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Abstract In the northern part of Algeria, the intensive
exploitation of groundwater resources and pollution has
considerably affected the aquifer water quality, especially
in rural areas where groundwater is the main source of
water supply for most uses. This study was performed to
evaluate the groundwater quality and its suitability for
drinking and irrigation purposes through the hydrogeo-
chemical study on the groundwater in Bougaa region
(Northeastern Algeria). Fourteen groundwater samples
were collected and analyzed for pH, T, EC, TDS, and
major ions. Most samples are suitable for drinking based on
the permissible limits of the Bureau of Indian standards
(Indian standard specification for drinking water (IS 10500:
2012), but only 35 % of the samples are good enough for
drinking purposes based on the water quality index of the
groundwater. Assessment of groundwater samples from
various parameters and methods such as “Electrical con-
ductivity, Sodium adsorption ratio, Soluble sodium per-
centage, Magnesium adsorption ratio, Residual sodium
carbonate, Permeability index, Kelly’s ratio, Wilcox’s
diagram, and US salinity laboratory classification” showed
that groundwater in the area is chemically suitable for
irrigation uses. The Piper trilinear diagram suggests that the
groundwater mainly belongs to the hydrochemical facies
Ca-Mg—Cl and Na-Cl. The combination of ionic ratios,
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Gibbs plots, and saturation indices show that water—rock
interaction, particularly the dissolution of carbonate,
evaporation minerals, and ion exchange processes affects
hydrogeochemistry of the area. Additional processes such
as evaporation and anthropogenic pollution from various
sources can also have major impacts on groundwater
salinity.

Keywords Groundwater - Irrigation - Drinking - WQI -
Sodium adsorption ratio - Wilcox’s diagram

1 Introduction

Groundwater is a major source of water for domestic,
agricultural, and industrial uses in many countries in the
world. In areas with low annual rainfall and long dry sea-
son, the underground reservoirs play a major role in sat-
isfying the water supply. In Africa, groundwater is
considered a substantial share of total natural water
resources. In recent years, with the rapid increase in pop-
ulation, groundwater is becoming more important as a
source of drinking and irrigation uses. Therefore, ground-
water quality is a critical factor that influences human
health and plant development, which is affected by its
chemical composition. The geochemical properties of
groundwater rely mainly on the chemistry of recharging
water, water—rock interaction, and anthropogenic activities.
Several hydrogeochemical studies have been applied to
evaluate the status of groundwater quality (Abbasnia et al.
2019; Acharya et al. 2018; Akter et al. 2016; Aminiyan
et al. 2018; Belkhiri and Mouni 2012; Garcia-Avila et al.
2018; Jain et al. 2010; Kaur et al. 2017; Sarath Prasanth
et al. 2012; Singh et al. 2015) using certain physico-
chemical characteristics and geochemical indices such as
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“electrical conductivity (EC), sodium adsorption ratio
(SAR), soluble sodium percentage (SSP)”.

Groundwater in Northern Algeria has been considerably
reduced due to over-exploitation, lack of rainfall and pol-
lution, resulting in the shortage and deterioration of the
groundwater. This could render serious threats to human
beings, livestock and agricultural production. In this
regard, hydrogeochemical analysis and methods were used
to assess the quality of groundwater and its suitability for
drinking and irrigation. Groundwater in Bougia area
(Northeast of Algeria) is a significant fraction of water
supplies, with over 60 percent of the total water for
domestic purpose and about 40% for agricultural and
industrial purposes. This study will help to review the
current state of water resources in the area, and also pro-
vide baseline data and a framework for future studies.

2 Study area

The study area (36°19'-36°21" N, 5°03'-5°06' E) is situated
in northeast Algeria, covering an area of about 70 km?>
(Fig. 1a). Its climate is sub-humid, with the annual pre-
cipitation of approximately 604.4 mm and the average
atmospheric temperature of 15.6 °C. The average altitude
varies between 800 and 1400 m. The geology of the study
area consists of formations ranging in age from Triassic to
Mio-Plio-Quaternary (Vila 1980). The Triassic is located in
the west of the study area, which consists mainly of clay
and evaporite minerals (gypsum, halite). The Jurassic for-
mation is composed only of limestone and dolomite. The
Cretaceous formations (Barremian to Maastrichtian) are
characterized by an alternation of marl and limestone
(Fig. 1b). The Paleocene and Eocene are formulated by
limestone and marl. The Mio-Plio-Quaternary formations
are composed of sand, clay, and gravel; These formations
represent heterogeneous continental sedimentation (Vila
1977).

From a hydrogeological point of view, two important
aquifers were identified based on lithostratigraphic and
hydrogeological studies (Athemna 2006; Boudoukha 1998;
Boudoukha and Athamena 2012; Cheddad 2008; Vila
1980); the first is the deep aquifer of limestones Creta-
ceous—Eocene (Neritic carbonate aquifer) recharged by
vertically infiltrating meteoric water by fractures and fis-
sures of massifs (Dj Guergour). This aquifer is exploited by
deep wells with an average depth of 200 m (Athemna
2006). The second is the alluvial aquifer which is mainly
formed by alluvial deposits. The latter is very heteroge-
neous alluvium comprising an alternation of permeable
sediments (sand, gravel, sandy clay) with a thickness of
15-25 m. The study area is situated on the alluvial plain of
the Mio-Plio-Quaternary where there are many water wells

that tap shallow alluvial aquifer to a depth of 1 to 20 m
with the direction of groundwater flow is from South to
North toward Oued Sidi Ali (Cheddad 2008).

3 Sampling and analytical procedures

A total of fourteen groundwater samples (well and spring)
were collected in April 2014 from the study area (Fig. 1a).
In-situ parameters, including pH, EC, T, and TDS were
measured by portable conductivity-meter (HANNA Hi-
9813-6 Multiparameter) (Table 1). All samples were fil-
tered with 0.45 pum membrane filter and collected in sterile
1000 mL bottles which had been stored in an icebox at a
constant temperature < 4 °C and preserved in a refrigera-
tor (< 4 °C) after acidification by nitric acid (5 mL of 6 N
HNO;). The concentrations of Ca®", Mg>*, HCO;™, Cl~
were determined by titration, SO,*~ using a Jenway 6051
Colorimeter, Na*, and K by atomic absorption spec-
trometer (Perkin-Elmer model AAnalyst 200). All chemi-
cal analyses were performed in the laboratory of
Hydrogeology, in the Constantine Faculty of Earth Sci-
ences. The analytical precision of chemical analysis in
groundwater samples can be checked by calculating the
ionic balance error using the Eq. (1) (Appelo1996), which
is within 5 % (Table 1).

Tonic balance (IB)% = 100

X (Z cations — Z anions) / (Z cations + Z anions)
(1)
4 Water quality index

Water quality index (WQI) is a useful tool to evaluate the
suitability of water quality for drinking purposes. It has
already been used in several studies to assess the quality
surface water and groundwater (Bora 2017; Bouderbala
2017; Chaurasia et al. 2018; Fathi et al. 2018; Sener et al.
2017; Soleimani et al. 2018; Wu et al. 2018). WQI was
firstly proposed by Horton (1965) and further developed by
Brown et al. (1970) based on physicochemical data and
assigned weights according to their relative importance in
the overall quality of water for drinking purpose. In this
study, WQI has been calculated by the following three
steps based on nine physicochemical parameters (n = 9):

e The first step is to assign weights (wi) to each of the
parameters according to the relative significance of the
groundwater parameter in drinking water quality.
According to our physicochemical data, a maximum
weight of 5 has been assigned to parameters such as
Cl~, SO4°~ and TDS as it plays a significant role in
groundwater quality assessment; minimum weight of 1
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Fig. 1 a Geological map of the study area (Vila 1980); b geological cross section through profile (AB)

was assigned to HCO3™ for its insignificant role, while
other parameters such as pH, Ca®", Mg”>", Na™ and K*
were assigned weights between 1 and 5 depending on
their importance for drinking (Table 2).

e The second step involves calculating the relative
weights (Wi) which are calculated using the following
equation:

@ Springer

. wi
Wi = m (2)
where Wi is the relative weight; wi is the weight of each
parameter and »n is the number of parameters.
The third step consists in dividing the concentration of
each parameter (Ci) in mg/L by its respective standards
(Si) of drinking water quality recommended by the
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Table 1 Sampling locations and hydrochemical parameters of groundwater in the study area

Sample ID  Longitude (E) Latitude (N) EC TDS pH T Ca*™ Mg Nat K" HCO;~ SO, CI- 1B
A4 5°5'44.7" 36°20030.2"” 1350 1950 6.7 14 1579 708 3245 8 463.6 8475 781 12
w2 5°5'12.3" 36°20/35.6” 1480 2257 6.7 15 1603 87.6 4082 142 4514 1050 852 2.7
W3 5°5'17.9" 36°20007.3" 1305 711 73 21 116 458 303 13 1636 197 1455 17
w4 5°5'32.7" 36°19'40.17 956 546 78 22 77 272 53 46 2025 216 1597 16
W5 5°4/56.7" 36°19'47.77 1120 1285 74 23 126 885 1329 152 3234 429 1704 2
w6 5°5'11” 36°19'26.9" 420 637 77 19 987 382 299 14 2806 375 1384 26
W7 5°4'47" 36°20'11.37 1720 2486 7.1 18 1458 113 6254 107 2964 1368 284 22
w8 5°4/39” 36°2027.2" 1520 2167 7 19 898 814  477.8 115 2928 1050 1633 1.6
W9 5°4'19.9” 36°20'1.5" 1720 2005 6.5 17 214 443 3542 13 3733 765 2414 21
S1 5°3'27.4" 36°2012.7" 360 708 7 20 433 1036 32 14 2476 225 71 2.5
S2 5°3/31” 36°2004.4" 1500 2046 74 19 641 1103 4236 84 2964 990 1526 2
S3 5°3/18.4" 36°19'42.6" 1040 1497 69 22 1219 113 1735 102 3172 633 127.8 29
S4 5°2/58.9" 36°19'20.7" 500 698 74 22 937 445 53 94 200 1728 1242 26
S5 5°3'24.2" 36°19'16.17 3700 3731 6.7 42 5268 309  642.8 12.1 400.1 1632 4863 2.6
Min - - 360 546 65 14 433 113 32 46 1636 216 284 -
Mean - - 1335 16231 7.1 21 1454 641 2666 113 3078 6727 1551 -
Max - - 3700 3731 7.8 42 5268 113 6428 152 463.6 1632 4863 -
SD - - 819.7 9245 04 66 1183 335 2269 29 904 5108 1086 -

Ca**, Mg?*, Na*, K*, HCO;™, SO,*~, CI7, are expressed in mg/L, EC is in pS/cm, TDS in mg/L, T in °C, IB in (%)

Min minimum, Mean average, Max maximum, SD standard deviation

Table 2 The weight (wi) and relative weight (Wi) of each chemical parameter

Chemical parameters Range of observed values WHO (2011) Weight (wi) Relative weight (Wi)
pH 6.5-7.87 8.5 3 0.083
TDS 546-3731 500 5 0.139
Ca** 43.3-526.8 75 3 0.083
Mg>* 11.3-113 50 3 0.083
Na* 3.2-642.8 200 4 0.111
K" 4.6-15.2 12 2 0.056
HCO;™ 163.6-463.6 120 1 0.028
SO~ 21.6-1632 250 5 0.139
Cl™ 28.4-486.3 250 5 0.139
Twi =31 Wi =0.861

Concentrations in mg/L

Finally, Eq. (4) represents the general formula for cal-
culating WQI values that can show water quality for
drinking purposes. Five categories of water were classified

World Health Organization (WHO 2011), to compute a
quality rating scale (gi) for each parameter using

Eq. 3):
qi = (Ci/Si) x 100

(3)

according to WQI values, from excellent to water unsuit-
able for drinking purposes, as shown in Table 3.

WOI = " Wi x gi (4)
=1
4.1 Irrigation parameters

e Sodium adsorption ratio of water is a useful parameter
used to assess the suitability of groundwater for

@ Springer



646

Acta Geochim (2020) 39(5):642-654

Table 3 Water quality classification based on WQI value (Sahu and
Sikdar 2008)

Classification of drinking water quality

WQI range Class Type of water

<50 I Excellent water

50-100.1 II Good water

100-200.1 I Poor water

200-300.1 v Very poor water

> 300 v Water unsuitable for drinking

agricultural activities (Richards 1954). It is calculated
from Eq. (5):

SAR = Na*/y/(Ca®" +Mg>") /2) 5)

e Soluble sodium percentage is calculated by the follow-
ing equation:
Na(%) = 100
x (Na* +K*/Na" + K" + Ca*" + Mg*")

(6)

where Nat, K*, Ca®" and Mg”" are in (meq/L)

e Magnesium adsorption ratio is a calculated value, and it
is defined by the following Eq. (7) in which the
concentrations are in meq/L (Raghunath 1987):

MAR = (Mg*"/Mg*" + Ca*") x 100 (7)

e Residual sodium carbonate (RSC) can be calculated as
follows:

RSC = (HCOj + CO3™)—(Ca*" + Mg*") (8)

All ions concentrations are expressed in meq/L.
e Permeability index (PI) is defined by the following
equation:

PI = (Na" + /HCOj)/(Ca’" + Mg*" + Na*)

x 100 ©)

e Kelly’s ratio (KR) is calculated using the following
expression:

KR = Na®/(Ca’" + Mg*") (10)

where Na™, Ca®" and Mg®" are expressed in (meg/L)

5 Results and discussion
5.1 Water quality for drinking purposes

Safe drinking water is a crucial factor in human health.
Therefore, the change in physicochemical characteristics
due to natural or anthropogenic pollution, which directly
affects its quality attributes. The summary of the analytical
results and the statistical measures such as a minimum,
maximum, and mean are given in Table 1. The concen-
tration of various physiochemical parameters in the
groundwater samples is compared with the standard values
of proposed by the BIS (Table 4), the qualified rates of the
groundwater were 100% for pH and Cl™, 85% for Ca’™,
78% for Mg”, 71% for EC and 66% for TDS, respec-
tively. As to Na*t, KT, and SO427, the qualified rates were
50%, 50%, and 42%, respectively. Generally speaking,
most of the groundwater in the study area is suitable for
drinking.

5.2 Water quality index

Water quality index (WQI) is considered as an indicator for
the classification of water into five classes, which are
excellent, good, poor, very poor and water unsuitable for
drinking (Sahu and Sikdar 2008), the WQI values ranging
from 55.8 to 342 (Table 5) indicated that only 35.7% of the

Table 4 Comparison of the

- > . Chemical Acceptable limit Permissible Range of Percentage of samples below the
chemical composition of studied parameters limit observed values  permissible limits (%)
groundwater with BIS (2012)

pH 6.5-8.5 - 6.5-7.8 100
EC - 1500* 360-3700 71
TDS 500 2000 546-3731 66
Ca*" 75 200 43.3-526.8 85
Mg**+ 30 100 11.3-113 78
Na*t - 200? 3.2-642.8 50
K* - 12* 4.6-15.2 50
SO~ 200 400 21.6-1632 42
Cl™ 250 1000 28.4-486.3 100

“WHO (2011), EC is in uS/cm, TDS in mg/L, Concentrations in mg/L
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Table 5 Statistical summary of the calculated indices for the quality of drinking water and irrigation in the present study

Sample ID WQI Water type SAR SSP (%) MAR (%) RSC PI (%) KR
Wi 174 Poor water 5.4 50.9 42.8 — 6.2 60.4 1.02
w2 204.5 Very poor water 6.4 54.2 47.7 - 79 61.9 1.1
W3 78 Good water 0.6 14.6 39.7 - 69 27 0.1
w4 55.8 Good water 1.3 28.4 37 - 28 49 0.4
W5 126.9 Poor water 22 31 539 — 84 41.5 0.4
w6 67 Good water 0.6 16.9 39.2 - 35 36.5 0.1
w17 218.3 Very poor water 13.4 76.9 11.5 — 34 82.9 33
w8 196.7 Poor water 8.7 65.1 60.2 — 6.5 71.6 1.8
W9 183.5 Poor water 5.7 522 25.6 — 83 59.9 1.07
S1 77.4 Good water 0.06 44 79.9 - 6.7 19.7 0.01
S2 187.4 Poor water 7.4 60 74.1 - 175 66.9 1.5
S3 1447 Poor water 2.7 334 60.7 - 103 42.6 0.5
S4 72.9 Good water 1.1 232 44.2 — 5.1 38.4 0.2
S5 3422 Water unsuitable for drinking 7.3 49.4 8.9 —223 53.6 0.9
Min 55.8 - 0.06 44 8.9 - 223 19.7 0.01
Max 342.2 - 13.4 76.9 79.9 —34 82.9 33

groundwater is good for drinking purpose, and 42.8%,
14.3% and 7.1% of the groundwater are defined as poor,
very poor and unsuitable for drinking purpose, respectively
(Fig. 2a, b).

5.3 Water quality for irrigation purposes

In agricultural areas, water is essential for irrigation and its
quality significantly affects crop production. The high
concentration of salt in water affects crop growth and soil.
This is due to its accumulation in the root zone where it

affects the permeability of the soil due to excess sodium or
calcium leaching. In this study: (Electrical conductivity
(EC), Sodium adsorption ratio (SAR), Soluble sodium
percentage (SSP), Magnesium Adsorption ratio (MAR),
Residual sodium carbonate (RSC), Permeability Index (PI),
Kelly’s ratio (KR), US Salinity and Wilcox Diagrams)
were used as indicators of water suitability for irrigation.

a b
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Fig. 2 a Variation in water quality index (WQI) in the study area; b WQI categories of groundwater samples (%)
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5.3.1 Electrical conductivity (EC)

Electrical conductivity (EC) is one of the most important
parameters that are needed for evaluating the quality of
water for irrigation uses. Based on electrical conductivity
values, water is divided into five classes from good to
unsuitable for irrigation according to the World Food and
Agricultural Organization (FAO) (Ayers and Westcot
1985). The five categories include excellent water
(< 250 pS/ecm), good water (250-750 pS/cm), permissible
(750-2000 pS/cm), doubtful (2000-3000 puS/cm) and
unsuitable (> 3000 pS/cm). In most parts of the study area,
water quality varies from “good” to “permissible” for
irrigation (Table 6), except for water of spring 5 it is
considered unsuitable.

5.3.2 Sodium adsorption ratio (SAR)

Richards (1954) divided irrigation water into four cate-
gories, as shown in Table 6. The values of SAR in the
studied groundwater ranged from 0.05 to 13.39 (about
92 % of the samples were less than 10) (Table 5), which

are considered excellent for irrigation. This means that
sodium has low risks and water of the area can be used for
irrigation in all kinds of soil and crops.

5.3.3 Soluble sodium percentage (SSP)

SSP is frequently used to evaluate the hazard of sodium for
irrigation (Wilcox 1955). In this case, the groundwater can
be divided into five categories: excellent (SSP < 20 %),
good (20 % < SSP < 40 %), permissible (40 % < SSP <
60 %), doubtful (60 % < SSP < 80 %), and unsuit-
able (SSP > 80 %). In the present study, the values of SSP
were between 4.4 and 76.9 % (Table 5), indicate that
groundwater in Bougaa area basically suitable for irrigation
(Table 6), except for two samples fall into doubtful cate-
gory (60 % < SSP < 80 %).

5.3.4 Magnesium adsorption ratio (MAR)
According to MAR values (in %), water is divided into two

categories: Unsuitable (MAR > 50) and Permissible
(0 < Mar < 50). Based on the analytical results found

Table 6 Classification of groundwater samples for irrigation use on the basis of EC, SAR, SSP, MAR, RSC, PI, KR

Parameters Range Classification Number of samples
Salinity hazard (EC) (uS/cm) < 250 Excellent -
250-750 Good 3
750-2000 Permissible 10
2000-3000 Doubtful -
> 3000 Unsuitable 1
Sodium adsorption ratio (SAR) <10 Excellent 13
10-18 Good 1
18-26 Doubtful -
> 26 Unsuitable -
Soluble sodium percentage (SSP) (%) <20 % Excellent 3
20 % < SSP < 40 % Good 4
40 % < SSP < 60 % Permissible 5
60 % < SSP < 80 % Doubtful 2
SSP > 80 % Unsuitable -
Magnesium adsorption ratio (MAR) (%) 0 < Mar < 50 Permissible 8
MAR > 50 Unsuitable 6
Residual sodium carbonate (RSC) RSC < 1.25 Safe for irrigation 14
1.25 <RSC < 2.5 Potentially hazardous -
RSC > 2.5 Unsuitable -
Permeability index (PI) (%) Class I (max. permeability) Excellent -
Class II (75 % of max. permeability) Good 13
Class III (25 % of max. permeability) Unsuitable 1
Kelly’s ratio (KR) <1 Suitable 8
> 1 Unsuitable 6

@ Springer
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(Table 5), about 57 % of groundwater samples are per-
missible and 43% come under the doubtful category for
irrigation (Table 6).

5.3.5 Residual sodium carbonate (RSC)

RSC is another parameter that can be an indicator of
sodium carbonate in water. Due to a higher concentration
of CO5>~ and HCO;™, this leads to precipitate Ca*" and
Mg2+ as carbonates (Eaton 1950). If RSC > 2.5, water is
usually  unsuitable  for  irrigation (hazardous),
1.25 < RSC < 2.5, water is potentially hazardous, if
RSC < 1.25; water is safe for irrigation. The RSC values
of groundwater in this study area (Table 5) are less than
1.25, which shows that water is suitable and safe for irri-
gation (Table 6).

5.3.6 Permeability index (PI)

According to Doneen (1964), “the soil permeability is
affected by long-term use of irrigation water. It is influ-
enced by sodium, calcium, magnesium and bicarbonate
contents of soil”. He classified the groundwater as three
classes: class 1 (Excellent), class 2 (Good), and class 3
(Unsuitable) based on Permeability Index. Class 1 and 2
water is categorized as good for irrigation with 75 % or
more maximum permeability. Class 3 water is unsuit-
able with 25 % of maximum permeability. In the present
study, all values of PI (%) ranged from 19.7 % to 82.9 %
(Table 5). Almost all groundwater samples are in a good
category, except that one sample is unsuitable (Table 6).
Thus, we can conclude that the groundwater quality in the
study area is good and suitable for irrigation.

5.3.7 Kelly’s ratio (KR)

KR is considered as an important parameter for the deter-
mination of the suitability of irrigation water, which is
based mainly on the level of sodium against calcium and
magnesium (Kelley 1963). When the values of KR are less
than 1, water is suitable for irrigation. If the values of KR
are over 1, this shows an excess level of Na™t in water. The
values of Kelly’s ratio of groundwater samples in the study
area are shown in Table 5, where 57 % of samples are
suitable for irrigation (KR < 1), while 43 % is unsuit-
able (KR over one suggesting an excess of Sodium in
groundwater) (Table 6). This result indicates that ground-
water quality is partially suitable for irrigation.

5.3.8 US Salinity Laboratory’s diagram

The US Salinity Laboratory’s diagram is widely used for
evaluating the suitability of water for irrigation use, where

SAR is plotted against EC (US Salinity Laboratory Staff
1954). This diagram is divided into four classes of each
salinity (S) and alkalinity (C): low, medium, high and very
high. So, sixteen water quality classes were defined based
on salinity and alkalinity hazards. It is clear from the
results that 28 % of the samples are plotted in C3S1, which
shows a high salinity hazard and low alkali hazards
(Fig. 3a). This water can be used to irrigate the plants with
good salt tolerance, while 21 % of samples fall between
water type C2S1 (medium salinity and low alkalinity)
which are considered as good for medium permeable soil.
42 % of samples are plotted in C3S2 and C3S3 categories,
which show moderate to high alkaline and salinity. How-
ever, only one sample was found under type C4S2 (very
high salinity hazards with medium sodium hazards). This
water is considered unsuitable for irrigation under ordinary
conditions, but it may be used for irrigation under very
specific conditions (permeable and well-drained soil, con-
siderable leaching and salt tolerance crops).

5.3.9 Wilcox’s diagram

To determine the suitability of water for irrigation, Wilcox
(1955) proposed a diagram in which sodium percentage
(Na %) is plotted against electrical conductivity. This
diagram classifies water into five types with increasing
salinity hazards and sodium hazards: Excellent to good,
good to permissible, permissible to doubtful, doubtful to
unsuitable and unsuitable. In the present study, Wilcox
classification diagram (Fig. 3b) shows that 21 % of sam-
ples belonging to excellent to good, 42 % fall in the good
to permissible type, 35 % in the permissible to doubtful
category and only samples S5 belongs to unsuitable zone
for irrigation use. The studied water can be considered as
good for irrigation.

5.4 Hydrogeochemical facies and mechanisms
of controlling groundwater chemistry

To characterize different water type, Piper (1944) proposed
a diagram where the concentration of cations and anions (in
milliequivalent percentage) are plotted in two base trian-
gles, which are projected further into the central diamond
field. The water type is determined according to their
placement near the four corners. The chemical data values
from the different groundwater samples in the study area
are plotted on the Piper diagram (Fig. 4), where it shows
that most water samples under Ca—-Mg—Cl and Na-Cl
hydrochemical facies.

Gibbs diagrams are an effective tool to determine the
main processes that control the chemistry of groundwater,
such as atmospheric precipitation, evaporation and rock
weathering (Gibbs 1970). In the Gibbs diagrams, the ratio
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Fig. 4 Piper trilinear diagram for groundwater samples

of dominant anions [Cl /(ClI~ + HCO3; )] and cations
[Na™/(Na™ + Ca*")] are plotted against the value of total
dissolved solids (TDS). Gibbs diagram (Fig. 5a,b) shows
that the predominant samples fall in the rock-water inter-
action and evaporation dominance fields which suggest that
groundwater chemistry is affected by rock weathering,
while the samples in the evaporation dominance field show
increases in salinity by the increasing ions of Na* and CI~
in relation with increasing in TDS (Subba Rao 2002;
Srinivasamoorthy et al. 2008; Al-Ahmadi 2013; Nazzal
et al. 2014).

@ Springer

The concentrations of C1~ vary in low relation to those
of Na*t (Fig. 6a), which means that the presence of other
likely sources of Cl~, which can be related to anthro-
pogenic pollution from diverse sources such as agriculture,
industrial and domestic. HCO;~ and Ca>" concentrations
vary from 163.6 to 463.6 mg/L. and 43.3 to 526.8 mg/L,
respectively. The plot Ca** versus HCO;~ (Fig. 6b) and
Ca 4 Mg versus HCO;™ (Fig. 6¢) suggest other non-car-
bonate sources of calcium, which is the dissolution of
evaporite (mainly gypsum) as shown in the plot Ca®"
versus SO4>~ (Fig. 6d). The plot (Ca + Mg) versus
(HCO; + SO,) (Fig. 6e) shows that most of the samples
cluster around the 1:1 line indicates that the dissolutions of
calcite, dolomite, and gypsum are the dominant reactions in
groundwater according to Egs. (11), (12) and (13) respec-
tively, while the sampled waters shift to the left relative to
an excess of HCO3 + SO, showing the influence of silicate
dissolution and ion exchange.

CaCOs(calcite) + H,CO3 — Ca®" + 2HCO; (11)

CaMg(CO3), (dolomite) + 2H,CO3

— Ca’™ 4 Mg?" 4 4HCO; (12)

(13)

Cation exchange is one of the most important geo-
chemical processes that play an important role in control-
ling changes to groundwater chemistry (Clark 2015). The
latter can be described by the chloro-alkaline indices
(CAI), which has been suggested by Schoeller (1977) to
indicate the exchange of ions between the groundwater and
its host environment. According to Schoeller, CAI is

CaS0,—2H,0 — Ca’" 4+ S0;™ + 2H,0
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defined as the ratio of [Cl —(Na™ + K1)]/CI™ (in meq/L)
where the positive value shows the existence of cation
exchange between Na' and K* in the groundwater with
Ca”" and Mg®" in the aquifer material (direct exchange),
while a negative value indicates that there is an exchange
Mg®" and Ca®" of the water with Na® and K" found in
rocks (reverse exchange). In the present study, CAI values
ranged from 0.03 to 2 (Fig. 7a) which suggest that Na and
K from water get exchanged with Ca®>" and Mg>" of the
rocks. The ratio [(Ca*" + Mg*")—(HCO5~ + SO4°7)] and
(Na™—Cl7) is one of the most frequently used indicators to
illustrate the occurrence of cation-exchange processes and
its contribution to groundwater chemistry. If the cation
exchange is the dominant process, the ratio should be a
straight line with a slope of — 1 (Fisher and Mullican 1997,
Huang et al. 2013; Wang et al. 2015). Figure 7b clearly
explains the cation exchange of Ca®" and Mg*" by Na™ in
groundwater. The results suggest that cation exchange is
one mechanism responsible for the chemical composition
of the groundwaters in the study area.

Geochemical modeling is a powerful tool for under-
standing the processes of water—rock interactions. The
tendency for a mineral to precipitate or dissolve with
respect to a given water composition is represented by the
saturation index (SI) which indicates the des-equilibrium or
the saturation state of a solution with respect to the certain
mineral. This latter is defined by the following Eq. (14)
(Deutsch 1997):

SI = log IAP/Ksp (14)

where IAP is the ion activity product and K, is the equi-
librium constant. A negative saturation index (SI < 0)
indicates that the solution is undersaturated with respect to
the mineral, while If SI > 0, the solution is supersaturated

(a)
2 *
Direct exchange
14
* *
L 4 L 4
= e 0 ® e o o
o
1 Reverse exchange
2]
T T T T
0 5 10 15
Samples

with the components of the considered mineral. If the
saturation index close to zero (SI = 0) indicates that the
aqueous solution is at equilibrium with respect to the given
mineral.

In this study, saturation indices were calculated from the
chemical data of groundwater samples using the geo-
chemical modeling code PHREEQC (Parkhurst and Appelo
1999). Figure 8 summarizes the results of the saturation
indices for the studied waters, where all samples were
undersaturated with respect to the gypsum, halite, and
anhydrite, while most of the groundwater samples were
supersaturated with respect to calcite, dolomite, and arag-
onite. These findings suggest that the dissolution evaporite
minerals, precipitation/dissolution of carbonate minerals
are the dominant processes controlling the hydrochemistry
of groundwater in the area.

6 Conclusions

This paper highlights the groundwater quality and its
suitability for drinking and irrigation purposes in Bougaa
region (Northeast Algeria) using ten physicochemical
parameters for fourteen groundwater samples. The chemi-
cal analyses showed that two hydrochemical facies are
mainly observed in the groundwater samples: sodium-
chloride (NaCl type) and calcium-magnesium —chloride
water type (Ca—Mg—Cl type). According to the Bureau of
Indian Standards (BIS IS 10500-2012), most groundwater
samples are considered safe and fit for drinking as they fall
within the permissible limits. The WQI results show that
the groundwater samples have good to poor quality for
drinking purposes. Various water quality indices like: “EC,
SAR, SSP, MAR, RSC, PI, KR” show that most water

Y=-094X+0.4

Pearson's r =- 0.99

(Ca+Mg) - (HCO3+S04) (meq/L)
>

Na-Cl (meq/L)

Fig. 7 a Chloro-alkaline indices (CAI) of groundwater samples; b relationships between (Ca + Mg)-(HCO;3; + SO4) and (Na—Cl) in

groundwater samples
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samples are suitable for irrigation uses. US salinity diagram
illustrates that the groundwater samples belong to C2S1,
C3S1, and C3S2 categories indicating a medium to high
salinity and alkalinity; this can be considered as suitable for
irrigation uses, with few exceptions under specific condi-
tions. Wilcox’s diagram shows that most of the ground-
water in the study area is good for irrigation. Gibbs
diagrams show that the predominant samples fall in the
rock-water interaction and evaporation dominance field,
suggesting that they are the dominant processes that control
the groundwater chemistry. The chloro-alkali indices show
that all samples have positive values, so the cation
exchange process can influence the chemical composition
of groundwater. Scatter plots show that groundwater
chemistry is affected by anthropogenic activities, being
derived from agricultural and domestic activities. The
construction of sewage treatment plants before draining in
irrigation canals, rivers and develop a practical strategy for
monitoring groundwater quality are the appropriate solu-
tions that can offer practical solutions to specific water
pollution problems and to preserve and protect ground-
water quality in the area.
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