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Wastewater reuse in agriculture
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Wastewater reuse in agriculture

Incentives
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Economical value:

- Increased harvest

- Reduced cost for fertilizer

- Reduced cost for wastewater treatment

Ecological value:

- Less discharge of wastewater to surface water



Water stress in Europe?

Total freshwater resource Europe: 2270 km3/yr

Abstraction: 288 km3/yr (13%)

• Energy production: 44%

• Agriculture: 24%

• Water supply: 21%

• Industry: 11%



Water stress in Europe

Water exploitation index (WEI)

Maps: EEA



Water uses in European regions
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Water stress – agriculture stress

Prognosis: increased stress

Maps: EEA



Bixio et al, 2008 (EU AQUAREC)

Wastewater reuse in Europe



Wastewater reuse for irrigation of fresh produce



Microbial health hazards

Fecal-oral transmission

Ascaris example:



Pathways of exposure to pathogens

Very prominent

•Consumption of contaminated wastewater-irrigated produce 

•Human contact with the wastewater before, during or after irrigation (farmers, 
their families, vendor, local communities)

Less prominent

•Consumption of contaminated drinking-water as a result of wastewater use 
activities 

• Inhalation of wastewater aerosols (workers, local communities). 

•Consumption of animals or animal products that have been contaminated 
through exposure to wastewater. 



Pathogens in domestic wastewater

Drechesel et al, 2010



Categories of diseases relevant in wastewater-irrigated 

agriculture (Mara & Bos, 2010) 



Burden of disease and mortality of diseases relevant to

wastewater reuse in agriculture



Ascaris: distribution of disease burden



Mitigating microbial health risks

- Wastewater treatment: pre-farm

- Irrigation practice: on-farm

- Treatment of fresh produce: post-farm



Wastewater treatment

Pre-farm

Waste stabilization ponds, wetlands

Primary sedimentation

Activated sludge treatment

Enhanced treatment: 

- soil-aquifer treatment

- filtration

- coagulation

- disinfection

- membrane bioreactors

Protects workers and consumers
Photo: Biomatrix



Irrigation practice

On-farm

On-farm collection infrastructure

- Reservoirs and weirs: sedimentation traps

- Sand filters

Irrigation practice

- Collection: protective practices and clothing

- Irrigation methods: drip/subsurface vs spray/flood

- Period of no irrigation prior to harvest

Farming practice

- Crop selection: exclude crops eaten uncooked

- Harvesting hygiene: avoid entry of pathogens



Treatment of fresh produce

Post-farm

Transport and storage

- Cool (prevent growth of bacteria)

- Hygiene practices

Processing, packaging and marketing

- Washing: water hygiene (acid, salt, bleach)

- Worker hygiene

- Storage and shelf-life

Point of use

- Peeling, cooking

- Hygiene practice



Wastewater reuse guidelines

WHO, 2006

Different categories of irrigation (fresh produce: unrestricted irrigation)

Risk-based approach: 

- safe health target: 10-6 DALY

- demonstration of safety with Quantitative Microbial Risk Assessment

Multiple-barrier approach: combination of wastewater treatment, 
irrigation and farming practice and post-farm treatment to achieve 
required pathogen reduction

Protection of workers and consumers 



Europe

No EU guidelines for 
wastewater reuse

Existing criteria in EU countries

Need for harmonized guidance

EUREAU: recommends 
development of EU guidance 
framework to promote safe 
wastewater reuse for irrigation

WHO guidelines as basis

Bixio et al, 2006


