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WHO Guidelines – an overview

� Health Component
� Establishes risk level associated with 
each identified health hazard;

� Defines a level of health protection as a 
health-based target for each risk;

� Identifies health protection measures to 
achieve health-based targets; 

� Implementation Component
� Establishes monitoring and assessment 
procedures;

� Defines institutional responsibilities;

� Requires system documentation;

� Requires confirmation by independent 
surveillance.
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WHO Guidelines – Hazard

Helmints

Giardia IntestinalisAmeba intestinalis

Parasitic Protozoa

Ascaris

Cholera, typhus, 

salmonella

Enteric Virus

Heavey Metals OthersVirus Bacteria

Any agent that is reasonably likely to harm humans, other 
organisms, or the environment in the absence of its control



WHO Guidelines – Risk

Risk = Hazard x Dose (Exposure)

Groups at risk:

• Consumers

• Farmers

• Close communities



WHO Guidelines – Risk Assessment



WHO Guidelines 
Health Based Targets

1. Define the tolerable maximum additional burden of disease
2. Define Reduction values for indicator hazards (e.g. Log10

reduction for microbes)
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1. Define the tolerable maximum additional burden of disease
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reduction for microbes)

3. Timeline for restricted and unrestricted irrigation

Implementation 

phase:

Phase 1

1 × 10-4
Phase 2

1 × 10-5
Phase 3

1 × 10-6

Norovirus Restricted irrigation
Unrestricted irrigation

1 log unit
4 log units

2 log units
5 log units

3 log units
6 log units

Ascaris

eggs
Restricted irrigation
Unrestricted irrigation

1 log unit
3 log units

2 log units
3 log units

3 log units
4 log units



WHO Guidelines – Measures

Reduction targets can be achieved by a combination of 
measures



Implementation
Israeli Experience



Israeli Experience
WW treatment is only the beginning

Kishon Concern

• 30 mcm/Yr

• Supplies as 
far as 40 km 
from the 
WWTP



Scheme
Freshwater 

price per m3

Treated 

wastewater 

price per m3

Percentage

Noirmoutier, 

FR

€1.54 €0.23-0.30 15-20%

Cyprus €0.10 €0.10 100%

Israel $0.31 $0.12 39%

Tunisia $0.08 $0.02 25%

Israeli Experience
Economic Incentives

Governmental grants of 100 million $ a 
year 
for wastewater reclamation projects

� Long distance supply network

� Long term planning

� A managing body



Israeli Experience
Emeq Hefer



Israeli Experience
Emeq Hefer - reservoirs

� Long distance supply network

� Long term planning

� A managing body

� Reservoirs

� Local political organization and will



Israeli Experience
Affinity of farmers to effluents

Fierce opposition in the beginning
• Why should I give up my inherit water rights?

• Fear of the unknown (what is it going to do to my crops?)

• Initial costs (capital, land)

In retrospect, farmers cannot understand how they lived before
• Constant water supply all year round

• Nutrients in effluents (N,P,K) reduce the usage of fertilizers

• Lower cost of water



Israeli Experience
Long term effect in soil & aquifers
Accumulation of
• Salts – Salification of soil and aquifer 

• OM – Flocculation and hydraulic conductivity reduction of soils

• Boron – Soil accumulation until toxic levels to plants

• Sodium – Destroys soil structure

• Nitrates – lesser concern of groundwater pollution

• Heavy Metals – lesser concern of bioaccumulation and aquifers pollution

Fruit Yield relation to salt 
content in soil



Israeli Experience
Long term effect in soil & aquifers

Salt is not removed in WWTPs
� Desalination – very expensive, typically not economic

� Dilution of effluents with freshwater

� Over irrigation – requires more effluents per area unit



Israeli Experience
Clogging

Suspended materials (Particles & 
colloids)
Inorganic

• Sand

• Clay

• Silt

Organic

• Phytoplankton/algae

• Zooplankton

• Biosolids

• Planktonic bacteria

Biofilm

Dropper Clogging            
Clean flow path



Israeli Experience
Quality Standards

Inbar Quality Standard
Suggested in 2003
Legally binding since 2010

Regional leniencies in 
chlorides, electric 
conductivity, boron, 
ammonium, total nitrogen 
an phosphorus

Monitoring requirements for 
each pollutant sampling 
method and frequency

Substance Unit Unrestricted Irrigation Disposal at Streams

Aluminum mg/l 5
Anionic detergent mg/l 2 0.5
Arsine mg/l 0.1 0.1
Beryllium mg/l 0.1
BOD5 mg/l 10 10
Boron mg/l 0.4
Cadmium mg/l 0.01 0.005
Chloride mg/l 250 400
Chrome mg/l 0.1 0.05
Cobalt mg/l 0.05
COD mg/l 100 70
Conductivity dS/m 1.4
Copper mg/l 0.2 0.02
Cyanide mg/l 0.1 0.005
Dissolved Oxygen mg/l >0.5 >3
E. Coli Units per 100 ml 10 200
Fluoride mg/l 2
Iron mg/l 2
Lead mg/l 0.1 0.008
Lithium mg/l 2.5
Manganese mg/l 0.2
Mercury mg/l 0.002 0.0005
Mineral Oil mg/l 1
Molybdenum mg/l 0.01
Nickel mg/l 0.2 0.05
Nitrogen (ammonia) mg/l 10 1.5
pH 6.5–8.5 7.0–8.5
Remaining Chlorine mg/l 1 0.05
SAR (mmol/l)0.5 5
Selenium mg/l 0.02
Sodium mg/l 150 200
Total Nitrogen mg/l 25 10
Total Phosphorus mg/l 5 1
TSS mg/l 10 10
Vanadium mg/l 0.1
Zinc mg/l 2 0.2



Conclusions

• WHO guidelines are a good start, but require local tweaking;

• National and local political organization and will are crucial;

• Economic incentives;

• WWTPs are just the beginning, you need clients, pipes, and 

reservoirs;

• Consider long term effects on soils and groundwater;

• Adjust quality requirements to region and use.
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