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Summary 

It is important to determine the microbial safety of reused water to prevent spreading 

of diseases. Quantitative Microbial Risk Assessment provides a methodology to 

assess health risks from water reuse. This workshop introduces a free, web-based 

QMRA tool for both beginners and experienced users that uses state of the art 

scientific knowledge and approaches developed in the Horizon2020 project 

AquaNES. The workshop will make potential end-users aware of this tool, but also 

provide feedback for the developers of the tool for user-driven improvements of the 

tool. 

Objectives 

Goal of the tool is to make QMRA more accessible to those responsible for safe 

water reuse. In this workshop, we want to make potential end-users familiar with the 

tool. More importantly, we want to discuss possible applications and case studies for 

the tool. We also want to collect feedback on clarity of the tool, any missing features 

or other improvements. 

Rationale 

Microbial safety of reused water is important to prevent spreading of diseases. Due 

to high prevalence of pathogens in wastewater and their fate in treatment processes 

for reuse, monitoring of E. coli or other fecal indicators is insufficient to assess the 

actual level of risk from using reclaimed water. Therefore, Quantitative Microbial Risk 

Assessment (QMRA) is applied to assess health risks from water reuse. However, 

QMRA can be challenging, as existing guidelines and tools have often been 

developed from a scientific point of view. Thus QMRA is often perceived as 

complicated, data hungry and requiring a lot of expertise. To make QMRA more 

accessible for practitioners, the AquaNES QMRA webtool was developed. The user 

can start at a generic level, performing a risk assessment for their system without the 

need for local data or scientific knowledge. By selecting a generic source water type 



(e.g. sewage or river water), water treatment processes (e.g. filtration and/or UV 

disinfection) and water application (e.g. drinking or irrigation of leafy crops), the 

health risk from exposure is calculated using the latest scientific knowledge. The 

outcome can be compared to local or international health based targets. Once 

familiar with the QMRA approach the user can perform more advanced assessments, 

get insight in the scientific data behind the tool or upload their own data. Thus, the 

generic risk assessment can be refined to the local situation and different scenarios 

can be tested.  

Outcome 

The workshop participants will become aware of the need for risk assessment of 

pathogens at water reuse sites and the limitations of using fecal indicators only. They 

will learn the basics of QMRA and be introduced to the tool. They will be offered the 

opportunity to be actively involved in the QMRA community of practice. For the 

organizers this is an opportunity to receive end-user feedback, identify case studies 

and build a community of practice for QMRA for water reuse.   

Tentative Schedule 

After a short introduction of microbial health risk in water reuse and the role of QMRA 

we will demonstrate the tool. Next the workshop participants can experiment with the 

tool themselves if they bring their own computer. We will assist and answer questions 

walking around, while users can also ask questions through a message board. After 

centrally discussing the questions on the message board we will ask participants to 

respond to the following questions, both by microphone and message board: 

 What water reuse application would you use the tool for? 

 What question would you ask the tool? 

 What are strong points of the current tool? 

 What could be improved? 

 Do you want to participate in a community of practice (CoP) for QMRA in 

water reuse? 

 What can you contribute to the tool? 
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Water reuse, many aspects to consider
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Matching availability and demand

Sustainability

Health and safety

Water treatment technologies

Legislation and regulations

Reuse application
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Experience through de facto indirect potable reuse
QMRA to quantify microbial risk for decision support
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http://www.water.ca.gov/recycling
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Health based targets

Stockholm framework

Bartam, Fewtrell and Stenström 2001
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Drinking water QMRA

OZONE

Rapid
Sand
Filtration

Slow
Sand 
Filtration

Ozone

Rapid
Sand
Filtration
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Pathogens or contaminants level
RISK?!

Pathogens detection limit
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Reuse: different sources, treatments, exposure routes
Intended use

• groundwater recharge

• irrigation

• domestic

• drinking

Method of application

• drip vs spray

• toilet vs gardening

Exposure:

• consumers

• workers

• public

• environment
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AquaNES QMRA tool

• Transparant, science based QMRA tool

• User friendly, interactive calculation of risk

• Based on guideline information (data)

• Including guidance for user

• Introduction to QMRA

• Option for user data input

• Decision support by testing scenarios

SCREENSHOT OF AQUANES QMRA TOOL
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AquaNES tool intended for first stage of risk assessment
Stage Goal Information

1 Initial risk assessment Could safety be achieved? Standards guidelines

2 Design/built 
evaluation

Could design, equipment and
operation achieve safety?

Equipment data, PID’s
operation and monitoring plan

3 Validation Does the system (or parts) 
achieve performace?

Challenge testing
Water quality testing

4 Verification Is the installed system 
performing as expected?

Water quality monitoring 
(indicators)

5 Operational
monitoring

Is the system operating within
specifications?

Operational monitoring
(equipment+condition+WQ)

6 Audit Is the SSP executed? Records, interviews, 
inspections
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Steps of QMRA (drinking water example)
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Monte Carlo simulation to combine uncerainties at each step
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Data: WHO GDWQ and others
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Index pathogen Indicator Characteristics

Indicators
E. coli, TherTolColi

E. coli Bacteria, high numbers in feces,
Recent fecal contamination

Viruses
enterovirus

Phages Very small (25 nm), hard to filter, 
variable resistance against UV, Cl2

Bacteria
Campylobacter

E. coli Bacteria, high numbers in feces,
Easily removed by treatment

Protozoa
Cryptosporidium
Giardia

SSRC Very persistent, not affected by
chlorine, but sensitive to UV

Helminths (worms)
Ascaris

Crypto? Very persistent, especially in 
agriculture. No dose-response

Indicator organisms for pathogen reduction by treatment
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Calculation, practical limitations

• Works best in Chrome or Firefox

• One calculation at a time, only when you have the

calculation-token
• Maximum of 7 treatment steps
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User data input
27AquaNES QMRA tool, IWA Reuse, Berlin 2019
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Try it yourself 
https://tinyurl.com/AquaNES-QMRA

1 Execute the example yourself

• 1a Standard data

• 1b User data

• Is the tool user friendly?

• Tips for improvements?

2 Try out for your own scenario

• What question do you want to answer?

• Does the tool provide decision support?

• Tips, requests, ideas for future developments

31AquaNES QMRA tool, IWA Reuse, Berlin 2019

Maximum of 7 steps
Only calculate if you have the token
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Outlook

• Apply tool in projects (NextGen, Knowledge-impulse, WICE, …)
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https://nextgenwater.eu/
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Outlook

• Apply tool in projects (NextGen, Knowledge-impulse, WICE, …)

• Allow more user input (raw water pathogens, use scenarios)
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Outlook

• Apply tool in projects (NextGen, Knowledge-impulse, WICE, …)

• Allow more user input (raw water, use scenarios)

• Adapt for discrepancies between guidelines

34AquaNES QMRA tool, IWA Reuse, Berlin 2019
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Default wastewater compositions
35AquaNES QMRA tool, IWA Reuse, Berlin 2019
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Outlook

• Apply tool in projects (NextGen, Knowledge-impulse, WICE, …)

• Allow more user input (raw water, use scenarios)

• Adapt for discrepancies between guidelines

• Link to other tools

36AquaNES QMRA tool, IWA Reuse, Berlin 2019
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LRV literature database (transparent, evidence based)
rolling revision of LRV in literature (KWR, Colorado University, KWB)

37AquaNES QMRA tool, IWA Reuse, Berlin 2019
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Outlook

• Apply tool in projects (NextGen, Knowledge-impulse, WICE, …)

• Allow more user input (raw water, use scenarios)

• Adapt for discrepancies between guidelines

• Link to other tools

• More advanced data analysis for user data

38AquaNES QMRA tool, IWA Reuse, Berlin 2019
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Stochastic analysis of variable data
Separate uncertainty from variability: MH-MCMC, 2D MC QMRA

39AquaNES QMRA tool, IWA Reuse, Berlin 2019
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Stochastic analysis of variable data

40AquaNES QMRA tool, IWA Reuse, Berlin 2019
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Outlook

• Apply tool in projects (NextGen, Knowledge-impulse, WICE, …)

• Allow more user input (raw water, use scenarios)

• Adapt for discrepancies between guidelines

• Link to other tools

• More advanced data analysis for user data

• Direct link to guideline approaches

41AquaNES QMRA tool, IWA Reuse, Berlin 2019
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Simple reuse scheme + drip irrigation

42AquaNES QMRA tool, IWA Reuse, Berlin 2019
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Outlook

• Apply tool in projects (NextGen, Knowledge-impulse, WICE, …)

• Allow more user input (raw water, use scenarios)

• Adapt for discrepancies between guidelines

• Link to other tools

• More advanced data analysis for user data

• Direct link to guideline approaches

• Embed in international networks

43AquaNES QMRA tool, IWA Reuse, Berlin 2019
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Embed in international networks
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Outlook

• Apply tool in projects (NextGen, Knowledge-impulse, WICE, …)

• Allow more user input (raw water, use scenarios)

• Adapt for discrepancies between guidelines

• Link to other tools

• More advanced data analysis for user data

• Direct link to guideline approaches

• Embed in international networks

• Expand to Water in Food

45AquaNES QMRA tool, IWA Reuse, Berlin 2019
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Water reuse in food production: include food 
processing+preparation

AquaNES QMRA tool, IWA Reuse, Berlin 2019 46



Outlook

• Apply tool in projects (NextGen, Knowledge-impulse, WICE, …)

• Allow more user input (raw water, use scenarios)

• Adapt for discrepancies between guidelines

• Link to other tools

• More advanced data analysis for user data

• Direct link to guideline approaches

• Embed in international networks

• Water in food

• ……

47AquaNES QMRA tool, IWA Reuse, Berlin 2019
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