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Abstract

The Ganga is the largest river in India with an extraordinary religious importance for Hindus. Situated
along its banks are some of the world's oldest inhabited cities like Kanpur and Varanasi. The total
stretch is 2525 km from Gangotri up north to Kolkata on east provides water to about 40% of India's
population across 11 states serving an estimated population of around 500 million people, which is
larger than any other river in the world in terms of dependence of natural source. It provides ecosystem
services which are of vital importance for the inhabitants of the Ganges river basin. Anthropogenic
activities have generated important transformations in aquatic environments during the last few
decades. Advancement of human civilization has put serious questions to the safe use of river water for
drinking and other purposes. The water quality of the Ganges River deteriorates downstream. The river
water pollution due to heavy metals is one of the major concerns in most of the metropolitan cities of
developing countries. Indian cities, e.g., Kanpur and Varanasi, are local hotspots of pollution and poor
water quality. Downstream of these cities the river’s water quality improves, but never restores to its
original state. These toxic heavy metals entering the environment may lead to bioaccumulation and
biomagnifications. These heavy metals are not readily degradable in nature and accumulate in the
animal as well as human bodies to a very high toxic amount leading to undesirable effects beyond a
certain limit. Heavy metals in riverine environment represent an abiding threat to human health.
Exposure to heavy metals has been linked to developmental retardation, kidney damage, various
cancers, and even death in instances of very high exposure. The following review article presents the
findings of the work carried out by the various researchers in the past on the heavy metal pollution of
river Ganga. The results revealed alarmingly high levels of nutrient- and organic pollution in the
Ganges along Kanpur.
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Introduction

Water is the most key resource required to sustain the life on this planet. Riverine wetlands
are among the most productive life support systems in the world and are of immense socio-
economic, ecological and bio-esthetic importance to mankind. The Ganga (or Ganges river)
is a 2525 km long river crossing the northern part of the Indian craton. The Ganges river
basin houses about 40% of the Indian population (Ganga River Basin Environment
Management Plan, 2012d). The River Ganga is the most important river system in India. Due
to the copious availability of water throughout the year, it has played a major role in the
growth of Indian civilization and economy (D. Paul and S.N. Sinha, 2013) M. It sustains
diverse group of flora and fauna. Record of 268 fishes from the Ganga was the first-ever
scientific documentation of the fauna of the river. It accounts for 25% of India's water
resources. The Ganga is the thirtieth longest river in the world, covering a basin area of
861,404 km2 (M.M. Rahaman, 2009) 2. The Ganga basin is among the most heavily
populated areas in the world with an average density of 520 persons/ km2 (P. Das and K.R.
Tamminga, 2012) Bl The basin sustains more than 300 million people in India, Nepal, and
Bangladesh (B. Gopal, 2000) ™. It is expected that this number will grow to 1 billion by
2030. The basin of river Ganga, which has very rich heritage, cultural and religious values,
drains about 1,060,000 km2 area and it is the fifth largest in the world (R.L. Welcomme,
1985) 51, The river system drains about one-fourth of the Indian subcontinents. In India, the
river Ganga passes along 29 class | cities, 23 class Il cities and approximately 50 towns
because of which different types wastes such as industrial, sewage etc are released into this
mighty river eco-system (A. Agrawal, R.S. Pandey & B. Sharma,2010) ¥, (K. Biswas, D.
Paul & S.N. Sinha, 2015) ["],
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The river Ganga originates from the Gangotri glacier at
Gomukh (30360 N; 79040 E) in the Uttar Kashi district of
Uttarakhand province in India, at an altitude of about 3800
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m above mean sea level in the Garhwal Himalaya (K.K.
Vass, S.K. Mondal, S. Samanta, V.R. Suresh &P.K. Katiha,
2010) @ (Fig. 1).
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Fig 1: The Ganga fluvial system is located on the Indian subcontinent, It’s source originates in the Himalayan orogenic belt. Together with
the Brahmaputra, the Ganga River is responsible for the creation of the Ganga-Brahmaputra delta (Singh et al., 2007)

It flows from the Himalayan mountains, over the Indian
subcontinent, towards the Bay of Bengal (Fig. 1) (Singh et
al., 2007; Singh, 2009). The Ganga river basin covers an
area of 1086 x 106 km2, encompassing the Himalaya
orogenic belt, northern Indian craton and the Ganga alluvial
plain (Singh et al., 2007). The length of the main channel
from the traditional source of the Gangotri glacier in India is
about 2550 km. After flowing through the Sivalik hills it
enters plains at Haridwar. Then it flows southwards, passing
through the plains of Uttar Pradesh. After leaving Uttar
Pradesh, the Ganga enters Bihar in the Rohtas district. From
Bihar, it entersWest Bengal province and starts flowing
south. Nearly 40 km below Farakka it is divided into two
arms. The left arm flows eastwards into Bangladesh and the
right arm, called Bhagirathi, continues to flow south through
West Bengal.

The source of water is the melting of snow in the Himalayas
and monsoon rains. The river system covers cool upland
streams and warm water stretches, including deltaic habitats
(K.K. Vass, S.K. Mondal, S. Samanta, V.R. Suresh & P.K.
Katiha, 2010) 8. Ganga river water is used routinely for
drinking and outdoor bathing by millions of people who
take a holy dip at least once a year throughout the course of
the river, from Gangotri to Ganga Sagar, owing to its socio-
religious significance (Z. Rehana, A. Malik & M. Ahmad,
1996) (121,

River pollution is a serious and emerging problem in the
majority of developing countries. India is a developing
country, rapid urbanization and industrialization around the
bank of rivers have deteriorated the quality and quantity of
various water resources including river Ganga. Industrial
effluents and sewage entering the water bodies are one of
the prime sources of environmental toxicity, which
endangers aquatic biota and deteriorates water quality (S.N.
Sinha & D. Paul,2012) [ (S.N. Sinha, D. Paul, K &
Biswas, 2016) 1. Major pollutants found in water include
volatile, biodegradable and recalcitrant organic compounds,
toxic metals, plant nutrients, suspended solids, microbial
pathogens and parasites (G. Bitton, 1994) 71 (D. Paul &
S.N. Sinha, 2015) 128 (D. Paul & S.N. Sinha, 2016) [*I, n.
Out of various water pollutants, heavy metals are considered
to be one of the most important group of contaminants
because of their toxicological effects Higher concentrations
of heavy metals can form harmful complex compounds,
which critically effect different biological functions (A.
Rajbanshi, 2009) ?2. Heavy metal includes; chromium,
iron, cobalt, lead, copper, manganese, zinc, and nickel etc.
and these are founded to have degradability issue (Coral et
al., 2005, Nagajyoti et al., 2010, Gupta et al., 2014) 2%, The
presence of heavy metals in the wastewater of industry is a
potential risk to aquatic ecosystem, animal, and human.
High concentrations of heavy metals often pose a serious
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threat to biota and the environment of any ecosystem (S.
Cheng, 2003) 1, Heavy metal pollution can be a much
more serious problem because they cannot be degraded by
natural processes and persist in soil and sediment from
where they are released gradually into water bodies as sink
(S.N. Sinha, D. Paul,2014) 241, Bioremediation is one such
process by which these toxic and hazardous metals can be
degraded by using naturally occurring microorganisms and
gets converted into less toxic or non-toxic form (Patel et al.,
2019, Patel et al., 2019) 24, The following review article
presents the findings of the work carried out by the various
researchers in the past on the heavy metal pollution of river
Ganga.

Sources of heavy metal

“Heavy metals” is a collective term, which applies to the
group of metals and metalloids with a atomic density greater
than 4 g/ cm3, or 5 times or more, greater than water (J.S.
Hawkes, 1997) 5. Two types of sources, i.e. natural and
anthropogenic sources, are mainly responsible for the
presence of heavy metals in our environment. Occurrence
and distribution of heavy metals depends; on hydrology,
local geology, and geochemical characteristics in case of
natural  source, while rapid globalization and
industrialization in case of anthropogenic source. Generally,
most of the heavy metals enter the in river from different
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sources, it be can be either natural by erosion and
weathering and or anthropogenic (N. Gupta, K.K. Yadav, V.
Kumar, D. Singh, 2013) %, (R. Kashyap, K.S. Verma, S.K.
Bhardwaj, P.K. Mahajan, J.K. Sharma, R. Sharma, 2016)
[301 (V. Sheykhi, F. Moore, 2016) 1 (Fig. 2). In view of the
intense human activity, natural sources of heavy metals
from leaching and weathering of rocks in the environment,
are usually of little importance (A. Kabata-Pendias, 2009)
32 (M. Varol, B. S, 2012) B3 (R. Dixit, D. Malaviya, K.
Pandiyan, U.B. Singh, A. Sahu, R. Shukla, B.P. Singh, J.P.
Rai, P.K. Sharma, H. Lade, D. Paul, 2015) B34, The presence
of heavy metals in sediments is due to precipitation of their
carbonates, hydroxides, and sulfides, which settle down and
form the part of sediments. The industries which attribute
heavy metals in river water are generally metal industries,
paints, pigment, varnishes, pulp and paper, tannery,
distillery, rayon, cotton textiles, rubber, thermal power
plant, steel plant, galvanization of iron products and mining
industries as well as unsystematic use of heavy metal-
containing pesticides and fertilizer in agricultural fields (S.
Suthar, A.K. Nema, M. Chabukdhar a & S.K. Gupta,2009)
39 (S. Dan’Azumi, M.H. Bichi,2010) [ These heavy
metals have accumulative effect at the low level in drinking

water and ground water (S. Prabha & P. Selvapathy, 1997)
[50]
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Fig 2: Sources of heavy metals
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Heavy metals and its effects

The most important heavy metals from the point of view of
water pollution are Zn, As, Cu, Pb, Cd, Hg, Ni, and Cr.
Some of these metals (e.g. Cu, Fe, Mn, Ni, and Zn) are
required as nutrients in trace amount for life processes in
plants and microorganisms but become toxic at higher
concentrations (Table 1). Other such as Pb, Cr, and Cd has
no known biological function, but are toxic elements (S.
Dudka &D.C. Adriano,1997) B4, (M. Sa'idi,2010) 4, (R.A.
Wouana, F.E. Okieimen,2011) &3, (H.E. Ghannam, E.S. El
Haddad & A.S. Talab,2015) 54, These heavy metals are not
readily degradable in nature and accumulate in the animal as
well as human bodies to a very high toxic amount leading to
undesirable effects beyond a certain limit (J.A. Adakole &
D.S. Abolude, 2012) B, (P.U. Singare, R.M. Mishra &
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M.P. Trivedi,2012) 561, (P. Govind & S. Madhuri, 2014) 57,
The fatal diseases such as eyelid edema, nephritis, renal
tumour, extensive lesions in the kidneys, anuria, nasal
mucous membranes and pharynx congestion, increase blood
pressure and cardiovascular diseases, osteoporosis, cancer,
headache and malfunctions of different systems of the body
caused by heavy metals have been reported by several
authors (A.M. Florea & D. Biisselberg,2006) 8 (M.
Jaishankar, T. Tseten, N. Anbalagan, B.B. Mathew & K.N.
Beeregowda,2014) ¥, (N.V. Solenkova, J.D. Newman, J.S.
Berger, G. Thurston, J.S. Hochman &

G.A. Lamas,2014) % (A.G. Vaishaly, B.B. Mathew, N.B.
Krishnamurthy,2015) ©, They are also known to interfere
with synthesis and metabolism of the hormones (B. Sharma,
S. Singh, N.J. Siddiqi,2014) (62,

Permissible limits of heavy metals in drinking water [&3].

Heavy meetal Mermissible limit

WHO USEFA 151 CPCH ICME
Iron g1} o 03 1.0 1.0
Cupper (mg/l) 1.0 13 005 15 1.5
Meroury (mg/1) L] (udoz2 0.0 Mo relaxation 00
Cadmium {mafT) 05 (05 0.0 Mo relaxation o
Arsenic [mgfl) 005 U5 005 Mo relaxation 005
Lead (mgfl) 005 010 Mo relaxation 005
Zinc {mg/l) 5.0 5.0 150 .10
Chromiwm {mg/l1) [IN] 005 Mo relaxation

(MCB: Central Pollution Control Board.

WHO: World Health Organization, USEPA: United States Environmental Protection
Agency, 150 Indian Standard [nstitution, ICAE: Indian Council of Medical Besearch,

Table 1: Concentration of heavy metals in Ganga river water and other selected river from literature.

Rivers Cd Cr Pb Cu Mn Zn Unit Reference
Hindon, India NA NA 37 3.45 NA 272.3 pg/l Reza & Singh 2010
Gomti, India 0.0005 0.004 | 0.027 0.003 0.008 0.0287 pg/l Vinod et al. 2005

Shur, Iran 0.026 NA 0.116 0.771 NA 0.688 pg/l Karbassi et al. 2008
Tigris Turkey ND NA ND 0.075 ND 0.1 pg/l Hulya et al. 2007
Sakarya Turkey 0.236 0.027 1.786 0.851 NA 0.173 pg/l Mustafa et al. 2007

Orontes Turkey 11 15.3 27 40.3 NA 39 pg/l Ayse Baher 2010

Anujang Korea BDL 2.72 BDL 1.43 47.6 8.11 Mg/l Sanghoon Lee 2003
Khoshk Iran NA 0.19 0.07 0.03 0.25 1.7 Mg/l Salati 2010 [80]
Ganga India 0.010 0.887 0.053 0.061 0.048 0.39 Mg/l Present Study

Status of heavy metal in river

Ganga water and

Mn, Ni, Pb, Sn and Zn in sediments of the river Ganga in

sediments

Extensive studies have been carried out by several
researchers on heavy metal pollution of river Ganga.
Subramanian et al. (V. Subramanian, R. Van Grieken, L.
Van't Dack, 1987) % analyzed the temporal and spatial
variations in the heavy metals distributions in the river
Ganga sediment.

Ajmal et al. (M. Ajmal, A.A. Nomani, M.A. Khan, 1984)
64 also studied the concentrations of cadmium, cobalt,
chromium, copper, iron, manganese, nickel, lead and zinc in
the water and sediments of the river Ganga in Uttar Pradesh
and reported that there was considerable variation in the
elements from one sampling station to the other.

Ansari et al. (A.A. Ansari, 1.B. Singh, H.J, 1999) [
determined the concentrations of Al, Cd, Co, Cr, Cu, Fe,

the Kanpur-Unnao industrial region. According to them
about 90% of the contents of Cd, Cr, and Sn; 50e75% of
organic carbon, Cu and Zn; and 25% of Co, Ni and Pb in
sediments are derived from the anthropogenic input in
relation to the natural background values.

Ansari et al. (A.A. Ansari, 1.B. Singh, H.J. Tobschall, 2000)
[72] also studied the role of monsoon rain on concentrations
and dispersion patterns of metal pollutants in sediments of
the river Ganga in the Kanpur-Unnao industrial region and
reported that the monsoon rain reduces the contents of Co,
Cr, Fe, and Ni, and enhances the contents of Cd, Sn and Zn
in sediments of post-monsoon period. A similar study was
also conducted in upper Ganga by Saikia et al. (D.K. Saikia,
R.P. Mathur, S.K. Srivastava, 1988) [®®. Heavy metals
distribution in the sediments and sewer-river confluence
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points of river Ganga in Varanasi-Mirzapur region were also
studied by Prasad et al. (S. Prasad, A. Mathur, D.C.
Rupaniwar, 1989) 671,

Khwaja et al. (A.R. Khwaja, R. Singh, S.N. Tandon, 2001)
I3 studied Ganga river water and sediments pollution due to
tannery industries at Kanpur.

Sinha et al. (R.K. Sinha, S.K. Sinha, D.K. Kedia, A.
Kumari, N. Rani, G. Sharma, K. Prasad, 2007) 4 studied
mercury pollution in the Ganga River system at Varanasi.
Their study on mercury describes its presence and variation
in different biotic and abiotic components of the river
system.

Beg and Ali(K.R. Beg, S. Ali,,2008) 2 studied the
sediment quality mainly trace metals from upstream and
downstream area of Ganga river at Kanpur city where
effluents from tannery industries are discharged and
reported that Cr in downstream sediment was 30-fold higher
than in upstream sediment and its concentration was above
the probable effect level.

Sharma et al. (Y.C. Sharma, G. Prasad, D.C. Rupainwar,
1992) %8 studied the heavy metal pollution of River Ganga
in the Mirzapur region and came to the conclusion that the
river was polluted. A similar study was also conducted at
Kanpur by several researchers (N. Garg, N. Mathur, D.P.
Modak, K.P. Singh, R.C. Murthy, S. Ahmed, S.V. Chandra,
P.K. Ray, 1992) %9 (R.P. Singh, G. Dayal, A. Taneja, C.K.
Kapoor, 1993) [/,

Purushothaman and Chakrapani (P. Purushothaman, G.J.
Chakrapani, 2007) '] assessed the heavy metals (Cr, Mn,
Fe, Co, Ni, Cu, Zn, and Pb) associated with different
chemical fractions of sediments of the river Ganga. Sarkar
et al. (S.K. Sarkar, M. Saha, H. Takada, A. Bhattacharya, P.
Mishra, B. Bhattacharya,2007) [ also analyzed the level of
dissolved heavy metals such as Fe, Zn, Mn, Cu, Pb, Hg at
three ecologically distinct zones along the course of the
river Ganga- Babughat, Diamond Harbour and Gangasagar
in West Bengal and reported high values for Hg and Pb
which can be attributed to the discharge from pulp and
paper manufacturing units and to atmospheric input and
runoff of automobile emission.

Bhattacharya et al. (.K. Bhattacharya, S.N. Mandal, S.K.
Das, 2008) [ studied the Accumulation of heavy metals in
water, sediment, and tissues of different edible fishes at
Rishra-Konnagar region situated on the upper stretch of
Gangetic West Bengal during 2006-2007. According to
them the concentration of Zn, Cr, Cu, Cd, and Pb in
sediment and water as well as in commercially edible fish
samples at the sampling station exhibited a unique seasonal
oscillation. The concentrations of heavy metals follow the
trend: Zn > Cr > Cu > Cd > Pb.

Singh et al. (M. Singh, G. Mdller, 1.B. Singh, 2002) "4l
studied the heavy metals in freshly deposited stream
sediments of rivers associated with urbanization of the
Ganga Plain in Lucknow, Kanpur, Delhi, and Agra urban
centers and classified by the proposed Sediment Pollution
Index as highly polluted to dangerous sediments. Singh et
al. (M. Singh, G. Midiller, 1.B. Singh,2003) [ studied the
geogenic distribution and baseline concentration of heavy
metals (Cr,Mn Fe, Co, Ni, Cu, Zn, Cd, and Pb) in the
sediments of the Ganga river.

Dutta et al. (S. Dutta, R.K. Kole, S. Ghosh, D. Nath, K.K.
Vass,2005) [7®] assessed the impact of lead on water quality
of river Ganga in West Bengal. Chaturvedi and Pandey (J.
Chaturvedi, N.K. Pandey, 2006) [1  analyzed
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physicochemical parameters as well as few toxic metals of
river Ganga at Vindhyachal Ghat of Varanasi. According to
their study, this site was polluted and the water is not
suitable for domestics, irrigation, and other purposes.

Nath and Banerjee(A.K. Nath, S. Banerrjee,2006) [
assessed pollution of Ganga river considering the heavy
metals (Cu, Pb, Cd, and Zn) in water, soil, benthic macro
invertebrates (Thiara lineate) and fish (Rita rita). The overall
study reveals that the Ganga River is moderately polluted.
Kar et al. (D. Kar, P. Sur, S.K. Mandai, T. Saha, R.K. Kole,
2008) B4 analyzed various heavy metals such as Fe, Mn,
Zn, Cu, Cd, Cr, Pb and Ni from the surface water samples of
river Ganga in West Bengal and found a significant seasonal
variation for Fe, Mn, Cd, and Cr. The presence of different
studied heavy metals in the surface water of the river Ganga
followed the sequence: Fe > Mn > Ni > Cr > Pb > Zn > Cu
> Cd.

Katiyar (S. Katiyar, 2011) % investigated the effect of
tannery effluent associated with the seasonal variation in
physicochemical characteristics as well as heavy metal
concentration (Cr, Pb, and As) of river Ganga water near
Jajmau area at Kanpur.

Gupta et al. (A. Gupta, D.K. Rai, R.S. Pandey, B.
Sharma,2009) [  studied the occurrence and
bioaccumulation of several heavy metals (Cu, Cr, Cd, Pb,
Zn) in the river water, sediment, and the muscles of two
catfish species procured from the river Ganga at Allahabad.
According to them the order of occurrence of different
heavy metals to be Zn > Pb > Cu > Cr > Cd, respectively.
The heavy metals analysis in sediment indicated that among
the five heavy metals, Zn was maximally accumulated
followed by Pb, Cr, Cu, and Cd.

Aktar et al. (M.W. Aktar, M. Paramasivam, M. Ganguly, S.
Purkait, D. Sengupta, 2010) % analyzed the heavy metal
concentrations (Fe, Mn, Cu, Zn, Pb, Cd, Cr, and Ni) of
surface water at four different locations of the river Ganga
around Kolkata and evaluated that the studied heavy metals
showed no significant variation with respect to sampling
sites as well as discharge points. However, those metals
concentration varied with season, being a higher in rainy
season and lower in winter season.

Purkait et al. (S. Purkait, M. Ganguly, M.W. Aktar, D.
Sengupta, A. Chowdhury A,2009) 8] assessed the impact of
various parameters including heavy metals, polluting Ganga
water in Kolkata region.

Chatterjee et al. (S. Chatterjee, B. Chattopadhyay, S.K.
Mukhopadhyay, 2010) [° assessed the waste metal
pollution at Ganga Estuary via the East Calcutta Wetland
areas. Pandey et al. (J. Pandey, K. Shubhashish, R. Pandey,
2010) P4 investigated the midstream water quality of river
Ganga as influenced by aerially driven heavy metals at
Varanasi. They reported that the concentrations of all the
heavy metals were high in downstream sampling stations
and The overall concentration of heavy metals in water
showed the trend: Zn > Ni > Cr > Pb > Cu > Cd. Rai et al.
(P.K. Rai, A. Mishra, B.D. Tripathi, 2010) 2 analyzed
water samples from three sewage treatment plants which
frequently release into the river Ganga at Varanasi and
reported a very high concentration of heavy metals (Zn, Cu,
Cd, Pb, and Cr).

Kansal et al. (A. Kansal, N.A. Siddiqui, A. Gautam, 2011)
%41 assessed the heavy metal content and their
interrelationships with some physicochemical parameters in
eco-efficient rivers of the Himalayan region including river
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Ganga. Singh (A.L. Singh, 2011) %1 also studied the
toxicity of heavy metals (Cu, Cr, Fe, Mn, Zn, Cd, and Pb) in
the water of Ganga river at Varanasi. This study suggests
that Ganga river water is extremely polluted at Varanasi and
industrial effluents are the main source of heavy metal
pollution. Rai et al. (U.N. Rai, D. Prasad, S. Verma, A.K.
Upadhyay, N.K. Singh,2012) ¢ assessed the heavy metal
concentration as well as Ganga river water quality at
different ghats of Haridwar.

Sharma et al. (P. Sharma, P.K. Meher, K.P. Mishra, 2012)
1971 studied the distribution of non-radioactive heavy metals
(Zn, Cd, Cu, and Pb) inwater of river Ganga from Rishikesh
to Allahabad. Their investigation reported that at some
locations concentrations of measured heavy metals were
exceeding the standard limits which correspond to more
anthropogenic activities.

Singh et al. (L. Singh, S.K. Choudhary, P.K. Singh, 2012)
18 measured the concentration of five heavy metals i.e. Cu,
Cr, Zn, Ni, and Cd inwater and sediments samples of river
Ganga for a period of two years in Bhagalpur starting from
Champanala Nathnagar to Burning ghat Barari. Based on
their findings, the Ganga river sediments from Champanala
to Barari can be considered as unpolluted with respect to the
concentration of Cd, Cu, and Ni, whereas the concentration
of Cr and Zn exhibit their pollutional status which may be
harmful to the rich biodiversity of the river segment.
Bhatnagar et al. (M.K. Bhatnagar, S. Raviraj, G. Sanjay, B.
Prachi,2013) [ studied the effect of tannery effluents on
sediments of river Ganga in special reference to heavy
metals at Jajmau, Kanpur and found that the heavy metal
such as Cr, As, Co, Fe, Cu, Mn, Zn, Pb, Cd, and Ni were
present in significantly higher concentrations. Heavy metal
concentrations in sediment collected from downstream
Jajmau area were higher than upstream area. Pandey et al.
(A. Pandey, P.W. Ramteke, O.P. Verma,2013) [ also
determined the concentration of several heavy metals such
as Cr, Cu, Fe, Ni, Pb, and Zn in the water of river Ganga at
Allahabad and reported that all the heavy metals at all the
sampling sites were found above the permissible levels. The
high concentration of these heavy metals in the study area
indicated that the river is highly polluted. Singh et al. (H.
Singh, S. Yadav, B.K. Singh, B. Dubey, K. Tripathi, V.
Srivastava, D.N. Shukla, 2013) [0 jnvestigated
geochemical environment of the river sediment in the
middle stretch of the river Ganga at Ghazipur, Buxar and
Ballia urban centers. According to them the percentage of
anthropogenic and lithogenic values of heavy metal
concentration showed that Cd receives the highest value of
anthropogenic addition into river water and it is followed by
Cr, Cu, Zn and Co. Vaseem and Banerjee (H. Vaseem &
T.K. Banerjee,2013) 197 investigated the heavy metal (Fe,
Cr, Zn, Cu, Mn, Ni and Pb) contamination of the river
Ganga and its toxic implication in the blood parameters of
the major carp Labeo rohita (Ham).

Goswami and Sanjay (D.N. Goswami, S.S. Sanjay,2014)
11081 determined the concentration of heavy metals viz.
cadmium, copper, lead and zinc ions in the different
matrices of the river Ganga from Rishikesh to Allahabad
through differential pulse anodic stripping voltammetry.
Their study suggested that the contamination of water and
sediment at Narora Barrage and Jajmau Kanpur is alarming
where the pollutants accumulated due to the point source
discharges from tannery industries.

Kumar et al. (A. Kumar, A.K. Mishra, D.N. Shukla,2014)
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(2041 jnvestigated the seasonal variation of the heavy metals
(Cr, Mn, Fe, Cu, Zn, and Pb) concentration in water of the
river Ganga at five sites of Allahabad city and its possible
effect on fish fauna. It has been observed from their study
that all the parameters have more or less fluctuations mainly
with seasons and sites. Pandey et al. (M. Pandey, S.
Tripathi, A.K. Pandey, B.D. Tripathi,2014) %] dealt with
the geochemical fractions of nine heavy metals (Cr, Mn, Fe,
Co, Ni, Cu, Zn, Cd, and Pb) present on the Ganga river
sediments from Samne Ghat to Varuna-Ganga confluence at
Varanasi using sequential extraction process (SEP) and total
acid digestion (TAD). According to them Geo-accumulation
index (lgeo) and Risk Assessment Code (RAC) exhibited
higher concern for Cd and Pb whereas Mn, Fe and Ni
exhibited negative accumulation index at all sampling
stations.Pb, Cd, Cu, and Ni were present significantly in the
available fraction;however, the Igeo of Ni was found
negative at all sampling stations.

Singh and Pandey (A.V. Singh, J. Pandey,2014) 197 studied
spatiotemporal trends of heavy metals in the midstream of
the Ganga river at Varanasi and reported that the
concentrations of heavy metals were highest in winter and
concentration of cadmium exceeded their internationally
recommended maximum admissible concentration. Singh et
al. (S. Singh, D. Malik, J. Thakur, A. Kaur, R.K. Singh, S.
Nijhawan, 2014) [0l also analyzed the heavy metal
concentration of the Ganga river at Kanpur and Varanasi.
Pandey et al. (R. Pandey, D. Raghuvanshi, B. Tripathi, V.
Pandey, D.N. Shukla,2014) [% also analyzed the
physicochemical parameters and some heavy metals (Fe,
Zn, Cr, and Co) in riverine water from river Ganga at
different Ghats of Allahabad. The impact of urban drains
over river water and sediments by metal analysis were
assessed using sequential extraction procedure and
SEMeEDS at Varanasi by Pandey et al. (M. Pandey, A.K.
Pandey, A. Mishra, B.D. Tripathi,2015) %, Pandey and
Singh (J. Pandey, R. Singh,2015) ©1 studied heavy metal
concentration in sediments of Ganga River along a 37 km
stretch to assess whether there is a significant difference
between sites situated upstream and downstream of
Varanasi urban core. According to them the concentration of
heavy metal increased consistently along the study gradient,
suggesting the influence of urban sources. The
concentration of heavy metal in the river sediment was
found highest for Fe followed by Mn, Zn, Cr, Cu, Ni, Pb,
and Cd.

Chaudhary et al. (M. Chaudhary, S. Mishra, A. Kumar,
2017) 112 estimated the water pollution and the probability
of health risk due to imbalanced nutrients in River Ganga.
The river water has been found to be severely contaminated
due to heavy metals and indicates the human health risk.
Nausad et al. (S.S. Naushad, A.A. Lall, A.A. Charan, 2014)
(151 fjllustrated the distribution and levels of sediment
contamination of river Ganga by heavy metals (Cd, Ni, Cu,
Fe, Pb, Co, Ni and Zn) in the Allahabad city. The
concentration of heavy metal except Fe in water, did not
exceed WHO and EPA guidelines. Their results indicated
that there were differences in trace metal concentration in
water. According to them the Ganga basin has significant
basal contamination levels that do not reach those of clearly
polluted areas.

Paul and Sinha (D. Paul& S.N. Sinha,2013) [ investigated
the seasonal variations in the Ganga river water quality with
respect to heavy metals (Zn, Pb, Cd, and Cr) contamination
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in West Bengal. It was observed from their study that the
concentration of most of these heavy metals was much
higher than the maximum permissible limits.

Tripathi et al. (I.P. Tripathi, A.P. Dwivedi, P. Ojha,2016)
(1131 analyzed the heavy metal content in Ganga River Water
Samples collected from Kaushambi district, Uttar Pradesh.
From their study, it was concluded that the water of all these
sample stations is suitable for drinking and irrigation
purpose with respect to the studied physicochemical
parameters as well as heavy metals. A similar study was
also conducted at Rishikesh by Haritash et al. (A.K.
Haritash, S. Gaur, S. Garg, 2016) 4. The concentration of
heavy metals in various study sites conducted by many
researchers in river Ganga is summarized in Table 2 and
Table 3.

Strategies to improve the heavy metal pollution of river
Ganga

It’s been almost 35 years for first Ganga action plan,
launched in year 1985 by CPCB (Central Pollution Control
Board, India) to abate the increasing pollution. The main
aim was to control pollutants to reach to river water and
hence improving the water quality to acceptable limits. The
main objective laid in the first Ganga action plan was
modified in year 1987, and new objectives drafted with aim
to make water quality to at least bathing standard
(NRCD2009). The heavy metal pollution of the river Ganga
has drawn the attention of the scientists and others
concerned with the endangerment of the environment.
Regulatory standards for emission and discharges from
different industries should be strict. Recycling of
wastewater containing heavy metals needs to be given
greater importance not only from environmental and health
concerns but also as a resource conservation initiative.
Monitoring of wastewater from toxic heavy metal
processing units of the different industries needs to be
executing more vigorously. The government should outline
a plan or strategy to comprehensively survey the Ganga in
order to identify and specify the sources of the pollution. In
India, many states and departments of central Government
are dealing with the matter of decreasing pollution in the
major rivers of the country. Gap | (Ganga Action Plan I) and
GAP Il were implemented one after another with the main
agenda to clean river Ganga but the quality of Ganga kept
deteriorating even after executing these plans. The main
reason behind the failure of GAP | was the lack of
incorporation of integrated river basin management
approach as it focused only on effluent from major cities
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and towns. A survey of CPCB, showed that 317 major
industrial units are operating all along the bank of river
Ganga and its tributaries. Only 37% of these units followed
some controlled measures and the remaining ones pose
pollution hazards, and none of them has any treatment
facilities (S. Parveen, A.A. Khan, S.A. Untoo, 2003) 232, |n
the year 2008, the Prime Minister of India announced Ganga
a National River and set up the National Ganga River Basin
Project (NGRBP) for its clean up. The NGRBP will be the
first basin-level initiative in India to manage an inter-state
river for water quality and environmental protection (P. Das,
K.R. Tamminga, 2012) B, (S. Parveen, A.A. Khan, S.A.
Untoo, 2003) 331,

The effect of heavy metals present in water and sediments
of river Ganga on the biotic community were studied only to
a limited extent. From the published research articles of
many authors it is revealed that the presence of heavy metal
in the river may cause of the reduction in growth, size, and
survival of fish population or may also cause extinction of
some fish species and river dolphins(D.R. Khanna, P.
Sarkar, A. Gautam, R. Bhutian,2007) 34, (A. Mitra, R.
Chowdhury, K. Banerjee,2012) 131 (H. Vaseem, T.K.
Banerjee, 2013) 131 (K. Kannan, R.K. Sinha, S. Tanabe, H.
Ichihashi, R. Tatsukawa, 1993) [!¥7], Daphnia and Cyclops
are most sensitive to heavy metals. Presence of such heavy
metal pollutants in water course not only creates
unfavourable environment but also causes paucity of the
fish organisms (S. Parveen, A.A. Khan, S.A. Untoo,2003)
(1321 The occurrence of very large amount of heavy metal
pollutants into surface water and sediment can affect the
self-purifying nature of the river. As soon as the river loses
its self-purifying nature, it results in the growth of high level
of pathogenic bacteria. A better pollution control plan is
needed to be adopted at the known pollution points. Periodic
monitoring and evaluation mechanism along with
continuous sample collecting and analyzing unit is needed
to be established. Some help can be taken from the other
similar projects like remediation of Hudson River that flows
in the US. Each individual needs to understand their role for
protection and prevention of the sacred river Ganga. Regular
and systematic monitoring and strict law implementation are
required to achieve sustainable way for enhancing the water
quality. At last, awareness should be raised among the
common people. The information obtained from this review
could be helpful for environmental organizations to monitor
river Ganga system and finally to the management of human
health practices.
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Table 2: Concentrations of heavy metals (ug 1.) in the river Ganga water at different study sites.

Study arca Concentrations of different heavy metals (pz L ') Referenoes
As Cd Cr Cu Co Fe Hg Mn Ni 15:] n
Allahabad — ND-10 ND-18 ND-30 — - - - - 1886 26122 185]
_ = 5-68 &-46 - 6300 = 1894 - 9-181 479 | 1]
~11,500
_ 20-330 3290 = — 5361939 — — 60345 166284 10-55 | 105]
Eerhampore — 1=2 10--18 —7 365174 — 181-T2 4184 B-21 6595 |84]
EBhagaipur — ND BDL-1090  ND-120 - - - BOML-120 - BDL-870 198]
Dakshineswar — ND-3 16-22 4-8 7921413 — 85-436 3544 5-97 42-83 184]
Diamond Harbour — — —~ 5-00 30560 150 0350 - 12-62 150710 | 8]
—620
Gangasagar - = 2-90 A0-320 100 G290 - 11-38 30520 E|
—A90
Haridwear - - 43196 1M—178 - - - 28716 - 108690 113219 19&]
Kanpar - = ND-3908  06-52.1 - 59327956 — 1772726 ND-637 43-575 014949  [69]
T 20 20 - - — - To0 10 150 |107]
Kaushambi — = - NE-1000 - NG00 - - - NO-9 NO-280 |112]
Kalkata - = - 1-49 - 90420 160 90490 - 17-76 20280 |80]
~050
_ 5h ND 333 — 135400 = 221780 45240 50530 5293 189]
Mirzapur — 1337 - 380 1050 19751277 — 3425 6725 325 94.25 |6&]
-3273 —157.80 -26.77 -105.55 -176.13 —185.75 -423.75
Palta — ND-3 13-21 4-7 - BE4-2345 — 123117 35-53 5-15 BE-111 |84]
Rishikesh — = —~ 321-581 - - — - BOM-36.7 BDL BDL-1349.7  [114]
Rishikesh- — B00-13100 - ND-36000 - - - - - 240026900 ND-106300 [103]
Allahabad
Rishra-Konnagar — 0.043 0281 0155 - - - 004100058 05450691 53]
—0.088 -0.391 -0.322
Uluberia — HND-3 13-24 3-6 - 3531584 139172 34-83 3-52 5584 |84]
WVaranasi — 100-160 1601090 17002000 — 120150 - - 100900 - S{0-—600 177]
- - - - - 023 - - - - 181]
_ ND-84 12-296 24-181 - - - - 1.6—-60.8 - 3121852 [91]
_ ND-51 17-72 47168 - 342-1981 - 23-67 - 3686 15.8-217 195]
— 100480 273306 - 29506870 — 10002800 6431120 20240 944015320 [102]
=43 20 20 - - - - 550 10 200 L
. 418-T0L16 1942 - BINT-17T — ADE2-6EE3 31.28-61.11 BOS55-134.8 31.73-71.37 |110]
-39.24 —43.72
_ 20150 30-90 2080 - 5O0—-6GR0 = - 2305 GO-—-190 200270 1118]

EDL- Below detection Emit; ND- Not detected.

Table 2: Concentrations of heavy metals (ug g 1) in the river Ganga sediment at different study sites

Study arca Concentrations of different heavy metals (pg g ') Refercnoes
As od Cr Cu Co Fe Hg Mn Mi I'b Zn
Allahabad - O14—1.40 180641 098-442 — - - - - 428840 1048 |85
— 2040
e 047091 121142 1562 - - - 1829 #7-111 [115]
Bhagalpur - NI BDL-140 BD-90 - - - - BDL-90 BDL-E70 o]
Ghazipur, Buxar, - 045095 113230 30-73 11—-29 - - - 3275 15-27 F2140 [101]
Ballia
Haridwar-Kolkata - - 16—134 2-R2 AOA0—22700 - 183-523 44 - 22am |65]
Kanpasr 025 2560 S0--2500 TO0170 - 30504400 85 - 50130 25 2370 182]
—254
n3 4-12 110178 3568 16—35 ABOOD—T250 1-31 4266 5-12 6506 2]
—L.66
2341 24-39 32452 1.5-26 20-50 0523 - [117]
Kanpur-Unnao - 98 3440 408 - - - - 5002 BaG A000 [71]
Rishra-Konnagar - 0672 3682 21, - - 0.0 10641 183]
-0 ~5.416 —5671 —.109 -113711
Waranasi - - - - - - 0oe? - - - - [81]
= 95279 12684 126784 2998 7559385 - 35087 1463 148283 13725 |106]
~196.11 — 10224 —409.44 —825 -211.36 —2m.2
= 30m 133.75 153—107 — 74939110343 — 32243 1838 151,85 18515 R L]
—12813 —247.05 —439.75 —a97.1 —269.38 —278.61
. 094—-2.86 3905 127 - 2192407 - 29602 11.77 1094 4105 [
—9328 —36.68 —A1,170.13 —529.08 —43.02 —44.89 —9248

BDL- Below detection limir; ND- Not detected.

Conclusion

This review article gives an overview about the recent status
of heavy metals and summarizes the current situation of
heavy metal pollution in the river Ganga. Through various
studies, it has been found that the water of river Ganga
contains enormous amount of heavy metals and shows that
the levels of various heavy metals in the river Ganga water
and sediment are far above the acceptable concentrations.
These metals are responsible to several health effects.

Though after implementing several plans by Government of
India, still the water pollution level of river Ganga remains
pathetic. Therefore, there is need of serious and urgent steps
to be taken for betterment of sacred river Ganga and hence
helping human beings. This review suggested that different
sources of heavy metals in water along with other plans to
rejuvenate river Ganga should be monitored closely, along
with other improvement of conditions and effluents both
from industries and domestic is needed to be minimized.
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