Sadhana (2022)47:195

© Indian Academy of Sciences

https://doi.org/10.1007/s12046-022-01972-6

®

Check for
updates

Heavy metals concentrations and risk assessment in the sediment
of Ganga River between Kanpur and Prayagraj, U.P., India

MOHIT AGGARWAL™, S ANBUKUMAR and T VIJAYA KUMAR

Department of Civil Engineering, Delhi Technological University, Delhi 110042, India
e-mail: mohitjvg@gmail.com

MS received 4 April 2022; revised 29 June 2022; accepted 9 August 2022

Abstract. This study analyses the heavy metal contamination in freshly deposited sediment of 210 km stretch
of River Ganga between Kanpur and Prayagraj, Uttar Pradesh (U.P.), India. As per APHA (2012)30 digested
samples were prepared after collecting from 10 sampling sites. Then the samples were analyzed for 8 heavy
metals namely Cadmium (Cd), Chromium (Cr), Copper (Cu), Iron (Fe), Manganese (Mn), Nickel (Ni), Lead
(Pb), and Zinc (Zn) by Atomic Absorption Spectroscopy (AAS) (Shimadzu AA-6300). Risk assessment was
done by employing four pollution indices. The average values of contamination factor (CF) indicate that the
level of contamination by Pb is moderate (1 < CF < 3) and significant by Cd (3 < CF < 6). Whereas, the average
value of Geo-accumulation index (Igeo) indicates that the sediments are uncontaminated or in a moderate level
of contamination by Pb (0 < Igeo < 1) and in a moderate level of contamination by Cd (1 < Igeo < 2), which
may have harmful effects on Ganga River ecology. The values of Pollution load index (PLI) indicate that the
Ganga River sediment has a low level of contamination. Based on various pollution indicators, it has been
observed that concentrations of Cd and Pb in the river sediment is a matter of concern and may lead to further
deterioration of sediment quality in near future due to increasing anthropogenic activities in the river basin,
hence proper management strategies should be taken to control the direct dumping of both domestic and

industrial wastewater in the river.
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1. Introduction

Heavy metal contamination in rivers is a serious threat to
aquatic life as they are highly toxic, long-term persistent in
the environment, and get accumulated in water bodies
[1, 2]. Causes of heavy metal contamination in water bodies
include atmospheric deposition [3] erosion of soil [4],
disposal of effluent (treated or untreated) [5], use of fer-
tilizers and pesticides which contain heavy metals [6],
surface run-off [7] and various chemicals from agricultural,
urban and industrial activities [8, 9]. Some studies have also
suggested that the quality of the sediments is an indication
of pollution levels in the river and can also help to detect
the history of pollution from the past to the present [7]. The
presence of elevated levels of toxic heavy metals in sedi-
ments can pose a potential risk to the health of humans as
they may transfer into aquatic species and then enter the
food chain [10, 11].

In India, Ganga is the largest river with a stretch of 2525
km originating from Gangotri Glacier and ending in the
Bay of Bengal, catering to around 400 million people of
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India. River water quality is degraded in the last few dec-
ades [12, 13]. Discharge from industries is a primary source
of pollution in the Ganga River [14, 15]. Only 3500 MLD
of sewage is treated out of 8250 MLD of total sewage
which is generated from more than 220 cities in the Ganga
River basin. 2460 MLD is dumped directly into the Ganga
River, 4510 MLD is discharged into its tributaries, and the
remaining is dumped on land or low-lying areas that leach
downstream [15]. Since 1985, the government has taken
many steps but still, the quantity of untreated sewage being
discharged into the Ganga River has increased [12]. In
addition to sewage from urban areas, approximately 2500
MLD sewage load of industrial units which include textiles,
sugar mills, electroplating, power plants, distilleries, paper
and pulp, etc. discharge their waste directly into the Ganga
River [16]. The Middle section of the Ganga River i.e. from
Kannauj to Varanasi receives most of the industrial dis-
charge to the river majorly from tannery industries [17].

Heavy metal studies have been done on various rivers
including the Ganga River, India [18], Indus river, Pakistan
[19], Gomti River, India [20], Hindon River, India [21] and
Nile River, Egypt [22].
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The main objectives of this study are (i) to find the heavy
metal concentrations in the Ganga River sediments of the
selected stretch, (ii) to identify their source i.e., naturally
enriched or anthropogenic using various pollution indices
like enrichment ratio (ER) and geo-accumulation index
(Igeo), (iii) to study spatial distribution pattern of heavy
metal concentrations in the selected stretch and (iv) to
evaluate the risk of heavy metals on the environment in the
selected area by comparing the current metal concentra-
tions values with standard quality guidelines. This study is
also conducted to access the pollution level in the Ganga
River and provides a base for the environmental health risk
assessment of the consumers and also to manage the
problems related to Ganga River pollution in the studied
area.

Though in the past, studies were conducted to assess
heavy metal contamination in the Ganga River water
[17, 23] and Ganga River bed sediment [24, 25] but very
limited data is available for the Jajmau location of Ganga
River which is in the downstream of Kanpur city. Jajmau
is a hub of tannery industry involving heavy metals in
their manufacturing process and other industries like
paints, electroplating, leather, etc. which lead to a huge
untreated sewage load in the Ganga River which could be
a possible source of heavy metal contamination in the
Ganga River [26]. Further, this can also lead to con-
tamination to downstream of the Ganga River in the holy
city of Prayagraj where lakhs of people take holy baths
daily and do many rituals and spiritual activities. This
gave us the motivation to select this particular stretch of
Ganga River between Kanpur and Prayagraj city for this
study. In addition, the entire selected region is used for
agricultural purposes using various pesticides and fer-
tilizers which can contaminate River Ganga with heavy
metals. Besides, chromium tannery effluent contain some
other heavy metal like lead, cadmium and copper which
are toxic in excess amount. Cu, Fe, Mn, Ni, and Zn
metals are required as nutrients in trace amount for life
processes in plants and microorganisms but become toxic
at higher concentrations wheras Pb, Cr, and Cd metals
have no biological function and are toxic elements.
Therefore, in this study, the deposition of these eight
heavy metals namely Cd, Cr, Cu, Fe, Mn, Ni, Pb, Zn was
analyzed to evaluate its spatial distribution in the Ganga
River sediments.

2. Methodology

2.1 Study area, sampling sites and collection
of sediment samples

The Ganga River flows through Kanpur and joins the
Yamuna river in the Triveni Sangam in Prayagraj city, a
sacred confluence in Hinduism. Between Kanpur and
Praygraj, the Ganga River flows 230 km through these 10
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selected sampling sites: Jajmau (S1), Maharajpur (S2),
Sarsaul (S3), Dalmau—Fatehpur Bridge (S4), Unchahar
(S5), Nawabganj (S6), Manikpur (S7), Shringverpur
(S8), Phaphamau (S9) and Sangam (S10) (table 1;
figure 1).

Sediment sampling was done in the summer (March—
June) between 7:00 AM and 9:00 AM in the year 2019.
From each sampling location, 3 sediment samples were
collected from a depth of 10-15 cm from the top surface of
the river bank of the running river. In total 30 samples were
collected from 10 selected sites using standard procedure.
Each sediment sample of approximately 500 g was col-
lected with the help of a grab sampler and then packed in
impermeable polythene bags [27]. All sediment samples
were then brought to the laboratory and were air dried for
72 h before further analysis.

2.2 Sample preparation and analytical aspect

According to APHA (2012), collected samples of sedi-
ment were digested and analyzed to find the concentra-
tions of heavy metals. Sediment samples were dried in the
oven at 100 °C for 1-2 h. to get the constant mass and
then crumbled and ground to get < 63 pm fractions.
Sediment samples each weighing 1 g were digested by
adding 10 mL 1:2 solution of perchloric acid and nitric
acid initially placed on a hot plate for 60 min at low
temperature and then at 120 °C temperature until fumes
started arising and the solution became clear and trans-
parent. Then digested samples were filtered using What-
man filter paper 42. Then 0.1 N HNOj; is added to dilute
the filtrate till the final volume of 50 mL is reached.
Finally, the concentrations of heavy metals namely Cd,
Cr, Cu, Fe, Mn, Ni, Pb, and Zn were measured in the
digested samples using atomic absorption spectroscopy
(AAS) (Shimadzu AA-6300).

2.3 Calculation of enrichment ratio, geo-
accumulation index, contamination factor
and pollution load index

Enrichment ratio (ER) helps to know the level of envi-
ronmental pollution and to know whether the source of
pollution is natural or anthropogenic, based on the stan-
dards of heterogeneous sediments [7, 28]. Fe is used as
reference metal and heavy metal concentrations were found
with respect to it. ER of metals in the sediment samples for
all sites was calculated using equation (1), [11].

[(Xx)/ (XFe)],
[(Xx)/ (XFe)],

where [(Xy)/(Xge)]s denotes the ratio of heavy metal X
concentration and Fe concentrations in the sample and
[(X)/(XEe)]s denotes the ratio of metal X concentration and

ER = (1)
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Table 1. Sites selected for sampling between Kanpur and Prayagraj with their GIS location.

195

Name of site Code Location District and state
Jajmau S1 26°26'17"N 80°27'43"E Kanpur, U.P.
Maharajpur S2 26°22'42"N 80°29'26"E Kanpur, U.P.
Sarsaul S3 26°18'13"N 80°32'35"E Kanpur, U.P.
Dalmau-Fatehpur Bridge S4 26°03'18"N 81°01'56"E Fatehpur, U.P.
Unchahar S5 25°53'22"N 81°12'59"E Raebareli, U.P.
Nawabganj S6 25°49'06"N 81°19'46"E Pratapgarh, U.P.
Manikpur S7 25°46'03"N 81°23'58"E Pratapgarh, U.P.
Shringverpur S8 25°35'20"N 81°38'01"E Prayagraj, U.P.
Phaphamau S9 25°30'24"N 81°51'59"E Prayagraj, U.P.
Sangam S10 25°25'41"N 81°53'20"E Prayagraj, U.P.
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Figure 1. Sampling sites between Kanpur and Prayagraj along the Ganga River, Source: Google maps.

Fe concentration taken from the background values. The
background values of concentrations of Fe, Ni, Cd, Cu, Cr,
Mn, Pb and Zn were taken from geometric mean values
given by Singh er al [24] mentioned in table 3. The
Enrichment levels were determined based on ER values
using table 2.

For the determined heavy metal concentrations, the geo-
accumulation index (Igeo) was calculated by using equation
(2) given below [30] This index is used to assess the
anthropogenic impact.

Igeo =

Cn

Log> I 5+Bn (2)

where Cn denotes the concentration of metal in (ppm)
determined in the sediment sample, Bn denotes the geo-
chemical background concentration value in ppm (table 3)
of that metal in the background sample and factor 1.5 is
used to reduce the errors in the background values which
may be at due to lithogenic effects. Igeo values were used
to report the Igeo class and pollution levels as given in
table 2.



195 Page 4 of 11

Sadhana (2022)47:195

Table 2. Enrichment Levels and Pollution levels corresponding to ER [29] values and Igeo values [30], respectively.

ER value Enrichment level Igeo value Igeo class Pollution level

Less than 2 Mineral depletion Less than 0 0 Unpolluted

Between 2 and 5 Moderate Between 0 and 1 1 Unpolluted to moderately polluted

Between 5 and 20 Significant Between 1 and 2 2 Moderately polluted

Between 20 and 40 Very high Between 2 and 3 3 Moderately to strongly polluted

Greater than 40 Extremely high Between 3 and 4 4 Strongly polluted
Between 4 and 5 5 Strongly to very strongly polluted

Greater than 5 6 Very strongly polluted

Table 3. Concentration (in ppm) of different metals at different sites in Ganga River sediments.

Name of the site Code Fe Mn Cr Zn Pb Ni Cu Cd
Jajmau N 19503 482 314 34.8 35.8 334 5.7 1.15
Mabharajpur S2 19352 541 100.2 39.1 31.5 334 8.55 2.3
Sarsaul S3 15110 367 42.5 29.6 29.5 322 4.75 2.3
Dalmau-Fatehpur Bridge S4 23038 654 65.8 33.8 36.6 322 4.75 345
Unchahar S5 20725 568 61.7 37 34.5 34.5 9.5 2.3
Nawabganj S6 30017 679 85 56.9 37.8 40.8 17.1 1.15
Manikpur S7 29017 462 95.1 58.1 39.6 42.6 15.2 2.3
Shringverpur S8 19700 352 38.5 35.9 30.5 35.7 6.65 23
Phaphamau S9 17286 349 344 30.6 29.5 334 5.7 0.95
Sangam S10 16974 457 56.7 27.5 31.5 334 3.8 1.15
Mean concentration 21072.2 491.1 61.13 38.33 33.68 35.16 8.17 1.94
SD + 200 + 10 +10 +2 +3 +3 +2 +8
Background values (Bn)* 40346 1764 147 105 22 46 55 0.58
Indian River System (IRS) Average** - 607 87 16 - 37 28 -
World Surface Rock Average*** 35900 720 71 127 16 49 32 0.20
SQGH**% TEC 20000 460 434 121 35.8 22.7 31.6 0.99
PEC 40000 1100 111 459 128 48.6 149 4.98

*Values taken from Singh et al [24]

**Values taken from Subramanian et al [34]
***Values taken from Martin and Maybeck [35]
#k**Values taken from MacDonald et al [32]

Pollution load index (PLI) is an indicator used to con-
clude the overall heavy metal pollution load at each site and
is calculated by using equation (3) [31]. PLI = O indicates a
perfect state of pollution; PLI = 1 points indicate only
baseline levels of pollutants present and PLI above 1 would
indicate progressive deterioration of sites.

PLIn = (CF1* CF2x. . ... *CFn)"/" (3)

where CFn is the contamination factor (CF) of the heavy
metal ‘n’ in the sediment sample calculated using equation
(4). CF is a quantification of the degree of contamination
relative to either average crustal composition of a respec-
tive metal or to the measured background values from
geologically similar and uncontaminated area.

Cn
CFn = — 4

CF less than 1 indicates a low degree of contamination;
CF between 1 and 3 indicates moderate contamination, CF
between 3 and 6 indicates a considerable degree of con-
tamination, and CF above 6 indicates very high
contamination.

2.4 Comparison of data using sediment quality
guidelines (SQGs)

The concentrations of heavy metals in the Ganga River
sediments are determined and compared with the corre-
sponding SQGs values [32] in table 3. SQGs help in
assessing the extent to which concentrations of heavy
metals in sediments may adversely affect aquatic plants and
animals and are designed to interpret the quality of sedi-
ment [33]. Two types of SQGs are developed for the
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ecosystem in freshwater [32]: probable effect concentration
(PEC) and threshold effect concentration (TEC). PEC rep-
resents the concentration above which adverse effects are
expected to occur and the TEC represents the concentration
below which adverse effects are unlikely to occur.

3. Results and discussions

3.1 Concentrations and spatial distribution
of heavy metals in the sediments of the selected
sites

Heavy metal concentrations in the sediment samples col-
lected from the selected sites are reported in table 3. On
average, the heavy metal mean concentrations followed a
decreasing order of i.e. Fe > Mn > Cr > Zn > Ni > Pb > Cu
> Cd where Fe is in the highest concentrations and Cd is in
the lowest concentration in the collected sediment samples.

3.1.1 Lead (Pb) Lead is a toxic and unessential heavy
metal. It is generated from both natural and anthropogenic
sources. The main sources of lead concentrations are
airborne particles, effluents of leather factories, forest fires,
emissions from vehicles, volcanoes, waste incineration,
paints, and pesticides. Earth’s crust contains 15-20 ppm of
Pb concentration [36]. Pb concentrations in this study
ranged between 29.5 and 39.6 ppm with a mean value of
33.68 ppm. Pb concentration in the sites follows this order
S3 < S9 <S8 <S2 <S10<S5<S1<S4<S6<S7 with
highest value at site S7 and lowest at site S3. Values of Pb
concentrations at all sites exceeded the world surface rock
average of 16 ppm indicating an increase in anthropogenic
activities. Higher levels of Pb is a threat to fisheries
resources, whereas, in plants, it initially results in enhanced
growth, but from a concentration of 5 ppm onwards, this is
counteracted by severe growth retardation, discoloration,
and morphological abnormalities (figure 2).

3.1.2 Cadmium (Cd) Cadmium is an unessential
element and adversely affects the growth of plants. Cd is

S1 S2 S3 sS4 S5 S6 S7 S8 S9

Site

Conc. (ppm)

Figure 2. Variation in Pb concentrations.
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a by-product of Zn and Pb mining and smelting and is more
mobile in aquatic environments than most of the other

metals. Cd is released into the environment by
metallurgical industries, atmospheric deposits, power
plants, fertilizers, natural atmospheric  processes,

municipal solid waste (MSW) incineration, and discharge
of toxic effluents from industries and wastewater treatment
units [37]. It is extremely important to study this
contaminant because it is highly toxic and water soluble.
Earth’s crust contains 0.1-0.5 ppm of Cd [38]. The Cd
concentration in this study ranged between 0.95 and 3.45
ppm with a mean value of 1.94 ppm. Cd concentration in
the sites followed this order S9 < S1 < S6 < S10 <S2 < S3
< S5 < S7 < S8 < S4 with highest at S4 and lowest at S9.
Values of Cd concentrations at all sites exceeded the World
Surface Rock Average of 0.2 ppm indicating an increase in
anthropogenic activities. This can cause toxicity to some
aquatic species in the vicinity (figure 3).

3.1.3 Copper (Cu) Copper is an essential nutrient in
freshwater and river sediments for the growth of aquatic
life, but its higher concentration is toxic. It is induced in the
environment from natural sources such as decaying
vegetation, volcanic eruptions, sea spray, forest fires, and
also from anthropogenic activities like wastewater from
industries and municipal corporations [39]. After several
natural processes, the dissolved Cu finally gets adsorbed in
the sediment. In this study, Cu concentration ranged from
3.8 to 17.1ppm with a mean value of 8.17 ppm. Cu
concentration in the sites followed this order S10 < S3 < S4
< S1 < S9 < S8 < S2 <S5 < S7 < S6 with highest at S6
and lowest at S10. Values of Cu concentrations at all sites
are well below the World Surface Rock Average of 32 ppm
and IRS average value of 28 ppm indicating Cu
concentrantions in river sediment are safe for aquatic life
(figure 4).

3.1.4 Zinc (Zn) Sediment may contain up to 100 ppm of
zinc in its natural state. Human activities and natural
processes are the sources of Zn. The use of fertilizers for
agricultural purposes in the catchment of the Ganga River
leads to increase in Zn concentrations in river sediments. In

Sil S2 S3 sS4 S5 S6 S7 S8 S9 s10

Site

Conc. (ppm)

Figure 3. Variation in Cd concentrations.
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Figure 4. Variation in Cu concentrations.

this study, concentrations of Zinc ranged from 27.5 to
58.1ppm with a mean value of 38.33 ppm. Cu concentration
in the sites followed this order S10 < S3 <S9 <S4 <S1 <
S8 < S5 < S2 < S6 < S7 with highest at S7 and lowest at
S10. Values of Zn concentrations at all sites are less than
the World Surface Rock Average of 127 ppm; however, it
exceeded the IRS average value of 16 ppm [34] which may
cause adverse effect on aquatic biota (figure 5).

3.1.5 Iron (Fe) TIron (Fe) concentrations were found to
be highest among all elements in Ganga River sediment due
to many natural reasons like weathering, erosion, etc., and
human activities such as urban discharge, industrial
effluent, construction and demolition wastes, municipal
solid waste, and agricultural activities. In this study, Fe
concentration ranged between 15,110 and 30,017 ppm with
a mean value of 21072.2 ppm (table 3). Fe concentration in
the sites followed this order S3 < 10 < S9 < S2 < S1 < S8
< S5 <S4 < S7 < S6 being highest at S6 and lowest at S3.
Values of Fe concentrations at all sites are less than the
world surface rock average of 35900 ppm (figure 6).

3.1.6 Manganese (Mn) Mn concentration in the earth’s
crust ranges between 40 and 900 ppm [40]. Sewage sludge,
municipal wastewater, mining waste, waste from various
metal processing units, alloy production unit emissions, and
fossil fuel combustion is the source of manganese in
sediments. In this study, Mn concentration lies between 349
and 679 ppm with a mean value of 491.1 ppm. Mn
concentration in the sites followed this order S9 < S8 < S3

Conc. (ppm)

S1 S2 S3 s4 S5 S6 S7 S8 S9 S10

Site

Figure 5. Variation in Zn concentrations.
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Figure 6. Variation in Fe concentrations.

< S10 < S7 < S1 < S2 <S5 <S4 < S6 being highest at S6
and lowest at S9. Mn concentrations at sites S4 and S6
exceeded the IRS average value of 605 ppm [34] whereas
concentrations at all sites are less than the world surface
rock average of 750 ppm (figure 7).

3.1.7 Nickel (Ni) Ni is used in alloys with chromium,
iron, copper, and zinc. It is widely used in the industry such
as fuel production, household appliances, food production,
electroplating, pigments, ceramics, jewelry manufacturing,
heat exchangers, magnets, coins, medical prostheses,
batteries, etc. In this study, Ni concentration remained
below its baseline (46 ppm) ranging between 32.2 and 42.6
ppm with a mean value of 35.16 ppm, indicating a less
contaminated condition by this metal. Ni concentration in
the sites followed this order S3 < S4 < S1 <S2 <S89 <S10
< S5 < S8 < S6 < S7 with lowest at S3 and highest at S7.
Ni concentrations at sites S6 and S7 exceeded the IRS
average value of 37 ppm [34] whereas concentrations at all
sites are less than the world surface rock average 49 ppm.
This indicates the low level of the contamination of the
river sediment (figure 8).

3.1.8 Chromium (Cr) Chromium has an average
concentration of 100 ppm in the earth’s crust [41].
Chromium compounds are used in dyes, paints factories,
and leather industries, these compounds get transported in
the soil and groundwater of industrial sites. Paints base
containing chromium is used for automotive refinishing
applications that lead to chromium pollution in the Ganga
River. In this study, Cr ranged from 31.4 to 100.2 ppm with

679
457
i i
S1 S2 S3 S4 S5 S6 s7 S8 S9 S10

Site

Conc. (ppm)

Figure 7. Variation in Mn concentrations.
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Figure 8. Variation in Ni concentrations.

a mean of 61.13 ppm. Cr concentration in the sites followed
this order S1 <S89 <S8 <S3 <S10<S5<S84 <S6<S7<
S2 with lowest at S1 and highest at S2. Cr concentrations at
sites S2, S6, and S7 exceeded the both IRS average value
and world surface rock average of 87 ppm and 71 ppm
respectively whereas concentrations at all other sites are
less than the IRS average value and the world surface rock
average. Increase Cr concentration at some sites is alarming
can cause lethality to some aquatic species in the river
system (figure 9).

3.2 Distribution of heavy metals in Ganga River
sediments

Following pattern based on the decreasing order of con-
centration of heavy metals at various sites was observed
(see table 3): S7 > S6 >S2 > S5 >S4 > S8 > S1 > S3 >
S10 > S9. Among these sites, the Manikpur (S7) site is the
most contaminated site receiving the most industrial dis-
charges from the surrounding upstream Kanpur city. All
sampling sites receive toxic waste from the upstream flow
and the catchment agricultural areas. Among the heavy
metals examined, Cd and Pb concentrations exceeded the
bottom limit of 0.2 ppm and 16 ppm by up to 15 and 2.4
times, respectively. Industrial cities like Kanpur and
Prayagraj lead to industrial and municipal waste in the
water of the Ganga River. At some sites, the Cd concen-
tration exceeded the permissible reference point due to low
water flow, which also leads to the deposition of different

Conc. (ppm)

100.2)
S1 S2 S3 sS4 S5 S6 s7 S8 S9 S10
Site

Figure 9. Variation in Cr concentrations.
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heavy metals in the sediments of the Ganga River at these
sites.

3.3 Estimation of pollutant indices

3.3.1 Enrichment ratio (ER) and geo-accumulation
index (Igeo) ER depicts the contamination levels of
heavy metals and their source of contamination in a specific
environment [42, 43]. ER < 2 indicates the crustal source of
the elements in the sediment, whereas ER > 2 reflects the
high levels of anthropogenic pollution. The ER values of
studied heavy metals in this study are presented in table 4.

The ER values range for Mn (0.36-0.64), Cr (0.44-1.42),
Zn (0.56-0.78), Pb (2.50-3.40), Ni (1.17-1.83), Cu
(0.15-0.42) and Cd (2.67-10.59). Enrichment levels are
identified using table 2 based on calculated values of ER.
The ER values for all heavy metals at all sites except for Cd
and Pb are less than 2 which indicates the enrichment is at
mineral depletion level by the other metals. For most sites,
the ER values of Cd show significant contamination (i.e 5 <
ER < 20) of which, site S3 and S4 were the most significant
sites with ER value of 10.59 and 10.42 respectively indi-
cating the pollution due to anthropogenic activities. Cd has
high geochemical activity in the environment and can be
transported for a long distance as it is mobile and soluble in
water compared to other heavy metals. The values of ER
for Pb are between 2 and 5 for all sites which indicates
moderate contamination. The difference in ER values for
different heavy metals from different locations was prob-
ably because of variation in metal input or the variation in
the removal rate of each heavy metal from the sediments
[44].

The Igeo class was determined with reference to Abra-
him and Parker Classification [45], reported in table 2. This
index is used to assess the anthropogenic impact. The Igeo
values for the studied 8 heavy metals for each sampling
location are shown in table 5. The Igeo values for Cr, Cu,
Fe, Mn, Ni, and Zn were less than zero for all sites which
lie in class O, indicating that the sediments of Ganga River
at these sampling sites are unpolluted by these metals and
the Average value of Igeo for Pb is calculated to be as 0.02
which lies in class 1 (i.e. Igeo value lies between 0 and 1)
indicate unpolluted stage to moderately pollution stage.
Igeo value of Cd at most sites falls in class 2 (i.e. Igeo value
lies between 1 and 2) with a mean value of 1.03 which
indicates moderate pollution by this metal.

3.3.2 Contamination factor (CF), pollution load index
(PLI) and comparison with sediment quality
guidelines (SQGs) CF values are shown in table 6, CF
values for Fe, Mn, Cr, Zn, Ni and Cu in all sediment
samples were found to be < 1 with an average of 0.52, 0.28,
0.42, 0.37, 0.75 and 0.15 respectively which shows that the
Ganga River sediment is not polluted by these metals. CF
values for Pb at all locations lie between 1 and 3 with an
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Table 4. Enrichment ratio (ER) for heavy metals in sediments of Ganga River.

Site name Code Mn Cr Zn Pb Ni Cu Cd

Jajmau S1 0.57 0.44 0.69 3.37 1.47 0.21 4.10
Mabharajpur S2 0.64 1.42 0.78 2.99 1.48 0.32 8.27
Sarsaul S3 0.56 0.77 0.75 3.58 1.83 0.23 10.59
Dalmau-Fatehpur Bridge S4 0.65 0.78 0.56 291 1.20 0.15 10.42
Unchahar S5 0.63 0.82 0.69 3.05 1.43 0.34 7.72
Nawabganj S6 0.52 0.78 0.73 2.31 1.17 0.42 2.67
Manikpur S7 0.36 0.90 0.77 2.50 1.26 0.38 5.51
Shringverpur S8 0.41 0.54 0.70 2.84 1.56 0.25 8.12
Phaphamau S9 0.46 0.55 0.68 3.13 1.66 0.24 3.82
Sangam S10 0.62 0.92 0.62 3.40 1.69 0.16 4.71
Table 5. Geoaccumulation index (Igeo) of heavy metals for sediments of selected sites of River Ganga.

Site Fe Mn Cr Zn Pb Ni Cu Cd

Jajmau —1.63 —2.46 —2.81 —2.18 0.12 —1.08 —3.86 0.40
Mabharajpur —1.64 —-2.29 —1.14 —2.01 —0.07 —1.08 —-3.27 1.40
Sarsaul —2.00 —-2.85 —2.38 —2.41 —0.16 —1.13 —4.12 1.40
Dalmau-Fatehpur Bridge —1.39 —-2.02 —1.74 —2.22 0.15 —1.13 —4.12 1.99
Unchahar —1.55 —2.22 —1.84 —2.09 0.06 —1.03 -3.12 1.40
Nawabganj —1.01 —1.96 —1.38 —1.47 0.20 -0.79 —-2.27 0.40
Manikpur —1.06 —2.52 —1.21 —1.44 0.26 —-0.73 —2.44 1.40
Shringverpur —1.62 —-291 —2.52 —2.13 —0.11 —0.98 —3.63 1.40
Phaphamau —1.81 —-2.92 —2.68 —2.36 —0.16 —1.08 —3.86 0.13
Sangam —1.83 —2.53 —1.96 —-2.52 —0.07 —1.08 —4.44 0.40
Mean —1.56 —2.47 —1.97 —2.08 0.02 —1.01 -3.51 1.03
Table 6. Contamination factor (CF) of different metals at all sites and their pollution load index (PLI).

Site Site Fe Mn Cr Zn Pb Ni Cu Cd PLI

Jajmau 1 0.48 0.27 0.21 0.33 1.63 0.71 0.10 1.98 0.018
Maharajpur 2 0.48 0.31 0.68 0.37 1.43 0.71 0.16 397 0.187
Sarsaul 3 0.37 0.21 0.29 0.28 1.34 0.69 0.09 397 0.016
Dalmau-Fatehpur Bridge 4 0.57 0.37 0.45 0.32 1.66 0.69 0.09 5.95 0.143
Unchahar 5 0.51 0.32 0.42 0.35 1.57 0.73 0.17 397 0.154
Nawabganj 6 0.74 0.38 0.58 0.54 1.72 0.87 0.31 1.98 0.660
Manikpur 7 0.72 0.26 0.65 0.55 1.80 0.91 0.28 397 0.964
Shringverpur 8 0.49 0.20 0.26 0.34 1.39 0.76 0.12 3.97 0.035
Phaphamau 9 0.43 0.20 0.23 0.29 1.34 0.71 0.10 1.64 0.007
Sangam 10 0.42 0.26 0.39 0.26 1.43 0.71 0.07 1.98 0.012
Average 0.52 0.28 0.42 0.37 1.53 0.75 0.15 3.34 0.100

average of 1.53 which indicates moderate contamination by
Pb at all sites. The maximum CF value of for Pb was
measured as 1.80 for site S7 (Manikpur) while the
minimum value measured was 1.34 for site S3 (Sarsaul)
and S9 (Phaphamau). The average value of CF for Cd is
calculated as 3.34 which shows river sediments are
contaminated by Cd in considerable amount. CF values of

Cd for sites S1, S6, S9 and S9 lie between 1 and 3 which
indicate moderate contamination by Cd at these sites
whereas CF value for Cd at sites S2, S3, S4, S5, S7 and S8
lies between 3 and 6 which indicate a considerable amount
of contamination by Cd at these sites. The maximum CF
value of 5.95 for Cd was computed for site S4 while the
minimum value of 1.64 was recorded at site S9. The
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Figure 10. Untreated wastewater being dumped in Ganga River near Jajmau, U P, India.

general outcome from calculated CF values demonstrates
that the river sediment is not in disturbing condition for
metals Fe, Mn, Cr, Zn, Ni and Cu at present. However, it
has moderate contamination by Pb and considerable
contamination by Cd which may increase in the future
and may be alarming to the river ecosystem with the rapidly
increasing population in the river basin.

Pollution load index (PLI) indicates the overall heavy
metal pollution at any site. PLI values calculated for the
selected sites for the investigated heavy metals are shown
in table 6. It indicates the highest pollution at Manikpur site
(0.964) followed by Nawabganj (0.66), Maharajpur (0.187),
Unchahar (0.154), Dalmau-Fatehpur Bridge (0.143),
Shringverpur (0.035), Jajmau (0.018), Sarsaul (0.016)
Sangam (0.012), whereas the lowest polluted was Phapha-
mau site (0.007). PLI value for site S7 (Manikpur) is close
to 1 indicating close to baseline level of pollutionn and thus
require quick attention to control the further deterioration
of river sediment.

The reference values TEC and PEC for river sediments
are shown in table 3. The concentrations of Zn and Cu were
found below the reference TEC values in all sampling
locations, indicating rare chances of harmful effects to the
aquatic bio-system whereas the concentrations of Fe, Mn,
Cr, Pb, Ni, and Cd exceeded the TEC level by 48.6, 44.7,
128, 8.93, 63, and 200% for some samples, indicating
harmful effects on the aquatic plants and animals.

4. Conclusions

This study focused to assess the risk level, spatial distri-
bution, and geo-accumulation of 8 heavy metals namely
Cadmium (Cd), Chromium (Cr), Copper (Cu), Iron (Fe),
Manganese (Mn), Nickel (Ni), Lead (Pb), and Zinc (Zn) in

sediments of the Ganga River between Kanpur and Praya-
graj stretch, U.P (India). The distribution of these metals in
the sediments is not uniform throughout the studied stretch
of the Ganga River and the change in metal concentration is
due to the discharge of these metals from various anthro-
pogenic sources like untreated wastewater from nearby
industries of battery manufacturing and electroplating,
pesticides, fertilizers, paint, tannery, etc (figure 10).

The concentrations of Cadmium (Cd) and lead (Pb)
were found above the recommended SQG values of 0.99
and 35.8, indicating that the Ganga River is contaminated
by Cd and Pb which could result in an adverse effect on
the ecosystem of Ganga River. The values of Igeo and ER
for the analyzed sediment samples revealed that they were
moderately contaminated by Cd and Pb and unpolluted by
other heavy metals. PLI values reveal that Manikpur is the
most polluted site and Phaphamau is the least polluted
site.

Heavy metal concentration levels and distribution were
found higher at locations that are downstream of industrial
and urban areas. This also shows that increase in industries
and urban cities near the studied area were the likely
causing metal contamination. Industrial units should ensure
proper treatment of toxic effluent wastewater before dis-
posing into the Ganga River. Government agencies like
Central Pollution Control Borard (CPCB) and State Pollu-
tions Control Board (SPCB) must ensure strict compliance
with environmental standards of municipal and industrial
effluents to save the Ganga River from further pollution by
these metals. Remediation of technology such as In-situ
physical/chemical treatments like capping, solidification/
stabilization, Ex-situ physical/chemical treatments like soil
washing, solidification/stabilization, and chelation, or Ex-
situ thermal treatment like vitrification can be used for the
majorly of polluted sites.
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