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Integrated Wastewater Treatment and Reuse 
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Re-use concepts, agricultural use of treated 

wastewater and cost effectiveness 
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Conventional 

Sanitation 

Systems 

• Most important features 

– Collect all the wastes and wastewater  in sewers 

– Build a central treatment plant 

– Discharge the treated effluent into a receiving stream 
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Conventional 

Sanitation 

Systems 

• Most important features 

– Very costly to invest and operate 

– Continue pollute water even if comply the effluent 

standards 

– Discard nutrients in waterways 
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Wastewater is a resource 

  

 

 

   Irrigation water 

   Fertilizer 

   Energy 

 

Wastewater reuse: 

  

* improves financial and economic feasibility of 

wastewater treatment 

* incentive for better operation and maintenance 

* reduces environmental pollution 

 

 



Sewage management 

A Strategy  

Pollution 

Prevention 

Treat and  

re-use 

Dispose 
 

‘self purification’ 

The 3 - Stage Approach 



NH4 to N2 

 



NH4 to crops 

 



Driving forces to increase reuse of treated wastewater 

• Increasing water scarcity  

• Degradation of fresh water resources resulting from 

improper disposal of wastewater  

• Growing recognition of wastewater as a water and 

a nutrient source 

• The millennium development goals (MDG) for 

ensuring environmental sustainability 



Categories of reuse 



Categories of reuse 



Categories of reuse 



Categories of reuse 



Direct potable use 



Unplanned indirect potable use 



Planned indirect potable use 



Is WW reuse being practised? 



 
Meuse basin 33,000 km2 

Population 8 million  

 

Mean river flow 325 m3/s 

Base river flow 35 m3/s 

Waste water load 20 m3/s 

 

Drinking water source for  

6 million people (450 M m3/year)  

= 14 m3/s 

   

 

Unplanned indirect potable reuse: drinking water in 

Delft, The Netherlands 

 



Sewage Disposal in the Meuse Basin 
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Planned direct potable reuse: Singapore 

 

 

NEWATER = 

treated 

wastewater 

(including RO) 

 

 



Unplanned non-potable reuse: Asmara, Eritrea 

 

 



St. Petersburg – Florida US: planned non-potable reuse 

(for landscaping and garden irrigation) – dual 

distribution network 
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WHO realizes 

• Reuse of wastewater, greywater and excreta in agriculture 

and aquaculture is practiced worldwide on a large scale, 

however often without sufficient health protection measures 

• WHO recognizes the importance of reuse of wastewater, 

greywater and excreta for sustainable food production and 

improved livelihood 

• WHO provides guidance on health protection measures for 

safe reuse 

• WHO recognizes source-separation as a special and valid 

approach  

Objective new targets: maximize the protection of human health 

and the beneficial use of important resources 

 



New WHO publication in 2006 (3rd edition) 

WHO guidelines for the safe use of wastewater, excreta and 

greywater: 

 

• Volume 1: Policy and regulatory aspects (114 p.) 

• Volume 2: Wastewater use in agriculture (222 p.) 

• Volume 3: Wastewater and excreta use in aquaculture (162 p.) 

• Volume 4: Excreta and greywater use in agriculture (204 p.) 

 

www.who.int 

 

Update from the 1989 (and 1973) guidelines  

Source: Werner (2005) 



WHO 2006 guidelines  

 
• The present 3rd ed. of the Guidelines has been based 

on radically different approach from the one taken in 

the 1973 and 1989 

 

• 2006 Guidelines are based on a risk assessment 

(QMRA) and management approach 

 

• QMRA estimates risks from a variety of different 

exposure and pathogens (difficult to measure using 

epidemiological studies: high costs, large 

populations) 

 

 



 WHO 2006 guidelines 



Reuse of treated wastewater in agriculture 

 

protection of public health: ‘multiple barriers’ approach  

 

• waste water treatment   

• crop restriction 

• irrigation technique 

• human exposure control 

• vaccination (curative) 

Must be 

managed by 

Guidelines or 

standards 

Objective: Maximize the protection of human health and the 

beneficial use of important resources 



Good practices for risk reduction 

Wastewater  

generation 
Consumer 

Wastewater  

treatment 
Safe  

produce 

… 

WHO’s multiple barrier approach from “Farm to Fork” 

Wastewater  

generation 

Farmer/  

Producer 

Traders/ 

Retailers 

Street food  

kitchens 
Consumer 

Wastewater  

treatment 

Safe  

irrigation 

practices 

Hygienic 

handling 

practices 

Safe food  

washing and  

preparation  

Awareness  

creation  

to create  

demand for  

safe produce 

Policy recognition, safer farm land, tenure security,  

market incentives, safe-food labelling,… 



2006 WHO guidelines is intended to support 

• Establishment of national standards and regulations 

(Each country should review its needs and capacities in 

developing a regulatory framework) 

• Policy framework of incentives and sanctions to alter 

behaviour and monitor and improve situations  

• Intersectoral coordination and cooperation at national 

and local levels and the development of suitable skills 

and expertise 

• Ultimately, the regulatory framework should adopt the 

format of a safe reuse of wastewater plan 



Multi-level pathogen reduction 

Control measure Pathogen reduction (log 

units) 

Wastewater treatment 1−6 

Localized (drip) irrigation (low-growing 

crops) 

2 

Localized (drip) irrigation (high-growing 

crops) 

4 

Spray drift control (spray irrigation) 1 

Spray buffer zone (spray irrigation) 1 

Pathogen die-off 0.5−2 per day 

Produce washing with water 1 

Produce disinfection 2 

Produce peeling 2 

Produce cooking 6−7 



 
    Removal (log units) 
 
    Bacteria H. eggs   
Primary sedimentation 0-1  0-2   

Activated sludge*  0-2  0-2  

Trickling filter*   0-2  0-2   

Chlorination/ozonation 2-6  0-1   

WSPs    1-6  1-3   

  

* Including settling pond/tank 

Pathogen removal 



WHO guidelines (2006) unrestricted reuse 

     Worm eggs  Faecal coli 

     per liter  per 100ml 

A crops: consumed  

Uncooked     0.1     103 

 

B crops: fodder and  

industrial crops     

•workers,  

 nearby communities  

  * spray,sprinkler   1    105 

  * flood, furrow   1       103 

• workers including  

 children < 15 years   0.1      103 

 

 



Successful projects require appropriate irrigation 

techniques and good irrigation water management to avoid 

health risks (farmer and consumer) and pollution (surface 

water, groundwater, soil profile) 

Wastewater irrigation – basic facts 

 

 

 

 

 

• WW is an increasingly important water source 

• More reliable than fresh water during droughts 

• Nutrients in wastewater (partly) replace fertilizers 

• Also as polishing step for treatment 

 

 

 

 

 

 



     Worm eggs  Faecal coli 

     per liter  per 100ml 

 

C drip irrigation  

without exposure of    -   - 

public/workers 

 

WHO guidelines (2006) unrestricted reuse 



 Covers health aspects and 

agronomic aspects of reuse 

of wastewater in agriculture 

• Draws on the WHO 

Guidelines (1989) for health 

protection measures 

 

FAO irrigation and drainage paper 47: 

Wastewater treatment and use in agriculture 
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FAO irrigation and drainage paper 47: 

Wastewater treatment and use in agriculture 

• FAO guidelines define use 

restrictions with respect to salinity, 

trace elements, nitrogen, etc. in 

order to not produce negative 

effects on productivity and yields. 

• Blending conventional water with 

treated effluent, or using the two 

sources in rotation is possible. 

• This means that nutrients 

elimination in wastewater treatment 

is not necessary if reclaimed water 

can be blended with normal 

irrigation water. 
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FAO irrigation and drainage paper 47: 

wastewater treatment and use in agriculture 

units Degree of restriction on use 

none Slight to 

moderate 
severe 

Potential irrigation 

problem 

 
  

 

  

 

Salinity (Ecw
1 ) 

 

dS/m  

 

< 0.7  

 

0.7 - 3.0  

 

> 3.0 

 

Na, surface irrigation  

 

me/I  

 

< 4  

 

4 - 10  

 

> 10  

 

Na, sprinkler irrigation  

 

m3/l  

 

< 3  

 

> 3  

 

  

 

Nitrogen (NO3-N)3  

 

mg/l  

 

< 5  

 

5 - 30  

 

> 30  

 

pH  

 

  

 

Normal range 6.5-8 

 

 Water quality guidelines for maximum crop production  

(example) 



FAO irrigation and drainage paper 47: wastewater 

treatment and use in agriculture 

Element 

 

Recommende

d maximum 

concentration 

(mg/l) 

 

Remarks 

 

Cd 

 

0.01 

 

Toxic to beans, beets and turnips at 

concentrations as low as 0.1 mg/l in nutrient 

solutions. Conservative limits recommended 

due to its potential for accumulation in plants 

and soils to concentrations that may be 

harmful to humans. 

 Cu 

 

0.20 

 

Toxic to a number of plants at 0.1 to 1.0 mg/l in 

nutrient solutions. 

 
Zn 

 

2.0 

 

Toxic to many plants at widely varying 

concentrations; reduced toxicity at pH > 6.0 

and in fine textured or organic soils. 

 
Pd 

 

5.0 

 

Can inhibit plant cell growth at very high 

concentrations. 

 

 Threshold levels of trace elements for crop production 

(example) 



Aspects of design for wastewater Irrigation 

• Design choices in sanitation and treatment 

• Storage to solve mismatch between supply and 

demand 

• Irrigation techniques, water and nutrient management 

• Crop choice and crop handling 

• Institutional aspects and stakeholders 

• Long term environmental impacts 



Conditions for succesful irrigation 

1. Match supply and demand of water 

2. Ensure proper water quality 

For crops (toxicity versus growth) 

For humans (workers and consumers) 

3. Schedule water application  

4. Crop selection and cropping pattern 

5. Select appropriate irrigation method 

6. Practice leaching in case of saline water use 

7. Provide proper drainage if applicable   

8. Manage nutrients to sustain growth 



Match water supply and water demand 

Wastewater is a more or less constant flow, but 

seasonal demand for water and nutrients varies. 

 

Options 

• Adjust cropping system to match water and nutrient 

supply 

• Use multiple water resources to allow mixing or to 

meat peak water demands 

• Adjust level of treatment as a function of nutrient 

demand 



Crop water demand 

• The supply of 

purified 

wastewater is 

rather constant 

through the year, 

but the demand 

of crop water is 

highly fluctuating 

with climate and 

crop stage. 



Wastewater nutrients - effects 

• Reduced need for fertilization 

• N and P are present in significant concentrations 

 

• Nitrogen overdose and nutrient imbalance 

• Excessive N&P leads to micro nutrients deficiency 

(Cu, Zn, Fe) 

• Excessive N may affect crop quality (e.g. 

enhanced vegetative growth or delays in fruit 

ripening) 



Wastewater nutrients - effects 

• Induced algae bloom in storage ponds and tanks 

• May result in clogging problems 

 

• Environmental, human and animal health hazards 

• Algae toxins, nitrate contamination of aquifers 



 



Surface irrigation 

 

Pressurized irrigation 

• Dripping 

• Sprinklers 

 

 

Irrigation methods 

 

 



Wastewater reuse in agriculture Source: Jimenez & Asano (2008) 



Wastewater reuse in agriculture Source: Jimenez & Asano (2008) 



Conclusions 

•Increasing water scarcity makes wastewater reuse more 

and more feasible and a requirement 

 

• Proper management of agricultural reuse schemes 

requires both good sanitary engineering and 

agricultural/engineering practices 

 

• Integrated design and management of reuse schemes is 

therefore required 

 


