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Abstract Groundwater is considered an important water
source for agricultural, drinking and domestic uses in many
regions of the world including Libya, especially in its
coastal area. This study aims to assess the quality of
groundwater in north-western area of Libya for drinking
and agricultural through examining its physico-chemical
characteristics such as pH, electrical conductivity (EC),
total dissolved solids (TDS), total hardness, cations and
anions. These parameters are used to assess the suitability
of groundwater for domestic purposes by comparing their
current values with the maximum permissible limits of
these parameters that are recommended by World Health
Organization (WHO). The EC, sodium adsorption ratio,
soluble sodium percentage, Kelly’s ratio and magnesium
adsorption ratio of the groundwater are also used to eval-
uate its suitability for irrigation. Gibbs diagram shows the
evaporation—crystallization dominance in controlling the
quality of groundwater. The main hydrochemical facies is
Ca—-Mg-S0O,—Cl type of water in both methods of Piper and
Chadha’s diagram. The results revealed that most
groundwater samples were not suitable for drinking and
household uses due to their high levels of most cations and
anions, total hardness, EC and TDS. Most of the collected
water samples showed the investigated parameter levels
exceeded the permissible limits of WHO. Therefore, most
of the groundwater samples are considered unsuitable for
irrigation due to its high salt content, unless certain mea-
sures for salinity control are undertaken.
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Introduction

Water is an essential component of life. It is mainly
obtained from two sources, including surface water and
groundwater (Hamzaoui-Azaza et al. 2012). Water
resources are harnessed for various purposes like drinking,
agricultural, industrial, household, recreation and environ-
mental activities (Trabelsi et al. 2011).

Groundwater is a major water source of drinking all over
the world (Prasanth et al. 2012). It is estimated that
approximately one-third of the world’s population uses
groundwater for drinking (Nickson et al. 2005). Ground-
water that is used for domestic and irrigation purposes may
vary greatly in its quality depending upon the type and the
quantity of dissolved salts. It contains a wide variety of
dissolved inorganic chemical constituents at different
concentrations that result from chemical and biochemical
interactions between water and other geochemical com-
ponents (Prasanth et al. 2012). Moreover, it becomes the
sole source of freshwater for the agricultural production
when there is a lack of sufficient surface water sources
(Adhikari et al. 2012). In Libya during the last two dec-
ades, lack of the surface water resource, limited rainfall
rates and escalating water demands led to a severe pumping
and an over-exploitation of the local groundwater aquifers
(Nwer 2005).

So, receiving a safe drinking water, free of pathogens,
and acceptable with respect to colour, taste and odour, is
the priority of consumers and suppliers. The suitability
degree of water and its acceptance for drinking and other
domestic uses depend upon its physical, chemical and
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microbiological properties (Al-Tamimi and Alaswd 2014).
In the developing countries, 80% of diseases are directly
related to the unsanitary conditions of drinking water
(UNESCO 2007).

Recently, the competition for water resources has gained
an importance in many areas, especially arid and semi-arid
regions (Milovanovic 2007; Bagherzadeh and Paymard
2015). Moreover, groundwater quality depends upon the
quality of recharged water, atmospheric precipitation,
inland surface water and sub-surface geochemical pro-
cesses (Aghazadeh and Mogaddam 2010). Also, rainfall
has an active role in changing the water quality of the
underground aquifers (Yidana et al. 2012).

Soil salinization is of a great hazard in arid and semi-
arid irrigated lands. Unless this problem is solved, salinity
will have a negative effect on land productivity and crop
yields and lead to an ecological degradation of land and
water resources (Hillel 2000). Use of poor quality
groundwater becomes unavoidable for irrigation to com-
pensate the rapid increase in water demands in many arid
and semi-arid regions. Low-quality groundwater can con-
vert the soil of such areas to be an unproductive one
(Aghazadeh and Mogaddam 2011).

In general, the groundwater quality assessment for
domestic, irrigation and industrial activities in the different
regions of the world has been studied and reported in recent
numerous publications by several researchers, such as
Valenzuela et al. (2006), Edmunds and Shand (2008),
Hakim et al. (2009), Vasanthavigar et al. (2010), Yidana
et al. (2011), Gurunadha et al. (2011), Uhegbu (2012),
Venkateswaran and Vediappan (2013), Ewusi et al. (2013),
Nag (2014), Mahendra and Patode (2014) and Ravikumar
and Somashekar (2015).

This study aims to assess the groundwater quality in the
north-western region of Libya for drinking and irrigation
purposes through using hydrochemical methods.

Location of study area

The investigated area is located in the north-western region
of Libya (Aligeelat). It lies between latitudes 32°30’ and
32°47'N, and longitudes 12°15" and 12°30'E (Fig. 1). It is
characterized by rural setting where most of the people
work in agriculture. Groundwater of the area is generally
drawn from dug wells which are essential for agricultural
purposes.

Study area climate
Libya is located in the Mediterranean climatic zone that is

characterized by hot, dry summer with cold rainfall winter.
The mean annual temperature is 19.6 °C, with summer

@ Springer

» i

km
[ j— |

T =il mve |
Q t |

| tamndt o |

3= 307

11018 11°

Fig. 1 Location map of the study area

temperature rises to a maximum degree of 24.9 °C,
whereas winter temperature drops to a minimum one of
14.3 °C. The rainfall is limited in the winter with an
average rate of 201.0 mm/year. The average annual rela-
tive humidity is 75%, while the average annual evaporation
is 1504 mm/year.

Water resources

Libya is an arid country, with an average annual rainfall
rate of <100 mm/year (Al-ghraiani 1996). Water resources
are divided into surface water, groundwater, and desali-
nated and treated water. The surface water is very limited
and contributes to <3% of the current water resources in
use. The groundwater accounts for more than 97% of the
water resources in use and it is the main water resource in
Libya (Elaalem 2010).
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Materials and methods
Water sampling

Groundwater samples were collected from 15 wells in
different locations in dry, clean, sterilized plastic bottles
that previously were well rinsed using the standard sam-
pling procedures (Fig. 1). The depth of tube wells varied
from 20 to 70 m. The position of well was recorded using
the Global Positioning System (GPS). Before sampling,
each tube well was allowed to run for 20 min. The trans-
portation and preservation (4 °C) of the water samples to
the laboratory followed the standard methods. The col-
lected water samples were then stored in 500-ml precon-
ditioned clean, high-density polythene bottles for different
analysis.

Analytical methods

The water samples were analysed for various physico-
chemical parameters. The pH and electrical conductivity
(EC) were measured within a few hours by using Elico pH
meter and a conductivity meter, respectively, due to the
sensitivity of groundwater to the environmental changes.
The total dissolved solids (TDS) were calculated using a
TDS meter. Calcium, magnesium, sodium, potassium,
bicarbonate, sulphate, chloride and nitrate ions were
determined using the standard methods suggested by the
American Public Health Association (APHA 2005). The
turbidity was estimated by using the turbidimeter (Drt-
15CE). The total hardness (TH) as CaCOs, calcium and
magnesium was titrimetrically determined using a standard
EDTA. Sodium and potassium concentrations were mea-
sured by using a flame photometer. Chloride concentration
was determined by silver nitrate titration. Carbonate and
bicarbonate concentrations were estimated by acid-base
titration. Sulphate and nitrate concentrations were colori-
metrically measured using a spectrophotometer. For the
bacteriological analysis, sterile containers were used for
collecting water samples. Bacteriological analysis was
carried out using the membrane filtration method employ-
ing the use of membrane assemblage (vacuum pump,
asbestos pad, Buchner flask and membrane funnel) and
Leica Quebec dark field colony counter. It was done within
24 h of sample collection (WHO 2004).

Drinking water quality

The suitability of groundwater for domestic purposes
was evaluated by comparing the values of different
water quality parameters with those of the World Health
Organization (WHO 2004) guidelines values for drinking

water. The source of the dissolved ions in the water
could be determined by adopting the Gibb’s diagram
(1970). Also, the suitability of groundwater for drinking
purposes has been determined by use of hydrogeo-
chemical facies (Piper trilinear and Chadha’s diagram).
The hydrochemical facies (Piper diagram) and the Wil-
cox plot of the study area were plotted using Aqua Chem
(3.7) software, while MS Excel spreadsheet was used to
create the Chadha’s diagram.

Irrigation water quality

To evaluate the suitability of the groundwater quality for
agricultural purposes, the electrical conductivity (EC) and
sodium adsorption ratio (SAR), sodium soluble percentage
(SSP), magnesium adsorption ratio (MAR), permeability
index (PI) and Kelly’s ratio (KR) parameters were calcu-
lated using the standard formulas. The SAR values were
plotted over the US salinity diagram against the EC values;
SSP values were plotted over the Wilcox diagram against
the EC values; the PI values were plotted over Doneen’s
chart against the total ionic concentration. The concentra-
tions were interpreted and calculated with irrigation indices
using the following formulas of different parameters as
follow:

Sodium soluble percentage (SSP)

It was calculated employing the following equation:

SSP = {(Na* + K")/(Ca®" + Mg*" +Na" + K*)}
x 100

Sodium adsorption ratio (SAR)

It was estimated using the following equation:

SAR = Na* / V(€ Mg /2

Permeability index (PI)

It was calculated using the following equation:
PI = {(Na® + \/HCO5)/(Ca*" +Mg*" + Na*)} x 100

Kelly’s ratio (KR)

It was estimated employing the following equation:

KR = Na® /(Ca®" +Mg*")
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Magnesium adsorption ratio (MAR)

It was calculated using the following equation:
MAR = {Mg”*/(Ca®" +Mg**)} x 100

All determinations were in meq/l (epm)
Ionic balance

To calculate the ion balance in water, the concentration of
each cation and anion in groundwater sample is determined
in meq/l. The ionic balance is used to check the correctness
of the chemical analyses of these water samples by cal-
culating the differences between the sum total of cations
and anions using this equation:

Tonic Balance = { (Z cations — Z anions)
/(Z cations + Z anions) } x 100

Basic statistical parameters such as the average and
standard deviation (SD) were computed along with corre-
lation analysis, and factor analysis was carried out using
SPSS (version 10).

Results

In the investigated groundwater samples, the water pH
varied between 6.98 and 7.49 with an average value of 7.17
and a standard deviation of 0.16. The turbidity value of
groundwater samples ranged from 0.24 to 3.5 NTU with a
mean value of 1.00 NTU and a standard deviation of 0.83
NTU. The EC of the groundwater samples varied from
2160 to 9020 pS/cm at 25 °C with an average value of
4691 pS/cm and a standard deviation of 1993.28 pS/cm.
The TDS value of the investigated groundwater samples
ranged from 1447.7 to 5979.1 mg/l with an average value
of 3175.2 mg/l and a standard deviation of 1281.34 mg/l.
The total hardness of the groundwater samples varied from
670.0 to 2820.0 mg/l with an average value of 1667.3 mg/l
and a standard deviation of 674.53 mg/l (Table 1).
Calcium (Ca*"), magnesium (Mg>"), sodium (Na™) and
potassium (KT) were the analysed cations in the ground-
water samples. Calcium and sodium were the dominant
soluble cations in most locations, followed by magnesium
and then potassium. Calcium concentrations varied from
148.2 to 1010.4 mg/l with an average value of 443.1 mg/l
and a standard deviation of 217.0 mg/l. Magnesium con-
centrations varied from 41.4 to 228.9 mg/l with a mean
value of 114.6 mg/l and a standard deviation of 53.56 mg/l.
Sodium ranged between 222.9 and 923.9 mg/l with an
average value of 413.5 mg/l and a standard deviation of
196.0 mg/1. Potassium is the minor cation in groundwater.
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It ranged between 12.9 and 31.2 mg/l with an average
value of 17.4 mg/l and a standard deviation of 5.0 mg/l
(Table 1).

Chloride (C17), sulphate (SO?[) and bicarbonate
(HCOy3) ions are the main anions in groundwater. The
chloride content of the investigated groundwater samples
ranged between 450.1 and 2000.1 mg/l with an average
value of 851.2 mg/l and a standard deviation of 418.7 mg/1.
The sulphate concentration in the water samples varied
between 360.0 to 2068.8 mg/l with an average value of
1096.4 mg/l and a standard deviation of 487.0 mg/l. Car-
bonate (COs3) ions were not detected in any water sample.
The HCO; concentration in these water samples ranged
from 109.8 to 439.8 mg/l with an average value of
177.0 mg/l and a standard deviation of 82.6 mg/l. The
nitrate concentration ranged from 9.3 to 25.0 mg/1 with an
average level of 14.7 mg/l and a standard deviation of
3.89 mg/l (Table 1).

The SAR values of the groundwater samples varied
from 3.05 to 7.73 with an average value of 4.42 and a
standard deviation of 1.27. The SSP of the studied
groundwater samples ranged from 29.60 to 43.61% with an
average value of 36.48% and a standard deviation of
4.37%. The PI of the investigated groundwater ranged from
31.42 to 49.88% with an average value of 39.72% and a
standard deviation of 4.76%. The MAR of groundwater of
this study varied from 6.39 to 47.16% with an average
value of 33.62% and a standard deviation of 10.15%. The
KR of these water samples varied between 0.40 and
0.75 meq/l with an average value of 0.56 meq/l and a
standard deviation of 0.11 meq/l (Table 8).

Discussion
Tonic balance

The ionic balance of a water sample is calculated to
identify the dominant ionic type, i.e. cationic or anionic of
the water sample. According to ionic balance equation, the
differences between the sum total of cations and anions in
the water samples should not exceed 5%. The obtained
results revealed that the differences between the sum total
of cations and anions of the investigated water samples
ranged between 0.04 and 1.01%. So, it is clear that the
ionic balance of these water samples lies in the accept-
able limit (Fig. 2).

Water quality for dinking purposes
The physico-chemical characteristics of the investigated

groundwater samples are present in Table 1. World Health
Organization (WHO 2004) permissible limits are
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Table 1 Physico-chemical characteristics of the investigated groundwater samples

Well pH  Turbidity EC TDS TH Soluble cations Soluble anions (mg/l) Bacteria
m e o e W oo 0 s o
1 7.10 0.58 4530 3271.7 1960 5222 123.0 338.1 23.0 109.8 925.1 1119.8 13.7 nd
2 7.04 145 4330 3112.6 1700 3404 1823 3634 19.1 189.7 590.0 1349.8 18.6 nd
3 7.05 0.88 5100 3407.9 1670 552.6 558 4559 20.7 189.7 810.1 1270.1 13.6 nd
4 721 0.48 2700 1828.6 940 2102 983 23575 14.8 200.1 5669 4829 140 nd
5 729 1.18 3720 24337 1400 4004 731 2640 13.6 109.8 640.1 8587 17.1 nd
6 7.32 350 2840 2097.2 1090 2722 993 2321 133 43938 450.1  479.8 10.1 23
7 7.35 025 3190 2108.3 1070 3204 655 2755 13.6 109.8 540.0 7738 93 1
8 7.49 053 2160 14477 670 1482 668 2229 13.6 159.8 450.1 3600 139 nd
9 7.05 091 5640 3966.1 1890 468.4 1579 6042 129 159.8 11498 13522 149 nd
10 6.98 0.24 9020 5979.1 2820 10104 414 9239 31.2 230.0 2000.1 1654.1 106 nd
11 7.09 0.72 5080 3570.2 1910 458.0 1434 4575 17.6 189.7 8499 13478 142 nd
12 7.04 0.70 8790 5467.7 3100 7442 2289 6939 129 109.8 1480.0 2068.8 25.0 nd
13 7.20 095 5230 3596.2 2040 464.4 173.8 4140 16.0 139.7 859.8 1409.8 123 3
14 7.39 057 3510 2085.5 1060 2722 923 3236 183 1281 7356  609.6 17.0 nd
15 7.03 2.00 4520 3255.9 1690 4624 117.8  397.0 203 189.7 7199 13099 163 nd
Min. 698 0.24 2160 14477 670 1482 414 2229 129 109.8 450.1 3600 93 nd
Max. 749 3.50 9020 5979.1 2820 10104 2289 9239 31.2 4398 2000.1 2068.8 25.0 nd
Mean 7.17 1.00 4690.7 31752 16673 433.1 1146 4135 174 1770 851.2 10964 147 nd
SD 0.16 0.83 19933 12813 6745 217.0 5356 196.0 50 826 4187 4870 39 -

SD Standard deviation, NTU nephelometric turbidity unit, MPN most probable number, nd not detected

mCations

DAnions

Cations and anions (meg/l)

12 13 14 15

Treatement

Fig. 2 Cations—anions balance in the chemical for

groundwater

analyses

considered in the suitability assessment of these water
samples for drinking (Table 2).

pH
The water pH is a measure of the acidity or alkalinity

degree of water. It is the most important indicator of water
quality in this study. Therefore, the pH of these water

samples is within the permissible limit that is prescribed by
WHO (2004).

Turbidity

The water turbidity results from the colloidal and extre-
mely fine particles that are dispersed in the water (Sud-
hakar and Latha 2013). The highly turbid water may cause
a human health risk as the excessive turbidity can protect
pathogens and also stimulate the bacteria growth during the
water storage. High water turbidity can also hamper the
smooth movement of aquatic organisms that can cause
death. All these water turbidity values are under the max-
imum permissible limit (<10 NTU) of WHO (2004).

Electrical conductivity (EC)

The electrical conductivity (EC) of water is generally
related to the amount of soluble salts in the water samples
(ions). The higher EC values of these water samples indi-
cate a salt enrichment in the groundwater. The high
groundwater salinity also occurs in shallow-depths wells
(20-70 m) that are near the sea coast due to sea water
intrusion and encroachment. Moreover, the improper dis-
posal of domestic wastewater could be one of the major
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Table 2 Maximum permissible

limits of groundwater for Water quality parameter WHO (2004) I(;Iurpber of sample Number of
drinking purposes prescribed by Desirable Maximum permissible esirable samples unfit
WHO (2004) limit limit

pH 6.5 8.5 15 -

EC (uS/cm) 500 1500 - 15

TDS (mg/l) 500 1500 - 15

TH (mg/l 100 500 - 15

Cl™ (mg/l) 200 600 5 10

SO3~ (mg/l) 200 400 - 15

HCO3; (mg/l) - 240 14 1

Ca”* (mg/l) 75 200 - 15

Mg?* (mg/l) 50 150 11 4

Nat (mg/l) - 200 - 15

K (mg/l) - 12 - 15

F~ (mg/l) 1 1.5 1 14

NO5 (mg/l) 50 100 15 -

Fe>™ (mg/l) 0.3 1.0 15 -

Turbidity (NTU) - 10 15 -

Coliform count (MPN/100 ml) 1 4 13 2

E. coli (MPN/100 ml) 0 0 14 1

NTU Nephelometeric turbidity, MPN most probable number

salinity sources in the coastal aquifers. According to the
maximum permissible limits (Table 2) that is recom-
mended by WHO (2004), the groundwater samples are
none suitable for drinking.

Total dissolved solids (TDS)

The total dissolved solids (TDS) are a measure of all dis-
solved substances in water. It generally reflects the amount
of water dissolved minerals that control the water suit-
ability for use. High concentrations of total dissolved solids
may cause adverse taste effects. According to WHO
(2004), the water TDS value of 1500 mg/l is considered the
maximum permissible limit for drinking water (Table 2).
All investigated water samples exceeded this maximum
permissible limit. Generally, the high TDS values of these
groundwaters clearly indicate their unsuitability for
drinking.

Total hardness (TH)

Hard water is a potential problem because calcium and
magnesium ions can react with bicarbonate ion to form
insoluble calcium and magnesium carbonate salts (Robbins
2010). All water samples exceeded the maximum permis-
sible limit of hardness (WHO 2004). They are considered
very hard (Table 3) and unsuitable for drinking. The
hardness of these waters may be attributed to the limestone

@ Springer

aquifer that provides groundwater with calcium and other
alkaline earths.

Soluble cations

Calcium and magnesium (Ca and Mg) The results indi-
cated that calcium was the major cation in the groundwater
(Table 1). It contributes to the water hardness. Calcium
sources in groundwater are calcite, aragonite, gypsum and
anhydrite minerals. The desirable limit of calcium con-
centration for drinking water is 75 mg/l (WHO 2004). All
investigated water samples exceeded this permissible limit
of Ca*" (Table 2). Higher Ca®" concentrations cause
abdominal ailments and undesirable for domestic as well as
encrustation and scaling. According to WHO (2004), the
maximum permissible limit of Mg>" concentration in
drinking water is 150 mg/l. Few water samples (4) excee-
ded this limit.

Sodium and potassium (Na and K) The results indicated
that sodium was the second major cation in the ground-
water (Table 1). The maximum permissible limit of sodium
in drinking water is 200 mg/l (WHO 2004). All samples
exceeded this limit. The intake of high levels of Na™* causes
increased blood pressure, arteriosclerosis, oedema and
hyperosmolarity. The maximum permissible limit of
potassium in drinking water is 12 mg/l (WHO 2004). All
the samples showed K levels above this limit. Potassium is
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Table 3 Classification of

aroundwater based on is Total hardness as CaCO5 (mg/l) Water type Number of samples % of samples
hardness <75 Soft _ _

75-150 Moderately hard - -

150-300 Hard - -

>300 Very hard 15 100

high due to the weathering of K-feldspars and clay min-
erals of aquifer matrix. However, its concentration in
groundwater is lower compared to sodium due to the fact
that potassium minerals are resistant to weathering.

Soluble anions

Soluble anions are dominated by chloride and sulphate in
most cases followed by bicarbonate and then nitrate. Such
behaviour of soluble cations and anion provides a fairly
good reflection of the present data of the total soluble
salts.

Chloride (Cl) Chloride occurs in groundwater probably
due to diverse sources such as weathering and leaching of
sedimentary rocks and soils, intrusion of salt water,
windblown salts in precipitation, domestic and industrial
waste discharges, municipal effluents. It obviously affects
the taste of the water. The high concentration of chloride in
water does not pose any health hazard. The WHO (2004)
permissible limit of chloride in drinking water is between
200 and 600 mg/l (Table 2). The chloride concentration
excessed this limit in ten water samples but it was within
this limit in other five samples.

Sulphate (SO,) Sulphate is present in water as inorganic
sulphate. Most of the groundwater samples exceeded the
maximum permissible limit for drinking water of 400 mg/1
(WHO 2004). The high sulphate concentration in these
samples may be due to gypsum dissolution.

Bicarbonate (CO3; and HCO3;) The most important ions
in water that determine its alkalinity are carbonate (CO%‘)
and bicarbonate (HCO5). The maximum allowable limit of
total bicarbonates in drinking water is 240 mg/l (WHO
2004). So, the bicarbonate concentration in all water
samples is within this limit except that of sample no. 6.

Nitrate (NOj3) Nitrates probably come to groundwater
from the fertilizers, food preservatives as well as human
and animal wastes. They are extremely soluble in the water
that easily transfers through the soil into the drinking water
supply. All samples showed a nitrate concentration that is
within the maximum allowable concentration of WHO
(2004) of 50 mg/l.

Total coliforms

The bacteriological content of drinking water is one of the
most important quality aspects. The bacterial contamina-
tion of drinking water is considered the most common and
widespread health risk that is caused either directly or
indirectly by human or animal excreta. Total coliforms
including faecal coliform and E. coli are indicators of
faecal contamination. They come to groundwater from
human and animal faecal wastes. In this study, only three
groundwater samples (wells Nos. 6, 7 and 13) were found
to be contaminated. The permissible limit of bacterial
faecal coliforms in drinking water is 4/100 ml and that of
E. coli is 0/100 ml (WHO 2004). The groundwater quality
of these studied wells is bacteriologically contaminated.
Therefore, it is unsuitable for human consumption. Bacte-
riologically contaminated groundwater is associated with
water borne diseases such as viral hepatitis, schistosomiasis
and cholera.

Mechanisms controlling groundwater quality

The source of the dissolved ions in the water could be
determined by adopting the Gibb’s diagram. The Gibbs
ratio for cations, Na/(Na + Ca) (mg/l), and for anions, Cl/
(C1 + HCO3) (mg/l), of these water samples are separately
plotted against the respective TDS. Gibbs diagram is used
to determine the suitability of water for drinking and irri-
gation purposes and to estimate the source of the pollu-
tants. Gibbs diagram of these water samples suggests that
the chemical interaction of evaporation—crystallization of
aquifer is the main mechanism in contributing ions to this
water (Table 4; Fig. 3).

Hydrochemical facies

The graphical representation of groundwater major dis-
solved constituents (major cations and major anions) helps
in understanding its hydrochemical evolution, grouping
and areal distribution. In this study, Piper trilinear diagram
and Chadha’s plot were constructed to evaluate the varia-
tion in hydrochemical facies.

Piper trilinear diagram  Piper diagram is used to illustrate
the major ionic composition of the groundwater samples

@ Springer
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Table 4 Classification of the

investigated groundwater Field Cations Anions
. Na/(Na + Ca Cl/(C1 + HCO
samples based on Gibb’s (Na + Ca) c+ )
diagram Evaporation—crystallization dominance All samples All samples
Rock dominance Nil Nil
Precipitation dominance Nil Nil
- -
- N . e
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Fig. 3 Gibbs diagram of cations and anions of the study area

and assess the geochemical evaluation of groundwater
(Fig. 4). It is particularly useful for detecting changes or
trends in groundwater chemistry across an area or through
time. The Piper diagram not only shows graphically the
nature of a given water sample, but also dictates the rela-
tionship to other samples. Piper diagrams are drawn by
plotting the proportions of the major cations (Ca>", Mg ™,
Na* and K" in epm) on one triangular diagram, the pro-
portions of the major anions (CO%’ + HCOj3, CI” and
SOi’ in epm) on another one, and combining the infor-
mation from both triangles on a quadrilateral (diamond).
The diamond plot, then, can be analysed to tell what kind
of groundwater is looking at (Fig. 5). Samples in the top
quadrant are calcium sulphate waters (which are typical of
gypsum groundwater and mine drainage), samples in the
left quadrant are calcium bicarbonate waters (which are
typical of shallow fresh groundwater), samples in the right
quadrant are sodium chloride waters (which are salty taste
to water or which are typical of marine and deep ancient
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groundwater), and samples in the bottom quadrant are
sodium bicarbonate waters (which are fresh which are
typical of deep groundwater influenced by ion exchange).
So, Piper diagram indicates the suitability of drinking water
based on the type of the water sample in accordance with
the classification standards. It clearly explains the variation
or domination of cation and anion concentrations.
According to Table 5, the alkaline earth type of water
(Ca** + Mg>™) exceeded the alkalis (Na™ 4+ KT),
whereas anion strong acids (C1™ + SOi_) exceeded the
weak acids (CO3~ + HCOj3) which show that the hardness
of all samples and the chemical properties are dominated
by alkaline earths and strong acids. The majority of the
samples (86.7%) are plotted in the Ca—Mg—CIl-SO, field.
About 13.3% of the samples fall in mixed zone, where
types of groundwater cannot be identified as neither anion
nor cation dominant. However, those falling under zone 6
(86.7%) belong to the permanent hardness category and
exhibit the calcium chloride type where non-carbonate
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Fig. 4 Piper diagram of the
investigated groundwater
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Fig. 5 Water types according to Piper diagram

hardness exceeds 50%, giving an indication of groundwater
from formations that are composed of limestone and
dolomite or from active recharge zones with short resi-
dence time. None of the samples fall under zone 5

LEGEND
Hydrochemical Facies
(I) Ca*"-Mg**-CI-SO,*
(I1) Na"-K"-C -SO,2-
(IIT) Na"-K"-HCO5’
(IV) Ca**-Mg*-HCO5

Water Type

1. (CatMg) > (Nat+K)

2. (Nat+K) > (Cat+Mg)

3. (CO; +HCO3) > (SO4 +
Cl

4. (SO4
+HCO3)
5. HCO; -CO; and Ca-Mg
(Temporary hardness)

6. SO,4-Cl and Ca-Mg
(permanent hardness)

7. SO4-Cl and Na-K
(Saline)

8. HCO;-CO; and Na-K
(Alkali carbonate)

9. Mixing zone

+ C) > (CO;

(magnesium bicarbonate type), 7 and 8 (water types orig-
inating from halite dissolution (saline) or alkali carbonate
enrichment are absent). So, it is obvious that the water
samples fall under the Ca-Mg—Cl-SO, type (sulphate

type).

Chadha’s diagram The hydrochemical diagram proposed
by Chadha was applied to identify the different hydro-
chemical processes. In this scheme, the difference in mil-
liequivalent (epm) between alkaline earths (Ca and Mg)
and alkali metals (Na and K) for cations expressed as
percentage reacting values was plotted on the x-axis and
the difference between weak acidic anions (CO; and
HCO3) and strong acidic anions (CI and SO,4) was plotted
on the y-axis (Fig. 6). All samples fall in subfield 6 of Ca—
Mg-SO,4—Cl type of the hydrochemical facies and such
water has permanent hardness (Table 6). This is exactly
similar to the results obtained from the piper plot. Finally,
the analytical values that were obtained from the ground-
water samples when they were plotted on Piper’s and
Chadha’s plots reveal that the alkaline earth metals (Ca®"
and Mg ") are significantly dominant over the alkalis (Na™
and K) and the strong acidic anions (C1~ and SO?[) are
dominant over the weak acidic anions (CO3~ and HCO3)
and the hydrochemical facies is the Ca—-Mg—CI-SOy type.

Generally, to ascertain the suitability of groundwater for
the drinking purpose, the geochemical parameters of the
investigated water samples are compared with the guide-
lines that were recommended by WHO (2004) which
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Table 5 Classification of the investigated groundwater samples based on Piper trilinear diagram

Class groundwater types/characteristics of corresponding subdivisions of diamond-shaped fields

Samples in the category

No. of samples %

D) Ca?* —Mg*t — ClI~ — S0;~
(I) Nat — K™ — ClI” — SO2~
() Na* — KT — HCO;

(IV) Ca*" — Mg*t — HCO;

1. Alkaline earth (Ca 4+ Mg) exceed alkalis (Na + K)

. Alkalis exceeds + alkaline earths

. Strong acids exceeds weak acids

O 0 9 O L B~ W N

. Mixing zone (no one cation—anion exceed 50%)

. Weak acids (CO; + HCOj3) exceed strong acids (SO4 + Cl)

. HCO3-COj3; and Ca-Mg (temporary hardness); magnesium bicarbonate type (carbonate hardness exceeds 50%)
. SO4—Cl and Ca—Mg (permanent hardness); calcium chloride type (non-carbonate hardness exceeds 50%)
. SO4—Cl and Na-K (saline); sodium chloride type (non-carbonate alkali exceeds 50%)

. HCO3-COj3 and Na—K (alkali carbonate); sodium bicarbonate type (carbonate alkali exceeds 50%)

15 100
15 100
15 100
13 86.7
2 133

Fig. 6 Classification of
groundwater samples according
to Chadha’s Scheme
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Table 6 Classification of the investigated water samples based on Chdha’s diagram

Class groundwater types

Samples in the category

No. of samples %
1. Alkaline earths exceed alkali metals - -
2. Alkali metals exceed alkaline earths - -
3. Weak acidic anions exceed strong acidic anions - -
4. Strong acidic anions exceed weak acidic anions - -
5. Alkaline earths and weak acidic anions exceed both alkali metals and strong acidic anions, respectively - -
6. Alkaline earths exceed alkali metals and strong acidic anions exceed weak acidic anions 15 100
7. Alkali metals exceed alkaline earths and strong acidic anions exceed weak acidic anions - -
8. Alkali metals exceed alkaline earths and weak acidic anions exceed strong acidic anions - -

indicate that these groundwater samples are not suitable for
the drinking purpose.

Water quality for irrigation proposes

The groundwater quality is of paramount importance for
irrigation in arid and semi-arid regions. An adequate
amount of water is very essential for proper plant growth
but the quality of the used water for irrigation purpose
should also be well within the permissible limits. Other-
wise, it could adversely affect the plant growth. The con-
tinuous use of poor quality water without drainage and soil
management may lead to a saline or sodic soil, particularly
in the clay soils. A good quality of water for irrigation is
characterized by its acceptable ranges of electrical con-
ductivity (EC), sodium percentage (Na%), sodium
adsorption ratio (SAR), magnesium adsorption ratio
(MAR), permeability index (PI), Kelly’s ratio (KR) and
chloride concentration (Cl). These parameters determine
the suitability of groundwater for agricultural uses. The
results of these parameters of the investigated water sam-
ples are given in Table 7 with their mean and standard
deviation values.

Electrical conductivity (EC)

The electrical conductivity of the groundwater is a good
measure of the salinity hazard to crops. It reflects the
TDS in the groundwater and affects the available water
for plants (Tank and Chandel 2009). Highly saline irri-
gation water causes an increase in the soil solution
osmotic pressure which reduces the absorption of water
and nutrients from the soil to plants. According to the
US salinity laboratory (1954), 60% of groundwater
samples are doubtful for irrigation and 40% of them are
unsuitable for irrigation (Table 8). It is attributed to salt
leaching and dissolution to the surface aquifers of the
studied area.

Table 7 Parameters for groundwater quality indices

Wellno. Na(%) SAR MAR (%) PI(%) KR (meg/l)
1 2960 345  28.19 3142 040
2 33.59 394 47.16 36.58  0.49
3 3867 493 4141 4143 0.6l
4 36.24 335 4379 4166 0.55
5 31.18 317 2332 3411 044
6 32.26 305 3785 3993 0.46
7 36.47 3.65 2542 39.81  0.55
8 43.61 3.80 4291 4988  0.75
9 .10 614 3598 4437 0.72
10 43.15 773 6.39 4473 0.74
11 36.85 476 3429 39.56  0.57
12 3514 5.69  33.89 3644 0.53
13 32.81 414 3841 3503 0.48
14 4056 427 3544 4338  0.65
15 35.05 425 2981 3751 052
Min. 2960 305 639 3142 040
Max. 43.61 773 47.16 4988  0.75
Mean 36.48 442 33.62 3972 0.56
SD 437 127 1015 476  0.11

SD Standard deviation

Sodium adsorption ratio (SAR)

The SAR is a measure of the sodium hazard of water. It
estimates the exchangeable sodium percentage of the soil.
High concentrations of sodium in water produce harmful
effects on soil properties and reduce the soil permeability.
They are <10 that indicate an excellent quality for irriga-
tion (Table 8). Therefore, all these groundwater samples
are suitable for irrigation.

USSL diagram The US salinity lab (USSL 1954) dia-

gram, in which the SAR (sodicity) is plotted against the EC
(salinity) of the irrigation water, is used to ascribe

@ Springer
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Table 8 Groundwater quality for irrigation based on several classifications

Quality of parameters Range Type of water No. of samples % of samples
Based on EC (uS/cm) <250 Excellent - -
250-750 Good - -
750-2250 Permissible - -
2250-5000 Doubtful 9 60
>5000 Unsuitable 6 40
Based on per cent sodium (%Na) 0-20 Excellent - -
2040 Good 11 73.3
40-60 Permissible 4 26.7
60-80 Doubtful - -
>80 Unsuitable - -
Based on SAR (epm) 0-10 Low (excellent) 15 100
10-18 Medium (good) - -
18-26 High (doubtful/fair/poor) - -
>26 Very high (Unsuitable) - -
Based on permeability index (PI) <25 Safe - -
25-75 Moderate 15 100
>75 Unsafe - -
Based on KR (epm) <1 Safe 15 100
>1 Unsuitable - -
Based on MAR (%) <50 Suitable 15 100
>50 Unsuitable - -
Based on C1™ (epm) <0.14 Extremely fresh - -
0.14-0.85 Very fresh - -
0.85-4.23 Fresh - -
4.23-8.46 Fresh brackish - -
8.46-28.21 Brackish 12 80
28.21-282.06 Brackish—salt 3 20
282.06-564.13 Salt - -
<564.13 Hypersaline - -

irrigation water quality through dividing the irrigation
water into categories (Fig. 7; Table 9). The USSL plot
showed that 6.7% of the groundwater samples fall in the
C3S1 category indicating that they are of high salinity and
low sodicity. These groundwater samples can be used for
irrigation on all soil types with low dangerous effects of the
exchangeable sodium. The diagram also indicates that
46.7% of the water samples fall in the C4S1 category that
reveals that these samples have very high salinity and low
sodicity. These water samples cannot be used for irrigation
on all soil types. They are suitable for plants that are high
salt tolerant. Thus, their suitability for irrigation is
restricted. About 33.3% of the groundwater samples lie in
the C4S2 category of very high salinity and medium sod-
icity. Only 13.3% of the water samples fall in the very high
salinity and high sodicity category (C4S3) which can be
used only on soils with a considerable drainage system.

@ Springer

They can be also used to irrigate salt tolerant and semi-
tolerant crops under favourable drainage conditions.

Sodium percentage (Na%)

The soluble sodium percentage (SSP) of the irrigation
water is used to evaluate its sodium hazard. The SSP value
of water that is less than 50% or equal to 50% indicates a
good quality of irrigation water. However, if it is more than
50%, the water will be unsuitable for irrigation. According
to SSP results, 73.3% of the groundwater samples are of a
good quality and 26.7% of them are permissible for irri-
gation (Table 8).

Wilcox’s diagram Wilcox diagram in which the per-
centage of sodium is plotted against the electrical con-
ductivity indicates that 20% of the groundwater samples
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Fig. 7 Irrigation water quality assessment of the groundwater
samples using the USSL (1954) diagram

Table 9 Classification of groundwater samples according to USSL
diagram

Class Type of water No. of samples % of samples
C1-S1 Good - -

C2-S1 Good - -

C3-S1 Good 1 6.7

C4-S1 Moderate 7 46.7

C4-S2 Bad 5 333

C4-S3 Bad 2 133

are fair, 40% of them are poor, and 40% of them are very
poor for irrigation (Fig. 8; Table 10). The high content of
Na in groundwater may be making these waters to be not
suitable for the agricultural use as it tends to deteriorate the
soil.

Permeability index (PI)

The permeability index (PI) also indicates the suitability of
groundwater for irrigation. The soil permeability is affected
by the long-term use of irrigated water. Evaluation of the
suitability of water for irrigation is based on the perme-
ability index. Classes I and II have a PI value that is >75%
which their waters are good for irrigation, while the third
category (class III) has a PI that is <25% and its waters are

unsuitable for irrigation purpose. These PI results reveal
that all groundwaters are moderate for irrigation purpose
(Table 8).

Doneen diagram The Doneen’s diagram plots the per-
meability index, against the total ions content of the water
(epm) to evaluate the irrigation water quality and the
probable groundwater effects on soil hydraulic properties
when it is used for irrigation. A Doneen chart divides the
irrigation waters into three major types based on the PI and
total ions in solution in meq/l. Class I shows that the waters
have low PI values and are the best water types for irri-
gation. Class II indicates that the waters are acceptable for
irrigation but they are lower in the quality compared to
Class I. Class III denotes that the waters are unaccept-
able and may not be used for irrigation. According to the
Doneen diagram, all investigated water samples fall in
Class I and can be categorized as the best water type for
irrigation (Fig. 9; Table 11).

Magnesium adsorption ratio (MAR)

Magnesium adsorption ratio (MAR) indicates the magne-
sium hazard in water when its concentration is high in
groundwater. An excess of magnesium in groundwater
affects the quality of soils, which it causes poor crop yields.
If the MR in water is <50%, the water will be considered
suitable for irrigation, whereas the water with a MAR that is
>50% 1is considered unsuitable for irrigation. The results
reveal that all investigated water samples have a MAR that is
<50% and are considered suitable for irrigation (Table 8).

Kelly’s ratio (KR)

A Kelley’s ratio (KR) of more than one indicates an excess
of sodium in waters. Hence, waters with a Kelley’s ratio of
less than one are suitable for irrigation, while those with
that ratio of more than one are unsuitable for irrigation. The
Kelley’s ratio of the studied groundwaters is <1 indicating
good quality waters for irrigation (Table 8).

Chloride classification

Chloride is the most common toxic ion in water used for the
irrigation purpose. According to classification of irrigation
water based on CI™ ion concentration, 80% of the ground-
water samples of the area are of brackish water type and the
rest (20%) represent a brackish-salt water type (Table 8).

Statistical analysis (correlation coefficient)

Correlation coefficient (r) is a simple measure to exhibit
how well one variable predicts the behaviour of the other
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Fig. 8 Wilcox’s diagram for 100
irrigation water classification

Percent Sodium (%0)

6
Unsuitable
Approximate SAR = 16

Very Poor

Table 10 Classification of groundwater samples based on Wilcox’s
diagram

500 1000 1500 2000 2500 3000 3500 4000 4500 5000 6000 9000

Class Type of water No. of samples % of samples
1 Excellent - -

2 Good - -

3 Fair 3 20

4 Poor 6 40

5 Very Poor 6 40

(Table 12). The correlation matrix allows distinguishing
several relevant hydrochemical relationships. In general,
the results show high correlations (>0.7) between some
pairs of geochemical parameters, whereas a value between
0.5 and 0.7 shows a moderate correlation (Giridharan et al.
2008). A negative coefficient indicates that the considered
variables are evolving in opposite directions. The correla-
tion coefficients of the pH of the groundwater and the EC,
TDS, TH, Ca”, Na*, Cl™, SO?{ and SAR are negatively
highly significant. They are —0.767 ", —0.773"", —0.742"",
—-0.770"", —0.809"", —0.648"", —0.809"and —0.623",
respectively. The negative correlationship indicates the
decreasing trend of one parameter (pH) with increasing the
others. On other words, pH values are conversely corre-
lated to the concentration of total soluble salts. Also, highly
significant positive correlations were found between EC
and the respective parameters with r values of 0.986",
09117, 0.944™, 0.961"", 0.937"", 0.936"" and 0.789"".
The highest r values between EC and other parameters and
ions indicate that the EC value of water is affected by these
ions and the high mobility of these ions. Calcium, sodium,
chloride, and sulphate are the main ions that are respon-
sible for the salinity increase of groundwaters. The TDS
shows high positive correlations with TH, Ca®>", Na™*, CI~,
SO3~ and SAR with r values of 0.936"", 0.9317", 0.946"",
0.899™", 0.943 and 0.736"", respectively. The total hard-
ness shows good correlations with Ca®*, Na™, CI~, SO3~
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Fig. 9 Doneen’s diagram for classification of groundwater quality in
the studied area

Table 11 Classifications of groundwater samples according to
Doneen’s diagram

Class Type of water No. of samples % of samples
Class 1 Acceptable 15 100

Class 11 Moderate - -

Class 1II Unacceptable - -
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and SAR with r values of 0.872"", 0.843"", 0.858™", 0.925™
and 0.557", respectively. High correlations were recorded
between calcium and Nat, Cl1~, SO;~ and SAR with r
values of 0.872°", 0.886" ", 0.835 "and 0.663"", respec-
tively. It was also observed that magnesium ion has a high
negative correlation with the PI (r = —0.514"). Sodium
ions have good correlation with chloride, sulphate and SAR
with r values of 0.892"", 0.921 and 0.886"", respectively,
indicating that it occurs as NaCl, and Na,SO, salts. This
approves the abundance of calcium- and sodium-rich
minerals such as gypsum, halite in the study area. Chloride
ions have also high correlations with SO~ and SAR with
r values of 0.822"" and 0.752"", respectively. Sulphate have
a good correlation with the SAR (r = 0.718**). In addition,
it was observed that the SAR was showed a moderate
correlation with the SSP and KR with r value of 0.629" and
0.626", respectively. Also, a strongly correlation was
recorded between the SSP and both PI and KR with r val-
ues of 0.889"" and 0.999™", respectively. A high correlation
was also found between PI and KR (r = 0.895""). How-
ever, a poor positive or negative correlation existed
between each of K, NO;~ and MR with other ions.

Conclusion

Groundwater is immensely important for water supply in
both the urban and rural areas of developing nations. The
groundwater quality is assessed for irrigation and domestic
suitability purposes. Contamination generally results in a
poor drinking water quality, loss of water supply, high
cleanup costs, high-cost alternative water supplies and
potential health problems. Conclusion and recommenda-
tions can be summarized as follows:

1. The chemical analysis reflects that the dominant
cations in the investigated groundwater are Ca>* and
Na™ and the dominant anions are SOﬁ+ and C1™.

2. The pH of groundwater indicates that it is slightly
alkaline (pH around 7).

3. The electrical conductivity, total dissolved solids,
total hardness of water samples exceed their max-
imum permissible limits of WHO.

4. Bacteriologically, most of the water samples are
good for human consumption.

5. Using the Gibbs’ diagram, the cations and anions fall
within the zone of evaporation—crystallization.

6. All water samples fall in the subfield of Ca—Mg—
SO4—Cl type of the hydrochemical facies, and such
waters have permanent hardness and salinity prob-
lems that are probable not suitable for the drinking
purpose according to Piper trilinear diagram and
Chadha’s plot. Both plots highlight the contribution
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from the reverse ion exchange processes besides the
dominance of alkaline earth metals (Ca2+ and Mg2+)
over the alkalis (Na™ and K™), and strong acidic
anions (C1~ and SO2") over the weak acidic anions
(C032_ and HCO;Y) in the study area.

7. According to the permissible limits prescribed by
WHO (2004) for drinking purposes and other
parameters, that groundwater samples of the study
area are chemically unsuitable for drinking uses.
High EC, TH and TDS values in most investigated
samples clearly indicate the unsuitability of ground-
water for drinking and irrigation purposes.

8. Therefore, the water of these wells must be desalin-
ized before its use for drinking and domestic usages.

9. Based on the water quality parameters such as SAR,
SSP, MAR, PI and KR, the suitability of these
groundwater samples for irrigation is good to
moderate in most cases, indicating low sodic waters.
However, other parameters, such as salinity (EC) and
chloride (Cl7), suggest that the groundwater of the
study area is not suitable for irrigation purpose. Also,
according to the salinity hazard diagram, most of the
groundwater samples are unsuitable for irrigation
due to its high salt content, unless certain measures
for the salinity control are undertaken.

10. Finally, recommendations have been made to strin-
gently monitor and control the low groundwater
quality in the study area to ensure the sustainable
safe use of the groundwater. For this area that has
poor groundwater quality for human consumption
and irrigation propose due to high salinity, it is
recommended that rain water harvesting should be
encouraged the excess stored rain water should be
directed to recharging wells to reduce the salt
concentration in groundwater and deepening the
wells to reach the low-salt layer of the aquifer.

11. Regular monitoring of the groundwater level and
water quality for compliance as well as the environ-
mental protection of groundwater resource to
remove the public apprehensions of groundwater
pumping is also recommended.
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