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Abstract: The springs of the Taoura region flow from a syncline shaped structure. All resources in the region were
mobilized as a result of increased demand. However, the development of anthropic activities and population growth in
the area pose risk for groundwater. Analytical results obtained from a series of samplings in November 2017-April
2018, express the quality of water suitable for the irrigation of agricultural land. The highest values are recorded in
April 2018 at 20.5 to 21.6°C and pH of 8.0 to 8.2.

The study recorded high electrical conductivity from 1390 to 1495 uS-cm™ and TDS from 1270 to 1500 mg-dm™ in
November 2017, which shows important mineralization that characterizes spring water. Physical parameters were
measured in situ using a HORIBA multi-parameter probe.

Chemical analyses were carried out using NFT 90-005 titration, and nitrogen parameters by DIN 38405-D92
spectrophotometry. Maximum levels of nitrates and phosphates were recorded at 228 and 18.4 mg-dm™ respectively.
The principal component analysis (PCA) showed a good correlation of the November 2017 period with mineralization
parameters. Moreover, there is a strong correlation between the wet period and pollution factors. The two methods of
analysis has allowed to distinguish three groups of geochemical water types: a bicarbonate calcium group typical for
waters having transited in carbonate horizons. A second chloride calcium group shows basic exchange between water
and clay levels, and the third chloride bicarbonate calcium group reveals an enrichment in calcium and chloride, which

£ ITP-PIB

reflects water circulation with an exchange of the carbonated and evaporitic sedimentary rock matrix.
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INTRODUCTION

Freshwater scarcity is becoming a threat to the sustainable
development of the society. It has become evident in the face of
a steadily increasing demand. The growing world population,
improving living standards, changing consumption patterns, and
the expansion of irrigated agriculture are the main driving forces
behind the rising global demand for water [ErcIN, HOEKSTRA 2014;
VOROSMARTY et al. 2000]. Synchronously, the aquatic environment
is facing severe pressure and security issues related to drinking
water sources are increasingly prominent [PaHL-WosTL et al.
2013; WANG et al. 2020; WHEATER, GOBER 2015].

In the last decade, due to unavailability or inadequate
quality of surface water, demand for groundwater resources has

increased for drinking purposes globally, especially in arid and
semi-arid areas. About one-third of the world's population use
groundwater for drinking [MisHra, SINGH 2010; NICKsoN et al.
2005; TALLAKSEN, VAN LANEN (eds.) 2004; WiLHite 2000].
A simultaneous decline in quality exacerbates the availability
problem. Public, industrial, and agricultural users all contribute
to the problem either directly, through waste generation, or
indirectly, by altering physicochemical and bacteriological
properties of water.

The quality of surface water and groundwater in a geo-
graphical region can be affected by anthropogenic activities [TraN
et al. 2015], by the proliferation of different sources of pollution
(fertilizers and pesticides, untreated wastewater discharge,
uncontrolled solid waste discharge, urbanization, etc.) constitutes
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a threat [NouavTi et al. 2015]. The lack of public awareness about
the need to protect the environment leads to an imbalance of the
ecosystem, and generates pollution [Branmi, CHAFI 2014]. Many
types of wastewater entering the aquatic environment contain
plant nutrients: various organic materials and nutrients, mainly
nitrates and phosphates [Lacaze 1996]. Many organic substances
are readily biodegradable and can be broken down and eliminated
through natural self-purification capacity of aquatic environ-
ments. However, when in excess, their decomposition may lead to
asphyxia of the aquifer; water quality control requires a good
knowledge of the origins of pollution and the effects pollution has
on the environment [AuboiN 1991].

Numerous studies have assessed the quality of spring water
in the world, which concluded that the hydrochemical analyses
provide better understanding of possible changes in quality (i.e.,
VaroL and Davraz [2015], WHITE et al. [2016], YANG et al. [2016],
Rao et al. [2017], SELVAKUMAR et al. [2017]).

The subsoil of the Taoura Region has important hydric
potential, especially from a qualitative point of view. It is made up
of a network of springs used mainly for drinking, domestic use
and irrigation of land. However, the development of the village
and the increase in water needs may cause the degradation of
water quality. The present study aims to evaluate the physico-
chemical characteristics and to apply the principal component
analysis (PCA) to the spring water of the Taoura Region. People
living in the area are entirely dependent on the groundwater
resources to meet their needs. The study visualises and analysis
existing correlations between different variables through their
structuring and orientation, and identifies the main factors
responsible for the quality of water.

MATERIAL AND METHODS

STUDY AREA

The region of Taoura is located 28 km south of the city of Souk
Ahras, in the north surrounded by the Tell Mountains forming
part of the southern slope of the Upper Medjerda mountains, by
Jebel Ouenza in the south, and by the Commune of Merahna in
the east and the Daira of M'daourouch in the west (Fig. 1). The
relief in the region is uneven, with more or less humid temperate
climate, rainfall of 845 mm-y ™' measured at the Souk Ahras station
(2003-2018), and an average annual temperature of about 16°C.
The utilized agricultural area of 141 871 ha, which represents 86%
of the total agricultural area of the wilaya, 62% are occupied by
herbaceous crops [DjaBa 2010]. These crops comprise as follows:
87% are cereals, 10% are fodder crops, 2% are market gardening
and 1% pulses. These crops are generally treated with fertilizers
and pesticides, especially nitrogen and phosphates.

In Taoura, Karst region, the limestones of the lower
Maestrichian are very fissured and contain an important aquifer.
The aquifer has been determined by drilling (Dréa and Taoura)
and its capacity is about 10 to 110 dm™s™". Cracks can reach the
size of real caverns. These springs are located exclusively in the
north of the syncline [BENaBBAsS 2006; Djasa 2010].

The Taoura syncline has a more or less symmetrical
structure (OBERT and LEIKEN [1974] in CHaDI [2004]). The axis
of the syncline is oriented SW-NE. The stratigraphic succession
of the Upper Cretaceous from the Emscherian through the

Eocene creates the syncline's flanks. This orogen was eroded
before Miocene sedimentation.

Multiple orogenic phases affected the region. The general
tectonics is very simple, regular folds in SW-NE directions with
rare longitudinal faults but many transverse strikes in the
Turonian and Senonian limestone bars.

The study area is characterized by the presence of carbonate
formations [BousNousra 2002], water activity and intense tectonic
movements that occurred in this region and accelerated the
process of karst genesis and the observed compartmentalization.

The dominant formations are mostly Maestrichtian lime-
stones, constituting the syncline structure which is covered by
formations of the Mio-Plio-Quaternary age. The limestones are
fissured and karstified, supporting the accumulation of ground-
water. Examination of the lithostratigraphic columns of boreholes
drilled in the area, coupled with the interpretation of geological
data, allows to determine various groundwater tables.

The study area is essentially characterized by two main
aquifers superimposed as follows:

The Mio-Plio-Quaternary nappe (free nappe). The nappe
is contained in heterogeneous formations, such as marls,
conglomerates, sands, gravels and sandy silts; the same forma-
tions are dated from the Miocene to the Quaternary. The works
capturing this nappe are imperfect, so its range (vertical and
horizontal) cannot be precisely defined, which results in the
scarce knowledge about the nappe and its potential.

The Maestrichtian limestone tablecloth (captive table-
cloth). This tablecloth outcrops towards the two flanks of the
syncline (North and South). It goes through springs and plunges
deep under the Mio-Plio-Quaternary filling, giving the structural
form of the area. At the centre of the structure, the depth can
reach about 600 m.

The extension of the water table is horizontal. It is
subdivided into two superimposed aquifers separated by a thin
layer of marl. Layers of clay and marl formation limit the top of
the water table. The substratum is marly in its origin. It should be
noted that this tablecloth is considered the main water reservoir
in the area, consisting of marls and fissured limestone belonging
to the Lower Maestrichtian and Middle Campanian periods. The
Lower Maestrichtian limestones are very fissured and contain an
important aquifer. The cracks may have cavern dimensions
confirmed by borehole T1, which reached a cavern at a depth of
103 m [Friane 2000].

Limestone is particularly present in the centre of the captive
Taoura aquifer, but as we go towards north-east, we can see
a thinning of the layer which at the foothills of the reliefs does not
exceed 110 m.

The karst regions are very heterogeneous and anisotropic;
the unsaturated zone, consisting of soil, epikarst, a transmission
zone, and the saturated zone are characterized by a duality of
permeability — open conduits, cracks, and pits on the one hand,
and low permeability rock volumes on the other. This results in
groundwater flow of different types and storage capacity.

Despite their significant contribution to the freshwater
supply, karst aquifers are particularly vulnerable to contamination
due to their hydrogeological characteristics. These contaminants
can then be rapidly transported into the saturated zone through
the conduit networks of karst systems.

The chemical composition of water in the karst aquifer is
related to many factors such as land use, recharge processes
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Fig. 1. The geographical location of the study area; source: own elaboration

(diffuse or concentrated, climatic conditions, lithology of the
reservoir and infiltration zone, and flow conditions/transit time in
a micro-fractured matrix, cavities or conduits). It also varies
within the same system according to spatial criteria (e.g.
depending on sampling location, source or manhole in flooded
zone), as well as according to temporal criteria. Indeed, we
observe time-bias variations in water chemical composition at the
same observation point and different hydrological conditions that
inform us about processes in the system.

ANALYSIS PROTOCOL

The data acquired through our research and monitoring cover
two years (November and April 2017-2018). The evolution of
physicochemical characteristics of spring waters in the region has
been determined by an analysis of a series of samples. Each of the
ten springs listed was sampled twice (2017-2018). Data were
processed by the principal component analysis (PCA) to study
mechanisms that control spatial and temporal evolution of the
quality of the Taoura groundwater.
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Physical parameters (hydrogen potential, electric conduc-
tivity, temperature, and dissolved oxygen) were measured in situ
using a HORIBA multi-parameter probe. Chemical analyses were
carried out on the main elements responsible for water
mineralization, cations (calcium, magnesium, sodium, and
potassium) and anions (chlorides, sulphates, and bicarbonates)
by NFT 90-005 titration, nitrogen parameters: nitrites, nitrates,
ammonium and phosphates were evaluated by DIN 38405-D92
spectrophotometry.

Two sampling campaigns (2017-2018), for a total of 10
samples, were carried out to study the quality of spring water,
origin of salinity, and its spatial-temporal evolution during both
periods of the year.

The ten selected springs are perennial, accessible, and cover
the most inhabitable areas: Taoura town and its surroundings
(Fig. 2). Coordinates are recorded with a GARMIN GPS.
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Fig. 2. Location of the sampling points; source: own elaboration

RESULTS AND DISCUSSION

PHYSICOCHEMICAL EVOLUTION

TEMPERATURE

Temperature plays an essential role in increasing chemical and
bacterial activity. It varies depending on ambient temperature,
seasons, geological nature, and the depth of the water level in
relation to the ground surface. It is one of the most important
characteristics of an aquatic system that affects dissolved oxygen
levels [RAJENDRAN, MaNsIvA 2015]. Temperature ranges from 15.1
to 21.6°C. The lowest temperature of 15°C was recorded in
November 2017 (A1, A5, A6). All the values recorded do not
exceed potability standards (12-25°C). Freshwater is generally
more acceptable than hot water. High water temperature
increases the proliferation of microorganisms and problems
related to taste, odour, colour, and corrosion [WHO 2011]. The
ten sources are classified according to Schoeller's classification of
cold springs [ScHOELLER 1962] - Figure 3.

HYDROGEN POTENTIAL

The pH (hydrogen potential) measures the concentration of H*
ions in the water. This parameter characterizes a large number of
physicochemical equilibria and depends on multiple factors,
including the origin of water, geological nature of the substrate,
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Fig. 3. Temperature values during two campaigns (November 2017, April
2018); source: own study

and the watershed crossed. Spring waters have a relatively alkaline
pH both in November 2017 and April 2018 period, which varies
between 7.4 and 8.2 (Fig. 4). This is probably related to the
bicarbonate ion (HCO5"), (Ca®"), which reflects the presence of
limestone rocks (CaCOs) and dolomites (CaMg(COs3),). When
these rocks are present, the risk of acidification is low. Source
waters can be considered acceptable according to WHO
standards.

8.4 -
8.2 -
8.0 -
7.8 -

7.6 -

Hydrogen potential

7.4 A

7.2 A
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Fig. 4. Hydrogen potential values in water springs (November 2017, April
2018); source: own study

ELECTRICAL CONDUCTIVITY

Conductivity measures the ability of water to conduct current
between two electrodes. Most dissolved substances in water are in
the form of electrically charged ions. Therefore, conductivity
measurement allows to determine the amount of salts dissolved in
water. It also depends on water temperature: it is higher as the
temperature rises. The results of measurements allowed to
observe the variation in conductivity. The conductivity varied
between 469 and 1495 pS-cm™ during the two periods considered
(Fig. 5). Low values of 469 uS-cm™" are recorded for A7, moderate
for A4, A5, A9 and high values for A1, A2, and A6. The origin of
mineralization is attributed a priori to the rather high content of
mineral salts.
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Fig. 5. Electrical conductivity measured in the study area (November
2017, April 2018); source: own study

Sources Al, A2, and A6 represent values exceeding the
WHO standard of 1000 uS-cm™, which may be due to the
leaching of fertilizers with irrigation water, or these sources drain
highly saline soils linked to the Triassic period in the region.

TOTAL DISSOLVED SALTS

Total dissolved salts (TDS) represent the total concentration of
dissolved substances in water. These minerals can originate from
several natural sources as well as human activity (Tab. 1).

Table 1. Evaluation grid for total dissolved salts (TDS) in water

DS . Water springs
(mg-dm™) Evaluation
8 April 2018 November 2017
<300 excellent - -
300-600 good A5, A7, A9 -
600-900 passable A3, A4, A8, A10 A3, A4, A5, A7,
A9
900-1200 low Al, A2, A6 A8, A10

Source: own study.

TDS results show that the high values are located at points
Al, A2, A6 (November 2017 period) with contents of 1270 to
1500 mg-dm™>, respectively (Fig. 6). The rest of the points and for
the majority of the points are of low to decent quality. Points A5,
A7, and A9, show good quality during the April 2018 period,
ranging from 300 to 600 mg-dm™

DISSOLVED OXYGEN

Dissolved oxygen (DO) is a parameter that provides information
on the state of water, promoted growth of microorganisms, and
the development of pathogenic germs. Dissolved oxygen in spring
water ranges from 6.86 to 8.99 mg-dm™ (Fig. 7). These values are
in the range 4-18 mg-dm™, which indicates the absence of
significant pollution (Tab. 2).

A1 A2 A3 A4 A5 A6 A7 A8 A9 A10
Water springs
mmmm November 2017 s April 2018 === Standard

Fig. 6. Evolution of total dissolved salts in the water springs (November
2017, April 2018); source: own study
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Fig. 7. Dissolved oxygen values in Taoura water springs (November 2017,
April 2018); source: own study

Table 2. Grid used for groundwater oxygen assessment

Element Class I Class II Class 11T
good medium bad
0, (mg-dm™?) 4-18 2.4-4 1.2-2.4

Source: own study.

NITROGEN PARAMETERS

Nitrates NO;™. Nitrate contamination in groundwater is one of
major problems found by water quality studies [ALam et al. 2012].
Nitrate is the most oxygenated form of nitrogen and is highly
soluble. The presence of nitrates in groundwater is linked to the
intensive use of chemical fertilizers [LAarABA et al. 2013].

Nitrate concentration vary during the two periods, with
standard values in April 2018 between 32 mg-dm™ and
50 mg-dm™, except for point A6 where the value is 62 mg-dm™
which exceeds the 50 mg-dm™ limit (Fig. 8). In November 2017,
the values are significantly higher; between 41 (A8 and A9) and
44 mg~dm'3 (A7) which remain within the standard, whereas in
the other sources, the limit has been significantly exceeded and
varied between 53 mg~dm_3 (A4 and A5) and 228 mg-dm'3 (A6).
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Nitrates do not produce colour or odour in water and can cause
cancer in humans when consumed over a long period [ALAM et al.
2012]. The high concentration of nitrate in drinking water is toxic
and prompts the blue baby syndrome (methaemoglobinaemia) in
children and gastric carcinoma [CoMLy 1945; GILLY ef al. 1984].

250 ~
200 H
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100 +

Nitrates (mg-dm-3)

[6)]
o

A1l A2 A3 A4 A5 A6 A7 A8 A9 A10
Water springs

mmmm November 2017w April 2018 === Standard

Fig. 8. Nitrate concentrations in Taoura water springs (November 2017,
April 2018); source: own study

Nitrites NO,™. Nitrites represent a less oxygenated and less
stable form in the nitrogen cycle; they represent the passage
between nitrates and ammonium; it is a toxic form originating from
agriculture or urban and industrial discharges [Kuaprr 2009].
Values of this parameter in spring waters are very low and in the
November 2017 period varied between 0.01 and 0.03 mg-dm™. This
remains within the standard (0.1 mg~dm'3 ) (Fig. 9). In contrast, the
values of nitrites in the April 2018 period were between 0.1 (A5)
and 0.19 mg-dm‘3 (A9) and exceeded the standard.

0.20 -
0.18 -
0.16 -
0.14 -
0.12 +
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0.00 -

Nitrites (mg-dm-3)
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Water springs
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Fig. 9. Nitrite concentrations in Taoura water springs (November 2017,
April 2018); source: own study

Ammonium NH,". The ammonium ion is the main form of
nitrogen in nature [CHAHBOUNE et al. 2014; DERWICH et al. 2013].
The ions result from anaerobic processes in ecosystems [CHAPMAN
(ed.) 1996]. Ammonium comes from human activities, agricul-
tural discharges (especially manure) or industrial discharges an]i
wastes. The variations in ammonium levels fluctuate from 0.16 to
0.41 mg:dm™ and from 0.28 to 0.35 mg-dm™, in April and in

November respectively (Fig. 10). The rainy period has the highest
ammonium level compared to November 2017. This reflects
leaching from the agricultural land surrounding the Taoura
region, which remains below the WHO acceptable standard
(0.5 mg~dm'3).

0.6 -
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0.2

Ammonium (mg-dm-3)
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A1 A2 A3 A4 A5 A6 A7 A8 A9 A10
Water springs

mmmm November 2017 mmmmm April 2018 === Standard

Fig. 10. Ammonium concentrations during the two campaigns (Novem-
ber 2017, April 2018); source: own study

Phosphates PO,>". Phosphate levels in waters studied are
very high for both periods (November 2017 and April 2018) and
range from 4.2 to 7.2 mg-dm™ for April 2018, and from 7.4 to
18.4 mg-dm™ for November 2017, with a tendency to increase in
the dry period (Fig. 11). The origin of phosphates in water could
be linked to urban discharges or the dissolution of chemical
fertilizers (NPK).
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Fig. 11. Phosphates concentrations during the two campaigns (November
2017, April 2018); source: own study

Results of analyses show that phosphate values are above the
WHO standard (0.5 mg-dm™) at all the points sampled as a result
of the pollution of groundwater caused by agricultural practices in
the study area (excessive use of phosphates in the form of
chemical fertilizers or pesticides).

» Chemical facies determination

Results of chemical analyses were processed using the Piper

diagram, which represents the chemical facies of a set of water
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samples. Results obtained from the different campaigns are

summarized in Table 3.

Table 3. Representation of the hydrochemical facies of spring
waters according to periods

Numb
Campaign Chemical facies umber Percentage
of sources
calcium chloride 2 20
November 2017 [ -
bicarbonate calcium 8 80
calcium chloride 3 30
bicarbonate calcium 6 60
April 2018
calcium chloride
bicarbonate 1 10

Source: own study.

The majority, 80% of the source samples collected have
a bicarbonate calcium facies: sources (A3, A4, A5, A6, A7, A8, A9,
and A10), and 20% of the sources have a chloride calcium facies:
sources (Al, A2) (Fig. 12).

PPl
SNBSS

( 1 JoXol JoI Joj -

CHNO3

Fig. 12. Graphic representation of water springs chemical facies on Piper
diagram (November 2017); source: own study

This diagram shows that 60% of the source samples
collected have a calcium bicarbonate facies: sources (A3, A5,
A7, A8, A9, and A10), 30% of the sources have a calcium chloride
facies: sources (Al, A2, A6) and 10% have a calcium chloride
bicarbonate facies (Fig. 13).

The analysis of the two diagrams shows a good correlation
between HCO;™ and Ca®* ions (R = 0.65), which confirms the
same origin of these two elements. This could be the dissolution
of carbonate (limestone) formations during the transition of
water through the aquifer formation.

PRINCIPAL COMPONENT ANALYSIS (PCA)

The PCA allows an analysis of the relationships between the
numerous variables, thus providing information on the evolution
of water chemistry and the determination of the dominant

A A1
| A2

100

\ O Mo Tazt

Al

CI+NO3 "

Fig. 13. Graphic representation of the water springs chemical facies on
Piper diagram (April 2018); source: own study

characteristics in the environment. This method is widely used to
interpret hydrochemical data [ABriD 2015; Toumt et al. 2016].
« Campaign November 2017

This analysis was carried out on a data table of 10 individual
factors and 17 variables during the two periods (November and
April periods): temperature (T), pH, electrical conductivity (EC),
dissolved oxygen (O,), cations (Ca*, Mg2+, Na*, K*), anions (CI,
HCO;, SO,5), nitrogen compounds (NOs~, NO,™ and NH,"),
phosphate (PO4>") and heavy metals (Fe and Zn) - Table 4.

Table 4. Eigenvalues of correlation matrix, and related statistics
(November 2017); active variables only

. Total - Cumulative | Cumulative
Factor | Eigenvalue . .
variance % | - Eigenvalue %
F1 6.693 39.370 6.693 39.370
F2 2.985 17.558 9.678 56.928
F3 2.812 16.543 12.490 73.472

Source: own study.

Variables that are well correlated with each other are shown
in bold. They probably indicate the common origin of these
elements or their similar evolution (Tab. 5).

The correlation circle F1-F2 totals 56.93% of the cumulative
variance (Fig. 14a).

In its negative part, factor F1 representing 39.37% of the total
variance shows Ca®", Mg2+, Na*, K*, CI", SO,%", CE and opposes
them to the pH and temperature. It probably explains the
influence of the latter on the mineralization of water, so the F1 axis
groups together the elements responsible for chemical facies of
spring waters, such as calcium bicarbonate and calcium chloride.
We can thus say that the F1 axis is the mineralization axis.

Factor F2, representing 17.56% of the total variance,
includes in its negative part nitrogen compounds (NO;~, NO,",
NH,"), PO,>", Zn and Fe and opposes them to HCO;™. We can
therefore say that the F2 axis is the pollution axis.
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Table 5. Factor coordinates for variables, based on correlation];
(November 2017)

Parameter F1 F2 F3
Ca** -0.923 0.220 0.093
Mg™* -0.923 0.221 0.095
Na* -0.946 -0.043 -0.138

K* -0.486 -0.319 0.756
cr -0.717 0.100 -0.468
HCO;~ -0.130 0.467 0.591
S0,%> -0.733 0.117 -0.441
NO;~ -0.784 -0.345 0.325
NO,~ -0.123 -0.292 -0.627
NH,* -0.466 -0.528 -0.229
PO, -0.528 -0.282 0.520
Fe** 0.270 -0.673 0.245
Zn** 0.170 -0.478 -0.447
EC -0.930 0.116 -0.269
pH 0.515 -0.795 -0.109
0, -0.306 -0.565 0.472
T 0.581 0.576 0.232

Explanations: variables that are well correlated with each other are
shown in bold. They probably indicate the common origin of these
elements or their similar evolution, EC = electrical conductivity,
T = temperature.

Source: own study.

The F1 axis groups Al and A2 with calcium chloride
chemical facies of high chloride content, opposing them to point
clouds A3, A4, A5, A7, A9, and A10 with a calcium bicarbon-
ate facies. Therefore, the F1 axis is the mineralization axis
(Fig. 14B). The F2 axis is the pollution axis because it
characterizes sources of high nitrogenous matter and metallic
trace elements content.
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Factor 1: 43.36%

« April 2018 Campaign
In April 2018, the F1-F2 correlation circle represents
59.58% of the cumulative variance (Tab. 6, Fig. 15A).

Table 6. Eigenvalues of correlation matrix, and related statistics
(April 2018); active variables only

. Total - Cumulative | Cumulative
Factor | Eigenvalue . .
variance % | - eigenvalue %
F1 7.370 43.355 7.370 43.355
F2 2.757 16.216 10.127 59.572
F3 2.009 11.819 12.136 71.390

Source: own study.

Variables that are well correlated with each other are shown
in bold (Tab. 7).

Factor F1 representing 43.36% of the total variance includes
in its positive part, Ca®", Mg**, Na*, K*, CI", SO,°~, HCO;", CE.
This axis groups together the elements responsible for the
chemical facies of spring waters, which are calcium chloride —
calcium bicarbonate and calcium chloride bicarbonate.

We can say that the F1 axis is the mineralization axis, as
long as it includes all elements responsible for the mineralization
of spring water.

Factor F2, representing 16.22% of the total variance, in its
positive part includes Fe, Zn, PO, However, its negative part is
characterized by NO;~, NO,~, NH,".

Axis F2 includes NO;~, NO,~, NH,", and opposes them to
Fe, Zn, PO,*". Therefore, we can say that it is the pollution axis.
Pollution factors are present due to the proximity of a landfill
(leachate infiltration) or domestic discharges.

In its positive part, the F1 axis groups A2 and A6
with calcium chloride facies and opposes them to the point
cloud of A4, A5, A7, and A9 with calcium bicarbonate facies.
Hence, we can say that the F1 axis is the mineralization axis
(Fig. 15b).

In its positive part, axis F2 groups A8 and A10 which
represent observed iron and zinc contents and opposes them to
points Al and A3 representing high content of NO,™ and PO,*".
Thus, axis F2 is the pollution axis.

Factor 1: 43.36%

Fig. 14. Projection of variables and individuals on the factorial axis (F1-F2); source: own study
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Fig. 15. Projection of variables and individual factors on the factorial axis (F1-F2); source: own study

Table 7. Factor coordinates of the variables, based on correlations
(April 2018)

Parameter F1 F2 F3
Ca** 0.941 0.237 0.007
Mg 0.940 0.237 0.004
Na* 0.919 -0.324 0.158
K* 0.449 -0.239 -0.789
cr 0.688 -0.360 0.505
HCO;5" 0.690 0.225 -0.471
SO, 0.725 0.415 0.446
NO;~ 0.880 -0.163 -0.206
NO," -0.137 -0.190 -0.111
NH," 0.064 -0.742 0.074
PO, 0.853 0.211 0.190
Fe** -0.601 0.273 -0.164
Zn** 0.354 0.663 0.067
EC 0.879 -0.314 -0.243
pH -0.124 -0.353 0.693
0, 0.490 0.140 0.097
T 0.202 -0.846 -0.093

Explanations: as in Tab. 5.
Source: own study.

CONCLUSIONS

Located in the Wilaya of Souk Ahras, the region of Taoura is part
of the eastern zone of the Medjerda sub-basin in the east of
Algeria. The dominant formations are mostly Maastrichtian
limestone, constituting the synclinal structure covered by forma-
tions of the Mio-Plio-Quaternary age. The limestone is fissured
and karstified promoting the accumulation of groundwater.
Results of the spring water quality analyses reveal significant
mineralization of the Taoura water springs considering the high
values of electrical conductivity 1495 pS-cm™ and TDS of
1500 mg-dm™. The mineralization of these waters reflects two
dominant facies: calcium bicarbonate and calcium chloride. The
high contents of nitrates (228 mg-dm™) and phosphates

(18.4 mg-dm™) could be due to surface water infiltration from
irrigation and the use of chemical fertilizers, which represents
organic pollution.

The ten sources are classified according to Schoeller’s classi-
fication (1962) as cold springs, with a relatively alkaline pH, which
is related to the presence of calcareous rocks (CaCO3) and dolo-
mites (CaMg(COs3),). Therefore, the risk of acidification is low.

It has been noted that according to the chemical composi-
tion, there are mainly two types of waters with different chemical
facies: calcium bicarbonate waters (A3, A4, A5, A6, A7, A8, A9,
A10) probably originating from the captive deep water table, and
calcium chloride waters (A1, A2) probably originating from the
free water table.

The interpretation of the results shows that the spring
waters are contaminated with nutrients, such as nitrogen
compounds (nitrates for low waters: 228 mg-dm™, nitrites for
high waters: 0.19 mg-dm ) and phosphate contents are very high
for both periods, due to excessive use of fertilizers.

The principal component analysis (PCA) identified ele-
ments responsible for the high mineralization and agricultural
contamination. The pollution poses health risk to the rural
population scattered in the region. Due to the development of
rural areas and the growing demand for drinking water, effective
pollution control and sustainable management of water resources
are necessary to overcome water quality problems. Thus, it is
necessary to provide regular monitoring for better understanding
of the origin of the phenomena and protecting these suburban
and rural settlements which, in most cases, continue to use water
from springs without much consideration.

REFERENCES

Asrip D. 2015. Caractérisation physico-chimique, minéralogique
et géochimique des sédiments de retenue du barrage Sidi Chahed
et des sols du bassin versant de I'oued Mikkés [Physico-chemical,
mineralogical and geochemical characterization of the sediments
of the Sidi Chahed dam and the soils of the Mikkés wadi
watershed]. PhD Thesis. University of Moulaya Ismail, Morocco
pp- 233.

Aram M., Rass S., Astan M. 2012. Hydrochemical investigation and
quality assessment of groundwater in rural areas of Delhi, India.
Environmental Earth Sciences. Vol. 66(1) p. 97-110. DOI
10.1007/s12665-011-1210-x.

© 2021. The Authors. Published by Polish Academy of Sciences (PAN) and Institute of Technology and Life Sciences — National Research Institute (ITP — PIB).
This is an open access article under the CC BY-NC-ND license (https://creativecommons.org/licenses/by-nc-nd/3.0/)


https://doi.org/10.1007/s12665-011-1210-x
https://doi.org/10.1007/s12665-011-1210-x

N

www.czasopisma.pan.pl P N www.journals.pan.pl

36 Physicochemical characterization of synclinal spring water of Taoura, region of Souk Ahras — North East Algeria

AupoiN L. 1991. Role de l'azote et du phosphore dans la pollution
animale [Role of nitrogen and phosphorus in animal pollution].
Revue scientifique et technique (International Office of Epizoo-
tics). Vol. 10(3) p. 629-654.

BenaBsas C. 2006. Evolution Mio-Plio-Quaternaire des bassins
continentaux de I’Algérie Nord orientale: Apport de la photo-
géologie et analyse morpho structurale [Evolution Mio-Plio-
Quaternaire of the continental basins of North-Eastern Algeria:
Contribution of photo-geology and structural morpho analysis].
PhD Thesis. University of Constantine pp. 255.

Bousnousra H. 2002. Ressources en eaux des régions de Skikda-
Annaba-Tarf-Guelma-Souk Ahras (Nord Est Algérien). Evalua-
tion, gestion et perspective. Vulnérabilité et protection) [Water
resources of the regions of Skikda, Annaba, El Tarf, Guelma,
Souk-Ahras (N - E Algerian). Evaluation, management and
perspective. Vulnerability and protection). PhD Thesis. Badji
Mokhtar Annaba University pp. 159.

Braumr A., CHAF A. 2014. Etude écotoxicologique de 'oued Za et de
son affluent Oued Tizeghrane (Basse Moulouya, Maroc Oriental)
[Ecotoxicological study of Oued Za and its tributary Oued
Tizeghrane (Lower Moulouya, Eastern Morocco)]. Journal of
Materials and Environmental Science. Vol. 5(5) p. 1671-1682.

Cuapt M. 2004. Cadre géologique et structural des séries crétacées
néritiques du constantinois (Est Algérien) [Geological and
structural framework of the Cretaceous Neritic series of the
Constantinois (East Algerian)]. PhD Thesis. University of
Constantine pp. 219.

CHAHBOUNE M., CHAHLAOUI A., ZAID A., MEHANNED S., BEN Moussa A.
2014. Monitoring of the water’s quality of Moulouya River: Main
tributary of Hassan II Dam (Province of Midelt, Morocco).
Moroccan Journal of Chemistry. Vol. 2(5) p. 427-433. DOI
10.48317/IMIST.PRSM/morjchem-v2i5.2413.

CuapmaN D.V. (ed.) 1996. Water quality assessments: A guide of the use
of biota, sediments and water in environmental monitoring.
London, New York. Taylor & Francis. UNESCO/WHO/UNEP.
ISBN 0-419-21590-5 pp. 648.

ComLy H.H. 1945. Cyanosis in infants caused by nitrates in well water.
Journal of the American Medical Association. Vol. 129(2) p. 112-
116. DOI 10.1001/jama.1945.02860360014004.

DerwicH E., BENAABIDATE L., ZiaN A., Sapki O., BergHrry D. 2013.
Caractérisation physico-chimique des eaux de la nappe alluviale
du Haut Sebou en aval de sa confluence avec oued Fés [Physico-
chemical characterization of the waters of the alluvial ground-
water of Haut Sebou downstream of its confluence with Wadi
Fes]. Larhyss Journal. No. 08 p. 101-112.

DIN 38405-D92. German standard methods for examination of water,
waste water and sludge — Anions (group D) - Part 9: Spectro-
metric determination of nitrate (D 9).

DjaBa H. 2010. Ressources en eau et perspectives de gestion intégrée
dans le bassin versant de Medjerda (Souk-Ahras, Nord-Est
d’Algérie) [Water resources and prospects for integrated manage-
ment in the Medjerda river basin (Souk-Ahras, North-East
Algeria)]. Msc Thesis. Université Badji Mokhtar Annaba pp. 150.

ErcIN A.E., Hoekstra A.Y. 2014. Water footprint scenarios for 2050:
A global analysis. Environmental International. Vol. 64 p. 71-82.
DOI 10.1016/j.envint.2013.11.019.

Friane F. 2000. Ressources et approvisionnement en eau dans la région
de Souk-Ahras (Essai de These) [Water resources and supply in
the Souk-Ahras Region (Thesis Essay). [Dissertation in hydro-
geology engineering]. University of Badji Mokhtar Annaba pp. 82.

Giry G., CorraO G., Faviiur S. 1984. Concentrations of nitrates in
drinking water and incidence of gastric carcinomas, first
descriptive study of the Piemonate region, Italy. Science of The

Total Environment. Vol. 34. Iss. 1-2 p. 35-48. DOI 10.1016/
0048-9697(84)90039-1.

KHaDRI S. 2009. Qualité des eaux de la vallée de la Seybouse dans sa
partie aval: Impacts des néofacteurs de pollution [Water quality
in the downstream part of the Seybouse valley: Impacts of neo-
pollution factors]. Msc Thesis. University of Badji Mokhtar
Annaba pp. 134.

Lacaze J.C. 1996. L’eutrophisation des eaux marines et continentales
[Eutrophication of marine and continental waters]. Paris.
Ellipses. ISBN 2-7298-46700 pp. 192.

LArRABA A., BENHAMZA M., KHADRI S., 2013. Qualité des eaux de I'oued
Seybouse, région de Guelma (Nord est Algérien) [Water quality
of the Seybouse wadi, Guelma region (North East Algeria). [Le
deuxiéme Séminaire International sur I'Industrie Minérale et
I’Environnement (2SIMINE13). The second International Semi-
nar on Mineral Industry and Environment (2SIMINE13)] [Badji
Mokhtar Annaba University]. [19-20.11.2013 Annaba].

MisHra A.K., SingH V.P. 2010. A review of drought concepts. Journal of
Hydrology. Vol. 391 p. 202-216. DOI 10.1016/j.jhydrol
.2010.07.012.

NFT 90 005 : 1985 Qualité de l'eau - dosage du calcium et du
magnésium — méthode par spectrométrie d'absorption atomique
[Water quality - calcium and magnesium determination -
atomic absorption spectrometry method].

NicksoN R.T., McARTHUR J.M., SHrREsTHA B., Kyaw-Mvint T.O.,
Lowry D. 2005. Arsenic and other drinking water quality issues,
Muzaffargarh District, Pakistan. Applied Geochemistry. Vol. 20.
Iss. 1 p. 55-68. DOI 10.1016/j.apgeochem.2004.06.004.

Nouaytt N., Knarracu D., Hirar M. 2015. Evaluation de la qualité
physico-chimique des eaux souterraines des nappes du Jurassique
du haut bassin de Ziz (Haut Atlas central, Maroc) [Assessment of
physico-chemical quality of groundwaterof the Jurassic aquifers
inhigh basin of Ziz (Central High Atlas, Morocco)]. Journal of
Materials and Environmental Science. Vol. 6(4) p. 1068-1081.

PanL-Wostt C., PaLMER M. RicHARDS K. 2013. Enhancing water security
for the benefits of humans and nature — The role of governance.
Current Opinion in Environmental Sustainability. Vol. 5. Iss. 6
p. 676-684. DOI 10.1016/j.cosust.2013.10.018.

RAJENDRAN A., MaNsiya C. 2015. Physico-chemical analysis of ground-
water samples of coastal areas of south Chennai in the post -
Tsunami scenario. Ecotoxicology and Environmental Safety.
Vol. 121 p. 218-222. DOI 10.1016/j.ecoenv.2015.03.037.

Rao M.S., KrisHaN G., Kumar C.P., PurusHoTHAMAN P., KumaRr S. 2017.
Observing changes in groundwater resource using hydro-
chemical and isotopic parameters: A case study from Bist Doab,
Punjab. Environmental Earth Sciences. Vol. 76, 175. DOI
10.1007/s12665-017-6492-1.

ScHoeLLER H. 1962. Les eaux souterraines, hydrologic dynamique et
evaluation des resources [Groundwater, hydrological dynamics
and resource assessment]. Paris. Masson pp. 642.

SELVAKUMAR S., RAMKUMAR K., CHANDRASEKAR N., MAGESH N., KALIRAT S.
2017. Groundwater quality and its suitability for drinking and
irrigational use in the Southern Tiruchirappalli district, Tamil
Nadu, India. Applied Water Science. Vol. 7 p. 411-420. DOI
10.1007/s13201-014-0256-9.

TaLLakseN L.M., van LaneNn H.A. (eds.) 2004. Hydrological drought:
Processes and estimation methods for streamflow and ground-
water. Developments in Water Science. Vol. 48. Elsevier. ISBN
978-0444517678 pp. 579.

Toumr A. REGGaM A., ALavaT H., Hounampr M., 2016. Physico-chemical
characterization of waters of the lake ecosystem: Case of Lake of
Birds (Far NE-Algerian). Journal of Materials and Environmental
Science. Vol. 7(1) p. 139-147.

© 2021. The Authors. Published by Polish Academy of Sciences (PAN) and Institute of Technology and Life Sciences — National Research Institute (ITP — PIB).
This is an open access article under the CC BY-NC-ND license (https://creativecommons.org/licenses/by-nc-nd/3.0/)


https://doi.org/10.48317/IMIST.PRSM/morjchem-v2i5.2413
https://doi.org/10.48317/IMIST.PRSM/morjchem-v2i5.2413
https://doi.org/10.1001/jama.1945.02860360014004
https://doi.org/10.1016/j.envint.2013.11.019
https://doi.org/10.1016/0048-9697(84)90039-1
https://doi.org/10.1016/0048-9697(84)90039-1
https://doi.org/10.1016/j.jhydrol.2010.07.012
https://doi.org/10.1016/j.jhydrol.2010.07.012
https://doi.org/10.1016/j.apgeochem.2004.06.004
https://doi.org/10.1016/j.cosust.2013.10.018
https://doi.org/10.1016/j.ecoenv.2015.03.037
https://doi.org/10.1007/s12665-017-6492-1
https://doi.org/10.1007/s12665-017-6492-1
https://doi.org/10.1007/s13201-014-0256-9
https://doi.org/10.1007/s13201-014-0256-9

www.czasopisma.pan.pl P N www.journals.pan.pl

IS

POLSKA AKADEMIA NAUK

Fatma Bouhafs, Abdelaziz Laraba 37

Tran N.H., Giv K.Y.H., Nco H.H. 2015. Fecal pollution source tracking
toolbox for identification, evaluation and characterization of fecal
contamination in receiving urban surface waters and ground-
water. Science of The Total Environment. Vol. 538 p. 38-57. DOI
10.1016/j.scitotenv.2015.07.155.

VaroL S., Davraz A. 2015. Evaluation of the groundwater quality with
WQI (Water Quality Index) and multivariate analysis: A case
study of the Tefenni plain (Burdur/Turkey). Environmental
Earth Sciences. Vol. 73 p. 1725-1744. DOI 10.1007/s12665-014-
3531-z.

VorosMARTY C.J., GREEN P., SaLisBURY J., LAMMERs R.B. 2000. Global
water resources: Vulnerability from climate change and popula-
tion growth. Science. Vol. 298 p. 284-2838. DOI 10.1126/
science.289.5477.284.

WaNG B., Liu W., ZHaNG Y., WANG A. 2020. Bioenergy recovery from
wastewater accelerated by solar power: intermittent electro-
driving regulation and capacitive storage in biomass. Water
Research. Vol. 175, 115696. DOI 10.1016/j.watres.2020.115696.

WHEATER H.S., GoBer P. 2015. Water security and the science agenda.
Water Resources Research. Vol. 51(7) p. 5406-5424. DOI
10.1002/2015WR016892.

WaItE D., LAPWORTH D., STuaRT M., WiLLiaMs P. 2016. Hydrochemical
profiles in urban groundwater systems: New insights into
contaminant sources and pathways in the subsurface from legacy
and emerging contaminants. Science of the Total Environment.
Vol. 562 p. 962-973. DOI 10.1016/j.scitotenv.2016.04.054.

WHO 2011. Guidelines for drinking - water quality. 4" ed. World
Health Organization. ISBN 978-92-4-154815-1 pp. 631.

Wihite D.A. 2000. Drought as a natural hazard: Concepts and
definitions. In: Drought: A global assessment. Ed. D.A. Wilhite.
Vol. 1. Routledge p. 3-18.

Yang Q., WanG L., Ma H.,, Yu K., MarriN J.D. 2016. Hydrochemical
characterization and pollution sources identification of ground-
water in Salawusu aquifer system of Ordos Basin, China.
Environmental Pollution. Vol. 216 p. 340-349. DOI 10.1016/j.
envpol.2016.05.076.

© 2021. The Authors. Published by Polish Academy of Sciences (PAN) and Institute of Technology and Life Sciences — National Research Institute (ITP — PIB).
This is an open access article under the CC BY-NC-ND license (https://creativecommons.org/licenses/by-nc-nd/3.0/)


https://doi.org/10.1016/j.scitotenv.2015.07.155
https://doi.org/10.1016/j.scitotenv.2015.07.155
https://doi.org/10.1007/s12665-014-3531-z
https://doi.org/10.1007/s12665-014-3531-z
https://doi.org/10.1126/science.289.5477.284
https://doi.org/10.1126/science.289.5477.284
https://doi.org/10.1016/j.watres.2020.115696
https://doi.org/10.1002/2015WR016892
https://doi.org/10.1002/2015WR016892
https://doi.org/10.1016/j.scitotenv.2016.04.054
https://doi.org/10.1016/j.envpol.2016.05.076
https://doi.org/10.1016/j.envpol.2016.05.076

	INTRODUCTION
	MATERIAL AND METHODS
	STUDY AREA
	ANALYSIS PROTOCOL

	RESULTS AND DISCUSSION
	PHYSICOCHEMICAL EVOLUTION
	Temperature
	Hydrogen potential
	Electrical conductivity
	Total dissolved salts
	Dissolved oxygen
	Nitrogen parameters

	PRINCIPAL COMPONENT ANALYSIS (PCA)

	CONCLUSIONS
	REFERENCES



