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̬ϜϺϝгЮ ̬ϞϽЇϦ РнЂ иϝугЮϜ рϜ
Which water you will drink? Why?

Soft drink 
(Sugar & gas)

Ground Water 
(Can be cleaned by home 

filter)

Treated 

Waste Water 
(Clean & drinkable water) 

рϾϝО ϞмϽЇвйуТнϮ иϝув
 РϽЊ иϝув

йϯЮϝЛв сϳЊ



Public Education of NEWater (Vice Minister) 

Drinking Treated Wastewater 
(NeWater)



Hot Climate
Area: 309,500 Km2

*Arid Countrywith annual

rainfall of 100 mm

* Annual Evaporation

7,714MCM

* Groundwater is the main

sourceof water 



Challenges ϤϝтϹϳϧЮϜ

1) Water Shortage иϝугЮϜ ЉЧж

2) Sea Water Intrusion (Salinity Problem)  ϣϲнЯв йϠϽϧЮϜ
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Wastewater Treatment Plants > 402

Muscat STP water 



Treated Wastewater 

outside Muscat

 аϝЛЮϜ / свнуЮϜ ϬϝϧжшϜ) ϟЛЫв Ͻϧв/ ануЮϜ( 2015 2020 2025 2030 2035 2040

Total production 

(m3/day)рнзЃЮϜ ϬϝϧжшϜ
38,861 69,129 353,998 

537,773 572,137 
664,706 
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ϣДТϝϲв Ϭϼϝ϶ ϣϮЮϝЛвЮϜ иϝтвЮϜ ЬыПϦЂϜ ϣтϮϦϜϼϦЂϜ
 АЧЂвðаЂмвЮϜ ϞЂϲ рмжЂЮϜ ϬϝϦжшϜ сЮϝвϮϖ



TREATED WATER QUALITY

Parameter Unit
Concession Agreement

** MD

145/93 *** MD

159/05
* Group 1 Group  2 Std. A Std.B

Biochemical Oxygen Demand 

(BOD5)
mg/L < 15 < 15 15 20 20

Chemical Oxygen Demand (COD) mg/L - - 150 200 200

Total SuspendedSolids (TSS) mg/L < 15 < 20 15 30 30

Total Kjeldahl Nitrogen (TKN) mg/L - - 5 10 5

Ammonia Nitrogen (NH3-N) mg/L - - 5 10 1

Total Nitrogen mg/L < 15 < 40 - - 15

Nitrate (as NO3) mg/L - - 50 50 15

Total Phosphorus (TP) mg/L < 30 < 30 30 30 2

Oil & Grease (O&G) mg/L < 5 < 5 0.5 0.5 15

pH - - 6 ~ 9 6 ~ 9 6 ~ 9

Fecal Coliform
MPN/100 

mL
< 200 < 200 200 1,000 10,000

Nematode Ova Ova / L < 1 < 1 < 1 < 1 < 1



HAYA WATER (TE) MASTER PLAN

TheHayaWaterprepareda MasterPlanfor thereuseof

treatedwater in MuscatGovernoratein 2013 and was

updatedin 2016 to assessthe currentand future needs

of the TreatedEffluent, which aims to maximize the

consumptionof treated water up to 73% until year

2027.

Average of wastewater 
generation 167,000m3/day

Average of TE production 
159,000m3/day

Average of TE utilization 
86,000m3/day

Q4 2017 statistic

Discharged to Sea

54%

46%



Water Balance 

Deficit (FW)            Excess (TWW) 

Two-Thirds of the World Faces Severe 
Water Shortages

https://www.google.com/url?sa=i&url=https://www.nytimes.com/2016/02/13/science/two-thirds-of-the-world-faces-severe-water-shortages.html&psig=AOvVaw2Ar09iIENuxwnRd-TLmHdT&ust=1682834055091000&source=images&cd=vfe&ved=0CBMQjhxqFwoTCOjzpvbTz_4CFQAAAAAdAAAAABAD


Water Media

Can Water Media help?

Yes BUT Needs Data



Vegetables Irrigated by Treated Wastewater, 

Groundwater and Mix of both Waters



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
·Crop (Eggplant) chemical properties (mg/l)
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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



Wheat Irrigated by Treated Wastewater



Wheat Irrigated by Treated Wastewater

ϯЮϝЛгЮϜ сϳЋЮϜ РϽЋЮϜ иϝугϠ рмϽгЮϜ ϱгЧЮϜ ЬнЋϳвй
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Million Date Palm Project



Date Palm Water Requirements

·Kc values ranged from 1.38 in 
summer and full fruit 
development to 0.6 in winter. 

·Summer 350 l/day

·Remaining seasons 280 ï
320 l/day

ÅDate palms water 

requirement = 60 m3/y

ÅϦ ϣЯϷзЮϜ дϒ ϣуϫϳϡЮϜ ϭϚϝϧзЮϜ ϽуЇϦ Ϭϝϧϳ

 пЮϖ60 иϝугЮϜ ев ϝтнзЂ ϟЛЫв Ͻϧвï

 ϤϜнзЂ ϽЇК ϽгК БЂнϧв ϞϝЃϲ пЯК

ϣЯϷзЯЮ
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Conclusion: 

* Date Palm can be irrigated 

by treated wastewater 

* Monitoring is needed

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http://www.glogster.com/cr333/epic-smiley-face-contest/g-6m9gqlo8ahgrnm953dm1ja0&ei=gZBtVK_eIo32O5SkgaAD&bvm=bv.80120444,d.ZWU&psig=AFQjCNEqTKL5b4XfNLOl-T7UvNdAZJvJAA&ust=1416552847289487


Short ïLong Term Potential Risk?

Sewage Treatment Plant (STP)

Micropollutants in treated wastewater

Plant uptakeHuman exposure

Health and Environmental Risks Associated with Long-Term 

Application of Treated Wastewater in Agriculture 
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Objectives 

Aim of thestudy:

* Evaluate the effect of using treated

wastewater on the quality of soil,

seasonal (vegetables) and perennial

plants (fruits) that were continuously

irrigatedby treatedwastewater.

* Look for possible applications of

treatedwastewaterin agriculturalsystem

such as hydroponicand cooling system

of greenhouses,so this resourcecan be

utilizedefficiently.



New Field for Treated Wastewater Studies
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Annual and Seasonal Plants I rr igatedwith Treated Wastewater

Treated Wastewater Field Involved:

�™206typesof plants(fruits andvegetables)
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Treated Wastewater Field

Seasonalcropssuchas vegetables(tomato,radish,beans,lettuce,watermelon,sweetcorn,

sugarcane)andforage(alfalfa & grass).


