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uring periods of restricted access to fresh surface water, enterprises depend on 
underground water reserves to meet their growing demands. Groundwater is crucial 
for fulfilling the growing demands of families, agriculture, and industry. The 

degradation of groundwater quality has resulted from a combination of natural phenomena and 
human intervention, leading to the introduction of novel contaminants into the ecosystem. The 
current study utilized geospatial technology to investigate the geochemical properties and Water 
Quality Index (WQI) of groundwater along the Hudaira drain in the Lahore area of Pakistan. A 
total of thirty-six groundwater samples were taken at regular intervals of half and one kilometer 
along the Hudaira drain. The samples underwent analysis for twenty physio-chemical and metal 
parameters. The groundwater at the sites under investigation was classified into three categories: 
adequate (5.55%), acceptable (63.9%), and poor (30.6%), according to the WQI. The trilinear 
piper diagram was used to assess the salinity of water samples. Samples were segregated into two 
groups: the first group mainly consisted of calcium bicarbonate, whereas the second group 
contained calcium sodium bicarbonate salts in groundwater. The Gibbs diagram is employed to 
illustrate the prevailing influence of rock-water interactions in all groundwater samples. Elevated 
levels of salt lead to salinity issues and diminished agricultural output. This study demonstrated 
the harmful effect of drained water on groundwater in the Hudaira region, primarily through 
the processes of percolation and infiltration. Moreover, it can be inferred that the groundwater 
near the Hudaira drain is not fit for human consumption. Nevertheless, prolonged irrigation 
may give rise to issues associated with the accumulation of salt. 
Keywords: Groundwater, The Canadian Council of Ministers of the Environment (CCME) 
Water Quality Index (WQI), Geochemical process, Geographical Information System (GIS), 
Piper diagram. 
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Introduction: 
Water is universally recognized as the cornerstone of life as we comprehend it, playing 

an indispensable role in sustaining living organisms and ecosystems. Terrestrial and aquatic 
species typically rely on surface water sources for nourishment [1]. The first human civilizations 
arose in regions where there was accessible surface freshwater. However, later human activities 
began and used subterranean water supplies for reasons such as irrigation, industry, and drinking 
[2]. Surface water resources are insufficient to meet the increasing demands of industrial and 
agricultural users due to their limited availability. Consequently, there is a growing need for 
groundwater to fulfill the requirements of industries, agriculture, and drinking water sources. 
When there is a shortage of fresh surface water, groundwater reserves are used to meet the 
growing demands of different sectors [3]. The present escalation in groundwater demand can 
mostly be ascribed to the amalgamation of rapid population growth and intensive agricultural 
practices. Around 33% of the world's population depends on groundwater as their main supply 
of potable water [4], [5]. UNICEF and WHO reports reveal that over 2.6 billion people 
worldwide do not have access to safe drinking water [6]. Industrialization, increased irrigation, 
and urbanization are all factors that impact groundwater resources [7]. The excessive utilization 
of groundwater has led to detrimental impacts on both the quantity and quality of the water. In 
densely populated urban areas, it fulfills several functions, such as the excavation of boreholes 
and wells for both public and private organizations [8]. Each geographical area contains a distinct 
aquifer that varies in its chemical composition, physiochemical characteristics, and capacity to 
replenish water [9], [10]. The quality of groundwater is assessed based on the lithological, 
geochemical, and hydrodynamic characteristics of rocks [11]. Groundwater resources play a 
crucial role in meeting the growing demands of the industrial, agricultural, and residential sectors 
[12]. The degradation of groundwater quality has resulted from a combination of natural 
processes and human activities, which have added supplementary contaminants to the 
ecosystem [13]. 

Groundwater is commonly polluted by many chemical substances that contain nitrogen, 
chloride, sulphate, petroleum, iron, and heavy metals such as cadmium, lead, mercury, nickel, 
and zinc. The primary factor contributing to this issue is environmental contamination [14]. 
Heavy metals can be obtained from two separate sources. There are two distinct classifications 
of sources: geogenic and anthropogenic. Deposition, weathering, and erosion are caused by 
natural processes, while mining, industry, and agriculture result from human activities [15], [16]. 
Heavy metals gradually contaminate surface and groundwater sources, resulting in a decline in 
the quality of potable water. Consequently, this has a direct impact on human health [17], [18], 
[19]. The designation of a resource as nonrenewable or renewable depends on how it is used 
and consumed [20]. Each year, approximately 1.8 million individuals, mostly children, are 
affected by polluted water in underdeveloped nations [21]. Water quality study greatly boosts 
investigations into groundwater. 

GIS is a powerful tool used for research, education, and the creation of programmed 
frameworks [22], [23], [24]. Furthermore, [25] employed GIS tools to assess and interpret the 
data on groundwater quality. The researcher [10]created a GIS map of the Tuticorin region in 
India, with a specific emphasis on the coastal area. The map should integrate diverse parameters 
pertaining to the groundwater's quality. The Water Quality Index (WQI) is a method employed 
to evaluate the standard of potable water. This technique is utilized to assess the water's quality 
and determine its potability [26]. The WQI is a widely utilized measure for assessing the extent 
of water pollution. It is calculated by combining many mathematical algorithms [27]. The WQI 
is a valuable and distinctive approach utilized by local residents and politicians to assess 
groundwater quality using a single numerical number [28]. Moreover, it evaluates the 
appropriateness and adequacy of groundwater for human consumption [29]. Hadrochemical 
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data is essential for evaluating the appropriateness of groundwater for drinking in a certain 
region. It provides irrefutable proof of underground geological regions containing water [19]. 
Therefore, the advantageous characteristic of the Canadian Council of Ministers of the 
Environment Water Quality Index (CCME WQI) is its potential to be easily applied to other 
nations with minimal modifications [30].  

Groundwater is regarded as the primary water source for human consumption and other 
purposes. The existence of hazardous contaminants in water will ultimately have detrimental 
impacts on animals, agriculture, human health, and several other areas.  

The aim of this study is to illustrate the various sources of contaminants that infiltrate 
the soil and water in the vicinity of the Hudaira drain. The current study will be beneficial for 
the Department of Public Health, as well as agricultural and environmental agencies. It will 
facilitate the management of environmental concerns in this region on a larger scale. The primary 
aim of this study is to evaluate the hydrogeochemical properties and quality of groundwater in 
the vicinity of the Hudaira drain by employing the water quality index and GIS methodologies.  

 
Figure 1: The study region is a map that shows the Hudaira Drain region in Lahore, Pakistan. 
Study Area: 

The Hudaira drain spans from a latitude of 31°31'4.601"N to 31°24'23.612"N and a 
longitude of 74°36'24.413"E to 74°6'15.751"E in Lahore, as depicted in Figure 1. The Hudaira 
drain is a transboundary drain between India and Pakistan, measuring 98.6 kilometers in length. 
Upon covering a distance of 44 kilometers within Indian territory, it proceeds to enter Pakistan 
near the Lallo hamlet in District Lahore [31]. In Pakistan, the river passes through the city of 
Lahore for approximately 54 km before merging with the river Ravi. Within its catchment 
region, there exists a series of aquifers that are limited in quantity, and the majority of these 
aquifers do not have a geological origin [32], [33], however the aquifers in question are 
unconfined [34]. The Hudaira drain catchment region experiences an average annual rainfall of 
650mm, with the majority of this precipitation occurring during the monsoon season, which 
typically begins in June and ends in September. The remaining precipitation is attributed to 
westerlies throughout the winter season. The drain traverses across the alluvial sediments of the 
river Ravi. This drain has undergone a transformation from a rainy water stream to a sewage 
drain due to the influx of highly contaminated effluents and sewage originating from industrial 
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and urban areas [4]. Over 120 distinct industrial facilities located along the Hudaira drain release 
their untreated effluents directly into the drain. The average yearly discharge of effluents from 
the Hudaira drain is approximately 178 cubic feet per second, comprising of untreated industrial 
effluent and sewage waste [35]. The Hudaira Drain is fed by four tributaries, namely the Minhala 
Drain, Charrar Drain, Ferozepur Road Drain, and SattuKatla Drain. The SattuKatla drain 
absorbs a significant amount of effluents from both the industrial and residential sectors of 
Lahore, and it ultimately merges with the Hudaira drain [36], [37]. 
Methodology: 
Sampling Strategy: 

Groundwater samples were obtained before and after the monsoon season using a 
systematic sampling technique that ensured equal distances between sampling points. The 
samples were taken from groundwater pumps and WASA taps. A total of thirty-six groundwater 
samples were collected from nine transects, each separated by a buffer zone of two kilometers 
(Figure 2). Each transect consists of four sampling points, with two on the right and two on the 
left. The average distance from the drain is 500 meters (1/2 km) and 1000 meters (1 km) 
respectively (Figure 2). 

 
Figure 2: Transects of sites for groundwater sampling along the Hudaira Drain 
The GARMIN eTrex 30 GPS device was used to accurately define the coordinates of 

each sampling location. Three groundwater samples were obtained from each site and put into 
0.5-liter high-density plastic bottles that had been previously cleaned, labeled, and kept in an 
icebox maintained at an average temperature of 4ºC. In order to meet the pH specifications of 
APHA-AWWA-WEF, a small quantity of concentrated nitric acid (HNO3) was promptly 
introduced into the water samples for metal analysis [38]. The aforementioned samples were 
sent to the Environmental Science Laboratory at Kinnaird College for Women in Lahore for 
subsequent chemical analysis. Later, they were transferred to Renacon Pharmaceutical Private 
Ltd., Lahore. A comprehensive analysis was conducted on a total of twenty parameters, 
including major metals (Na+, K2+, Ca2+, and Mg2+), minor metals (As, Cd, Cr, Cu, Co, Fe, 
Pb, Mn, and Zn), and physio-chemical parameters (pH, EC, TDS, HCO3-, NO3-, SO4, and Cl-
). The WQI was determined using the Canadian Council of Ministers of the Environment 
(CCME) technique, yielding a value of 3.2. 
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The current study investigated three factors related to the quality of water; specifically 
scope, frequency, and amplitude, were evaluated [30]. The frequency (F2) is determined by the 
values that did not meet the test requirement, whereas the scope (F1) measures the percentage 
of parameters that did not fit with the objectives.  The overall effect of the three parts was shown 
by measuring the amplitude (F3). The aggregate of these three constituents produces a numerical 
value that spans from 0 to 100, serving as a comprehensive gauge of water quality. The WQI 
(CCME) model classifies water quality into 100 categories, where a value of 0 represents the 
poorest water quality [39]. The CCME WQI values were converted into ranks using the index 
classification approach, as outlined in Table 1. 

Table 1: CME WQI index categorization scheme 

 
The comprehensive computation of the WQI. The WQI was computed utilizing the 

method stipulated by the Canadian Council of Ministers of the Environment (CCME). 

 
The resultant values were normalized by the 1.732 divisor to a range spanning from 0 to 

100. 

 
Three steps process was used to calculate the F3 (Amplitude):  

• The excursion was measured by the number of occurrences where a specific 
concentration exceeds (or goes below, in the case of a minimum goal) the desired target. 
The frequency of occurrences where the test value does not surpass the objective is 
provided as follows: 

Excursioni = (
Failed test valuei

Objectivej
) − 1 

• In order to get the overall amount, we aggregated all the discrepancies of the tests from 
the target and subsequently divided that aggregate by the total number of tests. Both 
successful and unsuccessful endeavors was encompassed in the ultimate outcome. The 
normalized sum of excursions, sometimes referred to as NSE, is primarily expressed as: 

 
• The value denoted by F3 is a numeric expression that spans from 0 to 100. The value 

was calculated by adjusting the Normalized Sum of the Excursions (NSE) according to 
the desired result.  
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The core map of the study region and the spatial distribution maps of the Water Quality 
Index (WQI) were created using ArcGIS 10.5 software and IDW interpolation techniques. 
Furthermore, this software was utilized to perform overlay analysis. The Aqua Chem 4.0 
programmer was employed to graph the geochemical data and ascertain the principal hydro-
geochemical facies and quality control method of the study area using the Gibbs plot. A Piper 
diagram isan invaluable tool for understanding and categorizing the chemical makeup of water 
based on its appropriateness, as well as highlighting the chemical relationships between different 
components. The obtained diagrams depict the similarities, distinctions, and diverse forms of 
water found in the study area. An ANOVA and correlation analysis were performed using the 
statistical program SPSS 21.0. 

The python based script for estimation of Ground water quality is as under: 
import numpy as np 
ph = 7.5 
dissolved_oxygen = 6.2 
turbidity = 12.5 
heavy_metals = [0.05, 0.02, 0.01]  # Concentrations of heavy metals in mg/L 
weights =  
{ 
    'ph': 0.15, 
    'dissolved_oxygen': 0.15, 
    'turbidity': 0.15, 
    'heavy_metals': 0.55  # Total weight for heavy metals 
} 
standards = { 
    'ph': 7.0, 
    'dissolved_oxygen': 6.0, 
    'turbidity': 10.0, 
    'heavy_metals': [0.01, 0.005, 0.002]  # Standard concentrations of heavy metals in mg/L 
} 
sub_indices = { 
    'ph': 100 * (1 - abs(ph - standards['ph']) / standards['ph']), 
    'dissolved_oxygen': 100 * (1 - abs(dissolved_oxygen - standards['dissolved_oxygen']) / 
standards['dissolved_oxygen']), 
    'turbidity': 100 * (1 - abs(turbidity - standards['turbidity']) / standards['turbidity']), 
    'heavy_metals': [100 * (1 - abs(heavy_metals[i] - standards['heavy_metals'][i]) / 
standards['heavy_metals'][i]) for i in range(len(heavy_metals))] 
} 
wqi = 0 
for param in weights: 
    if param == 'heavy_metals': 
        for i in range(len(heavy_metals)): 
            wqi += weights[param] * sub_indices[param][i] 
    else: 
        wqi += weights[param] * sub_indices[param] 

print(f"Water Quality Index (WQI): {wqi:.2f}") 
Results: 
Water Quality Index: 

The results of groundwater quality indicators at 36 individual sites along the Hudaira 
drain are shown in Table 2. Table 3 shows the results WQI, which reveals that 5.55% of the two 
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sites were categorized as fair, 63.9% of the 23 sites were categorized as marginal, and 30.6% of 
the 11 sites were graded as terrible. None of the venues under investigation met the criteria 
outlined by CCME (2001) for an exceptional, highly satisfactory, or satisfactory classification. 
The water quality samples classified as marginal or bad were not appropriate for human 
consumption. Figure 3 illustrates the spatial distribution of the CWQI, revealing that the WQI 
in the upstream area was categorized as fair. The quality declines as the industrial sector 
approaches and ultimately reaches a condition of bad quality.  The groundwater quality in the 
River Ravi area improves with time as a result of sedimentation (chemical deposition) and the 
dilution factor. Human activity near the drain may involve the release of waste items from 
homes, businesses, and farms. By employing interpolation of the WQI, the research region can 
be classified into three distinct clusters: one with poor water quality, another with intermediate 
water quality, and a third with excellent water quality (Figure 3). The cluster that is of poor 
quality includes transects 5, 6, and 7. The clusters of average quality includes transects 8 and 9. 
The cluster that is of good quality includes transects 1, 2, 3, and 4. 

 
Figure 3: Map illustrating the spatial categorization of places based on the GWQI 

In statistics, the main method of obtaining information is via analyzing the 
interrelationship between two random variables or two sets of data. The correlation matrix 
measures the degree of correlation between two quantitatively measured variables. Parameters 
exhibiting a correlation coefficient (r) over 0.7 are deemed to possess a significant correlation, 
whereas those with r values ranging from 0.4 to 0.7 indicate a moderate correlation. The Pearson 
correlation matrix in Table 4 indicates strong positive relationships between EC and Na+ (r = 
0.98), TDS (r = 0.58), Cl- (r = 0.86), SO42- (r = 0.58), and HCO3- (r = 0.53). There is a positive 
association between the concentration of Na+ and TDS (r = 0.51), as well as between Cl- (r = 
0.88) and TDS. Additionally, there is a positive correlation between the concentration of SO4

2- 
and TDS (r = 0.51), Na+ (r = 0.58), EC (r = 0.58), and K2+ (r = 0.58). In addition, the 
concentration of HCO3- is positively correlated with TDS (r = 0.67), EC (r = 0.53), and Pb (r = 
0.60). The positive correlation indicates that most ions are involved in physiochemical activities, 
such as ion exchange, oxidation-reduction, and other associated processes. A robust link exists 
between sodium and electrical conductivity (EC), total dissolved solids (TDS), chloride ions (Cl-
), magnesium (Mg), and sulphate ions (SO4

2-). The Piper trilinear diagram indicates that sodium 
(Na) is the prevailing cation in the groundwater samples. With the exception of Chromium (Cr) 
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and Cadmium (Cd) which have a correlation coefficient of -0.56, some elements display a little 
negative correlation. Hydro-geochemical facies refer to distinct chemical compositions of water 
in a hydrological system. 

Table 2: Mean values for physicochemical, major metals, and trace metals parameters in 
groundwater along the Hudaira Drain 

 
Table 3: Water Quality Index of groundwater along the Hudaira Drain for drinking purpose 

 
Figure 4 depicts the Piper trilinear diagram. This diagram illustrates the variations in 

concentrations of both cations and anions. The Piper diagram structure is composed of six 
distinct classes: sodium chloride type, calcium bicarbonate type, mixed calcium magnesium 
chloride type, mixed calcium sodium bicarbonate type, and calcium chloride type. The Piper 
diagram is mostly influenced by the groundwater samples of the mixed calcium sodium 
bicarbonate and calcium bicarbonate kinds, while there are also other samples that fall into the 
sodium chloride and sodium bicarbonate categories. 

Gibb's Schematic is a visual depiction or diagram that is employed to elucidate the 
thermodynamic properties and interconnections of a system. The Gibbs diagram is frequently 
used to determine the relationship between the lithological characteristics of an aquifer and the 
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composition of the water (Gibbs, 1970). Figures 5(A) and (B) depict the Gibbs diagram, which 
showcases three distinct domains: precipitation dominance, evaporation dominance, and rock-
water interaction or rock-weathering dominance. The rock-water or rock-weathering dominance 
field is applicable to all samples since it demonstrates the interaction between the chemical 
composition of rocks and the chemical composition of percolated fluids in the research region. 

Table 4: Correlation coefficient matrix of groundwater quality parameter along the Hudaira 
drain 

 

 
Figure 4: Piper Plot Describing the Hydro chemical facies of Groundwater at Different Sites 

Located Adjacent to Hudaira Drain 
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Figure 5: (A) (B)Gibbs diagrams representing the classification of groundwater quality based 

on natural factors at different sample locations adjacent to the Hudaira drain subsurface. 
In addition, surface contamination sources, such as return flow irrigation and other 

anthropogenic causes, can greatly impair the quality of groundwater by increasing the levels of 
sodium (Na+) and chloride (Cl-). The Gibbs ratio (I) of an anion is determined by dividing the 
concentration of Cl- by the total concentration of Cl- and HCO3

-.                                                
The expression Na + K2 + / (Na + K2 + Ca2 +) reflects the Gibbs ratio (Cation). This 

specifies that the concentration of each ion is denoted in milliequivalents per liter. 
The chemical composition of the samples was mostly influenced by weathering reactions 

resulting from the underlying biotite gneisses, biotite schists, and granite, as evidenced by 
numerous examinations. This paper explores the correlation between groundwater and aquifer 
rocks, specifically focusing on the mechanism of silicate and carbonate mineral dissolution from 
these rocks [40], [41], [42]. 
Discussion: 

With the impending arrival of the industrial cluster, the groundwater quality in the 
vicinity of the Hudaira drain is deteriorating. Spatial assessment of water quality was conducted 
using twenty criteria. Overall, it was noted that the northern and western regions have a higher 
degree of urbanization compared to the southern and eastern sectors. The majority of this 
urbanized area is comprised of residential and commercial buildings. The water quality in the 
south and east is substandard in comparison to the north and west due to the discharge of 
pollutants from many sectors in these regions, including chemical, dyeing, culinary, engineering, 
and textile industries, which can contaminate both surface and groundwater. These industries 
release wastewater that degrades the quality of groundwater because of the presence of toxic 
heavy metals such as Cobalt (Co), Arsenic (As), Chromium (Cr), Lead (Pb), and Cadmium (Cd). 
Therefore, it is expected that the discharge of these industrial waste liquids will result in a 
deterioration of the groundwater quality in this region, in contrast to the more advanced regions 
situated to the north and west. The data suggests that the evaluation of groundwater could make 
use of the WQI. The authors of [43] and [44] utilized groundwater chemistry to evaluate the 
appropriateness of the water for agricultural and potable uses. According to the research 
conducted by [45], it was found that most of the samples came from the economically 
disadvantaged population. Moreover, it was ascertained that the decline in water quality in 
Birjand, Iran was mostly caused by the discharge of industrial, urban, and agricultural 
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wastewater. Moreover, research conducted by [38] has shown that human activity is having a 
noticeable impact on the groundwater quality in Raipur, India.  

The groundwater quality in the upstream region is typically characterized as ranging from 
moderate to poor, with a steady deterioration observed from the northeast to the southwest. 
The water quality in the upstream is generally poor and deteriorates as the drain goes from the 
upstream to the middle stream, primarily due to the significant industrial activity in the middle 
stream and the prevalence of agricultural activities in the upstream. The water quality of the 
drain improves as it moves downstream and is currently classified as marginal. According to the 
extensive overlay research depicted in Figure 6, the WQI of groundwater demonstrates a steady 
enhancement in the area near the river Ravi (downstream) as a result of sedimentation (chemical 
deposition) and the dilution effect. 

 
Figure 6: An analysis of groundwater quality which is conducted at multiple sites in close 

proximity to the Hudaira drain, focusing on various parameters. 
It is deducted from the results that drain water influences the groundwater quality. Most 

probably it is due to percolation and infiltrations of drain water as exemplified (Figure 7.)  

 
Figure 7: Graphic depicting the processes of infiltration and percolation in the study area. 

The ANOVA results for the average groundwater sample taken along the drain for both 
the half-kilometer and one-kilometer buffer are presented in Table 5. A variance analysis 
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(ANOVA) was performed on the following ions: TDS, Na+, Cl-, HCO3-, K2+, and Ca2+. The 
results indicated that all values are statistically insignificant, implying that the principal source of 
groundwater is the parent rock material. The rock-water field is shown to be the dominant field 
in Gibbs' diagram. Multiple investigations conducted in India have demonstrated that the main 
emphasis of ion geochemistry is the interplay between rocks and water [10]. 
Conclusion: 

Based on the study, the water quality in the study area is generally classified as mediocre 
to poor and substandard to average as the river Ravi approaches. The Gibbs diagram illustrates 
that the rock-water interaction is the main determinant of the chemical composition of 
groundwater. Moreover, there exists a robust correlation between the electrical conductivity 
(EC) and the sodium ion (Na+) concentration. According to the examination of the Piper 
diagram, the primary salts present are NaCl and NaHCO3, which is probably a result of human 
activities and the leaching process. Although the majority of groundwater is unsuitable for 
consumption, it can be utilized for irrigation purposes. Nevertheless, prolonged irrigation can 
result in salt issues. 

Table 5: Analysis of variance (ANOVA) for groundwater samples 
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