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Abstract Natural treatment of sewage wastewater has an environmental and economic means. It is
applied by infiltrating wastewater through the vadose zone (unsaturated zone) of an aquifer. This
method of treatment proved its effectiveness in removing or reducing most of harmful substances
through physic-chemical and biological analysis. The obtained results validated that most of toxic
substances were removed by percent of 99.1%, 97.6%, 94.7%, 98.6%, 100%, 99.9% and 100% for
TSS, BOD, COD, NHs;, PO, total coliform and fecal coliform bacteria, respectively. The study
suggests that, the possible removal mechanisms in the vadose zone were primarily filtrations,
adsorption and biodegradation, which are the most commonly referenced. These processes are low
cost, low or no energy consumption, and low mechanical technology as well as helps in
environmental cleanup.
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1. Introduction
1.1. Background

Due to increasing development in desert areas outside the densely populated Nile Valley and Delta
has led to the need for exploring alternative renewable water resources (Abdalla, 2012; Abdelkareem
et al., 2012; Abdelkareem and El-Baz, 2015). Renewable water resources available in Egypt
represent a total of approximately 57 billion cubic meters (BCM)/year. Approximately 97 percent
comes from the Nile, with the remainder from precipitation; which is mainly confined to the northern
coast. On the other hand, Water demand increasing by 72 BCM/year, over 80 percent of which is
used for agriculture. The present per capita water share is below 1,000 m3/year and it might reach
600 m3/year in the year 2025, which would indicate water scarcity (water scarcity level starts at 1,000
m3/year) (Abdel Kader and Abdel Rassoul, 2010). Sewage effluent comprises 99.9% water and 0.1 %
organic and inorganic solids in suspended and soluble forms. Raw sewage water contains many
microorganisms (bacteria, viruses, and parasitic protozoa), which may be pathogenic, and parasitic
worms (Lim et al., 2010).
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Sanitation and wastewater treatment services in Egypt are less developed than water supply
services. In 2012, Egypt had 372 municipal wastewater treatment plants treating an average of 10.1
million cubic meters per day. The capacity of Egypt's wastewater treatment plants was more than 11
million cubic meters per day, serving more than 18 million people (Abdallah, 2014). Egypt produces
5.5-6.5 BCM per year as sewage water. Of that amount, about 2.97 BCM per year is treated, but only
0.7 BCM per year is used for agriculture (0.26 BCM is undergoing secondary treatment and 0.44
BCM undergoing primary treatment), mainly in direct reuse in desert areas or indirect reuse through
mixing with agricultural drainage water (Abdel-Shafy and Abdel-Sabour, 2006). The main wastewater
treatment technologies used in Egypt are trickling filter, conventional activated sludge, oxidation
ditches, stabilization ponds, constructed wetlands, rotating biological contactor (RBC), sequencing
batch reactors (SBR), up-flow anaerobic sludge blanket, and modified septic tank (Abdallah, 2014).

1.2. Previous Work

Natural treatment of contaminated water were studied by many authors such as Shamrukh and
Abdalla (2010, 2011 and 2016) studied the effects of riverbank filtration RBF as a natural treatment
process to improve water supply quality along Nile towns in Upper Egypt. The study showed that the
effectiveness of RBF for removing the pathogens and suspended solids in the abstracted water.
Akber et al., (2008) examined the feasibility of long-term irrigation with municipal tertiary treated
wastewater using pilot-scale soil aquifer treatment system SAT in Kuwait. The removal efficiencies of
biological oxygen demand (BOD), organic carbon (OC) and ammonia were about 100, 90 and 90%
respectively. In addition, bacteria were also removed with 50-100% efficiency depending on its type.
Gungor and Unlu (2005) studied the nitrite and nitrate removal efficiencies of soil aquifer treatment
columns, bench-scale soil column experiments were performed to examine the effects of soil type
and infiltration conditions on the removal efficiencies of wastewater nitrites and nitrates during the
biological ripening phase of soil aquifer treatment (SAT) columns. The study showed that infiltration
rate and the length of wetting period were important parameters affecting nitrogen removal efficiency
of SAT columns. Cherif et al., (2013) studied the aquifer recharge by treated wastewaters Korba case
study, Tunisia. The study describes the evolution of groundwater quality after recharge with treated
wastewaters, three significant parameters controlled throughout the studied area: salinity, nitrates
concentrations and total coliforms. The study showed that an improvement of the salinity groundwater
levels but no net change in the distribution of nitrate and bacteria else than displacement of the
polluted area.

1.3. Objective of the Current Study

The main purpose of this study is to assess and quantify the effects of natural treatment processes on
groundwater quality in surface aquifer using the possible aquifer physical, chemical and
microbiological indicators in El-Saliya area (Qena), Egypt, where the Quaternary aquifer is recharging
mainly from vertical infiltration of sewage wastewater.

2. Study Area

The study area located in the southern part of Upper Egypt between Latitude: 26°13'54'N and
longitudes 32°51°17"'E east of the River Nile (Figure 1). The major source of fresh water in the study
area is the River Nile which diverted through Asfun and El-Kalabia irrigation canals and the
Quaternary groundwater aquifer. The study area was selected for the present study because of the
following: It includes El-Salhiya sewage water plant which was constructed in Qena city (25°9'24"N
32°46'34"E), Egypt in 1985. The capacity of this plant is 25000 m3/day. Usually, it receives a huge
amount of sewage water more than 45000 m®day. There is a farm belongs to this plant that has an
area of 500 acres with wooden trees. Also, the Quaternary aquifer in the study area exhibits the best
conditions in favor of surface recharge where it is unconfined under the reclaimed new areas. As well
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as most of groundwater wells in the study area are used to irrigate the reclaimed land. In many parts
of the study area, the aquifer is recharged by effluent treated or untreated sewage water from sewage
bonds, some of this wastewater used to irrigate wooden forests in the area (Figure 2). All of the
above mentioned reasons help to study the effect of natural treatment on wastewater in the study
area.
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Figure 1: Location map of the study area showing sampling points location in El-Salhyia area
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Figure 2: Field photograph shows sewage water ponds and irrigation of wooden forests at El-Salhyia sewage
plant
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2.1. Topography and Climate

The study area is characterized by variation in elevation; in Qena area, the highest elevation is in the
east, and decreases toward the west (cultivated area). The elevation is ranging between 45 and 116
m above sea level. Qena is located on the alluvial plains which are represented by the cultivated
younger plain occupying the central part of the Nile Valley and the older reclaimed plain at the valley
fringes. The study area is located in the arid zone characterized by very dry and hot weather
condition. The annual rainfall is very rare and precipitation scarcely occurs as flash floods during
winter. The average temperature ranges from 23°C in winter to 44°C in summer. The relative humidity
ranges between 53% in winter and 29% in summer.

2.2. Geological Setting

The area has been studied by a variety of authors such as Said (1962, 1981, 1983, 1990), Ahmed
(1983), Askalany (1988), Issawi and McCauley (1992), El Balasy (1994), Abadi (1995). The
sedimentary sequence in the Qena area (from top to base) as shown in the geologic map (Figure 3)
could be summarized as follows:

The Quaternary deposits in the study area are comprised the following deposits:

The Holocene unit: It is represented by the silty clay layer of the Nile floodplain as well as the wadi
deposits. The silty clay layer has a thickness ranging from 1 to 14 m and forms the fertile soil of the
cultivated lands.

Late Pleistocene: This unit is represented by the Pre-Nile deposits composed of sand and gravel
with a thickness of 30 m and extends below the silty clay layer and forms the main Quaternary aquifer
in the study area.

Plio-Pleistocene: This unit is represented by the Proto-Nile and Pre Nile deposits composed of clay,
sands and gravels locally capped by travertine beds. The exposed thickness of this unit is about 60
m.

Pliocene: This unit is represented by the Paleo-Nile deposits dominated by clay facies represented
by clay with sand interbeds. This unit overlies the eroded surface of the Eocene carbonate.

Eocene: The Eocene unit in the study area is composed of the karstified chalky and dolomitic
limestone and marl with flint bands and nodules. The exposed thickness of this unit is more than 200
m and acts as a fissured carbonate aquifer.

Paleocene-Late Cretaceous: It is dominated by shale facies with thin interbeds of chalk and
phosphate which acts as an aquiclude separating the Eocene fissured carbonate aquifer from the
Nubian aquifer underneath.

Upper Cretaceous-paleozoic: This unit is represented by sandstone with shale intercalations. This
unit unconformably overlies the basement complex and forms the most common and extended water
bearing formation of the Nubian aquifer.
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Figure 3: Geologic map of the study area showing the exposed stratigraphic units (TEGPC and CONOCO 1987)
2.3. Hydrogeology

The groundwater system in the study area belongs to the regional Quaternary aquifer that extends
along the Nile Valley.

2.3.1. The Quaternary aquifer

This aquifer can be categorized into two hydrogeological units: the upper Holocene aquitard and the
lower Pleistocene aquifer. The Holocene aquitard which composed of clay, silty-clay and clayey-silt
deposits and graded sand and gravel intercalated with clayey lenses (Figure 4). The Holocene
aquitard is including the phreatic groundwater that constitutes the base of the cultivated lands with
thickness varies from 12.5 m to 26 m in the western bank of the River Nile (Kamel, 2004). This unit
receives the surface water seepage from irrigation activities. The horizontal and vertical permeability
ranges from 0.40 to 1.00 m/day while the vertical hydraulic conductivity is low and increases with
depth (Abd EI-Moneim, 1988). The Pleistocene aquifer is formed from graded sand and gravel
intercalated with clayey lenses. The aquifer in the Nile Valley is extensive and highly productive and
distinguished into semi-confined conditions under the cultivated areas and unconfined conditions
under the new reclaimed areas at the desert fringes on both sides of the Nile Valley. The aquifer
thickness decreases from 300 m at the northern boundary to a few meters in the south western
boundary of the study area (Sayed, 2004). The hydraulic conductivity (K) ranges from 60 to 100
m/day and transmissivity ranges from 2000 to 6000 m?/day (Attia, 1985; Abd El Bassier, 1997). The
infiltration tests, according to (Barber and Carr, 1981; Abdel Moneim, 1988) were applied to estimate
the infiltration rate of the top layer, the results indicated that the average infiltration rate is 2.5 m/day,
this indicating that there is a good hydraulic connection between the upper and lower layer.
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Figure 4: Hydrogeologic cross section at Qena area (RIGW, 1994)

In the study area the Quaternary aquifer is mainly recharged by the irrigation water and seepage from
irrigation canal through the Holocene aquitard, secondary source of groundwater recharge is the
under flow from rainfall during winter months each few years (Brikowski and Faid, 2006; Ahmed,
2003). In addition, seepage from irrigation of the new reclaimed areas at the desert fringes in the
study area (Figure 5). The sewage wastewater in the study area of the El-Salhyia sewage water
plant, are considered as another recharge source, where raw and treated sewage water are
discharged directly on the ground forming some ponds that are used in irrigating woody forests in El-
Salhyia areas. Discharge component from the aquifer is through groundwater pumping for irrigation
and drinking purposes and natural discharge towards the River Nile (Ahmed, 2003). The depth to
groundwater in the Quaternary aquifer as measured from some available wells varies from 30 m to
about 120 m. The Plio-Pleistocene aquifer this aquifer represents the secondary aquifer in the study
area and exposed at the outer fringes of the Nile aquifer system adjacent to the floodplain. It is
composed of clay sand, and gravel (Kamel, 2004; Ismail et al., 2005). The Plio-Pleistocene aquifer
has more thickness near the Quaternary aquifer and decreases towards the Eocene limestone
boundary on both sides of the Nile valley. At the valley fringes, the groundwater in this aquifer is
under phreatic conditions. This aquifer is of low productivity.
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Figure 5: Land sat image of Qena study area showing the new reclaimed areas at El-Salhyia sewage plant
3. Methodology

Eleven samples were collected from El-Salhyia sewage water treatment plant and surrounding
groundwater in the study area. Physico-chemical water quality measurements and microbial
parameters were analyzed. pH and electrical conductivity (EC) of the water samples were measured
immediately at the sampling sites. The samples were analyzed for Total Suspended Solid (TSS),
Total Dissolved Solids (TDS), nitrates, ammonia, phosphates, Biochemical Oxygen Demand (BOD),
Chemical Oxygen Demand (COD) and total, fecal coliform bacteria according to Egyptian standards
and the procedures of the American Public Health Association (APHA, 1998). pH and Electrical
Conductivity (EC): of the water samples were measured by using checker meter (Model Horiba water
checker U-10). Soluble anions: of the water samples were determined by using High Performance
Liquid Chromatography HPLC (Model Shimadzu -SCL- 10ASB) and (TDS) of the water, samples
were determined by gravimetry method (A-9) according to standard methods for examination of water
and wastewater. Microbial measurements for pathogens were carried out at the laboratories of
Ministry of Health in Egypt. The results of groundwater samples were compared with those of the
outflow sewage water sample for El-Salhyia sewage water treatment plant, and the usefulness of the
natural treatment processes are evaluated based on this comparison.

4. Results and Discussion
4.1. Physico-chemical characteristics of El-Salhiya sewage water treatment plant

The various physico-chemical characteristics of El-Salhiya sewage water treatment plant in Qena are
listed in Table 1. The result showed that, pH values of sewage water samples range from 6.8 to 7.3
for inflow and outflow wastewater respectively, the TSS concentrations range from 124 mg/I for inflow
wastewater to 97 mg/l in effluent sewage water which might be due to gravity settling of suspended
particulates in settling tank during the secondary treatment process (WSP, 2008).
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Table 1: Physico-chemical characteristics of El-Salhiya sewage water treatment plant

Location Sample pH TSS TDS BOD COD NOs NHs PO SO/
number ) (mg/L)

Inflow 1 68 124 437 130 152 215 165 23 410

wastewater

Outflow 7.3 97 453 99 123 220 163 29 228

wastewater

The TDS values range from 437 mg/l for inflow wastewater to 453 mg/l in effluent sewage water.
BOD concentration was reduced from 130 mg/l in inflow wastewater to 99 mg/l in effluent sewage
water; COD was reduced from 152 mg/l in inflow wastewater to 123 mg/l in effluent sewage water
which are treated by biological treatment (activated sludge), aerobic sludge consisting of active
bacteria, which consume and remove aerobically biodegradable organic substances, this natural
treatment is represented by the following equation (Fuijii, 2009); Organic pollutants — mCO, + nH,O +
Bacteria cell. Nitrate concentration is slightly increased from 21.5 mg/l in inflow wastewater to 22.0
mg/l in effluent sewage water, reflecting the nitrification process. The transformation of ammonia to
nitrate via an intermediate step of nitrite is called nitrification. The transformation of nitrate to gaseous
nitrogen is referred as denitrification (Tilley et al., 2014), while ammonia is slightly reduced from 16.5
mg/l in inflow wastewater to 16.3 mg/l in effluent sewage water. Phosphates concentration increased
from 2.3 mg/l in inflow wastewater to 2.9 mg/l in effluent sewage water. Biological elimination of
phosphorus in conventional wastewater treatment system occurs through the uptake of phosphorus
by some bacterial cells. However, only little phosphorus can be removed through this way, as the
phosphorus mass fraction in volatile sludge is only about 2.5% (Haandel and Lubbe, 2007). For
sulfate, the results showed that the concentration in inflow sewage water sample is 41 mg/L but it
decreased to 22.8 mg/L in outflow sample, this may be due to sulfur oxidation bacteria (Thiobacillus
Thiooxidans) in secondary treatment process (Biological treatment) oxidize reducing sulfur
compounds such as thiosulfuric (S,05%) and sulfide (S*), sulfite (SO5%) into sulfuric acid ion (SO4%)
by utilizing oxygen in air (Fujii, 2009).

4.2. Microbiological analysis of El-Salhiya sewage water plant

The results of total and fecal indicator organisms for El-Salhiya sewage plant are shown in (Table 2).
The results showed that the count of total coliform bacteria in inflow sewage water sample in El-
Salhiya sewage plant is >1.810.000 cell/100 ml, while in outflow sample was less than 1.810.000
cell/200 ml. The results showed that the count of fecal coliform bacteria in inflow sewage water
sample in El-Salhiya sewage plant is 100.000 cell/100ml while it decreased to 80.000 cell/100 ml in
outflow sample, the decrease in fecal count in outflow wastewater may be due to sedimentation
processes which eliminate large numbers of pathogens, while aeration promotes antagonistic
reactions between different microorganisms, causing their elimination (Leong, 1983). The station is
unable to filter the impurities because it receives a huge amount of sewage water.

4.3. Groundwater characteristics around El-Salhiya sewage water

The main physico-chemical characteristics of groundwater samples around El-Salhiya sewage water
plant were determined. Discussion on some of the important water quality parameters follows.

Hydrogen ion concentration (pH) Interpolation of pH values using GIS (Figure 6) shows the
distribution of pH values for groundwater samples around El-Salhiya sewage plant. The map showed
that the groundwater, in most wells have slightly alkaline conditions (7.4 to 8.2), this alkaline condition
might be due to the high concentration of base compounds such as bicarbonates.
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Figure 6: GIS map shows pH distributions in groundwater samples around El-Salhiya plant

Total Dissolved Solids (TDS) TDS values for groundwater samples around El-Salhiya sewage plant
ranged from 715 mg/L to 3160 mg/L. Interpolation of TDS values (Figure 7) shows that TDS values
increase towards desert and reclaimed lands, this might be due to the leaching processes of fertilizer
and natural minerals already present in the desert soil (as gypsum CaSQO,, 2H,0 and halite NaCl). No
significant change in the TDS was observed between the outflow sewage water of El-Salhiya plant
and the groundwater around it.

Total Suspended Solid (TSS) The results showed that the TSS values of groundwater samples
around El-Salhiya sewage plant are less than the values of outflow water sample in El-Salhiya
sewage plant. Figure 8 shows the comparison of TSS values between effluent sewage water of El-
Salhiya plant and groundwater samples around it. The Figure indicates that infiltrating effluent
sewage water, which recharges the groundwater has been filtrated during their passage through the
top soil layer. Therefore the TSS are removed by physical mechanism (filtration) at or near the soil
surface (in first few meters), where the TSS has been reduced by about 99.1%. These results proof
the natural filtration effectiveness, these are in agreement with the previous work carried out at other
sites (Idelovitch et al., 2003; Akber et al., 2003).
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Figure 8: Comparison of TSS values between outflow sewage water and groundwater around El-Salhiya plant

Biochemical Oxygen Demand (BOD) The results showed that the BOD values of groundwater
samples around El-Salhiya sewage plant are less than the values of outflow water sample in El-
Salhiya sewage plant. Figure 9 shows the comparison of BOD values between effluent sewage water
samples of El-Salhiya plant and groundwater samples around it. The figure indicates that infiltrating of
sewage water effluent into the groundwater, has been naturally treated by soil aquifer. BOD content is
removed by two major processes: biodegradation by aerobic and anaerobic bacteria, and adsorption
by the soil particles through the vadose (unsaturated) zone. Generally microbial metabolism and
degradation processes require electron donators and acceptors, organic matter of unfiltered sewage
water and of solid phase working as electron donors (Shamrukh and Abdalla, 2010). BOD has been
reduced by about 97.6%, reflecting the major role of natural treatment and its effectiveness, these are
in agreement with the previous work carried out at other sites (Idelovitch et al., 2003; Akber et al.,
2008).
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Chemical Oxygen Demand (COD) Figure 9 shows the comparison of COD values between effluent
sewage water samples of El-Salhiya plant and groundwater samples around it. The figure indicates
that infiltrating the sewage water into the groundwater reduces the values of COD, this proof that
sewage water has been naturally treated by soil aquifer. As in BOD the COD is removed by two major
processes: biodegradation by aerobic and anaerobic bacteria, and adsorption by the soil particles
through the vadose (unsaturated) zone. COD has been reduced by about 94.7%, reflecting the role of
the natural treatment processes. These are in agreement with the previous work carried out at other
sites (Sato et al., 2005; Akber et al., 2008).
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Figure 9: Comparison of BOD and COD values between effluent sewage water and groundwater around El-
Salhiya plant

Nitrate (NO3”) The comparison of nitrate values between effluent sewage water samples of El-
Salhiya plant and groundwater samples around it (Figure 10) shows that infiltrating sewage water,
which recharges the groundwater, has been naturally treated by soil aquifer. About 44 % of the
groundwater samples have lower levels of NO; than effluent sewage water due to denitrification
process by aerobic and anaerobic bacteria (Idelovitch et al., 2003; Akber et al., 2008). While 56 % of
the groundwater samples have NO; higher than effluent sewage water due to attributable to
nitrification of NHs, and use of nitrogen fertilizers in new cultivated area around the sewage treatment
station (Divya and Belagali, 2012).

Ammonia (NHs) The results showed that the NH; values of groundwater samples around (El-Salhiya)
sewage plant decreased more than the values of outflow water sample in El-Salhiya sewage plant.
Figure 10 shows the comparison of NH; values between effluent sewage water samples of El-Salhiya
plant and groundwater samples around it. It indicates that infiltrating sewage water has been naturally
treated by soil aquifer. Ammonia is removed with nitrification processes in a soil aquifer system.
During infiltration, most of the ammonia is oxidized into nitrate due to aerobic bioprocesses
(nitrification) (Foppen, 2002; Yun-zheng and Jian-long, 2006). NH; has been reduced by about
98.6%; these results of natural treatment effectiveness are in agreement with the previous work
carried out at other sites (Idelovitch et al., 2003; Akber et al., 2008).

Phosphates (PO,*) Phosphate not detected in groundwater samples around El-Salhiya sewage
water plant. This might be due to the natural treatment effect of the soil aquifer, where phosphate is
completely removed (100%) by physical and chemical mechanisms. Chemical precipitation and
adsorption on clay and silt lenses are mainly effective on the removal of PO,> and the reduction of
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phosphate could also be a result of bacterial uptake (Reemtsma et al., 2000; Viswanathan et al.,
1999). These results of natural treatment effectiveness are in agreement with the previous work
carried out at other sites (Cha et al., 2006; Idelovitch et al., 2003; Akber et al., 2003).
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Figure 10: Comparison of NH3 and NO3; concentrations between effluent sewage water and groundwater around
El-Salhiya plant

Total coliform bacteria Total coliform bacteria is not detected in wells (6, 7, 10 and 11) reflecting the
removal efficiency of the soil particles (Table 2). Table 2 indicates that infiltered effluent sewage
water, which recharges the groundwater, has been naturally treated by soil aquifer, where total
coliform bacteria are removed by about 99.9% due to filtration processes and impact of travel time
during percolation through soil matrix. This finding is in agreement with other results of Akber et al.,
(2008); Shamrukh and Abdalla, (2010); Viswanathan et al., (1999).

Fecal coliform bacteria The results of microbiological analysis showed that fecal coliform bacteria in
groundwater samples around El-Salhiya sewage water plant was not detected (Table 2). This might
indicate that infiltrating effluent sewage water has been naturally treated during wastewater effluent
infiltration and percolation through the vadose zone, where fecal coliform bacteria are removed by
about 100% may due to filtration processes and impact of travel time during percolation into the
aquifer.

Table 2: Comparison of total and fecal coliform bacteria between influent, effluent sewage water and
groundwater around El-Salhiya plant

Sample NO. Total coliform Fecal coliform
(cell/100ml) (cell/2100ml)
Influent sewage water (1) >1.810.000 100.000
Effluent sewage water (2) 1.810.000 80.000
Well 3 2 Negative
Well 4 3 Negative
Well 5 2 Negative
Well 6 Negative Negative
Well 7 Negative Negative
Well 8 1 Negative
Well 9 1 Negative
Well 10 Negative Negative
Well 11 Negative Negative
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5. Conclusion

The natural treatment process of sewage wastewater during infiltration and percolation into the soil
aquifer through the unsaturated zones improved of sewage water in the study area. The significant
observations are as follows:

1) Phosphate removal was generally very high in all groundwater samples in the study area.

2) There was a drop in the bacterial content for the groundwater samples in the study area.

3) TSS is removed by physical mechanism (filtration) at or near the soil surface.

4) Organic substances, BOD and COD were removed by biodegradation and adsorption
processes.

5) Leaching from the unsaturated zone tends to increase the TDS of the infiltrated water and the
nitrification process increases the nitrate content in the groundwater samples.

6) The low content of clay minerals and organics in the unsaturated zone may prevent the 100%
removal of some of the bacteria and other pollutants.

References

Abadi, S.A. 1995. Geological and hydrogeological studies in the area between longitude 3218' - 32
20' E and Latitude 25 28' - 26 00' N, Nag Hammadi - Egypt. M.Sc. Thesis, Geol. Dept., Faculty of
Science, Assiut University.

Abd EIl Bassier, M. 1997. Hydrogeological and hydrochemical studies of the Quaternary aquifer in
Qena Governorate. MSc. Thesis, Fac. of Sci., Assuit Uni., p.164.

Abd EI-Moneim, A.A. 1988. Hydrogeology of the Nile Basin in Sohage Province. MSc. Thesis. Sohag
Fac. of Sci., Assuit Uni., p.165.

Abdalla, F. and Shamrukh, M. 2011. Riverbank Filtration as an Alternative Treatment Technology:
AbuTieg Case Study, Egypt. In: C. Ray and M. Shamrukh (eds.), Riverbank Filtration for Water
Security in Desert Countries. Dordrecht, Netherlands: Springer Science+Business Media BV.

Abdalla, F. 2012. Mapping of groundwater prospective zones using remote sensing and GIS
techniques: A case study from the Central Eastern Desert, Egypt. Journal of African Earth Sciences,
70, pp.8-17.

Abdalla, F. and Shamrukh, M. 2016. Quantification of River Nile/Quaternary Aquifer Exchanges via
Riverbank Filtration by Hydrochemical and Biological Indicators, Assiut, Egypt. Journal of Earth
System Science, 125(8), pp.1697-1711.

Abdallah, N., 2014. Wastewater Operation and Maintenance in Egypt (Specific Challenges and
Current Responses). International Journal of Sciences: Basic and Applied Research, 18(2), pp.125-
142,

Abdelkareem, M., El-Baz, F., Askalany, M., Akawy, A. and Ghoneim. E. 2012. Groundwater Prospect
Map of Egypt's Qena Valley using Data Fusion. International Journal of Images and Data Fusion,
3(2), pp-169-189.

Abdelkareem, M. and El-Baz, F. 2015. Analyses of optical images and radar data reveal structural
features and predict groundwater accumulations in the central Eastern Desert of Egypt. Arabian
Journal of Geosciences, 8, pp.2653-2666.

International Journal of Advanced Earth Science and Engineering 512



IJAESE—- An Open Access Journal (ISSN: 2320 — 3609)

Abdel Kader, A. and Abdel Rassoul, S., 2010. Prospects of Water Conservation in Egypt-Special
Reference to Wastewater Reuse. In: Fourteenth International Water Technology Conference-IWTC
14, Cairo, Egypt.

Abdel-Shafy, H.l. and Abdel-Sabour, M.F. 2006. Wastewater Reuse for Irrigation on the Desert Sandy
Soil of Egypt: Long-Term Effect. In: P. Hlavinek et al. (Eds): Integrated Urban Water Resources
Management, Springer Publishers, Netherland, pp.301-312.

Ahmed, A.A. 2003. The impact of hydrogeological conditions on the archaeological sites at some
localities between Qena and Aswan, Egypt. PhD. Thesis, South Valley Uni., Sohag, Egypt, p.449.

Ahmed, E. 1983. Sediment logy and tectonic evolution of Wadi Qena area. Ph.D. Thesis, Geology
Dept., Assiut Univ., p.250.

Akber, A., Al-Awadi, E. and Rashid, T. 2003. Assessment of the use of Soil Aquifer Treatment (Sat)
Technology in Improving the Quality of Tertiary Treated Wastewater in Kuwait. Emirates Journal for
Engineering Research, 8(2), pp.25-31.

Akber, A., Mukhopadhyay, A., Al-Senafy, M., Al-Haddad, A., Al-Awadi, E. and AlQallaf, H. 2008.
Feasibility of long-term irrigation as a treatment method for municipal wastewater using natural soil in
Kuwait. Agricultural Water Management, 95, pp.233-242.

APHA AWWA, WEF. 1998. Standard Methods for the Examination of Water and Wastewater 20"
edn. American Public Health Association, American Water Work Association, Water Environment
Federation, Washington, DC.

Askalany, M.M.S., 1988. Geological studies on the Neogene and Quaternary sediments of the Nile
Basin, Upper Egypt. Ph. D. Thesis, Fac. Sci., Assiut Univ., Egypt.

Attia, F.R. 1985. Management of Water systems in Upper Egypt. Ph.D. Thesis, Fac., Eng. Cairo
Univ., Egypt, p.245.

Barber, W. and Carr, D.P. 1981. Water Management Capabilities of the Alluvial Aquifer System of the
Nile Valley, Upper Egypt. Technical Report No. 11, Water Master Plan, Ministry of Irrigation, Cairo.

Brikowski, T.H. and Faid, A. 2006. Pathline-calibrated groundwater flow models of Nile Valley
aquifers, Esna, Upper Egypt. Journal of Hydrology, 324, pp.195-209.

Cha, W., Kim, J. and Choi, H. 2006. Evaluation of steel slag for organic and inorganic removals in soil
aquifer treatment. Water Research, 40, pp.1034-1042.

Cherif, S., Jrad, A. and Trabelsi-Ayadi, M. 2013. Aquifer Recharge by Treated Wastewaters: Korba
case study, (Tunisia). 1st Water Biotech Conference, 9-11 October 2012, Cairo, Egypt.

Divya, J. and Belagali, S.L. 2012. Impact of chemical fertilizers on water quality in selected
agricultural areas of Mysore district, Karnataka, India. International Journal of Environmental
Sciences, 2(3), pp.1449-1458.

El-Balasy, .M. 1994. Quaternary geology of some selected drainage basins in Upper Egypt (Qena
Edfu area). Ph. D. Thesis, Geology Dept., Cairo Univ., p.300.

International Journal of Advanced Earth Science and Engineering 513



IJAESE—- An Open Access Journal (ISSN: 2320 — 3609)

Foppen, J.W.A. 2002. Impact of high-strength wastewater infiltration on groundwater quality and
drinking water supply: The case of Sana a, Yemen. Journal of hydrology, 263, pp.198-216.

Fujii, M. 2009. Treatment technology of industrial wastewater and sewage, the text book of Jica —
Kita. Chapter 4, pp. 31-70.

Gungor, K. and Unlu, K. 2005. Nitrite and Nitrate Removal Efficiencies of Soil Aquifer Treatment
Columns. Turkish Journal of Engineering and Environmental Sciences, 29, pp.159-170.

Haandel, A.C. van and Lubbe, J.G.M. van der. 2007. Mechanisms involved in Biological Phosphorus
removal. In: Haandel, A.C. van, Lubbe, J.G.M. van der (eds.), Handbook Biological Wastewater
Treatment, Design and Optimisation of Activated Sludge Systems. Webshop Wastewater Handbook,
pp.188-191.

Idelovitch, E., Icekson-Tal, N., Avraham, O. and Michail, M. 2003. The long-term performance of Soil
Aquifer Treatment (SAT) for effluent reuse. Water Science and Technology: Water Supply, 3(4),
pp.239-246.

Ismail, A., Anderson, N.L and Rogers, J.D. 2005. Hydrogeophysical Investigation at Luxor, Southern
Egypt. Journal of Environmental & Engineering Geophysics, 10(1), pp.35-49.

Issawi, B. and McCauley, J.F. 1992. The Cenozoic Rivers of Egypt: The Nile Problem. In: Freidman,
R., Adams, B. (eds.), the Followers of Hours: Studies Assoc. Public., No. 2, Oxbow Mong. 20, Park
End Place, Oxford, 121-138.

Kamel, R. 2004. Geology of Luxor area and its relationship to groundwater uprising under the
Pharaohs temples. MSc. Thesis, Aswan Fac. of Sci., South Valley Uni, 178pp.

Leong, L. 1983. Removal and inactivation of viruses by treatment processes for potable water and
wastewater - a review. Water Science and Technology, 15, pp.91-114.

Lim, S., Chu, W. and Phang, S. 2010. Use of Chlorella vulgaris for bioremediation of textile
wastewater. Bioresource Technology, 101, pp.7314-7322.

Reemtsma, T., Gnir, R. and Jekel, M. 2000. Infiltration of combined sewer overflow and tertiary
municipal wastewater: an integrated laboratory and field study on nutrients and dissolved organics.

Water Research, 34(4), pp.1179-1186.

RIGW (Research Institute of Groundwater), 1994. Hydrogeological maps of Egypt, scale 1:100,000.
Water Research Center, Ministry of Public Works and Water Resources, Egypt.

Said, R. 1962. The Geology of Egypt. New York, Amsterdam: Elsevier, p.337.

Said, R. 1981. The Geological evaluation of the River Nile. New York: Springer-Verlag Publications,
p.151.

Said, R. 1983. Proposed classification of the Quaternary of Egypt. Journal of African Earth Sciences,
1, p.41-45.

Said, R. 1990. The Geology of Egypt. Rotterdam, Brookfield: Egyptian General Hurghada Inc. and
Rep. of Exploration, S.A., Balkema, p.751.

International Journal of Advanced Earth Science and Engineering 514


http://www.sswm.info/library/404
http://www.sswm.info/library/404

IJAESE—- An Open Access Journal (ISSN: 2320 — 3609)

Sato, K., Masunaga, T. and Wakatsuki, T. 2005. Characterization of Treatment Processes and
Mechanisms of COD, Phosphorus and Nitrogen Removal in a Multi-Soil-Layering System. Soil
Science Plant Nutrition, 51(2), pp.213-221.

Sayed, S. 2004. Effect of the construction of Aswan High Dam on the groundwater in the area
between Qena and Sohage, Nile Valley, Egypt. Ph. D. Thesis, Fac. of Sci., Assuit University, p.220.

Shamrukh, M. and Abdalla, F.A. 2010. Riverbank Filtration to Improve Water Supply Quality along
Nile Towns in Upper Egypt. In: 1st International Conference and exhibition sustainable water supply
and Sanitation, 25-27 July, Cairo, Egypt.

TEGPC and CONOCO. 1987. Geological Map of Egypt (Scale 1: 500000 — 1987), sheet: NG 36 NW
Assiut.

Tilley, E., Ulrich, L., Luethl, C., Reymond, P. and Zurbruegg, C. 2014. Compendium of Sanitation
Systems and Technologies. 2nd Revised Edition. Duebendorf, Switzerland: Swiss Federal Institute of
Aquatic Science and Technology (Eawag).

Viswanathan, M.N., Al Senafy, M.N., Rashid, T., Al-Awadi, E. and Al-Fahad, K. 1999. Improvement of
tertiary wastewater quality by soil aquifer treatment. Water Science and Technology, 40(7), pp.159-
163.

WSP. 2008. Technology Options for Urban Sanitation in India. A Guide to Decision - Making. Pdf
presentation. New Delhi: Water and Sanitation Program (WSP).

Yun-zheng, P.l. and Jian-long, W. 2006. A field study of advanced municipal wastewater treatment
technology for artificial groundwater recharge. Journal of Environmental Sciences, 18(6), pp.1056-
1060.

International Journal of Advanced Earth Science and Engineering 515


http://www.sswm.info/library/7934
http://www.sswm.info/library/7934
http://www.sswm.info/library/131

