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Presentation Highlights

• This presentation would cover the 
following points:

• A bird’s eye view on global water, with 
special reference to MENA

• Information about WW in MENA
• A Case Study,Gravel Bed Hydroponic, 

experimental and application levels
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Water is more critical 
than energy. We have 
alternative sources of 

energy. But with 
water, there is no 

othe choice.
-Eugene Odum
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A Challenge to Water Management
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Water Scenarios and
Regional Perspective

The Future of Water and Food in the 
Middle East and North Africa: 

Outlook to 2025

International Food Policy Research 
Institute International Water 

Management Institute
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Scenario Approach

2025
Sustainable Water Use

2025
Business as Usual

2025
Water Crisis

1995
Base year

People without Access to Safe Water in 
the Middle East and North Africa, BAU
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People without Access to Safe Water in 
the Middle East and North Africa, CRI
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People without Access to Safe Water in 
the Middle East and North Africa, SUS
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Wastewater Treatment and Re Use is The 
Backbone of Water Sustainability
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Egypt

Egypt is Not An Arid Country
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Egypt Water Per Capita
More than one sign
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Rainfall, Egypt

مصادر المياه في مصر     •

Groundwater, Sinai and 
W Desert

0.573.50

Treated Municipal 
Wastewater

0.702.50

Total67.6387.90

Irrigation improvement 
programme

0.007.00

Groundwater, Nile Valley 
and Delta

4.807.50
Agricultural Drainage5.068.40
Rain1.001.50

River Nile55.5057.50

20002017
SourceBillion cm/year
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Actual Renewable Water Resources Actual Renewable Water Resources 
&&

Dependency Ratio On NeighborsDependency Ratio On Neighbors
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ARWR (BCM/year) % Dependency Ratio

Average Dependency
Ratio of 60%

Annual renewable water resources

Criticality Ratio, 1995 and 2025, Criticality Ratio, 1995 and 2025, 
BAUBAU

1.081.080.890.89EgyptEgypt

2025202519951995

Criticality Ratio (ratio of water Criticality Ratio (ratio of water 
withdrawal to total renewable withdrawal to total renewable 

water)water)
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Wastewater Treatment
• Wastewater generated by all governorates = 3.5 

BCM/year
• 50% of the urban population has access to sewerage 

services
• 5% of  rural areas has access to sewerage services. 
• 75% of rural population uses septic tanks, cesspits 

and latrines 
• More than 15% of rural areas have no access to 

sanitation 
• Current treatment capacity  = 1.6 BCM/year.
• An additional treatment capacity of 1.7 BCM targeted 

by 2017

Wastewater Treatment Facilities in Egypt
some Figures

• In Egypt, 217 urban city, 24% of them are 
covered by WWTF 

• About 5000 village, 4% of them are 
covered by WWTF

• 24 billion LE were spent on drinking water 
supply projects

• 44 billion LE were spent on wastewater 
facilities projects
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Some of the Main Contaminants in 
Municipal Wastewater
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Constructed Wetlands, A Simple,  Viable, Highly Efficient
And Cost Effective Way to Treat Wastewater

Constructed Wetlands
A - Surface Flow Wetlands
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1. Surface Flow



21

Surface Flow

Surface Flow
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Surface Flow

Surface Flow
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Surface Flow

Surface Flow
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2. Sub-surface Flow
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Examples of Subsurface
Flow, Ismailia, Egypt

Sub-surface Flow
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Municipal Wastewater, Treatment, A Small 
Community, Low Cost Technology

An Egyptian Perspective

• The gravel bed hydroponic system, 
developed by Suez Canal University and 
University of Portsmouth, England, UK

• Currently used with remarkable success in 
upper Egypt for grey water within a 
framework of the GEF

•Gravel Bed Hydroponic (GBH) reed bed systems, consist of 
channels sealed with geomembrane. 
•The channels are filled with gravel, and wastewater is 
percolated horizontally below the surface of the gravel. 
•This subsurface flow reduces the potential for breeding sites 
of insects, especially mosquitoes and aquatic snails.
• Reeds, predominantly Phragmites australis, are planted in 
the gravel and grow hydroponically using nutrients in the 
sewage. 
•The reeds maintain the hydraulic pathways and their 
rhizospheres support intense microbial activity which ensures 
sewage treatment. 

The GBH System
System Highlights
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Advantages of GBH
• Easy to operate and capital cost is reasonable
• Excellent efficiency of removing pathogens at a level 

almost similar to WHO standard.
• High efficiency of removing nutrients, many organics
• Effluent comply with Egyptian regulation
• Land requirements are not ideal but could be afforded at 

village level
• Effluent could be used straight for agriculture
• Bed length, wastewater retention time, and gravel size 

have significant bearing on the performance of the 
system
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Industrial wastewater treatment
The GBH beds at 10th Ramadan City received a complex mixture of 
wastewater from a wide range of industries with BOD:COD ratios 
fluctuating between 0 and I (values below 0.2 indicate a
toxic wastewater with poor prospects for biological treatment). The 
GBH beds were able to remove long chain hydrocarbons and fatty 
acids, but more recalcitrant compounds, including aromatics such as 
phthalates, remained. This suggests that GBH beds have 
applications for industrial wastes but may require a longer residence 
times or further treatment stages.

Gravel-root Matrix



29

Gravel-root Matrix

Establishment of Biofilm...
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Removal of Pathogens

Adsorption – sedimentation – inactivation - predation

Pathogens
removal

retention
time

plant

gravel
size
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Removal of nitrogen

anaerobic aerobic

NH3 NO3

Nitrificationdepth

plant

aeration

pH
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Phosphorus 
medium

Plant
harvesting

pH

Removal of Phosphorus
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Removal of BOD/ COD

Microorganisms - adsorption

BOD/ COD
reduction

Intermittent
Water flow

Dissolved
oxygen

Removal of Suspended Solids

SS 
mg/L

Distance (m)Inlet Outlet
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Removal of Heavy Metals

Absorption
Precipitation 

Treatment Indicators

BOD & COD

Suspended solids
Nitrogen, phosphorus & sulphur

Hydrocarbons, heavy metals

Pathogens
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Effect of Wetland on Biologically Treated Wastewater

-4589615Sodium 
(mg/L)

-210041024Sulfate
(mg/L)

-2179182Chloride 
(mg/L)

-3312.919.2Zinc (µg/L)

-224.86.2Copper (µg/L)

-73538Soluble COD 
( mg/L)

-283853Total COD 
(mg/L)

-7.47.6pH

03535Color (ADMI 
units)

%DifferenceOutputInput

Mineralisation and pathogen removal in 
gravel bed hydroponic constructed 
wetlands for wastewater treatment

J. Williams*, M. Bahgat**, E. May***, M. 
Ford*** and J. Butler*
*School of Civil Engineering, University of 
Portsmouth, Burnaby Road Portsmouth 
PO1 3QL UK
**Faculty of Botany, Suez Canal University 
Ismailia Egypt
***School of Biological Sciences, University 
of Portsmouth, King Henry I St. Portsmouth 
PO1 2DY UK
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The efficacy of an oxidation pond in mineralizing some industrial waste products 
with special reference to fluorene degradation - a case study 
Authors: Tawfic Ahmed M.1; Dewedar A.; Mekki L.; Diab A.

Source: Waste Management, Volume 19, Number 7, November 1999, pp. 535-
540(6)

Publisher: Elsevier
< previous article

| 
next article >

| 
View Table of Contents

Application of GBH, A GEF Initiative in 
Some Egyptian Villages

• GBH technique is currently applied in a 
number of villages in some parts of Egypt. 
The initiative is fostered by Global 
Environmental Facility of the World Bank 
GEF
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2
3
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5

Grey water 
Animal farm houses
Solid waste
Home ovens 
problems
Poultry houses

Priority ListProblem Description

Main Environmental Problems
Nasseria Village, Menia Governorate

Egypt

Villagers indicated that their most urgent problems
is grey water. They cannot dispose it in their septic tanks
because this would fill the tanks much too soon

Community Initiative
Nasseria Women NGO
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Community Initiative
Behira Governorate 

GBH Under Construction
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Raw Sewage Treatment
Anaerobic Digestion

People’s Own Initiative
Joint Initiative of Ministry of Water Resources

• Septic tank to collect raw sewage, 
sedimentation, liquid waste is allowed through a 
number of chambers

• Each chamber is furnished with gravel of plastics 
cups (matrix), to increase surface area.

• Chlorination process, using sodium 
hypochlorite

• No sludge problems
• Methane !!!!?????
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Thank you!


