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Abstract
Naâma watershed is situated in the southwest of Algeria, where the climate is arid. It is highly dependent on groundwater 
resources, which are the only available resources for irrigation and domestic purposes. The study was carried out to assess 
groundwater appropriateness in the study area for drinking uses through a water quality index (WQI) and geographic 
information system (GIS). Fourteen (14) groundwater samples were collected, and several physicochemical parameters 
such as electrical conductivity (EC), potential for hydrogen (pH), total dissolved solids (TDS), cations (Ca, Mg, Na, K), and 
anions (SO4, NO2, HCO3, Cl) were analyzed. The results report that the different water quality parameters were within the 
permissible limit given by the World Health Organization and Algerian Standards guidelines, except for some boreholes 
near the Sabkha of Naâma. Eleven (11) parameters were chosen to compile the water quality index. The results showed 
that 50% of groundwater sites sampled in the study area had excellent water quality, while 50% were suitable. By care‑
fully examining the data, it was revealed that boreholes distant from Sabkha present an excellent groundwater quality, 
where the WQI ranges between 37 and 41.6 mg/L. On the other hand, the boreholes close to Sabkha are characterized 
by a high concentration of electrical conductivity, TDS, sodium, and sulfates, explained by the contamination of the sur‑
rounding area through the infiltration of salt elements from the Sabkha. This salt contamination of groundwater would 
be accentuated by the discharge of wastewater from Naâma town into the Sabkha, the irrational use of chemical ferti‑
lizers, pesticides, and intensive pumping. The spatial distribution of the physicochemical parameters and water quality 
index was generated using the inverse distance weighted interpolation method (IDW). This study demonstrates that the 
combination of WQI and GIS methods could be a helpful tool for water resources management and decision making.
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1  Introduction

Water is essential for life; without it, there would be no 
life possible on earth. All living things need water to 
exist. Water resources are becoming scarce due to the 
increasing needs of domestic, industrial, and agricultural 
demand and environmental degradation [1, 2]. Ground‑
water is the primary source of drinking water for most 

of Algeria’s population, especially in rural areas [3]. The 
amount of water extracted from groundwater is about 
70% of the water used for Algeria’s drinking and irrigation 
services [4]. Dependence on groundwater has increased 
due to changing lifestyles, urbanization, and population 
growth. These elements impact the quality and quantity 
of groundwater resources negatively. Water geochemistry 
specifies the appropriateness of groundwater for irrigation 
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and domestic uses [5]. However, in the arid and semiarid 
regions, groundwater quality is grossly affected by agricul‑
tural activities due to the use of chemical fertilizers [6]. The 
degradation of groundwater quality is generally caused 
by natural processes and human activities [7]. Therefore, 
in areas that are closed to the sea like Algiers and Annaba, 
it was observed that there is salt pollution in the ground‑
water due to the seawater intrusion. In the southwest of 
Algeria, the groundwater quality could be influenced by 
wastewater discharge [8]. Before the water is used in dif‑
ferent sectors like domestic, agriculture, and industry, it 
is mandatory to evaluate its quality. Water quality is an 
expression used to interpret the physical, biological, and 
chemical characteristics of water, generally to its appro‑
priateness for specific use [9, 10]. Water held underground 
has long been considered good quality water compared 
to surface water due to the soil column of purification 
[11]. The standards of water quality differ according to 
the countries. The concept of “potability” varies around the 
world. It is the result of a historical, scientific, and cultural 
context. It determines access to water since good quality 
water is essential for economic and human development. 
For example, the parameters frequently regulated are: 
Organoleptic quality (color, turbidity, odor, flavor), certain 
natural physicochemical parameters (temperature, pH, 
calcium, magnesium, chlorides, sulfates.); the presence of 
substances undesirable (nitrates, nitrites, pesticides, etc.); 
the presence of substances toxic (arsenic, cadmium, lead, 
hydrocarbons, etc.); specific microbiological parameters; 
the water must not contain organisms pathogenic, in par‑
ticular fecal coliforms. Compliance with these parameters 
can be obtained by specific water treatment. If the phys‑
icochemical elements that characterize the water exceed 
national or international norms or standards, water is unfit 
for human consumption. This impure water is a real pub‑
lic health problem, especially in rural areas where water 
quality checks are less frequent. Several indicators have 
been developed by many researchers around the world 
to represent water quality data for groundwater and sur‑
face water resources [12–17]. Among these indices, the 
water quality index was defined by Horton [18] and pos‑
teriorly developed by Brown, McClelland [19]. The WQI 
(water quality index) is an essential parameter that can 
be applied to assess groundwater vulnerability because 
it reports groundwater in the region. Also, it’ is a power‑
ful tool to evaluate the adequacy of surface water [20]. 
Besides, the WQI method is vastly applied in several coun‑
tries and areas to assess groundwater quality around the 
world due to its outstanding capacity to assess and man‑
age water quality parameters [21].

Some notable examples around the world are as fol‑
lows: Varol and Davraz classified the quality of groundwa‑
ter with WQI in the Tefenni plain in Turkey [22]. Bairu et al. 

[23] used WQI and GIS to assess the quality of water in 
northern Ethiopia. Selvam et al. [24] applied the WQI to 
evaluate the groundwater quality in the south of India. 
In the Agro-Aversano area of southern Italy, Rufino et al. 
[25] used groundwater quality index (GQI) to evaluate the 
suitability of urban groundwater resources for drinking 
water and irrigation purposes. It was widely used in sev‑
eral regions in Iran to assess groundwater quality’s appro‑
priateness for drinking water and irrigation [26–31]. The 
most recent method for calculating a WQI is based upon 
integrating Fuzzy Logic with the GIS-based G.Q.I [32].

Some studies have also been accomplished in Algeria 
to evaluate the quality of water surface and groundwa‑
ter of many aquifers for irrigation and drinking purposes 
using the water quality index [4, 33–37]. The region of 
Naâma is the chief town of the Naâma Wilaya, which is 
situated in the southwest of Algeria. It is highly depend‑
ent on groundwater resources for its development. The 
groundwater is the only water source for agricultural and 
domestic activities due to the massive evaporation of 
surface water resources. This research’s main objective is 
to comprehend the status of the quality of the aquifer of 
Naâma watershed, using the WQI and GIS. We used several 
physicochemical parameters to estimate the appropriate‑
ness of groundwater for drinking uses such as electrical 
conductivity (EC), total dissolved solids (TDS), the potential 
for hydrogen (pH), major cations (Ca, Mg, Na, K), and major 
anions (SO4, NO2, HCO3, Cl).

1.1 � Study area

In 1984, the Naâma region was raised to the Wilaya rand 
within the Algerian Moroccan border and the Wilayas of 
Tlemcen, Sidi Bel abbes, El Bayadh, and Bechar. The Wilaya 
of Naâma comprises a vast rangeland zone to the north 
(75%), a median mountainous area, and a Saharian zone 
to the south. The Wilaya of Naâma consists of twelve (12) 
communes. It is located between the Tell Atlas and the 
Saharian Atlas and extends over 29,819 km2 for a popu‑
lation estimated at 274,067 inhabitants, with a density 
of 9.19 inhabitants/km2 [38]. The commune of Naâma 
is the capital of the Wilaya of Naâma; it has an area of 2 
525,93 km2. The geographic situation is between 3650000 
to 3720000 m N and 720,000 to 780,000 m E (Fig. 1). The 
total population of the commune of Naâma is around 
26156 inhabitants, and the density is estimated at 10.35 
(Hab./km2). Groundwater is the leading resource on which 
most of the region’s population depends on drinking and 
agriculture.
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1.2 � The climate conditions

Meteorological data for 30 years (1995–2015) are collected 
from the weather station of Naâma town. Its UTM coordi‑
nates are 3683441.09 m N and 749904.50 m E, and its WMO 
code is 605570. After data, analysis, and interpretation, it 
has been concluded that the climate of Naâma is arid to 
semiarid, where the evaporation is very high, and rainfall 
is rare and very irregular but intense. The annual rainfall 
range is between 124 and 352 mm and the average rain‑
fall is about 214.3 mm. July is the hottest and the driest 
month, with an average of 30 °C, and 6.3 mm of rain, while 
the most precipitation falls in October, with an average of 
40.6 mm. The heat record is 41° C recorded on Monday, 
July 16, 2012, and the cold record of − 7° C was recorded 
on Saturday, February 1, 2003.

1.3 � Hydrology

The watershed’s behavior results from different param‑
eters, mainly geological, morphological, and meteoro‑
logical factors. These regulate the temporal and spatial 
distribution of the surface flow [39]. Flows in the study 
area are infrequent, short-lived, and stormy. Its floods’ 

power is successive of having significant erosion and 
solid transport actions, which leads to aggressive flood‑
ing in this watershed. The only stream gauging station in 
the region is located far more than 100 km to the south, 
in the area of Ain Sefra [40]. A digital elevation model 
(D.E.M.) with 30 m resolution downloaded from USGS. 
“United States Geological Survey” website is used to 
delineate the Naâma watershed and define its physical 
characteristics. Naâma watershed is situated between 
3600000 to 3710000  m  N and 730,000 to 775,000  m 
E coordinates, and it has an area of 895 km2 covering 
35% of the area of the commune of Naâma (Fig. 2). The 
mountains surrounding the watershed are the starting 
areas of the streams that concentrate across the Sabkha, 
“a salt plain in North Africa occupied after the rain by 
a shallow lake.” The Sabkha of Naama is formed by the 
leaching of the Triassic salt lands of Djebel El Mellah. It 
is characterized by altitudes ranging between 1140 and 
1273 m above sea level, with a slope that is between 
complete flat to 7% [41]. A dendritic form characterizes 
the study area’s hydrographic network, and it is moder‑
ately dense and ramified. The common direction of flow 
is across the northeast, and the longest drainage path 
measures approximately 59 km.

Fig. 1   Study area
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1.4 � Geology

Ksour mountains are part of the Saharian Atlas, of which 
they constitute the extreme western part, with altitudes 
reaching more than 2000 m [42]. They are subdivided into 
three zones: (1) The pre-Atlas area (Mechria and Naâma) 
with weak structure and low topographic relief, which is 
the subject of our study. (2) The location of the strongly 
folded atlas (Ain Sefra). The limit between the two zones 
is underlined by anticline ridges dominating the pre-
Atlas corresponding to the North Atlas accident. (3) The 
pre-Saharan zone (Beni Ounif ), constituting the southern-
western end of the Ksour Mountain. Naâma watershed is 
part of the Ksour mountains (Fig. 3). Its geological setting 
is well known for photogeological studies [43]. Geologi‑
cal series spans from the Triassic to the recent Quaternary 
with a predominance of the Cenozoic Era [44]. Mio-Plio‑
cene rocks wrap more than 76% of the area, and 12.37% 
represent the Jurassic Era. The other percentage (11.63%) 
filled with cretaceous and quaternary formations. Juras‑
sic and Pliocene sandstones and limestones are the geo‑
logical facies that widely dominate the region [45–48]. The 
underground of the Wilaya of Naâma contains great water 
potential, which is, however, very little exploited. Ground‑
water reserves are located throughout the Wilaya terri‑
tory, in particular around Chott El-Gherbi, Chott Echergui, 
Naâma syncline, the aquifers of Ain Sefra, and Tiout valley. 
The most crucial groundwater aquifer in the study area is 

the Callovo-Oxfordian aquifer; it is formed of sandstones 
at the top then an alteration of sandstones and clays. It 
is a confined aquifer characterized by pores and cracks. 
Altitudes of the study region vary from 1086 to 1805 m, 
those located between 1200 and 1300 m represents 67% 
of the total area of the Naâma watershed. The slopes are 
medium to low. The altitude varies from 1086 m to 1805 m 
above the mean sea level. The most common heights are 
between 1200 and 1300 m, representing 67% of the total 
area of Naâma watershed. The relief is characterized by 
medium to low slopes.

2 � Materials and methods

The acquisition of data in water resource knowledge pro‑
grams sometimes leads to accumulating a large amount 
of information. It is not always easy to link this knowledge 
and the use we want to make of this water. To this end, 
the water quality index has been developed. WQI has a 
significant role in the evaluation of the quality of water. It 
has been used by numerous international organizations 
and researchers across the world. In this study, the weight 
arithmetic water quality index (WAWQI) method was 
selected; it has been widely applied in several countries 
and areas to calculate water quality [49–51]. 07 steps were 
followed to use the model in the study area:

2.1 � Data collection

From the Naâma watershed, fourteen (14) groundwater 
samples were gathered from the boreholes (Fig. 4). The 

Fig. 2   Watershed of Naâma

Fig. 3   Geological map
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samples are distributed uniformly to cover most of the 
study area. Before the sampling, the pumping of water 
for 10–15 min was necessary to obtain the composite 
sample. The samples were then collected in specific con‑
tainers washed with the water of interest and distilled 
water and then immediately transferred to the Naâma 
laboratory for analysis. For every groundwater sample, 
geographic location and static water level were men‑
tioned in a ticket, and various physicochemical analyses 
were performed. Electric Conductivity, Temperature, and 
potential hydrogen (pH) were measured in situ using 
HANNA waterproof portable multiparameter (HI98194). 
The method of complexometric titration was used to 
determine calcium (Ca), magnesium (mg), and total 
hardness (TH). Simultaneously, a flame photometer was 
utilized to analyze sodium (Na) and potassium (K). For 
anions: Mohr’s method was applied to determine the 
concentrations of chlorides (Cl). And the spectropho‑
tometer UV–VIS model was used to measure the con‑
centrations of sulfates (SO4), nitrate (NO3). Evaporation 
of 1 filtered liter of the water sample at a high tempera‑
ture (100 °C) was used to determine total dissolved solids 
(TDS). The residue was dried at 180 °C for 2 h. Finally, 
the analysis results were evaluated and compared with 
Algerian Standards’ guidelines quality water [52] and the 
World Health Organization [53]. The analyses were car‑
ried out for internal precision through an ionic balance. 
The expression that was evaluated following Eq. 1:

where E (%) is the charge-balance error, and 
∑

cations and 
∑

anions are the sums of cations and anions, respectively, 
expressed in equivalents per liter. The ionic balance is 
expressed in percentage. In this case, the interpretation 
of the results of the ionic balance was based on the fol‑
lowing rating:

–	 Excellent analysis, when E % is ranging between − 1 and 
+ 1.

–	 Acceptable analysis, when E % is ranging between − 5 
and + 5.

–	 Poor analysis, when E % is ranging between − 10 and 
+ 10.

After assessing the groundwater samples’ chemical analy‑
sis, other technical water analysis techniques were applied 
since the results were judged reliable.

2.2 � Assigning a weight (Wi)

At the next step, a weight (wi) has been attributed to each 
of the study’s 12 physicochemical parameters, according to 
its relative significance on the total quality of drinking water 
uses (Table 1). TDS and nitrates were given a maximum 
weight of 5, due to their high impact on groundwater qual‑
ity, while magnesium was assigned the minimum value of 
1, given to its low influence in the water quality of drinking. 
Weight between 1 and 5 was attributed to other physico‑
chemical parameters [54].

2.3 � Computing the proportional weight

In the following step, the proportional weight (Wi) is calcu‑
lated using Eq. 2. [55–57]:

where Wi is the proportional weight, wi is the weight of 
every parameter, and n is the number of parameters.

2.4 � Assigning the quality rating scale

Then, the rating scale of quality (qi) for every parameter was 
specified using Eq. 3:

(1)E(%) =

∑

cations −
∑

anions
∑

cations +
∑

anions
× 100%,

(2)Wi = wi∕

n
∑

i=1

wi,

(3)qi =
(

Ci∕Si
)

∗ 100,

Fig. 4   Groundwater sampling wells map
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where qi is the quality rating scale, Si is the drinking water 
standards for each chemical parameter (mg/L). And Ci is 
the concentration of every chemical parameter in mg/L.

2.5 � Determining the sub‑index value

In this step, the sub-index values SIi are calculated for all 
chemical parameter, by the multiplication of the propor‑
tional weight and the quality rating, following Eq. 4:

2.6 � Calculating the WQI

In the final step, WQI was computed by adding all the sub-
index of all groundwater samples together, following Eq. 5:

where SIi is the sub-index of the i th parameter, and n is the 
number of parameters [27, 58].

The calculated water quality index (WQI) values are clas‑
sified into 05 categories

–	 Excellent water, when WQI is less than 50.
–	 Good water, when WQI is ranging between 50 and 100.
–	 Poor water, WQI is ranging between 100 and 200.
–	 Very poor water, when WQI is ranging between 200 and 

300.
–	 If WQI is more than 300, the water is unfit for drinking.

2.7 � The spatial analysis

Analysis of the quality of groundwater is instrumental 
in the appropriateness evaluation of water for different 

(4)SIi = Wi ∗ qi .

(5)WQI =

n
∑

i=1

SIi ,

purposes. Generating spatial distribution maps of vari‑
ous quality of water parameters involves integrating the 
attribute and spatial data. Interpolation being a process 
of estimating unknown values that fall between known 
values could be the solution for this challenge [59]. Hence, 
the inverse distance weighted (IDW) interpolation tech‑
niques in ARC GIS have been used to prepare the spatial 
distribution maps for all physicochemical parameters. This 
interpolation method assumes that each point has a local 
influence that decreases with distance. Many researchers 
used (IDW) interpolation to create the water quality index 
maps [7, 23, 60–62]. The maps of the spatial distribution 
of the pH, EC, TDS, TH, anions and cations, and WQI for 
the study area have been created to help water resources 
management and decision making.

3 � Results and discussion

3.1 � Physicochemical assessment

The results of the physicochemical parameters of the 
groundwater quality of Naâma watershed are summa‑
rized in Table 2. The table also provides the average and 
standard deviation for each parameter. The last column 
of Table 2 shows the charge-balance error obtained with 
Eq. (1). We remark that All charge-balance errors are within 
an acceptable limit of 5%, except for the sample from well 
N1, which is just above the limit. Based on the results, we 
make the following observations:

The pH of the study area fell within 7.11 and 8.13 and 
had a mean of 7.71. All water samples analyzed fell within 
Algerian Standards’ guidelines limit and the World Health 
Organization [52, 53]. With pH > 7.0, the groundwater of 
this study area is alkaline. Figure 5-a presents the spatial 
analysis of pH.

Table 1   Weight and relative 
weight of each parameter for 
the study area

Parameter WHO (2004) Algerian Stand‑
ards (2011)

Weight (wi) Relative weight (Wi)

pH 6.5 < pH < 8.5 6.9 < pH < 9.0 4 0.003968
Conductivity (µδ/cm) 1500 2800 4 0.001984
TDS (mg/L) 500 No-Limit 5 0.001984
Calcium (mg/L) 75 200 3 0.002976
Magnesium (mg/L) 50 150 1 0.001984
Sodium (mg/L) 200 200 2 0.001984
Potassium (mg/L) 12 12 2 0.000992
Chloride (mg/L) 250 500 3 0.002976
Sulfates (mg/L) 250 400 4 0.001984
Nitrates (mg/L) 45 50 5 0.002976
Bicarbonates (mg/L) 120 No-Limit 3 0.001984

36 1
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The electrical conductivity in this study varied from 551 
to 1084 µS/cm. It was noted that all measured values for 
EC were less than the indicative value for the water of 1500 
μS/cm, prescribed by the World Health Organization, and 
they were also under the indicative value for the water of 
2800 μS/cm, fixed by Algerian Standards [52, 53]. It was 
observed that at the location of borehole N8, the high‑
est mean value of 1084 μS/cm was recorded. High electri‑
cal conductivity values in certain parts of the study area 

could be due to certain salts’ infiltration from the Sabkha 
of Naâma toward the aquifer. Figure 5b shows the spatial 
distribution of EC in the Naâma watershed. It was found 
that the groundwater samples which are located far from 
Sabkha displayed a lower EC value (N6, N5, F13).

The values of TDS of Naâma aquifer range from 216 
to 1660 mg/L in groundwater samples. It has been con‑
cluded that 93% of water samples are within the World 
Health Organization recommended limits of 1000 mg/L 

Fig. 5   Spatial distribution of in the Naâma watershed. a pH, b electrical conductivity, c total dissolved
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[53]. It is noted that no limit is stipulated for the TDS by 
the Algerian Standards [52]. The spatial analysis for TDS 
of this study presented in Fig. 5c shows that the con‑
siderable concentrations of TDS located near Sabkha de 
Naâma (T3, P1, and F1). On the other hand, boreholes, 
located far from Sabkha, presented low concentration 
and varied from 216 to 376 mg/L (N6 and F13). TDS in 
the groundwater studied in this research was high due 
to the enrichment of salts in the water. It might also be 
because of the interaction of rock and water and agri‑
cultural activities.

The values of calcium in groundwater in the study 
area range from 64 to 124 mg/L. Figure 6a shows that 
all calcium concentrations are within the acceptable 
limits of the Algerian Standards of 200  mg/L, while 
50% exceeds the consumption Standards stipulated 
by the World Health Organization of 75 mg/L [52, 53]. 
High amounts of calcium in tap water pose no health 
risk. However, they can affect the taste of the water. The 
content of magnesium in groundwater samples spread 
from 37 to 79 mg/L, and the average value is 55.88 mg/L. 
All magnesium values respect the Algerian Standards 

Fig. 6   Spatial distribution of major cations in the Naâma watershed. a Calcium, b magnesium, c sodium, d potassium



Vol:.(1234567890)

Research Article	 SN Applied Sciences (2020) 2:1951 | https://doi.org/10.1007/s42452-020-03768-x

(150 mg/L), while and 58% exceeds the drinking Stand‑
ards stipulated by the World Health Organization of 
50 mg/L [52, 53]. In the spatial distribution map of mag‑
nesium (Fig. 6b), it was shown that a high concentration 
of magnesium concentration is situated in the borehole 
T3, which is located near the Sabkha of Naâma. The con‑
tent of magnesium is comparatively less than that of cal‑
cium. Together contributes to the hardness of the water.

The amount of sodium concentration in the present 
study was 21–806 mg/L. According to the World Health 
Organization and Algerian Standards [52, 53], the maxi‑
mum concentration in drinking water may not exceed, 
respectively, 150 and 200  mg/L. The primary source 
of sodium ions in water comes from the liberation of 
soluble sodium products. Like other alkaline minerals, 
sodium is present in large quantities in natural waters. 
Figure 6c, which represents sodium’s spatial distribution, 
shows that the highest sodium (806 mg/L) is found in the 
groundwater sample (F1) located near Sabkha of Naâma.

The mean concentration of potassium in our study 
area ranges from 3  mg/L in the borehole (MD) to 
16.23 mg/L in the borehole (N2). The spatial analysis of 
potassium of groundwater samples shows that most 
of the samples had potassium concentration within 
the desirable limit of 12 mg/L, stipulated by the World 
Health Organization and Algerian Standards, except for 
the groundwater sample (N2) (Fig. 6d) [52, 53]. The gen‑
eral concentration in drinking water seldom can attain 
20 mg/L [63].

Sulfates in our study area varied from 84.6 mg/L in the 
borehole (F13) to 213 mg/L in the borehole (T3), so whole 
samples respect the guideline value of 250  mg/L and 
400 mg/L prescribed, respectively, by the World Health 
Organization and Algerian Standards [52, 53]. The spatial 
analysis of sulfates in the study area shows that the high 
values of sulfate of groundwater samples are presented 
in the nearest wells of the Sabkha (F1, P1, T3) (Fig. 7a). The 
high amount of sulfate could cause some adverse effects 
on humans like catharsis, dehydration, and gastrointesti‑
nal irritation due to the accumulation of large amounts of 
sulfates [64].

Chloride is a significant parameter used to estimate the 
water quality. The chloride concentration of water can be 
higher or lower depending on the soils’ geology and their 
exposure to pollution by organic animal matter, massive 
fertilizer, and sewage [65]. The amount of chloride concen‑
tration in the present study ranged from 25 to 177 mg/L. 
The chloride concentration in all the boreholes sampled 
was within the guideline value prescribed by the World 
Health Organization and Algerian Standards [52, 53]. 
The spatial analysis of chloride shows that the borehole 
(N2) had a higher chloride concentration than the other 
boreholes (Fig. 7b). It was found that the groundwater 

samples which are located far from Sabkha displayed a 
lower chloride.

The results showed that the study area’s nitrate con‑
centration was in the range of 0.38 mg/L at the sampling 
station (N3) to 28.6 mg/L at the sampling station (N5). 
They fell within the permissible limits by the World Health 
Organization and Algerian Standards of 45 and 50 mg/L, 
respectively [52, 53]. It was observed from the spatial 
distribution of nitrates (Fig. 7c) that the maximum value 
of nitrate concentration of 28.6 mg/L was found on the 
borehole N5. The nitrates have a toxic effect on some 
aquatic organisms when the concentration level is above 
100 mg/L. Excessive application of fertilizer to agricultural 
soils creates the risk of too high a concentration of nitrate 
in the water.

Bicarbonate is one of many mineral substances found 
naturally in water. Water can contain varying amounts of 
bicarbonate depending on the types of soil it crosses (infil‑
tration) or its flows (runoff). The biological process of plant 
roots, and the chemical reaction of oxidation of organic 
matter in the soil, are the leading causes of a high amount 
of bicarbonate in water [66]. Bicarbonate values vary from 
190 to 272 mg/L. According to Heath’s classification, the 
study area’s groundwater samples are classifiers in a hard 
water category. The geological formation is a significant 
reason for the hardness of the water in the study area [67].

From the short review above, key findings emerge that 
the Sabkha salinity affects the groundwater indicated by 
the high level of electrical conductivity (EC), total dissolved 
solids  (TDS), sodium (Na), and sulfates (So4). With the 
increasing distance from the contamination source (Sab‑
kha), the groundwater quality becomes better: N4, N6, and 
F13 present for all parameters values below the maximum 
allowable concentration. It should also be noted that the 
intensive pumping accelerates the migration of saltwater 
from the Sabkha to the groundwater.

3.2 � WQI for drinking water assessment

The spatial distribution map of the water quality index 
(WQI) for the water samples was generated for the Naâma 
watershed by using the inverse distance weighted method 
IDW (Fig. 8). It has been concluded that the entire WQI of 
groundwater in Naâma was found to be either excellent 
or good. In some boreholes of the area like N2, N3, N5, 
N6, N7, F4, and F13, the water quality was excellent and 
convenient for drinking purposes. Meanwhile, the WQI in 
boreholes for the area like N1, N2, N8, H1, MD, P, and T3 
was found suitable.

By carefully examining the data, it is found that bore‑
holes distant from Sabkha present an excellent ground‑
water quality, where the WQI ranges between 37 and 
41.6 mg/L. On the other hand, the boreholes close to 
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Sabkha are classifiers in a hard water category due to 
the enrichment in silicate minerals, caused saltwater by 
intrusion from the Sabkha of Naâma. This salt contamina‑
tion of groundwater would be accentuated by the dis‑
charge of wastewater from Naâma town into the Sabkha, 
the irrational use of chemical fertilizers, pesticides, and 
intensive pumping.

This study is a first contribution to the study of 
chemical quality in the Naâma watershed. Good agree‑
ment was found when comparing results from this work 

against published studies in other regions in Algeria, 
such as Oran and Khenchela, in the north of the country 
[68, 69].

The map of WQI’s spatial distribution could be a handy 
and useful tool for summarizing and reporting monitor‑
ing data to decision-makers to understand the state of 
groundwater quality in the region. The method pre‑
sented in this work is sufficiently general to be applied 
to other areas.

Fig. 7   Spatial distribution of major cations in the Naâma watershed. a Sulfates, b chlorides, c nitrates, d bicarbonates
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4 � Conclusion

Naâma watershed situated in the southwest of Algeria, 
where the climate is arid and covers an area of 895 km2; it 
is highly dependent on groundwater resources, which are 
the only available resources that are used for irrigation and 
domestic purposes. In this study, fourteen (14) water sam‑
ples of boreholes were collected and analyzed. The results 
report that the different water quality parameters such as 
conductivity EC, pH, TDS, major cations, and major ani‑
ons were generally in the permissible limit given by World 
Health Organization guidelines Algerian Standards except 
some boreholes situated near the Sabkha of Naâma. Still, 
it does not have any impact on drinking water purposes.

The entire water quality index (WQI) calculated ground‑
water in the Naâma watershed was either excellent or 
good. In some boreholes of the area like N2, N3, N5, N6, 
N7, F4, and F13, the water quality index WQI calculated 
is less than 50. Meanwhile, WQI in boreholes for the area 
like N1, N2, N8, H1, MD, P, and T3 is between 50 and 100. It 
has been concluded that 50% of the groundwater samples 
were in excellent condition. The rest were in a good water 
category, and all the water samples are appropriate for 
drinking uses.

The spatial analysis of physicochemical parameters of 
the groundwater and IDW interpolation technique used to 
represent the distribution of major ions in the study area 
and to determine the water appropriateness for drinking 

uses. After this study, we remark that salinity affects the 
groundwater in the nearest boreholes of the Sabkha’s 
depression (N1, P1, T3) characterized by the high level 
of electrical conductivity, total dissolved solids, sodium, 
and sulfates explained by contamination by salt element 
through the infiltration of the surrounding area through 
infiltration. With the increasing distance from the contami‑
nation source (Sabkha), further wells’ groundwater quality 
becomes excellent at N4, N6, and F13 boreholes, where 
the WQI ranges of between 37 and 41.6 mg/L. This salt 
contamination of groundwater would be accentuated by 
the discharge of wastewater from Naâma town into the 
Sabkha, the irrational use of chemical fertilizers, pesticides, 
and intensive pumping. It is recommended to avoid the 
sinking of boreholes in areas close to Sabkha of Naâma.

This study is a first contribution to the study of chemical 
quality in the Naâma watershed. It is a work whose results 
are a tool for orientation, decision support to local and 
regional authorities. The maps of spatial distribution cre‑
ated for several physicochemical parameters could help 
design a water program. Water engineering actors and 
decision-makers can use the combination of WQI and 
GIS to understand and evaluate groundwater quality in 
the study area. Further investigation of the microbiologi‑
cal parameter must be carried out to study the degree 
of pollution and anthropogenic effect on this area’s 
groundwater.
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