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Abstract

The quality of Hindon river water has substantially declined because of unregulated discharge of waste
materials without treatment, originating from industrial, domestic, and agricultural practices. Water quality
monitoring is one of the most essential river protection and conservation activities. The present study was
managed to access the physiochemical and microbiological parameter of Hindon river water that has been
contaminated by the unwanted discharges. Between April to Dec., 2021, water samples from river Hindon
were collected from the seven different sites from Saharanpur to its confluence in Yamuna River at
Momnathal Village Greater Noida. The water samples were examined for multiple parameters, including
Temp., pH, DO (Dissolved oxygen), Turbidity, TDS (Total Dissolved Solids), Salinity, TH (Total Hardness),
COD (Chemical Oxygen Demand), BOD (Biochemical Oxygen Demand), as well as the occurrence of heavy
metals such as Cd (cadmium), Ni (nickel), Mo (molybdenum), Cu (copper), As (arsenic), Cr (chromium), Pb
(lead), Mn (manganese), Zn (zinc), Co (cobalt) and Fe (iron). Furthermore, the total and fecal coliform in all
samples were quantified. After conducting a comprehensive study, it was found that all physicochemical and
microbiological attributes have surpassed the permissible threshold compared to the BIS standard (IS-
10500). Therefore, the river Hindon's water quality was found to be unfit for irrigation, fish farming, human
consumption etc., based on the findings of current study, a complementary technique combining
physicochemical and microbiological studies should be used to obtain a complete information of the river
Hindon.
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Physicochemical and Microbiological Analysis of The Hindon River Water

In Western Uttar Pradesh, India

Introduction

Water is an essential substance found almost
everywhere on the earth and recycled by the
hydrological cycle, and provides a habitat for
flora and fauna and the needs of humans. The
river Hindon is a vital water source for the
western part of Uttar Pradesh, India,
predominantly to rural population. But three
urban cities including Saharanpur, Muzaffarnagar
and Ghaziabad significantly contributes to the
pollution in the river Hindon (Bhutiani et al.,
2017; Sharma et al., 2009). The wastewater from
Saharanpur is released into the Kali and Krishni
rivers before entering the Hindon river. The river
Hindon is subjected to untreated wastewater
discharge from the industrial corridor extending
from Saharanpur to Noida. In addition, some of
the significant problems with the water quality of
the river includes microbial pathogens such as,
bacteria, fungi, viruses, and protozoans along with
organic/ inorganic pollutants, suspended particles,
heavy metals like Cd, Pb, Ni and Fe, as well as
elements like fluoride (Bhutiani et al., 2017;
Mishra et al., 2016). The unplanned discharge of
untreated sewage primarily introduces faecal
materials into the surrounding ecosystem
(Rehman et al., 2020; Abd-Elhamid et al., 2021),
and contributes faecal contaminations. In several
developed and developing nations, there are
numerous incidences wherein semi-treated or
untreated sewage is negligently discharged into
surface water bodies. Contamination of
groundwater can occur when contaminated water
infiltrates the subsurface, diminishing its
suitability for potable and agricultural use
(Rehman et al., 2020; Abd-Elhamid et al., 2021).
Escherichia coli is well recognized as the
predominant bioindicator for detecting faecal
contamination in river water. Water pollution is
indicated by a concentration of 1-2 CFU)/100 ml,
making it unfit for ingestion (Gwimbi et al.,
2019). Such pollutants flow through water bodies
from various sources, including home, industrial,
and agricultural runoff. Therefore, the lack of a
consistent policy to discharge effluent into rivers
and a government strategy for river restoration is
a prime drawback has made river water unfit
particularly for human consumption (Rizvi et al.,
2015).

Numerous river water quality investigations have
found that physicochemical tests of river water
exceed the standard set by the CPCB (Central
Pollution Control Board) in 1995. Previously,
Bhutiani et al. (2017) conducted a study on
Hindon river water quality by analyzing various
Physico-chemical parameters, including Temp.,
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pH, TDS, EC, Turbidity, DO and BOD.
According to an affidavit presented to the NGT
(National Green Tribunal) by the CPCB, the
water of the Hindon River does not meet the
essential conditions for bathing in terms of
primary water quality standards. In India, the
CPCB and the SPCBs (State Pollution Control
Boards) are regulatory entities responsible for
ensuring compliance  with  environmental
legislation to improve water quality (Greenstone
& Hanna, 2014). The Water Prevention and
Control of Pollution, Act, adopted in 1974, is a
noteworthy example of domestic environmental
regulation. The government needs to take the
necessary steps to build a sewage treatment plant
(STP) along the Hindon river while directing
industries to make effluent treatment plants
(ETPs) to cleanse their wastewater before it is
discharged into the river. The Hindon river
wastewater treatment facility is currently
inoperable, forcing the bulk of sewage treatment
plant (STP) facilities to close.

Therefore, many industrial sectors need adequate
infrastructure to install efficient effluent treatment
plants (ETPs) to treat wastewaters. According to
the Water Quality and Waste Water Management
Vision for 2012-2017, India is expected to
generate 1,20,000 million liters of wastewater
daily by 2051. According to the Central Water
Commission (2014),  (Ministry  of  Water
Resources, India) demand of potable water is
expected to rise from 813 billion cubic metres in
2010 - 1093 billion cubic metres in 2025.
Moreover, based on the WaterAid India's Country
Strategy (2016-2021), a large section of the
Indian population, specifically over 76 million
people, faces the challenge of insufficient access
to safe drinking water. Accordingly, an annual
mortality rate of more than 1,40,000 is seen
among children under five due to diarrheal
infections caused by contaminated water sources
(WaterAid India Country Strategy for 2016-
2021). Moreover, based on World Bank data
research, it has been also established that
contaminated water is responsible for around 21%
of infectious disorders in India (Rajasulochana &
Preethy, 2016). Therefore, the situation is likely
to deteriorate in the absence of adequate
intervention. Therefore, water contamination is a
major environmental issue being tackled by
several countries (Chabukdhara & Nema, 2012).
In this regards, the monitoring and evaluating
water quality are essential for preserving aquatic
ecosystems and protecting human health. Based
on the several issues of water contamination, the
main objective of this study was planned to
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evaluate the effects of seasonal variations on the
water quality of the river Hindon; which was
accomplished by examining physicochemical and
microbiological factors.

Materials and methods

Study area

The current study encompasses every phase of the
river Hindon, that extend its entire trajectory of
the river Hindon from (29°57'46" N77°3820" E to
28°25'18" N77°30'14" E), commencing from the
foothills of the Shivalik range and concluding at
its confluence with the Yamuna River. The
samples were obtained from seven distinct places
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during April, August, and Dec. 2021. For the
Hindon river water quality assessment, water
samples (1L) were collected 30 cm below the
river water in clean sterile glass bottles from the
river's left, mid and right banks at selected sites,
as indicated in Figure 1. The samples from each
sites (Left, Mid and Right) were mixed and
subsequently kept in ice before being transported
to the laboratory for further analysis (APHA
1998, Rice et al 2012). The enumeration of total
and faecal coliforms at all sites was conducted
using Multiple Tube Fermentation Technigque as
per (APHA 1998, Rice et al 2012).
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Figure 1. The study area and the sites (# Site 1 to # Site 7) where specimens of water were collected from
the river Hindon in western Uttar Pradesh, India.

Physicochemical analysis

Several physicochemical parameters, including
Temp., pH, DO, EC, Turbidity, TDS, Salinity,
TH, COD, BOD, heavy metals, and total and fecal
coliforms were examined using the procedure
described by the APHA (1998) and Sharma et al.
(2021). The heavy metals including Cd, Ni, Mo,
Cu, As, Cr, Pb, Mn, Zn, Co, and Fe were
investigated wusing an Atomic Absorption
Spectrometer (AAS) (ICP-OES, Agilent, Model
no. 5110).

The Atomic Absorption Spectrophotometer
(AAS) was calibrated using an E-Merck single-
element standard. The concentration working
standards were established using a method known
as serial dilution. The experimental procedure
Eur. Chem. Bull. 2023, 12 (Special Issue 10), 3444 -3457

encompassed diluting a stock solution with an
initial concentration of 1000 ppm using Milli-Q
water. The accuracy of the data was evaluated by
regularly inspecting the standards during the
entirety of the sample analysis procedure. The
heavy metals were detected using an air/acetylene
burner atomizer (Mukesh et al., 2017; Sharma et
al., 2021).

Microbiological Analysis
Quantitative enumeration of total and faecal
coliform was performed by using the Multiple
Tube Fermentation Technique as per standard
(APHA 1998, Rice et al 2012) guidelines. The
water sample collected from different sites were
diluted serially (10, 01, and 0.1) with sterile
3446
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distilled water. The water samples were further
transferred to MacConkey broth (Himedia) with
an inverted Durham tube for the detection of gas
formation. The dilutions were incubated at 37°C
for 12-18 hours at 220rpm on an incubator shaker.
In addition, positive tubes were inoculated into
the BGLB (Brilliant Green Lactose Bile Broth)
using a culture loop. The mixture was then
incubated for 24 hours at 37°C. The presence of
gas formation in the tubes was taken into
consideration. The enumeration of coliforms was
conducted using the most probable number
(MPN) technique, expressed as MPN/100
milliliters of water. After the test was concluded,
a loop containing a positive sample was used to
streak on Eosin Methylene Blue (EMB) agar
plates. These plates were then incubated at a
temperature of 37°C for a duration of 18 to 24
hours. The positive test was confirmed with
colonies showing metallic sheen green color. The
MPN was calculated by referring to previously
created tables that contain values corresponding
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to the number of positive tubes observed in
various dilutions (APHA, 1998).

Results and Discussion

The physicochemical and  microbiological
properties are crucial for developing reliable
water management and conservation strategies. In
order to achieve the objective, water samples
taken from multiple locations of the Hindon river
during April, August, and December of 2021 were
investigated. The multiple parameters of water
including Temp., (°C), pH, DO, EC, Turbidity,
TDS, salinity, total hardness, COD, and BOD
were found to be variable on different sites.

The water temperature of the river Hindon
exhibited variations within the range of 18°C to
34°C during the months of April, August, &
December, 2021. Specifically, the temp. range
observed in April was 29°C to 34°C. However, in
August, it was 24°C to 30°C, while, during month
of Dec., it was 18°C t0 22.3°C (Tables 1, 2 & 3)

Tablel. The physicochemical properties of surface water in the river Hindon basin during month of April,

2021.
Parameters /Sites RW- RW RW RW RW RW RW SD +
S1 -Mu?2 -Me3 -NGN4 -GNS5 -GNK6 -GNM7
Temperature (°C) 29 29.5 30 30.4 31 31.6 34 1.09
pH 7.03 6.9 6.4 6.6 6.5 5.9 5.5 0.54
EC (us/cm) 219 304 455 1071 1282 1345 1385 519.18
Turbidity (NTU) 144 180 188 200 222 250 350 66.58
TDS (mg/l) 293 325 354 429 532 612 653 143.63
Salinity(mg/l) 50.6 65.2 755 95 102 120 142 31.86
Total 352 604 | 7788 | 8336 910.4 1104 1200 288.82
hardness(mg/l)

Table 2. The physicochemical properties of surface water in the river Hindon basin during month of August,

2021.
Parameters /Sites RW- RW RW RW RW RW RW SD+
S1 -Mu2 -Me3 -NGN4 -GNS5 -GNK6 -GNM7

Temperature (°C) 24 25.2 25.8 26.2 27 28 30 1.96

pH 8.4 8.45 8.1 7.6 6.5 6 5.8 1.14
EC (us/cm) 600 775 995 1200 1345 1450 1516 348.22
Turbidity (NTU) 193 225 320 411 450 500 550 136.46
TDS (mg/l) 220 298 468 564 698 735 800 222.60
Salinity(mg/l) 12.6 15.7 23.7 58 62.5 70.5 85 29.04
Total 400 538 604 7775 833.6 910.4 11045 | 240.46

hardness(mg/l)

Table 3. The physicochemical properties

December, 2021.

Eur.

of surface water

in the river Hindon basin during month of

Parameters /Sites RW- RwW RW RW RW RW RW SD=
S1 -Mu2 | -Me3 | -NGN4 | -GNS5 | -GNK6 | -GNM7

Temperature (°C) 18 19 19.5 20.5 21.5 22 22.3 1.62

pH 7.6 7.6 7.8 8.4 8.32 8.19 8.41 0.36
EC (us/cm) 1140 1204 1380 1450 1555 1585 1650 194.00
Turbidity (NTU) 220 295 345 440 535 550 600 143.69
TDS (mg/l) 345 485 575 696 770 835 873 194.17
Salinity(mg/l) 20.5 35.6 42.7 59.3 65.4 72.5 84.5 22.42
Total hardness(mg/l) 665 700 735 780 820 900 959 106.68

Chem. Bull. 2023, 12 (Special Issue 10), 3444 -3457
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Temperature fluctuations in the atmosphere are
influenced by a variety of factors, including
latitude, height, and proximity to bodies of water.
The reduced microbial metabolism caused by
ambient cooling minimizes the breakdown of both
organic and inorganic waste in water samples
(Rizvi et al., 2017; Yadav et al., 2017).

Moreover, the pH levels of the river water varied
between 5.5 -7.03 in April, 5.8 - 8.45 in August,
and 7.6 - 8.41 in the month of Dec., 2021. Finally,
the pH levels of the river Hindon water ranged
between 7.6 to 8.41 in Dec., 2021 (Tables 1, 2 &
3). It is attributed that the parameters like seasonal
fluctuations, industrial activity, and natural
phenomena may influence the pH of water levels.
Following a peak of pH in Dec., the pH level
falls, correlating with the temperature increase
recorded from April to August. The pH of river
water is elevated due to the presence of HCOs;
(bicarbonate) and COs (carbonates) of calcium
and magnesium. According to Patil et al. (2012),
the principal sources of these chemicals are often
attributed to waste discharge and microbial
decomposition of organic molecules within the
aquatic environments of river.

Additionally, the electrical conductivity (EC)
values of water ranged from 219 -1385 s/cm in
April, 600 — 1516 s/cm in August, and 1140 -
1650 s/cm in Dec.2021 (Tables 1, 2 & 3). Das et
al. (2006) argued that increased EC in aquatic
environments indicates pollution load in water.
Elevated electrical conductivity has been shown
to influence crop germination and production
negatively (Srinivas et al.,, 2000). As EC
increases, it also rises to the level of ionizable
solids. When sewage and river water are mixed,
the conductivity of the water is observed to
increase. The property of EC fluctuates due to
dissolved salts, minerals, and other compounds in
the water. Furthermore, discharging untreated
sewage and industrial effluent can increase
electrical ~ conductivity in  the  upstream
environment.

The TDS is a measurement of the amount of solid
dissolved in water that include salts and organic
materials such as nutrients and toxins. An aliquot
of water with high TDS levels has low DO and an
increased biological and COD. According to our
study, the TDS concentrations ranged from 293
mg/l - 653 mg/l in April, in August 220-800mg/I
and in Dec. 345-873mg/l (Tables 1, 2 & 3). High
TDS levels are indicative of the presence of
sewage, laundry effluent, and garbage disposal

Eur. Chem. Bull. 2023, 12 (Special Issue 10), 3444 -3457
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waste, in addition to the primary sources of TDS
found in natural sources. These primary sources
include sewage, urban runoff, wastewater from
industries, and chemicals utilized in water
treatment processes.

The most elevated degree of turbidity in water
consists of solid components, encompassing
substances such as sand, silt, clay, dissolved
organic and inorganic compounds, plankton, and
microorganisms. The standard filtration methods
cannot successfully remove these materials.
Bhutiani et al. (2017) and Rizvi et al. (2015) also
observed the higher levels of TDS in the Hindon
river water quality at Ghaziabad in their
respective  investigations.  Similar to  this
observation, our study also recorded the TDS
levels ranged between 293-653 mg/l to 345-873
mg/l throughout the periods before and after the
monsoon seasons.

The current study reveals that the turbidity ranges
from 144 - 350 NTU in April, 193 - 550 NTU in
August, and 220 to 600 NTU in Dec., as shown in
(Tables 1, 2 & 3). It is quite obvious that, TDS
increases as particulate matter increases, whereas
water purity increases as turbidity decreases.
Various factors, including sedimentation, growth
of algal blooms, and human activity, can cause
turbidity changes. Several geographic and
environmental factors, such as sites of sampling,
study period, current climatic conditions and
spatial variations, may lead to occurrence of
turbidity in water. Bhutani et al. (2017) also
reported higher levels of turbidity and EC in river
water. The increased turbidity level and reduced
sunlight penetration, significantly impacts the
various metabolic processes of living organisms
occurring in river water. As result, only fewer
biological species can survive in to such river
water.

The salinity of river water in the current study
found to be ranged from 50.6 mg/I to 142 mg/l in
April, while in August it was 12.6 mg/l to 85
mg/l, whereas in Dec., it was 20.5 mg/l to 84.5
mg/l (Tables 1, 2 & 3). It known that the river
water's biological quality is directly influenced by
the level of salinity. According to Khadse et al.
(2008), the Nag River, which functions as a
sewage water canal, has a substantial range in
saline levels, notably from 374 to 486 mg/l. The
ideal pH range for the survival of living organism
and growth, particularly in aquatic conditions, is
widely thought to be between 6.0 and 9.0. The
elevated salt levels in river Hindon indicate that
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sewage in Ghaziabad has been diluted with river
water. High salt levels may result from the
accumulation of household wastewater and the
use of fertilizers in agricultural practices. Salinity
in aquatic habitats benefits fish and other aquatic
creatures by protecting them against rapid
variations.

Water hardness is defined as decrease in the
boiling point of water and the suppression of soap
lather formation (Patil & Patil, 2010). The
concentration  of  dissolved calcium and
magnesium in water is the most effective way to
define its hardness. Soap scum results from the
chemical reaction between soap molecules and
calcium ions in water with a high mineral
concentration. The calcium, magnesium, and
other metallic compounds can affect the hardness

Section A-Research Paper

of materials. It is considered soft when the
calcium carbonate (CaCOs) concentration in
water is between 0 and 60 mg/l. The CaCOs;
concentrations ranging from 61 to 120 mg/l are
deemed to be problematic. Hard water has a
CaCO; content ranging from 121 to 180 mg/l,
while very hard water has a CaCOs value >180
mg/l. According to present study, the TH level of
the water samples obtained in April ranged from
352 mg/l to 1200 mg/l while, TH increased from
400 mg/l to 1104.5 mg/l in August. Tables 1, 2 &
3 depicts the total hardness range measured in
Dec., ranged from 665 mg/l to 959 mg/l. In that
order, the cations of calcium, magnesium, iron,
and manganese determine the total hardness of
water.

1.8 w April DO

1.6 = August DO
_ 1.4 December DO
E 1.2
8 1

0.8

0.6
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0.2
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RWS1 RWMuU2 RWMe3 RWNGNA RWGNSS RWGNK6 RWGNM7

Different Samples

Figure 2. Levels of DO (dissolved oxygen) in the water of the river Hindon at various locations and months.

The DO is known as the available concentration
of O in the water and the O, balance of the
system is the critical factor influencing the
impacts of waste discharge in a water body. It is
because of oxygen availability, which is required
to survive a wide range of biological organisms in
aquatic environments (Chang, 2005). The factor
such as temperature, salinity, water turbulence,
and air pressure all influence the oxygen level in
natural water bodies (Gupta et al., 2017). Figure 2
depicts the range of DO concentrations recorded
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in our study. The depletion of DO in water bodies
is caused by increased organic material
contamination, as the breakdown of these
materials needs a greater oxygen demand.
According to CPCB qguideline, the DO
concentration should not exceed above 6 mg/l for
better water quality. As a result, the DO levels in
the entire sampling sites of the current study
exceeded the permissible limit and created
challenging situations of river water ecosystem.

-
-
_‘ s
I 3
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Figure 3. Level of chemical oxygen demand (COD) in water samples collected from multiple locations of
the river Hindon during April, August and Dec., 2021.
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In addition, the COD level of a river is the amount
of oxygen required for the breakdown of chemical
and inorganic pollutants. Figure 3 depicts the
change in COD levels observed in the river
Hindon during the month of April, August and
Dec., 2021. According to our observations, the
COD values in April ranged from 150 mg/I to 415
mg/l., 113 mg/l to 260 mg/l in August, whereas in
Dec., it was between 120 mg/l to 243.82 mg/l.
According to Yadav's (2019) findings, the Ganga
River at Varanasi had a significant level of
chemical oxygen demand (COD) ranging from
15.20 to 24.00 mg/l. Other factors that lead to
elevated levels of COD include sewage discharge

250
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150 ® August BOD(mg/l)
%; 1 December BOD(mg/l)
2 100
2

RWMu2 RWMe3
Different samples

0

RWNGN4 RWGNSS RWGNK6 RWGNM7
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into waterways and industrial areas. According to
the UPPCB (Uttar Pradesh Pollution Control
Board), the Ghaziabad district is known as home
to more than 300 industrial companies along the
river. The COD concentrations beyond a certain
threshold can reduce dissolved oxygen levels in
aquatic environments due to microbial breakdown
processes (Kumar et al., 1989). COD levels that
exceed the set threshold of 250mg/l at some
places may occur due to the amalgamation of
wastewater from various sources, including
industrial waste.

= i
pe

Figure 4. Levels of the biochemical oxygen demand (BOD) in all water samples collected over a year from
multiple locations of river Hindon.

The BOD is a quantitative measure of the O,
consumed by aerobic microorganisms when
degrading organic contaminants in  their
environment. The urban wastewater that has not
been treated or has only been partially treated
contains a significant amount of nutrients and
organic matter. When this organic matter
decomposes, it releases additional nutrients into
the water. Consequently, untreated or partially
treated urban wastewater may be the main cause
of the decrease in biochemical oxygen demand
(BOD) in downstream of the river. The
observation above is an essential indicator of the
increasing load of organic pollution (Wen et al.,

Eur. Chem. Bull. 2023, 12 (Special Issue 10), 3444 -3457

2017). The reduction in DO levels and the
increase in BOD levels of water have an inverse
connection. During April, the BOD ranged from
41.6 to 125.5 mg/l. Figure 8 of present study
depicts the fluctuation in BOD concentrations
between August to Dec., 2021. The observed
BOD level was ranged from 52 to 210 mg/l in
August and 46 to 100.5 mg/l in the month of
December. The water availability, agricultural
practices, and geological conditions can be
attributed to the observed outcomes. Moreover,
several studies show consistent trends in their
findings (Bhutiani et al., 2017; Yadav et al.,
2019).
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Figure 5. Level of heavy metals concentrations (mg/l) in water samples taken from multiple locations of the
river Hindon in April, 2021.
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Figure 6. Level of heavy metals concentrations (mg/l) in water samples collected taken multiple locations of
the river Hindon in August, 2021.
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Figure 7. Levels of heavy metals (mg/l) in water samples collected from multiple locations of river Hindon
in Dec., 2021.

The heavy metals were quantified using an
Agilent 5110 Inductively Coupled Plasma -
Optical Emission  Spectrometer  (ICP-OES)
developed by Agilent, a US-based firm. The two
sets of criteria were compared using recently
generated metal standards in conjunction with
pre-existing established norms. Calibration curves
for testing heavy metals were created using
Eur. Chem. Bull. 2023, 12 (Special Issue 10), 3444 -3457

standard metal solutions. The average values
received from all three sets of identical data were
used for each determination.

The levels of heavy metals in the water were
lowest in August, compared to April and Dec.,
2021. A comparison was carried out between the
levels of different heavy metals, namely
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cadmium, nickel, molybdenum, copper, arsenic,
chromium, lead, manganese, zinc, cobalt, and
iron, and the established standards set by the BIS
(2012) and the WHO, UNICEF (2017). The
examination of the levels of heavy metal
concentration in the water of the river Hindon
unveiled a progressive decline trend of
Fe>Co>Zn>Mn>Pb>Cr>As>Cu>Mo>Ni>Cd.

The levels of heavy metal concentration in the
month of April ranged from As 1.1-2.0 mg/I, Cd
0.7-1.4 mg/l, Co 1.04-1.25 mg/l, Cr 1.0-1.8mg/I,
Cu 1.2-2.0 mg/l, Fe 1.87-2.10 mg/l, Mn 2.4-3.3
mg/l, Mo 0.9-1.6 mg/l, Ni 0.7-1.4 mg/l, Pb 2.0-
3.0 mg/l and Zn 2.4-3.5 mg/Il. In August, As 0.9-
1.7 mg/l, Cd 0.6-1.2 mg/l, Co 9.2-1.12m g/I, Cr 9-
1.5 mg/l, Cu 0.9-1.7 mg/l, Fe 1.60-1.86 mg/l, Mn
2.1-2.9 mg/l, Mo 0.8-1.4 mg/l, Ni 0.6-1.2 mg/I,
Pb 1.9-2.6 mg/l, Zn 2.1-3.1mg/l. While, in Dec.
the concentrations were As 1.3-2.2 mg/l, Cd 1.1-

0.00E+00 1.00E+05
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1.7 mg/l, Co 1.07-1.28 mg/l, Cr 1.2-2.4 mg/l, Cu
1.4-2.5 mg/l, Fe 1.88-2.17 mg/l, Mn 2.8-3.7 mg/l,
Mo 1.1-2.0 mg/l, Ni 1.1-1.8 mg/l, Pb 2.4-3.6
mg/l, Zn 2.7-4.0 mg/l. In contrast, Sharma et al.
(2021) found Fe concentrations ranging from 1.40
-1.90 to 1.21 - 1.59 mg/L, Cd concentrations
ranging from 0.082 - 0.110 to 0.073 - 0.080 mg/L,
and Pb concentrations ranging from 0.10- 0.13 to
0.08 - 0.10 mg/L in the river Hindon, Mohan
Nagar barrage at Ghaziabad, Uttar Pradesh, India.
The increased level of heavy metals possesses
serious threat to the aquatic life forms. As result,
extensive research has revealed that various
human activities contribute to elevated levels of
heavy metals in river water, potentially posing
serious health risks to the aquatic ecosystem.
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Figure 9. Levels of total coliform and faecal coliform in water samples collected throughout a year from
various locations of the river Hindon.

Total coliforms (TC) and faecal coliform (FC)
indicate  the  presence  of  pathogenic

Eur. Chem. Bull. 2023, 12 (Special Issue 10), 3444 -3457

microorganisms commonly found in surface
water, soil, and animal and human faeces. The
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MPN/100 ml concentrations of TC and FC
measured at all sampling locations exceeded the
regulatory bodies' limit for river water bodies for
drinking and recreational purposes (CPCB, 2013;
WHO, 2017, Sharma et al., 2021). The selected
sites of river Hindon have elevated total and
faecal coliform density levels in the surface
waters. The total coliform count was also
significantly higher during April at Site #7 (445 x
10% MPN/100 ml) and lower during monsoon at
Site#1 (82 x 10> MPN/100 ml). The highest total
coliform and faecal coliform population were
found at site #7, followed by sites #6 and #5. The
increasing pattern of TC and FC can be attributed
to urbanization, STPs, WWTPs, untreated
disposal of sewage and open defecation along the
river bank. Since, the monsoon dilutes the river
water experienced the minimum TC value (115 x
10 MPN/100ml) and FC value (90 x 107
MPN/100ml) at site#1. On the other hand, the
onset of cold of winter season did not support the
optimum growth of bacteria (Tiefenthaler et al.
2008). Therefore, in Dec. the minimum TC value
was (145 x 10° MPN/100mP and FC value (90 x
102 MPN/100ml) at site#1. According to
Schuettpelz (1969), researchers agree that faecal
coliforms are more accurate indicators of sewage
contamination than total coliforms. A sizable
portion of the Indian population relies on treated
river water as their main source of potable water.
The analysis of faecal indicator bacteria provides
a sensitive, albeit inefficient, method of assessing
the contamination of surface waters and drinking
water sources.

Conclusion

Based on the observations of the present study,
the river Hindon exhibits significant pollution
levels resulting from the discharge of industrial
effluents originating from different industries.
These industries release partially treated or
untreated pollutants into the Hindon river. The
study observed a consistent pattern in the flow
and volume of water, as well as the water quality
parameters, which can be attributed to the
ongoing mixing of sewage and industrial effluent
in urban regions. Our observations on the
physicochemical and microbiological parameters
of the river Hindon, such as pH, DO, Turbidity,
TDS, salinity, total hardness, calcium hardness,
COD, BOD, heavy metals, total and faecal
coliforms are very precious in term of water
contamination. According to total coliform and
faecal coliform, the water in the river Hindon
found to be unfit for human consumption, and this
waterway is assumed to be contaminated due to
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its proximity to the river Krishni and Kali. The
pollution load from Ghaziabad and Noida, as well
as industrial effluents, agriculture runoff and
domestic waste from this area are responsible
sources for the decline in water quality of the
river Hindon. Therefore, based on the
aforementioned data, it can be concluded that the
river Hindon exhibits significant pollution levels
and a deteriorating surface water quality.
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