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Abstract

Aim:

Methodology:

Results:

 The study aimed to assess the suitability of ground water for irrigation and drinking purpose in Bathinda and Mansa districts of Punjab. 

 GPS based water samples were collected and analyzed for salinity/sodicity parameters for irrigation by standard methods and 
categorized for irrigation. The fluoride content in water was 
assessed by spectrophotometric method using SPADNS 
[sodium-2-(parasulfophenylazo)-dihydroxy-3, 6-napthalene 
disulfonate] in combination with zirconyl acid and analytical 
results have been examined for suitability for domestic 
purposes.

 The average pH of Bathinda and Mansa district was 
8.2 and 8.4, respectively. Maximum mean EC was reported in 
Talwandi-Sabo tehsil in Bathinda district and Sardulgarh tehsil 

+in Mansa district. The mean sodium (Na ) concentration was 
-1 -1155 mg l  and 21.2 mg l  in the Bathinda and Mansa district, 

-respectively. The maximum F  concentration was reported in 
Talwandi Sabo tehsil in Bathinda district, and Mansa tehsil (2.3 

-1mg l ) in Mansa district. The ground water in Talwandi-Sabo 
tehsil of Bathinda district and Sardulgarh thesil of Mansa district 
are more saline compared to other thesils of the Bathinda and 
Mansa districts, respectively. Similarly, ground water in 
Talwandi-Sabo tehsil of Bathinda district and Sardulgarh thesil 

-of Mansa district contain higher fluoride (F ) and unsafe for 
drinking.

 The present study revealed that about 30-35 % water are unsuitable for irrigation in studied area and may be used after management 
practices. However, 35-40 % water in Bathinda district and 85-90% water in Mansa district were unsuitable for drinking due to higher fluoride content.

 Electrical conductivity, Fluoride, Residual sodium carbonate, Water quality 
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Collection of GPS based water samples from different villages 
of Bathinda and Mansa district of Southwest Punjab

Analyzed different chemical constituents of ground 
water by standard methods. 

Categorization of ground water for irrigation based on EC 
and RSC and for drinking based on fluoride content 

Ground water in Talwandi-Sabo tehsil of Bathinda district and Sardulgarh 
thesil of Mansa district, contain higher EC and fluoride, needs special 

attention to poor quality water management practices for irrigation 
according to their water quality and more hazardous for drinking.
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Introduction

In Punjab, water availability from rainfall is highly uneven 
and is variable in both space and time. The rainfall decreases 
progressively from 125 cm in North-East to about 30 cm in South-
West (Singh and Bhangoo, 2013). The state has a well-defined 
rainy period in summer from July to September and a long dry 
spell further puts a pressure on man-made irrigation systems. The 
total available water resources in Punjab are 31.91 million acre 
feet (MAF) against an estimated demand of 50 MAF, showing a 
deficit of 38% water in the state. The continuous growth in 
population, sowing of high yielding crop varieties, high-water 
consuming crops and expansion of economic activities has led to 
increased demands of water for diverse purposes, causing a 
great stress on available water resources. In arid and semi-arid 
regions of India, where the average annual rainfall is less than 
500 mm water scarcity has become an increasingly serious 
problem (Keesari et al., 2014). The main factors responsible for 
the increased dependency on groundwater resources are limited 
availability of surface water and failure of monsoonal rains. The 
groundwater is resistant to immediate quality deterioration as 
contaminants are either diluted or degraded during the course of 
water travel during vadose zone. 

The quality of groundwater depends on the precipitation, 
nature of recharging water, surface and subsurface water and 
hydro-geochemical processes in aquifers of the region (Keesari 
et al., 2016; Das et al., 2017). South-Western zone of Punjab is 
facing poor quality ground water due to salinity and alkalinity and 
deficiency of canal water due to tail end of canal system 
(Bhangoo, 2006). Studies on water quality of this region reported 
that about 47 % of the groundwater is unsuitable for agricultural 
and drinking purposes due to high salinity (Singh et al., 2011; 
Krishan et al., 2013; Chopra and Krishan, 2014). The causes for 
salinity, high sulfate, magnesium, sodium and potassium were 
found to be dissolution of evaporite deposits and foetid 
limestone/dolomite present in the formations of this region 

-1(Kochhar et al., 2007). The F  provides protection against dental 
caries, especially in children when naturally occurs in 

-1groundwater. But the fluoride concentration less than 0.5 mg l  
leads to the risk of tooth decay while higher concentration causes 

-1dental fuorosis (Thivya et al., 2017). The high F  concentrations in 
soils may negatively affect crop production and food safety 
(Cronin et al., 2000; Heikens et al., 2007; Brammer and 
Ravenscroft, 2008; Dahal et al., 2008).Fluoride has been less 
extensively studied regarding its phytotoxicity. However, lower 
root growth, reduced biomass production and yield loss have 
been found in different crop and pasture species (Cronin et al., 
2000; Loganathan et al., 2001; Jha et al., 2009).The fly ash 
contribution from the thermal power plants is the possible reason 
for the high alkaline nature of groundwater in Bathinda district of 
Punjab the (Mittal and Arora, 2014). A periodic monitoring of water 
quality is essential to understand the quality degradation and also 

to plan the remedial measures to control further damage. Limited 
studies were conducted in South-West Punjab in recent period in 
this regard. Therefore, a GPS based investigation was carried out 
in Bathinda and Mansa districts of South-West Punjab to 
understand the ground water quality scenario of these districts.

Materials and Methods

Bathinda and Mansa districts are situated in the southern 
part of Punjab. The Bathinda district lies between 30° 12' 26.89" N 
74° 56' 20.15" E and encompasses an area of 3,385 sq. km. Sirsa 
and Fatehabad district of Haryana is enclosed in the south of 
Bathinda district, Sangrur and Mansa district in the east, Moga 
district in the north-east and Faridkot and Muktsar district in the 
north-west. However, Mansa district lies between 29° 59' 13" N 
75° 26' 04" E and covers an area of 2,171 sq. km. It is bounded by 
Sangrur district in the east, Bathinda districts in the west, Barnala 
district in the north and Haryana in the south. The surveyed area 
(Fig. 1) falls in the semi-arid region of Punjab having annual 
average rainfall of < 500 mm. 

Total 386 and 411 GPS based ground water samples 
were collected from tube wells located in different villages of 4 
tehsils of Bathinda district and 3 tehsils of Mansa district during 
the year 2016-17 and 2017-18, respectively. Water samples were 
collected from running tube wells in the cleaned plastic bottles. 
The bottles were well rinsed before sampling and tightly sealed 
after collection and labelled in the field.

The samples were analyzed for fluoride content in ground 
water by spectrophotometric method using SPADNS [sodium-2-
(parasulfophenylazo)-dihydroxy-3, 6-napthalene disulfonate] in 
combination with zirconyl acid (APHA, 1995). The fluoride levels 
are categorized as, below 1.0 ppm, between 1.0 to 1.5 ppm and 
over 1.5 ppm. The samples were also analyzed for 
salinity/sodicity parameters viz. pH, electrical conductivity (EC), 

+ + +cationic concentration (Na , Ca , and Mg ) and anionic 
2- - -concentration (CO , HCO  and Cl ) by the procedure outlined in 3 3

USDA Handbook No. 60 Richards (1954). Sodium adsorption 
ratio (SAR) and residual sodium carbonate (RSC) were 
calculated as described by the following equation.

   

 

-1 2- - +2 +2 RSC (meq l ) = (CO + HCO ) – (Ca + Mg )3  3

-1 (All values of cations and anions are in meq l )

The water quality was categorised as suitable, marginal 
and unsuitable for irrigation on the basis of criteria of EC and RSC 
values as described by (Yadav and Sekhon, 2016).The analytical 
results of fluoride in water have been examined for suitability for 
drinking purposes based on WHO (2011).

B.K. Yadav and D. Kumar: Water quality in Southwest Punjab

-1 1/2  SAR (m mol ) =

+Na  
+2 +2  Ö(Ca + Mg ) /2



O
n
l
i
n
e
 
C
o
p
y

¨ Journal of  Environmental Biology, March 2021¨

390 B.K. Yadav and D. Kumar: Water quality in Southwest Punjab

Results and Discussion

Chemical constituents of ground water: The pH values ranged 
from 7.0 to 9.6 with an average value of 8.2 in Bathinda district 
(Table 1) with maximum mean value of 8.5 in Rampura-Phul tehsil 
followed by Talwandi-Sabo (8.3) and Bathinda (8.0) tehsil. 
However, pH values ranged from 7.12 to 9.44 with an average 
value of 8.4 in Mansa district with maximum mean value of 8.4 in 
Mansa tehsil followed by Sardulgarh (8.3) and Budhalada (8.2) 
tehsil (Table 1). It is usually observed that groundwater that is 
uncontaminated shows pH value in the range of 6.0–9.0 and is 
influenced by carbon dioxide input from the atmosphere, microbial 
activity and plant photosynthesis (Hitchon et al., 1999). The pH 
variations in the study area reflect that groundwater is not highly 
impacted by any of the microbial or other processes. Most of the 
samples show pH values within drinking water permissible limits of 
6.5–8.5 in both the district (Table 1). The ground water samples 

-1showed EC in the range of 0.2-11.0 dSm  with an average value of 
-13.01 dSm  in Bathinda district (Table 1) and in the range of 0.3-12.6 

-1 -1dSm  with an average value of 2.55 dSm  in Mansa district (Table 
-11). The maximum mean EC (4.0 dSm ) was reported in Talwandi-

Sabo tehsil followed by Maur and Bathinda tehsil in Bathinda 
-1district. Whereas, maximum mean EC (4.13 dSm ) was reported in 

Sardulgarh tehsil followed by Mansa and Budahlada tehsil in 

Mansa district (Table 1). High EC of water samples might be due to 
leaching or dissolution of the aquifer material or mixing of saline 
sources or a combination of both processes (Hem, 1991). Sodium 

+ -1(Na ) concentration ranged from 3.6 to 570 mg l  and 0.15 to 93.6 
-1 -1 -1mg l  with a mean value of 155 mg l  and 21.2 mg l  in the Bathinda 

and Mansa district, respectively (Table 1). Higher concentration of 
-1Na+ (24.6 mg l ) was reported in Maur tehsil followed by Talwandi 

-1 -1Sabo (22.8 mg l ) and Bathinda tehsil (20.6 mg l ) in Bathinda 
+district (Table 1). However, Sardulgarh tehsil contain higher Na  

-1 -1(24.0 mg l ) followed by Budahlada (23.6 mg l ) and Mansa tehsil 
-1 +(19.6 mg l ) in Mansa district (Table 1).The common sources of Na  

in this region are weathering of minerals like feldspar and 
application of fertilizers. Among other major cations, calcium and 

+2 +2magnesium (Ca  + Mg ) ions are important constituents, and 
-1varied from 1.0 to 183 meq l  in Bathinda district with maximum 

-1value of 11.9 meq l  in Talwandi Sabo tehsil, and varied from 1.0 to 
-1 -1183 meq l  in Mansa district with maximum value of 9.26 meq l  in 

Sardulgarh tehsil. The calcium content in groundwater might be 
+2due to its easy solubility and abundance in most rock. The Ca  and 

+2Mg  are derived from the silicate rocks as well as dolomitic 
-deposits in the region. Among the anions, chloride (Cl ) was 

-1dominant ion, which ranged from 0.2 to 58.0 meq l  and 0.4 to 66 
-1 -1 -1meq l  with mean value of 9.4 meq l  and 9.6 meq l  in Bathinda 

-and Mansa district, respectively, followed by bicarbonate (HCO  ) 3

Fig. 1 : Location map of survey area.

Bathinda Tehsil Map 

Jammu & Kashmir

Punjab

Mansa Tehsil Map
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-1 -1ranged from 1.6 to 14.0 meq l  with mean value of 6.3 meq l  in 
-1Bathinda district and 0.8 to 15.8 meq l  with mean value of 6.4 meq 

-1l  in Mansa district (Table 1). Many workers have reported the 
dominance of sodium and chloride ions in irrigation waters in arid 
and semi-arid regions (Kumar et al., 2012; Ramprakash et al., 

2– –2013). The reasons for carbonate (CO ) and bicarbonate (HCO ) 3 3

concentrations in groundwater can be ascribed to carbonate 
weathering as well as from the dissolution of carbonic acid in the 
quifers. The occurrence of sulphate in groundwater results from 
the oxidation of sulphur in igneous rocks, the solution of the other 
sulphur bearing minerals and the oxidation of merasite and pyrite. 
Pradhan et al. (2011), Rahman et al. (2013) and Kumar and Chand 

+ –(2019) reported similar trend of enhancement of Na  and Cl  in 
-groundwater in arid and semi-arid areas. Fluoride (F ) is 

widespread inorganic contaminants in groundwater in India 
-endangering the groundwater resources in many states. The F  

concentration in ground water of Bathinda district ranged from 
-1 -10.06-5.03 mg l  with mean value of 1.78 mg l  and ranged from 0.2-

-1 -17.75 mg l  with mean value of 2.6 mg l  in Mansa district (Table 1). 

- The maximum F concentration was reported in Talwandi Sabo 
-1tehsil (2.2 mg l ) followed by Bathinda thesil in Bathinda district, 

-whereas, maximum F  concentration was reported in Mansa tehsil 
(2.3) followed by Sardulgarh thesil in Mansa district (Table 1).

Ground water suitability for irrigation: The irrigation water 
quality determines by concentration and composition of soluble 
salts in water. Four basic criteria such as EC of water (salinity), 
SAR (sodium hazard), RSC and ion toxicity is considered for 
evaluating water quality for irrigation purposes, in which water EC 
(salinity) and RSC (sodicity) is major problem in Punjab. The 
suitability of ground water of the region for irrigation is mainly 
evaluated using electrical conductivity (EC) and residual sodium 
carbonate (RSC). The suitability of ground water of Bathinda and 
Mansa district for irrigation based on EC were presented in Fig. 
2(A). In Bathinda district the EC of majority of the cases i.e. 23.7 % 
in Bathinda tehsil, 20 % in Talwandi-Sabo, 62 % in Rampura-Phul 

-1and 17.6 % in Maur tehsil was less than 2 dSm . Whereas 53.3 % 
in Bathinda thesil, 37 % in Talwandi-Sabo, 36 % in Rampura-Phul 

Table 1 : Range and average of different chemical constituents of ground water in Bathinda and Mansa districts of Punjab

Surveyed area                  Tehsils of Bathinda district

          Bathinda       Talwandi-Sabo       Rampura- Phul              Maur

Number of samples                 152                 100                 100                 34

Paremeters Range Average Range Average Range Average Range Average

pH 7.0-9.2 8.0 7.3-9.6 8.3 7.4-9.4 8.5 7.4-8.9 7.9
-1EC  (dSm ) 0.2-7.4 3.1 0.2-11.0 4.0 0.5-4.2 1.9 0.4-6.5 3.3

+ -1Na  (mg l ) 2.0-64.0 20.6 2.1-89.6 22.8 2.7-24.3 11.5 4.5-69.2 24.6
+2 +2 -1Ca  + Mg (meq l ) 1.0-188.0 8.8 1.4-40.5 11.9 1.7-10.5 5.01 3.3-26.4 9.5

- -1Cl  (meq l ) 1.0-38.2 8.4 0.4-58.0 17.2 0.2-12.8 2.8 2.0-28.6 10.5
-2 -1CO  (meq l ) 0.0-0.9 0.35 0.0-1.4 0.44 0.0-0.6 0.30 0.0-0.2 0.203

- -1HCO  (meq l ) 1.6-14.0 5.4 2.0-13.0 7.8 2.4-10.4 6.4 2.6-10.6 5.33
- -1F (mg l ) 0.1-5.0 1.8 0.1-3.7 2.2 0.1-3.5 1.4 0.1-3.7 1.4

-1RSC (meq l ) 0.0-7.4 2.93 0.0-7.9 3.69 0.0-5.9 247 0.0-6.1 4.26
-1 1/2SAR (m mol ) 1.0-29.8 10.9 0.2-19.3 4.0 2.9-14.9 7.3 2.3-21.2 11.4

Surveyed area                                     Tehsils of Mansa district

             Budahlada                  Mansa          Sardulgarh

Number of samples                      94                     259                     58

Paremeters Range Average Range Average Range Average

pH 7.12-9.15 8.23 7.42-9.4 8.41 7.71-9.31 8.25
-1EC  (dSm ) 0.6-4.5 2.17 0.34-5.5 2.34 1.2-12.56 4.13

+ -1Na  (mg l ) 0.3-47.9 23.6 0.15-93.6 19.6 8.96-54.60 24.0
+2 +2 -1Ca  + Mg (meq l ) 1.5-15.7 5.8 1.9-26.5 7.44 2.80-35.0 9.26

- -1Cl  (meq l ) 0.8-17.0 5.7 0.40-32.0 8.50 2.40-66.0 20.84
-2 -1CO  (meq l ) 0.0-0.6 0.31 0.0-1.20 0.34 0.0-1.20 0.423

- -1HCO  (meq l ) 0.8-15.4 6.65 1.20-15.80 6.34 1.80-11.20 6.093
- -1F (mg l ) 0.5-4.5 2.0 0.2-7.8 2.2 0.6-4.5 2.1

-1RSC (meq l ) 0.0-10.20 3.68 0.0-12.0 2.66 0.0-7.60 2.18
-1 1/2SAR (m mol ) 0.19-34.0 14.5 0.08-35.94 10.54 3.80-31.4 12.7
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-1and 61.8 % in Maur thesil were observed between 2 to 4 dSm  
-1and rests were more than 4 dSm  (Fig. 2A).Similarly, in Mansa 

district 46.8 % water in Budahlada tehsil, 37.5 % in Mansa and 
-120.7 % in Sardulgarh thesil showed EC less than 2 dSm . While 

43.6 % water in Budahlada tehsil, 53.3 % in Mansa and 34.5 % in 
-1Sardulgarh thesil were reported between 2 to 4 dSm  and rests 

-1were more than 4 dSm  (Fig. 2A). It was also reported that ground 
water of Talwandi-Sabo tehsil in Bathinda disteict and Sardulgarh 
thesil in Mansa district contain higher EC and and needs special 
attention of poor quality management practices for irrigation as 
compared to other thesils of the district.

The 82, 77, 62 and 76.5 % water samples have RSC < 2.5 
-1 -meq l , while 8, 11,4 and 5.9 % of samples showed RSC > 5 meq l

1 in Bathinda, Talwandi -Sabo, Rampura –Phul and Maur thesil, 
respectively and others were in between the two values (Fig. 2B) . 
Similarly, 66, 76.8 and 87.9 % water samples have RSC < 2.5 

-1,meq l  while 25.5, 6.9 and 6.9 % of samples showed RSC > 5 meq 

-1 l in Budahlada, Mansa and Sardulgarh tehsil of Mansa district 
respectively and others were in between the two values (Fig. 2B). 
Further, it was reported that on the basis of RSC maximum 
unsuitable water was reported in Talwandi-Sabo tehsil of 
Bathinda district and Budhalada tehsil of Mansa district (Fig. 2B). 
Many workers (Sood et al., 1998; Shahid et al., 2008; Katiyar et 
al., 2014; Yadav and Sekhon, 2016; Kaur et al., 2017; Chaudhary 
and Satheeshkumar, 2018) have reported the dominance of 
sodium and chloride ions in irrigation water under arid and semi-
arid regions. Similar results were also reported by Ramprakash et 
al. (2013) in Beri block of Jhajjar, Gagandeep et al.(2016) in Hodal 
block of Palwal and Kumar and Chand (2019) in Assand block of 
Karnal districts of Haryana.

Ground water suitability for drinking: The quality standards for 
drinking water have been specified by the World Health 
Organization (WHO 2011). Suitability of groundwater for 
domestic/drinking is determined by its groundwater geochemistry 
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because each groundwater system has a unique chemical 
composition. Fluoride is considered one of the vital elements for 
maintaining regular development of healthy teeth and bones. 

-1Lower concentrations of fluoride usually below 0.6 mg l  may 
contribute to dental caries. However, continuing consumption of 
higher concentrations above 1.5 ppm may cause dental fluorosis 
and in extreme cases even skeletal fluorosis. It was observed that 

- -1 41.4, 23, 50 and 64.7 % water samples have F  < 1.0 mg l , while 
- -119.7, 13, 25 and 20.6 % of samples showed F  1.0-1.5 mg l  and 

- -1 38.8, 64, 25 and 14.7 % of samples showed F  >1.5 mg l in 
Bathinda, Talwandi-Sabo, Rampura –Phul and Maur thesil, 
respectively (Fig. 3A). Similarly, 12.8, 10.8 and 5.2 % water 

- -1samples have F  < 1.0 mg l , while 84, 83.8 and 91.4 % of samples 
- -1 showed F  >1.5 mg l in Budahlada, Mansa and Sardulgarh tehsil 

of Mansa district respectively (Fig. 3A). Fig.3 (B) Showed that 60 
-1% water were found within safe limit (<1.5 mg l ), in which 41 

-1percent samples having fluoride (<1.0 mg l ), whereas 19 % 
-1samples having fluoride between 1.0-1.5 mg l . While, 40% 

-1samples were beyond permissible limits (>1.5 mg l ) in Bathinda 
district. Similarly, 15 % water were found within safe limit (<1.5 mg 
-1 -1l ), in which 10 % samples having fluoride (<1.0 mg l ), while 5 % 

-1samples having fluoride between 1.0-1.5 mg l . While, 85 % 
-1samples were beyond permissible limits (>1.5 mg l ) (WHO, 

-2011) in Mansa district. On the basis of fluoride (F ) in ground 
water in Talwandi-Sabo tehsil of Bathinda district and Sardulgarh 
tehsil in Mansa district, the water was more hazardous for 
drinking as compared to other tehsils of the districts (Fig. 3B). 
There may therefore be the likelihood of the risk of dental caries, 
suffered by people who depend on this water source for drinking. 
High fluoride in water may be due to leaching from fluoride-rich 
rocks present in the subsurface as well as due to anthropogenic 
activities. A high rate of evapotranspiration, longer residence time 
of waters in the aquifer zone, and heavy use of fertilizers are the 
supplementary factors to further increase the F” content in the 
ground waters (Subba Rao, 2003). Similar reports on contribution 

-of industrial effluents for high F  in groundwater is reported in India 
(Meenakshi et al., 2004; Keesari et al., 2007; Chatterjee et al., 
2008; Chaudhary and Satheeshkumar, 2018). The amount and 
types of the pollutant is very diverse and if these pollutants 
consumed through drinking water may cause serious health 
problems (Kumar et al., 2017). Moreover, consumption of 

-groundwater with high F  results in mottling of teeth or dental 
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fluorosis followed by skeletal fluorosis (Ray et al., 1981; 
Susheela, 1993). Krishan et al. (1995) found more than the 
permissible limits of fluoride in parts of Amritsar, Gurdaspur, 
Faridkot, Firozepur, Bhatinda, Mansa, Muktsar, Patiala, 
Fatehgarh Sahib and Sangrur districts and ranges up to 11.30 mg 
-1l  which is much beyond the toxic limits. Sharma (2014) studies 
the fluoride content in ground water of Malwa region of Punjab, 
Muktsar and reported that the fluoride concentration ranged from 

-1 -10.70 mg l  to 5.45 mg l . Yadav et al. (2018) also reported high 
-fluoride content in water samples of Giddarbaha block (5.45 mg l

1 -1 -1), Malout block (4.65 mg l ) and Muktsar block (3.80 mg l ) in 
Bathinda district of Punjab. Likewise, Chaudhary and 

-1Satheeshkumar (2018) reported 0.5 to 8.5 ppm F  in arid areas of 
Rajesthan, India. 

Based on this study it is concluded that on the basis of 
electrical conductivity (EC) 30% water is suitable for irrigation. 
About 45 % water is falling under moderate category and may be 
used with management practices of water for irrigation purposes 
and 22 % water is saline, which will damage crops and reduces 
production if used for irrigation. Similarly, 10% water having 
higher RSC and sodic in nature and are unsuitable for irrigation. 
The fluoride content in groundwater samples (61%) was higher 

-1than the safe limits of 1.5 mg l  suggested by WHO making water 
unsafe for drinking purpose in the region. The results of this study 
can be useful in decision-making processes for irrigation systems 
and prevent the damage of crops and production. It is also 
suggested that regular monitoring of ground water quality is 
essential to help the concerned department for making policy. 
This would be helpful in developing the suitable management 
plan and sustainable utilization of groundwater for irrigation and 
drinking purpose in the region. 
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