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ABSTRACT

The study site of Wadi Sidri locates at west central Sinai, on the eastern
side of the Suez Gulf. Wadi Sidri is considered one of the most important
hydrographic basins in Sinai Peninsula because it receives, seasonally a
considerable amounts of rainfall, most of it flows in the form of floods
towards the Suez Gulf. Other amounts of these rainfalls are surface run off and
catchment or stored as groundwater in a lot of wells amongst the area of
study.

The present investigation aims at studing the chemical constituents of
groundwater of the wells in Wadi Sidri, and to evaluate their suitability for
irrigation or for other uses in different agriculture proposes; sharing in the
development of the area. Chemical analysis for 21 ground water samples were
collected from 21 selected wells from Sidri valley.

Data can be summarized as follow:
e Relatively use of groundwater in different human activities depend upon the
general moderate values of pH, TDS, SAR, pHc and adj SAR and adj Ryg.
e Hydro-chemical parameters intended that the determination of the ion ratios
is important to distinguish between groundwater having pale salinity
characteristics and those mineralized resulting by evaporation processes. The
most important parameters are: (Na + K) / Cl, (SO4 / Cl), (Ca/ Mg) and (Na /
K).
eThe hypothetical salts assemblages in groundwater result from the
combination between cations and anions. Groundwater of the studied wells
reflect the existence of two assemblages salts of; NaCl, MgCl,, MgSO,,
CaSO, and Ca (HCOs3), beside to NaCl, Na,SO,, CaSO4, MgSO, and Ca
(HCO3),.
eMany heavy and trace elements (Fe, Mn, Zn, Cu, Pb and Cd) are present in
groundwater with low concentration (less than 0.lppm), but sometimes much
higher, particularly if the water has been in contact with mineralized rock or
ore bodies.
Key Words: Sinai, Groundwater Quality, Chemical constituents, suitability
INTRODUCTION

Development of Sinai Peninsula which represents approx. 6.10 % of
the total area of Egypt (about 61,000 Km?) depends on the optimum
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exploitation of all the existing water resources. The region, as all desert areas,
characterized by scarce rainfall which represent the unique source of recharge
to the existing previous rocks, and when exists, occasionally falls as short to
heavy storms causing hazardous flash floods. Because of the importance of
Sinai Peninsula in the plans of the Egyptian Government of Economic,
Rehabilitation and Development, these areas must receive a great attention and
more water (that is limited and precious under the prevailing arid conditions)
will be needed. Therefore, efficient management to evaluate and exploiting the
exiting groundwater in Sinai considered among the most serious challenge
standing in the way of developing fferent localities and instilling urbanization
communities in Sinai.

Wadi Sidri basin receive annually a considerable amount of rainfall on
the heights, most of it flows as floods towards the Gulf of Suez. Furthermore,
augmentation of infiltrating portion may increase groundwater storage and
upgrade its quality. Great parts of rainfalls run off to drains to the Gulf of
Suez, while the other part evaporates or percolates downward through the pore
spaces and/ or fractures to feed the different wells. As stated by GSUS, (1998)
and Hem (1989), the quality of groundwater is the resultant of many
processes and reactions that have acted on the water through its movement
from the precipitation rainfall on the ground surface and its infiltration &
movement through wells. The source of major cations, anions and metallic
ions in groundwater resulted from weathering of the mother rocks and the
leaching of the water bearing formation. Ayers and westcot (1976), SAR
classes were no problem (less than 3), increasing problem (3 - 9), severe
problem (higher than 9), and adj SAR depend the type of clay minerals, while
adj Rna depend upon the un-deposit calcium ions (me/l), where the partial
pressure of CO, was responsible on the deposition of calcium ions.

In wells unaffected by human activity, the quality of groundwater
results from chemical reactions between the water and rock matrix as the
water moves along flow paths from areas of recharge to areas of discharge
(GSUS, 1998). In general, the longer groundwater remains in contact with
soluble materials, the greater concentrations of dissolved materials in the
water. The quality of groundwater also can change as the result of the mixing
of waters from different wells. In wells affected by human activity, the quality
of water can be directly affected by the infiltration of anthropogenic
compounds.

Sidri basin is considered among the promising localities in west central
Sinai; for tourism, agricultural trend for very local inhabitants, the mining
activities, exciting land features as well as good soil cover. For these reasons,
evaluate the groundwater quality for different uses in Sidri basin is great
important, especially with respect to irrigation and other agriculture purposes.

This current study aims to study some chemical constituents of the
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existing wells. So, water samples from wells of Wadi Sidri were collected and
chemically analyzed to diagnose their chemical constituents in order to
evaluate their quality for different human activities.
MATERIALS AND METHODS
To achieve the aim of the current study i.e., studying the chemical
constituents of groundwater for wells in Wadi Sidri, twenty one groundwater
samples, denoted as " W1" to "W21" , were collected from the existing wells,
as the method of Rainwater and Thatcher (1960). The abscissas and some
hydrogeologic data of the studied wells at Wadi Ssidri will be shown in Table

(1). The locations of wells in wadi sidri are shown in map (1).
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Map. (1): Locations of wells at Wade Sidri area.
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Table (1): The abscissas and some hydrogeoloical data of the studied wells at

Wade Sidri.
Well abscissas Water Depth Water Total
. bearing to level depth
Basin | Wells formation | water | (O™ |~
No | No |DD°|MM’|SS"'N|DD [MM’|SS"E|  « m | s -
level)
(m)
1 28 | 51 |125.96| 33 | 14 | 44.40 A.D. 26.25 | 57.75 70
2 28 | 51 |28.00| 33| 15 | 10.00 A.D. 23.2 54.8 73
3 28 | 51 |3360| 33| 15 | 32.40 A.D. 24.5 58.0 73
4 28 | 53 |08.45| 33 | 21 | 29.87 A.D. 235 | 237.44 25
5 28 | 53 |09.78| 33 | 21 | 28.63 A.D. 25 236.21 26.5
6 28 | 53 |11.45| 33 | 21 | 28.84 A. D. 25.5 235.1 26
7 28 | 53 |12.25]| 33 | 22 | 58.61 S.S. 33.5 [ 251.79 48
8 28 | 53 |31.37]| 33| 23 | 17.61 S.S. 12.6 | 289.76 14
9 28 | 53 |30.30| 33 | 23 | 30.50 S.S. 45 255.84 60
.| 10 28 | 53 |4253| 33 | 28 | 14.08 A. D. 27.7 | 415.17 30
‘Qi’g‘fi' 11 | 28 | 53 |45.01| 33 | 28 | 1439 | A.D. 27 | 41435 | 29
12 28 | 53 |58.20| 33 | 28 | 16.11 A. D. 33.25 | 417.55 345
13 28 | 54 |07.19| 33| 28 | 17.18 A. D. 315 | 429.66 33
14 28 | 55 |48.43| 33 | 29 | 48.64 A. D. 315 [ 515.62 32
15 28 | 55 |4048 | 33 | 30 | 01.98 A. D. 31 477.89 | 32.25
16 28 | 56 |18.60| 33 | 30 | 12.60 A.D. 33.5 | 491.37 35
17 28 | 56 |2250| 33 | 30 | 08.40 A.D. 36 490.69 37
18 28 | 56 |5450| 33 | 35 | 16.30 G. 26 622.61 28
19 28 | 27 |04.04| 33 | 36 | 02.49 A.D. 22 638.5 27
20 28 | 56 |59.07| 33 | 36 | 17.37 G. 22.7 644.2 24
21 28 | 57 |0557| 33| 36 | 43.80 G. 23 659.14 24.5

(*) A.D. = Alluvial Deposits, S.S.=Sandstone, G. = Granite
(**) Total depth (m) : Drilling depth of the well until the first layer of water-bearing

The collected groundwater samples were stored in incubated glasses
for chemical analyses. A complete chemical analysis of the groundwater
samples has been done including the determination of pH, salinity measured as
total dissolved salts (TDS), (mg/L, i.e. ppm) as Hem (1970), SAR, pHc, adj
SAR, adj Rna as Ayers and Westcot (1994).

Also, the concentration of major cations, Na*, K*, Ca®*, Mg®* and major
anions, CI, SO,~ and HCOjs" as stated by Chapman and Pratt (1961) and
expressed in milli-equivalent per liter (m.eg/L). Some wells were chosen to
determine ionic concentration of Fe, Mn, Pb, Cu, Cd and Zn of groundwater
and expressed in milligrams per liter (mg/L, i.e. ppm), using plasma 400
according to Soltanpour (1985).
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RESULTS AND DISCUSSION
Chemical composition and gquality of the groundwater of wells:

The quality of groundwater is the resultant of all processes and
reactions that have acted on the water through its movement from the
precipitated rainfall on the ground surface and its infiltration and movement
through wells.

Table (2) : Analytical data of ion concentrations as (m.eq/L) of water
samples of the wells at Wadi Sidri .
lon concentration (meg/l)

NO | pH | TDS g/l Cations Anions

ca® | Mg” | Na* | K' [ cos® |HCO, | S0 | cI
1 | 754 197 482 | 1398 | 13.70 | 0.46 | 0.00 | 1.57 | 17.47 | 13.70
2 1.47 1.75 7.73 9.06 | 12.07 | 0.56 | 0.00 156 | 1291 | 14.63
3 6.75 1.47 4.99 6.75 | 12.13 | 0.49 | 0.00 1.21 | 10.36 | 12.94
4 7.19 1.13 6.85 2.50 9.12 | 0.26 | 0.00 2.22 8.41 7.68
5 7.28 1.05 5.48 2.98 8.20 | 0.33 | 0.00 2.13 8.92 5.92
6 7.28 1.22 8.10 3.28 8.26 | 0.26 | 0.00 2.18 9.99 7.67
7 6.90 1.01 4.67 411 7.82 | 0.33 | 0.00 2.16 7.69 6.77
8 7.70 2.46 6.99 6.99 | 27.02 | 0.36 | 0.00 2.38 | 12.67 | 25.94

9 1697 0.43 245 | 2.68 1.96 | 0.20 | 0.00 1.97 296 | 2.69
10 | 7.85 1.42 893 | 3.70 | 10.36 | 0.38 | 0.10 1.27 | 10.10 | 11.72
11 | 7.77 1.42 6.74 | 581 | 10.34 | 0.36 | 0.10 1.64 | 10.25 | 11.84
12 | 721 1.44 589 | 7.81 | 1053 | 0.33 | 0.00 1.88 | 10.01 | 12.15
13 | 7.19 1.36 9.73 | 252 | 10.09 | 0.26 | 0.00 1.23 | 8.89 | 12.10
14 | 7.34 1.38 551 | 576 | 10.22 | 0.31 | 0.00 1.12 | 12.33 | 9.30
15 | 7.70 1.24 6.24 | 532 | 894 | 0.26 | 0.00 1.82 | 10.19 | 8.28
16 | 7.30 1.25 6.75 | 434 | 9.05 | 0.28 | 0.00 1.79 9.99 | 859
17 | 719 1.26 681 | 543 | 898 | 0.26 | 0.10 1.99 9.40 | 9.10
18 | 7.46 1.87 9.75 | 1151 | 10.97 | 0.33 | 0.00 201 | 1198 | 17.91
19 | 7.19 1.54 729 | 9.13 | 9.78 | 0.28 | 0.00 235 | 11.01 | 12.55
20 | 7.72 1.49 848 | 6.74 | 9.70 | 0.20 | 0.10 1.97 | 11.11 | 11.62
21 | 7.22 3.38 26.20 | 20.56 | 12.96 | 0.36 | 0.00 153 | 1486 | 43.11

Therefore, ion concentrations as (m.eg/L), will be used as basis to
assessment the chemical constituents table (2) of groundwater of the studied
wells. The analytical data of ion concentrations as well as total dissolved salts
TDS and pH considered the most important parameters to assessment the
groundwater quality, as well as SAR, PHc, adj SAR, and adj Ry, Ayers and
Westcot (1994), (Table, 3). Natural phenomena of the studied groundwater
were normal, i.e. clear, colorless and odorless.
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Table (3): Calculated data comparison of SAR, Adj Rna and Adj SAR.
Basin | SAR EC HCOy/Ca | Cax | AdjRna PHc Adj

No (umho/cm) * *x SAR
1 4.47 3.25 0.36 4.72 4.48 7.2 9.83
2 4.17 2.74 0.20 6.86 4.28 7.3 8.75
3 5.01 2.74 0.24 5.91 4.82 7.5 9.51
4 4.22 1.83 0.32 4.98 4.72 7.4 8.44
5 3.97 1.79 0.39 411 4.36 7.4 7.97
6 3.46 1.81 0.27 4.98 3.92 7.3 7.27
7 3.73 1.75 0.46 3.68 3.93 7.4 7.46
8 10.22 4.18 0.34 491 10.54 7.35 20.95
9 1.22 0.86 0.80 2.51 1.22 7.55 2.26
10 4.12 2.36 0.14 7.90 4.30 7.4 8.25
11 4.13 2.35 0.24 5.62 4.33 7.4 8.26
12 4.02 2.41 0.32 4.98 4.16 7.3 8.45
13 4.08 2.42 0.13 7.90 442 7.5 7.75
14 4.31 2.14 0.20 6.52 4.12 7.55 7.96
15 3.72 2.02 0.29 4.98 3.94 7.35 7.62
16 3.84 2.06 0.27 4.98 4.06 7.4 7.69
17 3.63 2.05 0.29 4.98 3.94 7.3 7.62
18 3.36 3.27 0.21 6.86 3.62 7.1 7.74
19 3.41 8.64 0.32 6.04 3.55 7.1 7.85
20 3.52 2.60 0.23 5.91 3.86 7.2 7.74
21 2.68 6.15 0.06 19.07 2.91 6.9 6.70

* HCO3/Ca = calculated from HCO3; and Ca from table (2)

*x Cax = calculated from table (4)

The adjusted Sodium Adsorption Ratio (adj SAR) is calculated from the following
equation and table (2) Ayers and Westcot (1994)

adjSAR=SARA+ (8.4— pHC0©))

pHc = (pK2 - pKc) + p(Ca+ Mg) + p(Alk)

Whereas the values of (pK2 — pKc), P(ca + Mg) and P(AIK) were obtained from
special table (Ayers and Westcot, 1976) opposite to the concentration (me/l) of (Ca +
Mg + Na), (Ca+ Mg) and (CO3z + HCO3) me/l from table (2), respectively.

The adjusted Sodium Adsorption Ratio for Ca, (adj Ry,) can be calculated
from the following equation and the following and table (2) Ayers and Westcot
(1994)

Na

/Ca, + Mg
2

Where: Na =sodium in the irrigation water reported in me/I

adjR, =
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Ca, = a modified calcium value taken from Table (4), reported in me/l. Ca, represents
Ca in the applied irrigation water but modified due to salinity of the applied
water (EC,), its HCO3/Ca ratio (HCOs, and Ca in me/l) and the estimated
partial pressure of CO, in the surface few millimeters of soil ( Pco, = 0.0007

atmospheres)
Mg = magnesium in the irrigation water reported in me/I.

Table (4): Calcium concentration (Cay) expected to remain in near-
surface soil-water following irrigation with water of given
HCOs/Ca ratio and EC,,.

Salinity of applied water (EC,,)(dS/m)
0.1 0.2 03] 05 0.7 1.0 15 2.0 3.0 4.0 6.0 8.0
.05 113.20] 13.61 [13.92]| 14.40 | 14.79 | 15.26 | 15.91 | 16.43 | 17.28 | 17.97 | 19.07 | 19.94
10 1831 | 857 [8.77 ] 9.07 | 931 | 9.62 |10.02 | 10.35 | 10.89 | 11.32 | 12.01 | 12.56
15 16.34] 654 | 669 692 | 711 | 734 | 765 | 7.90 | 831 | 864 | 9.17 | 9.58
.20 | 524 | 540 |552| 571 | 587 | 6.06 | 6.31 | 652 | 6.86 | 7.13 | 757 | 791
25 |451 | 465 |4.76| 492 | 506 | 522 | 544 | 562 | 591 | 6.15 | 6.52 | 6.82
30 |400 | 412 421 | 436 | 448 | 462 | 482 | 498 | 524 | 544 | 577 | 6.04
35 1361 3.72 | 380 | 394 | 404 | 417 | 435 | 449 | 472 | 491 | 521 | 545
40 1330 340 | 348 360 | 3.70 | 3.82 | 3.98 | 411 | 432 | 449 | 477 | 4.98
45 1305] 314 | 322 333 | 342 | 353 | 3.68 | 3.80 | 400 | 415 | 441 | 461
50 | 284 293 |3.00| 3.10 | 3.19 | 3.29 | 343 | 354 | 3.72 | 3.87 | 411 | 4.30
75 1217 224 |229| 237 | 243 | 251 | 262 | 270 | 284 | 295 | 3.14 | 3.28
100]1179) 185 |1.89]| 196 | 201 | 2.09 | 216 | 223 | 235 | 244 | 259 | 271
) 1251154 159 |163| 168 | 1.73 | 1.78 | 186 | 1.92 | 202 | 210 | 223 | 2.33
ﬁgg(:/(():fa 1501137 | 141 | 144 149 | 153 | 158 | 165 | 1.70 | 1.79 | 1.86 | 1.97 | 2.07
1751123 127 |130| 135 | 1.38 | 143 | 149 | 154 | 162 | 1.68 | 1.78 1.86
2001113 116 |119| 123 | 1.26 | 1.31 | 136 | 140 | 148 | 1.54 | 1.63 1.70
225]1104) 108 |110| 1.14 | 117 | 121 | 126 | 1.30 | 1.37 | 142 | 151 1.58
2501097 | 100 |1.02| 106 | 1.09 | 112 | 1.17 | 121 | 1.27 | 1.32 | 1.40 147
3.001085] 089 |091| 0.94 | 096 | 1.00 | 1.04 | 1.07 | 1.13 | 1.17 | 1.24 | 1.30
35010.781 080 |082| 0.85 | 0.87 | 090 | 0.94 | 097 | 1.02 | 1.06 | 1.12 117
400(0.71) 073 |0.75| 0.78 | 0.80 | 0.82 | 0.86 | 0.88 | 0.93 | 0.97 | 1.03 | 1.07
45010.66 | 068 |069| 072 | 0.74 | 0.76 | 0.79 | 0.82 | 0.86 | 0.90 | 0.95 | 0.99
5.00 {0.61 | 063 |065| 067 | 069 | 0.71 | 0.74 | 0.76 | 0.80 | 0.83 | 0.88 | 0.93
7001049 | 050 |052| 053 | 055 | 057 | 059 | 0.61 | 0.64 | 0.67 | 0.71 | 0.74
10.0010.39 | 040 | 041 | 042 | 043 | 0.45 | 047 | 048 | 051 | 053 | 0.56 | 0.58
20.0010.24 ] 025 |0.26 | 0.26 | 0.27 | 0.28 | 0.29 | 0.30 | 0.32 | 0.33 | 0.35 | 0.37
30.00/0.18 | 0.19 |0.20 ] 0.20 | 0.21 | 0.21 | 0.22 | 0.23 | 0.24 | 0.25 | 0.27 | 0.28

Adapted from Suarez (1981).

“ Assumes a soil source of calcium from lime (CaCO,) or silicates; no precipitation of
magnesium, and partial pressure of CO, near the soil surface (Pco,) is .0007
atmospheres.

*** Cay, HCO3, Ca are reported in me/l; EC,, is in dS/m.

Data calculated in table (3) for SAR, adj Rna, and adj SAR showed that
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adj Rna equal one fold of SAR and adj SAR showed two folds of SAR. These
mean that adj Ry, more reliable for irrigation water.
Chemical Parameters:

The relationships between the different major ions could be studied
through the determination of the ion ratios. These ratios are helpful in
detecting the hydro-chemical processes affecting water quality such as mixing,
leaching and ion exchange. Also these ratios are useful in comparing water
from different sources or reservoirs. On the same time the use of such ratios is
important to distinguish between groundwater having pale salinity
characteristics and those mineralized resulting by evaporation processes. Table
(5) shows the hydro-chemical parameters in the groundwater of the studied
wells based on the analytical data in Table (2). Discussions of some common
parameters are given below.

1. (Na + K) / CI: This parameter is of special importance, it gives an
indication about the water origin (marine or fresh water). In sea water it ranges
between 0.85 and 0.87, while in the fresh meteoric water it is more than unity.
Table (5) : Hydro-chemical parameters in groundwater of wells in Wadi

Sidri.

Well No | (Na+K)/CI [Ca/Cl|Ca/Mg| SO4/CI | Na/K | Mg/Cl | CI/HCO;
1 1.03 0.35 0.34 1.28 29.78 1.02 8.73
2 0.86 0.53 0.85 0.88 21.55 0.62 9.38
3 0.98 0.39 0.74 0.80 24.76 0.52 10.69
4 1.22 0.89 2.74 1.10 35.08 0.33 3.46
5 1.44 0.93 1.84 1.51 24.85 0.50 2.78
6 1.11 1.06 2.47 1.30 31.77 0.43 3.52
7 1.20 0.69 1.14 1.14 23.70 0.61 3.13
8 1.06 0.27 1.00 0.49 75.06 0.27 10.90
9 0.80 0.91 0.91 1.10 9.80 1.00 1.37
10 0.92 0.76 241 0.86 27.26 0.32 9.23
11 0.90 0.57 1.16 0.87 28.72 0.49 7.22
12 0.89 0.48 0.75 0.82 31.91 0.64 6.46
13 0.86 0.80 3.86 0.73 38.81 0.21 9.84
14 1.13 0.59 0.96 1.33 32.97 0.62 8.30
15 1.11 0.75 1.17 1.23 34.38 0.64 4.55
16 1.09 0.79 1.56 1.16 32.32 0.51 4.80
17 1.02 0.75 1.25 1.03 34.54 0.60 4.57
18 0.63 0.54 0.85 0.67 33.24 0.64 8.91
19 0.80 0.58 0.80 0.88 34.93 0.73 5.34
20 0.85 0.73 1.26 0.96 48.50 0.58 5.90
21 0.31 0.61 1.27 0.34 36.00 0.48 28.18

2. SO, / CI: This ratio is useful as a guide for detecting any excess in sulphate
content in the groundwater due to dissolution of calcium sulphate or
precipitation of calcium carbonate.
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3. Ca/Mg: Ca/Mg value in some wells is more than 0.9 where the water-

bearing sediments are mainly of sands. In the other wells Ca/Mg value is less

than 0.9, where there is an increase in Ca ions content which resulted from the
precipitation of calcium carbonate or calcium sulphate.

4. Na / K: When the ratio Na / K is more than 50 in the wells it is due to the

long pass between these wells and the recharging sources. On the other hand,

when this ratio is less than 50 it is indicated that these wells are near from the
recharging sources.

Hypothetical Salts Assemblages:

Generally, the hypothetical salts assemblages in groundwater result from
the combination between cations and anions. The groundwater of the studied
wells reveals different salt assemblages reflecting the geologic and
geomorphologic impacts. The studied samples of groundwater reflect the
existence of three assemblages of:

1) The first assemblage comprises of: NaCl, MgCl,, MgSO,, CaSO, and Ca
(HCOg3), characterizes the water of samples of wells (W2, W3, W9,W10,
W11, W12, W13, W17, W18,W19 andW20).

2) The second assemblage comprises of: NaCl, Na,SO,4, CaSO,, MgSO, and
Ca(HCOg), represents the water of samples of wells (W1, W4, W5, W6,
W7,W8W14, W15 and W16) , reflecting the impact of direct
replenishment from the nearby scarps.

3) The third assemblage comprises of: NaCl, MgCl,, CaCl,, CaSO,4 and Ca
(HCO3), which characterizes the water of sample of well (W21); it reflects
the impact of marine sediments of the weathering products of EI Tih
Plateau.

Important of the groundwater:

SAR. pHc, adj SAR and adj Rna: according to guidelines reported by
Ayers and  Westcot (1976), SAR classes were no problem (less than 3),
increasing problem (3 - 9), severe problem ( higher than 9). From table (2)
SAR represented increasing problem except for water samples from W9 and
W21 which indicated no problem and W8 indicated severe problem. Occurring
relatively carbonate, an adjusted SAR (adj SAR) is recommended (Ayers and
Westcot (1976).

The adj SAR. can be reduced by reducing the bicarbonate (HCO3)
level. This is normally accomplished by acidifying the irrigation water,
Suarez, (1981). The adj Rna was related to the ions concentration in the
irrigation water of HCO3 and Ca me/l, (Ayers and Westcot 1994).

- Values of pHc above 8.4 indicate a tendency to dissolve lime from
the soil through which the water moves;

- values below 8.4 indicate a tendency to precipitate lime from the
water applied. (Wilcox, 1966 and Rhoades, 1972)
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TDS : Concerning the water quality for irrigation purposes, many
classifications tools were applied. Data in (Table 2) showed that, TDS (g/l) of
groundwater of the studied wells at Wadi Sidri ranged between 0.432 g/l
(Well W9) to 3.376 g/l (W21) in Wadi Sidri.

Table (6): Salinity Classes of groundwater samples of the wells at Wadi
Sidri .

Water salinity classification Water salinity
classification Well No
(as Chebotarev , 1955) '
Class TDS (g/1)
Good Portable (< 0.50) 9
Fresh (050-0.70) | = -emmeee-
. 3,4,5,6,7,10,11, 12, 13, 14,
Fairly Fresh (0.70 - 1.50) 15. 16, 17 and 20
Slightly Brackish (1.50 — 2.50) 1,2,8,18and 19
Brackish (250-320) | @ e
Definitely Brackish (3.20 - 4.00) 21
Sligh.tsaline — Extrem.Saline (400->10.00) | = -

As Chebotarev (1955), the presented data (Table 6), reflect that TDS of
(W9) showed good portable water quality. Meanwhile, most of the studied
wells have fairly fresh to slightly brackish water quality. On the other hand;
TDS of (W21) showed definitely brackish water quality. This means, almost
the vast majority of wells in Wadi Sidri have suitable groundwater for use in
drinking and irrigation.

Trace elements:

Many traces and heavy elements are present in groundwater in low
concentration (less than 0.1 ppm), but sometimes some of them found higher,
particularly if the water has been in contact with mineralized rock or ore
bodies. Fe, Mn, Zn, Cu, Pb and Cd are the most common minor components
encountered in the area under consideration.

Rowe and Abdel-Magid (1995) tabulated (Table 7) the permissible limits
for some trace elements and heavy metals in irrigation water, in addition to
some observations must be taking before use these quality of waters for crop
irrigation.

The concentrations of heavy and trace components (ppm) are tabulated in
Table (8). Also, ideas about their distributions in the area under
consideration are given below.

Iron (Fe™™):

Iron is one of the most minerals commonly in the earth crust. Its main
sources in groundwater are the dissolution of iron-bearing minerals commonly
found in well sediments as pyrite, siderite, magnetite, and iron silicate. The
common form in the groundwater is the soluble ferrous ion (Fe™). When it is
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exposed to the atmosphere, Fe*™ is oxidized to the insoluble ferric state (Fe*™™),
which precipitates as ferric hydroxide causing a brown discoloration of the
water. Corrosion of well casing and other pipes may also contribute iron to
groundwater. Moreover, bacterial activities can also increase or decrease iron
concentration in groundwater.

The presence of iron in drinking water leads to a metallic taste. So, the
recommended maximum concentration for drinking water is 0.3 mg/L (WHO,
1988). The chemistry of iron in natural water is influenced by certain kinds of
microorganisms (Hem, 1989). Sea water contains an average of 0.003 ppm
iron (Berner, 1970). On the other hand the river water contains a higher
average content of iron (about 0.67 ppm). In the study area, iron cation in
groundwater ranged between 0.005 ppm (W13) to 0.556 ppm (W2).

Table (7): Limits recommended for some constituents (trace elements and
heavy metals) in irrigation water.

(Concentration(ppm)
Element - Remarks
period of use
Long Short
e Not Toxic for plants in aerated soils, but can contribute in
Fe 5 20 soil acidification and in loss of essential phosphorus and
molybdenum.
M 0.20 10 e Toxic for number of crops at a_few —tenth to a few mg/I.
in acid soil.
o Toxic for many plants at widely varying concentrations.
Zn 2 10 e Reduced toxicity at increasing pH(>6) and in fine-
textured or organic soils
Cu 0.20 5 o Toxic for number of plants at 0.1 to 1.0 mg/l in solutions.
Pb 5 10 e Can inhibit plant growth at very high concentrations.
e Toxic for bean, beets and turnips at < 0.1mg/l in solution.
Cd 0.01 0.05 e Severe conservative limits recommended.

Manganese (Mn*™):

Manganese resembles iron in its chemical behavior and in its occurrence
in natural water. It is arises from soils and sediments due to the manganese
oxides and hydroxides are common sources of manganese in soil and
sedimentary rocks. Metamorphic and sedimentary rocks and mica biotite and
amphibole hornblend minerals contain large quantities of manganese.

Manganese is an essential element in plant metabolism and its organic
circulation can influence its occurrence in natural water. In natural water,
manganese concentration is usually under 0.2ppm, where as groundwater
possesses over 10 ppm. The divalent ion (Mn™™) is soluble and found in most
groundwater at concentrations less than those of ferrous ion (Fe™). The
recommended maximum of manganese concentration for public water
supplies set at 0.05 mg/L (WHO, 1988), and the maximum limit is 0.5 ppm
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(Cox 1964). In the study area, Mn - concentration ranged between 0.001 ppm

(W14) to 0.026 ppm (W2).

Table (8): The concentrations of heavy and trace components (ppm) in
some selected wells at Wadi Sidri, (Note: N.D : <0.0001 ppm).

Well No. Fe Mn Zn Cu Pb Cd
2 0.556 0.026 0.012 0.033 0.037 0.007
3 0.381 0.008 0.014 0.015 0.037 0.010
5 N.D N.D 0.074 0.011 0.038 0.011
7 0.175 N.D 1.764 0.008 0.084 0.016
11 N.D N.D 0.024 0.019 0.077 0.015
13 0.005 N.D 0.025 0.020 0.052 0.014
14 0.046 0.001 0.027 0.007 0.047 0.010
16 0.006 N.D 0.040 0.010 0.029 0.004
19 N.D N.D 0.035 0.019 0.074 N.D
21 N.D N.D 0.032 N.D 0.053 N.D
Zinc (Zn™):

Zinc is one of the most abundant elements in the Earth's crust. The most
exploited zinc ore is sphalerite. Zinc is an essential mineral of exceptional
biologic and public health importance. In children zinc deficiency causes
growth retardation and many other diseases. On the other hand, excess zinc
can be harmful. Excessive absorption of zinc suppresses copper and iron
absorption.

The free zinc ion in solution is highly toxic to plants, invertebrates, and
even vertebrate fish. The U.S. Food and Drug Administration (FDA) have
stated that zinc damages nerve receptors in the nose, which can cause anosmia
(Wikipedia site, 2011). In the study area, zinc concentration ranged between
0.012 ppm (W2) to 1.764 ppm (W7).

Copper (Cu™™):

Most copper minerals are relatively insoluble and hence little copper is
found in natural water. However, Cu™™ may be present in water from
disintegration and weathering of rocks containing the element. Also, copper is
available to surface water and groundwater, due to the extensive use of
agricultural pesticides sprays containing copper compounds. It is an essential
element in human metabolism, but can cause anemia, disorders of bone and
connective tissue, and liver damage at excessive levels.

The toxicity of Cu™ depends upon the hardness and pH of the water, and
therefore, it is more toxic in soft water and in water with low alkalinity (Jones,
1964). Drinking water should not have more than 1 mg/L Cu™". The
concentration of Cu™™ at levels more than 0.5 mg/L is usually attributed to the
use of Cu™ salts for the control of algae and other aquatic growths
(Rainwater and Thatcher, 1960). In the study area, copper concentration
ranged between 0.007 ppm (W14) and 0.033 ppm (W?2).
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Lead (Pb™):

Lead is one of the minor elements in natural water. It is an
accumulative poison to human and animals, but the individual sensitivity
differs. Pb*™" concentration in natural water is limited and controlled by
the solubility restrictions. It is commonly occurred as lead sulphide
(Galena), and lead sulphate.

The lead toxicity appears to be greater in soft water than in hard
water (Pickering and Henderson, 1960). The use of lead by humans
tended to disperse the element widely through the environment. The
concentration of Pb™ in rain and river waters ranges from 0.1 mg/L or
more to 0.001 mg/L or less in more remote areas (Lazrus et al., 1970). The
natural mobility of lead is low owing to the low solubility of lead hydroxy
carbonate and phosphate (Nriagu, 1974). Also, the adsorption of lead on
organic and inorganic sediment surfaces and coprecipitation of lead with
manganese oxide tend to maintain low concentration levels in surface water
and groundwater (Hem, 1989). In the study area, Lead concentration ranged
between 0.029 ppm (W16) and 0.084 ppm (W7).

Cadmium (Cd™):

Generally, cadmium is present in zinc ore minerals such as
sphalerite, and is recovered from some copper ores during smelting
and refining. It is rarely found in natural water. Many uses of Cd™" in
industry tend to make the element available to water, that comes in
contact with buried wastes, where Cd™ compounds are used in the
production of plastic pipes, metal plating, printing ink, and storage
battery manufacture. Cadmium is considered to be toxic if its
concentration exceeds 0.01 mg/L both in drinking and irrigation water
(Hem, 1989). In the study area, cadmium concentration ranged
between 0.004 ppm (W16) and 0.016 ppm (W?7).
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