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Chapter 1 Introduction
1.1

Preamble

Rivers are the most important surface fresh water resource in the world. The total volume in
world‟s rivers is about 2,115 km3 (Groombridge & Jenkins, 1998). Rivers are easily accessible, and
useful in multiple facets. Most perennial rivers are primary renewable water resource for agriculture,
domestic and industrial use. Additionally, they are vital for navigation, aquatic life, and generation of
hydroelectricity. In short, rivers are indispensable in maintaining environmental equilibrium and for
human development. Accordingly, it is clearly evident that all the civilizations, since ancient times till
date, have thrived along major rivers of the world (Hillel, 1992) (Winner, 2012). Consequently, the
rivers held the positio prima in all parts of the ancient world. As the world entered the modern era, on
the advent of technology and industrialization, the essentiality of rivers and our dependence on them
has increased (Hillel, 1992).
The Ganga is not just a River; the mythological importance associated with the River is deeprooted in the Indian culture and is considered a „Holy River‟. The status and recognition which River
Ganga has attained, in India and worldwide, is a wondrous one. If a person deliberately makes up his
mind to clear all his conceptions about the reverence towards River Ganga, its glory and its mystic
characteristics; and decides to ponder about what really makes the River outstanding, there is a logical
path on which his thoughts can tread on.
A shrewd scientist, who would not want to delve into the uniqueness and beneficial
characteristics of the River Ganga, and not indulge in any mythological background which the River
has, would see the River as one of the many river systems across the world. Even in this sense, River
Ganga is an important river system of the world. The Ganga-Brahmaputra-Meghna composite river
system, which drains a massive 1.7 million km2, is one of the largest river systems in the world by
drainage area (Arnold, 2000). The trans-boundary river has a basin spread over four countries – India,
Nepal, China and Bangladesh. River Ganga is fed by snow-melt water from Himalayan glaciers and also
by sub-surface flows and Plateau Rivers; and flows perennially. The River flows for 2,525 km1 making
it the 39th longest in the world2 and second in terms of the total suspended load which is 524 Mega
tonnes/year (Tandon, Sinha, Gibling, Dasgupta, & Ghazanfari, 2008) (IIT Consortium, 2013). This
perennially flowing River has spurred development in the entire basin. Dams and barrages have been
built with an intention of providing energy and massive increases in food production. Some parts of the
River are used for navigation. The River carries fertile alluvial sediment from the Himalayas and
deposits in the plains of Uttar Pradesh, turning the latter into one of the most fertile alluvium plains in
the world (Taneja et al., 2014). Most importantly, the Ganga basin supports a population of about 600
million and generating over 40% of India‟s GDP in this region (The World Bank Report No. STEP705,
2011). All these physical and natural attributes of the River Ganga already make it an important and
special river system of the world.
River Ganga is enshrined in the psyche of the majority of Indians as mother Ganga. People
have an involuntary and natural sense of reverence towards the River Ganga, devoid of the facts and
figures mentioned above. For them, the River has given birth to civilization itself, nurturing life from
time unknown. In addition, there is a strong mythological and mystic belief attached to the River. The

1

The Merriam Webster Geographical dictionary Invalid source specified. and Berga.L. Invalid source specified. have
indicated the length of the River Ganga as 2,505 km and 2,550 km respectively.
2
The rank is based on comparing the lengths of other major rivers reported in peer reviewed literature.
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People throng to worship the River Ganga at Haridwar,
Uttarakhand

river is central in much of the spiritual and cultural essence of this country. There is something about
the Ganga which people say makes it special; something unquantifiable. For some, it is the strong
rooting in religion, which in turn points to mythology; and ardently worship the River. Others claim to
have witnessed some of the beneficial properties of the River Ganga, such as its ability to remain fresh
for long periods, and positive effects on one‟s health; properties which are believed to be unique and
venerable.
This distinct superiority and extraordinary dimensions of the River Ganga have been sung by
sages of old in India. The Himalayas, where the River Ganga originates, has been an abode of spiritual
thinkers since ancient times. Great urban centres of old such as Varanasi and Pataliputra (now Patna city)
1-2
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thrived along the banks of the River Ganga. Many renowned travellers of the medieval era such as Ibn
Batuta and Jean-Baptiste Tavernier wrote exclusively about the Ganga in their travel accounts. Amidst
industrialization in the Ganga basin during the British colonial period in the 19th century, Western
thinkers and scientists acknowledged certain unique characteristics that the River Ganga was known to
possess. Homebound British used to carry the Ganga Jal to England and discovered that the water
remained fresh throughout the journey. British physician Ernest H. Hankin was a pioneer in studying
the scientific aspect of such characteristics of the Ganga water. It laid the foundation for further
research by Felix d‟Herelle who traced it to the action of phages. Dr. D.S. Bhargava unveiled yet
another unique aspect of the River Ganga – its capacity to retain high level of dissolved oxygen and
rapidly rejuvenate. His work in the 1980s explored this property of River Ganga with great scientific
details (Bhargava D. , 1983) (Bhargava D. , 1987).
Therefore, the general supposition includes two facets to the reputation surrounding the River
Ganga. Firstly, the natural aspects, such as the vastness and the physical aspects associated with the
river basin itself, along with the massive population it supports. The second is the uniqueness,
mysticism, and the beneficial properties which are believed to be in the Ganga water. However, when
we look deeper into the subject, we can gather that the two aspects are not completely disjoint, and may
have common ground in many areas. It is a very plausible argument that the sheer diversity within the
Ganga River basin, are causative in imbibing certain beneficial properties. The Ganga basin is diverse in geology, climate, vegetation, and aquatic ecology to mention a few.
The Ganga basin, and especially the region along the River Ganga, has been characterized by
rapid urbanization and industrialization in the past few decades. The River has been tapped as an
indispensible natural resource, and thereby impacting most or all of its natural and physical
characteristics. These anthropogenic activities have impacted the water quality of the River Ganga and
the interactive environment of the River system. While attempting to carry out a scientific study to
understand the water quality and special properties of the River Ganga, it is necessary to examine the
River in its entirety, as a dynamic and interactive river system. There are numerous factors which are
interdependent and interact to impact the water quality of the River Ganga.
It is necessary to monitor the River for these various parameters, and understand the
interrelationships. Information about the impact of anthropogenic activities and the nature of special
properties is brought to the fore as a result of comprehensive understanding of the River‟s

Faithful worshippers and
pilgrims taking bath in the icecold waters of the Ganga at
Gangotri : A common sight
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environment.

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

Ernest Hanbury Hankin, one
of the pioneer researchers on
River Ganga

Source:
https://en.wikipedia.org/wiki/Ernest_
Hanbury_Hankin

In these lines, this study aims to understand the Ganga River system, and its interactions with
the natural environment which have an impact on its water quality. The study includes the analysis of
water and sediment throughout the River Ganga for an exhaustive list of parameters. In addition to the
information derived from the analyses, dedicated experiments have been undertaken to provide crucial
information about special properties in the River Ganga. The impact of change in water quality and
anthropogenic activities on such special properties has also been discussed by collating the findings
from each component of this project. Similar study has been undertaken on two major Rivers of India
– Rivers Narmada and Yamuna, to obtain comparative information about the causative factors for
impact on water quality and the nature of special properties. This study is supported by National
Mission for Clean Ganga (NMCG), Ministry of Water Resources, River Development and Ganga
Rejuvenation (MoWR), Government of India. Chapter 1 describes course and diversity of River
Ganga and factors likely to affect water quality such as hydrology, 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

River Ganga

2. Carry out

extensive analyses
for various

parameters which
impact water
quality
3. Assess the status

of flora in the

riparian zone,
especially in the
upper catchment
4. Extensive

literature search
and review for
water quality in
River Ganga
5. Understanding

the possible

special properties
exhibited by
River Ganga

Over pre-monsoon and post-monsoon seasons
70 locations from origin to confluence
Comparative study with Rivers Narmada and Yamuna
Extensive array of parameters such as trace metals, pesticide residue, endocrine disruptive
compounds, radionuclides, and planktons
Bacterial diversity including a comprehensive study on phages

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

Deriving information from numerous studies on River Ganga, from peer reviewed literature
and credible sources

Carrying out field and laboratory based experiments focusing on special properties
Drawing information from the water quality assessment and sediment characteristics to aid in
understanding special properties
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Fig.
1-2: River Ganga
Fig 1-2:
at select locations
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Given above is a map of the document and the interrelationship between the contents of this
report, and the chapter in discussion is highlighted to guide through the report.

1.2

Course of the River

River Ganga is part of the Ganga-Meghna-Brahmaputra River system. The Ganga River basin is
spread over 8, 62,769 km2 and drains about 26 % of the geographical area of India (Central Water
A view of the Satopanth glacier where River Alaknanda
originates

Source: http://indiegenous.blogspot.in/2011/02/satopanth-tal-trek-day-2
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Commission - WRIS, 2014). The River flows through five states of India before it drains into the Bay
of Bengal. River Ganga has five major headwaters, apart from the main streams – Bhagirathi and
Alaknanda, all of which are snowmelt streams from the Himalayas. The River takes its name as Ganga
after River Bhagirathi and River Alaknanda join at Devprayag.
Bhagirathi originates at Gomukh (30055‟30” N, 7904‟52” E, Elevation: 4305m WGS84 Source: Google
Earth 7.1.5.1557, Imagery Date: 26/09/2014), gushing out from under the Gangotri Glacier. Bhagirathi flows for
18km and passes by Gangotri, and further travels about 75km till Maneri where the stream is arrested
for the first time for hydroelectricity generation. Bhagirathi rapidly descends the Himalayan slopes for
another 113km to join with Alaknanda at Devprayag. Alaknanda originates from the Satopanth glacier
(30047‟ N, 79026‟15” E, Elevation: 3587m WGS84 Source: Google Earth 7.1.5.1557, Imagery Date: 27/09/2014).
Saraswati, a headwater tributary of Alaknanda is the first to join at Mana Village, and flows about 5km
to reach Badrinath. About 35km downstream of Badrinath, Dhauliganga joins Alaknanda. The river
traverses about 150km to join Bhagirathi at Devprayag.
The River descends to the lower Himalayas, the Shivaliks, and reaches the town of Rishikesh.
The Ganga then reaches Haridwar where the Bhimgoda barrage across the river diverts about 80% of
the water. This lends the Ganga flowing in a braided manner, with dwindling discharge. The river heads
down South, flowing past the city of Bijnore, and reaches Narora. Ganga heads South-East thereon,
with the Ramganga joining at Kusumkher and the Kali River joining at Kannauj, augmenting the flow
of Ganga.

River Bhagirathi gushing out from under
the Gomukh glacier
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The iconic Howrah Bridge at Kolkata city was built in the year 1943 across
the River Ganga. Numerous developmental projects have been undertaken
along the River Ganga, especially around the urban centres

River Ganga enters the industrial belt of urban centres –Kanpur, Allahabad and Varanasi. The
canal network of Upper Ganga Canal and Lower Ganga Canal eventually re-join River Ganga at
Kanpur, and further downstream of Kanpur as well. Allahabad is the renowned site of confluence of
the two major Himalayan Rivers - the Ganga and the Yamuna. The River turns East and heads towards
Varanasi, before reaching which; the River Tons joins Ganga at Sirsa. The River flows for about
1000km in the State of Uttar Pradesh (UP) and flows for 110 km forming the natural state borders
between UP and Bihar. The River Sone and River Gandak join the Ganga near Patna city. Kosi is
another Himalayan tributary which joins the Ganga at Kursela, near the town of Bhagalpur. The Ganga
travels 405km in Bihar, after which it enters the state of West Bengal. The Ganga at this point splits,
forming the Hooghly River and the Ganga-Brahmaputra complex. The former continues to flow
Southwards in India into the Bay of Bengal whereas the latter crosses the international border and
flows into Bangladesh. The Hooghly characteristically forms a delta while it terminates in the Bay of
Bengal, and the region is home to one of the largest halophytic mangrove forests in the world - the
Sunderbans. Gangasagar is one of the largest islands in the Sunderbans and marks the mouth of the
Ganga.
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Fig. 1-3: Ganga basin and River Ganga
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
1.3.1

Diversity in the Ganga Basin
Topography

The physical boundaries of the Ganga Basin are the Great Himalayan ridge to the North,
Brahmaputra ridge to the East, slopes of the Aravalli range to the West, and the slopes of the Vindhya
and Chotanagpur plateau to the South (Sanghi & Kaushal, Introduction to Our National River Ganga
via cmaps, 2014). The Ganga basin has a vivid topography. However, 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 collision of Indian
tectonic plate with the Eurasian plate, and its consequent subduction, about 25 million years ago. The
headwaters of the River Ganga originate at the terminus of many glaciers of the Himalayan Range. The
altitude in this region ranges from 2500-4500 m3. The region is home to many of the tallest peaks in the
world4. Snow-capped surfaces and alpine vegetation are characteristic of this region. The River flows
for about 100 km in this region5. The region is very steep6 and the geological formations have
The Gangotri group of mountains. The ridge separates the glaciers from
which Rivers Bhagirathi, Alaknanda and Mandakini originate

3

The average altitude range is for the River Ganga, and not the entire physiographical region
The Gangotri group of peaks are mountains especially around the Gangotri glacier, of which Chaukhamba (7,138 m),
Kedarnath (6,940 m), Shivling (6,543 m), Meru (6,660 m) and Bhagirathi (6,856 m) are the notable peaks
5
This roughly corresponds to the distance traversed by the River from Gomukh to Chinali Saur near Tehri
6
The average slope in this region is about 1 in 67 (Sanghi & Kaushal, Introduction to Our National River Ganga via
cmaps, 2014)
4
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numerous folds and faults. The soil type is dominated by alluvium consisting of minerals like illite,
chlorite and kaolinite (Sanghi & Kaushal, Introduction to Our National River Ganga via cmaps, 2014).
The drainage in this region is a combination of direct-runoff from precipitation and melting of glaciers.
The soil-type and geological formations make the land highly susceptible to erosion. Land use in this
region is very limited, although terrace farming is practised in lower altitudes (~<2000m). River Ganga,
while flowing through this region, provides appreciable potential to harness hydroelectricity. The
course which River Ganga and its tributaries take in the Himalayan region is characterized by sudden
changes in bed slope, waterfalls, and narrow gorges.
The Shivaliks: The Shivalik hills are the parallel highlands to the South of the Himalayan
range. The range is about 50 km wide and has an average altitude of 1,500 m (Kohli, 2004). It is
extremely hard to distinguish between the Lower Himalayas and the Shivaliks, when descending from
the Himalayas onto the plains, as they seem to be contiguous.
The region is characterized by hills covered with Himalayan moist temperate vegetation. The
River flows for approximately 150 kms7 in this region. A larger fraction of the land has been cultivated
as compared to the Himalayan region, and terrace farming dominates agricultural practices. Larger
settlements, such as Tehri, Chamba, and Rishikesh, lie in this region.
Gangetic Plains: The River Ganga, along with River Yamuna, erodes the poorly consolidated
sedimentary rocks of the Himalayas and deposits the sediment layer-by-layer in the plains, resulting in
almost a kilometre thick alluvial wide valley plain (NGRBA & TERI, 2011) (Sanghi & Kaushal,
Introduction to Our National River Ganga via cmaps, 2014). These aquifers extend beyond the basin
and account for massive deposits of groundwater in India (CGWB, 2009) (CWC, 2010) (CGWB, 2012).
Large interfluves separate the valleys in the Gangetic plains. Sea level, coupled with climate and tectonic
activity has shaped the fluvial morphology of the lower Gangetic plains and the delta (Sinha, Tandon,
Gibling, Bhattacharjee, & Dasgupta, 2005). The Gangetic plains are further sub-divided in
physiographic regions such as (NGRBA & TERI, 2011).

7

This roughly corresponds to the distance traversed by the River from Tehri Reservoir to Haridwar
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Source: https://en.wikipedia.org/wiki/Uttarkashi

Uttarkashi is a major town in
Uttarakhand, on the banks of the River
Ganga

Trans-Yamuna plain on the Western end occupying the states of Haryana and Rajasthan
Rohilkhand and Avadh plains occupying the region between the Ganga and foothills of the Himalayas in
the East
North Bihar Plain occupying the riparian land to the north of the River Ganga in Bihar. North Bengal
plain and the Bengal basin which are the plains between River Ganga and the foothills of the Eastern
Himalayas near Darjeeling; and the drainage basin extending from the Chotanagpur plateau to River

Ganga, respectively
Ganga-Yamuna Doab region, which is well-known for its fertile old alluvial deposit from Haridwar till
Allahabad. The doab tract falls in between the main drainage channels – River Ganga and River Yamuna,
1-16
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and measures about 300m in height at Haridwar sloping gradually until the confluence of the two Rivers
at Allahabad.
Land use in the Gangetic plain is dominated by agriculture. Large urban centres are found along
the banks of Rivers Ganga and Yamuna. Dry deciduous forests cover the uncultivated swaths of land.
Hills and Plateau tracts in the South: The large plateau region to the Southwest of the
Gangetic plains is comprised of pre-cambrian geological formations and the Gondwana and Vindhya
highlands. Rewa, Bina, Khichiwar and Morena plateaus and Bijawar Hills constitute this physiographical
region. Kaimur Hills to the south of Damoh plateau is a ridge separating the Ganga basin from the
Narmada basin. Vegetation in this region is dominated by grasslands and dry deciduous forests.
Sunderbans delta: The region is the largest contiguous mangrove forest in the world, and is
about 140,000 hectare in expanse. The region was declared a UNSECO world heritage site in 1987
(UNESCO, 2016). In addition to mangrove forests, tracts of tropical jungles which were once a part of
the Gangetic plain exist (Sanghi & Kaushal, Introduction to Our National River Ganga via cmaps,
2014). The tidal waterways and mudflats are home to diverse species of flora and fauna, making it one
of the most important biomes in the world. River Ganga slows down as it meets the Bay of Bengal in
the estuary, and deposits massive amounts of fine sediment. Therefore, the delta is physiographically
comprised of myriad channels, mudflats and swamps. Tidal variation dominates the characteristics of
the River Ganga in this region.
Climate change around the world is often characterized by rising temperatures and extreme
rainfall events. Both these phenomena are currently being observed in the Ganga Basin. A decrease in
crop yield is predicted in correlation to an increase in temperature by about 1-20C by 2050 (Das, 2014).
Though it is predicted that climate change will have an adverse impact on the entire basin, it is known
to significantly affect two important biomes along the River Ganga – the Himalayan glaciers and the
Sunderbans delta. The impact of climate change on Himalayan glaciers is already evident, and is
currently being extensively researched. Studies have indicated an increase in the recession rate of
Gomukh glacier (around 0.4 km2/year) (Bhambri et al., 2012). The implications of a 20C rise in
temperatures include a predicted 35% decrease in glacial cover, thereby increasing the discharge in the
River (Sanghi & Kaushal, Introduction to Our National River Ganga via cmaps, 2014). Rise in sea level
and change in discharge in River Ganga are two principal factors which are known to affect the
Sunderbans delta. The tidal activity in the delta will be altered significantly due to climate change, which
Source: https://en.wikipedia.org/wiki/Sundarbans_National_Park

Halophytic mangrove forest
in the Sunderbans delta
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will pose a serious threat to this richly diverse, but yet fragile, ecosystem.

1.4

Hydrological characteristics

About 60% of the flow in the River Ganga is from the Himalayan streams, including the two
main headwaters – Bhagirathi and Alaknanda. About 40% of the flow is a contribution of the Plateau
Rivers joining the Ganga from its right bank (Ray, 1998). The water budget of the River was estimated
at around 500 - 525 billion cubic metres (CPCB, 2013) (Ray, 1998). Though evaporation and
groundwater recharge remove substantial amounts of water, the monsoon rains contribute reliably to
the flow in the River Ganga. Hydrological characteristics of the River Ganga vary distinctly throughout
its course, and through time, and are exclusively important amongst the many diverse aspects of the
River. The variation in hydrological parameters can be categorized into three significant aspects:
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Variation in velocity and channel regime
Variation in seasonal flow
Variation in the contribution of source
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After trekking a few kilometres from Gangotri towards Gomukh, people enter the limits of the
Gangotri National Park

flow during summer is about 200-500 m3/s compared to about 7000-30,000 m3/s during monsoon.1-21

Precipitation is the prime source of flow in the River Ganga. The contribution of Plateau Rivers, which
experience slightly different rainfall patterns, is also significant. Snow-melt water from the Himalayas
and Himalayan tributaries are also an important source of flow. The percentage contribution of each of
these sources varies throughout the year, and this has a significant impact on the water quality and
sediment profile of the River Ganga.
Variation in velocity and channel regime is primarily due to the change in topographical
features. Rivers Bhagirathi and Alaknanda pierce their way through the loose alluvial sedimentary
formations of the Himalayas with great velocity and turbulence due to the steep slope of this region.
The width of the channel in this region, where the River flows for approximately 250 km, varies from
about 5m at gorges to about 30m in wider and shallow sections. The width increases significantly in the
flow regime downstream of dams. The mean annual flow rate in this region is about 850 m3/s.
Considering 90 percentile volumes, February records lowest flow at about 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 understand the variation in
hydrological characteristics. The first section is from Haridwar to Allahabad, before the confluence of
River Yamuna, and the second section is till Farakka from Allahabad onwards. The River flows for
about 750 km in the first section, where the velocity decreases substantially due to the decrease in slope
of the channel. It is in this section that the River starts depositing its sediments. This in turn makes the
channel shallower and wider. The channel regime becomes braided at many locations, and the River
shifts its course marginally due to the siltation process. The wider sections of the Ganga span over two
kilometres in this region. The mean annual flow rate in this region is about 850-1700 m3/s and the 90
percentile flows during the lean flow and monsoon period are about 160 m3/s and 6200 m3/s
respectively.
There are many tributaries which join the Ganga and contribute to the flow of the River in the
section from Sangam in Allahabad, where the River Yamuna joins the Ganga, till Farakka barrage,
where the River forms a distributary. The slope of the channel reduces further in this section with an
average slope of about 1:13000. It is at this point where there is significant difference in the velocity of
the river through lateral and vertical dimensions. Nutrient and pollutant dispersion vary significantly
from the middle section of the River to the sections near the banks. The mean flow rate in this region is
about 10,200 m3/s (Ray, 1998). Increased siltation and large flow volumes result in an increase in the
width of the River, and the zone is prone to flooding.
The section from Farakka barrage till Gangasagar is the estuarine zone, where the construction
of the Farakka barrage has significantly changed the flow characteristics, and the course of the River.
The velocity of the river is extremely reduced in this stretch, and is below the threshold limit for
transport of sediments. Massive loads of sediment are deposited in the stretch between Kolkata city and
Gangasagar. Past Kolkata city, tidal variation dominates river hydrology. The River breaks into
numerous small channels, and crawls through mudflats as it empties into the Bay of Bengal in the
Sunderbans.
The Central Water Commission of India (CWC) monitors the flow of the River Ganga, and
has a strategic network of 316 gauging stations across the Ganga Basin (National Remote Sensing
Centre, 2014). As is the case with many of the trans-boundary river systems, data pertaining to the flow
in the River Ganga is not publicly released. The present study examines critical parameters pertaining to
water quality of the River Ganga, for which information about the flow is invaluable. Information
pertaining to the flow of the River has been obtained from CWC and has been used suitably to
interpret the findings from this study.
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1.5
1.5.1

Development
Demographics

The Ganga basin in India is home to about 440 million people (CPCB, 2013). As of today,
roughly one third of Indian population lives in towns and cities along the Ganga. Out of 2,300 towns in
India, 692 towns are located in the Ganga basin - hundreds of which are on the river bank itself. . The
population density in the Ganga basin is about 550 persons per km2, thereby creating a tough
competition for the resource. It is reported that about 100 million people are directly dependent on the
River and its tributaries for water (NGRBA & TERI, 2011).
Significant diversity in demographics exists along the River Ganga. The hilly and mountainous
section of the River falls almost entirely in Uttarakhand. Formerly a part of Uttar Pradesh, Uttarakhand
attained statehood in November 2000. The population in this region is concentrated mainly in the
valleys below 2000m altitude. As a region which has frequent natural disasters and calamities,
population is sparsely distributed and growth is nominal. Human settlements are common at ridges,
confluences and river terraces. Forests occupy almost 40% of this region and about 30% of the land
has been cultivated. Agriculture is not common at altitudes above 2000 m (Ray, 1998). The region is
best-known for its serene atmosphere, and has many places of religious importance and spiritual
essence.
It has a vast tourism potential in adventure, leisure, and eco-tourism; and this contributes
significantly to the floating population in the Ganga valley (NGRBA & TERI, 2011).
As River Ganga enters the Gangetic plains, the land availability and land use pattern change
completely. The Gangetic plain is one of the most densely populated regions in India. It is here that
human activity is a dominant factor and has significant, evident impact on the River Ganga. The alluvial
deposits brought down by the Ganga get deposited in the plains, and these tracts in the Ganga-Yamuna
doab are most suitable for agriculture. There has been rapid urbanization in the recent years, and there
are urban belts where many large cities and class I towns are found along the River Ganga and its
tributaries in groups. The main stem of the River Ganga flows through the states of Uttar Pradesh and
Bihar in this physiographic region, both of which have a population of about 300 million, out of which
15% live in urban centres. Agriculture is the main source of revenue and the region produces a massive
67,000 tonnes of foodgrain per year (Directorate of Economics and Statistics, Ministry of Agriculture,
2013).
The deltaic region shows unevenness in population distribution at regional level. However, it is
one of the most densely populated regions in the Ganga Basin. Though initial human settlement was
based on agriculture, and thereby rural agglomeration, urban centres have emerged in the recent years.
Kolkata city is the most important urban centre in the region and is also an economically significant
urban centre of India. Towns around Kolkata, such as Durgapur, Asansol, and Burdwan, have grown
to become cities. The population in the region is about 80 million of which 20 million reside in Class I
and Class II towns.
This diversity in demographics and lifestyle definitely has an impact on the River Ganga.
However, such impacts are extremely hard to quantify. In turn, information about derivatives of
demographics, such as development and sanitation, give an indirect estimate of the impact of social
parameters and human activities on the River.
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Fig 1-4: District-wise population density for the States where River Ganga flows
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1.5.2

Agriculture and Irrigation

Agriculture and related sectors have been a central source of economy for India. River Ganga
flows through a physiographic region of India which is most suitable for agriculture. The states,
through which River Ganga flows amount to about 40% of the total cultivated area in India.
Urbanization constitutes a large fraction of the non-arable land in the Basin. The riparian states of
River Ganga have experienced extensive land clearing and a mere 16.6% is covered by forest.
Major canal networks were established during the 19th century, to maximise the physical
availability of the River water. Anthony Acciavatti, in his work titled “Ganges Water Machine”, has
quoted as follows: “Instead of the passive surrender to an irrational monsoon, the Ganga Basin shows a culture
obsessed with water management to the point of paranoia – an unequalled exploitation of irrigation technologies…”
(Acciavatti, 2015)
The Upper Ganga Canal, the Middle Ganga Canal (or the Madhya Ganga Canal), the East
Ganga Canal and the Lower Ganga Canal are the major water diversion projects along the Ganga River.
The Upper Ganga Canal (UGC) was started by the British Raj in 1840 to address drought and famine in
Western Uttar Pradesh. The project was completed in 1854 and the canal irrigated 930,000 hectares.
The Ganga is diverted at Haridwar with a maximum diversion capacity of 297 m 3/s, and the head
works are situated at Bhimgoda. It is 290 km long and extends over 24,000 km2 and is bounded both
by natural and man-made channels. The Middle Ganga Canal starts at the Raoli Barrage in Bijnore. It is
115 km long and has a discharge capacity of 234 m3/s. The distributaries further add to another 1466
km. The canal was built primarily to provide water for irrigation to grow paddy. It commands an area
of 114,000 hectares. The Lower Ganga Canal was built in 1879 to irrigate the lower portion of Ganga,
Source: https://hydroscientists.wordpress.com/2013/11/26/

Bore well used for flood irrigation in a paddy field in Uttar
Pradesh

1-25

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

A bridge over the Upper Ganga Canal near Roorkee,
Uttarakhand

after Allahabad. The barrage is located at Narora and is 1.1 km long. It is 100 km long and has a
command area of 500,000 hectares. It has a discharge capacity of 156 m3/s. The East Ganga Canal was
built to harness the excess during monsoon to irrigate vast lands of paddy. It has a command area of
110,000 thousand hectares and mainly serves the paddy fields in Bijnore and Haridwar (National
Institute of Hydrology, 2015).
The canal network eventually joins the River at Kanpur, and further downstream. However, the
water follows an entirely different flow regime and is exposed to different natural conditions through a
canal network, before it re-joins the Ganga. In addition, this irrigated area uses about 6 million tonnes
of fertilizers and 9000 tonnes of pesticides, all of which indirectly drain into the River Ganga. As the
River enters the state of West Bengal, the water is diverted at the Farakka Barrage 8, and canals taking
off at this point provide irrigation water for local agriculture.
About 360,000 square kilometre of Ganga basin is irrigated amounting to about 57% of India‟s
total net irrigated area (NGRBA & TERI, 2011). It is common to irrigate the land throughout the year,
as farmers grow more than one crop in a year. These vast expanses are irrigated either by the major
canal network of the Ganga, or by groundwater. The Gangetic plains have extremely high groundwater
potential, especially around the Rivers Ganga and Yamuna, where it always exceeds 40 yield litres/s
(Central Ground Water Board, 2009) (Acciavatti, 2015). Groundwater wells irrigate about 200,000
square kilometres of the Ganga Basin. The region also exhibits appreciable groundwater recharge
potential, which is indicated by the significant contribution of sub-surface flows in the River Ganga.
Trickling down of pesticide residue and fertilizers is an important concern.
Terrace farming is practised in the Himalayan region, and fruit orchards dominate cultivated
land. Apples, peaches, and litchis are widely grown in this area. Paddy fields are also found in slightly

8

Farakka Barrage was built in 1975 and is about 2.2 km long. Water diverted from the barrage (about 1000 m 3/s) is used
to feed the Bhagirathi-Hooghly distributary, and plays an important role in flushing out the sediment in Kolkata region
Invalid source specified..
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lower altitudes and flatter tracts. The region is shifting towards 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 parts of West Bengal are known to produce

Channel slope decreases sharply as the River enters Rishikesh. The River is wide and
swift at this point; also favourable for rafting

almost all varieties of cereals and pulses, including a multitude of sub-varieties of cereals like rice and
corn. Sugarcane is the most dominant cash crop grown in this region, grown throughout the year.
Owing to good groundwater potential and canal network, most farmers grow two crops every year
(Acciavatti, 2015).
1.5.3

Hydro-electric projects

Construction of hydroelectric projects across rivers is a sensitive issue around the world.
Technological improvement in increasing the efficiency of generating hydroelectricity and carrying
power has encouraged hydroelectric projects in developing countries. It has been perceived as a novel
substitute for fossil fuel based energy, with “near zero environmental hazards”. The narrative has changed in
the recent years as concepts such as environmental flows in rivers have been researched extensively.
However, resources committed to exploration of potential hydroelectric dam sites, and technological
improvements in the sector have far outweighed the resources committed 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 require a deeper understanding about the
implications on the environment and comprehensive investigation about the impact on River Ganga
prior to construction, as the River shows potential for hydroelectricity in the most ecologically sensitive
zone. The swift descent along the Himalayas is believed to provide great potential to harness
hydroelectricity in Ganga‟s upper reach. There are many hydroelectric projects proposed and also a
significant few which are currently in operation along the Ganga. A complete inventory of all the
projects, their status, and technical details is managed by the National Institute of Hydrology (NIH),
Roorkee and the Alternate Hydro Energy Centre, IIT-Roorkee (National Institute of Hydrology,
Roorkee, 2014). The current capacity developed combining all the hydroelectric projects across the
Ganga is 4987.2 MW (Water Resources Information System - ISRO & CWC, 2015)
Flooding upstream, fall in discharge downstream, temporal changes in flow, sediment trapping,
impacts on aquatic life are some of the significant changes brought about by a dam. Arresting the
natural flow regime of the river, simultaneously disrupting the natural sediment transport mechanism
impacts the hydrochemistry of the river, along with physical hydraulic properties. There are 13 hydropower projects which have been commissioned and in advanced stages of construction, of which six
major hydroelectric projects are currently operating across River Ganga and its headwaters in
Uttarakhand (Ministry of Environment and Forests, 2011). Maneri Hydroelectric Project, Tehri Dam
and Koteshwar dam are the three stations across the Bhagirathi in the respective order of succession.
The Vishnuprayag Hydroelectric project is across the Alaknanda and Garhwal Rishikesh Chilla Dam is
across the Ganga. The Dhauli Ganga Hydroelectric Project has been constructed across the Dhauli
Ganga and is currently being operated by NHPC Ltd. Tehri Hydro Development Corporation (THDC)
is a joint venture between the Govt. of India and the Govt. of Uttar Pradesh and is in charge of the
Tehri and Koteshwar projects (Water Resources Information System - ISRO & CWC, 2014). A detailed
investigation about the change in critical parameters of the River Ganga downstream of a hydroelectric
project is one of the components of this study.
A sugar plant in Uttar Pradesh. Sugar factories and distilleries are
the major agro-based industries in the plains
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Fig 1-5: Major tributaries, canals, and drains along River Ganga
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1.5.4

Industries

India, pre-dominantly an agrarian country, is moving towards development through
industrialization. A perennial river, such as the Ganga, is assumed to be the most important prerequisite
for industrial development. A river consequentially gives birth to urban centres, agriculture, trade and
industrialization. Many small towns from three to four decades ago have grown to become large cities.
Zoning in the state of Uttarakhand has comparatively slowed the pace of industrialization in
Uttarakhand. Unavailability of large swaths of flat land is also a major reason for slowing the pace of
industrialization. However, drug and heavy electrical industries have been established in the stretch
from Rishikesh to Haridwar. Gangetic plain is the most industrialised region. Distilleries and sugar mills
dominate agro-based industries in this region. Kanpur city is famous for tannery and textile industries.
The city accounts for almost 80-90% of leather exports of India. Major urban centres, such as Patna
and Kolkata, in the lower plains and deltaic region, have myriad industries pertaining to almost all the
industrial sectors.
On average, 260 MLD of industrial sewage finds its way into the River Ganga. A complete list
of industries which directly or indirectly letting their effluent into the River Ganga have been
inventorized and monitored by Central Pollution Control Board (CPCB) (CPCB, 2013). The recent
report titled “Pollution Assessment: River Ganga”, has indicated hundreds of major industries being
located on the banks of the river, out of which 68 have been declared as grossly polluting industries
(CPCB, 2013). The ability of the river to digest organic waste, and to self-purify and rejuvenate is
significantly stressed in this stretch.
It is evident that the Ganga Basin and River Ganga are diverse in many aspects. There is an
intricate network of interdependencies and correlations amongst these topics, which work as whole and
determine the characteristics of the water and sediment of River Ganga. However, it is not a
straightforward task to understand the impact of such diversity in these multiple aspects, on the water
quality of the River, especially when focusing on certain beneficial properties of the River. Many studies
have been carried out on River Ganga and the Ganga Basin; but there are gaps which still exist, such as
examining the River in a comprehensive manner and answering the questions about the special
properties which it might possess.

1-31





















1.6

References

Abedon et al., S. (2011). Bacteriophage prehistory: Is or is not Hankin, 1896, a phage reference?
Bacteriophage, 1(3), 174-178.
Acciavatti, A. (2015). Ganges Water Machine: Designing New India's Ancient River. San Fransisco: Applied
Research and Design.
Alley, K. (2010). The Goddess Ganga: Her Power, Mythos, and Worldly Challenges (Vol. 1). (P. Monghan, Ed.)
Africa and Asia.
Alternate Hydro Energy Centre, IIT Roorkee. (2011). Assessment of cumulative impacts of Hydropower projects in
Alaknanda-Bhagirathi basins. Ministry of Environment and Forests.
Arnold, G. (2000). World strategic highways. (Arnold, Ed.) Taylor and Francis.
Bhambri et al., R. (2012). Frontal Recession of Gangotri Glacier in Garhwal Himalayas, from 1965 to
2006, through high resolution remote sensing data. Current Science 102 (3), 489-493.
Bhargava , D. (1987). Nature and the Ganga. Environmental Conservation 14 (04), 307-318.
Bhargava, D. (1983). Most rapid BOD assimilation in Ganga and Yamuna rivers. Journal of Environmental
Engineering, 109(1), 174-188.
Bhargava, D. (1983). Most rapid BOD assimilation in Ganga and Yamuna rivers. Journal of Environmental
Engineering, 109(1), 174-188.
Bhargava, D. (1987). Nature and the Ganga. Environmental Conservation, 14(04), 307-318.
Central Ground Water Board. (2009). Report of the Working Group on Methodology for Assessment of Development
of Deeper Aquifers. Faridabad.
Central Water Commission - WRIS. (2014). Ganga Basin. Retrieved August 26, 2015, from WRIS:
http://india-wris.nrsc.gov.in/wrpinfo/index.php?title=Ganga
CGWB. (2009). Methodology for Assessment of Development Potential of Deeper Aquifers. Faridabad: Central
Ground Water Board.



CGWB. (2012). Aquifer Systems of India. Ministry of Water Resources. Central Ground Water Board.



CPCB. (2013). Pollution Assessment: River Ganga. Ministry of Environmental and Forests.




















1-32

CPCB - NWQMP. (2008). National Water Quality Monitoring Programme. CPCB. CPCB.
CPCB. (2013). Pollution Assessment: River Ganga. Ministery of Environmental and Forests.
CPCB. (2013). Pollution Assessment: River Ganga. Ministry of Environment and Forests. CPCB.
CPCB Report. (2013). Pollution Assessment: River Ganga.
CSIR-NEERI. (2004). Self-Purification Capacity of River Bhagirathi: Impact of Tehri Dam. Nagpur: NEERI.
CWC. (2010). Annual Report 2010. Ministry of water resource. Central Water Commission.
CWC. (2015). Probable Maximum Precipitation Atlas for Ganga River Basin including Yamuna. India
Meteorological Department. Noida: Central Water Commission.
Das, S. (2014). Ganga-Our Endangered Heritage. In R. Sanghi, Our National River Ganga (pp. 45-71).
Springer.
Directorate of Economics and Statistics, Ministry of Agriculture. (2013). State Foodgrain Production.
Department of Agriculture & Cooperation. Ministry of Agriculture.
Groombridge, B., & Jenkins, M. (1998). Freshwater biodiversity: a preliminary global assessment. (M.
Collins, Ed.) 104.
Hillel, D. (1992). Out of the Earth: Civilization and the Life of the Soil. Canada: Univ of California Press.
IIT Consortium. (2013). Ganga River Basin Environmental Management Report. IIT.
Assessment of Water Quality and Sediment to understand the Special Properties of River Ganga

Introduction Chapter































IIT Consortium. (2013). Ganga River Basin Environmental Management Report. IIT.
IIT Consortium. (2015). Ganga River Basin: Environmental Management Plan Extended Summary.
Independent Broadcasting Associates. (2007). Reporter's Notebook - Ganga. Retrieved from IBARADIO:
http://www.ibaradio.org/India/ganga/radio/radio4/sd1.htm
Kohli, M. (2004). Mountains of India. Indus Publishing.
Ministry of Environment and Forests. (2011). Assessment of Cumulative Impact of Hydropower Projects in
Alaknanda and Bhagirathi Rivers. IIT Roorkee.
MoWR. (2014). Real Time Water Quality Monitoring Stations .
Narain, S. (2014). Ganga: The River, its pollution, and what we can do to clean it. Centre for Science and
Environment.
National Institute of Hydrology. (2015). Major Water Resources Development Projects in Ganga Basin. Retrieved
August
30,
2015,
from
NIH-Roorkee:
http://www.nih.ernet.in/rbis/india_information/Ganga_projects.htm
National Institute of Hydrology, India. (n.d.). Ganga Basin. Retrieved August 6, 2015, from Hydrology and
Water
Resources
Information
System
for
India:
http://www.nih.ernet.in/rbis/basin%20maps/ganga_about.htm
National Institute of Hydrology, Roorkee. (2014). Hydropower Projects in Bhagirathi Basin. Retrieved August
18,
2015,
from
National
Institute
of
Hydrology:
http://www.nih.ernet.in/rbis/basin%20maps/ganga/hydropower.htm
National Remote Sensing Centre. (2014, December 17). Hydro Observation Sites in the Ganga Basin. Retrieved
November 7, 2016, from Water Resources Information System of India: http://www.indiawris.nrsc.gov.in/wrpinfo/index.php?title=Hydro_Observation_Sites_in_Ganga_Basin
Nautiyal, C. (2009). Self-purificatory Ganga water facilitates death of pathogenic Escherichia coli O157:
H7. Current microbiology, 58(1), 8(1), 25-29.
NGRBA & TERI. (2011). Environmental and Social Management Framework (Vol I).
NGRBA & TERI. (2011). Environmental and Social Management Framework (Vol I).
NGRBA. (2011). Envrionmental and Social Management Framework : National Ganga River Basin Project. PMG
NGBRA.
Ray, P. (1998). Ecological Imbalance of the Ganga River System. Delhi: Daya Publishing House.
Sanghi, R., & Kaushal, N. (2014). Introduction to Our National River Ganga via cmaps. In R. Sanghi, Our
National River Ganga (p. 21). Springer.
Sanghi, R., & Kaushal, N. (2014). Introduction to Our National River Ganga via cmaps. In R. Sanghi, Our
National River Ganga (p. 6). Springer.
Singh, M., & Singh, A. (2007). Bibliography of Environmental Studies in Natural Characteristics and
Anthropogenic Influences on the Ganga River. Environmental Monitoring and Assessment, 421-432.
Sinha, R., Tandon, S., Gibling, M., Bhattacharjee, P., & Dasgupta, A. (2005). Late Quaternary geology and
alluvial stratigraphy of the Ganga basin. Himalayan Geology, 26(1), 223-240.
Tandon, S., Sinha, R., Gibling, M., Dasgupta, A., & Ghazanfari, P. (2008). Late Quaternary evolution of
the Ganga Plains: myths and misconceptions, recent developments and future directions. Golden Jubilee
Mem. Geol. Soc. India 66, 259-299.
Taneja et al., G. (2014). Farmers preferences for climate-smart agriculture: An assessment in the Indo-Gangetic Plain.
International Food Policy Research Institute.

1-33










1-34

TERI, BCSD, Yes Bank Ltd. (2014). Ganga: An inclusive multi-stakeholder approach. TERI. YES BANK &
TERI BCSD .
The World Bank Report No. STEP705. (2011). The National Ganga River Basin Project.
UNESCO. (2016). The Sunderbans. Retrieved November 07, 2016, from World Heritage Convention UNESCO: http://whc.unesco.org/en/list/798
Water Resources Information System - ISRO & CWC. (2014, June). Hydro Electric Projects in the Ganga
Basin.
Retrieved
from
India
WRIS:
http://indiawris.nrsc.gov.in/wrpinfo/index.php?title=Hydro_Electric_Projects_in_Ganga_Basin
Water Resources Information System - ISRO & CWC. (2015, Ocotber). Hydro Electric Projects. Retrieved
from India WRIS: http://india-wris.nrsc.gov.in/wrpinfo/index.php?title=Hydro_Electric_Projects
Winner. (2012). RAIN, RIVERS, AND THE FATE OF CIVILIZATIONS. Oceanus, 49(3), 49(3), 30.

Assessment of Water Quality and Sediment to understand the Special Properties of River Ganga

Resarch Gaps Chapter

Chapter 2 ReSearch Gaps
Research gap in general, can be broadly classified into quantitative and qualitative gaps in what
exists and what has already been explored. An uncharted area in a broader domain is a qualitative gap,
whereas lack of depth in an existing area is a quantitative depth. The usual pattern is that qualitative
gaps are filled in first; and when a sense of completion is achieved, quantitative gaps are filled.
Research in the past two centuries concerning rivers has focused on innovative methodologies
to tap it as a resource. With the gloom of climate change and depletion and degradation of rivers, one
can witness a paradigm shift in research towards conservation and sustainable use of rivers. Applied
Research pertaining to any river can be broadly divided into aforementioned two categories based on
the underpinning principle of the research.

2.1

Studies on River Ganga

Extensive research has been carried out on River Ganga. Most notable is the fact that the
research is not limited to theoretical intricacies of the scientific aspects, but includes a social sphere
where the River is considered as a participating entity in a dynamic environment. These studies may be
broadly classified under the following categories.
1) Technical research by scientists and academicians on almost every domain of environmental
research. These studies are characterized by a limited time period generating sparse, skewed or
point-concentrated spatial coverage of the River or Ganga Basin.
2) Social research through mass media, usually as travel accounts of voyagers, journalists and writers.
Such coverage briefly discuss the scientific aspects of the River, such as water quality, and focus
more on River‟s role in a social, cultural and religious environment.
3) Monitoring Studies - Various environmental aspects of the River are monitored regularly. These
studies cover the entire stretch of the River and the parts of Ganga Basin spatially in majority of
the cases, and extend for long periods of time. However, the focus is on monitoring the aspects,
and not profound research to draw specific inferences. They are a vital source of information for
researchers carrying out a more focused study.
In addition to the above broad categories, Environmental Impact Assessment (EIA) and
Environmental Management Plan (EMP) studies are carried out for various developmental projects primarily hydroelectric projects - in the Ganga Basin. Scientific research on various aspects of the River
2-1

Ganga by individuals, academicians, and organisations, is vast, profound, and ever expanding. Research
articles focus on specific scientific domains, such as geology, hydrology, or water quality. Books on the
River Ganga usually cover multiple aspects and perspectives, ranging from Government policies to
diversity of phytoplanktons. A list of select notable works in the recent past on River Ganga is as
follows:
1) Ganga River Basin: Environmental Management Plan – A comprehensive management plan
proposed by the consortium of 7 Indian Institute of Technology‟s, which addresses various issues
such as environmental flows in the River, and sewage treatment capacities in towns along the River
Ganga in the form of thematic reports (IIT Consortium, 2013) (IIT Consortium, 2015).
4) Ganges Water Machine: Designing New India‟s Ancient River – An atlas by Anthony Acciavatti
exploring the evolution of water resources projects in the Ganga Basin (Acciavatti, 2015).
5) Probable Maximum Precipitation Atlas for Ganga River Basin including River Yamuna (2015) –
Central Water Commission (CWC, 2015)
6) Our National River Ganga – A collation of works on River Ganga which is comprehensive in both
scientific and socio-cultural aspects9 (Sanghi & Kaushal, Introduction to Our National River Ganga
via cmaps, 2014).
7) Ganga: The River, its pollution, and what we can do to clean it – A briefing paper by Centre for
Science and Environment (Narain, 2014).
8) Ganga: An inclusive multi-stakeholder approach (2014) – The Energy and Resources Institute,
Business Council for Sustainable Development and Yes Bank Ltd. (TERI, BCSD, Yes Bank Ltd.,
2014).
9) Pollution Assessment: River Ganga – Water quality monitoring and pollution assessment from
domestic and industrial sources along the entire stretch of the River Ganga and its major tributaries
carried out by the Central Pollution Control Board (CPCB, 2013).
10) Assessment of Cumulative Impacts of Hydropower Projects in Alaknanda and Bhagirathi Basin- A
study undertaken by the Alternate Hydro Energy Centre of IIT-Roorkee for the Ministry of
Environment and Forests (MoEF) which provides the baseline information for various parameters
of the River Ganga in Uttarakhand, and impacts of hydroelectric projects on the River and the
environment (Alternate Hydro Energy Centre, IIT Roorkee, 2011).
“Our National River
Ganga” is a compendium
of works on various
aspects of the River.
“Ganges Water Machine”
is an innovative atlas
explaining agriculture and
irrigation in the Ganga
Basin

9

An exhaustive list of books on the River Ganga compiled from internet sources has been presented in a chronological
order in this book (Appendix 2, Pg. 384)
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11) Environmental and Social Management Framework – A study by National Ganga River Basin
Authority for the National Ganga River Basin Project assisted by The World Bank (NGRBA,
2011).
12) Bibliography of Environmental Studies in Natural Characteristics and Anthropogenic Influences on
the Ganga River – The article provides a complete bibliography of all the major research studies
carried out on different aspects of the River Ganga (Singh & Singh, 2007).
River Ganga has found mention in almost every traveller‟s account of their journey to India, for
a travel enthusiast could measure the diversity of India just by travelling along the River Ganga. Starting
with Mark Twain in 1890s, many travellers and journalists have explored culture, science and diversity
along the River Ganga. Pete McBride‟s scientific and cultural journey along the River Ganga, the BBC
documentary titled “The Ganges”, the Indian Doordarshan documentary titled “Ganga”, and Julian
Crandall Hollick‟s
documentary on the
“Benaras is older than history,
River are some of
Mark Twain’s quote
older than tradition, older even
the
notable
on Varanasi praising
examples.
The than legend, and looks twice as
its rich heritage
old as all of them put together”
“Environmental
during his travel
and
Social
along the Ganga:
Assessment” study
undertaken
by
National Ganga River Basin Authority (NGRBA) also stresses exclusively on the social factors which
are interacting with the River, and vice versa (NGRBA & TERI, 2011; NGRBA, 2011). However, there
is only a passing mention about water quality and the scientific aspects are not discussed in detail in
these documentaries.
Various aspects of the Ganga are monitored regularly by Government agencies and research
wings. Regular monitoring of all the rivers in India is envisaged under the National Water Quality
Monitoring Programme, which directs the State and Central Pollution Control Boards to take up
monitoring activities. The Central Pollution Control Board (CPCB) has established a network of 2500

The Gangotri glacier
photographed by Pete
McBride in his
documentary
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stations in 28 States and 6 Union Territories spread over the country (CPCB - NWQMP, 2008). With
the advent of NMCG, CPCB has focused more on water quality aspects of the River Ganga on a
regular basis. However, most of these studies are confined only to monitoring of rudimentary
characteristics and pollution load in the River Ganga and some of its tributaries. The key points
concerning monitoring along the Ganga is as follows (CPCB, 2013).
In order to assess water quality of river Ganga, the Central Pollution Control Board has set up
57 water quality monitoring stations on the main stem of river Ganga, in association with State
Pollution Control Boards of Uttarakhand, Uttar Pradesh, Bihar, Jharkhand and West Bengal.
Table 2-1: Monitoring stations and frequency of monitoring in 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 in the CPCB report on water quality of
River Ganga (CPCB, 2013). Apart from CPCB, Central Water Commission (CWC) and also Central
Ground Water Board (CGWB) monitor the Ganga Basin. Central Water Commission is monitoring
water quality at about 300 key locations covering all the major river basins of India. CWC is maintaining
a three tier laboratory system for analysis of the parameters. CWC operates 3 real-time water quality
monitoring stations along the Ganga, along with numerous monitoring stations which assess water
quality parameters on a periodical basis. The real-time stations can monitor basic water quality
parameters such as pH, EC, Temperature, Dissolved Oxygen, Biochemical Oxygen Demand and
Chemical Oxygen Demand (MoWR, 2014). The Central Ground Water Board closely monitors the
ground water situation countrywide through 1200 national hydrograph network stations. It monitors

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

changes in water levels through these stations 4 times a year (Jan/May/Aug/Nov) and collects water
samples once a year for water quality analysis.
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2.2

Studies on special properties

Popular folklore states that the River Ganga possesses mystic properties which are beneficial in
several ways and are also unique to the River. Two of these are scientifically scrutable. One is that the
Ganga water has the ability to kill/inactivate microorganisms. This was first observed by Ernest
Hankin, a British bacteriologist, who wrote about this astonishing property of the Ganga water in his
research paper of 1896 (Abedon et al., 2011). Later, Felix d‟Herelle, a French-Canadian microbiologist
came across this property, and reported it as the action of viruses. Prof. A.C.Shukla, from Christ
Church College Kanpur, worked further on the action of these viruses. Jay Ramachandran, an exexecutive at the famous pharmaceutical firm – AstraZeneca, argued that phages exist at all parts of the
River and in all rivers. According to his report, the bacterial load from anthropogenic factors may act as
a catalyst to phage growth and a wider variety of phage strains (Independent Broadcasting Associates,
2007). The work of Chandra Shekar Nautiyal from CSIR-National Botanical Research Institute, India,
has investigated the bactericidal property of the Ganga (Nautiyal, 2009). In an experiment undertaken
by Dr. Nautiyal, bactericidal ability of Ganga water was evaluated using fresh, 8-year-old, and 16-yearold Ganga water samples spiked with pathogenic Escherichia coli serotype O157:H7. It was seen that
survival of E. coli O157:H7 over the course of the experiment was 3, 7, and 15 days for fresh, 8-yearold, and 16-year-old Ganga waters, respectively. On the contrary, in Milli Q (Ultrapure Water branded
by Millipore Corporation®) water the decline in viable count of E. coli O157:H7 up to 30 days was only
2 log units. These findings suggest that Ganga water has certain novel antimicrobial attributes (Nautiyal,
2009).
River Ganga was declared “The National River of India” and the Ganga Dolphin was declared
the “national aquatic animal” in 2008 and 2009 respectively (Sanghi & Kaushal, Introduction to Our
National River Ganga via cmaps, 2014). The renewed focus on the rejuvenating the River Ganga led to
the establishment of National Ganga River Basin Authority (NGRBA). The National Mission for Clean
Ganga (NMCG) is the implementation wing of the NGRBA, and both are allocated to the Ministry of
Water Resources, River Development and Ganga Rejuvenation (MoWR). NMCG is the national agency
responsible for numerous projects aimed at rejuvenating the River Ganga.
The second important property of the Ganga water is the capacity to retain high levels of
dissolved oxygen (Bhargava D. , 1983) (Bhargava D. , 1987) (Alley, 2010). Devendra Swaroop Bhargava is a
retired Professor from the University of Roorkee who has worked exclusively about the high reaeration rates which the Ganga exhibits and also about its superior capacity to assimilate organic matter.
Definitive causal science behind this special property is yet to be established (Bhargava D. , Most rapid
BOD assimilation in Ganga and Yamuna rivers, 1983) (Bhargava 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 properties:

CSIR-NEERI worked extensively to assess impacts of Tehri Dam on water quality of the River
Bhagirathi. A study was carried out in 2004 on the impact of Tehri Dam on self-purification capacity of
the River Bhagirathi (CSIR-NEERI, 2004). Another study was carried out in 2013 to present a water
quality management plan for the Tehri reservoir. It was observed that faecal contamination with
increasing settlements. The metal concentration in the sediment was found to be much higher than the
crustal average. A study of the radioactive isotopes indicated a significant difference in the radium
isotope presence.
Given this background, it can be seen that the River Ganga has been extensively studied and
researched upon, with also a regular monitoring framework in place. However, research on properties
such as the anti-microbial activity and high levels of dissolved oxygen, though carried out, has not taken
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central stage. In other words, there is scope
for filling the qualitative gap, and a need to
fill the quantitative gap in this topic.

2.3

Governmental policies

India, and specifically the Ganga
Basin, witnessed large scale industrialization
and urbanization using River Ganga and its
tributaries as the prime water resource,
which led to serious concerns about the
water quality of the River. In this light, the
Ganga Action Plan (GAP) was launched on
14th January 1986 with the objectives of
The Ganges Dolphin - Water quality of the Ganges plays an
lessening pollution and improving the
important role in conserving this endangered species
River‟s water quality (Sanghi & Kaushal,
Introduction to Our National River Ganga
via cmaps, 2014). The project aimed to achieve this by increasing the capacity of existing sewage
treatment plants and interception and diversion of domestic and industrial sewage. As an extension, the
Ganga Action Plan Phase-II (GAP-II) was formulated under which many projects and schemes were
initiated to revive and conserve the water quality of the River Ganga. The GAP eventually merged with
the National River Conservation Plan, the latter being the scheme to abate pollution and maintain the
water quality of all the major rivers of India (Sanghi & Kaushal, Introduction to Our National River
Ganga via cmaps, 2014).

2.4

Relevance of this project

The Ganga River Basin drains a vast area which is 26.2% of India‟s geographical area (National
Institute of Hydrology, India). The River has been a central point of human development, food
production, industrialization; and even religion and mythology, from historical times till date. From
profoundly scientific concepts, such as aquatic microbial ecology, to religious gathering of millions in
the Kumbhmela, the Ganga is the focal point. The River has been acknowledged and praised by saints of
old and great scholars of the modern era alike. The mythological background and the spiritual element
of the Ganga are vast, profound and have remained relevant for aeons. Coherent with many cultures in
the world, natural elements such as air, water, fire and earth have been worshipped even in India. The
KumbhmMela, which is the largest religious gathering in the world, takes place on the banks of the River
Ganga. This reverence and recognition for the Ganga is because, people from different walks of life
believe that there is something special about the river; something naturally beneficial and self-healing.

Fig. 2-1: Conceptual model for the project
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In the scientific domain, the statement somewhat translates into the river possessing properties such as
bactericidal effect and retaining high concentrations of dissolved oxygen.
Rapid urbanization in major cities along its banks and unchecked discharge of sewage/industrial
wastewater into the river has posed concerns about overall ecological health of the river. Hydroelectric
projects in the Himalayan section of River Ganga have arrested the flow and impacted the natural
characteristics of the River. Substantial quantity if water is diverted from the River Ganga for providing
for irrigation and industries, thus changing the regime of the river and other critical parameters.
Therefore, there is a need to understand the nature of the special properties which the
River Ganga believed to possess, and in extension, understand the manner in which they
interact with the dynamic environment. Subsequently, the impact of anthropogenic activities
and pollution on water quality and these properties has to be realized, so that the River and its
uniqueness can be suitably conserved. Extensive research has been undertaken in various elements
pertaining to this River such as hydraulic flow, aquatic life, sediment constituent and transportation,
contaminant toxicology and rudimentary physico-chemical parameters. However, dedicated research to
unearth special properties of the river has been limited and inconclusive from many perspectives. Such
a study has to be comprehensive in terms of analysing various parameters, as well as cover the entire
stretch of the River Ganga, over a complete seasonal cycle.
The Ministry of Water Resources, River Development and Ganga Rejuvenation (MoWR),
Government of India has undertaken several projects under the National Mission for Clean Ganga
(NMCG) in collaboration with national institutes and State Governments. The Ministry of Water
Resources River Development and Ganga Rejuvenation, Government of India, presented the project to
CSIR-NEERI to monitor the entire stretch of Ganga - from Gomukh to Gangasagar - to monitor
water quality and understand special properties which might be unique to the River. The project was
conceived during October 2014.
The following were the terms of reference of CSIR-NEERI with MoWR:








To assess the existing seasonal water quality status of Ganga River for one complete
cycle (pre monsoon and post monsoon seasons).
To monitor water quality for rudimentary and specific physico-chemical (including
minerals and heavy metals), radiological, microbial (including coliphage/bacteriophage)
and biological parameters in River Bhagirathi at select locations and along the River
Ganga.
To collect and collate information in Upper Catchment and vegetation (floral
composition) in riparian zone along the River Ganga.
To undertake extensive literature search and survey restricting to water quality in River
Ganga from peer reviewed literature and credible sources.
To analyze the results to understand the possible special properties which the Ganga
River might exhibit.

When the above mentioned objectives of the project are considered, it can be perceived that
there is a two-pronged problem and the approach to tackling the solution is two-pronged as well.
Firstly, the scientific background of special properties in the River Ganga has to be brought to the fore.
Secondly, the impact of various anthropogenic activities and pollution has to be evaluated and
quantified. To achieve these objectives, the study was designed comprising of two significant
components:
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1) Monitor the water quality and sediment for a comprehensive list of parameters. The parameters can
be broadly categorized into physico-chemical, biological and microbiological, trace metals,
radiological analysis, natural organics, and vegetation. These parameters were monitored in premonsoon and post-monsoon seasons along the entire stretch of the River Ganga, at the upstream
and downstream locations of major towns, dams, or confluences. The water quality analysis is
supplemented with a thorough literature review and followed by robust data analysis to understand
parameter correlations and variations.
2) Carry out dedicated studies to gather in-depth information about the special properties. This
included laboratory-based experiments and experiments which are specifically designed to answer
questions about special properties.
The study aims to provide scientific insight about existence of unique and beneficial properties
of the River Ganga and aims to quantify such properties which are found. It is also in the view of many
that environmental degradation of the River might lead to the loss of such properties. Therefore, the
relationship between pollution, and parameters of importance concerning such special properties, are
also studied. The study is comprehensive in scientific detail and broad in its approach; well aware that
the problem lies close to the fine obscure boundary of scrutable science.
The current study is unique and comprehensive as it covers some of the key gaps concerning
water quality of the River Ganga and its special properties. The key points are as follows:
Understanding the nature of special properties in the River Ganga requires a detailed
understanding about all parameters which impact the water quality of the River. It is also necessary to
understand all causative factors for changes in water quality. In this regard, this study covers a farreaching extent in monitoring the water quality by analysing for an exhaustive array of parameters.
Water quality of River Ganga and its surrounding environment change as the River flows.
Similarly, there might be a spatial variation in the existence and magnitude of special properties in River
Ganga as well. Therefore, the study covers the entire stretch of the River Ganga, from its origin till its
confluence with the sea, to investigate the spatial variation in water quality and anthropogenic factors
which are impacting the River.
River Ganga exhibits a seasonal variation in flow, which in turn leads to a variation in water
quality through seasons. The study was carried out during pre-monsoon and post-monsoon seasons to
understand about the seasonal variation in water quality, and a broader understanding about the special
properties of the River Ganga. In combination of the above three aspects – comprehensiveness of the
analysis, spatial coverage, and temporal scale, the study is one of its kind. In addition, studies in the past
on special properties are isolated in the aspect which they address. For example, studies on dissolved
oxygen and studies on anti-microbial characteristics have remained separate, and the entire River has
not been scrutinized for various special properties. This study fills this major research gap by
investigating a multitude of aspects regarding special properties along the entire River.
Dedicated experiments have been carried out as part of this study to understand the nature of
special properties and factors affecting water quality. Field studies were carried out to examine high
dissolved oxygen concentrations and parameters contributing towards dissolved oxygen. An
experimental framework was setup to understand the contribution of medicinal plant extracts on the
water quality of the River.
Keeping in view the numerous parameters to be analysed as part of this study, and thereby the
variety and the sensitivity in the methodologies used to carry out the analysis, Quality Assurance and
Quality Control (QA/QC) measures were taken to arrive at accuracy, reliability and expected variation
in the analytical methods.
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Medicinal plant in upper catchment

Fig. 2-2: Parameters analysed as part of this study
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During the course of the study, it was decided to monitor the Rivers Narmada and Yamuna in a
similar framework as River Ganga to establish a comparative sense with the River Ganga. A multicentre
validation as a QA/QC measure ensured the reliability of analyses of various parameters from a wide
spectrum of scientific domains.
CSIR-NEERI coordinated with other CSIR laboratories and national institutes to tackle the
colossal task of analysing all the parameters, falling under different scientific domains, over two seasons
along the entire stretch of the River Ganga.
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Fig. 2-3: Project partners and their role

Fig. 2-4: Project partners for QA/QC activity
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Chapter 3 Sampling Methodology
3.1

Introduction

Keeping in view the aim of the project to identify and understand special properties of the
River Ganga and scientifically scrutinize these characteristics, a comprehensive sampling , analysis and
data interpretation of water and sediment samples along the river from Gomukh to Ganga Sagar is
required. The framework comprised of following tasks prior to the commencement of sampling.
Identifying appropriate parameters to be analysed in the water and sediment
Screening of sampling locations to bring out information about the special characteristics of the River
and the impacts of anthropogenic activities on such characteristics
Formulation of the sampling framework and strategy for each parameter, including field data sheets and
chain of custody to ensure integrity of samples
Finalizing sampling and analysis protocol to ensure uniformity in the analysis
Quality Control and Quality Assurance to strengthen the reliability of the data
Constitution of the team of experts
The water quality of any river system is majorly governed by natural factors like source of water,
river bed interactions, riparian zone vegetation, micro flora and fauna and hydraulics. Any alteration to
these factors has an impact on river ecology and specifically water quality. Anthropogenic interventions
like dams and excessive withdrawal of water through canals for irrigation may impact the water quality.
Apart from these factors, one predominant factor responsible for degrading the river water quality in
recent years is the discharge of treated / untreated sewage and industrial effluent in the river. Any
discharge exceeding the natural assimilation capacity of the river has adverse impacts on river water
quality. Thus, to assess the water quality, presence of any beneficial characteristics and impact of
3-1

anthropogenic activities of the River Ganga, seven key areas of investigation as shown in Fig xxx, were
identified.

Fig 3-1 Key areas of investigation for water and
sediment analysis in River Ganga

In such a multi-dimensional project, it is necessary that the sampling and analysis strategy be
designed by experienced scientist in each focus area. A panel of experienced scientist was identified
within CSIR-NEERI (Nagpur, Delhi Zonal Lab and Kolkata Zonal Centre) to lead each key area of
investigation. Additionally, institutes like CSIR-NBRI, CSIR-CIMAP, CSIR-IMTECH and BRIT were
involved as project partners to avail their expertise in vegetation, micro flora, medicinal plants,
microbial diversity and radioactivity. Each focus group was responsible for finalizing parameters under
their domain, sampling protocol, analysis and data interpretation, keeping in focus the aim of the
project. Each group, after initial deliberation, finalized the parameters to be analysed so as to achieve
the objectives of the project. Figxxx shows list of all the parameters finalized under each domain.

Fig 3-2: Water Quality Parameters

River Ganga, in Uttarkhand, flows through mountainous terrain, and narrow and deep gorges.
It has been ling believed that the Himalayan biosphere imbibes certain special properties in the River
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Ganga. The river then flows through vast area in the alluvial plains, commonly known as Gangetic
plains. The river flows along the major human settlements. As the river flows towards Farakka, the
barrage diverts the water towards a shipping channel connected to the Bay of Bengal. The
characteristics of River Ganga in terms of its flow, temperature, climate, vegetation, altitude and river
bed geology vary significantly as it flows from Gomukh to Ganga Sagar. The hydraulics of the River
Ganga varies distinctly when it flows in Himalayas, alluvial pains and in the delta. The geography,
temperature and climate also follow a distinct variation in these three stretches of the river:
Stretch I – Gomukh to Haridwar
Stretch II – Haridwar to Farakka
Stretch III – Farakka to Gangasagar
However, for certain parameters, the stretches have been differentiated based on other relevant
criteria, and are mentioned in the respective sections. Considering the River to be dynamic system,
selection of locations for collection of water and sediment samples is crucial as it should not only aid in
the investigation of special properties of the River Ganga, but also signify the anthropogenic impact on
such properties. In addition, the sampling locations must spatially cover the entire stretch of the River
Ganga. Accessibility for collection of samples was also an important factor to be considered, especially
in Stretch I. A panel of scientist discussed and deliberated to arrive at the following outline which the
sampling locations and should possess so that the analysis is beneficial to the objective 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 bias is not created in the analysis results
keeping in view the objective of the project. Hence, locations upstream and downstream of these
points of significance were selected so as to avoid any major drains and banks which may have a
localized impact on the water quality and won‟t be true representative of the river in general.
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Fig 3-3: Major locations along River Ganga

3.2

Sampling methodology and locations

All environmental features along the entire stretch of the River Ganga were closely scrutinized
before tentatively identifying sampling locations. Thorough literature search about some of the
reported water quality of the River Ganga helped in identifying suitable locations. The tentative
sampling lications were identified based on a detailed study using GIS tools like Google Earth and
others, information from initial field work and reconnaissance of the actual places. During
reconnaissance, locals were contacted for taking the team to various parts of the river and help
identifying possible sampling spots. Secondary data about anthropogenic sources such as industries,
domestic sewage and agricultural activities were collected and used to decide the sampling locations
Necessary reports and data pertaining to water quality were studied in detail for possible locations.
Liaison staff off the concerned authorities at specific sites was contacted to arrange for sampling. Boat
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facilities were arranged for at sites where necessary. Apart from the river Ganga, sampling lications
were identified on its major tributaries i.e., Alaknanda, Bhilangana, Nandakini, Dhauliganga and
Pilangana.
Table 3-1: Sampling Locations

Stretch I

Bhagirathi / Ganga
Gomukh
Maneri
Koteshwar

Gangotri
Uttarkashi
Devprayag

Harsil
Dharasu
Rishikesh

Gangnani
Chiniyali Saur
Haridwar

Bhatwari
Tehri

Badrinath
Srinagar

Vishnuprayag
Devprayag

Nandaprayag

Karnaprayag

Pilangana
Mandakini

Assi ganga

Bhilangana

Nandakini

Dhauliganga

Bijnor
Mirzapur

Narora
Varanasi

Alaknanda
Mana
Rudraprayag

Other Streams

Farakka

Berhampore

Stretch II
Kannauj
Patna

Kanpur
Bhagalpur

Stretch III
Mayapur
Dakshineshwar

Kolkata

Allahabad
Rajmahal

Gangasagar

Though Ganga is a perennial river, there is an appreciable difference in flow of the river along
the course in the pre-monsoon and post-monsoon seasons. In addition to a variation in flow, factors
such as runoff from the catchment, temperature, cropping patterns and water withdrawal also exhibit
this seasonal variation, and have substantial influence on the water quality parameters. Therefore, it is
necessary to perform the analysis for pre- and post-monsoon seasons. A framework which would
address the water quality issues of the River Ganga should derive information from seasonal data, as
something insignificant during one part of the year might turn out to be a key driver for water quality in
the other.
As part of a reconnaissance in the Himalayan stretch of the Ganga, and to obtain an insight
during the lean flow period, samples were collected in the winter season during November-December
2014. 21 sampling locations were chosen between Uttarkashi and Haridwar, as places upstream were
inaccessible due to extreme weather conditions. Subsequently, the study was extended to the entire
stretch of the Ganga and samples were collected during pre-monsoon and post-monsoon seasons. Premonsoon sampling was undertaken during May 2015 and a total of 70 locations were selected covering
the entire stretch of the Ganga. Post-monsoon sampling was carried out during October 2015.
Latitude, longitude and altitude were noted for each location using a GPS and the locations were
marked on Google Earth.
The upstream and downstream samples were collected approximately within 5-15 km of
tentative boundary of the main city/ inhabitation/ industry/ human activity zone. Water samples were
collected within 3-60 meter from bank, depending on the bank characteristics, the distance of main
river flow from bank in pre monsoon season, depth of river and accessibility of the most appropriate
location. Water samples were collected at a depth of approximately 15-50 cm from water surface

3.3

Quality Control and Quality Assurance

Quality Assurance and quality control of (QA/QC) method was adapted to identify and prevent
errors during characterization of water samples at different partner laboratories. QA/QC analysis also
evaluated the robustness of results obtained. While performing QA/QC analysis, water samples and
sediments for various analyses were collected as triplicates from same sampling location for analysis at
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three different laboratories, which included physic-chemical parameters, metals and
parameters.
The detail list of parameters analysed for QA/QC is stated in table below.

microbiological

Table 3-2: Parameters analysed for QA/QC
Physico-Chemical
Properties
Temperature
Turbidity
pH
Conductivity
Hardness
Alkalinity
Sodium
Potassium
Chloride
Phosphate
Sulphate
Nitrate
Dissolved Oxygen
Biochemical
Oxygen
Demand
Chemical
Oxygen
Demand

Microbiological Parameters

Coliforms
(E.coli,
Coliforms)
Bacteriophages

Faecal

Metals

Iron
Cadmium
Chromium
Lead
Zinc
Arsenic
Nickel
Aluminium
Barium
Boron
Copper
Magnesium
Selenium
Silver
Mercury

The River water sample was collected at each location in 15 litre container and sub divided into
pre cleaned 9 bottles (1 litre each) for physico-chemical parameters and 9 bottles (100 ml each) for
metal analysis. Ultrapure Nitric acid was added to preserve samples for metal analysis. One set of
bottles (3 physico-chemical and 3 metals from each location i.e. 9 bottles for 3 locations) were
separately analysed at CSIR-NEERI, Nagpur, CSIR-NEERI, Delhi Zonal Laboratory and CSIR-IITR,
Lucknow, respectively. A representative from each laboratory was present during QA/QC Sample
collection. For Coliform (FC, TC, EC ) count by Membrane Filtration Technique (MFT), water
samples were collected in sterile bottles (1 L), with 10% head empty space, in triplicates from each
location (three locations). Samples were stored immediately with dry ice at sampling sites till being
dispatched to its destination. On reaching the laboratory, samples were stored at 4˚C till further
analysis. Analysis was performed within 48 hours of sample collection. For Bacteriophages and
Pathogenic bacteria water samples were collected in sterile bottles (two bottles with two litres capacity),
with 10% empty head space, in triplicates from each location (three locations) and sent to CSIRNEERI, Nagpur, Indian Institute of Technology, Roorkee and CSIR-National Chemical Laboratory,
Pune. Sediment samples were collected (250 g) in sterile bottles from same locations (three locations).

3.4
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Description of each sampling location in River Ganga
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3.4.1

Gomukh

GOMUKH

Gomukh is the end-point of the
Gangotri glacier, and origin of River
Bhagirathi which is the main headwater of
River Ganga, comes out from under the
glacier at this terminus. The location is of
great significance, both scientific and
U/S
D/S
religious. Snowmelt waters gather and flow Coordinates
under the Gangotri glacier, and River
4305
Bhagirathi gushes out from under the glacier. Altitude AMSL (m)
Season (Monsoon)
PrePostPrePostThe River is about 5 m wide right and very Collection
X
X


shallow (about 0.5 m deep) at this location; Colour
Brownish
Clear
Odourless Odourless
and is flowing in the North-west direction. Odour
Velocity
High
High
The velocity and turbulence is high, and the Sampling Point
Right Bank Right Bank
0.4
2.3
water sampled was turbid and sediment laden Water Temp.(ºC)
Distance
during pre-monsoon season, and clear during from Bank (m)
~1
~1
~0.15
~0.15
post-monsoon season. The surroundings are from surface (m)
Approach
Bank
Bank
characterized by rocky mountainous terrain, Weather
Sunny
Cloudy
Grab
Grab
with the Bhagirathi and Bhrigupanth peaks Type
Population
Floating population (Trekking / Mountaineering)
on the left bank of the River. There is little
< 200 persons per day (during Peak season)
to no vegetation around Gomukh, and alpine
Site Observations
vegetation can be seen about 5 km Key
High sediment load in water during pre-monsoon season
downstream of Gomukh. The site, however, Clear water during post-monsoon sampling
witnesses constant human activity from May
to October every year. Many pilgrims trek to Gomukh (18 km trek from Gangotri temple); and trekkers
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and mountaineers go. beyond Gomukh to visit Tapovan Ashram, situated on the Gangotri glacier.
Bhojwasa is located 5 km downstream of Gomukh and serves as a campsite for pilgrims and
mountaineers, where bathing and other human activities are present. The Gangotri National Park
controls these trekking activities and allows a maximum of around 200 persons every day to trek along
this route. The route follows the banks of the River Bhagirathi, at an altitude of about 50-150 m above
the river. The use of plastics and littering along this route is strictly prohibited, and rangers of the
Gangotri National Park regularly monitor the route. Though most waste is disposed in bins provided
along the route, some waste ends up along the banks of the River. Water samples were collected from
the bank, at 100 m downstream of the glacier wall at Gomukh. Sediment samples were also collected at
this location.
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A view of the
Gangotri Glacier
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3.4.2

Gangotri

GANGOTRI

Gangotri is the famous temple-town in the
Garhwal district of Uttarakhand. The temple in
Gangotri is dedicated to River Ganga and is a
famous pilgrimage centre in the Himalayas. Gangotri
town is 18 km downstream of Gomukh. The town
marks the last point accessible by motor vehicles
U/S
D/S
along the River Ganga. The town has nominal Coordinates
30˚59'39.3" N
30˚59'41.2" N
permanent inhabitation. Large numbers of pilgrims
78˚56'36.3" E
78˚56'10.4" E
3059
3050
visit the town through the months April to October. Altitude AMSL (m)
Season (Monsoon)
PrePostPrePostA limited number of buildings and infrastructure is Collection




found, owing to the mountainous terrain. Most of Colour
Brown
Brown
Clear
Clear
Odourless Odourless
Odourless Odourless
the population in Gangotri is floating population Odour
Velocity
High
High
High
High
comprising of pilgrims and tourists. The businesses Sampling Point
Right Bank Right Bank
Right Bank Right Bank
4
5
11
11
in the town are set up to cater the tourists. The Water Temp.(ºC)
Distance
banks of the River have been made accessible near from Bank (m)
~1
~1
~1
~1
~0.15
~0.15
~0.15
~0.15
the temple at Gangotri. Thereby, pilgrims and locals from surface (m)
Approach
Right Bank Right Bank
Right Bank Right Bank
can be found taking a dip in the River Ganga at this Weather
Sunny
Sunny
Cloudy
Cloudy
Grab
Grab
Grab
Grab
location. The temperature is characteristic alpine Type
Population
A floating population of about 2000 to 4000 persons
climate with cold and snow laden winters. The River
during fair weather season
Ganga at this location is about 40 m wide and swiftly
Key Site Observations
flows cutting through large boulders and forms High Sediment load in water during pre-monsoon season whereas clear water
rapids. The depth of the River changes sharply near during post-monsoon season
Bathing and rituals near the Gangotri temple
Gangotri as the River falls through gorges and forms
short waterfalls. Samples were collected from upstream and downstream points of the temple at
Gangotri, which is the hub of activity in the town. The two sampling locations were approximately 700
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m apart.
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3.4.3

HARSIL

Coordinates

Altitude AMSL (m)
Season (Monsoon)
Collection
Colour
Odour
Velocity
Sampling Point
Water Temp.(ºC)
Distance
from Bank (m)
from surface (m)
Approach
Weather
Type
Population

U/S
31˚02'06.4" N
78˚45'34.3" E
2486
PrePostX

Clear
Odourless
High
Left Bank
11.9
~2
~0.2
Bank
Cloudy
Grab
~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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D/S
PreX

PostX

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 postmonsoon 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.
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3.4.4

Gangnani

Gangnani is a village located in the Bhatwadi
sector of Uttarakhand and is about 15 km
downstream of Harsil. The village is home to small
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
bank at Gangnani. The smaller streams which join
the River Bhagirathi have considerably less flow and
therefore have a laminar regime Plantation is
observed on both the banks of the river. The
samples were collected below the abutment of a
bridge across the River Bhagirathi about 200 m
upstream of the village.

GANGNANI

Coordinates

Altitude AMSL (m)
Season (Monsoon)
Collection
Colour
Odour
Velocity
Sampling Point
Water Temp.(ºC)
Distance
from Bank (m)
from surface (m)
Approach
Weather
Type
Population

U/S

Prex

Postx

D/S
30˚53'49.6" N
78˚40'39.3" E
2131
PrePostx

Clear
Odourless
High
Right Bank
13.8
~1
~0.15
Bank
Cloudy
Grab

-

Key Site Observations
Numerous small streams join the river between Harsil and Gangnani
Deep valley
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3.4.5

BHATWARI

Coordinates

Altitude AMSL (m)
Season (Monsoon)
Collection
Colour
Odour
Velocity
Sampling Point
Water Temp.(ºC)
Distance
from Bank (m)
from surface (m)
Approach
Weather
Type
Population

U/S
-

D/S

30˚47'5.5" N
78˚37'5.2" E

-

1470

Pre-

Post-

Pre-


Clear
Odourless
High
Side Stream
13.5

Post
Clear
Odourless
High
Confluence
13.5

~1
~0.15
Left Bank
Cloudy
Grab

~1
~0.15
Right Bank
Cloudy
Grab

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 cater
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

1200 (Census 2011)

Key Site Observations
Confluence of small Glacier fed stream (Pilangana)
Small HEP on the side stream
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3.4.6

Maneri

Maneri was a small village with only a few
households sparsely distributed along the banks of
River Bhagirathi. However, the construction of the
Maneri Stage-I Hydropower project in 1984 changed
the landscape altogether. The town has become
synonymous with the hydropower project ever since.
The project was extended as Maneri Bhali Stage-II
Hydroelectric Project, with the addition of Bhali dam
near Dharasu. The hydropower complex has a
combined capacity of 304 MW. This is the first
human intervention on River Bhagirathi from its
origin. Maneri is about 65 km downstream of
Gangotri, and about 12 km upstream of Uttarkashi
which is the district headquarters for the region.
Settlements along the banks of the Ganga can be
found from Maneri to Uttarkashi. Samples were
collected from upstream and downstream points of
the Maneri Dam. Samples could not be collected
from the downstream point of Maneri dam during
the post-monsoon season due to inaccessibility. The
sampling locations were chosen in a manner to
reflect the impact of Maneri dam and the town of
Maneri
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MANERI

Coordinates

Altitude AMSL (m)
Season (Monsoon)
Collection
Colour
Odour
Velocity
Sampling Point
Water Temp.(ºC)
Distance
from Bank (m)
from surface (m)
Approach
Weather
Type
Population

U/S
30˚44'23.6" N
78˚32'06.0" E
1298
PrePostX

Brownish
Odourless
Slow
Reservoir
18.8
~4
~0.15
Bank
Sunny
Grab
1271 (Census 2011)

D/S
30˚44'11.5" N
78˚30'23.9" E
1253
PrePost

Clear
Clear
Odourless Odourless
High
Slow
Right Bank Right Bank
18.2
16.7
~2
~0.15
Bank
Sunny
Grab

Key Site Observations
Water velocity was low due to Maneri Dam, Small Temple
Broken bridge; bank construction activity
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3.4.7

UTTARKASHI

Coordinates

Altitude AMSL (m)
Season (Monsoon)
Collection
Colour
Odour
Velocity
Sampling Point
Water Temp.(ºC)
Distance
from Bank (m)
from surface (m)
Approach
Weather
Type
Population

U/S
30°45'25.63"N
78°27'22.33"E
1175
PrePostX

Brownish
Odour Free
Moderate
Confluence
20.1
~1
~0.15
Right Bank
Sunny
Grab
17, 475 (Census 2011)

D/S
30°43'50.02"N
78°24'26.03"E
1076
PrePost

Brownish
Clear
Odour Free Odour Free
Controlled Controlled
Right Bank Right Bank
14.3
20.5
~1
~0.15
Right Bank
Sunny
Grab

~1
~0.15
Right Bank
Sunny
Grab

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

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
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3.4.8

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 seen in
this location. Similar to Uttarkashi, the River
regime is suitable for activities such as
rafting. Pine and Deodar are found on the
banks of the River. A small stream meets to
Bhagirathi in Dharasu. A landslide event
occurred upstream of the location during the
sampling activity. It is a common sight to
find travellers cleaning automobiles in the
vicinity of this small stream

DHARASU

Coordinates

Altitude AMSL (m)
Season (Monsoon)
Collection
Colour
Odour
Velocity
Sampling Point
Water Temp.(ºC)
Distance
from Bank (m)
from surface (m)
Approach
Weather
Type
Population

U/S
30°36'41.14"N
78°18'56.19"E
883
PrePost

Clear
Clear
Odour Free Odour Free
Low
Moderate
Side Stream Main River
26.2
17.0

D/S
PreX

PostX

~1
~1
~0.15
~0.15
Left Bank Right Bank
Cloudy
Cloudy
Grab
Grab
579 (Census 2011)

Key Site Observations
Vehicle washing activities
Stray Cows and buffalo
U/S of the Maneri Phase II power plant
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3.4.9

CHINIALI SAUR

Coordinates

U/S
-

Altitude AMSL (m)
Season (Monsoon)
Collection
Colour
Odour
Velocity
Sampling Point
Water Temp.(ºC)
Distance
from Bank (m)
from surface (m)
Approach
Weather
Type
Population

PreX

PostX

D/S
30°36'22.98"N
78°19'08.31"E
828
PrePost

Brownish Clear
Odourless Odourless
Moderate
Stagnant
Right Bank Reservoir
16
24
~2
~0.15
Bank
Sunny
Grab

~50
~3
Boat
Sunny
Grab

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

6430 (Census 2011)

Key Site Observations
In Post-monsoon, area filled by back waters of Tehri Reservior
Pre-monsoon, Sand Mining as the reservoir recedes
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3.4.10 Tehri
The Tehri Hydro Power Complex is one of the largest dams across the River Ganga in terms of
hydropower capacity and water impoundment. The location is of much importance to the study as the
impact of a major dam on the various water quality parameters can be investigated. Tehri dam wall is
about 260 m tall, and is about 600 m wide arresting the River at a narrow gorge. The dam is designed for
a probable maximum flood of about 15000 m3/s and has a hydropower capacity of 2400 MW (Tehri
Stage – I (1000 MW), Tehri Stage – II (1000 MW; in commissioning stage) Koteshwar dam (400MW)).
River Bhilangana joins Bhagirathi near the dam wall. As the River is arrested in a steep valley, the
reservoir of the dam is characteristically deep and long. The reservoir has a massive volume of about 4
km3 and a surface area of about 42 sq. km (Adhikari, Chettri, & Barik, 2013). The water flows through a
chute spillway where it runs massive Francis turbines inside the dam structure and is let out at the
bottom of the dam wall on the other side.
To investigate the impact of water impoundment and the change in flow regime, special focus had
to be given to the collection of samples from Tehri. CSIR-NEERI coordinated with officials from Tehri
Hydro Power Development Corporation (THDC) to carry out sampling activities and procure necessary
secondary data. Sampling at Tehri reservoir was carried out over two days, both during pre-monsoon
and post-monsoon seasons. A total of 8 sites sampling locations were chosen in Tehri to reflect various
characteristics of the River. Out of these 8 sampling locations, 5 were chosen on the reservoir along the
River Bhagirathi. Sampling activity was carried out with the help of two boats provided by THDC.
Instruments required for measurement of field parameters were carried on the boats, and necessary
number of sampling bottles for all the parameters were carried as well. Sediment samples were collected
with the help of a “van Veen Grab” sampler, and it sediment was collected from depth of about 50 –
200 m in the reservoir.
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3.4.10.1 Tehri Dam Wall –
Sample was collected near the dam wall where the slope of the dam wall limited the depth of
the reservoir to about 6 m.

3.4.10.2 Tehri 5
This location marks the confluence of Rivers Bhagirathi and Bhilangana. It is about 200 m from
the dam wall. As both the rivers form wide reservoirs, it is not possible to distinguish the exact point of
confluence of the two Rivers.

3.4.10.3 Tehri 4
This location corresponds to approximately 5 km from the dam wall. The location is close to a
village named Panchkoti. As the reservoir has filled the deep valleys, short hilltops are visible on the left
bank and the village of Panchkoti, along with THDC offices, lies on the right bank at this location. The
reservoir is about 2 km wide.

3.4.10.4 Tehri 3
This location corresponds to approximately 10 km from the dam wall. Roulakot village lies on the
left bank of Bhagirathi at this location. The reservoir slowly starts to recede in width from this location
onwards. Ridges of hills extend across the reservoir in the form of baffles and the River meanders.

3.4.10.5 Tehri 2
This location corresponds to approximately 15 km from the dam wall. Small settlement of Jhinwali
lies on the right bank of the River at this location.

3.4.10.6 Tehri 1
This location corresponds to approximately 20 km from the dam wall along River Bhagirathi.
Bhaldiana village lies on the right bank of the River. The width of the reservoir is about 300 m at this
location.

3.4.10.7 Tehri 6
This location corresponds to approximately 10 km from the dam wall along the River Bhilangana.
KailBagi is a small settlement on the left bank of the River at this location. The reservoir is about 200 m
wide.
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3.4.10.8 Tehri D/S 1
The sample was collected downstream of Tehri dam near Zero Bridge, which is about 2 km
downstream from the base of the dam wall. The sample was collected from below the abutment of the
bridge. The flow at this location is entirely controlled by the operations of the Tehri dam. The width of
the river is about 100 m at this section.

3.4.10.9 Tehri D/S 2
An additional sampling location was identified downstream of Tehri to study the impact of
water impoundment and discharge. This location corresponds to approximately 4 km downstream of
the Tehri dam wall, and is near Kyari village. This stretch of the River is used for pumped storage
functions of the Tehri dam
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GHANSALI

3.4.11 Ghansali

Coordinates

U/S
-

Altitude AMSL (m)
Season (Monsoon)
Collection
Colour
Odour
Velocity
Sampling Point
Water Temp.(ºC)
Distance
from Bank (m)
from surface (m)
Approach
Weather
Type
Population

PreX

PostX

D/S
30°25'46.98"N
78°39'22.55"E
859
PrePost

Greenish
Greenish
Odourless Odourless
High
High
Right Bank Right Bank
16
16
~1
~0.15
Bank
Cloudy
Grab

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

~1
~0.15
Bank
Sunny
Grab

-

Key Site Observations
High turbulent flow
Sewage from Ghansali flows in to the river without treatment
Solid waste observed near the bank
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3.4.12 Koteshwar
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.
Water samples were collected at a
Koteshwar dam on the opposite bank of
dam wall (approx. 0.5 km from the dam wall
towards west). Sediment samples were
collected from the same location using van
veen sampler.
Water & Sediment samples were also
collected at another sampling location
upstream of Koteshwar dam about, under
the cross over bridge between Bhasho and
Vichitarpur village on the Bhagirathi River.
The upstream and downstream samples were
collected in a manner to represent the
change in flow regime because of Koteshwar
dam.

KOTESHWAR DAM

Coordinates

Altitude AMSL (m)
Season (Monsoon)
Collection
Colour
Odour
Velocity
Sampling Point
Water Temp.(ºC)
Distance
from Bank (m)
from surface (m)
Approach
Weather
Type
Population

U/S
30˚15'39.6" N
78˚30'26.4" E
542
PrePost

Clear
Clear
Odourless Odourless
Stagnant
Stagnant
Reservoir
Reservoir
21
22

Reservior
30˚15'39.6" N
78˚30'26.4" E
542
PostPost

Clear
Clear
Odourless Odourless
Stagnant
Stagnant
Reservoir
Reservoir
18
18

~3
~0.15
Bank
Sunny
Grab

~10
~3
Boat
Sunny
Grab

~3
~0.15
Bank
Sunny
Grab

~15
~3
Boat
Sunny
Grab

-

Key Site Observations
The reservoir is downstream of Tehri
Water from Koteshwar reservoir is recirculated to Tehri reservoir
Reservior appears greenish
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3.4.13 Mana

MANA

Coordinates

Altitude AMSL (m)
Season (Monsoon)
Collection
Colour
Odour
Velocity
Sampling Point
Water Temp.(ºC)
Distance
from Bank (m)
from surface (m)
Approach
Weather
Type
Population

U/S
30˚46'12.6" N
79˚29'42.9" E
3169
PrePost

Colourless Colourless
Odourless Odourless
High
High
River
River
20
7.3
~1
~0.5
Left Bank
Cloudy
Grab
Aprox. 600

~1
~0.5
Left bank
Sunny
Grab

D/S
30˚45'01.2"
79˚29'54.9"
3169
PrePostX

Colourless
Odourless
High
River
20
~1
~0.5
Left Bank
Cloudy
Grab

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

Key Site Observations
Saraswati and Alaknanda Confluence
Dry Rocky Terrain
River appears greenish
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3.4.14 Badrinath
Badrinath, is an important location
along River Alaknanda, and sees significant
anthropogenic activity during summer
season. The surroundings are characterized
scattered patches of scrub vegetation and
high mountains. The Badrinath town has
population of about 900 but mostly
temporary residents for 6 -7 months. The
town experience high tourist pressure during
the May-September, use of polythene is
generally observed. Clothes and other
religious offering are directly dumped into
the river Alaknanda.

BADRINATH

Coordinates

Altitude AMSL (m)
Season (Monsoon)
Collection
Colour
Odour
Velocity
Sampling Point
Water Temp.(ºC)
Distance
from Bank (m)
from surface (m)
Approach
Weather
Type
Population

U/S

PreX

PostX

D/S
30˚44'26.3" N
79˚29'35.3" E
3133
PostPost

Clear
Clear
Odourless Odourless
High
High
River
River
20
4
~2
~0.5
Left Bank
Cloudy
Grab

~2
~0.5
Left Bank
Sunny
Grab

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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3.4.15 Vishnuprayag

VISHNUPRAYAG

Coordinates

Altitude AMSL (m)
Season (Monsoon)
Collection
Colour
Odour
Velocity
Sampling Point
Water Temp.(ºC)
Distance
from Bank (m)
from surface (m)
Approach
Weather
Type
Population

U/S
30˚33'44.0"N
79˚34'32.6"E
1479
PrePostX

Clear
Odourless
High
River
12
~2
~0.5
Left Bank
Sunny
Grab

D/S
30°33'59.68"N
79°33'13.07"E
1470
PrePost

Clear
Clear
Odourless Odourless
High
High
River
River
19
11
~2
~0.5
Left Bank
Cloudy
Grab

-

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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Mid-point
~0.5
Bridge
Sunny
Grab

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 – 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 year. 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.
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3.4.16 Nandapdrayag
Nandaprayag has similar characteristics as
Vishnuprayag and marks the confluence of the River
Nandakini with Alaknanda. The town witnesses
constant human activity and people often let
ritualistic materials into the River at the site of
confluence. Both Rivers Alaknanda and Nandakini
are turbulent and are swift in this location.
Confluence water is fresh, clear and doesn‟t possess
any odour. Landslides are common during monsoon
season upstream of the location. The samples were
collected in a manner to reflect the impact of
confluence of River Nandakini.

NANDAPRAYAG

Coordinates

Altitude AMSL (m)
Season (Monsoon)
Collection
Colour
Odour
Velocity
Sampling Point
Water Temp.(ºC)
Distance
from Bank (m)
from surface (m)
Approach
Weather
Type
Population

U/S
30°19'58.43"N
79°19'03.22"E
859
PrePost

Colourless Colourless
Odourless Odourless
High
High
River
River
21
10
~2
~0.3
Right Bank
Sunny
Grab
1358

~2
~0.3
Right Bank
Sunny
Grab

D/S
30°19'53.50"N
79°18'37.91"E
850
PostPost

Colourless Colourless
Odourless Odourless
High
High
River
River
21
13
~2
~0.3
Left Bank
Sunny
Grab

Key Site Observations
Samples collected before and after confluence at Nandaprayag
Water was turbulent
Ritualistic material from a small temple was dumped on the banks
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3.4.17 Karnaprayag

KARNAPRAYAG

Coordinates

Altitude AMSL (m)
Season (Monsoon)
Collection
Colour
Odour
Velocity
Sampling Point
Water Temp.(ºC)
Distance
from Bank (m)
from surface (m)
Approach
Weather
Type
Population

U/S
PreX

PostX

D/S
30°15'57.12"N
79°12'44.00"E
812
PrePost

Colourless Colourless
Odourless Odourless
High
High
River
River
22
12
~2
~0.3
Left Bank
Sunny
Grab

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 byroad connections to Almora, Nainital and Jim
Corbett National Park.

~2
~0.3
Left Bank
Sunny
Grab

6972

Key Site Observations
Sampling done downstream of confluence
Human activities and discharge of sewage directly into the river observed
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3.4.18 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 however,
does not decrease significantly. The location from
where samples were collected had crystal clear water
during the pre-monsoon season. The city houses a
comparatively large population, and the domestic
waste from the town drains into the River. Many of
the constructions in the vicinity of the point of
confluence were severely damaged during the 2013
floods in Uttarakhand.

RUDRAPRAYAG

Coordinates

Altitude AMSL (m)
Season (Monsoon)
Collection
Colour
Odour
Velocity
Sampling Point
Water Temp.(ºC)
Distance
from Bank (m)
from surface (m)
Approach
Weather
Type
Population

U/S
30°17'15.49"N
78°58'44.80"E
627
PrePost

Colourless Colourless
Odourless Odourless
High
High

D/S
30°17'09.99"N
78°58'36.91"E
618
PrePost

Colourless Colourless
Odourless Odourless
High
High

21

14

20

10

~3
~0.3
Right Bank
Sunny
Grab

~2
~0.3
Left bank
Sunny
Grab

~2
~0.3
Left Bank
Sunny
Grab

~3
~0.3
Right Bank
Sunny
Grab
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 turbulent flow
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3.4.19 Srinagar

SRINAGAR

Coordinates

Altitude AMSL (m)
Season (Monsoon)
Collection
Colour
Odour
Velocity
Sampling Point
Water Temp.(ºC)
Distance
from Bank (m)
from surface (m)
Approach
Weather
Type
Population

U/S

D/S
-

30˚12'46.76"N
78˚58'50" E
1479
PreX

Post
Colourless
Odourless
Medium
River
14

PreX

Mid-point
~0.3
Bridge
Sunny
Grab

Postx

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
dominant form of tree vegetation on these
mountains. Alaknanda Hydro Power construction
site is located near Koteshwar. Srinagar lies on the
south bank of River Alaknanda. River Alaknanda .
The temperature of Srinagar remains hot and
humid during summers while, cold and dry during
winters. The area also faced Himalayan Tsunami
2013 that led to massive damage to the city
infrastructure due to floods in Alaknanda.

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 River
Alaknanda with River Bhagirathi, and in a way, River
Ganga takes its name from here onwards. The width
of both Bhagirathi and Alaknanda Rivers is about
400 m and both the Rivers are swift and turbulent in
this location. Water of River Bhagirathi during premonsoon was turbid whereas that of Alaknanda
River was clear and reverse is observed during postmonsoon.
Four water samples were collected from the
Devprayag at different locations viz. the upstream of
Bhagirathi River, upstream of Alaknanda River, at
confluence and downstream after confluence.

DEVPRAYAG

Coordinates

Altitude AMSL (m)
Season (Monsoon)
Collection
Colour
Odour
Velocity
Sampling Point
Water Temp.(ºC)
Distance
from Bank (m)
from surface (m)
Approach
Weather
Type
Population

U/S

D/S

30° 8'21.14"N
78°35'49.15"E

30° 8'50.08"N
78°35'52.98"E

483
Post
Colourless
Odourless
Medium
River
18

Pre
Brownish
Odourless
Medium
River
22

Post
Colourless
Odourless
Medium
River
17

~2
~0.3
Right Bank
Sunny
Grab
-

~2
~0.3
Right Bank
Sunny
Grab

~2
~0.3
Left Bank
Sunny
Grab

~2
~0.3
Left Bank
Sunny
Grab

Key Site Observations
Low Sediment; Water appears greenish
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473

Pre
Brownish
Odourless
Medium
River
22
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3.4.21 Rishikesh

RISHIKESH

Coordinates

Altitude AMSL (m)
Season (Monsoon)
Collection
Colour
Odour
Velocity
Sampling Point
Water Temp.(ºC)
Distance
from Bank (m)
from surface (m)
Approach
Weather
Type
Population

U/S
30° 7'38.10"N
78°21'11.80"E
361
PrePost

Brownish
Colourless
Odourless Odourless
Medium
Medium
River
River
25
19

D/S
30° 4'7.20"N
78°17'1.20"E
328
PrePost

Brownish Colourless
Odourless Odourless
Medium
Medium
River
River
28
20

~3
~3
~0.5
~0.5
Right Bank Right Bank
Sunny
Sunny
Grab
Grab
70,499 (Census, 2011)

~3
~0.5
Right Bank
Sunny
Grab

~3
~0.5
Right Bank
Sunny
Grab

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.
River rafting is a common adventure sport in River
Ganga Rishikesh. The city houses a substantial
permanent population, along with a massive
floating population owing to the tourist attraction.
Water is drawn for domestic purposes and
domestic sewage is let into the River Ganga. The
upstream sample was taken about 5 km upstream
of the city, whereas the downstream sample was
taken after the barrage at Rishikesh. The flow
regime varied significantly between the upstream
and the downstream locations.

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
U/S
D/S
River. The Bhimgoda barrage at Haridwar diverts Coordinates
29°59'31.90"N
29°53'22.52"N
about 10000 cusecs of water into the Upper Ganga
78°12'26.30"E
78° 8'25.32"E
297
267
canal, and greatly reduces the flow in the River. In Altitude AMSL (m)
Season (Monsoon)
PrePostPrePostaddition, a substantial amount of sewage is let into Collection




the River.
Colour
Colourless Colourless
Colourless Colourless
Odourless Odourless
Odourless Odourless
The upstream sample was collected before Odour
Velocity
Moderate
Moderate
Moderate
Moderate
the water is diverted into the Upper Ganga Canal, Sampling Point
River
River
River
River
27
26
27
21
near Har ki Paudi. During the pre-monsoon season, Water Temp.(ºC)
Distance
the downstream sample was collected from the right from Bank (m)
~3
~3
~3
~3
~0.15
~0.15
~0.15
~0.15
bank of the River. At this time, the water was from surface (m)
Approach
Right Bank Mid-Point
Right Bank Left bank
diverted into the Upper Ganga Canal, and the Weather
Sunny
Sunny
Sunny
Sunny
Grab
Grab
Grab
Grab
sampling location had little flow. There was also a Type
Population
1,927,029
drain from a sewage treatment plant (STP) joining
River Ganga few hundred metres upstream of the
Site Observations
sampling location. During post-monsoon season, the Key
Water was not diverted to Bhimghora Barrage during Post Monsoon
Bhimgoda barrage was closed for maintenance STP effluent and sewage is discharged into the river
Domestic Solid waste landfill site around 200 m from the bank (D/S)
works, and most of the flow of River Ganga flowed
through the main channel. Because of the increased flow, the sampling location on the right bank could
not be accessed, and sample was collected on the left bank of the River. There was a solid waste landfill
site close to sampling location. Runoff during the monsoon season might carry the leachate from the
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solid waste landfill site into River Ganga.

3-37

3.4.23 Bijnor

BIJNOR

Coordinates

Altitude AMSL (m)
Season (Monsoon)
Collection
Colour
Odour
Velocity
Sampling Point
Water Temp.(ºC)
Distance
from Bank (m)
from surface (m)
Approach
Weather
Type
Population

U/S
29°22'24.50"N
78°02'26.14"E
225
PrePost

Greenish
Greenish
Fishy
Fishy
Stagnant
Stagnant
River
River
34
23

D/S
29°17'06.04"N
78°06'06.93"E
217
PrePost

Greenish
Greenish
Fishy
Fishy
Low
Low
Rive
River
34
23

~2
~2
~0.3
~0.3
Dam
Dam
Sunny
Sunny
Grab
Grab
2,757,401 (Census, 2011)

~2
~0.3
Left Bank
Sunny
Grab

~2
~0.3
Left Bank
Sunny
Grab

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
from the River Ganga, towards its left
bank. The city draws water for domestic
purposes from River Ganga and discharges
the sewage into the River. There is a major
diversion at the Madhya Ganga barrage at
Bijnor and the upstream sample was
collected at the site of the barrage. The
diversion leaves the River braided, and the
flow reduced, for a considerable distance.
The downstream sample was collected
about 15 km from the barrage.

Key Site Observations
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3.4.24 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 the
Narora dam, and upstream of the town of
Rajghat located right on the bank of the
River. The flow in the River is considerably
reduced because of the diversion, and leaves
the River braided. The downstream sample
was collected from one of the braids of the
River from the left bank.

NARORA

Coordinates

Altitude AMSL (m)
Season (Monsoon)
Collection
Colour
Odour
Velocity
Sampling Point
Water Temp.(ºC)
Distance
from Bank (m)
from surface (m)
Approach
Weather
Type
Population

U/S
28°14'45.40"N
78°21'47.50"E
177
PrePost

Greenish
Colourless
Odourless Odourless
Low
Low

D/S
28° 8'54.30"N
78°26'11.30"E
176
PrePost

Greenish
Colourless
Odourless Odourless
Low
Low

33

23

33

23

~2
~0.3
Right Bank
Sunny
Grab

~2
~0.3
Right Bank
Sunny
Grab

~2
~0.3
Right Bank
Sunny
Grab

~2
~0.3
Right Bank
Sunny
Grab
2934

Key Site Observations
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3.4.25 Kannauj

KANNAUJ

Coordinates

Altitude AMSL (m)
Season (Monsoon)
Collection
Colour
Odour
Velocity
Sampling Point
Water Temp.(ºC)
Distance
from Bank (m)
from surface (m)
Approach
Weather
Type
Population

U/S
27°08'59.16"N
79°53'14.38"E
135
PrePost

Clear
Brownish
Fishy
Fishy
Low
Low

D/S
27°00'37.32"N
79°59'12.55"E
134
PrePost

Clear
Brownish
Fishy
Fishy
Low
Low

33

23

33

23

~2
~0.3
Right Bank
Sunny
Grab

~2
~0.3
Ghat
Sunny
Grab

~2
~0.3
Ghat
Sunny
Grab

~2
~0.3
Right Bank
Sunny
Grab
1,658, 005

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.

Key Site Observations
Turbid water during post-monsoon sampling
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3.4.26 Kanpur

KANPUR

Kanpur is situated on bank of river
Ganga and has an area of about 1040 km²
and is 126 meters above sea level. In the 78
kms stretch between Kannauj and Kanpur
barrage, there are agricultural activities in
river bed, predominantly Cucurbitaceous
U/S
D/S
crops known as “Pallaze”. There is Coordinates
26°37'3.60"N
26°22'38.20"N
significant degradation of river water quality.
80°16'25.60"E
80°29'36.80"E
123
116
Another stretch of 7.5 kms from Kanpur Altitude AMSL (m)
Season (Monsoon)
PrePostPostPostbarrage to Shuklaganj has wide flood plain Collection




and there is extensive impact on River water Colour
Brownish
Brownish
Brownish
Brownish
Fishy
Fishy
Fishy
Fishy
quality due to domestic and industrial wastes Odour
Velocity
Low
Low
Low
Low
and dumping of solid wastes, Shuklaganj to Sampling Point
33
23
32
23
Jajmau stretch of 5.5 kms is the most critical Water Temp.(ºC)
Distance
in terms of pollution load. Kanpur has from Bank (m)
~4
~2
~2
~2
~0.3
~0.3
~0.3
~0.3
roughly 5500 industries with 75 medium and from surface (m)
Approach
Boat
Ghat
Ghat
Ghat
large industries such as those of fertilizers, Weather
Sunny
Sunny
Sunny
Sunny
Grab
Grab
Grab
Grab
detergents, chemicals and paint factories. Type
Population
6,377,452
Out of these, the 350 odd leather industries
localized in one area called Jajmau along the
Site Observations
river Ganga are let effluents into River Key
Dumping of solid waste
Ganga. The River is known to have shifted
course through time near Kanpur. The
upstream sample was collected upstream of the Kanpur barrage and downstream sample was collected
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about 15 km downstream of the city.
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3.4.27 Allahabad

ALLAHABAD

Coordinates

Altitude AMSL (m)
Season (Monsoon)
Collection
Colour
Odour
Velocity
Sampling Point
Water Temp.(ºC)
Distance
from Bank (m)
from surface (m)
Approach
Weather
Type
Population

U/S
25°24'14.70"N
81°48'30.20"E
77
PrePost

Brownish
Brownish
Odourless Odourless
Low
Low

D/S
25°24'31.30"N
81°53'35.50"E
76
PrePost

Brownish Brownish
Odourless Odourless
Moderate
Moderate

31

30

32

30

~2
~1
Right Bank
Sunny
Grab
5,959,798

~2
~1
Right Bank
Sunny
Grab

~20
~5
Boat
Sunny
Grab

~25
~4
Boat
Sunny
Grab

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 from
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

Key Site Observations
Massive human activities such as bathing, washing clothes, bathing of
domestic animals and cremation and release of dead bodies
Discharge of industrial effluents, wastes and polythenes
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3.4.28 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 city
towards the West, but immediately turns again
towards the East.

MIRZAPUR

Coordinates

Altitude AMSL (m)
Season (Monsoon)
Collection
Colour
Odour
Velocity
Sampling Point
Water Temp.(ºC)
Distance
from Bank (m)
from surface (m)
Approach
Weather
Type
Population

U/S
25°10'20.30"N
82°29'21.80"E
75
PrePost

Brownish
Brownish
Foul Smell Foul Smell
Moderate
Moderate
River
River
32
30

D/S
25°10'53.00"N
82°35'42.00"E
74
PrePost

Brownish
Brownish
Foul Smell Foul Smell
Moderate
Moderate
River
River
32
30

~30
~7
Boat
Sunny
Grab
2,496,970

~20
~4
Boat
Sunny
Grab

~30
~5
Boat
Sunny
Grab

Key Site Observations
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3.4.29 Varanasi

VARANASI

Coordinates

Altitude AMSL (m)
Season (Monsoon)
Collection
Colour
Odour
Velocity
Sampling Point
Water Temp.(ºC)
Distance
from Bank (m)
from surface (m)
Approach
Weather
Type
Population

U/S
25°12'41.70"N
82°57'13.06"E
75
PrePost

Clear
Brownish
Fishy
Fishy
Moderate
Moderate
River
River
39
30
~50
~5
Boat
Sunny
Grab
1423711

~50
~5
Boat
Sunny
Grab

D/S
25°19'38.60"N
83° 4'35.22"E
67
PrePost

Clear
Brownish
Fishy
Fishy
Moderate
Moderate
River
River
32
30
~50
~4
Boat
Sunny
Grab

~50
~4
Boat
Sunny
Grab

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.

Key Site Observations
Release of industrial effluent
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3.4.30 Patna
Patna is the capital of the State of Bihar, and
is an important urban centre. The city draws water
for domestic purposes and industries, and lets out
substantial amount of sewage and industrial
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 of the
River, while there is a simultaneous discharge of
wastewater. The upstream sampling location for
Patna city was about 7.5 km from Patna Junction.
The sampling spot was unpaved Ghat where brick
drying and boat ferrying activities are undertaken.
The downstream site was near Godghat, about 24.7
km away from the upstream site. The nearby town
from the sampling site is Fatuha is an important
industrial centre known for small industries and its
handloom industries. The River Gandak joins Ganga
within upstream and downstream points. Water
hyacinth was observed during pre-monsoon
sampling. Brick kilns are observed in nearby areas.
Major human activities include brick drying and boat
ferrying. The river was deep but velocity was low in
general.
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PATNA

Coordinates

Altitude AMSL (m)
Season (Monsoon)
Collection
Colour
Odour
Velocity
Sampling Point
Water Temp.(ºC)
Distance
from Bank (m)
from surface (m)
Approach
Weather
Type
Population

U/S
25°39'8.70"N
85° 5'9.72"E
53
PrePost

Brownish
Greenish
Odourless Odourless
Low
Low
River
River
20
22
~6
~1
Boat
Cloudy
Grab
1,680,000

~6.5
~1
Boat
Cloudy
Grab

Key Site Observations
Water muddy, Water Hyacinth
Brick drying activities, ferrying people by boats,
Samsan Ghat in the vicinity
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D/S
25°34'7.08"N
85°15'56.94"E
52
PrePost

Brownish
Greenish
Odourless Odourless
Low
Low
River
River
20
22
~6
~1.5
Boat
Sunny
Grab

~6
~1.5
Boat
Sunny
Grab

Sampling Methodology Chapter
3.4.31 Bhagalpur

BHAGALPUR

Coordinates

Altitude AMSL (m)
Season (Monsoon)
Collection
Colour
Odour
Velocity
Sampling Point
Water Temp.(ºC)
Distance
from Bank (m)
from surface (m)
Approach
Weather
Type
Population

U/S
25°15'28.40"N
86°44'20.28"E
32
PrePost

Brownish
Greenish
Odourless Odourless
Low
Moderate
River
River
31
18
~6
~1
Boat
Sunny
Grab
3,032,226

~6
~1
Boat
Cloudy
Grab

D/S
25°16'12.90"N
87° 1'38.94"E
29
PrePost

Brownish Greenish
Odourless Odourless
Low
Moderate
River
River
29
17
~6
~1
Boat
Sunny
Grab

~6
~1
Boat
Cloud
Grab

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 the 2011 census Bhagalpur district
has a population of 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

Key Site Observations
SamsanGhat nearby
Rocky formations are visible on the bank
People ferried by boats
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3.4.32 Rajmahal
Rajmahal 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 the
sampling site. The locals use water for drinking,
cooking, washing purposes. Local fishing is also
prominent and boats are also used for ferrying
people to nearby villages. The Gangetic dolphin was
also seen in this location. The water was relatively
free of turbidity and was light green in colour.
Downstream sampling location was about 1 km
from Rajmahal town. The water was turbid and
current was medium

RAJMAHAL

Coordinates

Altitude AMSL (m)
Season (Monsoon)
Collection
Colour
Odour
Velocity
Sampling Point
Water Temp.(ºC)
Distance
from Bank (m)
from surface (m)
Approach
Weather
Type
Population

U/S
25° 5'41.20"N
87°46'27.30"E
26
PrePost

Brownish
Greenish
Odourless Odourless
Moderate
Moderate
River
River
33
22
~12
~1.5
Boat
Sunny
Grab
17,974

~30
~1.5
Boat
Sunny
Grab

D/S
25° 3'20.10"N
87°50'10.74"E
24
PostPost

Brownish
Greenish
Odourless Odourless
Moderate
Moderate
River
River
29
24
~8
~2
Boat
Cloudy
Grab

~8.5
~5
Boat
Cloudy
Grab

Key Site Observations
White sand on the bank; Dolphins were observed; Washing activities
undertaken by villagers
Kali Mandir nearby; Boats are ferrying people; Samsan Ghat is present
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FARAKKA

3.4.33 Farakka

Farakka is an important location as River
Ganga is diverted before it enters Bangaldesh and is
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
Coordinates
U/S
D/S
which uses water from River Ganga for its
24°48'52.70"N
24°46'24.00"N
operations. The upstream sample was collected
87°54'59.70"E
87°55'44.00"E
Altitude AMSL (m)
24
18
from Talta Ghat about 1 km upstream of the
Season (Monsoon)
PrePostPrePostbarrage. The river over the years has deposited
Collection




sediments at this place due to holding of water at
Colour
Greenish
Greenish
Greenish
Greenish
Odour
Odourless Odourless
Odourless Odourless
the barrage and the river bed has risen above the
Velocity
Low
Moderate
Low
Moderate
water that allows cultivation and grazing, even
Sampling Point
River
River
River
River
Water Temp.(ºC)
30.1
22.3
30.8
22.5
sparse settlements. The water flow is very low due
Distance
to the presence of barrage. Small fishing boats are
from Bank (m)
~60
~55
~35
~4from surface (m)
~1.5
~1.5
~1.5
~1.5
heavily deployed for local livelihood. The riverbed
Approach
Boat
Boat
Boat
Boat
has been observed to have growth of aquatic plants
Weather
Cloudy
Cloudy
Cloudy
Cloudy
Type
Grab
Grab
Grab
Grab
due to low flow. The downstream sample was
Population
2,74,111
taken near Benia gram about 2 km downstream of
the barrage towards the international border
Key Site Observations
between Bangladesh and India. Here also, river bed
Eichornia Crassipes found on bank; Fishing
NTPC uses river for industrial purpose
has risen above the water level in the middle of the
Hydrilla found in water
river due to very low flow and water depth as the
barrage in upstream controls the water flow. In both seasons, the flow was very low
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3.4.34 Berhampore
To have a better resolution in understanding
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 and
downstream of Berhampore city. In the upstream
sampling location, the bank was flanked with houses
and small shops. There was a water pumping station,
maintained by the city‟s Water Supply Unit, at the
sampling site from where water is pumped to the
city. The nearby area was used for local ferry services
that carry people on the other side of river to other
villages. Water was slightly turbid and was used for
cleaning, washing cooking, fishing and navigation.
The downstream sample was collected about 4 km
from this location, and had similar stream
conditions. However, thick vegetation was found on
the banks of the river

BERHAMPORE

Coordinates

Altitude AMSL (m)
Season (Monsoon)
Collection
Colour
Odour
Velocity
Sampling Point
Water Temp.(ºC)
Distance
from Bank (m)
from surface (m)
Approach
Weather
Type
Population

U/S
24° 7'52.41"N
88°15'0.85"E
18
PrePost
X
Greenish
Odourless
High
River
~7
~2
Bank
Sunny
Grab
305,609

D/S
24° 5'14.13"N
88°14'31.17"E
17
PrePost
X
Greenish
Odourless
High
River
~3
~2
Bank
Sunny
Grab

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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3.4.35 Mayapur

MAYAPUR

Coordinates

Altitude AMSL (m)
Season (Monsoon)
Collection
Colour
Odour
Velocity
Sampling Point
Water Temp.(ºC)
Distance
from Bank (m)
from surface (m)
Approach
Weather
Type
Population

U/S
23°25'14.67"N
88°23'5.81"E
16
PrePostX

Greenish
Odourless
Moderate
River
~7
~2
Boat
Sunny
Grab

D/S
23°24'30.09"N
88°22'46.83"E
15
PrePostX

Greenish
Odourless
Moderate
River
~8
~2
Boat
Rainy
Grab

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 upstream
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.

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 stationing of small boats for
fishing
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3.4.36 Dakshineswar
Among the additional locations, the last was
at Dakshineshwar, which is about 20 km upstream of
Kolkata city. Dakshineshwar itself is a satellite town
on the banks of the River Ganga. The upstream
location is located just outside the main stretch of
Kolkata city. Sample was collected from the buoy
used by the local ferry service. The water was slightly
turbid and flow was moderate. There was no bathing
or washing activities at the location. The downstream
location was near a ghat used for bathing and
washing. Water in the vicinity was found to have
ritualistic material. About 200 m downstream, a large
bathing ghat witnesses people thronging to perform
rituals in the ghats. This part of Ganga is affected by
daily tides and hence witnesses heavy current when
water goes down to seas during low tides.

DAKSHINESHWAR

Coordinates

Altitude AMSL (m)
Season (Monsoon)
Collection
Colour
Odour
Velocity
Sampling Point
Water Temp.(ºC)
Distance
from Bank (m)
from surface (m)
Approach
Weather
Type
Population

U/S
24°7'33.6"N
88°15'0"E
9
PrePost
X
Greenish
Odourless
Moderate
River
-

D/S
24°4'58.0794"N
88°14'6.36"E
9
PrePost
X
Greenish
Odourless
Moderate
River
-

~9
~1.5
Jetty
Sunny
Grab
-

~6
~1.5
Jetty
Sunny
Grab

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 lot of washing and bathing
take place
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3.4.37 Kolkata

KOLKATA

Coordinates

Altitude AMSL (m)
Season (Monsoon)
Collection
Colour
Odour
Velocity
Sampling Point
Water Temp.(ºC)
Distance
from Bank (m)
from surface (m)
Approach
Weather
Type
Population

U/S
22°36'16.60"N
88°21'50.50"E
11
PrePost

Brownish
Brownish
Odourless Odourless
Moderate
High
River
River
35
27

D/S
22°30'48.00"N
88°12'39.70"E
8
PrePost

Brownish Brownish
Odourless Odourless
Moderate
High
River
River
33
27

~10
~1.5
Ghat
Sunny
Grab

~10
~1.5
Jetty
Sunny
Grab

~10
~1.5
Ghat
Cloudy
Grab

~10
~1.5
Jetty
Sunny
Grab

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 North Kolkata. The water
current was high and water receded by a few meters
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 activities 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.

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.
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3.4.38 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 activities
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 was
observed. The downstream sample was collected
near the Gangasagar Island, and the sample was
collected early in the morning, before tidal activity
would lead to the recession in the water level,
thereby exposing the river bed.

GANGASAGAR

Coordinates

Altitude AMSL (m)
Season (Monsoon)
Collection
Colour
Odour
Velocity
Sampling Point
Water Temp.(ºC)
Distance
from Bank (m)
from surface (m)
Approach
Weather
Type
Population

U/S
21°52'30.25"N
88°10'3.26"E
1
PrePost

Brownish
Brownish
Fishy
Odourless
Moderate
Moderate
River
River
32
22

D/S
21°38'45.74"N
88°14'0.86"E
1
PrePost

Brownish
Brownish
Fishy
Odourless
Moderate
Moderate
River
River
32
27

~30
~1.5
Left Bank
Sunny
Grab

~10
~1.5
Left Bank
Sunny
Grab

~30
~1.5
Left Bank
Cloudy
Grab

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 if the project involves a comprehensive
investigation of the water quality and sediment of the River Ganga, at various locations throughout the
River which reflect different causative environmental settings such as urban centres, dams, and sites
where hydrological characteristics vary starkly. A variation in the environmental factors such as
topography, vegetation, climate, hydrology, and others, impact the water quality and the sediment
profile; and in extension, these might impact special properties. Hence, a similar study on other Rivers
which exhibit different environmental settings, or a difference in variation in such factors, will help
uncover causative relationships of the factors on water quality and special properties. In these lines, a
comparative study was undertaken along Rivers Yamuna and Narmada, where water quality was
assessed and sediment was analysed from locations which reflected similar characteristics as chosen for
River Ganga. Moreover, Rivers Yamuna and Narmada will also act as control group against which
special properties will be compared. Rivers Yamuna and Narmada have been chosen to represent river
originating from Himalayas (similar to River Ganga) and non-Himalayan plateau respectively.
3.5.1

River Yamuna

River Yamuna is a major perennial river in Northern India which originates in the
Bandarpoonch range of the Himalayas (30000‟29” N and 78027‟45” E, 3512m above MSL) (Source:
Google Earth 7.1.5.1557, Imagery Date: 15/6/2014) and forms the largest sub-basin of Ganga riversystem. The basin is spread over seven states of India. The river runs an extensive course of 1376 km,
and on its course, it forms the state borders between the states of Uttarakhand-Himachal Pradesh and
Uttar Pradesh-Haryana. The basin drains a massive area of 3,45,848 km2 contributing to 40.14% of the
Ganga River Basin (Ravindra Kumar Rai, 1981). The river, similarly to River Ganga, possesses religious
significance and principal status in Indian mythology, worshipped as the ever-nourishing river Goddess.
The basin supports a population of about 12.75 Crore and forms one of the most fertile alluvial plains
in the world - the Yamuna-Ganga Doab region.
The topographical features along the River Yamuna vary in a similar manner as River Ganga.
The River originates in the Himalayas and flows through the Sivalik range and enters the plains in
Haryana. Yamuna is a hydro-geologically interesting river-system as it has tributaries which originate
from the Himalayan ranges, and also from the Vindhya Range in Central India. River Tons is a major
Himalayan tributary of River Yamuna, which joins the River a few kilometres upstream of Dakpatthar
barrage. Water is diverted to feed canal network at Dakpatthar barrage. Major hydroelectric projects
under construction in the Himalayan section of the River are the Lakhwar Dam at Lakhwar and the
Vyasi Hydroelectric Project at Hathiyari. The town of Paonta Sahib near the Uttarakhand-Haryana
border approximately marks the end of the Himalayan section of the River. 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, and the riparian zone of the River
Yamuna in this stretch has witnessed vast expanses of land clearance. Large urban centres, such as
Karnal and Panipat, are found on the banks of the River as it enters the plains. The Yamuna is
extensively used for irrigation and there are two major canal systems - the Eastern and the Western
Yamuna Canal –at Hathnikund barrage in Yamuna Nagar, Haryana. The canals have changed the flow
regime, and have an impact on the water quality of the River. The River eventually enters the National
Capital Region (NCR) and a substantial part of the River is diverted at Wazirabad barrage for domestic
and industrial purposes in the NCR. The stretch of Yamuna from Wazirabad to Okhla - through Delhi
- is found to be one of the most polluted river stretches in the world (CPCB, 2006) (Khan & Singh,
2013). Alarmingly low flow rates are maintained for ecological concerns (DHI Group, 2010). Further
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down, numerous urban centres such as Agra, Mathura and Firozabad 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 flows during monsoon and nonmonsoon respectively, but the non-monsoon flow is significantly augmented with the confluence of
Chambal near Etawah (CPCB, Water Quality Status of Yamuna River, 2006) .Though it is a massive
and complex river-system itself, the river has always been assessed as a major tributary to the Ganga,
and a sub-basin (CWC, 1989).
There exists numerous studies on flood management and water quality status in and around
Delhi (CSIR-NEERI, 2006) (MoEF, 2013) (CSIR-NEERI, 2002) (Misra, 2010)), and also on general
water quality status and baseline information about the basin (CWC, 1989) (CPCB, Water Quality
Status of Yamuna River, 2006) (CPCB, Basin Sub Basin Inventory of Water Pollution - The Ganga
Basin Part One : The Yamuna sub - basin, 1980-81) (DHI Group, 2010). However, most of these
studies are spatially concentrated around the NCR. CSIR-NEERI has exclusively worked on the
Yamuna river on the aspects of flood flow inundation and impact on water quality due to the Mathura
refinery. CSIR-NEERI was retained by Delhi Development Authority to study the effects of flood
flows on land inundation. The institution also studied the impact on water quality due to the effluent of
the Mathura treated refinery, and provided definite guidelines for safe effluent discharge (CSIRNEERI, 2006).
3.5.2

River Narmada

Narmada basin is spread across 98,976 km2and falls mostly under the plateau tracts of
peninsular region of India. The basin extends over Madhya Pradesh, Gujarat, Maharashtra and
Chhattisgarh. River Narmada originates as a sub-surface spring at Amarkantak on the Madhya PradeshChattisgarh border. The River flows westwards for about 1300 km to join the Arabian Sea near
Bharuch in Gujarat (Narmada Valley Development Authority, 2013). The River has an utilizable surface
water resource of about 34,500 million m3.It is the longest West flowing River of India. The origin of
the River and the boundaries of the basin are of special importance as Amarkantak marks the boundary
between the Narmada and the Ganga basins. The basin is bound by the Satpura ranges to the South
and Vindhya ranges to the North.
In comparison to Rivers Ganga and Yamuna, characteristic differences in various
environmental parameters are seen in River Narmada. Firstly, the source of the River is through the
natural drainage of the basin through base flow and precipitation, and snowmelt waters do not
contribute. Secondly, the geological setting, and thereby hydrogeological parameters, differs distinctly
from the Himalayas and the Gangetic plains. Slight similarity exists in the physiographical features of
River Narmada and Rivers Ganga and Yamuna, as River Narmada originates in the hilly region of the
Vindhya and Satpura ranges and enters the plains as it flows westwards. However, the elevation, climate
and geological characteristics of these peninsular highlands are different as compared to the Himalayas.
The hilly region in the upper parts of the basin is thickly forested and exhibits a rich diversity in flora
and fauna. Unlike Rivers Ganga and Yamuna, the River flows through narrow gorges at most parts and
is much swifter.
The plain in the lower parts of the basin are broad, fertile tracts conducive for agriculture. Black
cotton soil is predominant in the basin, and in coastal areas, a thick layer of alluvium can be found
beneath a layer of black soil. The basin has an arable area of about 5.9 million hectare and agriculture
accounts for about 60% of the basin area (Ministry of Water Resources, 2015). River Tawa is one of the
most important tributaries of River Narmada and joins from its left bank near Hoshangabad city
(Ministry of Water Resources, 2015). Though urban centres such as Jabalpur and Hoshangabad are
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found along the banks of River Narmada, the number of urban centres and the population density
along the River is comparatively lesser than along Rivers Ganga and Yamuna. The River has witnessed
massive developmental projects in the recent years through the Narmada Valley Development
Authority which has undertaken irrigation and hydroelectric projects on the River. The major
hydropower projects are the Sardar Sarovar Dam, Indirasagar Dam and Bargi Dam. Bharuch is an
important industrial hub near the mouth of the River which houses a large number of industries in
various sectors.
Samples were collected from the locations indicated in the above maps, along Rivers Narmada
and Yamuna. Samples for radiological analysis and pharmaceuticals and pesticide residue were collected
from select locations only. The detailed methodology for sampling and 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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Chapter 4 Water and Sediment QUality
In this Chapter, the water and sediment quality of River Ganga monitored during pre-monsoon
and post-monsoon seasons are presented and discussed in detail. In addition, the assessment of
chemical characteristics of Rivers Yamuna and Narmada has also been presented and discussed. Total
of 70 locations were selected for assessment of water quality throughout the entire length of River
Ganga, including its major tributaries. In addition, 35 locations were chosen from Rivers Yamuna and
Narmada to undertake a comparative study of water quality. These locations were selected based on
specific criteria which would bring forth information about the water quality of the Rivers Ganga,
Yamuna and Narmada throughout its stretch from origin to confluence. In addition, details of causative
factors such as quantum of flow, abstraction of water, impoundment, and urban centres were collected.
The site specific details of these sampling locations have been presented in the earlier section (Chapter
3). Impact on water quality at various locations was assessed.
The chemical characteristics of a River provide valuable information about the water quality at
any given point. A comprehensive study was undertaken to assess the water quality and sediment
characteristics of River Ganga, taking into consideration different points that represent the changing

Fig. 4-1: Parameters monitored during pre-monsoon seasons to assess the water quality and sediment characteristics
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environment of the River as it flows
across different States (Diversity of the
Ganga Basin – 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 in Error!
eference source not found..
Fig. 4-2: An example for the box and whisker plot used to represent the
results
Water samples collected for
chemical analysis were brought to CSIRNEERI, Nagpur, CSIR-NEERI, Delhi and CSIR-NEERI, Kolkata based on the location. All
parameters were analysed as per standard procedures described in the APHA manual with required
quality control checks to ensure reliability of data (APHA, AWWA & WEF Standard Methods 22nd
Edition, 2012).
Statistical analysis was done using SPSS 16.0 version (SPSS Inc., Chicago, IL) software. SPSS
was used to summarize the data and for plotting box plots. Google Earth® was used for mapping
sampling locations. Data compilation and preliminary data processing was performed in Microsoft
Excel©.
Box and whisker plots have been used to represent the results of the analysis of the chemical
parameters and trace metals. The parameters have been grouped according to the categories described
earlier Error! Reference source not found.. A comparison between the three stretches of River
anga used in this study as elucidated in the earlier sections, along with seasonal variation in premonsoon and post-monsoon seasons can be drawn from the box and whisker plots. The box and
whisker plot provides information about 5 key statistical quantities for each parameter analysed. This is
also called the 5-point summary in statistical terminology. The whisker extending below the box is the
minimum value. The lower boundary of the box indicates the 25 percentile value of the range of values
under consideration. The thick black line indicates the median value, whereas the upper bounds of the
box indicate the 75 percentile value. The whisker extending upwards indicates the maximum value. The
difference between 75 percentile (Third Quartile) and 25 percentile (First Quartile) is known as the
Inter-quartile range (IQR); and values beyond 1.5 times the IQR plus the 75 percentile value, or values
below 1.5 times the IQR subtracted from the 25 percentile value, are identified as outliers.
In addition, bubble charts have been used to present the results as well. The bubble charts
provide individual values of the results for each location; and the radius of the bubble is proportional to
the magnitude of the result obtained. The bubble charts have been arranged in manner indicative of the
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geographical context of River Ganga. The features of the bubble charts, including the positions of the
bubbles, are only indicative and not to scale.
Radiological analysis, analysis for pesticide residue, and analysis for traces of emerging
pollutants (endocrine disrupting compounds) are not generally undertaken to study the water quality of
a river. However, the presence of large swaths of agricultural lands along the banks of the Ganga, the
possibility of radionuclides entering into the River from the geogenic sources, and the major urban
establishments along this River make it necessary to study these aspects. The proposition of special
properties in the River Ganga is chiefly based on water quality of the River, and hence makes these
parameters much more relevant. The relevance and details of these studies have been elaborately
presented in the respective sections to follow.

4.1
4.1.1

Physico-chemical characteristics
Introduction

One of the major objectives of this project is to understand the water quality of the River
Ganga with specific focus on parameters that indicate the interaction of the river with its varied
environment. This includes the impact of anthropogenic activity on water quality, discharge and
damming the River, urban centres on the bank of the River, and the geology and the hydrogeological
processes that impact various physical and chemical characteristics of the River. The goals of this
objective were met by carrying out a comprehensive study of physico-chemical parameters at various
locations along the river. These parameters form the crux of monitoring the water quality of any
surface water bodies. The physical characteristics in this study include colour, odour, turbidity and
temperature. The qualitative details of colour, odour and temperature of the water samples, along with
water velocity at each sampling location has been presented in the earlier section (Chapter 3).
4.1.2

Water quality of the river

In order to understand the correlation between the parameters being analysed and the water
quality of the River, it is necessary to understand the context of these parameters in terms of water
quality. In other words, the chemical composition gives a clue about the environmental factors which
are impacting the River‟s water quality.
Table 4-1: CPCB water quality criteria

Designated-Best-Use
Drinking Water Source without
conventional treatment but after
disinfection

Class of
water
A

Outdoor bathing (Organised)

B

Drinking water source after
conventional treatment and
disinfection
Propagation of Wild life and
Fisheries
Irrigation, Industrial Cooling,
Controlled Waste disposal

C

D
E

Criteria
Total Coliforms Organism MPN/100ml shall be 50 or less
pH between 6.5 and 8.5
Dissolved Oxygen 6mg/l or more
Biochemical Oxygen Demand 5 days 20°C 2mg/l or less
Total Coliforms Organism MPN/100ml shall be 500 or less pH
between 6.5 and 8.5 Dissolved Oxygen 5mg/l or more
Biochemical Oxygen Demand 5 days 20°C 3mg/l or less
Total Coliforms Organism MPN/100ml shall be 5000 or less pH
between 6 to 9 Dissolved Oxygen 4mg/l or more
Biochemical Oxygen Demand 5 days 20°C 3mg/l or less
pH between 6.5 to 8.5 Dissolved Oxygen 4mg/l or more
Free Ammonia (as N) 1.2 mg/l or less
pH between 6.0 to 8.5
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. Class A, Class B, Class C, Class D and Class E
based on the intended use of water and accordingly specifies standards for Biochemical Oxygen
Demand, Dissolved Oxygen, pH, Total coliforms, Free Ammonia, Electrical Conductivity and Boron.
Error! Reference source not found. specifies the Class wise standards as stipulated by CPCB.
urther, CPCB has categorized River Ganga as Class A from Gangotri to Haridwar, Class B from
Haridwar to Kolkata. This indicates that water in Stretch I can be used for drinking purposes with only
disinfection while in Stretch II and III, the water can be used for outdoor bathing and other purposes.
The parameters specified in the standard are indicator parameters. However, other water quality
parameters do influence these indicators. Nitrate, Phosphate and Sulphate are nutrients for
microorganisms. Though these nutrients may possibly originate from geogenic sources in small
quantities, fertilizers used in cultivated land which eventually find their way into the River is an
important source of these nutrients in the River. Another major source is the release of treated or
untreated sewage in the River. Excessive nutrients result in uncontrolled growth of algae.
As CPCB has categorized majority of River Ganga as Class A or Class B, which implies that
water can be used for drinking purposes with treatment, it is imperative to evaluate the River water
quality for chemical parameters as per the IS 10500:2012 standard (CPCB - Control of Urban Pollution
Series (CUPS), 1978).
As elucidated in Chapter 2, CPCB and CWC monitor physico-chemical parameters of all the
major rivers in India. Turbidity, Dissolved Oxygen, Conductivity, pH, and Hardness are some of the
physico-chemical parameters which are monitored regularly. The monitoring stations maintain a record
of these parameters over years (CPCB, 2013). CPCB has undertaken the study of water quality trend of
River Ganga (CPCB, Ganga water quality trend, 2009). The monitoring stations were divided in 5
stretches viz., Uttarakhand (Gangotri to Haridwar), Upper segment in Uttar Pradesh (Garhmukteshwar
to Kanpur), Lower segment in Uttar Pradesh (Rai Bareilly to Gazipur), Bihar (Buxar to Rajmahal), West
Bengal (Behrampore to Diamond Harbour). CPCB reported two key water quality parameters, BOD
and DO, for each location in all four stretches. Apart from Government agencies, several monitoring
studies have been undertaken at various stretches along the Ganga by scientists/academicians/agencies
to quantify these physico-chemical parameters.
4.1.3

Sampling and Methodology

Samples were collected from all the locations as described in previous Chapters during premonsoon and post monsoon seasons. A detailed protocol was prepared to ensure sample integrity,
common methodology for sample collection, and optimal conditions during transport of these samples.
A set of three water samples were collected from each sampling location for chemical analysis.
Depending on the accessibility to the site, water samples were collected either directly by dipping the
container in the river water with closed tap and opening or with the help of a depth sampler. As the
methodology for the collection of samples for the analysis of all physico-chemical parameters does not
differ much, 1L sample was collected from each location for all the chemical parameters in a
polypropylene bottle. Two additional samples were collected in the two 500ml polypropylene bottles
for analysis of COD and BOD. Sample to be used for COD analysis was acidified with 1 ml H 2SO4 for
preservation. An additional water sample was collected for on-site analysis.
Samples were analysed for chemical water quality parameters as described in Error! Reference
ource not found.. Measurement of basic parameters like pH, conductivity (EC), temperature and
turbidity was done on site with pre-calibrated probes and meters. Dissolved oxygen was measured onsite using dissolved oxygen probe and confirmed by titrimetric method using Winkler‟s reagents. A
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standard thermometer was used to record the water temperature on-site. pH and electrical conductivity
(EC) were also measured in the laboratory. Colour and odour of water sample was noted based on
visual comparison and sensory response.

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

Sl
No.
1.

Parameter

Methodology

Standard Method Number

Temperature (0C)

Thermometer
EC Probe on-site/Conductivity
meter in lab
pH Probe on-site/pH meter in lab
Turbidimeter
Titrimetric method
Complexometric Titration
Complexometric Titration
Complexometric Titration
Argentometric Titration
Spectrophotometry
Spectrophotometry
Flame Photometer
Flame Photometer
Spectrophotometry
Specific Ion meter
DO Probe and Titration by
Winkler‟s Method

2550B, APHA, 2012

2.

Conductivity

3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.

pH
Turbidity
Alkalinity
Total Hardness
Calcium
Magnesium
Chloride
Nitrate
Sulphate
Sodium
Potassium
Phosphate
Fluoride

16.

Dissolved Oxygen

17.

Biochemical Oxygen Demand

Incubation followed by titration

5210 B, APHA, 2012

18.

Chemical Oxygen Demand

Acid digestion followed by titration

5220 B/C, APHA, 2012
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2510B, APHA, 2012
4500-H+ B, APHA, 2012
2130B, APHA, 2012
2320B, APHA, 2012
2340C, APHA, 2012
2340C, APHA, 2012
2340C, APHA, 2012
4500-Clˉ B, APHA, 2012
4500-NO3ˉ B, APHA, 2012
4500-SO42ˉ E, APHA, 2012
3500-Na B, APHA, 2012
3500-K B, APHA, 2012
4500-P C, APHA, 2012
4500-F ˉ C, APHA, 2012
4500 – O C/G, APHA, 2012

Limitation of the study

Grab samples were collected from the flowing River from a single point. The exact sampling
point at the pre-defined location was selected to ensure true representation of water quality. Uniform
mixing can safely be assumed in the first stretch due to high velocity and smaller river bed width;
however, the same assumption might not be true in the second and the third stretch as the velocity
reduces and width of the River increases. The temporal variation has been assessed only for a single
seasonal cycle and might not be sufficient to reflect any long term time-dependent processes. Widthwise and depth-wise sampling has not been carried out, and therefore, 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 explained in terms of a sample of
water from a surface water body, means that the analysis of the sample is carefully controlled to
guarantee that the results are accurate within acceptable limits and recognized standards. Quality
assurance (QA) is a system of activities designed to make sure that the data meet defined standards of
quality. It pertains to the overall management of the sampling program, and includes planning,
documentation, training, consistency in collecting and handling samples, analyses, validation and
reporting. Quality control (QC) refers to the technical activities used to reduce errors throughout the
sampling program. These activities measure the performance of a process against defined standards to
verify that the data meets the expected quality. Errors can occur in the field, laboratory or while
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handling the data. QC should include both internal and external measures. Internal QC is a set of
measures undertaken internally in an organization, whereas external QC involves people and
laboratories outside the organization.
During QA/QC study, samples were collected in triplicates for internal QC, and a multilaboratory validation was carried out for external QC. Three samples were collected in quick succession
from a single location and handled in the same manner to ensure internal QC and the precision of the
methods. Quality control indicators include precision, accuracy, representativeness, completeness,
comparability and sensitivity. With these indicators, the sources of variability can be evaluated and
thereby increase the confidence in the data produced.
To determine the precision of analytical results the water samples were collected from three
Rivers Ganga, Narmada and Yamuna in triplicates and analysed at two laboratories. One sampling
location was selected from each River; Haridwar for River Ganga, Lakhwar for River Yamuna, and
Mandla for River Narmada, the samples were analysed for its physico-chemical properties at CSIRNEERI Nagpur and Delhi Zonal Laboratory CSIR-NEERI. The on-site analysis results have been
presented in Error! Reference source not found.. Results of various physico-chemical parameters for
ndividual laboratory have been presented in Error! Reference source not found.. To study the
precision in inter-laboratory results, the mean and relative standard deviation have been calculated and
show good agreement and precision in addition to appreciable precision in intra-laboratory results.
Table 4-3: Physico-chemical analysis of samples collected for QA/QC

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

Results and discussion

Water being a good solvent ensures solubility of chemicals from natural and anthropogenic
sources which is reflected with change in indicator parameters like pH or electrical conductivity.
Change in EC is directly proportional to the quantity of dissolved solids in the water. Although these
parameters indicate change in water quality, further analysis of ionic species provides deeper insight
about these changes. Demand parameters are analysed as an indicator for pollution load. A statistical
summary of the results for these chemical parameters are provided in Error! Reference source not
ound. and Error! Reference source not found. which offer a stretch-wise comparison of River
Ganga. In addition, information about the impact on water quality due to possible causative factors
such as change in discharge, impoundment due to dams, abstraction of water, and impact of major
urban centres have been analysed and relative change in water quality has been presented. The

4-6

Assessment of Water Quality and Sediment to understand the Special Properties of River Ganga

Water and Sediment Quality Chapter
quantitative results for all parameters analysed in this study have been presented in the physicochemical section of the “Annex to the report”.
Water samples from the select locations along the river Ganga were assessed for all the listed
chemical parameters. The average value for each stretch along with the associated standard deviation
for each parameter in both the seasons is presented in the Error! Reference source not found. and
REF _Ref470515667 \h \* MERGEFORMAT Error! Reference source not found.. The minimum
and maximum value for each stretch has also been presented, along with the Drinking Water Quality
Standard (IS 10500:2012) for each parameter to obtain a comparative sense to the observed results.
The turbidity in Stretch I during pre-monsoon is excessive, and does not conform to the
Drinking Water Quality Standards at most locations. TDS in Stretch I remains well under the Drinking
Water Quality Standards in both seasons. The pH in the entire stretch remains well within the
acceptable range with the exception of a couple of locations. Total hardness and alkalinity are also
under acceptable limits at all locations in Stretch I during both seasons; and same is the case with
Calcium, Chloride, and Fluoride.
Stretch II and III have appreciable turbidity, and TDS is within the acceptable limits, but close
to the threshold level. pH is found to be beyond the acceptable range on the alkaline side at some
locations in Stretch II. Total Hardness conforms to the Drinking Water Quality Standards at all
instances during both seasons in Stretch II & III, whereas alkalinity is found to be high during postmonsoon season in Stretch II & III. Calcium, Chloride and Fluoride are within the prescribed value for
both stretches and seasons. Parameter based details are provided in subsequent sections.
Table 4-4: Statistical summary of chemical parameters for River Ganga

Stretch

Units

Drinking
Water
Quality
Standard
(IS
10500:2012)

Turbidity

NTU

TDS

Parameter

I
Mean (SD)
Min – Max

II
Mean (SD)
Min – Max

III
Mean (SD)
Min – Max

Premonsoon

Postmonsoon

Premonsoon

Postmonsoon

Premonsoon

Postmonsoon

5

121 (220)
2 - 714

10 (10)
0 - 36

29 (22)
7--77

32 (22)
5--81

76 (75)
17 - 282

30 (23)
5 -- 74

mg/L

500

81 (37)
30 - 235

85 (50)
44 - 284

230 (100)
89 - 455

234 (79)
123 - 384

164 (22)
119 - 204

184 (62)
100 - 320

DO

mg/L

-

6.9 (1.7)
1.5 - 9.4

8.8 (0.8)
7.4 - 10.9

7.3 (0.9)
6.0 - 8.8

7.0 (0.9)
.6 - 8.6

6.7 (1.3)
4.3 - 8.8

8.4 (0.6)
6.9 - 8.9

BOD

mg/L

-

-

1.7 (0.7)
0.0 - 2.8

3.9 (1.2)
2.8 - 7.0

2.3 (1.0)
1.4 - 5.4

3.4 (0.5)
2.5 - 4.1

2.3 (0.9)
1.1 - 4.0

COD

mg/L

-

46 (53)
1 - 200

42 (16)
16 - 80

39 (21)
11-72

28 (14)
12-60

43 (14)
24 - 73

67 (25)
25 - 103

6.5-8.5

7.6 (0.4)
7.1 - 8.4

6.9 (.6)
5.6 - 8.1

8.0 (0.7)
6.6 - 8.9

7.6 (0.6)
6.9 - 9.2

8.0 (0.4)
7.2 - 8.5

8.3 (0.1)
8.0 - 8.5

Season

pH
EC

µS/cm

-

135 (49)
51 - 292

142 (83)
74 - 473

358 (128)
177 - 593

316 (102)
195 - 492

279 (29)
237 - 333

349 (40)
304 - 414

Total
Hardness

mg/L

300

79 (23)
52 - 156

58 (35)
34 - 210

113 (26)
72 - 166

125 (16)
106 - 164

128 (17)
108 - 171

151 (10)
136 - 170

Sodium as
Na+

mg/L

-

17.5 (5.6)
6.0 - 28.6

10.0 (0.2)
9.2 - 10.2

37.4 (26.7)
3.7 - 101.7

19.7 (10.6)
4.7 - 38.7

20.9 (4.4)
15.8 - 29.9

19.4 (4.2)
14.9 - 26.1

Potassium
as K+

mg/L

-

4.0 (1.2)
1.8 - 8.0

1.4 (0.5)
0.8 - 2.4

7.3 (2.6)
3.3 - 12.5

4.4 (1.0)
2.3 - 6.2

4.7 (0.3)
4.3 - 5.2

4.3 (0.6)
3.0 - 5.0
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Stretch
Parameter
Units
Season

I
Mean (SD)
Min – Max

II
Mean (SD)
Min – Max

III
Mean (SD)
Min – Max

Drinking
Water
Quality
Standard
(IS
10500:2012)
75 (as
Ca++)

Premonsoon

Postmonsoon

Premonsoon

Postmonsoon

Premonsoon

Postmonsoon

17.6 (6.2)
8.0 - 30.4

14.7 (8.0)
8.8 - 49.6

24.1 (5.1)
18.4 - 36.8

32.2 (5.0)
21.6 - 40.8

34.5 (3.8)
28.3 - 40.0

38.1 (2.2)
34.1 - 41.8

Calcium as
Ca++

mg/L

Magnesium
as Mg++

mg/L

-

7.8 (2.7)
2.9 - 14.4

6.0 (4.3)
2.2 - 24.1

12.7 (5.0)
4.8 - 23.0

12.5 (3.2)
7.8 - 18.5

11.9 (4.0)
6.0 - 20.0

15.6 (2.6)
10.8 - 20.6

Alkalinity

mg/L

200

52 (18)
15 - 104

46 (30)
12 - 172

111 (36)
54 - 170

143 (31)
103 - 198

144 (14)
122 - 166

192 (25)
152 - 234

Sulphate as
SO4

mg/L

200

31 (11)
16 - 61

34 (22)
14 - 83

30 (9)
15 - 40

29 (7)
17 - 40

33 (7)
24 - 51

14 (8)
3-35

Chloride as
Cl-

mg/L

250

12.7 (4.1)
8.0 - 28.0

19.5 (3.8)
14.0 - 30.0

31.7 (24.6)
3.0 - 97.0

15.7 (9.4)
2.9 - 32.0

21.2 (8.2)
11.3 - 35.6

16.3 (3.9)
11.5 - 24.5

Fluoride as
F-

mg/L

1

0.21 (0.08)
0.10 - 0.50

0.21 (0.14)
0.05 - 0.52

0.41 (0.10)
0.25 - 0.60

0.23 (0.02)
0.19 - 0.30

0.21 (0.02)
0.19 - 0.24

0.20 (0.01)
0.18 - 0.22

Nitrate as
NO3

mg/L

45

3.32 (2.85)
1.0 – 12.82

1.82 (0.85)
0.74 - 4.52

0.59 (0.63)
0.02 - 2.18

0.71 (0.54)
0.17 - 2.36

0.84 (0.64)
0.37 - 2.25

0.24 (0.12)
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 the substantial 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 I has high discharge even
during the pre-monsoon season due to
melting of glaciers.
The turbidity range during premonsoon was between <10 to 100 NTU
BIS Drinking Water
with an exception of samples collected
Quality Standard - - from Gomukh and Gangotri where
Fig. 4-3: Stretch-wise seasonal variation of turbidity
turbidity was above 600 NTU. The
water gushing out from under the
Gangotri glacier at Gomukh was observed to have sediment content. River Bhagirathi flows from an
altitude of ~4000 m through the narrow valley of Gangotri National Park to a wider river bed near
Harsil at ~2000 m. At this point, turbidity tends to decrease as the river bed widens and the velocity
relatively reduces. The high turbidity is observed till the water reaches Maneri Dam. Along further
course of the river, anthropogenic activities like sand mining and road construction contribute to
marginal increase in turbidity until all the sediment settles down in the Tehri reservoir. However, due
to low discharge during post-monsoon, the observed turbidity was relatively lower, with Gangotri still
being an exception with high turbidity as compared to other locations. Stretch II & III exhibit this
trend of lower turbidity during post-monsoon season.

“Turbidity is the measure of relative clarity of a liquid. In turbid streams, increased
sedimentation and siltation can occur, which can result in harm to habitat areas
for fish and other aquatic life. Particles also provide attachment places for other
pollutants, notably metals and bacteria. For this reason, turbidity readings can be
used as an indicator of potential pollution in a water body”
-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 6.5 – 8.5 is an
indication of anomalies and possible
contamination. In Stretch I 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
Quality Standard - - locations in Stretch II & III. Gomukh
during post-monsoon season and
Fig. 4-4: Stretch – wise seasonal variation of pH
upstream of Bijnore during premonsoon season were identified as
outliers with pH of 5.6 and 6.8 respectively. Significant variation was not observed in pH when
compared stretch-wise. There are two notable observations concerning pH along the River.
Firstly, the water is found to be slightly acidic at Gomukh and Gangotri (5.6, 6.0 and 6.2). The
chemical characteristics of water in this region are influenced by the rock minerals of the
mountains and moraines buried under the glacier. It was found that the sediment load in the
River (also indicated by turbidity in this study) was considerably less during the post-monsoon
season as compared to pre-monsoon. Therefore, the contribution of weathered rock minerals
might have also changed, and thereby resulting in a difference in chemical characteristics of
the water, including pH.
Secondly, the pH along Allahabad and Varanasi is found to be more on the alkaline side (8.6,
8.5, 8.8, 8.6, 8.5). It is a noteworthy point that the anthropogenic impact of Kanpur, Allahabad and
Varanasi are seen in the water quality characteristics downstream of Allahabad. Results from other
studies along this stretch of River Ganga (Harendra Singh, 2014) also indicate a similar trend. The
chemical characteristics, including pH, have considerably changed along this belt, owing to a more
magnified impact of anthropogenic sources.

“pH is a measure of acidity or basicity of water. The pH of water determines the
solubility and biological availability of chemical constituents such as nutrients and
heavy metals”
- United States Geological Survey
IS 10500 Standard: 6.5 – 8.5; CPCB Standard: 6.5 – 8.5
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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 pointsource 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 increase
Fig. 4-5: Stretch – wise seasonal variation of EC
as the River interacts with sediment and
flows through different topographic regions. Further, anthropogenic activities like agriculture, landfill,
industries, etc. also increase the quantum of total dissolved solids (TDS). This increase in TDS is
directly reflected by a change in the conductivity. A constant increasing trend in EC was observed in
Stretch I during both pre-monsoon and post-monsoon seasons with certain natural variation. With
increased anthropogenic activities, the average EC in Stretch II & III (327 µS/cm) is
comparatively higher than the average in Stretch I (138 µS/cm). The EC in Stretch I is low during
the post-monsoon season as compared to the pre-monsoon season, and this might be attributed to the
change in discharge in the River, and the consequent change in dissolution of rock minerals. The
variation in EC remained within a narrow band of 80 - 140 µS/cm at most of the locations of Stretch I.
However, the trend is reversed in Stretch II & III mainly due to an increased influx of dissolved solids
as run off during post-monsoon. As the river flows through the first major urban centres - Haridwar
and Rishikesh, electrical conductivity starts increasing and is distinctly different from the results
upstream of Rishikesh. The average EC in Stretch II was almost double as that of Stretch I. This trend
was observed in both seasons. Another contributing factor towards conductivity is the sub surface flow
in the Stretch II. EC remains fairly consistent in Stretch III as seen in Error! Reference source not
ound..

“Electrical conductivity is the measure of the ability of an electrolyte to conduct
electricity. In the context of a River, it correlates to the amount of salts and
minerals dissolved which in turn increase the “electrolytic” property of water to
conduct electricity”
IS 10500 Standard: Not Defined
CPCB Standard: Not Defined
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4.1.6.1.4 Dissolved Oxygen
Dissolved oxygen indicates the
“health” of a surface 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 – 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
CPCB Water Quality
function of water temperature and
Criteria - - atmospheric pressure.
The first stretch of River Ganga
Fig. 4-6: Stretch - wise seasonal variation of DO
shows appreciable concentration of DO
ranging from 7 to 9.5 mg/L. The lower temperatures and high turbulence in this region allow more
oxygen to be dissolved in the River. However, a decrease in discharge in the River due to seasonal
variation, and impoundment due to dam (Tehri pre-monsoon) impair the River‟s ability to dilute the
organic load entering into it. In Stretch II & III, the River has a DO concentration ranging from 6 to 9
mg/L (with the exception of Kolkata). However, this region has hotter climate, and thereby a lower
saturation concentration. It is observed that the high density population centres and industrial
areas do not appreciably reduce the dissolved oxygen levels in the River even though there is a
high influx of organic load into the River.
Dissolved Oxygen from Gomukh to Gangasagar remains above 5.5 mg/L with exceptions at
Tehri D/S and Haridwar D/S during pre-monsoon season. Most of the locations had dissolved oxygen
near saturation levels both in pre- and post-monsoon. A marginal increase was observed in postmonsoon in all three stretches which correlates with lower water temperature. To investigate this
anomaly concerning high and supersaturated DO in the stretch along the urban belt, dedicated
experiments were carried out in Kanpur, Allahabad and Varanasi and are presented in Chapter 6.

“Dissolved oxygen (DO) refers to the concentration of oxygen gas incorporated in
water. Oxygen enters water by direct absorption from the atmosphere, which is
enhanced by turbulence. Water also absorbs oxygen released by aquatic plants
during photosynthesis. Sufficient DO is essential for growth and reproduction of
aerobic aquatic life”
-United States Environmental Protection Agency
IS 10500 Standard: Not Defined
CPCB Standard: Class A – above 6 mg/l ; Class B – above 5 mg/l
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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 I
(Gomukh to Haridwar) had a BOD less
than 2 mg/L at most locations in the first
stretch except for Gangnani during postmonsoon season. The BOD in Stretch II
ranges from 2 mg/L to 7 mg/L, with a
mean BOD of 3.6 mg/L during premonsoon 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
Fig. 4-7: Stretch-wise seasonal variation of BOD
of Ganga and Yamuna) in Allahabad had
distinctly higher values of ~7 and 5.6
mg/L in pre- and post-monsoon respectively. Increase in flow, with the eventual dilution of the
organic load might be lowering the BOD range in the post-monsoon season.
It should be noted all the sampling locations were selected either upstream or downstream of
the city, except for Sangam which lies in the middle of the city. The river flows through major towns
and highly industrialized areas in Stretch II where treated and untreated domestic and industrial
effluents are discharged in the river. Even with approximately 700 tons per day of organic load
discharged into the River in the Stretch between Kanpur and Varanasi, the dissolved oxygen still
remains near saturation and BOD is still around CPCB Water Quality Criteria. CPCB has reported a
BOD load of about 1000 tonnes per day of all the drains discharging into River Ganga.

“The amount of oxygen per unit volume of water required to bacterially oxidize
(stabilize) the oxidizable matter in water”
-United States Environmental Protection Agency
IS 10500 Standard: Not Defined
CPCB Standard: Class A – less than 2 mg/l ; Class B – less than 3 mg/l
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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
– 200 mg/L and 20 to 80 mg/L in
Stretch I during pre-monsoon. Although
a wider range was observed in the premonsoon season, the average COD for
Stretch I was higher in post-monsoon
mainly due to decreased dilution effect
(low discharge).
Along the river, highest values of
COD were observed in Stretch I where
the pollution impact is the least. COD of
Fig. 4-8: Stretch-wise seasonal variation of COD
200 mg/L at Gomukh during the premonsoon season correlates with turbidity at the same location. This indicates that sediment in the
Stretch I of the river Ganga might be contributing towards COD. The filtered samples from each
location were analysed for COD; however, a portion of the sediment with sub-micron particle size
passes through the Whatman‟s filter paper. These particles contribute towards the COD. Absence of
these outliers in post-monsoon season, when the sediment load was substantially reduced, further
indicates that sediment contributes towards the COD. Generally, COD is a pollution indicator from
discharge of industrial effluent and in Stretch I, the higher COD cannot nbe attributed towards
industrial discharge. No spike was observed in the Stretch II, where COD ranged between 20 and 70
mg/L both in pre-monsoon and post-monsoon seasons. The possible reasons for not observing
appreciable increase in COD as River flows through the industrial belt could be the increased dilution
and settling of the chemical constituents along with sediment due to low velocity. Marginal increase
and higher seasonal variation in mean COD value in Stretch III could be attributed to reduced volume
of water beyond Farrakka Barrage.

“The chemical oxygen demand, of water can be considered as the amount of
oxygen consumed in total chemical oxidation of the organic 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
BIS Drinking Water
River when the ground water interacts
Quality Standard - - with River Ganga. Higher level of
hardness does not pose any direct
Fig. 4-9: Stretch-wise seasonal variation of total hardness
adverse health effects but it affects the
taste and acceptability as a drinking water source. Hardness during pre-monsoon and post-monsoon
seasons shows a similar trend, as it ranges from 40 to 70 mg/L in Stretch I with the exception of the
location downstream of Haridwar. The average hardness in Stretch I is 78 and 58 mg/L in premonsoon and post-monsoon season respectively.
The average hardness in Stretch II & III is 120 and 138 mg/L in pre-monsoon and postmonsoon seasons respectively. A slight increase in hardness in the pre-monsoon season in Stretch I can
be attributed to higher discharge and subsequent erosion. Except for water sample collected from
Haridwar D/S during post monsoon season, Hardness for the entire River 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
other cations also contribute”
-World Health Organisation
IS 10500 Standard: 200 mg/L
CPCB Standard: Not Defined
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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 I and Stretches II & III. As the
river flows through Stretch II, the
subsurface lateral movement of ground
water and its influx into to the river
BIS Drinking Water
contributes to an increase in hardness and
Quality Standard - - alkalinity.
Fig. 4-10: Stretch-wise seasonal variation of Alkalinity
A gradual increasing trend is
observed in alkalinity of the River in
Stretch I as the River flows from Gomukh to Haridwar, both in pre-monsoon and post-monsoon
seasons. Comparatively higher alkalinity is observed downstream of Haridwar in both pre-monsoon
and post-monsoon seasons. With the exception of this location, the average alkalinity is 52 mg/L and
46 mg/L in pre-monsoon and post-monsoon seasons respectively. Alkalinity increases significantly in
Stretch II & III from Kannauj onwards and maximum alkalinity of 234 mg/L is observed downstream
of Bhagalpur. The average alkalinity during pre-monsoon and post-monsoon seasons in Stretch II & III
is 124 mg/L and 163 mg/L respectively.

“Alkalinity is a measure of the capacity of water to neutralize acids. Measuring
alkalinity is important in determining a stream's ability to neutralize acidic
pollution from rainfall or wastewater. It's one of the 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 certain industrial wastewater
discharges. ”
-United States Environmental Protection Agency
IS 10500 Standard: 200 mg/l
CPCB Standard: Not Defined
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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 I
is comparatively higher during premonsoon than post-monsoon. This
can be attributed to higher discharge
and sediment load during premonsoon season. The average Sodium
IS 13428 - - concentration in Stretch I was 17.5
and 9.9 mg/L during pre-monsoon
and
post-monsoon
seasons
respectively. In Stretches II & III, the
Sodium
concentration
decreases
significantly between Bijnore and
Kannauj. The average Sodium
concentration in Stretch II & III was
30 and 20 mg/L during pre-monsoon
and
post-monsoon
seasons
respectively. IS 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 premonsoon concentrations in Stretch I
is generally higher than during postmonsoon season.
The average concentration of
Fig. 4-11: Stretch-wise seasonal variation of Sodium and Potassium
Potassium in Stretch I is 4 and 1.4
mg/L during pre-monsoon and post-monsoon seasons respectively. An overall increase is observed in
Stretch II & III as compared to Stretch I. Consistently high concentrations are observed from
downstream of Kannauj onwards until Varanasi. The average concentration of Potassium in Stretch II
& III is 6 and 4.3 mg/L during pre-monsoon and post-monsoon seasons respectively. BIS 10500:2012
doesn‟t specify limit for potassium.
4-17

4.1.6.1.10 Chloride
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 I remain similar
both during pre-monsoon and postmonsoon. The average concentration of
chloride in Stretch I is 12.7 and 19.4
mg/L during pre-monsoon and postBIS Drinking Water
monsoon seasons respectively. The
Quality Standard - - average concentration in Stretch II & III
is 26 and 16 mg/L during pre-monsoon
Fig. 4-12: Stretch-wise seasonal variation of Chloride
and post-monsoon seasons respectively.
Allahabad D/S was the only point expressed as outlier in stretch II. BIS 10500:2012 specifies chloride
acceptable value as 250 mg/L. Chloride levels along the entire stretch were well below the Drinking
Water Quality Standard.

“Chlorides are widely distributed in nature as salts of sodium (NaCl), potassium
(KCl), and calcium (CaCl2). Chloride is found in surface and groundwater from
both natural and anthropogenic sources, such as run-off containing road deicing salts, the use of inorganic fertilizers, landfill leachates, septic tank effluents,
animal feeds, industrial effluents, irrigation drainage, and seawater intrusion in
coastal areas”
-World Health Organization
IS 10500 Standard: 250 mg/l
CPCB Standard: Not Defined

4-18

Assessment of Water Quality and Sediment to understand the Special Properties of River Ganga

Water and Sediment Quality Chapter
4.1.6.1.11 Phosphate, 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
BIS Drinking Water
the entire course of the river except for
Quality Standard - - Haridwar U/S and D/S in pre-monsoon.
This can be attributed to discharge of
Fig. 4-13: Strech-wise seasonal variation of Nitrate
sewage in the river water.
Phosphate ranged between 0.02 mg/L to 2 mg/L for all the three Stretches over both seasons
with some outliers. The variation also depends on the impact from natural and anthropogenic activities
around the location. Human activities like bathing and offering flowers as a religious practice are
possible sources of Phosphate at Gomukh. Other locations with higher 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-monsoon) where these concentrations
can be attributed to the discharge of sewage into the River. The stretch between Gangotri to Batwari
exhibits higher concentration of Sulphates both during pre-monsoon and post-monsoon seasons. The
average Sulphate concentration in Stretch I is 30 and 33 mg/L during pre-monsoon and post-monsoon
seasons respectively. Sulphate concentrations in Stretch II & III are consistent and show little variation.
The concentration is between 15 to 45 mg/L with the exception of Bhagalpur during post-monsoon
season. The average concentration in Stretch II & III is 31 and 22 mg/L during pre-monsoon and postmonsoon seasons respectively. Phosphate doesn‟t have any specified standard as per BIS10500:2012
while standard for Nitrate and Sulphate is 45 mg/L and 200 mg/L respectively. No Stretch of the river
exceeds the prescribed drinking water standards.

“Nutrient pollution is the process where too many nutrients, mainly nitrogen and
phosphorus, are added to bodies of water and can act like fertilizer, causing
excessive growth of algae.”
-US – National Oceanic and Atmospheric Administration (NOAA)
IS 10500 Standard: Sulphate – 200 mg/l; Nitrate - 45 mg/l
CPCB Standard: Not Defined
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Fig. 4-16: pH along River Ganga
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Dissolved Oxygen
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Fig. 4-18: Dissolved oxygen along River
Ganga
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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 Ganga with other major Rivers in the country,
one similar and one dis-similar River was chosen for the study, viz., Rivers Yamuna and Narmada.
Samples were collected and analysed from both Rivers and compared to results of analysis from the
River Ganga.
River Yamuna has physiographical features which are similar to River Ganga, as it originates in
the Himalayas at a similar altitude as River Ganga, and swiftly descends down to the plains. The River
then flows through densely populated urban areas in the plains including Delhi, similar to River Ganga.
River Yamuna receives substantial quantum of water from River Chambal which drains most of the
plateau tracts on the western parts of Ganga basin, before it joins River Ganga at Allahabad. A total of
21 locations were chosen along River Yamuna to reflect similar environmental factors as in the case of
River Ganga.
On the other hand, River Narmada is comparatively dissimilar to both the Rivers in terms of
physiographic features, geology, and other environmental factors. River Narmada originates at
Amarkantak, in the Maikal hills which is at the junction of Vindhya and Satpura ranges in the Deccan
plateau. As opposed to Rivers Ganga and Yamuna, River Narmada descends from hills at a moderate
altitude of about 450m AMSL, and flows through a rift valley westwards, making it the longest west
flowing River of India. River Narmada is used extensively for irrigation; and although the River flows
through urban centres, the population density and the organic loading in these patches are
comparatively less than Rivers Ganga and Yamuna. In this manner, the comparison between these
three Rivers yields information about water quality. Samples were collected from 14 locations along
River Narmada, which included urban centres and impoundments.
The comparison between the Rivers has been presented with box and whisker plots, similar to
the earlier section. The parameter wise water quality of River Ganga is compared with Yamuna and
Narmada. Similar to River Ganga, the flow characteristics of River Yamuna are distinctly different.
Thus, River Yamuna is divided in two stretches viz. Stretch I from Yamunotri to Poanta sahib and
Stretch II Paonta sahib to Allahabad.
Comparison between rivers and stream revealed that the water quality from physico chemical
aspect was within the natural variation of the river in Stretch I. However, Yamuna water quality
degraded significantly in Stretch II as the river flows through National Capital Region and Agra. Water
quality of Narmada had a wider spread from its origin at Amarkantak to Baruch.
Measurements across all the rivers and streams indicated that dissolved oxygen remains near
saturation in the big river system except for few outliers like Haridwar D/S on River Ganga and Delhi
and Agra on River Yamuna.
The variation in Rivers Ganga and Yamuna in Stretch II suggests that major towns and cities
have an impact on dissolved oxygen mostly due to discharge of sewage and other effluents. This was
also indicated through the increased values of COD and BOD in Ganga and Yamuna. Although,
increase was observed both in Ganga and Yamuna for demand parameters, the extent of contamination
was higher in River Yamuna. However, main factors like flow and quantum of sewage discharged in
the two rivers is distinctly different. The base flow for Yamuna reduces upstream of Delhi and
discharge of sewage increases. Although, River Ganga flows through the populated urban areas in
Uttar Pradesh, influx of fresh water like Ram Ganga, Ghaghara and Gandak ensures higher base flow
than effluent discharge. Thus, lower contamination and less variation in river Ganga than Yamuna
related to demand parameters is due to the dilution of discharged effluent. Other water quality
parameters like pH, conductivity, hardness, alkalinity, anions and cations followed a similar trend as
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demand parameters. Stretch I of Rivers Ganga and Yamuna had similar water quality which
deteriorated in Stretch II.
High sediment load was characteristic feature of River Ganga in Stretch I which is indicated by
higher turbidity. However, this high sediment load was not observed in Yamuna and Narmada. The
higher turbidity in Stretch II of Yamuna was primarily due to high sewage discharge and anthropogenic
interventions rather than sediment load. The quantity of sediment flown along the Ganga is
considerably higher than Yamuna and Narmada.

Fig. 4-20: Comparison of DO, COD and BOD between rivers
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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 Sodium 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 numerous parameters while Farakka
barrage had the least impact. Significant variation is not observed in temperature; however, larger
reservoirs have an impact both in pre- and post-monsoon seasons. Significant change was not observed
for dissolved oxygen except during pre-monsoon at Tehri dam. The common water quality parameters
which have observable change in these intervention sites are turbidity, COD, Magnesium, Nitrate and
Phosphate.
Change in turbidity is flow and season dependent. Maneri is the first flow intervention across
River Bhagirathi. A small reservoir is formed due to Maneri dam and the sediment settles down in the
reservoir lowering the turbidity to less than 10 NTU. The variation in Tehri and Koteshwar might be
due to landslides and anthropogenic activities like construction.
A negative variation in concentration of Magnesium was observed in all the intervention sites,
except Farakka. The rise in the Magnesium concentration more than 50% in the dams could be due to
increased contribution of rock minerals. Magnesium is also contributed by runoff from forest fire
affected areas.
Although a specific trend was not observed in Phosphate and Nitrate, the changes were
significant at all the sites. Phosphate concentration increased downstream with the exceptions at
Farakka and Maneri (pre-monsoon). COD was observed to decrease at all locations except Tehri. The
increase in COD at Tehri could be due to increased anthropogenic activities and construction activities
in the vicinity.
Substantial impact on water quality was observed at Kanpur. Marginal change, and in some
cases, no change was observed in BOD at these locations. Nitrate, 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-monsoon; whereas it marginally decreases in
pre-monsoon and increases during post-monsoon at Rishikesh and Kanpur; and decreases at Varanasi,
Patna and Kolkata in both seasons. The concentration of Nitrate and Phosphate increases as water
flows through the city; except at Rishikesh and Kolkata (in at least one season). The domestic sewage
generated from all the cities are treated, partially treated or untreated before they are let into the river.
As discussed in the earlier section, COD in Stretch I is strongly associated to sediment content in water.
The value of COD increases at Uttarkashi downstream in both the seasons. The flow of the
river at Uttarkashi is controlled by the Maneri hydroelectric power plant. Variation in flow and
discharge of untreated sewage contribute towards a rise in COD. 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 associated to the quantity of water available
for dilution. Although river Ganga is a perennial river, there is significant variation in seasonal flow,
and thereby, the impact on COD is reversed during pre-monsoon majorly due to availability of water
for dilution. As the base flow decreases during post-monsoon, the change in COD is observed with a
sharp rise in downstream of Rishikesh and Kanpur. This trend is also observed in nitrate concentration
for both seasons at Rishikesh.
COD decreases by over 40% in both seasons at Varanasi, Patna and Kolkata. However, nitrate
and phosphate increase at Varanasi and Patna. The increase in discharge of the River due to influx of
water from tributaries such as Gomti and Ghaghra reduce the change in COD.
Other pollution indicating parameters such as dissolved oxygen and BOD do not exhibit a
significant change as a result of impact of cities, and this can be attributed to varied process governing
dissolved oxygen concentration and due to high settleable.
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Cities are associated with increased human activities and higher population density. Generation
of wastewater, dumping of solid waste, runoffs from agricultural fields and discharge of untreated waste
are some factors which impact the water quality of the river. However, the extent of impact of these
activities depends on the quantum of pollutants discharged, the dilution due to sub-surface
contributions and assimilation capacity of the River. There was no distinct trend in water quality was
observed upstream and downstream of major cities along River Ganga. Though water quality was not
as good as downstream in terms of many water quality parameters, we refrain from concluding that
water quality downstream of these towns has considerably deteriorated than upstream. This observation
is mainly based on the premise that sampling locations upstream and particularly in downstream were
chosen to avoid effect of sewage/industrial wastewater discharges as mention in Chapter 3. Secondly,
banks of River Ganga are densely populated and numerous towns/villages exist which primarily
discharge untreated sewage at several locations though in smaller quantity therefore nullifying the
concept of a perfect upstream location. Though these locations are upstream of major cities, it is
imperative that these locations are downstream of smaller towns/villages. It can be assumed that
sewage discharge into River Ganga even through smaller towns/villages is equally important and need
immediate attention in addition to addressing similar issues in major cities. Moreover, comparative
better water quality in terms of some of the parameters in downstream locations of these major cities,
doesn‟t infer that sewage/wastewater treatment plants at these major cities are operating satisfactorily.
Factors such as joining rivers/streams (e.g. Patna) also influence water quality, making analysis of data a
complex task.
In addition to the list of drains inventoried by CPCB in their assessment of water quality of
River Ganga in 2013 (CPCB, 2013), there are many industries and towns on the banks of the River
Ganga which discharge domestic sewage and industrial effluents directly into the River. There is an
immediate need to assess the pollution load on the River Ganga due to this discharge of waste, and
include them in the inventory of the drains discharging waste into River Ganga. An attempt has been
made to identify these drains from the satellite imagery with the help of Google Earth ®, and to mark
the coordinates of these drains. The images have been presented for the cities – Kanpur, Allahabad,
Varanasi, and Patna.

4-38

Assessment of Water Quality and Sediment to understand the Special Properties of River Ganga

Water and Sediment Quality Chapter
4.2

Metals

Metals are introduced in river from various sources which can be both natural and/or
anthropogenic. In unpolluted systems, the concentration of most of the metals is in traces and is mostly
due to mineralogical phenomenon and weathering. Presence of metals in the water bodies warrants
serious attention and actions due to their copiousness, toxicity and tenacity in the environment. The
increase in heavy metal contamination due to human activities in rivers leads to deterioration of water
quality, posing serious threat to flora and fauna. Major anthropogenic sources of heavy metals in
environment are mining, discharge of untreated wastes containing toxic metals from industries and
uncontrolled use of metal containing agricultural products. Metals also enter into river through mining
activities including mine run-off, weathering of rocks and overburden, deposition and dispersion of
metal containing particles. Rivers closer to urban setups are also prone to heavy metal contamination
due to discharge of untreated domestic sewage.
Although few metals namely iron, zinc, copper, manganese, nickel, etc. are essential
micronutrients for various processes in living beings including plants, animals and microorganisms,
several others such as cadmium, chromium and lead have no known physiological roles and they are
can be harmful beyond a certain limit. The permissible drinking water quality standard as per BIS
10500:2012 for most of these metals are very stringent (Cd -3 µg/l, Pb -10 µg/l and Cu 50 µg/l). Some
of these metals like arsenic and selenium have been proved as carcinogens and other lethal diseases like
tumor, edema, indigestion, nasal and pharynx congestion and neurological, muscular, gastrointestinal,
reproductive and genetic diseases caused due to these heavy metals are well recognized. Therefore,
most environmental regulations have established limitations for total heavy metal concentration in
waters so that they do not exceed some quality criteria for the protection of the environment. On the
other hand, there have been several reports on the use of antibacterial/medicinal properties of metals
such as copper, silver and their alloys. Extensive studies have been undertaken in past to evaluate the
potential of copper, silver and brass for destroying bacteria and currently several well documented
proof are available delineating their real-world applications for water disinfection, food preservation,
healing of wounds, disinfection of air and sanitation. It is established that such properties of metals, is
related to oligodynamic effect resulting in binding of these metals with sulphur and nitrogen containing
biomolecules and disrupting their functions and ultimately leading to destruction of the organism. Silver
and copper are the most extensively evaluated metals for such action.
River waters are most vulnerable to metal contamination owing to their easy accessibility for
discharge of wastes. Heavy metals in the river system can be are dispersed amid dissolved species,
suspended particles, colloids, colloids and sediments. Concentrations of these metals in aqueous and
solid phases are continuously changed by sorption and desorption phenomenon. The portioning,
mobility and bioavailability of the metals are influenced by several factors including temperature, pH,
presence of organic matter particularly various complexing agents, adsorption, and ion exchange
processes and various biological activities.
Although several reports on the assessment of water quality based on physico-chemical and
microbiological parameters have been published by several workers, relatively little information is
available about the status of heavy metal contamination in the entire stretch of River Ganga i.e. from
Gomukh to Gangasagar. Most of the existing reports on metals in rivers in India are mainly focused on
few toxic metals such as Arsenic, Chromium, Cadmium, etc. focusing on assessment of pollution load.
Moreover, most of these reports are limited to Stretch II of the River Ganga where numerous human
settlements exist discharging domestic and industrial wastewater into the river. Furthermore, most of
the data are based on a sampling at one particular season, which is insufficient to assess the water
quality of the river.
4-39

With this background, the present study is aimed at assessment of the present status of variety
of metals in the entire stretch of River Ganga. Elements having antimicrobial property like silver and
copper, etc. were also analysed for the first time, which may contribute to the so called “special
properties” of Ganga water. Besides, extensive correlation of metals with other physico-chemical and
microbiological parameters has also been attempted. Results of pre-monsoon and post-monsoon
seasons for various locations are discussed in this section to assess the temporal and seasonal variations.
4.2.1

4.2.1.1

Methodology

Sample collection, preservation and storage

Standard sample collection, preservation and pre-treatment steps were followed for collection,
preservation and transportation of samples. Special emphasis was given on the quality of preservative
i.e. Nitric acid, since many of the trace metals are present as impurities in un-purified acids.
Throughout the study, only commercially available trace metal grade nitric acid was used and the level
of various metal impurities present in the preservative are enclosed as Annexure I. The samples were
collected in pre-rinsed 250/500 ml PTFE narrow mouth screw cap bottles. The samples collected for
the determination of dissolved metals were filtered through 0.45µm pore diameter membrane filter
either through syringe filter or using membrane filter assembly. Selected samples were also collected
and processed for determination of total, suspended and dissolved fraction as specified in APHA and
India Standards (BIS, METHODS OF SAMPLING AND TEST (PHYSICAL AND CHEMICAL)
FOR WATER AND WASTEWATER, 2009) for Ag, Cu and Cr considering their possible role in
antibacterial properties. The sample for determination of total fraction was collected and preserved
unfiltered. The unfiltered samples was then digested in tri-acid using Microwave digestion. The
suspended fraction was determined by digesting the residue remained on the filter after processing the
samples for dissolved fracion. The syringe or filter flask was rinsed with the filtered portion of the
sample, this portion was then discarded and the required volume of the filtrate was collected.
Preservation of the filtrate sample was done by adding trace metal grade nitric acid to pH<2 and
refrigeration at 4°C till transportation to lab.






4-40

4.2.1.2 Equipment and supplies
All the analysis of metals was carried out using inductively coupled plasma mass spectrometer
(ICPMS) of Perkin Elmer Inc., U.S.A (Model: NexION 300X).
Labware and glassware: Contamination and losses are of prime concern in the trace level
elemental analysis. A clean and dedicated laboratory area for sample handling was used. All
reusable labware was properly cleaned by soaking overnight and thoroughly washed with
laboratory grade detergent and water. Finally soaked in 20% (V/V) nitric acid for 12 hours and
rinsing with reagent grade water and storing in clean containers. All measuring glassware such as
volumetric flasks, micropipettes, graduated cylinders, etc. were of Certified Class A grade.
4.2.2

Chemicals and Reagents

Ultra-high purity grade Nitric Acid procured from RCL Labscan limited was used for rinsing,
preparing blank and diluent etc.
Reagent Water: Type I water with resistivity of 18mΩ was obtained from MilliQ deionised water
system
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Multi element standard stock solution: NIST traceable and certified 29 element stock solution of
concentration 10µg/g was procured from Merck, Germany and used for preparing calibration
standards of desired concentrations.
Field reagent blank: Deionised water was taken in one of the sample bottles and treated in field
in exactly similar manner as samples and was returned to lab and analysed. This sample indicates
the contribution of possible contamination which may arise due to handling and transportation
of sample from field to lab.
4.2.3

Instrument analysis

For the analysis of samples, ICP-MS, NexION 300X (PerkinElmer Inc., Shelton, CT) was used.
The standard operating conditions of the instruments are recorded in the Error! Reference source not
ound..
Table 4-5: ICP-MS instrument operating conditions

Component /Parameter
Nebuliser
Spray chamber
Triple cone interface material
Plasma gas flow
Auxiliary gas flow
Nebuliser gas flow
RF Power

Type / Value/Mode
MEINHARD Concentric Nebulizer
Glass cyclonic
Nickel/aluminium
17.0L/min
1.2L/min
1.18L/min
1600W

Replicate per sample
Mode of Operation

3
Standard and collision

A protocol based on US EPA method 200.8 was used and optimized to ensure the operating
performance of the instrument. A summary of steps followed as per method 200.8 is given below:









Ignite the plasma, allow 30 minutes to warm up
Perform daily performance check – If fails perform other checks like torch adjustment, nebuliser
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
4.2.4

Calibration and standardization

The operating conditions provided by the instrument manufacturer were followed. Precalibration routine was completed prior to analysis of samples. Warm up of the instrument was done
for at least 30 mins. The performance was checked using the tuning solution according to which the
intensity for the analytes Be, Mg, In, U should not be less than 2000, 15000, 40000, 30000 CPS
respectively and the background should not exceed beyond 1. All analysis was done unless these
conditions are met.
4.2.5

Calibration standards

The multi-element calibration standards were prepared and used for the evaluation. The
calibration blank is the acidified reagent water whose matrix is as same as matrix of standard and
samples. It was treated as zero standards and was used to calibrate the ICP-MS instrument. Calibration
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standards were prepared using commercially available NIST traceable certified stock standards and
prepared by dilution of the standard stock solution to the required concentration. These calibration
standards are used to calibrate the instrument response with respect to analytes concentration. The
samples were analysed immediately after calibration.
Table 4-6: Calibration standards

Analytes

Standard 1
Standard 2
(ppb)
(ppb)
As, Ag, Al, Cd, Cr, Co, Cu, Fe, Mn, Pb, Se, Zn
1
5
* Sample calibration curves for different elements are attached in Annexure II

Standard 3
(ppb)
10

Standard 4
(ppb)
50

The details of various elements analysed and instrument detection limits (IDL), method
detection limits (MDL) and method quantification limits (MQL) for the optimized method are
presented in Error! Reference source not found..
Table 4-7: Elements measured simultaneously using NexION 300X ICP-MS

Analyte

Symbol

Mass (amu)

MDL
µg/l
0.12

MQL
µg/l
0.35

Mode

75

IDL
µg/l
0.007

Arsenic

As

Silver
Aluminium
Cadmium
Cobalt
Chromium
Copper
Iron
Manganese
Nickel
Lead
Selenium
Zinc

Ag
Al
Cd
Co
Cr
Cu
Fe
Mn
Ni
Pb
Se
Zn

107
27
111
59
52
63
57
55
60
206,207,208
78,81
66

0.002
0.017
0.002
0.002
0.071
0.029
0.311
0.031
0.686
0.006
0.352
0.067

0.09
0.99
0.07
0.17
0.21
0.37
1.63
0.25
0.30
0.20
0.27
1.59

0.27
3.00
0.20
0.51
0.64
1.13
4.94
0.75
0.91
0.59
0.82
5.92

Standard
Standard
Standard
Standard
Standard
Standard
Collision
Standard
Standard
Collision
Collision
Collision

Collision

Method detection limit wass determined by using 40 CFR Part 136, Appendix B. Seven
laboratory reagent water samples were prepared and processed through the analytical procedure. The
variance and standard deviation of the seven aliquot were calculated.
S2

⟦

∑

∑

Standard Deviation

⟧

Where,
xi – Analytical results obtained from n sample aliquots
Xi – Mean of the n sample aliquots
n- Number of aliquot analyzed
The MDL is computed as
Where,
MDL – 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 performed by collecting the samples in triplicate
and sending it to three different laboratories for analysis. Besides CSIR-NEERI, two other laboratories
having state of the art facility for metal analysis were selected and samples were collected, preserved
and immediately transported to respective laboratories. Prior to analysis the samples were filtered by
using 0.45 micron filters and preserved by using trace metal grade nitric acid. Each sample is divided in
three bottles and sent to each participating laboratory for analysis. Out of three, two laboratories
analysed the water samples using inductively coupled plasma mass spectrometer (ICP-MS) and other by
using inductively coupled plasma optical emission spectrometer (ICP-OES). The ICP-MS provides
added advantage of lower detection threshold compared to the ICP-OES. Total 9 elements were
analysed by these laboratories which include Arsenic, Aluminium, Chromium, Cadmium, Iron, Lead,
Nickel, Selenium and Uranium.
Table 4-8: Details of participating laboratories

Representation
LAB –A

Name of the Laboratory
CSIR-National Environmental Engineering
Research Institute, Nagpur, Maharshtra

Instrument
ICP-MS

Make
Perkin
Elmer

LAB-B

Regional Advance Water Testing Laboratory,
Department of Water Supply and Sanitation,
Government of Punjab, S.A.S. Nagar (Mohali) ,
Punjab
CSIR-National Environmental Engineering
Research Institute, Nagpur, Maharshtra

ICP-MS

Agilent

ICP-OES

Thermo

LAB-C

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





Calculation of mean (X)
Calculation of Standard deviation to all the laboratories
Identification and elimination of outliers
Calculation of Z-score value

Calculation of the deviation of the results from the true value by comparing it with reference
standard deviation is known as Z-score. The formula to calculate Z-score is given as

Where,
- Mean value of the results of the participant laboratory
X- Value assumed to be true
S – 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 results for only iron and aluminium above
the method detection limits, Z-score calculations for the iron and aluminium for three laboratories were
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performed and are presented in Error! Reference source not found. for the samples encoded with
DU, MAN and LAK. The z-score was below ± 2 which is the acceptable range.

(b)

(a)

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

4.2.7

Results and Findings

There are several reports available on heavy metals in River Ganga, however detailed studies
using highly sensitive instrumentation namely ICP-MS having very low detection limits in parts per
trillion (ppt) range covering the entire stretch of river starting from Gomukh to Gangasagar has been
undertaken for the first time. Moreover, large number of trace metals and metaloids have been analysed
for the first time in the present study.
Data on metals in water samples collected from various locations of River Ganga stretching
from Gomukh to Gangasagar are discussed in detail in follwing sections. All the results are expressed in
μg/L (microgram per Litre) throughout the report. Results were statistically analysed and avergae,
minimum, maximum, standard deivation and range are also reported. The percentage distribution of
various metals detected at various locations in pre-monsoon and post monsson season are presented in
Error! Reference source not found. and Error! Reference source not found. respectively. Out of
locations, the maximum occurance was observed for Al followed by Fe and Mn. Considereing the
MDL specified in Error! Reference source not found., Al was detectd in 17.4 and 15.6 % sites in preonsoon and post monsson season respectively. Fe was detected at 15.9% and 14.5% locations in premonsoon and post monsoon season respectively. Among hihgly toxic elements, Pb was also observed
in more than 6 % locations both in pre and post monsson season. Other metals namely Ag, As, Cr, Cu,
Zn etc were detected in 4.5-2% of the locations. The order of higher occurrence of these toxic metals
during pre and post monsoon period is Al>Fe>Mn>As>Cu>Cr>Pb>Zn>Co>Cd>Ag.
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Pre-Monsoon

Post-Monsoon

Fig. 4-25: Distribution of various metals for all locations where they were detected during pre- and post-monsoon

In order to assess the pollution load, the levels of various metals present at all sampling
locations throughout the river streams were compared with Drinking Water Quality Specifications of
the Bureau of Indian Standards (BIS, Drinking water specification, 2012). The number of sites where
the dissolved concentraation of various metals exceeded the acceptable limits are depicted in Error!
eference source not found.. In most of the locations all the metals were present in traces well below
the acceptable limits for drinking water. Al showed exceedence at maximum locations i.e. 30 and 17 in
pre and post monsoon respectively after which As was found to surpass the acceptable limits at 3 and 4
locations. During pre monsoon season Pb (05) and Cd (04), and in post monsoon season Cr (1) were
found above the acceptable limits. Rest of the metals at all the locations 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 per BIS 10500 (2012)

As mentioned in Chapter 2, River Ganga is divided in three stretch namely Stretch I (Gomukh
to Haridwar), Stretch II (Bijnor to Farakka) and Stretch III (Farakka to Kolkata). Besides, in Stretch I
other major stream namely Alaknanda also meets with River Bhagirathi/Ganga at Tehri. Considering
the interpretation of results of metals w.r.t. flow of the stream, geogrophical features, occurance of
natural/anthropogenic sources etc. the locations have been divided into following stretches:





Stretch IA: Gomukh to Haridwar (Stream Bhagirathi)
Stretch IB: Mana to Tehri (Stream Alaknanda)
Stretch II: Bijnor to Rajmahal (Stream Ganga)
Stretch III: Farraka to Kolkata (Stream Ganga)
Description of prevalance and levels of various metals in the above stretches are detailed below:

4.2.7.1 Stretch IA and IB
The detailed results of various metals in Stretch I in pre and post monsoon season are
presented in Annexure-III. It was observed that in Stretch IA i.e from Gomukh to Haridwar relatively
lesser number of sites showed presence of the dissolved metals as compared to stretch II and III. The
average concentrations of various metals during pre and post monssson season for Stretch IA are
presented in figure below which showed that in Stretch IA maximum average concnetration was
observed for Al followed by Fe. Interstingly the maximum dissolved concnetration of Al (306 µg/l) and
Fe (127 µg/l) were observed at Gomukh in pre monsoon season which can be attributed to very high
load of sedimnets observed during the sampling. Other elements namely Ag, Be, As, Cd, Co, Cr, Cu
Pb, Zn showed presence in very low average concerations ranging 3-14 µg/l at various locations. Traces
of silver was detected at three locations in Stretch I. Similarly in Alaknanda stream maximum average
concnetrations were observed for Al followed by Fe and Mn. As also showed measurable average
concnetrations ranging between 2-4 µg/l at various locations of Alaknanda stream.
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Fig. 4-27: Average concentration of various metals in pre- and post-season in Stretch I (Bhagirathi / Ganga
Stream)

Fig. 4-28: Average concentration of various metals in pre- and post-monsoon in Stretch IB (Alaknanda Stream)
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4.2.7.2 Stretch II
The Stretch II is marked with extensive anthorpogenic activities and is established as most
polluted stretch of River Ganga. Most of the previous studies on metals in River Ganga have focused in
this stretch, particularly to identify the pollution load and understanding the sources, distribution and
prevalance of these metals. Detailed results of various metals in Stretch II in pre and post monsoon
season are presented in Annexure IV. In stretch II i.e from Bijnor to Rajmahal relatively higher
concentrations of various elements were observed. The average concentrations of various elements
during pre and post monssson season in Stretch II are presented in . It can be observed that during pre
monsoon maximum concnetration was observed for Al at Varanasi upstream which is signficantly
higher (1060 µg/l) than the acceptable limits (30 µg/l) and even more than four times of the
permisssible limits of drinking water as per BIS 10500:2012. Even at the downstream location of
Varanasi, Al concentration of 808 µg/l was observed. Fe also showed significant prevalance in the
range of 7 to 121 µg/l with averange of 47.7 µg/l in pre monsoon. The maximum concnetration of Fe
was observed at Kanpur downstream during pre-monsoon season. Other metals namely Ag, Be, As,
Cd, Co, Cr, Cu Pb showed presence in relatively very low concerations ranging between 3 and 20 µg/l
at various locations. Overall it was observed that various metals are present in relatively higher
concnetrations in Stretch II as compared to Stretch I which can be attributed to extensive
anthropogenic activities in this stretch.

Fig. 4-29: Average concentration of various metals in pre- and post-monsoon in stretch II (Ganga Stream)
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4.2.7.3 Stretch III
The Stretch III includes only two locations namely Kolkata and Farrakka which are huge urban
setups and it is also established that sewage and industrial wastewater is being discharged throughout
this stretch of River Ganga. Detailed results of various metals in Stretch III in pre and post monsoon
season are presented in Annexure V. The results indicate that this is the most polluted stretch wherein
compartively high concnetrations of many metals were observed. Maximum average concetrations of
more than 400 µg/l of dissolved Al at downstream of Farrakka both in pre and post monsoon season
were observed. Average concentrations of Fe, Cr, and Cu were also higher in this stretch ranging
between 20 and 60 µg/l. Other elements namely Ag, Be, As, Cd, Co, Cr, Cu Pb showed presence in
relatively very low concerations ranging between 3 and 20 µg/l at various locations. Detectable
concnetrations of dissolved Ag, Cd, Pb and Zn were also observed indicating high level of
contamination of the river at these locations.

Fig. 4-30: Average concentration of various metals in pre- and post-monsoon in Stretch III (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
BIS Drinking Water
which can determine these elements at
Quality Standard - - trace levels. BIS (10500, 2012) has
recommended 100 μg/l as acceptable
Fig. 4-31: Stretch wiseseasonal variation of Silver
concentration of silver in drinking water
with no relaxation. The distribution of Ag at various locations along the entire stretch of River Ganga is
presented in Error! Reference source not found.. Ag was detected at very few locations ranging
etween 0.2 to 1.98 μg/l in both the seasons. Maximum silver concentration (2.98 μg/l) was observed at
Rajmahal during post-monsoon season. All the sampling locations have Ag concentration well within
the acceptable limit of Bureau of Indian Standards (BIS, Drinking water specification, 2012). The
distribution of Ag in Alaknanda stream was below the method detection limits at all the locations
except at one location. Ag was detected at upstream of Devprayag during post-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
BIS Drinking Water
fossil fuels, the use of arsenical pesticides,
Quality Standard - - herbicides and crop desiccants and the
Fig. 4-32: Stretch wise seasonal variation of Arsenic
use of arsenic as an additive to livestock
feed, particularly for poultry. Although
the use of arsenical products such as pesticides and herbicides has decreased significantly in the last few
decades, their use for wood preservation is still common. The impact on the environment of the use of
arsenical compounds, at least locally, will remain for some years.
BIS has recommended 10 μg/l as acceptable concentration of arsenic in drinking water. The
distribution of As at various locations of River Ganga during pre monsson and post monsoon season
are presented in Error! Reference source not found.. The arsenic concentration varies from BDL to
8.7 μg/l and BDL to 23.7 μg/l in pre monsoon and post monsoon season respectively. Arsenic above
the acceptable limit was observed in Stretch II and III. During pre monsoon As exceeded the BIS
acceptable limit at Kannuj and Kanpur upstream and downstream locations whereas during post
monsson As concentrations above the acceptable limit were observed at Rajmahal, Farakka and
Kolkata. Maximum arsenic concentration of 23.7 μg/l was observed at downstream of Rajmahal during
post monsoon season. Interstingly several locations of Alaknanda stream showed presence of As in the
range of 3.6 to 8.3 μg/L during pre monsoon and post monsoon seasons. However, none of the
locations showed concentrations above the acceptable limit.
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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
Alzhiemr‟s diseases and other health
hazards. BIS has stipulated stringent
limits of 30 μg/L as acceptable and 200
μg/L as permissible in drinking water in
absence of alternate source. The
distribution of Al at various locations of
BIS Drinking Water
River Ganga during pre monsson and
Quality Standard - - 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 and 17
locations during pre monsoon and post monsoon season respectively. Most of the locations of Stretch
II and III showed elevated concetrations of Al with maximum concnetration of 1060 μg/L at upstream
of Varansai during pre monsoon season. Comparitively high concnetrations of Al were also observed at
Gomukh and Gangotri which may be due to high amount of sediments flowing through the stream.
Sampling locations of Alaknanda stream also showed elevated levels of Al ranging between 3 and 459
μg/L during pre and post monsoon season.
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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
aquatic 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
BIS Drinking Water
acceptable limit of Cd as 3μg/l and no
Quality Standard - - relaxation maximum permissible limit in
absence of alternate source. Surface
Fig. 4-34: Stretch wise seasonal variation of Cadmium
water containing in excess of a few
micrograms of cadmium per litre have probably been contaminated by industrial wastes from
metallurgical plants, plating works, plants manufacturing cadmium pigments, textile operations,
cadmium-stabilized plastics, or nickel– cadmium batteries, or by effluents from sewage treatment
plants. The distribution of Cd at various locations of River Ganga during pre monsson and post
monsson season are presented in Error! Reference source not found.. Cd was detected at very few
ocations throughout the stretch of river with range between 0.21 to 2.36 μg/l during pre monsoon and
post monsson season with highest concetration of 2.36 μg/l observed at Rajmahal. Rest of the
locations showed Cd concnetrations well below the acceptable limits. In Alaknanda stream only four
locations in pre monsson and two locations in post monsoon season showed presence of Cd.
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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(III) is considered to
be a trace element essential for the proper
functioning
of
living
organisms
Nutritionally, at lower concentrations,
Cr(III) is an essential component of a
balanced human and animal diet for
preventing adverse effects in the
metabolism of glucose and lipids, e.g.,
BIS Drinking Water
impaired glucose tolerance, increased
Quality Standard - - fasting insulin, increased cholesterol and
Fig. 4-35: Stretch wise seasonal variation of Chromium
triglycerides,
and
hypoglycemic
symptoms.
Cr(III)
at
increased
concentrations can interfere with several metabolic processes because of its high capability to
coordinate various organic compounds resulting in inhibition of some metalloenzyme systems. On a
worldwide basis, the major chromium source in aquatic ecosystems is tanneries, domestic wastewater
metal manufacturing, chemical manufacturing, smelting and refining of nonferrous metals and
atmospheric fallout. BIS 10500-2012 have recommended an acceptable limit of 50 μg/L of chromium
in drinking water. The distribution of Cr at various locations of River ganga during pre monsson and
post monsson season are presented in Error! Reference source not found.. Cr was detected 32 and
9 location during pre and post monsoon season respectively with range between 0.89 to 218 μg/L
during pre and post monsson season with highest concetration of 218 observed at Farakka. Other
locations of Stretch II and III showed presence of Cr in measurable concnetrations, however below the
prescribed limits set by BIS for drinking water. Traceable concnetrations of Cr was also observed at
Gomukh and Gangotri during pre monsoon season. In Alaknanda stream very few locations showed
presnece of chromium.
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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
50μg/l of copper in drinking water; this
acceptable limit can be extended to 1500
μg/l of copper in case no alternative
BIS Drinking Water
source of water with desirable
Quality Standard - - concentration is available. The intake of
Fig. 4-36: Stretch wise seasonal variation of Copper
large doses of copper results in adverse
health effects. Copper and its compounds
are widely distributed in nature, and copper is found frequently in surface water and in some
groundwater. Conversly copper is also known to possess antibacterial properties and it has been
categorically mentioned that consumption of water kept in copper utensils reuslts in disinfection.
Distribution of Copper in all the locations of River Ganga during pre monsoon and post monsson
season is presented in Error! Reference source not found.. The average concetrations of Copper in
he River Ganga in pre monsoon and post monsson were 4.13 and 3.24 μg/l and maximum
concentration of 20.9 μg/l was observed at downstream of Kanpur during pre monsoon season. None
of the sites exceeded the BIS acceptable limit for drinking water. River Alaknanda showed presence of
Copper in several locations mainly during post monsoon season.
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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
drinking water is stringent 10 μg/L with
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,
sleeplessness,
irritability,
Quality Standard - - headaches, joint pain and gastrointestinal
Fig. 4-37: Stretch wise seasonal variation of Lead
symptoms, may appear in adults. After
one or two years of exposure, muscle
weakness, gastrointestinal symptoms, lower scores on psychometric tests, disturbances in mood and
symptoms of peripheral neuropathy were observed in occupationally exposed populations.
The spatio-temporal distribution of lead along the entire stretch of River Ganga from Gomukh
to Kolkata is presented in Error! Reference source not found.. Lead is observed mainly in Stretch II
nd Stretch III further confirming its anthropogenic origin. Lead was observed in the range of 0.6 - 84
10 μg/l with maximum concentration of 64.4 μg/l observed at downstream of Kanpur. At three
locations namley Kannuj, Kanpur and Patna; lead was found to excede the BIS acceptable limit. In
River Alaknanda, lead was detected above MDL only at one location each 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. Zinccontaining proteins and enzymes are
involved in every aspect of metabolism,
including the replication and translation
of
genetic
material.
BIS
has
recommended 5000 μg/L acceptable
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 depicted in Error!
eference source not found.. Zinc was
observed in the range of 6 - 720 μg/L in
pre and post monsoon season. Similar to
BIS Drinking Water
other toxic metals Zinc was also
Quality Standard - - observed in Stretch II and III. The
average concentration of Zinc in pre and
Fig. 4-38: Stretch wise seasonal variation of Zinc
post monsoon season was 55 and 53
μg/L respectively. The maximum concentration of 720 μg/L was observed at upstream of Varanasi.
Very few locations in River Alaknanda showed presence of Zinc as shown in Error! Reference source
ot found..

4-57

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 in Error! Reference source
ot found.. Iron remained below
acceptable limits at all the locations with
average concnetrations of 38.3 and 22.9
μg/L during pre and post monsson
BIS Drinking Water
season respectively. Dissolved iron with
Quality Standard - - concetration of 127 and 99 μg/L was also
Fig. 4-39: Stretch wise seasonal variation of Iron
observed during pre monsoon season at
orgin i.e. Gomukh and Gangotri which
are apparently the maximum concnetrations of dissolved iron observed in entire stretch. In River
Alaknanda, iron was observed at most of the locations excpet at one or two locations , however at all
the locations concnetrations were well below the acceptable limits.

4-58

Assessment of Water Quality and Sediment to understand the Special Properties of River Ganga

Water and Sediment Quality Chapter
4.2.7.4.10 Manganese and Cobalt
Manganese was found to be in the range of
10 to 60 µg/l during both pre-monsoon and postmonsoon seasons, in all the Stretches of River
Ganga. The measurements at Gomukh and
Gangotri were identified as outliers during the premonsoon 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 I showed an anomaly, as about 14 µg/l.
Cobalt concentrations ranged from 1 to 2 µg/l 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
Quality Standard - - -

BIS Drinking Water
Quality Standard - - Fig. 4-40: Stretch wise seasonal variation of Manganese
and cobalt

4-59

11.76

Aluminium
157.82

309.27
37.5

Drinking Water Quality
Standard IS 10500:2012

12.48
7.63

19.21 17.73

30 µg/L

3.03

19.78
27.22
11.37

43.18

22.12

Fig. 4-41: Aluminium along River Ganga
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Arsenic
Unit: µg/L
6.58

Drinking Water Quality
Standard IS 10500:2012

10 µg/L
Fig. 4-42: Arsenic along River Ganga
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Fig. 4-43: Chromium along River Ganga
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4.2.7.5 River Yamuna and Narmada
As part of the water quality monitoring, samples for the analysis of metals were collected from
Rivers Narmada and Yamuna. The results from the analysis are presented in the Error! Reference
ource not found. and Error! Reference source not found.

Zinc

Iron

Lead

Nickel

Manganese

Chromium

Cobalt

Copper

Cadmium

Aluminium

Silver

Location

Arsenic

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

Yamuna
Yamunotri

BDL

3.0

33.3

BDL

BDL

BDL

BDL

2.0

2.3

BDL

36.9

BDL

Jankichatti
Kishala (near
Barkot)
Naogaon
downstream
Dakpatthar
upstream
Dakpatthar
downstream

BDL

8.6

7.9

BDL

BDL

BDL

BDL

4.9

2.2

BDL

27.7

BDL

BDL

4.7

10.1

BDL

BDL

BDL

BDL

BDL

1.5

BDL

46.8

BDL

ND

4.2

7.0

BDL

ND

0.1

ND

ND

0.2

ND

231.0

ND

BDL

3.6

12.9

BDL

BDL

BDL

BDL

5.9

2.5

BDL

41.6

27.3

BDL

3.9

13.5

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

1.3

0.6

139.0

BDL

Bargi dam

ND

0.3

8.2

ND

ND

0.2

ND

15.5

0.2

ND

256.0

ND

Bhedaghat
Hoshangabad
U/S
Hoshangabad
D/S
Bharuch D/S

ND

0.6

14.1

BDL

BDL

BDL

BDL

23.9

1.4

BDL

45.8

BDL

ND

0.9

14.3

BDL

BDL

BDL

BDL

10.4

1.3

BDL

58.2

BDL

ND

1.2

34.8

BDL

2.0

BDL

BDL

18.3

1.6

BDL

4670.0

26.5

ND

19.3

9.3

BDL

129.0

0.3

0.1

2.2

2.5

ND

515.0

30.4

11.6

5.9

584.0

16.7

2.8

26.7

BDL

BDL

BDL

2.1

1.6

BDL

407.0

50.1

BDL

BDL

50.0

3.5

BDL

39.4

BDL

BDL

BDL

32.6

1.8

BDL

38.2

BDL

BDL

BDL

12.1

1.8

BDL

35.7

BDL

BDL

BDL

53.9

1.7

BDL

51.6

BDL

BDL

BDL

12.1

1.4

BDL

182.0

BDL

Bharuch U/S
ND
10.2 4900.0 BDL
246.0
Sardar Sarovar
ND
1.2
7.9
BDL
2.3
Dam
Koteshwar
ND
1.3
138.0
BDL
4.8
Omkareshwar
ND
1.4
13.3
BDL
BDL
D/S
Omkareshwar
ND
1.3
13.6
BDL
BDL
U/S
Indira Sagar
ND
1.5
11.5
BDL
BDL
Dam
Indira Sagar
ND
1.5
25.8
BDL
BDL
Dam
BDL – Below Detection Limit || ND – Not Detected

4.2.8

Salient Findings

A comprehensive study of 14 metals along the entire stretch of Rivers Ganga and Alaknanda
were undertaken for the first time using the most sensitive technique of ICP-MS. The results of the
study reveal that presence of the metals at many locations including high concentrations of dissolved
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fraction of several metals which surpasses the BIS acceptable limits. It was also observed that most of
metals showed presence mainly in the locations of Stretch II and III confirming the anthropogenic
origin of these metals in river streams. Some of the metals namely iron, aluminium, copper and cobalt
were also observed at origin i.e. Gomukh and Gangotri which are due to presence of high load of
sediments and of geogenic origin. It was also observed that most of the elements showed elevated
concentrations during post monsoon season. Many metals such as chromium, copper, lead and
cadmium were also detected in the Stretch II. Two locations namely Kanpur and Rajmahal emerge as
the most contaminated locations as far as metals are concerned.
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4.3

Bacteriological water quality

Coliform bacteria are often referred as “indicator microorganisms” because they indicate the
potential presence of disease-causing bacteria in water. The presence of coliform bacteria in water
source does not guarantee that water will cause an illness. Rather, their presence indicates that a
contamination pathway exists between a source of bacteria (septic system, animal waste, irrigation,
surface water etc.) and the water systems (Nautiyal, 2009).
In the present study, water quality of Ganga River (from Gomukh to Ganga Sagar) was
monitored by detecting and counting indicator bacteria such as coliforms (Fecal Coliforms, Total
Coliforms, E.coli). Quality control and assurance (QA/QC) for sampling methods, standard laboratory
procedures for detection and counting were followed during the water quality assessment of River
Ganga.
The water of the River Ganga is frequently used for various purposes including drinking,
cooking, and bathing, due to ancient knowledge that Ganga water does not putrefy, even after long
periods of storage ( (Nautiyal, 2009), (Sood A, 2014)). Possibility to use Ganga water as novel source of
antimicrobial compounds has been reported by researchers ( (Nautiyal, 2009), (Kripa Ram, 2014).
However, reports also indicated the presence of coliforms in the water of river Ganga (CPCB, Polluted
Streches in India, 2015), which is due to disposal of untreated sewage into the river.
Faecal Coliform bacteria have been reported to be present throughout the River Ganga (CPCB,
Polluted Streches in India, 2015). According to the Central Pollution Control Board (CPCB), water in
which faecal coliforms are found above the stipulated levels is considered unsafe for drinking. There
are reports where worrying signs of increasing trends of coliforms have been recorded in Rudraprayag
and Devprayag, suggesting untreated disposal of sewage and reduced flow in these highly polluting
stretches (CPCB, Status Paper of River Ganga, 2012). According to Status Report of the Ministry of
Environment and Forests, 2009 before the launching of Ganga Action Plan, coliforms are a cause of
concern in several hotspots of River Ganga.
River water monitoring over the past 12 years has demonstrated that faecal coliform counts
reach up to 108 MPN (most probable number) per 100 ml in the most polluted part of the river in
Varanasi. Various studies revealed that the water quality at Varanasi was not safe for human use
(Hamner S, 2006). Reports showed that fecal coliform (20.9×103/ 100mL), Total coliform
(25.4×103/100mL) Escherichia coli (6.9×103/100mL) were substantially high and much beyond the
guideline values of WHO (Mishra A, 2009). This could be due to disposal of sewage and industrial
effluents directly into River Ganga. The fluctuating trend of water 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 Coliforms was carried out during present
study in pre-monsoon and post-monsoon seasons.
4.3.1

4.3.1.1

Sampling and methodology of analysis

Bacterial indicator microorganisms

Total coliforms (TC), Fecal coliforms (FC), E.coli (EC)

4.3.1.2 Number of water samples collected
63-65 (at different locations from Gomukh to Ganga Sagar) water samples 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 depth in 1000 ml pre-sterilized bottles using
grab sampling approach. Collected samples were immediately kept on ice (4oC) and transported until
used in the laboratory. Laboratory experiments were performed within 24-48 hours of sample
collection by membrane filtration technique (MFT) as per Standard Methods for the Examination of Water
and Wastewater 9222 B and 9222D.

4.3.1.4 Selection of bacteriological analytical technique
Two techniques are commonly used to detect the presence of Coliforms in water. The first of
these is called “Most Probable Number” (MPN) technique. In this method, measured volume of a
water sample is placed in test-tubes containing a culture medium. The tubes are then incubated for a
standard time at a standard temperature. This technique gives the approximate number of coliform
counts as per index.
In the second technique, a measured volume of sample is passed through a fine filter that
retains bacteria. The filter is then placed on culture medium and incubated. This is called “Membrane
Filter Technique (MFT)”.
For large number of sample analysis, APHA approved protocol of Membrane Filter
Technique (MFT) is commonly used. Over the last 30 years MFT has become the preferred method
for microbiological examination of water for indicator organisms. There are a number of official
published methods based on MF, notably a series of ISO methods, such as ISO 9308-1 for Coliforms
and E. coli .
The membrane filter method gives a direct count of total coliforms, faecal coliforms and E coli
present in a given sample of water. A measured volume of water is filtered under vacuum through a
cellulose acetate/ester based membrane of 0.22/0.45 µm pore size. Bacteria gets retained on the surface
of the membrane, which is then placed on a suitable selective medium using sterile forcep and
incubated at an appropriate temperature (at 37oC + 0.2oC for TC and EC and at 44.5o C + 0.2oC for
FC counts). If coliforms and/or faecal coliforms are present in 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 membrane filter (0.45 µm pore size and
47mm diameter) using filtration assembly and membranes were placed on specific media plates using
forcep. After incubation of plates having membrane for 24 hours, isolated coliforms colonies were
counted on media plates and reported as CFU/100 ml. Three media were used 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 (MFT) for three river water
samples (Ganga, Yamuna and Narmada) conducted at three laboratories viz; NEERI, Nagpur, NCL,
Pune, IIT, Roorkee.
Quality control (QC) includes any testing which is done to prove that the results are reliable.
Results should not differ by more than 10%. Quality Assurance (QA) is a set of operating principles
that must be followed during sample collection and analysis.
Sampling: Water samples were collected in pre-sterilized bottles (one litre capacity) with little
head space in 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
in the coliform section of the “Annex to
the Report”. Abbreviations for samples:





HDUHaridwar
Upstream
(Ganga)
LAK- Lakhwar (Yamuna)
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
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Fig. 4-44: Stretch wise variation in E. Coli and Faecal Coliforms
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Total coliforms are group of
bacteria that indicate vulnerability of
water 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/100ml in Stretch I. In Stretch II,
upstream of Patna was an outlier with a
count of about 350 cfu/100ml. The total
coliform count during the postmonsoon season significantly increased
in Stretch II, suggesting the possible
impact due to increased monsoon
runoff.
Total 63 water samples (preFig. 4-45: Stretch wise variation in Total Coliforms
monsoon) and 65 water samples (postmonsoon) were analysed for E.coli, Faecal coliform and Total coliform (Error! Reference source not
ound. Error! Reference source not found. and Error! Reference source not found.).
During the pre-monsoon season, it was observed that at certain location in Stretch I
(Uttarakhand) such as at Tehri, Koteshwar Dam, Ghansali, bacterial counts for FC TC and EC
indicated that water is contaminated. As River Ganga traverses from Himalayan region to Rishikesh
and Haridwar, faecal coliform levels were found to increase in range from 0 to 150 CFU/100ml, which
is not permissible for human consumption purpose as per BIS 10500:2012.
Results from the post-monsoon analysis indicated that faecal coliforms increased in Stretches II
and III But decreased in Stretch I , especially at Rudraprayag, Devprayag, Karnaprayag, Nandaprayag
and Vishnuprayag. At Tehri, Koteshwar Dam, Ghansali, faecal coliforms were detected between 0-50
CFU/100 ml. Increase in faecal and total coliform were observed (>50 CFU/100 ml) from Rishikesh
to Haridwar.
In Stretch II & III of River Ganga, cities like Bijnor, Narora, Allahabad, Mirzapur, Kolkata,
Bhagalpur, Rajmahal, and Patna were heavily polluted and also report from CPCB 2015 recorded the
same. The cause for high faecal pollution could be disposal of untreated sewage in River Ganga.
Varying levels of coliforms at different locations were observed. Comparative analysis of EC,
TC and FC in pre-monsoon and post-monsoon water samples also showed increased level of
contamination of bacteria during post monsoon season.
Yamuna and Narmada River water samples were also subjected for analysis for TC, FC and EC
counts, for comparison with River Ganga water samples. Coliform counts in Rivers Yamuna and
Narmada were also high indicating pollution in these rivers too.
4.3.3

Salient findings

Previous publications too revealed the presence of faecal pollution in River Ganga and reported
exceedance over CPCB criteria. The presence of faecal pollution in the River Ganga exceeding CPCB
criteria has been reported widely (Chauhan and Dhiman, 2016, Sood 2014, CPCB report 2015), The
monitoring results obtained at NEERI, Nagpur, reflected that bacterial population of faecal origin
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continue to dominate the pollution levels in River Ganga as also reported earlier by CPCB 2015 and
GAP.
It has been observed that in Stretch II and Stretch III, faecal coliform counts exceed the limit
(as per CPCB criteria), but in Stretch I at Gangotri, Mana and all five Prayags, coliforms were
comparatively low. It was also observed that total coliforms count was higher along Stretch II and
Stretch III.
The major water quality concerns as revealed from the monitoring results are high faecal
coliforms and E coli (EC) observed in Stretch II and Stretch III.
Ganga River in Stretch I is not as contaminated as in other stretches with respect to coliform
counts. This could be due to insignificant discharge of untreated sewage in Stretch I and high flow
providing dilution. Coliforms increased downstream of Narora, which could be due to discharge of
untreated sewage from number of small, medium and large towns (CPCB, Polluted Streches in India,
2015). Faecal coliform counts were high in Stretch III compared to other stretches, may be due to
sewage directly entering into river from densely populated areas.
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Fig. 4-46: Faecal Coliforms Count along River
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Ganga

30
20

60

28
47
20

30
12
175

100

30
115

27

85
38

92
52
97

76

52
24

54

Assessment of Water Quality and Sediment to understand the Special Properties of River Ganga

Water and Sediment Quality Chapter
132

110
100

300
90

26

109
90

110
60

130
35

115
160

65

412
10
410
13

345

176

102

400

321

213
339

12

14
50

45

45
48

170

135

55

13

125

30

120
78

77

4.4

Water quality criteria and standards

In order to understand the relevance of the water quality, the results have been compared with
the Surface Water Quality Criteria of CPCB as per designated best use of the surface water body
(CPCB - Control of Urban Pollution Series (CUPS), 1978) and Indian Standard – Drinking Water
Specification (IS 10500:2012). The graph to follow indicates the classification based on Surface Water
Quality Criteria (Class A, Class B, Class C or non-conforming to 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 Stretch I conformed to Class A criteria. Water
quality at certain locations, especially during pre-monsoon in this Stretch, fell under Class B mostly
because of total coliform count exceeding 50 CFU/100 mL. Water quality at most of the locations in
Stretches II and III fell outside Class A, B and C mainly due to BOD concentration above 3 mg/L.
During post-monsoon, most locations had water quality conforming to Class B, where total coliform
count exceeded 50 CFU/100 mL.
Water of River Ganga is used for drinking purposes, and sometimes without treatment. Hence
it is relevant to compare the results of chemical parameters to the Indian Standard – Drinking Water
Specification (BIS Second Revision IS 10500:2012). Alkalinity exceeded the acceptable limit (200 mg/L)
at both U/S and D/S of Patna and Bhagalpur during post-monsoon, but was within the permissible
limit in the absence of alternate sources (600 mg/L). Similarly, hardness was found to be beyond the
acceptable limit (200 mg/L) at Haridwar D/S (210 mg/L) during post-monsoon, but within the
permissible limit (600 mg/L). At all other locations, the water quality did not conform to the standards
because of higher concentrations of metals. In most cases (21 and 14 locations during pre- and postmonsoon respectively), aluminium was found to be higher than the acceptable limit (0.03 mg/L). It was
found to exceed the permissible limit (0.2 mg/L) at Gomukh and Gangotri U/S during pre-monsoon.
Arsenic, chromium, manganese and lead were some of the other metals which exceeded the limits of
drinking water quality standards. In order to understand the relevance of the results obtained, it is
necessary to compare the results with existing water quality criteria. Water of River Ganga is widely
used for drinking, and in most cases without treatment. Hence it is relevant to compare the results to
the Indian Standard – Drinking Water Specification (BIS Second Revision IS 10500:2012). In addition,
CPCB has provided Surface Water Quality Criteria (CPCB - Control of Urban Pollution Series (CUPS),
1978) as per designated best use of the surface water body; and thereby it is also relevant to compare
the results with this criterion. The number of locations where the result from the analysis exceeded the
relevant criterion is given in the table to follow:
It was seen that turbidity at most locations along River Ganga did not conform with the water
quality criteria. Alkalinity was found to exceed the acceptable limit at certain locations in Stretch III
during the post-monsoon season. Other chemical parameters were found to be within the acceptable
limits. B.O.D in Stretch II was more than the prescribed criterion as per the designated best use.
Aluminium was found to be beyond the acceptable limit at many locations throughout River Ganga.
Certain locations in Stretch II and III had Arsenic concentrations higher than the acceptable limit
during pre-monsoon and post-monsoon seasons respectively.
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Class of water & Criteria
Class A: Drinking Water Source without conventional
treatment but after disinfection
 TC  50 MPN/100mL
 DO  6mg/L

 pH: 6.5 - 8.5
 5-day BOD  2mg/L

Class B: Outdoor bathing (Organised)
 TC  500 MPN/100mL
 DO  5mg/L

 pH: 6.5 - 8.5
 5-day BOD  3mg/L

Class C: Drinking water source after conventional
treatment and disinfection
 TC  5000 MPN/100mL
 DO  4mg/L

 pH: 6 - 9
 5-day BOD  3mg/L

Legend
Pre-monsoon

Post-monsoon

Class A

Class A

Class B

Class B

Class C

Class C

Not conforming to
Class A, B & C

Not conforming to
Class A, 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 stream, and are central in maintaining the
ecological health of the River, and also impact other non-biological characteristics to the stream as well.
However, there is a distinction in the type of planktons based on the water quality of the habitat, as
some planktons thrive in nutrient rich and acidic waters, and others are unable to live in streams
polluted with organics and chemicals (APHA, AWWA & WEF Standard Methods 22nd Edition, 2012)
Due to this property, planktons are helpful, in deriving information about the water quality of the
River. However, the findings have to be correlated with the physico-chemical profile of the River to
arrive at conclusions about the water quality of the stream.
Zooplanktons and Phytoplanktons form a significant fraction of the aquatic food web.
Phytoplanktons are microscopic aquatic plants. It needs sunlight and contains chlorophyll like any
other surface plants. This necessity binds it mostly to the upper strata of a water body where sunlight
can penetrate, especially in streams which are turbid. Nutrients such as nitrates and phosphates are
essential for its existence. Zooplanktons are microscopic heterotrophs. They largely feed on
phytoplanktons and are important in keeping the equilibrium of the aquatic ecosystem. Diurnal
migration from deeper waters to the surface is characteristic of zoolplanktons. Their movement and
distribution is largely decided by water currents. The Dissolved oxygen 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 phytoplanktons and zooplanktons as part of the
monitoring activity to assess the water quality of River Ganga. Thereby, samples were collected from
the same locations along the River Ganga as indicated in the earlier sections (Chapter 3 Locations)
during pre-monsoon and post-monsoon seasons. Grab samples were collected at most locations and
transferred to a 100 mL PPE bottle for the analysis of phytoplanktons. As the study included the
quantitative enumeration phytoplanktons smaller than 25µm, a net was not used, as it would capture
larger algae and leave out the comparatively smaller phytoplanktons for subsequent collection in PPE
bottle (APHA, AWWA & WEF Standard Methods 22nd Edition, 2012). Lugol‟s solution was used to
preserve the sample and 0.7 mL was added to each sample as per Standard Methods. The study of
zooplanktons focused on the microscopic protozoa, rotifers and micro-crustaceans. Samples were
collected in 100 mL PPE bottles after passing through 20 µm plankton net. The samples were
preserved using 5% Formalin solution (APHA, AWWA & WEF Standard Methods 22nd Edition,
2012). Standard methods of examination were followed for the quantification of planktons as per
APHA Standard Methods 22nd Edition (APHA, AWWA & WEF Standard Methods 22nd Edition,
2012).
4.5.2

Results

The results for phytoplanktons and zooplanktons have been presented in the following graphs
separately for pre-monsoon and post monsoon seasons. The Shannon Weiner Index and Palmer‟s
Pollution Index at each location have also been presented in the figures to follow to give insight about
the diversity and the type of planktons found in each location. The density of phytoplanktons and
zooplanktons has been plotted on the secondary axis, and overlain on the percentage composition of
the genera of planktons in that location.

4.5.2.1 Phytoplanktons
4-81

Fig. 4-49: Density and composition of phytoplanktons during post-monsoon 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- and post-monsoon season with SWI
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Table 4-10: The Shannon – Weiner Index and Palmer‟s Pollution Index

SWI Range
<1
1-<3

Shanon Weiner Index
Plankton Diversity
Maximum
Medium

PPI Range
< 15
15-19

≥3

Minimum

≥ 20

Palmer‟s Pollution Index
Status
Low organic pollution
Probable evidence of high organic
pollution
Evidence of high organic pollution

During the pre-monsoon season, phytoplankton density observed was between 233/mL and
5658/mL. 5 groups comprising 26 genera were identified. Chlorophyceae was most dominant followed
by Bacillariophyceae. The highest density 5658/mL and lowest density 233/mL were observed at
upstream of Kanpur and at Ghansali respectively. Shannon-Wiener Diversity Index (SWI) values varied
from 1.57 to 3.97 indicated moderate to good levels of phytoplankton diversity. At downstream of
Narora, upstream of Kanpur, downstream of Allahabad, upstream and downstream of Mirzapur,
downstream of Varanasi and at Allahabad Sangam, the PPI values were in between the range of 16 and
18 indicated probable organic pollution (Also indicated by high concentration of phosphate and nitrate
at Kannauj, Kanpur, and Allahabad as seen in the results from the chemical analysis). However, at
downstream of Kanpur and in Yamuna at Allahabad, the PPI values were 21 and 20 respectively, which
are evidences of high organic pollution. In majority of the locations in Stretch II and Stretch III, the
PPI values ranged between 0 and 14 indicating comparatively less organic pollution. At rest of the
locations phytoplanktons were not observed which may be due to high flow and turbidity.
Zooplankton density was between 467/m3 and 18133/m3. 4 groups comprising 10 genera and
one Nauplius larval stage were identified. Copepoda was the most dominant group followed by
Rotifera. Protozoa were observed in less number at Ghansali. The highest density 18133/m 3 and lowest
density 467/m3 were observed at upstream of Patna and upstream of Mirzapur respectively. ShannonWiener Diversity Index (SWI) values varied from 0.78 to 2.54 indicated moderate levels of zooplankton
diversity.
During the post-monsoon season, phytoplankton density observed was between 14/mL and
1616/mL. 5 groups comprising 18 genera were identified. Chlorophyceae was most dominant followed
by Cyanophyceae. The order was Chlorophyceae > Cyanophyceae > Xanthophyceae >
Bacillarophyceae > Cryptophyceae. The highest density 1616/mL and lowest density 14/mL were
observed at Banaras Upstream and Chiniali Saur respectively. Shannon-Wiener Diversity Index (SWI)
values varied from 0.00 to 2.27 indicated low to medium levels of phytoplankton diversity. At upstream
and downstream of Allahabad, upstream of Kannauj, and the Yamuna at Allahabad, the PPI values
were in between the range of 15 and 18 indicating probable case of organic pollution. Several locations
in stretch I show PPI values which indicate comparatively less organic pollution.
Zooplankton density observed was between 67/m3 and 23249/m3. 4 groups comprising 12
genera and one Nauplius larval stage were identified. Copepoda was the most dominant group followed
by Rotifera. Copepoda > Rotifera > Cladocera > Protozoa. The highest density 23249/ m 3 and lowest
density 67/ m3 were observed at downstream of Mirzapur and at the confluence of Bhilangana and
Bhagirathi at Tehri dam respectively. Shannon- Wiener Diversity Index (SWI) values varied from 0.1 to
1.85 indicated moderate levels of zooplankton diversity.
Presence of high organic (disposal of ritualistic material and offering such as flower, milk etc.)
and inorganic (such as agricultural and industrial flow containing phosphorus, nitrogen and micronutrients) pollutants and disposal of sewage support the growth of planktons in River Ganga. The
presence of planktons in the River has direct impact on dissolved oxygen and other parameters of the
River. In general presence of phytoplanktons indicates presence of phosphorus and nitrogen in the
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water. So in the present findings which ascertain a lower density of phytoplanktons in Stretch I of River
Ganga show that the water is clean. However, in the Stretch II the maintenance of DO, despite high
pollutant load, is due to the presence of phytoplanktons. It is probable that the contribution to DO by
phytoplanktons helps in maintaining DO levels by assimilating organic matter. However, plankton
density beyond a certain threshold level might lead to a negative impact on water quality due to
eutrophication.
Presence of lower level of phytoplanktons particularly Chlorophycean (green alga) improve the
DO of Ganga. However, Cyanophycean members viz. Microsystis sp. and Oscillatoria sp. deteriorate the
water quality due to secretion of cyanotoxin. Cyanobacterial toxins can bioaccumulate in vertebrates
and invertebrates found in River Ganga such as fish, Ganges dolphins, mussels, and zooplankton and
finally may cause human toxicity. For instance, the level of cyanotoxin i.e. microcystin has been found
above the WHO permissible limit (1 ppb) in the Ganga water from Kanpur Industrial area (Dixit et al.,
2017, Ecol. Ind. 72,420-427). Lack of sunlight may cause decline 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 activities etc. lead to the discharge of variety of
pollutants in the river. These include pesticides, metals, pharmaceuticals, steroids, hormones,
surfactants, personal care products, microorganism etc. Out of these, scientific literature is available on
the occurrence of metals, pesticides, microorganism (bacteria) etc., in rivers, surface water and
wastewater sources of India and abroad. In the recent years, United States Geological Survey (USGS)
and United States Environmental Protection Agency (USEPA) have mentioned serious concerns on the
occurrence and fate of emerging contaminants in different water sources. Emerging contaminants are
not routinely analyzed in the water quality monitoring program. It includes any synthetic/naturally
occurring chemical or microorganism that has a potential to enter in to the environment. Emerging
contaminants can cause adverse ecological or human health impacts at very low concentrations. Due to
limited scientific evidences, regulatory limits for emerging contaminants are not yet well established.
Thus, it is important to investigate the occurrence of these contaminants in major water streams to
strengthen the scientific databases. Herein, we report the qualitative analysis of four emerging
contaminants i.e. two pharmaceuticals (Primidone and Diclofenac Sodium) and two hormones
(Testosterone and Progesterone) in River Ganga. In addition, Yamuna and Narmada River samples
were taken as controls for the comparative analysis.
4.6.1

Resaerch Gaps

Pharmaceuticals and hormones are emerging contaminants. Several studies have proven the
adverse effects of these contaminants on biological systems. At present there are no well- defined
norms to regulate the concentrations of these contaminants in different sources of water (River,
Streams etc.). USEPA, USGS and other environmental agencies around the world have given special
attention on the prioritization, occurrence and ecological toxicity assessment (e.g. endocrine disruption)
of emerging contaminants.
Analytes (Primidone, Diclofenac Sodium, Testosterone and Progesterone) considered in this
study have been used as medicines from many decades but their occurrence in the surface
water/wastewater has been witnessed quite later upon the advent of sensitive and sophisticated
laboratory techniques. Available literature reveals that the current data sets do not provide enough
worldwide information on the occurrence and ecological toxicity of these compounds[2]. Thus
additional studies on the occurrence of emerging contaminants and their ecological toxicity are needed
to strengthen current data sets.
4.6.2

Significance

Epidemiological report entails increasing incidences of infertility, endocrine disorders, immune
depression, endocrine cancers etc. in human subjects exposed to endocrine disruptive compounds
(EDCs). Studies on in vitro/in vivo models demonstrate the toxic or endocrine disrupting potential of
Primidone, Diclofenac Sodium, Testosterone and Progesterone. Considering the serious threat posed
by emerging contaminants/EDCs on human health, regulatory agencies around the world have been
tasked to identify these compounds in different water sources and to assess their effects using
appropriate risk-based approaches.
Anthropogenic activities discharge variety of pharmaceutical and hormones in River Ganga.
River Ganga also receives major pollutants from discharge of industries and sewage along its course.
Industrial effluents, sewage and anthropogenic activities are the major sources of pharmaceuticals and
hormones in the River water. These alarming facts demand the detailed investigation on the occurrence
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of pharmaceuticals and hormones in River Ganga. Till date, no detailed investigation is carried out on
the occurrence of these compounds in the entire stretch of River Ganga.
Present Study aims to generate a baseline qualitative data, which can be helpful in identifying
the sensitive locations with respect to the occurrence of pharmaceuticals 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 Ganga, Yamuna and Narmada Rivers.
Entire course of River Ganga was divided in four stretches (A, B, C and D) for this specific component
of the study based on the urban settlements/anthropogenic activities and industrial activities which are
mainly responsible for the discharge of pharmaceuticals and hormones in the River.
Stretch A: Samples were collected from Gomukh to Devprayag (Bhagirathi River), Mana to
Devprayag (Alaknanda River) and Devprayag to Haridwar. This stretch is characterized by mountains,
trees, steep slope, rapid flow of water, lesser urban settlements and less industrial developments.
Stretch B: Samples were collected from Bijnor to Kannauj. Most of the water is diverted from
Bhimgoda Barrage near Har ki Pauri at Haridwar in to Upper Ganga Canal. This reduces the flow in
Stretch B. This stretch is characterized by major urban settlements at Bijnor, Kannauj and Narora and
lesser industrial developments.
Stretch C: Samples were collected from Kanpur to Bhagalpur. This is the most relevant stretch
with respect to the occurrence of pharmaceuticals and hormones as it is characterized by massive urban
settlements, high anthropogenic activities and major industrial activities. Many industries such as Pulp
and Paper, Pharmaceuticals, Chemical, Leather, Textile etc. are located in this stretch.
Stretch D: Samples were collected from Rajmahal to Kakdwip. Agricultural towns are located
from Rajmahal to Farakka stretch with no major industries. After Farakka, River Ganga enters Kolkata.
Kolkata city has massive urban settlements and pharmaceutical, chemical and other industries.
Some of the samples were collected from the extreme sampling locations via pedestrian route.
Care was taken to avoid the loss of samples during transportation (both via road and arial routes) and
storage. USGS Method 5-B9 demonstrates the estimation of Steroid Hormones and related compounds
in water samples using HDPE (High Density Poly Propylene) bottles. HDPE bottles are resistant to
breakage and hence loss of samples during cold/freeze storage and transportation can be avoided in
comparison to glass bottles that are susceptible to breakage (Method of the NWQL). Considering these
issues, water samples (1L each) were collected in pre sterilized amber HDPE bottles and processed
considering the techniques given in the USEPA (United States Environmental Protection Agency)
Method 539/USGS (United States Geological Survey) Method 5-B9. Appropriate controls [Laboratory
Reagent Banks (LRB) and Field Reagent Blanks (FRB)] were maintained during the sampling and
analysis procedures. Proper care was taken to avoid contamination of samples during sampling
procedures. Preservatives [Sodium thiosulfate (80 mg/L) and 2-mercaptopyridine-1-oxide, sodium salt
(65 mg/L)] were added in the water sample to avoid degradation of analytes. Water samples were
filtered through 0.45µ glass microfiber filters and loaded on solid phase extraction (SPE) cartridges
(SolEx C18 CLEAN; Thermo Scientific™ Dionex™). Cartridges were conditioned with
dichloromethane (DCM) followed by the conditioning with methyl tert-butyl ether (MTBE), methanol
and de-ionized water with flow rate of 15mL/min. Environmental water samples were individually
passed through SPE cartridges at a flow rate of 10mL /min. Cartridges were rinsed with de-ionized
water (18.2 MΩ) at a flow rate 20mL/min. SPE cartridges were dried by passing nitrogen gas for 15
min. Compounds were eluted using methanol: MTBE (1:9) and DCM with the flow rate of 5 mL/min.
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Sample extracts were concentrated up to 1 mL by purging pure Nitrogen gas at a gentle flow rate. The
total residue was reconstituted in 1mL acetonitrile and subjected to LC-ESI-MS/MS analysis.

4.6.3.2 Sample analysis
Samples were analyzed on Waters H-Class Acquity UPLC system equipped with ESI source
using Waters BEH C18, 100 X 2.1 mm, 1.7 μ column. The total residue was reconstituted in 1mL
methanol and subjected to LC-MS/MS analysis with the developed method. Data acquisition and
processing were carried out using MassLynx V4.1 SCN 714 software (Waters) and QuanLynx
(Waters).

4.6.3.3 Method Detection Limit (MDL)
Method detection limit for each analyte was estimated by fortifying 1L de-ionized reagent water
(18.2 MΩ) at appropriate concentrations of mixed standard. Fortified samples were preserved,
extracted and analysed in the similar fashion as that of the environmental samples.

4.6.3.4 Quality control
Appropriate experiments were conducted to check secondary contamination or loss of analytes
in the sample due to environmental conditions, reagents, sampling bottles, man made errors etc.
Laboratory Reagent Banks (LRB) and Field Reagent Blanks (FRB) were included in the analytical
procedure to determine if the sample matrix or other interferences 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 includes the exposure of reagent water to all the
containers, instruments, solvents, preservatives, other consumables, etc. LRB is used to verify if the
method analytes or other interfering compounds are present in the laboratory environment,
consumables used or in the instruments.
Field Reagent Blank: Appropriate volume of laboratory reagent water is taken in to the field and
extracted and analyzed exactly similar as sample. This includes the exposure of reagent water to all the
containers, instruments, solvents, preservatives, other consumables, environmental conditions in the
field and storage and transport conditions etc. FRB is used to verify the contamination of samples
during sampling, storage, transport and analysis.In all, 15 LRB and 15 FRB samples were taken for the
analysis. Tested analytes (Primidone, Diclofenac Sodium Salt, Testosterone and 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 203 pharmaceuticals on River systems across
41 countries. It was found that the majority of the studies on the occurrence of pharmaceutical
compounds in River systems were carried out in North America, Europe, and China (Huges, Kay, &
Brown, 2013). Kolpin et al. evaluated the occurrence of pharmaceuticals, hormones and other
contaminants in 139 U.S. Streams across 30 states (Kolpin, et al., 2002). As far as the Indian River
systems are concerned, very limited studies were carried out with respect to the occurrence of
Pharmaceuticals and hormones.Anthropogenic activities may result in the discharge of pharmaceuticals
and hormones in the River system. River Ganga also receives major pollutants from industries and
sewage treatment plants (STPs) situated along its course. CPCB indicates that there is a gap between the
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sewage generation and sewage treatment capacities (CPCB, Polluted Streches in India, 2015). This is
one of the reasons of the discharge of untreated sewage in Ganga River. CPCB has identified 138
drains along the course of Ganga River discharging approximately 6087 MLD of wastewater. Out of
these majority of the drains are situated in Uttar Pradesh (45) and West Bengal (54) (CPCB, Polluted
Streches in India, 2015). This data shows the extent of wastewater discharge and anthropogenic load
on Ganga River.
Stretch A

Stretch B

Stretch C

Stretch D

Fig. 4-51: Representative Pictures

Error! Reference source not found. illustrates the sampling locations and the number of
amples collected from Ganga, Yamuna and Narmada Rivers. Detailed information on the sampling
locations, geological coordinates etc., are given in the water sampling section of this report.
In total, water samples were collected from 64, 64, 27 and 14 locations during pre-monsoon
Ganga River, Post-monsoon Ganga River, Yamuna River and Narmada River sampling. Out of these,
tested analytes (individual or multiple) were detected in 6, 5, 11 and 2 samples of pre-monsoon Ganga
River, Post-monsoon Ganga River, Yamuna River and Narmada River, respectively. Detailed
information on the locations indicating the occurrence of individual or multiple analytes is given in
Error! Reference source not found..
No analytes were detected in the Stretch A and Stretch B of Ganga River during pre-monsoon
and post-monsoon sampling. Majority of the compounds were detected in Stretch C of Ganga River in
both the pre-monsoon and post-monsoon sampling. In Stretch C, analyte(s) were detected in
Allahabad, Sangam (Allahabad), Jafferkhan (GC-12), Bhagalpur U/S (GC-10) and Bhagalpur D/S (GC9) locations during pre-monsoon or post-monsoon sampling. However, seasonal variations were
observed during both the sampling periods. In Stretch C, occurrence of Testosterone and Progesterone
was higher in pre-monsoon samples whereas the occurrence of Primidone was higher in post-monsoon
samples. Percent Detection Frequency for each analyte was calculated as follows:
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Where; n: number of samples in which the analyte was detected, N: total number of samples
taken for the analysis.
Detection frequency is an important indicator to assess the occurrence of compounds.
Detection frequencies of drugs and other compounds in potable and wastewater have been reported
earlier. Results obtained in present study demonstrated higher detection frequencies of
pharmaceuticals/ hormones in Stretch C of River Ganga and River Yamuna samples. Differences in the
detection frequencies of analytes in pre-monsoon and post-monsoon samples of River Ganga could be
due to the variations in factors such as temperature accounting for photo-degradation of analytes, flow
rates accounting for the dilution of analytes, microbial load (e.g. degrading bacteria), inner water
current, re-aeration capacities, antropogenic load, type of sampling (grab sample) etc. Further
investigations are needed to confirm these results.
Table 4-11:Analytes detected in Ganga, Yamuna and Narmada River water samples

Stretch

Sampling Locations Primidone
Sangam
Patna U/S

Pre-MonsoonRiver Ganga

C

Jafferkhan
Bhagalpur U/S
Bhagalpur D/S

D

Kakdwip D/S
Allahabad D/s
Jafferkhan

Post-MonssonRiver Ganga

C

Bhagalpur U/S
Bhagalpur D/s
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
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Sampling Locations Primidone

Stretch

Chambal Yamuna
After confluence
Hoshangabad D/S
Narmada River

Bharuch D/S

Diclofenac
sodium salt

Testosterone

Progesterone

ˉ

+

+

+

ˉ
ˉ

+
+

+
+

+
+

“-”: Not detected (ND)/Below Detection Limit (BDL); MDL: Primidone (19.51 ng/L),
Diclofenac sodium salt (16.70 ng/L), Testosterone (1.41 ng/L), Progesterone (1.13 ng/L).
“+”: Presence of analyte; U/S: Up Stream; D/S: Down Stream.
Detailed description of each analyte and its occurrence in the water of Rivers Ganga, Yamuna
and Narmada is given below:

4.6.4.1 Primidone
Primidone is widely used as an antiepileptic drug. It was first introduced as Mysoline in the year
1952. Log Kow value indicate low bioaccumulation potential of Primidone. However, detailed
information on the bio-accumulative potential of Primidone is not available. Primidone has a biological
half-life of 5-18 hour. Environmentally relevant concentrations of Primidone are very low (ng L−1)
compared to its LC50/96 h value (100 mg/L; Fish). This indicates that Primidone can impart lesser
acute toxicity at environmentally relevant concentrations. However, chronic exposure to these lower
concentrations may produce considerable effects on biological systems. Considering the adverse health
impact of this drug, monitoring of Primidone in Indian Rivers is urgently needed. Results obtained in
this study revealed that the occurrence of Primidone was comparatively higher in Stretch C of Ganga
River (Pre-monsoon, 7.6%) and Stretch D (Post-monsoon, 30.7%). Primidone was not detected in
Stretch A and Stretch B of Ganga River, Yamuna River and Narmada River samples.
Occurence of Primidone in different stretches of
Ganga River (Pre-monsoon)

Occurence of Primidone in different stretches of
Ganga River (Post-monsoon)
37
37

Stretch A

0
6
6

Stretch B

0
6
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13
12
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9
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Total No. of samples
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4
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8
8

0

0
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10

8
8
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20
30
Number of samples

40

Occurence of Primidone in Yamuna River
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0

0

10

20
30
Number of samples

40

Occurence of Primidone in Narmada River

Total No. of samples

27

Total No. of
samples

14
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27
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14

0

Detected
0

5

0
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10

15

20
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30

0

Number of samples

5

10

15

Number of samples

Fig. 4-52: Environmental Occurance of Primidone
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4.6.4.2 Diclofenac Sodium
Diclofenac is one of the most commonly used pain killers (Trade names: Pennsaid, Flector
Patch, Voltaren and Voltarol) throughout the world. It was first synthesized in the year 1973. There is a
gradual increase in the scientific documentation on this drug. Log Kow of this drug is >3 which indicates
higher bio-concentration potential. LC50/96 h value (166.6 mg/L; Fish) of Diclofenac Sodium is higher
than its environmentally relevant concentrations (ng L−1). Since, Diclofenac Sodium has higher bioconcentration potential; it can cause adverse effects on biological systems upon its chronic exposure at
lower concentrations. Detailed study on the occurrence of pharmaceutical in different water sources
revealed wider occurrence of Diclofenac in European and Asian continents (Huges, Kay, & Brown,
2013). Results of this study showed higher detection frequencies of Diclofenac Sodium in Yamuna
River (25.9%) followed by Narmada River (14.3%) and Stretch C of Ganga 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 (Pre-monsoon)
Stretch A

37
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0

Stretch B

6
6

0
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0

Stretch C
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8
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0
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1

Stretch D

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

20
30
Number of samples

40

Occurence of Diclofenac Sodium in Yamuna River

0

10

27

20

5

10

15

20

Number of samples

25

40

14

12

Not Detected/BDL
2

Detected
0

20
30
Number of samples

Total No. of
samples

7

Detected

Detected

Occurence of Diclofenac Sodium in Narmada River

Total No. of samples
Not Detected/BDL

Not Detected/BDL

8
8

0

Total No. of samples

30

0

5

10

15

Number of samples

Fig. 4-53: Environmental Occurence of Diclofenac Sodium

4.6.4.3 Testosterone
Testosterone is a steroid hormone primarily found in male. In addition, small portion of
Testosterone is synthesized in adrenal glands and ovaries in females. Testosterone regulates variety of
reproductive, neurological, developmental processes in humans and other species. Log Kow of
Testosterone (3.32) is >3 which indicates higher bio-concentration potential. LC50/96 h value (5.6
mg/L; Crustacean) of Testosterone is higher compared to its environmentally relevant concentrations
(ng L−1). Most of the report illustrate that chronic exposure to Testosterone at lower concentrations can
cause endocrine disruption in aquatic animals (Taylor, 2002). Literature on the adverse effects of these
anabolic steroids on human health is available (Kolpin, et al., 2002) Being the hormone it can easily
bind to androgen and estrogen receptors and alter different biological pathways. Chronic exposure to
Testosterone can induce endocrine disorder (Tolessa, 2008).
Detailed study on the occurrence of hormones in 139 U.S. Streams entails wide occurrence of
Testosterone in surface water (Kolpin, et al., 2002). Our study showed higher detection frequencies of
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Testosterone in Yamuna River (33.3%) followed by Stretch C of Ganga River (Pre-monsoon, 30.7%),
Narmada River (14.2%) and Stretch D of Ganga River (Post-monsoon, 7.6%).
Occurence of Testerosterone in different stretches of
Ganga River (Pre-monsoon)

Occurence of Testerosterone in different stretches of
Ganga River (Post-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 hormone. Log Kow of Progesterone (3.87) is
>3 which indicates higher bio-concentration potential. LC50/96 h value is not available, whereas LD50
Occurence of Progesterone in different stretches of
Ganga River (Pre-monsoon)
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Occurence of Progesterone in different stretches of
Ganga River (Post-monsoon)
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Fig. 4-54: Environmetal occurance of Progeesterone
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(Oral, Rat) value of Progesterone is quite high (5,000 mg/kg) compared to its environmentally relevant
concentrations (ng L−1). Similar to Testosterone, scientific literature shows endocrine disruptive
potential of Progesterone (Solomon, 2010) reported occurrence of Progesterone in different streams in
U.S. (Kolpin, et al., 2002).
We found higher detection frequencies of Progesterone in Stretch C of River Ganga (Premonsoon, 38.4%) followed by River Yamuna (37%), RiverNarmada (14.2%) and Stretch D of River
Ganga (Pre-monsoon, 12.5%). Interestingly, samples collected during post-monsoon sampling of River
Ganga did not show the occurrence of Progesterone. As stated earlier, variations in the detection
frequencies during pre-monsoon and post monsoon sampling could be attributed to variety of factors
such as temperature, dilution effects, highly dynamic nature of the River system, microbial load,
anthropogenic load, time specific events, type of sampling, inner water current etc.








4-94

4.6.5

Salient findings

Present study provides a preliminary baseline data on the occurrence of pharmaceuticals
(Primidone and Diclofenac Sodium) and hormones (Testosterone and Progesterone) in Rivers
Ganga, Yamuna and Narmada. This is the first report on the occurrence of these compounds in
the entire stretch of Rivers Ganga, Yamuna and Narmada. Analytes monitored in this study
comes under the category of emerging contaminants which are not routinely analyzed in the
water quality programs. Regulatory limits for these contaminants in water sources are not well
defined due to unavailability of significant documentary and scientific evidences on the
occurrence and fate of these compounds in different water systems all over the world. The
current data sets available throughout the world on the occurrence of emerging contaminants in
water sources are weak and have regional biases. USEPA/USGS have given high importance to
evaluate the occurrence of emerging contaminants in environmental sources. The present study
will help in strengthening the data sets on the occurrence of emerging contaminants in Indian
River systems.
No analyte was detected in Stretch A of River Ganga during pre-monsoon and post-monsoon
seasons. These results entail that this Stretch is comparatively cleaner. Interestingly, no analyte
was detected in the samples collected from Stretch B, even after the major urban settlements in
this stretch. Considering the discharge of wastewater in River Ganga (CPCB, Polluted River
Strches in India, 2013), it is important to validate the results with proper quantitative and
spatiotemporal studies based on the composite sampling procedures. At the same time, efforts
can be made to understand the possible degradation of analytes (if present) in Stretch A and B of
River Ganga due to its unique properties such as high inner water current, re-aeration
capabilities and other possible contributing parameters such as microbes, bacteriophages, metals
etc.
Result of this study showed comparatively higher occurrence of Primidone, Diclofenac Sodium,
Testosterone and Progesterone in Stretch C. CPCB has identified 138 wastewater discharge
drains along the course of River Ganga (CPCB, Polluted River Strches in India, 2013) Stretch C
receives majority of pollutants from the discharge drains, pharmaceutical/chemical and other
industries, anthropogenic activities etc. Thus, it is the most sensitive Stretch with respect to the
occurrence of pharmaceuticals and hormones.
In the present study, detection frequencies of Diclofenac sodium, Testosterone and
Progesterone in Yamuna River samples were higher compared to those found in Stretch A and B
of River Ganga and Narmada River samples. CPCB Report on River Yamuna (CPCB, Water
Quality of Yamuna River, 2005) state that 85% of total pollution of Yamuna River is caused due
Assessment of Water Quality and Sediment to understand the Special Properties of River Ganga

Water and Sediment Quality Chapter




to domestic sources. Cities such as Delhi, Panipat, Gaziabad, Allahabad etc., accounts major
share in the discharge of domestic waste in River Yamuna (CPCB, Water Quality of Yamuna
River, 2005). Yamuna River also receives wastewater from industries such as from Pulp and
Paper, Pharmaceuticals, Chemical, Leather, Textile etc. Occurrence of pharmaceuticals and
hormones are reported earlier in the wastewater generated from these industries. On the other
hand, Narmada River Basin has comparatively lesser anthropogenic load. The problem of water
pollution in this River is comparatively less due to lesser industrial development (Banerjee, 2010)
Overall, Stretch C of Rivers Ganga and Yamuna had higher detection frequencies of tested
analytes compared to the Stretch A and Stretch B of Rivers Ganga and Narmada.
Locations depicting the occurrence of individual or multiples compounds are given in Error!
eference source not found.. These locations are sensitive to the occurrence of tested
compounds. In future, detailed quantitative and spatiotemporal studies can facilitate better
understanding of the seasonal variations, concentrations, contributions of wastewater
(sewage/industrial) discharge points, anthropogenic load, matrix effects etc. in the evaluation of
pharmaceuticals and hormones in and around the sensitive locations.

4-95

4.7

Pesticide residue and PCBs

Pesticide is a substance or a mixture of substances used for preventing, destroying, or
controlling any pest including vectors of human, animal or plant diseases and interfering with the
production, processing, storage, or marketing of food, agricultural commodities, wood products, animal
feedstuffs etc.
Most of the pesticides have a high biological activity, acute and chronic toxicity and are capable
of harming all forms of life besides the target pest. Another important characteristic is their persistence
which again makes them a significant component which requires monitoring even after years of usage.
The sporadic and injudicious use of pesticides has not only contaminated the environmental
resources but also resulted in the deterioration of the complete ecosystem due to bioaccumulation and
bio magnification of these compounds at various food chain levels.
The pesticides enter the environment by both point and non-point source pollution. The
former contamination may come from specific and identifiable places like pesticide manufacturing
industries, leakage from storage sites, improper disposal of pesticides and their containers. The latter is
the contamination that comes from the wide area including the drift of the pesticides through the air,
pesticide run off into water ways, pesticide movement into the ground water (Tiryaki & Temur, 2010).
4.7.1

Organochlorine pesticides (OCP‟s)

Organochlorine pesticides have closely related similar chemical structures with chlorinesubstituted aliphatic or aromatic cyclic rings. Because of the structural similarities, these pesticides share
certain physicochemical characteristics such as persistence, toxicity, bioaccumulation, and long-range
transport potential. As a result a good number of orgnochlorine pesticides are listed as POPs
(Persistent Organic Pollutants) under the Stockholm Convention. Representative compounds in this
group include Dichlorodiphenyl-trichloroethane (DDT), its derivatives, Hexachlorocyclohexane
(HCHs), Aldrin, Dieldrin, Chlordane,etc. (16No)
Currently, India is one of the largest producers of pesticides in Asia and ranks high in the world
for the use of pesticides (Abhilasha & Singh, 2009). The main use of pesticides in India is for the
agricultural activities and public health and household usage.
This requires the monitoring of these pesticides in surface water bodies where they are likely to
enter from various sources like precipitated atmospheric depositions, surface runoffs, sediment
deposits, global transport etc. Since River Ganga is largely of glacial origin and these pesticides have a
capability of long range transport and persistence it is well-justified to monitor the water of River
Ganga for these pesticides.
4.7.2

Literatur Review

Organochlorine pesticides persist in the environment. Persistency is defined as a half-life greater
than two months in water or six months in soil and sediment (ECETOC, 2000). They are lipophilic
compounds that tend to bio accumulate in fatty tissues through the food chain. These pesticides are
water insoluble and semi-volatile, enabling their entry in the atmosphere and transport over long
distances globally, mainly by air mass movements. They can reach polar or high mountainous regions
and are effectively deposited in cold regions by snow through the phenomenon of cold condensation
and global distillation (Kang & Chang, 2011). Studies on organochlorine pesticides in the air of the Mt.
Everest region is the evidence for such transports (Li, Zhu, Wang, & X.H. and Lin, 2006). Some
authors have expressed their concerns over the source of organochlorine pesticides in Ganga river
basin being anthropogenic or glacial (Mutiyar & Mittal, 2013).
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There are some studies available on River Ganga for the presence of pesticides. Some studies
are systematic covering the entire catchment of River Ganga, while some studies have just been carried
out for a part of Ganga catchment. The pesticide monitoring in River Ganga has focused mostly on
organochlorine pesticides. Organochlorine pesticides are persistent organic pollutants, toxic in nature,
not easily degradable and tend to bioaccumulate. Possibly, this is the likely reason that the
organochlorine pesticides like HCHs, Endosulphans, DDTs have been selected for most of the studies.
Besides this, some studies have also reported organophosphates. Most of the studies have reported
concentration levels upto ng/L using GC-ECD analysis.
Mutiyar & Mittal have analysed samples from 82 sampling locations covering 72% of River
Ganga consisting Uttarakhand, Uttar Pradesh and Bihar in year 2010-11. The pesticides reported by
them include, HCH 0.1–17.6; DDT 0–12.3; endosulfan 0–85.4 and heptachlor 0–11.8 ng/l range
(Mutiyar & Mittal, 2013).
Singh, Choudhary and Leena have performed organo-chlroine pesticide analysis of River Ganga at
Bhagalpur- Champanala, Mond ghat and Burning ghat (upstream, midstream and downstream) for
methyl parathion, Endosulphans and DDT and have detected organochlorines in ng/l levels. Studies
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 anthropogenic origin 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 post-monsoon seasons for the River
Ganga followed by sampling in other rivers.
Grab sampling was done for all the samples. Samples were collected in 2 litre amber coloured
glass bottles with Teflon lined stoppers. Preparation of the sampling bottles included washing with
detergent, rinsing with tap water, ultrapure water (Millipore) and solvent followed by air-drying.
After collection, the samples were transported in cool-box with ice packs. After transportation
to the laboratory, samples were stored at 40o C till 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 from River Ganga. These include 21 samples
from Stretch I, 6 samples from Stretch II and 12 samples from Stretch III.

4.7.3.2 Post-monsoon sampling
Total 45 numbers of water samples were collected from River Ganga and include 17 samples
from Stretch I, 16 samples from Stretch II and 12 samples from Stretch 3.

4.7.3.3 Control Samples
Total 39 numbers of water samples were collected from Rivers Yamuna and Narmada.
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4.7.3.4 Methodology
These water samples were analysed for organochlorine pesticides (OCIPs) for 10 compounds
-HCH, -HCH, -HCH, δ-HCH, Aldrin, endosulphan I, endosulphan II, p,p'-DDE, o,p'-DDD and
Endosulphan sulphate.
Water samples were filtered with Whatman no. 1 filter paper to remove suspended solids. In
most of the cases, 1 litre of water sample was transferred into a 2 litre glass-separatory funnel. Then,
100 g of NaCl was added to it. It was thoroughly mixed by inverting the flask three to four times. The
sample was extracted thrice with 200 ml dichloromethane (100:50:50); shaken for 3-4 minutes each time
with periodic venting. The combined organic phase was dried by passing it through anhydrous Na 2SO4.
The organic phase was concentrated to 1 ml in a vacuum rotary evaporator (Heidolph). The sample
was reconstituted in 1ml of n-hexane and aliquot was analyzed by GC-ECD (Shimadzu GC-2010) and
GC–MS (Varian Saturn 2200).
The quantitative results for organochlorine pesticides are based on GC-ECD estimation. Dual
column confirmation technique has been used for the same. The pesticides which are detected in both
the columns have only been reported as positive detections. The extracts 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:
Item

Condition
Make – SHIMADZU GC-2010(with ECD and
Auto sampler)
Column
DB-5/DB1701 column of 30 m length, 0.25
mm inner diameter (ID) & film thickness of
0.25 μm
Injector temperature 250°C
Detector temperature 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
GC

4.7.3.5 Internal quality checks
Analysis has been carried in controlled laboratory conditions and clean environment. All the
glassware used for extraction and processing was scrupulously cleaned and blank checks were
performed. All the critical consumables and solvents were also subjected to reagent blank checking.
Analytical method blanks and matrix spikes have also been used to ensure the quality control.
The details of the calibration curves plotted for all the analysed 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 of the analyzed samples above detection
level of 0.5 ppb (GC-ECD). All samples have been confirmed on Ion-trap GC-MS (Detection Level:
1ppm). Beta–Endosulphan has been detected in three samples (GA-31, GA-40 and GC-1) however; its
presence was not confirmed by GC-MS (Ion-trap, Varian –Saturn 2200). The pesticides not confirmed
on GC-MS have been reported as BDL.
GC-MS detection level: 1 ppm
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Alpha
HCH

Fig. 4-56: GC-ECD (Top) & GC-MS (Bottom) Chromatogram: Farakka Downstream
(Pesticide detected: Alpha - HCH)

4.7.5

Rivers Narmada and Yamuna

Pesticide Residues have not been detected in any of the samples some of the samples at trace
and Below Detection Levels. Alpha HCH was detected in Bharuch D/S and Agra U/S.
Beta HCH was detected positive in Chambal Yamuna confluence and Gamma HCH in GJN02. pp‟DDE was found in traces in GJN-01, GJN-02, GJN-07, NAR-2, NAR-3, NAR-4, YA-01 and
Chambal- Yamuna confluence. The presence of these pesticides was seen on both the GC columns
during the dual column confirmation. However, being in low concentrations their presence could not
be confirmed on GC-MS (Ion-trap, Varian –Saturn 2200).
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4.7.6

Salient findings

Stretch I of River Ganga, mainly a forest and mountainous area with less of agricultural and
industrial activities shows negligible detection of pesticides as can be observed from the results. Stretch
II and Stretch III are mixed of urban settlements, agricultural activities and industries. During the premonsoon season, organochlorines pesticides were not detected in most of the samples except a few
where Beta–Endosulphan was detected by GC-ECD but could not be confirmed by GC-MS. In the
post-monsoon season, target organochlorine pesticides were not detected in Stretch I. In Stretch II,
breakdown products of DDT and in Stretch III, HCH isomers have been detected.
Although DDT is banned for agricultural usage, India has sought exemption under the
Stockholm Convention for use of this pesticide for restricted use in public health sector. The National
Malarial Program used 3750 tons of DDT in the year 2001 (Devi & Raha, 2013).
(Mutiyar & Mittal, 2013) have concluded that there is a declining trend in the occurrence of
organochlorine pesticides in River Ganga which has further been confirmed by our study which shows
a declining trend and more localised in the vicinity of pesticide industries particularly in Stretch III.
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4.8

Radiological Analysis

The presence of radionuclides in water poses a number of health hazards, especially when these
radionuclides are deposited in the human body through ingestion of water. Dissolved radionuclides in
water emit particles (alpha and beta) and photons (gamma) which gradually expose living tissues. The
potential adverse effect from ingestion of radionuclides, through drinking water, requires a standard to
be set in order to protect the members of public from radiation exposure above permissible levels.
The World Health Organizations' Guidelines for Drinking -Water Quality recommended the
determination of gross alpha and gross beta activity concentrations in drinking water as the first step of
the radiological aspect of the drinking water quality (WHO, 2004). Generally, radiation exposure due to
gross alpha is of greater concern than that due to gross beta for natural radioactivity (Bunotto & Bueno,
2008). This is due to the high LET nature of alpha particles which gives them the ability to deposit
larger amount of energy within a small distance in a medium. The essence of the evaluation of the gross
alpha and gross beta activities is to ensure that the Reference Dose Level (RDL) of committed effective
dose of 0.1 mSv from 1 year's consumption of drinking water is not exceeded. The RDL of 0.1 mSv is
equal to 10% of the dose limit for members of the public, recommended by the International
Commission for Radiological Protection (ICRP, 1990) and the International Basic Safety Standards
(IAEA, Radiation Protection and Safety of Radiation Sources:International Basic Safety Standards,
2007). Also, they are acceptable to most World Health Organization (WHO) member States, the
European Commission, and the Food and Agriculture Organization (Muhammad, Jaafar, & Akpa,
2010).
Analysis of radionuclides has been carried out in the laboratory of Board of Radiation and
Isotopic Technology (BRIT), Mumbai, an organisation under Department of Atomic Energy,
Government of India.
4.8.1

Sampling and methodology

Water samples were collected in plastic bottles after rinsing the bottle with the water to be
sampled. These samples were collected by visiting NEERI team and sent to BRIT for the analysis.

4.8.1.1

Measuring gross alpha and gross beta activity concentrations

To analyse drinking water for gross alpha and gross beta activities, the most common approach
is to evaporate a known volume of the sample to dryness and measure the activity of the residue. As
alpha radiation is easily absorbed within a thin layer of solid material, the reliability and sensitivity of the
method for alpha determination may be reduced in samples with a high TDS content. The
determination of gross beta activity using the evaporation method includes the contribution from
potassium-40. An additional analysis of total potassium is therefore required 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 gross beta and IS 14194 (part 2) for
gross alpha measurement. For the measurement of radionuclides in sediment by gamma spectrometry,
the standard followed is (IAEA, Measurement of Radionuclides in Food and the Environment- A
Guidebook, 1989).

4.8.1.2 Literature review along with limits as per AERB directives
As per AERB booklet – „Accreditation of Laboratories for measurement of radionuclide
content in commodities (2003)‟ the gross beta and gross alpha content in water has to be assayed by
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following the method of test IS 14194 (part 1) 1994 for gross beta and IS 14194 (part 2) for gross
alpha.
The acceptable limits of radionuclide content in drinking water samples as per IS 10500:2012 is
1.0 Bq/L for gross beta and 0.1 Bq/L for gross alpha.
The U-238, Th-232, Ra-226 & K-40 contents were measured by HPGe gamma spectrometry
method (IAEA, Measurement of Radionuclides in Food and the Environment- A Guidebook, 1989).
The measurement values are below the clearance level for radionuclides of natural origin in bulk
solid materials, as per (IAEA, SAFETY STANDARDS SERIES, 2004)) and AERB directive 01/2010
dated 26/11/2010.
4.8.2

Results

4.8.2.1 Water
Five litres water samples were collected from select locations of the river stretch and
transported to BRIT, Mumbai for analysis of radionuclides and alpha and beta gross contents
respectively. The results obtained are given in Error! Reference source not found..
Table 4-12: Gross Alpha and Beta Content

Sr. No.
1.
2.

4.8.3

Parameter tested
Gross alpha content
Gross beta content

Value obtained
below 0.1 Bq/L
Below 1.0 Bq/L

Test Method
IS 14194 (part-2) 1994
IS 14194 (part-1) 1994

Sediments

One kilogram each of sediment samples were collected from select locations of the river stretch
and transported to BRIT, Mumbai for analysis of radionuclides. The samples were analysed for U-238,
Th-232, Ra-226 & K-40 radioactivity content and the values obtained is as follows:
Table 4-13: Pre- and Post-monsoon concentration of radionuclide in the sediment

Sl. No.
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Location

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.

Devprayag D/S
Rishikesh U/S
Rishikesh D/S
Haridwar U/s
Haridwar D/S
Rajmahal U/S
Rajmahal D/S
Farakka U/S
Farakka D/S
Kolkata U/S
Kolkata D/S
Kakdwip U/S
Kakdwip D/S

14.
15.
16.
17.

Mana U/S
Vishnuprayag D/S
Nandaprayag U/S
Nandaprayag D/S

U-238 (Bq/Kg) Th-232 (Bq/Kg)
Pre-Monsooon
Bhagirathi and Ganga
< 7.1
67.4 ± 3.7
< 7.1
36.1 ± 1.7
48.0 ± 7.9
49.0 ± 5.3
48.1 ± 1.5
65.7 ± 1.3
56.2 ± 1.7
72.4 ± 5.6
62.6 ± 2.1
81.3 ± 2.0
74.2 ± 2.9
102.0 ± 2.2
45.6 ± 2.0
55.0 ± 4.0
53.7 ± 1.5
69.0 ± 4.1
52.1 ± 16.0
72.6 ± 2.7
44.8 ± 1.6
67.1 ± 6.3
45.1 ± 0.8
65.0 ± 1.0
42.5 ± 1.6
67.6 ± 2.8
Alaknanda
20.0 ± 1.6
21.6 ± 1.4
48.4 ± 6.6
36.3 ± 0.7
84.4 ± 4.5
62.4 ± 2.3
< 7.1
35.2 ± 1.9

Ra-226 (Bq/Kg)

K-40 (Bq/Kg)

53.6 ± 2.0
31.7 ± 1.2
79.3 ± 4.9
52.9 ± 4.0
55.0 ± 4.6
71.9 ± 7.8
77.2 ± 6.7
28.5 ± 3.4
48.5 ± 4.3
51.8 ± 5.0
38.8 ± 4.4
64.4 ± 2.2
32.4 ± 4.0

478.7 ± 21.2
328.2 ± 13.7
330.0 ± 11.8
850.9 ± 18.3
534.4 ± 16.8
854.5 ± 29.1
621.3 ± 21.8
632.1 ± 19.6
549.4 ± 16.8
687.8 ± 21.2
750.2 ± 23.3
779.5 ± 9.0
825.3 ± 25.0

17.9 ± 1.8
35.5 ± 0.5
53.9 ± 1.7
35.9 ± 1.5

574.2 ± 50.0
268.4 ± 5.7
428.6 ± 16.6
422.6 ± 16.9
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Sl. No.
18.
19.

Location
Karnaprayag D/S
Rudraprayag D/S

20.

Nandaprayag U/S

1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.

Gangotri U/S
Gangotri D/S
Harsil D/S
Maneri Dam
Chiniali Saur
Nandaprayag D/S
Rudraprayag D/S
Rishikesh U/S
Bijnor U/S
Bijnor D/S
Narora U/S
Narora D/S
Kannauj U/S
Kannauj D/S
Kanpur U/S
Kanpur D/S
Allahabad U/S
Allahabad U/S
Sangam
Allahabad D/S
Mirzapur U/S
Mirzapur D/S
Banaras U/S

24.

Mana U/S

U-238 (Bq/Kg) Th-232 (Bq/Kg)
< 7.1
30.8 ± 1.7
< 7.1
38.3 ± 0.7
Nandakini
85.4 ± 9.0
100.7 ± 0.7
Post-Monsooon
Bhagirathi and Ganga
64.6±1.9
44.5±2
51.3±1.6
38.8±1.7
78.6±2.4
50.9±2.1
82.8±1.9
78.3±5.8
36.4±0.5
47.8±0.8
34.3±1.2
28.8±1.5
34.4±0.5
47.7±0.4
44.2±1.4
48.4±3.4
33.7±1.2
35.7±4
24.2±0.4
33.7±1.1
50.7±1.6
57.8±3.6
37.7±1.4
29.8±3.2
29±1.2
42.8±3.1
44±1.6
57.9±2.3
33.8±1.2
46.7±1.1
38.6±0.7
57±0.8
39.5±1.4
56.8±4
37.1±1.5
36.7±1.9
28.1±1
40.4±4
16.5±0.9
11.9±0.6
20.9±1.0
28±1.5
25.5±1.5
87.6±5
93.9±2.3
148.9±2.1
Alaknanda
43.8±0.5
31±0.4

Ra-226 (Bq/Kg)
30.7 ± 1.3
30.4 ± 0.5

K-40 (Bq/Kg)
377.4 ± 15.5
350.5 ± 6.1

93.8 ± 1.0

619.8 ± 8.3

8.9±1
83.8±5.2
32.9±2.9
18.3±1.8
48.4±1.6
26.6±1.4
37.6±1.6
48.2±1.6
30.1±3.4
25.7±1.2
43.2±4
47.9±3.2
14.6±2.1
40.5±1.8
19.3±2.5
43.2±1.6
37.6±4
17.2±2.5
25.2±3
7.4±1.3
19±2.5
11.7±0.9
45.5±4.3

841.4±21.4
541.5±15.9
622.1±18.2
241.8±11
747.5±7.5
641.4±18.1
580.2±6.8
595.4±18
647.2±19
397.4±6.0
538.2±16.3
452.7±3.8
518±16.4
557.5±17.8
436.4±14.7
402.3±5.7
517.6±18.1
597.8±19.2
436.6±14.6
386.4±14.7
452.7±15.3
0
522.2±17.3

49±1.7

739.3±7.6

In all the samples tested, the radionuclide content is found to be well within the acceptable
limits stipulated by various agencies. Hence, there is no need to implement steps to remove
radionuclide content in water and sediment samples.
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4.9
4.9.1

Sediment Charecteristics
Preamble

Sediments are important part of any river system and often treated as reflection of quality of
river water. Sediments play an important role in environmental studies of river, as they have long
residence time for their interaction with the biotic component of river. Sediment, in general, is a term
used to describe both suspended and deposited bed materials. Bed load is the portion of sediment that
is transported along bedside by rolling and sliding, likewise suspended load is the portion of the
sediment carried by the river flow. Weathering of pre-existing rock includes disintegration and
decomposition of material transported by river with its deposited material downstream away from their
place of formation. Physicochemical and biological properties of river are heavily influenced by the
sediment‟s quality. Minerals present in the sediments of river may give these properties to river water.
The metal ions originally derived from weathering of rocks, are controlled by several river valley
conditions. Suspended sediment consists of clay and slit, which form suspension in river water, whereas
bed sediment is generally sand, which settles down due to its weight. Minerals and metals are found in
the sediment depending on geochemical constitution of river terrain as well as catchment area. In this
way, sediment can impart different properties to river water, they can also provide important
information about the pollution of river, as several metals and other pollutants can get accumulated in
sediment depending on river dynamics. This part of the report includes 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 components of sediments on water quality,
systematic and detailed investigations are required to characterize the sediment samples from different
locations of river. The following approach was followed in the present study, mainly to investigate
properties of sediment samples for their possible influence to impart special properties to river Ganga
water:
1) Collection of sediment samples from different locations of the first stretch of river Ganga
2) Crystalline phases identification of sediment samples using X-ray diffraction (XRD) technique
3) Chemical composition analysis using ICP-MS (Inductively coupled plasma – Mass Spectrometer)
technique and identification of compounds / materials present in the sediments based 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 studies carried out under the present project.
Finally attempts have been made to correlate the presence of metals in river water and the composition
of sediments for their possible role in imparting any disinfection or medicinal properties (Chapter 6).
4.9.2

Methodology for collection of sediment

Sediment samples were collected from river banks at appropriate distance from locations
starting from Gangotri to downstream of Haridwar as shown in Error! Reference source not found..
s mentioned above, these samples were aimed to analyse their structure, properties, functional groups,
etc.

4-104

Assessment of Water Quality and Sediment to understand the Special Properties of River Ganga

Water and Sediment Quality Chapter

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 human intervention was absent or minimal, to
avoid the anthropogenic impacts, which is now prominent due to local community and large
number of tourists
2) Finer portion of sediments were selected by considering the fact that finer sediment particles
usually have large surface area and provide adsorptive surface to metal ions and other organic
moieties, which at significant concentrations, may impart special properties to river water.
3) Sediment samples should have relatively little interaction with the flowing water (i.e., the water
should have larger residence time with the sediment samples, which may likely concentrate the
adsorbates if any in water). The sediment sample collections were carefully avoided at locations
with very high turbulence motion of water. In addition, sediment samples were also collected
around at stagnant water at Gangotri as well as from the locations with known concentrations of
flora with phytochemical presence.
Grab sampling procedure was used to collect the sediment samples and efforts were made to
possibly have a representative sample. Pre-cleaned polypropylene bottles of 1 litre capacity and scoops
were used to collect the sediment samples. After collection, the sediments were stored in a cool-box
and transported to the laboratory. The sediments of each sampling spot were transferred to a cleaned
beaker and mixed them thoroughly. 100 g of aliquot sediments were dried separately by transferring
them to a cleaned glass petri dish. After drying, the sediments were ground using a mortar and pestle
for 20 minutes and used them to analyse for their structure, properties, heavy metals content etc., as
shown in schematic Error! 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 presence of different crystalline phases present,
these samples were also analysed for their chemical composition especially the metal contents of these
sediments. This analysis was aimed at finding any possible correlation between sediment chemical
composition and presence of metal ions in river water, which may eventually impart disinfection or
medicinal properties. Since metals are known for such properties even at their very low concentrations,
their presence could be an interesting lead to explain special properties of river water. At the same time
solubility of metals in water will be a complex phenomenon depending on solubility of metal
salt/mineral, pH of water, presence of other chemicals and microorganisms as well as flora in close
contacts of these sediments. The present study was however, restricted to finding metal contents of
sediment samples using ICP-MS technique.
ICP-MS analysis of the sediments was performed to investigate the possible elements and their
concentration present in the sediments. The elements for instance cadmium (Cd), copper (Cu), cobalt
(Co), chromium (Cr), manganese (Mn), nickel (Ni), zinc (Zn), lead (Pb), arsenic (As), beryllium (Be),
barium (Ba), etc. were observed in the sediments and their concentration varies widely in all the selected
locations of River Ganga, however, in general the concentrations of these metals were observed to be
very low. Aluminium and iron were present in much higher concentrations in the sediments, which is
obvious considering the presence of alumino-silicates and iron based minerals. The metal concentration
data obtained are therefore presented in two different fractions of lower and higher concentrations.
The minimum and maximum concentration range of lower fraction of the metals observed are
presented in Error! Reference source not found., while Error! Reference source not found.
esents the actual concentrations of metals observed at µg/g level. Concentrations for iron and
aluminium in mg/g are given in Error! Reference source not found..
Although most of the metals were found to be present at µg/g level, their distribution is
presented in a graphical form for comparison. Further these data are separated into two categories of
metals. Those less than 100 µg/g are shown in Error! Reference source not found. and those higher
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han 100 µg/g are shown in Error! Reference source not found.. Iron and aluminium concentrations
are presented in Error! Reference source not found..
Table 4-14: Metals in the sediment at various locations

Concentration range
(Gangotri to Haridwar)
(µg/g)
- 0.5
5 – 80
4 – 35
10 – 120
4 - 70
160 – 540
10 – 80
55 – 265
– 10
85 – 485
300 – 550
-

Element
Cd
Cu
Co
Cr
Ni
Zn
Pb
As
Be
Ba
Mn
Ag
Se
Bi

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

Location
GAN
GAN STG
HAR
GG
BHA
TEHRI 1
HKP
HARIDWAR
D/S

Cd
0.13
0.15
0.16
0.21
0.30
0.58
0.25
0.14

Cu
30.90
31.75
2.00
7.90
5.90
81.1
5.20
4.65

Co
4.20
5.80
7.25
4.50
6.4
34.25
7.50
9.80

Cr
10.00
28.00
25.8
19.60
32.8
121.8
39.8
27.40

Mn
411.6
321.1
359.1
517
552
419.05
478.55
323.05

Ni
4.80
12.65
10.45
8.95
18.45
71.4
12.25
18.90

Zn
269.5
282.5
304
207.5
158.0
304
539
163.5

Pb
42.4
31.95
21.25
24.75
24.10
45.0
81.4
12.60

As
105.0
55.7
265.0
68.2
125.0
82.7
125.7
57.2

Be
5.21
5.01
5.61
5.0
8.96
6.01
2.9
1.835

Ba
240.0
359.0
328.0
344.0
485.0
84.79
267.5
326.0

Table 4-16: Iron and Aluminium (in mg/g) in sediment at various locations

Location
GAN
GAN STG
HAR
GG
BHA
TEHRI 1
HKP
HARIDWAR D/S

Al
1434.5
116.0
165.0
1615.0
1775.0
2006.5
1146.5

1069.0

Fe
550.4
1118.9
925.9
1072.4
1177.4
4611.9
2220.9
1655.4
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Concentration (in µg/g)

600.000
500.000
400.000
300.000
200.000
100.000
0.000

Location name
Cd

Cu

Co

Cr

Mn

Ni

Zn

Pb

As

Be

Ba

Fig. 4-59: Concentration of 11 metals at various locations
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Fig. 4-60: Metals (Be, Cd, Cu, Co, Cr, Ni, Pb) having concentration less than 100µg/g
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Concentration (in µg/g)
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Fig. 4-61: Metals (As, Ba, Mn, Zn) having concentration more than 100 µg/g
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Fig. 4-62: Concentration of metals (Al and Fe) having concentration in mg/g

The salient findings of the metal content analysis of the sediment samples are as follows:
1) The concentration of metals analysed are observed to be very low except for iron and aluminium,
which are commonly found in soil or clay
2) The concentration of Manganese was however, observed relatively higher among the metals
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3) All the metals were observed at slightly higher concentrations for the sediments collected from
Tehri reservoir compared to the sediments collected at other locations. This could be due to the
settling of sediment at reservoir from the long stretch of river
Overall the present metal concentration results suggest that it is unlikely that sediment
contributes towards presence of any significant presence of metals in River Ganga water that could
impart special medicinal or antibacterial properties. However, detailed studies are warranted to draw a
reliable inference.
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Chapter 5 Microbial diversity and bacteriophages
The microbiological characteristics of River Ganga are one of the most important aspects,
especially considering the objectives of this project. These characteristics not only help in
understanding the water quality of the River Ganga, but also provide information about the overall
bacterial diversity. In addition, the most significant premise considering the objectives of the project, is
the anti-microbial action by bacteriophages. This Chapter discusses the bacterial diversity throughout
River Ganga, and identification of bacteriophages and anti-microbial action.

5.1

Bacteriophages

Bacteriophages are prokaryotic viruses that infect and
propagate in bacteria. They are one of the largest numbers of
biological entities in nature. Bacteriophages reproduce in bacterial
cells and lyse them in the process of their amplification and thus
are antibacterial in nature10.
The River Ganga, since ages is believed to possess
healing properties and anti-bacterial nature; and is famous in
popular legends – for its purification properties and holiness. The
anti-bacterial properties of River Ganga had been explored over a
Fig. 5-1: Structure of Bacteriophage
century ago by British and French scientists. In 1896, E. Hanbury
Hankin noticed that Vibrio cholera, the pathogen causing cholera,
could not survive in Ganga water for even few hours (Abedon et al., 2011). Also, the French
microbiologist, Felix D‟Herelle observed that no germs were found even few feet below dead bodies of
people floating in the Ganga, who died from dysentery and cholera. The factor contributing towards
this unique anti-bacterial nature was also found to be thermo labile and thus, in due course,

10

Courtesy- http://ecolyse.com/bacteriophage/
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bacteriophages were first discovered in River Ganga. The initial studies on these bacteriophages
however remained preliminary.
The role of bacteriophages in special properties of Ganga was explored in detail by
Environmental Virology Cell at CSIR-NEERI. Bacteriophage diversity, numbers, host range and types
were studied throughout the River from Gomukh to Gangasagar, encompassing samples collected from
select locations. Sampling was performed in pre-monsoon and post-monsoon seasons to study
variations in bacteriophages on account of seasonal changes. To compare special properties of the
River Ganga in terms of bacteriophages, samples from Rivers Yamuna and Narmada were also
analyzed. This chapter describes the population of pathogenic & non-pathogenic bacteria,
bacteriophages, their interactions with the host bacteria, their host 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-purificatory properties. This belief has existed
since ages, and has been attributed to certain characteristics which people believe are unique to River
Ganga.
Earliest work on bacteriophages in River Ganga was reported in 1896 by Ernst Hankin, a
British bacteriologist. He discovered bacteriophages in Ganga water while exploring the existence of
bactericidal properties. He demonstrated that the cholera bacteria, Vibrio cholerae could not survive in
Ganga water for few hours while it could survive in distilled water for about two days. Similarly, the
bacteria, while it could thrive in tap water, died in Ganga water. Other important experiments of
Hankin were using boiled water of Ganga and filtered (using Pasteur filters) water which showed that
while filtered water continued to display bactericidal properties, boiled water did not; leading to
conclusion that the factor in Ganga was thermolabile and not filterable (Hankin, 1896). Thus, existence
of bacteriophages was first speculated. Similar phenomenon was observed two years later by a Russian
microbiologist, Gamaleya when working with Bacillus subtilis. Another British physician, Dr.
C.E.Nelson, observed that water collected from even the polluted stretches of the Ganga – Hoogly,
remained fresh for months (Shukla & Vandana, 1995). Felix d‟Herelle, a French-Canadian
microbiologist, did ground breaking research in the early days of discovery of bacteriophages and his
contributions to the field were invaluable. In 1910, he had observed the phenomenon of bacterial lysis
of this kind and independently of Frederick Twort, a British bacteriologist, who co-discovered
bacteriophages in the second decade of the 20th century. He worked with cholera patients‟ feces and
while isolating the pathogenic bacteria, observed clear zones on the agar plates which he later termed as
plaques. This lead to discovery of a biological bactericidal factor – a virus, which further d‟Herelle
proposed to be used as therapy for treatment of diseases and successfully used it in the treatment of
cholera during the Second World War. Two physicians from Baylor University‟s College of Medicine, in
1923, successfully conducted trials of phage therapy and proposed that bacteriophages could be the
new weapon for fighting against pathogens causing infectious diseases! Discovery of antibiotics in early
1940s however led to slowdown in phage research and phage studies.
Another recent research conducted by Malaria Research Center, New Delhi, shows that
mosquito breeding did not occur in the upper stretches of River Ganga and also in waters to which
Ganga water was added.
Bacteriophages, phytochemicals, metals and biodegradation by other microbes together keep
the water clean and pure (Keary et al., 2013). A thorough study of the diversity and properties of
bacteriophages in River Ganga has not been dealt in depth in recent years. These bacteriophages may
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be contributing towards unique bactericidal properties. The diversity, properties, host range, and
specificity of these phages might open up new avenues and discoveries in this field which may lead to
path breaking research in the field of antimicrobials.
Bacteriophage is widely studied as part of phage therapy for treating bacterial diseases in plants,
animals and humans. Bacteriophages in a single environmental source are present in high diversity and
can infect different bacteria to different extent, and at different temperatures. Some are resistant to high
temperatures and infect pathogenic strains of bacteria, and can be used in phage therapy. The complete
genome sequences of bacteriophages have also been analysed from a single environmental source
(Wittebole et al., 2014). Bacteriophages present in River Ganga may have bactericidal properties
spanning across several pathogenic bacteria which is yet not explored in detail. After about a century,
this research work has pioneered in isolating and studying large number of bacteriophages present in
the entire strecth of River Ganga. Bacteriophages present in other rivers in India like Yamuna and
Narmada have also been studied simultaneously. This study attempts to identify uniqueness in the
diversity of bacteriophages in River Ganga based on the comparison with Yamuna and Narmada.
5.1.2

5.1.2.1

Materials and method

Sample collection

Water and sediment samples were collected from Gomukh to Gangasagar in pre-monsoon and
post-monsoon seasons to assess whether microbiological components are responsible in imparting any
unique characteristics to River Ganga. Five bacterial species were isolated and challenged against
bacteriophage isolates from Ganga water and sediment samples. Sampling and analysis was divided in
four stretches. Samples were also collected from Yamuna and Narmada River for comparison. The
analysis was performed in duplicates to ensure better reliability. Table 5-1summarizes total number of
samples collected in the River Ganga, and for this specific study the River has been divided into
following four stretches
Table 5-1: Sampling details for pre- and post-monsoon season
Sn.

Sampling Stretch

1
Gomukh To Tehri (Stretch IA)
2
Mana To Haridwar (Stretch IB)
3
Bijnore to Varanasi (Stretch II)
4
Patna To Kakdwip (Stretch III)
Total Samples from River Ganga

Pre monsoon
Water Sediment
22
20
17
15
15
15
12
12
66
62

Total
Samples
42
32
30
24
128

Post monsoon
Water Sediment
21
13
19
16
16
14
12
12
68
55

Total Samples
34
35
30
24
123

5.1.2.1.1 Water
Samples for bacteriological examination of water and sediment were collected in clean, presterilized, narrow mouthed bottles of 2000ml and 250ml capacity respectively of HiMedia. The
sampling bottles were opened only at the time of sampling (Rice et al., 2012).
Samples were collected from all the locations described in Chapter 3, from Gomukh to
Gangasagar. The samples are considered representative of the water to be tested and hence were
collected with utmost care to ensure that no contamination occurs at the time of collection or prior to
examination. The sampling bottles were not opened till the time of filling. During sampling, the bottle
was held near the base and any contat with the lid and the neck of the bottle was avoided to prevent
any contamination. Water samples were collected without rinsing the bottle. Samples were stored at 4 ᴼ
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 collected from the bed of River Ganga
in a pre-sterilized narrow mouth 250 ml HiMedia bottles. Utmost precaution was taken to prevent
contamination. Approximately 70% sediments and 30% water was transferred to the sampling bottles
with sterile scoop and sediment sampler. After collection of samples, they were immediately stored at
4ᴼ C during transportation until analysis (Rice et al., 2012).
5.1.2.1.3 Size of samples
Sufficeint quantity of sample from each location was collected to carry out all the required tests.
The sampling bottles were not filled up to the lid and approximately 10% 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 collection and not later than 6 hours post
collection of the samples. Under exceptional circumstances like in this study, samples were kept in dark
at 1-4ᴼC and transported to the CSIR-NEERI laboratory in dry ice (Rice et al., 2012).

5.1.2.2 Analysis of samples
All glassware and apparatus were sterilized by autoclaving at 1210C for 20 minutes prior to any
analysis of water and sediment samples. Analysis areas on bench tops were cleaned using surface
disinfectant and laminar hoods were disinfected by UV light exposure for 20 minutes (Rice et al., 2012).
5.1.2.2.1 Media Preparation
Only sterile distilled water was used for media preparation. The components of the media were
first weighed and suspended in sterile distilled water. Media was then heated to dissolve all the
components and subsequently autoclaved at 15 lbs pressure and 1210C for 20 minutes. After
autoclaving, it was allowed to cool in a water bath at 420C to 520C 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
0.45µm sterilized membrane filter to
ensure complete retention of bacteria.
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Fig. 5-2: Membrane Filtration Assembly
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After filtration, the filter paper was placed on media and kept for incubation shown in Fig. 5-2. The
stepwise procedure is stated below:
1) Filtration assembly was connected to vacuum pump. Membrane filter paper was placed on the
trap, the jar was closed and 100ml water sample was poured in the filtration jar.
4) Vacuum pump was switched on; entire sample was allowed to pass through the membrane. With
help of sterile forceps, membrane filter paper was then picked up and placed on specific Agar
media plate.
5) Agar plates with filter paper were kept in incubator at required temperature for 24 hours.
5.1.2.2.3 Isolation of bacterial host
The genus Escherichia, Enterobacter, Shigella, Salmonella and Vibrio are water-borne pathogens. All
the collected water and sediment samples from River Ganga, were analysed for presence of these
pathogens. The detected pathogens were isolated and identified. A membrane filtration technique as
described in the previous subsection was used to isolate the pathogenic species. After incubation
results were noted down, single colony was picked up with the help of inoculating needle and streaked
on another agar plate and kept for incubation for 24 hours at 370C to get isolated colonies. The
isolated colonies were observed and their colony characteristics were noted down.
The composition of required media for growth of each microorganism, microscopy and
biochemical characterization of these microorganisms are described in detail in the Bacteriophage
section of the “Annex to the Report”.
5.1.2.2.4 Procedure for isolation of Bacteriophages
1) Efficient isolation of bacteriophages from Rivers Ganga, Yamuna and Narmada was carried by coal
bed method (Khairnar et al., 2014). Bacteriophages were identified by zone of clearance in lawn
culture respective host in plates; called plaque.
6) Plaque assay method- Specific lytic phages were isolated by plaque assay method in accordance
with standard method of American Public Health Agency (Rice et al., 2012).

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 1210C and 15 lbs pressure. After
autoclaving, media were discarded from glass
tubes in disposable plastic bags, packed and
thrown in biohazard dustbin for further
disposal (WHO , 2004).

Fig. 5-3: Culture plates for discarding autoclave

5.1.2.4 Quality control and quality assurance (QAQC)
Bacteriophage analysis was carried out for samples collected from one location in each of the
Rivers Ganga, Yamuna and Narmada; and analyzed as triplicates at three different laboratories (CSIRNEERI, Nagpur, IIT- Roorkee and CSIR-NCL, Pune) at same time to check the robustness of the
experiments.
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Samples were collected in triplicates and plating was also done in triplets. Samples were checked
for presence of bacteriophages by plating with positive and negative control, for conformation and
confidence on results.
Table 5-2: Sampling details for QA/QC

Sampling location
Haridwar U/S
1
(Ganga)
2 Lakhwar (Yamuna)
3 Mandla (Narmada)
Total Samples Taken

NEERI- Nagpur

NCL- Pune

IIT- Roorkee

Water

Sediment

Water

Sediment

Water

Sediment

1X3

1X3

1X3

1X3

1X3

1X3

18

1X3
1X3
9

1X3
1X3
9

1X3
1X3
9

1X3
1X3
9

1X3
1X3
9

1X3
1X3
9

18
18
54

Total
samples

Fig. 5-4: Isolation of bacteriophages by plaque assay method
Table 5-3: Statistical interpretation bacteriophages analysis data from three institutions

Sn

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

Bacterial
p-value
Isolates
Water Sediment
Haridwar (River Ganga)
Escherichia
p<0.05 p<0.01
Enterobacter
p<0.01 p<0.05
Shigella
p<0.01 p<0.05
Salmonella
p<0.01 p<0.01
Vibrio
p<0.05 p<0.05
Lakhwar (River Yamuna)
Escherichia
p<0.01 p<0.01
Enterobacter
p<0.01 p<0.01
Shigella
p<0.01 p<0.05
Salmonella
p<0.01 p<0.01
Vibrio
p<0.01 p<0.05
Mandla (River Narmada)
Escherichia
p<0.01 p<0.01
Enterobacter
p<0.01 p<0.05
Shigella
p<0.01 p<0.05
Salmonella
p<0.05 p<0.05
Vibrio
p<0.01 p<0.05

Within the limit of available data the experiments sets had significant correlation has been
found across using statistical tools with p-value within the range of p<0.01 to p<0.05.
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5.1.3

Results

Five human pathogenic species (Escherichia, Enterobacter, Salmonella, Shigella, Vibrio) were selected
and isolated from Rivers Ganga, Yamuna and Narmada to check bactericidal activity of bacteriophages
against bacterial species isolates from collected water and sediment samples. Diversity and activity of
bacteriophage from River Ganga was compared with the bacteriophage activity from Rivers Yamuna
and Narmada to ascertain the unique characteristics in River Ganga.
Different pathogenic, non-pathogenic and opportunistic pathogenic species of Enterobacteriacae
group (Escherichia, Enterobacter, Salmonella and Shigella) and species of Vibrio genus were isolated from all
the collected water and sediment samples during pre-monsoon and post-monsoon season. Bacterial
colonies isolated by MFT from water and sediment samples were further studied for identification on
the basis of colony morphology, grams characteristics and biochemical characterization. Pathogenic
bacterial species is indicated by Red colour, opportunistic pathogenic species by Yellow and nonpathogenic species by Green colour in the tables to follow. The results are 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 bacteriophage
Bacterial species were isolated from water and sediment samples of River Ganga (pre-monsoon
and post-monsoon), Rivers Yamuna and Narmada (for comparison of data from River Ganga) by MFT
using four different selective media such as M- EC, MacConkey, SS agar and TCBS agar. Single isolated
colony was selected on the basis of morphology (size and colour). Yellow colonies were picked from
M-EC agar media, pink from MacConkey agar media, creamish and black from SS agar media, yellow
from TCBS agar media and streaked on respective agar media to get pure culture of isolates. Each
isolated pure culture was inoculated in TSB broth for further identification and study. Some different
isolated colonies on agar plates by membrane filtration techniques are shown in the Error! Reference
ource not found.. The sample wise details of isolated bacteria are given in Error! Reference source
not found. and Error! Reference source not found. and summarized in Error! Reference source
not found. & Error! Reference source not found..
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Fig. 5-5: Various Bacteria Isolated from Ganga River on specific media

Escherichia showing yellow colonies
on M-EC test agar; Enterobacter spp. showing
pink colonies on MacConkey agar; Shigella spp.
showing colorless colonies on SS agar;
Salmonella spp. showing black colonies on SS
Agar;Vibrio spp. showing yellow colonies on
(TCBS) agar. These bacterial species are
common to several sampling points in Ganga
and can be taken as representative microbial
species of River Ganga.
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Non Pathogenic
Pathogenic

37%

Opportunistic
Pathogenic

46%

Fig. 5-6: Percentage of different bacterial spp. Isolates from
water and sediment samples
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Table 5-4: Summary of different bacterial isolates from Gomukh to Gangasagar

2
0
7
2
2
13

1
2
3
4
5

Water
3
0
0
5
0
0
0
0
0
3
3
8
Sediment
4
4
0
2
0
6
9
0
0
2
0
0
0
5
5
17
9
11
31
12
19
2
4
6
2
0
14

Escherichia
5
9
0
Enterobacter
4
0
10
Shigella
20
0
0
Salmonella
7
0
0
Vibrio
2
4
9
Sediment (S)
38
13
19
Total (W+S)
51
19
32
Non Pathogenic
Pathogenic
Opportunistic Pathogenic
Total bacterial spp. isolated from water and sediment samples

Opportunistic
Pathogens

0
11
0
0
6
17

1
2
7
1
0
11

1
0
0
0
2
3

0
6
0
0
6
12

0
3
13
2
0
18
34

5
0
0
0
5
10
13

0
8
0
0
8
16
33

5
1
9
1
0
16
27

2
0
0
0
4
6
9

0
9
0
0
8
17
29
53
143
113
309

NonPathogenic

3
0
0
0
0
3

Pathogenic

4
0
11
1
0
16

Pathogenic

Opportunistic
Pathogens

NonPathogenic

0
12
0
0
1
13

Pathogenic

3
0
0
0
3
6

Stretch III

Opportunistic
Pathogens

Escherichia
Enterobacter
Shigella
Salmonella
Vibrio
Water (W)

Stretch II

NonPathogenic

1
2
3
4
5

Stretch IB

Opportunistic
Pathogens

Stretch IA

NonPathogenic

Bacterial Spp.

Pathogenic

Sn

Table 5-5:

Bacterial species characterized from water sample
Escherichia
Enterobacter
Shigella Salmonell
Vibrio
spp.
spp.
spp.
a spp
spp.

Sn

Sampling Location

Sample
code

1
2

Gomukh Bhagirathi
Gangotri U, Bhagirathi

GA-1
GA-2

ND
ND

3

Maneri dam, Bhagirathi

GA-3

E. coli

4

Gangotri,Bhagirathi

GGA-3

5

Uttarkashi, Bhagirathi

GA-4

E. blattae

6

Maneri dam Bhagirathi

GA-5

ND

7

Pilangana, Pilangana

GA-6

E. blattae

8

Uttarkashi, Bhagirathi

GA-7

ND

9

Dharasu, Bhagirati

GA-9

ND

10

Chinialisau, Bhagirathi

GA-10

ND

11

Tehri, Bilangana

GA-11

ND

12
13

Tehri, Bhagirathi
Near Koti, Bhagirathi

GA-12
GA -13

ND
ND

14

Near Bhilar, Bhagirathi

GA -14

ND

15

Upstream Bhagirathi

GA -15

ND

16

Raulakot, Bhagirathi

GA -16

ND

ND

ND
ND
E. amnigenous
bio. Grp. ll
ND
E. amnigenous
bio. Grp. ll
Enterobacter
gergoviae
ND
Enterobacter
taylorae
Enterobacter
taylorae
Enterobacter
taylorae
Enterobacter
taylorae
ND
ND
Enterobacter
taylorae
ND
Enterobacter
amnigenus

ND
ND

ND
ND

ND
ND

S. boydii

ND

ND

ND

ND

V. hollisae

ND

ND

ND

ND

ND

ND

S. sonnei

ND

ND

S. sonnei

S. chloraesuis

ND

ND

ND

ND

S. boydii

ND

V. logei

ND

ND

ND

ND
ND

ND
ND

ND
ND

ND

ND

ND

S. flexneri

ND

ND

S. sonnei

ND

ND
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Sn

Sampling Location

Sample
code

Bacterial species characterized from water sample
Escherichia
Enterobacter
Shigella Salmonell
Vibrio
spp.
spp.
spp.
a spp
spp.

17

Ghansali U/S,
Bhilangana

GA -17

Inactive E. coli

18

Ghansali, Bhilangana

GA -17D

19

Tehri D/S, Bhagirathi

GA-18

ND

GA -19

ND

ND

ND

ND

ND

ND

ND

V. hollisae

GA -20

ND

ND
Enterobacter
amnigenus
ND
ND
ND
ND
E. amnigenous
bio. Grp. ll

S. boydii

ND

ND

ND

ND
S. boydii
ND
ND

ND
ND
ND
ND

ND
V.cincinn
atiensis
ND
ND
ND
ND

S. sonnei

ND

ND

ND

ND

V. hollisae

S. boydii

ND

V. hollisae

S. boydii

ND

ND

ND

ND

ND

S. sonnei
S. sonnei

ND
ND

ND
ND

ND

S. chloraesuis

ND

ND

ND

V.furnissii

ND

ND

ND

ND

ND

ND

ND

ND

ND

ND

S. enterica

ND

S. flexneri

ND

V. nereis

S. flexneri

ND

ND

S. sonnei

ND

ND

ND

ND

ND

S. boydii
S. boydii

ND
ND

ND
ND

ND

ND

ND

S. boydii

ND

ND

ND

ND

S. sonnei

ND

S. sonnei

ND

S. sonnei

S. chloraesuis

22

Koteshwar, Bhagirathi

GA-21

ND

23
24
25
26

Hari ki paudi, Haridwar
Rishikesh, Downstream
Mana, Downstream
Mana, Upstream
Badrinatha
Downstream
Vishnu Prayag,
Downstream

GA-31
GA-32
GA-33
GA-34

ND
ND
ND
ND

GA-35

Inactive E. coli

GA-36

E. vulneris

29

Nand Prayag

GA-37

Inactive E. coli

30

Nand Prayag

GA-38

ND

31

Nand Prayag

GA-39

ND

32
33

Karn Prayag
Rudra Prayag

GA-40
GA-42

ND
ND

34

Rudra Prayag

GA-43

Inactive E. coli

35

Dev Prayag

GA-44

ND

36

Dev Prayag

GA-45

ND

37

Dev Prayag

GA-46

ND

38

Rishikesh Upstream

GA-47

ND

39

Haridwar

GA-48

E. coli

40

Bijnor upstream

GB1U/S

ND

41

Bijnor downstream

GB1D/S

Inactive E.coli

42

Narora upstream

GB2U/S

Inactive E. coli

43

Narora downstream

GB2D/S

ND

44
45

Kannouj upstream
Kannouj downstream

GB3U/S
GB3D/S

ND
E. coli

46

Kanpur upstream

GB4U/S

E. coli

47

Kanpur downstream

GB4D/S

Inactive E.coli

48

Allahabad upstream

GB5U/S

ND

49

Allahabad downstream

GB5D/S

ND

50

Mirzapur upstream

GB6U/S

ND

51

Mirzapur downstream

GB6D/S

E. coli

28

V.
S. chloraesuis cincinnatiens
is
ND
V. fischeri

ND

21

27

ND

ND
Enterobacter
taylorae

Tehri downstream,
Bhagirathi
Koteshwar, Bhagirathi

20

5-10

E. coli

Enterobacter
cloacae

ND
E. amnigenous
bio. Grp. ll
Enterobacter
cloacae
Enterobacter
cloacae
ND
ND
Enterobacter
cloacae
ND
Enterobacter
cloacae
E. amnigenous
bio. Grp. ll
E. amnigenous
bio. Grp. ll
E. amnigenous
bio. Grp. ll
ND
E. amnigenus bio.
Grp l
E. amnigenus bio.
Grp l
E. amnigenus bio.
Grp l
ND
ND
E. amnigenus bio.
Grp l
E. amnigenus bio.
Grp l
E. amnigenus bio.
Grp l
E. amnigenus bio.
Grp l
E. amnigenus bio.
Grp l
E. amnigenus bio.
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Sn

Sampling Location

Sample
code

Bacterial species characterized from water sample
Escherichia
Enterobacter
Shigella Salmonell
Vibrio
spp.
spp.
spp.
a spp
spp.

52

Varanasi upstream

GB7U/S

E. coli

53

Varanasi downstream

GB7D/S

ND

GB8

ND

GC 1

ND

GC2

ND

54
55
56

Sangam
(Ganga+Yamuna)
Bag bazar ferri ghat –
U/s Kolkatta
Bata Nagar D/s
Kolkata

Grp l
E. amnigenus bio.
Grp l
ND
E. amnigenus bio.
Grp l
E. amnigenus
(Bio. Group.ll
ND

57

Kakdwip Ghat U/s

GC3

E. coli

58

Kakdwip downstream

GC4

E. coli

59

Farakka downstream

GC5

ND

60

Farakka U/s

GC6

ND

61

Rajmahal downstream

GC7

ND

62

Rajmahal U/s

GC8

ND

63

Bhagalpur downstream

GC9

ND

64
65
66

Bhagalpur (U/s)
Patna U/s
Patna D/S
=For pathogenic

GC10
GC11
GC12

ND
ND
ND
=Non-pathogenic

ND

ND

S. sonnei

ND

S. sonnei

ND

S. sonnei

ND

ND

ND

ND

ND

ND

V. neries

ND

V. neries

ND

V. fischeri

ND

V. hollisae

S. chloraesuis

V. fischeri

ND

ND

ND

V. neries

Enterobacter
S.boydii
taylorae
Enterobacter
ND
taylorae
ND
S.boydii
E. amnigenus
S.boydii
(Bio. Group.ll)
Enterobacter
ND
taylorae
ND
ND
Enterobacter
S. sonnei
taylorae
E. cloacae
ND
ND
S. boydii
E. cloacae
S. sonnei
=Opportunistic

ND
V.
furnissii
V.
furnissii

ND
V. neries
ND
ND
ND
V. neries
=For no bacterial count

Table 5-6:

Sn

Sampling Location

Sample
code

Bacterial species characterized from sediment sample
Escherichia
Enterobacter
Shigella Salmonella Vibrio
spp.
spp.
spp.
spp.
spp.

1
2
3
4

Gomukh Bhagirathi
Gangotri U, Bhagirathi
Maneri dam, Bhagirathi
Gangotri,Bhagirathi

GA-1
GA-2
GA-3
GA-4

ND
ND
E. fergusonni
E. fergusonni

ND
E. gergoviae
ND
E. sakazaki

S. sonnei
S. boydii
S. boydii
S. boydii

ND
ND
S. chloraesuis
S. chloraesuis

5

Uttarkashi, Bhagirathi

GA-5

Inactive E. coli

E. gergoviae

S. boydii

ND

6

Maneri dam Bhagirathi

GA-6

Inactive E. coli

ND

S. boydii

7

Pilangana, Pilangana

GA-7

ND

S. sonnei

8

Uttarkashi, Bhagirathi

GA-9

E. coli

E. sakazaki
E. amnigenous bio.
Grp ll

9

Dharasu Bhagirati

GA-10

Inactive E. coli

ND

S. boydii

10
11
12
13
14
15
16

Chinialisau, Bhagirathi
Tehri, Bilangana
Tehri Bhagirathi
Near Koti Bhagirathi
Near Bhilar Bhagirathi
Upstream Bhagirathi
Raulakot Bhagirathi

GA-11
GA-12
GA -13
GA -14
GA -15
GA -16
GA -17

ND
ND
E. blattae
E. blattae
ND
Inactive E. coli
Inactive E. coli

ND
E. cloacae
E. cloacae
E. amnigenous
ND
E. amnigenous
E. amnigenousbio.

S. sonnei
S. boydii
S. boydii
S. boydii
S. sonnei
S. boydii
S. sonnei

S. boydii

S.
entericarizonae
ND
S.
entericarizonae

ND
ND
V. furnissi
V. furnissi
V.
parahaemolyt
icus
V. neries
V. neries
V. neries

V.
parahaemolyt
icus
ND
V. neries
ND
V. neries
ND
ND
ND
V. mimicus
S. chloraesuis V. ordalii
ND
ND
S. chloraesuis
ND
ND
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Sn

Sampling Location

Sample
code

Bacterial species characterized from sediment sample
Escherichia
Enterobacter
Shigella Salmonella Vibrio
spp.
spp.
spp.
spp.
spp.

17

Ghansali U/S Bhilangana GA -17D

Inactive E.coli

18

Ghansali Bhilangana

GA-19

Inactive E. coli

GA -20

Inactive E. coli

GA -21

Inactive E. coli

GA-31

Inactive E. coli

Grp.l
E. amnigenous bio.
Grp. ll
E. amnigenous bio.
Grp. l
E. amnigenous bio.
Grp. ll
E. amnigenous bio.
Grp. ll
ND
E. amnigenus Bio.
Group.ll
ND
ND
E. amnigenus Bio.
Group.ll

S. boydii

S. chloraesuis

V. neries

S. boydii

ND

S. boydii

ND

S. boydii

ND

V. neries

S. sonnei

ND

V. furnissii

S. boydii

ND

ND

S. boydii
ND

ND
ND

V. furnissii
V. fischeri

ND

ND

ND

V.
aestuarianus
V.
aestuarianus

21

Tehri Downstream
Bhagirathi
Tehri downstream
Bhagirathi
Hari ki paudi, Haridwar

22

Rishikesh Downstream

GA-32

Inactive E. coli

23
24

Mana Downstream
Mana Upstream

GA-33
GA-34

Inactive E. coli
Inactive E. coli

25

Badrinatha Downstream

GA-35

E. coli

GA-36

ND

ND

ND

S. chloraesuis

ND

GA-37

ND

S. sonnei

ND

V. fischeri

S. sonnei

ND

ND

S. boydii
S. sonnei

ND
ND

V. fischeri
V. ordalii

S. sonnei

ND

V. furnissii

ND

ND

V. furnissii

ND

ND

V. nereis

S. sonnei
ND

ND
S. chloraesuis

ND
V. fischeri

S. sonnei

ND

V. fischeri

S.boydii

ND

V. fischeri

S.boydii

S. chloraesuis

V. fischeri

S.boydii

ND

V. fischeri

S.boydii

ND

V. neries

ND

ND

V. neries

S.boydii

ND

V. neries

S.boydii

ND

V. neries

ND
S.boydii

ND
ND

ND
V. fischeri

S. sonnei

ND

ND

S.boydii

S. enterica

V. neries

S. sonnei

ND

V. hollisae

S. sonnei

ND

V. neries

S. sonnei

ND

V. neries

19
20

27

Vishnu Prayag
Downstream
Nand Prayag

28

Nand Prayag

GA-38

ND

29
30

Nand Prayag
Karn Prayag

GA-39
GA-40

E. coli
ND

31

Rudra Prayag

GA-42

ND

32

Rudra Prayag

GA-43

E. coli

33

Dev Prayag

GA-46

ND

34
35

Rishikesh Upstream
Haridwar

GA-47
GA-48

ND
E. coli

36

Bijnor upstream

GB1U/S

Inactive E. coli

37

Bijnor downstream

GB1D/S

ND

38

Narora upstream

GB2U/S

ND

39

Narora downstream

GB2D/S

ND

40

Kannouj upstream

GB3U/S

Inactive E. coli

41

Kannouj downstream

GB3D/S

Inactive E. coli

42

Kanpur upstream

GB4U/S

Inactive E. coli

43

Kanpur downstream

GB4D/S

ND

44
45

Allahabad upstream
Allahabad downstream

GB5U/S
GB5D/S

ND
ND

46

Mirzapur upstream

GB6U/S

Inactive E. coli

47

Mirzapur downstream

GB6D/S

ND

48

Varanasi upstream

GB7U/S

ND

49

Varanasi downstream
Sangam
(Ganaga+Yamuna)

GB7D/S

ND

ND
E. amnigenus bio.
Grp ll
ND
ND
E. amnigenus bio.
Grp ll
E. amnigenus bio.
Grp ll
E. amnigenus bio.
Grp ll
E.cloacae
E. cloacae
E. amnigenus bio.
Grp ll
E. amnigenus bio.
Grp ll
E. amnigenus bio.
Grp ll
E. amnigenus bio.
Grp ll
ND
E. amnigenus bio.
Grp ll
ND
E. amnigenus bio.
Grp ll
E. cloacae
ND
E. amnigenus bio.
Grp ll
ND
E. amnigenus bio.
Grp ll
E. cloacae

GB8

ND

E. cloacae

26

50
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Bacterial species characterized from sediment sample
Escherichia
Enterobacter
Shigella Salmonella Vibrio
spp.
spp.
spp.
spp.
spp.

Sn

Sampling Location

Sample
code

51

Bag bazar ferri ghat –
U/s

GC 1

E. coli

52

Bata Nagar D/s Kolkata

GC2

E. coli

53

Kakdwip Ghat U/s

GC3

E. vulneris

54

Kakdwip D/s

GC4

ND

55

Farakka D/s

GC5

ND

56
57

Farakka U/s
Rajmahal D/s

GC6
GC7

E. blattae
ND

58

Rajmahal U/s

GC8

ND

59

Bhagalpur D/s

GC9

Inactive E. coli

60

Bhagalpur (U/s)

GC10

E. coli

61

Patna U/s

GC11

ND

62

Patna D/S

GC12

E. fergusonni

=Pathogenic bacteria

E. amnigenus bio.
Grp ll
E. amnigenus bio.
Grp ll
E. amnigenus bio.
Grp ll
Enterobacter
taylorae
Enterobacter
taylorae
ND
E. cloacae
E. amnigenus bio.
Grp ll
E. amnigenus bio.
Grp ll
Enterobacter
taylorae
ND
Enterobacter
taylorae

S. sonnei

ND

V. neries

S.boydii

ND

V. neries

S.boydii

ND

V. neries

S.boydii

ND

V. neries

ND

ND

V. hollisae

S. sonnei
S. sonnei

ND
S. chloraesuis

V. neries
V. fischeri

ND

ND

V. fischeri

ND

ND

V. neries

S.boydii

ND

V. hollisae

S. sonnei

ND

V. fischeri

S.boydii

ND

V. fischeri

=Opportunistic Pathogenic

=Non- pathogenic
bacteria

5.1.3.1.2 Isolation of bacteriophage from water samples of River Ganga
Bacteriophages were isolated from all water and sediment samples separately by coal bed
method. Thus two sets of bacteriophages were isolated from each sampling location – one from water
and another from sediment.
Escherichia, Enterobacter, Shigella, Salmonella and Vibrio were detected and isolated in 20, 26, 27, 9
and 21 samples (water and sediment combined) respectively in Stretch IA from Gomukh to Tehri
Dam. Thus, total of 102, 62, 80 and 65 bacterial species were isolated from water and sediment in
Stretch IA, IB, II and III during pre-monsoon sampling respectively.
All bacteriophage isolates from each stretch were challenged against all the isolated bacteria
(results shown in previous sub-section) in corresponding stretch. The detailed results of activity of
bacteriophage against the bacteria are presented in the Bacteriophage section in the Annex to the
Report. A bacteriophage was identified and labelled when it showed activity against any
isolated strain. The classification is only done based on the activity against the strain. Thus, the
number of bacteriophage represents all the identified and labelled bacteriophages. Further analysis of
genomic study of identified bacteriophage, which shows activity against same strain but detected in
different location, was beyond the scope of this study. A comparison of number of bacteriophages with
water and sediment samples is listed Error! Reference source not found. and Error! Reference
urce not found. and Error! Reference source not found. followed by the brief summary of
bacteriophages isolated against each isolated bacterial species are listed in Error! Reference source not
ound..
Table 5-7:

Sn

Bacterial spp.

StretchIA*
Water
Sediment

StretchIB*
Water
Sediment

StretchII*
Water
Sediment

StretchIII*
Water
Sediment

Total

5-13

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 IA = Gomukh to Tehri; *Stretch IB= Mana to Haridwar; *Stretch II= Bijnor to Varanasi; *Stretch III= Patna to Kakdwip

600

531

500
365

400

18%

Pathogenic
phages

300
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200

143

49%
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Fig. 5-7: (a) Comparison of different bacteria and bacteriophages isolated from River Ganga; (b) Percentage of different
bacteriophages isolated from Gomukh to Gangasagar

Within the bacterial diversity detected, more pathogenic bacteria were detected than
opportunistic pathogenic and non-pathogenic bacteria in both water and sediment samples of River
Ganga. Similar trend was observed in bacteriophages.
Highest number of bacteriophages were detected in water and sediment samples from Bijnore
to Varanasi (Stretch II); followed by water and sediment samples from Mana to Haridwar (Stretch IB);
followed by Gomukh to Tehri (Stretch IA) and then in water samples of Kolkata region. As compared
to water samples, more bacteriophages were detected in sediment samples.

5.1.3.2 Discussion on River Ganga for pre-monsoon sampling
Total of 309 bacterial isolates of five different species were isolated as host for bacteriophages
from water and sediment samples of River Ganga from Gomukh to Gangasagar. Deatils for all the
stretches are given below.
5.1.3.2.1 Gomukh to Tehri (Stretch IA)
Total 42 samples (22 water and 20 sediment) were collected from this Stretch during premonsoon season. No bacteria were detected in water sample collected from Gomukh. Pathogenic,
opportunistic and non-pathogenic strain of bacteria from Escherichia, Enterobacter, Shigella, Salmonella and
Vibrio spp. were detected in water samples of this Stretch. Higher number of bacterial species was
isolated from sediment samples. S. sonnei was detected in sediment sample at Gomukh. Total 38
pathogenic, 13 nonpathogenic and 19 opportunistic bacteria were detected in 20 sediment samples of
this stretch. The total of 236 bacteriophages from water and 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 water and sediment samples collected from
Mana to Haridwar (Stretch IB). It includes 31 pathogenic, 19 opportunistic pathogenic and 12 non
pathogenic strains of bacteria isolated from 21 water and 13 sediment samples. Total 279
bacteriophages from water and sediment were found against 62 bacterial isolates in this stretch.
5.1.3.2.3 Bijnore to Varanasi
Total 34 pathogenic bacteria in water and sediment were detected in this Stretch, 33
opportunistic pathogenic bacteria and 13 non-pathogenic were isolated. Non-pathogenic bacterial
species were found less as compared to pathogenic and opportunistic pathogenic bacteria.
Total 80 bacterial isolates including pathogenic, non-pathogenic and opportunistic pathogenic
bacteria were found and, controlled by 354 bacteriophages which are isolated from water and sediment
samples.
5.1.3.2.4 Patna to Gangasagar (Stretch III)
Total 24 water and sediment samples were collected; 27 pathogenic bacteria including 11 from
water and 16 from sediments were detected. 12 opportunistic pathogenic bacteria from water and 17
opportunistic pathogenic bacteria form sediment were found. Moreover only 3 non-pathogenic
bacterial species from water and 6 from sediment were detected.
Bacteriophages are the natural enemy of bacteria. Bacteriophages against pathogenic,
opportunistic pathogenic and non-pathogenic bacteria in the River Ganga were detected. Water and
sediment samples were collected and analyzed for bacteria and bacteriophages at Gomukh, only Shigella
sonnei was found in sediment sample of Gomukh but bacteriophages isolated from water were found
against pathogenic species viz. E. coli, S. boydii; non-pathogenic species viz. E. blattae, inactive E. coli and
V. mimicus. Moreover phages from sediments were found against Salmonella, Escherichia and Enterobacter
and Vibrio species.
Table 5-8:
Sn

Bact. Spp.

Stretch

Stretch I

1

Bacteriophage from Water
Eci phage1
Eci phage2
Eci phage7
Eci phage13
Eci phage3
Eci phage9
Eci phage14
Eci
Eci phage10
Eci phage16
phageGGA3

No.

Bacteriophage from Sediment
Eci phage11
Eci phage13
Eci phage17

Eci
phage17D
Eci phage
21

8

8

Eci phage33
Eci phage34s
Eci phage35
Eci phage36

Eci phage37
Eci phage38
Eci phage39s
Eci phage40

Eci
phage43
Eci
phage46
Eci
phage47
Eci
phage48

12

Eci phage
3D/S
Eci phage
4U/S
Eci phage
4D/S
Eci phage
5U/S
Eci phage
5D/S

Eci phage
6U/S
Eci phage
6D/S
Eci
phage7U/S
Eci phage
7D/S
Eci phage 8

15

IEc phage 7

IEc phage
10

3

10

Eci phage1
Eci phage6
Eci phage7

Stretch II

Eci phage32
Eci phage 33
Eci phage36

Eci phage37
Eci phage38
Eci phage43

Eci phage46
Eci phage47

Stretch III

Eci phage
1U/S
Eci phage
1D/S
Eci
phage2U/S
Eci phage
2D/S
Eci phage
3U/S

Eci phage
3D/S
Eci phage
4U/S
Eci phage
4D/S
Eci phage
5U/S
Eci phage
5D/S

Eci phage
6U/S
Eci phage
6D/S,
Eci
phage7U/S
Eci phage
7D/S
Eci phage 8

15

Eci phage
1U/S
Eci phage
1D/S
Eci
phage2U/S
Eci phage
2D/S
Eci phage
3U/S

Stretch IV

IEc phage 3

IEc phage 7

IEc phage 10

3

IEc phage 3

E. Coli
(inactive)

No.

5-15

Sn

Bact. Spp.

Stretch
Stretch I

2

Ecphage37
Ecphage39
Ecphage43

Ecphage46
Ecphage48

8

Stretch III

Ec phage
2U/S
Ec phage
2D/S
Ec phage
3U/S
Ec phage
3D/S

Ec phage
4U/S
Ec phage
4D/S
Ec phage
5U/S
Ec phage
6U/S

Ec phage
6D/S
Ec phage
7U/S
Ec phage
7D/S
Ec phage 8

12

Ec phage6
Ec phage7
Ec phage8
Ec phage9

Ec phage10
Ec phage11
Ec phage12

11

Eb phage 5
Eb phage 6
Eb phage 9
Eb phage 10

Eb phage 11
Eb phage 12
Eb phage 16
Eb phage 20

12

Stretch II
Stretch III
Stretch IV
Stretch I
Stretch II
Stretch III
Stretch IV
Stretch I

Ec phage1
Ec phage3
Ec phage4
Ec phage5
Eb phage 1
Eb phage 2
Eb phage 3
Eb phage
GGA3
Ef phage14
-

Ef phage 20
-

-

Stretch II

Evphage40

Evphage46.

Stretch I
E. blattae

4

5

E.vulneris

Stretch III
Stretch IV
Ev phage 3s
Total Escherichia phages
Stretch I

6

-

-

0
0
0
2
0
0
0
0
2

-

Eabl phage16

0
1
91
1

Stretch II

Eabl phage31
Eabl phage32
Eabl phage33
Eabl phage34
Eabl phage35
Eabl phage36

Eabl phage37
Eabl phage38
Eabl phage39
Eabl phage40
Eabl phage42
Eabl phage43

Eabl phage44
Eabl phage45
Eabl phage46
Eabl phage47
Eabl phage48

Stretch III

Eabl
phage1U/S
Eabl
phage1D/S
Eabl
phage2U/S
Eabl
phage2D/S
Eabl phage
3U/S

Eabl phage
3D/S
Eabl
phage4U/S
Eabl
phage4D/S
Eabl
phage5U/S
Eabl
phage5D/S

Eabl
phage6U/S
Eabl
phage6D/S
Eabl
phage7U/S
Eabl
phage7D/S
Eabl phage8.

E.
amnigenus
BioGroup ll

5-16

7

Ecphage34
Ecphage35
Ecphage36

E. coli

E.
fergusonni

No.

Stretch II

Stretch IV

3

Bacteriophage from Water
Ecphage 1
Ecphage 10
Ecphage 14
Ecphage 2
Ecphage 12
Eci phage 20
Ecphage 4

17

15

Bacteriophage from Sediment
Ecphage 3
Ecphage 14
Ecphage 17
Ecphage 5
Ecphage 15
Ecphage 21
Ecphage 10
Ecphage31
Ecphage35
Ecphage39
Ecphage32
Ecphage36
Ecphage40
Ecphage33
Ecphage37
Ecphage42
Ecphage34
Ecphage 38
Ecphage48.
Ec phage
Ec phage
Ec phage
1U/S
3D/S
6U/S
Ec phage
Ec phage
Ec phage
1D/S
4U/S
6D/S
Ec phage
Ec phage
Ec phage
2U/S
4D/S
7U/S
Ec phage
Ec phage
Ec phage
2D/S
5U/S
7D/S
Ec phage
Ec phage
Ec phage 8
3U/S
5D/S
Ec phage1
Ec phage6
Ec phage10
Ec phage3
Ec phage7
Ec phage11
Ec phage4
Ec phage8
Ec phage12
Ec phage5
Ec phage9
Eb phage 7
Eb phage 9

Eb phage 10
Eb phage 14

Eb phage 5
Evphage 34
Evphage36
Evphage37
Ev phage 3

EabII phage5
EabII phage7
EabII
phage31
EabII
phage32
EabII
phage33
EabII
phage34
EabII
phage35
EabII phage
1U/S
EabII
phage1D/S
EabII
phage2U/S
EabII
phage2D/S
EabII phage
3U/S

No.
7

12

15

11

Eb phage21

5

Eb phage 9
-

-

0
0
2
0
0
0
0
0

Evphage38
Evphage39

Evphage40
Evphage48

Evphage4

Evphage8

EabII
phage14
EabII
phage17
EabII
phage36
EabII
phage37
EabII
phage38
EabII
phage39
EabII
phage40
EabII phage
3D/S
EabII
phage4U/S
EabII
phage4D/S
EabII
phage5U/S
EabII phage
5D/S

EabII
phage17D
EabII
phage21

6

EabII
phage42
EabII
phage 46
EabII
phage 47
EabII
phage48

14

EabII
phage6U/S
EabII
phage6D/S
EabII
phage7U/S
EabII
phage7D/S
EabII
phage8

15
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Sn

7

Bact. Spp.

Stretch

Stretch IV

Eabl phage5
Eabl phage6
Eabl phage7
Eabl phage8

Eabl phage9
Eabl phage10
Eabl phage11
Eabl phage12

12

Stretch I

Ec phage 1

-

-

1

Stretch II

Ec phage 32
Ec phage 33
Ec phage 34
Ec phage 35
Ec phage 36
Ec phage 37

Ec phage 38
Ec phage 39
Ec phage 40
Ec phage 42
Ec phage 43

Ec phage 44
Ec phage 45
Ec phage 46
Ec phage 47
Ec phage 48

Stretch III

Ec
phage3D/S
Ec
phage4U/S

Ec
phage5U/S
Ec phage
7U/S

Ec
phage7U/D
Ec phage8

6

Stretch IV

Ec phage1
Ec phage2

Ec phage5
Ec phage6

Ec phage8
Ec phage10

6

Stretch I

Ea phage1
Ea phage2
Ea phage3
Ea
phageGGA3

Ea phage4
Ea phage7
Ea phage 11

Ea phage12
Ea phage13
Ea phage14

10

Ea
phage3D/S
Ea
phage4U/S
Ea
phage4D/S
Ea
phage5U/S
Ea
phage5D/S
-

-

0

Ea phage6U/S
Ea phage6D/S
Ea phage7U/S
Ea phage7D/S
Ea phage8

15

-

0

Et phage 7
Et phage 13

Et phage 14
Et phage 15

7

Et phage 5
Et phage 6
Et phage 7
Et phage 8

Et phage 9
Et phage 10
Et phage 11
Et phage 12

Eg phage 14

Eg phage 15

E. cloaae

E.
amnigenus

Stretch III

Stretch IV
Stretch I

9

E. taylorae

Stretch II
Stretch III
Stretch IV

Stretch I
10

E. gergoviae

11

S. sonnei

No.

Eabl phage1
Eabl phage2
Eabl phage3
Eabl phage4

Stretch II
8

Bacteriophage from Water

Ea phage
1U/S
Ea
phage1D/S
Ea
phage2U/S
Ea
phage2D/S
Ea
phage3U/S
Et phage 1
Et
phageGGA3
Et phage 6
Et phage 1
Et phage 2
Et phage 3
Et phage 4
Eg phage 7

Stretch II
Stretch III
Stretch IV
Total Enterobacter phages
Ss phage4
Ss phage14
Stretch I
Ss phage6
Ss phage15
Ss phage13
Ss phage17D

16

0
0
12

3
0
0
0
121

Ss phage19
Ss phage21

8

Bacteriophage from Sediment
EabII
phage9
EabII phage1
EabII phage5
EabII
EabII phage2 EabII phage 6
phage10
EabII phage3
EabII phage7
EabII
EabII phage4
EabII phage8
phage11
EabII
phage12
Ec
Ec phage1
Ec phage10
phage17D
Ec phage2
Ec phage11
Ec phage19
Ec phage4
Ec phage14
Ec phage20
Ec phage9
Ec phage17
Ec phage21
Ec phage31
Ec phage32
Ec phage 33
Ec phage34
Ec phage35
Ec
phage1U/S
Ec
phage1D/S
Ec
phage2U/S
Ec phage1
Ec phage2
Ec phage3

No.

12

12

Ec phage36
Ec phage37
Ec phage38
Ec phage39
Ec phage40

Ec phage42
Ec phage43
Ec phage46
Ec phage47
Ec phage48

15

Ec
phage2D/S
Ec
phage6U/S

Ec
phage7D/S
Ec phage8

7

Ec phage5
Ec phage6
Ec phage7

Ea phage1
Ea phage3
Ea phage4
Ea phage 9

Ea phage10
Ea phage11
Ea phage14
Ea phage17

Ea phage
1U/S
Ea
phage1D/S
Ea
phage2U/S
Ea
phage2D/S
Ea
phage3U/S
-

Ea
phage3D/S
Ea
phage4U/S
Ea
phage4D/S
Ea
phage5U/S
Ea
phage5D/S
-

Et phage 17
Et phage 17D

Ec phage8
Ec phage10
Ec phage11
Ea
phage17D
Ea phage19
Ea phage
20
Ea phage
21
-

9

12

0

Ea
phage6U/S
Ea
phage6D/S
Ea
phage7U/S
Ea
phage7D/S
Ea phage8

15

-

0

Et phage 19
Et phage 20

Et phage 21

5

Et phage 1
Et phage 2
Et phage 3
Et phage 4
Eg phage 4
Eg phage 11
-

Et phage 5
Et phage 6
Et phage 7
Et phage 8
Eg phage 13
Eg phage 14

Et phage 9
Et phage 10
Et phage 1
Et phage 12
Eg phage
17Ds.

0
0

Ss phage7
Ss phage13

Ss phage17
Ss phage17D

12

5
0
0
0
139

Ss phage20
Ss phage21

6
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Sn

Bact. Spp.

Stretch

Stretch II

Stretch III

Stretch IV

Stretch I

Stretch II

12

S. boydii

Stretch III

Stretch IV
Stretch I
Stretch II

13

S. flexneri

Stretch III

Bacteriophage from Water
Ss phage31
Ss phage36
Ss phage44
Ss phage32
Ss phage37
Ss phage45
Ss phage33
Ss phage 38
Ss phage46
Ss phage34
Ss phage40
Ss phage47
Ss phage35
Ss phage42
Ss phage48

Ss phage3D/S
Ss phage4U/S
Ss phage4D/S
Ss phage5U/S
Ss phage5D/S

Ss phage6U/S
Ss phage6D/S
Ss phage7U/S
Ss phage7D/S
Ss phage8

15

Ss phage1
Ss phage2
Ss phage3
Ss phage4
Sb phage 1
sb phage 3
sb phage
GGA3
sb phage4
sb phage 5
sb phage 6
sbphage7

Ss phage 5
Ss phage6
Ss phage7
Ss phage8

Ss phage9
Ss phage10
Ss phage11
Ss phage12

12

sbphage 9
sbphage10
sbphage11
sbphage13
sbphage14
sbphage15

sbphage16
sbphage17
sbphage17D
sbphage 19
sbphage 20
sbphage21

Sb phage31
Sb phage32
Sb phage33
Sb phage37

Sb phage38
Sb phage40
Sb phage43
Sb phage44

Sb phage45
Sb phage46
Sb phage47
Sb phage48

Sb
phage1U/S
Sb
phage1D/S
Sb
phage2U/S
Sb
phage2D/S
Sb
phage3U/S
Sb phage1
Sb phage2
Sb phage3
Sb phage4
-

Sb
phage3D/S
Sb
phage4U/S
Sb
phage4D/S
Sb
phage5U/S
Sb
phage5D/S
Sb phage5
Sb phage6
Sb phage7
Sb phage8
-

Sf phage1U/S
Sf phage1D/S
Sf phage2U/S
Sf phage2D/S
Sf phage3U/S

Sf phage3D/S
Sf phage4U/S
Sf phage4D/S
Sf phage5U/S
Sf phage5D/S

Sf phage6U/S
Sf phage7U/S
Sf phage7D/S
Sf phag8

-

-

Stretch I

Sc phage 15

Sc phage 17

Stretch II

Sc phage31
Sc phage33
Sc phage34
Sc phage35

Sc phage36
Sc phage37
Sc phage38
Sc phage39

S. chlora
esuis

5-18

15

Ss phage1U/S
Ss phage1D/S
Ss phage2U/S
Ss phage2D/S
Ss phage3U/S

Stretch IV
Total Shigella Phages

14

No.

Sb phage6U/S
Sb phage6D/S
Sb phage7U/S
Sb phage7D/S
Sb phage8

Sb phage9
Sb phage10
Sb phage11
Sb phage12
-

19

12

15

12
0
0

14

0
122
2

Sc phage42
Sc phage44
Sc phage45

11

Bacteriophage from Sediment
Ss phage31
Ss phage36
Ss phage42
Ss phage32
Ss phage37
Ss phage 43
Ss phage33
Ss phage 38
Ss phage44
Ss phage34
Ss phage 39
Ss phage47
Ss phage35
Ss phage40
Ss phage48
Ss
Ss
phage3D/S
phage6U/S
Ss
Ss
Ss phage1U/S
phage4U/S
phage6D/S
Ss phage1D/S
Ss
Ss
Ss phage2U/S
phage4D/S
phage7U/S
Ss phage2D/S
Ss
Ss
Ss phage3U/S
phage5U/S
phage7D/S
Ss
Ss phage8
phage5D/S
Ss phage1
Ss phage 5
Ss phage9
Ss phage2
Ss phage6
Ss phage10
Ss phage3
Ss phage7
Ss phage11
Ss phage4
Ss phage8
Ss phage12

sb phage 3
sb phage 5
sb phage 6

Sb phage31
Sb phage32
Sb phage33
Sb phage 34
Sb phage 35
Sb
phage1U/S
Sb
phage1D/S
Sb
phage2U/S
Sb
phage2D/S
Sb
phage3U/S
Sb phage1
Sb phage2
Sb phage3
Sb phage4
-

15

15

12

sbphage7
sbphage13
sbphage17

sbphage17
D
sbphage 20
sbphage21

9

Sb phage 36
Sb phage37
Sb phage38
Sb phage39

Sb phage40
Sb phage42
Sb phage43
Sb phage47

13

Sb
phage6U/S
Sb
phage6D/S
Sb
phage7U/S
Sb
phage7D/S
Sb phage8

15

Sb
phage3D/S
Sb
phage4U/S
Sb
phage4D/S
Sb
phage5U/S
Sb
phage5D/S
Sb phage5
Sb phage6
Sb phage7
Sb phage8
-

Sf phage1U/S
Sf phage1D/S
Sf phage2U/S
Sf phage2D/S
Sf phage3U/S

Sf phage3D/S
Sf phage4U/S
Sf phage4D/S
Sf phage5U/S
Sf phage5D/S

-

-

Sc phage 6
Sc phage7
Sc phage11
Sc phage13
Sc phage31
Sc phage33
Sc phage35
Sc phage36

No.

Sb phage9
Sb phage10
Sb phage11
Sb phage12
Sf
phage6U/S
Sf
phage6D/S
Sf
phage7U/S
Sf
phage7D/S
Sf phag8
-

12
0
0

15

0
112

Sc phage14
Sc phage15
Sc phage16

Sc phage17
Sc
phage17D
Sc phage21

10

Sc phage37
Sc phage39
Sc phage42

Sc phage43
Sc phage47
Sc phage48

10
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Sn

15

16

Bact. Spp.

S. enteric
rizonae

S. enterica

Stretch

Bacteriophage from Water

Stretch III

Sc phage1U/S
Sc phage1D/S
Sc phage2U/S
Sc phage2D/S
Sc phage3U/S

Sc phage3D/S
Sc phage4U/S
Sc phage4D/S
Sc phage5U/S
Sc phage5D/S

Sc phage6U/S
Sc phage6D/S
Sc phage7U/S
Sc phage7D/S
Sc phage8

15

Stretch IV

Sc phage1
Sc phage2
Sc phage3

Sc phage4
Sc phage7
Sc phage8

Sc phage11
Sc phage12

8

Stretch I

Se phage15

Se phage17

2

Stretch II
Stretch III
Stretch IV
Stretch I
Stretch II

Se phage 37

Se phage39

0
0
0
0
2

Stretch III

Se phage2U/S
Se phage2D/S

Se phage3U/S
Se phage5D/S

Se phage7U/S
Se phage8

Stretch IV
Total Salmonella phages

17

-

Stretch II

Vh phage33
Vh phage34
Vh phage35

Vh phage38
Vh phage46

Vh phage47
Vh phage48

Stretch III

Vh
phage4D/S
Vh
phage5U/S

Vh
phage6U/S

Vh
phage6D/S

Stretch IV

Vh Phage2
Vh phage3
Vh phage5

Vh phage6
Vh phage8

Vh phage11
Vh phage12

V. hollisae

Stretch II

V.furnissii
Stretch III

Stretch IV

19

V. fischeri

Stretch I

Vf phage31
Vf phage32
Vf phage33
Vf phage34
Vf phage35
Vf
phage1U/S
Vf
phage2U/S
Vf
phage3U/S
Vf
phage3D/S
Vf
phage4U/S
-

-

6
0
46

Stretch I

Stretch I

18

No.

Vf
phage4D/S
Vf
phage5U/S
Vf
phage5D/S
Vf phage
6U/S

Vf phage45
Vf phage46
Vf phage47
Vf phage48

Vf phage6D/S
Vf phage7U/S
Vf phage7D/S
Vf phage8

15

12

8
0
0
0
0
2
6
0
63

Vh phage3
Vh phage7

Vh phage9

7

Vh phage31
Vh phage32
Vh phage33

Vh phage34
Vh phage35
Vh phage36

4

Vh
phage4U/S
Vh
phage4D/S

Vh
phage5D/S

Vh
phage6U/S

4

7

Vh phage2
Vh phage3
Vh phage5

Vh phage6
Vh phage8

Vh
phage11
Vh
phage12

7

Vf phage31
Vf phage32
Vf phage33
Vf phage34
Vf phage35
Vf
phage1U/S
Vh phage
1D/S
Vf
phage2U/S
Vh phage
2D/S
Vf
phage3U/S
Vf phage7

Vf phage36
Vf phage37
Vh phage 38
Vf phage39
Vh phage 40
Vf
phage3D/S
Vf
phage4U/S
Vf
phage4D/S
Vf
phage5U/S
Vf
phage5D/S

13

13

0

0

Vfi phage1
Vfi phage2
Vfi phage7
Vfi phage11

Vh
phage11
Vh
phage37
Vh
phage38
Vh
phage40

No.

0

0
Vf phage36
Vf phage37
Vf phage39
Vf phage44

Bacteriophage from Sediment
Sc
Sc
phage3D/S
phage6U/S
Sc
Sc
Sc phage1U/S
phage4U/S
phage6D/S
Sc phage1D/S
Sc
,
Sc phage2U/S
phage4D/S
Sc
Sc phage2D/S
Sc
phage7U/S
Sc phage3U/S
phage5U/S
Sc
Sc
phage7D/S
phage5D/S
Sc phage8
Sc phage1
Sc phage5
Sc phage9
Sc phage2
Sc phage6
Sc phage10
Sc phage3
Sc phage7
Sc phage11
Sc phage4
Sc phage8
Sc phage12
Se phage1
Se phage13
Se phage20
Se phage4
Se phage15
Se phage21
Se phage11
Se phage17
Se phage31
Se phage37
Se
Se
phage4U/S
Se phage1U/S
phage6U/S
Se
Se phage2D/S
Se phage8
phage5D/S
-

4

9

0
Vh phage
43
Vf phage46
Vf phage47
Vf phage48

14

Vf phage
6U/S
Vf
phage6D/S
Vf
phage7U/S
Vf
phage7D/S
Vf phage8

15

1
Vfi phage12
Vfi phage14
Vfi phage15

Vfi
phage16
Vfi
phage17D
Vfi
phage21

10

5-19

Sn

20

21

22

23

24

Bact. Spp.

V. nereis

V.
parahaemol
yticus

V. odalii

V.
aestuarianu
s
V. logei

5-20

Stretch

Bacteriophage from Water

No.

Stretch II

Vfi phage31
Vfi phage32
Vfi phage34

Vfi phage35
Vfi phage44
Vfi phage45

Vfi phage46
Vfi phage47
Vfi phage48

9

Stretch III

Vfi
phage1U/S
Vfi
phage2U/S
Vfi phage
2D/S
Vfi phage
3U/S
Vfi phage
4U/S

Vfi phage
4D/S
Vfi phage
5U/S
Vfi
phage5D/S
Vfi phage
6U/S

Vfi
phage6D/S
Vfi
phage7U/S
Vfi
phage7D/S
Vfi phage8

13

Stretch IV

-

Stretch I

Vn phage6
Vn phage10
Vn phage15

Vn phage16
Vn phage17D
Vn phage19

Vn phage20
Vn phage21

Stretch II

Vn phage38
Vn phage40
Vn phage42

Vn phage43
Vn phage44

Vn phage47
Vn phage48

Stretch III

Vn
phage1U/S
Vn
phage1D/S
Vn
phage2U/S
Vn
phage2D/S
Vn
phage3U/S

Vn
phage3D/S
Vn
phage4U/S
Vn
phage4D/S
Vn phage
5U/S
Vn phage
5D/S

Vn phage
6U/S
Vn phage
6D/S
Vn
phage7U/S
Vn
phage7D/S
Vn phage8

Stretch IV

Vn phage1
Vn phage2
Vn phage3
Vn phage4

Stretch I
Stretch II
Stretch III
Stretch IV
Stretch I
Stretch II

Vo phage34

0

Vn phage5
Vn phage6
Vn phage7
Vn phage8

Vn phage9
Vn phage10
Vn phage11
Vn phage12

No.

12

14

10

8

Vn phage2
Vn phage3

Vn phage14
Vn phage16

Vn
phage21

5

7

Vn phage31
Vn phage33
Vn phage34

Vn phage38
Vn phage39

Vn
phage40
Vn
phage46

7

15

Vn
phage1U/S
Vn phage
1D/S
Vn phage
2U/S
Vn phage
2D/S
Vn
phage3U/S

Vn
phage3D/S
Vn
phage4U/S
Vn
phage4D/S
Vn phage
5U/S
Vn phage
5D/S

Vn phage
6U/S
Vn phage
6D/S
Vn
phage7U/S
Vn phage
7D/S
Vn phage8

15

Vn phage1
Vn phage2
Vn phage3
Vn phage4

Vn phage5
Vn phage6
Vn phage7
Vn phage8

Vn phage9
Vn
phage10
Vn
phage11
Vn
phage12

12

Vp phage17D
Vo phage 20

V p phage19

12

0
0
0
0
0
1

Stretch III

-

0

Stretch IV
Stretch I

Va phage 10

Stretch II

-

0

Stretch III
Stretch IV
Stretch I

Vl phage 9

0
0
1

Va phage 14

Bacteriophage from Sediment
Vfi
phage43
Vfi phage31
Vfi phage35
Vfi
Vfi phage32
Vfi phage36
phage46
Vfi phage33
Vfi phage40
Vfi
Vfi phage34
Vfi phage 42
phage47
Vfi
phage48
Vfi
Vfi
phage1U/S
phage4U/S
Vfi
Vfi
Vfi
phage6D/S
phage2U/S
phage4D/S
Vfi phage
Vfi
Vfi
7U/S
phage2D/S
phage5U/S
Vfi phage
Vfi phage
Vfi
7D/S
3U/S
phage5D/S
Vfi phage 8
Vfi phage
Vfi phage
3D/S
6U/S
Vfi
phage16
Vfi phage1
Vfi phage12
Vfi
Vfi phage2
Vfi phage14
phage17D
Vfi phage7
Vfi phage15
Vfi
Vfi phage11
phage21

0
2

Vo phage33
Vo phage34
Vo phage35
Va phage 3
Va phage 5
-

Vo phage37
Vo phage38
Vo phage39

0
2
0
0
0
1
Vo
phage40
Vo
phage42
Vo
phage47

9

0
0
Va phage 11
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Va phage
20

4
0
0
0
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Sn

Bact. Spp.

Stretch

V. mimicus

-

0

Stretch III
Stretch IV

Vm phage 1
Vm phage 2
Vc phage 2s
Vc phage 3s

0
0

Stretch II
Stretch III
Stretch IV
Stretch I

26

V.cincinnati
ensis

No.

Stretch II

Stretch I
25

Bacteriophage from Water

Stretch II

Vm phage 3
Vm phage 7

Vm phage 14
Vm phage 17

Vc phage 9s

Vc phage 14s

-

No.
8
0
0

6

-

0

0
0
0

-

0
0
0

4

-

0

0

Stretch III
Stretch IV
Total Vibrio phages
Total phages isolated from Water

Bacteriophage from Sediment
Vl phage
Vl phage 2
Vl phage 14
19
Vl phage 5
Vl phage 6
Vl phage
Vl phage 6
Vl phage 17D
21
-

0
0
132
512

Vc phage 2
Vc phage 3
-

Vc phage
14

Vc phage 9

4
0
0
168
582

Total phages isolated from Sediment

5.1.3.3 Post-monsoon season (Water and sediment samples from River Ganga)
Sampling and analysis during postmonsoon season was perfmored with same
protocol as during pre-monsoon season. The
results are presented in the following section
for post-monsoon season. Error! Reference
ource not found. summarizes the type of
bacterial species identified in the water and
sediment samples across all the four stretches.
Similar to pre-monsoon season, the
detected bacteria were mostly pathogenic
followed by opportunistic pathogenic and
non-pathogenic in both water and sediment
samples of River Ganga. Similar trend was
observed in bacteriophages which is
represented in Error! Reference source not
ound..

14%
Non Pathogenic

30%

Pathogenic
Opportunistic
Pathogenic

56%

Fig. 5-8: Percent of different bacterialspp. Isolages from water and
sediment samples

Table 5-9: Summary of different bacterial isolates from Gomukh to Gangasagar

1
2
3

Escherichia
Enterobacter
Shigella

1
6
8

2
0
0

2
5
0

1
4
8

0
0
0

0
6
0

3
0
0

0
8
0

3
4
12

1
0
0

Opportunistic
Pathogens

Non-Pathogenic

Pathogenic

Opportunistic
Pathogens

Pathogenic
Water
5
5
14

Stretch III

Non-Pathogenic

Stretch II

Opportunistic
Pathogens

Pathogenic

Non-Pathogenic

Stretch IB

Opportunistic
Pathogens

Stretch IA
Non-Pathogenic

Bacterial spp.

Pathogenic

S
n

1
8
0

5-21

4
5

Salmonella
Vibrio
Water (W)

2
0
17

0
0
02

1
2
3
4
5

0
10
17

2
1
16

0
1
01

Escherichia
0
3
0
5
1
Enterobacter
3
0
6
6
0
Shigella
11
0
0
9
0
Salmonella
5
0
0
3
0
Vibrio
0
2
6
0
3
Sediment (S)
19
5
12
23
4
Total (W+S)
36
07
29
39
05
Non Pathogenic
Pathogenic
Opportunistic Pathogenic
Total bacterial spp. isolated from water and sediment samples

0
1
07

4
0
28
Sediment
1
4
4
4
0
11
0
7
2
0
7
26
14
54

0
6
09

0
2
10

5`
0
24

0
3
4

0
7
16

3
0
0
0
6
9
18

0
8
0
0
6
14
24

4
5
12
6
0
27
51

4
0
0
0
6
10
14

1
7
0
0
5
13
29
44
180
96
320

Table 5-10: Bacterial species isolation and charecterization from water samples of River Ganga during post-monsoon season

Sn.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40

5-22

Location
Gomukh
Gangotri U/S
Jaat Ganga U/S
Harsil U/S
Gangnani
Batwadi D/S
Maneri D/S
Uttarkashi U/S
Uttarkashi D/S
Dharasu
Tehri 1
Tehri 2
Tehri 3
Bhilagana
Ghansali
Tehri Dam wall
Bhagirathi
Tehri confluence
Bridge
Koteshwar
Bhaso
Mana U/S
Badrinath
Vishnuprayag U/S
Vishnuprayag D/S
Alaknanda
Nandprayag U/S
Nandprayag D/S
Karnaprayag D/S
Rudraprayag U/S
Rudraprayag D/S
Srinagar (Dam)
Devprayag U/S
Devprayag
Devprayag D/S
Rishikesh U/S
Rishikesh D/S
Haridwar U/S
Haridwar
Haridwar D/S

Sample
Code
GA01
GA02
GA03
GA05
GA06
GA07
GA09
GA10
GA12
GA13
GA15
GA16
GA17
GA18
GA19
GA20
GA21
GA23
GA24
GA25
GA26
GA30
GA31
GA32
GA33
GA34
GA35
GA36
GA37
GA38
GA39
GA40
GA41
GA42
GA43
GA44
GA45
GA46
GA47
GA48

Bacterial species characterized from water sample
Escherichia
Enterobacter
Shigella
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
E.amnigenus II
ND
ND
E.amnigenus II
ND
E. fergusonii
E.cloacea
ND
ND
ND
S. flexneri
E. hermannii
E. sakazakii
S. flexneri
E. hermannii
E.amnigenus II
S. flexneri
ND
ND
S. sonnei
ND
E.amnigenus II
S. sonnei
ND
ND
ND
ND
ND
ND
ND
E.amnigenus II
ND
Inactive E.coli
E. sakazakii
S. sonnei
ND
ND
ND
ND
ND
ND
ND
ND
ND
E. blattae
E.cloacea
S. boydii
ND
E. sakazakii
S. flexneri
ND
E. sakazakii
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
E. sakazakii
ND
ND
ND
ND
ND
ND
S. boydii
ND
E. sakazakii
ND
ND
E. sakazakii
ND
ND
ND
ND
ND
E. amnigenus Biogrp. l
S. boydii
ND
E. amnigenus Biogrp. l
S. boydii
E. coli
E. amnigenus Biogrp. l
S. soneii
ND
E.cloacea
S. boydii
ND
E. amnigenus Biogrp. ll
S. soneii
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
E. amnigenus Biogrp. l
S. soneii
ND
E. amnigenus Biogrp. l
S. soneii

Salmonella
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
S.choleraesuis
ND
ND
ND
S.choleraesuis
ND
ND
ND
ND
ND
ND
ND
ND
S. enterica
ND
ND
ND
ND
S.choleraesuis
ND
ND
ND
ND
ND
ND
ND
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Vibrio
ND
ND
ND
ND
V.furnissii
V. nereis
V.furnissii
V.furnissii
V.furnissii
V.furnissii
ND
ND
ND
ND
V. nereis
ND
V.furnissii
ND
V. nereis
V. nereis
ND
ND
ND
ND
V.p.heamolyticus
ND
ND
V. furnissii
ND
ND
ND
ND
V. ordalii
ND
ND
ND
ND
ND
ND
V. nereis
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41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68

Bijnor U/S
GB1U
Bijnor D/S
GB1D
Narora U/S
GB2 U
Narora D/S
GB2 D
Kannauj U/S
GB 3U
Kannauj D/S
GB 3D
Kanpur U/S
GB 4U
Kanpur D/S
GB 4D
Allahabad
Yamuna
Allahabad U/S
GB 5 U
Sangam
Sangam
Allahabad D/S
GB 5 D
Mirzapur U/S
GB 6 U
Mirzapur D/S
GB 6 D
Varanasi U/S
GB7 U
Varanasi D/S
GB7 D
Kolkata U/S
GC 1
Kolkata D/S
GC2
Kakdwip U/S
GC3
Kakdwip D/S
GC4
Farakka D/S
GC5
Farakka U/S
GC6
Rajmahal D/S
GC7
Rajmahal U/S
GC8
Bhagalpur D/S
GC9
Bhagalpur U/S
GC10
Patna U/S
GC11
Patna D/S
GC12
= for Pathogenic

E.blattae
ND
E. vulneris
E.blattae
ND
E. coli
ND
E. coli
ND
E.blattae
E. vulneris
ND
ND
ND
ND
E. coli
E. coli
E. coli
E.hermannii
ND
ND
ND
ND
ND
ND
Inactive E.coli
ND
E. coli

E.amnigenus II
S. boydii
E.amnigenus I
S. boydii
ND
ND
E.amnigenus II
S. sonnei
E.cloacea
S. flexneri
E.cloacea
S. boydii
E.amnigenus II
S. sonnei
ND
S. boydii
E.cloacea
S. boydii
E.cloacea
S. sonnei
S. sonnei
E.amnigenus II
S. sonnei
E.amnigenus I
S. sonnei
E.amnigenus I
S. flexneri
E.amnigenus I
ND
E.cloacea
S. flexneri
E.amnigenus I
S. boydii
E.cloacea
S. sonnei
E.amnigenus II
S. sonnei
E.amnigenus II
S. sonnei
E.amnigenus II
S. sonnei
E.cloacea
S. boydii
E.cloacea
S. boydii
E.amnigenus I
S. flexneri
E.amnigenus I
S. sonnei
E.amnigenus II
S. boydii
E.amnigenus I
S. sonnei
E.cloacea
S. sonnei
=for nonpathogenic

ND
V. fischeri
ND
ND
ND
V. fischeri
ND
ND
ND
ND
S.choleraesuis
V. fischeri
ND
ND
ND
V. nereis
S.choleraesuis
ND
ND
ND
V. nereis
S.choleraesuis
V. ordalii
ND
ND
ND
V. ordalii
ND
ND
S. enterica
V. fischeri
S.choleraesuis
V. ordalii
S. enterica
V.furnissii
S. enterica
V.furnissii
ND
V.furnissii
S.choleraesuis
V. fischeri
ND
V. nereis
ND
ND
ND
V. nereis
S. enterica
V. nereis
ND
V. nereis
ND
ND
ND
V. fischeri
=For no bacterial count

Table 5-11: Bacterial species isolation and charecterization from sediment samples of River Ganga during pre-monsoon
season

Sn

Location

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

Gomukh
Gangotri U/S
Jaat Ganga U/S
Maneri D/S
Uttarkashi U/S
Uttarkashi D/S
Dharasu
Tehri 1
Tehri 2
Tehri 3
Ghansali
Koteshwar
Bhaso
Mana U
Badrinath
Vishnuprayag U/S
Alaknanda
Nandprayag D/S
Karnaprayag D/S
Rudraprayag U/S
Rudraprayag D/S
Devprayag U/S
Devprayag U/S
Devprayag D/S
Rishikesh U/S

Sample
Code
GA 1
GA 2
GA 3
GA 9
GA 10
GA 12
GA 13
GA 15
GA 16
GA 17
GA 19
GA 25
GA 26
GA 30
GA31
GA32
GA34
GA36
GA37
GA38
GA39
GA41
GA42
GA43
GA44

Bacterial species characterized from sediment sample
Escherichia
Enterobacter Shigella
Salmonella

Vibrio

ND
ND
Inactive E. coli
ND
ND
Inactive E. coli
Inactive E. coli
ND
ND
ND
ND
ND
ND
ND
ND
ND
E. coli
E.blattae
ND
ND
ND
E. vulneris
ND
ND
E. coli

ND
V.furnissii
V.furnissii
ND
V.furnissii
V. ordalii
V.furnissii
V.furnissii
ND
V.logei
ND
V.furnissii
ND
ND
ND
ND
V.logei
V. ordalii
ND
ND
ND
ND
ND
V. fischeri
ND

ND
E.cloacea
E.amnigenus
E.amnigenus
E.amnigenus
E.amnigenus
E. aerogenes
E.cloacea
ND
E.amnigenus
E.amnigenus
ND
ND
ND
ND
E.cloacea
ND
E. sakazakii
E.amnigenusII
ND
E.cloacea
E.cloacea
E. sakazakii
E.amnigenusII
ND

S. boydii
S. boydii
S. boydii
S. sonnei
S. sonnei
S. sonnei
S. sonnei
S. boydii
ND
S. sonnei
S. sonnei
S. boydii
ND
ND
ND
S. sonnei
ND
ND
S. boydii
ND
S. flexneri
S. sonnei
S. sonnei
S. boydii
ND

ND
S.choleraesuis
S.choleraesuis
ND
S.choleraesuis
S. enterica
ND
S.choleraesuis
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
ND
S. enterica
ND
S.choleraesuis
ND
ND
ND

5-23

Sn

Location

26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55

Rishikesh D/S
Haridwar U/S
Haridwar
Haridwar D/S
Bijnor U/S
Bijnor D/S
Narora U/S
Narora D/S
Kannauj U/S
Kannauj D/S
Kanpur U/S
Kanpur D/S
Allahabad U/S
Allahabad D/S
Mirzapur U/S
Mirzapur D/S
Varanasi U/S
Varanasi D/S
Kolkata U/S
Kolkata D/S
Kakdwip U/S
Kakdwip D/S
Farakka D/S
Farakka U/S
Rajmahal D/S
Rajmahal U/S
Bhagalpur D/S
Bhagalpur U/S
Patna U/S
Patna D/S

5-24

Sample
Bacterial species characterized from sediment sample
Code
Escherichia
Enterobacter Shigella
Salmonella
Vibrio
GA45
ND
E.amnigenusII
S. flexneri
ND
ND
GA46
ND
E.amnigenus I
S. boydii
ND
ND
GA47
E. hermannii
ND
ND
ND
V.furnissii
GA48
E. coli
E.cloacea
S. boydii
S.choleraesuis
V.furnissii
GB1U
Inactive E. coli
E.cloacea
S. boydii
ND
V.furnissii
GB1D
E. coli
E.amnigenusII
S. boydii
S.choleraesuis
V.furnissii
GB2 U
ND
E.amnigenusII
S. sonnei
S.choleraesuis
V. fischeri
GB2 D
ND
ND
ND
ND
V. fischeri
GB 3U
ND
E.cloacea
ND
ND
ND
GB 3D
ND
E.cloacea
S. boydii
ND
V. ordalii
GB 4U
E. coli
ND
S. sonnei
ND
ND
GB 4D
ND
E.cloacea
S. boydii
ND
V. nereis
GB 5U
E. coli
E.amnigenusII
S. sonnei
S. enterica
V. ordalii
GB 5D
ND
E.amnigenusII
S. boydii
ND
V. nereis
GB 6 U
ND
E.amnigenusII
S. boydii
S. enterica
V. ordalii
GB 6 D
Inactive E. coli
E.amnigenus I
S. boydii
S.choleraesuis
V. fischeri
GB7 U
Inactive E. coli
E.amnigenusII
ND
S.choleraesuis
V. nereis
GB7 D
E. vulneris
E.amnigenusII
S. flexneri
S.choleraesuis
V. nereis
GC 1
E. coli
E.cloacea
S. sonnei
ND
V. fischeri
GC2
E. vulneris
E.amnigenusII
S. boydii
S.choleraesuis
V. ordalii
GC3
E.blattae
E.amnigenusII
S. sonnei
ND
V. nereis
GC4
ND
E.amnigenus I
S. sonnei
S.choleraesuis
V. nereis
GC5
Inactive E. coli
E.cloacea
S. boydii
S. enterica
V. ordalii
GC6
E. hermannii
E. sakazakii
S. boydii
ND
V. fischeri
GC7
E. coli
E.amnigenus I
S. flexneri
S.choleraesuis
V.furnissii
GC8
E.blattae
E.amnigenus I
S. boydii
ND
V.furnissii
GC9
ND
E.cloacea
S. boydii
S. enterica
V. fischeri
GC10
E.blattae
E. sakazakii
S. boydii
ND
V. nereis
GC11
E. fergusonii
E.amnigenusII
S. flexneri
S. enterica
V. ordalii
GC12
ND
E.amnigenus I
S. boydii
ND
ND
=Non pathogenic
= Pathogenic
= Opportunistic pathogen
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Table 5-12:

StretchIA*
StretchIB*
StretchII*
StretchIII*
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 IA = Gomukh to Tehri; *Stretch IB= Mana to Haridwar; *Stretch II= Bijnor to Banaras; *Stretch III= Patna to
Kakdwip
Sn

Bacterial spp.

583

600
500

18%

400

Pathogenic
phages

322

300
200

191

180
96

100

53%

44
29%

0
Pathogenic

Opportunistic Non-Pathogenic
Pathogenic

Bacteria

Opportunistic
pathogenic
phages
Non-Pathogenic
phages

Bacteriophage

Fig. 5-9:(a) Comparison of different bacteria and bacteriophages isolated from River Ganga; (b) Percentage of different
bacteriophages isolated from Gomukh to Gangasagar during post-monsoon

During post-monsoon season, more number of bacteriophages was detected in water samples
of Gomukh to Tehri Stretch. More number of bacteriophages isolated 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 covering 5 species of Enterobactericae group from
water and sediment samples from all the stretches.
5.1.3.4.1 Isolation of Bacterial Host
5.1.3.4.1.1 Gomukh to Tehri (Stretch IA)
Total 34 samples (21 water and 13 sediment) were collected from this stretch during postmonsoon season. Out of total 36 bacterial isolates from water samples which comprised of Escherichia,
Enterobacter, Shigella, Salmonella and Vibrio spp., the number of pathogenic, opportunistic pathogenic and
non-pathogenic were 17, 17 and 2 respectively. Out of the bacterial isolates from sediment, 19 were
identified as pathogenic, 5 were opportunistic pathogenic and 12 were non-pathogenic. S. boydii was
found in sediment sample at Gomukh. Total 207 bacteriophages from water and 165 bacteriophages
from sediment were found against 36 bacterial isolates from water and 36 bacterial isolates from
sediment.
5-25

5.1.3.4.1.2 Mana to Haridwar (Stretch IB)
Total 58 bacteria were isolated from 35 samples of Mana to Haridwar stretch. It includes 16
pathogenic bacteria from water and 23 from sediment, 7 opportunistic pathogenic from water and 7
from sediments and 1 non pathogenic bacteria from water and 4 from sediment. Total 147
bacteriophages from water were controlling 24 pathogenic, opportunistic pathogenic and nonpathogenic bacteria, while 100 bacteriophages isolated from sediments were controlling 34 bacterial
isolates from this stretch.
5.1.3.4.1.3 Bijnore to Varanasi (Stretch II)
Total 28 pathogenic bacteria in water and 26 in sediment were detected in this stretch, while 10
from water and 14 from sediments, opportunistic pathogenic bacteria were detected. Non-pathogenic
bacterial species were found less as compared to pathogenic and opportunistic pathogenic bacteria;
total 18 non-pathogenic bacterial species were detected in both water and sediment. A total of 144
bacteriophages were found against 47 bacterial isolates including pathogenic, opportunistic and nonpathogenic in water samples, while 179 bacteriophages in sediment samples were found to be
controlling 49 bacterial isolates from this stretch. More number of bacteriophages was found in
sediment samples as compared to water samples.
5.1.3.4.1.4 Patna to Gangasagar (Stretch III)
51 pathogenic bacteria including 24 from water and 27 from sediments were detected. 16
opportunistic pathogenic bacteria from water and 13 opportunistic pathogenic bacteria form sediment
were found. Non-pathogenic bacteria were detected in lesser number as compared to pathogenic and
opportunistic pathogenic bacteria. When compared to upper stretch of river Ganga; lower stretch was
found to have more number of bacterial counts. As compared to upper stretch of the River Ganga,
water and sediment samples of this region was found more polluted and higher numbers of bacterial
isolates were detected. 94 bacterial isolates were found in water and sediment; which were found to be
controlled by 85 bacteriophages from water and 69 from sediment. The numbers of bacteriophages
found are lesser in number as compared to the upper stretch.
Table 5-13: Summary of Bacteriophages from water and sediment for post-monsoon season

S
n

Bact.
Spp.

Stretch

Stretch I

1

E. coli
(inactive)

Stretch II

Stretch III

Stretch IV

5-26

Bacteriophage from Water

IEc phage1
IEc phage 2
IEc phage3
IEc phage5
IEc phage7

IEc phage9
IEc phage10
IEc phage12
IEc phage13
IEc phage16

IEc
phage1D/S
IEc
phage2U/S
IEc
phage2D/S

IEc
phage3U/S
IEc
phage3D/S
IEc
phage6U/S

-

No.

IEc phage17
IEc phage18
IEc phage24
IEc phage25
IEc phage26

IEc
phage6D/S
IEc
phage7D/S

Bacteriophage from Sediment
IEc phage
12
IEc phage
13
IEc phage
15
IEc phage
16

15

IEc phage 1
IEc phage 2
IEc phage 3
IEc phage 9
IEc phage 10

00

-

08

IEc phage1U
IEc phage1D
IEc phage3D

IEc
phage4U
IEc
phage5U

0

IEc phage4

IEc
phage8

IEc phage
17
IEc phage
19
IEc phage
25
IEc phage
26

No.

13

00
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IEc phage
6U
IEc
phage7D

07

2
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S
n

2

Bact.
Spp.

Stretch

Bacteriophage from Water

No.

Bacteriophage from Sediment

No.

Stretch I

-

0

-

0

Stretch II

Ec phage30
Ec phage32

Stretch III

Ec phage
1U/S
Ec
phage2U/S
Ec
phage4U/S

E. coli

Stretch IV
Stretch I
Stretch II

3

E. blattae
Stretch III

Stretch IV
Stretch I
4

E.
fergusonni

Stretch II
Stretch III
Stretch IV

Stretch I
5

E.
hermanii
Stretch II
Stretch III
Stretch IV
Stretch I
Stretch II

6

E.vulneris

Ec phage 5
Eb phage3
Eb phage10
Eb phage35
Eb phage37
Eb phage
1U/S
Eb
phage1D/S
Eb
phage2U/S
Eb
phage3U/S
Eb phage4
Efphage 1
Efphage 7
Efphage 9
-

Ec phage45

Ec phage46

04

Ec phage30
Ec phage 31
Ec phage36

Ec
phage4D/S
Ec
phage5U/S

Ec
phage5D/S
Ec
phage6D/S

Ec phage10
Eb phage 12
Eb phage13

Ec phage 11
Eb phage 24
Eb phage 25

03

Eb phage44

Eb phage48

4

Eb phage45

Eb
phage6U/S
Eb
phage7U/S
Eb
phage7D/S

11

Eb phage 1U
Eb phage 1D
Eb phage 2U
Eb phage 2D

Eb phage12

3

Eb phage12

Eb
phage3D/S
Eb
phage4U/S
Eb
phage4D/S
Eb
phage5D/S
Eb phage7
Efphage 13
Efphage 15
Efphage 16

Efphage 17
Efphage 24

6

Ec phage 7
Eb phage1
Eb phage2

8

Efphage 2
Efphage 3

0
0
0

-

8

Eh phage1
Eh phage 2
Eh phage 3
Eh phage 9

Eh phage 48

03
0

Eh phage44
-

Eh phage 12

04

Eh phage 1

0

-

Eh phage3
Eh phage 12
Eh phage13

Eh phage15
Eh phage18
Eh phage 24

Eh phage25
Eh phage26

Eh phage35
Eh phage 1
Eh phage3
-

Eh phage43
Eh phage8

-

7

Ec phage1U
Ec phage 1D
Ec phage2U
Ec phage 2D

0

Ev phage36

Stretch III

Ev phage
2U/S

Ev phage
2D/S

2

Ev phage 1U
Ev phage1D
Ev phage2U
Ev phage2D

Stretch IV

Ev phage 2

Ev phage 9

2

Ev phage4

Total Escherichia phages

88

Ec
phage41
Ec
phage45
Ec phage
3D
Ec
phage4U
Ec
phage5U
Ec
phage5D
Ec phage8
Eb phage
10
Eb
phage46
Eb phage
3U
Eb phage
3D
Eb phage
4U
Eb phage
4D

Ec phage46
Ec phage
48
Ec
phage6U
Ec
phage6D
Ec
phage7U
Ec
phage7D
Ec phage 9
Eb phage
26
Eb
phage48
Eb phage
5D
Eb phage
6U
Eb phage
6D
Eb phage
7U

07

12

03
4
3

12

1
Efphage 9
Efphage
10

Efphage 12
Efphage16

6
0
0
0

Eh
phage10
Eh
phage12
Eh
phage13
Eh
phage15

Eh
phage16
Eh
phage17
Eh
phage25
Eh
phage26

12

01
0
Eh phage
12

02
0

Ev
phage38
Ev
phage3D
Evphage4
U
Ev
phage5U
Evphage
sangam
Ev phage
12

2
Ev
phage5D
Ev
phage6D
Ev
phage7U
Ev
phage7D

12

2
101
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S
n

Bact.
Spp.

Stretch

Bacteriophage from Water

No.

Bacteriophage from Sediment

No.

Stretch I

Eabgl
phage31
Eabgl
phage33
Eabgl
phage34
Eabgl
phage35
Eabgl
phage36

0

-

0

13

Eabgl
phage31
Eabgl
phage37

Eabgl
phage39

Eabgl
phage44

4

Eabglphag
e 4U
Eabglphag
e 5U
Eabglphag
e 5D

Eabglphage
6U
Eabgl
phage6D
Eabgl
phage7D

10

Stretch II

7

E.
amnigenus
BioGroup
l

8

9

E.
sakazakii

5-28

Eabgl
phage42
Eabgl
phage43
Eabgl
phage44
Eabgl
phage48

Stretch III

Eabgl phage
1U/S
Eabgl phage
2D/S
Eabgl phage
4U/S

Eabgl phage
5D/S
Eabgl phage
2 U/Ss

Eabgl phage
5U/Ss
Eabgl phage
5D/Ss

10

Eabgl phage
1D
Eabglphage2
U
Eabglphage
2D
Eabglphage
3U

Stretch IV

Eabgl phage2
Eabgl phage4
Eabgl phage6

Eabgl
phage8
Eabgl
phage9

Eabgl
phage10
Eabgl
phage12

7

Eabgl phage3

Eabgl
phage7

Eabgl
phage12

3

Eabgll phage
15
Eabgll phage
16
Eabgll
phage17
Eabgll phage
18
Eabgll
phage19

Eabgll phage
20
Eabgll phage
23
Eabgll
phage24
Eabgll phage
25
Eabgll phage
26

Eabgll phage1
Eabgll phage2
Eabgll phage3
Eabgll phage9

Eabgll
phage12
Eabgll
phage13
Eabgll
phage15
Eabgll
phage16

Eabgll
phage17
Eabgll
phage19
Eabgll
phage25
Eabgll
phage26

12

EabgIl
phage35
EabgIl
phage37

EabgIl
phage42
EabgIl
phage46

Eabgll
phage39
Eabgll
phage43
Eabgll
phage44

Eabgll
phage46
Eabgll
phage48

8

Eabgllphag
e 4D
Eabgll
phage5U
Eabgllphag
e5D

Eabgll
phage6U
Eabgllphag
e6D
Eabgll
phage7D

10

Eabgll
phage12

5

Esk
phage19
Esk
phage25
Esk
phage26

10

Stretch I

E.
amnigenus
BioGroup
ll

Eabgl
phage37
Eabgl
phage39
Eabgl phage
Eabgl
phage40
Eabgl
phage41

Stretch II

Eabgll phage
1
Eabgll
phage3
Eabgll
phage9
Eabgll
phage10
Eabgll phage
12
Eabgll phage
13
EabgIl
phage30
EabgIl
phage32
EabgIl
phage34

Stretch III

Eabgll phage
1D/S
Eabgll phage
6U/S

Eabgll phage
6 D/S
Eabgll phage
7U/S

Eabgll phage
6D/S

Stretch IV

EabgIl
phage1
EabgIl
phage3

EabgIl
phage4
EabgIl
phage10

EabgIl
phage12

Stretch I

Esk phage1
Esk phage2
Esk phage3
Esk phage6
Esk phage9

Esk phage13
Esk phage15
Esk phage17
Esk phage18
Eskphage19

Esk phage20
Esk phage23
Esk phage24
Esk phage25

16

8

14

Eabgll
phage31
Eabgll
phage32
Eabgll
phage38
Eabgll
phage2U
Eabgll
phage3U
Eabgll phage
3D
Eabgll
phage4U

5

Eabgll phage3
Eabgll phage6

14

Esk phage1
Esk phage2
Esk phage3
Esk phage9

Eabgll
phage10
Eabgll
phage11
Esk
phage10
Esk
phage12
Esk
phage16
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S
n

Bact.
Spp.

Stretch

Esk phage30
Esk phage31
Esk phage32
Esk phage34
Esk phage35
Esk phage5

Esk phage36
Esk phage37
Esk phage39
Esk phage40
Esk phage43

Esk phage44
Esk phage45
Esk phage47
Esk phage48

Esk phage8

Esk phage10

Stretch I

Ec phage1
Ec phage2
Ec phage3
Ec phage9
Ec phage10
Ec phage12

Ec phage13
Ec phage15
Ec phage16
Ec phage17
Ec phage18
Ec phage19

Ec phage20
Ec phage23
Ec phage24
Ec phage25
Ec phage26

Stretch II

Ec phage30
Ec phage35
Ec phage37

Ec phage39
Ec phage43

Stretch III

Ec
phage1U/S

Stretch IV

Ec phage1
Ec phage2

Stretch I

Eaer phage6
Eaer phage9
Eaer phage15

Stretch II
Stretch III
Stretch IV

-

Stretch II
Stretch III
Stretch IV

1
0

1
1

E. cloacae

E.
aerugenue
s

Stretch I
1
2

E.amnige
nus

Stretch II
Stretch III
Stretch IV
Total Enterobacter phages
Stretch I
1
3

Bacteriophage from Water

S. sonnei
Stretch II

Eam phage1
Eam phage2
Eam phage3
Eam phage5
Eam phage9

Bacteriophage from Sediment

14

Esk phage30
Esk phage32
Esk phage34

0
3

Esk phage12

17

Ec phage1
Ec phage2
Ec phage3
Ec phage9

Ec phage44
Ec phage48

7

Ec phage30
Ec phage32
Ec phage36
Ec phage38

Ec
phage1D/S

Ec
phage3U/S

3

Ecphage2U
Ecphage3D
Ec phage4D

Ec phage4
Ec phage7
Eaer
phage17
Eaer
phage18
Eaer
phage19

Ec phage9
Ec phage12

6

Ec phage1
Ec phage3

9

Eaer phage1
Eaer phage2

0
0
0

-

Eam
phage10
Eam
phage12
Eam
phage13
Eam
phage15
Eam
phage16

Eaer phage23
Eaer phage24
Eaer phage25

Eam
phage17
Eam
phage19
Eam
phage25
Eam
phage26

Ss phage5
Ss phage7
Ss phage9
Ss phage10
Ss phage12
Ss phage30
Ss phage31
Ss phage32
Ss phage33
Ss phage34

No.

13

0
0
0
146
Ss phage13
Ss phage15
Ss phage16
Ss phage17
Ss phage18
Ss phage35
Ss phage36
Ss phage37
Ss phage38
Ss phage39

Ss phage20
Ss phage23
Ss phage24
Ss phage25
Ss phage26
Ss phage40
Ss phage44
Ss phage45
Ss phage46
Ss phage48

Eam phage1
Eam phage2
Eam phage3
Eam phage5
Eam phage9

Esk
phage39
Esk
phage42

Esk
phage44
Esk
phage48

No.

7
0
1

Ec
phage10
Ec
phage13
Ec
phage16
Ec
phage17
Ec
phage39
Ec
phage41
Ec
phage42
Ecphage5
U
Ecphage5
D

Ec phage19
Ec phage25
Ec phage26

11

Ec phage44
Ec phage46
Ec phage48

10

Ecphage6U
Ec
phage7D

7

Ec phage6

Ec phage11

4

Eaer
phage10
Eaer
phage13

Eaer
phage17
Eaer
phage19

6

0
0
0
Eam
phage10
Eam
phage12
Eam
phage13
Eam
phage15
Eam
phage16

Eam
phage17
Eam
phage19
Eam
phage25
Eam
phage26

-

13

0
0
0
121

15

Ss phage1
Ss phage3
Ss phage9
Ss phage12

Ss phage13
Ss phage15
Ss phage16
Ss phage17

Ss phage19
Ss phage25
Ss phage26

11

15

Ss phage31
Ss phage38
Ss phage43

Ss phage44
Ss phage46

Ss phage 47
Ss phage48

7

5-29

S
n

Bact.
Spp.

Stretch

Stretch III

Stretch IV

Stretch I

Stretch II

1
4

S. boydii

Stretch III

Stretch IV

Stretch I

1
5

Bacteriophage from Sediment

Ssphage1U/S
Ssphage1D/
S
Ssphage2U/S
Ssphage2D/
S
Ss phage1
Ss phage2
Ss phage3
Ss phage4
Sb phage1
Sbphage2
Sbphage5
Sb phage7
Sbphage9

Ss phage6
Ss phage7
Ss phage8
Ss phage9
Sbphage12
Sbphage13
Sb phage14
Sb phage15
Sb phage16

Sb phage30
Sb phage31
Sb phage32
Sb phage33
Sb phage34
Sb phage35

Sb phage37
Sb phage38
Sb phage39
Sb phage40
Sb phage41
Sb phage42

Sb phage43
Sb phage44
Sb phage45
Sb phage46
Sb phage47
Sb phage48

Sb
phage4U/S
Sb
phage4D/S
Sb
phage5U/S
Sb
phage5D/S

Sb
phage6U/S
Sb
phage6D/S
Sb
phage7U/S
Sb
phage7D/S

13

Sb phage1U
Sb phage1D
Sb phage2U
Sb phage2D
Sb phage3U

Sb phage5
Sb phage8
Sb phage9

Sb phage10
Sb phage11
Sb phage12

9

Sb phage1
Sb phage2
Sb phage4

Sf phage13
Sf phage15
Sf phage16
Sf phage17

Sf phage20
Sf phage24
Sf phage25
Sf phage26

13

Sf phage37
Sf phage40

Sf phage47
Sf phage48

6

Sb
phage1U/S
Sb
phage1D/S
Sb
phage2D/S
Sb
phage3U/S
Sb
phage3D/S
Sb phage1
Sb phage3
Sb phage4
Sf phage2
Sf phage5
Sf phage6
Sf phage7
Sf phage10
Sf phage31
Sf phage32

Stretch III

Sf
phage1U/S
Sf
phage1D/S
Sf
phage2U/S
Sf
phage2D/S

Sf
phage3U/S
Sf
phage3D/S
Sf
phage4U/S

Sf phage1

Sf phage7

Stretch IV
Total Shigella phage

No.

Ssphage3U/
S
Ss
phage4U/S
Ss
phage5U/S
Ss phage
sangam

Stretch II
S. flexneri

5-30

Bacteriophage from Water

No.

Ss
phage3D
Ss
phage4U
Ss
phage4D
Ss
phage5U
Ss phage
sangam

Ss
phage5D
Ss phage6U
Ss
phage6D
Ss phage7U
Ss
phage7D

15

Ss
phage6U/S
Ss
phage6D/S
Ss
phage7U/S

11

Ss phage1U
Ss phage1D
Ss phage2U
Ss phage2D
Ss phage3U

Ss phage10
Ss phage11
Ss phage12

11

Ss phage1
Ss phage5

Ss phage8
Ss phage9

Ss phage11

5

Sb phage18
Sb phage19
Sb phage25
Sb phage26

14

Sb phage1
Sb phage2
Sb phage3

Sb phage9
Sb
phage10

Sb phage13
Sb phage26

7

Sb phage43
Sb phage44
Sb phage46
Sb phage48

12

Sb
phage6U
Sb
phage6D
Sb
phage7U
Sb
phage7D

14

Sb phage8
Sb phage9

Sb phage10
Sb phage12

7

Sf phage2
Sf phage9
Sf phage10

Sf phage12
Sf phage15
Sf phage17

Sf phage19
Sf phage25
Sf phage26

9

Sf phage30
Sf phage31
Sf phage32

Sf phage37
Sf phage39

Sf phage47
Sf phage48

7

Sf phage6U
Sf phage6D
Sf phage7U
Sf phage7D

14

Sf
phage6U/S
Sf
phage7U/S
Sf
phage7D/S

18

10

2
137

Sb phage30
Sb phage32
Sb phage34
Sb phage36

Sf phage1U
Sf phage1D
Sf phage2U
Sf phage2D
Sf phage3U

Sf phage6

Sb
phage37
Sb
phage38
Sb
phage39
Sb
phage42
Sb
phage3D
Sb
phage4U
Sb
phage4D
Sb
phage5U
Sb
phage5D

Sf
phage3D
Sf
phage4U
Sf
phage4D
Sf
phage5U
Sf
phage5D
Sf phage7
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Sf phage9

3
111
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S
n

Bact.
Spp.

Stretch

Bacteriophage from Water

Stretch I

Sc phage1
Sc phage2
Sc phage3
Sc phage12
Sc phage13

Sc phage14
Sc phage15
Sc phage16
Sc phage17
Sc phage19

Sc phage 30
Sc phage31
Sc phage32
Sc phage33
Sc phage34
Sc
phage1U/S
Sc
phage1D/S
Sc
phage2U/S
Sc
phage2D/S
Sc
phage3U/S

Stretch II
1
6

Sal.
choleraesu
is

Stretch III

Stretch IV
Stretch I

Stretch II

1
7

Sal.
enterica
Stretch III

Stretch IV

No.

Bacteriophage from Sediment

Sc phage23
Sc phage 24
Sc phage25
Sc phage26

14

Sc phage1
Sc phage2
Sc phage3
Scphage9
Scphage10

Scphage13
Sc
phage14
Sc
phage15
Sc
phage16

Sc phage17
Sc phage19
Sc phage25
Sc phage26

13

Sc phage35
Sc phage36
Sc phage37
Sc phage39
Sc phage40

Sc phage41
Sc phage42
Sc phage45
Sc phage46

14

Sc phage30
Sc phage31
Scphage39

Scphage44
Scphage45

Scphage46
Scphage48

7

Sc
phage3D/S
Sc
phage4U/S
Sc
phage4D/S
Sc
phage5U/S

Sc
phage5D/S
Sc
phage6U/S
Sc
phage7U/S
Sc
phage7D/S

13

Sc phage1U
Sc phage1D
Sc phage2U
Sc phage3U

Sc
phage4D
Sc
phage5U
Sc
phage6U

Sc
phage6D
Sc
phage7U
Sc
phage7D

10

Sc phage1
Sc phage5

Sc phage7
Sc phage10

Sc phage11,
Sc phage 12.

5

Sc phage1
Sc phage3
Sc phage4

Sc phage5
Sc phage6
Sc phage8

Sc phage11
Sc phage12

8

Se phage5
Se phage12
Se phage13
Se phage31
Se phage33
Se phage34
Se phage35
Se phage38
Se
phage1U/S
Se
phage1D/S
Se
phage2U/S
Se
phage2D/S
Se
phage3U/S

Se phage15
Se phage19
Se phage23
Se phage40
Se phage41
Se phage42
Se phage43
Se phage44

Se phage24
Se phage25
Se phage26

9

Se phage1
Se phage5

Se phage6
Se phage7

Se phage12
Se phage19

6

Se phage45
Se phage46
Se phage47
Se phage48

14

Se phage30
Se phage44

Se
phage46

Se phage48

4

Se
phage3D/S
Se
phage4U/S
Se
phage4D/S
Se
phage5U/S

Se
phage6U/S
Se
phage6D/S
Se
phage7U/S
Se
phage7D/S

13

Se phage1U
Se phage2U
Se phage2D

Se
phage3U
Se
phage4U
Se
phage4D

Se
phage5D
Se
phage7D

8

Se phage1
Se phage2

Se phage5
Se phage8

Se phage10

5

Se phage4
Se phage6

Se phage8
Se
phage10

Se phage11
Se phage12

6

Vfur phage1
Vfur phage2
Vfur phage3
Vfur phage5
Vfur phage6
Vfur phage9
Vfur
phage10

Vfur
phage12
Vfur
phage13
Vfur
phage15
Vfur
phage16
Vfur
phage17
Vfur
phage18

Vfur
phage19
Vfur
phage21
Vfur
phage23
Vfur
phage24
Vfur
phage25
Vfur
phage26

Total Salmonella phages

1
8

V. furnissi

Stretch I

87

19

No.

62

Vfur phage1
Vfur phage2
Vfur phage3
Vfur phage9
Vfur phage10

Vfur
phage12
Vfur
phage13
Vfur
phage15
Vfur
phage16

Vfur
phage17
Vfur
phage19
Vfur
phage25
Vfur
phage26

13

5-31

S
n

1
9

Bact.
Spp.

Stretch

Bacteriophage from Water

Stretch II

Vfur
phage30
Vfur
phage31
Vfur
phage34

Vfur
phage35
Vfur
phage36
Vfur
phage39

Stretch III

Vfur
phage1U/S
Vfur
phage1D/S
Vfur
phage3U/S

Vfur
phage3D/S
Vfur
phage4U/S
Vfur
phage5D/S

Vfur
phage6D/S
Vfur
phage7D/S

8

Vfur phage1U
Vfur phage1D
Vfur phage2U
Vfur phage2D

Stretch IV

Vfur phage1
Vfur phage2

Vfur phage4

Vfur
phage10

4

Vfur phage1
Vfur phage3
Vfur phage6

Stretch I

Vn phage1
Vn phage3
Vn phage6
Vn phage7
Vn phage9
Vn phage10

Vn phage12
Vn phage13
Vn phage15
Vn phage16
Vn phage17

Vn phage18
Vn phage19
Vn phage21
Vn phage23
Vn phage26

16

Vn phage1
Vn phage2
Vn phage9
Vn phage10

0

-

Stretch II
V. neries

Stretch III

Stretch IV
Stretch I

Stretch II

2
0

V. ordalii
Stretch III

Stretch IV
2

V. fischeri

5-32

Stretch I

Vn
phage1U/S
Vn
phage1D/S
Vn
phage2U/S
Vn
phage2D/S
Vn phage1
Vn phage3
Vo phage1
Vo phage10
Vo phage12
Vo phage30
Vo phage35
Vo phage37
Vo phage38
Vo phage39

Vn
phage3D/S
Vn
phage4U/S
Vn
phage4D/S
Vn
phage5D/S
Vn phage4
Vn phage5
Vo phage15
Vo phage16
Vo phage18
Vo phage40
Vo phage42
Vo phage43
Vo phage44

Vo
phage1U/S
Vo
phage1D/S
Vo
phage2U/S

Vo
phage2D/S
Vo
phage3U/D

Vo phage1
Vo phage7
-

Vo phage8
Vo phage9
-

Vfur
phage40
Vfur
phage43
Vfur
phage48

No.

Bacteriophage from Sediment

9

Vfur phage32
Vfur phage36

Vfur
phage41
Vfur
phage46

Vfur
phage47
Vfur
phage48

Vfur
phage3U
Vfur
phage3D
Vfur
phage4U
Vfur
phage5U
Vfur
phage7
Vfur
phage9
Vn
phage12
Vn
phage13
Vn
phage15
Vn
phage16

Vfur
phage5D
Vfur
phage6U
Vfur
phage6D
Vfur
phage7D
Vfur
phage10
Vfur
phage12
Vn
phage17
Vn
phage19
Vn
phage25
Vn
phage26

Vn
phage3U
Vn
phage4U
Vn
phage4D
Vn
phage5D

Vn
phage6U
Vn
phage6D
Vn
phage7U
Vn
phage7D
Vn
phage10

No.

6

12

7

12

0

Vn
phage6D/S
Vn
phage7U/S
Vn
phage7D/S

11

Vn phage1U
Vn phage1D
Vn phage2U
Vn phage2D

Vn phage7
Vn phage10

6

Vn phage3
Vn phage7

Vn phage9

Vo phage25
Vo phage26

8

Vo phage3
Vo phage9

Vo
phage10

Vo
phage25

4

13

Vo phage30
Vo phage32
Vo phage36

Vo
phage42
Vo
phage44

Vo
phage46
Vo
phage48

7

Vo
phage6U
Vo
phage6D
Vo
phage7U
Vo
phage7D

14

Vo phage45
Vo phage46
Vo phage47
Vo phage48.

Vo
phage4D/S
Vo
phage5U/S.

7

Vo phage12

5

-

0

Vo phage1U
Vo phage1D
Vo phage2U
Vo phage2D
Vo phage3U

Vo phage2
Vo phage3
-

Vo
phage3D
Vo
phage4U
Vo
phage4D
Vo
phage5U
Vo
phage5D
Vo
phage11
-
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S
n

Bact.
Spp.

Stretch

Bacteriophage from Water

No.

Bacteriophage from Sediment

Stretch II

Vfis phage
34

Vfis
phage41

3

Vfis phage32
Vfis phage36

Vfis phage44

Stretch III

Vfis
phage2D/S

Vfis
phage3D/S

Vfis
phage4U/S

3

Vfis phage1U
Vfis phage1D
Vfis phage2U
Vfis phage2D

Stretch IV

Vfis phage1
Vfis phage3

Vfis phage12

5

Vl phage21
Vl phage25

1

2
2

V.p.
hemolytic
us

Stretch I
Stretch II
Stretch III
Stretch IV
Stretch I

2
3

Vfis phage7
Vfis
phage10
Vl phage18
Vl phage19

Vp phage44
Vl phage 1
Vl phage9
Vl phage33
-

Stretch II
Stretch III
Stretch IV
Total Vibrio phages
Total phages isolated from Water
V. logie

5.1.4

No.

Vfis
phage44
Vfis
phage46
Vfis
phage3U
Vfis
phage3D
Vfis
phage4D

Vfis
phage47
Vfis
phage48
Vfis
phage6U
Vfis
phage6D
Vfis
phage7U

Vfis phage6

Vfis
phage7

-

2

0
1
0
0

Vp phage48
-

-

-

0
1
0
0

6

Vl phage1

Vl phage9

Vl phage10

3

1
0
0
125
583

Vl phage48
-

6

10

1
0
0
118
513

Total phages isolated from Sediment

Comparison of Bacteriophages isolated in River Ganga with River Yamuna and
Narmada

Samples were collected from Rivers Yamuna and Narmada to carry out a comparative study for
isolation of bacteria and assessment of bacteriophages.

5.1.4.1

River Yamuna

The River Yamuna is the longest and the second largest tributary river of the River Ganga in
northern India. Origin of the River Yamuna is at Yamunotri glacier at a height of 6,387 m on the southwestern slopes of Banderpooch peak. It flows about 1,376 km and joins River Ganga at Allahabad.
5.1.4.1.1 Sampling in River Yamuna
Water and sediment samples were collected from River Yamuna to compare the data with River
Ganga. The following table gives the details of sampling in River Yamuna.
Table 5-14: Sampling details for Yamuna River

Sn.

Sampling location

1
Yamunotri To Dakpatthar
2
Paonta sahib to Allahabad
Total Samples Taken

Samples Collected
Water Sediment
6
6
15
15
21
21

Total
12
30
42

5.1.4.1.2 Results of River Yamuna
Water and sediment samples were also collected and analyzed from River Yamuna and the
procedure for collection of samples and analysis were kept the same as for River Ganga. Various
5-33

bacterial species were isolated and identified from River Yamuna by using on specific selective and

Fig. 5-10:Various Bacterial spp. Isolated from Yamuna River by membrane fitlration

differential media; some representative isolates are shown in Error! Reference source not found.
The above picture shows Escherichia showing yellow colonies on M-EC test agar; Enterobacter spp.
showing transparent pinkish colonies on MacConkey agar; Shigella spp. showing colorless colonies on SS
agar; Salmonella spp. showing black colonies on SS agar.
5.1.4.1.3 Isolation and identification of bacterial species for bacterophages
Table 5-15: Summary of different bacterial isolates from Yamuna River

Sn

Bacterial spp.

Stretch I

Stretch II

Pathogenic
1
2
3
4
5

Escherichia
Enterobacter
Shigella
Salmonella
Vibrio
Water (W)

0
0
6
5
0
11

1
2
3
4
5

Opportunistic
Non-Pathogenic
Pathogens
Water
3
1
0
5
0
0
0
0
1
4
4
10
Sediment
0
1
0
3
0
0
0
0
2
4
2
8
6
18

Escherichia
4
Enterobacter
3
Shigella
6
Salmonella
4
Vibrio
0
Sediment (S)
17
Total (W+S)
28
Non Pathogenic
Pathogenic
Opportunistic Pathogenic
Total bacterial spp. isolated from water and sediment samples

Pathogenic

NonPathogenic

Opportunistic
Pathogens

6
6
14
3
2
31

0
0
0
0
1
1

0
7
0
0
7
14

5
6
13
4
3
31
62

1
0
0
0
0
1
2
8
90
43
141

0
4
0
0
7
11
25

pathogeni
30%

nonpathogenic
62%
6%

oppportunistic
pathogenic

Fig. 5-11: Percentage of different bacterial spp. Isolated from water and
sediment samples in River Yamuna
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Table 5-16:

Sn

Bact. Spp.

1

E. fergusonii

2

E. coli

3

E. blattae

Stretch
Stretch I

Bacteriophage from Water
-

No.
0

Stretch II

Ef
phage13

2

Stretch I

-

0

Stretch II

Ec
phage15

1

Ef
phage1

Stretch I
Stretch II

Total Escherichia phages
Stretch I
4
E. cloacae
Stretch II
5

E. amnigenus
II

6

E. amnigenus
I

7

E. gergoviae

8

E. aerogenes

Stretch I
Stretch II
Stretch I
Stretch II

3
0

13

S. boydii

Stretch II

EaI
phage15

S. choleraesuis

15

S. enterica

Stretch II
Stretch I
Stretch II

Total Salmonella phages
Stretch I
16

V. neries

Stretch II
Stretch I

17

V. fluvialis

Stretch II

5

0
2
0

Eg phage1
Ea phage15

Ea phage 18

4
1
0
0
1
34

4
0

Ss phage
9
Sf phage
18

1
0
1
Sb phage 1
Sb phage 7

Sc
phage18
Se phage
2
Se phage
14
Vn
phage 8
Vn
phage
12
Vf
phage
12

0

26

Eg phage 15
Ea phage 12
Ea phage 14
Et phage 2
Es phage13

Total Shigella phages
14

12

2

Stretch I
Stretch II
Stretch I

0

0
0

Stretch II

Stretch I
S . flexneri

8

1

E. taylorae

12

No.
1

1

Stretch I
Stretch II
Stretch I

Stretch I
Stretch II
Stretch I
10
E. sakazakii
Stretch II
Total Enterobacter phages
Stretch I
11
S. sonnei
Stretch II
9

Ec
phage 8
EaII
phage 2
EaI
phage 8

Bacteriophage from Sediment
Ef phage 4
Ef phage10
Ef phage14
Ef phage2
Ef phage12
Ef phage15
Ef phage3
Ef phage13
Ef phage18
Ec phage 9
Ec phage13
Ec phage 17
Ec phage 10 Ec phage14
Ec phage18
Ec phage 11 Ec phage15
Ec phage1
Ec phage 12 Ec phage16
Ec phage3
Eb phage 11 Eb phage17
Eb phage2
Eb phage15
Eb phage18

2
0

-

1

Sc phage10

Sb phage 16

Sb phage3

Sc phage 16

Sc phage 2

1
3
25
0
3

1
1
3
0
Vn phage
14
Vn
phage1

Vn
phage2

5

Vn phage 7
Vn phage 8
Vn phage 9
Vn phage 10
Vn phage 11

3
0
Vn phage 12
Vn phage 13
Vn phage 14
Vn phage15
Vn phage16

Vn phage17
Vn phage18
Vn phage1
Vn phage2

14

0
Vf phage
14

2
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Sn

18

Bact. Spp.

Stretch
Stretch I

V. natrigens

Stretch II

Stretch I
19

Bacteriophage from Water
Vf
phage
Vna
Vna
12
phage1
phage2
Vna
phage
13
Vfu
phage 2

No.
0

Bacteriophage from Sediment
-

No.
0

4

Vna phage 9
Vna phage
10
Vna phage
12

Vna phage
14
Vna phage15
Vna phage16

9

1

Vfu phage2

Vfu phage3

-

0

Vfu phage 9
Vfu phage10
Vfu phage11
Vc phage9
Vc phage10
Vc phage11
Vc phage12

Vfu phage12
Vfu phage14
Vfu phage15

V. furnissii
Stretch II
Stretch I

20

V.
cincinnatensis

Stretch II

Total Vibrio phages
Total phages isolated from Water

12
24

Vna phage17
Vna phage18
Vna phage2

2
Vfu phage17
Vfu phage18
Vfu phage3

9
0

Vc phage14
Vc phage15
Vc phage16
Vc phage17

Vc phage18
Vc phage2
Vc phage3

11
45
133

Total phages isolated from Sediment

Table 5-17: Summary of bacteria and bacteriophages isolated from water and sediment (River Yamuna)

Sn

Bacterial spp.

1
Escherichia
2
Enterobacter
3
Shigella
4
Salmonella
5
Vibrio
Total Bacteriophages
Total Bacteria

Stretch1*
Water
0
1
0
1
1
3
25

Sediment
1
1
2
0
2
6
27

Stretch2*
Water
3
3
2
2
11
21
46

Total
Sediment
25
33
23
3
43
127
43

29
38
27
6
57
157

0%

100

11%

80

Pathogenic
phages

60
40
20

35%

54%

0
Pathogenic
Bacteria

Opportunistic Nonpathogenic
Pathogenic

Opportunistic
pathogenic
phages
NonPathogenic
phages

Bacteriophages

Fig. 5-12: Comparison of different bacteria and bacteriophages isolated from 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 biochemically identified including 90 pathogenic
(42 from water and 48 from sediment), 8 non pathogenic (5 from water and 3 from sediment) and 43
opportunistic pathogenic species (24 from water and 19 from sediment). Total 21 Escherichia species (10
from water and 11 from sediment), 34 Enterobacter species (18 from water and 16 from sediment), 39
Shigella species (20 from water and 19 from sediment), 16 Salmonella (8 from water and 8 from sediment)
and 31 Vibrio species (15 from water and 16 from sediment) were isolated.
5.1.4.2.2 Bacteriophages in River Yamuna
Total 157 bacteriophages were isolated from 42 water and sediment samples, when
bacteriophages were isolates from water and sediments and challenge against 141 bacterial isolates as a
host for bacteriophages.
Escherichia species phages- Total 29 (3 from water and 26 from sediment) coliphages were
isolate from water and sediment.
Enterobacter Species phages- 4 Enterobacter phages were isolated from water and 34
enterobacter phages from sediment were isolated.
Shigella species phages- total 27 Shigella phages were isolated from water and sediment
samples.
Salmonella species phages- only 6 bacteriophages against Salmonella species were isolated from
water and sediment samples.
Vibrio species phages- total 57 bacteriophages including 12 from water and 45 from sediment
were isolated.

5.1.4.3 River Narmada
River Narmada flows over a length of 1,312 km before draining through the Gulf of ambay into
the Arabian Sea. It is one the longest west flowing River in India, and also differs in topographical and
hydrogeological setting from Rivers Ganga and Yamuna.
Water and sediment samples were collected from River Narmada to compare the data with
River Ganga. The details of the samples are as given below.
Table 5-18: Sampling details for River Narmada

Sn.

Sampling Stretch

1
Narmada (Madhya Pradesh)
2
Narmada (Gujarat)
Total Samples Taken

Samples Collected
Water Sediment
6
6
8
7
14
13

Total
12
15
27
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Fig. 5-13: Various Bacterial spp. isolated from River Naramada by membrane filtrtraion

Shown above are various bacteria isolated from River Ganga on specific media: Escherichia
showing yellow colonies on M-EC test agar; Enterobacter spp. showing transparent pinkish colonies on
MacConkey agar; Shigella spp. showing colorless colonies on Salmonella Shigella agar (SS agar); Salmonella
spp. showing black colonies on SS Agar.
Table 5-19: Summary of different bacterial isolates from River Naramada

Sn

Stretch
Isolates

1
2
3
4
5
1
2
3
4
5

Narmada MP
Pathogenic
NonPathogenic
2
0
4
0
6
0
0
0
0
3
12
3
2
1
2
0
6
0
4
0
0
2
14
3
26
6

Opportunistic
Pathogenic
1
0
0
0
0
1
0
3
0
0
3
6
7

Escherichia
Enterobacter
Shigella
Salmonella
Vibrio
Water (W)
Escherichia
Enterobacter
Shigella
Salmonella
Vibrio
Sediment (S)
(W)+(S)
Pathogenic
Non pathogenic
Opportunistic pathogenic
Total bacterial spp. isolated from water and sediment samples

22%

Narmada GJ
Pathogenic
3
2
4
1
0
10
5
2
7
5
4
23
33

NonPathogenic
0
0
0
0
0
0
2
0
0
0
1
3
3
59
9
19
87

pathogenic
nonpathogenic
opportunistic

10%
68%

Fig. 5-14: Percentage of different bacterial spp. isolated from water and
sediment samples in River Narmada
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Opportunistic
Pathogenic
0
3
0
0
4
7
0
4
0
0
1
5
12
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Table 5-20: Summary of isolated bacteriophages from water and sediment samples in River Narmada

Sn

Bact.
Spp.

Stretch

Bacteriophage from Water

No.

Bacteriophage from Sediment

N
o.

1

E. coli
(inactive)

Stretch I

Eci phage5

Eci phage6

2

-

0

Eci phage1
Eci phage2
Eci phage3
Ecphage1
Ecphage4

Eci phage4
Eci phage5
Eci phage6

Eci phage7
Eciphage8

8

Eci phage6

Ecphage5

Ecphage6

4

Ecphage5

Stretch II

Ecphage2

Ecphage6

Ecphage7

3

Ecphage3

Ecphage6

E.
fergusonn
i

Stretch I

Ef phage2

Ef phage6

2

Ef phage2

Ef phage 5

Stretch II

-

0

-

E.
hermanni
i

Stretch I

Eh phage5

1

Eh phage1

Stretch II

-

0

-

Stretch II
Stretch I

2

3

4

E. coli

Total Escherichia phages

5

6

7

8

E.
amnigenu
s
BioGrou
p ll

10

11

1
2
Ef phage6

3
0

Eh phage3

2
0
10

2

Eabll phage1
Eabll phage2

Eabll phage3

Eabll
phage5

4

8

Eabll phage2
Eabll phage5

Eabll phage6
Eabll phage7

Eabll
phage8

5

0

-

3

Ec phage2

0

-

5

Ea phage1
Ea phage2

Ea phage6
Ea phage7

-

0

Ea phage4

Ea phage5

Es phage6

1

-

Stretch I

Eabll phage1

Eabll phage2

Stretch II

Eabll phage1
Eabll phage2
Eabll phage3

Eabll phage4
Eabll phage5
Eabll phage6

Stretch I

-

Stretch II

Ec phage4

Stretch I

-

Stretch II

Ea phage2
Ea phage3

Stretch I
Stretch II

Eabll phage7
Eabll phage8

0

E. cloaae

E.
aerogenes

E.sakaz
akii

Ec phage5

Ea phage4
Ea phage5

Ec phage6

Ea phage6

Ec phage5

Ec phage7

3
0

Ea phage8

5
2
0

19

19

Stretch I

-

0

Stretch II

Ss phage5

1

Stretch I

Sb phage2
Sb phage4

Sb phage5

Sb phage6

4

Sb phage2
Sb phage3

Sb phage4
Sb phage5

Stretch II

Sb phage4

Sb phage5

Sb phage6

3

Sb phage1

Sb phage3

Stretch I

-

0

Sf phage 5

Stretch II

Sf phage1

2

Sf phage 6

S. sonnei

S. boydii

S.
flexneri

Sf phage8

Total Shigella phages

12

2

20

Total Enterobacter phages

9

Eci phage8

S. chlora
esuis

Sb phage6

2
1

Sf phage7

2

10

Stretch I

Sc phage 5

Stretch II

-

Sc phage 6

5

10

2

Sc phage 1

0

-

Sc phage 2

Sc phage 4

3
0
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13

S.
enterica

Stretch I

Se phage5

1

Se phage6

1

Stretch II

-

0

-

0

Total Salmonella phages

14

15

16

17

18

V.
vulnificus

V.furniss
ii

V.
natrigens

3

Stretch I

-

0

-

Stretch II

Vv phage 7

1

Vv phage2

Stretch I

-

0

-

Stretch II

Vf phage2
Vf phage3

Vf phage4
Vf phage5

Vf phage7
Vf phage8

6

Stretch I
Stretch II

0

Vf phage1
Vf phage2
Vna phage 2
Vna phage 4

Vf phage3
Vf phage5
Vna phage 5

Vf phage6
Vf phage7
Vna phage
6

-

0

4

Vn phage2

Stretch I

-

0

-

Stretch II

Vfl phage4

1

Vfl phage1

Total Vibrio phages

12

Total phages isolated from Water

64

Vn phage6

2
0

Vfl phage3

Vfl phage6

1
Escherichia
2
Enterobacter
3
Shigella
4
Salmonella
5
Vibrio
Total Bacteriophages
Total Bacteria
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Stretch1*
Water
9
2
4
3
0
18
16

Sediment
6
6
6
4
4
26
23

Stretch2*
Water
11
17
6
0
12
46
17

3
17

Total phages isolated from Sediment

Table 5-21: Summary of bacteria and bacteriophages isolated from water and sediment (River Narmada)

Bacterial spp.

4

0

Vn phage1
Vn phage4

Sn

6

0

Stretch II

Vn phage8

2

Vn phage7

Vv phage7

0

Stretch I
V. nereis

V.
fluvialis

4

Total
Sediment
4
13
4
0
13
34
31

30
38
20
7
29
124
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Fig. 5-15: (a) Comparison of different bacteria and bacteriophages isolated 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 water and sediment samples which were collected
from River Narmada, and identified by morphological, biochemical and microscopic examination.
Total 87 species were isolated and biochemically identified including 59 pathogenic (22 from water and
37 from sediment), 9 non pathogenic (3 from water and 6 from sediment) and 19 opportunistic
pathogenic species (8 from water and 11 from sediments). Total 16 Escherichia species (6 from water and
10 from sediment), 20 Enterobacter species (9 from water and 11 from sediment), 23 Shigella species (10
from water and 13 from sediment), 10 salmonella (1 from water and 9 from sediment) and 18 Vibrio
species (7 from water and 11 from sediment) were isolated.
5.1.4.4.1 Bacteriophages in River Narmada
Total 124 bacteriophages were isolated from 27 water and sediment samples, and challenged
against 87 bacterial isolates as a host for bacteriophages.
Escherichia species phages- Total 30 coli phages were isolated from water and sediment
including 15 against pathogenic, 12 against non-pathogenic and 3 against opportunistic pathogenic
Escherichia species were isolated.
Enterobacter Species phages- total 38 Enterobacter phages were isolated from water and
sediment samples. Including 9 against pathogenic and 29 against opportunistic pathogenic
Shigella species phages- Total 20 phages against pathogenic Shigella species were isolated
from water and sediment samples.
Salmonella species phages- Total 7 Salmonella phages were isolated from water and sediment
samples.
Vibrio species phages- total 29 Vibrio phages were isolated from water and sediment samples.
Including 5 against pathogenic, 4 against non-pathogenic and 20 against opportunistic pathogenic
Vibrio species phages were isolated.
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5.1.5

5.1.5.1

Summary

River Ganga during pre-monsoon season

Various bacteria like Escherichia spp., Enterobacter spp, Shigella spp, Salmonella spp and
Vibrio spp were isolated from 128 samples.
The isolated species were biochemically tested and characterized for species which included
pathogenic, non-pathogenic and opportunistic pathogenic.
Overall a total of 309 bacteria (characterized biochemically as 28 types) were isolated from
River Ganga as potential hostfor bacteriophages during the study.
Out of 28 types, a total of thirteeen types of pathogenic bacteria were isolated from River
Ganga viz. E. fergusonii, E.coli, E. vulneris, E. sakazakii, E. cloacae S. sonnei, S. boydii, S. flexnerii, S.
enterica, S. choleraesuis, S. enteric rizonae, V.cincinnatiensis & V. parahaemolyticus . Out of 28 types
a total of eight opportunistic bacteria were isolated from Ganga river viz. E. gergoviae, E. taylorae, E.
amniegenus BioGroup II, E. amniegenus BioGroup I, E. amniegenus, V. nereis, V. hollisae &
V.furnissii and out of 28 a total of seven types of non-pathogenic bacteria were isolated from Ganga
river viz. Inactive E.coli, E. blattae, V. mimicus, V. ordalii,, V. aestuarianus, V.fisheri, & V. logei.
Bacteriophages were isolated against the respective host bacteria from the samples of River Ganga by
plaque assay method.
A total of 1094 bacteriophages were isolated from 128 samples (including water & sediment);
these bacteriophages were challenged against 309 isolated bacterial hosts which show phage biodiversity
and host susceptibility from different sites.
It was found that 49 percent bacteriophages were against pathogenic bacteria, 33 percent
bacteriophages against opportunistic pathogenic bacteria and 18 percent against non-pathogenic
bacteria.

5.1.5.2 River Ganga during post-monsoon season
Various bacteria like Escherichia spp., Enterobacter spp., Shigella spp., Salmonella spp.
and Vibrio spp. were isolated from 123 samples.
The isolated bacteria were biochemically tested and characterized for species which included
pathogenic, non-pathogenic and opportunistic pathogenic.
Overall a total of 320 bacteria (characterized biochemically as 23 types) were isolated from
River Ganga as a potential hosts for bacteriophages during the study.
Out of 23 types a total of eleven types of pathogenic bacteria were isolated from River Ganga
viz. E. fergusonii, E.coli, E. vulneris, E. sakazakii, E. cloacae S. sonnei, S. boydii, S. flexnerii, S. enterica,
S. choleraesuis & V. parahaemolyticus. Out of 23 types a total of seven opportunistic bacteria were
isolated from Ganga river viz. E. hermanii, E. amniegenus BioGroup II, E. amniegenus BioGroup I, E.
amniegenus, V. nereis, E. aerogenes & V.furnissii and out of a total of five types of non-pathogenic
bacteria were isolated from Ganga river viz. Inactive E. coli, E. blattae, V. ordalii,, V.fisheri, and V.
logei.
Bacteriophages were isolated against the respective host bacteria from the samples of River
Ganga by plaque assay method.
A total of 1096 Bacteriophages were isolated from 123 samples (including water & sediment);
these Bacteriophages were challenged against 320 isolated bacterial host which show phage biodiversity
and host susceptibility from different sites.
Diversity of phages were obtained against each bacterial species i.e. (Enterobacter, Shigella,
Salmonella, Escherichia, Vibrio) more than one type of bacteriophage were found.
5-42

Assessment of Water Quality and Sediment to understand the Special Properties of River Ganga

Microbial diversity and Bacteriophages Chapter
It was found that 53 percent bacteriophages were against pathogenic bacteria, 29 percent
bacteriophages against opportunistic pathogenic bacteria and 18 percent against non-pathogenic
bacteria.

5.1.5.3 River Yamuna
Various bacteria like Escherichia spp., Enterobacter spp., Shigella spp., Salmonella spp. and
Vibrio spp. were isolated from 42 samples.
The isolated species were biochemically tested and characterized which included pathogenic,
non-pathogenic and opportunistic pathogenic.
Overall a total of 141 bacteria (characterized biochemically as 23 types) were isolated from
Yamuna River as a potential hosts for bacteriophages during the study.
Out of 23 types a total of twelve types of pathogenic bacteria were isolated from River
Yamuna viz. E.coli, E. fergusonii, E. cloacae, E. sakazakii, S. sonnei, S. boydii, S. flexnerii, S.
choleraesuis, S. enterica, V. cincinnatensis, V.parahaemolyticus and V. fluvialis. Out of 23 types a total
of eight opportunistic bacteria were isolated from Yamuna river viz. E.hermannii, E. amnigenus I, E.
amniegenus Bio Group II, E. aerogenes, E.gergoviae, E.taylorae,V.furnissii and V. nereis and out of a
total only three types of non-pathogenic bacteria were isolated from Yamuna river viz. E.blattae,
Inactive E.coli and V. natrigens.
No bacteriophages were found against 3 types of bacterial species out of 23 types of isolated
species viz. Escherichia hermannii, Inactive E. coli and Vibrio paraheamolyticus.
Bacteriophages were isolated against the respective host bacteria from the samples of River
Yamuna by plaque assay method.
A total of 157 Bacteriophages were isolated from 42 samples (including water & sediment);
these Bacteriophages were challenged against 141 isolated bacterial hosts which show phage
biodiversity and host susceptibility from different sites.
It was found that 54 percent bacteriophages were against pathogenic bacteria, 34 percent
bacteriophages against opportunistic pathogenic bacteria and 5 percent against non-pathogenic bacteria.

5.1.5.4 River Narmada
Various bacteria like Escherichia spp., Enterobacter spp., Shigella spp., Salmonella spp.
and Vibrio spp. were isolated from 27 samples.
The isolated species were biochemically tested and characterized which included pathogenic,
non-pathogenic and opportunistic pathogenic.
Overall a total of 87 bacteria (characterized biochemically as 18 types) were isolated from River
Narmada as a potential hosts for bacteriophages during the study.
Out of 18 types a total eleven types of pathogenic bacteria were isolated from River Narmada
viz. E.coli, E. fergusonii, E. cloacae, E. sakazakii, S. sonnei, S. boydii, S. flexnerii, S. choleraesuis, S. enterica, V.
vulnificus and V. fluvialis. Out of 18 types a total of five opportunistic bacteria were isolated from
Narmada river viz. E. hermanii, E. amniegenus Bio Group II, E. aerogenes, V.furnissii and V. nereis and out
of 18 a total only two types of non-pathogenic bacteria were isolated from River Narmada viz.
Inactive E. coli, and V. natrigens.
Bacteriophages were isolated against the respective host bacteria from the samples of River
Narmada by plaque assay method.
A total of 124 Bacteriophages were isolated from 27 samples (including water & sediment); it
was found that 45 percent bacteriophages were against pathogenic bacteria, 42 percent bacteriophages
against opportunistic pathogenic bacteria and 13 percent against non-pathogenic bacteria.
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5.1.6

Interpretation

The comparison of River Ganga with Rivers Yamuna and Narmada showed higher numbers
of bacteriophages against pathogenic bacterial species. In River Ganga, pathogenic bacteriophages were
detected 3 times more than pathogenic bacteria. In case of opportunistic and non pathogenic bacteria,
lesser numbers of bacteriophages were detected compared to pathogenic bacteria. In the comparative
study with control Rivers Yamuna and Narmada, pathogenic bacteriophages were found lesser in
numbers than pathogenic bacterial species in both Rivers compared to River Ganga. As far as bacterial
species of opportunistic and non-pathogenic nature are concerned, slightly higher numbers of
bacteriophages were detected against opportunistic pathogens in River Yamuna, and higher numbers
were detected against non-pathogenic species in River Narmada.
5-44

Assessment of Water Quality and Sediment to understand the Special Properties of River Ganga

Microbial diversity and Bacteriophages Chapter
Water and sediment samples of River Ganga were analyzed for presence of bacteriophages. It
was observed that the trend of bacteriophages present in water and sediment, and also trend of
bacteriophages against pathogenic, non-pathogenic and opportunistic pathogenic bacterial isolates were
found same. Bacteriophages in water samples were found to be more in number than sediment samples
from the upper stretch of River Ganga. But in case of the Stretch between Bijnor and Varanasi, lesser
number of bacteriophages was found in water than in sediment. Comparison between the two stretches
of River Yamuna indicated that lesser number of bacteriophages against bacteria in Stretch I, whereas
higher number of bacteriophages was found against bacteria in the sediment samples from Stretch II.
In the Stretch of River Narmada between Amarkantak and Omkareshwar, slightly higher number of
bacteriophages were found against bacterial species from water samples; but in sediment samples, equal
amount of bacteria and bacteriophages were detected. In the Stretch from Omkareshwar to Bharuch,
higher number of bacteriophages were found against bacterial species from both water and sediment
samples.
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5.2
5.2.1

Microbial diversity of River Ganga – metagenomic diversity
Introduction

River GangaDue to anthropogenic activities, about 2460 million liters per day (mLd) of
domestic sewage waste and 4570 mLd of raw sewage (from 223 cities and towns) directly enters into
the River Ganga through its tributaries (CPCB, 2005) whereas water from other sources like agriculture,
health sector, practices of holy-dip and crematory processes along the banks forms the other non-point
sources (Lata, Ram, & Agrawawl). Both these activities not only change the microbial composition but
also its distribution in water ecosystem of the River GangaRiver Ganga that needs to be explored by
culturable as well as un-culturable approach as there are some limitations in culture dependent
approach (Arvindraja & Viszwapriya, 2013). Both these approaches when used in parallel provide
detailed information about the microbial flora of River GangaRiver Ganga. Earlier studies have shown
influence of physico-chemical parameters on the abundance of different microbes in River Ganga
(Basu, 2013). These microbes can be considered as marker for pollutants and thus quality of the water
can be determined on the basis of the presence or absence of the marker organisms (Anchal & Sati,
2011).
Although many organisms have already been known to exist in River GangaRiver Ganga like
Klebesiella, Enterobacter (Alonso, 1998); other pathogenic bacteria like Actinomyces sp., Proteus vulgaris,
Pseudomonas aeruginosa, Salmonella typhi, Salmonella paratyphi, Staphylococcus, Vibrio parahaemolyticus and
Aeromonas hydrophila that are responsible for many infections have also been reported in River Ganga
from Varanasi (Mishra, 2009). But these studies lack complete information about the microbial diversity
of the River Ganga these studies were based on traditional methods of isolating and culturing
microorganism.
However, cultivation based methods have many limitations when analyzing the bacterial
diversity of a particular environmental niche. Major limitations being, aerobes and anaerobes cannot be
cultured together; fastidious organisms will often not grow, because of the absence of essential
nutrients for growth or optimal environmental conditions such as temperature, pH, essential mixtures
of gases (Piterina & Pembroke, 2010). Hence, a combinatorial approach was required to analyze the
bacterial diversity of such a niche, in terms of its taxonomic and biochemical attributes. For this,
culturable approach is to be combined with metagenomics approach in which whole DNA from
sample is to be isolated and sequenced to know about the diversity that is not culturable on plates but
still play an important role in maintaining water ecosystem. Thus, present work mainly focuses to
unravel the distribution of species diversity, in River Ganga by using both culturable and un-culturable
approach and to show how the various anthropogenic activities lead to the change in physiochemical
properties of water like pH, temperature, dissolved oxygen, conductivity, salinity, alkalinity, total
hardness, TDS, polyaromatic hydrocarbons, pesticides and major metals that ultimately affect the
microbial flora of the area. This study will throw light to understand the variation in microbial
communities in a better way so that communities that were not known 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 the River Ganga starting from the state of
Uttar Pradesh, Bijnor, Narora, Kannauj, Kanpur, Allahabad, Allahabad Sangam, Mirzapur and Varanasi
(geographical location and coordinates are mentioned in Error! Reference source not found.. Water
nd sediment samples were collected from the upstream and downstream of the respective sites.
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Sampling was carried out from different locations and collected aseptically in sterilized bottles/flasks
and transported immediately to the laboratory for further microbiological analyses. Water samples were
filtered by using filtration apparatus (Millipore Corp.), assembled with 47-mm membrane filters with an
average pore diameter of 0.22 /0.45μm. Sediment/soil samples were collected in whirl pack bags and
labeled according to location. The GPS location of all the sites were monitored using high sensitivity
handheld GPS receiver i.e. GPS 72H by GARMIN. The samples were stored at 4°C till further use. For
long-term preservation samples were stored in -70°C in 20% (v/v) glycerol.
Table 5-22: Sampling locations microbial diversity study

S. No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

Sampling site
Bijnor
Narora
Kannauj
Kanpur
Allahabad

Upstream/ Downstream
Upstream
Downstream
Upstream
Downstream
Upstream
Downstream
Upstream
Downstream
Upstream
Downstream

Allahabad Sangam
Mirzapur
Upstream
Downstream
Varanasi
Upstream
Downstream

GPS location
NL 29° 22„ 28ʺ/ EL 78° 02„ 29ʺ
NL 29° 17„ 51ʺ/ EL 78° 06„ 06ʺ
NL 28° 41„ 54ʺ/ EL 78° 17„ 32ʺ
NL 28° 09„ 21ʺ/ EL 78° 24„ 37ʺ
NL 29° 55„ 51ʺ/ EL 78° 81„ 13ʺ
NL 29° 55„ 51ʺ/ EL 78° 81„ 13ʺ
NL 29° 55„ 51ʺ/ EL 78° 81„ 13ʺ
NL 29° 55„ 51ʺ/ EL 78° 81„ 13ʺ
NL 26° 24„ 552ʺ/ EL 0.8° 26„ 660ʺ
NL 25° 25„ 453ʺ/ EL 0.8° 52„ 966ʺ
NL 25° 25„ 453ʺ/ EL 0.81° 52„ 966ʺ
NL 25° 10„ 293ʺ/ EL 0.82° 29„ 458ʺ
NL 25° 09„ 473ʺ/ EL 0.82° 33„ 316ʺ
NL 25° 09„ 356ʺ/ EL 0.82° 00„ 292ʺ
NL 25° 16„ 263ʺ/ EL 0.83° 00„ 967ʺ

5.2.2.2 Isolation
All samples were serially diluted up to 10-6 using 0.8% normal saline solution. . Dilutions were
plated in duplicates on different microbiological media like R2A, TSBA-Tryptic soy broth agar; TSBA
dil- Tryptic soy broth agar diluted; AIA- Actinomycete Isolation Agar; SS- Salmonella Shigella agar; XLDXylose-Lysine Deoxycholate Agar; EMB-Eosin methylene blue; MAC- MacConkey Agar. The plated
samples were observed for recording CFU counts. Bacterial colonies appearing on the plates were
picked and sub-cultured for further purification. Maintenance and preservation of the strains were
performed on the selected media at 4°C for short term (strain inoculated 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 novel isolates
Colony and cell morphologies of the isolates were studied according to standard protocols
(Murray, Doetsch, & Robinow, 1994). The Gram staining was performed using HiMedia kit (HiMedia,
India) according to the manufacturer‟s instructions. Different biochemical and physiological tests of the
novel and the reference strains were performed. These tests include growth at different temperatures
(between 10, 12, 15, 20, 25, 30, 35, 37, 42 and 50°C), pH at 5.0, 6.0, 7.0, 8.0. 9.0,10, 11.0 and 12.0 (using
biological buffers) and NaCl concentrations (0, 2, 5, 7, 8, 10, 13, 15 and 20%), catalase activity, citrate
utilization (using Simmons' citrate agar) and urea hydrolysis were performed as described by (Cowan &
Steel, 1965). The casein hydrolysis, gelatine liquefication, tween 80, starch and indole, the methyl red
test, the Voges–Proskauer test and oxidase activity were assessed as described by (Smibert & R., 1994).
Nitrate reduction was tested as described by Lanyi (1987). VITEK®- cards were used in triplicates using
hours old culture incubated as per the instructions of the manufacturer (bioMérieux). Acid production
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from different carbohydrates was tested on minimal medium (ammonium sulphate 0.2 %, potassium
hydrogen phosphate 0.024 %, magnesium sulphate 0.024 %, potassium chloride 0.01 %, yeast extract
0.01 %, bromo cresol purple 0.2% as acid–base indicator). For the analysis of cellular fatty acid , the
novel and other reference strains were grown on TSA medium; Sherlock Microbial Identification
System (MIDI) was used for fatty acid methyl ester analysis as described previously (Sasser, 1990).
Freeze-dried cells were prepared for further chemotaxonomic analyses by growing strains in tryptic soy
broth for 4 days at. Polar lipids and menaquinones were extracted and analyzed by using the methods
described by Minnikin et al. (1984) and Kroppenstedt (1982).
5.2.2.2.2 Molecular systematic analysis: DNA extraction and PCR amplification
Genomic DNA extraction, amplification and sequencing of 16S rRNA genes and phylogenetic
analysis were performed as described previously (Mayilraj et al., 2006). To determine the phylogenetic
relationship of the novel strains, the 16S rRNA sequence were compared with those of type strains of
species of the genera and identification of phylogenetic neighbours and the calculation of pairwise 16S
rRNA gene sequence similarities were achieved using the EzTaxon server (Kim et al., 2012) and aligned
using Mega version 6.0 (Tamura et al., 2013). Neighbour-joining, maximum parsimony and maximum
likelihood algorithms were used for construction of phylogenetic tree. Bootstrap analysis was
performed to assess the confidence limits of the branching. DNA-DNA hybridization was performed
each time with freshly isolated genomic DNA and was repeated three times by the membrane filter
method (Tourova & Antonov, 1988). The G+C content of the genomic DNA was determined
spectrophotometrically (Lambda 35; Perkin Elmer) using the thermal de-naturation method (Mandel &
Marmur, 1968).
5.2.2.2.3 Metagenome sequencing: illumine HI seq paired end technology
Library preparation was performed at Genotypic Technology‟s genomics facility (Bengaluru
India, http://www.genotypic.co.in). 4 ng of Nanodrop quantified DNA was used for amplifying V3V4 region of 1 S rRNA gene region with specific primers which also have a „tag‟ sequence that are
complementary to Illumina sequence adapter and index primers from the Nextera XT Index kit V2.
This round of PCR generates single Amplicon of ~530 bp. The Amplified products were checked on
the Agarose Gel before proceeding for Indexing PCR. In the next round of PCR (indexing PCR)
Illumina sequencing adapters and dual Indexing barcodes were added using limited cycle PCR to give a
final product of ~610 bp. The library was validated for quality by running an aliquot (1:10 Dilution) on
High Sensitivity Bioanalyzer Chip (Agilent technologies, California, US) and quantified using nanodrop
spectrophotometer. PCR products with unique indices from each library were taken in equal nanogram
quantities and subjected to 100-nucleotide paired-end multiplex sequencing using Illumina GAIIx
sequencer at Genotypic Technology Pvt. Ltd (Bangalore, India). All the samples except R-SED were
pooled in a single lane. R-SED amplicons were sequenced in another lane combined with other samples
not related to this work. Image analysis and base calling were done 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 Genomics workbench 8.5 through its
Microbial Genomics Module (https://www.qiagenbioinformatics.com/products/clc-genomicsworkbench/). The single reads were merged into paired ends, trimmed and reads with low coverage
were removed. Sequences with fixed length and high coverage were clustered on a 9 % identity level to
operational taxonomic units and taxonomic ranks for the OTU‟s was assigned through the OTU
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clustering tool using RDP and Greengenes as reference databases (2,3) at a 70% confidence threshold.
Around 599 chimera sequences were identified and removed using the OTU clustering tool of the
Microbial Genomics Module. Alpha diversity measures require a phylogenetic tree of all OTU‟s
(phylogenetic diversity and UniFrac distances), therefore a phylogenetic tree was constructed using a
Maximum likelihood approach based on Multiple sequence alignment (MSA) of the OTU sequences
generated by MUSCLE (7) in the workbench. The OTU‟s were employed for assessment of
abundance-based species richness estimators (Chao 1), the Shannon diversity index. The sequences
were also deposited in MG-RAST pipeline, which performs initial processing of data to trim low-quality
regions from FASTQ reads, followed by de-replication which removes artificial duplicate reads. Further
the rRNA pipeline was used for initial BLAST search against reduced RNA database SILVA (5, 6) at
90% identity to rapidly identify sequences with similarities to ribosomal RNA. Rarefaction curves were
generated in order to estimate the alpha diversity of the all the sampling sites. Beta diversity of the
sampling sites detected the community clustering and was presented through principle coordinate
analysis (PCoA) using the metagenomic annotation server of MG-RAST pipeline (1,15).
5.2.3

Results and Discussion

5.2.3.1 Culturable diversity
Sampling 1: Out of the eight media used, maximum number of colony forming units (cfu/ml)
was observed in R2A, TSBA diluted and AIA media i.e nutrient less media, which was expected to be
observed from the freshwater samples being oligotrophic environment. 400 isolates from all the
sediment and water samples were isolate and were further identified using 16S rRNA gene sequencing.
Upon the identification of these 400 isolates, it was found that they belong to 64 different genera
including Pseudomonas, Alcaligenes, Frigoribacterium, Acinetobacter, Microbacterium, Bacillus,
Stenotrophomonas, Enterobacter, Klebsiella, Streptococcus, Vogesella, Brevundimonas,
Pseudochrobactrum, Nocardiopsis, Brevibacterium, Brevibacillus, Leucobacter, Kytococcus,
Arthrobacter, Aeromonas, Fictibacillus, Plesiomonas, Eschericia, Serratia, Rhodococcus, Micrococcus,
Geodermatophilus,
Agrococcus,
Sphingomonas,
Ochrobactrum,
Kocuria,
Agromyces,
Chryseomicrobium, Staphylococcus, Planococcus, Exiguobacterium, Paenibacillus, Streptomyces,
Lysobacter,
Rheinheimera,
Porphyrobacter,
Limnobacter,
Sphingopyxis,
Dermacoccus,
Pseudoxanthomonas, Micromonospora, Piscinibacter, Hydrogenophaga, Algoriphagus, Rhodobacter,
Deinococcus, Sanguibacter, Shigella, Cloacibacterium, Myroides, Elizabethkingia, Yonghaparkia,
Chryseobacterium, Mycetocola, Arenimonas, Dietzia, Microcealla, Plaanomicrobium and Cellvibrio.
Majority of genus was found to be that of Pseudomonas (16%), Bacillus (14%), Arthrobacter (8%),
Acinetobacter (5%) and Rhodococcus (5%).
At phylum level, sediment samples were mostly dominated by the phylum Proteobacteria and
Firmicutes while water samples showed the dominance of Actinobacteria. Also, it was observed in in the
Stretch between Bijnore and Narora, water samples were predominated by Actinobacteria and sediment
samples by Proteobacteria and Firmicutes. But as we moved towards Mirzapur and Varanasi, it was
observed that a mixed proportion of Proteobacteria, Actinobacteria and Firmicutes both in water and
sediment samples. Presence of phylum Bacteroidetes was only observed in the site Allahabad Sangam.
Among the culturable isolates, 16 strains were found to be potentially novel belonging to the genera
Brevibacterium, Rheinheimera, Pseudomonas, Geodermatophilus, Rhodococcus, Arthrobacter, Acinetobacter,
Hydrogenophaga, Shigella, Deinococcus, and Chryseobacterium.
Sampling 2: (Narora Upstream, middle and downstream) A total of 166 strains were isolated
from all the sediment and water samples which were further identified using 16S rRNA gene
sequencing. Upon the identification of these 166 isolates, we found that they belong to 38 different
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genera including Acinetobacter, Pseudomonas, Rhizobium, Corynebacterium, Vogesella, Deinococcus,
Bacillus, Chryseobacterium, Sphingomonas, Mitsuaria, Brevundimonas, Sphingobium, Acidovorax,
Anuerinibacillus, Comamonas, Streptomyces, Microbacterium, Shewanella, Algoriphagus, Fictibacillus,
Enterobacter, Aeromonas, Zobellella, Klebsiella, Ensifer, Gemmobacter, Ochrobactrum, Rhodococcus,
Arthrobacter, Staphylococcus, Citricoccus, Halobacillus, Lysobacter, Cupriavidus, Enterococcus,
Caulobacter, Agromyces and Escherichia.Among the culturable isolates, 7 strains were found to be
potentially novel belonging to the genera Pseudomonas, Rhizobium, Microbacterium, Arthrobacter and
Bacillus.

5.2.3.2 Culture independent approach
For metagenomic analysis, the sampling locations were divided in three stretches 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 sample. The rarefaction tables are the
basis for calculating diversity metrics, which reflect the diversity within the sample based on the
abundance of various taxonomies within a community. The plot provided shows the rarefaction curve
of annotated species richness in V3-V4 samples. This curve is a plot of the total number of distinct
species annotation as a function of the number of sequences sampled. On the left, a steep slope
indicates that a large fraction of the species diversity remains to be discovered. If the curve becomes
flatter to the right, a reasonable number of samples are considered: more intensive sampling is likely to
yield only few additional species. Sampling curves generally rise very quickly at first and then level off
towards an asymptote as fewer new species are found per unit of individuals collected. As analyzed, the
steepest slope was observed for the Bijnor sample (uppermost stretch) which indicates that maximum
fraction of species diversity remains to be discovered from this site. Whereas the least steep slope was
observed for the Allahabad site. This observation shows that as we move downwards from Bijnor to
Allahabad there‟s less chances of getting more species diversity. This could be attributed to the fact that
Allahabad being more polluted then Bijnor, a particular kind of species may be dominating in the
particular site hence there are less chances of getting diverse species population.
5.2.3.2.2 Beta diversity and principal coordinate analysis plots
Beta diversity represents the explicit comparison of microbial (or other) communities based on
their composition. Beta-diversity metrics thus assess the differences between microbial communities.
The fundamental output of these comparisons is a square matrix where a“distance” or dissimilarity is
calculated between every pair of community samples, reflecting the dissimilarity between those samples.
The data in this distance matrix can be visualized with analyses such as Principal Coordinate Analysis
(PCoA) and hierarchical clustering. As analyzed, we observed community clustering between sediment
samples which formed a separate cluster from the water samples. The difference in the microbial
community structure could be ascribed to differences in edaphic factors which involve mostly physical
and chemical properties of soil. Moreover factors like salinity, nutrients, pH, water clarity, substrates
resource, and phytoplankton could also be correlated to the factors 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 from those routinely detected in marine and
terrestrial ecosystems. Notably, surveys targeting 16S rRNA genes in freshwater lakes and reservoirs
have identified several „„cosmopolitan‟‟ and prevalent freshwater lineages of Betaproteobacteria and
Actinobacteria. Other commonly recovered lineages belong to the Bacteroidetes, Verrucomicrobia,
Alphaproteobacteria and Plactomycetes. Cyanobacteria and Gamma proteobacteria are retrieved frequently in
particular types of lakes (e.g. highly productive or polluted) (Ghai et. al. 2011). As revealed in our study,
we observed dominance of Proteobacteria in sediment samples and that of Cyanobacteria in water samples
which according to the previous reports are an indication of high pollution. It was followed by
Bacteroidetes which was observed to be present more abundantly in the middle stretch i.e. Kanpur and
Allahabad. The phylum Actinobacteria which is supposed to be present most abundantly in freshwaters
was observed to be present in less abundance overall. When compared, Actinobacteria was observed
more in the upper stretch and least in the middle stretch again indicating the increase in pollution in the
middle stretch. Other phylum observed were, Firmicutes, Verrucomicrobiales, Chloroflexii, Planctomycetes,
Chlorobi and Acidobacteria.
5.2.3.2.4 Genus level diversity
Bijnor: The upstream sediment sample had the diversity predominated by Pseudomonas followed by
Hydrogenophaga, Geobacter,
Giesbergeria,
Clostridium, Desulfovibrio and Thermodesulfovibrio. Diversity in
downstream sediment sample differed due to the presence of Candidatus followed by Geothrix,
Edaphobacter and Bacillus. Upstream water sample had the diversity predominated by Demequina followed
by Flavobacterium, Hydrogenophaga, Rhodobacter, Limnohabitans and Giesbergeria. In downstream water sample
the diversity differed due to the presence of Prochlorococcus followed by Rhodobacter, Prochlorothrix,
Hydrogenophaga, Giesbergeria, Cystobacter and Segetibacter
Narora: Upstream sediment sample had the diversity predominated by Nitrospira followed by Geobacter,
Clostridium, Novosphingobium, Paucibacter, Rhodobacter, Hydrogenophaga. Whereas, in the downstream sediment
sample the diversity differed due to the presence of Pedosphaera, Thauera, Candidatus and Bacillus.
Upstream water sample had the diversity predominated by Flavobacterium followed by Calothrix,
Novosphingobium, Prochlorococcus, Rhodobacter, Sphingobacterium and Paucibacter. Whereas, in the downstream
water sample the diversity was almost same except for presence Demequina.
Kannauj: Upstream sediment sample was dominated by Adhaeribacter followed by Bacillus, Clostridium,
Kaistobacter, Mycoplana, Paenisporosarcina and Planctomyces whereas downstream sediment sample differed
due the presence of Janthinobacterium, Agrobacterium, Pseudomonas, Planomicrobium and Aeromicrobium. The
upstream water sample had the diversity predominated by Lewinella followed by Luteolibacter,
Saccharopolyspora, Calothrix, Nannocystis and Rhodobacter. Whereas, in the downstream water sample the
diversity differed due to the presence of Prochlorococcus, Microcystis, Oleomonas, Alkaliphilus, Hydrogenophaga
and Fusibacter.
Kanpur: Both upstream and downstream sediment samples consisted of Paenisporosarcina, Mycoplana,
Clostridium, Kaistobacter, Janthinobacterium with a difference in presence of Bacillus, Adhaeribacter in upstream
and Planomicrobium, Rhodobacter, Pseudomonas in downstream sample. Upstream water sample had the
diversity predominated by Lewinella followed by Prochlorococcus, Saccharopolyspora, Microcystis, Calothrix,
Clostridium and Alkalibacterium. Whereas, in the downstream water sample the community structure was
almost the same with addition of genus Oleomonas and Flavobacterium and absence of Saccharopolyspora.
Allahabad: Upstream sediment sample had the diversity predominated by Longilinea followed by Bellilinea,
Lewinella, Azohydromonas, Methylomonas, Anaerolinea and Clostridium. Whereas in the downstream sediment
sample the diversity differed due to the presence of Treponema, Opitutus, Prevotella, Geobacter, and
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Flavobacterium. Both the upstream and downstream water sample had the diversity predominated by
Flavobacterium followed
by
Prochlorococcus, Lewinella, Rheinheimera, Microcystis, Hydrogenophaga and
Mycobacterium. Whereas in downstream water sample, the community structure was found to be almost
similar with addition of the genus Calothrix and Rhodobacter.
Allahabad Sangam: Sediment sample had the diversity predominated by Nitrospira followed by
Bifidobacterium, Steroidobacter, Candidatus, Lewinella, Rheinheimera and Pedosphaera.Whereas in the water
sample the diversity differs due to the presence of Flavobacterium followed by Rheinheimera, Calothrix,
Lewinella, Demequina, Rickettsia and Prochlorococcus.
Mirzapur: Upstream sediment sample had the diversity predominated by Sulfuricurvum followed by
Longilinea, Geobacter, Anaerolinea, Bellilinea, Clostridium and Sulfurospirillum. Diversity in downstream sediment
sample differed due to the presence of Nitrospira followed by Lewinella, Candidatus, Desulfovibrio,
Azohydromonas, Thermodesulfovibrio and Runella. Both the upstream and downstream water sample had the
diversity predominated by Rheinheimera followed by Flavobacterium, Prochlorococcus, Lewinella, Demequina,
Saccharopolyspora and Microcystis
Varanasi: Upstream sediment sample showed the dominance of Trichococcus followed by
Proteiniclasticum, Clostridium, Planctomyces, Agrobacterium, Flavobacterium, Planomicrobium whereas
downstream sample differed by the presence of Janthinobacterium, and Phenylobacterium, Polaromonas
and Anaerolinea. Upstream water sample had the diversity predominated by Rheinheimera followed by
Flavobacterium, Demequina, Prochlorococcus, Saccharopolyspora, Acidiphilium and Fluviicola. Whereas, in
the downstream water sample the diversity was almost the same with addition of genus Lewinella and
Rhodobacter. As analyzed, at genus level, more diversity was observed in the upstream stretch i.e. Bijnor
and Narora and as we moved towards middle stretch to downstream stretch we observed less diversity.
Also there was a difference in the diversity in water and sediment samples in the upper stretch whereas
no significant difference was observed in the middle and downstream stretch which again could be
attributed to the increase in the level of pollution as we move from upper stretch towards the
downstream stretch. Also, we observed some useful genus like Novosphingobium which is useful in
degrading aromatic compounds such as phenol, aniline, nitrobenzene and phenanthrene; Agrobacterium
which has its importance in genetic engineering; Nitrospira plays role in nitrification; Geobacter, useful
in bioremediation; Janthinobacterium, has anti-bacterial, anti-viral, and anti-fungal properties. During our
study along with useful organisms, we also observed a number of harmful bacteria like Pseudomonas
which act as an opportunistic human pathogen as well as the plant pathogen; Microcystis which produce
harmful neurotoxins and hepatotoxins, such as microcystin and cyanopeptolin; Treponema, Clostridium
and Mycobacterium which act as human pathogens and causes various diseases and Flavobacterium
which is responsible for causing diseases in zooplankton population from the sites of Kanpur, Allahabad
and Varanasi. Presence of the harmful bacteria in the Ganga freshwater indicates the extent to which it
has been polluted as these organisms act as marker organisms for the pollution in the particular site.
5.2.4

Bacteriophage

The earlier section on bacteriophages comprehensively dealt with the isolation of
bacteriophages, and the action of bacteriophages against various bacterial species categorized
under pathogenic, opportunistic pathogenic and non-pathogenic types. In this section, the
classification of bacteriophages in Stretch II of River Ganga, along with the viral diversity has
been presented.
Among all the „life forms‟ viruses are the most abundant and diverse biological components in
water ecosystems (Fuhrman JA 1999). Environments such as oceanic surface waters, coastal, and fresh
waters have been intensively studied for viral ecology Wommack KE, Colwell RR., 2000) as the host
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microbial community in such ecosystem depends on the type of viral community (Bouvier T, del
Giorgio PA., 2007; Faruque SM etal., 2005; Sadaa and Larsen 2006; Suttle 2007; Yau S. et al., 2011) .
Although these viruses have great ecological and evolutionary importance as „„viral shunt‟‟ supply
organic matter to dissolved carbon and nutrient pools (Fuhrman JA 1995; Nagata T., 2000; and Suttle
CA., 2005) and also act as natural genetic vectors for horizontal gene transfer events (Sullivian MB. Et
al 2006 and Weinbauer MG., 2004). Yet current information about marine viruses is restricted to the
euphotic zone of the habitat, which represents a tiny pool of the oceanic biosphere (Carinaldesi C. et
al., 2003). Exploring the diversity of viruses is difficult and different from prokaryotes. In order to
understand the abundance of prokaryotes, sequence diversity among the universally conserved 16S
rDNA gene is to be studied but no such gene is universally shared in case of viruses that had created a
major limitation in their characterization (Wommack et al., 2005). Thus a comprehensive metagenomic
approach is used to study environmental viromes to get an insight into the genetic diversity and
previously unidentified viruses of different ecosystems (Angly F. et al., 2006; Dinsdale E., et al., 2008;
Lopez A., et al., 2009 and Willner DL. Et al 2011). Two different strategies have been used for virome
analysis. One is linker-amplified shotgun library (LASL) method (Breitbart M. et al., 2002) used only for
double-stranded DNA (dsDNA) and the other method, known as multiple displacement amplification
(MDA) with phi29 polymerase (Edward RA and Rohwer F 2005), used for both dsDNA and singlestranded DNA (ssDNA) of the viral genomes. Interest to study phage diversity from different
environments in increasing day by day (Roux S. et al., 2011). In the present study, illumina sequencing
was used to conduct a metavirome analysis of River Ganga sediments with special focus on the
complex phage communities responsible for affecting the microbial diversity 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 uploaded to METAVIR (Roux et al., 2011)
server, which performed comprehensive analysis of viral metagenome.

5.2.4.2 Results
5.2.4.2.1 Characteristics of the sequences
Average length of the sequences used for analysing viral diversity was 500bp. Very few
sequences were found to have sequence length more than 1000bp. Also, the GC% content of the
sequences lies between 35-76%. With maximum hits in the higher range i.e. from 61-73 % as shown in
Error! Reference source not found..

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 contigs
Very few number of phage encoding genes was predicted as most of the members of phage
families remain unclassified. Also the same was confirmed when it was found that among total number
of contigs, affiliated contigs are very less in number as compared to unaffiliated ones .

Fig. 5-19: Number of predicted genes and ratio of affiliated contigs

5.2.4.2.3 Phage community structure: a metagenomic approach
5.2.4.2.3.1 Genome coverage
Based on METAVIR analysis, a total number of 86, 257 genes were predicted from this present
work which includes the pre-dominance of dsDNA viruses, no RNA stage (83, 960), followed by unclassified phages (1149), Retro-transcribing viruses (449), un-classified viruses (358), ssDNA viruses
(259), ssRNA viruses (206), un-classified archaeal viruses (107), un-assigned viruses (32), virus families
not assigned to an order (5), un-classified virophage (3) and dsRNA viruses (2). Among the dsDNA
viruses which was pre-dominated by the order Caudovirales (53, 032) followed by Phycodnaviridae (12,
897), mimiviridae (7, 703), un-classified dsDNA viruses (4, 364), poxviridae (1, 651), un-classified
dsDNAphage (1, 287), herpesviridae (856), baculoviridae (656), ascoviridae (521), iridoviridae (373), unclassified marseilleviridae (184), un-assigned marseilleviridae (118), marseillevirus (108), ligamenvirales
(68), bicaudaviridae (44), nudiviridae (34), tectiviridae (32), asfarviridae (18), adenoviridae (6),
nimaviridae (5), plasmaviridae (2) and polydnaviridae (1). In the order Caudovirales we observed three
families namely Myoviridae comprising 7, 868 phage encoding sequences, Siphoviridae comprising 5, 358
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phage encoding sequences and Podoviridae comprising 2, 248 phage encoding sequences Error!
eference source not found.
Further analysis revealed that Pseudomonas phage (6%) dominated the classified group of
Podoviridae family followed by 0.5-1% of phages against clinical isolates like Acinetobacter, Salmonella,
Chronobacter, Cellulophaga, Bordetella, Clostridium, Shigella, Erwinia and Citrobacter. Among the un-classified
group of Podoviridae family Planktothrix phage PaV-LD (40%) are found to be abundant followed by
Cellulophaga phage phi17:2. (4%) Cellulophaga phage phi14:2 (3%) etc. Significantly phages like Gordonia
phage GTE8, Klebsiella phage K5, Vibrio phage PVA1, Liberibacter phage SC2, Thalassomonas phage BA3
and Pelagibacter phage HTVC010P against infectious bacteria were also present.
In Myoviridae family, members of Spounavirinae (2%) dominated the classified group followed
Pbunalikevirus (0.09%). Under un-classified group, members of the Bacillus phage (28%) were
dominated, whereas other phages like Enterobacteria phage phi92 (2%), Clostridium phage c-st (2%),
Cronobacter phage vB_CsaM_GAP32 (2%), Prochlorococcus phage P-TIM68 (2%), Microcystis phage MaMVDC (2%), Escherichia phage phAPEC8 (1%), Pelagibacter phage HTVC008M (1%) and Synechococcus phage
S-SM2 (1%) forms the minor portion of the family. Phages targeting pathogenic bacteria like
Mycobacterium phage Omega, Burkholderia phage phi6442, Pseudomonas phage PMG1 and Streptococcus
phage SPQS1 were also present in this family.
The Siphoviridae family comprised of very low abundance of classified members that included
Andromedalikevirus (1%), T5likevirus (0.9%), Phicbklikevirus (0.7%), Omegalikevirus (0.6%),
Phietalikevirus (0.4%), 77likevirus (0.3%), Phifllikevirus (0.2%) and Wbetalikevirus (0.1%). In unclassified members Lactococcus phages (6%) were the most dominant followed by Synechococcus phage SSKS1 (3%), Brevibacillus phage Jenst (2%), Bacillus phage vB_BanS-Tsamsa (2%), Microbacterium phage
Min1 (1%) and Paenibacillus phage Tripp (1%). Phages infecting pathogens like Salmonella, Streptococcus,
Bacillus, Mycobacterium, Vibrio, Clostridium and Pseudomonas were also present in the family Siphoviridae
(Figure 32). The major first ten abundance of phage types were given in the figure 34. Detailed
information of the phages in the order Caudovirales is listed in the Microbial Diversity section of the
Annexure to the Report.
5.2.4.2.3.2 Phylogenetic analysis of order Caudovirales
For the construction of phylogenetic tree, viral marker Terminase protein (TerL) was used. The
phylotype composition of viral communities in River Ganga sediment samples revealed that the
sequences obtained in this analysis were more closely related to sequences from Siphoviridae family that
included parasitic bacteria-infectious phage group (Mycobacterium phage, Staphylococcus phage, Listeria
phage and Enterobacter phage) detected in lake pavin and other fresh water viral communities present in
the publically available database. In addition, the phylogenetic analysis also showed that the sequences
identified in this study were moderately related to the known members of the Podoviridae family. In the
phylogenetic tree one separate cluster was found to un-classified having close similarity with
Burkholderia and Myxococcus Phage.
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Fig. 5-20: Phage abundance

5.2.4.3 Discussion
Bacteriophages are profound and diverse in the freshwater environments. Phage metagenomics
was earlier started in marine environments with the initial discovery of phages in aquatic samples, later
on phage communities were explored in freshwater ecosystems because of their significance in acting as
sources of drinking water, recreation, commerce. Reports suggest that till date, 12 metavirome datasets
have been generated for freshwater systems, many of which were achieved using 454 sequencing
(Bruder et al., 2016). Whereas in the present study Illumina Next-seq was used for sequencing pooled
metagenomic DNA obtained from the different sediments of River Ganga. A total of 31, 431, 3308
reads were produced while metagenomic assembly generated 35, 275 contigs longer than 1000bp. Most
reads and contigs could not be taxonomically assigned, indicating that the larger fraction of viral
diversity analyzed had low similarity to counterparts in the databases. Around 2, 253, 65 sequences were
assigned to viral community, In this 96% of the viral community belonged to dsDNA viruses having no
RNA stage, Bacteriophages were represented by the order Caudovirales which shared the 57% of the
total viral community. Further analysis showed the presence of families Siphoviridae, Podoviridae and
Myoviridae.
Among these families Myoviridae shared most of the viral encoding sequences i.e. 28% of the
total viral community, followed by Siphoviridae which shared 19% and finally Podoviridae which shared
8%. Findings revealed variety of different phages that are reported to have specific bactericidal activity
against clinical isolates and pathogens like Mycobacterium, Streptococcus, Pseudomonas, Yersinia, Salmonella,
Staphylococcus, Klebsiella, Vibrio, Shigella, Clostridium, Acinetobacter, Erwinia, Aeromonas, Escherichia, Cronobacter,
Enterobacteria, and Campylobacter etc. Analysis showed the vast and unparallel diversity of bacteriophages
present in the river River Ganga, which was achieved through culture independent metagenomic
approach. However, it is essential to isolate and characterize phages uncovered from new metaviromics
studies that would involve improved culturomics for phage isolation.
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5.2.4.4 Conclusion
In this present work, the viral metagenome has been assembled and analysed in the sediments
of River Ganga, India, in the middle stretch starting from Bijnor, Narora, Kannauj, Kanpur, Allahabad,
Triveni Sangam, Mirzapur and Varanasi. We produced a total of 31, 431, 3308 reads and metagenomic
assembly generated 35, 275 contigs longer than 1000bp by Illumina platform were analyzed. The fresh
water sedimentary metagenome-viromes differed from the earlier viromes collected from other fresh
water sediments, as, the fresh water sediments from the holy river River Ganga not only house novel
viromes, but also including unexplored double stranded DNA viruses. Based on METAVIR analysis, a
total number of 86, 257 genes were predicted, which includes the pre-dominance of dsDNA viruses, no
RNA stage (83, 960). Bacteriophage was represented by the order Caudovirales which shared the 57% of
the total viral community. Further analysis also showed the presence of families Siphoviridae, Podoviridae
and Myoviridae. Among these families Myoviridae shared most of the viral encoding sequences i.e. 28% of
the total viral community, followed by Siphoviridae (19%) and Podoviridae which shared 8%. This study
revealed variety of different phages that are reported to have specific bactericidal activity against clinical
isolates and pathogens like Mycobacterium, Streptococcus, Pseudomonas, Yersinia, Salmonella, Staphylococcus,
Klebsiella, Vibrio, Shigella, Clostridium, Acinetobacter, Erwinia, Aeromonas, Escherichia, Cronobacter,
Enterobacteria, and Campylobacter.
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Chapter 6 Additional field and laboratory based studies
6.1

Introduction

Focused field and laboratory based investigations were carried out to 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 already been discussed 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 evinces the general water quality of any
river. The organic waste entering the river is assimilated by microorganisms which consume oxygen in
the process. Rivers, however, draw oxygen from the atmosphere through diffusion thereby replenishing
the oxygen levels. The monitoring activity indicated that River Ganga has high dissolved oxygen
concentrations along its entire length during both pre- and post-monsoon seasons, with the exception
of few locations (refer Dissolved Oxygen in Chapter 4). Especially, it was seen that dissolved oxygen
concentrations during the pre-monsoon season along the stretch between Kanpur to Patna was above
saturation concentration corresponding to the water temperature. On the other hand, this stretch of
River Ganga receives the majority share of the total organic load entering into the River. The density of
phytoplanktons, which was found after analysing these samples, was correlated with the dissolved
oxygen levels. It was observed that locations with rich phytoplankton population showed
supersaturated levels of dissolved oxygen (Error! Reference source not found.)
With this observation, additional studies were carried out to understand the dynamics of
dissolved oxygen, and the causative factors for high dissolved oxygen. In this regard, a framework was
developed and experiments were planned and undertaken at Kanpur, Allahabad, and Varanasi, to
investigate this aspect of River Ganga.
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Fig. 6-1: Correlation between supersaturated levels of dissolved oxygen and density
of phytoplanktons as observed in the pre-monsoon season

6.2.1

Background

Devendra Swaroop Bhargava is a retired Professor from the University of Roorkee who has worked
exclusively to understand the dissolved oxygen relationships in River Ganga (Bhargava D. , 1987). He
has comprehensively written about the high re-aeration rates which the Ganga exhibits and also about
its superior capacity to assimilate organic matter. His work has focused on the settleable BOD fraction
which drives the quick self-purification of River Ganga. He has worked extensively on modifying the
Streeter-Phelps equation to understand the assimilation of organic matter in the River Ganga where
numerous successive point sources of sewage outflows are present (Bhargava D. , Most rapid BOD
assimilation in Ganga and Yamuna rivers, 1983).
In addition to Dr. Bhargava‟s work on River Ganga, there exists substantial research to
understand the processes which drive dissolved oxygen in a river system. Dr. Steven Chapra, the coauthor of QUAL2K model, has worked extensively on developing numerical models to describe
dissolved oxygen in the River (Chapra & Di Toro, 1991). The other prominent study on this aspect is
by B.A. Cox, who has reviewed the various models developed over the years describing the processes
governing dissolved oxygen concentrations in rivers (Cox, 2003). The study from Correa-Gonazalez et al.
(Correa-Gonzalez, Chavez-Parga, Cortes, & Perez-Munguia, 2013) is an example of similar
investigation on dissolved oxygen. This study was carried out in Rio Chiquito, a shallow stream in
Mexico. Various relationships between photosynthesis and reaeration of streams were used in this
study, along with a high frequency measurement of dissolved oxygen at 20 minute 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 dissolved oxygen, 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 flows through major urban centres – Kanpur,
Allahabad, and Varanasi. This variation was investigated along the depth of the River and through
time.
4) Impact of phytoplanktons on dissolved oxygen concentrations in River Ganga, especially whether
phytoplanktons are significantly contributing through photosynthesis.
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The dissolved oxygen at any given infinitesimally small section of the river is a function of
sources and sinks of oxygen, neglecting dispersion, and assuming steady state conditions in one
dimension, and transport of constituents through advection. Error! Reference source not found.
hows the sources and sinks of dissolved oxygen in a river.

Fig. 6-2: Schematic representation of sources and sinks of D.O. in a river section

Experiments were designed to elaborate on the four focal points mentioned earlier.
Therefore, the following conceptual framework and experimental design were adopted:
1) Organic load entering into the River is the major reason for the decline in dissolved oxygen.
Organic matter is biologically assimilated by microorganisms which use dissolved oxygen in the
process. The reason for high levels of dissolved oxygen even though there is significant organic
load entering into the River implies other processes which are significantly influencing D.O.
concentrations in River Ganga.
2) Measuring D.O. at short intervals brings forward short temporal variation in D.O., thereby giving
insight about the processes influencing the same. Therefore, an experiment was designed to
measure D.O. at hourly intervals in a location, for about 60 hours over three days.
3) BOD in a river can be classified into settleable BOD and non-settleable BOD. Organic matter
tends to flocculate and settle down on the bed of the river, whereas the remaining fraction is
carried along with the stream. However, this settled fraction significantly affects the oxygen
demand of the sediment on the water column immediately in contact with the bed, in the lower
stratum of the river. This is more evident in the stretches of the river where effective mixing and
turbulence is absent along the depth of the river, such as is the case of the stretch between Kanpur
and Varanasi. Dissolved oxygen was measured through the depth of the 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 where concentration of a gas, dissolved
oxygen in this case, in the water exceeds the saturation concentration of oxygen for the given
temperature and pressure. River Ganga is known to have a rich population of planktons, as reported in
peer reviewed literature. Phytoplanktons produce oxygen using sunlight, in addition to reaeration from
atmosphere. To investigate this contribution in particular, a “Light and Dark Bottle” experiment was
carried out to highlight the contribution of photosynthesis by phytoplanktons 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 were carried out with a sampling scheme and
methodology which would ensure that the theoretical objectives of carrying out the dedicated
experiments are fulfilled. The methodology for the three sets of experiments 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 were carried out

6.2.3.1 Components 1 and 2: High frequency measurements to understand about term
and diuranal variation in DO
1) A site was chosen about 15 km upstream of Kanpur city, near the town of Bithoor (Latitude:
26°36'26.64"N; Longitude: 80°16'43.42"E), to carry out the high frequency diurnal measurements
of dissolved oxygen. The rationale behind choosing the location was to ensure that there are no
significant point sources of organic loading which would then dominate the variation in D.O. A
makeshift pontoon bridge spanned across the River which provided access to collect samples from
the middle of the River. Dissolved oxygen measurements were taken from a set of three samples at
each instance – sample from 2/10th of the depth, 8/10th of the depth and a cumulative
representative samples. The depth of the River in the middle at this location was about 4 m and
therefore, samples were collected at 1.5 m and 3 m depths, and a composite sample. Samples were
collected using a van Dorn type depth sampler. Dissolved oxygen and water temperature was
measured in these samples at hourly intervals, and measurements were taken for 58 consecutive
6-4
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hours spanning over 3 days and 2 nights. These measurements were made from a D.O. probe
which was calibrated after every 50 measurements and also at 09:00 hrs each day. At regular
intervals, D.O. was measured by titration using Winkler‟s reagents to cross-check the results from
the probe.
2) A representative sample at the same location was taken thrice, once each day, to measure the BOD.
Initial DO was measured and the samples were transferred to BOD bottles and placed in BOD
incubator.
The channel profile along the cross-section at the point was mapped by measuring the depth of
the bed at 6 m interval. The velocity of the River at its middle was observed to about 0.2 m/s.

Fig 6.2: D.O. was
analysed at regular
intervals to crosscheck results
obtained by D.O.
probe

6.2.3.2 Component 3: Variation in DO aling depth and through time in the cities
1) Kanpur, Allahabad and Varanasi are the major urban centres which have significant anthropogenic
impact on the water quality of River Ganga. Experiments were carried out in these three cities to
arrive at the variation in D.O. along the depth of the River, and also through the day. Based on the
total depth of the channel, samples were collected at multiple depths, in addition to composite
samples, and D.O. was measured in all the samples at all the locations for four instances in a day.
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2) Three locations were chosen in each city to carry out this component of the study, and these
locations roughly corresponded to the upstream boundary, the middle, and the downstream
boundary of the city as the River flows. The coordinates of the locations in each of the cities are
given below:.
Table 6-1: Coordinate of locations where D.O. was measrued in Kanpur, Allahabad and Varanasi

Sl. No.

City

Location

Latitude

Longitude

1.
2.
3.
4.
5.
6.
7.
8.
9.

Kanpur

Kanpur barrage
Shuklaganj
Jajmau area
Rasulabad STP
Phaphamau
Shivkuti
AH1/NH19 bridge
Ramnagar pontoon bridge
Rajghat bridge

26°30'26.53"N
26°28'13.34"N
26°26'12.76"N
25°30'2.78"N
25°30'29.83"N
25°30'9.56"N
25°15'19.67"N
25°16'18.46"N
25°19'26.12"N

80°19'3.32"E
80°22'26.52"E
80°24'39.07"E
81°51'5.85"E
81°52'0.09"E
81°53'16.90"E
83° 1'32.43"E
83° 1'6.00"E
83° 2'3.27"E

Allahabad

Varanasi

Approx. depth
of channel (m)
4
3
4
1
1
1
5
7.5
15

3) In each of these locations, dissolved oxygen and temperature were measured at four instances, at
roughly four hour intervals, from 09:00 hrs to 21:00 hrs. Three samples were collected at each
instance corresponding to 2/10th and 8/10th of the depth at that point11, and a representative
sample. One sample for BOD analysis was also collected from each location, along with samples
for zooplankton and phytoplankton analysis. Standard 3 day BOD test 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

11

The River was shallow in Allahabad, and samples were collected from a point corresponding to ½ the depth of the
River. The point downstream of Varanasi city was about 15 m deep and 5 samples 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) The „light and dark bottle‟ experiment was carried out at the same location as Component 1 –
across the pontoon bridge 15 km upstream of Kanpur (same location as for components 1 and 2).
The details of this experiment are as follows:
2) Two pairs of bottles – one transparent and the other opaque, were tied to a rope in a manner
where a pair of opaque and transparent bottle would be immersed at 1.5 m below the surface of the
River, and the other pair of opaque and transparent bottle at 3 m below the surface.
The pair of bottles on top was filled with the water from 1.5 m depth at that location, and the
pair at the bottom was filled with water from 3 m below the surface, using the depth sampler.
3) Initial readings of dissolved oxygen and temperature in all the bottles were recorded, and the
bottles were properly stoppered and were immersed at the respective depths below the surface of
the River.
4) Three measurements of dissolved oxygen and temperature from all the bottles were taken on the
first day roughly corresponding to the sunrise, noon, and sunset on that day. In a similar manner, 6
readings were recorded on the second day of the experiment, with additional readings between
11:00 hrs and 16:00 hrs.

Fig 6.4:
D.O. being
measured
in „Light
and Dark‟
bottles

Two sets of samples were collected for zooplankton and phytoplankton analysis from this
location, once on each day, and preserved suitably to be tested in laboratory.
6.2.4

Results and discussion

6.2.4.1 Component – 1 and 2: High frequency measurements to understand short term
and diuranal variation in DO.
Error! Reference source not found. shows the results from the high frequency measurements
f D.O. from River Ganga, at Bithoor town. The saturation concentration of D.O. for the
6-7
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corresponding observed water temperature has been plotted (dotted red line), along with observed
concentration of D.O. in depth-wise composite sample. The results from this experiment indicated a
characteristic diurnal variation in dissolved oxygen which correlates with solar intensity. There is a
sinusoidal type of variation during day and night. D.O. concentrations rose above saturation levels at
about noon, and receded to below saturation levels in the evening. It was seen that the fall in D.O. in
the absence of light is more significant than supersaturation during the day. The maximum D.O.
observed was about 9 mg/l corresponding to 16:00 hrs whereas the minimum D.O. observed was 4.3
mg/l corresponding to 07:00 hrs. There is a phase shift in the rise and fall of D.O. in correlation with

1

2

3

Day and Time (in hrs)
Sum of Dissolved Oxygen (mg/L)

Sum of Saturation DO

Fig. 6-3: Observed and saturation concentration of dissoved oxygen exhibiting a diuranal variation

light intensity.

6.2.4.2 Component – 3: Variation in DO aling depth and through time in the cities
The results from this set of experiments have been represented in Error! Reference source
ot found. through Error! Reference source not found.Error! Reference source not found.. The
D.O. concentration has been expressed with a colour map, ranging from 11mg/l on the green end to 0
mg/l on the red. The depths at which samples were collected at the respective locations have been
indicated by the bar graphs. Four such graphs have been plotted for each instance of sampling
corresponding to morning (09:00 hrs), afternoon (13:00 hrs), evening (17:00 hrs) and night (21:00 hrs),
in that specific order.
There were two significant types of variation observed after carrying out this study. Firstly,
there was decline in D.O. along the depth of the River. Secondly, similar variation was observed
through time, as observed in the diurnal measurements of dissolved oxygen, where D.O. increased
during midday and declined during night. It was also observed that D.O. declined sharply at depths
greater than 4 m. The D.O. in the deeper water column was found to be almost anoxic near Rajghat
Bridge, where the channel depth was about 15 m. Anomalies were observed in the trend of D.O.
through the day, as in some instances, D.O. during the night was same or higher than D.O. levels
6-8
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Fig. 6-4: Depth – wise variation of D.O. at morning, afternoon evening and night (Cloakwise)

during the day. This could be attributed to other factors which significantly impact D.O. concentration
in the River such as wind, pressure, and organic load.

6.2.4.3 Component – 4: Controbution of phytoplanktons towards DO
The results of the experiment have been presented in Error! Reference source not found. and
REF _Ref470713826 \h \* MERGEFORMAT Error! Reference source not found.. D.O.
concentration has been indicated along the y-axis, whereas the time of measurement has been indicated
along the x-axis. Error! Reference source not found. represents the set of measurements from the
6-9

Fig. 6-5: Results from 'Light and Dark Bottle'experiments at 1.5m (top graph) and 3m (Botton graph) depth

pair of transparent and opaque bottles at 1.5 m, whereas Error! Reference source not found.
represents the measurements from the bottles immersed at 3m depth (The markers have been
symbolically represented for „light‟ and „dark‟ bottles). The transparent bottle near the surface of the
River showed a similar trend during the day as seen in the case of diurnal variation. However, the
opaque bottle near the surface showed no increase in dissolved oxygen through the day. Both the „light‟
and the „dark‟ bottles at 3 m depth, where sunlight could not penetrate, showed no increase in dissolved
oxygen; in turn showed a decreasing trend. This proved that photosynthesis is a key factor in the
dynamics of dissolved oxygen in River Ganga, and the magnitude of contribution towards D.O. by
photosynthesis from phytoplanktons.
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Fig. 6-6: Phytoplankton desnity, composition and palmer's pollution index observed during the dissolved oxygen

6.2.4.4 Correlation with phytoplanktons
As it can be seen from the results of the studies on dissolved oxygen, planktons play a key role
in the dissolved oxygen dynamics of River Ganga. Therefore, in order to understand dissolved oxygen
as a characteristics property of River Ganga, it is essential to understand the composition of
phytoplanktons and zooplanktons in the River.
Samples were collected for analysis of planktons from the locations where dissolved oxygen
studies were carried out. In addition, planktons have been monitored during pre-monsoon and postmonsoon seasons along this stretch between Kanpur and Patna. There are two important aspects in
which the correlation between planktons and dissolved oxygen is important keeping in mind the
objectives of the project.
Firstly, the density of phytoplanktons was found to contribute significantly towards DO in the
River with the availability of sunlight. However, the process is reversed during night, and the River is
stressed because of respiration by the same community of phytoplanktons. In addition, the
contribution of DO during the day is not equivalent quantitatively to the drop in DO during the night.
Secondly, nutrients such as phosphate and nitrate serve as food for phytoplanktons. On the
other hand, untreated and partially treated sewage, along with runoff from agricultural fields are the
main sources of these nutrients. In other words, excess nutrients develop eutrophic conditions in the
river, which indicates that the river is „unhealthy‟. Therefore, it is necessary to evaluate the composition
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Fig. 6-7: Phytoplankton composition and Palmer‟s Pollution Index from Kannauj to Patna, as observed during premonsoon analysis

of phytoplanktons to get an insight on whether the types of phytoplanktons existing indicate polluted
conditions in River Ganga.

The Error! Reference source not found. presents the phytoplankton density, composition,
nd the corresponding Palmer‟s Pollution Index at the locations where the dissolved oxygen studies
were carried out. There is a large population of phytoplanktons at all the locations where the studies
were carried out. The density of phytoplanktons ranged from about 2000 to 10000 planktons per ml,
with the exception of the density in the transparent bottle at 1.5 m as part of the „Light and Dark bottle‟
experiment, where the density was about 26000 per ml. The composition of phytoplanktons was
dominated by cyanophyceae, more commonly known as blue-green bacteria. However, when we
consider the Palmer‟s Pollution Index (PPI), most of the samples have a PPI above 15, which indicates
the possibility of organic pollution.
As it can be seen in the above figure, the analysis of phytoplanktons as part of the water quality
monitoring during the pre-monsoon season also indicated that the Palmer‟s Pollution Index in the
stretch between Kanpur and Varanasi, where D.O. exceeded saturation concentration, was found to be
above 15.
6.2.5

Interferences and limitations

A comprehensive approach to understanding all the processes governing D.O. concentration at
any location would be to carry out a dissolved oxygen balance. A D.O. balance would help in arriving at
rates for each of the processes describing the sources and sinks of dissolved oxygen. However, this is a
data intensive approach, and analytical solutions would be difficult to obtain given the complexity of
the model. Therefore, separate methods have been adopted in this study to answer important questions
about dissolved oxygen, and this approach has its limitations considering the comprehensiveness of
alternate methods. The spatial extent covered by this stretch is limited to the section of the River from
Kanpur to Varanasi, and the variation in D.O. may be entirely different in other sections of River
Ganga.
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The studies clearly indicated that D.O. in River Ganga varies considerably in the short term,
where the range of variation is almost about 5 mg/l. The results from the diurnal measurements also
clearly indicated that processes other than organic loading impacted the D.O. of River Ganga in this
stretch. There is a strong correlation and direct proportionality between sunlight and D.O. during the
day, but the D.O. lags in time with respect to change in sunlight. The „Light and Dark bottle‟
experiment strengthened the findings from the diurnal measurements, as the magnitude of contribution
from photosynthesis by phytoplanktons was observed. This followed the similar trend as observed in
diurnal measurements, thereby indicating that the diurnal variation is mainly because of photosynthesis
by phytoplanktons. In addition, it was found that D.O. declines along the depth of the channel. The
movement of the phytoplanktons to the upper sections of the River during the day may temporarily
cause stratification, as the velocity of the River in this stretch is also low. The other factor might be the
settling of organic matter, which thereby exerts an oxygen demand in the deeper sections of the River,
and causes oxygen depletion in these deeper sections. However, the rate of diffusion of D.O. across the
vertical cross-section of the River depends on a variety of factors, including turbulence and velocity,
and therefore, it is difficult to quantify the rate at which D.O. declines along the depth.
Presence of lower level of phytoplanktons particularly Chlorophycean (green alga) improve the
D.O. of Ganga and lack of sunlight may cause death of phytoplanktons that will lead to deterioration of
water quality. However, Cyanophycean members viz. Microsystis sp. and Oscillatoria sp. deteriorate the
water quality due to secretion of cyanotoxin. Cyanobacterial toxins can bioaccumulate in vertebrates
and invertebrates found in river Ganga such as fish, Ganges dolphins, mussels, and zooplankton and
finally may cause human toxicity.
On the other hand, it was observed that the phytoplankton composition, during the water
quality monitoring activity and during these experiments, indicate the dominance of pollution indicating
species such as Oscillatoria, Scenedesmus, Nitzchia, Navicula and Chlorella. The Palmer‟s Pollution
Index at most of the locations remained above 15, which is an indication of probable organic pollution.
D.O. and B.O.D have been conventionally used to classify a surface water body for its
designated use, and to evaluate the general water quality of the River. However, the results from this
experiment stress the need to consider other aspects of the River to understand its water quality. The
time of day when D.O is measured in the River is also important, and minimum D.O during the night
should be considered as critical D.O for the river system. The evaluation of D.O and B.O.D to arrive at
the water quality of complex river systems such as River Ganga might be insufficient, and requires a
detailed analysis of short term variation in dissolved oxygen, and the evaluation of aquatic biota.
In summary, presence of phytoplankton contributed in high DO in the stretch of River Ganga
receiving maximum pollution load and in turn this rise in DO was also responsible for stabilizing
organic waste.

6-13

6.3

Sediment Charecterization

Indo-gangetic plain is a densely populated region and one of the largest groundwater
repositories on earth. The Ganges River also called as Ganga is the hallowed river of India. Ganga
located in a northern India originated from the Gangotri glacier, and flows towards the border of
Bangladesh. It is highly hypothesized that Ganga River has medicinal/ curing properties. In order to
find the basis of this hypothesis, credible scientific evidences are required. Broadly, such properties
could be due to the microbiological (e.g. bacteriophages) and other physicochemical parameters like
high re-aeration rate, presence of phytochemicals from higher altitude flora as well as sediments.
X-ray diffraction analysis was carried using a bench top X-ray diffractometer (Model: Rigaku
Miniflex, Japan) operated with Ni-filtered Cu K radiation 30 kV and 15 mA. The samples were
scanned at 2θ range from 10° to 90° using a step size of 0.02° sec-1. The sediment samples were dried
in a laboratory oven for 8 hour for removing moisture for FT-IR analysis. KBr was used as a standard
media for dispersion of sample. Sediment sample and KBr were mixed at 1:20 ratio. FTIR spectra were
recorded in a wavelength range of400 and 4000 cm-1 using a FTIR spectrometer (Bruker, Model
Vertex-70, Germany) to identify the presence of functional groups that may be present in the sediment
samples. The genesis for the presence of organic functional groups could be mostly from the plants
debris and flora around and in the catchment area of the river, considering the fact that this part of
Himalayan ecology is full of plants of medicinal values. The inorganic groups could be both from the
sediment composition which will depend on the geochemistry of river bed and surrounding areas as
well as those from the adsorbed species on sediment particles.
A representative sediment (20mg) was carefully digested in an aqueous solution of ultra-high
purity acids containing concentrated HNO3 (5 ml), HF (1 ml), HCl (2 ml), HClO4 (1 ml) and H2O2 (0.5
ml) in a cleaned Teflon digestion vessel. HCl, HNO3 and HF are essentially added to the solutions in
order to stabilize Ag, Ba, Sb and high concentration of Al and Fe. H2O2 is added to oxidize organic
moieties, if any, in the sediment. The vessel is sealed and heated from room temperature to 180°C in a
microwave system for 30 minutes for hydrothermal treatment. After proper digestion of sediments, the
vessel is cooled down to room temperature. The digested sediments were transferred quantitatively to a
volumetric flask and the volume was made up to 100 ml by using deionised water. The aqueous
solutions of digested sediments were f
ICP-MS analysis.
6.3.1

6.3.1.1

Phase composition of sediment samples:

XRD analysis of sediments

Error! Reference source not found. shows the pXRD profile of sediment collected at
angotri, which showed the characteristic diffraction peaks of Quartz (hexagonal-type structure, P3121,
a = b = 0.48016nm, c = 0.53177nm) (PDF No.:01-083-2473); potassium feldspar (Anorthic-type
structure, C-1, a = 0.85670nm, b = 1.298 nm, c = 0.72 nm) (PDF No.:01-076-0826); feldspar
(monoclinic-type structure, C2/m, a = 0.85160nm, b = 1.3023 nm, c = 0.7206 nm) (PDF No.:01-0831324); Microcline (monoclinic-type structure C-1, a = 0.8434 nm, b = 1.3015 nm, c = 0.71717nm)
(PDF No.:01-083-1253); Lead silicate (monoclinic-type structure, P21/c, a =1.19800nm, b = 1.0342
nm, c = 1.0114 nm) (PDF No.:00-032-0537); Albite (anorthic-type structure, C-1, a = 0.8138 nm, b =
1.2789nm, c = 0.7156 nm) (PDF No.: 01-076-1819); Muscovite (hexagonal-type structure, P3121, a = b
= 0.5203 nm, c = 2.9988 nm) (PDF No.: 00-007-0042), etc.
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Error! Reference source not found. shows the pXRD profile of sediment collected at Harsil,
hich showed the characteristic diffraction peaks of Quartz (hexagonal-type structure, P3221, a = b =
0.49133nm, c = 0.54053nm) (PDF No.: 00-033-1161); Muscovite (hexagonal-type structure, P3121, a
= b = 0.5203 nm, c = 2.9988 nm) (PDF No.: 00-007-0042); Albite low (anorthic-type structure, C-1, a
= 0.8138 nm, b = 1.2789nm, c = 0.7156 nm) (PDF No.: 01-076-1819); Birnessite (monoclinic-type
structure, C2/m, a = 0.5149 nm, b = 0.2843 nm, c = 0.7176 nm) (PDF No.:01-080-1098); Microcline
(anorthic type structure, C-1, a = 0.8581 nm, b= 1.2961 nm, c = 0.7223 nm) (PDF No.: 00-001-0705),
etc.
Error! Reference source not found. shows the pXRD profile of sediment collected at
angnani (Latitude-30˚54‟1.2‟‟, Longitude-78˚40‟14.2‟‟), which showed the characteristic diffraction peaks of
Quartz (hexagonal-type structure, P3221, a = b = 0.49133nm, c = 0.54053nm) (PDF No.: 00-0331161); Albite (anorthic-type structure, C-1, a = 0.8165 nm, b = 1.2872 nm, c = 0.7111 nm) (PDF
No.:00-010-0393); Microcline (anorthic-type structure, C-1, a = 0.8581 nm, b= 1.2961 nm, c =
0.72230nm) (PDF No.: 00-019-0926), Muscovite (monoclinic-type structure, C2/c, a = 0.51998nm, b
= 0.90266nm, c = 2.01058nm) (PDF No.:01-072-1503) Zeolite (cubic-type structure, Fd3m, a = b = c=
2.509 nm) (PDF No.:01-074-2199); Birnessite (monoclinic-type structure, C2/m, a = 0.5149 nm, b =
0.2843 nm, c = 0.7176 nm) (PDF No.:01-080-1098), etc
Error! Reference source not found. shows the pXRD profile of sediment collected at
hatwadi (Latitude – 30˚48‟28.4”, Longitude-78˚37‟15.4”), which showed the characteristic diffraction peaks
of Quartz (hexagonal-type structure, P3221, a = b = 0.49133nm, c = 0.54053nm) (PDF No.:00-0331161); Albite ordered (anorthic-type structure, C-1, a = 0.8144 nm, b = 1.2787 nm, c = 0.716 nm)
(PDF No.:00-009-0466); Muscovite (hexagonal-type structure, P3121, a = b = 0.5203 nm, c = 2.9989
nm) (PDF No.:00-007-0042); Mg-Vermiculite (monoclinic-type structure, Cc, a = 0.533 nm, b = 0.918
nm, c = 2.89 nm) (PDF No.:01-077-0022), etc.
Error! Reference source not found. shows the pXRD profile of sediment collected at Tehri
eservoir, which showed the characteristic diffraction peaks of Quartz (hexagonal-type structure, P3221,
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a = b = 0.4912 nm, c = 0.5402 nm) (PDF No.:01-078-1253); Albite ordered (anorthic-type structure,
C-1, a= 0.8144 nm, b = 1.2787 nm, c = 0.716 nm) (PDF No.:00-009-0466), Muscovite (hexagonal-type
structure, a = 0.516 nm, b = 0.899 nm, c = 2.006 nm) (PDF No.:00-046-1311); Manganese Silicon
Fluoride Deuterate (hexagonal-type structure, P-3, a = b = 0.9678 nm, c= 0.982 nm) (PDF No.:01081-1307); Clinochlore (monoclinic-type structure, C2/m, a = 0.535 nm, b = 0.9267 nm, c = 1.427 nm)
(PDF No.:01-079-1270), etc.
Error! Reference source not found. shows the pXRD profile of a sediment collected at Har
i Paudi, which showed the characteristic diffraction peaks of Quartz (hexagonal-type structure, P3121,
a = b = 0.48691nm, c = 0.53703nm) (PDF No.: 01-083-2467); Quartz (hexagonal-type structure, a = b
= 0.4903 nm, c = 0.5393 nm) (PDF No.00-002-0471); Quartz (hexagonal-type structure, P3121, a = b
= 0.4625 nm, c = 0.5216 nm) (PDF No.:01-079-1913), Muscovite (monoclinic-type structure, C, a =
0.52099nm, b = 0.90729nm, c = 2.00639nm) (PDF No.:00-046-1409), Bobierrite (monoclinic-type
structure, P21/m, a = 1.008 nm, b = 2.786 nm, c = 0.4656 nm) (PDF No.:00-033-0877) and
Ferrobustamite (anorthic-type structure, P-1, a = 0.7691 nm, b = 0.7112 nm, c = 1.3765 nm) (PDF
No.:01-071-0757). Several types of quartz structures with different lattice parameters were observed at
Hari Ki Poudi.
Error! Reference source not found. shows the pXRD profile of a sediment collected at
ownstream of Haridwar which showed the characteristic peaks of Quartz (hexagonal-type structure,
P3121, a = b = 0.4903 nm, c = 0.5393 nm) (PDF No.: 00-003-0444); Muscovite (monoclinic-type
structure, C2/c, a = 0.51998nm, b = 0.90266nm, c = 2.01058nm) (PDF No.:01-072-1246); Albite high
(anorthic-type structure, C-1, a =0.8149 nm, b = 1.288 nm, c = 0.7106 nm) (PDF No.:01-072-1246);
Ferrobustamite (anorthic-type structure, P-1, a = 0.7691 nm, b = 0.7112 nm, c = 1.3765 nm) (PDF
No.:01-071-0757); Bobierrite (monoclinic-type structure, P21/m, a = 1.008 nm, b = 2.786 nm, c =
0.4656 nm) (PDF No.:00-033-0877), etc.
Error! Reference source not found. shows comparison of pXRD profiles of the sediments
ollected at various locations of Ganga River. Although the sediments were collected at the basins of
Ganga River, their pXRD profiles are significantly different both in terms of peak position and
intensity due to likely difference in nature of sediments. As can be seen in more detail in Error!
eference source not found., the sediment collected at Gangotri showed the characteristic diffraction
peaks for Quartz, Microcline, Lead silicate, etc. However, the characteristic diffraction peaks of the
sediments collected at other sampling locations were shifted to lower diffraction angles compared to
Gangotri, which are assigned to Quartz, Microcline, Muscovite, Albite (low-ordered structure), Mgvermiculite, Clinochlore, Ferrobustamite, etc. It should be noted that the diffraction peaks for Quartz
of the sediment that was collected at Gangotri were shifted towards lower diffraction angle compared
to the other sediments due to likely phase transformation of quartz or existence of other types of
quartz, changes in their lattice, different types of ordered structure due to their difference in motion
along with flow water or aging, interaction between the phases that are present in the sediments, etc.
Lead-silicate was observed at Gangotri, however, it was not observed in the remaining sediments due to
either its lower concentration or not present in the sediments due to the difference in geochemistry of
river bed. The existence of Muscovite was observed for all the sediments except the sediment collected
at Gangotri. Zeolite was observed in the case of the sediments collected at Gangnani. The presence of
Mg-Vermiculite phase in the sediment was observed solely at Bhatwadi. Clinochlore was observed in
the sediment that was collected at Tehri, which was not observed in other sampling locations. The
sediments of Hari ki Poudi and downstream of Haridwar showed the presence of Ferrobustamite,
phase which was not observed upstream of Tehri. These results suggest that the nature of sediments is
significantly different compared to other sediments collected at selected locations.
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The sediments samples were also collected at Gangotri where the sediment was not in direct
contact with flowing water, so as to study the difference in characteristics of such sample. Error!
eference source not found. shows the pXRD profile of sediments collected at Gangotri which
showed the characteristic peaks of Quartz (hexagonal-type structure, P3121, a = b= 0.49192nm, c =
0.5405 nm) (PDF No.:01-078-1252); Albite disordered (anorthic-type structure, C-1, a = 0.8165nm, b
= 1.2872 nm, c = 0.7111 nm) (PDF No.:00-010-0393); Zeolite (cubic-type structure, Fd3m, a = b = c =
2.509 nm) (PDF No.:01-074-2199); Muscovite (monoclinic-type structure, C2/c, a = 0.51998nm, b =
0.90266nm, c = 2.01058nm) (PDF No.:01-072-1503), Microcline (anorthic-type structure, C-1, a =
0.8581 nm, b = 1.2961 nm, c = 0.7223 nm) (PDF No.: 00-019-0926) and Birnessite (monoclinic-type
structure, C2/m, a = 0.5149 nm, b = 0.2843 nm, c = 0.7176 nm) (PDF No.:01-080-1098).
Error! Reference source not found. shows the pXRD profiles of sediments collected at
angotri where the sediments are in direct contact of flow- and stagnant- water. Although the sampling
locations are not different, the nature of sediments is significantly different as can be seen in the insets
of Error! Reference source not found.. The sediment where it interacts with flowing water showed
he characteristic diffraction peaks of Quartz, Microcline, Lead silicate, etc. Whereas, the diffraction
peaks of Quartz, Microcline, etc. are shifted to lower diffraction angles in the case sediments collected
at stagnant locations due to likely the formation of ordered structure or interaction/influence of other
phases that are present with the sediments. The presence of Muscovite phase was observed in the case
of sediments collected at stagnant location, however, which was not observed in the sediments that are
interacted with flow water.
Some of the minor peaks were not identified in most of the XRD profiles and therefore indepth analysis including X-ray fluorescence spectroscopy will be required to identify such minor peaks.
Treatments of sediments (e.g., pipetting method, ball milling, etc.) are essentially needed further to
separate their components to analyse them quantitatively. The present study has established crystalline
phase compositions of the sediment samples collected from different locations of river Ganga, and the
trend shows significant change in their composition. Further detailed investigations will be warranted to
systematically study the genesis of different minerals in the sediment and their possible impacts on
quality of river water.

6.3.1.2 Infrared absorption investigations on presence of organic functional groups and
compounds on sediment samples
As already explained, the Ganga river sediment samples were studied for their possible role in
imparting antimicrobial and /or medicinal properties. Organic components were explored for their
possible presence on sediments. Infrared spectroscopy was used to identify the presence of any organic
functional groups in sediment samples with an objective to correlate their origin with the presence of
phytochemical(s) mainly from the flora present in the catchment area of river Ganga.
Error! Reference source not found. shows the FT-IR spectral profiles of sediments collected
rom Gangotri to downstream of Haridwar, which showed the characteristic absorption peaks/bands,
both in the functional-group (4000 – 1500 cm-1) and finger print (< 1500 cm-1) regions. The sediment
collected at Gangotri showed the characteristic absorption peaks of (O-H) stretching frequency at
3600 cm-1. Symmetric and asymmetric stretching frequencies for (N-H) were also observed at 3525
and 3440 cm-1, respectively due to the presence of –CONH- group. Two types of (C=O) stretching
frequencies were observed at 1795 cm-1 and 1680 cm-1. The absorption band at 1795 cm-1 is likely due
to the presence of electronegative group associated with -C=O group. The other (C=O) absorption
band at 1680 cm-1 is most likely due to the presence of -CONH functional group. (C-O) stretching
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frequencies were observed at 1285 and 1050 cm-1 are due to the presence of -OH group associated with
CH2 and/or CH3 groups. The presence of –OH group was observed in all sediment samples, however,
the (O-H) stretching absorption was relatively broader and also shifted to higher and/or lower
frequency. This observation is likely due to the presence of other functional groups, which may
influence the (O-H) stretching frequency and/or the interaction of –OH based moieties with the
sediments. Detailed FT-IR analysis with other complimentary spectroscopy techniques are required to
derive this information. The presence of -CONH group was not seen clearly in the sediments collected
at Tehri and Hari ki Poudi locations. The absorption bands for (N-H) stretching frequency were very
weak in the sediments collected at Harsil, Gangnani, Bhatwadi and downstream of Haridwar. These
results suggest that all sediments contain at least –OH groups which may likely be associated with
CH2/CH3 groups. The presence of –CONH group was observed clearly at Gangotri sediment sample.
*Absorption peaks symmetric and asymmetric stretching frequency for –NH are weak compared to the
sediment collected at Gangotri.
Error! Reference source not found. shows the FT-IR spectral profiles of sediments collected
t Gangotri with contact of flowing- and stagnant- water. The characteristic absorption peaks for (OH)
(3600cm-1), (-NH) (3525 and 3440 cm-1), (-C=O) (1795 cm-1 ), (-CONH) ( 1680 cm-1),  (-CO)
(1285 and 1050 cm-1 ), etc. were observed clearly in the case of sediment collected from stagnant water
compared to the sediment collected from flowing-water. Some of the peaks and bands were not
identified in the FT-IR spectra due to the complex nature of sediments. Detailed analysis and
treatments of sediments are needed further to get most of the information of sediments. The
absorption peaks due to hydrogen bonding attributed to the presence of –OH and -CONH groups
were also observed in the region of ~3300 cm-1. However, it needs further substantiation by performing
of FT-IR and other spectroscopic experiments of organic moieties separately that should be extracted
from the sediments. The absorption peaks correspond to hydrogen bonding were not observed clearly
in the sediment collected due to likely lower concentration of –OH/NH groups. It should be noted
that the intensity of the absorption peaks of various functional groups of randomly selected sediments
collected at stagnant- water is significantly higher compared to the sediment collected at flowing- water
and therefore suggest their higher concentrations.
IR spectroscopic studies infer the presence of difference functional groups in the sediment
samples, with reliable presence of different organic groups as well. This observation can be taken as a
significant lead for the presence of organic compounds of different origin; however, detailed
investigations will be required for conclusive inferences related to presence of organic compounds or
phytochemicals in the sediments.
The following are some of the key research areas which will qualitatively and quantitatively
elaborate on the organic consitutents in the sediment:
Organic component being separated or extracted from the sediments to analyse the presence of organic
functional groups/compounds
Concentration dependence studies to get the information about hydrogen bonding between organic
moieties if any
Interactions between organic moieties and sediments by performing FT-IR and other experiments on
the mixture of standard organic molecules and inorganic materials to correlate role of sediments.
XRD analysis results do not show any significant presence of mineral phases of these metals,
which further suggest their very low concentrations in sediment samples. The sediment metal analysis
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shows significant difference for different samples collected from the same location. This is mainly due
to their likely heterogeneity in nature.

6.4

Exploring the anti-microbial properties in water collected from River Ganga

The present study is a preliminarily experiment to understand the anti-microbial characteristics
present in River Ganga. Experiments were conducted using water samples from River Ganga spiked
with Escherichia coli bacteria (augmented to experimental reactions) and exposed for particular time
period.
Among the limited studies on the anti-microbial properties of River Ganga, one of the studies
in the recent past has been conducted by Dr. Chandra Shekar Nautiyal from CSIR-National Botanical
Research Institute He has investigated the bactericidal property of River Ganga (Nautiyal C. , Selfpurificatory Ganga water facilitates death of pathogenic Escherichia coli O157: H7, 2009) by using
fresh, 8-year old, and 16-year old Ganga water samples spiked with pathogenic Escherichia coli
serotype O157:H7. It was seen that survival of E.coli O157:H7 over the course of the experiment were
3 days, 7 days, and 15 days for fresh, 8-year-old and 16-year-old water of River Ganga respectively. On
the contrary, in Milli Q water, the decline in viable count of E.coli O157:H7 up to 30 days was only 2
log units.
In similar lines, the present study has explored the anti-microbial characteristics of River Ganga,
where laboratory based experiments were conducted using E.coli as model organism through sewage
spiked as inoculum. Four experiments were performed using water samples from River Ganga from
specific locations. The experiment was also carried out on water samples from Rivers Yamuna and
Narmada to have a comparative aspect.
6.4.1

6.4.1.1

Methodology

Experiment 1: To assess the anti-microbial activity in Ganga water using E. coli

E.coli bacterial isolate was inoculated in 5 ml LB media and incubated at 37oC for 24 hours for
optimal growth. After 24 hours of incubation, E.coli culture (50 µl) was inoculated in fresh LB medium
(150 ml) and incubated for 4-5 hours to get cells in log phase of growth. As the growth of cells reached
upto 1 OD 600 nm, cells were centrifuged and the pellet was washed with Phosphate Buffer Saline
(PBS). Cells were re-suspended in 1 ml PBS and dilutions were prepared upto 10-5 in PBS. Thereon,
cells (200 µl) were spiked in 2 ml Ganga water (collected from specific locations) to get 1000 CFU/ml.
At 0 hrs 100 µl reaction media was plated on LB media and M-FC media to get the initial bacterial
count. After 12 hours and 24 hours exposure/incubation with Ganga water, 100 µl reactions were
aliquoted and plated on M-FC media to know the reduction in counts (CFU/100µl). Colonies were
reported as CFU/100 µl as observed on M-FC media as shown in results Error! Reference source not
ound..
Samples from Gomukh, Mana and Yamunotri showed reduction in E.coli counts. In
comparison, other samples from Rivers Narmada and Yamuna showed increase in E.coli counts.
The experiment was repeated following the same protocol, for another set of water samples
from Rivers Ganga, Yamuna and Narmada. Water samples from 10 locations - Gangotri, Batwadi,
Harsil, Gangnani, 3 samples from Tehri reservoir and Haridwar in River Ganga; Yamunotri in River
Yamuna; and Mandla in River Narmada.
It was observed that, E.coli counts reduced with time in samples collected from Mana, Gangotri,
Gangnani, Batwadi, Harsil, and Haridwar. However water samples from Tehri 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 sediment from
River Ganga
Experiment was performed using 24 water samples collected from different locations of River
Ganga (Gomukh to Patna). Bacteria (1000 cells/ml) from sewage as the source, was used as inoculum
and seeded to reaction media comprising of water (2 ml) and sediment (200 mg) from River Ganga. At
0 hrs, 100 µl reaction media was plated on LB media to obtain the initial bacterial count. After 7 hours
exposure/incubation, 100 µl of reaction mix was aliquoted and plated on LB media. It was observed
that, after 7 hours incubation, bacterial counts were reduced in the samples from Mana, Gomukh,
Gangotri, Ghansali, Chiniali Saur, Badrinath, Haridwar U/S, Rishikesh D/S, Devprayag, Vishnuprayag,
Karnaprayag, Nandaprayag, and Rudraprayag.The experiment was repeated following the same
protocol, for another set of water and sediment samples from Rivers Ganga, Yamuna and Narmada.
Water samples from 10 locations - Gangotri, Batwadi, Harsil, Gangnani, 3 samples from Tehri reservoir
and Haridwar in River Ganga; Yamunotri in River Yamuna; and Mandla in River Narmada.
6.4.2

Discussion and inference

The water quality monitoring activity, where samples from River Ganga were analysed for
presence of E.coli, was the baseline information upon which the experiments were designed and the
locations chosen. The results of experiments exhibited certain antimicrobial activity, in water. It was
seen that the anti-microbial activity was slightly pronounced when the action of water with sediment
was considered. In comparison, the water and sediment samples from Rivers Narmada and Yamuna
showed an increase in E.coli count. However, the causative factors for this anti-microbial activity seen in
the samples from River Ganga could not be definitively described. A thorough understanding of the
kind of anti-microbial activity and the causative factors requires further experiments which cover
multiple aspects in its framework.

6.5
6.5.1

Investigation of Oligodynamic effect of Metal ions in Ganga water
Introduction

Heavy metals are reported to have “Oligodynamic effect” even at lower concentration
(Petering,1976). Oligodynamic effect is defined as the ability of metals to exert bactericidal effect on
viruses and living cells including bacteria, molds, algae and fungi. Metals like silver, copper, zinc, nickel,
bismuth, gold, mercury and others are known to have antimicrobial effect since ancient times. These
metals either kill the bacteria or inactivate the enzymes. However, the exact mechanism of these metals
is still unknown. Studies have reported their use as a disinfectant at varied concentrations showing
minimal effect on public health. This oligodynamic property of metals has been applied in the
treatment of drinking water and preservation of food juices (Shrestha. et al., 2009). However, the
sensitivity of metals to human and microbial tissues varies for different metals (Martin and Griswold,
2009). Silver is reported to be highly toxic against microflora compared to be copper, nickel and barium
(Otitoloju et al., 2002; Top et al., 2004).
Of all metals, copper and silver are commonly known for their microbicidal property. Since
ancient days this property of copper and silver has been utilized to treating and maintaining bacteria
free water. Reports showed that 80µg/l of silver ions derived from silver chloride could effectively
inhibit 5 log concentration of P.aeruginosa in 12 hour (Huang et al., 2008). For copper, reports suggest
that the ion levels should remain within the range of 0.2-0.4 mg/l to impart lethal effect against
microbes (Cachafeiro, et al., 2007). In the present study, we 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 Roman civilization. Silver and copper are
reported to act as disinfectant against broad range of bacteria while having minimal effect on mammals
(Zhao, & Stevens Jr, 1998). However, the exact mechanism of this property is still unknown but some
reports suggest that metal ions bind to the reactive groups present in protein of target cell resulting in
precipitation and inactivation (Joshi et al., 2009 and Zhao & Stevens Jr,. 1998). This misfolding and
aggregation of protein by metal ions affect cell viability and protein homeostasis (Tamas et al. 2014).
Similarly, the mechanism of the antimicrobial action of silver ions is closely related to their interaction
with thiol group (Bragg et al., 1974 and Belly et al., 1982). The findings imply that the interaction of
silver ions with thiol groups in enzymes and proteins cause the release of K+ ions from bacteria; thus,
the rupturing the bacterial plasma or cytoplasmic membrane (Hambidge, 2001). The oligodynamic
action of metals is reported to be used in the treatment of clinical diseases, including eye prophylaxis,
burn wounds, orthopedic infections and intestinal worms (Grass et al., 2011 and Zhao, & Stevens
Jr.,1998). However, some bacterial strains are testified to be resistant to heavy metal (Bopp et al. 1983).
6.5.2

Methodology

6.5.2.1 Inoculum Preparation
Escherichia coli, procured from National Collection of Industrial Microorganisms (NCIM);
National Chemical Laboratory, Pune, was used as test microorganism. Test microorganism was
inoculated in nutrient broth and incubated overnight at 37oC for 24h.

6.5.2.2 Media preparption
The commercially available Mueller Hinton Agar (MHA) was prepared according to the
manufacturer‟s instruction. The autoclaved media was allowed to cool down to 40C and was poured
into petri dish. Overnight E.coli culture was streaked on to the MHA plates for lawn of growth. 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 for the study.
Standard solutions: A set of Cu2+ standards (0.5, 1, 2, 4, 5, 10 and 100 mg/L) were prepared
using copper sulphate (Cu2SO4.5H2O) in de-ionized water while for Ag+ standards (0.5,1,2,3,5 and 10
mg/L), silver nitrate (AgNO3) was dissolved in de-ionized water.

6.5.2.4 Antimicrobial sensitivity testing – disc diffusion method
75 µL water samples were added on to the sterile discs (Himedia) and were placed on MHA
plates with lawn culture. Along with water samples, standard solutions of different concentration of
copper and silver were assessed for formation of zone of inhibition. MHA plates with discs were
incubated at 37°C for 24h and were observed for zone of inhibition. 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 collected from River Ganga did not have any
oligodynamic effect as there was no formation of zone around the discs. Metal analysis of River Ganga
water samples has concentration of copper and silver ions, ranged between 1.23 to 20.92 µg/l and 0.1
to 2.9 µg/l respectively. At this low concentration of copper and silver ions, no antimicrobial property
was displayed. Further, experiments were also conducted to determine minimum concentration of
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copper and silver ions that exhibit zone of inhibition. Minimum concentration of copper ions that
showed zone of inhibition was 5mg/l while for silver it was 2 mg/l.
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6.6
6.6.1

Studies on presence of phytochemicalsin river water
Scope of work

To explore the presence of phytochemical groups in upper stretch of river ganga and streams of
river Bhagirathi, with their possible source of leaching of secondary 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 main conveyor of elements from the
continents to the ocean, carrying both minerals and organic species as dissolved and particulate phases.
Riparian and Upland plant biodiversity along river Bhagirathi has immense ecological and economic
significance. Water quality of the rivers may get influenced by surrounding environment and land uses
along the river. However, the role of upland and riparian forests‟ and their physico-chemical
interactions with river are still poorly understood and needs comprehensive research interventions.
Riparian forests likely have the potential to improve water quality along first order streams, rather than
larger streams (e.g. Ganga) because of high dilution rates and velocity of water at high altitudes. At the
same time, the complex chemistry of river water composition and interactions of these water
components with organics make the things further complex to draw any direct conclusions. Once the
river system is exposed to pollutants of natural and anthropogenic origins, this would further add to
chemical complexity of river water. The amount of organic matter entering river ecosystem of Ganga
from terrestrial riparian and upland forests is considerable, and has an important impact on water
quality (Wetzel R.G, 1992). Upland and riparian zones serve as direct sources of Organic Matters (OM)
to adjacent/lateral streams via inputs from vegetation, organic soils from banks, and hydrological inputs
of Dissolved Organic Matters (DOM). Carbonaceous matter (tree logs, snags and leaf litter) remains
from forests on the banks of river Bhagirathi have been observed to reside in streams for days, months
and even years where it is decomposed by a variety of physical, chemical and biological processes at
different temperatures. Plants (Angiosperms and Gymnosperms) present in first stretch (specify) of
Bhagirathi and other tributaries of Ganga are considered highly medicinal and aromatic in nature.
About 175 medicinal plants from these stretches are used extensively by various pharmaceutical and
cosmetic industries for treatment of a variety of ailments (National Medicinal Plant Board, 2015 and
Uttarakhand State Medicinal Plant Board, 2015). Long-prevailing research on phytochemicals has
already identified many classes and groups of organics (Tannins, Terpenoids, Alkaloids etc.) that
possesses
significant
antimicrobial
and
disinfectant
properties.
These
secondary
metabolites/phytochemicals from plants are likely to leach in stream and later find their ways in Ganga
water. With this background and primary observations on field, it can be hypothesized that inputs of
dead wood (logs and snags), leaves/needles, litter from forest floor and partially decomposed plant
parts to lateral streams are the biogeochemical hot spots descending from a large watershed in Ganga
water. Particularly large amounts of phytochemicals/secondary metabolites might get leached at higher
temperatures. The observed amount of organic matter during primary field surveys entering river
ecosystem of Ganga from terrestrial riparian and upland forests is considerable, and is perceived to
have a possible impact and giving a significant contribution to river water quality (Fig. 5.1).
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Fig. 6-8: Source inputs of dead wood (logs and snags), leaves / needles, litter fromforest floor and partially devomposed
plants parts to lateral as well as main stream of river Ganga

In addition to analysing the water samples for the presence of phytochemicals, simulated
experiments have also been performed by subjecting the selected plant parts to leaching experiments.
This was done to understand the leaching characteristics of these plants (actually trees) and to assess the
potential extraction of phytochemicals in river water under the natural conditions. We have explored
the identification of phytochemicals present in Cedrus Deodara (Deodar) and Pinus wallichiana (Blue Pine)
trees and the leaching of particular phytochemicals in aqueous and alcoholic phases from these plants.
These two species are the dominant species in the first stretch of Bhagirathi and Alakhnanda basin and
present in larger undisturbed landscape and mega watershed of upper stretch of Bhagirathi basin. These
are highly aromatic tree species of gymnosperms and have significant medicinal properties to be
considered for their potential contributions to special properties of river Bhagirathi (Fig. 5.2).
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Fig. 6-9: Cedrus Deodara (Deodar) (Left) and Pinus wallichiana (Blue Pine) trees

Phytochemicals of these trees may have some significant impact on water quality. Tree logs,
litter and needles of Deodar and Blue Pine along with many other associated conifer tree species were
observed submerged in river water at many palces and in huge quantity. Phytochemicals from these
plants might be contributing to river water quality through their secondary metabolites or
phytochemicals. Typically, plant based phytochemicals has antioxidants, antimicrobial, anticarcinogenesis, anti-diabetic, anti-inflammatory and anti-ulcer properties that have been proven
beneficial for the betterment of human beings. An overview of major secondary metabolites present in
Pinus wallichinia and Cedrus Deodara and its medicinal properties are provided in Table 5.1.
Table 6-2: Major phytochemicals from plants dominated in upper catchment of river Bhairathi with associated medicinal
propertes

Chemical nameof phytochemicals

Medicinal properties

Blue Pine (PinusWallichinia)
Beta sitosterol C29 H 50 O
Oleanolic acid C30H48O3
Alpha Pinene C10H16
Beta Pinene C10H16
Rhamnetin C16H12O7
Dodecane C12H26
Deodar (CedrusDeodara)
Ampelopsin C15H12O8
Alpha terPineol C10H18O
Limonene C10H16
Matairesinol C20H22O6
Rhamnetin C16H12O7
Dodecane C12H26

Help in curing heart disease, colon cancer, arthritis, tuberculosis,
allergies, asthma, hair loss, bronchitis, headache and chronic
fatigue syndrome.
Hepato protective, anti-inflammatory, antioxidant, and
anticancer effects, Tuberculosis, cures liver cirrhosis.
Mouthwash, chest ointments, cures fungal infections, help in
cough lozenzes.
Analgesic and anti-inflammatory, asthma cures chronic pain,
anti-proliferative. Relieves pain. Inhibits cancer cell growth.
Has Anti tuberculosis, cures diarrhoea and dysentery, insomnia
Antimicrobial and antifungal property.

Cures fatty liver disease, improved glucose and lipid metabolism,
has anti inflammatory effects.
Anti cancer effects, Anti tumour, Anti bacterial and Anti viral.
Cures Cancer and Bronchitis, reduces Cholesterol, Anti tumour.
Has Antimicrobial and Antibacterial properties.
Has Antituberculosis effect, cures diarrhoea and Dysentery,
insomnia,
Antimicrobial and Antifungal property.
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6.6.3

River water sampling

Two dominant tree species at landscape level from Gangotri to Harsil i.e. (Blue Pine and
Deodar) were selected for the simulated leaching experiments. Fresh stem and needle samples were
collected from Harsil and were preserved in polybags and were refrigerated. Approximately, 1 liter
water samples were collected from the upper stretches of Alaknanda and Bhagirathi and were preserved
in ice packs and brought back to laboratory for analysis. Water sampling was performed during the pre
and monsoon seasons for the Ganga basin. Grab sampling procedure was followe for all the samples
collected keeping in several sampling related precautions in mind to obtain a representative sample.
These samples were collected in 2 litre amber coloured glass bottles with teflon lined stoppers.
Preparation of the sampling bottles included washing with detergent, rinsing with tap water, ultrapure
water (Millipore) and solvent followed by air-drying. After collection, the samples were transported in
cool-box with ice packs. After transportation to the laboratory, samples were stored at 40C till
extraction. Sampling locations for plant samples and water samples are mentioned in Table 5.2:
6.6.4

Materials and methods

Different types of extraction techniques and instrumentation were used for the screening of
phytochemicals, and to explore the presence of any possible organic compound in river water samples.
Additionally, simulated experiments were also performed as discussed above, in order to understand
the leaching characteristic of such compounds present in the plant species, to explain their leaching in
river water. The experimental design is depicted in Fig. 5.3. Direct injection of water sample, liquidliquid extraction and solid-phase extraction processes were used to pre-concentrate organics from water
samples to be able to detect using different instrumental techniques. From the basic experiments of
organic compound detection to qualitative identification was targeted for which, instrumental
techniques including, TOC analysis, UV spectrophotometry and specific identification techniques like
FTIR (for functional groups), HPLC, GC-MS, GC-MS/MS and NMR were used. These are some of
the most sensitive and reliable techniques available today for such exploratory studies related to
organics.
Plant parts
Deodar and Blue Pine
(needle and stem)

Water sampling sites
Gangotri, Harsil , Bhatwadi, Uttarkashi, Dharasu, Tehri Dam, Ghansali, Koteshwar
Dam, Mana, Vishuprayag, Nandprayag, Karanpryag, Rudraprayag, Devprayag.

6.6.4.1 River water sample processing
Besides this, solvent extracted water samples from the Ganga river were also analysed as
mentioned in the earlier sections. Water sample processing was performed by the following techniques:
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Liquid Liquid Extraction (LLE): The LLE was performed using Dichloromethane as a solvent in
most of the cases. The samples were concentrated 1000 times before the analysis. After preconcentration (1000 x times) using LLE, the samples were analyzed using HPLC fingerprint
analysis followed by GC-MS and GC-MS/MS analyses.
Solid phase extraction (SPE): Water samples were pre-concentrated using solid phase extraction
(SPE) method. SPE cartridges (Waters Sep Pak® 35cc, C18-10g) were used for pre-concentration
of water samples. SPE setup and sample preparation protocol is given below. RP-SPE is usually
used to pre-concentrate the organic compounds of polar nature. The possibility of non-polar to
medium polar phytochemicals cannot be ignored. Chloroform was used to extract and enrich the
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organic compounds in SPE cartridges. The samples were analysed using HPLC for organic
fingerprinting.
Ganga water samples as i.e. without any process or concentration-NMR and HPLC analysis.

Fig. 6-10: Experimental flow chart to understand leaching of phytochemicals in Ganga Water

6.6.4.2 Instrumental analysis
For water samples analysis, sophisticated instrumental techniques were used, foccusing on
qualitative identification of functional groups and organics present in very low concentrations in the
water samples. The samples were preconcentrated using various techniques as mentioned in section
5.8.2 and were subjected to HPLC and GC-MS analysis. UV spectrophotometric experiments were not
performed on river water samples due to likely presence of several other 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(Eutech CON510), UV spectrometry (LanIndia
UV3200) was measured every alternate day, while TOC (Shimadzu TOC vcph) was analysed every fifth
day . HPLC ( ), FTIR ( ), GC-MS (Perkin Elmer Clarus 680), GC-MS/MS(Varian 240 MS) and NMR
analysis (Bruker Ascend 500) have also been performed as detailed in the above sections.
6.6.5

Results and discussion

The ganga samples collected from the upper stretch of Ganga basin were subjected to sample
processing as detailed in the earlier section and were analysed on HPLC for organic finger printing and
GC-MS
and
GC-MS/MS
for
qualitative
identification
of
secondary
metabolite/phytochemicals/terpenes and related compounds. The qualitative phytochemicals screening
of Ganga water without any pre concentration has not resulted positive for tannins, saponins,
flavonoids, and alkaloids. However, upon pre-concentration (1000times), gave positive tests with
vanillin-sulphuric acid regent, indicating the presence some organic chemicals in Ganga water in very
dilute concentration (less than pico-mole). The results are discussed in the following sections:

6.6.5.1 HPLC analysis
Generally, in pristine ecosystems, lipids and stabilizing mucilages from algae; phenolics,
carbohydrates and humic substances of higher plants origin, plankton, and microorganism contribute to
foams in stagnant water. The efforts were also made to differentiate the organic chemical flux in
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different collection sites. For this purpose, a Chemical Profile was developed using reverse phase
HPLC analysis. The qualitative variation in the dissolved organic chemicals in the Ganga water can be
visualised in the samples collected from different sites in both the collection seasons (pre- and post
monsoon). HPLC profile analysis indicates that the organic compounds were relatively in higher
amounts in the samples of pre-monsoon than post-monsoon, due to the promonent dilution effect.
HPLC analysis was performed for the unconcentrated and concentrated samples, as mentioned in the
experimental section. Common peaks in the all the samples are the indicative of occurrences of some
common organic compounds (HPLC profile figure 5.7 and 5.8).

Fig. 6-12: Representative HPLC chromatogram of concentrated Ganga water sample (Pre –monoon) after concentration
using LLE

Fig. 6-13: Representative HPLC chromatograms of concentrated Ganga sample (pre-monsoon) afe concenration using SPE

6-29

6.6.5.2 GC-MS analysis
GC-MS and GC-MS/MS analyses were performed for the solvent and water phase extracts to
qualitatively identify the organic compounds/phytochemicals through library matching. As observed in
the FTIR analysis, the alcoholic and phenolic groups, alkanes and alkenes and ketones most likely
indicate a presence of terpenes and related compounds.
Similarly, compounds have been observed in the GC-MS results. These compounds are
prominently seen in the plant part simulated experiments and are also present in the water sample
extracts, thereby suggesting the possible source of these compounds in Ganga water through plant
plant parts and debris present in significant quantity at many locations in the upper stretch. Further
investigations on detecting their presence from larger number of representative Ganga water sampels as
well as their quantification are warranted for conclusive inferences in this regard.
Table 6-3: Probable compounds identified in Ganga Water using GC-MS analysis

Location
Gangotri

Bhatwadi
Uttarakashi
Dharasu
Near Koti village
Ghansali
Tehri Dam
Koteshwar Dam
Mana
Vishnuprayag
Nandprayag
Karanprayag
Rudraprayag
Devprayag

Identified compounds
Dodecane, phenol, carboxylic acid, 4 octyl ester, Beta-Sitosterol,
2,5-cyclohexandien-1,4-dione,2,5-cyclohexandien-1,-one, 2,5cyclohexandien-1,4-dione,2,5-cyclohexandien-1,-one, Docosane, 1hexadecanol
2,5-cyclohexandien-1,4-dione,2,5-cyclohexandien-1,-one,
Pyrrolodine, 2,5-cyclohexandien-1,-one,
Dodecane, citronellol epoxide
Dodecane, cholesto-dien 3-ol
Quinoline
Dodecane
Piperidine
Beta-Sitosterol, Benzaldehyde, hexadecanoic acid ,palmitic acid
,hexadecanoic acid,
Pyrrolidin
Phenol, Di-methyl phenol, Amino-benzaldehye
Dodecane, maltol
Isophytol
Phenol, dodecane, stigmasterol, ergosterol
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 confirmed by 1H and 13C NMR analysis of
water samples carried out at CSIR-CIMAP. The presence of about 15 μg of compound is sufficient for
1
H acquisitions. NMR analysis of Ganga water samples without any pre-concentration has not resulted
into any signal, which primeface suggest the absence of any organic compound in the detection range
i.e. nano mole (nM).
NMR signal is generally indicative of the presence of low concentrations (less than picomol) of
organic compounds. The characteristic NMR signal indicates towards its aliphatic nature (all 1H signal
at 0.2-3.5ppm range). Analysis after 1000 times pre-concentration of Ganga water samples using solidphase extraction using C18 cartridges and liquid-liquid extraction with chloroform, provided few
signals in NMR spectra. The possibility of more than two compounds cannot be ignored. Therefore,
exact identification was not possible without separation at this point. Additionally, no foam formation
was observed either in main rivers or streams falling in to Ganga at the collection sites. Due to time and
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other constraints, identification of dissolved organics in Ganga water could not be completed in the
present study using NMR technique and it would require elaborate efforts in future.
6.6.6

Salient findings

A systematic attempt has been made to identify the presence of phytochemicals in Ganga water
to further correlate those to possibly impart any special property to river Ganga water. Keeping in mind
the complexity of river water composition due to the presence of large number of natural and
anthopogenic compounds and their interactions, as well as huge dilution effect, the study was restricted
to upper stretch of river. Another important reason for selecting this study area was due to the
significant presence of riparian and upland vegetation in this catchment area of river, and the medicinal
importance of these vegetation. To narrow down the list of probable compounds, the dominant
vegetation parts of medicinally important trees were collected from the catchment areas and simulated
experiments were performed to identify the presence of such compounds through leaching. These
compounds and other phytochemicals with their in vegetation around the catchment area, were then
targetted for their presence in river water by using advanced analytical techniques. Following are the
important leads of this study, which needs further substantiation through a in-depth and more detailed
investigations in future:










Riparian and upland vegetation likely introduces secondary metabolites to adjacent lateral streams
coming from forests and finally merging in Bhagirathi and Alakhnanda.
Simulated experiments clearly inferred the presence and qualitative confirmation of
organics/terpenes and related compounds/phytochemical/secondary metabolites in the
leachates as indicated in FTIR and GC-MS analysis results. This also relates to the
phytochemicals present in the plant species in riparian buffers.
Results of Ganga water sample analysis indicate confirmed organic fingerprinting leading to
presence of terpenes and related compounds/phytochemical/secondary metabolites as
interpreted through HPLC, NMR and GC-MS/MS analysis.
Presence of phytochemical signatures were more pronounced at nearly all the confluences in the
upper stretch of Bhagirathi and Alakhnanda.
Interestingly some of the probable compounds in the river water samples were those which were
also observed in leachets of simulated experiments, thus strengthening the hypothesis of their
origin from surrounding vegetaion in the catchment area. The possible sources of these
phytochemical signatures can thus be attributed to rich and biodiverse mega water sheds and
landscapes of this stretch. However, at some places, the anthropogenic activities might also be a
significant contributor to these compounds.
Dilution will play a crucial role for the effective concentrations of these phytochemicals at
different locations of river and will ultimately determine the potential of their possible
contributions to impart any significant medicinal or special properties to river water

As stated before, this study had several limitations. Additionally complexity of the intraecosystem interactions, which requires an indepth assessment of the scenerios and drivers controlling
the leaching and persistence of these phytochemicals in the Ganga water also need to be considered in
future studies. However, these initial findings strongly suggest for a detailed related investigations in
future.


6.7

References

Bhargava , D. (1987). Nature and the Ganga. Environmental Conservation 14 (04), 307-318.

6-31
























6-32

Bhargava, D. (1983). Most rapid BOD assimilation in Ganga and Yamuna rivers. Journal of
Environmental Engineering, 109(1), 174-188.
Chapra, S., & Di Toro, D. (1991). Delta Method for Estimating Primary Production, Respiration, and
Reaeration in Streams. Journal of Envioronmental Engineering.
Correa-Gonzalez, J., Chavez-Parga, C., Cortes, J. A., & Perez-Munguia, R. M. (2013). Photosynthesis,
respiration and reaeration in a stream with complex dissolved oxygen pattern and temperature
dependence. Ecological Modelling, 220-227.
Cox, B. (2003). A review of dissolved oxygen modelling techniques for lowland Rivers. The Science of
Total Environment, 303-334.
Nautiyal, C. (2009). Self-purificatory Ganga water facilitates death of pathogenic Escherichia coli O157:
H7. Current microbiology, 58(1), 25-29.
Petering, H. G. (1976). Pharmacology and toxicology of heavy metals: silver. Pharmacology & Therapeutics.
Part A: Chemotherapy, Toxicology and Metabolic Inhibitors, 1(2), 127-130
Huang HI, Shih HY, Lee CM, Yang TC, Lay JJ, Lin YE (2008) In vitro efficacy of copper and silver ions
in eradicating Pseudomonas aeruginosa, Stenotrophomonas maltophila and Acinetobacter baumannii:
Implications for on-site disinfection for hospital infection control. Water Research 42, 73-80.
Cachafeiro, S. P., Naveira, I. M., & García, I. G. (2007). Is copper–silver ionisation safe and effective in
controlling legionella?. Journal of Hospital Infection, 67(3), 209-216.
Zhao, G., & Stevens Jr, S. E. (1998). Multiple parameters for the comprehensive evaluation of the
susceptibility of Escherichia coli to the silver ion. Biometals, 11(1), 27-32.
Grass, G., Rensing, C., & Solioz, M. (2011). Metallic copper as an antimicrobial surface. Applied and
environmental microbiology, 77(5), 1541-1547.
Joshi S., Gopali D. & Piya, S. (2009). Oligodynamic action of silver, copper and brass on enteric bacteria
isolated from water of Kathmandu Valley. Nepal Journal of Science and Technology, 10, 189-193.
Benson, H.J. 2002. Microbiological applications: Laboratory manual in general microbiology. Eighth
Edition. McGraw Hill: New York.
Belly, R. T., and G. C. Kydd. 1982. Silver resistance in microorganisms. Dev. Ind. Microbiol.23:567-577.
Bragg, P. D., and D. J. Rainnie. 1974. The effect of silver ions on the respiratory chain ofEscherichia
coli. Can. J. Microbiol. 20:883-889.
Hambidge, A. 2001. Reviewing efficacy of alternative water treatment techniques. Health Estate. Pg 23–
25
Bopp, L.H., A.M. Chaktrabarty and H.L. Ehrlich. 1983. Chromate resistance plasmid in Pseudomonas
flourescens. Journal of Bacteriology 173: 3149- 3158.
Shrestha, R., Joshi, D. R., Gopali, J., & Piya, S. (2009). Oligodynamic action of silver, copper and brass
on enteric bacteria isolated from water of Kathmandu Valley. Nepal Journal of Science and Technology, 10,
189-193.
Martin, S., & Griswold, W. (2009). Human health effects of heavy metals. Environmental Science and
Technology briefs for citizens, 15, 1-6.
Tamás, M. J., Sharma, S. K., Ibstedt, S., Jacobson, T., & Christen, P. (2014). Heavy metals and metalloids
as a cause for protein misfolding and aggregation. Biomolecules, 4(1), 252-267.

Assessment of Water Quality and Sediment to understand the Special Properties of River Ganga

Riparian vegetation and water quality Chapter

Chapter 7 Riparian vegetation and water quality
7.1

Riparian buffer and its role in improving water quality

Biological diversity and River‟s water quality are strongly interlinked and get influenced by land
use pattern along the riverside (Allan, 2004). River water quality cannot be viewed in isolation, as
riparian ecosystems act as ecotone between upland and aquatic ecosystem. „Riparian‟ word has
originated from the Latin word has „Ripa‟, which literally means on the bank of water bodies (Goebel
R., 2003).Thus, vegetation present on the banks of the water body is known as riparian forest or gallery
forests or streamside forests (Brinson, 1990). Riparian ecosystem is a part of edge of terrestrial
ecosystem thus, the structure is almost similar to terrestrial vegetation. The figure to follow provides a
pictorial overview of riparian ecosystem. Riparian vegetation is a key element in a number of processes
that establish the ecogeomorphological features of the River landscape. Depending on the River water
stage fluctuations, vegetation biomass randomly switches between growth and degradation phases and
exhibits relevant temporal variations (Vesipa, Camporeale, & Ridolfi, 2016).The expression riparian
buffer is used to explain lands adjoining streams where vegetation is strongly influenced by the
occurrence of water. These are mostly green boundaries having native grasses, flowers, shrubs and trees
that line the stream banks. They are also called vegetated buffer zones. A healthy riparian area is
evidence of good land use management. Riparian buffers are most efficient at improving water quality
when they include native grass or herbaceous plants in this filter strip along with deep rooted trees and
shrubs along the stream. Riparian vegetation is a major source of energy and nutrients for stream
communities. They are especially important in small, head water streams whereup to 99% of the energy
input may be from woody debris and leaf litter.
Riparian ecosystems are determined by its unique spatial patterns and temporal dynamics. There
are spatial dimensions and longitudinal dimensions in which riparian ecosystems interact with its
neighboring environment. Longitudinal dimensions majorly include processes such as dispersal of
riparian plants by water; transverse dimension includes vegetation assemblages and its interaction with
River dynamics and vertical dimension includes transport of nutrients brought by upwelling water from
the area under the floodplain to the root zone of riparian trees (Nilsson & Berggren, 2000). River bank
or riparian vegetation at a particular location and time result from interactions between the physical
conditions created by geomorphic and hydrologic processes in the stream channel and responses by the
plants. Riparian vegetation can be composed of macrophytes, native grasses, sedges, forbs, climbers,
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Fig. 7-1: Overview of Riparian Ecosystem ideal and existing in Bhagirathi Basin of river Ganga

shrubs and trees etc. All these species are well adapted to sandy habitats and can well survive in low and
adequate moistened environment. Direct chemical uptake and indirect influences such as supply of
organic matter to soils and channels, modification of water movement, and stabilization of soil are
directly linked to stream water chemistry, quality and riparian vegetation (Dosskey & Philippe Vidon,
2010).
Roots of riparian vegetation increase cohesion in sloping banks while shoots and surface litter
protect the soil surface. River banks having dense root zone offer greater resistance to lateral erosion
than non-vegetated banks. Open and diverse structure of the mixed riparian forest supports the highest
number of species, while the closed canopy broadleaf forest and agricultural sites supports relatively
few species (Sanyal, 2013). Healthy riparian ecosystem provides good quality water, sediments filtration,
nutrition enrichment, buffering pollutants, providing organic matter for terrestrial and aquatic
organisms; functioning as a corridor for movement of animals. (Muthu, 2015); (Dosskey & Philippe
Vidon, 2010), (LYONS, BRIGHAM, TRAUT, & SCHWARTZ, 2005). Type of vegetation depends on
edaphic, climatic and biotic factors, among which the effect of the climatic factor is most significant.
The main climatic factors which control vegetative activity are temperature, sunlight and precipitation.
Researches through the previous decade have indicated that both load and quality of organic
matter and the biota in the stream / river channel from the headwaters to the lower River courses
having positive correlation with riparian vegetation and River width (Vannote, minshall, Cummins, &
Sedell, 1980). In turn, these parameters have a direct impact on water quality, thereby linking riparian
vegetation to stream water quality. Floodplain in riparian/gallery forest provides primary source of
material and energy that fuels food webs in ecosystem (Junk, Bayley, & sparks, 1989). Among all
ecosystem of the world, it is the most diverse and productive ecosystem (Lovett, 2007). But it is also
considered to be potentially threatened (Gopal, 2000) and endangered ecosystems (Natta AK, 2002) in
the world due to abusive and intensive land use on the banks of rivers. Riparian zones that serve as
channel for substantial fluxes of materials and energy forms small parts of the landscape. Facing high
anthropogenic interventions they are termed as „critical transition zones’ and present numerous challenges
for conservator and planner (Ewel, 2001).
7-2

Assessment of Water Quality and Sediment to understand the Special Properties of River Ganga

Riparian vegetation and water quality Chapter

Fig. 7-2: Structure and composition of riparian forest as regulated by geomorphic features and sediment transport
processes through different mechanisms (Hickin, 1995)

7.2

Studies on vegetation along river Ganga in Stretch I

A number of researchers and explorers have attempted to carry research on floral diversity in
Western Himalaya covering the stretch of Ganga from Gomukh to Haridwar and Mana to Haridwar.
However, no comprehensive vegetation assessment of macrophytes along the entire stretch of River
Ganga from Gomukh to Gangasagar is available. In this stretch of River Ganga (Gangotri-Haridwar
and Mana-Haridwar), first written account of journey to Gangotri dates back to 1820 by Fraser.
Subsequently, (Deodar, 1884), (Dudgen W. and Kenyer, 1925), (Heske, 1937), (Macro, 1934),
(Schwarzgruper, 1939), (Auden, 1941), (Sahai, 1953), (Tyson, 1954), (Gupta, 1960), (Bhattacharaya,
1982) and Botanical Survey of India, surveyed and explored the Himalayan floral diversity with
checklist and phytosociological studies along Rivers Bhagirathi and Alaknanda. But the studies were
generally focused on the upland vegetation assessment. Recent studies conducted by (Bisht & Badoni,
2009), (Negi Vikram S., 2011), (Rawat, 2011), (Nautiya & Thapliyal, 2011) have also emphasized on the
ethnobotanical survey in the Garhwal region of Uttarakhand. Flora of Gangotri National Park, acts as
interactive guide book with illustrative photographs covering entire flora of Gangotri National Park and
is a comprehensive description of flora from this stretch (Rao, 2013). The book delivers an inventory of
alpine and sub-alpine species of plants from various ecological niches and their ready identification
through analytical botanical keys. It includes 982 vascular plant species that include inventory of 844
species, 22 subspecies and 35 varieties spread among 357 genera and 87 families of flowering plants; 68
species of Pteridophytes belonging to 25 genera and 18 families and 11 Gymnosperm taxa belonging to
7 genera and 4 families. There is a significant work on flora of Garhwal written by Gaur, 1999. It covers
entire Garhwal region and with extensive floral details of plants present in gallery forests of Ganga and
its tributaries. Terrestrial biodiversity from Gomukh to Haridwar are also studied by Wildlife Institute
of India (WII) and provides detailed baseline about the vegetation present in the 18 sub basins of
Rivers Bhagirathi and Alaknanda in cumulative impact assessment report (Rajvanshi, et al., 2012).
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Fig. 7-3: Role of Riparian ecosystem in providing variety array of Ecosystem goods and Services for healthy river
ecosystem including habitat for RET species

Similarly many EIA and one Cumulative Impact Assessment Study (CIA) of Hydro Power Projects on
different stretches on 18 sub basins of River Ganga has also provided biodiversity baseline of these
areas ( (Raghuvanshi et al., 2014); (IIT, 2013). Effects of climate change on riverine forests and
indicator species along River Ganga were recently assessed by studying the impact on indicator species
(Ramesh, 2015). Plant diversity studies along river Ganga can be divided in two groups based on their
habit and habitat. First group stands for Angiosperms and large Gymnosperms along with lower group
of plants like Algae, Fungi, Lichens, Bryophytes, Pteridophytes etc. in the riparian buffers, where as the
second group is of lower plant groups like algae, bacteria, fungi and aquatic angiosperms in banks and
river water.

Fig. 7-4: Overview of floral components present along the tributaries of River Ganga (Kumar S., 2001)
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7.3

Studies on vegetation along river Ganga from Haridwar to Gangasagar
(Stretch II & III)

In the Himalayan region, riparian forests play a pivotal role in the life of people, to fulfill their
daily requirements like timber, fuel, fodder, medicine, fruits and other purposes (Shyam, 2008). But, in
the plains the role of River Ganga is slightly different as it caters water for irrigation, drinking and also
receives increased pollution load due to densely populated areas on its banks. After travelling from the
Himalayan geographic regime, River Ganga enters the vast flood plain after Haridwar. From the
ecological point of view Stretch II & III (Haridwar to Gangasagar) the riparian forests are classified as
tropical dry deciduous forest, agriculture land, fallow land and dense mangrove vegetation. It links
terrestrial and aquatic habitat, under the influence of waterways such as rivulet banks or riverbanks,
(Dutta, Pradhan, & Roy, 2011).
Riparian plant habitats and communities are characterized by hydrophilic plants like
macrophytes, native grasses, sedges, climbers, shrubs and trees (Dutta, Pradhan, & Roy, 2011). Water
current plays a decisive role in dispersal of vegetative propagates and in influencing the marginal
vegetation. After the floods, new and more fertile lands emerge, containing sprout luxuriant herbaceous
vegetation. Some of these plants are ecologically very important as they provide shelter to the aquatic
animals for breeding and spawning (Bilgrami, 1991). A total of 475 riparian species were recorded from
Rishikesh to Chinasura in the book titled “The Ganga–a scientific study”, edited by Krishanmurti (1991).
In the middle section of the River Ganga in Uttar Pradesh, Siddiqui (1991) gave an account of 40
riparian macrophytes from Narora-Kannauj region of which species of Ammania, Eclipta, Polygonum,
Ipomoea, Rumex, Saccharum, Scirpus and Tamarix are amphibious in nature. The vegetation of MirzapurBallia region was studied by Tripathi (1991) who reported a total of 36 macrophytes in which some
species like Ruellia prostrata, Amaranthus spinosus, Calotropis procera and Polygonum plebeium were present
along the bank of the River. In lower areas of Bihar from Buxar to Barh, the presence of 7 shrubs, 41
herbs, 6 grasses and 2 sedges, besides these a number of tree species along the banks of River during
1987-88 was recorded by Kumar, 2001 which entails that the canopy is mainly composed of Shorea
robusta, Diospyros melanoxylon, Boswellia serrata, Terminalia tomentosa, Terminalia bellayoica, Terminalia arjuna,
Pterocarpus marsupium, Madhuca indica, Justicia peploides, Rungia pectinata, Achyranthes aspera and Ipomoea
aquatica (Kumar, 2001). Bilgrami (1991) during the study on impact of flood on productivity of Diara
land and vegetation reported 23 families comprising of 48 species in Diara land of Ganga and its
tributaries in Bihar. The important species of this land were Justicia peploides, Rauwolfia serpentine, Eclipta
prostrate, Leucas aspera, Desmodium gangeticum, Lippia javanica and Scoparia dulcis (Kumar, 2001).
In Lower region of River Ganga particularly in West Bengal, the climatic condition of this
region is humid, subtropical, and tropical. Since the publication of Roxburgh‟s Hortus Bengalensis (1814),
Voigt‟s Hortus Suburbanus calcuttensis (1845), Prain‟s Bengal Plants (1903a), Flora of 24-Pergunahas
(1905), no systematic attempts have been made until recent times to study the floristic composition of
West Bengal. Cushaw (1950), and few subsequent researchers, listed sporadic collections of plants from
different parts of West Bengal; but these are inadequate to form a true representative collection of the
riparian vegetation in West Bengal. Benner (1980) and Guha Bakshi (1984) have published the flora in
Howrah and Murshidabad districts. Naskar and Guha Bakshi (1987) and Naskar (1900) have published
the mangrove flora of the Sundarbans and Aquatic and Semi Aquatic plants of Lower Ganga Delta,
respectively. Majumdar (1956, 1962) has worked out extensively about the grasses and weed flora of the
District 24-Parganas. Majumdar (1965), Datta and Majumdar (1966) and Dutta and Ganguly (1967)
published the flora of Kolkata and its neighbourhood. Besides them, Patil (1961), Ganguly (1965),
Mukherjee (1975), Naskar and Guha Bakshi (1979, 1980, 1983a, 1983b, 1983c, 1984, 1985a, 1986, 19871,
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1987b, 1988, 1989, 1990) have also contributed with valuable publications partly on the flora of the
Lower Ganga Delta. Bilgrami (1991) reported 212 macrophytes along the River Ganga in the region in
Munger-Farakka. Datta (1991) enumerated 32 species of macrophytes from Bally to Bandel.

7.4

Research Approach

CSIR-NEERI, Nagpur and CSIR-CIMAP carried out the vegetation assessment in Stretch I
(Gomukh to Haridwar and Mana to Devprayag) while, CSIR- NBRI Lucknow, carried out the studies
to understand the vegetation patterns in Stretch II & III ( Haridwar to to Gangasagar).
7.4.1

Scope of Work & Objectives

The primary objective of the study was to collect and collate information of vegetation (floral
composition) in flood-zone along the River Ganga from Gomukh to Gangasagar. It included the
following components:

1) Collection of primary data on Gymnosperm and Angiosperm diversity along River Ganga at
identified locations from Gomukh to Gangasagar and understand their role on River health and
water quality
2) Collection of primary and secondary data on lower plant groups (Lichens, Algae, Bryophytes,
Pteridophytes) and understand their role on River health and water quality
3) Analysis of secondary data of floral diversity along River Ganga related to invasives encroaching
riparian buffers and medicinal and aromatic plant diversity
4) Assessment of variety of disturbances (natural and anthropogenic) along river bank on water
quality
7.4.2

Sampling locations for floral survey

Floral surveys were conducted along River Bhagirathi and Alaknanda from Gomukh to
Haridwar and Mana to Devprayag during pre- and post-monsoon seasons (Error! Reference source

Fig. 7-5: Map showing prominent locations for primary surveys in Stretch I of River Ganga (Bhagirathi
and Alaknanda), Uttarakhand, India
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ot found.). The entire stretch of River Ganga in Garhwal part of Uttarakhand comprises of 18 Sub
basins (10 sub basin of Alaknanda; 7 sub-basin of River Bhagirathi and 1 from Devprayag to Rishikesh)
endowed with diverse range of vegetation. These sub-basins in Garhwal part of Uttarakhand cover
Uttarkashi, Chamoli, Rudraprayag, Pauri Garhwal, Tehri Garhwal and Haridwar districts. Vegetation
observations were made in 28 different locations falling in 9 different sub-basins of River Ganga from
where water samples were collected for different physico-chemical and microbiological analysis and
some additional locations of floral relevance Error! Reference source not found..
The selected eleven sampling sites from Haridwar to Gangasagar were observed to be falling
under four major zones depending upon their dominant flora/or vegetation, physical features and
climatic conditions. Riparian Zone I (RZI) i.e. Tropical deciduous forest zone (Haridwar and
Bhimgoda); Riparian Zone II (RZII): Fallow land zone (Narora, Kannauj, Kanpur and Allahabad);
Riparian Zone III (RZIII): Agricultural land zone (Varanasi, Ballia, Patna and Bhagalpur and Riparian
Zone IV (RZIV): Evergreen mangrove forest (Farakka and Gangasagar).
Table 7-1: Sampling locations for floral component assessment in Stretch – I, II and III from Gomukh to Gangasagar

Sr.No
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.

District
Uttarkashi
Uttarkashi
Uttarkashi
Uttarkashi
Uttarkashi
Uttarkashi
Uttarkashi
Uttarkashi
Uttarkashi
Uttarkashi
Uttarkashi
Uttarkashi
Uttarkashi
Tehri
Garhwal
Tehri
Garhwal
Tehri
Garhwal
Tehri
Garhwal
Chamoli
Chamoli
Chamoli
Chamoli
Chamoli
Rudraprayag
Pauri Garhwal
Tehri
Garhwal
Haridwar
Haridwar
Haridwar
Haridwar
Narora
Kanpur
Kanauj
Allahabad
Varanasi

Location
Gomukh
Gangotri
Jangla bridge (Bhaironghati)
Lanka
Toward Bhaironghati
Dharali
Harsil
Sukhitop
Loharinagpala
Gangnani
Batwari
Maneri
Uttarkashi

Latitude
30˚55'34.4"
30˚59'39.3"
31˚00'02.7"
31˚02'39.1"
31˚02'28.8"
31˚02'27.0"
31˚02'17.0"
31˚00'58.5"
30˚58'26.8”
30˚55'54.9”
30˚53'02.2”
30˚44'23.6”
30˚45'23.6”

Longitude
79˚4'51.9"
78˚56'36.3"
78˚54'28.9"
78˚49'52.2"
78˚48'07.5"
78˚46'53.9"
78˚45'55.4"
78˚42'48.5"
78˚41'48.6”
78˚41'02.6”
78˚40'05.2”
78˚32'6”
78˚27'22.8”

Altitude(amsl)
3,962
3,059
2,962
3,500
2,700
2,519
2,465
2,454
2,181
1,967
1,594
1,316
1,150

Dharasu

30˚36'45.9”

78˚18'52.9”

883

Chinyali Saur

30˚34'23.6”

78˚20'0.4”

802

Tehri Dam(Reservoir site)

30˚27'59.4”

78˚25'37.8”

755

Ghansali

30˚25'47.3”

78˚39'22.3”

852

Mana
Badrinath
Vishnuprayag
Nandaprayag
Karnaprayag
Rudraprayag
Srinagar

30˚46'12.6”
30˚44'26.3”
30˚33'44”
30˚19'53.4”
30˚15'57.12”
30˚17'17”
30˚12'46.76”

79˚29'42.9”
79˚29'35.3”
79˚34'32.6”
79˚18'56.1”
79˚19'44”
78˚58'50”
78˚58'50”

3,169
3,113
1,479
1,358
1,451
895
657

Devprayag

30˚9'6.6”

78˚35'58.1”

454

Rishikesh
Haridwar
Bhimgoda Barage
Bhimgoda Barrage
Ganga Bridge; Ganga Ghat
Ganga Bridge; Ganga Ghat
Mehndi Ghat
Phaphamau
Ram Nagar , Pipra Ghat

30˚8'15.3”
29˚53'20.4”
29˚55'25.14”
29°57‟ 52.5‟‟
28º11‟42.9‟‟
26º30‟36.6‟‟
27º00‟35.3‟‟
25º30‟44.5”
25º16‟21.9”

78˚23'51.6”
78˚8'22”
78˚2'55.19
78°10‟20.3‟‟
78º24‟12.7‟‟
80º19‟07.3‟
79º59‟12.0‟‟
81º 51‟58.6”
83º01‟22.6”

376
345
279
301
201
110
125
86
67
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Sr.No
35.
36.
37.

District
Ballia
Patna
Bhagalpur

38.

Farakka

39.

Gangasagar

Location
Mahavir Ghat
Kachhari Ghat
Mahadevpur Ghat
Sosanghat Binia gram, Bindu
gram, Nimtita village,
Chandrapara, Wazitpur, LCT ghat
(Near Benia gram), Dilavarnagar,
Jamtala, Gandhighat, Shamshan
Kalimandir, PTS, Malda,
Husanpur and Palasia village
Princep ghat, Bagakadam talaghat,
Hindmotor Uttar para
Dharamtalla, Serampore,
Champdani, Baidybati, Pata Perry
ghat, Chandan nagar, Diamond
harbour, Vichnu Rampur,
Punyamasi

Latitude
25º43‟39.14”
25º37‟ 19.13‟‟
25º18‟25.15”

Longitude
84º10‟43.26”
85º09‟59.36”
87º01‟04.16”

Altitude(amsl)
54
53
36

24º47‟37.9”

87º55‟25.9”

28

21º47‟34.25”

88º 7‟33.94‟‟

3

Fig. 7-6: Study locations for floral component assessment surveyed along the flood zone of river Ganga

7.4.3

Methodology for assessment

Following methodology was adopted to understand and assess floral diversity along river
Ganga:
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During field surveys in pre-monsoon and post-monsoon seasons, identified stretches were
closely observed along the River for the dominant trees, shrubs, thorny species, and invasives
encroaching the riparian buffers. Vegetation assemblages were identified to qualitatively describe
the vegetation types in the different locations/sub basins which also represent different ecoclimatic zones.
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Series of surveys in the selected project sites were made together with information on different
terrestrial biodiversity components (Bryophytes, Lichens, Pteridophytes and Angiosperms)
together with aquatic components such as algal taxa and some pteridophytes
Field survey comprised of gathering information about medicinal, RET (Rare Endemic and
Threatened), native or exotic nature were considered and were carefully recorded along with
ecological attributes.
Phytosociological attributes of the tree covers in different forest types and plantations along
flood plains along River Ganga from Haridwar to Gangasagar were analyzed by stratified random
sampling technique as per Mishra (1968). Quantitative analysis of vegetation for density and
dominance was calculated following Mishra (1968).
The canopy cover/LAI (Leaf Area Index) of the forest stands at each location from Haridwar to
Gangasagar was measured with the LAI-2000 (LI-COR Inc., Lincoln, NE, USA) plant canopy
analyzer (PCA). All 'below canopy' readings were made at 2700 view angle with the sensor at 2 m
height from the ground level, to include all the multistory canopy layers excluding the ground
vegetation. Finally the average LAI for each forest type for each location was calculated.
Biodiversity of the area within the Zone of Influence of Hydropower projects and other
anthropogenic factors were qualitatively assessed.
An extensive and elaborate literature survey was undertaken to collect secondary information
available about floral diversity of Ganga basin.

7.5

Ganga River environment: Overview

Positioning in tri-junction of the Oriental, Palaearctic and Ethiopian realms, Himalaya harbors a
diverse and unique assemblage of biodiversity (Sanyal, 2013). For stability and resilience of mountain
ecosystem, biodiversity rich ecosystem is essential and riparian forest contributes in biodiversity rich
environment. Riparian forest cover present in Stretch I of River Ganga on the banks of Rivers
Bhagirathi and Alaknanda are better than riparian cover in Stretch II & III. A large part of Garhwal
Himalaya harbors rich forest on high altitudes. Characteristic of natural riparian ecosystems vary with
size of River from narrow and relatively diverse strips of Himalayan geography along the headwater
streams to homogeneous floodplains from upper reaches to lower reaches along River Ganga. Within
the same geological regime riparian ecosystems harboring species richness and diversity patterns are
similar to adjacent upland vegetation and it is also reported in previous studies (Biswas & Mallik, 2010).

7.6

Vegetation in the riparian zone of Stretch I (from Gomukh to Haridwar and
Mana to Haridwar)

The riparian zone of river Ganga supports many plant species that are of both ecological and
economic importance. Some play an important role in nutrient and water conservation and in
controlling soil erosion, while many also possess important medicinal properties. Bhagirathi River
originates from Gomukh glacier and confluence with other streams in Uttrakashi district they are viz
Kedar Ganga, Jadh Ganga, Syan Ganga, Kakora Gad and Asi Ganga. Uttarkashi district has varying
geographic environment ranging from vegetation rich valley and peaks with perpetual snow and
glaciers. At an altitude of 900-2000 m amsl comprises of Pine forests, Deodar forests lies between
2000-3000 m amsl, Fig and Spruce forests over 3000 m amsl with Kharshu Oak, Birch and Juniper
forests up to the 4000 m amsl. Alpine pastures present from 3500 to 4877 m amsl below snow line. As
per (Champion, 1968), Roy et al. (2015) and Joshi et al. (2016) vegetation can be characterized in
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different forest types in different sub basins with variety of dominant plant species as presented in
Error! Reference source not found..
Table 7-2: Vegetation characterization of the different sub basins of strech showing the number of forest types and dominant
tree species in each sub basin (Source: (Ramesh, 2015); (Rajvanshi, et al., 2012))

Sr. No.
1.

Sub Basin

No. of Forest Types

Bhagirathi I

2

Bhagirathi II

5

3.
4.
5.
6.

Bhagirathi III
Bhagirathi IV
Alaknanda I

5
4
2

Alaknanda II

5

7.
8.
9.

Alaknanda III
Alaknanda IV

5
4

Ganga

7

2.

Dominant species
Cedrus deodara, Pinus wallichiana, Popolus ciliata, Acer caesium,
Betula utilis
Alnus nepalensis, Quercus leucotricophora, Pinus roxburghii,
Rhododendron arboreum, Lyonia ovalifolia
Dalbergia sisso, Pinus roxburghii, Acacia catechu, Toona ciliate
Acacia catechu, Pinus roxburghii, Miscellaneous Forest
Cedrus deodara, Pinus wallichiana, Popolus ciliate
Alnus nepalensis, Quercus leucotricophora, Pinus roxburghii,
Rhododendron arboreum, Lyonia ovalifolia
Dalbergia sisso, Pinus roxburghii, Acacia catechu, Toona ciliate
Acacia catechu, Pinus roxburghii, Bombax ceiba
Shorea robusta, Tectona grandis, Holoptelia integrifolia, Haldina
cordifolia, Anogeissus latifolia, Aegle marmelos, Miscellaneous
Forest

A large number of medicinal herbs of great commercial, medicinal, pharmaceutical,
cosmetic, neutraceutical value grow in sub alpine and alpine region near Gomukh, Bhojbasa,
Chidbasa, Gangotri and adjoining areas. Gangotri National Park is a protected and sensitive
biodiversity area in the upper stretch of River Bhagirathi. The other tributary, River Alaknanda,
originates at the water divide between Satopanth and Bhagirath Glaciers (near Vashudhara Falls), flows
eastward and has a confluence with river Saraswati at Mana and then flows in a South East direction up
to Joshimath where it meets Dhauliganga. Dhauliganga originates from the peaks of Nanda Devi
Biosphere Reserve (NDBR) a world heritage site with two protected and biodiversity sensitive areas
(Nanda Devi National Park and Valley of Flower National Park) declared by Man and Biosphere
Programme of UNESCO in Niti valley. Before confluence with Dhauliganga Alaknanda has a minor
confluence downstream to Valley of Flower with tributaryKhironganga near Hanuman chatti and
Laxmanganga/Pulna near Govind Ghat. The forests present along these tributariescan be broadly
grouped into different forest types as per Champion and Seth (1968), Negi (1996), Roy et al.(2015) and
Joshi et al. (2016). Both Alaknanda and Bhagirathi valley comprises of a highly diversified ecological
region, biodiversity hot spot and also sensitive in terms of many RET wild plants and animal species
present in these mega basins based on a wide range of climatic conditions under altitudinal variations.
Botanical Survey of India, Dehradun identified 800 species of plant as a result of survey
conducted in the area during past 4 years by Hajra and Balodi (1995).

7-10

Assessment of Water Quality and Sediment to understand the Special Properties of River Ganga

Riparian vegetation and water quality Chapter
Box 2: Seabukthorn (Hippophae salicifolia) an indicator species of riparian buffer health in upper Bhagirathi and
Alaknanda basin

A species whose presence, absence, or relative well-being in a given environment is a sign of the overall health of its
ecosystem. By monitoring the condition and behavior of an indicator species, scientists can conclude how changes in the
surroundings are expected to have an effect on other species that are more complex to study. The need for this kind of
consideration goes high in future in relation to fast changing ecological, climatic and economic scenario in the Indian
Himalayan Region. While, considering such parameter and attributes in the riparian buffers of Bhagirathi and Alaknanda
Basin I and II, Hippophae salicifolia (locally known as Ames, Ameel, Chook etc.) with traditionally established multipurpose
utility (e.g. Ecological role in riparian buffers; slope stabilization ability; soil quality amelioration; traditional usage; value
addition potential and greening the wastelands in Himalayas etc.) has proven high ecological and economic potential
(Dhyani D. M., 2007). H. salicifolia is present in riverine areas of inner montane valleys. Along the freely draining slopes
on river banks Hippophae salicifolia often forms pure stands on the freshly formed landslips. It is a pioneer deciduous
species and is nitrogen fixer that improves soil fertility, which eventually facilitates their replacement by late successional
species. Thus, vegetation and a layer of decomposing litter cover bare ground area. Hydrological studies have found low
soil loss (range = 0.012 and 0.057 t/ha for rainy season) in forests of this region as compared to other land uses (Negi,
1996).

Hippophae salicifolia plant and degraded habitat on banks of Alaknanda and Bhagirathi basin I and II

Hippophae salicifolia (Seabuckthorn), belongs to the family Elaegnaceae. In India, the species is generally distributed in the
Trans Himalayan regions of Himachal Pradesh, Jammu and Kashmir, North East, and higher altitudes of Uttarakhand.
The plant has its luxuriant growth mostly on sun facing northern aspects of steep slopes in riparian buffers from 2000 3600 m amsl. Plant prefers sandy and eroded soil and grows well on gravelly sand and stone on the banks of river,
streamlets sometimes also in forests habitats. Five valleys of Bhagirathi and Alaknanda basin (Niti valley, Mana valley,
Bhyundar valley, Gangotri and Yamunotri valley) were studied to understand the riparian buffer health. Natural habitat
of Hippophae salicifolia is continuously being degraded. Although, logging for biomass removal is prohibited for the species
yet habitat destruction adue to upcoming HPP and road constructions near river banks and riparian buffers is common
(Dhyani, Dhyani, & Maikhuri, 2013). Hippophae resources are continuously being harvested by lopping (both partial and
complete) also leads to population decline in wilds. A detailed analysis of relationship between density, demographic
structure, and harvesting of H. salicifolia growing pockets in the five major valleys (Gangotri, Yamunotri, Niti, Mana and
Bhyundhar/valley of flower) in the major riparian buffer zones of river Ganga (Bhagirathi, Dhauliganga, Alaknanda and
Pulna) and Yamuna (Yamunotri) was carried out. A total of 120 quadrats were laid randomly to study population
structure, regeneration, sex ratio and lopping using quadrats of 100 m 2 (24 in each valley) in Hippophae growing riparian
buffers. Study reflected that the density, size distribution, and regeneration of Hippophae vary considerably among the
major valleys. Trees in the Yamunotri valley have the highest density of large trees but the lowest density of seedlings that
shows threat to future population on river banks of Yamuna. In contrast, there are few large trees but many seedlings in
the Mana valley due to disturbance (natural and man made). Trees are removed or felled but continous regeneration and
future progeny needs to be conserved for healthy riparian buffers. The number and size of lopped trees also varied
among the valleys. Lopping was greatest in Bhyundhar/ valley of flower (11.4%) and Yamunotri (19.7%) and least in Niti
(3.9%). The size of lopped trees differed substantially as well. Study revealed that unsustainable harvesting from plants
for fuel, fencing and fruits along with road broadening activities in riparian buffers or banks in Alaknanda and Bhagirathi
basins are the main cause of habitat destruction. Our research highlights the urgent need for in-situ and ex-situ
conservation of Hippophae salicifolia so that it‟s potential can be harnessed for not only slope stabilization and ensuring
healthy riparian buffers but also providing sustainable economic opportunity to locals by ex-situ conservation practices
(Dhyani, Dhyani, & Maikhuri, 2013)
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Extensive details of the qualitative assessment in Stretch I has been provided in the “Annex to
the Report”, where as photographs, and key highlights are presented in the sections to follow.

(From Top to Bottom) View of Pine dominated Bhagirathi catchment near
Tehri Dam reservoir; Oak dominated mixed broad leaved forests near Batwari with
luxuriantly growing ringal bamboo in understorey on the bank of Bhagirathi
tributary; and below landcape showing high altitude catchment of Bhagirathi
dominated by Deodar and Blue Pine forests with Seabuckthorn on banks

Plate 7-1: Landscapes and dominant forest type at different locations at Bhagirathi Basin I
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Griffth snowberry
(Gaultheria griffithiana)

Himalayan Indigo
(Indigofera heterantha)

Himalayan Sorbaria
(Sorbaria tomentosa)

Silky Rose
(Rosa sericea)

Small leaf rowan
(Sorbnus microphylla)

Webb‟s Rose
(Rosa webbiana)

Plate 7-2: Prominent plant species observed in Bhagirathi and Alaknanda Basin
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Candolle‟s Milk – Vetch
(Astragalus rhizanthus)

Five Finger Cinquefoil
(Pontentilla cuneata)

Himalayan Rhubarb
(Rheum acuminatum)

Indian celery
(Heracleum maximum)

Lower Mountain Sedum
(Rosularia alpestri)

River beauty
(Epilobium latifolium)

Plate 7-3: Plants observed in Bhariathi basin I at Gomukh, Gangotri 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 Basin I

(Betula utilis;Cedrus deodara male; Prinsepia utilis; Pinus wallichiana; Cedrus deodara female and Hippophae
salicifolia at top)
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From Top to Bottom) Grass dominated Alaknanda catchment near Mana valley; Betula utilis
dominated forests on uplands near Badrinath; and below landcape showing Pinus
roxburghiidominated upland vegetation near Nandapraya
Plate 7-5:Landscapes and dominant forest type at different locations at Alaknanda Basin I
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7.7

Assessment of vegetation in Streatch II and III (Haridwar to Gangasagar)

Five major plant groups (Algae, Lichens Pteridophytes, Bryophytes, and) were explored in
various habitats, from which 368 species of angiosperms, 13 species of pteridophytes, 12 species of
bryophytes, 33 species of lichens and 30 species of algae were collected from different areas. A
consolidated list of specimens and taxa collected along with collection localities, dates and taxon
identities is provided in Error! Reference source not found.
Table 7-3: Overview of Plant species observed in RZs from Haridwar to Gangasagar

Localities

Angiosperms

Pteridophytes

Bryophytes

Lichens

Algae

F

G

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

-

-

-

9

11

12

4

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

-

-

-

-

-

-

-

-

-

3

9

11

Ballia

17

26

26

-

-

-

-

-

-

-

-

-

-

-

-

Bhagalpur

20

31

23

-

-

-

2

2

2

1

1

1

1

3

3

Patna

9

13

13

-

-

-

1

2

2

1

2

3

3

4

4

Farakka

48

120

144

7

10

11

7

9

10

10

13

17

3

8

8

Gangasagar

52

107

134

6

8

9

7

10

11

4

6

12

4

16

17

Abbreviations: F = Family; G = Genera; S = Species

Species list of Angiosperms and detailed description of lower plants (Pteridophytes, Bryophytes,
Lichens and Algae) are presented in the “Annex to the Report”, where as the phytosociology of these
riparian zones have been presented in the sections to follow.
7.7.1

Stretch I – Phytosociology of riparian patches (Haridwar area)

The west Gangetic mixed deciduous forest represents closed forest of medium to good height
including a number of dominant top story species intimately mixed and a good many middle story trees
including some evergreen trees. The major dominant tree are Mallotus nudiflorus, Acacia catechu, Lannea
coromandelica, Madhuca indica, Ougeinia oojeinensis, Holoptelea integrifolia, Emblica officinalis and Mallotus
philippensis. The major shrub species are Adhatoda vasica, Clerodendrum viscosum, Colebrookia oppositifolia,
Holarrhena pubescens. Mallotus nudiflours dominated the tree cover in the community, observed highest
(160.43) IVI value followed by Acacia catechu (22.83), Dalbergia sissoo (12.95), Flacourtia indica (10.83) and
Mallotus philippensis (8.57). The understory was invaded by gregarious patches of Lantana camera. Ground
LAI values ranged between 1.11 to 3.19 with 2700 view angles in moist mixed deciduous forest along
the flood plain of Ganga River in Bhimgoda barrage and adjacent forest areas at Haridwar locality.
River bank vegetation is ecologically termed as riparian flora, and is highly dynamic. It links terrestrial
and aquatic habitat, under the influence of waterways such as rivulet banks or riverbanks, is represented
by a particular type of tree cover that grows along the sides of rivers, which are called the river's
riparian zone.
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A few species of large trees typically form a rather narrow fringe along the water courses
spreading out along the Ganga river flood plains of Haridwar (Bhimgoda). Mostly the trees are
evergreen to semi-evergreen in nature. Trees stand widely spaced with smaller trees and shrubs
between. Terminalia arjuna complete dominates the stand, along with few associated trees of Mallotus
nudiflorus. Ample water supplies are available though the soil may be coarse and non-retentive. These
forest stands are mainly low lying, seasonally flooded along the banks of rivers.The top story canopy is
mainly composed of Syzygium cumini, Terminalia arjuna, Mallotus nudiflorus, Acacia catechu and Flacourtia
indica. Terminalia arjuna dominated the tree cover in the community, observed highest (112.86) IVI value
followed by Mallotus nudiflours (82.54), Acacia catechu (65.29), Flacourtia indica (29.41) and Syzygium cumini
(9.88). The major shrub species are Adhatoda vasica, Clerodendrum viscosum, Solanum torvum and Cannabis
sativa.Ground LAI values ranged between 2.14 to 3.72 in riparian fringing forest along the flood plain
of Ganga River in Haripur and adjacent areas at Haridwar locality. Maximum canopy cover (LAI=3.7)
was observed at Haridwar locality among all 11 locations studied. Riparian fringing forest, which
comprises 15-30% of the flood plain vegetation of river Ganga is well represented with dense Terminalia
arjuna top story canopy, observed maximum dense canopy cover having maximum tree canopy cover (
LAI >3.3) at Bhimgoda region of Haridwar locality.
The dominant alien species of the zone composed of Ageratum houstonianum, Argemone
maxicana, Asclepias curassavica, Blainvillea acmella, Calotropis procera, Chenopodium album,
Euphorbia hirta, Ipomoea carnea, Lantana camara, Ocimum americanum, Parthenium hysterophorus,
Saccharum spontaneum.Mostly the trees and shrubs of Angiosperms and different growth forms of
lichens do not exhibit any change during the pre and post-monsoon seasons. However, the herbaceous
angiosperms, bryophytic taxa and ferns exhibit luxuriant growth in the different localities in the postmonsoon season. Since most of the localities of the zone falls under the protected area of Rajaji
National Par therefore the zone is free from anthropogenic activities (sand mining). However near
barrage bathing and washing cloth is a common practices.The presence of members of Chlorophyceae
(Green algal) in running water and absence of microphytes, luxuriant growth of lichens, ferns and
bryophytes together with maximum canopy cover (LAI =3.7) indicates more or less pollution free zone
with clean water quality.
7.7.2

Stretch II – Phytosociology of riparian patches (Narora to Allahabad)

Flood plain zones along Ganga River at Narora, Kannauj, Kanpur and Allahabad were majorly
under fallow land with very less scattered plantations of Psidium. Psidium plantations were majorly
observed along the Gangetic flood plains at Kanpur and Kannauj localities. Psidium species orchards is
the major canopy cover along flood plains of River Ganga in Kanpur and Kannauj region. Average 11
numbers of Psidium trees were found in 400 m2 sampling quadrate area along the Ganga coast. Psidium
plantations/orchards along the flood plain of river Ganga at Kanpur district observed lowest LAI value
ranging from 1.21-1.44.The zone is dominated by shrubs and herbaceous plants as most of fallow land
is used for agriculture. The shrubs of Lantana, Zyzyphus, Capparis together with herbs of Saccharum munja
and Cyperus dominates the area. The localities in the zone has scattered tress of Mangifera indiaca and
Syzygium cumunii.The pre and post-monsoon vegetation remains the same however in the post-monsoon
season the herbaceous flora grows luxuriantly and cover the large tract of the ground. The floral
diversity of pteridophytes reduced drastically as in both seasons only three tolerant genera Azolla,
Marsilea and Ampelopteria exhibit their occurrence.The bryophytic taxa showed their occurrence in both
the season however, in post-monsoon their population increased drastically and are easily visible on the
soil in moist places.
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A total of 11 genera with 16 species recorded to grow in both season. The zone exhibit
occurrence of 12 species of toxitolerant lichen species belonging to family Physciaceae on Mangifera
india trees. Being perennial the population of species remains constant in both the seasons.The algal
taxa recorded from different localities of the zone indicates nutrient rich water body polluted with
sewage disposal. The dominance of sensitive taxa of diatoms together with green algal taxa indicates
non polluted water bodies. However, HPP areas having presence of high organic and inorganic
pollutants (disposal of sewage, agricultural and industrial waste) in water bodies exhibit dominance of
cyanobacterial and diatoms taxa.Being a fallow land the localities have scattered plantations of Psidium
having lower tree cover with LAI value ranging from 1.21-1.44.From the primary and secondary data
available, the zone during pre-monsoon remains one of the most polluted stretch of river as
phytoplanktons particularly members of Chlorphycean (green alga) exhibit their poor occurrence.
However cyanobacterial members viz: Microsystis and Oscillatoria exhibit their dominance and secretion
of cyanotoxin by the alga, increase the toxins in the water body in the form of microcystin. The stretch
also exhibit scare occurrence of most of the floral elements.
7.7.3

Stretch II – Phytosociology of riparian patches (Varanasi to Bhagalpur)

No significant tree or shrub cover was found along the flood plain of river Ganga at Varanasi,
Balia, Patna and Bhagalpur, as the flood plains along the Ganga river is under extensive agriculture and
anthropogenic disturbance. The pre-monsoon season has less number of herbs and weeds which grow
luxuriantly and cover most of the ground cover in post-monsoon season. Further, the agricultural
activities increased along the bank during pre-monsoon together with mining of sand in some areas.
The sloppy edge, dry alluvial and sandy soil along the river bank in the zone does not allow many floral
elements to colonize. Further, the zone has agricultural practices since the ancient time. The zone
having large tracts of agricultural lands with long river stretch and higher anthropogenic pressure
showed least floral diversity within the area. The invasive alien species dominates the zone. The
extensive agricultural and HPP near cities further deteriorate the water quality upto a greater extend.
No significant tree or shrub cover found along the river in the localities. Due to HPP near cities pollute
the water through increase in sewage as indicated by higher dominance of cyanobacterial algal taxa and
Azolla which prefers water with higher nutrient and heavy metals respectively.The dominance of alien
species in the area together with exhaustive sand mining also influenced in reduction of floral diversity
along the river bank. Similar to zone II this zone also has poor water quality near HPP due to presence
of sewage water and further addition of herbicides, pesticides, and nitrogen and phosphorous through
agricultural practices.
7.7.4

Stretch III – Phytocociology of riparian patches (Farakka to Gangasagar)

No significant tree or shrub cover was found along the flood plain of river Ganga at Varanasi,
Balia, Patna and Bhagalpur, as the flood plains along the River Ganga is under extensive agriculture and
anthropogenic disturbance. The pre-monsoon season has less number of herbs and weeds which grow
luxuriantly and cover most of the ground cover in post-monsoon season. Further, the agricultural
activities increased along the bank during pre-monsoon together with mining of sand in some areas.
The sloppy edge, dry alluvial and sandy soil along the river bank in the zone does not allow many floral
elements to colonize. Further, the zone has agricultural practices since the ancient time. The zone
having large tracts of agricultural lands with long river stretch and higher anthropogenic pressure
showed least floral diversity within the area. The invasive alien species dominates the zone. The
extensive agricultural and HPP near cities further deteriorate the water quality upto a greater extend.
No significant tree or shrub cover found along the river in the localities. Due to HPP near cities pollute
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the water through increase in sewage as indicated by higher dominance of cyanobacterial algal taxa and
Azolla which prefers water with higher nutrient and heavy metals respectively.The dominance of alien
species in the area together with exhaustive sand mining also influenced in reduction of floral diversity
along the river bank. Similar to zone II this zone also has poor water quality near HPP due to presence
of sewage water and further addition of herbicides, pesticides, and nitrogen and phosphorous through
agricultural practices.
The following are the major forest types along with two plantations/monoculture stands were
observed along the Gangetic flood plains at Gangasagar are described below.

7.7.4.1 Casuarina & Lichi plantation
This association was least diverse with only 4 tree associates. Casuarina equisetifolia was the only
dominating species contributing ≥ 66 % to total IVI. Minimum IVI (7.92) was shown by Acacia nilotica
species. Lichi plantations/orchards were majorly observed along the flood plain of river Ganga at
Farakka locality along with scattered trees of Mallotus nudiflorus with very less tree cover (< 1 LAI value).

7.7.4.2 Acacia plantation
A total of 10 tree species were observed in Acacia dominated monoculture tree stands. Overall
IVI varied from 8.19 (Azadirachta indica) to 78.11 (Acacia catechu). Two species (Acacia catechu and Prosopis
juliflora) alone contributed about 47 % to total IVI highlighting their 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 natural forest cover along the flood plains of
Gangasagar forming tree canopy of maximum height of 15-20 m. Mangrove forest at Gangasagar
region was represented by total 7 specie associates and mostly represent evergreen species. Maximum
number of 5 mangrove species (Ceriops tagal, Bruguiera parviflora, Aegialitis rotundifolia, Aegiceras floridum and
Rhizophora apiculata) dominated this association with ≥57 % contribution to total IVI. Phoenix dactylifera
alone showed maximum IVI of 68.22 followed by Syzygium cumini (59.23).Mangrove forest at
Gangasagar observed LAI values ranging from ranging from 1.45-3.22. Mangrove forest at Gangasagar
also observed moderate canopy cover with maximum LAI values of 3.2. Therefore, we observed
maximum canopy cover at Riparian fringing forest at Haridwar region 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 mixed forest at Ganga Sagar region. 50 % of
the total IVI was contributed by just 6 species (Ficus benghalensis, Ficus religiosa, Ficus racemosa, Gmelina
arborea, Saraca asoca and Albizia lebbeck) out of the total 21 species. Highest IVI (46.64) was shown by
Saraca asoca while Leucaena leucocephala showed minimum IVI (3.35) in the association. The association
was also characterized by maximum three species of genus Ficus (IVI ranging from 25.71 to 37.7). The
moist mixed forest at Gangasagar observed LAI values ranging from 1.85-2.81. The zone shows
dominance of trees, herbs and shrubs together with dense vegetation of cultivated Litchi and Mango
trees. The Croton bonplandianus a herb grow abundantly under the orchards and other places while
Eichhornia crassipes cover gregariously spreading along the bank of river and ponds. A number of
medicinal plants such as Acorus calamus, Bacopa monierii, Datura stramonium and Eclipta alba are also
recorded from the area.
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The Pteridohytic taxa also exhibit their luxuriant growth in the zone as 13 species belonging to
11 genera were exhibit their occurrence in the zone. The zone also exhibited rich diversity of algae,
lichens and bryophytes represented by 17 genera of alga, 13 genera and 17 species of lichens and more
than 20 species of bryophytes.Except change in population of few herbaceous plants during pre and
post-monsoon seasons most of the trees, lichens, algae, bryophytes and pteridophytes flora remains the
same in both the seasons.The zone exhibit higher canopy cover in different tree vegetation ranged from
LAI values ranging from 1.4-3.22. The zone has dominance of invasive species represented by more
than 20 species. Eichhornia crassipes grown abundantly on ponds and along the river bank with lower
flow of water or in stagnant water. The over growth of Eichhornia crassipes limited the photosynthesis in
phytoplanktons beneath and thus reduced their growth. Luxuriant growth of different plant groups and
their taxa in the zone together with higher LAI values indicates it as a less polluted zone. However,
occurrence of higher number of cyanobacterial taxa (eight genera) with 5 genera of diatoms indicates
that the water bodies in the area are moderately polluted.

7.8
7.8.1

Exotic plants present in riparian buffers
Invasive plants in riparian buffers of Stretch I (Alaknanda and Bhagirathi Basin)

Ganga, Alaknanda and Bhagirathi banks and riparian buffers are heavily invaded by variety of
invasives and thorny shrubs indicator of degraded slopes and riparian zones. International Union for
Conservation of Nature and Natural Resources (IUCN) defines alien invasive species that establishes
itself in naturally occuring ecosystems or habitat. These species are considered to be agents of change,
and are also threat to native biological diversity as they outcompete native species for resources. These
invasive are widely distributed among all categories of living organisms as well as all kinds of
ecosystems throughout Indian Himalayan Region now including degraded patches of riparian buffers of
Ganga (Sekar, 2012). These plants are posing a lot of management problem and are also adversely
affecting the productivity of native plants because of their profuse regeneration potential and
allelopathic impacts. It is generally not very difficult to distinguish between native and exotic species, as
exotic species regenearate very profusely in riparian buffers. Presence of profuse regeneration of
pioneer trees like Alnus nepalensis and Debregeasia salicifolia and thorny species (Rosa brunonii, R. moschata,
Berberis aristata, B. asiatica, Rubus ellipticus, Urtica dieocia, Geradinia diversifolia etc) are indicator of disturbed
river banks due to regular road construction, broadening, repairing, landslides, extension of agriculture,
habitat destruction, increased fallow and wastelands etc. Lantana camara, Parthenium hysterophorus,
Eupatorium odoratum and E.adenophorum prominent inavises/weeds present from Haridwar to Gangnani
in Bhagirathi basin and from Haridwar to Govind ghat in Alaknanda basin Invasive plants, throny
plant species and pioneer tree species were not reported or observed post Gangnani till Gangotri and
later Gomukh. Same were observations from Govind ghat to Mana in Alaknanda Basin. With seasonal
variations invasive species pass through vigorous reproductive phases without any obstruction and
hinder the efforts to eradicate them. Invasive plants sustain and multiply at the cost of indigenous
species. They occupy vast areas and have driven many indigenous species into red data categories.
Invasive species and may cause loss of biodiversity including species extinctions, changes in hydrology
and ecosystem functioning of riparian buffers. The exotic plant species vary from native one, based on
their requirements, modes of resource sharing and utilization, more consumption which may cause
changes in soil profile, soil structure, decomposition of organic matter, soil nutrient content, soil
moisture, etc. Invasive species have a very significant and undesirable impact on the biodiversity and
ecosystems. Thus, Invasive species might pose a serious hindrance for conservation and management
of our riparian buffers in Alaknanda and Bhagirathi basin of river Ganga. Some prominently observed
invasive species are reported in Error! Reference source not found.. When the density and growth
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ate of invasive species are high, the natural regeneration process of native species can be suppressed
(Denslow, 2002) thus, the observations from Bhagirathi basin and Alaknanda basinreflect the fact that
high frequency and high intensity of anthropogenic are leading to the invasion of alien weeds and
prickly irritant shrubs and it could ultimately suppress the regeneration of native species in riparian
zone and may also reverse the course of succession.
Table 7-4: Prominent Invasive plants present along Bhagirathi and 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 Himalayan Region—
Diversity and Implication. American Journal of Plant Sciences, 2012, 3, 177-18
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Plate 7-6: Dominant invasives and / or thorny plants observed encroaching Alaknanda and Bhagirathi basin riparian buffers

(clockwise-Eupatorium odoratum; Parthenium hysterophorus; Lantana camara and Urtica dieocia

7.8.2

Invasive Plant species in Stretch II and III (Haridwar to Gangasagar)

A total number of 67 Invasive alien species was encountered in all the four zone of river Ganga.
The highest number of species was represented by the family Asteraceae (11 species). Invasive species
of Asteraceae exhibited a much higher reproductive capacity than those of other families. This high
reproductive potential is achieved by partitioning of reproductive capital into a large number of
propagules that are minute, light, and wind dispersed. Our field observation indicate that there are 10
most noxious invasive plant species in this region, namely, Ageratum conyzoides, Argemone mexicana, Senna
tora, Datura innoxia, Lantana camara, Leucaena leucocephala, Parthenium hysterophorus, Eichhornia crassipes,
Monochoria vaginalis and Xanthium strumarium. Some species such as Ageratum conyzoides, Lantana camara,
and Parthenium hysterophorus are harmful to native species (Singh D. , 2014); Tripathi and Shukla, 2007;
Dogra et al., 2009). Dominant Invasive species in different riparian stretches are; (Haridwar to
Bhimgoda): Ageratum houstonianum, Argemone maxicana, Asclepias curassavica, Blainvillea acmella, Calotropis
procera, Chenopodium album, Euphorbia hirta, Ipomoea carnea, Lantana camara, Ocimum americanum, Parthenium
hysterophorus, Saccharum spontaneum etc. (Narora to Allahabad): Calotropis procera, Chenopodium album,
Chrozophora rottleri, Croton bonplandianus, Euphorbia hirta, Lantana camara, Senna occidentalis,Xanthium
strumarium, Cleome viscosa, Hyptis suaveolens etc. (Varanasi to Bhagalpur): Datura metel, Prosopis juliflora,
Eclipta prostrata , Jatropha gossypiifolia, Lantana camara, Croton bonplandianus, Alternanthera sessilis,
Nicotiana plumbaginifolia, Xanthium strumarium , Eichhornia crassipes, Oxalis corniculata, Malvastrum
coromandelianum etc. (Farakka and Gangasagar): Alternanthera philoxeroides, Synedrella nodiflora, Eclipta
prostrata, Cleome rutidosperma, Solanum nigrum, Trema orientalis, Saccharum spontaneum, Solanum nigrum,
Eichhornia
crassipes,
Digera
muricata,
Chrozophora rottleri,
Lantana
camara,
Urena lobata,
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Nicotiana plumbaginifolia, Ipomoea carnea, Calotropis procera etc. Datura innoxia and Datura metelare serious
threat to the native species of the region and are known to cause delay in seedling growth of
neighbouring plants (Sood et al., 2011). Leucaena leucocephala alters the natural growth of native plants
because not only it obstructs plenty of sunlight to reach surface layer but also its allelopathic exudates
cause retardation in seedling growth of neighbouring plants (Chou, 1980). Many invasive species tend
to respond to temporarily nutrient enriched soil substrata and grow and quickly cover the gaps in
disturbed forests. They can destroy arable soil, negatively affect the growth of orchard, and could also
suppress growth of grasses in pasture, excreting a toxic volatile that prevents grazing (Saxena, 1991).
The greater viability and tolerance to harsh conditions could result in the preponderance of herbs
across the region. (Saxena and Ramakrishnan, 1982). Eichhornia crassipes is the most troublesome weed in
most of the marshy places, swamp, ponds, lakes, irrigation canals of area. Eichhornia sps. spread
throughout the water body and it makes water useless, partially or fully pollutes drinking water to foul
water, so it creates health hazard in the surroundings. Submerged invasive species like Monochoria
vaginalis, Ipomoea carnea, Cyperus sps. Colocasisa sp, Eichhornia crassipes causes harmful effects on freshwater,
which are noxious for the aquatic lives and agricultute crops. The most commonly documented effects
of Invasive aquatic species on phytoplankton that lower productivity and dissolved oxygen
concentrations beneath mats (Rommens et al., 2003; Mangas-Ramirez & Elias-Gutierrez, 2004; Perna &
Burrows, 2005). Other water quality effects include higher sedimentation rates within the plant‟s
complex root structure and higher evapotranspiration rates from water hyacinth leaves when compared
to evaporation rates from open water (Gopal, 1987). Eichhornia crassipes also has been found to stabilize
pH levels and temperature in experimental lagoons, thereby preventing stratification and increasing
mixing within the water column (Giraldo & Garzon, 2002). Photosynthesis is limited beneath Eichhornia
crassipes mats, and the plant itself does not release oxygen into the water as do phytoplankton and
submerged vegetation (Meerhoff et al., 2003), resulting in decreased dissolved oxygen concentration.

7.9

Threatened Medicianl and Aromatic Plants and Wild Edibles present in
Stretch I (Alaknanda and Bhagirathi Basin)

Western Himalaya is a biodiversity hotspot and a significant habitat to commercially important
but threatened medicinal and aromatic plants (MAPs). Uttrakhand is traditionally is known as gold mine
of medicinal plants. Herbs are grown naturally in the meadows (kharak). The sate itself declared as the
Herbal State in 2003 and planned to develop medicinal plants sector on priority (Gokhale and Negi,
2011). The region is a house of commercially important medicinal and aromatic plants, nutraceuticals,
timber yielding and other non-timber forest products. A large number of crude drugs in the market are
come from medicinal plants growing in Himalayan region (Badoni and Badoni, 2001; Mehta , 2001) .
About 2,500 plant species are being reported to be utilized in different Indian system of medicines
while, more than 1,750 herbal species are native to Indian Himalayan region. Western Himalaya has a
share of more than 1,000 species which are still in use. Most of the plants are observed and present in
Bhagirathi and Alaknanda basin that have some medicinal and aromatic property and majority of RET
MAPs (Medicinal and Aromatic Plants) species. Alaknanda and Bhagirathi basin I and II zone harbours
high value species Rare, Endangered and Threatened (RET) medicinal plants. Recently, 45 more species
are listed for their conservation which needs special attention including 30 species from high altitude
alpine zone (Nautiyal and Nautiyal, 2004; Rawat et al.,2001). About 121 plant species of Himalayan
region are in IUCN Red data book while, Red data book published by BSI has identified about 214
species of flowering plants are endangered in Himalayan region out of which 29 species have been
listed under rare category and some of them are at the verge of extinction. Most of the medicinal plant
exploited indiscriminately from the wild. Due to non-availability in abundance, different populations
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are completely wiped off for economizing the collection activity. In 1998 a ban was imposed on 29
plant species by Director General of Foreign Trade, Govt. of India, having 15 medicinal species, viz.,
Aconitum sp. Aquilaria malaccensis, Coptis teeta, Gentiana kurooa, Nardostachys grandiflora, Podophyllum
hexandrum, Swertia chirayata, Panax pseudoginseng, Picrorhiza kurroa, Dactylorhiza hatagirea, Saussurea costus,
Dioscorea deltoidea, orchid sp., Taxus wallichiana and Rauwolfia serpentinafrom Himalayan region. Though, the
numbers of these plants have increased over years due to unregulated harvesting of resources. Using
Red Data book criteria of International Union of Conservation of Nature and Natural Resources
(IUCN) the threatened medicinal plant species have also been categorized as vulnerable, critically rare
and endangered, under Biodiversity Conservation Prioritization Project (BCPP) (Samant et al., 1998).
Few abundantly occurring MAPs are open for harvesting from wild by sustainable harvesting measures
as suggested and directed by State Medicinal Plant Board of Uttarakhand. These MAPs are mostly
concentrated in Bhagirathi and Alaknanda Basin III and Ganga basin below Devprayag and close to
Rishikesh and Haridwar. These areCordyceps sinensis, Aconitum heterophyllum, Angelica glauca, Allium humile,
Podophyllum hexandrum, Picrorhiza kurrooa, Nardostachys grandiflora, Dactylorhiza hatagirea, Arnebia
benthamii,etc.to name a few. Other include Bergenia ciliate; Carpinus viminea; Delphinium denudatum; Acer
oblongum; Picrorhiza kurrooa; Thallictrum Foliolosum; Cymbopogon distans; Swertia chirayita; Saussurea obvallata;
Arnebia benthami; Cinnamomum Tamala; Fraxinus micrantha; Taxus wallichiana; Dactylorhiza hatagirea; Symplocos
paniculata; Heteropogon Melanocarpus; Valeriana jatamansi; Betula alnoides; Zathoxylum armatum; Elsholtzia flava;
Hedychium spicata; Angelica glauca, Carum carvi, 'Saussurea costus, Megacarpaea polyandra, Aconitum balfourii, A.
heterphyllum, Podophyllum hexandrum, Dactylorhiza halagirea, Geranium wallichianum, Allium stracheyi, Picrorhizia
kurrooa, Nardoslachys grandiflora are other valuable and threatened MAPs. Most of the MAPs in
Bhagirathi and Alaknanda basin are found in higher reaches of alpine, subalpine, timberline, riparian,
moist and dry temperate forests. Medicinal plants grow under various types of stress conditions in
Himalayas and are considered to be store house of different types of secondary metabolites. More than
63 medicinal plants are used by local healers for the treatment of different ailments and some of them
also used by the classical Ayurvedic formulations (Negi, 1996). All these areas are sensitive and
threatened biodiversity habitats due to unsustainable harvesting of resources and anthropogenic
interferences. Hence, MAP extraction from these reaches is restricted and illegal unless permitted.
Alaknanda and Bhagirathi basins are also potential sites for multipurpose, medicinal and lesser
known underutilized wild edibles. Among the wild edible plants Hippophae salicifolia, H. tibetana are
present on the sun facing river banks from Mana to Vishnuprayag and Gangotri to Gangnani. Fragaria
nubicola, Geranium species, Prinsepia utilis, Rubus ellipticus, Rosa brunii, Corylus jacquemontii, Morchella esculenta
(Fungi), Pleuospermum angelicoides and Allium humile are few other prominent ones.The natural forests and
plant composition in forests has been largely affected due to overgrazing, cultivation on slopes and
extension of agriculture, sub marginal lands, and unplanned developmental activities like construction
of tourist resorts, roads, buildings, etc. Indiscriminate and overexploitation have severely disturbed the
ecological balance.
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Table 7-5:Prominent MAPs present along Bhagirathi and Alankanda Basins in Upper Ganga catchment (Gangotri-Haridwar
and Mana-Devprayag)

Sr. No. Trade/ Local Name

Botanical Name

Family

Habit

Fabaceae

Cl

Acanthaceae

H

Rutaceae

T

1.

Ratti

2.

BansaVasa

3.

Bael

Abrus precatorius
Adhatoda zeylanica
(= A. vasica)
Aegle marmelos

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

Menispermaceae

Cl

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

Vitex negundo

Verbenaceae

S

*T:Tree, S:Shrub, H:Herb, CL: Climber
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Table 7-6: Prominent MAPs present along Bhagirathi and Alaknanda Basins open for collection from wild Upper Ganga
catchment

Sr. No.
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.

Trade/ Local Name
Botanical Name
Atibala
Abutilon indicum
Apamarg/ Latjira
Achyranthes aspera
Punarnawa
Boerhavia diffusa
Aank
Calatropis procera
Agyaghas
Cymbopogon spp.
Dhatura
Datura metel
Bhringraj
Eclipta alba
Shahatara
Fumaria indica
Gurhal phul
Hibiscus rosa sinensis
Pudina
Mentha arnensis
Kamal phul
Nelumbium spiciosum
Tulsi
Ocimum sanctum
Mungparni
Phaseolus trilobus
Bhumi amla
Phyllanthus urinaria
Arandi
Ricinus communis
Gulab phul
Rosa damascena
Bala
Sida cordifolia
Makoi
Solanum nigrum
Mansparni
Teramnus labialis
Gokharu
Tribulus terristris
*Note: T: Tree, H: Herb, S: Shrub, CL:

Family
Malvaceae
Amaranthaceae
Nyctaginaceae
Asclepiadaceae
Poaceae
Solanaceae
Asteraceae
Fumariaceae
Malvaceae
Lamiaceae
Nelumbonaceae
Lamiaceae
Fabaceae
Euphorbiaceae
Euphorbiaceae
Rosaceae
Malvaceae
Solanaceae
Fabaceae
Zygophyllaceae
Climber

Habit
S
H
H
S
H
H
H
H
S
H
H
H
Cl
H
S
S
H
H
CL
H
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Table 7-7: Prominent MAPs restricted for collection from wild in Uttarakhand

Sr.No.
1.
2.
3.
4.
5.
6.
7.
8.
9.
10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.

Trade/ Local Name
Botanical Name
Family
Hattajari/Salam panja
Dactylorhiza hatagirea
Orchidaceae
Riddhi
Habenaria intermedia
Orchidaceae
Vriddhi
Habenaria edgeworthii
Orchidaceae
Kakoli
Fritillaria roylei
Liliaceae
Chhir kakoli
Lilium polyphyllum
Liliaceae
Jivak
Malaxis muscifera
Orchidaceae
Rishibhak
Melaxis cylindrostachya
Orchidaceae
Salam Mishri
Eulophia dabai
Orchidaceae
Jatamansi
Nardostachys jatamansi
Vallerinaceae
Karvi
Gentiana kurroo
Gentianaceae
Satuva
Paris polyphylla
Liliaceae
Chirayita
Swertia chirayita
Gentianaceae
Atis
Aconitum heterophyllum
Ranunculaceae
Mitha bish
Aconitum balfourii
Ranunculaceae
Kutki
Picrorhiza kurrooa
Scrophulariaceae
Genthi
Dioscorea deltoides
Dioscoreaceae
Salparni
Desmodium gangeticum
Fabaceae
Prishnaparni
Uraria picta
Fabaceae
Bach
Acorus calamus
Araceae
Giloy
Tinospora cordifolia
Menispermaceae
Maida
Polygonatum verticillatum
Liliaceae
Maha Maida
Polygonatum cirrhifolium
Liliaceae
Dolu Archa
Rheum emodi
Polygonaceae
Sarpgandha
Rauvolfia serpentina
Apocynaceae
Kalihari
Gloriosa superba
Liliaceae
Timru
Zanthoxylum armatum
Rutaceae
Van pyaj
Urginea indica
Liliaceae
Sankhapushpi
Canscora decussate
Gentianaceae
Manjith
Rubia cordifolia
Rubiaceae
Balchari
Arnebia benthami
Boraginaceae
Thuner/ Talispatra
Taxus baccata
Pinaceae
Dhup
Jurinea dolomiaea
Asteraceae
Tagar
Valleriana wallichii
Vallerinaceae
Choru
Angelica glauca
Apiaceae
*T: Tree, S: Shrub, H: Herb, CL: Climber
Source: State Medicinal Plant Board, Uttarakhand
(http://www.smpbuk.org/details.php?pgID= sb_30) Accessed on November 2016)
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Habit
H
H
H
H
H
H
H
H
H
H
H
H
H
H
H
CL
H
H
H
CL
H
H
H
H
CL
S
H
H
CL
H
T
H
H
H

Riparian vegetation and water quality Chapter
7.10 Natural and anthropogenic pressure on riparian buffers of Bhagirathi and
Alaknanda Basins
The young and rising mountains of Himalaya with immature topography and sensitive
biodiversity hot spots are extremely vulnerable to land slips and erosion in absence of forest cover. This
continous erosion in upland areas, flash floods and forest degradation damages the riparian buffers and
also increases significant silt load to the rivers. Extensive erosion due to contnous road construction,
landslide and construction for HPP reduced the river channel leading to complete distruction of
riparian forests. Since, past few decades‟ changes have been observed in the traditional land use
practices due to construction of roads and influence of market forces and other environmental factors
(Anjali, Sanjay, Uniyal, Gopal, & Asha, 2003). Besides, the influx of tourists has also increased in many
parts of Bhagirathi and Alaknanda basin, which has not only increased the newly constructed hotels and
lodges but has also increased the resource dependency on surrounding forests (Singh, 1999). Apart
from these demands of subsistence living forest are under frequent threats due to fires, spread of
invasive species and unregulated extraction of non-timber forest products (NTFPs) (Singh and Singh,
1992). Because, of lack of adequate economic incentives for conservation, increasing population
pressure and injudicious exploitation of resources the local inhabitants many times find it difficult to
conserve forests and the biodiversity of the region and hence, it is dwindling fast. Thus, though the area
under forest cover is large, much of the under stocking density that is far lower 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 Bhagirathi and Alaknanda Basin

To understand broadly various anthrpogenic and natural pressures on riparian buffers we have
characterized different disturbance parameters based on their presence and absence in respective
locations have assigned them a value between a zero or one.This characterization of disturbance
parameters through Cumulative Disturbance Index (CDI) across the different locations in the riparian
buffers of Alaknanda and Bhagirathi basin are based on different disturbance parameters observed.
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Disturbances on riparian buffers or river banks were observed and assessed in two categories i.e.
Anthropogenic disturbances and Natural Disturbances. Anthropogenic disturbances were further
categorised into.Mega Hydro Power Projects (MHPP);Road Construction/repairing activities;Sand
mining;Biomass removal;Tourism; Expansion of agriculture; Human habitationsetc. while, natural
disturbances were further categorized into Invasive plants; pioneer species due to habitat destruction;
thorny species in riparian buffers; Landslides; Floods; Forest Fires. Presence (1) and Absence (0) were
the criteria used for giving a representation to the disturbance parameter observed for the site. The
scores based on these disturbances present in the surveyed valleys/locations based on personal
observations. The total CDI score ranges from min. 0 to max. 21, to divide this range in 3 classes, the
total value was divided into three ranges that is, 21/ 3= 7 and the different classes are as follows:
CDI score
Anthropogenic
Disturbances

Natural
Disturbances

CDI category

0-2

UD (Undisturbed)

3-5

MD (Moderately Disturbed)

6-7

HD (Highly Disturbed)

CDI score

CDI category

0-1

UD (Undisturbed)

2-5

MD (Moderately Disturbed)

6-7

HD (Highly Disturbed)

Physical verification of riparian buffers and river banks in Bhagirathi and Alaknanda basin could
provide information both on intensity of disturbance and riparian zones affected by the disturbance. In
Bhagrathi basin biomass removal, road construction, expansion of agriculture, and increasing human
settlements near rivers and sand mining were observed to be major source of anthropogenic pressures.
In Alaknanda basin too major anthropogenic drivers of riparian zone destruction were biomass
removal, tourism, road construction and increase in human habitations). In Bhagirathi basin based on
CDI scores Maneri, Chnyalisaur and Ghansali emerged having highly disturbed riparian buffers
followed by Uttarkashi, Dharasu and Batwari. In Alaknanda Karnaprayag, Rudraprayag, Srinagar and
Devprayag were the locations were riparian buffers are significantly degraded followed by Haridwar,
Rishikesh, Nandaprayag and Vishnuprayag due to various pressures and at various intensities. Gomukh,
Lanka and Bhairavghati in Bhagirathi I and Badrinath, Mana in Alaknanda I basin were least disturbed
riparian stretches but Alaknanda basin was more disturbed in comparison to Bhagirathi basin.
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Table 7-8: Characterization of anthropogenic disturbances parameters through Cumulative Disturbance Index (CDI) across
riparian buffers in Alaknanda Basin

0
1
1
1
0
1
1
5

0
1
1
1
1
1
1
6

1
1
1
1
1
0
1
6

0
0
1
1
1
1
1
5

0
0
1
1
1
1
1
5

TOTAL

1
1
1
1
1
0
1
6

Srinagar

Rudraprayag

Karanprayag
0
1
1
1
1
1
1
6

Haridwar

1
1
0
1
1
0
1
5

Rishikesh

1
1
0
1
1
0
0
3

Devprayag

0
1
0
1
1
0
0
3

Nandprayag

Badrinath

Mana

Disturbance Parameters
MHPP
Road construction
Sand mining
Biomass
Tourism
Agriculture expansion
Human habitations
TOTAL

Vishnuprayag

Locations

4
8
6
10
9
5
8

Table 7-9:Characterization of natural disturbance parameters through CDI across riparian buffers in Bhagirathi Basin

Gangotri

Bhairavghati

Lanka

Dharali

Harsil

Sukhitop

Lahorinagpala

Gangnani

Batwari

Maneri

Uttarkashi

Dharasu

Chinyalisaur

Ghansali

TOTAL

Disturbance
Parameters
Invasives
Pioneer species
Thorny species
Landslides
Floods
Forest Fire
TOTAL

Gomukh

Locations

0
0
0
1
1
0
2

0
0
0
1
1
0
2

0
0
0
1
1
0
2

0
0
0
1
1
0
2

0
0
0
1
1
0
2

0
0
0
1
1
0
2

1
0
1
1
1
0
4

1
0
1
1
1
0
4

1
1
1
1
1
0
5

1
1
1
1
1
1
6

1
1
1
1
1
1
6

1
1
1
1
1
1
6

1
1
1
1
1
1
6

1
1
1
1
1
1
6

1
1
1
1
1
1
6

9
7
9
15
15
6
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Table 7-10:Characterization of anthropogenic disturbance parameters through CDI across riparian buffers in Bhagirathi
Basin

Gangotri

Bhairavghati

Lanka

Dharali

Harsil

Sukhitop

Lahorinagpala

Gangnani

Batwari

Maneri

Uttarkashi

Dharasu

Chinyalisaur

Ghansali

TOTAL

Disturbance
Parameters
MHPP
Road construction
Sand mining
Biomass
Tourism
Agriculture expansion
Human habitations
TOTAL

Gomukh

Locations

0
0
0
1
0
0
0
1

0
1
1
1
1
0
0
4

0
1
0
1
0
0
0
2

0
0
0
1
0
0
0
1

0
0
1
1
1
1
1
5

0
0
1
1
1
1
1
5

0
1
0
1
0
1
1
4

0
1
0
1
0
0
0
2

0
0
1
1
1
1
1
5

0
1
1
1
1
1
1
6

1
1
1
1
1
1
1
7

0
1
1
1
1
1
1
6

1
1
1
1
0
1
1
6

1
1
1
1
1
1
1
7

1
1
1
1
1
1
1
7

4
10
10
15
9
10
10

Table 7-11:Characterization of riparian buffers in disturbance parameters through CDI across different riparian buffers of
Alaknada Basin

0
0
0
1
1
0
2

0
0
0
1
1
0
2

0
1
1
1
1
0
4

1
1
1
1
1
1
6

1
1
1
1
1
1
6

1
1
1
1
1
1
6

1
1
1
1
1
1
6

1
1
1
1
1
1
6

1
0
1
0
1
1
4

1
0
1
0
1
1
4

TOTAL

Haridwar

Rishikesh

Devprayag

Srinagar

Rudraprayag

Karanprayag

Nandprayag

Mana

Disturbance Parameters
Invasives
Pioneer species
Thorny species
Landslides
Floods
Forest Fire
TOTAL

Badrinath
Vishnupraya
g

Locations

7
6
8
8
10
7

Stretch II and III have higher anthropogenic pressure of industries, HPP areas together with
sand mining along the bank and disposal of sewage in the river. Luxuriant growth of cyanobacterial alga
producing toxins, presence of Azolla, absence of sensitive plant species and presence of toxitolerant
plants indicates pollution both in water and air .The fourth zone comprises of flood plains have
evergreen and mangrove forest with higher LAI value of 1.45-3.22. All the plant groups exhibit the
dominance of their sensitive and tolerant taxa indicates it a less polluted area. However, luxuriant
growth of Eichhornia and Azolla together with higher number of cyanobacterial and diatom taxa
indicates that water of ponds and slow flowing river bank water is moderately polluted. Based on the
observation on vegetation cover and water quality it is recommended that there is a need of
afforestation to rejuvenate river banks by introduction of native water loving trees such as Arjuna,
Jamun, Bargad (Terminalia, Syzygium and Ficus) tree species. There is also need of plantation of annual
medicinal herbs along the bank of river and also sand mining should be prohibited along the banks.
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Box 3: Extension of agriculture and change in agriculture practices exerts pressure on forests and riparian buffers

Traditional agriculture plays a vital role in the livelihoods of farmers of Garhwal Himalayas. About 80% of the
population is actively engaged in agricultural activities. The agricultural land holdings per capita land are estimated to
be about 0.02 hectare that is very meager. Terraced slopes covering 85% of the total agricultural land are generally
rainfed while the valleys covering only15% of the area are irrigated (close to riparian buffers). The soil, particularly
under rainfed agriculture, is vulnerable to losses owing to the topography, heavy seasonal rainfall and intensive
agricultural practices.

Rainfed and Irrigated cropfields on the banks of Alaknanda Basin, Uttarakhand
There are more than 40 different crops cultivated along an altitudinal gradient of 300 to 3000 m on the banks of the
rivers. For last few decades, government agencies have been emphasizing the use of chemical fertilizers like Urea
and DAP to enhance the productivity of the crops. Monocropping of potato, cabbage etc., in agricultural croplands
and fruits like Malta (citrus crop) and apple (in Alaknanda and Bhagirathi Basin I and II) in horticultural plots have
replaced the traditionally valued indigenous crops of human health (Buck Wheat, Finger millet, Cheena, Jhangora,
Koni, Paddy etc.). Commercial cropping has gradually led to the rapid decline in indigenous crop diversity. With
increasing modern agricultural practices, the indigenous knowledge and techniques have gradually faded away.
Extension of agriculture and change in agriculture crops from indigenous to cash have added to the pressure to
nearby forests for farm yard manue and loss of forests in uplands and river banks both (Misra et al., 2008).
Table 7-12: Waterquality, natural and man-made pressures in different zones of River Ganga

Tree
cover
LAI
value

Zone

Localities

HPP & other
anthropogenic

Water quality
indicator plants

Tropical
deciduous
forest

Haridwar
and
Bhimgoda

More or less no
anthropogenic
pressure

Comparatively less
growth of
No need of
cyanobacterial algae 1.11-3.19
plantation
producing less toxin
to the river

Narora,
Kannouj,
Kanpur,
Allahabd

Dominance of
Afforestation
cyanobacterial algae,
measures to be
indicate more toxin
taken to rejuvenate
in water.
river bank needs
HPP, sand
Dominance of
introduction of
mining & higher Azolla
native water loving
1.21-1.44
Anthropogenic (Pteridophytes)
trees such as
pressure
indicates water with
Arjuna, Jamun,
variety of heavy
Bargad (Terminalia
metals
spp., Syzygium
Absence of sensitive
spp., Ficus spp.)
plant species and
etc.

Fallow land

Recommendations
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Localities

HPP & other
anthropogenic

Agricultural
land

Varanasi ,
Ballia,
Patna,
Bhagalpur

dominance of
HPP, sand
toxitolerant plants
mining & higher (Lichens,
<1.0
Anthropogenic Bryophytes, Mosses)
pressure
indicates polluted
sites.

Evergreen
mangrove
forest

Less
Farrakha,
anthropogenic
Gangasagar
pressure

Zone

Water quality
indicator plants

Tree
cover
LAI
value

Recommendations

Need plantation of
annual medicinal
herbs along the
bank of River,
Make policy to
stop sand mining

Make policy to
Dominance of most
stop sand mining
of the sensitive plant
1.45-3.21 and conservation of
species indicates
native trees and
less polluted water
mangrove

7.11 Salient findings and suggestions
7.11.1 Key finding from Stretch I (Bhagirathi and Alaknanda Basin)
The main objective of the study is to assess the impact of floral composition on the quality of
water in River Ganga. Ecosystem, habitat, biodiversity, landuse in river banks strongly influences river
water quality at various levels. Climatic, topographical, geographical and other micro climatic variables
have resulted in high and unique biodiversity in the Bhagirathi, Alaknanda and Ganga basins across the
altitudinal gradient. Following are few of the salient reflections from our observations and review of
literature:
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High rate of continous natural and man made disturbances are leading towards fractured and
destructed riparian buffers that are rapidly encroached by invasive species.
Despite their immense ecological and economic significance, riparian forests are partially
degraded in most parts of Bhagirathi and Alaknanda basins II and III.
The headwater tributaries of Ganga where pre and post-monsoon observations were recorded
still support few stretches of good riparian forest cover, these forests have gradually almost
disappeared downstream.
Most of the riparian buffers climatic climax in these patches are replaced by pioneer species,
profuse regeneration of thorny species and invasives on degraded slopes.
River conservation cannot be viewed in isolation, as riparian zone functions as a critical link
between the terrestrial and aquatic ecosystems. It serves as an ecological corridor both between
habitats and across elevation zones, and also as refugia protecting species with the extreme
climatic variabilities and vulnerabilities. Close association of riparian buffers with socioeconomic development cannot be ignored hence; it needs significant and immediate attention for
conservation.
Details on plant species to be planted are already been proposed in DPR by FRI (2016).
Ecosystem based approaches (EbA) will be required to stabilize riparian zones that will require
both civil engineering and biological interventions including active community participation by
people living near river banks.
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Riparian forests in India are not under protection by law unless the rivers are flowing through
any sensitive protected or sacred site. Examples are there where rivers emerging from core zones
of many high altitude ecologically sensitive areas are encroached or controlled. Hence, riparian
vegetation needs to be protected and suitable policy amendment can be made.
7.11.2 Key finding from Stretch II and III (Haridwar to Gangasagar)

The important characteristics of plant species used in pollution monitoring in an area that
should have certain important features for the success of such programmes. Some of the most
important features are:






Species should be easy to identify in the field and easy to handle
Species should have a wild range of distribution so that it can be used in different areas.
Species should be sensitive to many types of pollutants so that it can be used to monitor
different types of pollutants in the area.
Species should produce highly specific damage symptoms in response to particular types and
concentrations of pollutants

Though all types of sensitive species can be used in monitoring pollution, most useful and
commonly used plants include sensitive species of lichens, bryophytes, plankton algae, aquatic ferns and
angiosperms. Bryophytes, lichens, ferns, algae and aquatic plants are generally more useful in pollution
monitoring because their range of pollutants specificity is usually much higher than that of higher
vascular plants. Lichen genera Phaeophyscia, Parmelia, Lecanora, Graphis and Pyxine and a number of lichen
bioindicator communities of a particular country or region and the bryophytes species of Sphagnum,
Bryum and Grimmina are frequently used for air and soil pollution. For monitoring water quality
planktonic algae such as Microcystis, Cyanobacterial and diatoms together with aquatic ferns and
hydrophytes are useful pollution monitors. Vegetation analysis, physiological and yield analysis, analysis
of visible injury symptoms, histological analysis, ultra structural analysis and chemical analysis are some
of the important methods of using plants as pollution indicators/monitors. In vegetation analysis, the
decrease in the densities of sensitive species and increase in the density of tolerant species is recorded.
Absence of highly sensitive species, change in the species composition of vegetation and distribution
pattern of populations in the area are studied under the vegetational analysis method. Vegetational
analysis studies indicate the type and concentration of pollutants as well as the pollution problem of an
area.




7.11.2.1 Identifiable keys in Aquatic vegetation in Streatch II and III:
Changes in diatoms community decrease in plankton algae and aquatic hydrophytes and spread
of Azolla indicates increased water acidity and higher concentration of heavy metals
Eutrophication and water blooms indicate sewage, organic matter and chemical fertilizers
pollution of water.
Abundance of Azolla and Eichhornia indicates sewage and heavy metal pollution of water.

7.11.2.2 Identifiable keys in Terrestrial vegetation in Strech II and III:
Based on the vegetation analysis in the four zones of the study area it is clear that the foot hills
of Haridwar and Bhimgoda (zone I) have less growth of cyanobacterial algae producing toxins and
occurrence of normal and sensitive taxa of different plants groups and also have 1.1-3.19 tree cover
indicates a pollution free area having good quality of water in the river. Both the zone II and III are
with fallow land in Narora, Kannauj, Kanpur, Allahabad and agricultural land in Varanasi, Ballia, Patna
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and Bhagalpur. The river banks in both the zone are devoid of trees and vegetation LAI value 1.221.40. Only herbaceous taxa dominate the localities with agricultural crops.
Keeping DPR prepared by ICFRE and FRI, Dehradun and Cumulative impact assessment
report as prepared by IIT Consortium and WII, Dehradun, it is urgently required that we understand
the importance of river health assessment. This task cannot be seen and worked in isolation and we
need to have a multidimensional approach seeing the upper stretch of River Ganga in Bhagirathi and
Alaknanda as mega watershed with its sub basin attributes. The work will be started from one sub basin
or micro watershed hence, it will be imperative to understand the previous scenario of river banks,
riparian buffers, catchement area health, land uses on the banks, drainage patterns that has supported
river water quality in last many millenia. A three tier management strategy for river health most
importantly river water health reflects river water quality well associated with catchment
health, by conserving riparian buffers and reducing pressure on about 50-100 m on both sides
of flowing river.
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Chapter 8 Salient findings and recommendations
In this study, an attempt was made to identify certain unique characteristics which River Ganga
is believed to possess, and in extension, understand the manner in which they interact with the dynamic
environment. Subsequently, the impact of anthropogenic activities and pollution on water quality and
these characteristics has to be realized, so that the River and its uniqueness can be suitably conserved.
The diversity in temperature, climate, flow, physiographic features, River bed and
anthropogenic activities is distinctly evident as the River flows from upper reaches of the Himalayas to
the delta region near Gangasagar. The monitoring activity comprised of analysing physico-chemical,
biological, microbiological, metals and radiological characteristics of water and sediment in two seasons
along the entire stretch of the River Ganga and major tributaries. Further, all these characteristics were
compared with River Yamuna and River Narmada. The analyses for this vast array of parameters
upstream and downstream of major towns, dams or confluences were useful in observing changes in
the water quality. Further, dedicated field and laboratory based studies conducted helped in drawing
information about the unique characteristics and understanding the science behind them.
Owing to the broad scope and the extensive amount of work carried out on numerous aspects
of this project, the conclusion to the project cannot be presented from a single viewpoint. It is
imperative to consider the inferences of variety of components in order to justly draw out an apt
conclusion. In this regard, some of the important perspectives which 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 between parameters/components
3) Addressing the objectives of the project, and concluding from the perspective of the overall scope
of the project
In addition, recommending certain necessary actions and policy based suggestions, also is an
important element in conclusion.
Ganga basin exhibits appreciable diversity with respect to climate which varies the water
temperature seasonally and along the length of the River. It is a physical factor which influences
dissolution of atmospheric oxygen, micro flora and fauna and other biotic/aboitic processes. The
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other physical characteristics like odour and colour primarily vary due to sediment load and
anthropogenic activities surrounding a specific location.
The River can be classified based on the regime viz. high turbulent flow with narrow river bed
in Stretch I; moderate velocity, wide river bed and braided flow in Stretch II; and, controlled shipping
channel in Stretch III. These different flow characteristics along with changing anthropogenic activities
impact the water quality.
Further, the river can be distinctly divided in two regions spanning from Gomukh to Haridwar
(Stretch I) and Haridwar to Gangasagar (Stretch II & III) based on chemical aspects of water quality.
The variation in water quality parameters can be distinctly seen across the stretches with limited
variation within the stretches themselves. This indicates that the water quality tends towards
degradation along the River. The water quality at most locations in the River remains below the BIS
Drinking Water Quality Standards, with exceptions such as Hardness, Aluminium, Manganese, Arsenic,
Chromium and Lead at select locations. However, organic contamination, mostly from domestic
sewage, can be observed throughout the Stretch II and III. Higher BOD values than the CPCB
prescribed Surface Water Quality criteria were observed at multiple locations. This further implies
that overall water quality remains below the drinking water standards for chemical parameters
but also pollution due to discharge of domestic sewage warranting immediate attention in
controlling sewage and waste disposal even from villages and towns besides cities.
Microbiological parameters viz., total coliforms, faecal coliforms and E. Coli also show an
increasing trend in terms of degree of contamination as the River flows through small towns and cities.
One of the criteria for selection of sampling locations was to avoid direct influence of any major drain
and to represent the overall water quality of the River. Presence of indicator bacteria upstream of the
towns suggests that contribution of untreated sewage from group of villages and towns along the banks
of the River also degrades the water quality from the microbiological perspective. Apart from
construction of sewage treatment plants along major drains in the 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 the Drinking Water Quality Standards
at only one location along the entire stretch, ; however, chromium was detected in all the locations in
Stretch II, though it was below the acceptable limit as per the Drinking Water Quality Standard. Thus
monitoring of water quality and more stringent measures should be taken to arrest chemical
contamination of the river.
Agricultural activities are commonly observed along the River side from Harsil to Gangasagar.
The use of pesticides for agriculture in the surrounding areas is limited in Stretch I but increases rapidly
as the River flows through the plains. Pesticides, if present, are usually less than µg/L concentration in
natural waters. The water quality monitoring did not necessarily confirm the presence of pesticides in
the flowing River. The quantum of River water and dilution factor is primarily responsible for these
pesticides to be below the limit of quantification. However, the nature of pesticides, to partition to the
sediment and then accumulate over a period of time, can alter the microbial diversity in the shallow
waters. Thus, an effort to convert the pesticide based agriculture to organic farming should be
considered and encouraged.
Other parameters, which indicate anthropogenic impact, monitored as part of this study were
four pharmaceutical and hormone (emerging contaminants). Major causes of finding pharmaceutical
and hormones in River water are sewage/industrial wastewater discharge and anthropogenic activities.
The compounds were detected at certain select locations. Therefore, regulatory framework is
necessary to restrict these emerging contaminants from entering into the River. Restrictions
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should be imposed on the disposal of dumps, garlands, idols, flowers and other articles,
cremation activities, etc. These restrictions can be prioritized by considering the sensitive locations in
which they are widely prevalent. In addition, initiatives can be taken by creating “safe zones” along
course of River Ganga by implementing strict restrictions on activities contributing to River pollution.
Further, it is necessary to develop prioritization of emerging contaminants and their evaluation in
different water sources. Funding programs on the health risk assessment can facilitate important
information on the cause and effect relationship. Occurrence of emerging contaminants in water
sources can be correlated with the adverse health impacts on the exposed population. Conventional
methods used in the sewage treatment plants (STPs) cannot effectively remove emerging contaminants
(drugs, hormones etc.) from the wastewater. Therefore, efforts are needed to adopt technologies at
sensitive locations for treatment that can efficiently remove emerging contaminants.
Thus, seasonal monitoring along the River indicates that flow characteristics affects the water
quality but increase in anthropogenic factors like agriculture, industries, , canals and drains as River
flows from Stretch I to stretch III also contributes significantly towards the change in water quality.
The relative change in upstream and downstream of impoundments like at Maneri and Tehri
Dam; major cities, towns and canals like Bhimgoda barrage, can help in understanding the impact on
water quality; however, the interpretation of relative change has limitation when the upstream water has
high pollution pressure. High withdrawal, low flow and discharge of excessive sewage than the
assimilation capacity of the River have an impact on water quality parameters. Withdrawal of water at
Bhimgoda barrage and low flow downstream of Tehri Dam results in the decrease of dissolved oxygen
concentrations in the water. Hence, it is safe to conclude that withdrawal of water from network
of dams, barrages, canals etc, are as detrimental as discharge of sewage/industrial wastewater
and therefore need to be regulated considering minimum environmental flow.
Another important aspect during monitoring was microbial diversity and presence of
bacteriophages in River Ganga. Water and sediment samples of River Ganga were analyzed for
presence of bacteriophages. It was observed that the trend of bacteriophages present in water and
sediment, and also the trend of bacteriophages against pathogenic, non-pathogenic and opportunistic
pathogenic bacterial isolates were found same. Bacteriophages in water samples were found to be more
in number than sediment samples from the upper stretch of River Ganga. But in case of the Stretch
between Bijnor and Varanasi, lesser number of bacteriophages was found in water than in sediment.
Comparison between the two stretches of River Yamuna indicated that lesser number of
bacteriophages against bacteria in Stretch I, whereas higher number of bacteriophages was found
against bacteria in the sediment samples from Stretch II. In the Stretch of River Narmada between
Amarkantak and Omkareshwar, comparatively higher number of bacteriophages was found against
bacterial species from water samples; but in sediment samples, equal amount of bacteria and
bacteriophages were detected. In the Stretch from Omkareshwar to Bharuch, higher number of
bacteriophages were found against bacterial species from both water and sediment samples. The
comparison of River Ganga with Rivers Yamuna and Narmada showed higher numbers of
bacteriophages against pathogenic bacterial species in River Ganga.
The viral metagenome has been assembled and analysed in the sediments of River Ganga, in the
middle stretch starting from Bijnor, Narora, Kannauj, Kanpur, Allahabad, Sangam, Mirzapur and
Varanasi. The fresh water sedimentary metagenome-viromes differed from the earlier viromes collected
from other fresh water sediments, as, the fresh water sediments from the River Ganga not only house
novel viromes, but also include unexplored double stranded DNA viruses. Bacteriophage was
represented by the order Caudovirales which shared the 57% of the total viral community. Further
analysis also showed the presence of families Siphoviridae, Podoviridae and Myoviridae. Among these
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families Myoviridae shared most of the viral encoding sequences i.e. 28% of the total viral community,
followed by Siphoviridae (19%) and Podoviridae which shared 8%. This study revealed variety of
different phages that are reported to have specific bactericidal activity against clinical isolates
and pathogens like Mycobacterium, Streptococcus, Pseudomonas, Yersinia, Salmonella, Staphylococcus, Klebsiella,
Vibrio, Shigella, Clostridium, Acinetobacter, Erwinia, Aeromonas, Escherichia, Cronobacter, Enterobacteria, and
Campylobacter even in this contaminated stretch of River Ganga.
Another key aspect was to understand the biodiversity along the stretch. The main objective of
the study is to assess the impact of floral composition on the quality of water in River Ganga.
Ecosystem, habitat, biodiversity, land use along the River bank strongly influences River water quality at
various levels. Climatic, topographical, geographical and other variables have resulted in highly diverse
and unique biodiversity in the Bhagirathi, Alaknanda sub-basins and the Ganga basin across the. High
rate of continuous natural and man-made disturbance is leading towards fractured and destructed
riparian buffers that are rapidly encroached by invasive species. River conservation cannot be viewed in
isolation, as riparian zone functions as a critical link between the terrestrial and aquatic ecosystems. It
serves as an ecological corridor both between habitats and across elevation zones, and also as refugia
protecting species with the extreme climatic variabilities and vulnerabilities. In addition, the close
association of riparian buffers with socio-economic development cannot be ignored; and hence, it
needs significant and immediate attention for conservation. Ecosystem based approaches (EbA) to
stabilize riparian zones will require both civil engineering and biological interventions
including active community participation by people living near River banks. Riparian forests in
India are not under protection by law unless the Rivers are flowing through any sensitive protected
area or sacred site. Examples are there where rivers emerging from core zones of many high altitude
ecologically sensitive areas are encroached or controlled. Hence, riparian vegetation needs to be
protected and suitable policy amendments are to be made.
Considering the reports from various institutes such as WII, IITs, ICFRE and FRI, it is urgently
required that we understand the importance of river health assessment. This task cannot be seen and
worked in isolation and we need to have a multidimensional approach. A three tier management
strategy for river health, most importantly river water health, reflects river water quality well
associated with catchment health, by conserving riparian buffers and reducing pressure on
about 50-100 m on both sides of flowing river.
The other key aspect of the project was to assess the nature of unique characteristics of River
Ganga.
The anti-microbial activity of River Ganga was assessed for which the water quality monitoring
activity, where samples from River Ganga were analysed for presence of E.coli, was the baseline
information upon which the experiments were designed and the locations chosen. The results of
experiments exhibited certain antimicrobial activity, in water. It was seen that the anti-microbial
activity was slightly pronounced when the action of water in combination with sediment was
considered. In comparison, the water and sediment samples from Rivers Narmada and
Yamuna showed an increase in E.coli count.
Certain metals, such as silver and copper, exhibit oligodynamic effect through which they
contribute towards anti-microbial activity; and these metals were detected in water and sediment of
River Ganga. However the experimental results from zone of inhibition studies, to check this
oligodynamic effect showed no formation of zone around the discs, thereby suggesting that the
concentration of these metals are not significant enough to impart anti-microbial properties. Further,
experiments were also conducted to determine minimum concentration of copper and silver ions that
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exhibit zone of inhibition. Minimum concentration of copper ions that showed zone of inhibition was 5
mg/L while for silver it was 2 mg/L.
Thus, the causative factors for this anti-microbial activity seen in the samples from River Ganga
could not be definitively described. A thorough understanding of the kind of anti-microbial activity and
the causative factors requires further experiments which cover multiple aspects in its framework.
The high dissolved oxygen even when substantial organic load was being discharged into the
River was observed as during the monitoring activity. A comprehensive approach to understand all the
processes governing D.O. concentration at any location was taken. The studies clearly indicated that
D.O. in River Ganga varies considerably in the short term, where the range of variation is almost about
5 mg/L. The results from the diurnal measurements also clearly indicated that processes other than
organic loading impacted the D.O. of River Ganga, especially in this Stretch II. There is a strong
correlation and direct proportionality between sunlight and D.O. during the day, but the D.O. lags in
time with respect to change in sunlight. In summary, presence of phytoplankton contributed
significantly towards high DO in this stretch of the River, which is also the stretch receiving maximum
pollution load. The other factor causative for quick assimilation of organic load might be the settling of
organic matter, which thereby exerts an oxygen demand in the deeper sections of the River, and causes
oxygen depletion in these deeper sections. However, the rate of diffusion of D.O. across the vertical
cross-section of the River depends on a variety of factors, including turbulence and velocity, and
therefore, it is difficult to quantify the rate at which D.O. declines along the depth.
D.O. and B.O.D have been conventionally used to classify a surface water body for its
designated use, and to evaluate the general water quality of the River. However, the results from this
experiment stress the need to consider other aspects of the River to understand its water quality. The
time of day when D.O is measured in the River is also important, and minimum D.O during the night
should be considered as critical D.O for the river system. Though high diurnal variation in D.O. was as
per expectations, assimilation of organics load in this polluted stretch of River Ganga cannot rule out
special characteristic through contribution from planktons- another indicator of pollution. After all,
River Ganga finds its own way to survive despite unabated disposal of waste, however warranting
immediate attention to protect it and its special properties.
The diversity in temperature, climate, flow, physiographic features, River bed and
anthropogenic activities is distinctly evident as the River flows from upper reaches of the Himalayas to
the delta region near Gangasagar. The monitoring activity comprised of analysing physico-chemical,
biological, microbiological, metals and radiological characteristics of water and sediment in two seasons
(pre- and post-monsoon) along the entire stretch of the River Ganga and its major tributaries. The
analyses for this vast array of parameters upstream and downstream of major towns, dams, diversions
or confluences were useful in recognizing changes in the water quality. Further, dedicated field and
laboratory based studies which were conducted helped in drawing information about the unique
characteristics and understanding the science behind them. Recommendations based on the findings of
the study are included in bold.


The river can be distinctly divided into two regions spanning from Gomukh to Haridwar (Stretch
I) and Haridwar to Gangasagar (Stretch II & III) based on chemical aspects of water quality. The
variation in water quality parameters can be distinctly seen across the stretches with limited
variation within the stretches themselves. Discharge of domestic sewage was the primary reason
for higher BOD values than the CPCB prescribed Surface Water Quality criteria (3 mg/L) in
Stretch II and III. Microbial contamination indicated by total coliforms, faecal coliforms and E.
coli increases as the River flows through groups of villages, small towns and cities. Towns and
large villages along the river are also growing and contribute to increasing pollution load
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due to discharge of untreated sewage warranting implementation of decentralised
sewage treatment plants preferably reusing treated sewage for non-potable purposes.
Similarly, drains already identified by CPCB through the study should also have proper
treatment system. Villages along River Ganga must have Individual Household Latrines
(IHHLs) with proper excreta management.
Metals like chromium and lead were detected at some locations in Stretch II. Higher
concentration of these metals was observed near few industrialized areas. Thus analysis of metals
should be included in the routine river water quality monitoring plan and more stringent
measures such as Zero Liquid Discharge (ZLD), closure/shifting of the industries
outside catchment should be initiated to arrest chemical contamination of the river.
Agricultural activities are commonly observed along the River bank from Harsil to Gangasagar.
The use of pesticides for agriculture in the surrounding areas increases rapidly as the River flows
through the plains in Stretch II. Pesticides were detected at some locations at very low
concentrations. The quantum of River water and dilution factor is primarily responsible for the
lower concentrations. However, the nature of pesticides to partition and accumulate in the
sediment over a period of time alters the microbial diversity in the shallow waters.
Organochlorine and OrganoPhosphorous class of pesticides must be monitored in the river
water. Thus, converting from pesticide based agriculture to organic farming must be
initially considered in the stretch between Narora and Allahabad due extensive farming
activities and reduced flow in the River.
Other parameters, which indicate anthropogenic impact, monitored as part of this study, were
four pharmaceutical and hormones (emerging contaminants). Major causes of finding
pharmaceutical and hormones in River water are sewage/industrial wastewater discharge. These
compounds were detected at certain select locations such as at Kolkata, Patna and Bhagalpur, in
very low concentrations (parts per trillion). Conventional technologies used in the sewage
treatment plants (STPs) cannot effectively remove emerging contaminants from the wastewater
(Cabralla et al., 2004). Prioritization of emerging contaminants and their evaluation in water
sources should be initiated. Therefore, a regulatory framework is necessary to monitor
these contaminants. Further, monitoring with respect to Diclofenac, Primidone,
Testosterone and Progesterone in wastewater from major multispecialty hospitals and
pharmaceutical and cosmetic industries situated in Kanpur, Bhagalpur, Allahabad and
Varanasi must be undertaken. Appropriate mitigation measures like inventorization and
proper disposal of expired pharmaceutical waste as per G.S.R. 343(E). [28-03-2016] BioMedical Waste Management, Rules, 2016 must be enforced.
A change in DO downstream of the dam was observed which is attributed to controlled flow
and quantum of water released. Reduction in flow due to withdrawal of water at Bhimgoda
barrage also has an impact on DO. Hence, minimum environmental flow must be
maintained in the River for dam and diversion projects to minimise impact on water
quality.
Although the impoundment of water due to dams such as Maneri and Tehri regulate the flow
downstream, they do not alter the chemical characteristics of the water considerably. A major
impact of the dam was on the sediment load carried by the River, where a considerable reduction
was observed downstream of the dam due to settling in the reservoir. It was observed that the
anti-microbial activity was pronounced with the combination of water and sediment samples
through a series of laboratory experiments using E.coli as the indicator microorganism as
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compared to water and sediment samples in isolation. The water sediment interaction also plays a
critical role in proliferation of bacteriophages. Reduction in count of bacteriophage isolates in
the Tehri reservoir substantiates this finding. The environmental flow calculations should
also include minimum sediment transport and sediment flow must be maintained.
Riparian forests in India are not under protection by law unless the Rivers are flowing through
any sensitive protected area or sacred site. Ecosystem, habitat, biodiversity, land use along the
River bank of river Ganga in also studied locations reflects riparian health that influences river
water quality at various levels. High rate of continuous natural and man-made disturbance may
lead towards fractured and destructed riparian buffers that are rapidly encroached by invasive
species and culminating into incomplete or retrogressive succession. The scenario was quite
evident at all stretches. Results of Ganga water sample analysis indicate organic fingerprinting
leading to presence of terpenes and related compounds/phytochemicals/secondary metabolites.
Ecosystem based approaches (EbA) to stabilize riparian zones will require both civil
engineering and biological interventions including active community participation by
people living near River banks, along with suitable policy amendments. A large number
of medicinal herbs growing in sub alpine and alpine region near Gomukh, Bhojbasa,
Chidbasa, Gangotri and adjoining areas must be protected and plantations as per the
recommendations in the DPR prepared by Forest Research Institute (2016) must be
promoted.
Another important aspect during monitoring was microbial diversity and presence of
bacteriophages in River Ganga. It was observed that the trend of bacteriophages present in water
and sediment, and also trend of bacteriophages against pathogenic, non-pathogenic and
opportunistic pathogenic bacterial isolates were found same. Bacteriophages in water samples
were found to be more in number than sediment samples from Stretch I. But in case of Stretch
II, lesser number of bacteriophages was found in water than in sediment. The viral metagenome
was assembled and analysed in the sediments of River Ganga, in Stretch II. The fresh water
sedimentary metagenome-viromes differed from the earlier viromes collected from other fresh
water sediments. The fresh water sediments from the River Ganga not only housed novel
viromes, but also included unexplored double stranded DNA viruses. Bacteriophages
monitoring and metagenome studies should be periodically undertaken to assess the
changes in the number of bacteriophage isolates at select locations.
The monitoring activity showed a high and near saturation concentration of DO throughout the
River Ganga, in spite of substantial organic load being discharged into the River. The presence
of phytoplanktons contributed significantly towards an intraday variation of about 5 mg/L.
However, it is important to understand the diversity of phytoplanktons which is also an indicator
of pollution. DO and BOD are conventionally used to classify a surface water body for its
designated use, and to indicate the general water quality of the River. The time of
measurement of DO during the day is critical, and minimum DO during the diurnal
period should be considered for conformation with the norms of Surface Water Quality
Criteria.
Presence of high organic (disposal of ritualistic material and offering such as flower, milk etc.)
and inorganic (such as agricultural and industrial flow containing phosphorus, nitrogen and
micro-nutrients) pollutants and disposal of sewage support the growth of planktons in river
Ganga. Thus, disposal of ritualistic material must be prevented from entering the river.
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River Ganga finds its own way to survive despite unabated disposal of waste yet warranting an
immediate attention to protect it and its special properties. Apart from major interventions such as
building STPs, maintaining E-flow, and building IHHLs, bringing about restrictions on cremation
activities; disposal of dumps; immersion of idols, garlands, and flowers should be practiced.
These restrictions should be prioritized by considering the sensitive locations where they are
widely prevalent. In addition, initiatives should be taken to create “safe zones” along course of
River Ganga by implementing strict restrictions on activities contributing to River pollution.
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