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I The future role of the use 
of sewage effluent  for 

irrigation  in  the Near East 

I 
Land and  Water  Development Division 

FAO - Rome - Italy 

The  potential of irrigation  water  for  increasing 
both  food  production  and  the  living  standards  of 
the rural  poor has 
agriculture  represents  only 13% of the world 's total 
arable  land,  but  the  value of crop production  from 
irrigated  land  is 34% of the  world's  total.  This 
potential is more  pronounced  in  semi-arid  and 

this  region,  the 
provision  of  irrigation  water  is  one of the  most 
important  factors  for  increasing  agricultural 
production.  The  present  irrigated  area  in  this 
region  comprises  only 30% of the  cultivated  areas, 
but  production  amounts  to  some 75% of the  total 

region,  no  crops  can be grown  without  irrigation 
water. 

The  irrigation  systems in belong to 

considerable and  sometimes  dramatic increases in 

from  errat ic  rainfal l   and  thus  rel iabi l i ty  of 
production  and  stable  incomes. 

On  the  other  hand,  past  and  existing  trends in food 
and  agricultural  production i n  the  region have led 
to  a s i t ua t i on   wh ich ,   desp i te   no t i ceab le  
achievements,  is  fundamentally  unsatisfactory. A t  
present,  the  region  is  importing more than of 
its food  requirement9  and  the rate of increase in 
demand  for food  exceeds the rate of increase in 
agricultural  production.  Because  aridity is the 
major  constraint  for  increased  agricultural 
production,  most of the  countries in  
consider  irrigation  development  a  prime  way of 
raising  agricultural  production. 

- National action programmes 
in the  field of irrigation 

Until  the  end of the 
expansion of 

low. 
1950s and  gained  full  momentum 

1960s. 
nat ional   development  p lans  in  which  the 

development of 

in  the 

Nile). 

of the 
a 

of of 
planning or 

and  the of 
Yemen 

by 
of flood of the  seasonal  wadis  and 

the  use of 
al luvial  plains of 

known  so (Egypt,  Sudan, 
Libya, Gulf 
being developed. 

This of 
accompanied by the 
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of by 

of 
manifestations of 

due  to 
m a n a g e m e n t  of 
conveyance  system as well as in  the  f ie ld.  

of 
is 

States, flow of 
and  wel ls  is 

level is falling  due to 

sea 

of 

as flows and 
of  good quality, now being 

scarcity 
of water  supplies to   meet   the   needs  of 

as well as 

is to 

involved in  devising  ways  to  optimize  the  use of 

is 
is 

of sewage  effluent  and its use 

above, it becomes 
is 

of a 
of 

such as of sea 
modification etc. 

of 

by 
of sewage 
to  be the 

4 

- Wastewater in agriculture 

1. General 

effluent, a 
widely used of the 

of 
system of 

as 
means of as 

as as 1865,  the  United States 
(1871), (18721, (19761, 
(1877), 
most of 

than in  England  the 
dictum  was  '*sewage  to 

as of 
to a 

too 
of 

as 

two  decades of it 
completely 

at 
City 

inception. of 

is 
of using 

in  the  use of 
(Table l), especially 

of both  developed and 
This  has as a of 

of 
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-the high  cost of 

soil 
damage minimal if the 

-the high  cost of 
plants; 

- the of the 

-the by of 
the  value of the 

is by those 
households  which  have an in-house,  multiple-tap 
level of 
connected  to a which 
household is 
the developing as a whole, few households 

expensive a sanitation technology; 

sufficient  househoulds connected  to  a 
system to of sewage an 

both 

in  sewage,  and at  the  same  time,  the  wasteful 
disposal of 

is 

no effects 
induced. Ln 

of 
excess of 

is 
due to the  use of is 
now 

of 
infections, and  thus  the existence 

of no be 

develop 

especially 
of 

its 
such  caution  is now shown by those 

is 

61 

so valuable is 

flow 
by  no means uncommon but of 

advantage of 
is 

develop a national 

of 
is the  only  way  in  which  the 

potential economic advantage of 
can be  maximized, and its 
eliminated. 

2. Quantity  and  Quality of Wastewater 

A - Quantity 

is composed of 99.9% 0.1% 
of 
dissolved  solids). 

so is often a 

This conflict can  usually only be by the 
of the  cities  must  use 

- - 
such a sequence of 
is not  followed, 

be 

national economic development. 

of is usually  in 
80-200 

some 30-70 m3 
a of, 

example,  2 m3 
could be used  to m2 of 

to 1,500-2,500 
ha. 

B - Nutrients 

The  suspended,  colloidal  and  dissolved  solids 

and 
(such as Cu, Fe  and Zn). 

options 
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10 - 100 mg N/1 and 5 - 25 
mg and  potassium is 10 - 40 mg 

w i l l  contain  less 

same  amount of potassium,  depending  on  the 
of 

2 m3 commonly 
of 15 and 3 mg/l of total 

N 
as can be expected in 

the  final  effluent of of 
waste  stabilization  ponds) to  annual 

of 300 
and 60 

even  eliminated, by 

C - Contaminants and toxins 

its benef ic ia l  
toxins. 

The  contaminants the - 
helminths - which 

some lo4  

if it contains a significant 
of 

toxic to  both  people  and 
obvious  example,  but 

of 
of 

that the  FAO 
19841, it 

may  be  safely 
of 

it is 
to the sensitivity of the 

- Application rate 

of 
calculated  in  the  same way as 

salinity  and 

- Plans of some countries  in  the 
Near East for the use of 

sewage effluent for irrigation 

1. Egypt 

A - plan for water resources 

a 

1977. of 
custodian of 

completed of this  activity  in 1981. 

The  main objective of is to find 

This  involves  identifying  the best use of 
of national 

economic and social 
of a n   e x p a n d i n g  

demands. 

One of of to 
of of 

of 

All 
possible 
most  efficient and economically  viable  solutions. 

as the  impact  on  the 

methods of 
an  assessment of 

costs. 

B - Water for municipal purposes 

2000 was  studied,  based  on  the  following 
assumptions : 

i) 1976 it 
was when the  latest  population  census 

1976 was 36.6 
million. of population  in the 

is about 65.4 million, of which 29.8 
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million  will be (46%) and 35.6 
million (54%). 
estimated to 50 million at the  beginning of 
July 1986. 

ii) of in 
is 72 
- 160 1 (pd). 

included, per capita will 
be 213 l/(pd). 

iii) Losses of 
40% to 25%. 

iv) All the  inhabitants of the  main  cities of 
will  be 

effluents will be 75% of 
the people of 
will have  sewage  systems. 

On  the  basis of the  above  assumptions,  the 
following  estimates  can  be  made as shown  in 
Table 2. 

estimated at L.E. 2.9 billion and L.E. 4.2 billion 
a t  1985 

Annualized  costs of 1,000 m3 of 
estimated at L.E. 30 to 50, 

5.4 the  Nile  system, L.E. 10- 
30 

at 
about L.E. 1,000. 

The  plan 
(1986/87-1991/92) 

of 71,000 feddans 
2.5 feddans  equal 1 ha) of sandy 

soil  which will 
of 

a t  a 1:l  
now 

of about 80,000 
feddans of sandy soil 

by of 
at 

of the  existing 
of 

100,000 

97% 3% 
solids of the 

such as 
and zinc. of the  sewage 

of sandy  soils by 

Sewage  effluents  help in  minimizing  the  fixation 
of 
availability to  a 

the of sandy 
Gabe1 

which consists of 3,000 feddans of sandy soil 25 
of has 

1911 by 
in exposed basins)  and 

has 
and pecan nuts. 

effluents  should  be  those  which  cannot  be 
contaminated  by  effluents.  They  include wood 

beans. 

a 
developing of 

now being  conducted in  Egypt 
to  detect  changes in  the  physical  and  chemical 

of soil  by  successive  use of sewage 
attempting  to  identify 

the 
use of of is 
to study  the effect of sewage  effluents on legumes 

inoculation. 

C - Water quality control 

The Law  No. 48 of 1982 of 
the its 

of 
No. 8/1983. 

the of solid,  liquid 
wastes 

a 
licence of 

by the 
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2. 

A - 

is a 

50 - 600 600 

a s m a l l  
to 

flat 

by of 

of the  kingdom  totals  1,100 

Table 

it is 
will use  about 70% of the  total  demand. 

to be 
met, given 

will have  to  become a 
new of 

B - of 

as yet no specific 

No. 2/1982  which 
of 

which cooked consumption.  The  law 
of 

C - 

as yet no 
of 

is taking place. 

Aqaba, a total of 
74,500 mVday. 

flow 
is 

at is 48 50% of which 
is 
stabilization ponds. 

At  Salt,  the  effluent is to Wadi  Shuieb 
which flows it is then 

of 
flow 

in  the wadis. 
used by of 

takes beds. 
is 

the  sea. 

has 
in  the vicinity of is of 
of 5 
plant,  the  total  quantity of 

1 .6  
to July 1986. 

- of 

few 

by a 
65% of the  total  population of As- 

was  commissioned in of 1985  and  by 1986 
57,000 cubic 

of 
of 

The site the ponds is about 40 of 
Amman  and  can  handle  up  to  110,000  cubic 

day. 

established by 1995  will have a total flow of about 
mVday (about  65 Not all of 

flows 

upon and  seasonal  demands.  Effluent 
ponds, such as those of 

the Amman  City will 
by A 
estimate led  to the conclusion that  about 30,000 
ha  can be 

E - Qualities of the sewage  eff luent 

The  quality of is 
of the  potable 

of the 
of the 

in if 
with good 
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sulphate  and heavy  metal  contents. 

The  chemical  analyses of 
- As- 

Aqaba - indicate  that  the 
sal inity of the  sewage  effluent is sl ight  to 

(0.7  to 3.0 dslm).  With  this  quality of 
full-yield potential of could be 

be taken to achieve 

maintain soil of the 
of the  data  indicate  that  with 

good of 
will 

no 
and toxicity 

F - Planned reuse 

of 
i t  was 

decided  to possible  to 
the sites it is it is the 

policy of of to 

plant  sites. addition,  all new 

be  used  to 
develop a of a 

the city. a of will 
be  used  to 

the the  planting of 19,000 

completed planting a total of 500,000 apple,  olive, 

by about 2% of the  available 
effluent.  The  bulk of this effluent is 

it 
to of 

Valley. 

3. 

development indeed. 
Consequently,  the  availability of 
at cost is one of the most 

to of 
used in  houses 

is 
it 

a  long  time. 

Until  the  late 1970s, 

amounted  to  only 732 
heavily  on food of both 

1975 a 900 
established of 

of 
mainly  alfalfa, as cattle  feed.  At 

(1986)  is 
70% of 

1985 a new of 700 ha  was  added to this 
of 

1,600 ha.  About 27 million of 
effluent used,  which will 
to 125 2010, 
constituting one of the  most  ambitious  schemes 

East. 

4. Saudi Arabia 

A - 

of 

of 
supply of which 
a is low 

of 
of 

of to meet  the  demand  in 
the 

showing  signs of decline, 

demands  to a 

The policy is to  utilize  all  available 
in a most  beneficial 
among  which  the 

of is due to the 
need new the 

and possible of 

options 
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B - Utilization of treated wastewater in Saudi 
Arabia 

The  utilization of is 
estimated at 
and by 1990 it is anticipated  that  the  utilization of 

Table 4). 

utilization of 
Sites at which is 

completed 
new 

is 
plant (3,000  mVd) and 

(1,000 m3/d) on the campus. 
of 

scheme its 
a 

flow of about  450  mJ/day,  with  an  ult imate 
capacity of 1,135 m3/day. The new 

and 
Technology  will 

completed. 

One of 
is the  utilization of 

250,000  ms/day of 
For 

effluent  has  been  used by Oil 

at 
Oil has been 

utilizing 20,000 m3/day of to 
of 

oil desalting 

feed of 
is 

at 

55 km 
92,000 m3  of 

30 mm 
50 

is expected that  about 368m3 
of will  be available  in 

a 

shown in Table 4. 

C - Summary 

of 
eff luent  has  much  potential  usage  and  the 

of would like to 
utilize, as a of 

of 
most efficient and beneficial 
emphasis at is on 

on 
its 

public health  and to keep  the 

of 
use. 

is 

160,000 and a significant quantity  (about 
20,000 mVday) is supplied  to the 

now being  made  to  supply and 
80,000 m3/day 

and  the  quantity to 
would be doubled. 
4,000 ha  is 

Specialized 
possibility of 

will be utilizing  about 
m3/day and 100,000 m3/day, 

The  total to  be 
will be 820 ha  in Qassim and 3,100 ha 

5. United  Arab  Emirates 

An 
landscaping  has 

existed  in 

of of 660,000. 

options 
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low to  avoid 
by the wind 

The  population of 150,000 in 
1984 and is 250,000 by 
2000. The  city  has a 

of 
to  be eaten cooked 

is not  allowed. is 
on  open  beds.  Sludge 

cake is 
plant of humus 

plants at locations. 

is 
of 

of  good is 
at by 
means of new sewage 

is the 

quant i t ies of its 
ultimate  capacity of 200,000 mslday by 
2005. 

conditioned 

- Public health, cost and  policy 
considerations in  wastewater  reuse 

of public  health 
and cost. 

be used in such 
a way that its content will 

effluent 
must be to avoid 
by human  beings  and  animals. contacts by 

minimized 
to effects of any 

its 
only so that 

will not come into  contact 

of a  plant human food 
animal feed. 

Gulf 
on a limited 

scale, a of so no 
epidemics 
due to the  limited  use of 
the 

economic 

As demands 
become of 

of 
supplies. 

becomes 
when i t  is p lanned  in   con junc t ion   w i th  

becoming 
and such also  being  set up in  the 

of 
is to 

levels that will and will  allow 

of 
is only 25% of the  total cost of 

the scheme. 

it even if the 
is 

cost is 

cost of 

1980s the cost of complete of municipal 
did  not  exceed $0.40 m3 

while the cost of 
than $0.70 m3 ,$2.5 m3 in  

of is a 
of 

desalinization of the 
a 

of 
osmosis-type 

at 
of 

easy 
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as 
of 

sewage  effluent  gives a of the 

the economic analysis of 
is 

as in  the Gulf is a 

amenity This  type of utilization, as a 
policy, is often  adopted as the  sole  use so that 

of the 

established  ahead of 
assessment of 
policies and options  can be to 

of .the 
it is essential to 

of the  eff luent  and  the 
it 

policies must be  given  to  public  health 

be backed up 
by 

collection, 

the 
a 

be 
and 

at 
levels to make 

a success   by  

is 

efficiency  in  the  use of 

the cost of 
to  possible health 

V - Summary and Conclusions 

of 
one of the most  extensive 

of 
essential to 

non-conventional 
has been  applied is gaining 

it has  been  limited  in 

of this 
of supply. lack of 

knowledge of of use of 
and  also of 

the  availability of of 
with  the 

development of new technology cost of 
developed by conventional  methods 

is a new in  the 
field of 

of 
of municipal 

maximizing  the  benefits  and on minimizing  any 
people 

complex 
and  it is diff~cult  to assess its 

is 

of 
is 

by a of 

of a 
can to questions  on  the  effects 
of 

A policy 
to any development  activity in 

this field.  An  obvious basis such a policy is to 
limit  the  use of 

of human  contact .   The 
must be 

and 

a 
allocation,  use,  quality  and  health  and  safety 

is essential to a 

economic is at 

use should be 
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finding  ways and 

One of 
cost. 

1980s, the  unit cost of 
$0.40/m3. ln  

of 
non- 

if the cost of the 
additional  supplies is estimated  to  exceed  the 

inflation),  then 

as a possible if 
100,000 

people and with an collection 
system. 

of 

of 

not be long  enough and should  not  be  counted  on 

it is a 
mammoth, if it 

application of is 

will 
of 

contamination  with  pesticides should not pose a 
of 

a steady in  the 
of 

level is 

may  conclude 
use  has a 

and  that its should to  adopt 
a 

of if they  have  not 
so. of 

use  since it î%volves 
vast as mentioned 

of become 
of al l  

competing  demands. 

1985. 
Egyptian of Sewage 

Sludge in 13, 
Seminar on the Treatment and  Use 

Nicosia, 7-9 1985. 

and  Fish 

1985. No. 19, Seminar on the Treatment 
and Use of Sewage Nicosia, 7-9 

1985. 

1986. Utilization of 
Symposium on the 

Human  Health  and  Agriculture  in the Gulf  Cooperation 
Council States, 11-15 1986. 

A. 1985. the Subject of 
No.1, Seminar on the Treatment  and Use of 
Sewage 7-9 1985, Nicosia, 

Cobham, 1985. The  Use of Sewage Effluent 
No. 20, 

on  the Treatment  and  Use  of  Sewage 
Nicosia, 7-9 1985. 

Cowan, Johnson, 1984. of Effluent 
in the East. Symposium on 

of Sewage The of Civil 

London, 30-31 1984. 

and A. 1981. 
1981, 

W. 

ECWA, 1985. 
The 1985 of Sewage 

No. 25, 
Seminar on the 

Nicosia, 1985. 

El-Salem, and Talhouni. 1985. 
of 17, 

Seminar on the Treatment  and  Use of  Sewage 
forlrrigation, Nicosia, 7-9 1985. 

Fahmy, 1986. of 
Egypt, the 
of Sewage 10-13 
August 1986. 

Feathem, and  Flum, 1984. 
and 1984 of 

on l 

CIHEAM - Options Mediterraneennes

Serie A: Seminaires mediterraneens



of Civil 30-31 D. and S. 1987. Guidelines for the  Safe  Use 
1984. of 

- United 
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in the 
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Table  1:  Global  data  on  wastewater irrigation 

Country  Area 

Argentina,  Mendoza 3,700 
Bahrain, Tubli 800 
China, all cities 1,330,000 

India, Calcutta 
(all cities) 

Mexico,  Mexico city 
(all cities)  (a) 

South Africa,  Johann. 
Tunisia,  Tunis  (a) 

(other  cities)  (a) 
USA  (Fresno,  CA) 
USA  (Lubbock,  TX) 

12,500 
73,000 
90,000 

250,000 
1,800 
4,450 
2,900 
1,625 
3,000 

Country Area 

Australia, Melbourne 10,000 
Chile,  Santiago 
Germany  (Braunschweig) 3,000 

(other  cities) 25,000 
Israel, several cities 8,800 
Kuwait,  several cities (a) 12,000 
Peru, Lima (a) 6,800 
Saudi Arabia, Riyadh 2,850 
Sudan,  Khartoum 2,800 
United States (Ark.) 2,800 

(Bakersfield,  CA) 2,250 
USA (S. Rosa,  CA) 1,600 
USA  (Muskegon, Mi) 2,200 

(a)  includes  planned  expansion of existing  reuse 
Source:  Bartone  and  Arlosoroff  (1987) 

Table 2:  Domestic  water  budget  for  Egypt,  1980 - 2000 
Water  requirements in billion m3,/lyr 

1980  1985  2000 

Requirements 

1.78 l .87  3.47  Gross loss from the system 
1.15  1.34  2.82 Sanitary  drainage  discharges 
1.10 1 .O8 1.80 Consumption 

2.25  2.42  4.62 

options 

~~- 
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Table Water  demand  for  Jordan, - 
(million m3.) 

Year Industrial  Irrigation  Total 
& domestic 

I I 

Table Summary  of  water  demands, and 

Item 

Jrban  networks 
Water  supplied 
Treatment losses 

Sub-total 

\griculture 
Independent  industries 
Other  domestic  use 
Out-of-town  parks 

Sub-total .. 

Vastewater  available for 
reuse 

Total 

- 

-- 

- 

- 
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