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Soil and water quality assessment along the Red
Sea coast, Egypt

MOHAMED E. HEREHER* AND KHALED H. EL-EZABY

Department of Environmental Sciences, Faculty of Sciences at Damietta, Mansoura University, Egypt

The paper reports an assessment of the soil and water in the coastal strip between Marsa Alam and
Shalateen at the southern part of the Red Sea coast of Egypt. There is limited potential for agricul-
tural development. There is a need for water re-use and some potential for tourism.

Keywords: Red Sea coast; Soil; Water re-use

1. Introduction

The Eastern Desert of Egypt occupies the part of the country east of the River Nile. It
extends from the latitude of Cairo at the north to the Egypt/Sudan border at the south with
an area of about 224,000 km2. This desert consists mainly of high and very rugged moun-
tains running parallel to the Red Sea coast and comprises Precambrian crystalline igneous
and metamorphic rocks. Sedimentary rocks occur mainly at the northern (mainly lime-
stone) and southern (mainly sandstone) fringes of the desert. The mountains in the Eastern
Desert are dissected by well developed drainage systems ending either at the Red Sea or
at the Nile Valley. The dissection of this desert by dense networks of valleys and ravines
indicates that although at present the land is arid, a wet climate had prevailed in the region
in the past [1]. The FAO soil map of the world shows that the Eastern Desert of Egypt
belongs mostly to the lithosols (soils of rocky origin) [2].

Water resources are limited and are restricted to torrent storms which occur randomly in
place and time. Drought resistant vegetation or typical desert plants (xerophytes) occur
scattered along the coastal strip and in valleys. The Eastern Desert of Egypt has harsh liv-
ing conditions due to the prevailing hot and dry climate. Administratively, this desert is
named the Red Sea Governorate. Because it is isolated from the rest of the country by a
chain of mountains parallel to the Red Sea, it is one of the least inhabited regions of
Egypt. Although its area is about 22% of Egypt, the Central Agency for Public Mobiliza-
tion and Statistics reports that this vast desert hosts only 0.38% of Egypt’s population in
the 2006 census. Major metropolitan areas are (from north to south) the cities of:
Hurghada (the capital), Safaga, Al-Qusayr, Marsa Alam, Baranees, Shalateen and Halayeb.
Human activities in this desert include: tourism, mining and oil industry, fishing and
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grazing. There are some important Coptic churches and monasteries, notably the Monas-
tery of St Antony at Mount Clysma and the Monastery of St Paul the Theban.

The road network includes the coastal highway running parallel to the Red Sea coast
from the city of Suez southward to Halayeb. Some transverse roads connect the Red Sea
cities with the main Nile Valley, such as Al-Qusayr-Qeft, Marsa Alam-Idfu and the newly
constructed Baranees–Aswan road at the south. The government has constructed two pipe-
lines conveying water from the Nile at Giza in the north and Qena in the south to the Red
Sea Governorate in order to secure potable water needs for people living in the main
metropolitan areas. There are some other desalination plants distributed mostly in the
southern section of the governorate at Marsa Alam and Hamata to supply potable water
for resort villages and tourism.

The deficiency of water resources throughout the Red Sea Governorate is one of the
main environmental concerns. This shortage of water may accelerate the desertification
process [3] in the region. In fact, water resources are insufficient to supply Bedouin needs
forcing them to compensate water shortage by pumping shallow groundwater wells.
Recently, the Eastern Desert of Egypt has been seen as one of the promising areas for
development in Egypt as the country explores its natural resources in the remote desert
areas. There have been few previous studies of the region. Our main aim was to evaluate
the Red Sea coastal zone in terms of soil and water quality. Specific objectives include
topography analysis, soil analysis, soil classification and water suitability assessment for
drinking and/or irrigation purposes.

2. Material and methods

2.1. The study area

The study area includes the coastal strip (about 220 km long) between Marsa Alam (lati-
tude 25� N) and Shalateen (latitude 23�) and extends inland for about 60–80 km west of
the Red Sea coast (figure 1). The study area is characterized by a hyper-arid climate [4].
Climatic elements as obtained from the Egyptian Meteorological Authority for Al-Qusayr
city (130 km north of Marsa Alam) reveal that precipitation is scant and does not exceed a
few millimetres annually. However, some parts of this mountainous desert are often
exposed to devastating torrent precipitation. The desert is generally hot with maximum
temperatures occurring in summer (30�C in August) and minimum during winter (17�C in
January) with an annual mean temperature of 24�C. Annual relative humidity ranges from
51% to 56%. The wind blows mostly from the northwest and northern directions.

The western side of the study area is a continuous mountainous chain of Precambrian
igneous and metamorphic rocks dissected by several west-to-east valleys ending at the Red
Sea. The downstream deposits of these valleys form alluvial fans of rock debris and other
clastic sediments reflecting the types of their original parent rocks. Among these valleys
are Wadi El-Gimal (60 km south of Marsa Alam) and Wadi Hodein (near Shalateen at the
south).

Due to its ecological diversity and biological wealth, W. El-Gimal was declared one of
the protected areas of Egypt. The fan of this valley is rich in date palm orchards (Phoenix
dactylifera) and mangrove vegetation (Avicennia marina) as well as coral reef communi-
ties. The study area includes some places of historic Islamic heritage, such as El-Shazly
Cemetery (about 80 km west of Baranees). At this location, there is a small village, named
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after Shiekh El-Shazly (an Islamic cleric), of a few hundred people living to serve
religious tourists visiting the region each year. The main source of water in this village is
groundwater, which is extracted by shallow wells.

2.2. Soil sampling and analysis

A geomorphologic reconnaissance of the coastal zone between Marsa Alam and Shalateen
was performed during periodic field visits between February 2008 and February 2009. In
addition, a digital elevation model (DEM) was acquired from the United States Geological
Survey (USGS) open resources database with 90 m spatial resolution. This DEM was ana-
lysed in ArcGIS to produce a relief map of the region.

During field investigation, many scattered soil profiles were excavated to recognise pro-
file characteristics and nineteen soil samples were taken from the top 20 cm of the soil
profiles (figure 2). Soil samples were dried in air and were passed through a 2 mm sieve
to eliminate any gravel and coarse fragments. Analysis applied to the soil samples
included: texture, soil colour and calcium carbonate content. Texture analysis was per-
formed using the standard hydrometer method [5] and soil colour was measured using the
Munsell Soil Colour charts [6]. Calcium carbonate content was estimated using standard
titration methods [5].

Mineralogical analysis was carried out in the Central Laboratories of the Egyptian
Mineral Resources Authority to determine major oxides and elements in each soil sample
using the standard X-Ray Fluorescence (XRF) and X-Ray Diffraction (XRD) techniques,

Figure 1. MODIS satellite image of Egypt showing the location of the study area.

Soil and water quality assessment along the Red Sea coast, Egypt 67

D
ow

nl
oa

de
d 

by
 [

M
oh

am
ed

 H
er

eh
er

] 
at

 0
3:

27
 2

1 
Fe

br
ua

ry
 2

01
2 



respectively. To make a soil classification, we applied the United States Department of
Agriculture (USDA) classification system [7]. We used this system because the FAO clas-
sification is generic and does not include information about soil profile or its genesis. On
the other hand, the USDA classification system is most descriptive; soils with similar
apparent genesis can have different taxonomic identifications. In addition, the diagnostic
subsurface and surface horizon designations and temperature as well as soil moisture
regimes are incorporated in this classification. Moreover, this classification system was
applied in the nearby arid region of the Gulf countries, such as Kuwait [8] and the United
Arab Emirates [9]. The USDA system has six levels of soil classification, namely: Order,
Sub-Order, Great Group, Sub-Group, Family, and Series. To apply this classification sys-
tem we collected information about diagnostic horizons, geomorphology, physical, chemi-
cal and mineralogical analysis of the soil as well as some climatic data. Then the soil
taxonomy was applied to the Sub-Group level.

Figure 2. The sites of water and soil samples as they appear on Landsat TM satellite image.
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2.3. Water sampling and analysis

Ten grab water samples were collected between February 2008 and February 2009 from
eight wells and two water desalination plants distributed along the Red Sea coast (figure 2
and table 1). There are desalination plants at Marsa Alam and Hamata (samples 7 and 8,
respectively). The depth of the water in the wells ranges from 3 to 19 m and water is
extracted either by pumping or buckets. Some water quality parameters (pH and Total
Dissolved Solids, TDS) were immediately analysed in situ.

The pH was measured using a pH meter (Cole–Parmer, 59003-20, USA). The TDS was
measured using a portable TDS meter (Aqualytic, Germany) with a measuring range:
0–10000 mg/l. Other parameters were analysed and calculated in the laboratory, including:
turbidity, total hardness (T.H.), calcium hardness (Ca.H.), magnesium hardness (Mg.H.),
sodium (Na+), calcium (Ca2+), magnesium (Mg2+), carbonate (CO3

2+), sulphate (SO4
2-)

and silica (SiO2). Turbidity was measured by Nephlometric method using an Al 1000
Turbidimeter (Aqualytic, Germany) with a measuring range: 0–200 NTU, while T.H., Ca.
H., Ca2+, Mg.H., and Mg2+ were determined by the EDTA complexometric titration
method [13].

At the same time, SO4
2- and SiO4

2- was measured by spectrophotometric methods, Na+

was measured using the flame photometry and CO3
2+ was determined by acid-base titra-

tion method [10]. In addition, trace elements: lead (Pb), nickel (Ni), zinc (Zn), copper
(Cu) and manganese (Mn) were determined using atomic absorption spectrophotometry.
These physico-chemical characteristics were determined according to the standard methods
for water and wastewater examination [10]. The analyses were carried out at the Faculty
of Science at Damietta and at the Central Laboratories of the Egyptian Mineral Resources
Authority. Suitability of water for drinking purposes was determined according to the
Egyptian national standards. The fitness of groundwater quality for irrigation was estimated
in relation to its both salinity and sodicity in terms of sodium adsorption ratio (SAR);
which is calculated according the following equation:

SAR ¼ Naþffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
Ca2þþMg2þ

2

q

Where Na, Ca and Mg are expressed in equivalent weights [11].

3. Results and discussion

3.1. Soil characteristics

The study area is generally a narrow coastal plain. Digital elevation models (DEM) show
that the width of this strip is only 5–35 km (figure 3). The western side of this plain is a
chain of Precambrian igneous rocks (figure 4 top) dissected by streams ending at the Red
Sea coast, such as Wadi El-Gimal and Wadi Hodein. The texture of the collected samples
is generally coarse, falling within the sandy to sandy loam fraction (table 1). Only three
sites have a silty loam texture (sites 12, 16 and 18). These sites occur mainly at the deltas
and fans of main valleys, for example, W. Hodein near Shalateen. The colour of the soil is
yellow sandy with a hue of 10 YR.

The majority of the collected samples have the value/chroma index of 6/4 (light) revealing
that parent materials are rich in silica (SiO2) content. The calcium carbonate content is low
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due to the lack of limestone rocks at this region. In comparison with the soils in the southern
part of the Western Desert of Egypt, Vogg and Wehmeier [12] observed that calcic horizons
occur at the soil profile due to the presence of limestone rocks as a parent material.

Parent materials not only influence the type of derived sediments but they also affect
physical characteristics of these sediments. For example, intrusive acidic igneous rocks
(e.g. granite) weather to sandy soils of coarse texture, whereas parent materials rich in fer-
rous and magnesium oxides (mafic rocks, e.g. basalt and gabbro) produce dark and fine
sediments [13]. Coarse weathered sediments combined with arid climate prevailing at the
study area confirm the dominance of physical weathering. The XRD analysis showed that
major mineral suits present are quartz and albite (sodium rich-feldspar) revealing igneous
acidic parent materials. Molar SiO2/Al2O3 ratios provide an idea about weathering progress
occurred upon parent materials. This ratio has high values in rocks (�6) and low values
(�2) in weathered materials [14]. It is also high in acidic igneous rocks (about 8.5 in gran-
ite) and low in basic igneous rocks (about 5.5 in basalt). The SiO2/Al2O3 molar ratios of
the collected sediments (table 2) are high (6.7 – 10.2) revealing their both acidic nature
and their low degree of weathering.

Generally, sandy soils have low fertility due to the predominance of quartz grains. If arid-
ity, topography and hot climate are coupled with poor soil fertility, vegetation cover
becomes rare and traditional agriculture is not suitable. However, specific vegetation, which
tolerates water shortage and other environmental stresses, could grow in this region. Among
the natural vegetation of the region are Acacia and Tamarix spp. Local Bedouins depend on
natural vegetation for food and energy resource as well as for medical purposes. Their ani-
mals also depend on this natural flora for feeding. In addition, there are some local attempts
for cultivation of some species depending on groundwater, such as the FAO farm (at 120
km south of Marsa Alam). At this farm, olive and Henna have been cultivated. Water scar-
city nearby forced grazing animals to damage cultivated vegetation in this farm.

Table 1. Some physical, chemical and mineralogical parameters of the soil samples expressed in wt% (a SiO2/
Al2O3 are in molar ratio)

S # Texture Colour %CaCO3 %SiO2 %Al2O3 SiO2/Al2O3
a Major mineral

1 Loamy sand 10 YR 6/4 0.8 64 11 10.2 Quartz and albite
2 Sandy loam 10 YR 5/4 1.9 57 12 7.9 Quartz and albite
3 Loamy sand 10 YR 6/4 1.6 58 12 8.3 Quartz and albite
4 Sand 10 YR 5/4 0.8 74 12 10.3 Quartz and albite
5 Loamy sand 10 YR 7/4 1.0 72 10 12.2 Quartz and albite
6 Loamy sand 10 YR 6/3 0.5 72 14 9.1 Quartz and albite
7 Loamy sand 10 YR 6/3 0.5 69 15 7.8 Quartz and albite
8 Sandy loam 10 YR 6/4 1.3 60 15 6.8 Quartz and albite
9 Loamy sand 10 YR 6/3 0.3 69 15 8.1 Albite and quartz
10 Loamy sand 10 YR 6/4 1.1 73 13 9.9 Albite and quartz
11 Loamy sand 10 YR 6/4 1.3 76 13 9.8 Quartz and albite
12 Silt loam 10 YR 6/4 1.3 67 13 8.6 Quartz and albite
13 Sand 10 YR 6/4 0.7 73 13 9.4 Albite and quartz
14 Sandy loam 10 YR 6/3 0.7 68 16 7.4 Albite and quartz
15 Sandy loam 10 YR 6/4 0.8 63 16 6.7 Albite and quartz
16 Silt loam 10 YR 6/6 0.9 66 17 6.6 Albite and quartz
17 Sandy loam 10 YR 6/4 0.4 70 15 8.3 Albite and quartz
18 Silty loam 10 YR 5/4 1.7 65 17 6.6 Albite and quartz
19 Silt loam 10 YR 6/4 1.0 70 14 8.4 Albite and quartz
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3.2. Soil classification

Soil forming processes dominating the coastal zone of the Red Sea are generally similar.
These processes include: igneous parent materials rich in silica; hot and arid climate; lack
of vegetation cover; sloping topography; and relatively low maturity (time). Soil profiles
indicate that they are just accumulations of sand and rock debris piled from adjacent weath-
ered rocks (figure 4 bottom). The soil taxonomy applied to this region is based on field
investigations and profile characteristics as well as procedures described by the Soil Survey
Staff [10]. There are no developed surface or subsurface diagnostic horizons, such as clay
skins or calcareous accumulations. The soil profile is shallow (<100 cm) and rock fragments
(babbles) significantly occur at all sites. Soils have only one horizon, arbitrarily termed ‘A’
horizon forming recent soils (entisols) and lying over a rocky basement. Texture analysis
reveals their sandy nature with high water permeability, hence they are termed psamments.
Since the soil profile is dry for more than half of the cumulated days of the year due to

Figure 3. Relief map of the coastal strip of the study area. Note the presence of the main valleys (Wadi
El-Gimal and Wadi Hodein).
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scant precipitation, the soil moisture regime is termed aridic (torric). The soil temperature
regime is hyperthermic because the mean annual soil temperature is 25�C. Soils of the
study are then classified as torripsamments (dry, sandy and recent soils). Following is a
description of a representative entisols along the study area to the Sub-Group level.

Location: 20 km south of Marsa Alam (site # 1)
Landscape: sand sheet
Land form: coastal plain
Elevation: 10 m
Parent material: igneous rocks
Soil moisture regime: aridic (torric)
Soil temperature regime: hyperthermic
Surface diagnostic horizon: ochric
Subsurface diagnostic horizon: non
Soil Order: entisols (recent soils)
Soil Sub-Order: psamments (recent sandy soils)
Soil Great Group: torripsamments (dry recent sandy soils)
Soil Sub-Group: lithic torripsamments

Figure 4. The top is a view looking west of the coastal plain and focusing on the mountain range and the desert
vegetation. The bottom represents a sand sheet dominating the coastal strip.
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3.3. Water characteristics

Water parameters for the collected samples along the study area are shown in table 2.
Results reveal that the TDS values are high at all groundwater wells. Maximum salinity
occurs at site No. 6 at Abu Ghusoun well (6450 ppm), whereas minimum salinity is
observed at site No. 10 at Khodaa well (1840 ppm). The TDS of the desalination units at
Marsa Alam and Hamata are 260 and 285 ppm, respectively. Most of the other water
parameters coincide with the TDS values, particularly Ca, Mg hardness and Na concentra-
tions. This is confirmed by the statistical analysis (table 3), which reveals that TDS is
highly correlated with total hardness (T.H.), calcium hardness, magnesium hardness and
sodium. The aquifer rock types of the region affect their chemical characteristics. Dis-
solved silicates are observed to be maximum at site No. 2 at Hafafit well (44.7 ppm),
whereas the minimum concentration was observed at site No. 5 at Ghadir well (16.3 ppm)
at the coast. Dissolved silicates were not detected in the desalination plants at Marsa Alam
and Hamata. All the water wells have turbidity values equal and greater than 1 NTU with
maximum value at site No. 6 at Abu Ghusoun well (8.4 NTU). Sulphate is observed maxi-
mum at site No. 3 at Abu Al-Hassan El-Shazly well (2109.4 ppm), where untreated waste-
water seeps directly into underground without treatment. Statistical analysis (table 3)
reveals that turbidity shows medium significant correlation with T.H., Ca.H. and copper.
At the same time, T.H. is medially significant correlated with sodium and nickel, while
calcium is correlated medially with magnesium, sodium and nickel. Low significant
correlation is recorded between depth and both the silicate and zinc concentrations.

3.4. Water quality for drinking

Results revealed that turbidity, T.H., Ca.H., Mg.H., sodium and sulphate concentrations
are significantly higher than the Egyptian standards for drinking water. This may be attrib-
uted in part to the scant rainfall occurring in the region and dissolution of salts from the
water bearing rocks. Moreover, the closeness of these wells to the Red Sea coast may
allow for infiltration of saline water. The concentrations of the heavy metals Zn, Cu and
Mn were within the permissible levels of drinking water in all the studied wells except for
Awlad Baraka well (site No. 4), in which Mn concentration significantly exceeded the per-
missible level (table 2). At the same time, Pb and Ni concentrations were recorded at some
of the studied wells higher than the permitted levels for drinking water. The desalination
plant of Marsa Alam shows a higher concentration of Pb (0.033 ppm) than the Egyptian
permissible level [15].

3.5. Water quality for irrigation

Based on the TDS values for the studied wells (table 2), waters of these wells are not suit-
able for traditional irrigation [16]. However, previous studies reported that some salt toler-
ant cereal crops, vegetables, alfalfa and date palms could successfully be irrigated with
waters having TDS of up to 2000 mg/l [17]. Although SAR values of the collected water
samples show low to medium sodicity hazards (Table 4), their high salinity represents a
potential threat to agricultural uses. As mentioned earlier, the FAO has reclaimed a pilot
farm at site No. 6 (120 km south of Marsa Alam) depending on the water well at this loca-
tion which has a water TDS of 6450 ppm. During field visits, it was observed that this farm
was abandoned. Generally, traditional agriculture is not suitable in this part of the Eastern
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Desert. Localised managed cultivation of salt-tolerant and drought resistant vegetation could
be performed, however, to sustain grazing and support Bedouin living in the region.

3.6. Urban development

The Red Sea coast is regarded as a promising region for urban development in Egypt,
particularly in the tourism sector. The region contains many historic places reflecting the
diversity of the old civilisations lived in Egypt. The churches and monasteries of the Coptic
Church are active centres for spiritual purposes and for tourism. This coast was the place
where old trade missions launched across the Red Sea toward the African coast during Pha-
ronic ages. Today, tourism constitutes one of the main pillars of the Egyptian economy. Most
people living along the Red Sea coast work in tourism. Many resort villages have been con-
structed in the Marsa Alam area; and there is an international airport here. The government
also implemented a new highway connecting the Red Sea at Baranees with the famous city
of Aswan. Most of Egypt’s mineral resources occur in the Eastern Desert. The government
has established settlement villages for workers in the mining sector.

Conclusions

Environmental conditions in the Eastern Desert of Egypt are harsh and hostile. Topogra-
phy, soils, arid climate and water resources are the main limiting factors facing tradi-
tional agriculture. Any large-scale cultivation faces many problems. Nevertheless, this
region is promising for tourism and mining activities. These need localised and adequate
water desalination plants. The private sector could invest in this necessary element of
tourism; many resort villages would benefit. During field visits, it was observed that
many villages used treated wastewater mostly for plantations. Pilot wastewater treatment
plants make it possible to give this response to the problem of water scarcity. As the
present study is just a beginning, detailed hydrogeological, soil surveying and ecological
studies are needed.

Acknowledgments

This work was funded by the Egyptian National Committee of the UNESCO Office at
Cairo. The authors would like to express deep thanks to Dr Ferial M. El-Bediwy, adviser

Table 4. EC and SAR values calculated for the collected samples and the corresponding salinity and sodicity
hazards [14]

S. # EC, S/cm Salinity hazard Na, epm Ca, epm Mg, epm SAR Sodicity hazard

1 2700 V. high 20 10 8 7 Low
2 3500 V. high 37 3 8 15 Medium
3 4786 V. high 45 27 7 11 Medium
4 4143 V. high 20 35 3 5 Low
5 6857 V. high 39 45 24 7 Low
6 9214 V. high 66 68 26 10 Medium
7 371 Medium 4 1 0 5 Low
8 407 Medium 3 1 1 4 Low
9 5750 V. high 42 29 16 9 Low
10 2629 V. high 20 10 7 7 Low

76 M.E. Hereher and K.H. El-Ezaby

D
ow

nl
oa

de
d 

by
 [

M
oh

am
ed

 H
er

eh
er

] 
at

 0
3:

27
 2

1 
Fe

br
ua

ry
 2

01
2 



to the Egyptian National Committee of UNESCO at Cairo, for her help and support; and
also two anonymous reviewers of this paper for their valuable comments on the
manuscript.

References

[1] Zahran, M.A. and Willis, A.J., 2009, The Vegetation of Egypt (New York: Springer).
[2] Beaumont, P., Blake, G. and Wagstaff, J., 1988, The Middle East: A Geographical Study (London: David

Fulton Publisher).
[3] Abahussain, A.A., Abdu, A.S., Al-Zubari, W.K., El-Deen, N.A. and Abdul-Raheem, M., 2002, Desertifica-

tion in the Arab region: analysis of current status and trends. Journal of Arid Environments, 51, 521–545.
[4] Ayyad, M.A. and Ghabbour, S.I., 1986, Hot deserts of Egypt and Sudan. In: M. Evenari, I. Noy-Meir and

D.W. Goodall (Eds) Ecosystems of the World. 12B, Hot Deserts and Arid Shrublands (Amsterdam: Elsevier),
pp. 149–202.

[5] Carter, M.R. and Gregorich, E.G., 2008, Soil Sampling and Methods of Analysis (New York: Taylor and
Francis).

[6] Munsell Colour Company, 1975, Munsell Soil Colour Charts (Baltimore, MD: Macbeth Division of
Kollmorgen Corporation).

[7] Soil Survey Staff, 1999, Soil Taxonomy. United States Department of Agriculture, Handbook No. 436
(Washington, DC: USDA).

[8] Kuwait Institute for Scientific Research (KISR), 1999, Soil Survey for the State of Kuwait (Adelaide, Austra-
lia: AACM International).

[9] Abdelfattah, M.A. and Shahid, S.A., 2007, A comparative characterization and classification of soils in Abu
Dhabi coastal area in relation to arid and semi-arid conditions using USDA and FAO soil classification
systems. Arid Land Research and Management, 21, 245–271.

[10] American Public Health Association (APHA), 1999, Standard Methods for the Examination of Water and
Wastewater, 20th edn (Baltimore, MD: American Public Health Association).

[11] Chhabra, R., 1996, Soil Salinity and Water Quality (Brookfield, VT: Balkema Publishers).
[12] Vogg, R. and Wehmeier, E., 1985, Arid environment and land classification of the south Valley, Toshka

(Western Desert, Egypt). Journal of Arid Environments, 9, 1–12.
[13] Schaetzl, R. and Anderson, S., 2005, Soil Genesis and Geomorphology (New York: Cambridge University

Press).
[14] Birkeland, P., 1999, Soils and Geomorphology (New York: Oxford University Press).
[15] Egyptian Standards of Drinking Water (ESDW), 2007, Standards and specifications of water quality for

drinking and domestic use (The Decree of the Egyptian Minister of Health, Ministry of Health, The Central
Department of Environmental Affairs, Egypt).

[16] Rai, V.K., 1993, Water Resources, Planning and Development (New Delhi, India: DEEP and DEEP
Publications).

[17] Hamdy, A., 2002, Sustainable use and management of non-conventional water resources in the arid regions
(International Symposium on Techniques to Control Salination for Horticultural Productivity, Antalya,
Turkey).

Soil and water quality assessment along the Red Sea coast, Egypt 77

D
ow

nl
oa

de
d 

by
 [

M
oh

am
ed

 H
er

eh
er

] 
at

 0
3:

27
 2

1 
Fe

br
ua

ry
 2

01
2 




