamal phul Nelumbium spiciosum | Nelumbonaceae H
12. | Tulsi Ocimum sanctum Lamiaceae H
13. | Mungparni Phaseolus trilobus Fabaceae Cl
14. | Bhumi amla Phyllanthus urinaria | Euphorbiaceae H
15. | Arandi Ricinus communis Euphorbiaceae S
16. | Gulab phul Rosa damascena Rosaceae S
17. | Bala Sida cordifolia Malvaceae H
18. | Makoi Solanum nigrum Solanaceae H
19. | Mansparni Teramnus labialis Fabaceae CL
20. | Gokharu Tribulus terristris Zygophyllaceae H

*Note: T: Tree, H: Herb, S: Shrub, CL: Climber
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Table 7-7: Prominent MAPs restricted for collection frorwild in Uttarakhand

Sr.No. | Trade/ Local Name Botanical Name Family Habit
1. Hattajari/Salam panja | Dactylorhiza hatagirea Orchidaceae H
2. Riddhi Habenaria intermedia Orchidaceae H
3. Vriddhi Habenaria edgeworthii Orchidaceae H
4. Kakoli Fritillaria roylei Liliaceae H
5. Chhir kakoli Lilium polyphyllum Liliaceae H
6. Jivak Malaxis muscifera Orchidaceae H
7. Rishibhak Melaxis cylindrostachya Orchidaceae H
8. Salam Mishri Eulophia dabai Orchidaceae H
9. Jatamansi Nardostachys jatamansi | Vallerinaceae H
10. | Karvi Gentiana kurroo Gentianaceae H
11. | Satuva Paris polyphylla Liliaceae H
12. | Chirayita Swertia chirayita Gentianaceae H
13. | Atis Aconitum heterophyllum Ranunculaceae H
14. | Mitha bish Aconitum balfourii Ranunculaceae H
15. | Kutki Picrorhiza kurrooa Scrophulariaceae H
16. | Genthi Dioscorea deltoides Dioscoreaceae CL
17. | Salparni Desmodium gangeticum Fabaceae H
18. | Prishnaparni Uraria picta Fabaceae H
19. | Bach Acorus calamus Araceae H
20. | Giloy Tinospora cordifolia Menispermaceae CL
21. | Maida Polygonatum verticillatum | Liliaceae H
22. | Maha Maida Polygonatum cirrhifolium | Liliaceae H
23. | Dolu Archa Rheum emodi Polygonaceae H
24. | Sarpgandha Rauvolfia serpentina Apocynaceae H
25. | Kalihari Gloriosa superba Liliaceae CL
26. | Timru Zanthoxylum armatum Rutaceae S
27. | Van pyaj Urginea indica Liliaceae H
28. | Sankhapushpi Canscora decussate Gentianaceae H
29. | Manijith Rubia cordifolia Rubiaceae CL
30. | Balchari Arnebia benthami Boraginaceae H
31. | Thuner/ Talispatra Taxus baccata Pinaceae T
32. | Dhup Jurinea dolomiaea Asteraceae H
33. | Tagar \alleriana wallichii Vallerinaceae H
34. | Choru Angelica glauca Apiaceae H

*T: Tree, S: Shrub, H: Herb, CL: Climber
Source: State Medicinal Plant Board, Uttarakhand
(http:/mww.smpbuk.org/details.php?pglD=sb_30) Accessed on November 2016)
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7.10 Natural and anthropogenic pressure on riparian buffers of Bhagirathnd
Alaknanda Basins

The young and rising mountains of Himalaya with immature appggand sensitive
biodiversity hot spots are extremely vulnerable to land slips andie@ss@mce of forest cover. This
continous erosion in upland areas, flash floods and fayesiateon damages the riparian buffers and
also increases significant silt load to the rivers. Exterasi@ due to contnous road construction,
landslide and construction for HPP reduced the river chHaadelg to complete distruction of
riparian forests6 LQFH SDVW IHZ GHFDGHV: FKDQKH VWKDYSH WEHR
practices due to construction of roads and influence kétnfiarces and other environmental factors
(Anjali, Sanjay, Uniyal, Gopal, & Asha, 2003). Besidediuthef tourists has also increased in many
parts of Bhagirathi and Alaknanda basin, which has not only éhttream=vly constructed hotels and
lodges but has also increased the resource dependenoyplwonding forest§Singh, 1999). Apart
from these demands of subsistence living forest are fregleznt threats due to fires, spread of
invasive species and unregulated extraction of non-tordstrproducts (NTFPs) (Singh and Singh,
1992). Because, of lack of adequate economic incémtiv@mservation, increasing population
pressure and injudicious exploitation of resources thénlmaaitants many times find it difficult to
conserve forests and the biodiversity of the region and hencendlisgifast. Thus, though the area
under forest cover is large, much of the under stocking densgyahbiwer than the potential ones.

Sand mining near Uttarkashi Sand Mining near Harsil

Felling and biomass removal Hydro Power Proejcts (HPP)

Plate 7-7: Anthropogenic interferences as observed in Bliraghi and Alaknanda Basin

To understand broadly various anthrpogenic and natugairpsesn riparian buffers we have
characterized different disturbance parameters baseeéiroprésence and absence in respective
locations have assigned them a value between a zemTdrisonharacterization of disturbance
parameters through Cumulative Disturbance Index (CDI} dloceodifferent locations in the riparian
buffers of Alaknanda and Bhagirathi basin are based evandiffisturbance parameters observed.
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Disturbances on riparian buffers or river banks weervelbsand assessed in two categories i.e.
Anthropogenic disturbances and Natural Disturbances.opogfenic disturbances were further
categorised infdega Hydro Power Projects (MHPP);Road Constructioningpaictivities;Sand
mining;Biomass removal;Tourism; Expansion of agriculture; Huab#&ationstc.while, natural
disturbances were further categorized into Invasive; pi@mser species due to habitat destruction;
thorny species in riparian buffers; Landslides; Floodst Foes. Presence (1) and Absence (0) were
the criteria used for giving a representation to thebdist@ parameter observed for the site. The
scores based on these disturbances present in thgedwaleys/locations based on personal
observations. The total CDI score ranges from minm@xo 21, to divide this range in 3 classes, the
total value was divided into three ranges that is, 21/ 3= 7 and the diffessad are as follows:

CDI score CDI category

Anthropogenic 0-2 UD (Undisturbed)
Disturbances

3-5 MD (Moderately Disturbed)

6-7 HD (Highly Disturbed)

CDI score CDI category
Natural 0-1 UD (Undisturbed)
Disturbances

2-5 MD (Moderately Disturbed)

6-7 HD (Highly Disturbed)

Physical verification of riparian buffers and river banks in BhaguaMaknanda basin could
provide information both on intensity of disturbance andampaones affected by the disturbance. In
Bhagrathi basin biomass removal, road construction, erpainagriculture, and increasing human
settlements near rivers and sand mining were observadambsource of anthropogenic pressures.
In Alaknanda basin too major anthropogenic drivers afaripaone destruction were biomass
removal, tourism, road construction and increase in humetidrad). In Bhagirathi basin based on
CDI scores Maneri, Chnyalisaur and Ghansali emerged havipgdisiginbed riparian buffers
followed by Uttarkashi, Dharasu and Batwari. In Alakriéardaprayag, Rudraprayag, Srinagar and
Devprayag were the locations were riparian buffergrifeeantly degraded followed by Haridwar,
Rishikesh, Nandaprayag and Vishnuprayag due to varisueprasd at various intensities. Gomukh,
Lanka and Bhairavghati in Bhagirathi | and Badrinath,iMAleknanda | basin were least disturbed
riparian stretches but Alaknanda basin was more disturbed in cortp&tsmirathi basin.
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Table 7-8: Characterization of anthropogenic disturbances aneters through Cumulative Disturbance Index (CDI) across
riparian buffers in Alaknanda Basin

Locations
(@)]
ol B8
g /S 5|5/ 8|z 8¢
cl| 3|l 8l glo| 8|22 2
Sl 5| E|2|s|5|8|ls|2|8 8
S| 3| 8| 8| s|3|€E|d|2|8| o0
Disturbance Parameters|] = | @ | > | Z2 | X || 0 O|x | I | F
MHPP 0 1 1 O |0 |O (1 |1 (0O |0 |4
Road construction 1 1 1 1 |1 1 |1 1 |0 (0 |8
Sand mining 0 0 0 1 /1 |1 |1 |1 |1 |1 |6
Biomass 1 1 1 1 (1 |1 |1 |1 |1 |1 |10
Tourism 1 1 1 0 1 1 1 1 1 1 (9
Agriculture expansion | 0 0 0 1 /1 |1 (0 |0 |1 |1 |5
Human habitations 0 0 1 1 |1 1 |1 1 |1 (1 |8
TOTAL 3 3 5 5 |6 |6 [6 |6 |5 |5

Table 7-9:Characterization of natural disturbance parametettsrough CDI across riparian buffers in Bhagirathi Basin

Locations

Disturbance
Parameters

Invasives

Pioneer species

Thorny species

Landslides

Floods

Forest Fire

o|q|H;|© [~ |[©TOTAL

N ORIk |o o |oGomukh

N[Ok | |0 |o|o|Gangotri

N o[ | |0 |o|o|Bhairavghati

TOTAL

N|olk|k|o|o|ollanka

N| Ok |~ |o o |o|Dharali

N Ok |~|o o |olHarsil

N |O|k |k |k |o |~ |Sukhitop

A |O|R |k |k O]+ Lahorinagpala
u1|o|rR |k |~ [~ [~ Gangnani
o|F|F|F|F |~ |~ Batwari

ok |FR|F |~ [~ Maneri

o |k |k |FR|F |~ |~ |Uttarkashi

o |||~ |F |~ |~ |Dharasu

o |k |k ||~ |k |~ |Chinyalisaur

o |||~ |~ |~ |Ghansali
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Table 7-1QCharacterization of anthropogenic disturbance parameters thwugh CDI across riparian buffers in Bhagirathi

Basin
Locations
1
% % = = § —

_ = §, S|l o |3 |= g = g 8|5 gz < § e
Disturbance E|lc|® = 5__’6 2 < |8 c % c |3 E Els 5
Parameters Olola|SIalzlal8lolals|5al0|oE
MHPP o |0 |O]|O|O]|O]|O]|O|O (O |1 (O |1 |1 |1 |4
Road construction o|12/1)0 |0 |O (1 |2 (O |2 |1 |1 |1 |1 |1 |10
Sand mining o|17,0 01|12 (O |0 (|1 |21 |1 |1 |1 |1 |1 |10
Biomass 1 /1|1 |1 |1 |1 |1 |2 |2 |2 |1 |1 |1 |1 |1 |15
Tourism of(1/0 0|2 |2 |O O (1 (1 |1 |1 |0 |1 |1 |9
Agriculture expansion 0 |/O (O (O |1 |1 |1 |O |1 |1 |1 |1 |1 |1 |1 |10
Human habitatons |0 |0 (O |O |1 (1 |1 (O |1 |1 |1 |1 |1 |1 |1 |10
TOTAL 114 |2 |1 |5 1|5 1|4 |2 |5 |6 |7 |6 |6 |7 |7

Table 7-11Characterization of riparian buffers in disturbance paranters through CDI across different riparian buffers of
Alaknada Basin

Locations
o o | <
g8 | S| s|s|8|=z|8 & L
o] B -g' c © =X = X = <
c ey = G = © o = = =
: ) T P & @ S| = v | 2 S @)
Disturbance Paramete s Nbo| Z2|l ¥l x| Ol Ol T =
Invasives 0 0 0 1 1 1 1 1 1 1 7
Pioneer species 0 0 1 |1 |1 |12 |1 |1 |0 |O 6
Thorny species 0 0 1 |1 |1 |1 |1 |1 |1 1 8
Landslides 1 1 1 1 1 1 1 1 0 0 8
Floods 1 1 1 1 1 1 1 1 1 1 10
Forest Fire 0 0 0 1 1 1 1 1 1 1 7
TOTAL 2 2 4 6 6 6 6 6 4 4

Stretch Il and Il have higher anthropogenic pressurelostries, HPP areas together with
sand mining along the bank and disposal of sewage in theikugant growth of cyanobacterial alga
producing toxins, presenceAxolla absence of sensitive plant species and presenggotdrsmt
plants indicates pollution both in water and air .The faorte comprises of flood plains have
evergreen and mangrove forest with higher LAl valug®3122. All the plant groups exhibit the
dominance of their sensitive and tolerant taxa indicatdssg polluted area. However, luxuriant
growth of Eichhorniand Azolla together with higher number of cyanobacterial and diatam
indicates that water of ponds and slow flowing river bdek isranoderately polluted. Based on the
observation on vegetation cover and water quality écesnmended that there is a need of
afforestation to rejuvenate river banks by introducfioratove water loving trees such as Arjuna,
Jamun, Bargadd€rminalia, SyzygamahFicustree species. There is also need of plantation @ annu
medicinal herbs along the bank of river and also sand mining should begedbiigtthe banks.

7-32 Assessment of Water Quality and Sediment to understdreSpecial Properties of River Ganga



Riparian vegetation and water qualit)l Sf'—t

Box 3: Extension of agriculture and change in agriculturerpctices exerts pressure on forests and riparian buffer:

Traditional agriculture plays a vital role in the livelihdodsnoers of Garhwal Himalayas. About 80% of
population is actively engaged in agricultural activitiesgriddtural land holdings per capita land are estimg
be about 0.02 hectare that is very meager. Tel@mesivering 85% of the total agricultural land arealye
rainfed while the valleys covering only15% of the argagated (close to riparian buffers). The soil, paric
under rainfed agriculture, is vulnerable to losses awthg topography, heavy seasonal rainfall and int
agricultural practices.

Rainfed and Irrigated cropfields on the banks of Alaknanda Basin, Uttarakhand

There are more than 40 different crops cultivated atoalitudinal gradient of 300 to 3000 m on the bénks
rivers. For last few decades, government agencidsehavemphasizing the use of chemical fertilizers like
and DAP to enhance the productivity of the crops. Btopping of potato, cabbagts.in agricultural croplanc
and fruits like Maltaifrusrop) and apple (in Alaknanda and Bhagirathi Basinl) am¢horticultural plots hav
replaced the traditionally valued indigenous crops of thealin (Buck Wheat, Finger millet, Cheena, Jha
Koni, Paddyetd. Commercial cropping has gradually led to the rapid dedhégenous crop diversity. W
increasing modern agricultural practices, the indigenowkedge and techniques have gradually faded
Extension of agriculture and change in agriculture frompsndigenous to cash have added to the pressuy
nearby forests for farm yard manue and loss of foreginds and river banks both (Metral 2008).

Table 7-12 Waterquality, natural and man-made pressures in differembnes of River Ganga

Tree
Zone Localities HPP & other_ Wa_ter quality cover Recommendations
anthropogenic | indicator plants LAI
value
Comparatively less
Tropical Haridwar |More or less ng growth of
) : , No need of
deciduous | and anthropogenic | cyanobacterial algagl.11-3.14 .
. . . plantation
forest Bhimgoda |pressure producing less toxin
to the river
Dominance of Afforestation
cyanobacterial algae measures to be
indicate more toxin taken to rejuvenate
in water. river bank needs
Narora, HPP, sand Dominance of introduction of
Kannouj, |mining & highe| Azolla native water loving
Fallow land Kanpur, Anthropogenic| (Pteridophytes) 1.21-1.44 trees such as
Allahabd |pressure indicates water with Arjuna, Jamun,
variety of heavy Bargad (Terminalia
metals spp., Syzygium
Absence of sensitive spp., Ficus spp.)
plant species and etc.
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Tree
Zone Localities HPP & other‘ Wa_ter quality Ccover Recommendations
anthropogenic | indicator plants LAI
value
dominance of Need plantation of
Varanasi, [HPP, sand toxitolerant plants annual medicinal
Agricultural | Ballia, mining & highe| (Lichens, <10 herbs along the
land Patna, Anthropogenic | Bryophytes, Mosses| ™ bank of River,
Bhagalpur |pressure indicates polluted Make policy to
sites. stop sand mining
Dominance of most Make policy _to_
Evergreen Less " stop sand mining
Farrakha, .| of the sensitive plant J .
mangrove anthropogenic ST 1.45-3.2] and conservation o
Gangasaga species indicates :
forest pressure native trees and
less polluted water
mangrove

7.11 Salient findings and suggestions
7.11.1 Key finding from Stretch | (Bhagirathi and Alaknanda Basin)

The main objective of the study is to assess the implacalbfomposition on the quality of
water in River GangBcosystem, habitat, biodiversity, landuse in river bamigsirdluences river
water quality at various levels. Climatic, topographicahmeoal and other micro climatic variables
have resulted in high and unique biodiversity in the Bhagil@handa and Ganga basins across the
altitudinal gradient. Following are few of the salient reffeftoon our observations and review of
literature:

x High rate of continous natural and man made disturbandeading towards fractured and
destructed riparian buffers that are rapidly encroached by invesese sp

x Despite their immense ecological and economic significance, fipasés are partially
degraded in most parts of Bhagirathi and Alaknanda basins Il and llI.

x The headwater tributaries of Ganga where pre and paosbencobservations were recorded
still support few stretches of good riparian forestr,ctwese forests have gradually almost
disappeared downstream.

X Most of the riparian buffers climatic climax in these gsmtte replaced by pioneer species,
profuse regeneration of thorny species and invasives on degpaded slo

X River conservation cannot be viewed in isolation, as ripamrfunctions as a critical link
between the terrestrial and aquatic ecosystemsre$t @& an ecological corridor both between
habitats and across elevation zones, and also as pedftegiing species with the extreme
climatic variabilities and vulnerabilities. Close associhtigpar@an buffers with socio-
economic development cannot be ignored hence; it neddssigand immediate attention for
conservation.

x Details on plant species to be planted are already been proposetdyrFBPR016).

Ecosystem based approaches (EbA) will be required limestgiarian zones that will require
both civil engineering and biological interventions including esimmunity participation by
people living near river banks.
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X Riparian forests in India are not under protection byrnssuthe rivers are flowing through
any sensitive protected or sacred site. Examples amehtbereivers emerging from core zones
of many high altitude ecologically sensitive areas arel@troacontrolled. Hence, riparian
vegetation needs to be protected and suitable policy amendment can be mad

7.11.2 Key finding from Stretch Il and Ill (Haridwar to Gangasagar)

The important characteristics of plant species usedlutiopomonitoring in an area that
should have certain important features for the suctesslho programmes. Some of the most
important features are:

X Species should be easy to identify in the field and easy to handle

X Species should have a wild range of distribution so that it can be usgdnhatéas.

X Species should be sensitive to many types of pollutathiat $bcan be used to monitor
different types of pollutants in the area.

X Species should produce highly specific damage symptomsneeréspparticular types and
concentrations of pollutants

Though all types of sensitive species can be used inrimgprptblution, most useful and
commonly used plants include sensitive species of lichens, bryplaimkies algae, aquatic ferns and
angiosperms. Bryophytes, lichens, ferns, algae andgutstiare generally more useful in pollution
monitoring because their range of pollutants specificisuadly much higher than that of higher
vascular plants. Lichen gerféhaeophyscia, Parmelia, Lecanoran@®ggimeind a number of lichen
bioindicator communities of a particular country or regidrthee bryophytes speciesSghagnum,
Bryumand Grimminaare frequently used for air and soil pollution. For moniteraigr quality
planktonic algae such RHcrocysti€yanobacterial and diatoms together with aquatic afiedns
hydrophytes are useful pollution monitors. Vegetatiosianplyysiological and yield analysis, analysis
of visible injury symptoms, histological analysis, ultra stractalysis and chemical analysis are some
of the important methods of using plants as pollution indibataritors. In vegetation analysis, the
decrease in the densities of sensitive species and indreasiensity of tolerant species is recorded.
Absence of highly sensitive species, change in tles smaeposition of vegetation and distribution
pattern of populations in the area are studied undeege¢atronal analysis method. Vegetational
analysis studies indicate the type and concentration @nelag well as the pollution problem of an
area.

7.11.2. 1ldentifiable keys in Aquatic vegetation in Streatch Il and Ill:

x Changes in diatoms community decrease in plankton algapiaic hydrophytes and spread
of Azollaindicates increased water acidity and higher concentration ofdtadsy

x Eutrophication and water blooms indicate sewage, organgc arait chemical fertilizers
pollution of water.

x Abundance oAzollaandEichhorniadicates sewage and heavy metal pollution of water.

7.11.2.2ldentifiable keys in Terrestrial vegetation in Strech Il and //l:

Based on the vegetation analysis in the four zonesstéitly area it is clear that the foot hills
of Haridwar and Bhimgoda (zone I) have less growth afbeyaerial algae producing toxins and
occurrence of normal and sensitive taxa of differerns gjeoups and also have 1.1-3.19 tree cover
indicates a pollution free area having good quality ofinvétterriver. Both the zone Il and Ill are
with fallow land in Narora, Kannauj, Kanpur, Allahabadgaimdiléural land in Varanasi, Ballia, Patna
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and Bhagalpur. The river banks in both the zone arel déwoees and vegetation LAI value 1.22-
1.40. Only herbaceous taxa dominate the localities with agricaftaral c

Keeping DPR prepared by ICFRE and FRI, Dehradun and @uenuapact assessment
report as prepared by IIT Consortium and WII, Dehratisurgently required that we understand
the importance of river health assessment. This task banseen and worked in isolation and we
need to have a multidimensional approach seeing the ugiplraftiRiver Ganga in Bhagirathi and
Alaknanda as mega watershed with its sub basin attiibetesrk will be started from one sub basin
or micro watershed hence, it will be imperative to underb&mdetsious scenario of river banks,
riparian buffers, catchement area health, land udes loanks, drainage patterns that has supported
river water quality in last many milleAidhree tier management strategy for river health most
importantly river water health reflects river watequality well associated with catchment
health, by conserving riparian buffers and reducing preare on about 50-100 m on both sides
of flowing river.
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In this study, an attempt was made to identify certairewtigtacteristics which River Ganga
is believed to possess, and in extension, understand teeimarrich they interact with the dynamic
environment. Subsequently, the impact of anthropogérites and pollution on water quality and
these characteristics has to be realized, so that the River @aeitess can be suitably conserved.

The diversity in temperature, climate, flow, physiographitirels, River bed and
anthropogenic activities is distinctly evident as the Rivefribomvupper reaches of the Himalayas to
the delta region near Gangasagar. The monitoring actinfigiseal of analysing physico-chemical,
biological, microbiological, metals and radiological charactd#risatsr and sediment in two seasons
along the entire stretch of the River Ganga and majdati@és. Further, all these characteristics were
compared with River Yamuna and River Narmada. The af@lythés vast array of parameters
upstream and downstream of major towns, dams or conflwareesseful in observing changes in
the water quality. Further, dedicated field and labobatsey studies conducted helped in drawing
information about the unique characteristics and understanditigribe behind them.

Owing to the broad scope and the extensive amountlotamied out on numerous aspects
of this project, the conclusion to the project cannoprbsented from a single viewpoint. It is
imperative to consider the inferences of variety of comtgoimeorder to justly draw out an apt
conclusion. In this regard, some of the important péxgsewhich are considered to conclude the
study are as follows:

1) Inferences of each component of the study

2) Inferences about the interaction and inter-relationships bg@vaereters/components

3) Addressing the objectives of the project, and concludinghieoperspective of the overall scope
of the project

In addition, recommending certain necessary actions andasdidysuggestions, also is an
important element in conclusion.

Ganga basin exhibits appreciable diversity with respdondte ovhich varies the water
temperature seasonally and along the length of the Rivera physical factor which influences
dissolution of atmospheric oxygen, micro flora and faunatlardbiotic/aboitic processes. The
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other physical characteristics like odour and colour privamnlydue to sediment load and
anthropogenic activities surrounding a specific location.

The River can be classified based on the regime viarhigant flow with narrow river bed
in Stretch |; moderate velocity, wide river bed and braideieh fRivetch 1lI; and, controlled shipping
channel in Stretch Ill. These different flow charaotsredong with changing anthropogenic activities
impact the water quality.

Further, the river can be distinctly divided in two regiamsisg from Gomukh to Haridwar
(Stretch 1) and Haridwar to Gangasagar (Stretch Il &a$@d on chemical aspects of water quality.
The variation in water quality parameters can be distemtlyasross the stretches with limited
variation within the stretches themselves. This indicaesheéh water quality tends towards
degradation along the River. The water quality at masinsda the River remains below the BIS
Drinking Water Quality Standards, with exceptions sudrdseds, Aluminium, Manganese, Arsenic,
Chromium and Lead at select locations. However, orgatacnic@tion, mostly from domestic
sewage, can be observed throughout the Stretch lll.aktigher BOD values than the CPCB
prescribed Surface Water Quality criteria were obsemeidtiplie locationsThis further implies
that overall water quality remains below the drinking wat standards for chemical parameters
but also pollution due to discharge of domestic sewageanranting immediate attention in
controlling sewage and waste disposal even from villages and townsiles cities.

Microbiological parameters viz., total coliforms, faecalrroglifandE. Colialso show an
increasing trend in terms of degree of contamination Rvéndlows through small towns and cities.
One of the criteria for selection of sampling locationsovea®id direct influence of any major drain
and to represent the overall water quality of the Rivesence of indicator bacteria upstream of the
towns suggests that contribution of untreated séwaggroup of villages and towns along the banks
of the River also degrades the water quality from the iologatal perspectivépart from
construction of sewage treatment plants along major draing ithe cities, interventions like
Individual Household Latrines (IHHLS) with proper excreta management should also be
considered in these villages and towns along the River.

Heavy metals like chromium and lead were found above thedoWedter Quality Standards
at only one location along the entire stretch, ; hquawemium was detected in all the locations in
Stretch Il, though it was below the acceptable limitr dsepBrinking Water Quality Standard. Thus
monitoring of water quality and more stringent measurefd diwmutaken to arrest chemical
contamination of the river.

Agricultural activities are commonly observed along theslR&dérom Harsil to Gangasagar.
The use of pesticides for agriculture in the surrouneagia limited in Stretch | but increases rapidly
as the River flows through the plains. Pesticidesgififprae usually less thagiL concentration in
natural waters. The water quality monitoring did not aelyesenfirm the presence of pesticides in
the flowing River. The quantum of River water and dilia@or is primarily responsible for these
pesticides to be below the limit of quantification. Howéeenature of pesticides, to partition to the
sediment and then accumulate over a period of time, cahelt@crobial diversity in the shallow
waters. Thus, an effort to convert the pesticide based agriculte to organic farming should be
considered and encouraged.

Other parameters, which indicate anthropogenic impadtomadras part of this study were
four pharmaceutical and hormone (emerging contamiMajs).causes of finding pharmaceutical
and hormones in River water are sewage/industrial wast#aetarge and anthropogenic activities.
The compounds were detected at certain select locafibesefore, regulatory framework is
necessary to restrict these emerging contaminants froemtering into the River. Restrictions
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should be imposed on the disposal of dumps, garlands, dl$, flowers and other articles,
cremation activities, etc.These restrictions can be prioritized by consideringhtigvedocations in
ZKLFK WKH\ DUH ZLGHO\ SUHY D OEHHQ W D NH @ (G LARNJLHRDQA LLQQIL X
course of River Ganga by implementing strict restricticm&ioities contributing to River pollution.
Further, it is necessary to develop prioritization of emergimaminants and their evaluation in
different water sources. Funding programs on the hisklthssessment can facilitate important
information on the cause and effect relationship. Occer@nemerging contaminants in water
sources can be correlated with the adverse health iompdces exposed population. Conventional
methods used in the sewage treatment plants (STPs)etfeutiobly remove emerging contaminants
(drugs, hormones etc.) from the wastewater. Theefforés are needed to adopt technologies at
sensitive locations for treatment that can efficiently remove enggng contaminants.

Thus, seasonal monitoring along the River indicates thahfoacteristics affects the water
quality but increase in anthropogenic factors like agacuttdustries, , canals and drains as River
flows from Stretch | to stretch Il also contributes significeowards the change in water quality.

The relative change in upstream and downstream of impountlkeeatsManeri and Tehri
Dam; major cities, towns and canals like Bhimgoda barralgelpcenunderstanding the impact on
water quality; however, the interpretation of relataregethas limitation when the upstream water has
high pollution pressure. High withdrawal, low flow and discl&rgxcessive sewage than the
assimilation capacity of the River have an impact omwaliey parameters. Withdrawal of water at
Bhimgoda barrage and low flow downstream of Tehri Dam reshésdecrease of dissolved oxygen
concentrations in the wateience, it is safe to conclude that withdrawal of waterdm network
of dams, barrages, canals etc, are as detrimental as dmsaje of sewage/industrial wastewater
and therefore need to be regulated considering minimum envirarental flow.

Another important aspect during monitoring was microbial ityivensd presence of
bacteriophages in River Ganga. Water and sediment sdnipilesr @canga were analyzed for
presence of bacteriophages. It was observed thaerideof bacteriophages present in water and
sediment, and also the trend of bacteriophages agdingepat, non-pathogenic and opportunistic
pathogenic bacterial isolates were found same. Bactesaphagter samples were found to be more
in number than sediment samples from the upper streRikesf Ganga. But in case of the Stretch
between Bijnor and Varanasi, lesser number of bactgaspias found in water than in sediment.
Comparison between the two stretches of River Yamunataddithat lesser number of
bacteriophages against bacteria in Stretch |, whetsas riumber of bacteriophages was found
against bacteria in the sediment samples from Stretchihié 8tretch of River Narmada between
Amarkantak and Omkareshwar, comparatively higher numbactefiophages was found against
bacterial species from water samples; but in sedimenessaegual amount of bacteria and
bacteriophages were detected. In the Stretch from Omkare® Bharuch, higher number of
bacteriophages were found against bacterial speciesofio water and sediment sampléhe
comparison of River Ganga with Rivers Yamuna and Narmada showdidgher numbers of
bacteriophages against pathogenic bacterial species in River Ganga.

The viral metagenome has been assembled and analysed in the sedivezr@anf& in the
middle stretch starting from Bijnor, Narora, Kannauj, Kaglahabad, Sangam, Mirzapur and
Varanasi. The fresh water sedimentary metagenome-virfenes tildm the earlier viromes collected
from other fresh water sediments, as, the fresh sediarents from the River Ganga not only house
novel viromes, but also include unexplored double stranded DMN&svilBacteriophage was
represented by the ord€audoviraledich shared the 57% of the total viral community. Furthe
analysis also showed the presence of fa®ipésviridae, Podovigad&lyoviridaéAmong these
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familiesMyoviridaghared most of the viral encoding sequences i.e. 2B8ctatal viral community,
followed bySiphoviridgd&9%) andPodoviridaehich shared 8%l his study revealed variety of
different phages that are reported to have specific bacicidal activity against clinical isolates
and pathogenslike MycobacteriBtreptococ@srudomonérsiniaSalmonell@taphylocackiebsiella
Vibrig ShigelleClostridium, Acinetobacter, Erwinia, Aeromonas, Gerlodracti@nterobactersand
Campylobaetezn in this contaminated stretch of River Ganga.

Another key aspect was to understand the biodiversgyttaostretch. The main objective of
the study is to assess the impact of floral compositidgheoquality of water in River Ganga
Ecosystem, habitat, biodiversity, land use along the River bagil sifluences River water quality at
various levels. Climatic, topographical, geographical andaoititgles have resulted in highly diverse
and unique biodiversity in the Bhagirathi, Alaknanda sub-&adithe Ganga basin across the. High
rate of continuous natural and man-made disturbance is keadinds fractured and destructed
riparian buffers that are rapidly encroached by invasoressfiRiver conservation cannot be viewed in
isolation, as riparian zone functions as a critical linkebetfveeterrestrial and aquatic ecosystems. It
serves as an ecological corridor both between haldta@israss elevation zones, and also as refugia
protecting species with the extreme climatic variabifilegulnerabilities. In addition, the close
association of riparian buffers with socio-economic developarerot be ignored; and hence, it
needs significant and immediate attention for conserviatiosystem based approaches (EbA) to
stabilize riparian zones will require both civil enginering and biological interventions
including active community participation by people livirg near River banks. Riparian forests in
India are not under protection by law unless thesRiverflowing through any sensitive protected
area or sacred site. Examples are there where rivggimgiinem core zones of many high altitude
ecologically sensitive areas are encroached or corittefied, riparian vegetation needs to be
protected and suitable policy amendments are to be made.

Considering the reports from various institutes such as WII, IFREI&nd FRI, it is urgently
required that we understand the importance of river sattksment. This task cannot be seen and
worked in isolation and we need to have a multidimensionalchpprdlaree tier management
strategy for river health, most importantly river watehealth, reflects river water quality well
associated with catchment health, by conserving riparianuffers and reducing pressure @
about 50-100 m on both sides of flowing river.

The other key aspect of the project was to assesatthie of unique characteristics of River
Ganga.

The anti-microbial activity of River Ganga was assess#tctothe water quality monitoring
activity, where samples from River Ganga were analygm@stemce oE.coli was the baseline
information upon which the experiments were designed anac#tiens chosen. The results of
experiments exhibited certain antimicrobial activity, in. Watexs seen that the anti-microbial
activity was slightly pronounced when the action of wat in combination with sediment was
considered. In comparison, the water and sediment sampglefrom Rivers Narmada and
Yamuna showed an increase i.co/i count.

Certain metals, such as silver and copper, exhibit oligodeffectichrough which they
contribute towards anti-microbial activity; and these metalsdetected in water and sediment of
River Ganga. However the experimental results from afoimhibition studies, to check this
oligodynamic effect showed no formation of zone around & thereby suggesting that the
concentration of these metals are not significant etmugipart anti-microbial properties. Further,
experiments were also conducted to determine minimum cat@erdf copper and silver ions that
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exhibit zone of inhibition. Minimum concentration of coppethabhshowed zone of inhibition was 5
mg/L while for silver it was 2 mg/L.

Thus, the causative factors for this anti-microbial astéh in the samples from River Ganga
could not be definitively described. A thorough understaofdimg kind of anti-microbial activity and
the causative factors requires further experiments whicimcitygle aspects in its framework.

The high dissolved oxygen even when substantial orgam@$obding discharged into the
River was observed as during the monitoring activity. Aet@npive approach to understand all the
processes governing D.O. concentration at any locatsotaken. The studies clearly indicated that
D.O. in River Ganga varies considerably in the shorwbere the range of variation is almost about
5 mg/L. The results from the diurnal measurements aldy otelrated that processes other than
organic loading impacted the D.O. of River Ganga, especthlly 8tretch Il. There is a strong
correlation and direct proportionality between sunlight &ddDring the day, but the D.O. lags in
time with respect to change in sunlight. In summaryngeesé phytoplankton contribate
significantly towards high DO in this stretch of the Rivechvis also the stretch receiving maximum
pollution load. The other factor causative for quick asseimdairganic load might be the settling of
organic matter, which thereby exerts an oxygen denthadieeper sections of the River, and causes
oxygen depletion in these deeper sections. Howevettetloé diffusion of D.O. across the vertical
cross-section of the River depends on a variety ofsfaictoluding turbulence and velocity, and
therefore, it is difficult to quantify the rate at which D.O. dealmeg the depth.

D.O. and B.O.D have been conventionally used to classififage water body for its
designated use, and to evaluate the general water fittaditRiger. However, the results from this
experiment stress the need to consider other aspéwtsRifer to understand its water quality. The
time of day when D.O is measured in the River is also impandmbinimum D.O during the night
should be considered as critical D.O for the river systeaghThmh diurnal variation in D.O. was as
per expectations, assimilation of organics load in this psthaeteti of River Ganga cannot rule out
special characteristic through contribution from plasktmmother indicator of pollution. After all,
River Ganga finds its own way to survive despite unatspedal of waste, however warranting
immediate attention to protect it and its special properties.

The diversity in temperature, climate, flow, physiographitrefls, River bed and
anthropogenic activities is distinctly evident as the Rivefribomvupper reaches of the Himalayas to
the delta region near Gangasagar. The monitoring activgyiseal of analysing physico-chemical,
biological, microbiological, metals and radiological charactdnsttsr and sediment in two seasons
(pre- and post-monsoon) along the entire stretch dRittee Ganga and its major tributaries. The
analyses for this vast array of parameters upstreéatavamstream of major towns, dams, diversions
or confluences were useful in recognizing changeswatdrequality. Further, dedicated field and
laboratory based studies which were conducted helped ingdrdaimation about the unique
characteristics and understanding the science behind gwmnindations based on the findings of
the study are includeduaald.

x The river can be distinctly divided into two regions spanning from Gantdahdwar (Stretch
I) and Haridwar to Gangasagar (Stretch 1l & Ill) baseth@mical aspects of water quality. The
variation in water quality parameters can be distincthagess the stretches with limited
variation within the stretches themselves. Discharge dtbosegvage was the primary reason
for higher BOD values than the CPCB prescribed Surfaee @¢elity criteria (3 mg/L) in
Stretch 1l and Ill. Microbial contamination indicated by totdbins, faecal coliforms aid
colincreases as the River flows through groups of vibaggstowns and citi€kowns and
large villages along the river are also growing and contriteiuto increasing pollution load
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due to discharge of untreated sewage warranting implemgtion of decentralised
sewage treatment plants preferably reusing treated sayeafor non-potable purposes.
Similarly, drains already identified by CPCB through thetudy should also have proper
treatment system. Villages along River Ganga must have Indiual Household Latrines
(IHHLs) with proper excreta management.

Metals like chromium and lead were detected at some locatiBioeteh Il. Higher
concentration of these metals was observed near fewiatided areas. Thus analysis of metals
should be included in the routine river water quabtyitoring plan and more stringent
measures such as Zero Liquid Discharge (ZLD), closure/dfting of the industries
outside catchment should be initiated to arrest chemical contamation of the river.
Agricultural activities are commonly observed along thebRinkefrom Harsil to Gangasagar.
The use of pesticides for agriculture in the surrounéiag iacreases rapidly as the River flows
through the plains in Stretch Il. Pesticides were detdctmma locations at very low
concentrations. The quantum of River water and dilutitor fa primarily responsible for the
lower concentrations. However, the nature of pestimdpartition and accumulate in the
sediment over a period of time alters the microbial diversitije irshiallow waters.
Organochlorine and OrganoPhosphorous class of pestitideése monitored in the river
water. Thus, converting from pesticide based agriculture to orgam farming must be
initially considered in the stretch between Narora and Rlhabad due extensive farming
activities and reduced flow in the River.

Other parameters, which indicate anthropogenic impactpredras part of this study, were
four pharmaceutical and hormones (emerging contaminsl@®y. causes of finding
pharmaceutical and hormones in River water are sedasgfei@h wastewater discharge. These
compounds were detected at certain select locations stidfoikata, Patna and Bhagalpur, in
very low concentrations (parts per trillion). Conventiecahologies used in the sewage
treatment plants (STPs) cannot effectively remove ggnesgtaminants from the wastewater
(Cabralla et al., 2004). Prioritization of emerging conttsnamah their evaluation in water
sources should be initiatékherefore, a regulatory framework is necessary to mooit
these contaminants. Further, monitoring with respect toDiclofenac, Primidone,
Testosterone and Progesterone in wastewater from major hispecialty hospitals and
pharmaceutical and cosmetic industries situated in KanpuBhagalpur, Allahabad and
Varanasi must be undertaken. Appropriate mitigation measuwsdike inventorization and
proper disposal of expired pharmaceutical waste as per GRS343(E). [2803-2016] Bio-
Medical Waste Management, Rules, 2016 must be enforced.

A change in DO downstream of the dam was observed whittbigeal to controlled flow
and quantum of water released. Reduction in flow duehtiramial of water at Bhimgoda
barrage also has an impact on DM{&nce, minimum environmental flow must be
maintained in the River for dam and diversion projectsot minimise impact on water
quality.

Although the impoundment of water due to dams such asi adiefehri regulate the flow
downstream, they do not alter the chemical charactefigtiesveater considerably. A major
impact of the dam was on the sediment load carried byehewRere a considerable reduction
was observed downstream of the dam due to settling is¢heoire It was observed that the
anti-microbial activity was pronounced with the combinatiovatef and sediment samples
through a series of laboratory experiments uSiogias the indicator microorganism as
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compared to water and sediment samples in isolation. The water sediastimnraiso plays a
critical role in proliferation of bacteriophages. Reductoouimt of bacteriophage isolates in
the Tehri reservoir substantiates this findifige environmental flow calculations should
also include minimum sediment transport and sediment flow mustéomaintained.

Riparian forests in India are not under protection byressuthe Rivers are flowing through
any sensitive protected area or sacred site. Ecosydigat, biodiversity, land use along the
River bank of river Ganga in also studied locations reff@ctanr health that influences river
water quality at various levels. High rate of continausahand man-made disturbance may
lead towards fractured and destructed riparian buffer@reéhedpidly encroached by invasive
species and culminating into incomplete or retrogressogssan. The scenario was quite
evident at all stretches. Results of Ganga water sanydes amdicate organic fingerprinting
leading to presence of terpenes and related compounddiphyittads/secondary metabolites.
Ecosystem based approaches (EbA) to stabilize riparian zon&sgll require both civil
engineering and biological interventions including actte community participation by
people living near River banks, along with suitable poljcamendments.A large number

of medicinal herbs growing in sub alpine and alpine régn near Gomukh, Bhojbasa,
Chidbasa, Gangotri and adjoining areas must be protected amqdantations as per the
recommendations in the DPR prepared by Forest Researchshitute (2016) must be
promoted.

Another important aspect during monitoring was microbial divensd presence of
bacteriophages in River Ganga. It was observed ttrahthef bacteriophages present in water
and sediment, and also trend of bacteriophages agaimgfeipathnon-pathogenic and
opportunistic pathogenic bacterial isolates were found Baoteriophages in water samples
were found to be more in number than sediment sampleStieteh I. But in case of Stretch
I, lesser number of bacteriophages was found in hateintsediment. The viral metagenome
was assembled and analysed in the sediments of River G&trgéchnl. The fresh water
sedimentary metagenome-viromes differed from the earliersvimlieeted from other fresh
water sediments. The fresh water sediments from tee Ganga not only housed novel
viromes, but also included unexplored double stranded DNA virlgsseriophages
monitoring and metagenome studies should be periodicallyngdertaken to assess the
changes in the number of bacteriophage isolates at select locations.

The monitoring activity showed a high and near saturatioent@tion of DO throughout the
River Ganga, in spite of substantial organic load beinggiscimio the River. The presence
of phytoplanktons contributed significantly towards aadatrvariation of about 5 mg/L.
However, it is important to understand the diversity obplayiktons which is also an indicator
of pollution. DO and BOD are conventionally used to classtyface water body for its
designated use, and to indicate the general water quadlity Bfiver. The time of
measurement of DO during the day is critical, and minimm DO during the diurnal
period should be considered for conformation with the mns of Surface Water Quality
Criteria.

Presence of high organic (disposal of ritualistic materiaffenty such as flower, milk etc.)
and inorganic (such as agricultural and industrial flow mantahosphorus, nitrogen and
micro-nutrients) pollutants and disposal of sewage sup@agtawth of planktons in river
Ganga.Thus, disposal of ritualistic material must be prevented from enterintpe river.
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River Ganga finds its own way to survive despite unabateshdaf waste yet warranting an
immediate attention to protect it and its special propekpeast from major interventions such as
building STPs, maintaining E-flow, and building IHHLS, bgrajioutrestrictions on cremation
activities; disposal of dumps; immersion of idols, garlads, and flowers should be practiced.
These restrictions should be prioritized by consideringhe sensitive locations where they are
ZLGHO\ SUHYDOHQW ,Q DGGLWHRQWR QA WHIDMWH. YWD IMKRROGE LEB |
River Ganga by implementing strict restrictions on activitiesantributing to River pollution.
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