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Introduction 
Water, one of the most vital resources, is essential to sustain life. 

Based on the fundamental quality, water is used in different sectors viz. 
domestic, agriculture, power and industry. Therefore, one should have 
some basic information on quantity and quality of water resources 
for its proper usage and management. Continuous increase in water 
demands due to increasing population and developmental activities has 
resulted in more use of groundwater than the surface water resource 
which has led to groundwater depletion. Besides this, the groundwater 
quality is deteriorating due to disposal of massive industrial effluents 
and mining activities, as reported by various researchers in different 
parts of India [1-26]. For surface water the contamination transport 
and modeling has been reported by Parsai and Hagiabi [27,28]. 
Hence, groundwater quality monitoring has become imperative for 
maintaining its reliability for future use. 

Water quality index is one of the most effective, simple and 
easily understandable tools to assess water quality for its suitability 
for various purposes [29]. In an attempt of developing water quality 
indices of groundwater in different areas, these indices have already 
been developed for Haridwar district in Uttarakhand [30] and 
Muzaffarnagar and Shamli districts of Uttar Pradesh [31]. Here, a 
further attempt has been made to develop the WQI of groundwater of 
Rajkot district in Gujarat, India.

It has been reported by Kumar and Parita that groundwater in 
Rajkot is not potable and the water related health problems are due 
to microbial and chemical contamination. Keeping in view the above 
finding, WQI of groundwater of Rajkot district, Gujarat has been 
computed in this study to test its suitability for drinking purpose.

Study Area
Rajkot district falls in Saurashtra with a geographical area of 11203 

km2 and lies between latitude 20°30’ and 23°12’ North and longitude 
70°00’ and 71°45’ East [32]. Rajkot district comprises of 14 blocks, i.e., 
Rajkot, Kotada Sangani, Gondal, Jetpur, Dhoraji, Upleta, Jamkandorna, 
Lodhika, Paddhari, Morvi, Maliya, Wankaner, Jasdan and Tankara 
(Figure 1). The district has a semi-arid climate with normal rainfall 
of 550 mm. The major rivers flowing through the Rajkot district are 
Bhadar, Aji, Machhu, Demai and their tributaries. Some other small 
streams are Phulki, Jhinjhora and Ghodadroi. All these rivers, except 
the Bhadar, have very small catchments and are ephemeral in nature 
[32].

The soils found in the district are mostly of Inceptisol and Entisol 
order and of Othids, Ochrepts, Orthents, Fluvents, Psamments and 
Aquepts suborder. Depth to groundwater level ranges from 0.78-22.45 
m during pre-monsoon season and during post-monsoon, it ranges 
from 1.68-21.97 m.

Methodology
AQUACHEM software was used to determine the geochemical 

evolution by evaluating all major cation and anion values. For 
computing the water quality index (WQI), the methods reported by 
Singh [5] have been employed in this work and the data of 27 samples 
(Figure 2) was taken from Dhiman [33] based on the data of CGWB, 
2008 (http://gis2.nic.in/cgwb/Gemsdata.aspx) for the year 2008. In the 
present study, seven water quality parameters have been considered to 
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Figure 1: Location map of the study area.
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compute WQI. These parameters include pH, Total Dissolved Solids, 
Total Hardness, Fluoride, Chloride, Sulphate and Nitrate. The water 
quality index was calculated using quality rating scale and accordingly 
assigning weight values to the selected parameters. The standards of 
the water quality parameter are governed as per BIS: 10500-2012 and 
central pollution control board (CPCB) standards and their respective 
weight used in the present work are highlighted in Table 1.

Overall WQI (OWQI) has been developed for surface water by 
Singh et al. [5] which can also be used for groundwater also [34]. 

As reported by Singh et al. [5] and Krishan et al. [30,31] to gauge 
the influence of each individual parameter on a common single scale, 
the score generated by each parameter was averaged out. The following 
weighted average aggregation function has been employed for this 
purpose.

 
1
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=

=å  				                    (1)

Where wi = weight of the ith water quality parameter and Yi = sub-
index value of the ith parameter (As reported by Singh et al. [5] sub-
indices functions are basically the governing equations that transform 
the concentration ranges into the index score through mathematical 
equations. These scores are then further converted to a common scale 
based on their relative importance to impact the quality of water. 
These sub-indices function are developed based on the water quality 
standards and their concentrations to meet in particular range. For this 
purpose, mathematical expressions were fitted for each parameter to 
obtain the sub-index equations).

Based on the status of water quality data, the index value ranges 
from 0 to 100 and is classified into five categories: heavily polluted 
(0-24), poor (25-49), fair (50-74), good (75-94) and excellent (95-
100). The status of water corresponding to different WQI values is 
presented in Table 2. If the index is low, then it indicates that some 
of the water quality parameters are beyond permissible ranges due to 
some particular reason and suitable measures are needed to improve 
the quality of water. Thus this index may be used as a guiding rule 
in management of quality of water resources. Various sub-indices 
functions and descriptive details are given by Singh et al. [5] and 
Krishan et al. [30,31] and have not elaborated here.

Results and Discussion
The average value of physico-chemical parameters and WQI along 

with water type of 27 samples are given in Tables 3 and 4, respectively. 
The spatial distribution of water quality index is shown in Figure 3. 

The groundwater samples were found to have Ca-Na-HCO3-Cl (2 
nos.), Na-Mg-HCO3-Cl (2nos.), Na-Mg-Cl-HCO3 (2 nos.), Na-SO4-
HCO3, Na-Ca-Mg-HCO3-Cl-SO4, Ca-Na-Mg-Cl-HCO3, Mg-Ca-Na-Cl-
HCO3-SO4, Mg-Na-Ca-Cl, Mg-Ca-Na-HCO3-Cl, Na-Mg-Ca-HCO3-Cl, 
Na-HCO3-Cl, Na-Ca-Cl, Na-Ca-Mg-HCO3, Ca-Na-Mg-HCO3-Cl-SO4, 
Ca-Na-Cl-HCO3-SO4, Ca-Na-Cl-HCO3-SO4, Ca-Mg-Na-HCO3-Cl, 
Na-Ca-Mg-Cl, Na-Ca-Mg-HCO3-Cl, Ca-Mg-Na-Cl, Mg-Na-Ca-Cl-
HCO3, Na-HCO3-Cl-SO4, Na-Cl-HCO3-SO4, Na-HCO3-Cl-SO4, Na-
Mg-Cl types of hydro-chemical species. Majority of the groundwater 
samples exhibit that the alkalies significantly exceed the alkaline earths 
and weak acids exceed the strong acids.

The pH values ranged between 7.38-8.27 indicating samples was 
neutral to slightly alkaline. The TDS varied from 309-4858 mg/l. Very 
high TDS compared to standard limit of 600 mg/l may be due to high 
concentrations of chloride and nitrates. Fluoride concentration ranged 

 

Figure 2: Sampling points in the study area.

SI. No. Parameter Weight Factor Standards
(IS-10500) (1991)

1 pH 1 6.5-8.5
2 Total Dissolved Solids (mg/l) 3 500-2000
3 Total Hardness (mg/l) 1 300-600
4 Fluoride (mg/l) 3 1.5-2.0
5 Chloride (mg/l) 1 250-1000
6 Sulphate (mg/l) 2 25-1000
7 Nitrate (mg/l) 3 10-100

Table 1: Assignment of significance weight to the water quality parameter [5].

Class WQI Value Status of Water
Heavily Polluted 0 - 24 Unsuitable for All Purposes
Poor 25 - 49 Special Treatment (Special Treatment)
Fair 50 - 74 Needs Treatment (Filtration & Disinfection)

Good 75 - 94 Acceptable
Excellent 95 - 100 Pristine Quality

 Table 2: WQI and corresponding class and status of water quality [5].

Parameters pH
-

TDS
mg/l

F-

mg/l
Cl-

mg/l
SO4

2-

mg/l
NO3

-

mg/l
T. Hardness

mg/l
Minimum 7.38 309.00 0.00 57.00 3.00 1.00 127.40
Maximum 8.27 4858.00 6.80 2237.00 120.00 876.00 1582.40
Average 8.01 1346.81 1.03 379.85 28.33 127.15 503.38
Std. Deviation 0.24 1034.54 1.38 488.42 30.95 166.03 356.21
Table 3: Statistical summary of physico-chemical parameters of groundwater 
samples.
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from nil to 6.80 mg/l and the maximum concentration is very high as 
compared to standard limit 1.5 mg/l. Chloride concentration ranged 
from 57-2237 mg/l and the maximum concentration is very high as 
compared to standard limit 250 mg/l. Sulphate concentration ranged 
between 3-120 mg/l which were below the permissible limit of 200 
mg/l. Nitrate concentration in groundwater samples ranged between 
1-876 mg/l. High concentration of nitrate may be due to leaching 
from nitrogenous fertilizers, manures and may also be due to other 
anthropogenic origin. Total hardness ranged from 127 to 1582.40 mg/l 
and some samples have crossed the standard limit of 300 mg/l. 

It is observed from the results that the maximum and minimum 
value of WQI has been found to be 98 and 27 delineated as per the Table 
2 which fall under the ‘Excellent’ and ‘Poor’ category, respectively. 
In the present study it is observed that majority of the groundwater 
samples (44.4%) qualify in the ‘Good’ category and are acceptable for 
domestic use and 7.4% samples qualify in the ‘Excellent’ category which 
are of pristine quality; 33.4% samples qualify in the ‘Fair’ category 
which needs ‘Filtration and disinfection’ treatment and 14.8% samples 
qualify in the ‘Poor’ category which needs ‘Special treatment’. It may 
also be reflected that parameters particularly chloride, sulphate, nitrate 
and hardness are found to be higher compared to the permissible 
level resulting TDS value at higher order owing to anthropogenic 
contribution viz. agricultural and industrial activities in the Rajkot 
district.

It is evident from the Figure 3 that the water quality is good in 
northern and eastern parts of the study area, while the water quality 
needs treatment in the southern, south western and central part of the 
study area.

Conclusion
WQI has been computed based on seven different quality 

parameters to assess the suitability of groundwater for drinking 
purposes in Rajkot district, Gujarat. The computed WQI shows that 
51.8% of water sample falls in the ‘good’ to ‘excellent’ water category. On 
the other hand 48.2% of water samples fall in the ‘fair’ to ‘poor’ category 
which indicates that the water is not suitable for direct consumption 
and requires treatment. After treatment, this water can be used for 
drinking purpose. Chloride, sulphate, nitrate and hardness are found 
to be higher compared to the permissible level resulting TDS value at 
higher order owing to anthropogenic contribution which might occur 
due to the agricultural and industrial activities in the Rajkot district. 
The continuous monitoring of groundwater is required in the district 
to protect water in future from any possible contamination due to 
growing industrialization and agricultural practices. 
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