
World Applied Sciences Journal 33 (2): 203-212, 2015
ISSN 1818-4952
© IDOSI Publications, 2015
DOI: 10.5829/idosi.wasj.2015.33.02.72

Corresponding Author: Gagan Matta, Department of Zoology and Environmental Science, Gurukula Kangri University, 
Haridwar, India.  Tel: +91-9412072170, +91-9897161345.

203

Monitoring and Evaluation of River Ganga System in 
Himalayan Region with Reference to Limnological Aspects

Gagan Matta and Ajendra Kumar1 2

Department of Zoology and Environmental Science, Gurukula Kangri University, Haridwar, India1

Department of Mathematics and Statistics, Gurukula Kangri University, Haridwar, India2

Abstract: Water is an important asset for every developing country especially the river water which is the prime
source for drinking water. The Ganges, one of the largest river system of Indian subcontinent is being severely
polluted by mass bathing, sewage treatment plants, factory effluents and various other human activities. In
Haridwar River Ganga System comprising of River Ganga and Ganga Canal emerging out from Ganga  River,
both with great ritual importance among pilgrims and tourists at Haridwar, Uttarakhand, India. Here also Ganga
River and Canal are day by day getting polluted due to mass bathing, washing, disposal of sewage, industrial
waste and these human activities deteriorating its water quality severely. River water samples collected in all
the seasons of the years 2013 and 2014 were analyzed for various water quality characteristics. Data has
statistically been analysed indicating positive and negative relation among parameters. The present study
revealed that major factors contributing to deterioration of water quality might be continues discharge of
industrial discharge, tourism, anthropogenic and spiritual practices. Therefore, to restore the vitality and water
quality of river, proper water resource planning programme should be developed.
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INTRODUCTION in 1947, India had 22 million ha under irrigation. After

Human history can in-fact, be written in terms of 1950 nearly 10% of all planned outlays being invested in
interactions and interrelation between human and water. irrigated agriculture, resulting 0.6 million ha of new
Water as a commodity generates great concern being an irrigated land every year [7]. Besides irrigation, Canal
exhaustible resource, due to the environmental issues water has been used for community water supply, ritual
related to its degradation [1,2] like discouraging bathing and disposal of sewage and industrial effluents
complication at both microscopic and ecosystem level [8-14].
which have a profound relevance to our day by day lives In the latter half of the nineteenth century, the
[3,4]. At the beginning of 21  century water fear rises and development of Haridwar was closely linked with thest

threat to have unpleasant consequences for many sectors formidable task of coping with and providing facilities for,
of our society due to overexploitation of water resources the hundreds of thousands of pilgrims who converged
and decreased water quality of water resources. Rivers are here for the Kumbh. Recurrent famines also necessitated
the life line of many big cities but these big cities are now better utilisation of Ganga waters. The idea of canal was
killing its life line by polluting its water. Rivers become 46 first proposed in 1836. but gained formal sanction only
polluted with the assortment of waste, including untreated in 1848. A weir was constructed across the Neeldhara at
or partially treated municipal sewage, toxic industrial Kharkhari. The river was divided into three channels, as
effluents, harmful chemicals and ground waters from a result of which an island 500 metres wide and 1200 meter
agricultural activities [5,4]. Globally, 70 percent of long was formed in the middle. One channel was diverted
freshwater diverted for human purposes goes to to the original main branch at Har-ki-Pauri to form the
agriculture and irrigation water demand is still increasing Upper Ganga Canal. Another channel flows along
because the area being irrigated continues to expand [6] Mayapur  and  Kankhal and carries the surplus waters of

independence irrigation was put under high priority, since
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the Upper Ganga Canal. The third channel is the original but  it  also  serves  to  control  floods. The area behind
Neeldhara. The canal is about 45 meters wide, with the barrage is known as the Neel Dhara Bird Sanctuary
concrete banks; its flow is as much as the Neeldhara, even and is a popular destination for various water birds and
more in summer. Literature survey revealed that so far tourists.
work has been carried out on the water quality of River
Ganga and Ganga canal but due to importance from Missarpur Village: A small village situated nearby to
religious to scientific and ecological to economical, it is River  Ganga  on  the  way  towards  Laksar     town.
very important to monitor the water quality of River Ganga Village comprises  of  locals  working  in  nearby
System for decision maker and policy planner for industries and in agriculture fields. Here on village side of
management and conservation. The present aims to River Ganga agriculture fields are present and recently in
investigate the water quality status of River Ganga past few years construction activity is also going on
System while selective five major sampling locations viz. rapidly.
Chilla Power Station, Bhimgoda Barrage, Missarpur
Village, Mayapur and Bahadrabad in District Haridwar, Mayapur: One of the oldest areas of Haridwar comprises
Uttarakhand, India. of  large  number  of  commercial  and    domestic

MATERIALS AND METHODS colonies  with  oldest  sewer  system of city, etc. From

Studied Area  of  River  Ganga System: The present and  carries  the  surplus waters of the Upper Ganga
study has been carried out in Haridwar to examine Canal.
pollution status of River Ganga and its canal system
togetherly  called as River Ganga System, located in newly Bahadrabad: A  place  few  meters  before  the  barrage
carved state of Uttarakhand. Water samples were taken (this barrage feed water to a power plant situated in
from five locations i.e. Chilla Power Station, Bhimgoda Bahadrabad) and because of this water flow at this
Barrage,  Missarpur  Village,  Mayapur  and Bahadrabad sampling  site  is slow relative to other sampling sites
in District Haridwar. The sampling locations are illustrated here. Human activity like bathing and cleaning is very
in Fig. 1 and there geospatial description  is  given in common phenomenon  at  this  site.  This  site  is  at a
Table 1. distance of 23 KM approximately from Chilla power

Chilla Power Station: The control sample site of the not so high. 
study, a Run-of-River scheme on River Ganga located
upstream  of  the holy city Hardwar and was Sample Collection Procedure: Water samples were
commissioned in the year 1980. Water of River  Ganga collected from River Ganga at Haridwar during three
from Pashulok Barrage is diverted through a Power different seasons viz. winter, summer and monsoon for the
Channel to feed the turbines of Chilla Power Station. period of one year from 2013 to 2014. Water samples were
downstream at 29°58' 34  N 78°13' 11 E, 4 km upstream collected from 0.5 m depth from the surface of river using
of Haridwar. a clean plastic bucket, transferred to clean plastic bottles

Bhimgoda Barrage: Bhimgoda Barrage is situated at Har deep freezer (-20°C) till analysis. Samples were collected
Ki Pauri, Haridwar on the originating point of Ganga in triplicate from each Site and average value for each
Canal. The primary purpose for the barrage   is   irrigation parameter was reported.

complexes  like  Shops,  hotels/resorts,  residential

here   a  channel  flows  along  Mayapur  and  Kankhal

station. Here, the floor of the canal is sandy and depth is

and transported to the laboratory on ice and stored in a

Table 1: Location of Sampling Site in GPS
Site No. Sampling Site Type of system Longitude Latitude
1. Chilla Range River System 29°58’ 34.11” N 78° 13’ 10.33” E
2. Bhimgoda Barrage River /Canal System 29°57’ 26.66” N 78° 10’ 33.84” E
3. Missarpur Village River System 29°53’ 41.35” N 78° 08’ 46.47” E
4. Mayapur Canal System 29°56’ 31.68” N 78° 09’ 20.93” E
5. Bahadrabad Canal System 29°54’ 36.30” N 78° 01’ 58.48” E
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Fig. 1: Map Showing River Ganga Basin in India (L) and magnified view of River Ganga System in Haridwar with
sampling locations (R)

Analytical Methods: The physic-chemical parameters like indicates the maximum availability of light in summer and
light intensity, Temperature, DO, conductivity, Velocity monsoon season majorly increasing the biological and
and Free CO were fixed/recorded onsite. The other chemical process in the water body. Turbidity measures2

parameters such as BOD, COD, Alkalinity, Acidity, the water clarity and is due to suspended solid materials
Hardness, Chlorine, Phosphorus, TKN, Turbidity, TS, such as clay, silt, colloidal organic matter, planktons and
TDS, TSS and Sulphate were analyzed in laboratory after other organisms [16]. As per the CPCB, India standards
samples preservation as per Bureau of Indian Standards the permissible limit of turbidity is 10mg/l. The average
(BIS) and American Public Health Association [15] concentration recorded from 9.28 ± 5.304 to 43.57 ± 43.73
guidelines. The colorimetric analyses were done with UV JTU  in  winters  while  in  summers  it  was    recorded
Spectrophotometer Cary 60. with 102.7 ± 89.85 to 143.2 ±  125.5  JTU.  The   maximum

The statistical analysis was carried out using Minitab average concentration was ranging from 178.5 ± 3.84 to
16 to identify the correlation between selected water 465.8 ± 65.41 JTU in monsoon due to heavy rainfall
quality parameters. increasing the quantity of waste and eroded material to be

RESULT AND DISCUSSION severely. While comparing it with standard permissible

The results were analyzed in winter, summer and winter is just at the margin level. Consumption of turbid
monsoon season of 2013 and 2014 of five sampling sites water causes gastroenteritis problem [17,28]. 
of River Ganga System in Uttarakhand Himalayas are Temperature affects the amount of dissolved oxygen
presented in Tables and figures from Table 2 to Table 6 that water can hold. Solubility of gases such as oxygen,
and Fig. 1 to Fig. 10. carbon dioxide and nitrogen decreases as the temperature

Photosynthetic activity in plants and algae absorbs rises. Temperature also controls the rate at
carbon dioxide and gives out oxygen. Naturally, this which planktonic organisms use oxygen. In some climates,
process heightens as light intensity increases. Algae the amount of dissolved oxygen in summer can be half of
contain chlorophyll as major pigment for harvesting light that found during the winter, but this is not solely caused
and conducting photosynthesis. During the study period by temperature and can be related to higher organic matter
the  average  variance  in  light  intensity  at    sampling concentrations and increased biological activity [3,4].
site was recorded ranging from 1198.88 ± 284.189 to During the study the temperature ranged from 12.2 ± 0.77
164.74 ± 1161.82  (µ  mol. m  s ) in winters while to 13 ± 1.1 °C in winter but a rapid increase was recorded2 1

1189.71 ± 547.78 to 3366.55 ± 756.06 (µ mol. m  s ) and in summers and monsoon with 16 ± 1.71 to 16.3 ± 1.59 °C2 1

1903.56 ± 56.95 to 3464.4 ± 1563.50 (µ mol. m  s ) in and 16.2± 15.6 to 18.2 ± 0.58 °C indicating the2 1

summer     and   monsoon   season.   Observation    clearly anthropogenic  activities affecting  the  water  quality  of

submerged into the water affecting the water quality

limit it is clearly indicated that turbidity level even in
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Table 2: Seasonal Fluctuation of water quality parameters at Chilla Range (Control Site)

Parameters Light intensity Conductivity Alkalinity Hardness Acidity Cl P TKN Sulphate

Seasons (µ mol. m  s ) (µmhos/Cm  ) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l)2 1 2

Winter 1347.07 ± 400.448 104.5 ± 21.35 39.2 ± 6.26 58.2 ± 9.73 54.5 ± 9.64 4.382 ± 0.79 0.14 ± 0.05 0.038 ± 0.05 20.6 ± 1.36

Summer 1989.71 ± 547.78 136.5 ± 1.47 40 ± 8.97 57.1 ± 7.08 55.5 ± 13.7 5.113 ± 0.26 0.06 ± 0.01 0.057 ± 0.03 14.6 ± 0.38

Monsoon 1903.56 ± 56.95 45.22 ± 35.34 28.9 ± 0.96 45.5 ± 7.62 43.9 ± 11.7 4.51 ± 0.18 0.04 ± 0.01 0.030 ± 0.04 18.9 ± 2.56

Table 3: Seasonal Fluctuation of water quality parameters at Bhimgoda Barrage

Parameters Light intensity Conductivity Alkalinity Hardness Acidity Cl P TKN Sulphate

Seasons (µ mol. m  s ) (µmhos/Cm ) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l)2 1 2

Winter 1643.74 ± 1161.82 106.9 ± 20.09 41.6 ± 6.68 57.7 ± 8.83 54.4 ± 9.26 4.236 ± 1.05 0.09 ± 0.02 0.024 ± 0.011 19.8 ± 2.04

Summer 3366.55 ± 756.06 119.3 ± 29.16 41.1 ± 9.36 51.7 ± 11.8 49 ± 13.7 4.579 ± 1.09 0.06 ± 0.02 0.058 ± 0.015 13.8 ± 3.59

Monsoon 3090.1 ± 27 103 ± 4.59 36 ± 2.1 49 ± 2.9 49.4 ± 3.31 5.05 ± 0.07 0.05 ± 0.02 0.04 ± 0.02 17 ± 1.3

Table 4: Seasonal Fluctuation of water quality parameters at Missarpur Village

Parameters Light intensity Conductivity Alkalinity Hardness Acidity Cl P TKN Sulphate

Seasons (µ mol. m  s ) (µmhos/Cm ) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l)2 1 2

Winter 1198.88 ± 284.189 106 ± 20.95 44.1 ± 3.53 56.4 ± 8.27 57 ± 4.96 4.04 ± 0.983 0.13 ± 0.06 0.05 ± 0.012 21.5 ± 0.83

Summer 2131.71 ± 429.254 137.3 ± 1.413 43.9 ± 6.18 54.5 ± 6.19 49.4 ± 6.86 5.38 ± 0.345 0.09 ± 0.06 0.05 ± 0.035 15.2 ± 1.25

Monsoon 1911.2 ± 50.191 143 ± 4.4 29 ± 1.2 44 ± 8.8 50.9 ± 20.4 4.64 ± 0.21 0.03 ± 0 0.05 ± 0.02 19 ± 2.7

Table 5: Seasonal Fluctuation of water quality parameters at Mayapur

Parameters Light intensity Conductivity Alkalinity Hardness Acidity Cl P TKN Sulphate

Seasons (µ mol. m  s ) (µmhos/Cm ) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l)2 1 2

Winter 1297 ± 775.29 108.5 ± 19.49 43.1 ± 4.61 58 ± 6.98 59.2 ± 9.95 4.048 ± 1.17 0.09 ± 0.03 0.036 ± 0.025 20.7 ± 1.71

Summer 3237.75 ± 906.30 120.2 ± 29.71 41.5 ± 11.3 51.7 ± 14.3 47.9 ± 11.5 4.67 ± 1.05 0.07 ± 0.04 0.05 ± 0.008 14.2 ± 4

Monsoon 2775.6 ± 2908 141 ± 0.71 36 ± 1.7 51 ± 5.1 53.8 ± 7.1 5.15 ± 0.07 0.05 ± 0.02 0.04 ± 0.01 17 ± 1.3

Table 6: Seasonal Fluctuation of water quality parameters at Bahadrabad

Parameters Light intensity Conductivity Alkalinity Hardness Acidity Cl P TKN Sulphate

Seasons (µ mol. m  s ) (µmhos/Cm ) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l) (mg/l)2 1 2

Winter 1524 ± 994.19 140.9 ± 6.788 43.5 ± 3.26 55.1 ± 4.12 59 ± 9.52 4.833 ± 0.643 0.05 ± 0.01 0.04 ± 0.03 18.2 ± 0.94

Summer 3124.21 ± 563.59 120.4 ± 30.6 39.5 ± 15.2 49.4 ± 15.6 46.4 ± 11.7 3.998 ± 0.54 0.04 ± 0.02 0.055 ± 0.013 17.4 ± 3.76

Monsoon 3464.4 ± 1563.5 137 ± 139 50 ± 5 61 ± 1.6 56.1 ± 8.21 5.28 ± 0.03 0.05 ± 0.02 0.038 ± 0 16 ± 0.9

Fig. 1: Showing seasonal fluctuation of DO (mg/l) in Fig. 2: Showing seasonal fluctuation of BOD (mg/l) in
study area study area
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Fig. 3: Showing seasonal fluctuation of COD (mg/l) in Fig. 7: Showing seasonal fluctuation of TDS (mg/l) in
study area study area

Fig. 4: Showing seasonal fluctuation of Free CO  (mg/l) in Fig. 8: Showing seasonal fluctuation of Temperature (°C)2

study area in study area

Fig. 5: Showing seasonal fluctuation of Total Solids Fig. 9: Showing seasonal fluctuation of Turbidity (JTU) in
(mg/l) in study area study area

Fig. 6: Showing seasonal fluctuation of TSS (mg/l) in Fig. 10: Showing seasonal fluctuation of Velocity (m/s) in
study area study area
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river. Temperature affects the rate of chemical reactions were ranged  from 70.43 ± 39.23 to 147.4 ± 22.65 mg/l,
and increases evaporation and volatilization of 28.85 ± 14.58 to 46.73 ± 23.65 mg/l and 26.77 ± 20.91 to
substances [3,4]. The metabolic rate of estuarine 100.1 ± 9.057 mg/l. In summers the average values were
organisms is related to temperature so that in warm ranged from 295.3± 106 to 514.7 ± 346.9 mg/l, 250.4 ± 120.2
waters, respiration rates increase leading to increased to 372.8 ± 319.3 mg/l and 44.85 ± 16.65 to 149.8 ± 39.76 mg/l
rates of oxygen consumption and decomposition of while in monsoon a tremendous increase was recorded
organic matter. Growth rates of bacteria with range from 351.00 ± 108.00 to 1039.00 ± 146.00 mg/l,
and phytoplankton increase in warmer temperatures and 221.8 ±  88.94  to 88.7  ±  78.49  mg/l  and 129 ± 18.9 to
can contribute to increased water turbidity, macrophytic 172.7 ± 27.7 mg/l in TS, TSS and TDS. 
growth and algal blooms [18,29,30]. DO, BOD and COD are inter-dependable parameters,

Conductivity is used to determine salinity and is if biological and chemical activities increases in water,
actually a measure of the ability of water to conduct an decrease in dissolved oxygen was recorded [27, 31].
electrical current. Conductivity is proportional to the Similar assessment was recorded in the current study with
concentrations of total dissolved solids and major ions DO ranging from 9.34 ± 0.67 to 11.2± 1.09 mg/l while BOD
and its measurement is influenced by the amount of and COD ranged 1.076 ± 0.305 to 2.424 ± 0.764 mg/l and
electrical charge on each ion, ion mobility and temperature 2.96 ± 0.59 to 4.13 ± 1.71 mg/l in winters. In summer and
of the water [18]. During the winters conductivity was monsoon season the chemical and biological activities
recorded ranging from 104.5 ± 21.35 to 140.9 ± 6.788 increases causing the decline in dissolved oxygen  with
(µmhos/cm ) while in summers and monsoon range 7.6 ± 0.3 to 8.97 ± 0.24 mg/l and 7.97 ± 0.41 to 8.97 ± 0.542

observed was 119.3 ± 29.16 to 137.3 ± 1.413 (µmhos/cm ) mg/l    but   causing   increase   in  BOD  ranging  from2

and 45.22 ± 35.34 to 143 ± 4.40 (µmhos/cm ). Conductivity 2.213 ±  0.34  to 2.633 ± 0.536 mg/l and 1.87 0 ± 0.49 to2

has proven to be useful in determining the extent of 3.337 ± 0.34 mg/l  and  in  COD  ranging  from 5.79  ±  0.85
influence of run-off and effluent discharges in aquatic to 6.49 ±  0.74  mg/l  and  5.1  ±  1.4  to  8.1 ± 0.32 mg/l.
systems. Self-purification aspects of rivers were given strong

The water level and its velocity started increasing consideration when BOD standards were established for
from winter season onwards due to melting of snow at the these   water  bodies. Waters having a BOD of less than
place of origin of the river. Flow can affect the river’s 1 mg/l can be relatively unimpacted by humans and
ability to assimilate pollutants; larger, swiftly-moving primary candidates for conservation while good water
streams and rivers can receive pollutants with a bodies have more than 7.5 mg/l. For fisheries, hatching of
diminished negative effect. Smaller rivers with low flow salmon and trout rearing, more than 7 mg/l DO is required.
have less of a capacity to dilute and degrade potentially COD is used as an organic pollution index including
harmful pollutants [19]. The average value recorded was phytoplankton growth. A COD of less than 1mg/l is
ranging from 0.542 ± 0.098 to 1.356 ± 0.247 m/s in winters assumed not to be caused by anthropogenic influence.
and found to be the lowest during the seasonal study of Waters under this condition are suitable for conservation
River Ganga. Summers are followed by monsoon while of the natural environment. According to the drinking
ranging from 0.71 ± 0.073 to 1.408 ± 0.123 m/s and 0.63 ± water law, the standard value for KMnO4 consumption is
0.16 to 1.37 ± 0.19 m/s. This might be due to climatic 10mg/l, which is equivalent to 2.5 mg/l of COD. A survey,
conditions in which water level and its velocity started conducted by the Ministry of Health and Welfare, found
increasing from winter season onwards due to melting of that most lakes being used for drinking water supply have
snow at the place of origin of the river [3,4]. Joshi [20] also a COD of less than 3 mg/ l.
reported the maximum velocity 2.18 m/s of the Ganga at Increase in carbon dioxide level is due to decay and
Haridwar was recorded in monsoon season and the decomposition of organic matter by the addition of large
minimum velocity 0.39m/s were observed in winter season. amount of sewage in the water bodies. During the study

Total solids are sum total of Total Suspended the  carbon  dioxide  was  recorded  with average range
Particles and Total Dissolved Solids in the form of both 0.84 ± 0.5 to 0.93 ± 0.77 mg/l in winters. While an increase
organic and  inorganic  content  in  aquatic  ecosystem. in carbon dioxide was found in summer and monsoon
As  per  EPA  and  BIS,  the  desirable  limit  for  TDS is season ranging from 0.87 ± 0.11 to 1.65 ± 0.21  mg/l  and
500 mg/l and permissible limit is 2,000 mg/l. The average 0.9 0 ± 0.1 to 2.2 ± 0.1 mg/l showing the increase
value    of   TS,   TSS   and  TDS  recorded  in  winters deposition of organic matter in the study areas. 
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When water is combined with carbon dioxide to form TKN measures the sum of ammonia and organic
very weak carbonic acid, an even better solvent results, nitrogen in water. An abundance of nutrients in water
water moves through soil and rock, it dissolves very small leads to excess  plant growth and eventually to
amounts of minerals and holds them in solution. Calcium eutrophication. The  average  concentration  of   TKN
and magnesium dissolved in water are the two most was     ranged 0.036 ± 0.025 to 0.05 ± 0.012 mg/l in winters
common minerals that make water "hard" (Singh et al. whereas in summers and monsoon it ranges from  0.05  ±
2010).  The degree of hardness becomes greater as the 0.035  to 0.058 ± 0.015 mg/l and 0.030 ± 0.04 to 0.05  ±  0.02
calcium and magnesium content increases and is related mg/l. The subtraction of ammonia nitrogen from TKN
to the concentration of multivalent cations dissolved in gives "organic nitrogen". Organic nitrogen consists
the water. According to BIS and EPA the desirable limit of mainly of protein substances and their byproducts.
Hardness is 300 and 500 mg/l. During the study the mean Organic nitrogen is typically formed within the water
concentration of hardness in water samples were ranged column by phytoplankton and bacteria and cycled within
from 55.10 ± 4.12 to 58.2 ± 9.73 mg/l in winters while in the food chain and is subject to seasonal fluctuations in
summers  and  monsoon  it  ranges  from 49.4 ± 15.6 to the biological community [18]. Concentrations of TKN are
57.10 ± 7.08 mg/l and 44 ± 8.8 to 61.00 ± 1.6 mg/l. Water affected by both point and non-point sources.
hardness has no adverse effect on health as such but the Phosphorus is an essential nutrient for living organisms
higher concentration of hardness in water causes heart and is often the limiting nutrient for algal growth (primary
disease as well as kidney stone problem [21]. production). Phosphorus is rarely found in high

Alkalinity is a measure of the capacity of water to concentrations in fresh waters as it is actively taken up by
neutralize acids. Alkaline compounds in the water such as plants. Seasonal fluctuations are normal due to
bicarbonates (baking soda is one type), carbonates and fluctuations in primary production [18]. The concentration
hydroxides remove H+ ions and lower the acidity of the of phosphorus in winter were ranged from 0.05 ± 0.01 to
water (which means increased pH). Alkalinity in water is 0.14 ± 0.05 mg/l while in summer and monsoon it was 0.04
due to the presence of carbonates, bicarbonates and ± 0.02 to 0.09 ± 0.06 mg/l and 0.03 ± 0.0 to 0.05 ± 0.02 mg/l.
hydroxide constituents, which may be derived from Sulphate occurs naturally in water as a result from
dissolved rocks, salts or sediments [22]. The desirable gypsum and other common minerals sources. The water
limit of Alkalinity under CPCB is 600.The mean samples of all the rivers have sulphate concentration
concentration of alkalinity was recorded with 39.2± 6.26 to within desirable limit of 200 mg/l and permissible limit of
44.1 ± 3.53 mg/l in winters followed by summer and 400 mg/l as per BIS. The average value of sulphate
monsoon season with 39.5± 15.2 to 43.9 ± 6.18 mg/l and recorded was ranging from 18.2 ± 0.94 to 21.5 ± 0.83 mg/l
28.9 ± 0.96 to 50 ± 5.0 mg/l. Acids contribute to in winters and 3.8 ± 3.59 to 17.4 ± 3.76 mg/l and 16 ± 0.9 to
corrosiveness and influence chemical reaction rates, 19 ± 2.7 mg/l in summers and monsoon respectively.
chemical speciation and biological processes. Acidity of Sulphate is generally non-toxic but consumption of water
water is its quantitative capacity to react with a strong with high amount of sulphate causes intestinal problems
base to a designated pH. The average concentration in in normal humans [24]. 
acidity was recorded with 54.4 ± 9.26 to 59.2 ± 9.95 mg/l in
winters  while in summers and monsoon it ranges from Correlation Matrix: Statistical analysis has been carried
46.4 0  ±  11.7  to  55.5  ±  13.7  mg/l  and  43.9  ±  11.7 to out by Pearson’s correlation coefficient between different
56.1 ± 8.21 mg/l. pairs of water quality parameters of River Ganga to

Chloride concentration during the study of all the develop the significant correlation among the parameters
river water is found quite low. Chloride contents in the [20,25]. The data analysis yielded an R-value, which is a
water is due to weathering and dissolution of salt correlation representing the linear relationship between
deposits, seawater intrusion  and  irrigation  runoff. the data pairs. A linear association implies that as one
During the study the average chloride concentration were variable increases, the other increases or decreases
ranged from 4.04 ± 0.983 to 4.833 ± 0.643 mg/l in winters linearly. Values of the correlation coefficient close to +1
while 3.998 ± 0.54 to 5.38 ± 0.345 mg/l and  4.51  ±  0.18  to (positive correlation) imply that as one variable increases,
5.28 ± 0.03 mg/l in summer and monsoon. While the other increases nearly linearly. On the other hand, a
comparing with desirable limit of EPA (250 mg/l) and correlation coefficient close to -1 implies that as one
WHO (200 mg/l) found very less. Excess chloride variable increases, the other decreases nearly linearly.
concentration gives salty taste to water and may result in Values close to 0 imply little linear correlation between the
hypertension, osteoporosis, renal stones and asthma [23]. variables  or  no  correlation  [26].  When   data   are    truly



World Appl. Sci. J., 33 (2): 203-212, 2015

210

Table 7: Correlation coefficient (r) values between water quality parameters of River Ganga System
Light Intensity Temperature Conductivity Turbidity Velocity T.S. T.S.S. T.D.S. DO BOD

Light Intensity 1
Temperature 0.993 1
Conductivity 0.276 0.158 1
Turbidity 0.705 0.785 -0.487 1
Velocity 0.769 0.841 -0.402 0.995 1
T.S. 0.823 0.885 -0.319 0.983 0.996 1
T.S.S. 0.836 0.896 -0.296 0.978 0.994 1 1
T.D.S. 0.727 0.804 -0.459 1 0.998 0.988 0.984 1
DO -0.997 -0.999 -0.202 -0.757 -0.816 -0.864 -0.876 -0.777 1
BOD 0.946 0.978 -0.051 0.897 0.35 0.963 0.969 0.91 -0.968 1
COD 0.962 0.988 0.004 0.871 0.914 0.946 0.954 0.886 -0.98 0.999
Free CO 0.772 0.843 -0.398 0.995 1 0.996 0.994 0.998 -0.818 0.9362

Alkalinity -0.559 -0.655 0.642 -0.982 -0.96 -0.931 -0.922 -0.976 0.621 -0.798
Hardness -0.877 -0.929 0.219 -0.959 -0.982 -0.995 -0.997 -0.967 0.911 -986
Acidity 0.998 0.984 -0.333 0.661 -0.73 -0.787 -0.802 -0.684 0.991 -0.925
Cl 0.9.0 0.967 -0.097 0.917 0.951 0.974 0.979 0.929 -0.955 0.999
P -0.899 -0.945 0.173 -0.945 -0.972 -0.989 -0.992 -0.954 0.93 -0.992
TKN 0.666 0.572 0.901 -0.059 0.037 0.125 0.149 -0.028 -0.608 0.388
Sulphate -0.911 -0.855 -648 -0.35 -0.437 -0.515 -0.536 -0.379 0.877 -0.728

Table 7: Continue
COD Free CO Alkalinity Hardness Acidity Cl P TKN Sulphate2

Light Intensity
Temperature
Conductivity
Turbidity
Velocity
T.S.
T.S.S.
T.D.S.
DO
BOD
COD 1
Free CO 0.916 12

Alkalinity -0.764 -0.959 1
Hardness -0.975 -0.982 0.888 1
Acidity -0.944 -0.732 0.508 0.847 1
Cl 0.995 0.952 -825 -0.992 -0.906 1
P -0.984 -0.972 0.866 0.999 0.871 -0.997 1
TKN 0.438 0.04 0.245 -0.227 -0.71 0.345 -0.272 1
Sulphate -0.764 -0.441 0.167 0.601 0.934 -0.695 0.638 -0.915 1

independent, the correlation between data points is zero. (r=0.983) between turbidity/TS and (r=0.996) between
The values of coefficient correlation were determined TS/F.CO at during the study. There was also observed
using MINITAB software version 16 in all  the  seasons. significant (p < 0.05) positive correlation (r=0.911)
In the present study the correlation coefficient (r) between between DO and TH while (r=0.621/0.991) between DO
every parameter for complete study is shown in Table 7 in and alkalinity/acidity during the study. The negative
the form of correlation matrix. The turbidity in River Ganga correlation was observed (r=-0.757/-0.959) between
System has shown positive correlations with Velocity, TS turbidity and DO/TH. Strong negative correlation was
and Free CO , while TS have positive correlations with found (r=-0.968/-0.980) (r=-0.174/-0.794) between DO and2

Free CO during the study. pH showed positive BOD/COD in river water (Table 7). Negative and positive2

correlations with DO/TH while DO showed positive correlation between the parameters shows seasonal
correlation with TH. There is a strong positive correlation changes in water quality of River Ganga System.

2



World Appl. Sci. J., 33 (2): 203-212, 2015

211

CONCLUSION 6. Rosegrant, M.W. and C. Ringler, 2000. Asian

In this study of water quality properties in terms of Situation, Food Policy. 25(3): 243-254.
its physicochemical parameters from the River Ganga 7. ACARGW (Advisory Council on Artificial Recharge
System has been studied and compared with various of Groundwater), Report of subcommittee on more
standards. Values obtained for the analysis were on the crop and income per drop of water. New Delhi:
margin and within the recommended values of BSI, India Ministry of Water Resources, Government of India
and United State Environmental Protection Agency 2006.
(USEPA) for survival, metabolism and physiology of 8. Chauhan, A. and S. Singh, 2010. Evaluation of Ganga
aquatic organisms. From the study it is clear that pollution water for drinking purpose by water quality index at
load is increasing in River Ganga System rapidly and it Rishikesh, Uttarakhand, India. Rep. Opin., 2(9):53-61.
requires major attention. Besides the various programmes 9. Deepali, Namita, J., 2012. Study of ground water
initiated by various agencies and Govt. of India quality of quality in and around SIDCUL industrial area,
water is still unmanaged because of its very complex and Haridwar, Uttarakhand, India. J. Appl. Tech. Environ.
interdisciplinary endeavor. We need to look forward for Sani., 2(2): 129-134.
more technological and eco-friendly approaches for the 10. Kulshrestha, H. and S. Sharma, 2006. Impact of mass
making better management plans by decision and policy bathing during Ardhukumbh on water quality status
makers. The required strategy for pollution control should on river Ganga, J. Environ. Biol., 27(2): 437-440 .
not only be a multiline approach but also be fool proof. 11. Mishra, A., A. Mukherjee and B.D. Tripathi, 2009.
The various sources of pollution in the Ganga River Seasonal and temporal variations in physico-
System and possible strategies to restore this ailing river chemical and bacteriological characteristics of River
to its immaculate status must be systematically examined Ganga in Varanasi, Int. J. Environ. Res., 3(3): 395-402.
and effective and permanent solutions established and 12. Semwal, N. and P. Akolkar, 2006. Water quality
implemented. assessment of sacred Himalayan Rivers of

Open Access: This article is distributed under the terms 13. Seth, Richa, Singh, Prashant, Mohan, Manindra,
of the Creative Commons Attribution License which Singh, Rakesh, Singh, Ravinder and Aswal, 2013.
permits any use, distribution and reproduction in any Monitoring of phenolic compounds and surfactants
medium, provided the original author(s) and the source in water of Ganga Canal, Haridwar (India), Appl.
are credited. Water Sci. (2013) 3:717-720. DOI 10.1007/s13201-013-
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