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Abstract:

The studied wells are located in southwestern Sinai, between longitudes 33˚20 and 33˚26΄ E and latitudes 29˚06΄ and
29˚12΄ N. The chemical analyses of 10 water samples (9 wells and one surface water) collected from southwestern
Sinai have been hydrochemically evaluated. The mean values of cations in the order of abundance were Na+ >Mg2+>
Ca2+> K+, while the anions reveal order of abundance as Cl- > HCO3- > CO32- > SO42-. Some parameters such as
Sodium Absorption Ratio (SAR), Percent Sodium (Na %), Residual Sodium Carbonate (RSC), etc. clarified that the
ground waters in the studied area were safe and suitable for irrigation. But uranium changes this view with respect to
the potable uses of these waters. Uranium analyses show that these waters range in concentrations between 238 and
25413 mBq/l which is out of permissible limits for drinking. Uranium concentrations in groundwater reflect both
redox conditions and uranium content in surrounding and aquifer rocks as 234U/238U ratios range between 0.029 and
1.49.
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1. INTRODUCTION
Groundwater is favored as a source of drinking water in many countries especially in Africa.
Water coming from the subsurface is often thought to be cleaner and easier to treat as compared to
surface water. So, many wells have been either dug or drilled [1]. Being naturally filtered in their
passage through the ground, they are usually clear, colorless, and odourless, being free from
microbial contamination and require minimal treatment [2]. The determination of groundwater
quality for human consumption is important for increasing population [3].
Groundwater quality depends on the quality of recharged water, atmospheric precipitation,
inland surface water and subsurface geochemical processes [4, 5]. Evaluation of groundwater
quality status for human consumption is important for socio-economic growth and development and
also to establish data base for planning future water resources development strategies [6]. It is
impossible to control the dissolution of undesirable constituents in the waters after they enter the
ground [7]. The chemical (quality) of groundwater is not only related to the lithology of the area
and the residence time the water is in contact with rock material, but also reflects inputs from the
atmosphere, soil and weathered mantle/ water-rock reactions (weathering), as well as from pollutant
sources such as mining, land clearance, agriculture, acid precipitation, domestic and industrial
wastes [8].
Generally, fresh groundwater that is not affected by pollution is characterized by low values of
Electric Conductivity (EC) and Ca- Mg- HCO3 water type.
Uranium in waters results from the weathering of rocks and soil. The uranium concentration in
groundwater depends on lithology, geomorphology and other geological conditions of an area [9].
Knowledge of the uranium concentrations in ground and surface waters is important in performing
radiological impact assessment of various anthropogenic activities and aims to secure the increased
standard of life in modern societies.
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The three isotopes of uranium (238U, 235U, 234U) have mass percent as 99.27, 0.72and 0.005 %
respectively and the activity percentage is 48, 2 and 48 % respectively [10]. The activity ratios of
uranium isotopes remain constant unless there is fractionation of isotopes due to natural or
anthropogenic activities. Natural fractionation of uranium isotopes is used as a sensitive tool for the
various environmental geochemistry studies. Due to long radioactive half lives, 238U and 234U
isotopes are in secular equilibrium in all minerals and rocks greater than one million years old in a
closed system or undistributed minerals since 234U is a daughter product of 238U. Therefore, activity
ratio (AR) of 234U to 238U is unity in the bulk of such materials. However, when such rocks and
minerals are interacted with groundwater, the ratio may deviate from unity. Variations on this AR
have been used as sensitive chemical indicator for identifying isotopically distinct groundwaters and
geochemical processes [11].
Origin of variation of AR of 234U/238U is from preferential leaching of 234U from the rock matrix
which is due to the crystal defects due to alpha particle recoil of the 238U parent nuclide and
radiation induced oxidation of 234U. As a result of the aforementioned phenomena, the AR in the
groundwater varies from near unity to ten with the majority of the groundwater between 1 and 4.
Mainly two parameter influences strongly the AR in groundwater were the contact time between the
groundwater and the rock matrix and the extent of leaching by the groundwater. In addition of this,
the groundwater chemistry also plays a role determining the AR [12].
Uranium concentration levels allow classifying aquifers in oxidized aquifer on "normal" uranium
content strata (values between 1 and 10 µg/l), oxidized aquifer on enhanced uranium content strata
(values > 10 µg/l) and reduced aquifer on low uranium content strata (values < 1 µg/l). On the basis
of 234U/238U AR, the groundwater is called "normal" groundwater (values between 1 and 2);
possible uranium accumulation (values>2), or possible remobilization of a uranium (values<1).
High AR (>2) can be due to a higher than normal ratio of leachable uranium in aquifer or
amorphous uraninite, enhancing alpha recoil effect. Activity ratio lower than one implies intense
dissolution of the rock matrix may be due to the acidic nature of groundwater. Therefore, the study
of uranium isotopic ratio in groundwater can provide information about the redox condition and
source of uranium [13].

2. GEOLOGY OF THE STUDY AREA
The study area is located in southwestern Sinai, between longitudes 33˚20 and 33˚26΄ E and
latitudes 29˚06΄ and 29˚12΄ N. The studied water wells are either dug or drilled in the sandstone of
Cambrian Adediya Formation. This formation is overlained by dolostone and claystone of lower
Carboniferous Um Bogma Formation which represents a radioactive anomally with high uranium
concentrations [14]. The previous sedimentary section is underlined non-conformably with
basement rocks mainly of granites (Figure 1). The collected groundwater samples were carried out
in more than one season to follow its chemical characteristics and radionuclides variation with time.

3. SAMPLING AND ANALYTICAL METHODS
A total of 10 groundwater samples were collected from southwestern Sinai, 9 wells and one
flashflood water in different seasons in 2012. Samples were stored after filtering in 2 liters
polyethylene bottles and acidified with 10 ml HNO3. At each sampling site pH, T and electrical
conductivity were measured. The ground water samples were chemically analyzed for the
determination of the main cations (Na+, K+, Ca2+, Mg2+) and anions (SO42-, CO32-, HCO3-, Cl-). The
total dissolved salts (TDS) were determined by evaporation of certain volume (50 ml) of water
samples tell dryness. The difference in weight between empty container and container with
precipitate is equal to the amount of dissolved salts.
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Figure 1. Geologic map of Southwestern Sinai area with the locations of the collected samples [14].

Na+ and K+ were determined by flame photometer instrument "CORNING" model 400, England.
Ca and Mg2+ were determined by volumetric titration method after using of Erichrome Black T
(EBT) and Muroxide as indicators.
SO42- anions were determined spectrophotometrically (model UV "Metertech" INC SP-8001,
with an accuracy of 99.5 ± 0.5 nm. Chloride (Cl-) was determined by titration method after using of
Potassium chromate (K2Cr2O7). Methyl Orange indicator was used in the determination of
Carbonate (CO32-) and Bicarbonate (HCO3-).
Uranium isotopes (238U, 235U, 234U) were measured by using alpha spectrometry with a
radiochemical procedure consists of sample preparation, radiochemical separation and source
preparation. The samples were leached by HNO3, HF and H2O2 and then samples were spiked with
uranium tracer (232U) for chemical yield and activity calculation. The uranium was extracted from
the matrix elements with trioctylphosphine oxide (TOPO) and stripped with 1M NH4F/0.1 M HCl
solution. The uranium fraction was purified by co-precipitation with LaF3 to ensure complete
removal of thorium and traces of resolution degrading elements. This was followed by a final clean
up step using an anion exchange resin. The pure uranium fraction was electrodeposited on a
stainless steel disc from HCl/oxalate solution. The electroplated samples were subjected to
2+
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passivated implanted planar silicon detector in a four chamber alpha spectrometer (model 576A
with 450 mm2, USA, Ortec). The efficiency of the used alpha spectrometer is 28.3%.
Table 1. Phsyico-Chemical analyses of collected underground water samples, southwestern Sinai.
Sample T ˚C pH
ID
NS.1 26.4 6.2
NS.3
Ag.1
Sahu.
1
Th.1
Allou
ga
BH

EC
TH
Na+
K+
Ca2+
Mg2+
CO32HCO3ClWater
(µS/ TDS (mg/
Salinity ppm epm ppm epm ppm epm ppm epm ppm epm ppm epm ppm epm
cm)
l)
7.5 480 15.9 Medium 174.3 7.5 6.8 0.17 89.7 4.47 138.2 11.37 124 4.1 244 3.9 319 8.99

28.4 6.8 1.125 720 13.7
High 171.6 7.4 6.8 0.17 101 5.04 105.7 8.69 124
26.4 7.2 7.031 450 18.4 Medium 264.3 11.5 25.1 0.64 101 5.04 162 13.33 62
30

7.4 8.906 570

27

6.6 7.343 470 11.1 Medium 143.4 6.2 5.2

5.5

High 191.2 83

0.07 56.1 2.7

High 199.6 8.6 10

32.5

244
244

ppm

epm

104

2.3

3.9 390.5 11.01 103.1 2.28
3.9 816.5 23.03 162.3 3.6

2.67 186

6.19

122 1.99 390.5 11.01 97.8

2.17

0.13 101 5.04 73.2 6.023 124

4.1

122 1.99 248.5

1.9

0.25 56.1 2.7

7

89.4

89.4

7.35 124

4.1

244

4

0.10 78.5 3.91 97.6

8.03 62

2.06

122 1.99 177.5

5

44.2

0.98

Medium 47.2 2.05 3

0.07 67.3 3.35 56.9

4.68 124

4.1

122 1.99 248.5

7

36.8

0.81

AG.1 30.1 6.6 7.656 490 21.4
High 243.2 10.5 17.3 0.44 140.2 6.99 175 14.40 124
Abu
29.4 6.7
5
320 9.2 Medium 146.2 6.36 4
0.10 89.7 4.47 56.9 4.68 124
Thor

4.1

122 1.99 816.5 23.03 165.4 3.67

4.1

183 2.99 319.5 9.01

BU

26.5 6.9 7.963 510 10.2

3

4.1
2.06

SO42-

27.2 6.9 6.093 390 11.9 Medium 65
24.6 6.4

6.25 400

7.9

2.8

3.9 390.5 11.01 152.3 3.38

49.2

1.09

Table 2. Uranium concentration and 234U/238U isotopic ratio for samples collected from southwestern Sinai, Egypt.
238

Sample
NS.1

234

U

U(Bq/l)

234

U/238U

(Bq/l)

(mBq/l)

(Bq/l)

(mBq/l)

0.762

762

1.085

1085

1.42

NS.3

1.945

1945

2.908

2908

1.49

Ag.1

12.714

12714

18.460

18460

1.45

AG.1

1.21

1210

1.782

1782

1.47

BU

N.D

N.D

N.D

ND

N.D

BH

0.338

338

0.477

477

1.41

TH.1

0.718

718

0.425

425

0.59

Sahu.1

0.394

394

0.5516

551

1.40

Abu Thor

25.413

25413

35.56

35560

1.39

Allouga

14.77

14770

0.434

434

0.029

N.D means Not Detected

4. RESULTS AND DISCUSSION
4.1 General characterizations
The analytical results for all the physico-chemical parameters for the groundwater samples from
the studied areas are presented in Table 1. The pH values in the groundwater samples varied
between 6.2 and 7.4, indicating slightly acidic to slightly basic in nature. This may be attributed to
the anthropogenic activities like sewage disposal and use of chemicals followed by natural
phenomenon like intrusion of brackish water into the sandy aquifers, which initiates the weathering
process of underlain geological units. The permissible limit of pH value according to BIS (1998)
[15] and WHO (1989) [16] is 6.5.
Temperature was measured directly at the time of collection of the water samples from the fields.
It ranges between 26.4 and 30.1 ◦C
Electric Conductivity (EC) depends on the concentration of the dissolved ionized salts. This
parameter was varied between 1.1875 and 8.906 µS/cm in groundwater samples, southwestern
Sinai. Comparing with WHO standards limit (EC = 1.500 µS/cm), the studied samples are over the
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permissible limits. The higher EC may cause a gastrointestinal irritation in human beings. The large
variation in EC is mainly attributed to geochemical processes like ion exchange, reverse exchange,
evaporation, silicate weathering, rock water interaction, sulphate reduction and oxidation [6].
Total dissolved salts (T.D.S) means all the dissolved ionized and non-ionized salts that are
present in water, the suspended materials and dissolved gases are not included. Total dissolved salts
(T.D.S) in the collected groundwater samples are ranged between 320 and 760 mg/l. It is clear that,
T.D.S of the studied samples is under the permissible limit of 2000 mg/l and all the collected
samples are fresh groundwater (T.D.S <1000) [6].
Hardness of water is a property allocable to the dissolved Ca2+ and Mg2+ in water. In determining
the suitability of groundwater for domestic and industrial purposes, water hardness is an important
criterion. Water hardness has no known adverse effects; however, it causes more consumption of
detergents at the time of cleaning and some evidences refer to its role in heart diseases [17]. The
Total Hardness (TH) [18] was determined by the following equation.
TH = 2.497 Ca2+ + 4.115 Mg2+

(1)

where Ca2+ and Mg2+ concentrations are expressed in meq/L.
The classification of groundwater based on hardness [19] is presented in Table 3. Accordingly,
the collected groundwater samples could be classified as soft water.
Table 3. Sawyer and McCarty's classification for groundwater based on hardness [19]
TH as CaCO3 (mg/l)
< 75
75-150
150-300
> 300

Water Salinity
Soft
Moderately hard
Hard
Very hard

4.2 Cation Chemistry
The concentrations of Ca2+ in the collected groundwater samples range between 56.1 and 140.2
mg/l. The desirable limit for Ca2+ for drinking water is specified as 75 mg/l according to WHO
(1989) [16]. The major source of Ca2+ in the groundwater may be due to ion exchange with
minerals of rocks in contacts as calcite and dolomite. Further, this may also be due to the presence
of CaCO3 and CaSO4 minerals in the surrounding rocks as gypsum (CaSO4.2H2O), anhydrite
(CaSO4), Calcite (CaCO3) and dolomite {CaMg (CO3)2}. The high concentration of Ca2+ content
can cause abdominal aliments and is undesirable for domestic uses as it causes encrustation and
scaling.
The permissible limit of Mg2+ according to WHO (1989) [16] is 50 mg/l. Nearly 99% of ground
water samples (56.9 to 175 mg/l).
Na+ concentration in the collected samples ranges between 47.2 and 264.3 mg/l. According to
WHO guidelines, the maximum admissible limit is 200 mg/l for Na+ concentration, suggesting that
most of the studied samples are within the permissible limits.
Excess Na+ causes hypertension, congenial diseases, kidney disorders, blood pressure and
arteriosclerosis. Ground water with high Na+ concentration isn't suitable for agricultural use as it
tends to deteriorate the soil.
Potassium (K+) is naturally occurring element; however its concentration remains quite lower
comparing with Ca2+, Mg2+ and Na+. The concentration of K+ is between 3 to 25.1 mg/l in
groundwater samples which is under permissible limit (30 mg/l). The source of potassium is likely
due to silicate minerals, orthoclase microcline, hornblende, muscovite and biotite in igneous and
metamorphic rocks and evaporate deposits gypsum and sulphate release considerable amount of
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potassium into groundwater. Main reason of increasing potassium K+ into groundwater is due to
presence of clay minerals as illite.
4.3 Anion Chemistry
Bicarbonate (HCO3-) is the dominant anion and it's concentration in the collected samples ranges
between 122 and 244 mg/l. The range of carbonate (CO32-) concentration in the samples ranges
between 62 and 186 mg/l. It is well known that the carbonate ions in groundwater are mainly
derived from calcium carbonate rocks which are prevailing in the surrounding rocks.
Although the solubility of CaCO3 in fresh water is very low, its solubility increases markedly in
the presence of CO2 in water forming the highly soluble bicarbonate. The formation of Ca (HCO3)2
in the presence of CO2 is best observed in semi-arid regions, where the initial source of CO2 is the
meteoric water, which attack the carbonate rocks. Moreover, the biochemical activities in soils
release also a considerable amount of CO2 at partial pressure of about 0.1 atmosphere, where adds
more bicarbonate ions to the groundwater. Thus however, explain why the concentration of the
CO32- in groundwater is generally lower than of the HCO3- ions.
The origin of chloride (Cl-) in groundwater may be from diverse sources such as weathering,
leaching of sedimentary rocks and soils, intrusion of salt water, windblown salt in precipitation,
domestic and industrial waste discharges, municipal effluents, etc [20]. In the study area, the
collected samples have chloride (Cl-) concentration between 177.5 and 816.3 mg/l. Desirable limit
of (Cl-) according to WHO (1989) [16] is specified as 1000 mg/l, meaning that the studied samples
lie within the suitable range. The excess of chloride (Cl-) in water is usually taken as an index of
pollution and considered as a tracer for groundwater contamination [21]. In natural waters, the
concentration of (Cl-) bears strong correlation with the Na content and specific conductance.
Chloride (Cl-) determinations may serve to indicate the intrusion of waters of different composition
or to trace and measure rates and volumes of water mass movement [22].
Sulphate (SO42-) is one of the major anion occurring in natural waters. The permissible limit of
sulphate (SO42-) is 400 mg/l according to WHO (1989) [16]. The sulphate (SO42-) concentrations of
water wells were in the range of 36.8 to 165.4 mg/l. All the studied samples fall within the desirable
limit.
4.4 Ion ratios and hydrochemical coefficients
The value of the hydrochemical parameters expressed in epm for rNa/rCl, rMg/rCl, rCa/rMg,
rSO4/rCl and rCl-(rNa+rK)/rCl are calculated for detecting the hydrochemical processes affecting
water quality such as mixing, leaching and ion exchange (Table 4).
Table 4. Hydrochemical coefficients of the collected samples.
Sample No
NS.1
NS.3
Ag.1
Sahu.1
Th.1
Allouga
BH
BU
AG.1
Abu Thor

rNa/rCl
0.83
0.67
0.49
0.75
0.88
0.78
0.56
0.29
0.45
0.70

rMg/rCl
1.26
0.789
0.578
0.242
0.860
0.667
1.60
0.127
0.625
0.519

rCa/rMg
0.393
0.579
0.378
1.011
0.836
0.367
0.486
0.715
0.485
0.955

rSO4/rCl
0.255
0.207
0.156
0.197
0.271
0.306
0.196
0.115
0.159
0.120

rCl-(rNa+rK)/rCl
0.146
0.312
0.472
0.239
0.095
0.196
0.42
0.697
0.524
0.283

4.4.1 rNa/rCl
The variation in rNa/rCl ratio is used for differentiating between fresh and saline water. The
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values are always higher than unity in meteoric water, while it is less than unity in sea water or
saline water. For all the collected samples from the study area, this ratio (rNa/rCl) is less than unity,
reflecting the effect of marine sediments especially when it is close to the value of sea water and/or
exposed for the direct evaporation.
4.4.2 rMg/rCl
Custodio and Bruggeman (1987) [22] reported that the fresh water mostly has values of rMg/rCl
> 0.5 but the groundwater samples have values of rMg/rCl < 0.5. rMg/rCl of the collected samples
(Table 4) show that all the collected water samples are fresh water with the exception of the sample
(Bu). Also, the results of low rMg/rCl indicate the poor content of Mg minerals.
4.4.3 rCa/rMg
The high values are mainly attributed to the dissolution or ion exchange processes or fresh water
recharging. The Base Exchange is a very common process occurring in ground water that circulates
through strata in which clay, marl or glauconites are present. Also, the ratio is useful as indication
for sea water contamination when rCa/rMg = 0.2 or surface water mixing where rCa/rMg = 1.07.
Also, the rCa/rMg values of rain water = 2.16.
For the studied samples rCa/rMg ratios were < 1 indicating the magnesium dissolution and ion
exchange process with the exception of one sample (Sahu.1).
4.4.4 rSO4/rCl
This ratio is useful as a guide for sulphate mineral dissolution. The collected samples have
rSO4/rCl < 1 reflecting Cl- enrichment by evaporation.
4.4.5 rCl-(rNa+rK)/rCl
This ratio has either negative or positive values. The negative values reflect an active base
exchange, while positive values reflect inactive base exchange groundwater samples which have
positive rCl-(rNa+rK)/rCl ratios suggesting inactive base exchange.
4.5 Irrigation suitability
There are some important parameters that controlled the suitability of water for irrigation.
Sodicity index or sodium hazard or relative proportion of sodium to other principal cations which
expressed as percent Sodium Absorption Ratio (SAR); Sodium hazard expressed as percent sodium
of total cations (Na %).
4.5.1 Sodium Absorption ratio (SAR)
It is an important parameter for water quality to express reactions with the soil and reduction in
its permeability. Although SAR is only one factor in determining the suitability of water for
irrigation, in general, the higher the sodium adsorption ratio, the lower water suitability for
irrigation. Irrigation using water with high sodium adsorption ratio may require soil amendments to
prevent long term damage to the soil. The SAR is also used to predict the sodium hazard of high
carbonate waters especially if they contain no alkaline residual. The excess of sodium or limited
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calcium and magnesium are evaluated by SAR [23]. The formula for calculating sodium adsorption
ratio is evaluated in Equation (2):
𝑆𝐴𝑅 =

[𝑵𝒂! ]
𝟏
(
𝟐

(2)

𝑪𝒂𝟐! ! 𝑴𝒈𝟐! )

where all cationic concentrations are expressed in epm or meq/l.
The classification of groundwater samples is presented in Table 5 according to Todd (1959) [24].
The investigated samples have SAR values less than 10 which indicate that the studied groundwater
samples are excellent (Table 6) for irrigation.
Table 5. Irrigation water quality parameters for the collected groundwater samples.
Sample ID
NS.1
NS.3
Ag.1
Sahu.1
Th.1
Allouga
BH
BU
AG.1
Abu Thor

Na %
44.33
34.74
37.69
60.40
35.64
45.5
18.86
20.19
32.47
40.74

SAR
2.66
2.82
3.79
5.06
2.63
3.83
1.14
1.02
3.21
2.97

RSC
-7.84
-5.73
-12.41
2.81
-4.97
-2.05
-7.89
-1.94
-15.3
-2.06

PS
10.14
12.15
24.83
12.095
7.95
12.7
5.49
7.40
24.86
9.55

Table 6. Classification of waters based on SAR values (Todd, 1959) [24].
SAR Value
< 10
10-18
19-26
> 26

Remark on Quality
Excellent
Good
Doubtful/Fairly poor
Unsuitable

4.5.2 Percent Sodium (Na, %)
The suitability of the groundwater for irrigation depends on the mineralization of water and its
effect on plants and soil. According to Wilcox (1955) [23], in all natural waters Na % is a common
parameter to assess its suitability for irrigational purposes. The percent sodium (Na %) values are
obtained by using the following equation:
Na % = Na+ x 100 / [Ca2+ + Mg2+ + Na+ + K+]

(3)

where all ionic concentrations are expressed in epm.
When the concentrations of sodium are high in irrigation water, sodium ions tend to be absorbed
by clay particles, displacing Mg2+ and Ca2+ ions. This exchange process of Na+ in water for Ca2+
and Mg2+ in soil would reduce the permeability and eventually give rise to soil with poor internal
drainage. The classification of groundwater samples with respect to percent sodium is given in
Table 7.
Table 7. Sodium percent water class [23].
Sodium Percent (Na %)
< 20
20 – 40
40 – 60
60 – 80
> 80

Water Class
Excellent
Good
Permissible
Doubtful
Unsuitable
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The studied groundwater samples lie in the range from good to permissible categories suggesting
its suitability for irrigation.
4.5.3 Residual Sodium Carbonate (RSC)
Residual Sodium Carbonate (RSC) is the excess sum of carbonate and bicarbonate in
groundwater over the sum of calcium and magnesium. This parameter is calculated as follows [25].
RSC = (CO32- + HCO3-) – (Ca2+ + Mg2+)

(4)

According to US Department of Agriculture, water with more than 2.50 epm of RSC is not
suitable for irrigation purposes. In the studied water, RSC values are less than 2.5 epm. All the
positive values of RSC indicate that dissolved Ca2+ and Mg2+ ions were less than CO32- and HCO3contents. The classification of groundwater based on RSC [25] is shown in Table (8).
Table 8. Classification of groundwater based on RSC [25].
RSC (epm)

Remark on quality

< 1.25
1.25 – 2.50
> 2.50

Good
Doubtful
Unsuitable

4.5.6 Potential Salinity (PS)
Potential Salinity is defined as the chloride concentration plus half of the sulfate concentration as
shown in Equation (5):
Potential Salinity (PS) = Cl- + 1/2 SO4 2-

(5)

Donen (1962) [26] pointed out that the suitability of water for irrigation isn't dependent on the
concentration of soluble salts. He is of the opinion that the low soluble salts gets precipitated in the
soil and accumulated with each successive irrigation, whereas the concentrations of highly soluble
salts enhance the salinity of the soil. The Potential Salinity values in the collected groundwater are
varied between 3.9 and 17.9.
4.6 Hydrochemical facies
To know the hydro-geochemical regime of the study samples, the analytical values obtained
from the groundwater samples are plotted on Piper (1994) [27] tri-linear diagram. These plots
include two triangles, one for plotting cations and the other for plotting anions. The cation and
anion fields are combined to show a single point in a diamond-shaped field, from which inference is
drawn on the basis of hydro-geochemical facies concept. These tri-linear diagrams are useful for
bringing out chemical relationships among groundwater samples in more definite terms rather than
with other possible plotting methods. Facies are recognizable parts of different characters,
belonging to any genetically related system. Hydrochemical facies are distinct zones that possess
cations and anions concentration categories and this concept helps to understand and identify the
water composition in different classes. The Piper tri-linear graphical representation of chemical data
of representative samples from the study area are identified and showed (Figure 2). This clearly
explains the variations or domination of cation and anion concentrations in the studied samples. For
cation concentrations, Ca-Mg type of water predominated in most collected samples with the
exception of one sample lies in the fields of Na- and Mg-type of water, respectively. On the other
hand, anion concentrations indicate that chloride type of water predominated in the study area.
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Further, the diamond-shaped field of Piper diagram can be further classified as (I) Ca2+-Mg2+- Cl−SO42- ; (II) Na+-K+-Cl−-SO42- ; (III) Na+-K+-HCO3- ; and (IV) Ca2+-Mg2+-HCO3- [6]. The studied
waters belong to the Ca-Mg-Cl mixed type, followed by Ca2+-Mg2+- Cl−-SO42- water type and one
sample belongs to Na+-K+-Cl−-SO42- water type. It was also noticed that alkaline earth elements
exceeded alkalies concentrations and weak acids exceeded the strong acids.

Figure 2. Piper tri-linear diagram for the groundwater samples from southwestern, Sinai, Egypt.

4.7 Uranium Concentrations
Uranium concentrations in groundwater samples collected from southwestern Sinai area are
found to be in the range of 338 and 25413 mBq/l as shown in Table 2 with an average value 6473
mBq/l. The international guideline value according to WHO 2011 [28] was about 30 ppb (372
mBq/l).
Only one sample (BH) has a value of uranium concentrations lower than the international
guideline. The sample (BH) is collected from the abu Ghannam drilled bore-hole started from El
Hashash Formation with depth of 120 m. The aquifer of this sample (BH) is the Adediya Formation
which is consisted mainly of sandstones of different sizes, cross bedded, ferruginated with red ochre
at the surface and have low uranium concentration. One sample (BU) collected from a drilled well
in Budaa area which represent the main source for Bedwins in this environ either for drinking and
other different uses. This well was drilled in Abu Zarab Formation (white sandstone) and reached to
the sandstone of Adediya Formation. The concentration of uranium in this sample is not detected by
alpha spectrometry. All the samples have values over than the international guideline as shown in
Table 2.
4.8 234U/238U activity ratios
The results of 238U and 234U concentrations and their 234U/238U activity ratios (AR) in the
collected groundwater samples are summarized in Table 2. The 238U concentrations in the samples
varied drastically between 338 mBq/l and 25413 mBq/l. Also, the 234U concentrations are varied

Water Utility Journal 9 (2015)

29

between 425 mBq/l and 35560 mBq/l. The resultant 234U/238U activity ratio for the analyzed
samples is ranged from 1.39 to 1.49 with the exception of two samples (Allouga and TH.1) which is
lower than unity (0.029 and 0.59 respectively). With respect to sample (Allouga), it's collected
directly after 2012 flashflood which means that the disequilibrium between 234U and 238U is high.
As for the anomalous 234U/238U ratio, two distinct mechanisms have been proposed [29]. One is the
direct ejection of the recoiling 234Th nucleus, into the aquatic system from a mineral grain (physical
model). Another is related to the chemically unstable state of the recoiling atom which is more
liable to be oxidized and leachable part due to its unusual lattice position in the mineral (valence
change or chemical state change model). Therefore 234U in such site is liable to be dissolved in
water, especially if the oxidation of U4+ to U6+ (UO22+) occurs owing to its unstable site. An
intermediate mechanism has also been proposed, which considers the removal of implanted recoil
nuclei in the alpha-recoil track produced in an adjacent grain, as due to subsequent etching by
chemical solution (radiation damage model).

4. CONCLUSION
Ten groundwater samples were collected with pH 6.79 which indicates slightly acidic. The mean
value of electric conductivity is 6.41 for the groundwater samples which is under the permissible
limits of WHO. The large variation in electric conductivity is mainly attributed to geochemical
process like ion exchange, reverse exchange, evaporation, silicate weathering, rock water
interaction, sulphate reduction and oxidation. T.D.S values are under the permissible limit of 2000
mg/l and all the collected samples are considered as fresh ground water (T.D.S < 1000 mg/l). The
cations of southwestern Sinai groundwater samples indicate average as Na+ (176.56 mg/l), Mg2+
(108.11mg/l), Ca2+ (102.15 mg/l) and K+ (8.23 mg/l), while the anions reveal average values as Cl(451.06 mg/l), HCO3 (204.53 mg/l), CO32- (125.82 mg/l) and SO42- (113.45 mg/l), respectively. The
mean values of the cations in order of abundance were Na+ >Mg2+> Ca2+> K+ , while the anions
reveal order of abundance as Cl->HCO3- >CO3 2 - > SO42-. The mean concentrations of most
parameters are below WHO recommended limits with the exception of one sample has odd values
of some parameters like Ca2+ and Mg2+, Sodium Absorption Ratio (SAR), Percent Sodium (Na%),
Residual Sodium Carbonate (RSC), Potential Salinity (PS), clarified that the ground waters in the
studied area were safe and suitable for irrigation. The study of the hydrochemistry of groundwater
shows that for cations concentrations, Ca-Mg type of water predominated in most samples. On the
other hand, anion concentrations indicate that chloride type of water predominated in the studied
area. Most of the collected groundwater samples belong to the Ca - Mg- Cl mixed type, followed by
Ca2+- Mg2+- Cl−- SO42- water type and one sample belongs to Na+- K+ - Cl−- SO42- water type. The
activity concentrations of 238U range between 338 and 25413 mBq/l, 234U activity concentrations
range between 425 and 35560 mBq/l. The 234U/238U ratios range between 0.029 and 1.49. The
lowest ratio represents a flashflood sample which has very low 234U.
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