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ABSTRACT

The goal of the current study is the geochemical assessment of surface water
at the Ain Tafarut, Ghadamis city, SW Libya. The chemical data include sulfur
isotope (8%*S-S04), major ions, trace elements, EC, TDS, TH, Alk and pH. The
water is immature and hard. It falls in the field between NaCl and NaCaHCOs3
types in the Piper diagram. Dominance of rock and evaporation is clear in the
water. The contaminant values (except for Na, P, Cl, Br, Ba, Pb, As, Cd and Ni)
are below the acceptable limit of WHO (2018). The water is seriously affected by
P, Br and Ba (MI>6). The as content demonstrates that the water is not suitable for
irrigation.

Keywords: Geochemistry, Environmental Geochemistry, Water Quality,
Drinking Water, Irrigation, Ain Tafarut, Ghadamis, Libya.
Introduction
The dramatic increase in the population of the globe makes it necessary to assess
water sources, whether ground or surface water (e.g., Sudhakar and Narsimha, 2013; Flem et
al., 2018). The Ghadamis city is located in the Ghadamis Basin, SW Libya. The Ain Tafarut
is far about 2km southwestern of the Ghadamis city (Fig. 1). The exposed rocks in the study
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area are mainly carbonates (limestone, dolomitic limestone and dolostone), with lesser
amount of marl and gypsum. The age of these rocks is Late Cretaceous-Paleogene.
Assessment of surface water in the Ain Tafarut for drinking and irrigation uses is the aim of
the current study. As far as the authors believe that this work may be the first geochemical

study of the Ain Tafarut, because we have not found a published work on this subject.

Climate

The study area is of an explicit desert nature with vegetation and settlements
in small quantities. The temperature is high in the summer (33°C in average) and low in
the winter. The climate can be categorized as hyper arid with fairly severe winter frost

hazard.

Methodology

Four samples were collected from the studied water during January 2018. We took
the samples from a depth of 15 cm below the water surface (the same method used in
Shaltami et al., 2017). Denver Instrument Model 50 was used to determine the electrical
conductivity (EC), potential of hydrogen (pH) and Total Dissolved Solids (TDS). Cl,
HCOs: and SOs were measured by silver nitrate titration, acid-base titration and
colorimetric-spectrophotometer, respectively. Ca, Mg, Na and K were determined by
inductively coupled plasma-optical emission spectrometry (ICP-OES), and Mn, Si, Al, P,
Fe, Ti and trace elements by inductively coupled plasma-mass spectrometry (ICP-MS).
NOs and NHs were identified by ion chromatography and sulfur isotope ratios by Finnigan
MAT-251 mass spectrometer. These analyses were done in the National Water Research

Center, Ministry of Water Resources and Irrigation of Egypt.
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Results and Discussion

The chemical analysis data of the studied water samples include pH, EC, TDS,
sulfur isotope (8**S-SQ4), major ions and trace elements (Table 1). Based on the TDS
content, the Ain Tafarut is classified as brackish water.
Hydrochemistry

The average of the CI/Na ratio in seawater (1.17) is slightly lower than that in the Ain
Tafarut (1.30, in average). Figs (2-3) suggest that weathering of rocks and evaporation are
dominant in the water. The weathering of carbonate rocks is evident from the high HCO3/Cl
ratio (1.63, in average). The Mg/Ca versus Na/Ca plot is also supported this interpretation
(Fig. 4). Moreover, Fig (5) suggests that the source of sulfate in the Ain Tafarut is commonly
attributed to the dissolution of gypsum and/or anhydrite in host rock.

We used the Na-K-Mg and CI-SO4-HCO3z diagrams of Giggenbach (1988) to define the

maturity of the studied water (Figs. 6-7). These diagrams denote that the water of the Ain
Tafarut is immature. Furthermore, the pH versus Alk diagram of Singh and Hussian (2016)
specifies that the samples is classified as hard water (Fig. 8).
The Schoeller, Stiff and Piper diagrams were used to assess the studied water (Figs. 9-10).
The Schoeller diagram shows that the tendencies of cations and anions are Na>Ca>Mg>K
and HCO3+CO3>CI>S0O4, respectively. The Piper diagram points to mixed hydrochemical
facies (NaCl-NaCaHCOz type). The Stiff diagram demonstrates the same result.

Saturation Index
According Piersanti et al., (2017) the saturation index (SI) is calculated as:
Log SI = log aca + log ancos + log Ks calcite
Log Sl = log aca + log amg + l0g a Hcos + log Ks dolomite
Log Sl = log aca + log asos + log Ks gypsum

Log SI = log ana + log aci + log Ks halite

Faculty Of Science, Omar El -Mukhtar University El-Beida- LIBYA.3
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The Log Sl is more than zero in all minerals, which indicate that the studied water is

supersaturated with calcite, dolomite, gypsum and halite.

Drinking Water Quality
The total hardness (TH) and alkalinity (Alk) are calculated as:

TH (mg/l CaCOz3) = 2.5 Ca (mg/l) + 4.1 Mg (mg/l)
Alk = [HCO37] + [OHT] + 2[COs*]

In general, the contaminant values (except for Na, P, CI, Br, Ba, Pb, As, Cd and Ni)
in the studied water samples are below the permissible limit of WHO (2018, Table 2). The
concentrations of Pb, As, Cd and Ni are about 2 times the WHO limit, while the Br and Ba

contents are more than 14 and 32 times, respectively, than the acceptable limit.

Metal Index

The metal index (MI) is defined as: Ml = C/MAC (Caerio et al., 2005). Where, C is
the metal concentration (mg/l) and MAC (mg/l) is the acceptable limit of WHO (2018).
Based on the purity, Caerio et al., (2005) divided the metal index into six classes: very pure
<0.3 (class 1), pure 0.3-1 (class Il), slightly affected 1-2 (class I1l), moderately affected 2-4
(class 1V), strongly affected 4-6 (class V) and seriously affected >6 (class VI). The studied
samples are very pure with K, Mg, Mn, Si, Li, B, Sn, Cu, Zn, Cr, V, Mo, Ag and U, pure
with Ca, Al, Ti, F, Sr, Be, Bi, Se, Hg, Sb and Co, slightly affected by Na and Pb,
moderately affected by As, Cd and Ni, strongly affected by Fe and seriously affected by P,
Br and Ba.

Irrigation Water Quality
To evaluate the irrigation water quality, we used the irrigation parameters such as pH,

electrical conductivity (EC), sodium percent (Na %), sodium adsorption ratio (SAR), residue

Faculty Of Science, Omar El -Mukhtar University El-Beida- LIBYA.4 246
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sodium carbonate (RSC), magnesium adsorption ratio (MAR), Kelley’s ratio (KR), lime
deposition potential (LDP) and permeability index (PI) in addition to the concentration of

trace elements. These parameters above are defined as:

Na% = (Na*100)/(Ca+Mg+Na+K)
SAR =Na /v (Ca+tMg)/2
RSC = [HCO3+CO3)]-[Ca+Mg]
MAR = [Mg/(Mg+Ca)]100
KR = Na/(Ca+Mg)
LDP = (HCO3z+ CO3%)
Pl = [(Na+HCO3)/(Ca+Mg+Na)]100

(All concentrations are expressed in meg/l)

Most irrigation parameters (pH = 7.7, Na% = 54.27, SAR = 6.77, RSC = -0.27, MAR =
32.83 and Pl = 98.28) indicate that the studied water is suitable for irrigation. This
supposition is supported by the concentration of most trace elements. The plot of EC(ds/m)
versus Na% (Fig. 11) points to the good quality of the water. The high arsenic content refutes
the above interpretation. In addition, the water displays high values of KR and LDP (1.21
and 7.62, respectively). The above argument suggests that the water of the Ain Tafarut is not

appropriate for irrigation uses.

Conclusion

The present study deals with geochemical estimation of surface water of Ain Tafarut
at the Ghadamis city, SW Libya. The allowed limit of WHO (2018) is over the analyzed
pollutants (except for Na, P, Cl, Br, Ba, Pb, Hg, As, Cd and Ni). The MI values point to
significant contamination by Na, Pb As, Cd, Ni, Fe, P, Br and Ba. Weathering of carbonate
rocks and evaporitic gypsum are prevalent in the Ain Tafarut. The detected water type is a
mixed hydrochemical facies (NaCl-NaCaHCOs3 type). The Ain Tafarut is classified as

Faculty Of Science, Omar El -Mukhtar University El-Beida- LIBYA.5 247
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immature and hard water. Based on the Log Sl values, the water is supersaturated with
calcite, dolomite, gypsum and halite. The studied water is not fitting for irrigation due to the

high concentration of As.

100 26°

sabi3ta Mediterranean Sea
Misratah
Basin
340

Fig. 1: Location map of the Ain Tafarut

Faculty Of Science, Omar ElI —Mukhtar University El-Beida- LIBYA.6 248



THE THIRD INTERNATIONAL CONFERENCE
ON BASIC SCIENCES & THEIR APPLICATIONS

&

AR O

2018 Ul 26 - 24/

1.2

< 0.8 1
. r'y
% Evaporation
©
O
)
O 04 o - o e - e e o o o o e e D o e e e o e e e e = =
Seawater
0.0 T
0.00 0.25 0.50

Na/Na+Cl

Fig. 2: Plot of Na/Na+Cl vs. Ca/Ca+S0Os of the Ain Tafarut (fields after Hounslow, 1995)
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Fig. 3: Plot of CI/CI+HCOs3 vs. TDS of the Ain Tafarut (fields after Gibbs, 1970)
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Fig. 4: Plot of Mg/Ca vs. Na/Ca of the Ain Tafarut (modified after Han and Liu, 2004)

50
40 -
R R ittt
<
2 4 .
= 201 Evaporitic gypsum
©)]
0
gcn 04
o Atmospheric precipitaion
07 Mantle sulfur
-10 - Biogenic sulfur
-20

0 100 200 300 400 500
SO, (mgll)

Fig. 5: Plot of SO4 vs. §**S-SO4 of the Ain Tafarut (fields after Liu et al., 2017)
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Fig. 6: Na-K-Mg diagram of the Ain Tafarut (fields after Giggenbach, 1988)
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Fig. 7: CI-SO4-HCO3 diagram of the Ain Tafarut (fields after Giggenbach, 1988)
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Fig. 8: Plot of pH vs. alkalinity of the Ain Tafarut (fields after Singh and Hussian, 2016)
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Fig. 10: Piper diagram of the Ain Tafarut (fields after Tweed et al., 2005)
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Fig. 11: Plot of EC vs. Na% of the Ain Tafarut (fields after Johnson and Zhang, 1990)

Table 1: Chemical analysis data (concentrations in mg/I, except for 53*S-SO4 in %0 and EC in

us/m) of the surface water of the Ain Tafarut
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Parameters 1 2 3 4
pH 7.71 7.65 7.68 7.77
EC 1075 1077 1071 1070
K 4.55 5.00 4.59 5.51
Ca 107.80 104.64 104.61 106.79
Na 218.00 219.08 217.93 220.05
Mg 3131 32.08 3053  30.40
Mn 0.09 0.09 0.09 0.09
Si 6.25 7.12 6.19 7.31
Al 0.22 0.37 0.41 0.29
Fe 1.00 1.57 1.88 1.04
Ti 0.003 0.003 0003 0.003
P 0.18 0.11 0.16 0.09
cl 282.87 28494 283.96 282.31
HCO, 46350 463.54 462.15 462.44
so, 3125 3217 3120  31.89
§%s-s0,  20.86 2121 2056  22.00
NO; 0.91 0.98 0.89 0.92
NH, 0.27 0.32 0.39 0.25
TDS 2809 2903 2905 2904
F 0.90 0.82 0.95 0.90
Br 6.68 7.69 8.25 6.66
Li 0.05 0.05 0.05 0.05
Sr 1.23 1.16 1.40 1.42
Ba 0.11 0.20 0.24 0.10
Be 0.003 0.003 0.003 0.003
Bi 0.002 0.002 0002 0.002
B 0.67 0.55 0.42 0.47
Se 0.04 0.04 0.04 0.04
Pb 0.02 0.02 0.02 0.02
Hg 0.0004 0.0004 0.0004 0.0004
As 0.20 0.29 0.22 0.24
Sn 0.004 0.004 0004  0.004
Sh 0.003 0.003 0003 0.003
cd 0.005 0.005 0.005  0.005
Cu 0.02 0.02 0.02 0.02
Zn 0.04 0.04 0.04 0.04
Co 0.001 0.001 0001  0.001
Cr 0.01 0.01 0.01 0.01
v 0.004 0.004 0.004  0.004
——— Ni 0.05 0.05 0.05 0.05 ——————
Faculty Mo 0.002 0.002 0.002 0.002 ‘Ald 256
Ag 0.001 0.001 0001 0.001

1] 0 00A 0O 006 0 00A 0 00/
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Table 2: Comparison between the chemical data of the Ain Tafarut and the permissible limits
of WHO (2018) for drinking water (concentrations in mg/l)
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Sample No.

Contaminant WHO
2 3 4
pH 7.71 7.65 7.68 1.77 8
K 4.55 5.00 4.59 5.51 100
Ca 107.80 104.64 104.61 106.79 200
Na 218.00 219.08 217.93 220.05 200
Mg 31.31 32.08 30.53 30.40 150
Mn 0.09 0.09 0.09 0.09 0.4
Si 6.25 7.12 6.19 7.31 28
Al 0.22 0.37 0.41 0.29 0.85
Fe 1.00 1.57 1.88 1.04 0.3
Ti 0.003 0.003 0.003 0.003 0.003
P 0.18 0.11 0.16 0.09 0.02
Cl 282.87 284.94 283.96 282.31 250
HCO;4 46350 463.54 462.15 462.44 600
SO, 31.25 32.17 31.20 31.89 600
NO; 0.91 0.98 0.89 0.92 10
NH, 0.27 0.32 0.39 0.25 0.5
TDS 2809 2903 2905 2904 500
TH 397.87 393.13 386.70 391.62 500
Alk 464.49 464.40 463.07 463.58 200
F 0.90 0.82 0.95 0.90 15
Br 6.68 7.69 8.25 6.66 0.5
Li 0.05 0.05 0.05 0.05 0.7
Sr 1.23 1.16 1.40 1.42 15
Ba 0.11 0.20 0.24 0.10 0.005
Be 0.003 0.003 0.003 0.003 0.004
Bi 0.002 0.002 0.002 0.002 0.004
B 0.67 0.55 0.42 0.47 2
Se 0.04 0.04 0.04 0.04 0.05
Pb 0.02 0.02 0.02 0.02 0.01
Hg 0.0004 0.0004 0.0004 0.0004 0.001
As 0.20 0.29 0.22 0.24 0.1
Sn 0.004 0.004 0.004 0.004 0.3
Sh 0.003 0.003 0.003 0.003 0.006
Cd 0.005 0.005 0.005 0.005 0.002
Cu 0.02 0.02 0.02 0.02 2
Zn 0.04 0.04 0.04 0.04 3
Co 0.001 0.001 0.001 0.001 0.002
Cr 0.01 0.01 0.01 0.01 0.05
\Y 0.004 0.004 0.004 0.004 0.14
———— Ni 0.05 0.05 0.05 0.05 0.02 ————————
Faci Mo 0.002 0002 0.002 0002 002 '6 258
Ag 0.001 0.001 0.001 0.001 0.1

L) 0006 0006 0006 0 006 003
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