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GDP 1.2.8

GDP 21)

Note: The figures indicate total renewable water resource per capita in m3. 
Source WWAP, with data from the FAO AQUASTAT database  
( ) The United Nations World Water Development Report 2015, WWDR2015 
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22) 1.2.9

2000-02 1,846 2012-14 1.3 2,355

2025 2,805 2014-14 1.2

(2025 ) 59%

1.2.10
23)  1995 3,752km3 2025 5,137km3

1.4 61%
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/
N P

139.3 m3 2.0 m3 1.5%
3)

2005

2.1.3
4), 5)
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a) a) b)

 2

pH 5.8 8.6 

 -c) 10  40

d)

0.1mg/L 0.4mg/Le)

f)

a) 100mL
b) 1000CFU/100mL
c) 
d) 
e) 
f) 

Reverse Osmosis, RO

2.1.1 6)

2.1.4 7) (Boron) 90%
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2.1.4 (Chloride), (Sulfate), (Sodium), 

(Boron) 8)

USEPA 2.1.5
9)

Parameter Unit Degree of Restriction on Use 
None Slight to Moderate Severe 

Ecw dSm-1 <0.7 0.7 - 3.0 >3.0 
TDS mg/L <450 450 � 2,000 >2,000 

Sodium meq/L <3 >3  
Chloride mg/L <70 70 - 355 >355 
Boron mg/L <1.0 1.0 � 2.0 >2.0 

ph   6.5 � 8.4  

2.1.6 7)

(Protozoan cysts and oocysts)

2.5log MF >6log

UF >7log 10)

Primary Effluent Secondary Effluent Tertiary Effluent AWT Effluentb) Overall
Item Raw Conc. Conc. Removal rate Conc. Removal rate Conc. Removal rate Conc. Removal rate Removal rate

mg/L mg/L % mg/L % mg/L % mg/L % % mg/L
Arsenic 0.0032 0.0031 3 0.0025 19 0.0015 30 0.0003 40 92 0.10
Boron 0.35 0.38 0 0.42 0 0.31 13 0.29 3 17 -
Cadmium 0.0006 0.0005 17 0.0012 0 0.0001 67 0.0001 0 83 0.01
Chloride 240 232 3 238 0 284 0 15 90 94 -
Chromium 0.003 0.004 0 0.002 32 0.001 24 0.001 28 83 0.10
Iron 0.6 0.53 11 0.18 59 0.05 22 0.04 2 94 5.00
Lead 0.008 0.008 0 0.008 0 0.001 93 0.001 0 91 5.00
Manganese 0.065 0.062 4 0.039 37 0.002 57 0.002 0 97 0.20
Nickel 0.007 0.01 0 0.004 33 0.004 11 0.001 45 89 0.20
Selenium 0.003 0.003 0 0.002 16 0.002 0 0.001 64 80 0.02
Sodium 198 192 3 198 0 211 0 11.9 91 94 -
Sulfate 312 283 9 309 0 368 0 0.1 91 99+ -
Zinc 0.081 0.076 6 0.024 64 0.002 27 0.002 0 97 2.00

b) AWT=Advanced wastewater treatment
c) Ayers and Wesstcot (1985) and NRC (1973)
d) The maximum concentration is based on a water application rate of 1.25m/yr

Recommended
Maximum
Conc.c, d)

a) Western Consortium for Public Health (1992). Primary treatment consisted of a rotary drum screen followed by disk screens, secondary treatment was with water
hyacinths, tertiary treatment consisted of lime precipitation and depth filtration, and AWT comprised reverse osmosis, air stripping, and carbon adsorption.
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1)

2)

UAE, 

(Sorghum), 
11), 12), 13)

2.1.7 14)

a,b)

Crops Sensitivity c)

Tolerant Moderately 
tolerant 

Moderately 
sensitive 

Sensitive 

Sorghum  
Wheat  

Cucumber   
Onion    
Potato   
Tomato   
Alfalfa 

Date palm 
Orange    

a) Westcot and Ayers(1985) 
b) These data serve only as a guideline to the relative tolerances among crops. Absolute tolerances vary with climate, soil 
conditions, and cultural practices. 

Range of effluent quality after indicated treatment

Item unit Untreated
wastewater

Convention
al activated
sludgea)

Convention
al activated
sludge with
filtrationa)

Activated
sludge with
BNRb)

Activated
sludge with
BNR and
filtrationb)

Membrane
bioreactor

Activated
sludge with
microfiltration
and reverse
osmosis

TSS mg/L 120-400 5-25 2-8 5-20 1-4 2 1
BOD mg/L 110-350 5-25 <5-20 5-15 1-5 <1-5 1
COD mg/L 250-800 40-80 30-70 20-40 20-30 <10-30 2-10
T-N mg/L 20-70 15-35 15-35 3-8 2-5 <10c) 1
T-P mg/L 4-12 4-10 4-8 1-2 2 <0.3d)-5 0.5
TDS mg/L 270-860 500-700 500-700 500-700 500-700 500-700 5-40
Total coliform No./100mg/L 106-109 104-105 103-105 104-105 104-105 <100 ~0
Protozoan cysts
and oocysts

No./100mg/L 10-104 10-100 0-10 0-10 0-1 0-1 ~0

Viruses PFU/100mLe) 10-104 10-103 10-103 10-103 10-103 1-103 ~0
a) Conventional secondary is defined as activated sludge treatment with nitrification.
b) BNR is defined as biological nutrient removal for the removal of nitrogen and phosphorus.
c) With anoxic stage
d) With coagulant addition
e) Plaque forming units
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50 15

2.2.1 15)
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15)

2.2.2

15
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3

16), 17)

78.8% 2018 3 31 18)

19) 2.2.3

60%
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1) 

2) 

1), 2)
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20), 21), 22)

23) 99% 24)

25) Salalah
26), 27)

COD, BOD

E.coli

14,023 MPN/100mL 27)

28)

28)

20
25), 29), 30)

Gray water

31), 32), 33)

60 - 100mm 34)

1,825 

- 5,475mm/ 35), 36), 37) 71mm

2,387mm 38) 2.4.1
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/

2.4.2

0.0

50.0

100.0

150.0

200.0

250.0

300.0

350.0

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

(m
m

/m
on

th
)

Evaporation
Rainfall

1 2 3 4 5 6 7 8 9 10 11 12
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36,000 (2003 ) 250,000 ( 2045 )

2015 9,770m3/ 2045 46,500m3/
39)

2  (Sewage Treatment Plant: 

STP) STP-1 36,000m3/ STP-2 16,000m3/

2.4.3

Treated Effluent: TE
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44%

Excess TE

2.4.4

3

a) 

b) 

c) 

a) c) 4

TE: Treated Effluent ( )
Excess TE: 
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Case 1

Case 2

Case 3

Case 4

 1) 

2.4.1

 2) 

44%, 81% 2.4.5

TE: Treated Effluent ( )
Excess TE: 
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3) 
2045 37,613m3/

10%, 10%

2.4.6 2045
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4) Case 1

MBR Membrane Bioreactor

2.4.6

2.4.7 Case 1

1) 

2.4.8 Case 2

2) 
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3) Case 2
STP-2 STP-1

36.1km

1) 

STP

2

Case 1

2.4.9 Case 3
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2) 

3) Case 3

1) 

STP-1 STP-2

2.4.10 Case 4

2) 

3) 

4) Case 4

Case 2.4.2 Case

2015 2045 31
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Case 1 4

Case 2

Case

1) 

MBR 10 2.4.11

2.4.12 STP-1, STP-2 MBR STP-1, 2 2045

4 MBR

2.4.3 STP MBR 31

STP-1 76.4 US$, STP-2 23.9 US$ 100.3 US$
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MBR
8,500 /

MBR-1 MBR-2 MBR-3 MBR-4

2015 2016 2029 2035
/ 8,331 8,789 17,830 25,873

3 2 1 1
US$ 27.8 20.8 13.9 13.9 76.4

MBR
3,250 /

MBR-1 MBR-2 MBR-3 MBR-4

2015 2025 2040 2042
/ 1,439 3,395 7,997 9,813

3 2 0 0
US$ 10.6 8.0 2.7 2.7 23.9

100.3

STP-1

STP-2
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2) 
2.4.13

40)

2.4.4 STP-1, STP-2

50 15

m

21.5 US$

 STP-1

 STP-2
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3) 
MBR

STP

0.9 0.75

75%

31 9.7

US$

STP-1, STP-2 1.1 US$

Case1 10.8 US$

4) 

US$
32,104m 4.3

32,000m3×2 1.8
6 2.7

2 0.1
14,060m 4.0
35,532m 4.2

7,000m3×4 1.6
3 1.6

1,500 m3 0.8
4 0.2

21.5

STP-1

STP-2

(kWh/m3) US$/kWh US$
0.84 0.04 7.1

0.6
7.7

(kWh/m3) US$/kWh US$
0.84 0.04 1.8

0.2
2.0

(STP-1&STP-2) 9.7

US$/m3)
0.003

STP-2

57.0 m3 US$/m3)

STP-1

228.7 m3

0.003
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2.4.13 3

1

2.4.14 2035

1, 3, 6 3m, 5m, 7m 9

STP-1, STP-2

( ) x (1 - ) � (  x ) = 

2.4.6 2.4.15
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2.4.7 STP-1 2.4.8 STP-2 9

STP-1

STP-2

STP-1, STP-2 7

7 � 9 1 20
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4 � 6 3 5

1 STP-1, 2 1 95.4

US$

5) 
2045 37,613m3/ 41)

100%, 81%, 44%

(2045  � )  

x  x  = 

2.4.5

31 148.9 m3 31 1m3

1.14US$ 1.71US$ 29), 42) 1.22US$/m3 43)

182.4 US$

6) Case 1
Case 1 2.4.16 410.2 US$

45%

Case 2
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STP

1) 
36.1km 2 6 4

31

Case1 2

2) 
Case2

31 399.9 m3 400 US$

3) Case 2
2.4.9 2.4.17 Case 2

95%

 13.3 US$
 5.0 US$
 1.6 US$ 31

 399.7 US$ 31
 419.8 US$
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Case 3 Case 1

Case 1 2.4.7  2.4.8

7 1

1) 
2 STP 1 4

31

Case1 Case 

1 2

2) 
Case3

Case 2

3) Case 3
2.4.10 2.4.18 Case 3

47% 40%

 100.3 US$
 336.5 US$

 0.7 US$
 1.3 US$
 9.8 US$ 31

 399.7 US$ 31
 848.3 US$
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Case 4

1) 
8km 2 6 4

31

Case1 Case 

1 2

2) 
Case4

Case 2

3) Case 3
2.4.11 2.4.19 Case 4

76% 2/3

 100.3 US$
 17.9 US$

 9.8 US$ 31
 399.7 US$ 31

 527.8 US$
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Case 1 4

2.4.12 2.4.20

4 Case 1 Case 2 4

31

Case 1

45% Case 1

ase

Case 1 Case 2 Case 3 Case 4
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