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ABSTRACT  
A research was carried out in Bahawalnagar, South Punjab. Both water quality and quantity have great 

importance for the existence of agriculture sector that is a backbone of economy of Pakistan. Water is necessary for 

all living creatures. The groundwater quality was assessed using GIS (Geographical Information System) 

applications and GS+ software. The three major indicators Electrical Conductivity (EC), Sodium Absorption Ratio 

(SAR) and Residual Sodium Carbonate (RSC) were analyzed during pre and post monsoon season. These three 

major parameters and pH of groundwater quality are mostly checked in both seasons. The water quality parameters 

of 183 monitoring sites were analyzed according to standard protocol by Punjab Irrigation Department and PCRWR 

(Pakistan Council of Research in Water Resources). The groundwater quality was mainly affected by EC, SAR and 

RSC parameters. The area effected during pre and post monsoon was “75 and 70%” respectively. The groundwater 

quality maps showing adverse effects increasingly from north-east to south-west. But most of the area affected due 

to EC parameter and high adverse effect was observed during post monsoon season in case of SAR and RSC 

parameters. 
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INTRODUCTION  
Water plays a major rule in agricultural, industrial 

as well as for domestic purpose. Pakistan agricultural 

sector is dependent upon water resources. Therefore, 

water quantity and quality both having equal 

importance. Agriculture sector contribute GDP up to 

25% and about 70% labor force is attached to this 

sector (Malik, 2001). There is scarcity of water is in 

Pakistan but scarcity of resources exists in case of 

presence of few dams and barrages for water storage. 

Water quality is affected in summer season due to 

leaching process after more rainfall, temperature and 

due to presence of impure metals (Fisher and Mullican 

1997). Chaudhary et al (2002) and Farid et al (2017) 

stated that about 50% of water is used for irrigation 

purpose from the wells. So advanced technique of 

highest efficiency should be adopted to maintain its 

quality and quantity (Shaofei, et al 2011). Safe and 

clean water is basic requirement of all living things to 

sustain in life. The main reason of bad groundwater 

quality is human industrial, commercial and field 

activities in different part of Pakistan. If you want to 

identify the health problem of any city then regular 

checking of groundwater quality mapping is necessary 

(Hassan and Nawaz 2014). The extreme groundwater 

extraction for various purposes like for fulfilling 

agricultural crops need, livestock and human needs has 

led to a decline in groundwater depth.   On other hand, 

the areas having low groundwater extraction cause 

water logging and salinity problems. Such type of areas 

having brackish groundwater and perennials canal (Ali 

et al., 2020; Krishan et al., 2015; Krishan et al., 2013). 

In this era, geographical information system (GIS) is 

mostly used as an application tool in the field of water 

resources monitoring, flood management, natural 

environment and groundwater monitoring (Stanly et 

al., 2021; Venkatramanan et al. 2019). In this research, 

pre and post monsoon effects were observed in a year 

using GIS mapping system.  

 MATERIALS AND METHODS   

Study area   

The research was carried out in Bahawalnagar district 

of Punjab, Pakistan in order to assess the variations that 

occur in groundwater quality. An area of about 8,878 

km² has been selected as the study area. The district 

Bahawalnagar have 5 Tehsils (Bahawalnagar, 

Chishtian, Fort Abbas, Haroon Abad, Minchin Abad). 

Most of the area of Bahawalnagar consist of sandy and 

loamy soil. The study area belongs to tropical climatic 

zone. Paddy, Sugarcane, Cotton and wheat are the 

major crops that are cultivated mostly in the area. Map 

of the Study area and the sampling point details are 

presented in Figure 1.  

 

http://www.jqaas.org/
mailto:jamasif5775@gmail.com


Ali et al, 2021 

31 
 

J. Qaul. Assur. in Agri. Sci. Vol. 1(1), 30-36, 2021 

 www.jqaas.org  

 

Figure 1: Map of study, dots indicating location of sampled wells 

Data collection and analysis   

The samples of groundwater were collected from 183 

different monitoring sites in cleaned and sterilized 

polythene bottles, filled without air bubbles with 

preeminent care at each sampling site by the 

Bahawalpur Irrigation Department, Punjab, Pakistan. 

According to the standard procedures, the 

physicochemical parameters were measured by the 

Punjab Irrigation Department after sampling. The four 

major indicators used and appraisal for irrigation to fit 

and unfit wells, are pH, EC, SAR and RSC. From 

given techniques some samples fall within the poor, 

marginal and good categories. 

The data was analyzed using statistical techniques, GIS 

and GS + software. Gyma Design software was used to 

select best fit model to normalize given data. The 

interpolation technique kriging is used for mapping of 

groundwater quality and finding adverse affected area 

like previous studies (Rossi et al. 1994; Rahmawati et 

al., 2013; Nikroo et al., 2010; Ebrahimi et al., 2011; 

Nwankwoala et al.,2012). The pre and post monsoon 

mapping of EC, SAR and RSC indicate different 

results with different weightage. Results are 

summarized as below section.         

Standard criteria adopted by PID 

  Standard water quality parameter and their normal 

ranges that are followed by PID (Punjab Irrigation 

Department) WAPDA (1982) as shown in Table 1.   

 

Table 1. Weights of different layers under different irrigation water quality parameters. 

Parameters Quality Criteria Weight 

EC (dS/m) 

Good <1.5 3 

Marginal 1.5–2.7 2 

Poor >2.7 1 

SAR 

Good <10 3 

Marginal 10–8 2 

Poor >18 1 

RSC (meq/L) 

Good <2.5 3 

Marginal 2.5–5 2 

Poor >2.5 1 

 

 

 

http://www.jqaas.org/


Ali et al. 2021 

32 
 

J. Qaul. Assur. in Agri. Sci. Vol. 1(1), 30-36, 2021 

 www.jqaas.org  

Determination of other Irrigation Parameters    

             EC (Electrical Conductivity) is conducting 

ability of electric current to pass through water. Based 

on the cations and anions determined through the 

laboratory testing, Sodium Adsorption Ratio (SAR) 

and Residual Sodium Carbonate (RSC) are calculated 

as per following formulae:    

       

SAR = Na+/[(Ca2++ Mg2+)/2] ½……………………………………………………..(Equation 1) 

(Cation’s concentration = mmolc L-1) 

 

RSC = (CO3
2-+ HCO3

-) - (Ca+++ Mg++) ………….………………………………. (Equation 2)          

(Cation’s concentration = meq L-1)                                                                               

RESULTS AND DISCUSSIONS   

The results of pre-monsoon and post-monsoon 

season of all parameters and best fit model was adopted 

using GS+ software for mapping in GIS software as 

shown in Table 3. In Table 2. indicates the minimum to 

highest ranges of all samples with respect to different 

parameters. Our observation revealed that dissolution 

processes were involved for the high EC values under 

study area (Figure 2 a, b). High values of SAR were 

observed due to the same reasons (Figure 02 c, d).  

Such factors indicate the leaching effect in the soil due 

to which ionic and non-ionic particles mineral 

dissolution. In this way, the leached down water enters 

the groundwater is enriched with salts.  The higher 

values of EC during pre-monsoon 2018 was recorded 

as 11.21 but during post-monsoon 2018 was 13.03.  

Figure 02 (c and d) depict the relationship of SAR 

values that exists during different periods of the study. 

The maximum observed values of SAR recorded in 

2018 were 56.20 and 57.76 for pre-monsoon and post 

monsoon correspondingly. It was further evaluated that 

maximum SAR values recorded during the post 

monsoon season may be due to the high precipitation 

rate recorded as depicted in the Figure 2 (c, d).  The 

reason behind this is the release of Na under high 

precipitation as residual effect from the exchange sites 

followed by desorption from the adsorbed sites under 

thermal motions along with other physical forces. 

Moreover, different chemical processes in the soil are 

accelerated under high temperature conditions 

particularly pedoturbation, in which it meets with 

various ions in the soil water and are added in the 

groundwater thus affecting its chemistry (Gupta, et al. 

2017; Ghazavi, et al. 2012). As depicted in the Figure 

2(e, f), there was no corresponding relationship present 

between the varied RSC values and recorded 

environmental conditions.  A maximum value (17.60 

and 20) was noted in pre-monsoon and post monsoon 

2018 respectively. Maximum quality was affected (70 

to 75%) due to EC parameters respectively. The 

surface water, groundwater quality and groundwater 

depth are important factors for the management of 

water bodies in Pakistan. The lower depth of 

groundwater has adverse effects on water quality. 

According to the world bank reports, Pakistan is facing 

threshold level of scarcity of water. There is no 

response of policy maker on quantity and quality of 

water that is decreasing year by year due to more 

private tube wells water extraction. The strict laws 

should be implemented from small to large farmers as 

well as installation of new industries.  
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Figure 2 (a) EC-Pre-2018, (b) EC-Post-2018, (c) SAR-Pre-2018, (d) SAR-Post-2018, (e) RSC-Pre-2018, (f) 

RSC-Post-2018 
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Table 2. Maximum and minimum range of groundwater quality parameters 

 

. 

Table 3. Results of groundwater quality of EC, SAR and RSC Parameters 

Water Quality 

Parameters 

Moonsoon-

208 

Good 

 

Marginal 

 

Bad 

 
Mapping pattern 

Best fit model by 

GS+ software 

   % 

area 

% 

area 

% 

area 

% 

Affected area 

 

EC Pre-2018  Pre 25 37 38 75.00 Gaussian model  

EC Post-2018  Post 30 43 27 70.00 Spherical model  

SAR Pre-2018  Pre 40 40 20 60.00 Spherical model  

SAR Post-2018  Post 35 40 25 65.00 Exponential model  

RSC Pre-2018  Pre 60 20 20 40.00 Linear model  

RSC Post-2018  Post 45 40 15 55.00 Linear model  

 

CONCLUSION 

Almost all of the Groundwater comprises salts, 

however the type and amount of salts is dependent on 

many factors like source of water and movement.  . 

The study area adverse effected with poor quality in 

pre- and post-monsoon was about 75% and 70% unfit 

for irrigation purpose respectively due to change in 

temperature, rainfall and canal discharge in 

Bahawalpur Irrigation Zone. But in post monsoon, 

more area affected the pre-monsoon in case of SAR 

and RSC parameters. Most of the area in pre-monsoon 

was affected more than post-monsoon in case of EC 

parameter. Bad quality with weightage 1 was captured 

in industrial area. The water present in the soil solution 

is prone to variable effects due to the presence of crops 

in field, rhizosphere and rhizoplane. The ground water 

composition may ameliorate because of ions and 

cations uptake and discharge through the plant roots, 

however it is only possible if soil drainage is good 

enough and water table is not too low.    Owing to such 

reasons, a wide spatial variation is observed in 

groundwater quality of different cultivated and non-

cultivated lands. Plantation has an immense effect on 

soil, physical, chemical and other biological processes 

which ultimately affect groundwater.   Maximum unfit 

points occur because of electrical conductivity, residual 

sodium carbonate and sodium adsorption ratio 

respectively throughout the period under deliberation. 

Following recommendations are given to minimize this 

affected quality.  

Parameter Season Minimum Maximum 

EC Pre-18 Pre-monsoon 2018 0.29 dS/m 11.21 dS/m 

EC Post-18 Post-monsoon 2018 0.28 dS/m 13.03 dS/m 

SAR pre-18 Pre-monsoon 2018 0.02 56.20 

SAR post-18 Post-monsoon 2018 0.16 57.76 

RSC pre-18 Pre-monsoon 2018 0 meq/L 17.60 meq/L 

RSC post-18 Post-monsoon 2018 0 meq/L 20 meq/L 
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HEIS (highest efficiency irrigation system) should be 

adopted to save more water. Water harvesting 

techniques should be adopted to use water at exact time 

for irrigation and for the use of well recharge to 

maintain water quality and level. Minimization of more 

water extraction especially through private tubewells, 

Industrial effluent discharge maintenance. So, policy 

maker should make such standard rules that help to 

maintain ground water quality as well as groundwater 

level. Because decrease in groundwater level also 

effects groundwater quality. So, there should be 

defined standardized rule to install number of tube 

wells within limited range and at standard depth and 

distance. Water quality becomes poor after extracting 

water more than need and at lower level, because 

groundwater chemistry hydrology involves in this 

cycle. The results of this research will be helpful for 

the policy maker, and will help in planning, regulating , 

designing, maintenance and operation of water 

resources. It will also help to improve the groundwater 

utilization for agricultural use, to complete the vision 

of current situation such as save water save life. 
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