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Abstract Groundwater contamination and the environmental impact of ground-
water uprising due to overpumping are critical issues in Egypt. The main purpose of
this study is to evaluate the groundwater quality and the environmental impacts of
groundwater uprising in the Fares area of Aswan, Egypt. The environmental
impacts of the uprising groundwater level were investigated through field obser-
vations and chemical analyses of the surrounding water resources. The results
revealed that the use of flood irrigation systems in the upper, newly reclaimed land
area is the main cause of the uprising groundwater levels, which causes remarkable
environmental degradation in the urban area. Thirty-three samples were collected
and chemically analyzed from three groundwater wells. The chemical characteri-
zation of the groundwater at Well 1 drastically changed from NaHCO3 to NaCl
within a short period of time due to overdrafting. The chemical concentrations of all
parameters showed considerable increasing trends and exceeded the standard limits
at Well 1. The study stated that the groundwater overdrafting causes extreme
changes in the water quality within a very short period of time along with the
impacts on the environment. This condition requires attention from decision
makers, as the groundwater quality is continuously decreased and the environment
is degraded.
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22.1 Introduction

Groundwater is an important source of fresh water for agricultural, drinking, and
domestic uses in many regions of the world (Balachandar et al. 2010). It is esti-
mated that approximately one-third of the world’s population uses groundwater for
drinking (Nickson et al. 2005). The increase in the population and its needs have led
to the deterioration of surface and subsurface waters (Dhiviyaa et al. 2011). In 1999,
the United Nations Environment Programme (UNEP) reported that approximately
200 scientists in fifty countries had identified water scarcity as one of the two most
worrying problems for the new millennium (United Nations Environmental
Program (UNEP) 2002). Groundwater is a major source of drinking water world-
wide and plays a vital role in maintaining the ecological value of many areas (IPCC
2001). The reliability of groundwater for drinking lies not only in its widespread
occurrence and availability but also in its consistently good quality, all of which
makes it an ideal source of drinking water (UNESCO 2000).

In general, the motion of groundwater along its flow paths below ground sur-
faces increases the concentration of chemical species (Freeze and Cherry 1979;
Domenico and Schwartz 1990; Kortatsi 2007), and the concentrations of dissolved
ions in groundwater are controlled by the nature of geochemical reactions, lithol-
ogy, residence time, groundwater flow, solubility of salts, and human activities.
Moreover, groundwater quality is influenced by natural geochemical processes, ion
exchanges, and human activities such as agriculture, sewage disposal, and the
creation of industrial wastes. Recently, several studies have focused on monitoring
groundwater quality and evaluating domestic and agricultural activities worldwide
(Mitra et al. 2007; Jain et al. 2009; Hakim et al. 2009; Nagarajan et al. 2010). In
Egypt, groundwater quality evaluation and monitoring have received little attention;
therefore, these types of analyses are urgently needed in Egypt to understand the
hydrochemistry and quality changes of groundwater.

The World Health Organization calculated that up to 80% of all sicknesses and
diseases in the world are products of inadequate sanitation, polluted water, or water
scarcity (WHO 2004). Among fresh waters, only approximately 5% are readily
available for beneficial use (Usharani et al. 2010). The microbiological quality of
water is measured by analyses and enumerations of indicator microorganisms
(Briancesco 2005). Groundwater is a crucial source of drinking water, and its
quality has recently become vulnerable due to a combination of over-abstraction
and microbiological and chemical contamination (Pedley and Howard 1997; Reid
et al. 2003; Aydin. 2007). Additionally, worldwide, 780 million people do not have
access to high-quality water sources, and an estimated 2.5 billion people, half of the
developing world, lack access to proper sanitation (WHO/UNICEF 2012).
Approximately 88% of deaths due to diarrheal illness are attributable to low-quality
water, improper sanitation, or poor hygiene (Liu et al. 2010). Diarrheal diseases
(e.g., cholera) kill more children than AIDS and malaria, making them the second
leading cause of death among children under 5 years old (Liu et al. 2010). More
than 1.5 million children die every year from diarrheal diseases (Fenwick 2006).
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The most important pathogenic bacteria and viruses that might be transported in
groundwater are Salmonella sp., Shigella sp., Escherichia coli and Vibrio sp., and
the hepatitis virus, Norwalk virus, echovirus, poliovirus, and coxsackie viruses
(Corapcioglu and Haridas 1984; Craun 1984; Gerba et al. 1981).

Although water is a renewable resource, the population of Egypt tripled in
50 years, from 19 million individuals in 1947 to approximately 62 million indi-
viduals in 1996, and it is expected to be approximately 95 million by 2025.
Consequently, the water demand will increase daily; however, Egypt’s share of Nile
River water is fixed. Egypt’s quota of Nile River water is 55.5 billion cubic meters,
so the availability of surface water will become inconvenient, insufficient, or
infeasible for consumption with an increasing population, considering that
groundwater exhaustion occurs faster than its percolation back into the ground
(Trivedy et al. 1987); this effect leads to the increasing importance of groundwater
every day. In Egypt, 87.7% of the total water is consumed by agriculture and 5.4%
is consumed by industry, while the total human consumption accounts for 6.8% of
the total water use (Shalaby 2005). One important issue involves redistributing the
population over a large area because 99% of the population is concentrated in the
Nile River valley and delta. Therefore, the Egyptian government is determined to
increase agricultural production by increasing cultivated areas through the recla-
mation of new lands in the desert. This particular practice would not only increase
the total cultivated area in Egypt but would also relieve the population stress on the
narrow Nile Valley land and create new employment opportunities. This paper is a
part of a comprehensive study of groundwater quality evaluations and modeling
considering the environmental impacts that occur at different locations in Egypt due
to the vulnerability of the pollution and the importance of water resources;
hydrochemical and bacteriological analyses have been conducted in the Manfalut
District of Assiut, Egypt, and researchers have concluded that approximately 55%
of the local groundwater wells are not suitable for drinking due to the impacts of
chemical and bacteriological contamination (Saber et al. 2014).

During the last decade, a number of inhabitants (farmers) started to reclaim and
cultivate new lands in the Fares area of Aswan Governorate, Egypt, because these
inhabitants depend mainly on agriculture as a main source of income.
Consequently, most of the reclamation and irrigation systems in this region have
been implemented without any prior scientific or hydrological surveys. For
instance, flood systems are used for irrigation from groundwater wells, which could
be very risky for groundwater storage in this area. Therefore, the objectives of the
present study are (a) to evaluate the quality of the groundwater in the Fares area of
Aswan, which covers both the Nile floodplains and desert fringes, (b) to understand
the changes in groundwater chemistry that occur due to groundwater overdrafting,
and (c) to maintain the sustainability of groundwater, especially as the groundwater
demand in the reclaimed land increases continuously, which may influence the
efficiency of the water supply both qualitatively and quantitatively. The evaluation
of groundwater quality in the Fares area is challenging, mostly due to the low
numbers of existing groundwater wells and a lack of data. Additionally, in the study
area, the most critical issue is that the lowland areas suffer from groundwater
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uprising, resulting in the loss of many mango gardens and gardens of other fruits as
well as damage to the infrastructure of the city, such as houses and buildings.
Additionally, the uprising of groundwater has a large environmental impact in terms
of health threats and the spread of diseases due to the pollution of surface water.
Thus, one of the most important objectives of this study is to assess and evaluate the
environmental impacts in the target area that results from the excessive use of
groundwater for irrigation.

22.2 Study Area

The study region (Fig. 22.1) is located on the west bank of the Nile River,
northwest of Aswan city. The area extends between latitudes 24° 34'-24° 40" N and
longitudes 32° 51°=32° 55" E. It covers an area of approximately 25 km?. The total
population of the area is approximately 15,000 inhabitants, and most of the eco-
nomic activity in the study area involves agriculture. The irrigation system is mostly
fed by groundwater as well as the canal system. The selected area comprises an arid
region that is characterized by a hot and dry climate with no rainfall in summer and
a mild climate with rare rainfall in winter. In winter, the average temperatures range
from 11 °C at night to 25 °C during the day, and the average summer temperatures
range from 25 °C at night to 40 °C during the day.
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Fig. 22.1 a Location and geological map of the Fares area in Aswan, Egypt (modified after the
new geological map of Egypt (Failed 1977; EGPC and Conoco 1987), b developed watershed and
stream network of the target
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22.3 Geological and Hydrogeological Setting

The study area is located in Aswan Governorate, in the western desert and east of
the El-Gallba plain (the western part of the Kom Ombo basin) and north of the
Wadi of El-Kubanyia. Geologically, it is situated within the African platform; thus,
its tectonic framework is related to the last African orogenic belt (Said 1962; Abd
El-Razik and Razavaliaev 1972). The borehole lithology in the Fares area collected
from a field survey indicates that Quaternary sediments comprising sands constitute
the upper layer and are underlain by shaley sand, sandy mud, and medium- to
coarse-grained sand, followed by coarse-grained sand and gravels saturated with
water.

The area is characterized by gentle northeast slopes oriented toward the Nile
River. Additionally, on the western side of the Nile River, there is a wide plain
occupying approximately 20 km?, which is bordered by the western high plateau as
well as some sand dunes and reclaimed agricultural land areas. There is also a
narrow flat area east of the Nile River bordered by a limestone plateau to the east
(Ministry of Water Resources and Irrigation (MWRI) 2007). The topographic
features were constructed from surface elevation data during a field trip, showing
that the average elevation varies from approximately 86 m above sea level in the
eastern part (urbanized city) to approximately 123 m above sea level in the western
part (reclaimed lands). The study area is occupied by sedimentary rocks (Fig. 22.1)
belonging to the Upper Cretaceous and Quaternary Periods, which represent the
main water-bearing unit in the Nile Valley region; these deposits belong to the
Proto-Nile River system occupying the present Nile basin and are made up of
gravels and coarse-grained sand embedded in a brown matrix (Said 1962, 1981;
Ministry of Water Resources and Irrigation (MWRI) 2007).

Climatologically, the area under investigation comprises a part of the arid belt of
North Africa, which is characterized by long, hot summers and short, warm winters
with rare rainfall. Based on the climatic data obtained from the Egyptian
Meteorological Authority and from previously published studies, the average
maximum air temperature during the period from 1998 to 2012 ranged between
28.8 °C in winter and 42.4 °C in summer, and the average minimum temperature
ranged between 10.7 °C and 27.1 °C in winter. The average annual rainfall value
over the area in winter is 0.1 mm and in spring is 0.5 mm; rainfall in autumn is rare.
The relative humidity differs from season to season: in the winter, it ranges between
33.9 and 40.3%; in the autumn, it ranges from 26.5 to 30.1%; and the relative
humidity decreases in both spring and summer to range between 15 and 20.7%. In
the spring and summer, the average wind velocities are 13.7 and 14.4 kt, respec-
tively, whereas in autumn and winter, they are 13.1 and 12.2 kt, respectively. The
calculated aridity degree for Aswan Governorate based on the Emberger formula
(Emberger 1951) is 0.0153, which indicates typical desert climatic conditions.
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22.4 Environmental Investigations

Predicting the environmental consequences of human development and planning
appropriate measures to eliminate or reduce these adverse effects and to augment
positive effects are formal processes (Dougerty et al. 1995). Groundwater plays an
important role in satisfying the water requirements of most arid and semiarid areas.
Thus, groundwater sustainability and the preservation of groundwater quality
should receive priority attention to enable countries to plan water and land use in an
integrated manner and to avoid irreversible environmental damage. Land recla-
mation projects have been undertaken to increase Egypt’s arable land area. In the
area of Fares, Aswan, the environmental situation is drastically represented by the
rising groundwater level, resulting in environmental impacts on agricultural fields
and the houses and property of humans. In this study, several field observations
were conducted to understand and determine the reasons for groundwater uprising.
The study area is suffering from groundwater uprising, which has affected the
urbanized Fares area by causing the collapse of approximately 64 resident homes;
500 homes have been damaged, and the tombs of the city have been affected,
forming swamps and covering the low-lying agricultural areas (Fig. 22.2A, B, C,
D, and E). Consequently, approximately 500 acres of farmland have been damaged,
and groundwater uprising has hindered the establishment of the Kalabsha Corridor
project (Fig. 22.2F), which is considered a vital project in Aswan Governorate.

During a field trip, we conducted observations of the affected regions as well as a
discussion with the people of Fares to see the extent to which they are suffering
from the problem of groundwater level uprising. We found that the impacts of
groundwater uprising in the Fares area started in 2010, one year after agriculture
activities such as flood irrigation began in the new reclamation areas (upstream
area) in the desert. This is also confirmed by the changes in land use and agri-
cultural lands observed from Google Earth images between October 2009 and
August 2010, showing the expansion of agricultural lands (Fig. 22.3) within one
year and, consequently, the expansion of development in the low-lying areas
(agricultural farms, houses, and most infrastructure).

Farmers are using flooding systems to irrigate the new reclamation lands, and
unfortunately, these systems are used unwisely and excessively and are undoubt-
edly a principal cause of the increase in the groundwater level. In addition, these
lands have no drainage system. The excessive water from the flood irrigation
systems flows directly to the downstream area, which is identified and confirmed in
the developed watershed of the area (Fig. 22.1b). The watershed of the study area
was developed by GIS and a digital elevation model and illustrates that the water
flow direction is from the reclamation area (upper lands, land elevation is 123 m)
toward the impacted area in the lowlands (land elevation is 86 m).

Chemical analysis was performed to determine the source of the uprising
groundwater in the affected regions and to determine whether this effect originates
from the surface drainage system (Nile River) or from the groundwater wells. Water
samples were collected and analyzed (Table 22.1) from the impacted areas and from
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Fig. 22.2 Field observations show the regions affected by groundwater uprising: A graveyard in
the Fares area (15/4/2013), B affected mango tree farm (water depth approximately 75 cm),
C residents’ home in the Fares area, D dug hole showing groundwater uprising, E groundwater
uprising inside residential houses, and F bridge of the Kalabsha Corridor is hindered by
groundwater uprising (All photos were taken by Mohamed Saber, during the field survey on 2012)

drainage surface water to distinguish and identify the source of the leaching water.
It was found that the seepage water characteristics are mostly similar to the
groundwater well characteristics, which confirms that the uprising water in the
lowlands (the affected regions) is mainly sourced from groundwater wells.

The recommended solution for reducing groundwater uprising is the construc-
tion of a surface drainage system that collects excessive water resulting from sur-
face flood irrigation systems. These surface drainage systems may include land
smoothing or grading, field ditches, and open drains or channels that provide an
outlet for accumulated water (Ritter and Shirmohammadi 2001; Irwin 1997). The
construction of subsurface drainage (tiles) will remove the excess water from the
plant zone and lower the water table (Ritter and Shirmohammadi 2001). In addition,
dewatering wells can reduce groundwater levels in lowland areas. The most
important recommendation of this study is for both farmers and decision makers to
use new irrigation systems, such as drip or sprinkler systems, instead of flood
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Fig. 22.3 Google maps of the target area from October 2009 (a) to August 2010 (b), showing the
changes in reclamation areas that occurred within one year

Table 22.1 Chemical analysis of water samples collected from groundwater wells, the Nile River,
and seepage water (uprising water)

Parameter Surface (Nile Seepage (uprising Well |Well2 | Well 3
River) groundwater) 1

pH 7.5 7.4 7.3 7.24 7.39

TDS 152.3 1180.7 937.2 |1297.56 | 1267.1

HCO4- 116 300 190 220 209

Total 110 296 3524 |407.4 350

hardness

Calcium 28.8 67.2 95.1 97 85

Magnesium | 9.12 30.7 279 ]39.6 335

Sulfate 18 265.5 256.6 |338.8 335

irrigation systems, especially on newly reclaimed lands in the desert region.
Consequently, the problem of groundwater level uprising would be solved, as well
as the sustainable management of the available groundwater in the desert.

22.5 Hydrogeochemical Characteristics

High-quality water is of basic importance to human life and its existence
(Lamikarna 1999). The chemistry of groundwater and its nexus to the dominant
hydrogeological circumstances have been considered, especially in arid and semi-
arid regions. In this paper, we attempt to address the following issues regarding the
hydrogeochemistry of the aquifer in the study region: the physical parameters of the
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groundwater, chemical parameters of the groundwater, groundwater types, hydro-
chemical profiles, and hydrochemical genetic classification.

22.5.1 Methodology and Sampling

Thirty-three groundwater samples were collected from three groundwater wells
during the period of time from October 2011 to July 2013 and then analyzed for
major ions (Ca**, Mg**, Na*, HCOs™, SO4 , and CI"), minor components (Fe*™*,
Mn**, NH;, NO,, and NO3 "), and trace elements (Pb, Cd, and Cr). The techniques
and methods followed for the collection and preservation of the samples were in
accordance with the 20th edition of the Standard Methods of the American Public
Health Association (1998).

22.5.2 Physical Characteristics of Groundwater

In the study area, the groundwater temperature ranges between 27.3 °C (min.) and
31.5 °C (max.). The pH values of the collected groundwater samples ranged
between 7 and 8.3, which reflect that the water samples vary from neutral to slightly
alkaline groundwater.

22.5.3 Chemical Characteristics of Groundwater

According to Faust and Aly (1981), natural groundwater contains many chemical
species in the dissolved state. The occurrence of these constituents results from
many physical and chemical weathering processes on geologic formations and from
many chemical reactions. Furthermore, the nature of these constituents is a function
of the geological type comprising the surrounding area. Glower (1983) reported that
anthropogenic changes in groundwater are controlled by humanity’s influence,
geochemical, physical, and biological processes underground, and hydrogeological
conditions.

22.5.3.1 Electrical Conductivity

The electrical conductivity in the study area ranges from 698.78 to 1966 pS/cm.
Figure 22.4a illustrates that the EC in Well 1 is lower than that in Well 2 and Well 3.
As a result of intensive and prolonged agricultural practices (due to the overdrafting
from this well as the farmers use surface flooding systems), the EC exhibits a linear
increase from 698.78 uS/cm to 1420 pS/cm within approximately two years.
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Fig. 22.4 a The EC values, b TDS values, and c total hardness values of the groundwater samples
in the study area

22.5.3.2 Total Dissolved Solids (TDS)

Water with a high TDS level may taste salty and be corrosive, resulting in scale
formation, which decreases the efficiency of hot water heaters (Sawyer and
McCarty 1967). In the study area, the TDS values range from 447.22 to
1297.56 mg/L (Fig. 22.4b). In Well 2 and Well 3, the TDS concentrations are
higher than the limits of the WHO and the Egyptian standards. Well 1 water shows
a linear increase from acceptable levels to over-the-limit levels.

22.5.3.3 Total Hardness

The hardness of water mainly depends upon the amount of calcium or magnesium
salts in the water or both (Rao 2011; Meena and Bhargava 2012). The total
hardness concentrations of the sampled water range from 134 to 380 mg/L
(Fig. 22.4c), indicating that the groundwater in the study area can be considered
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hard water to very hard water. Additionally, in Well 1, the total hardness of the
water increases with time due to the overpumping of groundwater.

22.5.3.4 Alkalinity

The alkalinity of water is controlled by the presence of carbonate, bicarbonate, and
hydroxide compounds of sodium, calcium, and potassium (Pandey and Pandey
2012). The alkalinity values range from 178 to 226 mg/L. It was found that 85% of
the groundwater samples have a total hardness greater than their total alkalinity,
which indicates that the groundwater is characterized by permanent (non-carbonate)
hardness (Chow 1964).

22.5.3.5 Concentration of Major Ions

The analyzed major cations are calcium (Ca*), magnesium (Mg?"), sodium (Na*),
and potassium (K*), and the major anions are carbonate (CO327), bicarbonate
(HCO;5"), chloride (C17), and sulfate (SO4>"). Regarding the calcium ion concen-
tration, in the study area, the calcium concentrations range from 32.19 to 97 mg/L
(Fig. 22.5a). The measured calcium concentrations in the three wells were within
the acceptable limit, but Well 1 showed an increasing trend with time. The sodium
concentration (Fig. 22.5b) ranges from 82 to 283 mg/L. Well 1 shows strong
changes with increasing trends due to the intensive and prolonged use of water for
irrigation purposes, which led to an increase in the salinity of the well water. Wells
2 and 3 have high concentrations of sodium due to leaching processes. The mag-
nesium concentrations in the groundwater range from 11.5 to 39.6 mg/L
(Fig. 22.5¢). Low values of magnesium ions were observed in Well 1, and high
values were recorded in Wells 2 and 3; this may be attributed to the limestone
plateau, which contains magnesium-bearing minerals.

In the study area, the potassium concentrations range between 2.7 mg/L and
10.19 mg/L. The bicarbonate concentration in the groundwater ranges between
178 mg/L and 226 mg/L. The sulfate concentrations range from 68 to 360 mg/L.
Well 1 shows low concentrations at the beginning of the analysis, and due to
overdrafting, the sulfate concentration exceeded the limit of WHO standards. Wells
2 and 3 show high concentrations of sulfate because of the leaching processes of
highly soluble sulfate-bearing minerals such as gypsum and anhydrite (Fig. 22.5d).
Chloride concentrations in excess of approximately 250 mg/L can give rise to
detectable tastes in water and cause laxative effects (Chand 1999). The chloride ion
concentrations in the groundwater range from 63 to 356 mg/L. In most groundwater
samples containing high values of sodium, there is also a high concentration of
chloride ions. The chloride concentrations of Wells 2 and 3 are higher than the
WHO limits, and while the water in Well 1 is lower than the limit, there exists a
threat of dramatic increases in concentrations within two years due to overpumping
(Fig. 22.5e).
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Fig. 22.5 a Calcium concentrations, b sodium concentrations, ¢ magnesium concentrations,
d sulfate concentrations, and e chloride concentrations in the groundwater samples in the study

area

Iron occurs in the minerals hematite, magnetite, pyrite, and siderite. The rec-
ommended iron level by the United Nations Food and Agriculture Organization
(FAO) for irrigation waters is 5 mg/L (American Public Health Association 1998).
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Based on the Secondary Drinking Water Standards and regulations recommended
by The United States Environmental Protection Agency (EPA), the acceptable limit
of Iron is 0.3 mg/L for drinking purposes. In the study area, the iron concentrations
range between 0.01 mg/L and 0.1 mg/L. The manganese ion concentrations range
from 0.11 mg/L to 0.47 mg/L.

22.6 Water Types

Classification methods are used to differentiate the chemical types of water and
identify the dominant types. One of these methods is the Kurlov formula (Kurlov
1928), which is a very useful method for the primary characterization of the
chemical composition of water. The ion dominance sequence in Well 1 changed
from HCO;™ > CI” > SO,/ Na*> Ca®* >Mg** to CI” > S0, > HCO; 7/
Na* > Ca®* > Mg®" due to overdrafting withdrawal for flood irrigation. In Wells 2
and 3, the abundant sequences for both cations and anions are steady and follow the
order CI~ > SO4*~ > HCO; / Na* > Ca** > Mg**.

22.7 Groundwater Genesis and Hydrochemical Facies

22.7.1 Hydrochemical Parameters

The hydrochemical parameters are calculated by hydrogeochemical indicators such
as ionic ratios. These ratios express the relationships between the different ions in
terms of mathematical ratios, which are helpful in determining hydrochemical
resemblances or differences among different water types. For instance, the ratios are
useful in detecting the previous hydrochemical processes that have affected water
quality, such as mixing, leaching, and ion exchange. In addition, such ratios may
also be useful in distinguishing between groundwater having paleosalinity char-
acteristics and mineralization characteristics resulting from evaporation processes or
by seawater contamination.

The ionic concentrations in these ratios are calculated according to their
equivalent concentrations (epm), and the ionic ratios are discussed. The value of
Na™ + K¥/CI™ (meq/L), as a parameter, is very important, as it gives an indication
of the genesis and origin of groundwater (marine or fresh water). In marine or
seawater, this value ranges between 0.85 and 0.87, while in fresh meteoric water, it
is over one. The Na + K/CI values in the study area range between 1.13 epm and
2.09 epm, indicating that the groundwater samples are of meteoric origin. The ratio
of sulfate to chloride (SO4> /Cl™ (meq/l) is useful in determining any excess sulfate
content in the groundwater due to the dissolution of sulfate minerals or sewage
contamination. In the study area, it is obvious that all values of SO427/C1_ are less
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than one, and thus, chloride ions predominate. Low values of this ratio (Caz"/l\/[g2+
(meq/l)) indicate that the magnesium content exceeds the calcium content.
However, high values of this ratio indicate the evaporative dissolution of gypsum
and anhydrite or ion exchange. In the study area, all values of the ratio are more
than one because the calcium ion concentration is more than that of magnesium
ions, which indicates the leaching of calcium-rich sediments. The Na*/K* (meg/1)
ratio gives an indication of the extent of the distance between the wells and the
recharging sources. If the ratio is less than 50, the wells are near the recharge
sources, and if the ratio is more than 50, the wells are far from the recharge sources.
In the study area, most of the Na*/K* values of water in Well 1 are less than 50, and
this well is near its recharge sources (Fault). In Wells 2 and 3, the Na + /K + ratios
are more than 50 due to the long distance between these wells and recharge sources.
The ratio of C1'/ sum anions (meq/l) reflects the groundwater sources (Hounslow
2018). When the ratio is > 0.8 and TDS > 500, the source is seawater or brine, or
evaporates; when the ratio is > 0.8 and TDS < 100, the source is rainwater; and
when the ratio is < 0.8 the source is rock weathering. This ratio is less than 0.8 in
the groundwater samples of the study area. The standard values for seawater are
tK*rCl™ = 0.0181, Na™/rCl™ = 0.8537, rMg®*/rCl” =0.1986 and SO,/
rCl" = 0.103 (Ovchinnikov 1955). According to this method, approximately 85%
of samples belong to deep meteoric origin, and 15% belong to shallow meteoric
origin.

22.7.2 Hydrochemical Classification

Different methods have been suggested for the chemical classification of ground-
water. The trilinear diagram of Piper (1944) is one of the most widely used
graphical methods for the classification of natural waters. In the study area, the
plotting results of the chemical analysis of the groundwater samples over a period
of time illustrate that sodium ions represent the main dominant cations, while
chloride ions represent the dominant anions. This reflects that most groundwater
samples have sodium chloride facies (Fig. 22.6). In addition, the water type in Well
1 changed from sodium bicarbonate to sodium chloride. This might be attributed to
the impact of overdrafting withdrawal from this well.

According to the semilogarithmic diagram (Schoeller 1962), based on the plotted
chemical analyses of the groundwater for the periods 10/2011, 7/2012, and 7/2013,
the following patterns are recognized. In Well 1, the pattern changed from
HCO;™ > Cl” > S0,/ Na*>Ca®*>Mg> to CI”>S0,% >HCO;/
Na* > Ca®* > Mg®*, which means that the groundwater chemistry changed from
NaHCO3 to NaCl. However, in the other two wells, the main patterns are
Cl™ > SO4*” > HCO5 / Na* > Ca** > Mg>*, where Na* and CI~ are the dominant
ions.

Based on Stiff diagrams (1951), in 10/2011, we found that the alkali contents
(Na* + K*) were higher than the alkaline earth contents (Ca** + Mg”*), and the
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Fig. 22.6 Piper trilinear diagrams in 10/2011 (a) and 7/2013 (b) showing the changes in

chemistry of water in Well 1 (green square) due to the impact of overdrafting withdrawal
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strong acid contents (CI™ + S0,%) were higher than the weak acid contents
(CO32* + HCO5") in Wells 2 and 3. However, in Well 1, weak acids
(CO5* + HCO5") were more abundant than strong acids (CI” + SO,%). In 7/2012
and 7/2013, all groundwater samples were characterized by the abundance of
chloride ions and sodium ions.

22.8 Future Prediction of Water Quality

The previous chemical characterization and analysis revealed that the chemistry of
groundwater in Well 1 changed from one phase to another phase due to the impact
of overpumping. Therefore, we attempt in this part to discuss and determine the
future circumstances of the groundwater of this well. The analyzed data collected
during the period of time from October 2011 to June 2013 are used to estimate the
linear trends of several chemical parameters at Well 1. We estimated the predicted
changes in the chemical characteristics of the groundwater. The TDS values at Well
1 increased with time from 447.2 mg/L to 937.2 mg/L (Fig. 22.7a). Based on the
trend line, we expect that the TDS level after 3.3 months (69 days, at 10/2013) will
exceed the standard limit (1000 mg/L) of TDS according to the Egyptian Standard
of 2007. The TH values at Well 1 also increased with time by a rate of approxi-
mately 0.88 mg/L/month (Fig. 22.7a), indicating that after 17.1 months (513 days,
at 12/2014), it will exceed the standard limit (500 mg/L). The sodium (Na + )
concentrations increased at a rate of approximately 0.144 mg/L/month (Fig. 22.7b),
indicating that after 10.4 months (nearly at 5/2014), the sodium (Na + ) concen-
trations will become over the limit (200 mg/L). The calcium (Ca™™) concentrations
increased with a linear trend rate of approximately 0.144 mg/L/month (Fig. 22.7b),
indicating that after 42.2 months (approximately 3.5 years, at 1/2017), the Ca™™*
value will cross the maximum contaminant limit (200 mg/L). The magnesium
(Mg*™) concentration increased with a linear trend rate of approximately 0.028 mg/
L/month (Fig. 22.7b), revealing that after 202.7 months (approximately 17 years, at
10/2030), it will cross the maximum contaminant limit (150 mg/L). The chloride
(Cl") concentrations increased with a linear trend rate of approximately 0.28 mg/L/
month (Fig. 22.7b), indicating that after 6 months (nearly 1/2014), the chloride
concentrations will exceed the maximum contaminant limit (250 mg/L). The sulfate
(SO4>") concentration increased with a linear trend rate of approximately 0.33 mg/
L/month (Fig. 22.7b), indicating that after 34 months (approximately 3 years, at 7/
2016), it will exceed the 500-mg/L limit. It was found that there are dramatic
changes in the quality of the groundwater of Well 1, showing a noticeable increase
in parameter values from acceptable values to values over standard limits, resulting
in quality deterioration in the near future, within a few years. This may be attributed
to the overdrafting of groundwater from this well for agricultural activities, as
inhabitants of the area use flooding systems in irrigation.
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«Fig. 22.7 a The linear trends of TDS and TH in the water of Well 1, and b the linear trends of
Ca*™*, Mg"™, Na*, CI” and SO4 in the water of Well 1

22.9 Bacteriological Analysis of Groundwater

It is well known that the main threat to human health related to drinking water is
microbial contamination. A risk assessment of pathogens and chemicals in drinking
water concluded (Regli et al. 1993) that the risk of death from known pathogens in
untreated water is 100 to 1000 times greater than the risk of cancer from known
disinfection byproducts in chlorinated drinking water, and that the risk of illness
from pathogens is 10,000 to 1,000,000 times greater than the risk of cancer from
disinfection byproducts in chlorinated drinking water; if the water treatment is
inadequate, or if the water distribution system is inadequate, drinking water may
contain sufficient numbers of pathogens to cause illness (O’Connor 2000). These
pathogenic microorganisms can cause diseases, and the detection of these organ-
isms such as dysentery and typhoid may take long time; in addition, special
equipment is required for these detections. For a long time, public health officials/
scientists assessed water quality by enumerating fecal coliform and E. coli levels in
rivers, estuaries, lakes, and coastal waters (Malakoff 2002; Pandey et al. 2012;
Pandey and Soupir 2013). Water that is free of coliform bacteria gives an indication
of the validity of that water for human consumption bacteriologically. In contrast,
the presence of these bacteria in water is considered proof of pollution and results in
the disqualification of that water for drinking. The prevention of waterborne dis-
eases lowers the disease burden in developing countries and improves health,
leading to poverty reduction.

In the study area, groundwater samples were collected at different times: 12/
2011, 8/2012, 3/2013, and 7/2013. These water samples were analyzed for total
heterotrophic bacteria (THB), total coliform, and fecal coliform levels. The spread
plate technique was employed to enumerate the bacteria, and the total number of
heterotrophic bacteria was determined using nutrient agar medium. The most likely
number (MPN) method was employed for the total and fecal coliform levels. In
drinking water, total coliform and E. coli should be absent (WHO 1994), so water
from most sources is unfit for immediate consumption without some sort of treat-
ment (Raymond 1992). The bacteriological quality of the sampled groundwater
samples indicated the absence of total heterotrophic bacteria and total and fecal
coliform bacteria, which means that groundwater samples are negative (free from
biological contamination) because the aquifer is far enough from the urban area and
exists in highlands in the desert.
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22.10 Conclusions

In this study, chemical and biological analyses of groundwater aquifers were carried
out, in addition to environmental investigations of the impacts of the uprising
groundwater level in the target area. The environmental impacts of the uprising
groundwater level were discussed and confirmed by watershed analysis using DEM
and GIS techniques and by chemical analyses of water samples from uprising water,
groundwater wells, and the Nile River water in order to determine the water source
and the reason for the uprising water in the low-lying regions. We found that the use
of flood irrigation systems in the upper, newly reclaimed lands (in the desert), lakes
in agricultural drainage systems, and the absence of sewage networks are the main
causes of uprising groundwater levels. Therefore, it is recommended that the use of
flood irrigation systems is stopped and that another, new technology system for
irrigation is used, in addition to constructing sewage and drainage systems in the
whole city area.

A chemical analysis of the groundwater aquifer in the Fares area was conducted
and showed that the groundwater in the study area has normal physical properties
wherein the water samples varied from neutral to slightly alkaline groundwater.
The TDS values ranged from 447.22 to 1297.56 mg/l. It was obvious that water
from Well 1 had lower concentrations of TDS than did the waters in the other two
wells (Wells 2 and 3). The calcium concentrations ranged from 32.19 to 97 mg/L,
the magnesium concentrations ranged from 11.5 to 39.6 mg/L and the total con-
centrations of sodium and potassium ranged from 84.8 to 292 mg/L. The bicar-
bonate concentrations ranged from 178 to 226 mg/L, the sulfate concentrations
ranged from 68 to 360 mg/L, and the chloride concentrations ranged from 63 to
356 mg/L. Most groundwater samples contained high values of sodium and chlo-
ride ions. The most important finding from the chemical analysis is that there were
dramatic changes observed in the water quality of Well 1 groundwater, showing a
noticeable increase in parameter values from acceptable values to values over
standard limits, resulting in quality deterioration in the near future within a few
years. This may be attributed to the overdrafting of groundwater from this well for
agricultural activities, as inhabitants of the area use flooding systems in irrigation.

Different methods were suggested for the chemical classification of groundwater
such as the trilinear diagram of Piper, semilogarithmic diagrams (Schoeller), and
Stiff diagrams. They illustrated that sodium ions represent the main dominant
cations, while chloride ions are considered the dominant anions. This reflects that
most groundwater samples have sodium chloride facies. In addition, the water type
in Well 1 changed from sodium bicarbonate to sodium chloride. This might be
attributed to the impact of overdrafting withdrawal from this well. The chemical
patterns in Well 1 changed from HCO; > CI” > SO,*/ Na™ > Ca®* > Mg** to
Cl” > SO,*” > HCO37/ Na* > Ca®* > Mg?*, which means that the groundwater
chemistry changed from NaHCO3 to NaCl. However, in the other two wells, the
main patterns are CI~ > SO,> > HCO; ™/ Na* > Ca®* > Mg”*, wherein Na* and
CI" were the dominant ions. The groundwater origin samples show that all of the
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collected groundwater samples are of meteoric origin. A total of 85% of the samples
belong to deep meteoric origins, and 15% belong to shallow meteoric origins.

Furthermore, a microbiological analysis of the groundwater of the study area
was carried out, showing negative results, which means that the groundwater in the
study area is free from pathogenic organisms because the wells are far from
urbanization areas. Based on this study, we recommend that the people and gov-
ernorate in Aswan City, Egypt, control and manage the use of groundwater from
these wells because the current research states that the quality of the wells will
dramatically decrease within the next few years. Additionally, further groundwater
modeling analyses regarding the problem of groundwater uprising in the target city
constitute our near-future research.
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