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Abstract: 

Bhiwani district lies between latitudes 28° 19’N to 29° 

05’ N and longitude 75° 28’E to 76° 28’ E, covering 

5140 sq.km area in south west part of Haryana. The 

geological formations found in the district are 

ferruginous chiastolite schist associated with 

argillaceous rocks of Aravalli group, Alwar quartzite of 

Delhi system, Malani suite of volcanics of lower 

Vindhyans, older alluvial deposits of Quaternary age 

and Aeolian sands of the present age. Its climate is 

not only influenced by its far inland location but also 

by Rajasthan desert bordering from the west. It is 

severely draught effected area due to erratic rainfall 

condition. Ground water is primary source of water 

for drinking as well for other domestic use. The main 

source of irrigation is ground water and canal in some 

parts of the area. The lack of any proper drainage 

system and geology is the main reason of degradation 

of ground water quality of this region. However a 

broad quality and quantity analysis was done by 

central ground water board in all over Haryana but 

the scale of sampling was very large that makes the 

correlation of this data with other environmental 

aspect difficult. 35 samples were taken during pre-

monsoon period in 2016 from the study area and 

chemical characteristics including pH, EC, TDS major 

ions Na, K, Ca, Mg, Cl, HCO3, CO3, F, SO4, PO4, NO3 and 
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heavy metal ( Fe, Cr, Cu, Ni, Zn, Mn, Cd, Co, Pb)  were 

analyzed. Piper plot, correlation matrix, pivot table 

and equiline curve were generated to show the 

results. Further, GIS was used to visualize and 

understand the spatial distribution of these water 

quality indices. Finally interpolation maps were 

prepared using IDW (Inverse Distance Weighting) to 

evaluate their performance. 
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Introduction: 
Water is one of the essential natural resources available on earth. Even our body consists around 60-65 
percent of water (Shweta at al., 2013). Despite the availability of 97% saline water in ocean, ground water 
serves as large subsurface fresh water reservoir, which makes up 30 percent of the total fresh water available 
on earth that is even hundred times more water than the river and lakes collectively (Shiklomanov, 1993). 
Ground water is vital renewable natural resource serves as a secure and economic supply and storage of 
drinking water. The availability of ground water with appropriate quality and quantity plays a significant role in 
welfare of plant and human life. Approximately One third of the world’s population is estimated to use 
groundwater for its drinking purpose (Nickson et al. 2005). India having 16% of world population on 2.2% of 
the global land accounts 4% of the world water resources. As per Indian scenario, the usage of ground water 
accounts 80% for domestic and more than 45% for irrigation. Physical and chemical parameter of water 
determines its suitability for domestic, drinking, irrigation and industrial purposes. (Rani at al., 2015). Natural 
as well as anthropogenic factors have been influencing the ground water status of that region. Geologic 
structure, lithology, geomorphology, land use and land cover, soil and climate are the natural factors which 
describe the occurrence as well as movement of ground water. Anthropogenic factors includes increasing 
population, industrialization, urbanization, and deforestation has been putting tremendous pressure on this 
natural resource (Sitender at al., 2010). The shrinking water table, releasing untreated chemical waste, bad 
irrigation practices, untreated released industrial waste, leachate mixing from waste disposal sites are 
deteriorating the ground water quality day by day (Cude at al., 2001). However the extent of pollution 
depends on the amount and type of waste, method of disposal, aquifer hydrological properties, hydro 
chemical reactions, climate, and rate of recharging as well as discharging capacity of water (Rao at al., 2012). 
Recent 10 year data shows the rising trend of ground water level in the northern block while declining trend in 
southern block of Bhiwani district. Existing chemical data shows the alkaline nature of ground water in district 
(CGWB, 2012). Geographic information system is integrated tool for mapping, planning and management of 
various natural resources on spatial scale. It is also found much useful in evaluation and assessment of various 
water quality parameters and in development of solutions for various problem related to water resources. 

 
Study Area: 
Bhiwani district lies between latitudes 28° 19’N to 29° 05’ N and longitudes 75° 28’E to 76° 28’ E, covering 
5140 sq.km area in south-west part of Haryana. Study area is bounded by Hisar district in north, 
Mahendergarh and Jhunjhunu district lies towards south and Churu district from western side. The population 
density of district is about 342 person per square kilometer where 80% of the population living in the rural 
area and the remaining 20% in the urban areas (Ground water information booklet Bhiwani district Haryana, 
2012). Our study area is located in northeast part of Bhiwani. North eastern region of study area is built-up 
area while rest of part is either barren land or agricultural area. 

Geology and geomorphology: 
The geological formations found in the district are ferruginous chiastolite schist associated argillaceous rocks 
of Aravalli group, Alwar quartzite of Delhi system, Malani suite of volcanic of lower Vindhyans, older alluvial 
deposits of Quaternary age and Aeolian sands of the present age. The northern part of the district mostly 
comprises of alluvium plains whereas the southern part are semi-desert region with the remnants of Aravali 
Range Mountains. The far inland location and bordering of Rajasthan desert in the western side influences the 
climate of Bhiwani district (Ahuja R. L. et. al., 1992).  
The northwest zone comprises flat plains, central and north-west zone consists low hills of different 
dimensions, Bhiwani, loharu and Jhumpa is enclosed by sandy triangular and eastern and northeastern zone 
comprise both hilly and plain topography. 

 

http://link.springer.com/article/10.1007/s10661-011-2231-3#CR23
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Fig: 1- Location map of Study Area 

 
Climate and Flora and Fauna 
Climate of the region can be classified as tropical steppe, semi-arid and hot. From April to June the climate 
remains very hot and cold with fairly long winters from November to March. The district faces annual rainfall 
of about 420 mm which is unevenly distributed over the area. The North-West part of the region faces the 
wettest months of year in July and August. (Geology and Mineral Recourses of Haryana, 2012). 
The flora of the area is rich in indigenous trees like shisham (Dalbergia sisso) and kikar (Acacia arabica). Apart 
from trees and grasses, the shrub comprises of jal (Salvadora olleodes), jand (Prosopis specigera) and coral 
flowered leafless kair (Capparis aphylla). Ground water of the region depends on the type of vegetation 
growing there (Geology and mineral resources of Haryana, GSI).  

 
Material and Methods: 
Sampling: Ground water samples were collected from the northeastern part of Bhiwani district comprising 
Chang village and nearby area. The collection of samples was based on; land cover, land use, geology, and type 
of aquifer in sufficient numbers to ensure the representation of whole study area to fulfill the data quality 
objectives. Water samples were taken from tube wells, hand pumps based on availability. Ten to fifteen 
strokes are given to avoid the problem of iron contamination from iron pipe. All bottles were rinsed with 
sample water before filling with water. Measurement of pH, EC, Temperature and TDS were done on spot 
during sampling using probe. One part of every sample is acidified by adding two drops of HNO3 to ensure 
metals are dissolved. Details of the depth, potable, usage of water were asked from local people. 
Analysis method:  
Chloride, Carbonates and bicarbonates analysis was done using titration method. Chloride titration was done 
against silver nitrate solution using potassium chromate as an indicator. Carbonate and bicarbonate titration 
was done against 0.02N Sulphuric acid. 
Spectrophotometer was used in the analysis of Fluoride, Nitrate, Phosphate and Sulphate. Spectrophotometry 
consist photometers that measure the intensity of beam as a function of wavelength. The basic principle lies in 
the absorbance or transmittance of light over a certain range of wavelength (Diatloff at. Al, 2001). 
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The assessment of Iron (Fe), Lead (Pb), Zinc (Zn), Magnesium (Mg), Cobalt (Co), Copper (Cu), Nickel (Ni) 
Cadmium (Cd), Manganese (Mn) was done by using atomic absorption spectrophotometry on air-acetylene 
flame. The working standards were prepared by the serial dilution method. The calibration curve was 
prepared on the basis of percent transmission of light in AAS instrument. Now having an obvious value of R2 
we started to measure the value of metal content in different samples of water. 
Flame photometric method was used for the measurement of sodium, potassium and calcium. For the 
calibration, working standard of different concentration were prepared using serial dilution method. By using 
calibration curve the concentration of metal was measured. 
Spatial distribution of different ions was depicted through interpolation maps prepared using ArcGIS 10.2 
using spatial analyst tool. Inverse distance weightage method was used for interpolation map which measure 
values surrounding the prediction location. The IDW method shows the diminishing influence of measuring 
point with distance on spatial scale.  

 
Result and Discussion: 
Various quality standards determine the suitability of ground water for different purposes. Interpolation maps 
are shown to depict the spatial variation with in study area. Standards of WHO and Bureau of Indian standards 
were made the basis of evaluation of ground water quality.  

The pH, EC, TDS, Alkalinity and Major anion: 
The pH of ground water samples varies from 6.6 to 8.0 with the mean pH of 7.2 indicates the alkaline nature of 
ground water, however it lies within the permissible limit of BIS standard (Fig. 2).                             
Total dissolved solid starting from 300 mg/l to more than 2000 mg/l. High TDS value is probably due to semi-
arid region condition of study area and migration of particles with rainfall or surface water to ground water. EC 
in the area derived from TDS with the factor 0.67 of is ranging from 447.76 µS/cm to more than 2985.07 
µS/cm. The dominance of the major ions is as Ca++> Na+> Mg2+> K+ and HCO3

- > Cl- > SO4
2- > CO3

2-. 
Alkalinity, ranging from 358.56 mg/l as CaCO3 to 1201.97 mg/l as CaCO3 with an average of 772.46 mg/l as 
CaCO3 was detected. Carbonate was found in 6 sample only ranging from 0 to 164.33 mg/l as CaCO3 and 
bicarbonate alkalinity ranged from 331.16 to 1201.97 mg/l as CaCO3 with an average of 760.73 mg/l as CaCO3. 
Fig. 3 shows the spatial distribution of Alkalinity having high value in built-up area. The high alkalinity in 
ground water is probably due to mineral dissolution processes during percolation of rainwater. Subsurface 
limestone formation can be another possible reason of high alkalinity. 

 
 
 
 
 

 
 
 
 
 
 
 
 
 

Fig: 2- Interpolation map of pH                                                                           Fig: 3-Interpolation map of Alkalinity  
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Fig: 4- Interpolation map of Chloride                                                           Fig: 5- Interpolation map of Nitrate  

 
 

       
Fig: 6- Interpolation map of Phosphate Fig: 7- interpolation map of Sulphate Fig: 8- interpolation map of Fluoride 
 

After bicarbonate, chloride was the major anion present in the ground water samples. Chloride content in the 
samples was found ranging from 27.65 ppm to 4931.09 ppm with an average value of 775.81 ppm found 
above permissible limit (<250ppm) as per BIS in 24 samples. Interpolation map of chloride (fig. 4) shows 
abnormal high value in northern side and middle east-west belt of study area shows relatively low value of 
chloride. High chloride content in ground water likely to salt pan agricultural deposit returning to ground 
water. Inorganic fertilizer, irrigation drainage and percolation from saline soil into ground water may be 
possible reason of high chloride content. Where Nitrate concentration ranging from 0.48 ppm to 43.10 ppm 
with an average of 52.72 was found above permissible limit (<50 mg/l) in 11 samples as per WHO standard 
and Phosphate concentration was varying from 0.20 ppm to 0.93 with an average of 0.38 ppm detected in the 
study area was found above permissible limit in all the samples (<0.1ppm) as per WHO (1993). Settlement 
area shows relatively high nitrate value (fig. 5) whereas phosphate (fig. 6) shows relatively low value in eastern 
and northwestern side of study area. Nitrate and phosphate are widely used as fertilizer in agricultural area. 
Therefore Agricultural fertilizers, manure, and organic waste of animal and crop can be possible cause of 
nitrate and phosphate concentration in ground water. Phosphorus tends to attach with soil particles and 
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moves to surface bodies from runoff. The concentration of Sulphate varied from 6.53 to 186.27 (ppm) with a 
mean of 98.18 (ppm) was within permissible limit (<200mg/l) as per BIS standard. Although all sample are 
within permissible limit but middle belt with factory area and northwestern side shows higher value than the 
average of samples. Sulphate occurred naturally from leaching of gypsum and on the oxidation of pyrites. The 
sulphide minerals add the soluble sulphate into the groundwater through oxidation process. Fluoride in 
limited amount has beneficial effects on teeth and bones but in excessive amount that is more than 1.5 mg/l 
causes fluorosis of teeth and skeletal. All the samples were found above permissible limit of 1.0 mg/l as per BIS 
standard. Fluoride concentration was found ranging from 1.48 to 5 ppm with an average value of 2.79 ppm. 
Fluoride concentration (fig. 8) found uniformly distributed across the study area. The major sources of fluoride 
is geogenic coming from leaching of fluoride-bearing rocks such as fluorspar, cryolite, fluorapatite and 
hydroxylapatite in the study area. The high content of Fluoride is governed by the fluorine content in source 
rock and soil (Singh at. Al, 2007). Flowing water dissolves ions like calcium, bicarbonate, pH, velocity and its 
residence time (Khaiwal and Garg, 2006). 

Total hardness and major Cations: 
Ground water is classified very hard means more than 300, as per classification given in Savern and McCarty 
1967. Total hardness of water was found ranging from 395.12 to 2257.18 with an average of 1079.01 mg/l as 
CaCO3. As total hardness is sum of polyvalent cation. Calcium is major contributor in total hardness. Hardness 
cause more consumption of soap during cleaning. However no adverse effect of ground water is known but 
some evidence shows its indication toward heart disease. 
Calcium, the major responsible ion in hardness found concentration varying from 103.2 to 788.5 ppm with an 
average of 356.5 ppm and all the sample were above permissible limit (<75 ppm) as per BIS. Major portion of 
built-up area with few sample Tara pandit khet and ashram shows high concentration of Calcium while east-
west belt shows low sodium value in the study area (fig. 9). Magnesium concentration, varying from 32.9 to 
68.79 ppm with an average of 45.06 ppm was detected from study area, was found within permissible limit 
(<100ppm) as per BIS standard Interpolation map of Magnesium shows low value in east west belt of study 
area. While Sodium concentration varying from 28.00 to 463.70 ppm with an average of 177.55 ppm was 
detected and 33 samples were found above permissible limit (>50ppm) as per WHO. Concentration of 
potassium varied from 3.10 to 432.50 ppm with an average of 81.48 ppm.  High sodium and potassium 
content in ground water is probably due to leaching of salts from surface soils through deep percolation of 
rain and irrigation water. High Sodium concentration with some low concentration points in east-west belt. 
Built-up area shows high concentration of potassium in the study area. The sources of potassium is likely due 
to silicate minerals as equiline curve shows the possibility of silicate weathering. Agricultural activities can also 
be another reason for potassium in ground water. 

                                                     
Fig: 9 -Interpolation map of Calcium                                                           Fig: 10- Interpolation map of magnesium                       
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Fig: 11- Interpolation map of Sodium                                                            Fig: 12- Interpolation map of Potassium  

 
 Heavy metal analysis: 
Iron concentration in study area varies from 0.12 to 0.92 ppm with an average of 0.21 ppm. Iron was found 
above permissible limit (<0.3) in four sample only (fig.13) Manganese concentration from 0 to 0.61 ppm was 
found in the sample with an average of 0.05 ppm. Four samples were detected above permissible limit 
(<0.1ppm).  Weathering of ferruginous minerals of igneous rocks may be the possible reason of iron content in 
ground water. Aquifer lithology, geochemical environment and residence time may be possible cause of 
manganese content in ground water.   
Concentration of lead varied from 0 to 0.06 ppm with an average of 0.03 ppm. Concentration of lead found 
above permissible limit (<0.01) was detected in 22 places as per BIS standard. Abnormal high concentration of 
lead was detected in Bhiwani-Meham road whereas northwest part of study area shows low concentration of 
lead (fig. 14). Natural deposits, diesel fuel combustion, discarded batteries and paint are the major source of 
lead in ground water. Zinc concentration in study area varying from 0 to 0.51 ppm with an average of 0.05 
ppm. All samples were in the acceptable limit of (<5 ppm) as per BIS standard whereas the concentration of 
Cadmium and Nickel were below the detectable limit of AAS-ECIL in all the sample. Concentration of cobalt 
varies from 0.1 to 0.4 with an average of 0.3 ppm. 

  
Fig: 13- Interpolation map of Iron                                                     Fig: 14- Interpolation map of lead 
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Correlation matrix for different water quality parameters: 
The correlation matrix infer the correlation between each possible pairs in the data. It signifies the relation of 
between variables in terms of value ranging from -1 to +1. 0.5 - 0.7 shows the correlation is moderate, above 
0.7 show strong correlation and below 0.5 it show poorly correlated with each other. Table shows the 
correlation of Na+ with Cl-, K+ with NO3

--, Ca++ with NO3
-, Ca++ with Cl-, Ca++ with Na+, Ca++ with K+, Mg++ with Cl-, 

Mg++ with Na+, Mg++ with Ca++, Zn++ with Fe++, Zn++ with Mn++, HCO3
- with NO3

- and HCO3
- with K is 0.80, 0.76, 

0.67, 0.66, 0.66, 0.51, 0.70, 0.59, 0.54, 0.55, 0.57, 0.61 and 0.53 respectively. Relation of Na+ with Cl-, Mg++ 
with chloride and K with NO3 shows strong correlation while, Ca++ with NO3

-, Ca++ with Cl-, Ca++ with Na+, Ca++ 
with K+, Mg++ with Cl-, Mg++ with Na+, Mg++ with Ca++, Zn++ with Fe++, Zn++ with Mn++, HCO3

- with NO3
- and HCO3

- 
with K+ are moderately correlated. 

Table 1 
 Correlation matrix of Ground water table 
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Classification of ground water: 
 To evaluate of ground water hydrochemistry, piper trilinear diagram of major ions was plotted. The plot 
shows that the major water type of the region is Ca-SO4 and Ca-HCO3 type from the shallow aquifers affected 
by local lithology. This shows that the water is derived from gypsum ground water. Some samples also show 
the Na-Cl type water which is typical of deep ancient ground water.  

 
Fig: 15- Piper plot 

Equiline curve: 
Graphical representation of Bicarbonate vs. Sodium shows increased concentration of HCO3

- as compared to 
Na+, which indicates silicate weathering is prominent in the study area. 
The graph between Cl- vs. SO4

2- shows the enrichment of chloride in the study area. 
Increased concentration of calcium as compared to Sodium indicates that ion exchange process is going on as 
compared to dissolution process in the study area. 
 

 
Fig: 16-  Equiline curve between carbonate and Sodium 
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Fig: 17- Equiline curve between sulphate and chloride 

 
 

 
Fig: 18-  Equiline curve between calcium and sodium 
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Conclusion: 
Ground water from study area shows alkaline and oxidizing nature. The order of dominance of the major 
cations and anions is Ca++> Na+> Mg2+> K+ and HCO3

- > Cl- > SO4
2- > CO3

2- respectively. Ground water is not 
suitable for domestic purpose in any part of the study area. 
The Ca-HCO3 and Na-Cl type are the dominant groundwater facies in this region. Ground water chemistry is 
strongly influenced by bedrock geology and recharge processes. The enrichment of bicarbonate in ground 
water is due to rock weathering, recharge from rainfall and surface water. Ground water is very hard and 
alkaline in nature and EC is also higher than permissible limit. Due to the high salinity, cultivation of salt 
resistant crops is advised.  
The application of fertilizer, pesticides and evaporation enriched irrigation return flow increases the 
concentration of ions like nitrate, potassium, and phosphate in ground water. The balanced use of fertilizer is 
recommended to avoid further enrichment of ions. 
In case of heavy metals, Lead found in more than half of samples is possible threat to human health. While 
Manganese is found above permissible limit in few samples. 
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