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*Arid Country with annual
rainfall of 100 mm

* Annual Evaporation
7,714 MCM

* Groundwater is the main
source of water 

Soil Suitability of the Sultanate

S1 - most suitable
S2 - marginally suitable
NS - non-suitable

92.93%

2.52% 4.55%

Total area = 31,426,466 ha

(1,430,000 ha)

(29,204,610 ha)

(792,000 ha)



Challenges 
1) Water Shortage
2) Soil Suitability for Agriculture (salinity problem)



Water Balance in the Sultanate 
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Treated Wastewater 
outside Muscat

)الیوم /متر مكعب (الإنتاج الیومي / العام  2015 2020 2025 2030 2035 2040
Total production 

(m3/day)الإنتاج السنوي 38,861  69,129  353,998  537,773  572,137  664,706 
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 استراتجیة استغلال المیاه المعالجة خارج محافظة
إجمالي الإنتاج السنوي حسب الموسم –مسقط 



Parameter Units Standards of 
Haya 

Concession   
Agreement 

Effluent expected 
values from 
Haya STPs 

Class A 
(agricultural 

irrigation 
permissible 

limits) 
(115/2001)

BOD mg/l <15 <5 15

TSS mg/l <15 <5 15

Total N as N mg/l <15 <15 -

NO3 as N mg/l - <11.3 11.3

Total P as P mg/l 30 < 30 30

Faecal Coliforms MPN/100 ml  200  200 200

Viable Helminth Ova Number /L  1 < 1  1

Residual Chlorine at 
customer point

mg/l 0.3 < x < 1 -



Saudi 
Standard

Jordanian 
Standard

Omani
Standard

FAO
Standard

EPA
Standard

Value 
Parameters

101515١٥١٥<MDLBOD (mg/l)

٩ - ٨٦ – ٩٦٫٥ - ٩٦ - ٨٫٤٦ – ٦7.60pH

3 – 3.5٢٫٥ – ٢2 - 2.7٣٢٫٣ - ٠٫٧1.37EC (dS/m)

5٥5٥٥0.22N-NH4 (mg/l)

10٥٠15١٥157.00TSS (mg/l)

10٣٠50٣٠٥٠ - ٥0.00N-NO3 (mg/l)

0.080.50٠٫٥٠٥0.90Oil & Grease 
(mg/l)

2.2100200١٠٠٢٠٠0Coli forms 
(cell/100 ml)

2.2100200١٠٠٢٠٠0E-Coli 
(cell/100 ml)

Water from Samail STP



Saudi 
Standard

Jordanian 

Standard

Omani 
Standard

FAO
Standard

EPA
Standard

Sample 
2

Sample
1 Parameters

ml/l

0.010.010.010.010.01< 0.001< 0.001Cd

0.050.050.050.050.050.0020.001Co

0.400.201.000.200.500.0180.009Cu

0.100.100.050.100.100.0030.002Cr

5.005.005.005.005.000.0170.014Fe

0.100.200.205.000.100.0090.005Pb

0.200.200.500.200.200.0020.002Mn

0.010.010.050.010.010.0060.002Mo
0.200.200.100.200.100.0310.039Ni

0.100.100.100.100.100.0020.004V

4.005.005.002.005.000.0360.016Zn

Water from Nizwa STP





Treated Wastewater Application



Inorganics 
Standards for 
Wastewater 
Reuse (mg/l)

Limitations:
Contains 

some Heavy 
Metals

Monitoring is 
Required

PARAMETER STANDARDS
Class A Class B

Aluminum (as Al) 5 5
Arsenic (as As) 0.100 0.100
Barium (as Ba) 1 2
Beryllium (as Be) 0.100 0.300
Boron (as B) 0.500 1
Cadmium (as Cd) 0.01 0.010
Chloride (as Cl) 650 650
Chromium (total as Cr) 0.050 0.050
Cobalt (as Co) 0.050 0.050
Copper (as Cu) 0.500 1
Cyanide (total as CN) 0.050 0.100
Fluoride (as F) 1 2
Iron (total as Fe) 1 5
Lead (as Pb) 0.100 0.200
Lithium (as Li) 0.070 0.070
Magnesium (as Mg) 150 150
Manganese (as Mn) 0.100 0.500
Mercury (as Hg) .001 0.001
Molybdenum 0.010 0.050
Nickel (as Ni) 0.100 0.100
Ammonical (as N) 5 10
Nitrate (as NO3) 50 50
Phenol (total) 0.001 0.002
Phosphorus (total P) 30 30
Selenium (as Se) 0.020 0.020
Silver (as Ag) 0.010 0.010
Sodium (as Na) 200 300
Sulphate (as SO4) 400 400
Sulphide (total as S) 0.100 0.100
Vanadium (as V) 0.100 0.100
Zinc (as Zn) 5 5





Date palms in Oman
واقع زراعة النخيل في السلطنة

النسبة المئویة 
%للانتاج 

 كمیة انتاج التمر
)طن(

Pro. (Ton)

متوسط انتاج 
)كجم(النخلة 

X (Kg)

*عدد النخیل 
No. of Date 

palms

المنطقة/المحافظة
Area الترتیب

4.42 338674 34.17 11573.92 A 1مسقطمحافظة 

42.55 2817190 39.55 111407.06 B 2الباطنةمنطقة 

1.73 144381 31.31 4521.00 Cمسندممحافظة  3

10.36 550545 49.29 27136.37 D 4الظاھرةمنطقة 

20.81 952428 57.22 54497.28 E 5الداخلیةالمنطقة 

16.76 1397010 31.41 43878.51 Fالشرقیةالمنطقة  6

0.05 21388 6.19 132.43 Gظفارمحافظة  8

3.32 265012 32.84 8704.10 Hالبریمي محافظة  7

100.00 261850 40.37 6486628  Totalالمجموع



Million Date Palm 
Project (Ibri)





Result and discussion
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Result and discussion
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Result and discussion

0

2

4

6

8

10

12

14

Soil Plant leaves Plant fruits

Co
nc
. (
m
g/
l)

Sample location

GWMn

Fe

Zn

Cu

Cr

Cd

Pb

Ni

B

0

1

2

3

4

5

6

7

8

Soil Plant leaves Plant fruits

Co
nc
. (
m
g/
l)

Sample location

TWWMn

Fe

Zn

Cu

Cr

Cd

Pb

Ni

B

Heavy metals translocations in location 3



Guideline for safe limits of heavy metals 
Samples  Standards  Fe Zn Cu Pb Cd Mn Cr Ni As 

Water  

(mg L-1)  

Indian Standard 

(Awashthi 2000)  

0.03 5.0 0.05 0.10 0.01 0.1 0.05 - 0.05 

WHO/FAO (2007)  NA 2.0 0.20 5.0 0.01 0.2 0.10 - - 

European Union Standards 

(EU2002)  

- - - - - - - - - 

USEPA (2010)  NA 2.00 1.00 .015 .005 .05 0.10 - - 

Kabata-Pendias (2010)  0.8 NA NA NA NA NA NA - - 

Soil  

(mgkg-1)  

Indian Standard  

(Awashthi 2000)  

NA 300-

600 

135- 

270 

250-

500 

3-6 NA NA 75-

150 

- 

WHO/FAO (2007)  - - - - - - - - - 

European Union Standards 

(EU2002)  

NA 300 140 300 3.0 NA 150 75 - 

USEPA (2010)  NL 200 50 300 3.0 80 NA - - 

Kabata-Pendias (2010)  1000 NA NA NA NA NA NA - - 

Plant  

(mgkg-1)  

Indian Standard  

(Awashthi 2000)  

NL 50.0 30.0 2.5 1.5 NL 20 5 1.1 

WHO/FAO (2007)  450 60.0 40.0 5.0 0.2 500 5.0 10 - 

European Union Standards 

(EU2002)  

NL 60 40 0.30 0.20 NL NA - - 

USEPA (2010)  - - - - - - - - - 

 





Conclusion: 
* Date Palm can be irrigated 
by treated wastewater 
* Monitoring is needed



Wheat Irrigated by Treated Wastewater



Vegetables Irrigated by Treated Wastewater, 
Groundwater and Mix of both Waters



* Maximize TWW
* Minimize GW

* Save GW
* Reduce the Risk of 

using TWW

Mixing



Result and discussion
 1st Season



 Soil chemical properties (mg/l)
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 Crop physical properties
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 Crop chemical properties (mg/l)

0.000
0.200
0.400
0.600
0.800
1.000
1.200
1.400
1.600
1.800

Mn Cd Cu Fe Zn B Al Ba Cr Co Pb Ni Ti

Co
nc
en

tr
at
io
n 

Micro element

sweet corn

50% TWW

100% GW

75% TWW

100%TWW

0

0.5

1

1.5

2

2.5

3

3.5

Mn Cd Cu Fe Zn B Al Ba Cr Co Pb Ni Ti

Co
nc
en

tr
at
io
n 

Micro element

Sweet melon

50% TWW

100% GW

75% TWW

100%TWW

0

0.5

1

1.5

2

2.5

3

Mn Cd Cu Fe Zn B Al Ba Cr Co Pb Ni Ti

Co
nc
en

tr
at
io
n 

Micro element

maize

50% TWW

100% GW

75% TWW

100%TWW

0

0.5

1

1.5

2

2.5

Mn Cd Cu Fe Zn B Al Ba Cr Co Pb Ni Ti

Co
nc
en

tr
at
io
n 

Micro element

okra

50% TWW

100% GW

75% TWW

100%TWW

Result and discussion
 1st Season



 2nd Season
Mitigating Environmental Risks of Wastewater Reuse for Agriculture



Result and discussion
 Crop physical properties
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Result and discussion
 Crop physical properties
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Result and discussion
 Soil chemical properties (mg/l)

 2nd Season
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Result and discussion
 Crop (Eggplant) chemical properties (mg/l)

 2nd Season
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Guideline for safe limits of heavy metals 
Samples  Standards  Fe Zn Cu Pb Cd Mn Cr Ni As 

Water  

(mg L-1)  

Indian Standard 

(Awashthi 2000)  

0.03 5.0 0.05 0.10 0.01 0.1 0.05 - 0.05 

WHO/FAO (2007)  NA 2.0 0.20 5.0 0.01 0.2 0.10 - - 

European Union Standards 

(EU2002)  

- - - - - - - - - 

USEPA (2010)  NA 2.00 1.00 .015 .005 .05 0.10 - - 

Kabata-Pendias (2010)  0.8 NA NA NA NA NA NA - - 

Soil  

(mgkg-1)  

Indian Standard  

(Awashthi 2000)  

NA 300-

600 

135- 

270 

250-

500 

3-6 NA NA 75-

150 

- 

WHO/FAO (2007)  - - - - - - - - - 

European Union Standards 

(EU2002)  

NA 300 140 300 3.0 NA 150 75 - 

USEPA (2010)  NL 200 50 300 3.0 80 NA - - 

Kabata-Pendias (2010)  1000 NA NA NA NA NA NA - - 

Plant  

(mgkg-1)  

Indian Standard  

(Awashthi 2000)  

NL 50.0 30.0 2.5 1.5 NL 20 5 1.1 

WHO/FAO (2007)  450 60.0 40.0 5.0 0.2 500 5.0 10 - 

European Union Standards 

(EU2002)  

NL 60 40 0.30 0.20 NL NA - - 

USEPA (2010)  - - - - - - - - - 

 



Biological Test



Hydroponics system

+

Aquaculture system

=

Aquaponics system

Maximizing Water Productivity by 
Integrated Approach of Aquaculture 

System



Farm-based project
Started in 2001 in response to 
requests from farmers.
Tilapia previously introduced 
throughout Oman for malaria 
control

A village falajMixed sex Nile tilapia-Egypt



Brackish 
water -
Barka

Fresh
water 
tilapia 
farm, 
Sinaw, 
Oman

Tilapia 
culture



Comparative growth of Nile tilapia in freshwater 
(Barka) and at 10ppt salinity (Rumais)
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Trial farm - Barka

Integrating Fish Culture with Freshwater Agriculture



Aquaponics for Smart Cities



Greenhouse Aquaponics 



Aquaponic



Greenhouse Aquaponics 





Integrating Fish Culture with Saline 
Agriculture



Salinity tolerance of hybrid Tilapia
Strain evaluations for red hybrid Tilapia (O.mossambicus x 
O.niloticus). Evaluate for salinity tolerance and growth rate
Consumer preference



Integrating Fish 
Culture with 
Saline 
Agriculture



Result and discussion
Tomato plant growth at different irrigation water treatments, low saline 
fish effluent (3E),  higher saline fish effluent (6E), low saline (S3), high 
saline (S6) and freshwater (FW).

Root weight 
(g)

Leaf area 
(cm2)

Fresh 
weight (g)

Height (cm)Treatment

11.20a9.33a25.40a39.80a3E
6.67b4.37bc7.33b30.83b6E

3.75d4.40bd4.00c23.50dS3

5.00c2.88e4.25c20.75eS6

6.75b3.75cde6.00b28.25cFW

).0.05> PMean values in each column followed by the same superscript are not significantly different (



Maximizing Water Productivity by 
Integrated Approach of Aquaculture 
System using Treated Wastewater



Tanks with 
GW

GW+ Fish
TWW + Fish

Tilapia Fish



Fish tanks connected to 
field crops 

Irrigated crops: Radish, 
Bean & Hot pepper 



Ground water Ground water 
with fish waste

Treated waste water 
with fish waste



Sample Na ppm K ppm Ca ppm

GW+Fish (Water) 700 43 28
TWW + Fish 
(Water) 650 52 41

TWW (Water) 520 81 55

GW (Water) 630 29 36

GW + Fish (Plant) 350 440 210
TWW + Fish 
(Plant) 570 825 280

GW (Plant)  225 195 60

Water and Plant analysis's 

TWW GW TWW + 
FISH

GW 
+FISH

EC 
(mS/cm)

1.78 1.20 2.16 2.03
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High Ammonia & Nitrate: affect fish life



2: Integrated Aquaculture Study in Shade House

Tanks with GW + Fish, 50%TWW + Fish, 25%TWW + Fish



Water analysis

rameter 25% TWW 50% TWW Fresh water

mperature 
(co)

25.49 25.21 25.31

alinity 
ms/cm)

0.341 0.503 0.424

O (mg/L) 4.32 3.11 4.69

pH 6.72 6.81 6.27

Integrated Aquaculture with TWW



tment CCM-200 
(CCI)

h water 8.4

W  25% 12.5

W 50% 14.8

Plant analysis (Lettuce) 

Treatment Nitrogen analysis
samples Nitrogen 

%

25% TWW Lettuce shoot / A 2.54

Lettuce shoot / B 3.64

50% TWW Lettuce shoot /A 3.52

Lettuce shoot / B 4.23

Fresh Lettuce shoot 3.56

grated Aquaculture study in Shade House
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Integrated Aquaculture with TWW



0

.1

2

3

4

5

6

7

8

9

1

 B  Mn  Fe  Zn  Cu Zr  Cd  Ba  Ni

25% tww 50% tww fresh water #2 fresh water #1

Average elements concentrations of all treatments 

Below Inter. level


