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Unplanned discarding of industrial effluent, sewage, domestic and industrial 
solid waste, unwise use of insecticides, herbicides, pesticides, and fertilizer in 
agriculture are the major causes of groundwater quality reduction. In the 
present paper groundwater quality of the two selected village of Rajauli 
subdivision of Nawada district of Bihar was assessed using water quality index 
(WQI). The samples were figured out for the parameters such as temperature, 
pH, electrical conductivity (EC), total dissolved solids (TDS), alkalinity, 
dissolved oxygen (DO), total hardness (TH), chloride, calcium (Ca), magnesium 
(Mg), biochemical oxygen demand (BOD), and fluoride. All the parameters 
were found below the standard limits of Bureau of Indian Standard (BIS, 2012) 
except total hardness (328.1mg/l to 346.6mg/l), calcium (105.3mg/l to 122.6mg/l), 
magnesium (46.1mg/l to 55.7mg/l) and fluoride (4.8 to 4.9mg/l). Fluoride was 
observed more than 3 times than the standard permissible limit (1.5mg/l). 
Water quality index (WQI) was also applied on the obtained data to make it 
easy to understand. Based on WQI (including the fluoride), all the four sites fall 
in unfit for drinking category (250.79, 258.78, 281.78, 247.30) and in poor to 
very poor category (80.23, 88.19, 88.59, 64.60) excluding the fluoride from WQI 
calculation. Both the values of WQI shows that fluoride alone is not responsible 
for the degraded quality of water but other high concentration of salts is also 
responsible. 

 
Introduction 
Water alone makes approximately 70% of the 
human body weight and 97% of the plant weight. 
Groundwater is the primary source of potable water 
and therefore an important part of water systems 
(Samal et al., 2020; Li et al., 2021). Different types 
of ions are present in water depending on the 
geology of the area and activities upon the ground 
(Todd, 1980) but major focus is paid on the ions of 
extremes concentrations (high or low) which 
disturb the chemistry of the water causing the water 
harmful to the health of living beings and 
unsuitable for many other purposes (Brindha and 
Elango, 2011). Population explosion, industrial 
revolution and green revolution are the major 
causes of water contamination (Ahmed et al., 2019; 

Yuan et al., 2020). A large quantity of water 
supplied to the individuals returned as wastewater 
and discharged directly or in untreated form and 
partially treated form on the open ground or in 
surface water bodies making them polluted. 
Similarly wastewater discharge from industries also 
contains pollutants especially heavy metals which 
make the water bodies polluted. Agricultural runoff 
contains remains of fertilizers, pesticides, 
herbicides and weedicides which are released 
directly in the surface water bodies making them 
polluted. These pollutants get absorbed in the 
sediments and then reached the underground water 
level due to percolation. In that way all the sources 
of potable water becomes polluted causing different  
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problems to the user. Groundwater pollution 
increases the cost of water treatment along with the 
problem of water shortage (Chen et al., 2021). Now 
the quantity and quality of groundwater are two 
important aspects to be addressed simultaneously 
(Yousefi et al., 2018; Hua et al., 2020).  
Different heavy metal present in water causes 
different diseases (such as mercury causes 
minimata, arsenic causes black foot disease, lead 
causes cancer, cadmium causes itai-itai). Similarly 
fluoride causes fluorosis, dental mottle and dental 
carries. Although fluoride can be found in air, water 
and soil but water may be considered as major 
contributor of fluorosis (Gupta et al., 2005). As per 
World Health Organization (WHO), 1.50mg/l is 
permissible for drinking water and as per Bureau of 
Indian Standards (BIS, 2012). However, at 
1.20mg/l of fluoride in water fluorosis and at 
0.60mg/l of fluoride dental caries was observed in 
India (ISI, 1983). Paleoclimatic, geogenic 
(evaporation and infiltration of stagnant water) and 
anthropogenic (industrial discharge, waste of brick 
industry, fertilizers, and leakage of aquifer etc.), 
porosity and pH of rocks and soils, depth of well, 
age of groundwater, residence time, low calcium 
and high sodium bicarbonate and carbonate value  
are some of the factors which controls the fluoride 
in water (Kundu et al., 2001; Smedley et al., 2002; 
Edmunds and Smedley, 2005; Kim and Jeong, 
2005; Vithanage and Bhattacharya, 2015). Due to 
water soluble nature, fluoride is widely found in 
earth crust as well as below it. Along with 
industrial discharges (such as discharge of 
aluminum extraction industry), tea, rock-salt and 
food grains like sorghum, Ragi, Bajra etc. are the 
other sources of fluoride (Singh et al., 2009). The 
fluoride which reached to gastrointestinal tract 
through water, food, medicine and cosmetics get 
completely absorbed and its distribution throughout 
the body take place rapidly. Fluorine (highly 
electronegative element) gets attracted by calcium 
ions (positively charged) present in bones and teeth 
which results in flake of teeth and later skeletal 
fluorosis (Frazao et al., 2011). Fluoride is 
eliminated via urine, sweat and faeces in little 
amount and gets bounded in tissues in large amount 
(Kumar and Kumar, 2015). 
Water quality index (WQI) helps in understanding 
quality of water and therefore has been applied for 
the quality estimation of the water all over the 

world form the last few decades (Verma et al., 
2018; Bhutiani et al., 2018; Adimallaa and Qian, 
2019; Vaiphei et al., 2020; Bhutiani et al., 2021). 
Water quality is means of reflecting the quality of 
water in a single value (Sener et al., 2017; Tyagi et 
al., 2020). Various water quality calculation 
methods have been developed by several 
researchers and also by several countries.  
Therefore the present study was carried out to 
investigate the groundwater quality of the two 
selected village of Rajauli subdivision Nawada 
district of Bihar using Water quality index (WQI). 
 
Material and Methods 
Study area 
Nawada district is situated at 24.88°N 85.53°E at an 
elevation of 80 meters (260 ft) above sea level with 
an area of 2,492 km2 (962 sq mi) in the southern 
part of Bihar and the administrative headquarters is 
Nawada town. The groundwater depth varies from 
2 to 5 meter in post monsoon season and 5 to 10 
meter in pre monsoon season. Clay loam type soil 
is found in most of the parts of Rajauli subdivision. 
Rainfall in the district is 1037mm (CGWB, 
Groundwater information booklet, 2013). 
 
Sampling and analysis 
The samples from the four selected sampling point 
of selected villages (Kachahariyadih and Muslim 
Tola, figure 1) were collected in polythene 
containers of 2-3 liter capacity in the morning hours 
(7:00AM to 10:00AM) for five months (from 
November 2020 to March 2021). The selected 
villages were divided into two quota (I and II) and 
then 5 samples were collected from each quota and 
mixed to prepare the representative samples of that 
particular quota.  In this way samples were 
collected from all the four sampling quota of both 
the selected villages. Temperature, Colour, pH and 
electrical conductivity (EC) were analyzed at 
sampling location and remaining sample were 
transported to the laboratory to analyze the total 
hardness (TH), total dissolved solids (TDS), 
calcium (Ca), magnesium (Mg), dissolved oxygen 
(DO), biochemical oxygen demand (BOD), 
chloride, alkalinity, and fluoride. All the selected 
physicochemical parameters were analyzed 
following the standard methods prescribed in 
APHA, (2012), and Khanna and Bhutiani (2008). 
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Figure 1: Showing the Rajauli sub-division of Nawada District selected for the present study 
 
Water Quality Index (WQI) 
Water Quality Index (WQI) is a very useful and 
efficient method, which can provide a simple 
indicator of water quality and is based on several 
important parameters. In the present study, the WQI 
was calculated using the weighted arithmetic index 
method of Cude (2001) and Brown et al. (1970). In 
this model, the components with different water 
quality are multiplied by a weighting factor and 
then collected using a simple arithmetic mean. To 
assess water quality first, a Quality Rating Scale 
(Qn) was calculated for each parameter and then 
WQI was calculated using the given equation:- 

𝑊𝑄𝐼 =
∑𝑄𝑛𝑊𝑛

∑𝑊𝑛
 

Where,  
Qn = Quality rating  
Wn = Relative (unit) weight 
WQI scale and water quality categorization is given 
in Table 1. 

 
Table 1:  Water Quality Index (WQI) and its status 
according to Chaterjee and Raziuddin (2002) 

Water quality Index 
Level 

Water Quality Status 

0-25 Excellent water quality 
26-50 Good water quality 
51-75 Poor water quality 
76-100 Very poor water quality 
>100 Unsuitable for drinking 

 
Results and Discussion 
Average results of groundwater quality of the 
selected villages are given in table 2 while the 
correlation was given in table 3 and the observed 
values (OV), subindex (Si) and water quality index 
(WQI) are given in table 4 and figure 2.  
Temperature is an important factor for the 
development of organism (Ram et al., 2007) as it 
controls many bio-chemical reactions. In the winter 
season, the reduced water temperature may be due 
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to the shorter photoperiod and a fall in the 
atmosphere. With the elevated atmosphere 
temperature, the water temperature increases. 
Temperature was found minimum at site 4 
(25.6±0.37) and maximum was found at site 1 
(25.9±0.35). Results of temperature were in 
accordance with by Gouri and Choudhary (2017). 
A very strong positive correlation of temperature 
was observed with turbidity (+0.94) and hardness  
(+0.92), and very strong negative correlation with 
alkalinity (-0.93) and chloride (-0.98) and moderate 
negative correlation with TDS (-0.56) and EC (-
0.56). pH is one of the important parameter to 
determine the suitability of groundwater for 
drinking purpose (Salunke et al., 2014). pH was 
found minimum at site 4 (7.3±0.05) and maximum 
was found at site 2 and 3 (7.5±0.19). A very strong 
positive correlation of pH was observed with 
calcium (+0.98) and BOD (+0.90) while strong 

positive correlation with hardness (+0.76) and 
strong negative correlation with alkalinity (-0.67). 
Moderate negative correlation of pH was observed 
with TDS (-0.59), EC (-0.59), DO (-0.53) and 
chloride (-0.56) while moderate positive correlation 
with fluoride (+0.54). pH was found within the 
standard limit o BIS (6.5 to 8.5). More or less 
similar concentration was observed by Gouri and 
Choudhary (2017). Electrical Conductivity (EC) is 
the capacity of water and wastewater to transmit the 
current from one point to another and is also an 
indicator of the amount of salt present in water 
(Aguado et al., 2006). EC was found minimum at 
site 3 (719.7ms/cm±20.44) and maximum was 
found at site 4 (769.4ms/cm±13.78). A very strong 
negative correlation of EC was observed with 
fluoride (-0.92) while strong negative correlation 
with hardness (-0.75) and magnesium (-0.67).  

 
Table 2: Showing the physicochemical parameters at all the study sites 

Parameters BIS Limit 
Site 1 
(Kachahariyadih
—A1) 

Site 2 
(Kachahariyadih
—A2) 

Site 3 
(Mushlim 
Tola—A1) 

Site 4 
(Mushlim 
Tola—A2) 

Temperature 
(0C)  

(25.6-26.4)* 
25.9±0.35 

(25.3-26.1)* 
25.7±0.39 

(25.6-26.1)* 
25.8±0.19 

(25.3-26.1)* 
25.6±0.37 

pH 6.5 - 8.5 
(7.3-7.7)* 
7.4±0.17 

(7.3-7.7)* 
7.5±0.19 

(7.3-7.6)* 
7.5±0.13 

(7.2-7.3)* 
7.3±0.05 

EC  
(s/cm)  

(737.9-772.7)* 
751.8±13.27 

(734.8-781.8)* 
759.7±17.88 

(690.9-740.9)* 
719.7±20.44 

(754.5-786.4)* 
769.4±13.78 

TDS 
(mg/l) 

500 
(487-510)* 
496.2±8.76 

(485-516)* 
501.4±11.80 

(456-489)* 
475.0±13.49 

(498-519)* 
507.8±9.09 

Turbidity 
(NTU)  

(3.2-4.3)* 
3.6±0.60 

(1.9-2.8)* 
2.2±0.34 

(2.7-3.1)* 
2.9±0.20 

(1.9-2.8)* 
2.2±0.37 

TH 
(mg/l) 

300 
(333-350)* 
346.6±7.99 

(325-354)* 
337.8±11.56 

(333-354)* 
346.6±7.99 

(315-331)* 
322.4±5.98 

Calcium  
(mg/l) 

75 
(109-123)* 
118.4±6.54 

(114-135)* 
122.6±8.56 

(115-126)* 
120.6±3.91 

(97-112)* 
105.8±6.46 

Magnesium  
(mg/l) 

30 
(53.4-55.4)* 
55.7±2.41 

(48.1-58.3)* 
52.5±4.19 

(53.2-55.9)* 
55.1±1.45 

(51.5-57.1)* 
52.9±2.39 

Alkalinity 
(mg/l) 

200 
(67-75)* 
69.6±3.21 

(70-76)* 
74.6±2.61 

(73-78)* 
74.8±1.92 

(74-89)* 
83.2±5.93 

Chloride 
(mg/l) 

250 
(43-71)* 
61.2±11.71 

(55-75)* 
68.2±7.85 

(62-70)* 
66.6±3.21 

(71-78)* 
74.8±2.86 

DO 
(mg/l) 

>2 
(1.8-3.5)* 
2.5±0.70 

(1.4-2.3)* 
1.8±0.38 

(2.3-3.2)* 
2.7±0.41 

(1.9-3.1)* 
2.6±0.53 

BOD 
(mg/l) 

<1 
(0.2-1.2)* 
0.7±0.41 

(0.5-1.3)* 
0.9±0.36 

(0.2-1.2)* 
0.7±0.42 

(ND-0.9)* 
0.5±0.35 

Fluoride 
(mg/l) 

1.5 
(4.7-5.1)* 
4.8±0.23 

(4.6-5.3)* 
4.9±0.25 

(5.1-5.8)* 
5.4±0.34 

(4.6-4.9)* 
4.8±0.12 

*= Range 
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Moderate positive correlation of pH was observed 
with alkalinity (+0.41) and chloride (+0.45). 
Results of EC were in accordance with Samal et al. 
(2020).Total Dissolved Solids (TDS) is mainly due 
to the presence of ions/salts in water (Tyagi et al., 
2020). TDS was found minimum at site 3 
(475.0mg/l±13.49) and maximum was found at site 
4 (507.8mg/l±9.09). TDS was found below the 
standard limit of BIS (500mg/l) except at site 1and 
3 but at all the sites TDS was increasing and will be 
above the standard limit of BIS (500mg/l) very 
soon. Turbidity is an aesthetic parameter with 
enduring health effect (Hejaz et al., 2020). 
Turbidity was found minimum at site 2 and 4 
(2.2NTU±0.34) and maximum was found at site 1 
(3.6NTU±0.60). A very strong positive correlation 
of turbidity was observed with magnesium (+0.95) 
while strong negative correlation with alkalinity (-
0.78) and chloride (-0.88). No correlation was 
observed between turbidity and BOD. Turbidity 
was found below the standard limit of BIS (5NTU) 
at all the sites during the study period. Total 
Hardness (TH) is a crucial water quality parameter, 
if the concern is domestic, industrial or agricultural 
use. TH is caused due to calcium and magnesium 
salts, chloride and Sulphate (WHO, 2011; Adimalla 
and Venkatayogi, 2018). The main sources of 
calcium and magnesium in water are geogenic. TH 
was found minimum at site 4 (322.4mg/l±5.98) and 
maximum was found at site 1 and 3 
(346.6mg/l±7.99). A very strong positive 
correlation of TH was observed with magnesium 
(+0.78) and calcium (+0.84) while very strong 
negative correlation with alkalinity (-0.92) and 
chloride (-0.92) and moderate positive correlation 
was observed with BOD (+0.55) and fluoride 
(+0.47). TH was found above the standard limit of 
BIS (300mg/l) at all the sites during the study 
period. Calcium was found minimum at site 4 
(105.8mg/l±6.46) and maximum was found at site 2 
(122.6mg/l±8.56). Calcium was found above the 
standard limit of BIS (70mg/l) at all the sites during 
the study period. Magnesium was found minimum 
at 2 (52.5mg/l±4.19) and maximum was found at 
site 1 (55.7mg/l±2.41). Magnesium was found 
above the standard limit of BIS (30mg/l) at all the 
sites during the study period. A very strong positive 
correlation of Ca was observed with BOD (+0.91) 
and calcium (+0.84). Alkalinity was found 

minimum at site 1 (69.6mg/l±3.21) and maximum 
was found at site 4 (83.2mg/l±5.93). Alkalinity was 
found below the standard limit of BIS (200mg/l) at 
all the sites during the study period. Chloride is 
essential for autotrophic photophosphorylation 
reactions. High content of chloride in a water body 
indicates the contamination due to large quantity of 
sewage inputs. Chloride was found minimum at site 
1 (61.2mg/l±11.71) and maximum was found at site 
4 (74.8mg/l±2.86). Chloride was found below the 
standard limit of BIS (250mg/l) at all the sites 
during the study period. Dissolved Oxygen (DO) is 
the amount of oxygen dissolved in water which the 
aquatic organism uses for their breathing activity. 
DO was found minimum at site 2 (1.8mg/l±0.38) 
and maximum was found at site 3 (2.7mg/l±0.41). 
Strong negative correlation of DO was with 
observed with BOD (-0.84). Biochemical Oxygen 
Demand (BOD) is the amount of oxygen required 
by bacterial community available in water sample 
in a fixed period of time for the oxidation of 
organic and inorganic matter (Bhutiani et al., 
2021). BOD was found minimum at site 4 
(0.5mg/l±0.35) and maximum was found at site 2 
(0.9mg/l±0.36). BOD was found below the standard 
limit of BIS (<1mg/l) at all the sites during the 
study period. Moderate negative correlation of 
BOD was with observed with alkalinity (-0.62) and 
chloride (-0.48). The low values of BOD indicate 
that groundwater is free from organic pollution. 
Physical parameters like EC and pH are the 
possible source of fluoride delineation. Fluoride 
was found minimum at site 1 and 4 (4.8mg/l±0.12) 
and maximum was found at site 3 (5.4mg/l±0.34). 
Fluoride was found above the standard permissible 
limit of BIS (1.5mg/l) at all the sites during the 
study period. Results were in accordance to Gouri 
and Choudhary (2017) and Yasmin et al. (2013). 
Disintegration of fluorite mineral from the parent 
rocks is favoured by alkaline range of pH (between 
7.6 and 8.6) (Saxena and Ahmed, 2001). In our 
study, pH was found in neutral to alkaline range 
causing dissolution of fluorite mineral causing of 
high concentration of fluoride in the study area. 
Water quality index (WQI)  
Sub index of each parameter and WQI of each site 
is given in the table 3. The results based on the 
weighted arithmetic water quality index (WQI) 
calculated by using the selected parameters such as 
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Table 3: Showing correlation coefficient between the different physicochemical parameters  

 
Temp pH TDS EC Turb TH Ca Mg DO BOD Alk Cl F 

Temp 1.00 
            

pH 0.47 1.00 
           

TDS -0.56 -0.59 1.00 
          

EC -0.56 -0.59 1.00 1.00 
         

Turb 0.94 0.16 -0.44 -0.44 1.00 
        

TH 0.92 0.76 -0.75 -0.75 0.75 1.00 
       

Ca 0.61 0.98 -0.55 -0.55 0.32 0.84 1.00 
      

Mg 0.90 0.19 -0.66 -0.66 0.95 0.78 0.30 1.00 
     

DO 0.10 -0.53 -0.36 -0.36 0.34 -0.05 -0.54 0.53 1.00 
    

BOD 0.32 0.90 -0.18 -0.18 0.00 0.55 0.91 -0.09 -0.84 1.00 
   

Alk -0.93 -0.67 0.41 0.41 -0.78 -0.92 -0.80 -0.67 0.27 -0.62 1.00 
  

Cl -0.98 -0.56 0.45 0.45 -0.88 -0.92 -0.71 -0.78 0.11 -0.48 0.99 1.00 
 

F 0.19 0.54 -0.92 -0.92 0.06 0.47 0.43 0.33 0.31 0.14 -0.09 -0.10 1.0 
 
Table 4: Showing average observed value (OV), sub index and WQI value at all the four study sites. 

Parameters 
Site-1 Site-2 Site-3 Site-4 
OV Si OV Si OV Si OV Si 

pH 7.4 48.63 7.5 60.78 7.5 58.35 7.3 31.61 
TDS 496.2 0.90 501.4 0.91 475.0 0.87 507.8 0.93 
EC 751.8 1.37 759.7 1.39 719.7 1.31 769.4 1.40 
TH 346.6 1.76 337.8 1.71 346.6 1.76 322.4 1.63 
Calcium 118.4 9.60 122.6 9.94 120.6 9.77 105.8 8.57 
Magnesium 55.7 28.20 52.5 26.60 55.1 27.93 52.9 26.77 
DO 2.5 5.33 1.8 3.99 2.7 5.81 2.6 5.72 
Alkalinity 69.6 0.79 74.6 0.85 74.8 0.85 83.2 0.95 
Chloride 61.2 0.45 68.2 0.50 66.6 0.49 74.8 0.55 
Fluoride 4.8 968.45 4.9 992.76 5.4 1090.01 4.8 972.50 
WQI including Fluoride 250.79 258.78 281.78 247.30 
WQI excluding Fluoride 80.23 88.19 88.59 64.60 

 

 
Figure 2: Showing the values of WQI at all the four study sites 
 
pH, TDS, EC, TH, Ca, Mg, DO, alkalinity, 
chloride, and fluoride and taking Standard values of 
BIS (2012) as reference values and taking fluoride 
as criteria pollutant at each site because of its 
highest sub index value at all the sites and the least  
concerning parameter was TDS due to low sub 
index value. The WQI values of the sites SS-1 was 
found 250.79 including fluoride indicates that water  

 
quality is unfit for drinking purpose and 80.23 
excluding fluoride indicates the very poor water 
quality in the area.  Similar pattern was found at 
SS-2 (WQI-258.78, 88.19) and SS-3 (WQI-281.78, 
88.59) while at SS-4 WQI values was found 247.30 
including fluoride indicates that water quality is 
unfit for drinking purpose and 64.60 excluding 
fluoride indicates the poor water quality in the area. 
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WQI values in Bokaro district of Jharkhand was 
observed as 59.39 to 228.16 (poor to unfit for 
drinking) by Verma et al. (2020). Similar results 
(WQI-41.64 to 113.69) were also observed by 
Chaurasia et al. (2018) in different parts of 
Varanasi. Adimallaa and Qian (2019) also found 
95% of the total ground water samples in unfit for 
drinking quality.  
 
Conclusion  
The present study was carried out to assess the 
groundwater quality using water quality index 
(WQI) based on physicochemical properties in two 
villages of Rajauli subdivision of district Nawada, 
Bihar. During the study period, values of total 
hardness (322.4mg/l to 346.6mg/l), calcium 
(105.8mg/l to 122.6mg/l), magnesium (52.5mg/l to 

55.7mg/l) and fluoride (4.8 to 5.4mg/l) were found 
above the standard limit of BIS at all the sites. 
Fluoride was detected more than 3 times than the 
standard permissible limit of BIS (1.5mg/l). Values 
of TDS (496.2mg/l to 507.8mg/l) were found very 
close to standard BIS limit (500mg/l). Based on 
WQI including fluoride, water quality falls in unfit 
for drinking category at all the stud sites while in 
very poor category at site 1, 2 and 3 and poor 
category at site on the basis of WQI excluding the 
fluoride. Therefore we can say that fluoride is the 
criteria pollutant to be considered while designing 
the treatment facility and health related policies. 
The study also affirms the great need of water 
treatment facilities and maintenance of existing 
treatment {installed fluoride removal centre (FRC)} 
plant in the study area. 
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