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ABSTRACT 

We present an extensive investigation of physico-chemical parameters of water samples of Julana and Safidon blocks of 
District Jind, Haryana, India. Water samples were collected from different localities in cleaned polythene bottles and 
were analyzed for the different physico-chemical parameters like pH, electrical conductivity, total dissolved solids 
(TDS), total hardness (TH), calcium, magnesium, total alkalinity (TA), carbonate, bicarbonate, sodium, potassium, ch- 
loride, sulphate and fluoride. The analyzed parameters were compared with the standard desirable limits prescribed by 
World Health Organization (WHO), Bureau of Indian Standard (BIS) and Indian Council of Medical Research (ICMR) 
standards of drinking water quality parameters. For the identification of the highly correlated and interrelated water 
quality parameters, the correlation coefficients were calculated between different parameters and the t-test was applied 
for checking significance. The results showed significant variations in water quality parameters in the study areas. 
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1. Introduction 

Water quality is an important factor in determining the 
human welfare. Water quality means the description of the 
chemical, physical and biological characteristics of water. 
Water is essential to life and for the harmonious devel- 
opment of our bodies, as it is involved in a number of 
biological processes. Water is used for drinking, irriga- 
tion, sanitation and many other human needs. It affects our 
lifestyle and economic well-being. More than three quar- 
ters of the earth’s surface is made up of water and only 
2.8 percent of the earth’s water is available for human 
consumption and the rest 97.2 percent is in the oceans. 
Rapidly increasing population, rising standards of living 
and exponential growth of industrialization and urbaniza-
tion have exposed the water resources and has degraded 
the water quality. The major sources of water pollution 
are domestic waste and industrial wastes, which are dis-
charged into natural water bodies [1-3]. Pollutants such 
as herbicides, pesticides, fertilizers, hazardous polych- 
lorinated biphenyls and synthetic organic chemicals can 
also make their way into water supply. Polluted ground 
water is a major cause for the epidemic and chronic dis- 
eases in human beings. Many investigations have found a 

correlation between cardiovascular deaths and water com- 
position [4,5]. The disorder of teeth and bones is due to 
consumption of fluoride-rich water [6]. Carbonate and 
bicarbonate may originate from microbial decomposition 
of organic matter also. Alkalinity is big problem for in- 
dustries also, as if alkaline water is used in boilers for 
steam generation, it may lead to precipitation of sludge, 
deposition of scales and causes caustic embrittlement [7]. 
The residential waste is discharged into the pits, ponds 
due to which the waste migrates down to the water table 
[8] and moreover there is a possibility of dissolution of 
rocky materials in the area.  

Due to less availability and non-acceptance of surface 
water, people of Haryana have to depend upon ground- 
water resources to a large extent. In many areas of the 
state, ground water is the only source for drinking water. 
The main sources of drinking water in rural areas are fre- 
sh water body such as wells, tube-wells and hand pumps. 
In urban areas the municipal supply water is available 
only for short periods and for limited time while in rural 
areas the supply water is even after 4 - 5 days. Therefore, 
people are compelled to use ground water for drinking 
and cooking purposes both in rural and urban areas. The 
groundwater is used for the irrigation purpose as well and 
the irrigation schemes play a vital role in the economy of *Corresponding author. 
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any region, state or country [9]. The problem of higher fluo- 
ride concentration, high TDS, high cation and anion con- 
centration in groundwater has now become one of the 
most important toxicological and geo-environment issues 
in India. Recently, various groups [10-12] have analysed 
groundwater samples for their physiochemical parame- 
ters. 

The Jind district is in the North of Haryana state of In- 
dia between 29.03' and 29.51' North latitude and 75.53' 
and 76.47' East longitude. Panipat, Karnal and Kaithal 
districts, respectively, are on its East and North-East. In 
the West and South-West it has a common boundary with 
district Hisar and Fatehabad and in its South and South- 
East lie the district of Rohtak and Sonipat, respectively. 
Its boundary line on the North forms the inter-state Har- 
yana-Punjab border with Patiala and Sangurar districts of 
Punjab. Safidon and Julana are tehsils in District Jind of 
Haryana state of India. Safidon is the centre of Panipat 
and Jind districts. It is situated on the bank of the Hansi 
branch of the Western Yamuna canal, 35 km northeast of 
Jind. Julana is located in the middle of the Rohtak and 
Jind districts. Entire drinking water supply to all rural as  

well as urban parts of the Julana and Safidon blocks of 
Jind district is based on groundwater from hand pumps, 
tube wells or by canals. The objective of this study is to 
present the quality of drinking water supply sources in 
some of the locations of Safidon and Julana blocks in 
District Jind, Haryana, India. 

2. Sampling and Physio-Chemical Methods 
of Analysis 

Groundwater samples from thirty six locations of Safidon 
block and thirty five locations of Julana block in District 
Jind, Haryana, India, were analyzed for their physio- 
chemical parameters. Water samples were collected from 
different localities in the cleaned polythene bottles. The 
bottles were well rinsed before sampling and tightly seal- 
ed after collection and labelled in the field. Sampling was 
carried out without adding any preservative. The samp- 
ling locations are given in Table 1. The physio-chemical 
analysis of water samples was carried out for various qua- 
lity parameters such as pH, electrical conductivity (EC), 
total dissolved solids (TDS), total alkalinity (TA), total 

 
Table 1. Sampling locations of Safidon block and Julana block in District Jind, Haryana, India. 

Safidon Block Julana Block 

Location Code Source of sample Location Code Source of sample 

Safidon S-1 Hand pump Julana Jl-1 Hand pump 
Chapper S-2 Hand pump Barar Khera Jl-2 Tube well 

Bahadurgarh S-3 Hand pump Anoopgarh Jl-3 Hand pump 
Mallar S-4 Hand pump Shamlo Khurd Jl-4 Hand pump 
Rozla S-5 Tube well Khema Kheri Jl-5 Hand pump 
Butani S-6 Hand pump Shamlo Kalan Jl-6 Hand pump 

Shahnpur S-7 Hand pump Ramkali Jl-7 Hand pump 
Nimnabad S-8 Hand pump Karsola Jl-8 Tube well 

Barod S-9 Tube well Kinana Jl-9 Hand pump 
Baisini S-10 Hand pump Karela Jl-10 Hand pump 
Khatla S-11 Hand pump Jamola Jl-11 Hand pump 

Bhuslana S-12 Hand pump Kherabhagta Jl-12 Hand pump 
Karsandhu S-13 Hand pump Ghadwali Khera Jl-13 Hand pump 
Titokheri S-14 Tube well Khatrainti Jl-14 Hand pump 

Bahadurpur S-15 Hand pump Desh Khera Jl-15 Tube well 
Singhpur S-16 Hand pump Malvi Jl-16 Hand pump 
Shilakheri S-17 Hand pump Kamaunch Khera Jl-17 Tube well 
Karkhnana S-18 Tube well Lijwana Khurd Jl-18 Hand pump 

Korda S-19 Hand pump Sirsa Kheri Jl-19 Hand pump 
Ratta Khera S-20 Hand pump Nandgarh Jl-20 Hand pump 

Khera Khemavati S-21 Hand pump Fatehgarh Jl-21 Hand pump 
Paju Kalan S-22 Hand pump Lijwana Kalan Jl-22 Hand pump 
Aftabgarh S-23 Tube well Mehrana Jl-23 Tube well 
Malikpur S-24 Hand pump Akalgarh Jl-24 Hand pump 

Baghru Kalan S-25 Hand pump Deorar Jl-25 Hand pump 
Baghru Khurd S-26 Hand pump Bamanwas Jl-26 Hand pump 
Anchra Khurd S-27 Hand pump Shadipur Khera Jl-27 Hand pump 

Sarfabad S-28 Hand pump Khudali Jl-28 Hand pump 
Todi Kheri S-29 Tube well Paoli Jl-29 Hand pump 
Didwada S-30 Hand pump Jai Jaiwanti Jl-30 Tube well 
Singhana S-31 Hand pump Gatauli Jl-31 Hand pump 
Muana S-32 Hand pump Gosain Khera Jl-32 Hand pump 

Malsiwana S-33 Hand pump Boana Jl-33 Hand pump 
Anchra Kalan S-34 Hand pump Dhigana Jl-34 Hand pump 

Rampura S-35 Hand pump Padhana Jl-35 Tube well 
Jaipur S-36 Tube well    
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hardness (TH), sodium (Na+), potassium (K+), calcium 
(Ca2+), magnesium (Mg2+), carbonate , bicar-
bonate 3 , chloride (Cl–), sulphate 

 2
3CO 

 HCO 2
4SO   and 

fluoride (F–) as per the standard procedure described by 
the “Standard Methods For The Examination of Water 
and Wastewater American Public Health Association 
(APHA)” [13]. The pH, EC, TDS and salinity of all the 
water samples were determined using digital portable kit 
(Electronics India, Panchkula, India). Calcium (Ca2+), 
Magnesium (Mg2+) and total hardness (TH) were deter- 
mined by the Ethylene Diamine Tetra Acetic Acid 
(EDTA) titration method, Chloride (Cl–) by Argentomet-
ric titration method. The total alkalinity (TA) was deter-
mined using the titration method. Fluoride (F–) was de-
termined using Alizarin spectrophotometer. 

3. Results and Discussion 

Characterizations of the physio-chemical parameters of 
different locations in Safidon block and Julana block of 
District Jind, Haryana, India are reported in Tables 2 and 
3, respectively. The experimental results of the Safidon  

block and Julana block are compared in Tables 4 and 5, 
respectively, with the standard limits recommended by 
the World Health Organization (WHO) [14] and ISI [15]. 
Considerable deviations are observed in the water quality 
parameters from the standard limits. 

3.1. pH 

The permissible limits for drinking water are 7.0 - 8.5. In 
absence of any alternate source, water with pH 6.5 - 9.2 
can be used. The pH values of the samples in Safidon 
block ranges from Safidon 7.2 to 9.3 with average 8.54. 
The pH values of the samples in Julana block ranges 
from 7.16 to 8.73 with average 7.84. The ground waters 
are slightly alkaline in nature. 

3.2. Electrical Conductivity 

EC of the samples from the Safidon block ranges from 
1.1 mS to 5.7 mS with a mean of 2.05 mS and those of 
the samples from Julana block ranges from 1.12 mS to 
8.07 mS with a mean of 3.46 mS. 

 
Table 2. Physico-chemical characteristics of ground water of Safidon block. 

Sample pH EC TDS TA TH Na+ K+ Ca2+ Mg2+ 
3

HCO
 2

4
SO Cl– 2

3
CO

  
 F– 

S-1 8.5 2.3 1472 716 420 520 1.0 62.0 38.0 0.0 24.0 294 40.0 1.26 
S-2 8.9 2.2 1408 744 439 280 0.0 96.0 66.1 0.0 96.0 124 22.0 1.12 
S-3 8.5 1.9 1216 638 410 310 2.0 62.0 39.5 0.0 72.0 182 33.0 0.85 
S-4 9.0 2.0 1280 610 436 330 2.0 52.0 28.2 1.6 52.0 149 59.0 0.99 
S-5 9.1 1.8 1152 476 304 260 1.0 24.0 18.6 0.0 76.0 348 44.0 1.27 
S-6 9.1 1.8 1152 376 314 250 2.0 48.0 33.5 0.3 38.0 131 31.0 1.39 
S-7 8.6 2.2 1408 504 449 260 2.0 68.0 36.1 0.0 76.0 153 89.0 1.62 
S-8 8.6 1.8 1152 576 344 180 2.0 46.0 34.4 1.2 78.0 105 35.0 2.01 
S-9 8.8 1.7 1088 454 312 310 2.0 56.0 31.9 0.0 50.0 153 25.0 0.79 
S-10 8.7 1.5 960 340 340 260 1.0 46.2 36.4 0.0 67.0 74 34.0 0.66 
S-11 8.9 2.3 1472 376 430 330 6.0 54.4 28.6 0.9 48.0 155 25.0 0.59 
S-12 8.8 1.4 896 348 236 300 1.0 36.0 22.5 0.0 88.0 75 49.0 0.71 
S-13 9.1 1.8 912 356 190 290 6.0 42.2 34.1 0.0 52.0 67 25.0 1.69 
S-14 8.6 1.1 704 332 214 310 1.0 44.9 34.5 0.0 44.0 124 18.0 1.39 
S-15 8.3 1.3 832 336 227 330 5.0 46.1 26.9 0.0 76.0 142 23.0 1.43 
S-16 9.0 1.8 1152 536 334 330 1.0 46.3 26.4 0.6 96.0 117 40.0 2.22 
S-17 8.4 1.6 1024 542 301 310 2.0 94.0 62.9 1.2 36.0 117 93.0 1.11 
S-18 8.6 5.7 1148 524 316 330 1.0 42.0 36.5 0.4 90.0 163 43.0 1.03 
S-19 8.3 2.8 1092 696 231 300 3.0 46.9 26.4 0.5 48.0 71 23.0 1.49 
S-20 8.9 1.9 1216 508 401 260 3.0 58.2 32.2 1.4 72.0 142 33.0 1.08 
S-21 8.8 2.0 1280 540 420 410 3.0 34.7 28.1 0.8 72.0 220 26.0 1.51 
S-22 9.0 1.8 1152 726 378 320 2.0 32.0 24.6 0.8 7.0 119 23.0 2.93 
S-23 8.6 2.3 1472 576 483 230 2.0 68.0 48.0 1.0 88.0 218 24.0 2.73 
S-24 9.3 2.4 1536 678 508 410 2.0 48.2 40.0 1.0 104.0 218 85.0 1.57 
S-25 8.5 4.3 1752 686 411 440 2.0 66.0 82.0 0.0 102.0 227 24.0 0.83 
S-26 8.6 1.7 1088 454 322 450 2.0 48.0 40.0 0.4 96.0 144 27.0 1.85 
S-27 8.8 1.4 896 438 232 400 3.0 58.4 34.0 2.6 84.0 202 42.0 1.00 
S-28 8.4 1.4 896 548 218 390 4.0 66.1 36.0 0.8 68.0 192 27.0 1.39 
S-29 7.8 2.2 1408 574 415 450 5.0 54.8 73.0 0.1 60.0 341 30.0 1.45 
S-30 8.6 2.4 1536 558 502 410 3.0 73.0 38.0 1.4 36.0 147 91.0 1.39 
S-31 7.7 2.3 1472 536 430 420 2.0 29.0 39.0 0.7 62.0 376 72.0 2.41 
S-32 8.7 2.1 1344 572 425 410 2.0 49.0 49.0 1.3 21.0 319 20.0 1.29 
S-33 8.0 1.2 768 484 226 420 3.1 86.0 86.0 0.8 63.0 291 32.0 0.11 
S-34 7.3 2.5 1520 670 313 370 4.1 77.0 67.0 0.3 94.0 309 98.0 2.08 
S-35 7.2 1.7 1448 514 256 440 2.1 43.0 47.0 0.5 67.0 120 27.0 0.97 
S-36 7.7 1.3 831 313 231 340 3.2 41.0 241.0 0.0 89.0 223 20.0 1.11 

All parameters have been expressed as mg/L except pH and EC. The unit of EC is mS. 
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Table 3. Physiochemical characteristics of ground water of Julana block. 

Sample pH EC TDS TA TH Na+ K+ Ca2+ Mg2+ 2

3
CO

  
3

O


HC
2

4
SO Cl– 

 F– 

Jl-1 7.53 4.25 2160 493 274 50.0 0.2 7.0 9.0 0.00 22.1 100.5 17.5 1.04
Jl-2 7.90 3.98 2387 593 467 57.5 0.4 8.7 9.1 0.06 120.9 174.0 21.9 1.10
Jl-3 8.53 3.34 2137 868 622 62.0 0.3 9.9 8.7 0.03 121.1 112.0 9.2 1.40
Jl-4 7.65 8.07 5165 582 421 71.4 0.3 8.8 11.9 0.01 126.1 109.0 12.9 1.02
Jl-5 7.45 3.14 2010 804 669 82.6 0.5 10.8 12.6 0.02 133.9 133.0 23.9 0.69
Jl-6 7.90 5.19 3322 566 407 86.2 0.4 29.0 13.9 0.04 142.8 304.0 30.0 2.00
Jl-7 8.73 4.54 2906 752 508 84.0 1.0 38.7 14.7 0.08 99.9 355.0 43.8 1.15
Jl-8 7.79 3.61 2311 855 759 89.5 2.0 19.1 29.6 0.07 100.0 203.7 60.1 1.55
Jl-9 7.79 4.12 2639 718 628 91.3 3.0 19.7 39.0 0.11 119.9 313.7 55.5 2.52
Jl-10 7.79 3.03 1940 969 646 112.0 4.0 20.8 44.5 0.24 98.7 31.5 39.9 1.97
Jl-11 8.10 3.62 2317 958 772 160.9 4.8 39.9 91.9 0.38 77.5 41.9 56.7 2.10
Jl-12 7.80 2.09 1338 568 495 136.0 3.1 19.0 8.1 0.74 100.4 127.5 60.0 1.88
Jl-13 7.98 1.12 1717 305 378 121.0 2.5 12.0 38.0 0.69 80.9 309.7 12.4 1.78
Jl-14 7.48 1.59 1018 499 459 113.0 0.6 46.0 90.9 0.74 79.0 151.7 22.2 1.75
Jl-15 7.29 1.79 1146 552 421 117.5 0.7 51.3 30.6 0.20 99.5 169.5 42.9 1.58
Jl-16 8.55 3.82 2445 726 619 151.7 17.0 16.3 80.8 1.12 100.1 133.3 115.9 1.12
Jl-17 7.77 3.46 2215 907 638 177.1 29.0 70.9 92.9 1.61 102.9 141.0 104.9 1.27
Jl-18 7.75 3.19 2042 620 673 181.9 17.6 28.6 91.1 0.69 111.0 131.9 102.8 2.72
Jl-19 7.64 3.27 2093 846 667 141.7 17.0 13.6 90.0 1.34 120.9 192.7 124.8 1.56
Jl-20 7.99 4.66 2983 991 964 152.6 22.0 44.5 80.1 1.29 131.0 182.9 118.1 2.05
Jl-21 8.10 3.50 2240 820 658 160.6 25.7 33.9 87.1 1.69 40.8 131.5 56.1 1.05
Jl-22 8.41 4.19 2682 940 833 170.7 26.3 16.9 40.1 1.00 60.7 207.9 111.9 0.90
Jl-23 7.90 3.11 1990 995 673 160.0 27.5 11.1 43.6 1.01 81.1 91.7 99.9 1.69
Jl-24 7.79 4.18 2675 737 861 159.9 28.0 10.9 33.6 0.09 39.1 102.5 100.1 2.00
Jl-25 7.84 3.55 2272 736 737. 157.7 28.7 49.0 55.6 1.27 29.3 131.8 112.2 1.39
Jl-26 7.69 4.90 2776 888 858 200.0 29.0 30.0 60.0 1.50 20.1 379.9 44.0 1.21
Jl-27 7.49 3.00 1920 960 620 160.9 5.9 18.0 38.0 0.75 99.0 196.9 40.9 0.93
Jl-28 7.36 2.90 1856 828 638 152.8 4.8 19.0 96.0 0.66 98.8 170.1 120.8 1.67
Jl-29 7.42 1.40 1096 548 398. 136.1 4.1 10.3 91.8 0.77 94.9 180.8 109.9 1.99
Jl-30 7.16 2.40 1536 668 412 99.0 3.9 14.9 89.9 0.82 51.3 160.8 60.2 1.53
Jl-31 7.83 3.40 2176 988 625 89.9 9.9 62.8 77.5 0.28 36.1 177.7 59.8 1.00
Jl-32 8.06 2.70 1728 764 576 119.9 6.6 99.9 81.9 0.67 88.0 120.3 69.9 0.88
Jl-33 7.83 4.20 2688 944 796 125.9 7.1 42.8 86.6 0.45 34.9 119.7 79.0 0.47
Jl-34 8.00 2.40 1536 768 512 142.0 4.2 62.0 83.7 0.65 77.9 283.9 120.0 0.97
Jl-35 8.07 3.40 2176 588 325 162.0 7.2 109.0 62.9 0.42 24.9 186.2 59.9 0.98

All parameters have been expressed as mg/L except pH and EC. The unit of EC is mS. 
 

Table 4. Comparison of groundwater of Safidon block with drinking water standards (Indian and WHO). 

Range of samples ISI Standards 
Parameters 

Min Max Mean S.D. Accept Limit Max Limit 
WHO Limit 

pH 7.2 9.3 8.5 0.49 7.0 - 8.5 6.5 - 9.2 8.0 - 8.5 

EC 1.1 5.7 2.1 0.87 - - - 

TDS 704 1752 1198 260.07 500 1500 500 

TA 313 744 524 121.97 200 600 - 

TH 190 508 345 94.15 200 600 100 

Na+ 180 520 343 75.86 50 - - 

K+ 0 6 2.4 1.46 - - - 

Ca2+ 24 96 54 17.67 75 200 75 

Mg2+ 18.6 241 46.3 38.08 200 400 50 
2

3
CO



3
HCO



2
SO



 0 2.6 0.6 0.62 75 200 75 
 7 104 66.4 24.08 30 - 150 

Cl– 67 376 182 89.31 200 1000 200 

4

F– 

 18 98 40.3 25.44 200 400 200 

0.11 2.93 1.37 0.60 1 1.5 1 

All parameters have been expressed in mg/L except pH and EC. The unit of EC is mS. 
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Table 5. Comparison of groundwater of Julana block with drinking water standards (Indian and WHO). 

Range of samples ISI Standards 
Parameters 

Min. Max. Mean S.D. Accept. Limit Max. Limit 
WHO Limit 

pH 7.16 8.73 7.84 0.35 7.0 - 8.5 6.5 - 9.2 8.0 - 8.5 
EC 1.12 8.07 3.46 1.24 - - - 

TDS 1018 5165 2218.2 733.15 500 1500 500 
TA 305 995 752.7 173.59 200 600 - 
TH 274 964 600.25 165.19 200 600 100 
Na+ 50 200 126.78 38.58 50 - - 
K+ 0.2 29 9.87 11.84 - - - 

Ca2+ 7 109 31.57 27.82 75 200 75 
Mg2+ 8.1 96 54.73 33.19 200 400 50 

2

3
CO



3
HCO



2
SO



 0 1.69 0.61 0.50 75 200 75 
  20.1 142.8 84.73 36.57 30 - 150 

Cl– 31.5 379.9 173.15 83.31 200 1000 200 

4

F– 

 9.2 124.8 66.28 37.45 200 400 200 

0.47 2.72 1.45 0.52 1 1.5 1 

All parameters have been expressed in mg/L except pH and EC. The unit of EC is mS. 
 

3.3. Total Dissolved Solids 

According to WHO, the maximum acceptable concentra-
tion of TDS in groundwater for domestic purposes is 500 
mg/L and excessive permissible limit is 1500 mg/L. TDS 
values of the samples from Safidon block ranges from 
704 mg/L to 1752 mg/L with mean value 1198.2 mg/L. 
TDS values of the samples from Julana block ranges 
from 1018 mg/L to 5165 mg/L with a mean of 2218.2 
mg/L. According to classification of drinking water on 
the basis of TDS values, water of 25% samples from Sa- 
fidon block was found to be non-saline and water of 75% 
samples was found to be slightly saline. No any sample 
of water was found to very saline. TDS values of all 
samples of Julana block were greater than acceptable 
WHO standards (500 mg/L). Classification of drinking 
water of Julana and Safidon blocks of Jind district on the 
basis of TDS values is given in Table 6. 

3.4. Total Hardness, Calcium and Magnesium 

Total hardness is an important parameter of water for its 
use in domestic sector. Calcium and magnesium are im- 
portant parameter for total hardness. The acceptable lim- 
its of Ca2+ and Mg2+ in water for domestic use are 75 and 
200 mg/L respectively. In case of non-availability of alter- 
nate source of water, Ca2+ and Mg2+ limit can be extend- 
ed upto 200 and 400 mg/L. In the water samples of Safi- 
don block, the total hardness ranges from 190mg/L to 
508 mg/L with a mean value 344.9 mg/L. The Ca2+ con-
centration ranges from 24 mg/L to 96 mg/L with a mean 
value of 54 mg/L. The Mg2+ value are in between 18.6 
mg/L to 241 mg/L with a mean value of 46.3 mg/L. In 
the groundwater of Julana block, the total hardness of 
water samples ranges from 274 mg/L to 964 mg/L with a 
mean of 600.25 mg/L. Ca2+ concentration in water samples 
from all the locations was found to vary from 7 mg/L to 
109 mg/L. Mg2+ concentration in water samples from all 
the locations ranged from 8.1 mg/L to 92.9 mg/L. Classi- 

fication of drinking water of Julana and Safidon blocks 
of Jind district on the basis of TH values is given in Ta-
ble 7. 

3.5. Total Alkalinity, Carbonate and Bicarbonate 

The acceptable limit of total alkalinity in drinking water 
is 200 mg/L. Beyond this limit, taste of water become 
unpleasant, whereas in absence of alternate water source, 
alkalinity upto 600 mg/L is acceptable. The values of al- 
kalinity in the water samples of Safidon block are in be- 
tween 313 mg/L to 744 mg/L. The concentration ranges 
from 0 mg/L to 2.6 mg/L. The concentration is between 7 
mg/L to 104 mg/L. In the water samples of Julana block, 
the TA ranges between 305 mg/L to 995 mg/L. The av- 
erage total alkalinity was 752.7 mg/L. The concentration 
is between 0 mg/L to 6.9 mg/L. The concentration ranges 
from 20.1 mg/L to 142.8 mg/L. 

 
Table 6. Classification of drinking water of Julana and Safi-
don blocks of Jind district on the basis of TDS values. 

Number of samples 
TDS (mg/L) Description 

Safidon Julana 

≤1000 Non-saline 9 0 

1000 - 3000 Slightly saline 27 33 

3000 - 10,000 Moderately saline 0 2 

>10,000 Very saline 0 0 

 Total 36 35 

 
Table 7. Classification of drinking water of Julana and Sa- 
fidon blocks of Jind district on the basis of TH values. 

Number of samples 
TH (mg/L) Description 

Safidon Julana 
0 - 60 Soft 0 0 

61 - 120 Moderately hard 0 0 
121 - 180 Hard 0 0 

>180 Very hard 36 35 
 Total 36 35 
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3.6. Sodium 

Sodium (Na+) concentration more than 50 mg/L makes 
the water unsuitable for domestic use and causes severe 
health problems. The Na+ concentration from all location 
of the Safidon block ranges between 180 mg/L to 520 
mg/L with a mean value of 343.3 mg/L. In study loca- 
tions of Julana block, Na+ varied from 50 mg/L to 200 
mg/L. The average sodium content was 126.78 mg/L. 

3.7. Potassium 

The potassium (K+) concentration of the water samples 
from Safidon block is between 0 mg/L to 6 mg/L with a 
mean value of 2.45 mg/L. The K+ concentration of water 
samples of Julana block varied from 0.2 to 29 mg/L with 
an average of 9.87 mg/L. 

3.8. Chloride 

Maximum permissible limit of chloride in portable water 
is 200 mg/L, which may further be extended upto 1000 
mg/L in Indian conditions. The Cl– concentration in the 
water samples from Safidon block is between 67 mg/L to 
376 mg/L with a mean value of 182 mg/L. The Cl– con- 
tent in the groundwater of Julana block ranged from 31.5 
to 379.9 mg/L with a mean of 84.73 mg/L. 

3.9. Sulphate 

Sulphate content more than 200 mg/L is objectionable for 
domestic purposes. Beyond this limit, 4  causes gas- 
tro-intestinal irritation particularly when Mg2+ and Na+ 
are also present in groundwater. This permissible limit of 
200 mg/L may be extended upto 400 mg/L of 4

2SO 

2SO   
provided Mg2+ does not exceed 30 mg/L. Waters con-
taining 4  beyond 1000 mg/L have purgative effects. 
Sulphate may undergo transformation to sulphur and 

sulphur oxides depending upon redox potential of water. 
In the groundwater of Safidon block, 4  ranged from 
18 to 98 mg/L with a mean of 40.3 mg/L. The 4SO

2SO 

2SO 

2  
content at all locations was lower than maximum permis-
sible prescribed limit. In the groundwater of Julana block 

4
2SO   is between 9.2 mg/L to 124.8 mg/L with a mean 

of 66.28 mg/L. 

3.10. Fluoride 

The permissible limit of fluoride in drinking water is 1.0 
mg/L, which can be extended to 1.5 mg/L in case of non- 
availability of other water sources. Higher fluoride level 
in drinking water gives rise to dental decay and physical 
deformation. The dreaded disease “fluorosis” is a result 
of intake of high fluoride laden in drinking water. In the 
groundwater of Safidon block, fluoride content ranged 
from 0.11 to 2.93 mg/L. It has been observed that ground 
water of 9 samples contained higher fluoride concentra-
tion than prescribed limits. The average F– content was 
1.37 mg/L. In the groundwater of Julana block, fluoride 
content ranged from 0.47 to 2.72 mg/L. It has been ob-
served that ground water contained higher fluoride con-
centration than prescribed limits. The average F- content 
was 1.45 mg/L. 

3.11. Statistical Analysis 

Study of correlation reduces the range of uncertainty as- 
sociated with decision making. The correlation coeffi- 
cient “r” was calculated using the equation  

2 2

XY
r

X Y



  



3
CO

The correlation matrix for the water quality parameters 
of Safidon block are given in Table 8 and that for the 
Julana block are given in Table 9. 

 
Table 8. Correlation coefficients among different water quality parameters of ground water of Safidon block. 

 pH EC TDS TA TH Na+ K+ Ca2+ Mg2+ 
3

HCO
 2

4
SO


 Cl– F– 

pH 1.00              

EC –0.113 1.00             

TDS –0.245 0.510 1.00            

TA –0.163 0.400 0.632 1.00           

TH 0.255 0.324 0.811 0.654 1.00          

Na+ –0.689 0.113 1.092 0.001 0.106 1.00         

K+ –0.112 –0.116 –0.017 –0.206 –0.156 0.186 1.00        

Ca2+ –0.282 0.011 0.179 0.339 0.177 0.064 0.053 1.00       

Mg2+ –0.729 –0.054 –0.092 –0.119 –0.139 0.154 0.121 0.180 1.00      

3
CO



3
HCO



2
SO



 –0.237 –0.121 –0.024 0.072 0.127 –0.006 0.088 0.080 –0.200 1.00     
 –0.207 0.203 0.080 –0.034 –0.022 –0.070 –0.085 0.057 0.219 –0.187 1.00    

Cl– –0.597 0.116 0.354 0.247 0.279 0.508 0.094 0.004 0.244 –0.012 0.033 1.00   

4

F– 

 –0.210 0.120 0.366 0.212 0.321 0.071 –0.052 0.287 –0.090 0.195 0.081 0.161 1.00  

0.386 0.070 0.283 0.356 0.274 –0.055 0.040 –0.193 –0.134 0.032 0.008 0.106 0.151 1.00 
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Table 9. Correlation coefficients among different water quality parameters of ground water of Julana block. 

 pH EC TDS TA TH Na+ K+ Ca2+ Mg2+ 
3

CO


3
O


HC

2

4
SO Cl–  F–

pH 1.00              
EC 0.246 1.00             

TDS 0.251 0.966 1.00            
TA 0.233 0.226 0.153 1.00           
TH 0.210 0.240 0.216 0.767 1.00          
Na+ 0.091 –0.155 –0.155 0.323 0.498 1.00         
K+ 0.145 0.154 0.135 0.441 0.640 0.748 1.00        

Ca2+ 0.130 –0.122 –0.146 0.089 0.015 0.263 0.097 1.00       
Mg2+ –0.062 –0.307 –0.314 0.256 0.242 0.578 0.349 0.406 1.00      

3
CO



HCO


2
SO



 –0.358 –0.239 –0.274 0.145 0.254 0.674 0.739 0.139 0.582 1.00     

3

Cl– 

 0.059 0.084 0.142 –0.049 –0.058 –0.303 –0.361 –0.288 –0.248 –0.312 1.00    
0.131 0.058 0.109 –0.097 –0.099 0.004 –0.057 0.044 –0.124 –0.011 0.051 1.00   

4

F– 

 0.075 –0.114 –0.133 0.369 0.464 0.654 0.612 0.159 0.613 0.527 –0.086 –0.553 1.00  
–0.135 –0.198 –0.162 –0.223 0.059 0.138 0.018 –0.263 0.087 –0.125 0.330 0.008 0.138 1.00

 
The groundwater samples of Safidon block are alka-

line in pH. It is significantly but positively correlated 
with total hardness and fluoride. pH is negatively corre- 
lated with electrical conductivity, total alkalinity, total dis- 
solved solids, sodium, potassium, calcium, magnessium, 
carbonate, bicarbonate, chloride and sulphate. Electrical 
conductivity is significantly but positively correlated 
with total dissolved solids, total alkalinity, total hardness, 
sodium, calcium, bicarbonate, chloride, sulphate and fluo- 
ride. It is negatively correlated with pH, potassium, ma- 
gnessium and carbonate. Total dissolved solids is posi- 
tively correlated with electrical conductivity, total alka- 
linity, total hardness, sodium, calcium, bicarbonate, chlo- 
ride, sulphate and fluoride. It is negatively correlated with 
pH, potassium, magnessium and carbonate. Total hard- 
ness is positively correlated with pH, electrical conduc- 
tivity, total alkalinity, total dissolved solids, sodium, cal- 
cium, carbonate, chloride, sulphate and fluoride. It is nega- 
tively correlated with potassium, magnessium, and bi- 
carbonate. Total alkalinity is positively correlated with 
electrical conductivity, total dissolved solids, total hard- 
ness, sodium, calcium, carbonate, chloride, sulphate and 
fluoride. It is negatively correlated with pH, potassium, 
magnessium and bicarbonate. All the water samples had 
chloride content within the acceptable limit. The correla- 
tion matrix shows that it is positively correlated with ele- 
ctrical conductivity, total dissolved solids, total alkalinity, 
total hardness, sodium, potassium, potassium, calcium, 
magnessium, bicarbonate, sulphate and fluoride. It is ne- 
gatively correlated with pH and carbonate. Sodium is po- 
sitively correlated with electrical conductivity, total dis- 
solved solids, total alkalinity, total hardness, potassium, 
calcium, magnessium, chloride and sulphate. It is nega- 
tively correlated with pH, carbonate, bicarbonate and 
fluoride. Potassium is significantly but positively correla- 
ted with sodium, calcium, magnessium, carbonate, chlo- 
ride and fluoride. It is negatively correlated with pH, ele- 
ctrical conductivity, total dissolved solids, total alkalinity, 

total hardness, bicarbonate and sulphate. Sulphate is po- 
sitively correlated with electrical conductivity, total dis- 
solved solids, total alkalinity, total hardness, sodium, bi- 
carbonate, calcium, carbonate, chloride and fluoride. It is 
negatively correlated with pH, potassium and magnes- 
sium. Fluoride is significantly but positively correlated 
with pH, electrical conductivity, total dissolved solids, 
total alkalinity, total hardness, potassium, carbonate, bi-
carbonate, chloride and sulphate. It is negatively corre- 
lated with sodium, calcium and magnessium.  

The groundwater from different locations of Julana 
block is slightly alkaline in pH. The correlation matrix 
shows that pH is positively correlated with electrical con- 
ductivity, total dissolved solids, total alkalinity, total 
hardness, sodium, potassium, chloride, calcium, sulphate 
and bicarbonate; and negatively correlated with fluoride, 
magnessium, and carbonate. Electrical conductivity is 
positively correlated with total dissolved solids, total al- 
kalinity, total hardness, potassium, chloride, bicarbonate 
and pH. It is negatively correlated with magnessium, sul- 
phate, sodium, carbonate, calcium and fluoride. Total dis- 
solved solids is significantly and positively correlated 
with total alkalinity, total hardness, potassium, bicarbon- 
ate, chloride, pH and electrical conductivity; and nega- 
tively correlated with carbonate, sulphate, fluoride, cal- 
cium, magnessium and sodium. Total hardness is posi-
tively correlated with pH, electrical conductivity, total dis- 
solved solids, total alkalinity, magnessium, calcium, po- 
tassium, sodium, sulphate, fluoride, carbonate; and is ne- 
gatively correlated with chloride and bicarbonate. At 25 
locations total alkalinity was higher than maximum pre- 
scribed limit, while all other samples fall within the ma- 
ximum permissible limit. Total alkalinity is positively 
correlated with pH, electrical conductivity, total dissol- 
ved solids, sodium, sulphate, potassium, total hardness, 
calcium, magnessium, and carbonate; and significantly 
and negatively correlated with bicarbonate, chloride and 
fluoride. The bicarbonate content varied from 20.1 to 
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142.8 mg/L. The mean bicarbonate content was 84.73 
mg/L. From the results it can be concluded that alkalinity 
is mainly due to bicarbonate. The sodium content at all 
the studied sites was higher than 50 mg/L. The correla- 
tion analysis shows that sodium is significantly and posi- 
tively correlated with pH, total alkalinity, total hardness, 
potassium, calcium, magnessium, carbonate, chloride, sul- 
phate and fluoride. Sodium is negatively correlated with 
bicarbonate, electrical conductivity and total dissolved 
solids. Potassium is significantly and positively corre- 
lated with pH, electrical conductivity, total dissolved so- 
lids, total alkalinity, total hardness, sodium, calcium, mag- 
nesium, carbonate, fluoride, sulphate; and it is signifi- 
cantly and negatively correlated with chloride and bicar- 
bonate. The chloride is positively correlated with pH, 
electrical conductivity, total dissolved solids, sodium, 
calcium, bicarbonate and fluoride. It is negatively corre- 
lated with total alkalinity, total hardness, potassium, mag- 
nessium, carbonate and sulphate. The sulphate content at 
four locations was higher than the prescribed maximum 
permissible limit. The statistical analysis shows that sul- 
phate is significantly and positively correlated with pH, 
total alkalinity, total hardness, sodium, potassium, cal- 
cium, magnessium, carbonate and fluoride. It is nega- 
tively correlated with electrical conductivity, total dis- 
solved solids, bicarbonate and chloride. The fluoride is 
significantly and positively correlated with total hardness, 
sodium, potassium, magnessium, bicarbonate, chloride 
and sulphate. It is negatively correlated with pH, total 
alkalinity, electrical conductivity, total dissolved solids, 
calcium and carbonate. 

4. Conclusion 

The investigation on survey and characterization of gro- 
undwater samples from two blocks of Jind district, Har- 
yana, India was carried. Seventy one samples were col- 
lected from running tube wells and hand pumps. The 
water samples were analyzed for pH, EC, soluble cations 
(Ca2+, Mg2+, Na2+, K+) and anions ( 3 , 3HC2CO  2O  , Cl–, 

4  and F–) following the standard procedures. The 
water quality parameters were compared with the stan- 
dard desirable limits prescribed by World Health Or- 
ganization (WHO), Bureau of Indian Standard (BIS) and 
Indian Council of Medical Research (ICMR) standards of 
drinking water quality parameters. On the basis of above 
analysis following conclusion have been drawn out of 36 
samples of ground water from Safidon block, 19 samples 
of water may be used directly for drinking purpose & 
remaining 17 samples require one or another kind of 
treatment before drinking. A special attention for remo- 
val of hardness is required as all the samples are found to 

2SO 

be of very hard category. Out of 35 samples of ground- 
water from Julana block, all samples require one or an- 

other kind of treatment before drinking. A special atten- 
tion for removal of hardness is required as all the sam- 
ples are found to be of very hard category. Taking hard-
ness in to consideration it appears that about 93% of 
groundwater of Safidon block and Julana block of Jind 
district is not fit for human consumption. 
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