
 

 

Integrated Seasonal Assessment of Spring Water Quality for Drinking and 1 

Domestic Purposes in El Kala, Northeastern Algeria 2 

Amira BERGAL1.3*, Warda BOUMARAF1, Loubna NEFLA2, Chahrazed BOUKSIBA 2, and 3 

Djamel Eddine BENOUARETH3 4 

1Laboratory of Environmental Sciences and Agroecology, Department of Biology, Faculty of 5 

Natural and Life Sciences, University of Chadli Bendjedid, EL-Tarf, B.P73, 36000, Algeria. 6 
2Laboratory of Biodiversity and Ecosystem Pollution, Department of Biology, Faculty of Natural 7 

and Life Sciences, University of Chadli Bendjedid, EL-Tarf, B.P73, 36000, Algeria  8 
3Laboratory of Molecular and cellular Biology, Department of Biology, Faculty of Natural and 9 

Life Sciences and Earth and Universe Sciences, University of 8 May, Guelma, Algeria. 10 

 11 

* To whom all correspondence shoud be addressed: e-mail: a.bergal@univ-eltarf.dz 12 

 13 

 14 

Abstract 15 

  This study investigates the seasonal variability of surface water quality in two spring 16 

systems, Aïn Segleb (S1) and Aïn Siporex (S2), located in northeastern Algeria. Seasonal 17 

sampling (spring, summer, autumn, and winter) was conducted to evaluate physicochemical 18 

parameters, major ions, nutrients, and organic pollution indicators (BOD5 and COD). 19 
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  Water quality was assessed using the Organic Pollution Index (IPO), Water Quality Index 20 

(WQI), and Principal Component Analysis (PCA) to identify the main factors controlling 21 

water quality variation. 22 

  The results showed clear spatial and seasonal differences between the two sites. Aïn Segleb 23 

exhibited relatively stable water quality with moderate mineralization and consistently low 24 

organic pollution throughout the year. In contrast, Aïn Siporex showed higher temporal 25 

variability, with increased organic loads during summer and autumn, suggesting stronger 26 

anthropogenic pressure. 27 

  IPO results indicated generally low organic pollution at both sites, while WQI classified 28 

the water as overall good quality, with slight seasonal deterioration at S2. PCA explained 29 

92% of the total variance and highlighted mineralization processes, anthropogenic inputs, 30 

and seasonal effects as the main drivers of water quality variation. 31 

  Overall, Aïn Segleb presented more stable hydrochemical conditions, whereas Aïn Siporex 32 

was more affected by seasonal anthropogenic influences. These findings emphasize the 33 

importance of continuous seasonal monitoring for sustainable management and protection of 34 

freshwater resources in northeastern Algeria. 35 

Keywords: Surface water quality, Seasonal variation Ain Segleb, Ain Siporex, Physico-chemical 36 

parameters, Organic pollution index, Water quality index, Principal component analysis. 37 

1. Introduction 38 

   Water is a fundamental natural resource essential for sustaining life and supporting human 39 

activities. It plays a central role in domestic, agricultural, and industrial sectors, making it highly 40 

vulnerable to various forms of pollution. As a result, water resources often act as receptors for 41 

physical, chemical, and biological contaminants, and may serve as vectors for waterborne 42 

diseases (Laoufi et al., 2025). Ensuring access to safe drinking water, defined by appropriate 43 



 

 

physicochemical, microbiological, and organoleptic standards, remains a major global challenge 44 

(Salamani et al., 2024). 45 

  Despite its essential role, water pollution continues to cause significant health risks, particularly 46 

in developing countries, where millions of deaths are linked to contaminated water sources (El 47 

Marmara et al., 2024). Water intended for human consumption must meet strict quality criteria, 48 

including clarity, absence of odor and harmful substances, and complete absence of pathogenic 49 

microorganisms (Lalaoui et al., 2024). 50 

Currently, water quality is increasing pressure due to rapid population growth, urbanization, and 51 

expanding industrial and agricultural activities. The degradation of water quality has become as 52 

critical as water scarcity itself (Moussaoui et al., 2025). Anthropogenic activities, including 53 

agricultural runoff, wastewater discharge, and improper waste management, are major 54 

contributors to water contamination (Syed et al., 2025). 55 

  In Algeria, water resources are becoming increasingly limited, intensifying competition 56 

between agriculture, industry, and domestic use (Mebarki et al., 2024). Over the past decades, 57 

the uncontrolled discharge of agricultural, industrial, and domestic effluents has significantly 58 

contributed to the degradation of both surface and groundwater quality. 59 

  The wilaya of El Tarf is particularly known for its abundance of natural springs and water 60 

resources. However, despite this richness, many of these springs remain underutilized or poorly 61 

managed. Inadequate protection measures, lack of monitoring, and exposure to anthropogenic 62 

pollution sources have led to the deterioration of water quality, limiting their potential use. 63 

  Although several studies have investigated groundwater quality in Algeria and North Africa, 64 

most of them are based on single-season sampling, limited physicochemical parameters, or 65 



 

 

descriptive approaches. Integrated studies combining seasonal monitoring, pollution indices, and 66 

multivariate statistical analysis remain scarce, particularly for spring water systems. 67 

In this context, the novelty of the present study lies in: (i) the integration of seasonal monitoring 68 

covering four seasons, (ii) the combined application of Organic Pollution Index (IPO), Water 69 

Quality Index (WQI), and Principal Component Analysis (PCA), and (iii) the comparative 70 

assessment of two hydrogeologically contrasting spring systems. This comprehensive approach 71 

allows a deeper understanding of the interactions between natural processes (lithology, 72 

hydrochemistry) and anthropogenic pressures on water quality. 73 

This study therefore aims to assess the seasonal variability of surface water quality in two spring 74 

systems (Aïn Segleb and Aïn Siporex) in northeastern Algeria by analyzing physicochemical 75 

parameters, hydrochemical facies, and organic pollution indicators, in order to identify the key 76 

factors controlling water quality and to support sustainable water resource management. 77 

2. Material and methods 78 

2.1. Study area 79 

   The two studied water sources (Ain Siporex and Ain Segleb) are in northern El Traf Province, 80 

Northeastern Algeria. Source Ain Siporex (S2) is in Oum Teboul at 3653.576N 0833.017E 81 

and source Ain Segleb (S1) is in Souarkh at 3653.576N0833.017E. The study area is part of 82 

El Kala National Park, is located in the extreme northeast of Algeria, It is limited: In the North, 83 

by the Mediterranean Sea. In the South, by the foothills of the Medjerda mountains. To the East, 84 

by the Algerian-Tunisian border. To the West, by the end of the alluvial plain of Annaba (Figure 85 

1).  86 



 

 

 87 

                                            Figure 1. Localisation of the study area  88 

2.2. Sampling and analysis methods  89 

   The choice of sampling sites was determined by their exposure to various pollutants. Sampling 90 

was carried out in situ during the four seasons of 2024, with three samples taken per site, at two 91 

different locations (Figure 1). Samples were collected in sterile glass bottles for bacteriological 92 

analyses and in polyethylene bottles for physicochemical analyses, after being rinsed at least 93 

three times with the sampling water. After bottling and labeling, the samples were placed in a 94 

cooler at 4°C to maintain their temperature. Temperature (T°), hydrogen potential (pH), 95 

electrical conductivity (EC), salinity, total dissolved solids (TDS) and turbidity, were measured 96 

in situ using a multi-parameter field instrument (type Hanna Hi 8519N). The monitoring of 97 

physico-chemical parameters is carried out in the laboratory at El Tarf University using 98 

standardised methods. These parameters are: Total alkalimetric titre (TAC), calcium (Ca+2), 99 

magnesium (Mg+2), potassium (K+), sodium (Na+), chloride (Cl-), total chlorine (Cl2), 100 

ammonium (NH4
+), nitrate (NO3

-), nitrite (NO2
-), orthophosphate (PO4

-3), Biological Oxygen 101 

Demand (BOD5 and COD). 102 

2.3. Organic Pollution Index (OPI)  103 

      For evaluation of organic pollution, we employed the Organic Pollution Index (IPO) to 104 

evaluate the organic load in the river. The fundamental principle of the IPO is to categorize the 105 



 

 

values of pollutants into five classes. The underlying calculation principle is to divide the values 106 

of the four pollutants were categorized into five classes. The class numbers for each parameter 107 

were then determined based on the values obtained in the study, with the average data from 108 

(Table 1) being used for this purpose. The classification of organic parameters is a subject of 109 

considerable interest. In accordance with the five quality classes that correspond to standard 110 

colors (Boukich et al., 2025). 111 

Table 1. Grid of organic pollution index classes OPI and degrees of pollution (Leclercq, 2001). 112 

Parameters 

Classes 

NH4
+ 

(mg/l) 

BOD5 

(mg/l) 

PO4
3-(μg/l) NO2

- 

(μg/l) 

Average of 

classes (OPI) 

Level of organi 

pollution 

5 <0,1 <2 <15 <5 4,6-5,0 Nothing Pollution 

4 0,1-0,9 2,1-5 16-75 6 – 10 4,0-4,5 Low Pollution 

3 1-2,4 5,1-10 76-250 11 – 50 3,0-3,9 Moderate Pollution 

2 2,5-6 10,1-15 251-900 51 – 150 2,0-2,9 Strong Pollution 

1 >6 >15 >900 >150 1,0-1,9 Very strong Pollution 

Water Quality Index (WQI) Methodology 113 

  The Water Quality Index (WQI) was applied to provide an integrated evaluation of surface 114 

water quality at the investigated sites. The index was calculated using a set of key 115 

physicochemical variables namely pH, electrical conductivity (EC), salinity, dissolved oxygen 116 

(DO), total dissolved solids (TDS), and major ions chosen for their recognized relevance in 117 

characterizing water quality conditions (Salamani et al., 2024). Each parameter was assigned a 118 

specific weight reflecting its relative contribution to overall water quality. A quality rating was 119 

then determined for each variable by comparing the measured concentration with its 120 

corresponding ideal value and permissible standard. Individual sub-indices were obtained by 121 

multiplying the assigned weight by the respective quality rating, and the final WQI value was 122 

derived from the summation of all sub-indices, following the approach described by Al Baghdadi 123 

et al., (2019). 124 

The Water Quality Index (WQI) was calculated using the following equation: 125 

WQI = Σ SIᵢ 126 

where: 127 

• SIᵢ is the sub-index of the i-th parameter  128 



 

 

• SIᵢ = Wᵢ × Qᵢ  129 

• Wᵢ is the relative weight of each parameter  130 

• Qᵢ is the quality rating of each parameter  131 

• n is the number of parameters 132 

The WQI values were classified into five categories: Excellent (0–25), Good (26–50), Poor (51–133 

75), Very Poor (76–100), and Unsuitable for drinking (>100), providing a clear evaluation of 134 

water quality across stations and seasons. 135 

2.4. Principal Component Analysis (PCA) 136 

   Principal component analysis (PCA) was applied to the normalized dataset in order to explore 137 

relationships among physicochemical variables and to identify the main spatial gradients 138 

differentiating the studied sites. Prior to PCA, all variables were standardized to eliminate the 139 

effect of different measurement units. PCA was performed on the correlation matrix, and only 140 

components with eigenvalues > 1 were considered for interpretation. The first two principal 141 

components (PC1 and PC2) explained the majority of the total variance, indicating that most of 142 

the observed variability can be summarized by a reduced number of underlying environmental 143 

factors, as previously reported by Samake et al., (2025). 144 

  The PC1 axis, interpreted as a mineralization and pollution gradient, showed strong positive 145 

loadings for electrical conductivity (EC), chlorides (Cl⁻), sulfates (SO₄²⁻), and to a lesser extent 146 

nitrates (NO₃⁻). This component reflects the influence of water mineralization processes 147 

associated with both natural geological background and anthropogenic inputs, including soil 148 

leaching, agricultural activities, and domestic wastewater discharge. 149 

  The PC2 axis, interpreted as an organic and trophic pollution gradient, was mainly associated 150 

with biological oxygen demand (BOD₅), phosphates (PO₄³⁻), and ammonium (NH₄⁺). This 151 

component reflects recent organic pollution inputs and varying degrees of eutrophication in the 152 

studied aquatic environments. 153 



 

 

2.5. Bacteriological study 154 

Microbiological analyses were performed following the standard methods described by Rodier 155 

(2009). In addition, complementary procedures described by Babalola et al., (2024) were also 156 

applied. Water samples were collected aseptically in sterile 500 mL glass bottles with ground-157 

glass stoppers, ensuring minimal contamination during sampling and leaving a small air space to 158 

allow homogenization prior to analysis. 159 

The bacteriological quality of water was assessed through the enumeration of indicator 160 

microorganisms, including total viable bacteria, total coliforms, fecal coliforms (FC), fecal 161 

streptococci (FS), sulfite-reducing Clostridia (CSR), and Salmonella spp. These indicators were 162 

selected due to their relevance in assessing fecal contamination and potential health risks. 163 

Bacteriological analyses were carried out using the membrane filtration technique (0.45 µm). 164 

Selective culture media and incubation conditions were applied according to the targeted 165 

microorganisms. Total bacteria were enumerated at 22°C and 37°C, while elevated incubation 166 

temperatures were used to distinguish fecal coliforms from total coliforms. Fecal streptococci 167 

were enumerated on Slanetz and Bartley agar, as described in previous studies. 168 

All microbial counts were expressed as colony-forming units per 100 mL (CFU/100 mL). The 169 

methodological approach ensured consistency across all samples and allowed reliable 170 

comparison of microbiological water quality. 171 

3. Data processing 172 

  All analyses were performed in triplicate using independent measurements. Data were 173 

expressed as mean ± standard deviation (SD). Prior to statistical analysis, data were checked for 174 

consistency and normality where applicable. This approach was used to ensure the reliability and 175 

reproducibility of the results. 176 

 177 

 178 

 179 



 

 

4. Results and Discussion 180 

4.1. Physico-chemical characterisation of the source waters.  181 

  The results of water quality parameters of Ain Segleb and Ain Siporex are presented in Table 2. 182 

The seasonal analysis of the physico-chemical parameters measured at the two sampling stations 183 

(S1 and S2) reveals clear spatio-temporal variations reflecting both natural processes and 184 

anthropogenic pressures within the study area. 185 

Temperature  186 

  The results indicate a clear seasonal pattern in water temperature, with higher values recorded 187 

during summer (approximately 19–20 °C) and lower values observed in winter (approximately 188 

11–12 °C). This variability is primarily associated with regional climatic conditions. Seasonal 189 

temperature fluctuations play a key role in regulating dissolved oxygen solubility, microbial 190 

activity, and the kinetics of biochemical processes in aquatic environments. 191 

At both sampling stations, water temperature exhibited similar temporal trends, suggesting that 192 

the two sites are mainly controlled by the same regional climatic regime rather than by local 193 

disturbances. 194 

  Water temperature is considered an important quality parameter for waters intended for human 195 

consumption, as it strongly influences consumer perception and acceptability (Laoufi, 2025). In 196 

natural aquatic systems, temperature is governed by multiple factors, including geographical 197 

location, seasonal changes, water depth, color, and volume, as well as potential inputs from 198 

industrial and domestic discharges (Laoufi et al., 2025; Moussaoui et al., 2025). 199 

Potential of hydrogen (pH) 200 

  The pH parameter reflects the acid–base status of water through the activity of hydrogen ions 201 

and typically ranges from 0 to 14. In the present study, pH values indicated slightly alkaline 202 

conditions at S1 (Aïn Segleb), with values close to 8, whereas S2 (Aïn Siporex) exhibited neutral 203 

to slightly acidic conditions, with values around 7. The relatively higher pH observed at S1 may 204 

be related to the geological context of the area, particularly the presence of carbonate-rich 205 



 

 

formations, which enhance the buffering capacity of the water and promote moderate 206 

mineralization. 207 

  Overall, all recorded pH values remained within the range generally accepted for natural 208 

freshwater environments, suggesting the absence of notable acidic or alkaline disturbances, in 209 

agreement with previous findings reported by Boumerdassi et al., (2023). 210 

Across the study area, pH variations were limited, with minimum and maximum values of 7.06 211 

at the Aïn Siporex spring and 8.08 at the Aïn Segleb spring, respectively. These results are 212 

consistent with those reported for groundwater and spring waters in similar Algerian regions, 213 

including the studies conducted by Saibi (2013) in the Saida area, as well as more recent 214 

investigations by Laoufi (2025), Salamani (2024), and Mebarki (2024). 215 

Electrical Conductivity (EC) and Total Dissolved Solids (TDS) 216 

  Electrical conductivity (EC) and total dissolved solids (TDS) reveal marked spatial variability 217 

between the two sampling stations. Station S1 is characterized by a higher degree of 218 

mineralization, in agreement with the elevated concentrations of major dissolved cations, 219 

particularly Ca²⁺ and Mg²⁺. Seasonal variations follow a classical hydrological pattern, with 220 

increased concentrations during the summer period as a consequence of enhanced evaporation, 221 

and lower values in winter due to dilution by rainfall. In contrast, station S2 exhibits lower 222 

mineral contents, indicating a less mineralized hydrogeochemical setting. 223 

The highest electrical conductivity values were recorded at S2 (Aïn Siporex), ranging from 460 224 

to 500 µS/cm, whereas lower values were observed at S1 (Aïn Segleb), between 350 and 410 225 

µS/cm. These results confirm that the Aïn Siporex spring is more mineralized and consequently 226 

richer in dissolved salts. 227 

Electrical conductivity reflects the presence and mobility of dissolved ions within the aquatic 228 

environment and is primarily controlled by both the nature and concentration of these ions 229 

(Sekiou et al., 2025; Foughalia et al., 2025). Total dissolved solids constitute an important 230 

parameter influencing water palatability and plant growth (Valipour et al., 2014; Dass et al., 231 



 

 

2025). In the present study, TDS concentrations remained well below the guideline value of 232 

1200 mg/L recommended by the World Health Organization, with measured values ranging from 233 

183.1 to 200 mg/L (Table 2). The seasonal pattern of total mineralization closely mirrored that of 234 

electrical conductivity, reflecting their strong interdependence. 235 

Turbidity values remained low throughout the study period, which is characteristic of waters 236 

with limited suspended particulate matter. Slightly higher turbidity levels were recorded during 237 

the winter season, likely associated with surface runoff and the transport of fine particles. 238 

Turbidity represents the reduction in water transparency caused by suspended materials such as 239 

clay, silt, finely divided organic matter, plankton, and other microscopic organisms (Khatri et al., 240 

2015; Bourquia et al., 2024). The generally low turbidity observed suggests efficient natural 241 

settling processes and minimal erosion within the catchment areas surrounding the sampling sites 242 

(Guilal et al., 2018). 243 

Chemical Parameters of Source Waters  244 

Calcium (Ca²⁺) 245 

The average concentration of calcium (Ca2+) in our samples varies between 150 and 240mg/L 246 

(Table 2) and its content varies essentially according to the nature of the terrain traversed 247 

(Madyouni et al., 2023). The results obtained in the source of Ain Segleb are higher than those 248 

of the Algerian standards (JORA, 2011) which set a maximum value of 200 mg/L.  249 

Magnesium (Mg2+) 250 

Magnisium is an essential element for growth (50% in bones) and for the production of certain 251 

hormones. The measurements of our samples gave a magnesium concentration varying between 252 

40.8 and 55.2mg/l (Table 01). These values are in agreement with the Algerian standard which 253 

set a maximum value of 150mg/l. Similar results were found by Lakhdari (2025). 254 

Sodium (Na+) is a vital element that participates in essential functions. Sodium concentrations 255 

varied from 26 (Ain Segleb) and 33mg/l (Ain Siporex), and are in agreement with the Algerian 256 



 

 

standard. On the other hand our results represent higher values than those elaborated by 257 

El Behairy (2025), Mebarki (2014) and Lgourna (2013) 258 

Potassium (K+) 259 

  According to Ayad and Kahoul (2017) (Kadari et al., 2013), potassium (K+) plays an essential 260 

role in humans including the transmission of nerve impulses. The results obtained vary 261 

proportionally between 1.2 and 2.3mg/L fall below Algerian standards  (Table 02). Our results 262 

are close to the results found by Singla (2014), however our results are lower than the results 263 

obtained by Semerjian (2011). 264 

Chloride (Cl-) 265 

  According to Mvongo (2025); the extremely varied chloride contents of water are mainly 266 

related to the nature of the terrain crossed. Water almost always contains chlorides but in highly 267 

variable proportions; their content generally increases with the degree of mineralization of the 268 

water.  Chloride concentrations varied between 22 and 35 mg/L and are well below Algerian 269 

standards (500 mg/L), indicating acceptable levels for water potability.  270 

Nitrate (NO3
-) 271 

  Nitrate levels were moderate at S1 and comparatively low at S2. The elevated values at S1 may 272 

indicate diffuse agricultural inputs or shallow groundwater influence. All concentrations remain 273 

below the WHO guideline limit (50 mg/L). NO3
- concentrations in Ain  Siporex (S2) ranging 274 

from 17 to 26 mg/L and in Ain  Sègleb (S2) rang from  6 to 12 mg/L.  S1 shows a more 275 

pronounced anthropogenic impact, probably due to the agricultural fertilizers and wastewater 276 

infiltration (Habchaoui et al., 2025). 277 

Nitrite (NO2
-) 278 

  High nitrite levels correspond to the reduction of nitrate to nitrite by sulfite-reducing anaerobes. 279 

They can also be related to the bacterial oxidation of ammonia (Hamma et al., 2025). According 280 

to Table 2; the results obtained are negligible and vary between 0.002 and 0.008mg/L. These 281 



 

 

values are lower than the Algerian standards (JORA, 2011) and which set 0.1mg/L as a 282 

maximum value. 283 

Ammonium (NH4
+) 284 

Ammonium has no appreciable effect on consumer health, but its presence in water is a 285 

confirmed indicator of pollution according to (Boumerdassi et al., 2023). Ammonium in water 286 

usually reflects an incomplete degradation process of organic matter. It comes from the reaction 287 

of minerals containing iron with nitrates. The results obtained do not show a significant 288 

difference between the two sites and vary between 0.03 and 0.15mg/l (Table 02) and are below 289 

the maximum limit of 0.5mg/l set by the Algerian standards.  290 

Orthophosphate (PO4
-3) 291 

 Phosphate in drinking water systems prevents corrosion and keeps harmful substances out. 292 

However, high levels can foster microorganisms and algae, leading to eutrophication (Achour et 293 

al., 2002). Phosphate concentrations varied from 0.01 and 0.05mg/l (Table 01) remained below 294 

the 0.5 mg/L permissible limit. 295 

Biological Oxygen Demand (BOD5)  296 

  Biochemical Oxygen Demand over five days (BOD₅) reflects the amount of dissolved oxygen 297 

required for the microbial degradation of biodegradable organic matter in water under controlled 298 

conditions (20 °C for 5 days). In the present study, BOD₅ values of 0.6 mg O₂ L⁻¹ at Aïn Segleb 299 

and 2.4 mg O₂ L⁻¹ at Aïn Siporex were recorded. 300 

These low concentrations indicate a limited presence of biodegradable organic matter at both 301 

sampling sites. According to the guideline values established by the World Health Organization 302 

(WHO) and the Algerian standards (JORA), the measured BOD₅ levels correspond to waters of 303 

good quality. 304 

Chemical Oxygen Demand (COD) 305 

  Chemical oxygen demand (COD) represents the amount of oxygen required to chemically 306 

oxidize organic matter present in water, including compounds that are not readily biodegradable 307 



 

 

by microorganisms. As such, COD is widely used as an indicator of overall organic pollution in 308 

aquatic environments (Babalola et al., 2024). 309 

The results obtained in this study reveal consistently elevated COD values across all seasons, 310 

ranging from 32 mg O₂/L at Aïn Segleb to 60 mg O₂/L at Aïn Siporex. When compared with 311 

drinking water quality standards, these concentrations indicate that the waters from the 312 

investigated springs fall within fair to poor quality classes, respectively. The observed organic 313 

load is likely associated with the influence of surrounding agricultural practices and urban 314 

wastewater discharges in the vicinity of both spring systems.315 



 

 

Table 2: Seasonal variations of Hydrochemical Parameters (Mean ± SD) 316 
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   The physicochemical parameters measured at both stations showed low standard deviations 318 

(SD) in all seasons, indicating good analytical precision and temporal stability of groundwater 319 

quality. Most parameters showed low seasonal dispersion, reflecting a relatively homogeneous 320 

hydrochemical system. 321 



 

 

    Parameters such as pH, turbidity, ammonium, nitrites, and orthophosphates exhibited 322 

particularly low variability, suggesting minimal anthropogenic disturbance and stable natural 323 

conditions (Boadi et al., 2023). 324 

   A marked seasonal variation was observed for temperature, conductivity, total dissolved solids 325 

(TDS), hardness (HT), calcium, and magnesium at both stations. These parameters showed 326 

higher values in spring and summer, followed by a gradual decrease in autumn and winter, which 327 

can be statistically associated with: evaporation during warm periods, reduced dilution, and 328 

increased water-rock interaction. Nutrients such as nitrates (NO₃⁻) showed moderate seasonal 329 

variability, with higher concentrations in autumn and winter at station S1, suggesting possible 330 

surface leaching or agricultural influence. However, the values remained well below the limits 331 

recommended by the WHO. 332 

  Statistically, station S1 consistently showed higher average values for conductivity, TDS, 333 

hardness, calcium, magnesium, nitrates, and chlorides than station S2. This suggests more 334 

mineralized groundwater at S1, likely related to the local lithology and a longer residence time. 335 

   Conversely, station S2 exhibited higher BOD₅ and COD values, indicating a relatively higher 336 

organic load. Despite this, the organic pollution indicators remained within acceptable limits, and 337 

no critical deterioration was observed. 338 

4.2. Evaluation of the organic pollution index (OPI) 339 

The spatial and seasonal variations of the Organic Pollution Index (OPI) were analyzed across 340 

the two monitoring stations of Ain Sigleb (S1) and Ain Siporex (S2) in the El Tarf region (Table 341 

3 and Figure 2). The OPI values recorded at these stations are 4.25, indicating an overall water 342 

quality that is good. These values fall into the class, corresponding to low organic pollution 343 

according to the reference classification. The values of this index are explained by the very low 344 

values of ammonium, nitrite and phosphate reflecting more favorable hydrodynamic conditions 345 

and less accumulation of organic matter (Karadeniz et al., 2024).  346 



 

 

   The results obtained for station S1 in Aïn Segleb show low BOD₅ values (0.5–1.0 mg O₂/L) 347 

across all seasons, indicating a low load of biodegradable organic matter. The COD values, 348 

although moderate (28–35 mg O₂/L), remain compatible with water that is minimally impacted 349 

by significant organic discharges (Table 3 and Figure 2). 350 

Table 3. Evaluation of the organic pollution index (OPI) 351 

Season IPO / S1 ( Ain 

Segleb ) 

Class IPO / S2 ( Ain Siporex ) Class 

Spring ~1.2 Low pollution ~2.3 Moderate pollution 

Summer ~1.5 Low pollution ~2.6 Moderate pollution 

Autumn ~1.3 Low pollution ~2.4 Moderate pollution 

Winter ~1.1 Very low pollution ~2.1 Low to moderate 

   The measured concentrations of ammonium (NH₄⁺), nitrites (NO₂⁻), and orthophosphates 352 

(PO₄³⁻) were consistently low and remained below levels commonly associated with marked 353 

organic contamination. This pattern reflects a satisfactory self-purification capacity of the 354 

aquatic environment and suggests the absence of direct domestic or agricultural inputs (Table 3; 355 

Figure 3). 356 

The Organic Pollution Index (IPO) calculated for this station categorizes the water as non-357 

polluted to slightly polluted. A modest increase in organic load was observed during the summer 358 

and autumn periods, which can be attributed to higher temperatures enhancing biological 359 

processes, combined with reduced flow conditions that promote the relative accumulation of 360 

organic matter. 361 

Overall, the Aïn Segleb spring demonstrates good organic water quality, typical of spring 362 

systems subjected to limited anthropogenic influence. 363 

In contrast, station S2 is characterized by noticeably higher BOD₅ values (1.9–2.63 mg O₂ L⁻¹), 364 

accompanied by elevated COD levels (55–63 mg O₂ L⁻¹). These results indicate a greater 365 

organic load and a higher contribution of oxidizable organic substances. 366 

   Although the concentrations of NH₄⁺, NO₂⁻, and PO₄³⁻ remain relatively low, they are 367 

consistently higher than those observed at S1, suggesting a diffuse anthropogenic influence, 368 



 

 

likely related to: nearby agricultural activities; nutrient-enriched surface runoff; or infiltration of 369 

diluted domestic wastewater (Hazzab et al., 2011). 370 

   The IPO thus classifies the waters of station S2 in the moderately polluted category, with a 371 

maximum of organic pollution observed during the summer period, a period characterized by    372 

reduced flows and an intensification of biochemical processes (Table 3 and Figure 2). 373 

    This station therefore exhibits a degraded organic quality compared to S1, although it remains 374 

at levels that do not indicate severe pollution. The comparison between the two stations 375 

highlights: better organic quality at Aïn Segleb (S1), greater vulnerability of the Aïn Siporex 376 

source (S2) to organic inputs. 377 

   On a seasonal level, the IPO reveals a summer increase in organic pollution, common to both 378 

stations, and a winter improvement, linked to the dilution of pollutants by rainfall (Jatoi et al., 379 

2018). 380 

  The analysis of the Organic Pollution Index indicates that station S1 (Aïn Segleb) is 381 

characterized by water that is slightly polluted to unpolluted, reflecting a good ecological state; 382 

on the other hand, station S2 (Aïn Siporex) exhibits moderate organic pollution, requiring regular 383 

monitoring to prevent any future degradation. 384 

  These results confirm the relevance of the IPO as a rapid diagnostic tool for the organic quality 385 

of spring waters and highlight the importance of managing anthropogenic activities in the studied 386 

watersheds (Saibi et al., 2013) and (Jurczynski et al., 2024). 387 

 388 



 

 

 389 

Figure 2. Seasonal variation of of the Organic Pollution Index (OPI) at Aïn Segleb (S1) and Aïn 390 

Siporex (S2). S1 showslow and stable organic pollution throughout the year, whereas S2 exhibits 391 

higher values and greater seasonal variability, particularly in summer an autumn. 392 

 393 

The seasonal Organic Pollution Index (IPO) values indicate low organic pollution at both sites 394 

throughout the year. Site S1 shows slightly higher IPO values during spring, likely related to 395 

surface runoff and nutrient inputs, while Site S2 exhibits stable and lower IPO values, reflecting 396 

limited anthropogenic influence and good water quality (Laoufi et al., 2025). 397 



 

 

 398 

Figure 3. Seasonal classification of the organic pollution index (OPI) at Aïn Segleb (S1) and Aïn 399 

Siporex (S2). OPI values are grouped into four quality classes: High pollution (OPI>3.5), 400 

Moderate (2.0<OPI≤3.5), Low-Moderate (1.5<OPI≤2.0), and Low (OPI≤1.5). S1 shows low and 401 

stable organique pollution, whereas S2 exhibits moderate and seasonal organique pollution 402 

 403 

Water Quality Index (WQI) 404 

 405 

 406 

 407 

 408 

 409 

 410 

 411 

 412 



 

 

 413 

Figure 4. Seasonal Water Quality Index (WQI) at Aïn Segleb (S1) and Aïn Siporex (S2). 414 

  All WQI values for S1 and S2 indicate excellent water quality (Figure 4), with a slight 415 

degradation in autumn and winter for S1 and in summer for S2 (probably related to higher 416 

BOD₅). The figure 4 illustrates the seasonal variation of the Water Quality Index (WQI) at the 417 

two groundwater sampling stations, S1 (Ain Segleb) and S2 (Ain Siporex). Overall, WQI values 418 

at both stations remain below 50 throughout the year, indicating excellent water quality 419 

according to WHO-based classification. 420 

At station S1, the WQI shows a gradual increase from spring to winter, with the lowest value 421 

recorded in spring and the highest in winter (Salamani, et al., 2024). This trend suggests a slight 422 

seasonal influence on groundwater quality, possibly related to increased mineral dissolution and 423 

reduced dilution during the colder and wetter seasons. However, the observed variations are 424 

minor and do not indicate any significant degradation of water quality (Bourquia et al., 2024). 425 

  In contrast, station S2 exhibits a different seasonal pattern, with the highest WQI value 426 

observed during summer and lower values during spring and winter. The summer increase in 427 

WQI at this station may be attributed to higher biological activity and a moderate rise in organic 428 



 

 

matter, as reflected by parameters such as BOD₅. Despite this seasonal fluctuation, water quality 429 

remains within the excellent category throughout the year. 430 

  Comparatively, station S1 displays slightly higher WQI values than station S2 during autumn 431 

and winter, whereas station S2 records higher WQI values during summer. These differences 432 

highlight the influence of local hydrogeological conditions and seasonal processes on 433 

groundwater quality (Bourquia et al., 2024). 434 

  Overall, the figure demonstrates that groundwater quality at both stations is stable and suitable 435 

for drinking purposes across all seasons, with only minor seasonal variations that do not 436 

compromise water safety. 437 

4.3. Principal Component Analysis (PCA) 438 

 439 

Figure 5. PCA biplot showing the projection of sampling sites (individuals) and 440 

physicochemical variables on the first two principal components (PC1 and PC2) 441 

Aïn Segleb (S1) and Aïn Siporex (S2). 442 

  443 



 

 

  Principal Component Analysis performed on all physicochemical, major ions, nutrients, and 444 

organic parameters shows that the first two components explain 92.0% of the total variance 445 

(Benyoussef, et al., 2024). PC1; accounting for 75.6%, is strongly associated with EC, TDS, 446 

major cations, nitrate, BOD₅, and COD, representing a mineralization and anthropogenic 447 

pollution gradient. Samples from Site S1 plot on the positive side of PC1, indicating higher 448 

mineral and nutrient loads, whereas Site S2 samples cluster on the negative side, reflecting better 449 

water quality and lower anthropogenic influence. PC2 mainly reflects seasonal and thermal 450 

effects (Figure 5). 451 

  This study provides a comparative seasonal assessment of two spring systems using an 452 

integrated IPO–WQI–PCA approach. Beyond the methodological framework, its novelty lies in 453 

highlighting contrasting hydrochemical responses under similar climatic conditions but differing 454 

local pressures. This dual-site design offers new insights into spatial–temporal variability and 455 

improves understanding of natural versus anthropogenic controls on spring water quality. 456 

4.4. Bacteriological analysis of source water 457 

The results obtained are presented below (Figure 6). According to Algerian regulations (JORA, 458 

2011), water intended for human consumption should not contain total and faecal coliforms in 459 

100ml. Our results confirm the presence of total and faecal coliforms in Ain Segleb, on the other 460 

hand the water of the source of Ain Siporex confirms an absence of total and faecal coliforms 461 

(Total germs; Ain Segleb (S1)= 1473CFU/100ml and Ain Siporex (S2)= 80CFU/100ml). The 462 

results obtained are comparable to those reported by Singla and al., (2014) in India. This 463 

contamination is due to free airborne germs that are in direct contact with unprotected sources. 464 

The high concentrations of total coliforms, faecal coliforms and faecal streptococci suggest the 465 

possible existence of the wastewater discharge upstream of these two points. According to 466 

Hébert and Légaré (2000), the content of pollutants regularly discharged into a watercourse 467 

decreases and is diluted in a larger volume of water following rainfall. Rainfall can act as a 468 

diluting agent for bacterial contamination (Nitin et al., 2018). 469 



 

 

 470 

Figure 6. Spatial variation of bacterial loads of water in Aïn Segleb (S1) and Aïn Siporex (S2). 471 

  The key findings can be summarized as follows:  472 

    The EC and TDS values were consistently higher at S1 (EC: 445–500 µS/cm; TDS: 180–212 473 

mg/L) compared to S2 (EC: 355–410 µS/cm; TDS: 165–192 mg/L), indicating stronger mineral 474 

enrichment at S1. Both sites were dominated by a Ca–Mg–HCO₃ hydrochemical facies, while S2 475 

showed a seasonal shift toward a Na–HCO₃ facies, suggesting active ion-exchange processes. 476 

  Regarding organic pollution, IPO values ranged from 1.25 to 2.00, indicating generally low 477 

contamination levels. Slightly higher values were recorded at S1 during spring and summer. In 478 

parallel, the WQI classified water quality as “good” at both sites, with marginally better 479 

conditions at S2. However, the IPO appeared more sensitive to short-term fluctuations in organic 480 

pollution. 481 

  The multivariate analysis further clarified these patterns. PCA explained 92% of the total 482 

variance, with the first component (75.6%) strongly associated with mineralization and 483 

anthropogenic influence, as indicated by high loadings of EC, TDS, major ions, nitrate, BOD₅, 484 

and COD. The second component reflected seasonal variability and temperature effects. The 485 

spatial distribution along PCA axes highlighted higher mineral and nutrient loads at S1, while S2 486 

exhibited greater hydrochemical stability. 487 
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 Despite generally good physicochemical quality, coliform bacteria were detected in 100% of 488 

samples, revealing a significant sanitary risk for irrigation and livestock use. 489 

  These findings highlight the importance of regular seasonal monitoring to track variations in 490 

both mineral and organic pollution. They also suggest that microbiological and molecular 491 

analyses should be integrated in future studies to better identify contamination sources and assess 492 

health risks. In addition, long-term monitoring would allow better characterization of interannual 493 

variability and extreme climatic events, while hydrogeochemical modeling and machine learning 494 

approaches could improve prediction of water quality evolution. Expanding investigations to 495 

additional sites and aquifers, as well as considering land use impacts such as agriculture and 496 

urbanization, would further support regional vulnerability assessment and mitigation strategies. 497 

  In northeastern Algeria, previous studies on groundwater quality have generally focused on 498 

mineralization processes without considering seasonal variability or integrating multiple indices. 499 

For example, Bouderbala (2016) emphasized hydrochemical processes but did not include 500 

seasonal dynamics or combined approaches. In contrast, the present study provides a 501 

comparative seasonal assessment of two springs (Aïn Segleb and Aïn Siporex), revealing clear 502 

spatial and temporal heterogeneity. Aïn Segleb showed relatively stable and low organic 503 

pollution conditions, whereas Aïn Siporex exhibited higher seasonal variability and increased 504 

organic load, particularly during summer and autumn. 505 

  Similarly, Kherici-Bousnoubra and Kherici (2014) highlighted anthropogenic impacts and 506 

nitrate contamination using conventional methods, but their approach remained limited to 507 

univariate analyses. Here, the integration of IPO, WQI, and PCA provides a more comprehensive 508 

framework for identifying pollution sources and characterizing organic contamination. In 509 

Tunisia, studies such as Kammoun et al. (2018) and Jarraya-Horriche et al. (2017) applied WQI 510 

mainly for classification purposes, but without detailed interpretation of controlling processes. In 511 



 

 

comparison, PCA in this study, explaining 92% of the variance, clearly distinguishes geogenic, 512 

seasonal, and anthropogenic influences, improving interpretative depth. 513 

  Seasonal variability, often overlooked in regional studies such as Belkhiri et al., (2011), is 514 

explicitly addressed here. Higher BOD₅ and COD values during warm seasons at S2 indicate 515 

increased anthropogenic pressure, whereas S1 remains more stable and less impacted. 516 

  Overall, the originality of this work lies in the comparative analysis of two contrasting spring 517 

systems, the integration of IPO, WQI, and PCA, and the explicit consideration of seasonal 518 

variability. This combined approach provides a more comprehensive and dynamic assessment of 519 

water quality in northeastern Algeria (Sivakumar et et al., 2025). 520 

  Previous studies in North Africa and the Mediterranean (e.g., Bouderbala et et al., 2016; 521 

Kherici-Bousnoubra and Kherici, 2014) have mainly relied on descriptive or single-method 522 

approaches, while Tunisian works (Kammoun et et al., 2018; Jarraya-Horriche et et al., 2017) 523 

focused primarily on WQI classification without multivariate interpretation. By contrast, the 524 

present study integrates multiple indices and PCA, allowing a more robust understanding of 525 

hydrochemical processes and pollution sources. 526 

  Furthermore, seasonal variability remains insufficiently addressed in many regional studies. Its 527 

inclusion here represents a significant improvement, particularly for semi-arid environments 528 

where temporal fluctuations strongly influence water quality. Overall, the combined IPO–WQI–529 

PCA approach provides a more holistic and transferable framework for groundwater assessment 530 

in Mediterranean and semi-arid regions (El Azhari et et al., 2022; Hammoumi et et al., 2024; 531 

Lakhdari et et al., 2025). 532 

  In conclusion, the integration of hydrochemical indices, multivariate statistics, and seasonal 533 

monitoring provides a robust framework for groundwater quality assessment in northeastern 534 



 

 

Algeria, supporting more informed and sustainable water resource management. However, the 535 

study is limited to two spring sites and seasonal sampling, which may not capture interannual 536 

variability or extreme events. Uncertainties associated with IPO, WQI, and PCA calculations 537 

may introduce methodological bias, and microbial analyses were restricted to coliforms, 538 

suggesting the need for broader microbial and molecular investigations (Balasubramanian et et 539 

al., 2025). Finally, the approach may require adaptation for hydrogeologically different or highly 540 

impacted environments, highlighting the importance of long-term monitoring (Ramasamy et et 541 

al., 2025). 542 

  Overall, this study provides a novel contribution by integrating seasonal dynamics, dual water 543 

quality indices, and PCA-based source identification, offering a more comprehensive and 544 

dynamic understanding of spring water quality in Mediterranean environments. 545 

5. Conclusion 546 

  This study provides a seasonal assessment of groundwater quality at two spring sites, Aïn 547 

Segleb (S1) and Aïn Siporex (S2), using an integrated approach combining physicochemical 548 

characterization, hydrochemical facies, pollution indices (IPO, WQI), and PCA. The results 549 

indicate generally low to moderate mineralization, with consistently higher EC and TDS at S1, 550 

suggesting a stronger influence of surface processes compared to S2. 551 

  Hydrochemical facies were dominated by Ca–Mg–HCO₃, while seasonal evolution toward Na–552 

HCO₃ at S2 suggests ion-exchange processes and longer groundwater residence time. Although 553 

organic pollution remained low according to IPO, slight seasonal increases at S1 indicate 554 

localized anthropogenic influence. WQI results confirmed overall good chemical quality for both 555 

sites. 556 



 

 

  Multivariate analysis (PCA), explaining 92% of the total variance, clearly differentiated sites 557 

and seasons and highlighted mineralization processes and anthropogenic pressure as the main 558 

controlling factors. Despite generally acceptable physicochemical conditions, the persistent 559 

presence of coliform bacteria indicates ongoing microbiological contamination, representing the 560 

main water quality concern and limiting safe domestic use. 561 

  From a practical perspective, these findings highlight the need to prioritize microbiological 562 

monitoring alongside physicochemical assessments in spring water management programs. In 563 

particular, protection measures should focus on controlling local contamination sources near S1, 564 

where anthropogenic influence appears more pronounced. The combined use of IPO, WQI, and 565 

PCA proved to be a robust framework for interpreting water quality variability and can be 566 

applied in similar Mediterranean and semi-arid hydrogeological contexts. 567 

  Overall, while the groundwater shows generally favorable chemical quality, microbiological 568 

contamination remains a critical issue. This underscores the necessity of integrated monitoring 569 

strategies combining hydrochemical, microbiological, and land-use assessments to support 570 

sustainable groundwater management in northeastern Algeria. Future studies should focus on 571 

long-term monitoring and predictive modeling to better understand contamination dynamics and 572 

improve water resource protection strategies. 573 

  From a management perspective, the findings highlight the need for regular monitoring 574 

programs combining physicochemical and microbiological parameters. Particular attention 575 

should be given to site S1, where anthropogenic influence is more pronounced. The integration 576 

of WQI, IPO, and PCA provides a practical decision-support tool for water resource managers to 577 

identify vulnerable areas and prioritize protection measures in spring water systems. 578 
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