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ABSTRACT

Egypt is characterized by arid climate with rare rainfall that means surface water. The River Nile is the main source of
water supply. The study area is located in Upper Egypt in the western desert. The area under investigation is subjected
to intensive development in the last twenty years, clearly seen in the change of the agriculture and urban areas. The
rapid increase of the population in Egypt especially in the upper part leads to an increasing demand for houses on the
old cultivated land lead to the migration towards the desert and reclaimed new areas. These new reclaimed areas are
depending on the ground water. The extensive use of groundwater and increasing fertilizing system leads to the change
of the water table, characterization and quality. In this study we use the analysis of 30 groundwater samples collected
and analyzed in 1989 and 28 groundwater samples collected and analyzed in 2011 from the same area to identify the
change in the quality of the ground water. According the hydrogeologic data which were collected from the study area
in 1989 and 2011 we found a changing water table decreasing, from 1 to 48 m in 1989 and 5 to 60 m in 201. The water
level is decreasing in the same direction towards the River Nile. The sufficient recharge and leaching and dissolution of
the aquifer materials due to extensive use lead to increase in TDS which reaching to 4453 ppm in 2011. The water type
in the 1989 samples is mainly NaHCOj; and in 2011 samples Na,SO4. Grid classification shows that the water samples
collected in 1989 are mainly sodium bicarbonate and sodium chloride extending to sodium sulphate while the water
samples collected in 2011 are mainly sodium sulphate and sodium chloride. Most of the 1989 groundwater samples are
suitable for drinking purposes while majority of the 2011 groundwater samples are not suitable due to high salinity.
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1. Introduction claimed new area. The new reclaimed area are mainly
depends on the underground water. The extensive with-
drawal and use of old irrigation methods (flood method)
as well as sufficient recharge all these reasons leads to
increase the depth to water and also decrease the water
level in the aquifer. The main purpose of this study is
identifying the change in the quality of groundwater in
the period from 1989 to 2011.

We used the chemical analysis of 30 groundwater
samples which collected and analyzed by [1] and 28

Water is the most important natural resource for life on
Earth. Fresh surface water can be reached easily for con-
sumption in most countries except for countries in desert
areas such as in Africa. The study area are located in the
Upper Egypt (Figure 1), Egypt are characterized by arid
climate, very rapid growth population and limited surface
fresh water. To solve the problem of population it must
be constrain a new towns and reclaimed new areas for
agriculture. This leads to change in the agriculture area

and urban area from 1989 and 2011 the agriculture area
in 1989 is 345.74 Km® while it reached to about 363.6
Km?® in 2009 with total increase in the agriculture area
from 1987 to 2009 about 17.86 Km* with average annual
rate 0.812 Km?/year and the total urban area in 1987 are
60.34 Km® and in 2009 it reached to 82.66 Km’ with
total increase in the period from 1987 to 2009 about
22.31 Km”® and average annual rate 1.01 Km?/year. This
increase in the agriculture and urban areas leads to re-
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groundwater samples collected from the same area and
analyzed in 2011 (Figure 2). The results are used to
comparing between the hydrochemical properties of the
samples and identify the change in the water quality from
1989 and 2011.

According to Said [2,3] the rock units of the study areca
and its neighboring are sedimentary origin it ranging
from Tertiary to Quaternary age. The Holocene deposits
contain all series of unconsolidated sediments, accumu-
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Figure 1. Location and geologic map of the study area (after
El-Sayed Sedek Abu Seif, 2010).

lated under different environmental conditions. These
deposits represented by Nile silt, wadi deposits and fan-
glomerates.

Pleistocene deposits represented the main water bear-
ing formation in the Nile Valley and composed of sands
and gravels with intercalations of clay, they are directly
underlies the Holocene deposits and overlies the Pliocene
clay and Eocene fractured limestone. Pliocene deposits
consist of a lower marine sequence and an upper fluvial
sequence. They are represented by dark colored clays
inter-bedded with sandstone lenses. The Pliocene depos-
its lie below the Pleistocene deposits and act as a thick
impermeable one below it. The Eocene limestone is
bounded the Nile Valley in both the eastern and western
sides as scarps, and made up of carbonates intercalated
by clays, shale and sands.

2. Hydrogeological and Hydrogeochemical
Data

The study area lies in Sohag Governorate, this Gover-
norate belongs to the arid belt of Egypt where it charac-
terized by long and hot summer, warm winter and scarce
rainfall except the occasional storms. During the period
between 1960 and 1998, the average value of precipita-
tion in Sohage Governorate, was recorded as 2.25
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mm/year [4]. The average maximum values of air tem-
perature is (36.5°C) which are recorded in summer and
the minimum one is (15.5°C) are recorded in winter. The
relative humidity in winter is higher than in summer and
it varying between 35 and 61% [5]. The Nile Valley in
the study area characterized by one aquifer system (Qua-
ternary aquifer), this aquifer system consists of fluvial
sands with minor conglomerate and clay. It is capped
with sands with the Neonile silt and fine-grained sands
that constitute the base of the cultivated lands. Along the
eastern and western fringes, the Neonile silty layer is
replaced by the recent sediments. Therefore, the aquifer
system in the floodplain is under semi-confined condition,
but in the desert fringes it is under unconfined condition.
The penetrated thickness of the aquifer system varies
from 150 m in the central part of the flood plain to about
50 m in the desert fringes. The average hydraulic con-
ductivity of the aquifer is about 70 m/day; while it
reaches 4 cm/day for the salty top layer [6]. The Quater-
nary aquifer is recharged mainly from the dominant sur-
face water, especially from the irrigations canals which
play the main role in the configuration of the water table,
while the discharge of this aquifer is take place during
the evaporation process, connection with the underlying
aquifer and the river that acts as an effluent stream in
most of its parts.

The hydrogeological data of 1989 are based on the in-
formation which collected for fifty six wells distributed
in the study area, and information of 28 wells collected in
2011. This data are used to mapping the water table and
water level of the groundwater. The hydrogeochemical
aspects are evaluated in the present work based on the
chemical analysis of 1989 and 2011 water samples. Sa-
linity contour map carried out to show the direction of
salinity increase. Major cations and major anions were
measured in the lab (Tables 1 and 2) and the results are
used to calculate the ion dominance, sodium adsorption
ratio and water types. Piper diagram applied for the study
water samples to define the water origin and grid classi-
fication are applied to show the water type. The results
are compared with the world health organization tables to
evaluate the water samples for different purposes and the
US Laboratory Staff’s diagram are used to evaluate the
water samples for irrigation.

3. Result and Discussion

The hydrogeologic data of the groundwater samples
show that, the main flow direction of the groundwater is
northeast direction toward the River Nile (Figures 3 and
4) this is due to the influence of canals recharging. The
water table are affected in the study area by the extensive
withdrawal from 1989 and 2011, in 1989 the depth to
water is ranged between 1 to 48 m and from 5 to 60 m in
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Figure 2. Location map of the productive wells of the study area.

2011 (Figures 5 and 6). The hydraulic gradients are rela-
tively moderate and regular, except the areas of water
depressions, where these gradients become steeper in
north-eastern and south-western portions [7].

The salinity of groundwater collected in 1989 varies
between fresh and slightly saline water, where it ranges
between 205 to 2880 ppm. Salinity of samples collected
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in 2011 ranged between fresh and moderately saline wa-
ter (between 184 and 4448 ppm) according [8] classifica-
tion. Increase of salinity from 1989 to 2011 is attributed
to leaching processes and dissolution of limestone with
affected of extensive withdrawal, as well as the effect of
direct evaporation from the surface through the irrigation
water system prevailing the area.
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Table 1. Chemical analysis data and hydrochemical parameters of the 1989 groundwater samples.

Cations Total Anions Total Hydrochemical Coefficients(epm) lon
S.No.W.No. pH E.C TDS Units T Water type
Ca® Mg® Na' K' Cations HCO; CI° SO  Anions r(Na+K)/rCl rCa/rMg rSO4/rCl  Dominance
ppm 128.659.16 276 22.62 213.5 304.24 573.6 Na > Ca>Mg
1 1 7(')5 24701581 epm 6.43 4.93 12.00 0.58 2394 3.50 857 11.95 24.02 564558 5 1.47 1.30 139 S04>Cl>HCO; Na, SO,
epm% 26.8620.59 50.13 2.42 1457 35.68 49.75
ppm 7.8 9.84 109.94 3.9 304.39 33.725 7.68 Na>Mg>Ca
2 2 9(‘)0 707 452 epm 039 0.82 478 0.1 609 499 095 016 610 59.9682 6 5.14 0.48 0.17  HCO;>Cl>S0;, NaHCO,
epm% 6.40 13.46 78.49 1.64 81.80 15.57 2.62
ppm 64.8 14.76 220.8 4.68 2745 116.09296.64 Na > Ca > Mg
3 4 7(')7 1380 883 epm 324 123 9.6 0.2 1419 45 327 6.8 13.95 222543 6 2.97 2.63 1.89  SO,>HCO;>Cl Na,SO,
epm%22.83 8.67 67.65 0.85 3226 23.44 4430
ppm 60 60 349.6 3.9 2318 284 552.96 Na> Mg > Ca
4 5 7(')8 23601510 epm 3.00 5.00 1520 0.10 2330 3.80 8.00 11.52 2332 39672 8 1.91 0.60 1.44  SO,>Cl>HCO; Na,SO,
epm% 12.8821.46 6524 0.43 1630 34.31 49.40
ppm 110.6 24.6 455.17 7.8 237.9 337.25687.36 Na > Ca> Mg
5 6 8(')2 23001472 epm 5.53 2.05 19.79 020 27.57 3.90 9.50 1432 27.72 377.397 10 2.10 2.70 151  SO,>Cl>HCO; Na, SO,
epm%20.06 7.44 71.78 0.73 14.07 34.27 51.66
ppm 140.6 55.2 396.29 7.8 152.5 810.11181.92 Na > Ca >Mg
6 8 7(')5 29001856 epm 7.03 4.60 17.23 020 29.06 250 22.82 3.79 29.11 578226 7 0.76 1.53 0.17  Cl>SO,>HCO;  NaCl
epm%24.1915.83 59.29 0.69 8.59 7839 13.02
ppm 140.626.64396.29 3.9 2257 648.59222.72 Na > Ca>Mg
7 10 7(')3 26401690 epm 7.03 222 17.23 0.10 2658 3.70 18.27 4.64 26.61 460.702 8 0.95 3.17 025 CI>S0,>HCO;  NaCl
epm%26.45 8.35 64.82 0.38 13.90 68.66 17.44
ppm 54.8 13.8 106.03 11.7 274.5 50.055138.72 Na > Ca> Mg
8 11 7(')' 800 512 epm 2.74 1.15 461 030 880 450 141 289 880 193.623 3 3.48 238 205 HCO;>S0,>Cl NaHCO;
epm%31.1413.07 52.39 3.41 51.14 16.02 32.84
ppm 16.6 3.24 300.1521.84 303.17 273.35 46.08 Na>Ca > Mg
9 12 8(‘)6 880 563 epm 0.83 0.27 13.05 0.56 14.71 497 770 096 13.63 54.7828 18 1.77 3.07 0.12  CI>HCO;>S0,  NaCl
epm% 5.64 1.84 88.72 3.81 36.46 56.49 7.04
ppm 15.8 9.84 120.06 4.68 304.39 50.055 24.96 Na>Mg> Ca
10 15 7(‘)9 870 557 epm 0.79 0.82 522 0.12 695 499 141 052 692 79.9442 6 3.79 0.96 037  HCO;>Cl>S0; NaHCO;
epm%11.3711.80 75.11 1.73 72.11 2038 7.51
ppm 150 70 148 15 626 275 105 Ca>Na> Mg
1n 17 7(')4 19501248 epm 7.50 5.83 6.43 038 20.15 1026 7.75 2.19 2020 662.6 2 0.88 1.29 0.28  HCO;>Cl>SO, Ca(HCO;),
epm%37.2228.95 31.93 1.91 50.81 38.36 10.83
ppm  74.8 14.76 69.92 4.68 383.69 33.725 39.84 Ca> Na> Mg
2 19 7(')6 718 460 epm 3.74 123 3.04 0.12 813 629 095 083 807 247513 2 3.33 3.04 0.87  HCO;>Cl>S0, Ca(HCO;),
epm%46.0015.13 37.39 1.48 77.94 11.77 1029
ppm  62.8 28.56232.07 69.81 353.8 287.2 162.72 Na > Ca >Mg
13 2 8(')3 1300 832 epm 3.14 238 10.09 1.79 1740 580 8.09 339 17.28 274336 6 1.47 132 0.42 CL>HCO;>SO, NaCl
epm% 18.0513.68 57.99 10.29 33.56 46.82 19.62
ppm  45.8 28.56 64.86 2.73 396.5 33.725 7.68 Na>Mg > Ca
14 23 7(')6 639 409 epm 229 238 282 0.07 756 650 095 0.16 7.61 231.887 2 3.04 0.96 0.17 HCO;>CL>S0,; NaHCO;
epm%30.2931.48 37.30 0.93 8541 12.48 2.10
ppm 15.8 12.72198.03 5.85 457.5 50.055 83.52 Na>Mg> Ca
15 25 766 1000 640 epm 0.79 1.06 8.61 0.5 10.61 7.50 141 174 10.65 91.7954 9 621 0.75 123 HCO;>S0,>CL NaHCO,
epm% 7.45 9.99 81.15 1.41 7042 1324 1634
ppm  59.8 14.76 172.96 44.85 109.8 337.25 74.88 Na > Ca> Mg
16 33 669 1500 960 epm 2.99 123 752 115 1289 1.80 9.50 1.56 12.86 210058 5 091 243 0.16 CI>HCO,>SO,  NaCl
epm%23.20 9.54 5834 8.92 14.00 73.87 1213
ppm 13.4 0.12 142.6 10.92 362.95 65.675 10.08 Na>Ca>Mg
17 46 8(‘)7 410 262 epm 0.67 0.01 620 028 7.6 595 1.85 021 801 33.9536 11 3.50 67.00 0.11  HCO;>Cl>SO;, NaHCO,
epm% 9.36 0.14 86.59 3.91 7428 23.10 2.62
ppm 33 17.64 45.77 19.5 165.92 83.425 25.92 Na> Ca > Mg
18 50 8(')0 320 205 epm 1.65 147 199 050 561 272 235 054 561 15499 2 1.06 1.12 023  HCO;>Cl>S0, NaHCO;
epm%29.4126.20 35.47 8.91 4848 41.89 9.63
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Continued
ppm  66.6 3324 4324 117 4209 355 1824 Mg >Ca>Na

1958 750 660 422 epm 333 277 188 030 828 690 1.00 038 828 303.083 1 218 120 038 HCO,>Cl>SO,  Mg(HCO,),
epm% 4022 3345 2271 3.62 83.33 1208 459
ppm 88 444 1748 585 347.7 28045 120 Na> Ca>Mg

20 65 730 2600 1664 epm 440 370  7.60 015 1585 570 790  2.50 16.10 402442 4 098 119 032  CI>HCO;>SO, NaCl
epm% 27.76 2334 4795 095 3540 49.07 15.53
ppm 2734 153.96 68149 5.85 159.82 12617 868.8 Na>Ca>Mg

2170 720 3700 2368 epm 13.67 12.83 29.63 0.15 5628 2.62 3554 1810 5626 131623 8 0.84 1.07 0.51  CI>S0,>HCO; NaCl
epm% 2429 2280 5265 027 466 6317 3217
ppm 3052 63.12 966 7.8 57.95 97732 1596 Na>Ca>Mg

2271 8.00 4100 2624 epm 1526 526 4200 020 6272 095 2753 3325 6173 1021.82 13 1.53 2.90 121  SO,>Cl>HCO; Na,SO,
epm% 2433 839 6696 032 1.54 4460 53.86
ppm  178.6 444 63043 4.68 203.74 936.14 502.56 Na> Ca>Mg

2372 7.60 3100 1984 epm 893 370 2741 0.2 40.16 334 2637 1047 40.18 62867 11 1.04 2.41 040  CI>SO,>HCO; NaCl
epm% 2224 921 6825 030 831 6563 26.06
ppm 192 17.64 15755 3.12 14274 182.83 87.84 Na>Mg > Ca

2478 776 930 595 epm 096 147 685 008 936 234 515  1.83 932 120531 6 1.35 0.65 0.36  CI>HCO;>SO, NaCl
epm% 1026 1571 7318 0.85 2511 5526 19.64
ppm 58 3276 575 37.05 41175 71 1584 Na>Ca>Mg

2582 770 430 275 epm 290 273 250 095 9.08 675 200 033 9.08 279633 1 173 1.06 0.17  HCO;> Cl>SO, NaHCO;,
epm% 31.94 30.07 27.53 1046 7434 2203 3.63
ppm 344 2256 115 429 466.65 60.35 16.8 Na>Mg> Ca

26 84 740 800 512 epm 1.72 1.88 500 1.10 970  7.65 1.70 035 970 178731 4 3.59 091 021  HCO,>Cl>SO, NaHCO;
epm% 17.73 1938 5155 1134 78.87 1753 3.6l
ppm  57.6 324 5727 3627 41297 7171 1632 Na > Ca>Mg

2785 770 430 275 epm 288 270 249 093 9.00 677 202 034 9.3 277153 1 169 1.07 0.17  HCO,>Cl>SO, NaHCO;
epm% 32.00 30.00 27.67 10.33 7415 2212 372
ppm 1934 109.92 759  12.09 131.15 1050.8 978.72 Na > Ca>Mg

2887 770 460 294 epm 9.67 9.16 33.00 031 5214 215 2960 2039 52.14 935241 11 1.13 1.06 0.69  CI>SO,>HCO; NaCl
epm% 1855 17.57 6329 0.59 412 5677 39.11
ppm 526 1548 1334 10.14 286.7 15798 39.84 Na>Ca>Mg

2988 7.70 1000 640 epm 263 129 580 026 998 470 445 083 998 195042 4 136 2.04 0.19 HCO,>Cl>SO, NaHCO;
epm% 2635 1293 5812 2.6l 47.09 4459 832
ppm  68.6 3204 1472 9.75 387.96 1065 174.72 Na>Ca>Mg

3089 8.00 928 594 epm 343 267 640 025 1275 636  3.00 3.64 1300 303.139 4 222 128 121  HCO,>SO,>Cl NaHCO;
epm% 2690 2094 5020 1.96 4892 23.08 28.00
ppm 654 3636 184  35.1 294.02 237.85 176.64 Na>Ca>Mg

3191 830 1400 896 epm 327 3.03 800 090 1520 482 670 3.68 1520 312925 5 133 1.08 0.55 SO,>HCO;>Cl Na SO,
epm% 2151 19.93 5263 592 3171 4408 2421
ppm 856 4212 230 1131 462.99 237.85 181.92 Na>Ca>Mg

3292 7.80 1800 1152 epm 428 351 1000 029 1808 759 670 379 1808 387.067 5 1.54 122 0.57 HCO,>Cl>SO, NaHCO;,
epm% 23.67 1941 5531 1.60 4198  37.06 2096
ppm 788 2856 3404 117 579.5 26625 212.16 Na>Ca > Mg

3393 820 2100 1344 epm 394 238 1480 030 2142 950 750 442 2142 314288 8 2.01 166 0.59 HCO,>Cl>SO, NaHCO;
epm% 1839 1111 69.09 140 4435 3501 20.63
ppm 156 1548 16215 3.12 237.9 15443  67.68 Na>Mg > Ca

3496 796 920 589 epm 078 129  7.05 008 920 390 435 141 9.66 102653 7 1.64 0.60 0.32  CI>HCO;>SO, NaCl
epm% 8.48 1402 7663 0.87 4037 4503 14.60
ppm 1854 1872 1886 3.9 1586 355  297.6 Ca>Na>Mg

3597 729 2600 1664 epm 927 156 820 0.10 193 2.60 10.00 620 18.80 539977 4 0.83 594 0.62 Cl>SO,>HCO; CaCl,
epm% 4846 815 4286 0.52 13.83  53.19 3298
ppm 2064 38.16 5819 7.8 11285 11058 249.6 Na>Ca>Mg

36 98 7.27 4500 2880 epm 1032 318 2530 020 39.00 1.85 3115 520 3820 672409 10 0.82 3.25 0.17  CI>SO,>HCO; NaCl
epm% 2646 8.15 6487 051 484 8154 13.61
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Table 2. Chemical analysis data and hydrochemical parameters of the 2011 water samples.
Cations Total Anions Total Hydrochemical Coefficients(epm) lon
S.No. W.No. pH E.C TDS Units TH SAR Water type
Ca®* Mg?* Na' K' Cations CO3~ HCO; CI° SO  Anions r(Na+K)/rCl  rCa/rMg rSO,/rCl Dominance
ppm 224.89533 540 8 5.88 110.59 825.75 900 Na>Ca>Mg
1 GW 7.0043602655 epm 11.24 7.94 23.480.21 42.87 020 181 2326 1875 44.02 953.609 7.6 1.02 141 081  Cl>SO,>HCO;  NaCl
epm% 26.22 18.53 54.770.48 045 412 5284 42.59
ppm 57251354 130 3 1176 239.12 122.06 110 Na>Ca>Mg
2 G.W 730970 567 epm 2.86 1.13 565008 972 039 392 344 229 10.04 198.67 4.0 1.67 254 0.67  HCO;>Cl>SO; NaHCO;
epm% 29.45 11.61 58.15 0.79 3.90 39.04 3424 22.82
ppm 80.1 37.9 210 4 17.64 158.41 224.98 350 Na>Ca>Mg
3 GW 76016271004 epm 4.01 3.16 9.13 0.10 1640 059 260 634 7.29 16.81 355.968 4.8 146 127 115 SO,>Cl>HCO;  Na,SO4
epm% 24.43 19.26 55.69 0.63 350 1544 37.69 4337
ppm 235.655.76 900 7 0.00 146.46 1112.2 1148.88 Na>Ca>Mg
4 G.W 74058703533 epm 1178 4.65 39.130.18 55.74 0.00 240 3133 2394 57.66 817.746 13.7 125 254 076 Cl>S04>HCO;  NaCl
epm% 21.14 8.34 70.210.32 0.00 416 5433 4151
ppm 248.8 84.14 1220 11 17.64 17037 1649 113691 Na>Ca>Mg
5 G.W 72075504453 epm 12.44 7.01 53.040.28 7278 059 279 4645 23.69 73.52 96749 17.0 L15 177 051  Cl1>SO,>HCO;  NaCl
epm% 17.09 9.63 72.88 0.39 0.80 3.80 63.18 32.22
ppm 54.84 253 210 7 1470 2152 25849 140 Na>Ca>Mg
6 G.W 7501454 818 epm 274 2.11 9.13 0.18 14.16 049 353 728 292 1422 241.045 59 128 130 040  Cl>HCO;>SO,  NaCl
epm% 19.36 14.89 64.48 1.27 345 24.82 5122 2052
ppm 21836327 650 8 1176 161.4 825.75 950 Na>Ca>Mg
7 G.W 7.3045502808 epm 10.92 5.27 28.260.21 44.65 039 265 2326 19.79 46.09 805.451 9.9 122 2.07 0.85 Cl>SO, >HCO;  NaCl
epm% 24.44 11.81 63.29 0.46 0.85 574 5047 42.94
ppm 24331002 460 12 0.00 2152 8203 750 Na>Ca>Mg
8 G.W 76041102493 epm 12.17 835 20.000.31 40.82 0.00 3.53 23.11 1563 4226 1019.84 6.2 0.8 146 068  Cl>SO,>HCO;  NaCl
epm% 29.80 20.45 48.99 0.75 0.00 835 54.68 36.97
ppm 150.4100.2 500 26 20.58 269.01 347.05 1100 Na>Mg>Ca
9 G.W 75033002379 epm 7.52 835 21.740.67 3828 0.69 441 978 2292 37.79 787.872 7.7 229 0.90 234 SO4>CI>HCO;  Na,SO,
epm% 19.65 21.82 56.80 1.74 182 1167 2587 60.64
ppm 210.762.11 190 8 41.16 304.87 2202 5952 Ca>Na>Mg
10 G.W 73023541480 epm 10.54 5.18 8.26 0.21 24.18 137 500 620 1240 2497 781.701 2.9 1.36 2.04 2.00 SO, > HCO; > CL CaSO,4
epm% 43.57 21.41 34.170.85 549 20.01 24.84 49.65
ppm 27.01 9.13 132 2 2646 221.18 28.72 1159 Na>Ca>Mg
11 G.W 730 863 452 epm 135 076 574 0.05 7.90 088 363 081 241 773 105014 56 7.16 178 298  HCO;>S0,>Cl  NaHCO;
epm% 17.09 9.63 72.63 0.65 1141 4690 1046 31.23
ppm 17579122 440 13 29.40 251.07 478.7 770.1 Na>Ca>Mg
12 G.W 7.6034902124 epm 8.79 7.60 19.130.33 3585 098 412 1348 1604 34.62 814.093 6.7 1.44 116 119 SO4>CL>HCO;  Na,SO,
epm% 24.50 21.20 53.36 0.93 283 11.89 3895 46.34
ppm 100.2 56.1 440 28 29.40 266.02 411.68 660 Na>Ca>Mg
13 G.W 72028541858 epm 5.01 4.68 19.130.72 29.53 098 436 1160 13.75 30.69 481.051 8.7 1.71 1.07 .19 SO,>Cl>HCO;  Na,SO,
epm% 16.96 15.83 64.78 2.43 319 1421 3779 44.81
Copyright © 2012 SciRes. JEP
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Continued

ppm 211 112 30 10 17.64 119.56 19.148 15 Na>Ca> Mg

14 GW 770 356 184 epm 1.06 093 130 026 3.55 059 196 054 031 340 987747 13 289 1.13 058 HCO,;>Cl>SO,  NaHCO;
epm% 29.73 2630 3675 7.2 1729 57.65 1586  9.19
ppm 502 421 330 12 17.64 23613 17233 500 Na>Mg > Ca

15 GW 770 1883 1242 epm 251 351 1435 031 2067 059 387 485 1042 1973 298591 83 302 072 215  SO,>Cl>HCO;  NaSO,
epm% 1214 1697 69.40 1.49 298 19.62 2460  52.80
ppm 2358 11226 1100 6 17.64 1345 11968 1712 Na> Ca>Mg

16 G.W 600 6700 4448 epm 1179 936 47.83 015 69.13 059 220 3371 3567 7217 1050.84 147 142 126 1.06 SO,>Cl>HCO;  NaSO,
epm% 17.06 13.53  69.19 0.22 081 306 4671  49.42
ppm 1484 20.14 510 3 2646 21819 299.18  900.72 Na > Ca > Mg

17 GW 770 3300 2017 epm 742 168 2217 0.08 3135 088 3.58 843 1877 31.65 453431 104 264 442 223  SO,>CI>HCO;  NaSO,
epm% 23.67 535 7073 025 279 1130 2663 59.29
ppm 1797 653 420 18 17.64 17934 299.18 1050 Na>Ca> Mg

18 G.W 7.90 3060 2140 epm 899 544 1826 046 33.15 059 294 843  21.88 33.83 71742 68 222 1.65 2.60 SO, >Cl>HCO;  NaSO,
epm% 2710 1642 5509 139 174 869 2491  64.66
ppm 1973 587 600 7 2058 23912 538.53 1100 Na>Ca> Mg

19 GW 7.60 4100 2642 cpm 9.87 489 2609 0.18 41.02 069 392 1517 2292 4269 734209 9.6 1.73 202 151  SO,>Cl>HCO;  NaSO,
epm% 24.05 1192 63.59 0.44 161 918 3553  53.68
ppm 1765 4287 540 7 3234 20624 45476  839.05 Na> Ca>Mg

20 GW 6.60 3860 2196 epm 883 357 2348 0.18 3606 1.08 338 1281 1748 3475 617.131 94 185 247 136  SO,>Cl>HCO;  NaSO,
cpm% 2448 991 6512 0.50 310 973 3686 5030
ppm 1049 253 280 11 2352 23015 15797 560 Na>Ca > Mg

21 GW 730 1957 1278 epm 525 211 1217 028 1981 078 377 445 1167 20.67 366.045 63 280 249 262  SO,>HCO;>Cl  NaSO,
cpm% 2648 10.64 6146 1.42 379 1825 2152 5643
ppm  99.69 189 120 7 2646 26004 4308 280 Na>Ca> Mg

22 GW 7.60 1154 725 epm 498 158 522 018 1196 088 426 121 583 1219 326699 2.9 445 3.16 481  SO,>HCO;>Cl  NaSO,
cpm% 4169 1317 43.64 150 723 3497 995 4785
ppm 3983 866 280 3 2646 18531 718 45555 Na > Ca> Mg

23 GW 730 1700 978 epm 199 072 12.17 0.08 1496 0.88  3.04 2.02 9.49 1543 135.091 10.5 6.06 2.76 4.69 SO, >HCO;>Cl Na,S0,

epm% 1331 482 81.35 0.51 572 19.68 13.11 61.50
ppm 3386 57.76 1020 12 17.64 15243 11489 1392.05 Na>Ca>Mg
24 GW 6.80 6820 4063 epm 1693 481 4435 031 6640 0.59 2.50 3236 29.00 6445 1083.17 13.5 1.38 3.52 0.90 Cl>S0,>HCO; NaCl
epm% 2550 725 66.79 0.46 0.91 3.88 50.21 45.00
ppm  28.64 194 190 3 17.64 1883  47.87  297.64 Na>Mg>Ca

25 GW 7.00 1187 698 epm 143 1.62 826 0.08 11.39 0.59 3.09 1.35 6.20 11.22 151.345 6.7 6.18 0.89 4.60 SO4>HCO;>Cl Na,S0,
epm% 12.58 1420 72.55 0.68 524 2750 1201 55.25
ppm 2155 37.57 660 4 29.40 14945 394.92 1400 Na>Ca>Mg

26 GW 7.80 4260 2816 epm 1078 3.13 28.70 0.10 42.70 0.98 245 11.12 29.17 4372 692.704 109 2.59 3.44 2.62 SO, > Cl>HCO; Na,SO,
epm% 2523 733 6720 0.24 224 5.60 25.44 66.71
ppm  67.35 399 350 2 3528 304.87 143.61 600 Na>Ca>Mg

27 GW 760 2191 1391 epm 337 333 1522 0.05 2196 1.18 5.00 4.05 12.50 22,72 332361 83 3.77 1.01 3.09 SO, >HCO;>Cl Na,S0,
epm% 1533 15.14 69.29 0.23 518 22,00 17.81 55.02
ppm 277  140.1 800 16 29.40 125.53 65821 1800 Na>Ca>Mg

28 GW 730 5790 3783 epm 1385 11.68 34.78 041 60.72 0.98 2.06 18.54 37.50  59.08 1268.18 9.7 1.90 1.19 2.02 SO4 > C1>HCO; Na,S0,

epm% 22.81 1923 57.29 0.68 1.66 348 31.38 63.47

Copyright © 2012 SciRes. JEP
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Figure 3. Water level contour map 1989.

The iso-salinity contour maps (Figures 7 and 8) showed
that, salinity of the area under investigation increases from
east to west with no change from 1989 and 2011. This
reflecting the impact of the leaching and dissolution of
limestone deposits to the west of the study area.

Total hardness is the most important parameter effect
in the use of water for different purposes. According [9],
[10,11] the total hardness (TH) in ppm was determined
by following equation TH = 2.497Ca*" + 4.115Mg*".
Hence, classification of the groundwater collected in
1989 and 2011 [12] has been carried out and presented in
the Table 3.

Copyright © 2012 SciRes.

The high total hardness in the samples collected in
2011 reflect the high dissolution of the limestone

The dominant chemical water types of the groundwa-
ter samples collected in 1989 are NaHCO;, and NaCl.
Most of groundwater samples collected in 2011 have
Na,SO4 water type. This means that, chemical of the
groundwater of the study area are affected during time
due to extensive withdrawal from the aquifer and also
extensive using of fertilizers. By applying the Trilinear
diagram introduced by [13] (Figure 9), we noticed that,
about 61% and 86% from 1989 and 2011 water samples
respectively are meteoric origin, 25% and 11% from
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Figure 4. Water level contour map 2011.

1989 and 2011 respectively are mixed water and the rest
is marine origin. The presence of saline water mixed with
the meteoric water in the 1989 samples is probably due
to the washing of soils, and also the presence in 2011
samples due to presence clay and shale deposits, as well
as ionic exchange between the groundwater and the ag-
uifer sediments rich in clay lenses.

The studied groundwater samples are plotted in the

grids diagram [14], where each point represents a sample.

The pattern of distribution will immediately gives an idea

Copyright © 2012 SciRes.

about the major and minor classes of waters encountered.
The water samples which collected in 1989 are mainly
sodium bicarbonate and sodium chloride with extended
to sodium sulphate. The 2011water samples are mainly
sodium sulphate and sodium chloride (Figure 10).

By represented the groundwater samples which col-
lected in 1989 and 2011 on the guidelines for human
drinking uses (International Standards and the Egyptian
Committee for Water, 2007), it is clear that; Most of
1989 groundwater (64%) are suitable for drinking due to
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Figure 5. Water table contour map 1989.

low of salinity concentration (>1200 ppm) and also ma-
jor ions less than the permissible limits.

The rest of samples 36 % are unsuitable due to high of
total salinity and the major ions concentrations are more
than the permissible limits. On the other hand, the major-
ity of 2011 groundwater samples (71%) are unsuitable
for human drinking because it has concentration of water
salinity more than 1200 ppm it reached to 4453 ppm and
major ions more than the permissible limits. The rest of
the samples (29%) are suitable for drinking due to low of

Copyright © 2012 SciRes.

salinity (>1200) and also the major ions less than the
permissible limits.

Based on [15] classification of groundwater use for ir-
rigation purposes, the studied water samples have been
classified and are given in (Table 4), from this classifica-
tion we found that, the 1989 groundwater samples are
categorized under good quality to very doubtful water for
irrigation. While half of 2011 ground water samples are
categorized under unsuitable and the other half ranged
between good qualities to doubtful for irrigation.
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Figure 6. Water table contour map 2011.

Table 3. Sawyer and McCarty’s classification of groundwater based on hardness.

TH as CaCO; (mg/L) Water classes 1989 2011

<75 Soft 3 samples 8% -

75-150 Moderately hard 4 samples 11% 3 samples 11%
150-300 Hard 11 samples 31% 4 samples 14%
>300 Very hard 18 samples 50% 21 samples 75%
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Figure 7. Iso-salinity contour map 1989.

According to the US Laboratory Staff’s diagram [16]
(Figure 11), 84% of the groundwater samples collected
in 1989 are suitable and 17 are bad or unsuitable for irri-
gation purposes in ordinary conditions. About 54% of the
groundwater samples collected in 2011 is suitable and 46
% are bad or unsuitable for irrigation purposes due to its
high salinity.

The chemical data of 1989 and 2011 groundwater
samples are plotted in the [17] (Figure 12). The majority

Copyright © 2012 SciRes.

of the groundwater samples which collected in 1989
and 2011 suggest that, the chemical weathering of
rock-forming minerals influencing the groundwater qual-
ity by dissolution of rock through which water is circu-
lating.

4. Conclusions

The study area is subjected to extensive agriculture and
urbanization project these projects are mainly depends on
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Figure 8. Iso-salinity contour map 2011.

the old methods for irrigation which leads to the follow-
ing:

1) Increase the depth to water in the study area from
1989 (ranging between 1 to 48 m) to 2011 (ranging be-
tween 5 and 60 m).

2) The extensive withdrawal of groundwater with rare
recharge as well as the dissolution of limestone leads to
increase the water salinity; in 1989 it varies between 205
to 2880 ppm, while in 2011 it reached to 4448 ppm.

Copyright © 2012 SciRes.

3) The water type is changed from NaHCO; and NaCl
in 1989 to Na,SO, in 2011 due to the extensive use of
fertilization.

4) The ground water quality are changed from 1989 to
2011, in 1989 most of groundwater are suitable for
drinking, while the majority of groundwater collected in
2011 are unsuitable for human drinking

5) Most of the groundwater samples collected in 1989
suitable for irrigation purposes while, about half of the
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Table 4. Classification of water samples based on E.C.

Comparison of the Groundwater Quality in the West Tahta Area, Upper Egypt in 1989 and 2011

EC (uS/cm) Water salinity range 1989 2011
<250 Excellent quality 0% 0%
251-1750 Good quality 28% 3%
751 -2000 Permissible quality 42% 32%
2001 - 3000 Doubtful 30% 11%
>3000 Unsuitable 0% 54%
Sodium
(alkali)
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Figure 11. Wilcox diagram of the study water samples.
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Figure 12. Gibbs diagram of the study water samples.
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groundwater samples collected in 2011 is suitable and
other half is bad or unsuitable for irrigation purposes due
high salinity.
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