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INTRODUCTION

In recent years, much research has focused 
on the quantity and quality of groundwater or 
surface water resources in semi-arid and arid 
areas (Khan et al., 2020 ; Azlaoui et al., 2021 ; 
Ait-Mohamed Amer et al., 2021). Thus, the 
study and knowledge of groundwater quality is 
essential, especially in arid regions (Hajji et al., 

2018; Barkat et al., 2023; Chabour et al., 2021 ) 
like Laghouat city, whereas groundwater is the 
only water supply source. Moreover, population 
growth in this city (study area) requires exces-
sive exploitation of this source which leads to 
quality degradation and insufficient water sup-
ply, whereas this valuable source is available to 
decision makers on water resources. In paral-
lel, a sustainable management and continuous 
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assessment of monitoring the quality and quan-
tity of water in this city is recommended to en-
sure the protection of human health and environ-
ment. In addition, the knowledge of the factors 
(Brahmi et al., 2021; Kallel et al., 2018; Ham-
mam et al., 2023) involved in the degradation 
of groundwater quality and presenting a risk to 
public health is essential. This study aimed to 
determine the geochemical characteristics of 
groundwater by analyzing the main physico-
chemical parameters in order to assess quality 
based on the water quality index (proposed by 
Brown et al., 1972) that provides useful infor-
mation to managers of water resources (Pasha et 
al., 2023; Thabit et al., 2023) on the current state 
of groundwater quality, contaminated areas, 
causes of water quality degradation (Sekkoum 
et al., 2020).The aim of this work is to adapt 
preventive measures to protect and sustainably 
manage groundwater resources, so according to 
this research, several results were mentioned. 
Calculation of the quality index Water (Lekrine 
et al., 2023; Mohamadi et al., 2021; Derdour et 
al., 2023) shows that most groundwater samples 
have good quality located in the eastern part of 
the city of Laghouat. On the other hand, the rest 
of the groundwater samples are of poor quality 
located in the western part, this latter result due 
primarily to free discharges of wastewater into 

the water table (the existence of lost wells) the 
weak watertightness of the sewerage system in 
this city. It is a tool to adapt a spatial and tempo-
ral follow-up to mention other fields for captur-
ing drinking water and to launch a control and 
continuous monitoring to protect the eastern part 
of the study area from any risk of contamination.

APPROACH AND METHODOLOGY

Study area

With 25,052 km2 of covered surface, Lag-
houat is an Algerian province whereas Saharan 
Atlas range crosses this city. It is part of the 
central highlands group, composed of the three 
departments of Djelfa, M’Sila and Laghouat. It 
is bounded to the north by the mountain range 
and Boukhour city to the south, Bourdj Snouci 
to the east and El Kheneg to the west (Figure 1) 
meteorological data such as rainfall is less than 
200 mm, and evaporation are very important. 
This means that the temperature can rise to 50 
degrees Celsius in summer and drop slightly be-
low 20 degrees Celsius in winter. Thus, it has an 
arid climate. It also has the largest natural gas 
field in Africa with a reserve estimated at several 
billion cubic meters.

Figure 1. Location of study area
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Geological settings 

Laghouat territory extends over two clearly 
different geological areas, particularly in terms 
of structure and geological evolution, namely the 
Saharan Atlas to the north and the Saharan plat-
form to the south. The department has a bedrock 
of sedimentary rocks dating from the secondary 
and tertiary, Quaternary and Cretaceous. The geo-
logical map at 1/20000 (Figure 2) shows that the 
predominant formations are essentially of sec-
ondary age. The tertiary and quaternary forma-
tions occupy the valley bottoms and depressions. 
The lithological succession observed in the Saha-
ran Atlas is as follows, from bottom to top.

Sampling and analysis

In the town of Laghouat, a total of 35 samples 
of groundwater for human consumption were se-
lected to ensure uniform distribution throughout 
the study area (Figure 1), the aim was to assess the 
quality of this resource which is the main source of 
drinking water supply. The sample is taken after a 
prolonged pumping (15 to 20 minutes), the samples 
are collected in sterile bottles rinsed with distilled 
water and then with water for analysis (Figure 3a). 
Physical parameters, such as temperature, pH and 
electrical conductivity (EC) were recorded instant-
ly on site using a HANNA Instruments HI98127. 
Transport was carried out in a cooler which 

Figure 2. Geological map of the study area, (Extract from the geological map of Laghouat au 1/20000)

Figure 3. Experimental photo (a) sample collection, (b) sodium dosage, (c) chloride dosage, 
(d) bicarbonate dosage
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ensures good preservation of the samples. The ex-
perimental stage was carried out in the laboratory 
of water analyses in the Algerian Waters Supply 
Service (AWSS) of Laghouat city. The methods 
of analysis used are taken from Rodier in 2009: 
major parameters such as total duration, calcium 
and magnesium were determined in the Algerian 
water laboratory (AWSS) by the complexometric 
method at EDTA, and sodium and potassium were 
analysed by the JENWAY PFP7 flame spectropho-
tometer (Figure 3b). The chlorides were measured 
(Figure 3c) by the Mohr method, bicarbonate by 
titrimetry with sulfuric acid (Figure 3d), and ni-
trate by spectrophotometry. The quality control of 
analytical data was performed by regularly analyz-
ing blanks, duplicates and standards, and checking 
for ionic balances. The ion charge balance error 
was less than 5%. The interpretation of the results 
is based on Algerian standard quality standards 
(JORADP, 2011) and World Health Organization 
standards (WHO, 2011).

Water quality index

The quality index is one of the most effective 
tools for obtaining a complete picture of water 
quality, it is a mathematical instrument used to 
transform large quantities of water characteriza-
tion data into a single number that expresses the 
overall water quality at a certain location and time 
(Tyagi et al., 2013; Singh et al., 2013; Tiwari et 
al., 2018). The quality index is calculated accord-
ing to the following steps: relative weight wi is 
mathematically represented as follows

 𝑊𝑊𝑊𝑊 = 𝑊𝑊𝑖𝑖
∑w𝑖𝑖

 (1) 
 
𝑞𝑞𝑖𝑖 =

𝐶𝐶𝑖𝑖
S𝑖𝑖
× 100 (2) 

 
𝑆𝑆𝑆𝑆𝑖𝑖 = 𝑊𝑊𝑖𝑖 × 𝑞𝑞𝑖𝑖 (3) 
 
𝑊𝑊𝑊𝑊𝑆𝑆 = ∑𝑆𝑆𝑆𝑆𝑖𝑖 (4) 
 

 (1)

where: Wi – the relative weight, wi – the weight 
for each parameter, allocated according to 
its relative importance in the overall qual-
ity of water for consumption. The maxi-
mum weight of 5 was assigned to such pa-
rameters as nitrate, total dissolved solids, 
chloride, and sulfate because of their ma-
jor importance in the assessment of water 
quality (Srinivasamoorthy et al., 2014).

Bicarbonate receive the minimum weight of 
1 because they play an insignificant role in the 
assessment of water quality. Other parameters, 
such as calcium, magnesium, sodium and potas-
sium were weighted between 1 and 4 depending 
on their importance in determining water quality 
(Table 1). In the second step, the water quality as-
sessment scale is determined as follows:

 

𝑊𝑊𝑊𝑊 = 𝑊𝑊𝑖𝑖
∑w𝑖𝑖

 (1) 
 
𝑞𝑞𝑖𝑖 =

𝐶𝐶𝑖𝑖
S𝑖𝑖
× 100 (2) 

 
𝑆𝑆𝑆𝑆𝑖𝑖 = 𝑊𝑊𝑖𝑖 × 𝑞𝑞𝑖𝑖 (3) 
 
𝑊𝑊𝑊𝑊𝑆𝑆 = ∑𝑆𝑆𝑆𝑆𝑖𝑖 (4) 
 

 (2)

where: qi – the water quality assessment scale, Ci 
– this is the concentration of each chemi-
cal parameter in each water sample in 
mg/l, Si: this is the drinking water stan-
dard for each chemical parameter in mg/l 
according to World Health Organization 
guidelines (2011).

The SI is first determined for each parameter as 
follows: 

 

𝑊𝑊𝑊𝑊 = 𝑊𝑊𝑖𝑖
∑w𝑖𝑖

 (1) 
 
𝑞𝑞𝑖𝑖 =

𝐶𝐶𝑖𝑖
S𝑖𝑖
× 100 (2) 

 
𝑆𝑆𝑆𝑆𝑖𝑖 = 𝑊𝑊𝑖𝑖 × 𝑞𝑞𝑖𝑖 (3) 
 
𝑊𝑊𝑊𝑊𝑆𝑆 = ∑𝑆𝑆𝑆𝑆𝑖𝑖 (4) 
 

 (3)

The final step the calculation of the WQI: 

 

𝑊𝑊𝑊𝑊 = 𝑊𝑊𝑖𝑖
∑w𝑖𝑖

 (1) 
 
𝑞𝑞𝑖𝑖 =

𝐶𝐶𝑖𝑖
S𝑖𝑖
× 100 (2) 

 
𝑆𝑆𝑆𝑆𝑖𝑖 = 𝑊𝑊𝑖𝑖 × 𝑞𝑞𝑖𝑖 (3) 
 
𝑊𝑊𝑊𝑊𝑆𝑆 = ∑𝑆𝑆𝑆𝑆𝑖𝑖 (4) 
 

 (4)

The following Table 2 gives the quality index 
classification ranges.

Table 1. Weight and relative weight of each parameter for the study area
Parameter WHO (2011) Algerian standards (2011) Weight (wi ) Relative weight (Wi )

pH 6.5–8.5 6.9 < pH < 9.0 4 0.105

Conductivity (µS/cm) 1000 2800 4 0.105

TDS (mg/l) 500 No-Limit 5 0.132

Calcium (mg/l) 75 200 2 0.05

Magnesium (mg/l) 50 150 2 0.05

Sodium (mg/l) 200 200 3 0.08

Potassium (mg/l) 12 12 2 0.05

Chloride (mg/l) 250 500 5 0.132

Sulfates (mg/l) 250 400 5 0.132

Nitrates (mg/l) 50 50 5 0.132

Bicarbonates (mg/l) 120 No-Limit 1 0.03

Σwi = 38 Σwi = 1



16

Ecological Engineering & Environmental Technology 2025, 26(8), 12–27

Geographic information system (GIS)

GIS (geographic information systems) soft-
ware is one of important tools making decision 
on the spatial distribution of groundwater water 
quality. Therefore, all major physicochemical 
parameters of the study area were mapped using 
inverse distance weighted (IDW) interpolation 
techniques in ARC GIS.

RESULTS AND DISCUSSION

Characterization of groundwater samples

The physico-chemical parameters of the 
groundwater samples analyzed in this study, in-
cluding minimum and maximum values, standard 
deviation and Average, are presented in the fol-
lowing Table 3.

The pH values are in the range of 6 to 8.5 in 
natural waters (Chapman et al., 1996). It decreas-
es at high organic matter levels and increases dur-
ing low water, when evaporation is significant 
(Meybeck et al., 1996; In: Derwich et al., 2010). 

In all the waters sampled in the area of study, 
the pH values measured are homogeneous, they 
comply with the Algerian standards and the lim-
its of the World Health Organization (WHO). The 
average pH in Barremian and the Mio-plio-qua-
ternary are 7.4 and 7.54, respectively, which gives 

Table 2. Water quality classification ranges and types 
of water based on WQI values (Tiwari et al., 2018; 
Ibrahim., 2019; Azlaoui et al., 2021)

Range Type of water

< 50 Excellent water

50–100 Good water

100–200 Poor water

200–300 Very poor water

> 300 Unfit for drinking

Table 3. Descriptive statistics of chemical composition

Parameter Unit
Barremian Mio-plio-quaternary

Maximum Minimum Average Standard 
deviation Maximum Minimum Average Standard 

deviation
pH 7.8 7.02 7.4 0.25 7.87 7.09 7.54 0.22

CE μS/cm 3191 1406 2216.6 627 3090 1385 1717.2 422.66

TDS mg/l 1596 503 1031.2 396.71 1540 481 835.31 285.78

TH mg/l 1040 520 808.6 190.49 930 535 698.55 114.07

Ca+ mg/l 268.6 123 202.6 51.7 200.5 104.26 151.2 23.26

Mg+ mg/l 97.2 42.5 73 18.41 121.5 48.6 74.13 18.71

Na+ mg/l 195.5 66.93 108.84 39.79 161 62.56 94.28 32.89

K+ mg/l 17.5 3.51 7.98 3.51 11.7 3.51 6.44 3.28

Cl- mg/l 386.95 110.05 258.88 91.22 376 111.47 214.42 64.55

SO4
- mg/l 706.81 258 477.33 139.07 706.33 200 377.94 139.86

HCO3
- mg/l 292.8 132 179.05 45.87 317.2 157.99 227.93 2.28

NO3
- mg/l 62.48 3.72 27.28 18.84 64 3.72 19.86 20.09

Figure 4. Spatial distribution map of the pH, (a) Barremian, (b) Mio- plio- quaternary
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the waters a character close to neutrality. Figure 4 
shows the spatial analysis of this parameter.

The TDS values in the Barremian and the 
Mio-plio-quaternary (Figure 5) are 1031.2 mg/l 
and 835.31 mg/l, respectively. in the Barremian 
all samples exceed the World Health Organiza-
tion recommended 500 mg/L (WHO 2011) stan-
dard, while 16.6% of the samples in the other 
groundwater have a TDS within the required limit 
for these latter standards.

Variations in conductivity concentrations 
from one point to another indicate spatial distribu-
tion within the aquifer and good drainage (Raeisi, 
1997). Note that in lithologically homogeneous 
terrain, the waters are charged as and when their 
path, the observation of the iso-conductivity map 
shows that this rule is not always verified in the 
sector, because of a part of the intense evapora-
tion itself the depth of the surface water table, on 
the other hand, because of Quaternary and Bar-
remian dilution by layer less calcareous loaded in 
Laghouat bridge.

The maximum value of electrical conductivity 
(Figure 6) is recorded at Hamada FB10 borehole, 

it is 3191 μS/cm. While the minimum value is re-
corded at Daya Rac FQ1 holes, it is 1385 μS/cm. 
In total, 70.5%, 94.4% of the samples in Barremi-
an, Mio-plio-quaternary waters have conductivity 
within the required limit for Algerian standards of 
2800 μS/cm [JORADP, 2011].

Calcium and magnesium – measurement of 
minerals dissolved in water – describe hardness. 
Groundwater in both aquifers, compared to the 
WHO, 2011 standards, is very hard water due to 
the nature of the calcareous ground which is rich 
in calcium and can be easily eroded by water. The 
average hardness value (Figure 7) in Barremian 
and Mio-plio-quaternary groundwater is 808.6 
mg/l and 679.58 mg/l, respectively.

The maximum value of calcium is recorded at 
Hamada FB 08 borehole, it is 268.6 mg/l. while the 
minimum value is recorded at Daya FQ1 holes, it 
is 104.26 mg/l. In the Barremian, calcium (Figure 
8) varies between 123 and 268.6 mg/l whereas the 
average value is 202.6 mg/l and a standard de-
viation is 51.7 mg/l. That is 94% of the Ca2+ con-
centrations in the Mio-plio-quaternary and 47% 
of the samples of the Barremian are within the 

Figure 5. Spatial distribution map of total dissolved solids, (a) Barremian, (b) Mio- plio- quaternary

Figure 6. Spatial distribution map of electrical conductivity, (a) Barremian, (b) Mio- plio- quaternary
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acceptable limits of the Algerian standards equal 
to 200 mg/L (JORADP, 2011). It was then noted 
that the high concentrations encountered in this 
region may be partly linked to the dissolution of 
the formations of the limestone constituting the 
substrate. The concentrations of Mg+2 ions in the 
Barremian (Figure 9) are lower than in the Mio-
plio-quaternary layer; they are 73 mg/l. The high 

levels recorded may be related to the presence of 
clay zones in the various formations. In all waters 
sampled in both groundwater, the concentrations 
of Mg+2 do not exceed the limits of the Algerian 
standard [JORADP, 2011]. Although respectively 
11.7% and 5% of the Mg+2 ion concentrations in 
the Barremian and Mio-plio-quaternary are be-
low the 50 mg/l [WHO, 2011].

Figure 7. Spatial distribution map of hardness, (a) Barremian, (b) Mio- plio- quaternary 

Figure 8. Spatial distribution map of calcium, (a) Barremian, (b) Mio- plio- quaternary

Figure 9. Spatial distribution map of magnesium, (a) Barremian, (b) Mio- plio- quaternary 
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The Na+ concentrations in Barremian ground-
water (Figure 10) ranged from 66.93 to 195.5 
mg/l with an average of 108.84 mg/l and a stan-
dard deviation of 39.79 mg/l. the minimum value 
is recorded in mio-plio-quaternary at Daya FQ9 
holes, it is 62.56 mg/l the presence of sodium in 
the study area is attributed to the decomposition 
of mineral salts such as the clays of the Mio-
pliocene. All sodium concentrations values pre-
sented in Figure 10 respect World Health Organi-
zation normalization, WHO, 2011 and JORADP 
2011(below of 200 mg/l).

The average concentrations of potassium in 
groundwater from the Barremian formation and 
the Mio-plio-quaternary (Figure 11) are 7.98 
mg/l; 6.44 mg/l, respectively. The results record-
ed in Barremian show that 5.9% of concentrations 
exceed the Algerian standards [JORADP 2011].

Chloride ion is a conserved element. It does not 
participate in water-rock interactions and water sa-
linity originates due to this ion, it is highly mobile 
(Fidelibus and Tulipano, 1996). It is a perfect trac-
er because of its anionic exclusion property (Rice 

et al., 1986; James and Rubin., 1986; Wieranga et 
al., 1989) caused by electrostatic repulsion phe-
nomena in the vicinity of clay particles (negatively 
charged); thus, anions and in particular chloride 
(faster than neutral molecules) will circulate in 
the center of pores and conduits where the speed 
of water is faster (Porro et al., 1993; Schoen et 
al.,1999; Magesen et al., 2003). The obtained con-
centrations of chloride, amounting to 22.2% and 
58.8% (Figure 12) concentrations, respectively in 
the Mio-plio-quaternary and Barremian aquifers, 
exceed the World Health Organization standards, 
250 mg/L (WHO, 2011). The maximum value of 
chloride is recorded at Hamada FB 08 borehole, is 
386.95 mg/l. while the minimum value is recorded 
at Bourdj FB3 holes, it is 110.05 mg/l. On the basis 
of Algerian standard, all the groundwater samples 
are below 500 mg/L (JORADP, 2011). 

The values of 477.33 mg/L and 377.94 mg/L 
represent the average sulfate concentrations in 
Barremian and Mio-Pliocene-quaternary ground-
water, respectively. Figure 13 shows that 35.3% 
and 61.1% of sulfate concentrations in these two 

Figure 10. Spatial distribution map of sodium, (a) Barremian, (b) Mio- plio- quaternary

Figure 11. Spatial distribution map of potassium, (a) Barremian, (b) Mio- plio- quaternary 



20

Ecological Engineering & Environmental Technology 2025, 26(8), 12–27

aquifers are below the Algerian standard limit of 
400 mg/L (JORADP, 2011). The high sulfate con-
tent of the water is explained by the presence of 
gypsum in the Mio-Pliocene formations.

The HCO3
- ions are formed from the dis-

solution of carbonate minerals by meteoric wa-
ters that become charged with CO2 as they per-
colate through the soil. In carbonate aquifers. 

Bicarbonate levels are a few hundred mg/l. Cer-
tain mineral waters draining magmatic rocks have 
even higher contents (a few mg/l). Under the 
influence of CO2 of deep origin or linked to the 
decomposition of the organic matter of fertilizers 
(Stitou et al., 1995; Hani., 2003). The bicarbon-
ate levels in the groundwater of the Barremian 
aquifer (Figure 14) vary from 132 to 292.8 mg/L. 

Figure 12. Spatial distribution map of chloride, (a) Barremian, (b) Mio- plio- quaternary

Figure 13. Spatial distribution map of sulfate, (a) Barremian, (b) Mio- plio- quaternary

Figure 14. Spatial distribution map of bicarbonate, (a) Barremian, (b) Mio- plio- quaternary 
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In the Mio-Plio-Quaternary aquifer, the average 
concentration is 227.93 mg/l. The results show 
that all the bicarbonate concentrations are above 
the limit of 120 mg/l set by the World Health 
Organization (WHO, 2011). These bicarbonate 
levels may be the result of limestone leaching in 
the formations. In the wild, the nitrate concentra-
tion rarely exceeds 0.45 mg/l and depends on the 
transfer time and the nature of the rock (Derradji 
et al., 2004). However, there are risks associated 
with these cultivation practices as excessive use 
of chemical and organic fertilizers can result in 
nitrate leaching to groundwater (Refsgaard et al., 
1999). Worldwide observations (Ayraud, 2005; 
Primeau and Grimard, 1989; Bergström and Jar-
vis, 1991) and studies indicate a strong link be-
tween intensive agriculture and high nitrate con-
centrations in groundwater (Andrews et al., 1997; 
Lasserre et al., 1999; Benmarce, 2015). The aver-
age values for nitrate in the Barremian ground-
water and the Mio-plio-quaternary (Figure 15) 
are 27.28 and 19.86 mg/L, respectively. The high 
values observed, due to the low tightness of the 
sewerage network over the whole region in ques-
tion, directly affect groundwater quality. 

WQI for drinking water assessment

Table 4 shows the calculated WQI values for 
groundwater in the city of Laghouat, maximum 
value is recorded at Hamada FB 08 borehole, it 
is 199.3, while the minimum value is recorded 
at Bourdj FB15 holes, it is 86.38 mg/l. The good 
quality was noticed in the city Daya (Figure 16) at 
the following boreholes: FQ1, FQ2, FQ9, FQ10, 
FQ11, FQ12, FQ14, FQ17, and FQ18. In Nourdj: 
FB3, FB4, FB15, and FB16.

Statistical analysis

In the study of source water chemistry, not a 
single (variable) parameter is observed, but of-
ten a large number of parameters at a time. The 
separate study of each of these variables is an 
important phase when analyzing the chemical 
behavior of sources, but it is often insufficient. 
Indeed, the separate study of each variable leaves 
aside the links that may exist between them and 
which are often a very important aspect. It is 
therefore necessary to analyze the data taking 
into account their multidimensional nature. Data 
structure exploring was carried out using a par-
ticularly powerful method, namely factor analy-
sis (Hotelling., 1933; Nagabhsushan et al., 2007; 
Husson et al., 2010). The advantage of this tech-
nique lies in the fact that it makes it possible to 
reduce most of the variance expressed by the de-
scriptors to a few factorial planes. The first F1 
axis expresses the highest percentage of the total 
variance. The second F2 axis, independent of the 
first, expresses most of the residual variance and 
so on (Mudry and Blavoux, 1986). The Pear-
son correlation coefficient was determined to 
establish the relationship between the physico-
chemical parameters of the waters. A principal 
component analysis (PCA) was conducted using 
XLSTAT 2014.5.03.

Principal component analysis of groundwater 
in the Barremian

The first two main components describe 
84.97% of the initial variability (Figure 17) of 
data (F1 69.47% and F2 15.50%). EC(95.09%) 
is correlated strongly positive with F1 (69.47%) 
in the first axis. TDS (96.09%), TH (91.63%), 

Figure 15. Spatial distribution map of nitrate, (a) Barremian, (b) Mio- plio- quaternary
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Table 4. Calculated WQI of each groundwater samples
Sample No. Location name Lambx Lamby WQI Type of water

FB01 Maamoura 487434,4 3739517,7 191.49 Poor water

FB02 Bourdj 2 489993,9 3742144,6 126.21 Poor water

FB03 Bourdj 3 489995,23 3743150,17 94.23 Good water

FB04 Hakoum 4 489811 3741496 99.92 Good water

FB05 Bourdj 5 488997,17 3743083,56 139.77 Poor water

FB06 Hakoum 6 489671 3741986 95.27 Good water

FB07 Hakoum 7 489537 3741986 94.95 Good water

FB08 Hamada 8 f 488658,62 3741841,65 199.3 Poor water

FB09 Hamada 9 m 488688,38 3741937,23 174.29 Poor water

FB10 Hamada M 10 488436,92 3742085,43 184.02 Poor water

FB11 M’kam 600 486691,93 3739641,1 150.82 Poor water

FB12 Wiam 12 486108,18 3738191,62 169.28 Poor water

FB13 M’kam centre A 487366,46 3739914,81 141.82 Poor water

FB14 Bourdj 14 M 489306,61 3743859,59 136.49 Poor water

FB15 Bourdj 15 A 491283 3742723 86.38 Good water

FB16 Bourdj 16 A 491088,66 3742774,22 96.51 Good water

FB17 El garbia Atik 17 489001,37 3740474,92 177.98 Poor water

FQ1 Daya 1Rac 490038,82 3739651,57 89.91 Good water

FQ2 Daya2 Han 489915,93 3740204,7 93.28 Good water

FQ3 Past  3 489054,44 3740294,47 159.03 Poor water

FQ4 Merdja 4 488269 3743193 99.68 Good water

FQ5 Past Amri 5 489434,84 3740717,93 144.6 Poor water

FQ6 Merdja 6 488482,8 3743503,75 112.85 Poor water

FQ7 Merdja 7 488631 3743912 161.31 Poor water

FQ8 Daya 8 M 489599,3 3739744,88 114.47 Poor water

FQ9 Daya A 9 489655,98 3740940,8 94.34 Good water

FQ10 Daya 10 489923,2 3739736,32 86.51 Good water

FQ11 Daya 11 A 489989,35 3738438,19 91.21 Good water

FQ12 Daya 12 489271,46 3738865,68 92.95 Good water

FQ13 Hakoum 13 489602,41 3740320,16 93.22 Good water

FQ14 Daya 14 490084,859 3740342,58 91.19 Good water

FQ15 Abattoir 15 487681 3737894 134.1 Poor water

FQ16 Bouchakeur 16 488404,29 3736052,92 188.97 Poor water

FQ17 Daya 17 H M 490107,94 3740493,89 93.37 Good water

FQ18 Daya 18 489695,52 3739710,66 94.61 Good water

Ca +(87.23%), Mg +(84.89%), Na + (92.73%), Cl- 
(92.24%), and SO4

2- (84.63%), NO3
- (81.50%), 

and a moderate positive correlation with K+ 

(74.47%), HCO3
-, (65.04%), and a negative cor-

relation with pH (-34.44%). In addition, the F2 
axis (15.50%) exhibits a positive correlation 
with EC (10.45%), TDS (4.51%), Na+ (8.84%), 
K+(51.71%), HCO3

- (54.56%), and NO3
-

(33.70%) and a negative correlation with pH 
(-74.46%), TH (-36.10%), Ca + (-31.04%), Mg 
+(-38.94%), Cl- (-22.33%), and SO4

2-(-42.23%). 

As it is shown in Table 5, total dissolved solids 
(TDS), electrical conductivity (CE) and hard-
ness are strongly correlated to the Ca2+, Mg2+ 
and Na+ cations and to the Cl-, SO4

2- anions. 
These results indicate that groundwater miner-
alization is mainly related to sulfates and chlo-
rides, as well as other elements. Evaporitic min-
erals dissolution such as halite (NaCl) and gyp-
sum (CaSO4. 2H2O) acquire this mineralization. 
The presence of evaporites is supported by the 
high correlation between sodium and chloride 
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Figure 16. Spatial distribution of water quality index (WQI) in Laghouat, (a) Barremian, (b) 
Mio- plio- quaternary

Figure 17. Projection of groundwater variables and individuals (Barremian)

Table 5. Correlation matrix for groundwater samples in Barremian
Variables pH CE TDS TH Ca+ Mg+ Na+ K+ Cl- SO4- HCO3- NO3-

pH 1

CE -0.430 1

TDS -0.406 0.988 1

TH -0.082 0.822 0.857 1

Ca+ -0.133 0.787 0.830 0.966 1

Mg+ 0.036 0.749 0.767 0.889 0.749 1

Na+ -0.348 0.852 0.856 0.779 0.700 0.794 1

K+ -0.588 0.681 0.663 0.501 0.455 0.507 0.747 1

Cl- -0.204 0.838 0.861 0.933 0.888 0.862 0.870 0.511 1

SO4
- -0.041 0.749 0.800 0.924 0.878 0.861 0.748 0.454 0.816 1

HCO3
- -0.442 0.654 0.642 0.398 0.447 0.270 0.666 0.701 0.498 0.269 1

NO3
- -0.358 0.821 0.772 0.602 0.543 0.621 0.764 0.838 0.620 0.498 0.694 1

(r = 0.870), sulfate (r = 0.748) and between 
calcium and sodium (r = 0.700), chloride (r = 
0.888), sulfate (r = 0.878) ions. The good cor-
relation between magnesium and sulfates on the 

one hand (r = 0.861) and chlorides on the one 
hand (r = 0.862) also certifies the presence of a 
base exchange between ions in aquifers and its 
influence on water chemistry.
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Principal component analysis of groundwater 
in the Mio-plio-quaternary

The first two main components describe 
76.02% of the initial variability (Figure 18) of 
the data (F1 62.16% and F2 13.86%). The first 
axis, F1 (62.16%), has a strong positive cor-
relation with the EC (90.60%), TDS (92.96%), 
TH (94.31%), Mg+ (81.08%), Na+ (92.09%), K+ 
(85.83%), NO3

- (86.90%), and SO4
- (83.95%). 

and a correlation with the EC moderate positive 
with Ca+ (77.95%). Cl- (72.25%). HCO3

- (21.41 
and a negative correlation pH (-11.77%). In ad-
dition, the F2 axis (13.86%) exhibits a positive 
correlation with pH (84.85%), TDS (4.34%), 
Na+ (13.64%), K+ (6.92%), HCO3

-(77.39%), Cl- 
(29.59%), and NO3

-(22.18%), and a negative 
correlation with EC (-31.16%), TH (-14.59%), 

Ca+(-10.65%), Mg+(-15.33%) and SO4
-(-34.82%).

According to Table 6, TDS, CE and hardness are 
strongly correlated with the Ca2+, Na+ and K+ cat-
ions and the Cl- anions and NO3- ; These results 
indicate that the mineralization of groundwater 
is mainly related to chlorides as well as other 
elements. 

CONCLUSIONS

This current topic is the first scientific research 
that was addressed in the city of Laghouat (study 
area), it is a survey on the quality of groundwa-
ter intended for human consumption between 
two aquifers (Barremian, Mio-plio-quaternary). 
It was concluded that the quality of groundwa-
ter, of the city Daya is good, overall, The current 

Figure 18. Projection of groundwater variables and individuals (Mio-plio-quaternary)

Table 6. Correlation matrix for groundwater samples in Mio-plio-quaternary
Variables pH CE TDS TH Ca+ Mg+ Na+ K+ Cl- SO4

- HCO3
- NO3

-

pH 1

CE -0.226 1

TDS -0.079 0.977 1

TH -0.198 0.788 0.806 1

Ca+ -0.042 0.821 0.827 0.775 1

Mg+ -0.249 0.549 0.565 0.896 0.430 1

Na+ -0.040 0.777 0.814 0.829 0.623 0.754 1

K+ 0.033 0.765 0.811 0.760 0.593 0.685 0.720 1

Cl- 0.131 0.747 0.791 0.592 0.624 0.385 0.709 0.503 1

SO4
- -0.314 0.658 0.664 0.872 0.626 0.846 0.752 0.767 0.273 1

HCO3
- 0.421 0.112 0.158 0.131 -0.034 0.199 0.322 0.217 0.173 -0.019 1

NO3
- 0.031 0.691 0.733 0.772 0.444 0.792 0.890 0.746 0.643 0.697 0.382 1
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results show that 48.57% of the samples in the 
study area are classified as being of good quality, 
61.1% and 35.3% of the samples examined were 
found to be potable by the WQI index (category 
«good»), respectively in the Mio-plio-quaterna-
ry and Barremian aquifers, their concentrations 
conform to Algerian standards (JORADP, 2011). 
In turn, the poor quality mentioned in this area 
(51.43%) was due to domestic and industrial 
waste water discharges and the climate change 
effect that characterizes the arid climate of the re-
gion. This requires control, continuous monitor-
ing and treatment prior to use to protect human 
health in the city of Laghouat. The study of the 
correlations between the different dissolved ele-
ments, as well as the examination of their spatial 
distribution, showed that water/rock interactions 
are at the origin of the evolution of water min-
eralization. The main phenomenon occurring in 
the aquifer system is the dissolution of evaporites, 
mainly gypsum and halite, associated with an ex-
change of bases, which are manifested primarily 
by ion substitution (Ca-Mg and Na-K). For better 
understanding, future research should be carried 
out, including such perspectives as adding micro-
biological parameters and trace elements (heavy 
metals), to integrate the spatial and temporal 
variability of groundwater quality and quantity 
in the region, as well as to study the impact of 
climate change on groundwater resources. Inte-
grating sustainable management of groundwater 
resources through the installation of drinking wa-
ter treatment plants, ensuring the waterproofing 
of sewage networks, and rehabilitation of all sta-
tions (filling stations, purification plants...) are es-
sential recommendations to ensure the protection 
of groundwater resources.
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