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Abstract

Water quality of Ganges river was evaluated using the Water Quality Index (WQI) tool. Water sampled at five designated
locations from Rishikesh to Allahabad (about 720 km long stretch). Collected samples were measured by ion chromatography,
titrimetry and aquameter kit methods. The parameters like pH, electrical conductivity (EC), dissolved oxygen (DO), total
dissolved solids (TDS), turbidity, salinity, major cations e.g. Na", K', Mg’", Ca>", major anions e.g. F’, CI', SO,”, NO;” and
alkalinity of samples were measured at designated locations. Subsequently, WQI has been calculated from all the measured
parameters. The result showed WQI of Ganges river water from Rishikesh to Allahabad ranged from 28.93 to 73.24 which
denotes degradation of water quality along the downstream. In addition, values of most of the evaluated parameters increased
significantly along the downstream of river suggesting that local environmental pollutants contributed incrementally in
deterioration of the quality of river water. Pearson correlation matrix analysis showed a strong correlation between some of
the measured parameters suggesting their origin from common source. WQI values showed easy understanding and trend of
water quality of Ganges river. These results point towards requirement of urgent plans for prevention of river water pollution.
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1. Background

River Ganges is the largest river in India spread
over almost 2,525 km long from Gangotri to Bay
of Bengal and its basin covers about 8,61,404 km’,
providing water for life to more than twenty five cities
and thousands of villages (Meher et al., 2014). Ganges
river represents vast diversity of billions of microbial
and aquatic habitats living in it and therefore,
monitoring of the water quality of the river is of central
importance especially because of known worldwide
concern for declining the water quality (Carpenter
et al., 1998; Junshum et al., 2007). Due to increasing
industrial, agricultural and domestic factors river
Ganges is considered a largely polluted river in the
world (Mukherjee 1993; Sharma et al., 2012). The
quality of water depends on the physicochemical
parameters like pH, total dissolved solid (TDS),
electrical conductivity (EC), dissolved oxygen (DO),
alkalinity, salinity, major cations (Na', K, Mg2+, Ca”™,
etc.,) and major anions (F, CI, SO42', NO32', PO42',
etc.,). These factors widely vary from location to
location due to discharges from the human activities.
The major sources of ions in rivers are from terrestrial
and anthropogenic weathering processes (Sarin et al.,

1992; Jangwan et al., 2010; Chakrapani et al., 2009)
and the water quality of rivers are greatly affected
by changes in melting glaciers and increasing
constructions on banks of the river. The increasing
pollution in river water poses greater threat to health
and life of the people as they drink and use this water
for utility purposes. The qualitative studies on major
ions make a significant approach in determining quality,
biochemical properties, hydrogeology, and chemistry
of the water (Li et al., 2008; Pehlivan, 2010). Based
on various physicochemical parameters, Water
Quality Indices (WQI) is a mathematical tool that
evaluates the water quality as a whole. It facilitates
better understanding of water quality in aquatic
resources. Studies on WQI of many rivers have been
reported e.g. Cauvery river (Kalavathy et al., 2011);
Atharabanki river (Samantray ef al., 2009); Ramganga
river (Alam et al., 2010) and Subernarekha (Parmar
et al., 2010). Moreover, several studies have been
reported in the literature elucidating the water quality
of Ganges river (Rai ef al., 2010; Misra 2011; Thomas
etal.,2011). However, variation in water quality along
long stretch of Ganges river have not been elaborated
elsewhere. This study was aimed to evaluate water
quality and spatial variation using WQI tool in the
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Figure 1. Geological map of the study area

river Ganges from Rishikesh to Allahabad that covers
about 720 km stretch of the river. The research results
are likely to help plan controlling the pollution in river
water and for reducing risk to human health.

2. Materials and Methods
2.1. Locations

The locations for the sampling and analysis were
selected along the river Ganges, namely: Allahabad,
Kanpur, Narora, Haridwar and Rishikesh (Fig. 1). The
details of the sampling sites are given in the Table 1.
Water samples were collected in the month of November
2011 for the analysis which represents post rainy season
sampling.

Table 1. Details of the sampling stations and site

2.2. Sampling procedure and method of analysis

The physicochemical properties were measured in
situ in the flowing water using the water analysis kit
(GPS Aqua Meter- AP-1000, Aqua Read Ltd, U.K), and
was calibrated each time before use. Water samples were
collected in plastic bottle washed with double distilled
water which was previously rinsed with 15% (v/v)
HNO, for 24 hour. Before analysis, the samples were
filtered with Whatman-542 filter paper (G.E. Healthcare
U.K. Limited). Alkalinity of water was measured by
Titration method, major cation (Na", K, Mg, Ca’") and
anions(F, CI', SO,”, NO,”) were measured using the ion
exchange chromatography system (Dionex Corporation,
Sunnyvale, CA, USA). All the statistical analysis was
performed using SPSS statistics 17.0 software.

Stations Site Code Latitude Longitude Altitude Description
Allahabad A 25°25.55'N 81°52.97°E 64 River Ganges prior to Sangam
Kanpur Bl 26" 26.09°'N 80°24.53°E 100  Jajmau Bridge, (River Ganges after industrial
discharges)
B2 26"36.83°’N  80°16.49°E 81  Bithoor, (Entry of Ganges to Kanpur)
Narora Cl1 28°08.77°N 78°25.77E 168 Lower canal (Ganges canal after Narora Atomic
Power Station)
C2 28°11.37°N 78°23.79E 162 Narora Barrage at river Ganges
C3 28°12.61'N  78°23.08'E 166  NPCIL Ghat (Entry of Ganges at Norora)
Haridwar D 29° 55.86’N 78°08.34 E 277  Krishna Ghat, (River Ganges after Har ki Pauri)
Rishikesh E 29°57.19°N 78°10.17E 305  River Ganges at Laxman Jhula
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2.3. Determination of WQI

WQI was calculated by the measured values of
physiochemical parameters as described elsewhere
(Hameed et al., 2010). In brief, according to its relative
importance to overall water quality each measured
parameter was assigned a definite weight (W) (Table 5).
Parameters having significant influence were assigned
higher weight (5) and lower weight (1) to that of the
least influencing. Subsequently, relative weights (W)
were calculated by using the formula

Wr :Wai +zi:1Wai (Eq 1)

(W, = Relative weight, W, = assigned weight of
each parameter, n = Number of parameters considered
for the WQI). Further, quality rating scale (Q) has
been calculated for the each parameter by dividing its
respective standard values as suggested in the BIS
guidelines.

-=|C, =S, [x100
0, =[C; S ]x .2

However, to calculate Q for the DO and pH,
different methods were employed. The ideal values
(V) of pH (7.0) and DO (14.6) were deducted from the
measured values in the samples (Hameed ef al., 2010).

QipH,DO :[(Ct_vt)_(Sz_Vt)]XIOO (Eq 3)

(Q; = Quality rating scale, C, = measured
concentration of each parameter, S; = Drinking water
standard values for the each parameter according to
BIS). Next, sub indices (SI) have been calculated to
compute the WQI.

SI. =W _xQ.

wor =31, (Eq. 5)

Finally, the obtained WQI values were categorized
as proposed. (Table 6, Yadav et al., 2010).

(Eq. 4)

3. Results and Discussions

3.1. Determination of physicochemical parameters in
water samples

3.1.1. Variation in pH

Present investigations have shown that in water of
Ganges the pH ranged between 7.53 and 8.69. Towards
the downstream of river an increasing trend of alkalinity
were found. However, it fall within the recommended
value of BIS and WHO. It may be noted that our
studies showed some exceptions at stations A, B1, and
B2 (Table 2). The observed minor increases in alkalinity
at these stations may partly be due to contributions of
calcium and magnesium carbonate by anthropogenic

and weathering from the soil and rocks (Samuel ef al.,
2007; Taner et al., 2010). Earlier it was reported that
between Kannauj and Allahabad river Ganges is mostly
polluted (Trivedi, 2010). Our study reports higher pH
value in this stretch of river indicating no improvement
in water quality during these years.

3.1.2. Measurement of DO

Dissolved Oxygen (DO) was found to be > 10
mg/L at all of the locations which is relatively high
probably indicating high rate of photosynthesis (Tripathi
et al., 1991) by the phytoplanktons present in the river
Ganges. Other studies have also reported high DO in
the Ganges water (NRCD, 2009) which was assumed
to be due to comparatively lower oxygen consumption
by the microbial respiration than the oxygen production
by the photosynthetic activities in the Ganges river
environment (Tare et al., 2003). However, it also to be
noted that DO in water depends on many factors like
temperature, microbial loads, atmospheric pressure
and time of sample collection. High DO favours
the self-purification capacity of water which may
be attributed to largely believe high quality, self-
purification (Nautiyal, 2008) and bactericidal properties
of water from river Ganges.

3.1.3. Electrical conductivity, turbidity and alkalinity

In water of Ganges the pattern of Electrical
Conductivity (EC) and turbidity are in conformity while
EC increased along the downstream. The EC values in
the Ganges river ranged from 119.86 - 494.94 uS/cm
which is lower as compared to 111.4 - 604.4 in Uppar
Han river (Li and Zhang, 2008) and high comparing
with Huai river China (Zhang et al., 2010). However,
it remained within the guideline limits of BIS & WHO
(Table 3). Turbidity was found to vary with the location
of sampling suggesting greater addition of particulate
matters along the cities on the bank of river. The trend
of alkalinity concentration increased from the station
E to A, but did not exceed the prescribed limit of 200
mg/L (BIS, 2009) suggesting contributions of alkaline
salts as the river flows down along the route.

3.1.4. Total dissolved solids and salinity

Total Dissolved Solids (TDS) and salinity of river
Ganges were measured at selected locations and results
are given in Table 2. The value of TDS ranged from
77.443.9 - 328.5445.2 ppm and the average TDS value
on this stretch of Ganges river was found 173 ppm,
which is more than two fold higher than the global
median value of TDS (65 ppm) in river water (Meybeck,
2003). Higher TDS value and its increasing pattern
towards the downstream of river can be attributable to
the increasing anthropogenic activities and long term

126



P. K. Meher et al. / EnvironmentAsia 8(1) (2015) 124-132

CCI'OFI6'C  LTOOFP0  TO0OFELOO  €I'0FET 1€0FSTY  €LOFLOST  61°0FE6'S 6L 0FLS'LT eETFI9r  S00°0F7S0°0 86798611 6 CFEY'LL  TO0FP6'01  LOOFSS'L q
PETO0F68'C  1L0°0F9T'T 20°0F6£°0 IT°0FL6'T CI0FLST  CTLOFITTI  0TOFE9'L SIFCEe TLEFIT°09 $00FL00 CTIFLSSE L' E€FIL001 20°0F6°01 100°0F€SL a
LIFOF61'E  661°0FE9Y €0°0F9Y'0  ¥T0FI8T  STOF69EC vEIFSL6I  SSO0FECH 6L TFE 1Y 8CTIFOV'ST  600°0F960°0  8L'8IFSOCOT T1HFS9CEL  T0°0FSO0L 10°0F7€'8 [30)
STTOFSI'E  S8EOFLL9  T0°0FE900 €€0F8Y'E  9I'0FPI'C  TO6'0FII91  SPOFC8L TISTFCESE  8LVFH'86 100°0F1°0 L'8F98°60C 8EFTECT  10°0FPI01 10°0FC¢E'8 [49)
0ST°0F96'C  €10°0F99°0  ¥0'0FP8S'0 8T OFLEE  €C0FCOY 96°0FCY'CC  8SOFVC6  6L6'CFLTTY  1S°€F9EL6 LEO0F800 6'GCFS8I 6'CFICEEl  TO0FLIOI 10°0F8¢'8 10
CECOFRTE  CLTIFCL6  TO0F88E0  SSIFECIL  09°0F8Y'9  LLYVFCRSS 8SIFSOLL  LLTTFTSE  IL'6FCL'8ST  100°0F81°0 LY6F8LE LTFSSYe  T00F9TIT  +0'0FS'8 d
[ETOFSEE  9EL0FLEOT  T00F980°0 ¥TIF8CYI 9ITOFCST ¥S0FCO8I aN 9T TFC06l € CIFISLET  T000FLIO 6L 8FF'8S¢E I'€EF9veC  10°0F8¥'CI 10°0F69°8 1d
0€TOFEC'E  STLOFCTYL  LI'0F66L'0  SI'EFSS89 8P OFVI'9  S8VFICSY S8 IFCO'8T  LII'SFEET9 TIIF8 861 S0 0FrC0 8TEPFEOVYOY  TSTFPS8TE  TO0FESTI S0'0FS9'8 4

(P210912(J 10N =N ANPIGINY, =qIn[, *PI[OS PIA[OSSI( [EIOL =SAL
{K)1A1ONPUOY) [BOLIOS[H =) UOLRIASD PIBPUBISFYIIM San[eA N[N Ul qing, ‘wo/st ur 9y ), ut "dway, 1dooxa /3w ul sjun [[e) Uore)s JUaIdJJIP Je BIep [BOIWAYD I9JBA\ T SqRL

127



P. K. Meher et al. / EnvironmentAsia 8(1) (2015) 124-132

Table 3. Values of physicochemical variables in Drinking
water; Bureau of Indian Standards (BIS 2009) and WHO
(2011) (units: mg/L, except, EC in ps/cm, salinity in ppt,
turbidity in NTU and pH)

Bureau of Indian

Parameter Standards WHO 'standar'd 201 1
(BIS 2009) desirable limit
acceptable limit
pH 6.5-8.5 7.0-8.5
TDS 500 600
Alkalinity 200 300
DO 5 NA
EC 750 750
Salinity 100 PPT 100 PPT
Turbidity I NTU I NTU
Na’ 200 50
Mg > 30 30
Ca™ 75 100
F 1 1.5
Cr 250 250
NO,” 50 50
S0, 200 250

NA - Not Available

farming practices that results higher TDS by increase
in weathering and erosion of soil (Zhang et al., 1995).
Salinity ranged from 0.05440.005 - 0.24+0.025 ppt
along the stretch of Ganges river (Table 2). It can be seen
that an increasing pattern of salinity values dominated
towards the downstream of river Ganges. However,
both the values were found within the prescribed limit
of WHO & BIS (Table 3).

3.2. Determination of major ions

The major elemental cations Na', Ca™", K', and
Mg were measured in the water of Ganges and the
values obtained are given in Table 2. It was observed that
the contributions of Ca”" and Na’" ions concentration
remained dominant in water of Ganges during the post
monsoon period. The concentration of K* and Mg”"
showed increasing trend towards the downstream
implying the significant contributions from precipi-
tation, agriculture, biogenic activities, silicates and
carbonates weathering from soil into the river water.

The elemental anions CI, F, SO42', and NO32' were
measured in the water from the selected sampling
locations. The obtained values are given in Table 2.
Measurement of CI ion concentration showed an
increasing pattern along the downstream of river
Ganges. As chloride is mostly found in nature in

the form of various salts which indicates more
anthropogenic activities towards downstream due to
leaching process in the river water. Concentration of
NO,” was observed nearly similar in samples from all
the stations and values obtained were ~3 mg/L. which
is markedly low compared with BIS and WHO (50
mg/L). The major source of nitrate into the river water
presumably entails from the fertilisers applied in the
agricultural land and from the precipitation process.
Concentration of SO,” was found to be modestly
increased along the downstream of the river. It need
to be noted that the concentration of F~ was found to
be markedly low (0.063-0.584 mg/L) which was
significantly lower than standards given by BIS (1
mg/L) and WHO (1.5 mg/L) suggesting a controlled
fluoride generating factors in the surroundings. Spatial
variations study of major ions is essential as it
reflects the influence of different lithologies and
anthropogenic activities in the river system (Chen
et al., 2002). The variable concentration pattern of
major ions in this study can be attributed to several
sources of weathering of rocks, soils and input from
many anthropogenic activities.

3.3. WQI of Ganges water

Calculated Water Quality Indices is given in
Table 7. It can be seen from the table that WQI in
Ganges river ranges from 28.93 - 73.24 that reflects
good to poor water quality (Table 6) (Yadav ef al.,
2010). Water sample from Haridwar showed the
lowest (28.93) and water from Allahabad (73.24)
has highest WQI values. The WQI values gradually
increased from the upstream to downstream indicating
significantly decreasing the water quality of Ganges
river. WQI values at Rishikesh, Haridwar, Narora Ghat
and Narora Barrage showed good water quality (Fig. 2).
However, the values of Narora Ghat (49.67) and Narora
Barrage (48.44) are close to poor quality (WQI=50). The
WQI of samples from rest of the downstream locations
were showed poor water quality. Increase concentration
of physicochemical parameters in river may be the
reason for higher WQI values and poor quality of water
towards downstream of Ganges river.

3.4. Correlations of measured parameters

The Pearson correlation matrix obtained from our
studies for each parameter is given in the Table 4. It
can be seen that TDS is positively correlated with the
EC(r=0.99,p<0.0]),pH(r=10.77, p<0.05) and
DO (r = 0.77, p < 0.05) which indicated that at all the
stations TDS increased concomitantly with EC, DO,
and pH. But, results showed absence of significant
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Table 5. Weight and relative weight of physicochemical
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Table 7. Water quality indices and water quality at different

parameters. location
Weight  Relative Weight . Water Quality
Parameters (W) (W) Location WQI (Yadav et al., 2010)
pH 4 0.105263 Rishikesh 32.16 Good
Dissolved Oxygen 5 0.131579 Haridwar 28.93 Good
Total Dissolved Solids 4 0.105263 Narora Ghat 49.67 Good
Alkalinity 2 0.052632 Narora Barrage 48.44 Good
Electrical Conductivity 5 0.131579 Narora Lower Canal 52.46 Poor
Na' 1 0.026316 Kanpur Bithoor 52.25 Poor
Ca™ 2 0.052632 Kanpur Jajmau 58.39 Poor
Mg 2 0.052632 Allahabad 73.24 Poor
F 2 0.052632 .\
cr 3 0.078947 correlation was observed among Na ™ and C1 (» = 0.81,
> p < 0.05), Na" and SO,” (r = 0.75, p < 0.05). These
NO 4 0.105263 . S .
. results probably indicate that contributions of major
SO, 4 0.105263 . .. .
ions are nearly similar from different sources at each
. of the sampling location. Analysis showed negative
Table 6. Water quality scale . - i -
auatity correlations between F and SO,” (» =-0.020) and F and
2- . . . . . . .
Water Quality Index Water Quality N(?3 t1.n(lhcat1ng Vatrlabllel contrllt?utlc;ns otf ions from the
(Yadav et al., 2010) potential sources at each sampling locations.
0-25 Excellent 4. Summary and Conclusion
26-50 Good
S1-75 Poor The evaluation of water quality of Ganges river
76-100 Very Poor using WQI and physicochemical properties showed
Above 100 Unsuitable an increasing pattern of most of the measured

positive correlations between EC and major ions. This
may partly be ascribed to the spatial variations. It is
further seen that EC has significant positive correla-
tion with pH (r = 0.76, p < 0.05) and DO (r = 0.78,
p < 0.05). Among the major ions significant positive

physicochemical parameters and WQI along the
downstream from Rishikesh to Allahabad indicated a
gradually declining water quality along the downstream.
Our studies revealed that major ion concentration in
Ganges water sampled post-monsoon followed the
order Ca®* > Na" > Mg > K" for cations and SO,” >

WQl at various location along Ganges river
80.00
50.00 /_’—’_’_.__,/—'/
[
S 40.00 .\_’/
20.00
000 T T T T T T 1
N S X 2 N L D> >
€ & & & &£ & S
o O > > " o
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Figure 2. WQI of designated locations along Ganges river
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NO,” > CI' > F" for anions. These results point to the

significant consequences of mindless anthropogenic
activities and poorly regulated industrial discharges
along the river. It is noteworthy that our studies have
revealed significantly high DO values (in situ condition)
at collection points moving downwards the path of river
which may be, among others, a reflection of microbial
organism load in Ganges water. In particular, using WQI
calculations present study reports a significant trend of
degrading water quality along the downward path of
river which may serve a guide to planning of strategies
to control pollution. Results are highly instructive to
further detailed studies on health impacts on populations
residing at the bank of Ganges river.
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