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Abstract
Worldwide about 785 million people are denied the right to clean water and 2 billion people lack access to adequate sanitation.

It was estimated that Sub-Saharan Africa region will reach the water and sanitation targets of the MDGs’ only by 2040 and 2076
respectively. Sanitation and water quality associated problems are evident throughout Sudan since waterborne diseases make up

80% of the reported diseases in the country. In Sweden the adoption of the sewage system resulted in a decrease in diseases linked
to latrines. In Sudan the system used to serve about 28% of the capital in 2007 and is being expanded to satisfy the escalating de-

mands. Adoption of treated wastewater reuse together with other measures is of great potential to conserve fresh water resources
and alleviate the present conflict on Nile water resources. The practice was to use treated wastewater for forestry production in the

former Green Belt. An alternative use for fodder production is quiet feasible if the safety measures were rigorously followed. Due
to the conversion of the Green Belt into residential areas the amount reused in agriculture and forestry is reduced to only 1/3 and

the rest conveyed to the White Nile. This practice created a huge pollution potential to the river and nuisance to the residents along
the canal. To curb dust storms and to rehabilitate the desertified lands of the area the paper recommends construction of irrigated
forests around each of the three towns constituting the capital.
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Introduction
It is evident that human progress has depended on access to

fresh water and on the capacities to exploit its' potential as a pro-

ductive resource [1]. Water shortages, quality deterioration and
flood impacts are among the problems which require greater attention and action. One decade ago it was estimate by [2] more

than 1 billion people were denied the right to clean water and 2.6

billion people deprived access to adequate sanitation. In addition

er of children. Recently [3] revealed the fact that worldwide about
785 million people are denied the right to clean water and 2 billion

people lack access to adequate sanitation, indicating improved coverage. According to [4] More than one billion of the globe’s popu-

lation, particularly in South Asia and sub-Saharan Africa including
Sudan, still practice open defecation.

Contaminated drinking water, poor sanitation and hand hygiene

to that about 1.8 million children per annum were estimated to be

cause about 829,000 deaths per annum due to diarrhea [5]. The cri-

that contaminated water was the then world’s second biggest kill-

management practices and policies [6].

lost due to diarrhea and other diseases related to the consumption
of unclean water as well as poor sanitation. The authors concluded

sis in water sector can be attributed to poverty, inequality and un-

equal power relationships, as well as inconsistent water resources
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During the first decade of the present century [7] estimated that

to safe drinking water is less than 60% (about 70% in urban areas,

and sanitation. It was estimated by [8] that Sub-Saharan Africa re-

over, 40% of the basic schools in Sudan have to tolerate inadequate

about US $ 70 - 80 billion were spent annually in developing countries on water management, water infrastructure and water supply

gion will reach the water and sanitation targets of the MDGs’ only
by 2040 and 2076 respectively. In 2010, the UN General Assembly
acknowledged access to safe and clean drinking water and sanita-

tion as a human right and advocated for consolidation of international efforts in this regard. Meanwhile, Sustainable Development

Goal (SDG) target 6.2 calls for adequate and equitable sanitation
for all.

Population of Sudan is estimated to be about 44.43 million (pre-

dicted to increase to 57.3 million by 2030) of which about 64% live
in villages, hamlets or lead semi-nomadic existence meanwhile, the

rest are town and city dwellers or live in displaced persons settlements [9]. Lack of infrastructure, low level of investment and hy-

drological variability are major constraints to the economy of the
Nile Basin including Sudan. As exhibited in (Table 1) problems of

sanitation are evident throughout Sudan, and inadequate facilities
are the norm rather than the exception outside metropolitan Khartoum. Sudan is among the few countries that experienced declin-

ing access to safe water drinking water during the period (1996
- 2003). This is largely due to population growth, instability and

civil conflicts, low economic growth and lack of capacity at the state
level [4].

Statistic

Indicator

Urban population using improved
sanitation facilities

Rural population using improved
sanitation facilities

Primary schools with improved
sanitation facilities

Percentage of Khartoum connected
to sewage system

2007*

2020**

80%

63%

46%
50%

28%

Table 1: Sanitation statistics in Sudan.
*Source: [10]
**Source: [9].

24%
60%

Expanded

Recently [9] revealed that domestic water supplies and sanita-

tion coverage is low in the country. For instance nation-wide access

52% in rural areas). Meanwhile, access to adequate sanitation is

about 40% (about 63% in urban areas, 24% in rural areas). Morewater supplies and sanitation facilities. The problem is most appar-

ent in displaced persons settlements that have not been reached by

international aid efforts. It’s worth noting that the armed-conflict
in Darfur resulted in 1.86 million internally displaced persons, a

lot of whom ended up living in towns. Table 2 shows key statistics
for the capital with regard to water supply, sanitation and coverage by the sewage system. Khartoum State is characterized by a
semi desert climate with an average annual rainfall of about 120
mm. Greater Khartoum is by far the largest city in Sudan during

the previous century the city expanded 250 times in area and 114

times in population. According to the 1993 population census its'
population was about 3 million but it is estimated to have grown to
more than 5 million in 2006. According to [12] in the Middle East

access to sanitation is 100% in high income countries, and ranges
from 90% to almost 100% in middle income countries. Yemen, the

poorest country in the region (based on per capita income) has the
lowest overall access at 86%.
Indicator

Annual growth rate

Number of shanty towns surrounding
metropolitan Khartoum (1986)

Estimated population of unauthorized
settlements

Percentage of central Khartoum covered by
water network

Percentage of Khartoum connected to sewage
system
Percentage of Khartoum using pit latrine or
other basic systems

Table 2: Key statistics for Khartoum.
Source: [10].

Statistic
4%
96

2-3 million
71%
28%
68%

In Sudan the shortcomings in water quality and sanitation are

directly reflected in the incidence of waterborne diseases, which
make up 80% of reported diseases in the country [9,12].

In its endeavor to improve waste management system Sudan

faces many challenges the most important of which are the following [9]
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•
•
•
•
•
•
•
•
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Poor adoption of an integrated waste management system.

•

Installation of submersible pumps and standby generators.

waste.

•

Rehabilitation of the civil works so as to cope with the new

Inadequate regulations to limit industrial and hazardous
Absence of a waste sorting system.
Poor infrastructure.

Inadequate data on waste quantities, types and characteris-

•
•

Installation of mechanical filters at the treatment plant.
electromechanical systems.

Inauguration of the automation and remote-control system.

tics.

High cost of waste collection, transportation and landfill.
Low levels of environmental awareness; and

Poor household practices when dealing with municipal solid
waste.

The objectives of the current study are as follows
•

To compile and elaborate on the past and present wastewa-

•

To estimate the actual present needs and future demands.

•

ter management practices.

To suggest sustainable reuse and disposal options.

The sewage system

In Sweden the effect of the introduction of the sewage systems

was a decrease in diseases linked to latrines [13]. In the Sudan the

system was introduced in the year 1951 and operated in the year
1957 to serve part of the capital Khartoum (80,000 inhabitants)

with a capacity of 1455 m3/day and a total area of about 11.75 km².

Figure 1: The sewage system in Khartoum.

It composed of pumping stations, gravity and pressurized pipes

and a treatment plant at El Goz Area [9,12]. The plant was located

Source: [14].

at the south end of the city but now it is almost of a north central

location due to urban expansion. In the year 1964 the system was

expanded to cover some residential areas. During the period 1989-

1992 the system was rehabilitated for the first time since its incep-

tion. Fig. 1 shows the location and extent of the sewage system in
the city.

One of the problems facing the system is that the sewage waters

The major projects include
•

contain some solid wastes that cause blockage of the sewers and

•

The current achievements and rehabilitation programs include

•

damage the pumps.
the following
•

Usage of larger pipes to enhance the capacity of the system
so as to cope with the current and anticipated urban boom.

•

Khartoum North residential area: The project is designed
with a capacity of 15,000 - 20,000 m3 per day it also include

rehabilitation of an existing activate sludge treatment plant
with a capacity of 40,000 m3 per day.

Rehabilitation of Wad Dafia’a sewage treatment plant design
capacity 17000 m3 using activate sludge technology

Installation of a conveyance pipe system from Wad Dafia’a to
Hattab area to utilize the treated wastewater to establish an
irrigated forest of an area 1000 - 1500 feddan

Eastern Khartoum sewage network project to serve about
60,000 people.
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•

Due to the high cost of centralized sewerage systems for

large towns the trend is currently towards decentralization
[6]. For instance, a sewerage system, with a capacity of about

10,000 m³ per day, for the old central districts of Omdurman
is currently under construction. Similar systems were also

68

As shown in (Figure 2) in Khartoum after screening the effluent

is treated using the biological treatment method which is done in
three stages (ponds) as follows [6]

installed in Al Muhandseen and Academic Complex, Al Man-

shia and part of Thawra with system capacity of 5,500 m³
per day, 4,500 m³ per day and 2,000 m³ per day respectively.

Sewage treatment practices

In the 1970s’ governments and councils initiated plans for

treating wastewater before discharge into source waters. This de-

velopment can be viewed as a first step to reuse management of
water for environmental purposes [15]. Sewage is created from
residences, institutions, hospitals and commercial and industrial

establishments. It can be treated close to where it is created (in

septic tanks, biofilters or aerobic treatment systems), or collected
and transported via a network of pipes and pump stations to a municipal treatment plant [16].

Figure 2: Sewage Treatment Plant in Khartoum.

Sewage treatment is the process of removing contaminants

from wastewater. It includes physical, chemical and biological processes to remove physical, chemical and biological contaminants.

Its objective is to produce a waste stream (or treated effluent) and
a solid waste or sludge suitable for discharge or reuse back into

the environment. This material is often inadvertently contaminated with many toxic organic and inorganic compounds. Typically,

sewage treatment involves three stages, called primary, secondary
and tertiary treatment [16]. First, the solids are separated from

the stream. Then dissolved biological matter is progressively con-

verted into a solid mass by using indigenous, water-borne microor-

ganisms. Finally, the biological solids are neutralized then disposed
of or re-used, and the treated water may be disinfected chemically

or physically (for example by lagoons and micro-filtration). The final effluent can be discharged into a stream, river, bay, lagoon or
wetland, or it can be used for the irrigation of a golf course, green
way, park or for tree and fodder production [6]. The different re-

use practices create varying risks for human health, stemmed from
level of exposure as well as the degree of pre-treatment. If it is suf-

ficiently clean, it can be used for groundwater recharge. According
to [17] in UAE the percentage of treated water accounted for 5.1%

of total water production in 1995. Due to the shortages in conventional resources, the production of treated water is increasing by
10% annually.

•

Anaerobic ponds (100 m*110 m*3 m) BOD is reduced be-

•

Facultative ponds (aerobic anaerobic) 785 m* 240 m*1.2 m

•

tween 50% - 70% in 3 days.
6 days

Maturation ponds 240 m*220 m*1.2 m (3 - 5 days).

According to [9] Khartoum’s sewerage system has been rehabil-

itated in 2004. The new system consists of 303 km of (175 to 800
mm diameter) pipes, 20 pumping stations, stabilization ponds with
a capacity of 28,000 m³ per day, and an activated sludge treatment

plant with a capacity of 40,000 m³ per day. In addition to that plans

are underway to build a sewerage pipeline to transfer effluents to
the Soba Cattle Breeding Scheme.

Characteristics of treated sewage water
Sewage disposal is a major challenge. For instance in China

many of the country's rivers are badly polluted as raw sewage often gets only basic treatment at best. In USA about 40% and 46%

of rivers and lakes respectively are too polluted for fishing, swimming or aquatic life. This is attributed to the fact that 1.2 trillion
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gallons of untreated sewage, storm water and industrial waste is

servation Committee but due to lack of funds the implementa-

the following disadvantages:

and prior to rains. On the other hand, the reservation of the proj-

discharged into the US waters annually. According to [13] dumping

of untreated wastewater into a recipient water body nearby has got
•

Eutrophication

•

Loss of valuable nutrients as pollutants.

•

Transmission of pathogens, and

The resultant will be a possible loss of the water body as a re-

source for drinking water and for fish production. In this respect
[18] concluded that without urgent and properly directed action,
developing countries face mounting problems of disease, environ-

mental degradation and economic stagnation, as precious water
resources become more and more contaminated.

According to [19] in Khartoum the inhabitants need not to fear

from close encounter with the TWW because of the comparatively safe effluents produced from the treatment facility at Soba. On

the other hand, [8] revealed the fact that the chemical properties

of the TWW conform to FAO standards for irrigation water. How-

ever, according to [21] some implications of using wastewater for

irrigation are not known with certainty and hence the precaution-

ary principle should be adopted when designing policies regarding
wastewater use.

Disposal and reuse of treated sewage water
The factors affect the feasibility of reuse of wastewater [22]

tion was delayed. The viability of the project was later confirmed

by [24] since dust storms became more frequent during summer
ect area was delayed till the adoption of Doxiadis Master Plan for

Khartoum Development within the then foreseeable future. The
Green Belt area was a central forest reserve as per Gazette No. 978
of 15th December, 1962. The project was approved in the Ten Year

Plan 1961/62 - 1970/71. The technical and economic feasibility

to irrigate the project from the Gezira canal was approved by the
Ministry of Irrigation that also made contour maps and designed
the major and minor canals. According to [25] the World Food Programme (WFP) scrutinized the whole aspects of the project and

secured about 40% of the cost of the project in kind (food stuffs)
against labour. The execution of the project commenced on the 26th

of October 1962.

The belt was roughly a rectangular with an average length of 10

km and an average width of 3 km and a total area of about 7,000

acre. The productive area of the project was estimated at about
6,300 acre while the rest was occupied by access roads and canals.

The whole Belt was located south of the Doxiadis New Khartoum
Town Boundary. The idea was to irrigate small part from the sew-

age effluents. However, it was anticipated that alkalinity and sa-

linity of the soil may develop with time and negatively affect tree
growth.

[26] advocated for enhancement of forest cover and afforesta-

•

The physical and geographical features of the area should be

tion through various means including establishment of shelter-

•

The extra costs (of treatment and infrastructure) should be

break as any type of barrier for protection from winds (typically

•
•
•

conducive to an exchange of water rights between the parties concerned.

affordable in relation to benefits.

Farmers should be supportive, which depends on the net im-

pact on their incomes, the status of their rights to freshwater,
and what are their alternatives.

Public health authorities should be satisfied that the projects
pose no undue risks, after reasonable precautions have been
taken.

Finally, the environmental impact should be acceptable.

According to [23] the establishment of a green belt south of

Khartoum was recommended since the year 1944 by the Soil Con-

belts and greening of public utilities. [27] illustrated the difference
between shelterbelts and windbreaks. The authors defined a wind-

mechanical or vegetative barriers). Meanwhile, a shelterbelt is de-

fined as a longer barrier consists of shrubs and trees, established
for soil and water conservation and protection of field crops.

According to [24] the objects of the belt can be summarized as

follows
•

Production of fuel wood and round building poles.

•

Soil conservation and protection of the capital against sand-

•
•

Recreation
storms.

Experimental site for research and studies on irrigated for-

estry and to provide practical facilities for the students of the
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Technical Forestry College and the proposed Forestry School
•

at the University of Khartoum.

Other benefits include fodder production and employment.

The western block of the Belt (of about one-third) was irrigated

research using the sewage effluents. A coppice system with a rota-

tion of 10 year was adopted for Eucalypts and other coppicing spe-

cies. The project was estimated to produce 300,000 building poles
and 12,600 m3 of firewood and 2,000 tons of forage annually. Alter-

natively, the Belt may produce industrial timber e.g., match wood

70

quality of the water. It is worth mentioning that both Khartoum Co.
for Water Services and Centre for Utility and Environmental Labo-

ratory belong to the Ministry of Physical Planning of the State of
Khartoum. The company claimed that the disposal is according to
the British Standards since the daily river discharge is more than

500% of the effluents. On the other hand, the company is trying to
fill the gap caused by demolishing the Green Belt which was a safe
reuse site.

and wood for other forest industries. The project was expected to
pay back the capital investment plus the interest in about 5 years.

According to [28] eleven Sahel-Sahara Africa countries (Djibou-

ti, Ethiopia Eretria, Sudan, Chad, Niger, Nigeria, Mali, Burkina Faso,
Mauritania and Senegal) have consolidated efforts to control land

degradation and restore the vegetative cover. The initiative officially called “The Great Green Wall for Sahara and the Sahel Initiative”.

With strong political support in 2007 the Initiative gained impetus
when the African Union Declaration 137 VIII was embraced, ap-

proving the decision on the implementation of the Initiative. Fortu-

nately, Khartoum State is involved in the GGW and hence, the use of

the treated wastewater may constitute an alternative for the country to fulfill its obligations towards the Initiative while conserving
the scarce water fresh resources.

It has been emphasized during the Third World Water Forum

which was held in Kyoto, Japan that there are economic benefits to

Figure 3: Effluent conveyance channel in Khartoum.

a more effective use of human waste (www.bbc.com). Hence, the
potential for more economically efficient use exists. The sewage
treatment plant located south of the capital Khartoum is estimated

to produce about 40.000 m3/day [29]. As shown in (Figures 3 and
4) TWW is conveyed via an earth channel from the treatment plant

to Alyarmouk Industrial Complex to irrigate 340 acres of trees and

150 acres of fodder. Irrigation water requirements were estimated
at about 4.3 million m3/year. The rest (11 million m3/year) is con-

veyed to the White Nile via a channel that crosses some residential

areas [6]. This practice created controversy between Khartoum

Co. for Water Services, some NGOs’ and the residents along the
canal. The NGOs’ and the residents claimed that the effluent water is contaminated and with bad smell. However, it is evident that

sometimes the channel overflows at some locations. As shown in
(Table 3) both sides showed contradicting laboratory results on the

A: Schematic diagram of activated sludge treatment.
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Future Plans of the company include the following
•

71

Due to rapid urban growth of the capital the company is now
constructing Activated Sludge units both in Khartoum and

Hag Yousif (Khartoum North) with a capacity of 40,000 m3/

day each. The company claimed that the water at the outlet

will be of a better quality than that of the Nile water mean•
•
•
B: General View Activated sludge treatment plant.

•

while the treatment time will be reduced to only 6-8 hours.

To use the thousands of kilometers occupied by the treatment ponds for recreation.

To activate the Sewage Disposal Act i.e., factories, hospitals

and research centres will be demanded to treat their wastewaters so as to meet the standards.

To use the sewage water in an economic way that is by planting vast areas of the Soba and Hattab area (Khartoum North)

so as to save fresh water for the other purposes and to reduce the cost of fertilizers.

To produce organic fertilizers.

Activated sludge

Atmospheric air or pure oxygen is bubbled through primary

treated sewage combined with organisms to develop a biological

floc which reduces the organic content of the sewage. Once the

sewage has received sufficient treatment, excess mixed liquor is

discharged into settling tanks and the treated supernatant is run
off to undergo further treatment before discharge (Fig. 4 shows the

different components of an activated sludge treatment plant). Part

of the settled material is returned to the head of the aeration sysC: Fine bubble membrane diffusers in an aeration tank
Source: [30].

Figure 4: Activate sludge treatment.

Laboratory

BOD
TSS

tem to re-seed the new sewage entering the tank (Return Activated
Sludge). Excess sludge which eventually accumulates beyond what
is returned is called Waste Activated Sludge (W.A.S.). W.A.S is re-

moved from the treatment process to keep the ratio of biomass to
food supplied in balance. W.A.S is stored away from the main treat-

ment process in storage tanks and is further treated by digestion,
either under anaerobic or aerobic conditions prior to disposal.

Centre for Utility and Environmental Lab.

U. of Khartoum Sanitary Engineering Lab.

Influent

Effluent

Removal %

Influent

247.5

40.5

83.3%

593.16

338.75

100

70.2%

Effluent

Removal %

351.23

40.8%

273.78

53.9%

Table 3: BOD and TSS of the influent and effluent as shown by two different laboratories.
Source: [6].
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The process of activated sludge can be used for one or more of

the following
•
•
•
•
•
•

Oxidizing carbonaceous matter: biological matter.

Oxidizing nitrogenous matter: mainly ammonium and nitrogen in biological materials.
Removing phosphate.

Driving off entrained gases carbon dioxide, ammonia, nitrogen, etc.

Generating a biological floc that is easy to settle.

Generating a liquor low in dissolved or suspended material.

Use of treated sewage water in agriculture

The use of reclaimed water in agriculture is an option that is

increasingly being investigated and taken up in regions with wa-

ter scarcity, growing urban populations and growing demand for
irrigation water [22]. The use of reclaimed water in agriculture
enables freshwater to be exchanged for more economically and
socially valuable purposes, whilst providing farmers with reliable

and nutrient-rich water. This exchange also has potential environ-

mental benefits, reducing the pollution of wastewater downstream
and allowing the assimilation of its nutrients into plants. Table 4

shows current and projected treated wastewater effluents produced in Khartoum and the irrigation demands.

[31] considered the adoption of treated wastewater reuse to-

gether with other measures of great potential to conserve fresh
water resources and alleviate the present conflict on Nile water
resources. Globally [21] estimated that at least two million ha are

presently irrigated with untreated, partially treated, diluted, or
TWW.

In Khartoum TWW was found to be of low alkalinity and me-

dium salinity. [19] studied the impacts of irrigation by TWW (for
10, 20 and 30 years) on the soil properties of the Green Belt. The
results of the study can be summarized as follows:
•

No significant changes in soil mineral content (particularly

•

Slight decrease in pH (due to saline effluents) but still close

•

phosphorus) and particle size distribution were induced.
to neutrality.

Slight increase in organic carbon, nitrogen and organic matter.

72

Water produced by the treatment plant

40000 m3/ day

40000 m3/ day*30 days*12 month

14.4 m m3/ year

Amount currently consumed in agriculture
Amount currently discharged into the
White Nile

% of Khartoume connected to the system
Population growth rate in Khartoum
Estimated crop water requirements

Actual present needs = 14.4/0.28

Assuming 100% cropping efficiency=
800*12 month

Area to be irrigated = 51.4 million m3/
year/9600 m3/ acre/ year
Assuming 75% cropping efficiency=
800*12 month*0.75

Area to be irrigated = 51.4 million m3/
year/7200 m3/ acre/ year
•

4.3 m m3/ year

11.1 m m3/ yea
28%
4%

800 m3/ acre/
month

51.4 million m3/
year
9600 m3/ acre/
year
5354 acre

7200 m3/ acre/
year
7139 acres

Table 4: Current and Future Demands.

Microelements were found in low concentrations whereas

the heavy metals accumulation is low because of the low
concentration in effluents.

[32] studied the impacts of irrigation with TWW on forage pro-

duction and concluded that the practice improved plant growth

and yield significantly. Similar results were obtained by [20]. However, according to [19] the following precautions should be catered
for

•

To avoid over-irrigation since excess water tends to harbor

•

Plants are to be planted at the shoulders of the ridges as flat

•

slime and algae that may suffocate the plant and decrease
downward movement of water.

beds could contribute to death by water logging.

Farmers should be aware of the hazards of working with

TWW they should wear high boots, avoid direct contact with
TWW and wash and clean themselves when they get out of
the fields.
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Soba agricultural project
The project which was established in the year 1969 is located

18 km south of the capital Khartoum (adjacent to the former Green

Belt) with an area of 12,295 acre and a potential of up to 50,000
acre. It is characterized by fertile soil suitable for cultivation of a va-

riety of crops like vegetables and fodders. The project is currently
irrigated by pumps from the Blue Nile via a 6 km long channel and
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