


JEMRA work on safety 

and quality of water used 

in food



Early Work
• Characterized and ranked different types and 

uses of water sources in vegetable production

• Described mitigation strategies to prevent 

waterborne contamination of fruits and 

vegetables

• Outlined microbiological criteria currently in 

use for different agricultural water sources and 

how effective are the application of  criteria are 

for mitigating the risks

• Emphasized the lack of evidence associating 

indicators with pathogens and  efficacy of 

adhering to microbial water criteria to reduce 

risk
2008

http://www.fao.org/3/i0452e/i0452e.pdf


Water Sources

Increasing Risk



CCFH Request to JEMRA

• to provide guidance on processing water, in particular, 

1)“clean water” for irrigation water, 

2) clean seawater, and 

3) on the safe reuse of water.

• sector-specific applications and case studies for determining appropriate 

and fit-for-purpose microbiological criteria for water sourcing, use and re-

use in:

1) fresh produce, 

2) fish and fishery products  from primary production to retail, and 

3) in dairy sector from milk harvest to manufacturing. 



Time line of JEMRA Work on Water

20212008 2019 Coming Coming

http://www.fao.org/3/i0452e/i0452e.pdf
https://www.fao.org/3/ca6062en/ca6062en.pdf
https://www.fao.org/3/cb7395en/cb7395en.pdf
https://www.fao.org/3/cb7678en/cb7678en.pdf


”not compromise the 

safety of the food”

One size does

NOT fit all

Need for risk-based 

approaches



Challenges of Microbiological Criteria

1. Transfer of pathogens from water to vegetables is dependent upon multiple 

factors

Irrigation methods

Concentration and type of pathogen in water

2. Pathogens on vegetables can increase or decrease after contamination

Characteristics of the food

Die-off/kill   (e.g. UV, water disinfection, cooking, time until consumption) 

Recontamination & Proliferation   (e.g. temperature abuse)

3. Pathogens at low concentration and may be sporadically present

4. Predicting pathogens in water based on indicators problematic 

Not WYSIWYG



Indicators and pathogen presence
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Increasing Indicator Concentrations

Example data for display purposes only 
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Increasing Indicator Concentrations

Example representative data for display purposes only 

Stronger 

association in the 

presence of high 

indicator 

concentrations
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Increasing Indicator Concentrations

Example representative data for display purposes only 

Detection Threshold

Pathogens present 

in absence/low 

concentration of 

indicator
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Increasing Indicator Concentrations

Example representative data for display purposes only 

Detection Threshold

Pathogens 

absent/low concentration 

across broad range of 

indicators
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Example representative data for display purposes only 



Indicators and pathogen presence

0

10

20

30

40

50

60

70

80

90

100

P
ro

b
ab

ili
ty

 o
f 

P
at

h
o

ge
n

 (
%

)

Increasing Indicator Concentrations

Example representative data for display purposes only 

2 samples with similar indicator 

concentration but different 

likelihoods of pathogen 

presence
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Increasing Indicator Concentrations

Example representative data for display purposes only 

2 samples with different 

indicator concentration but 

similar likelihood of pathogen 

presence



Risk-based approaches to water management:

A solution to criteria-based thresholds

• Take into consideration the factors that 

impact contamination and persistence

• Use a systematic approach to assess 

risks, that can be guided by tools such as 

risk matrices and decision trees

• Can be tailored the specific needs and 

capabilities of the growers/processors 



PRE-HARVEST

Intended use of the water
Untreated 

wastewater

Surface 

water of 

unknown 

quality

Groundwater 

collected 

from shallow 

groundwater

Groundwater 

collected 

from deep 

wells

Collected 

rainwater

Advanced 

treated 

wastewater

Treated 

surface and 

groundwater 

Municipal 

water

Irrigation of RTE fresh produce where irrigation 

water comes into direct contact with the edible 

portion of the product

Irrigation of RTE fresh produce where irrigation 

water does not come into direct contact with the 

edible portion of the product.

Irrigation of cooked vegetables  where irrigation 

water comes into direct contact with the edible 

portion of the product.

Irrigation of cooked vegetables  where irrigation 

water does not come into direct contact with the 

edible portion of the product.

Foliar application of water (pesticides, fertilizers, 

frost control, growth regulators) use in direct contact 

with the edible part of the RTE fresh produce. 

Foliar application of water (pesticides, fertilizers, 

frost control, growth regulators) not use in direct 

contact with the edible part of the cooked produce. 

POST-HARVEST

Postharvest water used for direct contact with the 

RTE fresh produce 

Postharvest water used for direct contact with the 

cooked fresh produce

Postharvest water used  for indirect uses

2018 JEMRA meeting on the Safety and Quality of Water Used in Food Production and Processing



Tools for Risk Assessment:   Risk matrix 

Intended use of 

produce

Contact with 

edible plant 

portions

Water source

Wastewater

Surface and 

groundwater of 

unknow quality

Groundwater 

collected from 

protected wells

Collected 

rainwater

Portable water 

and deep ground 

water

Ready-to-eat

Contact with the 

edible portion
High risk / ? High risk / ? Medium risk Medium risk Low risk

Not contact with 

the edible portion
High risk / ? High risk / ? Low risk Low risk Low risk

Cooked

Contact with the 

edible portion
Low risk Low risk Low risk Low risk Low risk

Not contact with 

the edible portion
Low risk Low risk Low risk Low risk Low risk



Risk mitigation    (Vegetable)



Tools for Risk Assessment:   Decision Tree (Fish Production)



Re-used waterPurpose: 

- Not for food contact 
applications

- No microbiological 
requirements for 
consumer food safety

Y

Is contact of the reuse water 

(as reclaimed/recycled) with 
food materials impossible
due to passive management, 
i.e. design and infrastructure 
of Food operation?

- Fit-for-purpose for 
all not-for-food 
contact applications

- Assure water is 
separately stored 
and transported from 
water for food 
contact applications

- Verify active 
management when 
additionally needed

N

- Not fit-for-purpose
- Do not use this 

reuse water 
source or supply 
without 
reconditioning

Is active management feasible to 

consistently exclude contact of reuse 
water with food materials?

YN

Purpose: 

- Food contact applications (food or food 
contact surfaces)

- Microbiological Safety requirement: re-
use water should not compromise 
consumer safety

- Not fit-for-purpose.
- Consider only “not-for-food contact” 

applications that effectively exclude 
contact of reuse water with food 
materials or contact surfaces

Are microbiological hazards 

absent in the reuse water or 
present at acceptable levels, i.e.
levels that do not compromise 
the consumer food safety of the 
concerned ingredient/food?

Can reuse water be treated to 

avoid presence of hazards or to 
control hazards to acceptable 
levels?

Can application of reuse water 

be limited to applications other 
than as food ingredient or those 
not contaminating food 
materials or contact surfaces?

Y

N

N

Y

Y

N

- Fit-for-purpose for 
intentional and 
unintentional food 
contact applications

- Build active 
management into your 
food safety 
management system, 
including validation of 
control measures as 
well as monitoring and 
verification of control 
during day-to-day 
operation

- Fit-for-purpose only for 
food applications other 
than as ingredient or 
final cleaning/washing

- Build active 
management into your 
food safety 
management system, 
including validation, 
monitoring and 
verification

Tools for Risk Assessment:   Decision Tree (Water reuse)



• Observations or measurements assess whether a risk reduction measure 

is working

• Type and frequency of monitoring should be proportionate to the risk posed 

and meet risk management goals

• Validation:  Determination if an intervention works

• Operational monitoring: Routine activities, at a frequency to identify 

failures of the measures in a timely manner, to determine that control 

measures continue to work effectively

• Verification: determination that the control measures are operating as 

intended, using monitoring and other methods

2019 JEMRA meeting on the Safety and Quality of Water Used with Fresh Fruits and Vegetables

Microbial monitoring of water quality



Microbial Indicators Advantages Disadvantages

Escherichia coli

 member of FCs found in the intestines of 

mammals, including humans.

 is usually considered the most suitable 

indicator of faecal contamination.

 indicates recent faecal contamination and 

that pathogens might be present.

 does not distinguish between human and 

animal faecal contamination.

 may not be a suitable indicator for viruses, 

protozoans and helminth eggs as less 

persistent i.e. when absence or low numbers of 

E. coli.

 E. coli can replicate in environmental waters.

Total coliforms

measure of degree of pollution and sanitary 

quality of water. 

positive TCs test can be followed by FC and 

E. coli tests.

 do not necessarily indicate faecal contamination. 

Enterococci

 intestinal subgroup relatively specific for 

faecal pollution.

 tend to survive longer in water 

environments than E. coli.

 number present log lower than number of E. coli

in faeces. 

 have been shown to replicate in the 

environment. 

Bacteriophages

(coliphages, 

Bacteroides spp.)

used as an alternative to faecal indicator 

bacteria; chosen depending on purpose.

surrogates for human viral pathogens in the 

environment.

microbial source tracking tools, some specific 

to human faeces.

models or surrogates to assess the behaviour 

of human enteric viruses in water 

environments. 

 different excretion patterns phages (continual) 

versus enteric viral pathogen (during infection 

only).

 detection and counting methods of some phages

are more complex and expensive than other 

phages and for faecal indicator bacteria. 

 relatively low numbers of some Bacteroides spp. 

in sewage and polluted water environments. 

 some Bacterioides spp. phages exhibit low 

survival rates in water.



Case Studies
• Different 

• geographic regions

• climates

• access to infrastructure

• water sources

• Foods

• Fresh leafy, eaten raw

• Lettuce

• Coriander, parsley

• Radish

• Tomato

• Berries

• Carrots

• Melons

https://www.fao.org/3/cb7678en/cb7678en.pdf


• Scientific evidence and criteria

recommendations for the safety and 

quality of various types of water used for 

different production, processing, 

transportation, retail sale and 

consumption applications.

• The measures used for assessing 

“fitness” of water for its intended purpose 

and the benefits and pitfalls of these 

different measures.

• practical interventions being used to treat 

water for direct use and re-use in low-

and middle-income countries to achieve 

an acceptable level of risk based on the 

intended purpose.

https://www.fao.org/3/cb7395en/cb7395en.pdf
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Ten take home messages

1. Risk assessment is essential

2. Water should be fit-for-purpose, not compromising the safety of the food (i.e.not making it more 

hazardous after contact with water)

3. Potable water is not always available, nor essential

4. Different water sources could be used for different purposes safely, included water re-use, 

depending upon method of application and stage of production and how the product will be 

consumed.

5. Typically, the closer in the value chain to the consumer, the higher quality water needed.

6. Decision tree support management tools are available

7. Interventions are available to reduce risks, multiple hurdle preferred

8. No one water quality microbial indicator is appropriate/useful for all water types, and for some 

water types there may not even be a single useful indicator.

9. At present, there is no reliable microbiological indicator that can reliably predict pathogen 

occurrence or numbers because bacterial indicators are typically surrogate measures of faecal 

pollution, rather than measures of pathogens themselves. 

10. Monitoring should be proportionate to the risk posed and meet risk management goals



Thank you!

And special thanks and recognition to all the 

experts!


