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Abstract:-The objective of the present study is to investigate the current status of heavy metal pollution in River
Hindon, from Ghaziabad to Noida stretch. The concentrations of Nickel, Cadmium, Chromium, Copper, Iron,
Manganese, and Zinc in water samples have been studied during January 2013 to December 2014. The overall
mean concentration of heavy metals was observed in the following order Fe > Mn> Zn > Ni > Cr > Cu > Cd. Cu
and Zinc was found below the standards of WHO and CPCB. The iron was found in maximum concentration and
Cd was found in minimum concentration. The average values of all the heavy metals were found as Fe
(11.2743.50), Mn (4.00+1.26), Ni (0.63+0.17), Cr (0.16+0.07), Cu (0.15+0.07), and Cd (0.08+0.07). Based on
heavy metal pollution analysis we concluded that our study area as a whole is critically polluted with heavy metals
under study due to pollutant load from various anthropogenic activities. One way ANOVA shows statistically
significant differences in the levels of all the studied heavy metals between different sites. Games Howell post hoc
test shows that there are statistically significant differences (p<0.05) in the levels of all the studied heavy metals
between Hindon barrage, Indrapuram, Vishnu Nagar and Dadri Road.
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INTRODUCTION

Water is a natural resource. It is primary requirement of man throughout the life. It is naturally recycled
through a process called hydrological cycle [12]. We receive fresh water from the rivers but we pollute these water
bodies, which causes water pollution. Major cause of water pollution is mismanagement of sewage drains and
industrial effluents. The degradation of fresh water system may even jeopardize the other related ecosystems in the
biosphere for e.g. marine environment, grass lands, agricultural lands forests. In practical terms, we all are aware
of the fact that without water there is no life so rivers are the only life giving support. They are the backbone for
sustaining life and its development. It is used for drinking, washing, irrigation and also for energy generation.

The rapid population growths, land development along river basin, urbanization and industrialization have
subjected the rivers to increase stress, giving rise to water pollution and environmental deterioration [47]. Most of
the rivers in the urban areas of the developing world are the end point of effluents discharged from the industries
[38].[22],[23]. In India, sewerage disposal and urban runoff in river catchments areas is the major challenge of
river water quality maintenance. Reference [45]concluded that indiscriminate industrialization and urbanization in
India have measurably influenced the quality of surface water resources.

India ranks 120th out of 122 countries in terms of water quality. At least 200 million Indian citizens do not have
access to safe clean water, a violation of their human right. It is estimated that 90% of India’s water resources
arecontaminated with untreated industrial, domestic waste, pesticides and fertilizers (Source; FIAN International —
‘Investigating some alleged violations of human right to water in India’). India therefore faces a substantial
challenge to meet the legal and moral obligations towards the provision of safe water [31].

Heavy metals are serious pollutants due to their toxicity, persistence in natural conditions and ability to be
incorporated into food chains [52], [30], [7], [43]. Rapid urbanization and population growth in fast growing cities
leading to industrialization poses a major threat of Heavy metal pollution for India’s rivers flowing through these
cities [50],[19],[04],[02].

River bodies play an important role in assimilating heavy metals form both natural as well as anthropogenic
sources. Metals such as Cu, Zn etc are essentially required by different living species in water bodies [08],[11],
[13].These heavy metals can enter river systems from either natural or anthropogenic sources [04], [24] ,[24]. The
main anthropogenic sources are disposal of untreated and partially treated industrial effluents and sewage
containing toxic metals, as well as metal chelates from different industries and indiscriminate use of heavy metal-
containing fertilizers and pesticides in agricultural fields [1], [42]. Several researchers have studied heavy metal
contamination in various Indian rivers with respect to industrial, municipal, and domestic pollution [49], [05] [48],
[39].[16], [17],[18],[36],[33].VVarious aspects related to water quality of different Rivers in India and its tributaries
have been studied by various researchers [26],[27],[46], [09],[10],[11],[12],[13].[14],[29].[41], [44],[16].[35].
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Arsenic

(As) = Pesticides, fungicides, metal smelters

Cadmium = Welding, electroplating, pesticides, fertilizer,
(ca) batteries, nuclear fission plant

Chromium - Mining, electroplating, textile, tannery
(cr) industries

Copper

(Cu) = Electroplating, pesticides, mining

Lead e Paint, pesticides, batteries, automobile
(d=)) emission, mining, burning of coal

Manganese - Welding, fuel addition, ferromanganese
(Vin) production
Viercury
(Hg)

Nickel « Electroplating, zinc base casting, battery
(Ni) industries

= Pesticides, batteries, paper industries

Zinc = Refineries, brass manufacture, metal plating,
(42)) immersion of painted idols

Fig. 1- Sources of different heavy metals (Source [37]).

e

Fig 2- Showing all the study sites of Hindon River combindly in Google earth map.

MATERIALS AND METHODS

Study area

The Hindon River, historically known as the Harnandi River, is a major source of water to the highly populated
and predominantly rural population of Western Uttar Pradesh province [31]. Hindon River, a tributary of Yamuna
River is a river in India that originates in the Saharanpur District, Uttar Pradesh. The river is entirely rainfed and
has a catchment area of 7,083 square kilometers (2,735 sg. mi). The catchment area is a part of the Indo Gangetic
Plain, composed of Pleistocene and sub recent alluvium and lies between the latitude 28°30° to 30°15°N and
longitude 77°20° to 77°50’Eand flows 400 kilometres (250 mi) through six districts, including Muzaffarnagar,
Meerut, Baghpat, Ghaziabad and Gautambudh Nagar until its confluence with the Yamuna. The Ganga River in
the east and the Yamuna River in the west bounds the Hindon. It is a major source of water to the highly populated
and predominantly rural population of western Uttar Pradesh [51]. The study area of the river under present study
ranged from its entrance in the Ghaziabad to its confluence with the Yamuna River in Tilwada village, Noida.
Total 4 sites were identified and selected for the collection of samples. Fig 2 (Google earth map).

The Following sites were selected for the present study -

A. Site -1 Hindon Barrage, Ghaziabad

B. Site-2 IndraPuram, Ghaziabad

C. Site-3 Near Vishnu Nagar, Noida

D. Site-4 Dadri Road, Noida
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B — ” - - @.
Fig 4- Showing sampling site-2(IndraPuram, Ghaziabad).
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e

Fi 6- Showing sampling site-4 (Dadri Road, Noida).

Selection of Sampling Stations

Four points were selected and marked along Hindon River to fulfil the purpose of present study. The four stations
were with in an approximately 25-26 Kilometres stretch of the river. These sampling stations were selected to
assess the pollution load in Hindon River water.

Collection of Water Samples

The materials polyvinyl chloride (PVC) bottles were previously decontaminated using the following procedures
according [40], before Two days of each sampling date.(1) Washing with detergent. (2) Rinsing with water to
eliminate detergent. (3) Rinsing with distilled water. (4) Two successive 1 hour shaking treatment with nitric acid.
(5) Rinsing with distilled water. (6) Cleaning with acetone (to dry off water). A previously treated two 2litre plastic
(polythene) bottles were used to collect the water samples 1-2 metres away from the shore from about 15-30 Cm
below the surface of the water.The samples were collected close to the shore of the Hindon River from all stations
between the hours of 7.00am to 10.00am. The samples were then transferred to the laboratory for further analysis.
Sampling and analysis was performed with help of APHA[06], Khanna and Bhutiani [25]and Trivedy and Goel[54].
To evaluate the water quality of Hindon River, sampling was done on the monthly basis from January 2013 to
December 2014 from four different sampling locations.
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RESULTS AND DISCUSSION

The heavy metals analysed in Hindon River during the course of study are Manganese (Mn), Zinc (Zn), Cadmium
(Cd), Nickel (Ni), Copper (Cu). Chromium (Cr) and Iron (Fe). Monthly average values of heavy metals in 2013 and
2014 including all the sites tabulated in the table no 1 and 2 and the average values of 2013-2014 was tabulated in
table no-3 and the standards of WHO and CPCB are tabulated in table no 3

Iron (Fe)

The minimum monthly average concentration of iron in 2013 was found 7.34 ppm+1.40 in the month of August and
the maximum monthly average concentration in 2013 was found 21.56 ppm+4.33 in the month of May while the
average concentrations in 2013 were found as 10.75 ppm+3.91. The minimum monthly average concentration of iron
in 2014 was found 7.27 ppmz1.52 in the month of January and the maximum monthly average concentration in 2014
was found 20.05 ppm+3.39 in the month of June while the average concentration in 2014 was found as 11.78
ppm=4.08 while the average concentration during the study period (2013-2014) was foundas 11.27 ppm+3.50. A
more or less same trend of iron concentration was observed by[34]. One way ANOVA shows statistically significant
differences in iron levels between different sites F (3, 92) = 3.60, P = 0.016. Games Howell post hoc test shows that
there are statistically significant differences (p<0.05) in iron levels between Hindon barrage, Indrapuram, Vishnu
Nagar, and Dadri Road.

Manganese (Mn)

The minimum monthly average concentration of manganese in 2013 was found 2.41 ppm=0.82 in the month of
August and the maximum monthly average concentration in 2013 was found 7.51 ppm+2.22 in the month of May
while the average concentrations in 2013 were found as 3.97 ppmz1.26. The minimum monthly average
concentration of manganese in 2014 was found 2.29 ppmz0.81 in the month of January and the maximum monthly
average concentration in 2014 was found 7.24 ppmz1.72 in the month of June while the average concentration in
2014 was found as 4.03 ppmz1.44while the average concentration during the study period (2013-2014) was found as
4.00 ppm+1.26. A more or less same trend of manganese concentration was observed by [03]. One way ANOVA
shows statistically significant differences in manganese levels between different sites F (3, 92) = 9.75, P = 0.000.
Games Howell post hoc test shows that there are statistically significant differences (p<0.05) in manganese levels
between Hindon barrage, Indrapuram, Vishnu Nagar, and Dadri Road.

Table No 1- Showing monthly average variation in values of Metal Concentration in 2013

Month/ Fe Mn Cu Cd Ni Cr Zn
Parameters (ppm) (ppm) (Pppm) (ppm) (ppm) (ppm) (ppm)
January 10.06 3.44 0.14 0.00 0.64 0.20 1.25
+1.24 +0.70 +0.07 +0.00 +0.38 +0.11 +0.53
February 8.80 3.64 0.10 0.06 0.53 0.17 1.31
+1.16 +0.64 +0.02 +0.03 +0.26 +0.07 +040
March 13.33 3.77 0.18 0.25 0.64 0.28 1.75
+1.78 +1.26 +0.02 +0.17 +0.34 +0.12 +0.88
April 13.00 3.89 0.17 0.07 0.61 0.25 1.61
+1.25 +1.02 +0.04 +0.04 +0.28 +0.10 +0.62
May 21.56 7.51 0.38 0.23 1.12 0.28 1.82
+4.33 +2.22 +0.27 +0.15 +0.73 +0.12 +0.56
June 11.53 4.79 0.02 0.21 0.72 0.05 2.67
+2.04 +1.42 +0.01 +0.11 +0.37 +0.03 +3.74
July 8.78 3.25 0.02 0.11 0.69 0.07 2.49
+1.11 +0.90 +0.01 +0.06 +0.27 +0.04 +3.58
August 7.34 2.41 0.12 0.00 0.56 0.00 2.02
+1.40 +0.82 +0.07 +0.00 +0.17 +0.00 +2.94
September 7.84 3.61 0.08 0.00 0.38 0.00 1.15
+1.80 +0.54 +0.04 +0.00 +0.19 +0.00 +0.35
October 8.13 3.17 0.09 0.00 0.27 0.08 1.11
+1.42 +0.59 +0.02 +0.00 +0.12 +0.04 +0.26
November 8.99 4.28 0.11 0.05 0.44 0.19 1.09
+1.64 +1.36 +0.05 +0.02 +017 +0.09 +0.46
December 9.67 3.91 0.14 0.12 0.44 0.17 1.00
+1.72 +1.13 +0.08 +0.06 +0.17 +0.05 +0.45
Average+SD 10.75 3.97 0.13 0.09 0.59 0.14 1.61
+3.91 +1.26 +0.09 +0.09 +0.21 +0.10 +0.56
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Copper (Cu)

The minimum monthly average concentration of copper in 2013 was found 0.02 ppm0.01 in the month of June and
July and the maximum monthly average concentration in 2013 was found 0.38 ppm+0.27 in the month of May while
the average concentrations in 2013 were found as 0.13 ppm0.09. The minimum monthly average concentration of
copper in 2014 was found 0.09 ppm+0.01 in the month of February and the maximum monthly average concentration
in 2014 was found 0.40 ppm=0.25 in the month of June while the average concentration in 2014 was found as 0.17
ppm=0.09 while the average concentration during the study period (2013-2014) was found as 0.15ppm+0.07.Similar
results were obtained by [20],[08],[34],[03].0ne way ANOVA shows statistically significant differences in copper
levels between different sites F (3, 92) = 6.29, P = 0.001. Games Howell post hoc test shows that there are statistically
significant differences (p<0.05) in copper levels between Hindon barrage, Indrapuram, Vishnu Nagar, and Dadri
Road.

Cadmium (Cd)

The minimum monthly average concentration of cadmium in 2013 was found below detectable limit and is denoted as
0.000 ppm=0.00 and the maximum monthly average concentration in 2013 was found 0.25 ppmz0.17 in the month of
March while the average concentrations were in 2013 found as 0.09 ppmz0.09. The minimum monthly average
concentration ofcadmium in 2014 was found 0.02 ppm=0.01 in the month of January the maximum monthly average
concentration in 2014 was found 0.23 ppm=0.14 in the month of June while the average concentration in 2014 was
found as 0.08 ppm+0.06 while the average concentration during the study period (2013-2014) was found as 0.08
ppm0.07. A more or less same trend of cadmium concentration was observed by [53], [51],[03],[08].One way
ANOVA shows statistically significant differences in cadmium levels between different sites F (3, 92) = 5.48, P =
0.002. Games Howell post hoc test shows that there are statistically significant differences(p<0.05) in cadmium levels
between Hindon barrage, Indrapuram, Vishnu Nagar, and Dadri Road.

Nickel (Ni)

The minimum monthly average concentration of nickel in 2013 was found 0.27 ppm=0.12 in the month of October
and the maximum monthly average concentration in 2013 was found 1.12 ppm +0.73 in the month of May while the
average concentrations in 2013 were found as 0.59 ppm=0.21. The minimum monthly average concentration of nickel
in 2014 was found 0.29 ppm+0.08 in the month of February and the maximum monthly average concentration in
2014 was found 1.10 ppm x0.71 in the month of June while the average concentration in 2014 was found as 0.68
ppm=0.21 while the average concentration during the study period (2013-2014) was found as 0.63 ppm=0.17. A more
or less same trend of nickel concentration was observed by [08], [15]. One way ANOVA shows statistically
significant differences in nickel levels between different sites F (3, 92) = 31.71, P = 0.000. Games Howell post hoc
test shows that there are statistically significant differences (p<0.05) in nickel levels between Hindon barrage,
Indrapuram, Vishnu Nagar, and Dadri Road.

Table No 2- Showing average variation in values of Metal Concentration in 2014

Month/ Fe Mn Cu Cd Ni Cr Zn
Parameters (ppm) (ppm) (ppm) (ppm) (ppm) (ppm) (ppm)
January 7.27 2.29 0.11 0.02 0.53 0.05 0.67
+1.52 10.81 +0.06 10.01 +0.26 +0.04 +0.20
February 8.67 3.27 0.09 0.10 0.29 0.19 1.20
+1.46 +0.61 +0.01 +0.07 +0.08 +0.11 +0.18
March 8.77 3.25 0.12 0.11 0.64 0.17 1.35
+1.11 +0.90 +0.02 +0.08 +0.20 +0.08 +0.34
April 10.55 3.63 0.10 0.02 0.64 0.12 1.17
+1.52 +0.64 +0.02 +0.02 +0.33 +0.08 +0.32
May 19.21 6.71 0.30 0.15 0.88 0.27 1.70
+4.33 +2.73 +0.11 +0.07 +0.53 +0.11 +0.45
June 20.05 7.24 0.40 0.23 1.10 0.28 1.83
+3.39 +1.72 +0.25 +0.14 +0.71 +0.11 +0.58
July 10.26 3.89 0.18 0.04 0.53 0.08 1.26
+1.50 +0.84 +0.10 +0.03 +0.43 +0.06 +0.38
August 9.51 3.49 0.14 0.06 0.77 0.09 0.95
+1.77 +1.02 +0.06 +0.06 +0.34 +0.04 +0.25
September 11.71 3.37 0.14 0.06 0.85 0.15 1.48
+1.24 +0.84 +0.04 +0.03 +0.60 +0.05 +0.56
October 13.33 3.77 0.16 0.06 0.64 0.26 1.49
+1.78 +1.26 +0.03 +0.05 +0.33 +0.09 +0.60
November 13.00 3.89 0.18 0.04 0.61 0.29 1.86
+1.25 +1.02 +0.03 +0.03 +0.27 +0.10 +0.84
December 9.07 3.53 0.14 0.02 0.65 0.05 0.81
+1.12 +1.27 +0.06 10.02 +0.26 +0.06 +0.16
Average 11.78 4.03 0.17 0.08 0.68 0.17 131
+SD +4.08 +1.44 +0.09 +0.06 +0.21 +0.09 +0.38
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Chromium (Cr)

The minimum monthly average concentration of chromium in 2013 was found below detectable limit and is denoted
as 0.000 ppm=0.00 and the maximum monthly average concentration in 2013 was found 0.28 ppm+0.12 in the month
of March while the average concentrations in 2013 were found as 0.14 ppm=0.10. The minimum monthly average
concentration of chromium in 2014 was found 0.05 ppm=0.04 in the month of January and the maximum monthly
average concentration in 2014 was found 0.29 ppm=0.10 in the month of November while the average concentration
in 2014 was found as 0.17 ppm=0.09 while the average concentration during the study period (2013-2014) was found
as 0.16 ppm=0.07. A more or less same trend of chromium concentration was observed by [03],[32], [34].One way
ANOVA shows statistically significant differences in chromium levels between different sites F (3, 92) = 8.27, P =
0.000. Games Howell post hoc test shows that there are statistically significant differences (p<0.05) in chromium
levels between Hindon barrage, Indrapuram, Vishnu Nagar, and Dadri Road.

Zinc (Zn)

The minimum monthly average concentration of zinc in 2013 was found 1.00 ppm0.45 in the month of December
and the maximum monthly average concentration in 2013 was found 2.67 ppmz3.74 in the month of June while the
average concentrations in 2013 were found as 1.61 ppm=0.56. The minimum monthly average concentration of zinc
in 2014 was found 0.67 ppmz0.20 in the month of January and the maximum monthly average concentration in 2014
was found 1.86 ppm=0.84 in the month of November while the average concentration in 2014 was found as 1.31
ppm=0.38 while the average concentration during the study period (2013-2014) was found as 1.46 ppm=0.38. A more
or less same trend of zinc concentration was observed by [03], [34]. One way ANOV A shows statistically significant
differences in zinc levels between different sites F (3, 92) = 8.85, P = 0.000. Games Howell post hoc test shows that
there are statistically significant differences (p<0.05) in zinc levels between Hindon barrage, Indrapuram, Vishnu
Nagar, and Dadri Road.

Table No 3- Showing average variation in values of Metal Concentration during the study period (2013-2014

Month/ Fe Mn Cu Cd Ni Cr Zn
Parameters (Ppm) (ppm) (Ppm) (ppm) (ppm) (Ppm) (ppm)
January 8.66 2.86 0.12 0.01 0.58 0.12 0.96
+1.97 +0.81 +0.02 +0.02 +0.08 +0.12 +0.41
February 8.73 3.45 0.10 0.08 0.41 0.18 1.26
+0.10 +0.26 +0.00 +0.03 +0.17 +0.02 +0.08
March 11.05 3.51 0.15 0.18 0.64 0.22 1.55
+3.22 +0.37 +0.05 +0.09 +0.00 +0.08 +0.28
April 11.77 3.76 0.13 0.05 0.62 0.19 1.39
+1.73 +0.18 +0.05 +0.03 +0.02 +0.09 +0.31
May 20.38 7.11 0.34 0.19 1.00 0.27 1.76
+1.66 +0.56 +0.06 +0.09 +0.17 +0.01 +0.09
June 15.79 6.02 0.21 0.22 0.91 0.17 2.25
+6.02 +1.73 +0.27 +0.01 +0.27 +0.16 +0.60
July 9.52 3.57 0.10 0.08 0.61 0.07 1.88
+1.05 +0.46 +0.12 +0.05 +0.11 +0.01 +0.87
August 8.42 2.95 0.13 0.03 0.66 0.04 1.48
+1.53 +0.77 +0.02 +0.04 +0.14 +0.06 +0.76
September 9.77 3.49 0.11 0.03 0.61 0.07 1.31
+2.74 +0.17 +0.04 +0.04 +0.33 +0.10 +0.23
October 10.73 3.47 0.12 0.03 0.45 0.17 1.30
+3.68 +0.42 +0.05 +0.04 +0.26 +0.13 +0.27
November 11.00 4.09 0.15 0.05 0.53 0.24 1.47
+2.83 +0.28 +0.05 +0.00 +0.11 +0.24 +0.55
December 9.37 3.72 0.14 0.07 0.55 0.11 0.90
+0.43 +0.27 +0.01 +0.07 +0.14 +0.08 +0.14
Average 11.27 4.00 0.15 0.08 0.63 0.16 1.46
+SD +3.50 +1.26 +0.07 +0.07 +0.17 +0.07 +0.38

The heavy metals analysed in Hindon River during the course of study are Manganese (Mn), Zinc (Zn), Cadmium
(Cd), Nickel (Ni), Copper (Cu). Chromium (Cr) and Iron (Fe). Among the heavy metals iron (Fe) was found in higher
concentration while cadmium was found in lowest concentration in Hindon River. The overall mean concentration of
heavy metals was observed in the following order Fe > Mn> Zn > Ni > Cr > Cu > Cd.The concentration of heavy
metals was found higher in the summer season this may be due to low water level, High solar radiation and high
evaporation rates of water resulting in accumulation of metal concentration while the minimum concentration in
monsoon season may be due to high flow and high water level and dilution effect. All the heavy metal was found in
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higher concentration because the river is highly polluted in upper stretch of the study region.It can be inferred that
higher loadings of river Kali (which is a tributary of Hindon River), which carries municipal waste water and
industrial effluents from a variety of industries of Muzaffarnagar region, were observed for all metals in particulate
form which may be attributed to sediment transport function. The particulate loading contains highest load of iron and
manganese as compared to other metals, which are important carrier for the transport of metal ion. The loading of
Kali River is followed by Dhamolanala, which carries municipal waste of Saharanpur city as well as waste effluents
from several small scale industrial units [17], [18]. Absorption of cadmium compounds is dependent on the solubility
of the compounds [55].

Table No-4 Showing Heavy metal standards of WHO and CPCB

S.N METALS WHO STANDARDS CPCB STANDARDS
1 Cd 0.003 mg/I 2.0 mg/Il
2 Cr 0.05 mg/I 0.1 mg/Il
3 Cu 2.0 mg/l 3.0 mg/l
4 Fe 0.3 mg/l 3.0 mg/l
5 Ni 0.07 mg/l 3.0 mg/l
6 Zn 5.0 mg/l 5.0 mg/I
7 Mn 0.4 mg/l 2.0 mg/l
CONCLUSION

Result of present analysis reveals that among all the heavy metals studied (Cd, Cr, Ni, Mn, Zn, Fe and Cu) only Cu
and Zinc was found below the standards of WHO and CPCB and Nickel was found below the CPCB standards and
above the WHO standards while all other metals Cd, Cr, Ni, Mn and Fe exceeded the recommended values and
confers the sign of presence of serious metal pollution. If this trend of contamination continues it may make an
impact on the quality of water of the Hindon River and in the long run can cause a serious threat for aquatic
organisms. Therefore to prevent future adverse impact on the river a restriction must be imposed on the discharge of
trace metals and sewages through different sources because the source of these heavy metals in River Hindon is
industrial effluent, sewage water and agricultural field’s runoff.
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