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Municipal Wastewater

Effluent

Treated Wastewater

Reclaimed Water



 

iv 

Direct Reuse 

Indirect Reuse

Food Crops

Vegetables Eaten Raw

Fruit Peeled before Eating

Fruit Eaten without Peeling
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Food Crops-Processed at High Temperature before Eating

Tuber and Root Crops

Industrial Crops

Standards

Guidelines
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Impact

Productive Agriculture

Green Agriculture

Green Belt

Upgrading of Treated Wastewater Quality

Disability Adjusted Life Years (DALYs) 

 

(Years of life lost "YLL")



 

vii 

(Years lived with a disability "YLD")

(YLL)(Age-specific mortality rates)

(YLD)

(Severity factor)

(Murray and Lopez, 1996; Pruss and Hovekaar, 2001)

(YLL) 

(DALYs)

(Acute health effects)

(Choronic)(Delayed)(Mortality)

(Morbidity)(Bartram et al., 2001)(Risk)

Giardiasis

(Risk management decisions prioritized)

(Disability adjusted life years "DALYs")

Multiple-Barrier Approach 
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(UN-Water Project on the Safe Use of Wastewater in Agriculture, 2013)

 

 

 

 



 

 

(Epidemiology studies)



 

 

 

"Quantitative microbial risk assessment (QMRA) model" 

 (Acceptable annual risk) 

(Dose response ratio)

(Water Safety Plans)

(Multiple-Barrier Principle)

(HACCP)
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(WHO)
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(Maximum additional disease burden)

(Combination of health-based control measures)



 الباب الثالث

 

(Disability-adjusted life years "DALYs")

"10
-5

 DALYs

Concentration of pathogens in Raw Wastewater According to Scientific Journal's  

and Publications
* 

(Organism)
 

Numbers in Wastewater (per liter) 

Bacteria 

(Thermotolerant Coliforms)  
10

8
 - 10

10 

(Campylobacter Jejuni)  
10 -10

4
 

(Salmonella spp.)  
1 - 10

5
 

(Shigella spp.)  
10 - 10

4
 

(Vibrio cholera)  
10

2
 - 10

5
 

(Intestinal helminthes)  

(Ascaris Lumbricoides)  
1 - 10

3
 

(Ancylostomal Necator)  
1 - 10

3
 

(Trichuris trichiura)  
1 - 10

2
 

*     Source:  Kamizoulis, G, The new draft WHO guidelines for water reuse in agriculture, Technical workshop (2005) 

 www.ccbgi.org/jornades2005/ponencies/15_kamizoulis.pdf 
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Efficiency of Removal of Some Pathogens in Wastewater using  

Different Treatment Processes

 (Treatment technology) 

(Pathogen removal percentages/log10
*)

 

(Bacteria) (Helminths) 

(Primary Treatment 

 (Primary sedimentation) 50% - 90 

log10  0 -1 

90% 

log10 0 -1 

 

(Primary sedimentation  + Chemical coagulation) 

50%- 90 

Log10 0-1 

90% - 99.9 

Log10 1 -3 

 (Secondary treatment 

 

(Activated sludge or trickling filter + secondary sedimentation) 

90% - 99.9 

Log10 1-3 

90% - 99 

Log10 1-2 

 (Aerated lagoon + settling Pond 90% - 99 

Log10 1-2 

90% - 99.9 

Log10 1 -3 

(Tertiary treatment / Filtration / Membrane Processes) 

(Coagulation /Flocculation)  
30% -99 

Log10 0-1 

99% 

Log10 2 

  

(High rate granular or slow rate sand filtration)  

50% - 99.5 

Log10 0 -2.5 

90% -99 

Log10 1 -2 

(Dual media filtration)  
30% - 90 

Log10 0-1 

99% - 99.9 

Log10 2 – 3 

(Membrane processes)   
99.95% - 99.9999 

Log10 3.5 - 6 

% > 99.9 

Log10 > 3 

(Disinfection)  

(Chlorination "free chlorine")  
99% - 99.9999 

Log10  2 -6 

% < 90 

Log10  0-1 

(Ozone disinfection)   
99% - 99.9999 

Log10 2-6 

% < 90 

Log10  0-1 

(UV disinfection)  
99% - 99.99 

Log10 2-4 

ND** 

(Natural systems)  

(Waste stabilization ponds)  
90% - 99.9999 

Log10 1-6 

90% - 99.9 

Log10 1-3 

 

(Wastewater storage and treatment reservoirs)  

90% - 99.9999 

Log10 1-6 

90% - 99.9 

Log10 1-3 

 (Constructed wetlands)   
50% - 99.9 

Log10 0.5 – 3 

99.9% 

Log10 3 

log 10 unit

 6-log 

 ND = No data 

Source:  Kamizoulis, G, The new draft WHO guidelines for water reuse in agriculture, Technical workshop (2005) 

www.ccbgi.org/jornades2005/ponencies/15_kamizoulis.pdf 
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(Multiple barriers)

  

(Risk Management Plan



 الباب الثالث

 

(Monitoring and Assessment Plan)

 



 



 

 



 

 

(TSS)

 
 

 (Turbidity

NTU 
 

(BOD5)

 
 

(E. coli) 

Intestinal nematodes/liter 



 



 

)()(

(Al)

(As)

(Be) 

(Cu)

(F)

(Fe) 

(Li) 

(Mn) 

(Ni)

(Pb)

(Se)

(Cd) 

(Zn) 

(Cr) 



 

 

 

)()(

(Hg)

(V) 

(Co) 

(B) 

(Mo) 

(Phenol) 

(TDS) 

Total (PO4)

(SO4)  

(HCO3) 

(SAR) 

(Na) 

(Mg) 

(Ca)
 

Source: FAO, 1992, National Academy of Science-National Academy of Engineering (1973). 



 







 



 







 

(Pop-up Sprinklers)

 



 



 



 



 



 



 



 

 

 

  

  

  

 

 

 

 

  

 

 

 



 

  

 

 

 

 

 

 

 

 

 

  

 

 

 



 



 



 

(Mitigation measures)



 



 



 



 



 



 



 



 



 



 



 



 



 



 



 

 

 

  

  

  

 (Site water balance)

(Mitigation measures)

(Emergency plan)



 

(Monitoring plan)

(EMS)
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