Lilzyan Journal ofEcological & Environmental
Sciences and Teclmology

LJEEST
\

(LJEEST)

www.srcest.org.ly/jou

http://aif-doi.org/LJEEST/060108

Evaluation of Groundwater Quality in the
Settlement Agricultural Project, Ubari Libya

Wafa Aldeeb*1? Abobaker Mustafa?, Omar Algeidi®

ARTICLE INFO

Vol.6 No.l , 2024
Pages (43- 51)

Article history:
Revised form 07 December
Accepted 31 January

Authors affiliation

1. Department of General Sciences,

Faculty of Engineering, Sabratha

University, Libya

2. Libyan Center for Studies and

Research in Environmental Science

and Technology, Libya;

3. Department of  Chemical

Engineering, Faculty of Engineering,

Sabratha University, Libya
edeebwafa@gmail.com

Keywords: Base exchange
indices, meteoric genesis index,
chloro-alkaline indices,
irrigation and drinking, water
quality indices, synthetic
pollution index.

ABSTRACT

Evaluation of groundwater potential and its quality assessment for drinking and irrigation
has recently become a major concern, especially in developing countries. The primary aim
of this study is to analyze the quality of groundwater and establish whether they are safe
for domestic and agricultural usage. Elven groundwater samples from different sites were
collected and analyzed for understanding the Hydrochemical characteristics and the
suitability for drinking and irrigation purposes in the settlement agricultural project, Ubari
Libya. Elven parameter were considered for calculating the irrigation and drinking water
quality indices which are calcium, magnesium, sodium, potassium, chloride, bicarbonate,
sulfate, nitrate, pH, total dissolved solids and total hardness. Furthermore, graphical
representation such as base exchange indices, meteoric genesis index, chloro-alkaline
indices, USSL and Wilcox diagrams were prepared for irrigation water quality. Standard
water quality model and synthetic pollution index were used to assess the groundwater
quality for drinking purposes in the study area. The calculated parameters; Potential
Salinity, Kelly’s Ratio, Sodium Adsorption Ratio, and Sodium Percentage show that the
majority of the groundwater samples are suitable for irrigation uses. USSLS diagram
indicate groundwater quality as moderate salinity and low sodium and water with good
quality. Wilcox diagram classify the majority of samples as excellent category. The
groundwater samples are categorized as (Na*- SOs*) , type and the sources of
groundwater are deep meteoric water percolation type. All samples have positive chloro-
alkaline indices, indicating a base-exchange reaction. The drinking water quality analysis
by the standard water quality model shows that majority of the samples described the
groundwater quality in the study area as good to excellent for direct consumption. Based
on the Synthetic pollution index, all water samples were identified as moderately polluted.
Generally, the groundwater in the study area is good for drinking and irrigation purpose.
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INTRODUCTION

Increasing population growth and agricultural activities
threaten the groundwater resources has caused in the
quality of water and has also raised the level of
contamination (Aly et al., 2015; Imran et al., 2023).
Groundwater resources in arid and semi-arid regions are
under severe pressure due to high temperatures, low and
irregular rainfall, and high rates of evaporation and
transpiration (Al-Harbi et al., 2010; AlSubih et al.,
2021). Several factors affect the quality of groundwater
such as the interaction of water with soil and sediments,
flow path, rock types and prevailing geochemical
conditions such as solubility, redox state, precipitation,
filtration, ion exchange, etc. (Corteel et al., 2005;
Haroon and Muhammad, 2022; Kumar et al., 2022). The
climate and the hydrochemistry of groundwater in
desertic aquifers along flow paths in the subsurface, are
controlled by various factors such as topography, soil
chemistry and interaction of water with aquifer minerals
along with internal mixing of chemically different
groundwater (Reghunath et al., 2002, Singh et al.,
2011). The quality of water is the most important factor
affecting lives in the ecosystem. To understand the
geochemistry of water and its suitability for domestic
and agriculture uses  monitoring system generally
consists of regular measurements of physicochemical
parameters (M.K.N. Kumar et al., 2019; Ismail et al.,
2020; Yahong et al., 2020; Mallick et al., 2021; Aldeeb
and Aldabusi, 2023). Water suitability of sources for
human consumption and irrigation use were described in
terms of water quality indices, which often based on the
varying types of water quality parameters compared
with respective local standards. This study aims to
evaluate groundwater quality and its suitability for
domestic and irrigation use, in terms of water quality
indices by comparing the concentrations of selected
parameters.

MATERIALS AND METHODS

Study area is located in the south western side of Libya,
in the settlement agricultural projects in the municipality
of Ubari between the following latitudes and Longitude:

11 ground water samples were collected from the
study area, in the municipality of Ubari Libya. Water
samples were analyzed for various parameters which
include calcium, magnesium, sodium and potassium;
Chloride, bicarbonate, Sulfate and nitrate, electrical
conductivity, total dissolved solids. Sodium and
potassium were determined using flame photometer.
Calcium and magnesium were estimated by EDTA
titrimetric method. Chloride was determined by silver
nitrate titration and Carbonate and bicarbonate by
sulfuric acid. Sulfate and nitrate contents were
determined using spectro-photometer. The salinity
refers to the amount of total dissolved solids (TDS) in
water and is frequently measured by electrical
conductivity (EC). Waters with higher TDS
concentrations will be relatively conductive. TDS is
measured in parts per million or mg/L and EC is
measured in micro-Siemens per centimeter (uS/cm).

The general formula adopted (Kelly, 1946) to
calculate the TDS is
mg us
TDS (— =0.64-EC(—) e (1
( L ) cm @)

The statistical parameters and the major ion-
concentrations (meg/L) in capering with the (Libyan
standard, 1992), are tabulated in Table (1)

Table (1): Location of the study area.

Well Latitudes Longitude
W1  26°36'59.96"N 26°36'59.96"E
W2  26°37'03.80"N 12°43'59.00"E
W3 26°36'59.86"N 12°45'11.74"E
W4 26°36'17.39"N  12°42'59.32"E
W5 26°36'39.19"N  12°43'54.89"E
W6  26°36'28.01"N 12°44'59.79"E
W7  26°35'47.25"N  12°44'52.96"E
W8  26°35'28.71"N  12°42'57.15"E
W9  26°34'37.38"N  12°43'33.30"E

W10 26°33'42.91"N 12°44'56.34"E

W11 26°34'16.77"N  12°45'17.55"E
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Table (2): Gromndwater chemical analyses in [mg/].

Well | pH | TS | Ca* | Na* | Mg | K |HCOy | NOy | CF | TH | SOF

limit | 7.5 | 1,000 | 200 | 200 | 150 | 40 | 200 | 45 | 250 300 | 250

17480 | 722 | 3496 | 1166 | 5.88 | 183 | 145 | 6487 6387 1345

17382 802 | 3496 | 875 | 588 | 122 | 143 | 59913382 | 1133

3 |730| 17262 | 802 | 3657 | 680 | 5.22 | 122 | 168 | 7480 4795 1105

4 |780| 17809 | 1604 | 3657 | 486 | 588 | 183 | 168 (4998 6003| 1249

§ 730 15552 | 1203 | 3841 972 | 588 183 174 |3991|6993 1249

b | 740 | 31236 | 406 | 4554 | 486 | 653 | 183 | 132 | 7480 80.08 | 1201

7 |720| 9393 | 1845 | 1500 | 389 | 515 | 122 | 0.04 (4998 6206 7.69

17381 | 962 | 3151 | 972 | 7.18 | 122 | 132 | 4963 6381 1393

§ |810|139.70 | 80.20 | 13156 | 1700 | 222 | 183 | 451 |469.7| 8979 1182

10 |740| 16006 | 14436 | 14145 | 2381 | 22.22| 122 | 338 | 6998 4385 1028

1730|2701 | 22436 | 213.21 | 3402 | 3390 | 244 | 1142|9245 7003 | 209.98

RESULTS AND DISCUSSION

In the present study, an attempt was made to determine
the suitability of groundwater in the study area for
drinking purposes and irrigation use. Analytical results
of groundwater samples are presented in Table (2). On
the basis of water Physical and chemical Parameters,
mathematical computations quality parameters major
cations and anions were used to determine water quality
indices and some standard diagrams, Table (3).

Table (3): Groundwater indices for imigation.
SAR | EC | RSC | KR |Na% | PS |CALI| CAI2 | 1 n
WI | 187 | 2733 | -135 | 115 | 5586 | 155 | 191 | 105 | -1196 | -1230
W2 | 203 | 2718 | -114 | 136 | 5986 | 145 | 199 | 1187 | -1338 | -1400
W3 | 229 | 2697 | -098 | 166 | 6423 | 188 | 182 | 1383 | -1609 | -1667
W4 | 205 | 2783 | -123 | 133 |5909| 105 | 223 | 994 | -1154 | 1212
W3 | 200 | 243 | -143 | 109 | 5653 | 143 | 208 | 104 | -1292 | -1330
W6 | 221 | 4881 | -163 | 124 | 573 | 186 | 202 | 1413 | -1636 | -1743
W7 | 083 | 1468 | -126 | 053 | 3873|125 | 156 | 1214 | -1289 | -137
W8 | 170 | 2716 | -13 | 107 | 5483|101 211 | 892 | 955 | -10.8
WO | 190 | 2183 | -1803 | 032 | 243 | 1079 144 | 742 | -1265 | -1268
W10 | 287 | 25009 | -9.18 | 067 [42301] 176 | 134 | 1195 | -12.10 | -1236
WII| 35 | 42502 | -14.04 | 066 | 4200|2171 130 | 788 | -8.00 | 820

a) lIrrigation Use

1. Kelly’s Ratio

(Kelley, 1946) have suggested that the sodium problem
in irrigational water could very conveniently be worked
out on the basis of the values of Kelley’s ratio (KR). The
formula used in the estimation of this ratio is expressed
as:

Na

KR=———. ..
(Ca+Mg)

()

Kelly categorized water quality into suitable if KR <
1, marginal, when KR 1-2 and unsuitable if KR > 2.
The Kelley’s ratio has been calculated for all the water
samples of the study area. It varies from 0.32 to 1.66.
Around 40% of groundwater samples were suitable
for irrigation, the rest were marginal.

2. Potential Salinity

(Doneen, 1954) described that the suitability of water
for irrigation is not dependent on the concentrations of
soluble salts. Potential salinity (PS) can as calculated
as follows:
PS =Cl™ ++(S0;7)?..cccc...(3)

» If PS <5 water quality is excellent,

» If PS 5-10 water quality is good,

» If PS >10 water is unsuitable for use.
The value of PS in the groundwater samples of the
study area ranges from 1.11 to 21.71. majority of the
groundwater samples have been classified as excellent

and suitable for irrigation, three samples were
unsuitable (Table 3).
3. Residual Sodium Carbonate

The residual sodium carbonate (RSC) is used to indicate
the alkalinity hazard for soil. RSC levels less than 1.25
meq are considered safe. Waters with RSC of 1.25 - 2.50
meq are within the marginal range (Eaton, 1950). These
waters should be used with good irrigation management
techniques and soil salinity monitored by laboratory
analysis. RSC can be estimated by the formula given
below:

RSC = HCO3 — (Ca* + Mg?*) ... ... (4)

In the present study, it was found that all the samples
fall into the safe category (Table 3).

4, Base-exchange indices

Two groups of groundwater (Na*-HCOs) type and
(Na*-S04%) type were used to classify the base-
exchange indices r; as the following Equation (Gupta
et al., 2022):

_ Na*—cl” .
= SoE ...(5)

»If ry >1: Than groundwater is (Na*- HCO3) —
type.
> If r1<1: Than groundwater is (Na*-SO4%) type.
The result showed that all samples in the study area
have values of ri< 1 and are (Na*-SO4%) — type,
(Table 3; Figure 1).
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Base-exchange indices
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Figure (1): Base-exchange indices ri.

5. Meteoric genesis index

The Meteoric genesis index rz divided groundwater into
two categories, deep meteoric water percolation or
shallow meteoric water percolation. The Index r;can
determined using following Equation (Gupta et al.,
2022):

(K*+ Na*)—-Cl~
- et e (6)
4

»If r, < 1: Than groundwater sources are deep
meteoric water percolation.
»If r, > 1: Than groundwater sources are shallow
meteoric water percolation.
The obtained results show r, < 1 and that confirmed a
deep meteoric water percolation, (Table 3; Figure 2).

2

Meteoric genesis indices

0.00 -
200 -
400 -
6.00 -

800 -

"2 1000 |

-12.00 -+

-14.00

-16.00

-18.00

Well

Figure (2): Meteoric genesis index r».

6. Chloro-alkaline indices

The chloro-alkaline indices (CAl) are used to evaluate
the ion exchange reactions between groundwater and its
host rock. The following equations can be used to
calculate CAl; and CAl, (Schoeller 1965; 1977; Liu et
al. 2015, Mussa and Mjemah, 2023):

Cl= — (Na* + K*)
e
Cl"—(Na*+K™")
SOZ_ + HCO3_ + N03_ TP

CAIL = (D)

CAL, =

..(8)

» Positive values indicate chloro alkaline equilibrium base-
exchange reaction, where (K+ and Na+) are exchanged

Vol,6 No.1 ,2024

with (Ca2+ and Mg2+).
> Negative values indicate a chloro
disequilibrium base exchange reaction.
The obtained results of all samples show positive CAI
indices ratio (Table 2, Figure 3).

alkaline

Chloro-alkaline indices

Figure (3): Chloro-alkaline indices.

7. USSLS diagram

The United States Soil Laboratory Staff (USSLS)
chart is a plot of analytical data of Electrical
conductivity (EC) and Sodium Adsorption Ratio
(SAR).

- Electrical conductivity (EC)

EC is a good measure of salinity hazard to crops as it
reflects the TDS in ground water. The total
concentration of soluble salts termed as low (C1, EC <
250 pS/cm), medium (C2, 250-750 uS/cm), high (C3,
750-2,250 uS/cm) and very high (C4, >2,250 uS/cm).
The electrical conductivity (EC) of the groundwater
varies from 146.8 to 4,250.2 pS/cm. The samples
show high and very high salinity.

- Sodium adsorption ratio (SAR)

SAR is refer to the degree to which usually irrigation
water gets in soil by the reactions of Cation ex-change
(Manjusree et al., 2009). Those reactions making soil
impervious and compact, due to the fact that Na*
taking the place of the adsorbed Ca?* and Mg?".
Calculation of SAR for given water provides a useful
index of the sodium hazard of that water for soils and
crops. On the basis of SAR (Richard, irrigation water
is classified into four categories as: S; <10 excellent,
S» (10-18 good), Sz (18-26 fair ) and S. >26
unsuitable. It is formulated as Equation (13):

Na

Jm
2

The value of SAR in the groundwater samples ranges
from 0.83 to 3.5 and have been classified as excellent
and suitable for irrigation, Table (3).

SAR = .(9)

Libyan Journal of Ecological & Environmental Sciences and Technology
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USSLS diagram (Figure 4), classifies the water quality
into 16 zones to assess irrigation suitability of water. It
was observed that the majority of samples were in C2-
S1, indicating water of moderate salinity and low sodium
and water with good quality.

USSLS Diagram

C C; Cs Cy

Figure (4): USSLS classification of groundwater.

8. Wilcox diagram

Wilcox’s diagram (1955) is adopted for the classification
of ground waters for irrigation, wherein the EC is plotted
against Na%. The sodium percentage (Na%) is often
used as a parameter to evaluate suitability of
groundwater quality for irrigation purposes (Wilcox,
1955). The sodium percent is computed with respect to
relative proportions of cations present in water using the
following formula:

Na* + K+ .
(Ca*t +Mg?*Na* + K™*)

Na% = 00 .....(10)

Water having Na% values 0-20 is considered excellent,
20-40 is good, 40-60 is permissible, and 60-80 is
doubtful and above 80 is unsuitable for irrigation use.
The calculated values of the sodium percentage Na% in
the groundwater of the study area ranged from 24.3 % to
64.23%. Majority samples from the study area are in the
permissible category. Data of groundwater samples of
the study area are plotted in the Wilcox's diagram
(Figure 5). Out of the 11 groundwater samples, 80% of
the groundwater samples belong excellent category,
except one sample belonging to unsuitable category for
irrigation use.

Wilcox diagram

0 1000 2000 3000 4000 5000 6000 7000

Figure (5): Wilcox diagram relating Na% and EC.

b) Drinking water quality

Assessment of the water quality is difficult simply
from elemental concentrations of various water quality
parameters. Thus, water quality indices are applied to
assess the overall effects of contamination. The water
quality index reduces the bulk number of parameters
used and provides a single value of multiple water
quality parameters into a mathematical equation that
rates the health of water quality with number (Brown
et al., 1970). Most of the models employed eight to
eleven water quality parameters. Eleven parameters
(Table 2) were used to evaluate drinking water quality
with application of the following models.

1. Standard water quality model
The standard water quality model (SWQM) was
computed using the 11 wvarious water quality
parameters and their relevant Libyan guidelines. To
calculate SWQM, three steps were used (Ketata-
Rokbani et al., 2011):

*  Relative weight (W)):
Wi

e Quality rating (Q;) for each parameters:
V,
Q = [—“] 100 e e e . (12)
Ss

where Q; represents the quality rating and Wi relative
weight; V, is the concentration of each chemical
parameter in each sample (mg/L), and S, refers to the
Libyan standard limit for each chemical parameter.

e The Standard water quality model (SWQM):

SWQM = Z(Wi Q1) e (13)
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2. Synthetic pollution index
The Synthetic pollution index (SPI) model (Singh et al.,
2014) is used to evaluate the pollution degree of the
sampled groundwater. The SPI can calculated using the
following equations:

e o (14)

The unit weight W,, for each water quality parameter is
calculated by using the following formula:
K

The SPI equations (14) was calculated using

Vol,6 No.1

1

K =

1~ 0213222
23,

,2024

= 4.68994

the

concentration V,, the Libyan standard limit S, and the
unit weight W, equation (15) of each chemical
parameter, and summarized in Table (5).

Table (5): Caleulation of SPT and SWQM for well 1 as exemple.

_ Synthetic poltution index Standard water quality mods]
s (15) I
par. | 8, v, W S_ A Wi w; A
. . . n
Where K is the Pro_portlonallty constapt and can be? | 75 | 73| 168 | 0606 T o] 93 | 93
calculated by 1usmg the following equation: 8 | 0 | 749 00T | 0omE T o s | 1
K= T e e e e e e e e (16) cgtt | 200 | 72 | 00234 | 0.00085 3101000 36 | 036
Zg Nat | 200|350 ] 00234 [ 000410 1 loer] s |1
Mgtt| 150 | 117 | 00313 | 0.00243 2 | 00667 38 | 03I
. . . . gH|o40 59 ) 0m o oo 3100000 147 | 147
Different levels of water quality rating for Synthetic Wos | 0 | 18 | 0w | oo WIIERET
pollution index (SPI) and standard water quality model i T 1'5 0'1042 0.00336 : : :
(SWQM) and their respective water quality condition A i i i S |0l667) 32 | O
were given in Table (4). (| 250 | 649 | 00188 | 0.00487 31 0.000] 259 | 259
_ ) TH | 500 | 659 | 0.009 | 000124 7| 00667| 132 | 088
Table (4): Water quality rating. s B0 [ 135 [ 0otse | o0l 1 Toam ] s4 | os
Ketata-Rokbani et al., Shabbir and Ahmad,
2011 2015 Analog calculations for all other wells for, SWQM
<50 excellent <0.2 suitable and SPI are summarized in the Table (6) and depicted
02— slightl in Figure (1). The drinking water quality determined
q gntly L
50 - <100 goo 05 polluted by SWQM shows that majority of the groundwater
100_< 05_ moderatel samples has good to excellent quality and can direct
poor ' y used for consumption. Based on the Synthetic
200 1.0 polluted pollution index (SPI), all of the water samples were
200 -< 1.0- highly identified as moderately polluted (0.63 — 0.9).
ery poor
300 | VP 3.0 polluted
>300 unfit >3.0 unsuitable Table (6): Summarized SPTand SWQM for the 11 wells.
) Well | 8PI Rating SWQM | Rating
For the first Well (1) as example: the standard water
quality model (SWQM) equation (13) can calculated L | 065 | moderately polluted 196 | excellent
using quality rate (Q;) and unit weight (W;) for each 2 0.66 | moderately polluted 193 | excellent
parameter equation (12 and 11) respectively. The results
are summarized in Table (5). According to (Sahu and 3 0.64 | moderately polluted 194 | excellent
Sikdar, 2008; Ketata-Rokbani et al., 2011; Shabbir and 4 | 069 | moderately polluted 198 | excellent
Ahmad, 2015; Sener et al., 2017), physicochemical 5 0.66 | moderately polluted 198 | excellent
parameters were assigned a weight (w;) from 1 to 5 Y m
depending upon their significance in water quality 6 | 066 | moderately polluted b | excellent
evaluation for human health. The highest weight of 5 7 0.63 | moderately polluted 16.6 | excellent
was assigned to nitrates because of its higher impact on 8 0.67 derately volluted 195 [lent
human health, the sum of w; is 30. The obtained value . Hoterate’y poTte - e
for SWQM was 19.58. 9 0.81 | moderately polluted 6.9 good
Calcu!atio_n for Well 1 as e>§amp!e for Synthetic 10 0.80 | moderately polluted 839 good
g(l)lytjatllnodnarl(rj]?)z);a(rfl:tle)} tSh? Proportionality constant K for 11 090 | moderately polluted 1243 poor
n.
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swam
150
I
moderate
125 "
100
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g 75
50
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EEN
0
0 500 1000 1500 2000 2500 3000
DS
Figure (6): Standard water quality model.
CONCLUSION

Finally, it could be concluded that the water quality of
samples in the settlement agricultural project, Ubari
Libya is good for drinking and irrigation purpose. The
calculated parameters; potential salinity, kelly’s ratio and
sodium adsorption ratio show that the majority of the
groundwater samples is suitable for irrigation uses. The
Na% and the resulting Wilcox diagram classify the
majority of samples as excellent category. The USSLS
chart indicating water of moderate salinity and low
sodium and water with good quality. The drinking water
quality determined by SWQM shows that majority of the
groundwater samples has good to excellent quality and
can direct used for consumption. Based on the Synthetic
pollution index, all water samples were identified as
moderately polluted.
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