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اي المياه سوف تشرب؟ لماذا؟
Which water you will drink? Why?

A B

Treated 

C



اي المياه سوف تشرب؟ لماذا؟
Which water you will drink? Why?

Soft drink 
(Sugar & gas)

Ground Water 
(Can be cleaned by home 

filter)

Treated 

Waste Water 
(Clean & drinkable water) 

مشروب غازي مياه جوفيه
مياه صرف 

صحي معالجه



Public Education of NEWater (Vice Minister) 

Drinking Treated Wastewater 
(NeWater)



Hot Climate
Area: 309,500 Km2

*Arid Country with annual

rainfall of 100 mm

* Annual Evaporation

7,714 MCM

* Groundwater is the main

source of water 



Challenges التحديات

1) Water Shortage نقص المياه

2) Sea Water Intrusion (Salinity Problem) التربه ملوحة 
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Treated Wastewater 

outside Muscat

(اليوم /متر مكعب )الإنتاج اليومي / 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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استراتجية استغلال المياه المعالجة خارج محافظة
إجمالي الإنتاج السنوي حسب الموسم–مسقط 



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 Suspended Solids (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

The Haya Water prepared a Master Plan for the reuse of

treated water in Muscat Governorate in 2013 and was

updated in 2016 to assess the current and future needs

of the Treated Effluent, which aims to maximize the

consumption of 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

همحصول القمح المروي بمياه الصرف الصحي المعالج
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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 –
320 l/day

• Date palms water 

requirement = 60 m3/y

حتاج تشير النتائج البحثية أن النخلة ت•

–متر مكعب سنويا من المياه 60إلى 

على حساب متوسط عمر عشر سنوات 

للنخلة
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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 – Long 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 the study:

* Evaluate the effect of using treated

wastewater on the quality of soil,

seasonal (vegetables) and perennial

plants (fruits) that were continuously

irrigated by treated wastewater.

* Look for possible applications of

treated wastewater in agricultural system

such as hydroponic and cooling system

of greenhouses, so this resource can be

utilized efficiently.



New Field for Treated Wastewater Studies
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Annual and Seasonal Plants Irrigated with Treated Wastewater

Treated Wastewater Field Involved:

❖ 206 types of plants (fruits and vegetables)
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Treated Wastewater Field

Seasonal crops such as vegetables (tomato, radish, beans, lettuce, watermelon, sweetcorn,

sugarcane) and forage (alfalfa & grass).
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Treated Wastewater Field

Four greenhouses for controlled agriculture with two shad houses to grow 

flowers, grapes and roses



Annual Plants Irrigated with Treated Wastewater

Excellent growth with high production



Different Fruits





Annual Plants Irrigated with Treated Wastewater
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Concentration of Metals in Fruits Samples



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)  - - - - - - - - - 

 



Students Research Field

Students Project: Grow and Sell  

Orange + Yellow + Red



Students Project: Grow and Sell 



TWW Products 



Non edible Plants: Flower (Rose): Company + MSc

Rose (flower) 

plantation

Non edible 

Plants: Cotton



TWW Products 



Latest Products form Treated Wastewater Field



Water & Oil Extraction 



Usage of Treated Wastewater for 

Bio-fuel Production

الصرف الصحي المعالجه مياه بالوقود الحيوىانتاج 



Sunflower oil

Coconut oil
Rapeseed oilPalm oil

Biofuels

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.greentechconcept.com/key-factors-for-the-efficiency-of-biofuel-plants/&ei=rZoBVfWYI47qaOjfgDg&bvm=bv.87920726,d.d2s&psig=AFQjCNHrkAQROXookCWVWqUVM7i7ywtMWw&ust=1426254285402996


This Ferrari F430 runs on biofuel

http://www.autobloggreen.com/photos/detroit-2008-ferrari-f430-biofuel/580358/


Biofuel

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://dieselhkis.forumakers.com/t5-biodiesel-controversy&ei=rJsBVdmOE5fxaLb0gLgP&bvm=bv.87920726,d.d2s&psig=AFQjCNHUrhahMv1-DDufgnGBySkjzi7oHA&ust=1426255138966047


Converting food crops 
into biofuel “is a crime 
against humanity.” 

Jean Zeigler, United Nations Special 
Rapporteur on the Right to Food, 
October 2007

http://www.bumperstickerz.com/sku/10000291-00-00-00-00
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiHnsjAzdHLAhUH2hoKHQ-ZBVYQjRwIBw&url=http://www.treehugger.com/cars/us-doctors-say-biofuels-could-kill-192000-per-year-in-developing-countries.html&bvm=bv.117218890,d.d24&psig=AFQjCNFiDnK9VqLiYPikc8uC_MOvesRLQQ&ust=1458643733498946


Jatropha plants irrigated with treated wastewater

روفاتات الجابننمو 



Excellent Growth نمو ممتاز



Treated wastewater                         freshwater               saline water (3 dS/m)

نمو ممتاز





Water Media

Water Media is Ready to Help



Water quality

Fruit quality 

Public acceptance

Public Trust



Public Awareness 

Stop Wasting Water  



Public Awareness 



Public Awareness 



Public Awareness 

Taste The Differences

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiU0eW1mtjKAhXD2RoKHXT8BB8QjRwIBw&url=http://laineypoz.blogspot.com/2011/03/chipolte-lime-cucumbers.html&psig=AFQjCNHliAymdckQnX01v5aYucYdRJAN2g&ust=1454472439798939
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjlvYTKmtjKAhVM1hoKHcdjCLIQjRwIBw&url=http://momstart.com/2011/11/guest-post-making-an-easy-yet-exotic-snack-tzatziki-sauce-recipe/&psig=AFQjCNHliAymdckQnX01v5aYucYdRJAN2g&ust=1454472439798939


Public Awareness 

Do NOT know the Source



Public Awareness 

Cucumber irrigated by 

Groundwater                    &      Treated Wastewater

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiU0eW1mtjKAhXD2RoKHXT8BB8QjRwIBw&url=http://laineypoz.blogspot.com/2011/03/chipolte-lime-cucumbers.html&psig=AFQjCNHliAymdckQnX01v5aYucYdRJAN2g&ust=1454472439798939
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjlvYTKmtjKAhVM1hoKHcdjCLIQjRwIBw&url=http://momstart.com/2011/11/guest-post-making-an-easy-yet-exotic-snack-tzatziki-sauce-recipe/&psig=AFQjCNHliAymdckQnX01v5aYucYdRJAN2g&ust=1454472439798939


Public Awareness 

Know the Source
Treated

Waste
water

https://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjK9fuRx9PQAhXEXhoKHRQjDLoQjRwIBw&url=https://thelastcancerblog.com/category/food/&psig=AFQjCNHf3NeTc2FvLYhZduItHAtPMDaSRQ&ust=1480700309513033


Social Experience 



Social Experience 
Shocked and surprised 



Social Experience 
Normal and cool 



Agro Water
Not treated wastewater
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Publication & Media 
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Publication & Media 
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Publication & Media 
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Publication & Media 



“International Congress and Workshop on Agricultural Structures and Irrigation” 

(ICASI-2022), Dicle University, Diyarbakir, Turkey, May 12-15, 2022

Ahmed Al-Busaidi

Department of Soils, Water and Agricultural Engineering, College of Agricultural & Marine Sciences, 

Sultan Qaboos University, Muscat, Oman

ahmed99@squ.edu.om

Health Risks Associated with Short and Long Terms 

Application of Treated Wastewater in Agriculture 

mailto:ahmed99@squ.edu.om


Risks Associated with Treated 

Wastewater in Greenhouse 

Cooling System 
Dr. Ahmed Al-Busaidi

Researcher, Sultan Qaboos University 

ahmed99@squ.edu.om

mailto:ahmed99@squ.edu.om


الإستخدام الأمثل لمياه الصرف الصحي المعالجة: ورشة عمل

“Workshop on the Optimal Use of Treated Wastewater” 

May 30, 2022

Ahmed Al-Busaidi

Department of Soils, Water and Agricultural Engineering, College of Agricultural & Marine Sciences, 

Sultan Qaboos University, Muscat, Oman

ahmed99@squ.edu.om

Treated Wastewater in Oman: Perspectives and Challenges

وجهات نظر وتحديات: مياه الصرف الصحي المعالجة في عمان

mailto:ahmed99@squ.edu.om


Risks Associated with Treated 
Wastewater in Greenhouse 

Cooling System 

Dr. Ahmed Al-Busaidi

Researcher, Sultan Qaboos University 

ahmed99@squ.edu.om

Frontiers of Science: Innovation, Research and 
Education in the Middle East” (Malta X), 

November 6-11, 2022, Malta

Acknowledgment: The team project would like to thank Oman Water &
Wastewater Services Company (Diam-Haya) for the financial support

mailto:ahmed99@squ.edu.om


Public Trust
Selling Treated Wastewater products in 

Fruits and Vegetable Market 



Water Research toward Education: Public Awareness for better 

Water Resource Management
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Initiative 

Greening 

Oman

Greening Oman.mov
Greening Oman.mov
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Training for staff, school & college 
students
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Training for staff, school 
& college students



International Training
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Activities in Treated Wastewater Field (School Visits)

Initiative 

Greening Oman

Greening Oman.mov


WATER CHALLENGE

WETSKILLS

Water from the Air

Wetskills Water Challenges: Solutions for Water Resources Management
Dr. Ahmed Al Busaidi



WETSKILLS OMAN 2018 (SUNGLACIER CHALLENGE)



EXHIBITION: WETSKILLS OMAN 2018 (SUNGLACIER CHALLENGE)



Solutions for Water Resources Management
Dr. Ahmed Al Busaidi

New Project

Feasibility Study to Extract Water 

from Air and Utilize it in Salts 

Affected Lands

Welcome to Join



Wetskills Water Challenge (Oman 2019)



Wetskills-OMAN 2020 Corona Version

Working Time

Scientific Visits
Wetland & Cave 

Old Market with Omani 
Sweet

Relax, smile & Learn



International Water Challenge (Wetskills Oman 2023)

March 5-15, 2023

Sultan Qaboos University, College of Agricultural & Marine Sciences, Department of Soils, Water and Agricultural Engineering

Join us & Feel the Challenge with International Professionals at: www.wetskills.com



International Water Challenge (Wetskills Oman 2023)

March 5-15, 2023

Iran



Water Footprint

البصمة المائية

Ahmed Al-Busaidi

Department of Soils, Water and Agricultural Engineering, 

College of Agricultural & Marine Sciences, 

Sultan Qaboos University, Muscat, Oman

ahmed99@squ.edu.om

mailto:ahmed99@squ.edu.om


Water Footprint 

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjX79vwzajJAhUJaxQKHYvSBAsQjRwIBw&url=http://wateraflamed.blogspot.com/p/water-calculator-for-iphone.html&bvm=bv.108194040,d.d2s&psig=AFQjCNFbv1nLn2Sb0naOQ5fZnnYyYi5piQ&ust=1448437791789105
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwij2P_8zajJAhXEVhQKHYZ2D0cQjRwIBw&url=http://www.connect-green.com/tag/water-footprint/&bvm=bv.108194040,d.d2s&psig=AFQjCNFbv1nLn2Sb0naOQ5fZnnYyYi5piQ&ust=1448437791789105


How much water does it take to 
make one cup of coffee?

102

132l  
per cup of 

125ml 



All this

WATER is needed 

to produce that 

small cup of tea & 

make ourselves 

happy !!!!

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&ved=0ahUKEwjShcHmifXLAhXDOhQKHdbbARsQjRwIBw&url=http://www.greenhotelier.org/our-news/industry-news/sustain-create-new-water-footprint-calculator/&psig=AFQjCNE_56cXARMwTglQ3fkPOaCJRR4BQA&ust=1459862262182720


Water Footprint

البصمة المائية
Dr. Ahmed Al-Busaidi



Video: Oman Water Footprint 

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwij2P_8zajJAhXEVhQKHYZ2D0cQjRwIBw&url=http://www.connect-green.com/tag/water-footprint/&bvm=bv.108194040,d.d2s&psig=AFQjCNFbv1nLn2Sb0naOQ5fZnnYyYi5piQ&ust=1448437791789105


International 

Collaboration 

Fund

For

Year

2024



First prize for the best 

video for public awareness 

in water and food security 

(May 3, 2023)
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Research and Educational Field 



Thank   You

Project Partners 


