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ABSTRACT 
 In order to analyse the physicochemical properties or characteristics in Kheri Sadh 

Village, Haryana, 20 samples were collected from different localities of village in cleaned 

bottles. These different sample of water were analysed against various parameters like pH, 

electrical conductivity, total alkalinity, total dissolved solids, total hardness, sulphate, 

fluoride, chloride etc. results of these parameters were compared with standard limits 

described by World Health Organization(WHO),Bureau of Indian Standards(BIS) and Indian 

Council of Medical Research(ICMR).correlation index were calculated for various parameter 

of drinking water. pH value indicate the hardness and alkaline nature of ground water. 

Hardness of ground water and high fluoride above a permissible limit may be the cause of 

dental and skeletal fluorosis. Others parameters are found within the set permissible limits. 

Hence, it is concluded to pre-treat the ground water before consumption. 
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INTRODUCTION 

 Water is a Natural resource and the important wealth of our country. Water is a 

wander of the nature. “ No life without water ’’ is a common saying depending upon the fact 

that water is the one of the naturally occurring essential requirement of all life supporting 

activities(1). Since it is a dynamic system, containing living as well as nonliving, organic, 

inorganic, soluble as well as insoluble substances. So its quality is likely to change day by 

day and from source to source. Any change in the natural quality may disturb the equilibrium 

system and would become unfit for designated uses. The availability of water through surface 

and groundwater resources has become critical day to day. Only 1% part is available on land 

for drinking, agriculture, domestic power generation, industrial consummation, transportation 

and waste disposal (2). Groundwater provides about twenty percent of the world fresh water 

supply, which represents about 0.61% of the entire world water (3). 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 
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drinking water. The main sources of drinking water in rural areas are fresh 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 any region, state or 

country (4). The problem of higher fluoride concentration, high TDS, high cation and anion 

concentration in groundwater has now become one of the most important toxicological and 

geo-environment issues in India. Ground water quality is also influenced by contribution 

from the atmosphere, surface water bodies and anthropogenic factors. For example, excessive 

use of fertilizers and pesticides in agriculture and improper disposal of urban/industrial waste 

can cause contamination of ground water resources. Ground water contains a wide variety of 

dissolved inorganic chemical constituents in various concentrations, resulting from chemical 

and biochemical interactions between water and the geological materials. Inorganic 

contaminants including salinity, chloride, fluoride, nitrate, iron and arsenic are important in 

determining the suitability of ground water for drinking purpose. The greater part of the 

soluble constituents in groundwater comes from soluble minerals in soils and sedimentary 

rocks(5). Recently, various groups have analyzed groundwater samples for their 

physiochemical parameters. Colour in water may be due to the inorganic ions, such as iron 

and manganese, humus and peat materials, planktons, weeds and industrial wastes. Odour is 

recognized as a quality factor affecting acceptability of drinking water and food prepared 

from it, tainting of fish and other aquatic organisms and aesthetics of recreational waters. pH 

value is the logarithm of reciprocal of hydrogen ion activity in moles per liter. In water 

solution, variations in pH value from 7 are mainly due to hydrolysis of salts of strong bases 

and weak acids or vice versa. Dissolved gases such as carbondioxide, hydrogen sulphide and 

ammonia also affect the pH of water. Hardness of water is caused by the presence of 

multivalent metallic cations and is largely due to calcium and magnesium ions, and reported 

in terms of CaCo3.  It is the measure of capacity of water to react with soap, hard water 

requiring considerably more soap to produce lather. Absolutely soft water is tasteless. Total 

dissolved solids is the term applied to the residue remaining in a weighed dish after the 

sample has been passed through a standard fiber glass filter and dried to constant mass at 

103-1050C or 179-1810C. Water with higher solids content often has a laxative and 

sometimes the reverse effect upon people whose bodies are not adjusted to them. High 
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concentration of dissolved solids about 3000mg/l may also produce distress in livestock. 

Alkalinity of water is its quantitative capacity to react with a strong acid to a designated pH. 

Excess alkalinity in water is harmful for irrigation which leads to soil damage and reduce 

crop yields. Specific conductance yields a measure of water’s capacity to convey an electric 

current. This property related to the total concentration of the ionized substances in water and 

the temperature at which the measurement is made the nature of the various dissolved 

substances, their actual and relative concentrations, and the ionic strength of the water sample 

vitally affects the specific conductance. Chloride is one of the major inorganic anion in water. 

In potable water, the salty taste is produced by the chloride concentrations is variable and 

dependent on the chemical composition. There is no known evidence that chlorides constitute 

any human health hazard. Traces of fluorides are present in many waters. Higher 

concentrations are often associated with underground sources. In groundwater, fluoride 

concentrations vary with the type of rocks that the water flows through but do not usually 

exceed 10 mg/l. Presence of large amounts of fluoride is associated with dental and skeletal 

fluorosis(1.5 mg/l) and inadequate amounts with dental caries(<1 mg/l)(6-8). A large 

population of Kheri Sadh village, Rohtak is exposed to risk of consuming contaminated water 

is chosen as experimental study area of our research work. People of this villages are totally 

depend upon ground water for drinking, cooking and in irrigation. Keeping this perspective in 

mind the following specific objectives are taken for the study:-To check out the physical 

characteristics (pH, Temperature, Colour, Odour and Taste ),total hardness, total dissolve 

solid, electrical conductivity and total alkalinity and chemical characteristics( fluoride, 

chloride, sulphate) in water samples of Kheri Sadh village. 

 

MATERIAL & METHODS 

Study Area 

Study area comprised of Kheri Sadh village of Rohtak, Haryana. Each sample are collected 

from well, tube well and hand pump (Table 1). The study area experiences a temperature 

ranging from 30°C to 40°C in summer and in winter not goes beyond 0°C and average rain 

fall is about 450mm.  

Sampling 

Sampling of ground water from wells and hand pumps from Kheri Sadh village of Rohtak 

were done during, 2013 in winter season. Random sampling technique was used for 

collecting samples in plastic bottles of two litre capacity. Each bottle was washed with 2% 
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nitric acid and then rinsed with distilled water. The bottles were then preserved in a clean 

place. Water samples from hand pumps were collected after running for 15 minutes. Prior to 

sampling the bottle was rinsed with the water of the source from which the sample was to be 

collected.  

Table 1. Location of water samples  

 

 

 

 

 

 

 

 

 

 

 

 

Physicochemical analysis:  

The temperatures of the samples were noted at the sampling point itself. The samples were 

put to examination in the laboratory to determine some physical and chemical parameters. 

Analysis was carried out for various water quality parameters such as Temperature, Color, 

Odour, Taste, TDS, pH, Electrical conductivity, Total Hardness, Total alkalinity, Sulphate, 

Fluoride and Chloride using standard method. The reagents used for the analysis were AR 

grade and double distilled water was used for preparation of solutions. The correlation matrix 

was also calculated for different parameters of drinking water for interpretation of water 

quality. There is some interdependence between the physicochemical parameters is 

determined by the factor, correlation coefficient (r).  

 

RESULT & DISCUSSION  

Assessment of ground water quality of study area was done to determine its suitability for the 

drinking purpose. The detail of the studied parameters and results are presented in Table 2 

compare with the safety standards that have been set by either World Health Organization 

(WHO) or Bureau of Indian Standards (BIS) (Table 3). Potability of water for human 

Sample No. Location 

S1 Tube well  ,  East of Kheri Sadh 

S2 Hand Pump  ,  East of water tank 

S3 Hand Pump  ,  Centre of water tank 

S4 Hand Pump  ,   North of water tank 

S5 Tube well  in fields 

S6 Hand Pump  ,  South of Kheri Sadh 

S7 Hand Pump  ,  outside of residential area of village 

S8 Well in fields  , West of Kheri Sadh 

S9 Hand Pump in fields 

S10 Hand Pump  ,  West of water tank 

S11 Hand Pump on road 

S12 Well near Asian paint factory 
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consumption is determined by the factors such as pH, EC, TH, Total Alkalinity, Chloride, 

fluoride and sulphate.          

 

 Table 2 Physico chemical parameters of the water samples 

 

Table 3. Comparision of groungwater of Kheri Sadh with drinking water standards 

(Indian and WHO). 

 

                                                                            

Sample no. S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 S11 S12 

Temp. (C0) 23 
 

22 21 22 21 23 21 20 20 22 23 21 

ssTDS(mg/l) 300 
 

435 219 557 540 210 796 530 210 543 450 410 

pH 7.30 
 

7.62 7.05 7.35 7.27 7.30 7.50 7.10 7.03 7.60 7.65 7.69 

E.C      
(µmhos/cm).          

1690 2470 1550 3460 1220 1330 4630 1900 3210 3650 5400 3440 

T.H(magnesium+ 
Calcium)(mg/l) 

128.78 220 220 250 115.2 140.8 243.2 134.3 185.6 211.2 165.7 130.5 

T.A 
(mg/l) 

480 480 336 456 480 360 408 432 445 386 432 460 

Sulphate 
(mg/l) 

148.99 93.55 114.94 84.56 118.14 152.29 60.07 98.15 122.12 146.15 132.85 150.35 

Fluoride 
(mg/l) 

1.03 2.05 1.90 1.66 2.15 1.30 1.45 2.75 2.05 1.65 2.05 1.75 

Chloride 
(mg/l) 

219.2 237 244 239 228.6 254 250 310 221 247.23 236.9 225.63 

  parameter      ISI  Standards WHO 
limit 

                    Range of samples 

Accept.     
limit 

Max.  
limit 

 Min. Max. Mean  S.D. 

pH 7.0-8.5 6.5-9.2 8.0-8.5  7.03 8.03 7.34 0.29 
TDS(mg/l)    500   1500   500  210 796 433.33 176.81 
EC(µmhos/cm)   1400   3000     -  1220 5400 2829.17 1355.3 

Alkalinity 
(mg/l) 

   200   600     -  336 480 429.58 48.11 

Sulphate(mg/l)    200   400   200  60.07 152.29 118.51 29.67 

Chloride(mg/l)    250  1000   200  219.2 254 242.71 23.98 

Fluoride(mg/l)   0.6-1.2   1.5     1  1.03 2.75 1.82 0.45 

Total 
hardness(mg/l) 

   200   600   100   95 315 182.30 67.46 
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Description of studied parameters. 

Total dissolved solids (TDS)  

TDS indicates the general nature of salinity of water (9). The TDS fluctuated from 210 to 796 

mg/l in the given samples. The fluctuation in TDS is largely because of dissolved organic 

matters. All samples have TDS value below the BIS standards (2000 mg/l). 

 pH  

The pH is a measure of the intensity of acidity or alkanity and measure the concentration of 

hydrogen ion in water. The pH of all water sample analyzed was within the permissible limit 

of 6.5 - 8.5 given by the BIS and WHO standards. In this study the pH value of water ranges 

from 7.03 to 8.03 with average 7.34. .The pH value show slightly alkaline nature in absence 

of any alternate source, water with pH 6.5-9.2 can be used. 

Electrical Conductivity 

Electrical conductivity is measure of salinity that affects the taste of potable water according 

to WHO standards. In the present study the EC value ranges from 1220 -5400 µmhos/cm). 

The higher conductivity might be due to the geological formation, agriculture practices, 

urbanization and industrialization.  

 Total Hardness 

The total hardness in present samples varies from 95-310mg/liter. The standard desirable 

limit of hardness in potable water is 300 mg/l and maximum permissible limit is 600 mg/l. 

Hardness is mainly due to carbonates, bicarbonates, sulphates and chlorides of calcium and 

magnesium. (Table 4) shows classification of water samples on the basis of Total Hardness. 

Table 4. Classification of water samples on the bases of total hardness  

Total Hardness,mg/l    Water class                          No. of samples 
<75 Soft                                            0 
75-100 Moderately Hard                       2 
100-300 Hard                                           9 
>300 Very hard                                   1 
 
 

Total alkalinity  

The total alkalinity in the present sample varies from 336-480 mg/l .The standard desirable 

limit of alkalinity in potable water is 200 mg/l and maximum permissible limit is 600 mg/l. 

The value of alkalinity provides an idea of natural salts presents in water. The alkalinity of 

water is mainly due to the presence of dissolve carbon dioxide, bicarbonate, hydroxide, 

phosphate, borate; organic acids (10). High alkalinity does not pose a health effect but can 
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cause problems such as alkaline taste in water. 

Sulphate  

Sulphate is a naturally occurring in almost all kind of ground water and is a major contributor 

to total hardness. Discharge of domestic sewage and Industrial waste tends to increase 

sulphate concentration in ground water. SO₄2- confined more than 200mg/l is objectionable 

for domestic purpose, beyond this limit SO₄2- causes gastrointestinal irritation, laxative 

effects, malfunctioning of the alimentary canal and shows cathartic effect of human beings 

(11). All water samples are within permissible limit. 

  

Fluoride  

 Fluoride value of 12 samples of Kheri Sadh village of Rohtak area varied from a minimum 

1.03 mg/l to maximum 2.75 mg/l out of 12 samples. Fluoride concentration remained well 

within permissible limit for drinking water given by WHO (1.5 mg/l). In 9 samples the 

concentration of fluoride exceeded 1.5 mg/l indicating the fact that the water here is unfit for 

drinking purpose. The maximum fluoride concentration is found in S8 sample is 2.75 mg/l. 

Concentration exceeding the 1.5 mg/l causes dental fluorosis, mild skeletal fluorosis, and 

crippling skeletal fluorosis (11). Even higher intake of fluoride water taken over a long time 

can cause joint pain, restriction mobility and possibly increase the risk of some bone 

fractures. Fluoride’s effects depend on the total daily intake of fluoride from all sources (12). 

About 70–90% of ingested fluoride is absorbed into the blood, where it distributes throughout 

the body. In infants 80–90% of absorbed fluoride is retained, with the rest excreted, mostly 

via urine; in adults about 60% is retained. About 99% of retained fluoride is stored in bone, 

teeth, and other calcium-rich areas, where excess quantities can cause fluorosis. Drinking 

water is typically the largest source of fluoride.  

 

 Chloride   

 In the studied sample, chloride concentration ranged between 219 to 254 (mg/l). In all the 

samples concentration of chloride remains within the standards limit given by BIS, 1998 

(1000 mg/l). The Cl⁻ have no known adverse health effects, however, it should not exceed the 

safe limit of 250 mg/l for drinking water. Higher conc. of Cl⁻ in drinking water causes a salty 

taste and laxative effect in people. 
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Correlation analysis 

Correlation matrix was prepared to find out the relation between different parameters and 

their results are presented in Table 5.the ground water samples of Kheri Sadh are alkaline in 

pH. pH is significantly but positively correlated with electrical conductivity(r=0.530438), 

total hardness (r=0.4144635), TDS  (r=0.337055) and total alkalinity (r=0.2003014). It is 

negatively correlated with fluoride (r=  -0.273970) and sulphate (r= -0.208572).  

Table 5.  Correlation matrix of various physicochemical parameters. 

 

Total dissolved solids are positively correlated with electrical conductivity(r=0.479338), 

chloride(r=0.282123), total alkalinity(r=0.225693) and total hardness (r=0.1810095).it is 

negatively correlated with sulphate (r= -0.6336).Electrical conductivity is positively 

correlated with total hardness (r=0.5031627) ,total alkalinity (r=0.0526935) and negatively 

correlated with sulphate (r= -0.222893),chloride (r= -0.136224),fluoride (r= -0.025514).Total 

hardness is positively correlated with pH, TDS, electrical conductivity and negatively 

correlated with sulphate (r= -0.63052),total alkalinity (r= -0.28223),fluoride(r= -

0.12054),chloride (r= -0.03317).Total alkalinity is positively correlated with pH, TDS, 

electrical conductivity, fluoride (r=0.1363583) and negatively correlated with chloride (r= -

0.334785), sulphate (r= -0.101083). Sulphate is positively correlated with temperature (r= 

0.40334) and negatively correlated with pH, TDS, electrical conductivity, total hardness, total 

alkalinity, chloride (r= -0.3120), fluoride (r= -0.2890). Chloride is positively correlated with 

fluoride (r=0.517107), pH, TDS, and negatively correlated with temperature (r=-

0.30284),electrical conductivity, total hardness, total alkalinity and sulphate. 

Parameter Temp   pH  TDS     E.C.       T.H TA.     Sulphate Fluoride  Chloride 
 

 
 

Temp          

pH 0.3260216         1         

TDS ‐0.15105      
 

0.337055          1        

E.C. 0.093211 0.530438 0.479338         1           

T.H. -0.206715    0.4144635 0.1810095 0.5031
627 

 1      

T.A -0.03153 0.2003014 0.225693    0.0526
935   

0.28223 1     

Sulphate 0.40334 -0.208572 -0.6336 -
0.2228
93 

-0.63052 -
0.1010
83    

1     

Fluoride -0.63187 -0.273970 0.1271 -
0.0255
14 

-0.12054 0.1363
583 

-0.2890   1       

Chloride -0.30284 0.2003014 0.282123 -
0.1362
24 

-0.03317 -
0.3347
85 

 -0.3120 0.5171
07 

1 
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CONCLUSION 
 The water of Kheri Sadh village was analyzed by taking the various parameters like 

Temp., Color, Odour, Taste, TDS, pH, Electrical conductivity, Total Hardness, Total 

alkalinity, Sulphate, Fluoride and Chloride. As ground water of many locations exceeding in 

fluorine, chlorine and electrical conductivity permissible limit so it can be used for domestic 

purpose and not for drinking and cooking. The observed excess concentration of total 

hardness, fluoride and chloride is found in some water samples. The exceeding values of 

these chemicals can cause several health complications. These health complications are 

summarized in a (Table 6). It is suggested that the water for drinking is Pre-Treated before 

consumption at many locations. The emphasis on public awareness about the adverse effects 

on human health of high fluoride and hardness concentration in drinking water to improve the 

health status of the population are essential.  

 

Table 6. Different analytical water quality parameters used for testing of quality of 

water and their source of occurrence and potential health effect with BIS standard  

Parameter Source of occurrence BIS 
Reading 

Potential health effect 

Odour Due to biological 
degradation. 

        -         Bad odour unpleasant. 

Electrical 
conductivity 
(µmhos/cm). 

Due to different dissolved 
solids. 

    1400 Conductivity due to ionisable 
ions. High conductivity 
increases corrosive nature of 
water. 

pH Ph is changed due to 
different dissolved gases 
and solids. 

    6.5-8.5 Affect mucous membrane; 
bitter taste; corrosion. 

Total hardness 
(mg/l) 

Presence of calcium (ca2+) 
and magnesium (mg2+).It is 
expressed hardness mineral 
exist to some degree to 
every water supply. 

     
      300 

Poor leathering with soaps; 
deterioration of the quality of 
clothes; scale forming. 

Total 
alkalinity 
(mg/l) 

Due to dissolved gases(co2)       200 Embrittlement of boiler steel; 
Boiled rice turns yellowish. 

TDS 
(mg/l) 

Presence all dissolved salts.        500 Undesirable taste; gastro-
intestinal irritation; corrosion 
or incrustation. 
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Recommendation 

 Water obtained from ground water should be tested and analyzed to ensure their 

suitability for human consumption. 

 Surrounding area should be properly maintained to ensure hygienic condition and the 

sewage or polluted water should not be allowed to percolate directly to ground water. 

 Proper cement platform should be constructed surrounding the ground water 

abstraction source. 

 Surrounding surface area should be frequently chlorinated by use of bleaching powder. 

 Hand pumps, showing suspected water quality should be pointed red indication to 

warn the public. 

 In the absence of other alternate safe source of water, the groundwater which is 

being used should be given specific treatment before human consumption. 

 The mass awareness should be generated about quality of water. 
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