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ABSTRACT

The Physicochemical analysis of Ganga river has been carried out at Gangotri (the origin point) to Ganga river at
Haridwar district. Water samples have been collected from upstream, midstream and downstream of Ganga river of
Uttarakhand. lonic balance was calculated, the error in the ionic balance for majority of the samples were within
5%.

The abundance of various ions in the sample was in order of HCO3(63.8 mg/l)> Ca (19.2 mg/l) > Mg (5.9 mg/l) Na
(3.05 mg/l) > CI (1.6 mg/l) > K (0.5 mg/l). The pH value were ranged from 6.2 to 7.5 with a mean value of 6.5. The
EC were ranged from 89 ps/cm to 485 ps/cm with a mean value of 166.2 ps/cm. The physicochemical parameter of
water quality were compared with Bureau of Indian Standard (BIS 2012) and found that all the parameter were
under permissible limit of standards (BIS 10500). (Ca+Mg) - (Na+K) values were plotted against HCO3-(Cl+S04)
to characterize the water samples. In most of the samples, the water is Ca-Mg-HCO3 type. The water samples from
Gangotri to Loharingapala were of Ca-Mg-CI-SO4 type.

Hot Spot Matrix have also been calculated for identifying the location of severe water quality deterioration site
where immediate control measures are needed to restore and to preserve the water quality. As per trilinear diagram
of (Ca+ Mg), Na and K most of the samples falls towards the apex of (Ca + Mg) while in trilinear of HCO3 , CI
and NO3 all the samples falls towards the apex of HCO3 indicating dominance of carbonate weathering in ganga
river.
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INTRODUCTION

Water is one of the valuable natural resources and the quality of water is of vital concern for the mankind since it
is directly link with human welfare. Fresh water is necessary for healthy living [1,2]. Industrialization and
urbanization causing deterioration of surface and ground water quality in various part of the world. Untreated
effluent and municipal solid waste is directly thrown on water catchment area [3-8]. The world is facing problems
with a wide variety of pollutants both inorganic and organic in nature. Rivers receive huge quantities of untreated
sewage, agricultural runoff (pesticides, fertilizer etc.), street washouts (oil, asphalt, sediment and many types of
heavy metals). The characterization of river water quality is a tool to understand the water quality in its catchment
area [9,10]. River Ganga is a trans-boundary river of India and Bangladesh [11-15]. It is the largest water resource
available to India and due to anthropogenic activities in the Gangetic plain, the Ganga water quality has been
severely deteriorated for many years. Water quality of Himalayan Rivers has been steadily deteriorating over
several decades due to anthropogenic activities, dumping of treated or untreated effluents, poor structured sewerage
and drainage system, etc . [16-20]. The knowledge of hydro-chemistry is essential in order to understand suitability
of water for drinking and irrigation purposes and sustainability of water resources for consumption of future
generations [21-24] . The study on water quality has been done by various researcher in many places. [25-29]
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The water of all these rivers serves as the major source for drinking and irrigation purposes in region of
Uttarakhand. Therefore, to restore the vitality and water quality of all these rivers, proper water resource planning
programme should be developed.

STUDY AREA

The present study area cover river Ganga from Gangotri to Haridwar of approximate length of 254 Km starting from
Gangotri to Bishanpur (Haridwar).

Samplining sites on river ganga
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Figure 1. Sampling location at Ganga river Material and Method

MATERIAL AND METHODS
The water quality analysis was performed as per standard method [30] at National Institute of Hydrology, Roorkee
laboratory (An 1SO 9001-2008 Certified). The pH, conductivity and TDS were analyzed at the sampling locations
with the help of pH meter, conductivity meter and TDS meter. The alkalinity, hardness, chloride, calcium and
magnesium were by titration methods. Iron was analyzed with the help of UV Spectrophotometer. lonic balance
was calculated, the error in the ionic balance for majority of the samples was within 5%. The sampling location map
of Ganga river has been prepared with using SOFTWARE USED-Arc GIS 9.3 and Surfer 9.

RESULT AND DISCUSSION

The physiochemical analysis of various ions are presented in table 1. The pH value in the study area were ranged
from 6.2 to 7.5 with a mean value of 6.5 (Table 1). The total dissolve solid (TDS) were ranged from 57mg/l to 311
mg/l with a mean value of 106 mg/l and found under permissible limit of BIS standard (IS 10500) of drinking water
quality. The alkalinity were ranged from 33 mg/l to 401 mg/l with a mean value of 63.8 mg/l. The spatial variation
of variation of EC, alkalinity, 89mg/l to 485 mg/l with a mean value of 166 mg/l and alkalinity from 33mg/I to
401 mg/l with a mean value of 63.8 (Table 1) mg/l. The spatial variation of EC, alkalinity, hardness and calcium
were shown in contour map of river Ganga (Figure 2, 3, 4, and figure 5 )[31-33].
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Fig 5.4 EC Cont, Fig 5.6 Alkalinity Contour in river Ganga

Figure 2. Contour map of river Ganga showing spatial variation
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Fig 5.8 Hardness Contour in river Ganga

Figure 4. Contour map of river Ganga showing spatial variation of Sulphate and Iron
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Figure 5. Contour map of river Ganga showing spatial variation of Magnesium and Sodium
(Ca+Mg)-(Na+K) values were plotted against HCO3-(CI+S04) to characterize the water samples (Figure 6 Chadda
diagram). Most of the samples, the water were of Ca-Mg-HCO3 type. The water samples from Gangotri to
Loharingapala were of Ca-Mg-CI-SO4 type.

100

50 A
T YWy
o AN Ay
%! 0 A
6 -100 -80 -60 -40 -20 O 20 40 60 80 100
- -50
(9]
O
O
L

'198a+|v|g) - (Na+K)

Figure 6. Chaddha Diagram
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Hot Spot Matrix is use to identifying that location where water Quality is worst and need immediate control
measures to restore and Retreat and Preserve the water Quality again (Table 1). These sites are those sites which are
directly affected by any point source of pollution. To restore and preserve water quality of such location need
frequent supervision monitoring and continuous surveillance.

In order to restore the water Quality of such location identification of source of pollution is first essential step.
Following equation has been used for identifying Hot Spot Matrix.

Priority Number =10 (LE) +5 (MV) +ME

Where, ME-Mean Value Exceeded, MV-Maximum Value, LE-Limit Exceeded.
Where, 10 and 5 are Weightage factors

The location which got highest Priority number that will be considered as Hot Spot.
Priority Number =Not Applicable, if at least 1 Parameter is not exceeded Limit Value.

Highest Priority number is-32 at G-21 (Khadkhadi) means it is most Sensitive location and required frequent,
monitoring (Table 2). Deviation at Khadkhadi may be due to discharge of partially treated sewage into the river
Ganga from Jagjeet pur Sewage treatment plant. There is immediate need to increase treatment capacity of the STP
by introducing more units. Also care taken to Nallas, which discharge into the river directly although such Nallas are
few.

The bicarbonate was found to be most dominant ions (63.8 mg/I) followed by Ca (19.2 mg/l) The abundance of
various ions in the study area were in the order of HCO3> Ca (1 >Mg>Na >Cl >K

CONCLUSION

The hydrochemistry of the study area indicated bicarbonate was the most dominant ion followed by calcium,
magnesium, sodium, chloride and potassium. All parameter of water quality were under permissible limit of BIS
standards (2012). The water samples were of Ca-Mg-HCO3 category in most of the sampling location of Ganga

river.
Table 1 : Physicochemical parameter and their comparison with BIS Standard (1S 10500:2012)

Required Fer_mlssmle )
imit n
Mean a_ccgptable absence of
SN Parameter Range limit (IS
Value 10500 alternate
2012) source (s
10500 : 2012)
1 pH 6.2-75 6.5 6.5t08.5 No relaxation
2 EC (us /cm) 89 - 485 166 NA
3 TDS (mg/l) 57-311 106.6 500 2000
4 Alkalinity | 53 401 63.8 200 600
(mgll)
Hardness
5 (mg/l) 14-224 717 200 600
6 Cl (mg/l) 02-74 1.6 250 1000
7 NO; (mg/l) 3.1-18 7.8 45 No relaxation
8 SO, (mg/l) 57 -311 106.6 200 400
9 Na (mg/l) 1.2-5.1 3.05 NA
10 K (mg/l) 05-2 1.2 NA
11 Ca (mg/l) 11.1-521 | 19.2 75 200
12 Mg (mg/l) 2110222 | 59 30 100
13 Fe (mg/l) ggg to 0.12 0.3 No relaxation
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Table 2. Hot Spot Matrix

Locati EC Alkalini | Hardne Cl | NOS | Na | K Ca Mg Fe TDS | SO4 Prior
L{M[M|]

on ty ss (m (m (mg/ | (mg/ (mg/l | (mg/ ity

pH. | (us / /o (mg E|E|V
Code femy | (ML) | (mgiLy | 90| (mal gl f(mg Ly L | ) 1) No

LDl |U |

G-1 59 | ME |51 ME 02 |7 I';" ME |[ME |ME |LE |ME |MV |17 |1 ]2
G2 |58 |ME |43 ME Volve | M | me |ME |ME [ME |ME | ME |07 |0 |u1
G-3 62 | ME | 41 ME 08 | ME EA ME |18 |ME |ME |ME |ME |0 |9 |0 |9
G-4 62 | ME | 47 ME 08 | 53 \'\;' ME |ME |ME |ME |ME |ME |0 |8 |1 ]13
G5 ME | ME | 47 70 14 | 13 EA ME | ME | ME |006 | ME |ME |0 |8 |0 |8
G-6 64 | ME | 45 68 04 | 48 {\/" ME |18 |5 008 | ME |ME [0 |4 |1 09
G-7 66 | ME | 46 68 E" 6.6 E" MV | ME |5 007 |ME |ME |06 |1 |11
G-8 67 | ME | 47 ME y 6.6 E" MV |ME | ME |006|ME |ME |0 |8 |1 |13
G-9 64 | ME |51 ME 12 | ME EA ME |18 | ME |[007|ME |ME |0 |8 |0 |8
G-10 | ME | ME | 47 ME 2 |7 EA ME [20 | ME [009|ME |24 |0|7 |07
G11 | ME |89 |33 14 02 |ME |17 |11 |12 |2 015 |57 |14 |o|2 |0 |2
G12 |ME |9 |34 43 0 |ME |17 |13 |11 |4 018 |61 |17 |o |2 |0 |2
G13 |64 |94 |55 41 12|31 |18 |11 |11 |3 027 |60 |13 |o|o oo
G-14 | ME | 100 | 34 43 14 |48 |17 |11 |12 |3 006 |64 |12 |o|1]0 |1
G15 |ME |99 |35 42 04 | 4 16 |1 1 |3 00863 |14 |o|1]0 |1
G-16 | ME | 111 | 38 49 12 |48 |2 |1 14 |3 o1 |70 |17 |o |10 |1
G-17 | ME | 139 | 52 61 g 57 |16 |08 |17 |5 01 |ME |21 |0 |3 |0 |3
G-18 | ME | 166 | 61 ME E" 11 |17 )08 |20 |ME |[007|ME |25 |0|5 |0 |5
G-19 | ME | ME | ME ME E" MV |16 |07 |21 |ME |019| MV |ME [0 |7 |2 |7
G20 | ME | 135 | 52 57 0 |48 |17 |09 |16 |4 01 |8 |20 |o|1]o0 |1
G21 | MV | MV |LE MV \'\;' 53 [5 |05 | MV |Mv |002|ME |20 |1]2 |4 |32
G22 | ME | 160 | 47 ME 'E" ME |12 |07 |ME |5 008|102 |20 |o0|5 |05
G23 | ME | 217 | ME ME E" ME |14 |05 |ME |ME |o002|8 |17 [0 |7 |0 |7

62 | 127. 547 0.88 0.09
Mean 50.5454 156 | 381 72.4
Vals | 888 | 8181 | 45.3 o 08 | 3333 | 19 | 461 | woor | wiar | 736 | 4o | 18

8 |8 3 5 8

REFERENCES

[1] Annapoorna H, Janardhanbad MR. Agquatic Procedia. 2015, 4 , 685-692.

[2] APHA, Standards method for examination of water and waste water, 20" edn. American Public Health
Association, Washington DC, 1999.

[3] Arvind Kumar R, Biswajit P; Nawal K. Int J Plant Environ sci. 2011, 2.

[4] Ashwani KT, Abhay KS. J Geo Soc India. 2014, 83, 329 -343.

[5] Bahukhandi Kanchan D, Bartarya SK, Siddiqui NA. Int J Chem Tech Res. 2017, 10(10); 95-118.

[6] Bahukhandi K, Mondal P, Singh S. IntJ Scientific Res Pub. 2015, 5(5), ISSN 2250-3153

[7] Bahukhandi Kanchan D, Bartarya SK. Octa J Environ Res. 2014, 2(2), 168-177.

149




Bahukhandi Kanchan Deoli J. Chem. Pharm. Res., 2018, 10(7): 145-150

[8] Bartarya SK, Deoli Kanchan B. Global J Eng Design Technol. 2012, 1(1), 11-22.

[9] Bahukhandi Kanchan D, Bartarya SK. Octa J Environ Res. 2014, 2(2), 168-177.

[10] BIS 2012, Bureau of Indian Standard, Drinking water specification, IS 10500 : 2012

Bharti N and Katyal.D. Int J Environ Sci. 2011, 2, 1.

[11] Chandrasekar N, Selvakumar S, Srinivas Y, John Wilson JS, Simon Peter T, Magesh NS. Environ Earth Sci.
2014, 71, 4739 — 4750.

[12] CK Jain. Ind Water Res. 2002, 36, 1262-1274.

[13] Deoli Kanchan B, Bartarya SK. Hydrochemistry of Surface and groundwater of Doon valley. Published in
proceeding volume on. Fifth International Groundwater Conference (IGWCC) jointly organized by Association of
Geologist and Hydrologist at Aurangabad, Maharashtra. 2012, 3(74), 1109-1119.

[14] Deoli Kanchan B, Aaron A. Ind J Global Ecol Environ. 2017, 5(3), 133-143.

[15] Dhananjay K, Anjali V, Namita D, Nandkishor M. 2013, 3(3), 337-344.

[16] Gadekar MR, Gonte RN, Paithankar VK, Sangale YB, Yeola NP. Int J Emerging Technol Advanced Eng. 2012,
9).

[17] Mohammad A, JK Pathak. Using a Computer Programme, Nature and Science. 2010, 8(11).

[18] Md Ashiqur Rahman, Dhia Al Bakri. Iranica J Energy Environ. 2010,1(2), 81-92.

[19] Nighojkar Abhineet , ER D Dohare. Int Res J Environ Sci. 2014, 3(4), 74-81.

[20] Pankaj Kumar R, Deeya R, Somnath P, Gourab B. World Appl Sci J. 2014, 29(5), 634-640.

[21] Raju NJ, Shukla UK, Ram P. Environ Monit Assess. 2011, 173, 279 -300.

[22] Richa S, Manindra M , Prashant S ,Rakesh S, Rajendra D ,Krishna PS, Sanjay G. 2014. Appl Water Sci. 2014.
[23] RM Bhardwaj. Water quality monitoring in India- Achievements and constraints. Central Pollution Control
Board, IWG-Env, International Work Session on Water Statistics, Vienna, June 20-22 2005 Report of CPCB on
Pollution trend of river Ganga 2013. 2005.

[24] SP Gorde, MV Jadhav. 2013. J Eng Res Appl. 2013, 3(6), 2029-2035.

[25] Srinivas Y, Hudson Oliver D, Stanley Raj A, Chandrasekar N. App Water Sci. 2013, 3,631-651.

[26] Srinivasamoorthy K, Chidambaram S, Prasanna MV, Vasanthaviha M, Peter J, Anandhan P. 2008. India Arab
J Geosci. 2008, 4, 91-102.

[27] Shanmugasundharam A, Kalpana G, Mahapatra SR , Sudharson ER. Appl Water Sci. 2015.

[28] Subramanian A . J Envrion Earth Sci. 2011, 1(1), 1-5.

[29] Sukarma T, Siddhartha C, Priyanka T. Pelagia Res Library Adv in Appl Sci Res. 2011, 2 (5), 84-91.

[30] Smita J. Int J Environ Sci. 2012, 3(2).

[31] Sharda AK, Sharma MP. Int J Environ Sci. 2013, 4(3).

[32] Vikram B, DhruvSen S , AK S. J Earth Syst Sci. 2010, 117-127.

[33] Yadav SS, Kumar R. Pelagia Res Library Adv in Appl Sci Res. 2011, 2(2), 197-201.

150



