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GROUNDWATER QUALITY ASSESSMENT USING SPATIO-TEM-
PORAL EVOLUTION OF WATER QUALITY INDEX AND GIS IN 
K'SOB WATERSHED (SEMIARID AREA—EAST ALGERIA) 
 

Abstract: Groundwater is a crucial natural resource, particularly in arid and semi-arid re-

gions, where it serves as a primary source for drinking and irrigation. The K'sob watershed 

in Algeria is significant for its groundwater resources. This study aims to assess the ground-

water quality of the K'sob aquifer and investigate the spatial distribution of quality parame-

ters to identify areas with the best drinking water quality. The study combines the Water 

Quality Index (WQI) and Geographic Information System (GIS) methodologies. Twenty 

groundwater samples were collected and analyzed for major cations and anions. Spatial dis-

tribution maps of parameters including pH, temperature (T°), electrical conductivity (EC), 

total hardness (TH), turbidity, total alkalinity (TAC), chloride (Cl-), nitrate (NO3-), bicar-

bonate (HCO3-), calcium (Ca2+), and magnesium (Mg2+) were created using the Inverse 

Distance Weighted (IDW) interpolation method in a GIS environment. The WQI results re-

vealed temporal variations in groundwater quality between 2022 and 2024. In 2022, 5% of 

samples were of excellent quality, 60% good quality, 15% poor quality, 5% very poor quality, 

and 15% unsuitable for drinking purposes. By 2024, samples classified as excellent quality 

increased to 25%, while good quality samples decreased to 35%. Poor quality samples re-

mained stable at 15%, very poor quality samples increased to 10%, and those unsuitable for 

drinking remained at 15%. This research demonstrates the effective combination of GIS and 

WQI in assessing groundwater quality over space and time. The findings can support deci-

sion-makers in planning the operation and management of groundwater resources.  
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Introduction 

Groundwater quality represents a significant environmental challenge worldwide, particu-

larly in arid and semi-arid regions where it constitutes the primary water resource (Umar 

et al., 2009). The chemical composition and quality of groundwater are governed by com-

plex interactions of hydrogeological factors, including recharge mechanisms, precipitation 

patterns, and geochemical processes within aquifer systems. The deterioration of water 

quality through pollution poses multifaceted threats to human health, economic develop-

ment, and societal well-being (Milovanovic, 2007). 

In the Algerian context, groundwater resources are critical components of the national 

water supply infrastructure, serving dual strategic functions in providing essential munici-

pal drinking water and supporting extensive agricultural activities. However, intensive ex-

ploitation has resulted in significant aquifer depletion and quality deterioration, emphasiz-

ing the need for comprehensive quality assessments (Bourmada et al., 2024). 

Recent advances in hydrogeological research have led to the widespread adoption of 

Geographic Information System (GIS) methodologies and Water Quality Index (WQI) as-

sessments. The WQI, initially developed by Brown et al. (1970), has emerged as a funda-

mental tool in groundwater quality assessment, while GIS-based approaches have demon-

strated remarkable efficacy in analyzing spatial patterns of water resources (Kanagaraj et 

al. 2019). Recent studies have demonstrated the effectiveness of combining these ap-

proaches. Sadat-Noori et al. (2014) integrated WQI with GIS techniques in Iran's Saveh-

Nobaran aquifer, while Ali et al. (2024) employed both WQI and Principal Component 

Analysis in India's Achhnera block. 

Despite these advances, no comprehensive studies have employed this integrated tech-

nique in the K’sob aquifer, Algeria, despite the region facing increasing anthropogenic pres-

sures from population growth, industrial expansion, and agricultural intensification. The 

present study addresses this gap by evaluating the groundwater quality status of the K’sob 

aquifer through an integrated methodological approach combining conventional hydro-

chemical analysis with GIS techniques to develop a comprehensive spatio-temporal evolu-

tion of the Water Quality Index map. 

This novel approach provides a systematic monitoring framework for groundwater 

quality assessment, enabling spatial identification of water quality variations with respect 

to drinking water suitability. The study utilizes previously unpublished hydrochemical data 

to generate spatially referenced quality indices, facilitating improved understanding of 

groundwater quality distribution patterns and providing an accessible decision-support 

tool for diverse stakeholders. 

Materials and Methods 

Study area 

The K'sob watershed, located in the great Hodna basin in northern Algeria, drains an area 

of 1481 km² and is situated entirely in the province of Bordj Bou Arréridj (BBA) in eastern 

Algeria. It is located between 4°34′37″E and 5°06′09″E longitude and 35°33′52″N and 

36°18′45″N latitude. The K'sob watershed is characterized by rugged and varied terrain 

with nearby mountains and a wide plateau in the center. Maximum and minimum eleva-

tions are 1,887 and 590 m, respectively (Figure 1). 
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Fig. 1. The location of the study area 

Geological and hydrogeological set-up 

The geological framework of the K'sob watershed displays is characterized by diverse lith-

ological compositions and differential susceptibility to erosion (Figure 2). The northern and 

central portions of the basin, comprises predominantly of easily erodible formations in-

cluding Quaternary alluvial terraces, clays, Miocene marls, and sandstones that are contin-

uously subjected to intensive mechanical erosion processes.  In contrast, the southern part 

of the basin, consists of resistant carbonate formations dominated by limestone and dolo-

mite. The stratigraphic sequence spans from Triassic gypsic clays to Quaternary formations 

comprising scree deposits and alluvium. 

 

Fig. 2. Lithology map of the K'sob watershed. Quaternary formations (scree deposits and allu-
vium); Miocene (clays and marls sandstones); Eocene (limestone and marls); Cretaceous (marly 

limestone and dolomites); Jurassic (limestone), Trias (gyspsic clay) 

Hodna watershed 
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Hydrogeological investigations were conducted using 20 monitoring wells (S1-S20) 

strategically distributed across the watershed to capture spatial variations in groundwater 

conditions. For each monitoring point, geographic coordinates, ground surface elevation, 

static water level depth, hydraulic head calculations, and operational status were measured 

and recorded (Table 1). A comprehensive hydraulic head distribution map was constructed 

using measurements from the monitoring network, with isopiezometric contours interpo-

lated to represent equal hydraulic head values. The spatial distribution of hydraulic heads 

reveals nine distinct classes ranging from 520-583 m to 1025-1087 m above sea level, as 

illustrated in the hydraulic head map (Figure 3). 

Table 1. Characteristics piezometric of water points in the K'sob watershed 

Well ID 
Coordinates Elevation 

(m asl) 
Static Water 

Level (m) 
Hydraulic Head 

(m asl) 
Operational 

Status Longitude Latitude 

S1 4,884°E 35,901°N 1113 110 1013 Active 

S2 4,886°E 35,919°N 1024 100 894 Active 

S3 4,885°E 35,917°N 1030 100 905 Active 

S4 4,899°E 35,866°N 1188 220 1068 Active 

S5 4,915°E 35,866°N 1162 180 1052 Active 

S6 4,890°E 35,917°N 1040 150 940 Active 

S7 4,913°E 35,854°N 1175 200 1025 Active 

S8 5,043°E 35,916°N 1187 250 1087 Active 

S9 5,029°E 35,928°N 1160 230 1050 Active 

S10 4,976°E 35,976°N 1040 130 975 Active 

S11 4,968°E 36,050°N 1040 150 950 Active 

S12 4,931°E 35,965°N 1060 150 910 Active 

S13 4,818°E 36,044°N 980 120 860 Active 

S14 4,617°E 36,025°N 980 125 855 Active 

S15 4,642°E 36,123°N 1113 190 923 Active 

S16 4,738°E 36,094°N 1040 130 910 Active 

S17 4,783°E 35,970°N 920 110 810 Active 

S18 4,552°E 35,947°N 650 100 550 Active 

S19 4,544°E 35,888°N 600 80 580 Active 

S20 4,644°E 35,907°N 620 100 520 Active 

 
The hydraulic head analysis reveals a dominant groundwater flow direction from 

east/northeast toward west/southwest, as indicated by the flow direction arrows on the hy-

draulic head map. The groundwater flow pattern follows a trajectory parallel to the surface 

drainage network. Primary recharge zones are identified in the eastern and northeastern 

sectors, characterized by the highest hydraulic head values (1025-1087 m above sea level, 

represented in light pink), while the principal discharge area is located in the southwestern 

region with the lowest values (520-583 m above sea level, shown in dark green). Spatial 

analysis of isopiezometric contour spacing indicates significant heterogeneity in aquifer hy-

draulic properties. Narrow contour spacing spacing in the northern region suggests lower 

transmissivity, whereas wider spacing in the southwest indicates higher hydraulic conduc-

tivity, associated with the more permeable carbonate formations. Localized depression 

cones observed around monitoring points S18, S19, and S20 in the southwestern discharge 
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zone, as well as around points S7 and S9 in the central-eastern area, indicate either inten-

sive groundwater extraction zones or hydrogeological discontinuities linked to lithological 

transitions. The hydrogeological analysis integrates geological mapping, piezometric mon-

itoring, topographic data, and surface drainage network analysis to ensure coherence be-

tween observed groundwater flow directions and surface water drainage patterns, val-

idating the conceptual hydrogeological model developed for the K'sob watershed. 

Fig. 3. Hydraulic head distribution and groundwater flow directions in the K'sob watershed 

 

Sampling and Analysis  

Groundwater samples were collected from twenty monitoring wells distributed across the 

K'sob watershed in February 2022. Prior to sampling, each well was purged to ensure repre-

sentative groundwater samples. Samples were collected in sterilized 1000 ml plastic contain-

ers and preserved in airtight ice-cold containers during transport to the laboratory for detailed 

analysis of various physicochemical parameters using standard methods (APHA, 2005). 

Physical parameters including hydrogen ion concentration (pH), temperature (T°), 

electrical conductivity (EC), and turbidity were measured in situ at 25°C using a handheld 

digital pH/EC/TDS/turbidity meter (HannaHI-9829). Chemical analyses for total hard-

ness (TH), total alkalinity (TAC), chloride (Cl⁻), bicarbonate (HCO₃⁻), calcium (Ca²⁺), 

magnesium (Mg²⁺), and nitrate (NO₃⁻) were performed following standard procedures 

at the certified Algerian Water Laboratory (A.D.E.) of Bordj Bou Arréridj. These param-

eters were selected based on expert opinion, data availability, and their importance in 

assessing groundwater quality. Previous studies have also utilized these water quality pa-

rameters for examining groundwater quality trends in different regions worldwide 

(Masood et al. 2022; Piyathilake et al. 2022). 
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Water Quality Index method 

The Water Quality Index (WQI) is a standardized methodology that quantifies the cumula-

tive impact of multiple water quality parameters on overall water quality, particularly for 

human consumption assessment. This analytical approach transforms complex water qual-

ity data into a single numerical value, facilitating comprehensive evaluation of water pota-

bility. The calculation of WQI incorporates the Algerian drinking water standard (2014) 

and the World Health Organization (WHO, 2017) drinking water standards as reference 

values. The methodology assigns parameter weightages inversely proportional to their re-

spective WHO-recommended standard values, reflecting the relative significance of each 

parameter in determining water quality (Mishra and Patel, 2001; Naik and Purohit, 2001). 

The WQI calculation methodology comprises three distinct stages. In the first stage, 

relative weights (wi) were assigned to eleven physicochemical parameters (pH, T°, EC, 

TH, turbidity, TAC, Cl⁻, NO₃⁻, HCO₃⁻, Ca²⁺, and Mg²⁺) based on their potential impact 

on human health (Table 2). 

In the weighting scheme, nitrate was assigned the maximum weight of 5, reflecting 

its critical significance in water quality assessment (Srinivasamoorthy et al., 2008). Con-

versely, bicarbonate received the minimum weight of 1 due to its relatively minor influ-

ence on overall water quality. Intermediate weights between 1 and 5 were allocated to 

other ionic parameters based on their relative contributions to drinking water quality 

(Ketata-Rokbani et al., 2011). 

In the second stage, the relative weight (Wi) of each parameter is computed using: 

                                               Wi = wi / Σⁿᵢ₌₁ wi                                              (1) 

where wi is the weight of each parameter, n is the number of parameters, and Wi is the 

relative weight. The weight (wi), calculated relative weight (Wi) values, and WHO standards 

for each parameter are presented in Table 2. 

In the third stage, a quality rating scale (qi) is calculated for each parameter using: 

                                                qi = (Ci/Si) × 100                                           (2) 

where qi is the quality rating, Ci is the concentration of each chemical parameter (mg/L), 

and Si is the WHO standard for each chemical parameter (mg/L). 

For computing the WQI, the SI is first determined for each chemical parameter using: 

SIi = Wi × qi 

                                                   WQI = Σⁿᵢ₌₁ SIi                                            (3) 

where SIi is the sub-index of ith parameter, qi is the rating based on concentration of ith 

parameter, and n is the number of parameters. 
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Table 2. The weight (wi) and relative weight (Wi) of each chemical parameter 

Parameter 
Drinking-water standards 

Weight (wi) 
Relative weight 

(Wi) Algerian [2014] WHO [2017] 

pH ≥ 6,5 et ≤ 9 7 ‒ 8 3 0,091 

T (°C) 25 ‒ 2 0,061 

EC (µS/cm) 2800 at 20 °C ‒ 3 0,091 

TH as CaCO3 (mg/L) 500 200 3 0,091 

Turbidity (NTU) 5 ‒ 3 0,091 

TAC as CaCO3 (mg/L) 65 ‒ 3 0,091 

Cl- (mg/L) 500 250 4 0,121 

NO3- (mg/L) 50 50 5 0,152 

HCO3- (mg/L) ‒ ‒ 1 0,030 

Ca2+ (mg/L) 200 100 ‒ 300 3 0,091 

Mg2+ (mg/L) ‒ ‒ 3 0,091 

   ∑ Wi = 33 ∑ Wi = 1 

 
The calculated WQI values are categorized into five distinct classes (Table 3): excellent, 

good, poor, very poor, and unsuitable for human consumption (Brown et al., 1972; Chatterjee 

and Raziuddin., 2002; Fentie et al., 2024). This classification methodology has been exten-

sively documented in recent literature (Adil Masood et al., 2022; Piyathilake et al., 2022; Ar-

jun Ram et al., 2021; Ali Chabuk et al., 2020, Faraji et al., 2024; Bahrami et al., 2024). 

 

Table 3. Classification of water quality and status based on weighted arithmetic WQI Method 

WQI range Type of groundwater 

< 50 Excellent water 

50 – 100 Good water 

101 – 200 Poor water 

201 – 300 Very poor water 

> 300 Unsuitable for drinking purpose 

 

GIS application 

Geographic Information System (GIS) has emerged as a powerful tool for storing, analyz-

ing, and displaying spatial data, facilitating evidence-based decision-making across engi-

neering and environmental disciplines (Lo and Yeung, 2003; Sadat-Noori et al., 2014). 

The spatiotemporal distribution of groundwater quality parameters was analyzed us-

ing ArcMap™ 10.3 software. Spatial interpolation was performed using the Inverse Dis-

tance Weighted (IDW) method with a power parameter of 2, selected for its demonstrated 

accuracy in hydrogeological applications. This methodology enabled the generation of high-

resolution spatial distribution maps for all measured water quality parameters.  

The IDW interpolation method estimates values at unsampled points using a weighted 

average of observed values at surrounding points, where the weights are inversely propor-

tional to the distance from the interpolation location (Webster and Oliver, 2007). The gen-

eral equation of the IDW estimator is expressed as: 

                                               Z(x₀) = Σⁿᵢ₌₁ λᵢZ(xᵢ)                                         (4) 
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With: 

                                                     λᵢ = dᵢ⁻ᵖ/Σⁿj₌₁ dj⁻ᵖ                                        (5) 

where Z(x₀) is the predicted value at the unsampled location x₀, Z(xᵢ) is the observed value 

at the sampled location xᵢ, λᵢ is the weight assigned to each observed value, dᵢ is the distance 

between x₀ and xᵢ, p is the power parameter (typically p = 2), and n is the number of sampled 

points used for estimation. 

The power parameter p controls the influence of distant points on the interpolated val-

ues (Lu and Wong, 2008; Chen and Liu, 2012). Higher values of p result in greater influence 

from nearby points, while lower values yield a smoother interpolation surface (Shepard, 

1968; ESRI, 2018). 

Results and Discussion 

This study analyzes eleven groundwater quality parameters collected in February 2022: pH, 

T°, EC, TH, turbidity, TAC, Cl¯, NO3¯, HCO3¯, Ca+2, and Mg+2. These parameters were eval-

uated using statistical measures, including minimum, maximum, mean, and standard de-

viation. The results are presented in Table 4 and accompanying spatial distribution maps. 

Table 4. Statistical analysis of physical and chemical groundwater quality parameters 

Parameter Unit Minimum Maximum Mean 
Standard divi-

sion 

pH  6,63 8,00 7,37 0,32 

T° °C 13,90 21,60 17,88 2,05 

EC  µs/cm 696 1855 961,80 385,70 

TH                  mg/l 218,10 640 429,28 107,57 

Turbidity            NTU 0,41 19,80 2,77 4,96 

TAC                mg/L 151 395 261,53 48,50 

Cl¯   mg/L 40,90 163,58 87,20 38,44 

NO3¯   mg/L 1,30 58,90 17,95 15,78 

HCO3¯    mg/L 97,06 488,90 298,16 80,62 

Ca+2    mg/L 23,52 144 101,03 29,19 

Mg+2   mg/L 27,28 68,04 43,05 14,18 

 
The statistical analysis of groundwater quality parameters reveals significant varia-

tions across the K'sob watershed (Table 4), with spatial distribution maps (Figure 4) provid-

ing valuable insights into the geographic patterns and hydrogeochemical processes affect-

ing water quality. pH values indicate slightly alkaline conditions (mean: 7.37 ± 0.32), with 

all samples falling within the permissible range (6.5-9) according to Algerian Drinking-wa-

ter Standards 2014, showing relatively uniform spatial distribution across most of the wa-

tershed with slightly higher alkaline values concentrated in the central and eastern por-

tions. This spatial pattern suggests consistent lithological influences and limited anthropo-

genic impacts on pH buffering capacity throughout the study area (Sadat-Noori et al. 2014). 

Groundwater temperatures remain moderate and within acceptable ranges for drinking 

water quality, ranging from 13.90°C to 21.60°C with a mean of 17.88°C, exhibiting a clear 

spatial gradient with cooler temperatures in upstream/highland areas and progressively 
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warmer conditions in downstream/lowland regions, reflecting typical topographic and hy-

drogeological controls.  

Electrical conductivity (EC), which indicates dissolved constituents concentration 

(Chaurasia et al. 2018), remained below regulatory limits (2800 μS/cm) across all sam-

pling locations with values ranging from 696 to 1855 μS/cm, while the spatial distribu-

tion reveals significant heterogeneity with notably higher conductivity values concen-

trated in the southern and southeastern portions of the watershed, indicating areas of 

increased mineral dissolution potentially related to specific geological formations or 

prolonged water-rock interactions.  

Total hardness, influenced by multiple ions (Ravikumar et al. 2011), exceeds the rec-

ommended level of 250 mg/L in approximately 15% of samples, with elevated values pri-

marily in the central and southern areas correlating with regions of higher EC values, sug-

gesting common hydrogeochemical processes controlling both parameters, likely related to 

carbonate mineral dissolution and cation exchange processes in specific geological units.  

Water turbidity, caused by suspended particles affecting light transmission, ex-

ceeded the 5 NTU threshold in 15% of samples with values ranging from 0.41 to 19.80 

NTU, showing scattered high-value hotspots rather than continuous zones, indicating lo-

calized sources of suspended particles potentially from surface water infiltration or an-

thropogenic activities.  

Alkalinity measurements reflect the water's capacity to neutralize acids, with values 

showing moderate buffering potential across the watershed (Appelo and Postma 2005). 

Chloride concentrations remained below the acceptable limit of 500 mg/L at all loca-

tions, though elevated levels can impart a salty taste and increase corrosivity (Pius et al., 

2012; Sadat-Noori et al., 2014).  

Nitrate concentrations exceeded the maximum contaminant limit of 50 mg/L in 5% 

of samples (specifically at site S9), with the spatial distribution revealing this distinct 

hotspot in the central-eastern portion of the watershed, strongly suggesting localized ag-

ricultural influences, particularly intensive fertilizer application in the immediate vicinity 

of this sampling location.  

Bicarbonate demonstrated considerable variation across the watershed, though this 

parameter generally plays a minor role in water pollution assessment (Ketata et al., 2011), 

while calcium and magnesium concentrations remained within acceptable ranges for drink-

ing water quality, with both cations exhibiting similar spatial distributions with elevated 

concentrations in the central and southern watershed areas, reflecting the dissolution of 

carbonate minerals and natural hydrogeochemical evolution.  
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 Fig. 4. Maps showing the spatial distribution of groundwater quality parameters (pH, T°, 
EC, TH, Turbidity, TAC, Cl¯, NO3¯, HCO3¯, Ca+2, and Mg+2) in K’sob watershed 
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     Spatio-Temporal Variation of Water Quality Index 

Understanding the spatial and temporal variations in water quality is paramount for sustain-

able water resource management and environmental protection. This study presents a com-

prehensive analysis of groundwater quality dynamics through a detailed Water Quality Index 

(WQI) evaluation conducted in K’sob watershed during two distinct periods: 2022 and 2024. 

Table 5. Groundwater classification based on WQI 

 

Analysis of the Water Quality Index (WQI) results from the K'sob watershed reveals sig-

nificant spatial and temporal variations during the monitoring period (2022-2024) (Figure 

5). The WQI assessment highlighted a notable evolution in water quality distribution between 

2022 and 2024. In 2022, only 5% of samples were of excellent quality, 60% good quality, 15% 

poor quality, 5% very poor quality, and 15% unsuitable for drinking purposes. By 2024, the 

proportion of samples with excellent quality increased to 25%, while those with good quality 

decreased to 35%. Samples with poor quality remained stable at 15%, those with very poor 

quality increased to 10%, and those unsuitable for drinking remained at 15%.  

These data demonstrate a significant improvement in water quality at several sampling 

points: five sites (S1, S2, S3, S12, S13) were classified as "excellent water" in 2024, compared 

to only one site (S2) in 2022. Conversely, site S14 showed marked deterioration, changing 

from "poor water" (WQI = 192.72) to "very poor water" (WQI = 256.08), while site S15 also 

declined from the "good water" category to "poor water".  

The deterioration observed at sites S14 and S15 can be attributed to localized anthro-

pogenic pressures, particularly improper waste disposal practices and intensified urbani-

Number WQI 2022 Classification WQI 2024 Classification 

S1 53,46 Good water 48,16 Excellent water 

S2 49,62 Excellent water 42,21 Excellent water 

S3 58,11 Good water 47,98 Excellent water 

S4 53,29 Good water 55,23 Good water 

S5 61,03 Good water 65,32 Good water 

S6 57,84 Good water 55,02 Good water 

S7 224,05 Very poor water 223,51 Very poor water 

S8 88,02 Good water 82,95 Good water 

S9 139,37 Poor water 129,02 Poor water 

S10 152,02 Poor water 160,32 Poor water 

S11 62,81 Good water 66,36 Good water 

S12 52,37 Good water 45,36 Excellent water 

S13 50,29 Good water 46,98 Excellent water 

S14 192,72 Poor water 256,08 Very poor water 

S15 83,08 Good water 194,44 Poor water 

S16 82,35 Good water 81,23 Good water 

S17 63,98 Good water 58,13 Good water 

S18 1618,13 Unsuitable 1352,08 Unsuitable 

S19 825,73 Unsuitable 741,25 Unsuitable 

S20 859,67 Unsuitable 500,11 Unsuitable 
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zation activities in these specific areas, which have introduced elevated levels of contami-

nants including nutrients and organic pollutants into the groundwater system. This inter-

pretation is strongly supported by the elevated turbidity values observed at sites. Persistent 

water quality issues were observed at sites S7, S9, S10, S18, S19, and S20, with particularly 

concerning conditions at sites S18, S19, and S20, which maintained the "Unsuitable" clas-

sification throughout the study period despite some improvement in absolute WQI values.  

The spatial distribution of WQI values highlights the influence of localized anthropogenic 

factor on groundwater quality. These results underscore the heterogeneous nature of ground-

water quality in the watershed and emphasize the importance of targeted management inter-

ventions in severely affected areas (Brown et al., 1972; Ramakrishnaiah et al., 2009). 

Fig. 5. Water quality index maps (2022 – 2024) of the study area 

In the K'sob aquifer, correlation analysis revealed significant hydrogeochemical relation-

ships (Table 6), indicating dominant mineral dissolution processes (Helena et al., 2000; 

Belkhiri et al., 2010). The substantial correlations between hardness parameters (TH, Ca²⁺, 

Mg²⁺) and conductivity suggest prevalent carbonate mineral weathering (Li et al., 2018), 

while temperature correlations with hardness parameters demonstrate temperature-depend-

ent dissolution mechanisms. Notably, nitrate exhibited negative correlations with most pa-

rameters, suggesting distinct anthropogenic sources rather than natural mineral dissolution, 

potentially from agricultural activities or wastewater infiltration (Appelo and Postma, 2005; 

Zghibi et al., 2013). The strong relationship between conductivity and turbidity indicates sus-

pended particles are predominantly ionic in nature (Todd and Mays, 2005). 

Based on the lithological context of the K'sob watershed (Fig. 2), the overall correlation 

pattern suggests the aquifer interacts both with carbonate and evaporite lithologies (Hem, 

1985). This geological framework offers essential insights into the groundwater geochemi-

cal evolution and potential contamination pathways in this semiarid watershed. 
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Table 6. Correlation matrix between groundwater quality parameters of K’sob aquifer 

Parameter T° pH Cond Turb TAC TH Ca++ Mg++ Cl- HCO3
- NO3

- 

T° 1           

pH 0,201 1          

Cond 0,466 0,173 1         

Turb 0,372 0,125 0,907 1        

TAC 0,328 -0,138 -0,044 -0,070 1       

TH 0,683 0,157 0,878 0,770 0,291 1      

Ca++ 0,578 0,062 0,696 0,526 0,152 0,853 1     

Mg++ 0,539 0,212 0,745 0,757 0,318 0,774 0,345 1    

Cl- 0,362 -0,172 0,631 0,573 0,240 0,672 0,497 0,624 1   

HCO3
- 0,058 -0,132 0,078 0,063 0,814 0,299 0,212 0,275 0,198 1  

NO3
- -0,253 -0,083 -0,445 -0,435 -0,129 -0,269 -0,023 -0,483 -0,385 0,025 1 

Conclusion 

This research presents a comprehensive assessment of groundwater quality in the K'sob 

watershed in eastern Algeria using an integrated methodological approach combining Wa-

ter Quality Index (WQI) and Geographic Information System (GIS) techniques. The spatio-

temporal analysis of groundwater quality parameters between 2022 and 2024 revealed sig-

nificant variations in water quality across the study area, providing crucial insights for sus-

tainable water resource management in this semi-arid region. 

The WQI assessment demonstrated notable changes in water quality distribution over 

the two-year monitoring period. In 2022, only 5% of samples were classified as excellent 

quality, while by 2024, this proportion increased substantially to 25%, indicating localized 

improvements in groundwater conditions. Concurrently, the percentage of good quality 

samples decreased from 60% to 35%, suggesting potential deterioration in previously high-

quality locations. The proportion of samples classified as poor quality remained constant 

at 15%, while very poor quality samples increased from 5% to 10%, and unsuitable samples 

remained steady at 15%. These temporal variations highlight the dynamic nature of ground-

water quality in response to changing environmental and anthropogenic pressures. 

Statistical analysis of eleven physicochemical parameters revealed significant spatial 

heterogeneity across the watershed. pH values indicated slightly alkaline conditions (mean: 

7.37 ± 0.32) with uniform distribution, while electrical conductivity values ranged from 696 

to 1855 μS/cm, remaining below regulatory limits but showing notable concentration in 

southern and southeastern areas. Total hardness exceeded recommended levels in approx-

imately 15% of samples, correlating with elevated EC values and suggesting common hy-

drogeochemical processes related to carbonate mineral dissolution. 

Correlation analysis revealed significant hydrogeochemical relationships among wa-

ter quality parameters, with particularly strong positive correlations between electrical 

conductivity and turbidity (r=0.907), conductivity and total hardness (r=0.878), and to-

tal hardness with calcium (r=0.853) and magnesium (r=0.774). These relationships in-

dicate dominant mineral dissolution processes within the aquifer system, consistent with 

the watershed's geological framework comprising carbonate and evaporite formations. 
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Notably, nitrate exhibited negative correlations with most parameters, suggesting dis-

tinct anthropogenic sources rather than natural mineral dissolution, potentially from ag-

ricultural activities or wastewater infiltration, as evidenced by the nitrate hotspot at site 

S9 exceeding WHO limits. 

The spatial distribution maps generated through IDW interpolation in a GIS environ-

ment effectively visualized the heterogeneous nature of groundwater quality across the wa-

tershed, highlighting zones of particular concern that require targeted management inter-

ventions. Sites S18, S19, and S20 maintained their "unsuitable for drinking" classification 

throughout the study period, despite some improvement in absolute WQI values, indicating 

persistent water quality challenges in the southwestern discharge zone. Conversely, sites 

S14 and S15 showed marked deterioration, attributed to localized anthropogenic pressures 

including improper waste disposal and intensified urbanization activities. 

The hydrogeological analysis revealed a dominant groundwater flow direction from 

east/northeast toward west/southwest, with primary recharge zones in eastern sectors and 

discharge areas in southwestern regions. The integration of geological mapping, piezomet-

ric monitoring, and surface drainage analysis validated the conceptual hydrogeological 

model and explained the observed water quality patterns in relation to aquifer characteris-

tics and flow dynamics. 

This study successfully demonstrates the effectiveness of combining WQI and GIS 

methodologies for comprehensive groundwater quality assessment and monitoring in 

semi-arid regions. The integrated approach provides a systematic framework for rapid spa-

tial identification of water quality variations with respect to drinking water suitability. The 

findings provide valuable insights for water resource managers and policymakers in devel-

oping sustainable groundwater management strategies for the K'sob watershed and similar 

hydrogeological settings. 

Future research should focus on identifying specific anthropogenic and geogenic fac-

tors influencing the observed water quality patterns, particularly investigating the sources 

of contamination at persistently problematic sites. Development of targeted remediation 

measures for severely affected areas, implementation of protection strategies for recharge 

zones, and establishment of regular monitoring protocols are essential for long-term water 

resource sustainability. Additionally, continued spatio-temporal monitoring is crucial to 

track long-term trends, evaluate the effectiveness of any implemented management inter-

ventions, and adapt management strategies to changing environmental conditions in this 

climatically sensitive region. 
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