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The area north west of Assiut governorate is located between latitudes 27° 11" 60"
and 27° 39" 41.45" north and longitudes 30° 38" 52.43" and 31° 40" 34.59" east
between ElI Ebrahymia Canal and the Eocene limestone plateau. It comprises both
the western young and the old alluvial plains of the Nile. The Quaternary water
bearing sediments represent the main aquifer in th /e area. Fifty-seven
groundwater stations for pumping drinking water have been selected for
investigation. Each station contains more than one productive well having different
depths. The chemical composition and physical characteristics of the groundwater
in the area have been determined and evaluated. The variations in the chemicals
cations and anions during the four seasons of 2012 with the groundwater depth
have been carefully studied and charted. Evaluation of the drinking water has been
carried out by comparing with both the local and international standers for
drinking water. The results showed that the majority of pumped wells are
acceptable for drinking purposes and the water from deeper wells having more
better quality.

Keywords: Assiut governate, Quaternary aquifer, drinking water,
international standards.

INTRODUCTION

Assiut Governorate is located at the central part of upper Egypt
between latitudes 26°47' and 27°37'N and between longitudes 30°37' and
31°34" .1t comprises 11 districts with a total area of 25,926 km? and the
total number of population is about 4.408.441 (2016).

The groundwater represents an essential water source for drinking and
domestic uses in most parts of Assiut Governorate. More than 700
groundwater wells distributed throughout the area have been used for
drinking and domestic uses. Most of these wells penetrate the Quaternary
water bearing sediments in the young alluvial plains of the Nile. Their
depths range between 60 m and 200 m.

The present study deals with evaluation of the groundwater quality in the
area northwest of Assiut Governorate as drinking water compared with
the local and international standard recommended for this issue (Fig 1).
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It comprises the area between Assiut and Dirout districts, bordered from

the east by the Nile River and from the west by the Eocene limestone
plateau. 82 water samples have been collected from wells having different
depths located in 57 sites. Four localities were chosen to clear up the
relation between the groundwater quality and water depths. These sites
are Sanabu close to El-Ebrahymia Canal, (Dashlut and Eltatalyua ) close
to the desert fringes and Blote in between during three periods in 2012.
The samples have been analyzed in Assiut drinking and waste water
company.
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Fig. 1: Location map of the study wells.

Assiut Governorate is dominated by aird climate. The mean air temperature is
about of 28°C. The mean relative humidity is about 20 % .The evaporation rates are
generally high with the range of 10 cm up to 95 cm/month and mean evapotranspiration
rate of 185 cm/year while the rainfall is not significant throughout the year(Farag, 1982)[
1].
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Generally, Assiut Governorate is underlain and surrounded by
sedimentary rocks having different degree of hardness. Most the study
area is located within the western-young alluvial plain of the Nile. It is
dissected by some irrigation canals and underlain by the Nile silts. The
area is generally flat with mean elevation of +52 m.

To the west of the young alluvial plain of the Nile, the old alluvial
plain of the Nile is present as terraces founded at different heights. These
terraces were formed as a result of aggradations and degradation of the
Nile Valley relative to the eustatic changes of the ultimate level of the
Mediterranean (Ball,1939)[ 2 ].

GEOMORPHOLOGICAL AND GEOLOGICAL setting
Geomorphology: The calcareous structural plateau across which the
Nile cuts its own way and separates it into eastern and western
plateau, bordering the area at its western side. The western plateau has
less altitude compared with the eastern one and its surface is more
regular with the absence of well- marked drainage lines (Fig. 2).
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Fig. 2: Geomorphological map of the study area (after Said, 1981) [3].
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Geologically: The target area is occupied and surrounded by sedimentary
rocks of Tertiary and Quaternary periods. The thickness of the
sedimentary rocks is generally increasing toward the north. These rock
and sediments can be distinguished into two groups, Eocene and post
Eocene units. The Eocene rocks bordering the study area from the west
and represented mainly by Drunka Formation. Its type locality is Gebel
Drunka, west of Assiut City. Outside the type locality to the south it caps
and interfingers with the Thebes Formation. To the north, it underlies the
Minia Formation. It is assigned as Early Eocene (EI Naggar, 1970) [4]and
Hermina, 1989)[5].

The post-Eocene Rocks are widely distributed in Assiut environs
and are mainly of Plio-Pleistocene sediments situated at various heights
above the flood plain of the Nile. They cover both sides of the Nile banks
at the foot of the scarps. According to Said (1990)[6] the main rock units
belonging to this age are The Pliocene sediments of the Nile Valley which
consist of a lower marine sequence (Eonile sediments) of Early Pliocene
age, and an upper fluviatile sequence (Paleonile sediments) of Late
Pliocene age. The Quaternary sediments lie unconformably over the
Pliocene and the older sediments. The Quaternary facies are described
from base to top as Protonile; Protonile/Prenile; Prenile and Neonile
sediments.

CONOCO (1987)[7] classified the deposits of post-Eocene age into i)
Issawia Formation (Pliocene deposits) composed of chocolate-brown,
clays, overlain by a tuffaceous hard limestone bed and thick limestone
breccia. ii) Wadi deposits which are composed mainly of coarse sand and
sandy loam mixed with cobbles, gravels and rock fragments. iii)
Fanglomerate dominated on alluvial fans and composed of conglomerates
and breccias. iv) Sand dunes composed of fine quartz sand, silt and heavy
minerals (Late Pleistocene to Holocene time). v) Nile silt (about 9m)
composed of fine sands to silt, dominated by quartz grains and some
heavy minerals (Figs. 3 and 4).



Groundwater as Drinking Water Source in The Area North West of Assiut... 5

Time unit Rock unit
Sup- Lithology Description
Era Period Epoch Group p Formation
group
Dandara Silty clay
Middle - o Massive cross-bedded
late Qena sandstone with clay lenses
> @ y
© <
c Q
2 g Issawia/
g‘ g Armant . J ’ ‘. Breccia and conglomerates
2 '
[ Early
Cobbles and gravels in red
ldfu ;
clayey matrix
N Late Madamud Red brown clay, sandy silt
c and marl
5] 1
R=l ~
e Early Kom Elshelul Clay and sand
Maadi 7. .-
Late Maadi Clays , marls and sandy
L limestone
N
o
g >
© 2
£ o L
e 5 Limestone, marl and shales
(5]
]
@ 8 —
o
2 =
©
'g ° = Qarara Marl, clays and sandstones
= S
3
L . s
White nummulitic
Samalut -
limestones
Limestone and chalky
- Minia Formation limestone, hard limestone
kS with chert bands
L
Esna Shale Shale
Tarawan Chalk Chalk
Paleocene
_ Dakhla Shale |=_=_=_=_=_ Shale
. EEFE Duwi E4 Phosphate, marl and
38 é = g kW sandstones
§§ © © _ l,l,l,l,l- Sandstonese_md
&s o O Nubian l ' ' | conglomerates with Clay
1111 interbeds
Pre- < Granitic and metamorphic
Cambrian < X rock

Fig. 3: Generalized stratigraphic section of the Nile Valley (Said 1983[8] and 1990[6])
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Fig. 4: The geological map of Assiut governorate (digitized after CONOCO, 1987).

Hydrogeological situation: Both the surface water and the groundwater
are used for drinking and domestic uses. Most the groundwater wells
penetrate the Quaternary water bearing sediments, which are mainly
recharged from the local surface water system. The groundwater levels
descend gradually from the south to the north. The groundwater in the
area is influenced by the evaporation processes where the depths of the
water are in the range between 3 to 7 m. The surface water plays an
important role in recharging the groundwater. The Quaternary aquifer is
overlain by alluvial deposits of the Nile and dominated by graded sand
and gravel with thin interbeds of clay (Fig. 4). Its thickness as well as its
width differs from one locality to another and it is mainly present under
semi-confined conditions while close to western borders it is confined
where the Nile silt is absent (Farrag, 1982)[1]. The sand and gravel of the
Pleistocene age cover the surface of the old alluvial plains.
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Fig. 5: Hydrogeological cross section for the area south of Assuit city
(after Farrag, 1982).

MATERIALS AND METHODS

Some field and laboratory measurements and analysis have been
carried out on 82 selected groundwater samples collected from wells
located in Eltatalyua, Blote, Sanabu and Dashlut sites, northwest of Assiut
during 2012. The water samples have been collected in polyethylene
bottles. The main physical and chemical parameters of the collected
samples have been measured and determined including: the turbidity,
total dissolved solids (TDS), hydrogen ion concentrations (pH) in
addition to the concentrations of the major ions (calcium Ca?"),
magnesium (Mg?"), bicarbonate (HCOs) ~, chloride (CI) ~, iron (Fe*"),
manganese (Mn®*) and ammonia (NHs). The chemical analyses have been
carried out in the laboratories of the drinking and wastewater company of
Assiut. Electrical conductivity meter has been used to estimate the total
dissolved solids (TDS). Ca®* and Mg?* have been determined using the
titration with standard versenate (EDTA) solution using Eriochrome
Black T (EBT) as indicator. Carbonate and bicarbonate have been
determined by the titration with standard solution of hydrochloric acid.
Chlorides have been determined using standard solution of silver nitrate.
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The groundwater wells in the area have been classified into three
categories according to their depths (G1), (G2) and (Gs). G including the
wells having depths of 80 m or less, G, comprises wells of depths from 80
to 120 m and Gg3 for those of more than 120 m respectively. To study the
change in the groundwater characteristics with time during the year 2012
three periods have been determined (P;, P, and P3), which are
corresponding to the periods; January to April, May to August and
September to December respectively. A discussion of the result has given
in the following part (Tables 1, 2 and Figs. 6A , 6B and 7A to 7H).
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Table 1: The physical and chemical data of the groundwater in selected
localities in the study area during 2012.

Time Dashlut Sanabu Blote Eltatalyua

ID pe(;'o 1G1|1G,|1G3|2G; |2G, | 2G3| 3G, |36, |3Gs 4G, | 4G, | 4G,
Turbidi] P1 0.64/09(067| 4 |1.1|046] 3 |09|15| 1 |1.2| 15
y | P2 (11| 4| 3 [43[15| 1 |25[15| 3 |13| 2 | 15
(NTU)[ P3 [15| 3 | 2 | 4 |[19]09(33[19| 5 |18|25] 1.2
PL |72|76| 7 |75|68| 7 |7.7|78|75|74|73| 7.4

PH | P2 [72]78|73[72| 7 |71|75|78|78|75|74] 7.4
P3 |7.4|7.7|74|73]69|72(79|79|74|78|75|75

D | _PL 890680 655(700(320]340 500( 520450 575 480 455
mg/l |_P2|900]760(650|720|400|380 550|585 | 498| 50| 510 440
P3 |910|750|670|710|375|375|520 | 610|540 600|520 | 620

v |PL | 0 [0.170106]02[01]0.1[0.2[03] 0 [01] 0
myl |_P2102[02[01707]02[02(035/0.1]03]02[02]02
P3 |0.1]01]01]04]02[01]01]01/01]04]02[01

o> | PL [03[02]01]01]0.3(0.3]0.6/0.1]04]02[02] 0
mgl |_P210170170170.4]031031060.2[0.4103]03]02
P3 |0.4]01]01/04]03[03[08/0.25 050403035

N, | PL[02[03703 05 02[01702]02[02] 0 [01]01
mgi |_P2101]03]01T01]03]02]03]03]03]02[02]03
P3 |0.3]/03/03/03]04[01/05/03/03]03[02]02
mger | _PL | 12 ]19.2 18 |36 |96 [19.2(19.2126.4116.8[26.4| 24 [23.28
myl | P2 [43:2[336[31.2131.2(10.2] 12 | 24 | 30 [21.6[26.4[26.4] 24
P3 |45.626.434.8| 36 |19.2|21.6/26.4|33.6] 24 |40.8| 24 |33.6

o~ | PL |70 5658 |80 |40 |32 |64 | 72 | 60 | 64| 64 572
my/l |_P2 10480 72180 [ 4040 68 | 64 | 46 | 64 |64 | 60
P3 | 80| 76 | 72 |100| 40 | 44 | 60 | 56 | 52 |100| 64 | 72
HCO-21 P1 |400|360|365|300|150|150|120(200|200|220]210] 190
& CO4?| P2 |400[360|340|300|190|190 180|280 280|230 |220| 190
‘mg/l | P3 |390[350320|310|160|230|190|320|410 (280|230 340
oLt | PL [110]100[105] 75|25 303030 |30 3020 | 25
mg/l |_P2 100/ 80 [70 48|30 3530 | 28|35 |29 25| 40
P3 |120]120(100| 80 | 35 | 40 | 60 | 25 | 30 | 25 | 30 | 20
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Table (2): Egyptian standards 2007 [9]and WHO Guidelines 2004[10]

Parameter Egypt Standards | WHO Guidelines
PH 6.5-8.5 6.5-8.5
Turbidity 1NTU *
TDS 1000 mg /I 600 mg /I
Fe** 0.3mg /I 0.3mg /I
Mn?* 0.4 mg /I 0.1 mg/l
Ammonia 0.5mg /I *
Ca*’ * 100
Mg * 50
CI” 250 mg /I 250 mg /I
Total alkalinity * *

Turbidity: It is the clarity of water and it is a measure of the extent to
which light is either absorbed or scattered by suspended material or
impurities in water. The maximum turbidity value recommended by the
Egyptian standards for drinking water is INTU.

The turbidity in the first group (G;) ranged between 0.64 and 4.3 NTU.

In the first period Py, the highest turbidity value was 4 NTU however
the lower value was 0.46 NTU. During the second period P, turbidity
value ranged between 1 and 4.3 NTU, while during the third period P3
ranged between 0.9 and 5 NTU.

The turbidity values in the second group (G,) ranged between 0.9 and
4 NTU.

The turbidity values in the third group (Gs) during the studied period
ranged between 0.46 and 5 NTU.

Generally, the turbidity values in most of the groundwater wells in the
study area having slightly high values compared with the Egyptian
standard for drinking water (1 NTU). It is noticed that the turbidity
decreases with the increase of depth of the groundwater wells (Fig.1 and
Fig. 6A).
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Fig. 6A: Variation in turbidity during 2012 in Dashlut, Sanabu, Blote and Eltatalyua

Hydrogen ion concentration (pH), it is a way to measure the intensity of
acidity or alkalinity on a scale of 0 to 14, with 7 represents is neutral. Less
than 7 indicates increasing acidity and numbers greater than 7 indicate
increasing alkalinity. pH values during the studied periods in the area is
slightly fluctuated between 7 and 7.9, which lies within the accepted
limits according to the Egyptian standard for drinking water under law
No. 458 of 2007 and WHO of 2004 (6.5-8.5) (Fig. 6B).
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Fig. 6B: Variation in pH during 2012 in Dashlut, Sanabu, Blote and Eltatalyua

Total dissolved solids (TDS): The total dissolved solid is a measure of
the amount of the dissolved material (inorganic salts and organic
materials) in water

TDS values ranged between 320 and 910 mg/l. In most of shallow
wells (G1) TDS values are higher than (G2) and (G3) (Fig. 1 and Fig.
7A).

Generally, TDS values in study area increase during P, and its highest
value was recorded in the western part of the study area. TDS values in
the all studied periods have been increase toward the desert fringes and
decrease toward El-lbrahimyya Canal due to ground water recharging.
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Fig. 7A: Variation in TDS during 2012 in Dashlut, Sanabu, Blote and Eltatalyua

Calcium Content (Ca'™): Calcium is an indicator of groundwater
hardness and its high concentrations in water may affect its acceptability
to the consumes in terms of taste and scale deposition (WHO, 1996)[11].

Calcium concentration in the ground water in the study area fluctuates
between 32 mg/l and 104 mg/l , Its content in the shallow groundwater
wells (G;) is more higher than that in those of more depths( G, and G3,
Fig. 7B). It is generally high during the P; compared with the other
periods (Fig. 7B).

Generally Ca”* concentrations in the groundwater increase during P;
and Pz and its highest values were recorded in the western part of the
study area in well 1G1 (104 mg/l). In all studied periods, Ca**
concentrations has general increase toward the desert fringes toward the
limestone rocks while it decrease toward El-lbrahmiya Canal which
recharge the groundwater .
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Fig. 7B: Variation in Ca®* during 2012 in Dashlut, Sanabu, Blote and Eltatalyua.

Magnesium content (Mg?*): Magnesium is one of the most common
elements in the earth's crust. It is mainly present as dolomite CaMg(CO3),
and magnesite(MgCO3),, and it is used as an antacid medicine.

In the groundwater, its concentration ranges between 9.6 mg/l up
to 45.6 mg/l. It is present with higher concentration in most of shallow
wells (G;) compared with those in G, and Gz and its value is more higher
during P; than that P, and P3 in groundwater wells closed to El-Ibrahmiya
Canal (Fig. 7C).
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Fig. 7C: Variation in Mg”* during 2012 in Dashlut, Sanabu, Blote and Eltatalyua

Chloride (CI"), it is the most common major anion occured naturally in
all types of waters. It is a good indicator of groundwater quality. Its ions
occur if the groundwater contacts with highly soluble chloride minerals
such as halite (NaCl) or Sylvite (KCI).

Chloride concentration in the groundwater samples in the study area
varies from 20 mg/l to 120 mg/l .Its concentration increases close to the
western borders especially at the central part of the study area ,which may
attributed to presence of some chloride minerals there . In steed of these
localities it's concentration is generally low through the studied area, In
most location it's concentration is slightly higher in the shallow wells
(Gy)(Fig. 7D), which may due to contamination processes closed to the
ground surface.

Generally CI* concentrations in study area increase at the western
parts of the study area while it decrease in the middle and eastern parts at
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the flood plain area .The groundwater in the studied wells is suitable for
drinking uses regarding to their CI*" contents according to the Egyptian
standards for drinking water (250 mg/l).

Chloride Dashlut Chloride Eltatalyua

m1G1 m162 m1G3 H4G1 462 m4G3
%0 MaxEgy-2007, Who 2004 2%0 MaxEgy-2007,Who 2004

Chloride Sanabu Chloride Blote
H2G1 w262 m2G3 B3G1 #3G2 m3G3
e ——————— i — 2 :
PIRSS=L,,............ .- - D e
20 20
200 200
180 180
160 160
2140 2140
8120 8120
100 100
80 80
60 — 60
40 — 40
2 =i = 20 — —
0 - 0
P1 P2 P3 P1 Py P3

Fig. 7D: Variation in Chloride during 2012 in Dashlut, Sanabu, Blote and Eltatalyua

Total Alkalinity (HCOs* & COs", The bicarbonate ions content in
groundwater is normally derived from dissolution of carbonate minerals
as calcite (CaCO3) and dolomite Ca Mg (COg),. It is also derived from
carbon dioxide in the atmosphere, soils and by dissolution of carbonate
rocks (Davis and Dewiest, 1966)[12]. The high concentration of HCO3 ~
indicates intense chemical weathering processes taking place in an
aquifer. In the studied samples, total alkalinity concentration varies from
120 mg/l to 410 mg/I.

Studying the distribution of the total alkalinity all over the studied
periods, it can be seen that a slightly decrease in the values of the first
period (P1) compared to the next periods (P,, P3) (Fig. 7E). This supports
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the fact that some chemical elements are more or less encountered in the
high recharge seasons of the El-lbrahimyya Canal.
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Fig. 7D: Variation in Total Alkalinity during 2012 in Dashlut, Sanabu, Blote and
Eltatalyua

(Iron)Fe®*: Iron is a metal that occurs naturally in soils, rocks and
minerals in the aquifer. The groundwater contact with these solid
materials dissolving them, releasing their constituents, including Fe?*.
The natural sources for iron in the groundwater are pyrite (FeS,),
magnetite (FesO.) sandstone rocks and sulfides or iron clay minerals. Iron
content in the ground water in the area but it is generally less than
fluctuate 1.5 mg/l. The groundwater in the study area has Fe®'
concentration lies within the acceptance limits according to the Egyptian
standard for drinking water (0.3 mg/l) (Fig. 7F) except for (G1) wells (2,
3). The slightly decrease in the Fe* in the first period of measurements in
some wells is related to the seasonal recharge of the groundwater aquifer
which encountered with the high season of the El-Ibrahimya Canal.
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Fig. 7F: Variation in Fe** during 2012 in Dashlut, Sanabu, Blote and Eltatalyua
Mn%*" Manganese: Manganese resembles iron in its chemical behavior
and in its occurrence in natural water. Although the geochemistry of
manganese is similar to that of iron, the manganese concentration in
unpolluted waters is typically less than half the iron concentration.
Manganese content in the groundwater in the study area is lesser than 1

mg/I

In the study area, Mn** concentration lies within acceptance limits
according to the Egyptian standard for drinking water ( 0.4 mg/l ) (Fig.
7G), except for (G1) well (2).
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Fig. 7G: Variation in Mn®* during 2012 in Dashlut, Sanabu, Blote and Eltatalyua

Ammonia NHj;: Generally the presence of ammonia in groundwater
indicates that a source of ammonia is in close proximity to the water
intake. The anthropogenic sources of ammonia that could be near a water
intake are generally some sort of animal or human waste product (Bittner,
1997)[13]. Ammonia content in the groundwater in the study area is
lesser than 0.5 mg/l (Fig. 7H).

The ammonia concentrations exist in few wells due to the
geologic depositions of peat and lignite and anaerobic conditions deep
below the surface. These deposits are rich in ammonia, but it cannot be
nitrified because there is no oxygen present at these depths (Follet,
1989)[12].
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Fig. 7H: Variation in Ammonia during 2012 in Dashlut, Sanabu, Blote and Eltatalyua

CONCLUSION

The groundwater in the area north west of Assiut Governorate is
mainly pumped from the Quaternary aquifer. The present study deals with
the groundwater quality as drinking source. The study showed that the
most of the ground water wells containing water are accepted for drinking
and the water composition is controlled by both of its depth and the
period of its extracting during the year. The groundwater in the more
deeper wells are having more better quality.
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