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A B S T R A C T 

River water is an indispensable natural environmental resource for all living beings, documented with 
a direct correlation between the quality of river water and the impact on public health. During the 
study while statistically significant positive correlation (p< 0.05) of physicochemical, metal, and 
microbiological variables of ten study sites when compared with the Gomukh water sample site and 
WHO acceptable limits as controls. A high concentration of arsenic (As) and mercury (Hg) were 
found significantly high in plain regions (Rishikesh, Haridwar, Roorkee, and Shukartal) of Ganges 
water. The potential non-carcinogenic risk to adults and children was evaluated with the ingestion of 
heavy metals using hazard quotient (HQ) and hazard index (HI). The HQ values indicated that Hg 
leading the risk to children only at Devprayag, Triveni Ghat (Rishikesh), and Har Ki Pauri 
(Haridwar). The study recommends water treatment facilities of Ganga River to improve quality of 
water, and have a positive impact on public quality health . 
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Introduction 

Natural environmental resources are 

predominant factors for the health of 

humanity and other living beings on Earth. 

Water is an utmost indispensable natural 

creation for liveliness. Rivers are significant 

natural resources of water, for countless 

human utilities for domestic purposes of 

drinking, washing, bathing, irrigation of 

basins, for the cultivation of staple foods, 

fisheries, aquaculture, water sports, etc. 

Gange's is most sacred and one of the longest 

trans-boundary rivers of Asia, initiating from 

western Himalayas of Gangotri glacier on 

Gomukh (30036′N; 79004′ E) at Uttarkashi 

District of Uttarakhand, in India at an altitude 

of around 3800 m upstairs mean sea level in 

Garhwal Himalayas. The Ganga River flows 

through Shivalik hills before entering in plain 

regions of Rishikesh, Haridwar, Roorkee, and 

Shukartal in Uttar Pradesh by upper Ganga 

canal. Its further flows, crossing other Indian 

states, and finally ends in Bay of Bengal 

covering approximately 2525 km. The Ganga 

River is considered as most holistic and 

sacred by Indians due to its important cultural, 

economic, and environmental values. It is a 

lifeline for millions of people who live along 

its course and delivers water for 

approximately 45 crore people with over 550 

individuals per square kilometer (Behera et 

al., 2011). People take baths in the holy river 

and accomplish their rituals (Kumar et al., 

2018). Several tourist picnic spots, pilgrim, 

and spiritual facts have been recognized to 

accomplish various religions along with 

entertaining activities (Kumar et al., 2012). 

Thus, Ganges is reflected as the most blessed 

river amongst different rivers in the country. 

River contaminations through various 

anthropogenic activities are depriving the 

overall quality of river water, being affected 

due to sewage waste disposal directly in rivers 

and expansion of industrial urban belts along 

riverbanks. 

There is a direct correlation between the 

quality of river water and the impact on public 

health, river pollution has increased day by 

day and it is well documented in studies 

conducted in developing countries globally 

(Lonergan and Vansickle, 1991) (Vadde et 

al., 2018). High attention of Heavy metals and 

Pathogenic Microbes are often a puzzle for 

Biota and ecosystem management. Changes 

in the quality of river water significantly 

depend on the energetic environmental 

conditions causing the multifaceted interplay 

between terrestrial as soil erosions and water 

domains (Buffam et al., 2011). The Ganges 

permits sideways 29 class I grade cities, 23 

class II grade cities, and almost 50 towns that 

releases different types of wastes into this 

mighty river eco-system (Paul 2017). Direct 

discharges of industrial wastes, domestic 

wastes, agricultural run and anthropogenic 

activity along the riverbank, culminate into its 

accumulation and contamination of river 

water. These wastes hold health hazard 

chemicals similar to salts of chromium, 

copper, cadmium, arsenic, mercury, and lead 

which interact with the aquatic environment 

and upset the river ecosystem (Sankhla et al., 

2018). The industries which attribute heavy 

metals in river water mostly paint pigment, 

metals industries, varnishes pulp, and cotton 

textiles, paper, rubber, steel plant, thermal 

power plant, galvanization of iron products 

and mining industries as well as disorganized 

use of heavy metal-containing pesticides and 

fertilizers in agriculture field (Sinha 2011). 
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Various studies have measured metal 

pollution load in the river including Gomati in 

India (Singh et al., 2005), Ganga, India 

(Pandey and Singh, 2017) Tigris River, 

Turkey (Varol and Şen 2012) Krotova, 

Bangladesh (Islam et al., 2015) Brisbane 

River, Australia (Duodu et al., 2017). Heavy 

metal-containing pollutants gather into the 

water column, sediment, and organisms like 

plants and animals (Kanaujia et al., 2017) 

which may have deleterious effects on 

humans consuming them. 

Different indicators of microbes have been 

used universally as a device to denote 

contamination of river water through human 

wastes. Various studies have depicted altered 

Physico-chemical and microbiological 

characteristics of the Ganga River water and 

have crossed the acceptable or essential 

limits, (Agarwal and Rajwar 2010). The 

values of SPC (5.4×105 and 6.8×106 SPC 100 

ml -1) and MPN (3.5×108 and 4.6×108 

MPN100 ml -1) ranged at different sampling 

sites as Har ki Pauri (HKP), Daksh Mandir 

(DM), Pul Jatwara (PJ), Vishnu Ghat (VG), 

and these were quite higher to the values of 

SPC (4.5×105 SPC ml -1) and MPN (3.2×108 

MPN100 ml -1) in comparison to control site 

(Bhimgoda Barrage BGB (Kumar et al., 

2018). According to the Central Pollution 

Control Board (CPCB) criteria, permissible 

BOD level of water is 2 mg/L or less and the 

permissible DO level 6 mg/L. Latest data of 

(CPCB) most of the Ganga River Water in the 

Uttar Pradesh, West Bengal stretch found 

unhealthy for consumption and bathing. 

To best of our knowledge, since there was no 

holistically approached evidenced-based 

documented data available in published 

literature for the Ganges river overall water 

quality and level of pollution index flown all 

along in hilly and plain regions of 

Uttarakhand state India, present observational 

analytical study was planned and conducted. 

The present study was aimed to find out post-

monsoon effects on contamination levels and 

variations of physical, biochemical, and 

microbiological aspects of sacred river water 

flown in various hilly and plain riverbank 

sites of the Ganges. The study evaluated 

physicochemical variables, eight metal 

analysis and identified microbiological 

indicators in water samples collected from the 

Ganges at specific five hilly and six plain 

regions of water sampling sites, after the post-

monsoon season to evidenced out overall 

contamination level, a grade of water 

pollution which further related with health 

risks and impact of water pollution on public 

health through a questionnaire-based survey. 

Material and Methods 

Study design and ethical clearance 

This was an observational analytical, 

community-based study designed in context 

to study the seasonal effects of natural 

environments on water resource quality and 

the impact of human health. The study 

obtained ethical clearance from the 

institutional ethics committee before its 

initiation. The study aimed to evaluate the 

water quality of the river Ganges flowed 

through hilly and plain regions of 

Uttarakhand state India at post-monsoon 

phase through an assessment of 

physicochemical, metal and microbiological 

variables along with documentation of 

anthropogenic sources and a questionnaire-

based survey of the population residing and 

dependent on the Ganges for their domestic 

use for the long run. 
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Study Area 

The present study was conducted at 11 

specific sites (Fig.1) along with a 440 km 

stretch of Ganga River. The 11 sites included 

5 sites from hilly and 6 sites of plain regions 

of the Ganges which covered the state of 

Uttarakhand. Water samples were collected 

from The Ganges Initiated from Gomukh to 

Shukartal. The places from where the samples 

were collected in post-monsoon season in 

October 2019 includes Gomukh (GG1), 

Gangotri (GG2), Uttarkashi (GU), New Tehri 

(GT), Devprayag (GD), Rishikesh1(GR1), 

(GR2) Haridwar (GH 1), (GH 2), Roorkee 

(GRR) and Shukartaal (GS) as shown in Fig 1 

and table 1.  

 

 
Fig 1: The diagrammatic representation showing Hazard Index of the water samples collected from different 11 sites, 

the lowest hazard Index were recorded in Gomukh (Adult 1.01 and Children 1.12) and the highest hazard 
index were shown in Shukarataal. Eleven blue stars shows water sample collection stations of Ganga River in 
Uttarakhand. 

 
Sampling 

sites 
Demarcation 

Landmark of 
sampling zone 

GPS Geo-coordinates of 
sites 

Elevation Source of water pollution 

Gomukh GG1 Origin of Ganga 
Latitude:30049’59.99’’N 

Longitude:79009’60.00’’E 
13,200feet No 

Gangotri GG2 Near Temple Ghat 
Latitude:30058’48.00’’N 

Longitude:78055’48.00’’E 
10,200feet 

 
Bathing& others human activities 

Uttrakashi GU Ghat at main city 
Latitude:30058’48.00’’N 
Longitude: 78027’0.00 E 

3,799 feet Domestic sewage & anthropogenic 

Tehri dam GT Water sports centre 
Latitude:30022’40’N 

Longitude: 78028’50’E 
5,740 feet Stored water 

Devprayag GD Ghat 
Latitude:30008’45’N 

Longitude: 78035’55’E 
1548 feet Domestic sewage 

Rishikesh I GR1 Trivani Ghat 
Latitude:29059’4.834’N 

Longitude: 78054’55.733’E 
1,220 feet 

Domestic sewage, small industry 
like paint, Agriculture runoff 

Rishikesh II GR2 Barraj near AIIMS 
Latitude:29059’4.834’N 

Longitude: 78054’55.733’E 
1220 feet 

Stored water 
Domestic sewage, small industry  

Haridwar I GH1 Har ki pauri 
Latitude:29.9450N 

Longitude: 78.1630E 
1,030 feet Bathing centre, Agricultural Runoff 

Haridwar II GH2 
Prem nagar Ashram 

ghat 
Latitude:29.9450N 

Longitude: 78.1630E 
1,030 feet Domestic sewage 

Roorkee GRR 
Near sham shan 

Ghat 
Latitude:29052’29.49’’N 

Longitude: 77053’23.74’’E 
879.26 

feet 
Industrial effluent, Agricultural 

Runoff 

Shukartaal GS Ghat 
Latitude:29.48760N 

Longitude: 77.98240E 
814 feet 

Domestic and Industrial effluent, 
Sugar factory waste and agricultural 

Runoff. 
Table 1. Location of Sampling sites, its geo coordinates and elevation 
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Water Sample Collections 

Water samples were collected after post-

monsoon in October 2018 from a total of 

eleven study designed sampling sites in a 

water sampling sites of the Ganga River 

flowing in Uttarakhand were nominated on 

the source of catchment characteristics and 

sources of anthropogenic involvement along 

its course of a run. Among water sampling 

sites of Ganges, five sites were of hilly 

regions (GG1, GG2, GU, GT, and GD) and 

six sites were in plain regions (GR1, GR2, 

GH1, GH2, GRR, and GS) of Uttarakhand. 

Sample sites were divided into two groups as 

Group I included Gomukh as a control and all 

other 10 sites were included in Group II. From 

every sampling site, water was collected in 

triplicates at the depth of 10 cm below the 

superficial water level; water samples were 

mixed and poured in three separate sterile 

polyethylene containers. Each container filled 

with water sample was tightly sealed and 

labelled with a site of water sampling, and 

mode of specific analysis viz 

physicochemical, metal and microbiological 

analysis. Water sample containers were 

transported and stored in an icebox shield 

until analysed in laboratories. 

Physiochemical Analysis 

All Ganga river water samples collected in 

polyethylene sterile containers from eleven 

different sites were checked for 

physicochemical analyses using a specific 

methodology. pH, temperature, conductivity, 

and dissolved oxygen were measured by 

HACH HQ40D portable multipara meter two 

channels advanced digital meter. Dissolved 

Oxygen (DO), biological oxygen demand 

(BOD), chemical oxygen demand (COD), and 

total solid solutes were measured by 

Wrinkle′s methods, volumetric analyzer, and 

titration methods. (APHA, 2005). 

 
Fig 2: The sub-indices are derived based on segmented nonlinear functions as follows. We measured the pH from all 
11 sites of our study where we saw the much variation in pH, in Gangotri the pH was 7.4 upper in pH scale in Uttarkashi 
pH was 6.7 lower in pH scale. B. as we check the TDS for 11 sites here we also seen the high variation in the results 
the lowest value range was 50mg/dL in New Tehri and highest value was seen Shukartaal was 285mg/dL. C. same as 
in case of Conductivity in New Tehri conductivity was 60ohm and in Shukarataal was more than 400ohm.   
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Fig 3: Here we see the trend of change in BOD, COD and DO of Ganga water at 11 study sites. There is a lot more 
fluctuation in the 160 km area. 
 
 

Parameters GG1 GG2 GU GT GD GR1 GR2 GH1 GH2 GRR GS BIS 
(2012) 

WHO 
(2017) 

pH 7.06 7.42 6.83 6.99 7.01 6.97 7.08 6.78 6.81 6.92 6.96 6.5-
8.5 

6.5-9.2 

TDS (mg/L) 112 107 96 53 105 125 121 151 150 152 267 500 500 
Conductivit
y (µS/cm) 

167.2 159.7 143.3 79.1 156.7 186.5 180.6 225.4 223.9 226.8 398.5 - - 

BOD mg/L) 2.3 2.1 1.8 1.2 2.3 2.4 2.5 2.4 2.4 3.4 5.6 - < 5.0 

COD mg/L) 6.1 5.8 4.9 3.3 6 7.1 7.3 6.9 6.8 9.8 15.1 - < 10.0 

DO (mg/L) 8.5 9.1 9.2 8.1 9 9.4 9.3 8.9 8.8 8.7 8.5 - 6.5-9.5 

As (µg/L) 2.511 3.974 6.143 2.957 5.358 5.972 6.429 5.108 5.211 6.772 16.142 < 10  < 10  
Pb (µg/L) 0.071 0.008 0.02 0.021 0.087 0.064 0.011 0.012 0.01 0.014 0.933 < 10 < 2 

Hg (µg/L) 5.206 5.695 6.053 5.164 7.82 7.494 6.221 7.462 6.092 7.085 6.944 < 1.0  < 2  

Cd (µg/L) 0.177 0.19 0.036 0.004 0.006 0.008 0.006 0.008 0.005 0.012 0.005 < 3.0  < 5  

Cr (µg/L) 0.633 0.571 1.535 1.328 1.881 3.259 2.61 3.331 3.391 3.03 7.171 < 50  < 100  

Cu (µg/L) 0.534 0.319 0.605 1.257 0.578 0.439 0.425 0.48 0.611 0.994 0.677 < 50  < 1300 
Zn (µg/L) 5.058 9.632 3.754 2.937 1.533 5.519 0.95 1.673 1.532 0.981 0.498 < 5000  < 5000 
Ni (µg/L) 23.28 21.125 2.54 0.734 0.885 0.974 0.878 1.058 1.084 1.038 1.811 < 20  < 25 
TC 0 0 4 9 0 1100 150 150 93 1100 1100 Nil Nil 
FC 0 0 4 4 0 1100 93 150 93 1100 1100 Nil Nil 
E.coli 0 0 4 4 0 150 7 21 43 240 460 Nil Nil 
MPN 0 0 9 9 0 2400 240 460 240 2400 2400 Nil Nil 
FS 0 0 0 0 0 7 3 4 0 0 3 Nil Nil 
Salmonella, 
Shigella, V. 
cholaerae, 
Fungal 

No 
growt
h 

No 
growt
h 

No 
grow
th 

No 
grow
th 

No 
growt
h 

No 
growth 

No 
growth 

No 
growth 

No 
grow
th 

No 
growt
h 

No 
growt
h 

No 
growt
h 

No 
growth 

Table 2: Physicochemical parameters, heavy metals and microbiological analysis in Ganga water 
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Metals Analysis 

All collected water samples were subjected 

for eight metal analysis Arsenic (As), Lead 

(Pb), Cadmium (Cd), Mercury (Hg), 

Chromium (Cr), Copper (Cu), Zinc (Zn), and 

Nickle (Ni) using a standard protocol of 

Inductive Coupled Plasma-Mass 

Spectrometry (ICPMS) manufactured by 

Perkin Elmer ELAN DRC-e. The instrument 

was calibrated with multi-elemental standards 

of metals before run water samples of each 

site. 45 ml Ganga water samples were 

digested with 3 ml of concentrated HNO3 and 

2 ml H2O2 at ~ 80oC until the solution 

remains about 5 ml (APHA 2005). The 

solutions were filtered through What man 

filter paper no. 42 and diluted to 50 ml with 

double distilled water (APHA 23th ED-

3111.C). The filter paper was rinsed with 

diluted nitric acid solution and used to remove 

the siliceous impurities from the digested 

solution.  

 
Fig 4: Trend of change in Heavy metals (As, Pb, Hg, Cd, and Cr) of Ganga water at study sites. 

 
Fig 5: Trend of change in trace metals (Zn, Ni, and Cu) of Ganga water at study sites. 
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The concentration of nitric acid was so 

adjusted that it remained the same as that of 

blank and standard solutions. In ICP-MS, 

elements from water samples at high 

temperatures were ionized and directed 

further into MS. The MS then sorted the ions 

according to their mass/charge ratio followed 

by directing them to an electron multiplier 

tube detector. This detector then identified 

and quantified each ion from processed water 

samples on the display unit of the instrument. 

Heavy metals showed the level of Arsenic 

was significantly higher (p <0.07) in group II 

as compared to group I. The concentration of 

Hg, Cd, Cr, and Ni were significantly higher 

in group II p = 0.007, 0.0005, 0.004, 0.04 & 

0.0001 respectively as compared to Group I. 

(table 3). 

Microbiological Analysis of Water samples 

Most probable number test (MPN Test) – 

Included presumptive test, confirmation test, 

and complete test. In the MPN method by the 

use of sterile pipette 10 ml, 1ml and 0.1ml of 

water samples from sterile containers were 

inoculated in a 50 ml test tube having 10 ml 

double strength Lauryl Tryptase (LT) broth 

medium and 5 ml single strength and 5 ml LT 

broth respectively. All tubes were incubated 

for 24 hours at 37°C. After the growth of 

mixed culture, they were inoculated in the 

Broth culture tube for confirmation test viz. 

Brilliant Green Bile Broth (BGBB), EC 

Broth, and Tryptone water, Azide Dextrose 

for a complete test. Selenite F Broth, Alkaline 

peptone water was used to a culture of some 

specific bacteria like Vibrio cholera and 

salmonellae typhi species, growth present was 

then subcultured on Xylose Lysine Deoxy 

Cholate (XLD), Thiosulfate-Citrate-Bile Salt-

Sucrose (TCBS) Agar culture plate 

respectively. 

Parameters Group I 
(control) 

Group II 
Mean± SD (n=10) 

P value /Significant (*) 

pH 7.06 6.970 ± 0.19 0.025* 

TDS 112 132.7 ± 56.14 0.27 

DO 8.5 8.90 ± 0.39 0.01* 

BOD 2.3 2.6 ± 1.1 0.43 

COD 6.1 7.3 ± 3.2 0.26 

Conductivity 167.2 198.1 ± 83.79 0.27 

Heavy Metals 

As 2.51 6.407 ± 3.609 0.07* 

Pb 0.071 0.118 ± 0.287 0.62 

Hg 5.206 6.603 ± 0.879 0.007* 

Cd 0.177 0.080 ± 0.0577 0.0005* 

Cr 0.633 2.811 ± 1.814 0.0042* 

Cu 0.534 0.638 ± 0.2845 0.28 

Zn 5.058 2.901 ± 2.817 0.038* 

Ni 23.28 3.213 ± 6.317 0.0001 

Table 3.  To compare physicochemical parameters and heavy metals between group 1 and group II 
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Various morphological characteristics of 

improved isolates, colony morphology shape, 

color, arrangement, biochemical tests, and 

Gram staining were carried out for the 

identification of isolates. Antibiotic 

sensitivity was done to check out the cultural 

sensitivity of significant bacterial culture. The 

water samples were also checked for Fungi 

using two methods, direct plate and dilution 

plate with the use of two types of growth 

media Sabouraud's dextrose agar (SDA) and 

potato dextrose agar (PDA) incubate for 7 

days on 25oc. 

 
Fig 6: The variation in bacterial count at different sites in Ganga River water. 

 

Risk assessment on human health 

A questionnaire-based survey found that the 

population of the plain area had a high 

incidence (75%) of water-born disease as 

compared to the hilly area (20%). The 

estimated result of hazard quotient (HQ) and 

hazard index (HI) for non-carcinogenic 

concern related to adult and child by ingestion 

of Ganga River water is presented in table 4. 

Distribution of Anthropogenic Sources 

along the Ganga river course around water 

sampling sites 

During the collection of water samples of the 

Ganga River at different water sampling sites 

noted various sources of pollution, main 

sources were quoted and documented as 

natural environmental processes, 

anthropogenic sources, industries, sugar 

factories, sewage disposals, agricultural and 

Carpenters shops, daintier generated wastes, 

etc. 

Assessment of Impact of Public Health 

through the filling of questionnaire and 

interview: 

Total 220 subjects, with 20 participants from 

each water-sampling site, localized residence 

along Ganga River who were dependent upon 

river water for their routine, regular domestic 

uses, were randomly allocated to participate 

for filling of the predesigned questionnaire 

and short interview related to over health all 

candidates were participated after taking their 

written consent. As per the criteria for 

participation in predesigned questionnaire, 

participants/subjects who participated in the 

study were in the age group of 20 to 50 years 

with non- alcoholic habits and had their 

residences. These people were using normal 

water except RO water
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Health risk assessment 

The health risk to humans by heavy metals 

could occur through direct ingestion, 

inhalation, and dermal contact; however, 

ingestion is the main significant way of 

exposure (USEPA 2004; Giri and Singh 

2015). The risk posed through direct ingestion 

of Ganga River water was assessed for the 

study region as per the guidelines of USEPA 

(2004). It was conducted as the following 

equation:  

〖ADD〗

_ingestion=(C_i×IR×EF×ED)/(BW×AT)           

(1) 

where, ADD ingestion is the average daily 

dose; Ci is the mean concentration (µg/L) of 

ith trace metal; IR is the water intake rate (2 

L/day for adults and 0.64 L/day for children) 

(Xiao et al., 2019); EF, exposure frequency 

(350 days/year) (USEPA 2004); ED, 

exposure duration (70 years for adults and 6 

years for children); BW, average body weight 

for Indian adult is 52 Kg (Mishra et al 2014) 

and 15 Kg for children (Njuguna et al., 2020); 

AT, average exposure time (365days/year × 

70 or 6 years). 

The non-carcinogenic risk from individual 

metal was characterized by the hazard 

quotient (HQ), which is the ratio of ADD and 

RfDi (reference dose for ingestion) proposed 

by USEPA from a dose-response experiment. 

The HQ > 1, indicates the increased health 

risk to exposed masses from contaminants 

(Njuguna et al., 2019).  

HQ=〖ADD〗_ingestion/(R_f D_i)        (2) 

Where the RfDi (µg/kg-day) values for As, 

Pb, Hg, Cd, Cr, Cu, Zn and Ni are 0.3, 14, 0.3, 

0.5, 3, 40, 300 and 20 respectively (USEPA 

1994).  

To posed the overall non-carcinogenic risk 

through the ingestion of individual metal, 

accumulation of HQ of each metal was 

employed and expressed as hazard index (HI). 

The equation for the calculation of HI is as 

follows: 

HI=∑_(i=1)^n〖HQ〗_i     (3) 

Statistical Analysis   

Study data were calculated with support of 

MS Excel 2016, SPSS 12.0, and analysed by 

a one-sample t-test for determining standard 

deviation and p-value. Karl Pearson's 

coefficient of correlation was used to find out 

the correlation and one-sample t-test to 

generate a p-value on 95% CI (Confidence 

interval). 

Results  

The sources of pollution in Ganga are mainly 

distributed into four types’ industrial effluent, 

sewage pollution, religious activities, and 

agricultural runoff. An effect of 

anthropogenic disruption in the Ganga river 

water has been extensively noted when Ganga 

water reached in plain areas of Rishikesh, 

Haridwar, and Shukartal. Analyzed results 

from river water samples collected at plain 

sites of the Ganga River documented 

increased river water pollution when 

compared with the results of water samples of 

hilly regions 

Physicochemical Analysis 

pH, TDS, Conductivity, BOD, COD, and DO 

were measured as a part of physicochemical 

analysis in collected samples. Levels of 

physicochemical properties at different sites  
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Sites Consumer 
HQinges 

HI 
As Pb Hg Cd Cr Cu Zn Ni 

GG1 Adult 3.09E-01 1.87E-
04 

6.40E-01 1.31E-
02 

7.78E-
03 

4.92E-
04 

6.22E-
04 

4.29E-
02 

1.01E+00 

Child 3.42E-01 2.07E-
04 

7.10E-01 1.45E-
02 

8.63E-
03 

5.46E-
04 

6.90E-
04 

4.76E-
02 

1.12E+00 

GG2 Adult 4.89E-01 2.11E-
05 

7.00E-01 1.40E-
02 

7.02E-
03 

2.94E-
04 

1.18E-
03 

3.90E-
02 

1.25E+00 

Child 5.42E-01 2.34E-
05 

7.77E-01 1.55E-
02 

7.79E-
03 

3.26E-
04 

1.31E-
03 

4.32E-
02 

1.39E+00 

GU Adult 7.55E-01 5.27E-
05 

7.44E-01 2.66E-
03 

1.89E-
02 

5.58E-
04 

4.62E-
04 

4.68E-
03 

1.53E+00 

Child 8.38E-01 5.84E-
05 

8.25E-01 2.95E-
03 

2.09E-
02 

6.19E-
04 

5.12E-
04 

5.20E-
03 

1.69E+00 

GT Adult 3.64E-01 5.53E-
05 

6.35E-01 2.95E-
04 

1.63E-
02 

1.16E-
03 

3.61E-
04 

1.35E-
03 

1.02E+00 

Child 4.03E-01 6.14E-
05 

7.04E-01 3.27E-
04 

1.81E-
02 

1.29E-
03 

4.01E-
04 

1.50E-
03 

1.13E+00 

GD Adult 6.59E-01 2.29E-
04 

9.61E-01 4.43E-
04 

2.31E-
02 

5.33E-
04 

1.88E-
04 

1.63E-
03 

1.65E+00 

Child 7.31E-01 2.54E-
04 

1.07E+00 4.91E-
04 

2.57E-
02 

5.91E-
04 

2.09E-
04 

1.81E-
03 

1.83E+00 

GR1 Adult 7.34E-01 1.69E-
04 

9.21E-01 5.90E-
04 

4.01E-
02 

4.05E-
04 

6.78E-
04 

1.80E-
03 

1.70E+00 

Child 8.14E-01 1.87E-
04 

1.02E+00 6.55E-
04 

4.44E-
02 

4.49E-
04 

7.53E-
04 

1.99E-
03 

1.88E+00 

GR2 Adult 7.90E-01 2.90E-
05 

7.65E-01 4.43E-
04 

3.21E-
02 

3.92E-
04 

1.17E-
04 

1.62E-
03 

1.59E+00 

Child 8.77E-01 3.21E-
05 

8.48E-01 4.91E-
04 

3.56E-
02 

4.35E-
04 

1.30E-
04 

1.80E-
03 

1.76E+00 

GH1 Adult 6.28E-01 3.16E-
05 

9.17E-01 5.90E-
04 

4.10E-
02 

4.43E-
04 

2.06E-
04 

1.95E-
03 

1.59E+00 

Child 6.97E-01 3.51E-
05 

1.02E+00 6.55E-
04 

4.54E-
02 

4.91E-
04 

2.28E-
04 

2.16E-
03 

1.76E+00 

GH2 Adult 6.41E-01 2.63E-
05 

7.49E-01 3.69E-
04 

4.17E-
02 

5.63E-
04 

1.88E-
04 

2.00E-
03 

1.43E+00 

Child 7.11E-01 2.92E-
05 

8.31E-01 4.09E-
04 

4.62E-
02 

6.25E-
04 

2.09E-
04 

2.22E-
03 

1.59E+00 

GRR Adult 8.33E-01 3.69E-
05 

8.71E-01 8.85E-
04 

3.72E-
02 

9.16E-
04 

1.21E-
04 

1.91E-
03 

1.74E+00 

Child 9.24E-01 4.09E-
05 

9.66E-01 9.82E-
04 

4.13E-
02 

1.02E-
03 

1.34E-
04 

2.12E-
03 

1.94E+00 

GS Adult 1.98E+00 2.46E-
03 

8.54E-01 3.69E-
04 

8.82E-
02 

6.24E-
04 

6.12E-
05 

3.34E-
03 

2.93E+00 

Child 2.20E+00 2.73E-
03 

9.47E-01 4.09E-
04 

9.78E-
02 

6.92E-
04 

6.79E-
05 

3.70E-
03 

3.25E+00 

RfDinges (µg/kg-day) 0.3 14 0.3 0.5 3 40 300 20  

Table 5: Heath risk assessment (HQ and HI values) of Ganga River water 
intake by adults and children at various monitoring sites 

are represented in table 2 and trends in change 

of physicochemical properties of different 

sites of River Ganga flows from Gomukh to 

Shukartal are represented in Fig 2 and 3. 

According to WHO optimal pH range for 

acceptable aquatic life is 6.5 - 8.2, BIS 

standards for drinking water. In the present 

study water pH of all analyzed water, samples 

were in an acceptable range. Maximum TDS 

was found in Shukartal Ganga water. The 
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conductivity of GS1 Ganga water sample was 

found to be highest 398.5 µmhos/cm in 

comparison to other analyzed samples (table 

2 and fig. 2,3) Biological oxygen Demand 

were observed 3.54 and 5.6 mg/L at Roorkee 

and Shukartal Ganga water respectively and 

Chemical Oxygen Demand of Roorkee and 

Shukartal were observed to be 9.8 and 15.1 

respectively, which were very high in 

comparison to the WHO acceptable limits 

standard requirements of BOD (2-3mg/l) and 

COD (<8.0mg/l) for drinking ability of water. 

Rishikesh Ganga water DO more than 8mg/L 

was found in extreme compared to all other 

sample sites (Table 2). To compare the 

physicochemical properties between group I 

and group II were shown a highly significant 

pH and DO level. (Depicted in Table 3) 

Metals Analysis 

Ganga water samples were analyzed by ICP-

MS (Perkin Elmer) at the Indian Institute of 

Technology (IIT) Roorkee and KGMU 

Lucknow. Heavy metal concentrations in the 

hilly region and plain area are shown in table 

2. Arsenic concentration was occurring in 

acceptable level (< 10ppb) in all sites except 

the Shukartaal region, which reached up to 16 

ppb. Lead, Cadmium, and Chromium also fell 

within an accepted level (<2ppb, <5ppb, and 

<100 ppb) in all water samples of 11 study 

sites. Mercury levels were high in all analysed 

water samples of study sites. The maximum 

concentration of Hg 7.8 µg/L and minimum 

Conc. 5.2 µg/L were recorded in all sites as 

compared to the accepted level(<5ppb) (table 

2). The level of Copper and Zinc in all sites 

within the accepted level (<1300 µg/L) and 

(<3000 µg/L) respectively. Nickel levels were 

also found in the accepted limit (<25ppb) in 

all regions, but Gomukh and Gangotri level 

were found very high 23.28 ppb and 21.1 ppb 

respectively as compare to another site (table 

2 and Fig 4, 5). 

Heavy metals showed the level of Arsenic 

was significantly higher (p <0.07) in group II 

as compared to group I. The concentration of 

Hg, Cd, Cr, and Ni were significantly higher 

in group II p = 0.007, 0.0005, 0.004, 0.04 and 

0.0001 respectively as compared to Group I 

(Table 3). 

Microbiological Analysis 

All microbiological analyses were carried out 

at Microbiology Department, AIIMS 

Rishikesh. Microbiological Reports showed 

the most probable number MPN count 2400/ 

100 ml at Triveni Ghat, Rishikesh and gram-

negative (E. coli) and gram-positive bacteria 

(Enterococcus) found in Rishikesh and 

Haridwar water samples. The bacterial 

concentration (MPN, TCC, FCC, EC, FSC,) 

at different sites and Presumptive coliform 

count were maximum at GR1, GRR and GS 

as indicated in table no. 2 and fig. no. 6 (a, b, 

c, d and e). 

Risk assessment on human health 

A questionnaire-based survey found that the 

population of the plain area had a high 

incidence (75%) of water-borne disease as 

compared to the hilly area (20%) (Table 4). 

The estimated result of hazard quotient (HQ) 

and hazard index (HI) for non-carcinogenic 

concern related to adult and child by ingestion 

of Ganga River water is presented in table 5. 

The HQ value for each metal was observed 

below the health risk level (less than 1) at 

every monitoring station for both adults and 

children (Table 5). However, the mercury 
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(Hg) was found as toxic metal, indicated 

highest HQ at Devprayag (1.07E+00), Triveni 

Ghat: Rishikesh (1.02E+00) and Har-Ki-

Pauri: Haridwar (HQ: 1.02E+00) for children. 

Other than this, arsenic (As) was shown the 

second-highest HQ, 1.98E+00 for adult, and 

2.20E+00 for a child at the downstream site, 

Shukartal. A comparison of HQ among a total 

of 11 studied locations illustrated 4 sites with 

high HQ (>1), which is 36.36% of all sites. 

Whereas, considering all the locations the 

range of HQ for Hg varied from 6.35E-01 to 

9.61E-01 for adults, suggests low health risk 

at remained locations. The minimum HQ 

value was reported of Pb 2.11E-05 for adults 

and 2.34E-05 for child cases at the Gangotri 

site in comparison to other locations. 

The observation of HI was found higher than 

1 for both adult and child cases at all 

monitoring locations (table 5). The range of 

HI values varied from 1.01E+00 to 2.93E+00 

for adults and 1.12E+00 to 3.25E+00 for a 

child as we move from upstream to 

downstream of covered river stretch during 

the study period. The graphical presentation 

of variation in HI values of each monitoring 

location is represented in Fig. 7. The overall 

result of HI suggests potential health risks to 

both adults and children on consuming Ganga 

River water for drinking purposes. The 

contribution analysis of heavy metals towards 

hazard index (HI) for each sampling station is 

given in Fig. 8. Hg followed by As, Ni, and 

Cd to the value of HI, while the rest of the 

metals contributed least to total HI caused the 

highest contribution for non-carcinogenic risk 

to adults and children. 

 

Area Subject Only 
Residential persons 

Age Drinking water GIT/Water born disease 

Hilly 
Area 

100 20 to 50 years Water fall stored 
water 

20% peoples having Gastritis, 
Abdomen pain like complains 

Plain 
Area 

120 20 to 50 years Ground water near 
Ganga 

75% peoples having complain of 
Jaundice, Typhoid fever, Diarrhoea, 

Dysentery like disease. 
Table 4:  Water born disease incidence at hilly and plain area: questionnaire-based survey 

Discussion 

Water an utmost important entity of the 

environment is indispensable for human 

being's health. Rivers are natural sources of 

water where all living beings are dependent 

on some approach for their daily needs. 

information concerning Gange's river water 

superiority is vital for the diligence of life. 

Humans in some approach or the other, 

depending on the river for their daily needs. 

The present study has evaluated 

physicochemical parameters, heavy metals 

analysis, and microbiological analysis in the 

river water samples which were collected 

from 11 different sites of hilly (5 sites) and 

plain (6 sites) regions. Study data revealed 

physio-chemical-microbial variations in 

Ganges river water of hilly and plain region as 

post-monsoon effects. Physiochemical 

parameters like pH, TDS, Conductivity were 

found within the acceptable range. The pH of 

an aquatic system is a significant sign of the 

water quality and the extent of pollution in the 

disaster areas (Kumar et al., 2010). A study 

conducted by (Matta 2014), testified that the 

pH of the Ganga River at Rishikesh was in an 

alkaline range from 7.9 to 8.1. Natural waters 
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hold some dissolved solids due to the 

dissolution and survival of rock and soil. 

Waters of high total suspended solids (TSS) 

are unpleasant and hypothetically harmful 

(Kumar et al., 2018). Conductivity is the 

proficiency of a constituent to conduct 

electricity, the conductivity of water is a more 

or less linear function of the concentration of 

dissolved ions. (Kamboj and Kamboj 2019) 

stated that during Kanwar Mela-2011 at 

Haridwar, India there are alterations in EC of 

Ganga river water. Biological oxygen demand 

(BOD) is a quantity of an amount of oxygen 

that bacteria will ingest while putrefying 

organic matter under aerobic conditions. The 

main attention of wastewater treatment units 

is to reduce the BOD in the effluent 

discharged to natural waters (Kumar et al., 

2018). In this study, BOD was found to be 

maximum in Roorkee and Shukartal sample 

sites due to the high pollution rate. The 

chemical oxygen demand of Shukartal water 

was also very high may be due to the influx of 

industrial wastes. (Singh et al., 2005) reported 

the mean value of the dissolved oxygen 

ranging from 1.8 to 5.9 mg/L in River Ganga 

at Varanasi. The most important heavy metals 

which have clinical significance to human life 

and noted as water pollutants are As, Pb, Hg, 
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Figure 7: Variation in hazard index (HI) of heavy 

metals through ingestion of Ganga River 
water at different sites. 

The present study observed Arsenic and 

Chromium were found in more concentration 

in the plane region whereas Zinc and Nickle 

were found in more concentration in the hilly 

region due to weathering of rock stones. 

Chromium utilized in plating, as an inhibitor 

of corrosion of water, textile dyes, ceramic 

glazes and refractory (Florea and Büsselberg 

2006) may be a source of pollution. The high 

level of chromium in the plain area due to 

industrial effluent, untreated water from 

municipal waste, laundry, and paints. The 

high level of Cr in water can cause cancer and 

allergic reaction (Jordão et al., 2002), 

(Karadede et al., 2004). Exposure to heavy 

metals has been associated with progressive 

retardation, cardiovascular disease, 

osteoporosis, kidney damage, cancer, and 

even death in cases of very high exposure 

(Solenkova et al., 2014), (Vaishaly AG 2015). 

In this study, Mercury contamination was 

present in all water collection sites above the 

permissible limits which may be due to its 

release from local point sources such as from 

chemicals used in mixed farming, from 

municipal solid wastes, petroleum 

combustion, and e-wastes containing compact 

fluorescent lamps, fluorescent tube lights, 

mercury vapor lamps, mercury-based 

cosmetics (skin lightening soaps/creams, 

mascara, and eye makeup cleansing 

products), and medical wastes (thermometers, 

sphygmomanometers, and dental amalgam, 

etc.) (Kamboj and Kamboj 2019) High 

concentration of Hg values were observed 

then the permissible limits in 100ground 

water samples of central Ganga alluvial plain 

north India (Raj and Maiti 2019) The presence 

of Arsenic in Shukartal water sample might be 

due to industrial pollution of Uttarakhand, 
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Haridwar, and Roorkee region. Rivers also 

contains metals in trace amount and normally 

are not injurious to health. In this study, the 

amount of chromium and nickel was found to 

be high at the Gomukh water collection site 

because no pollution source is there so this is 

due to rocks and hills naturally having nickel 

at the site of water. Nickel concentration was 

found in more quantity at high altitude 

Gomukh and Gangotri Ganga water analyzed 

samples. The present study calculated hazard 

quotient (HQ) and hazard index (HI) for non-

carcinogenic concern related to adult and 

child by ingestion of Ganga River water 

showed highest contribution for non-

carcinogenic risk to adults and children were 

caused by Hg followed by As, Ni, and Cd to 

the value of HI, while rest of the metals 

contributed least to total HI. 

 
Fig 8: Contribution analysis of each heavy metal towards HI. 

 

Previous studies have documented that heavy 

metals affect cellular organelles and 

constituents; cell membrane, lysosome, 

endoplasmic reticulum, mitochondria, and 

nuclei. The five elements (Arsenic, cadmium, 

chromium, lead, and mercury) rank among 

the priority metals that are of great public 

health significance. These metals are systemic 

toxicants and known for multiple organ 

damage. In the direction of the United States 

Environmental Protection Agency (U.S EPA) 

and the International Agency for Research on 

Cancer (IARC), these metals are also 

classified as either "known" or "probable"  

 

human carcinogens. (Sa´idi 2010 and 

Ghannam et al., 2015). A high amount of 

Arsenic can cause skin disease, increase rate 

of cancer, and different types of circulatory 

disease. The toxic metals are not only 

affecting human health by causing severe 

diseases but also creates an imbalance of the 

aquatic ecosystem of rivers. Water quality 

assessment using the overall index of 

pollution in the riverbed-mining area of 

Ganga-River Haridwar, India by Nitin 

Kamboj 2019 concluded that the riverbed 

mining practice had a negative influence on 

the surface water quality of the Ganga River 

in the selected region. Study results of Mohit 
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Chaudhary 2017 indicated water quality of 

River Ganga was unsuitable for drinking 

because an average National Sanitation 

Foundation Index (NSFWQI) was found to be 

53.44 and 43.56, while comprehensive 

pollution index (CPI) was 2.71 and 2.82 in a 

post- and pre-monsoon, respectively, river 

water is severely contaminated due to heavy 

metals (Heavy metal pollution index- 

HPIௗ>ௗ3) and indicated the human health risk 

(RAIௗ>ௗ1). 

Bacterial parameters, such as fecal coliform 

(FC) which assistance as indicators of fecal 

contamination are also actual significant 

when human health is a major concern. The 

precise identification of pathogenic bacteria is 

tremendously challenging; the coliform group 

of organisms is used as an indicator of the 

presence in the wastewater of pathogenic 

organisms. Coliform bacteria are found in the 

intestinal tract of human beings. The coliform 

group of bacteria includes genera Escherichia 

and Aerobacter. (According to Environmental 

protection Agency) the contaminant level of 

the Coliform count should be zero in per 100 

ml of water for drinking purposes and for the 

bathing purpose the fecal coliform should be 

less than 500 /100 ml of water. So, GR1, GRR 

and GS water collection sites are not good for 

bathing purposes. Because of the high 

coliform count present their water samples. 

But Gomukh and Gangotri Ganga water are 

pure which can be used for drinking purposes. 

The HQ analysis of eight considered metals 

illuminated the low non-carcinogenic health 

risk to the consumers of Ganga River water 

for drinking at all selected monitored 

locations. However, the HQ generated for Hg 

crosses the unity value and indicated the high 

risk to children of Devpryag, Rishikesh, and 

Haridwar region followed by Arsenic for both 

adult and child at Shukartal. Being the 

religious importance, adventure destination 

and tourist hotspots, over millions of 

pilgrimages and tourists visit these places 

every year. Raju et al., (2019) predicted the 

risk magnitude of dissolved mercury (Hg) at 

the central Ganga alluvial plain, northern 

India and found Threefold (high to extreme 

risk) and twofold (moderate risk) higher dHg 

concentration values than the permissible 

limit of WHO due to anthropogenic 

interferences. The contamination of Hg may 

be from riverbed, riverbank sediments, 

industrial, agricultural, sewage, medical 

products, fossil fuel burning, and cement 

plant ashes, etc. can affect the gastrointestinal 

tract, thyroid gland, nervous and reproductive 

system. Even, exposure to a high dose of Hg 

may lead to death (Verma et al., 2013) 

Previous documented studies (Adimalla and 

Wu 2019) have demonstrated that there will 

be potential human health risks even water 

quality indices portrayed suitable water for 

drinking purpose. The minimum HI values for 

both considered consumer cases were 

reported at an upstream location (Gomukh: 

GG1) of the research area whereas, the 

maximum HI values were observed at the 

downstream site (Shukartaal: GS). At Tehri 

Dam (GT) very close HI values were 

evaluated as on Gomukh (GG1) for both adult 

and child cases (Fig. 7). Overall, HI for both 

adults and children exceeded the threshold 

limit (HI>1) and indicated potential human 

health risk by the intake of Ganga River 

water. The variation in HQ and HI at study 

locations was due to an unusual geological 

enrichment or anthropogenic influences. 
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Conclusion 

The study concludes that post-monsoon 

effects were noted as significant variations in 

physicochemical, metal pollution, and 

microbiological indicators of the Ganges 

affected due to environmental and human 

mismanagement processes connected to the 

river. Water quality of the area (Rishikesh, 

Haridwar, Roorkee and Shukartal) sites were 

found most polluted as all microbiological 

indicator tests showed positive. Arsenic 

contamination above the acceptable limit was 

found in the Ganga water of the Shukartal 

region. A large number of populations of this 

region depends on this river water for 

agriculture and domestic purposes. The 

present study may be helpful to bring 

awareness to the population of Uttarakhand 

regarding the maintenance of health and 

hygiene. Mercury concentration, 27.2% of all 

sampling sites elicited high HQ values (>1) 

for children whereas, HI>1 was recorded for 

each location and both consumer cases. This 

evokes the potential human health risk due to 

the intake of Ganga River water contaminated 

with heavy metals. The study may give points 

to improve the planning to reduce the 

pollution of the river Ganga. 

The Ganges river water contaminated with 

heavy metals and microbes might cause 

serious impact on public health, which may 

further increase risks in the development of 

chronic metal toxicities, chemical 

carcinogenesis, and infectious diseases in 

living beings dependent on the Ganges for 

their routine domestic activities and for many 

pilgrims who take sacred holy bath on regular 

basis for the long run. The study strongly 

recommends to concerned population and 

government of India to effectively plan and 

implement reductionist approaches towards 

environmental management of natural water 

resource facility through the improvement of 

anthropogenic sources, management of 

natural environmental terrestrial soil erosions, 

and propagate proper water treatment 

facilities of Ganges to improve quality of river 

water for domestic use and have a positive 

impact on public health quality. 
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