Workshop
AquaNES QMRA-tool: a webtool for quantitative microbial risk

assessment of water reuse applications
Patrick W.M.H. Smeets, KWR Watercycle Research Institute, Nieuwegein, The

Netherlands; Ulf Miehe, Kompetenzzentrum Wasser Berlin (KWB), Berlin, Germany

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.qg. 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:

e What water reuse application would you use the tool for?

¢ What question would you ask the tool?

e What are strong points of the current tool?

e What could be improved?

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

water reuse?

e What can you contribute to the tool?
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AquaNES QMRA tool, IWA Reuse, Berlin 2019

WHY WASTE WATER?

OVER 80% OF OUR WASTEWATER FLOWS BACK TO NATURE UNTREATED.

REDUCE: improve wastewater treatment to reduce
pollutants entering the ecosystem.

REUSE: treat and use wastewater for green space

irrigation and municipal cleaning.
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AquaNES QMRA tool, IWA Reuse, Berlin 2019

Water reuse, many aspects to consider

Sustainability

Legislation and regulations
Water treatment technologies
Health and safety

Reuse application

Matching availability and demand
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Experience through de facto indirect potable reuse
QMRA to quantify microbial risk for decision support

Factory

Wastewater
2 Treatment Plant

Water Treatment Plant

City h &@
Co-mingled Effluent

and Natural Runoff

Qgﬁ © Direct industrial reuse

@ Instream flow augmentation
® Direct agncultural reuse

@ Groundwater recharge
® Urban reuse (landscape, toilet flushing, )

. ndirec! polable reuse from nver
@ Indirect potabie reuse from well
@ Indirect agncultural reuse
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Health based targets

Stockholm framework

Bartam, Fewtrell and Stenstrom 2001
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Health risk management

AquaNES QMRA tool, IWA Reuse, Berlin 2019

Health-based
targets

Basic control
approaches

Water/waste
quality objectives objectives

Define measures and interventions
(requirements, specifications) based
on objectives

Define key risk points and audit
procedures for overall system
effectiveness

Define analytical verifications
(process, public health)

Other management

Assess
environmental
exposure

Public health

Tolerable
health risk

Assessment of
health risk

status
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Drinking water QMRA
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Reuse: different sources, treatments, exposure routes

Intended use

e groundwater recharge
e irrigation

e domestic

e drinking

Method of application
e drip vs spray
 toilet vs gardening
Exposure:

e consumers

e workers

e public

e environment
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AquaNES QMRA tool

e Transparant, science based QMRA tool

« User friendly, interactive calculation of risk
 Based on guideline information (data)

e Including guidance for user
 Introduction to QMRA

« Option for user data input

e Decision support by testing scenarios
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AquaNES QMRA tool, IWA Reuse, Berlin 2019

AquaNES tool intended for first stage of risk assessment

Initial risk assessment Could safety be achieved?

Design/built
evaluation

Validation
Verification
Operational

monitoring
Audit
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Could design, equipment and
operation achieve safety?

Does the system (or parts)
achieve performace?

Is the installed system
performing as expected?

Is the system operating within
specifications?

Is the SSP executed?

Standards guidelines

Equipment data, PID’s
operation and monitoring plan

Challenge testing
Water quality testing

Water quality monitoring
(indicators)

Operational monitoring
(equipment+condition+WQ)

Records, interviews,
Inspections
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Steps of QMRA (drinking water example)
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Welcome Patrick Smeets, What do you want to do?

O Create new Risk Assessment
@ Modify existing Risk Assessment

New Risk Assessment

AquaNES QMRA tool demo
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RISK ASSESSMENT SOURCE TREATMENT SUMMARY EXPOSURE & RISK

RAtool demo

Risk Assessment: AquaNES Q

Date Created : 2019-06-15 Description: Demonstration at the IWA Water Reuse Conferenc 2019 Berlin

« Back Next »
Date Modified - 2019-06-15 User: Patrick Smests
elect thewater source usedinthe systemtorwhichvouwantto assess therisk-The ange ot expected concentra ionsofpa 'i:""" 0 i':';""" rendisplayedunderPathogens:
ange will be used in the risk assessmen he ranges are based on guidelines and references, which will be displayed on the Summary page. The ‘i’ button displays an introduction for each

pathogen group and the index pathogen for which the risk is calculated.

River Rhine

Bacteria ) Min Value: 1.00e-03, Max Value: 1.00e+03 (CFU/liter)
Sewage, Treated (i

Surface Water, General

Surface Water, Contaminated Viruses =  Min Value: 1.00e-01, Max Value: 1.00e+03 (PFUlliter)
Surface Water, Protected

Rainwater, Rooftop Harvesting
Rainwater, Stormwater Harvesting Protozoa = Min Value: 1.00e-02, Max Value: 1.00e+04 ((oo)cyst/liter)
Groundwater
Raw Sewage
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RISK ASSESSMENT SOURCE TREATMENT SUMMARY EXPOSURE & RISK

RAtool demo

Risk Assessment: AquaNES Q

Date Created : 2019-06-15 Description: Demonstration at the IWA Water Reuse Conferenc 2019 Berlin « Back Next »

Date Modified - 2019-06-15 User: Patrick Smests
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humans or animals, but some can also replicate outside the

host's body.

Bacterial pathogens are not very host-specific. Zoonotic

bacteria can infect both animals and humans, Well-known

bacterial diseases are typhoid (Salmonella typhi),

chaolera NVihr
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River Rhine

Bacteria ) Min Value: 9.00e+01, Max Value: 2.50e+03 (CFU/liter)

Viruses = Min Value: 3.00e+01, Max Value: 6.00e+01 (PFUl/liter)

Protozoa = Min Value: 2.00e+00, Max Value: 4.80e+02 ((oo)cyst/liter)
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AquaNES QMRA tool, IWA Reuse, Berlin 2019

Data: WHO GDWQ and others

Table 7.6 Example occurrence of selected indicators and pathogens in faeces, wastewater and
raw water (local data will vary)

Number per gram Number per litre in Number per litre in
Microbe of faeces untreated wastewater raw water
Faecal coliforms (E. coli and 10’ (mostly non- 10°-10" 100-100 000
Klebsiella) pathogenic)
Campylobacter spp. 10° 100-10° 100-10 000
Vibrio cholerae® 10° 100-10° 100-10°
Enteroviruses 10° 1-1000 0.01-10
Rotaviruses 10° 50-5000 0.01-100
Cryptosporidium 107 1-10 000 0-1000
Giardia intestinalis 107 1-10 000 0-1000

* Vibrio can grow in the aquatic environment.

Sources: Feachem et al. (1983); Stelzer (1988); Jones, Betaieb & Telford (1990); Stampi et al. (1992); Koenraad et al. (1994);
Gerba et al. (1996); AWWA (1999); Maier, Pepper & Gerba (2000); Metcalf & Eddy, Inc. (2003); Bitton (2005); Lodder & de
Roda Husman (2005); Schijven & de Roda Husman (2006); Masini et al. (2007); Rutjes et al. (2009); Lodder et al. (2010)
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Description: Demonstration at the IWA Water Reuse Conferenc 2019 Berlin

the summary page. If you have momtorlng data for your processes, dd the process here and then adapt the log emoval values on the Summary page.

Process Type Process Scheme

Process Order Log Removal

Bank filtration
Chlorination, drinking water
Chlorination, wastewater
Chlorine dioxide

Conventional clarification

[ N I N N | >
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RISK ASSESSMENT SOURCE TREATMENT USE SUMMARY EXPOSURE & RISK
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Description: Demonstration at the IWA Water Reuse Conferenc 2019 Berlin

the summary page. If you have momtorlng data for your processes, dd the process here and then adapt the log emoval values on the Summary page.

Process Type Process Scheme

Ozonation, drinking water

Process Order Log Removal
Ozonation, wastewater

Precoat filtration

Bacteria Minimum: 2.0, Maximum:

Primary treatment

i Protozoa Minimum:

Viruses Minimum: 2.1, Maximum:
1

0, Maximum:

]

Reverse osmosis

Bacteria Minimum: 46 . Maximum: 6

= x
Roughing filters UV disinfection 40 mJ per cm2, drinking Viruses Minimum: 4.1, Maximum:

Protozoa Minimum: 2.5, Maximum:




AquaNES QMRA tool, IWA Reuse, Berlin 2019

Table 7.7 Reductions of bacteria, viruses and protozoa achieved by water treatment
technologies at drinking-water treatment plants for large communities

Enteric Minimum Maximum
pathogen removal removal
Treatment process group (LRV) (LRV) Notes
Pretreatment
Roughing filters Bacteria 0.2 23 Depends on filter medium, coagulant
Storage reservoirs Bacteria 0.7 2.2 Residence time > 40 days
Protozoa 14 23 Residence time 160 days
Bank filtration Viruses > 2.1 8.3 Depends on travel distance, soil type,
Bacteria . 56 pumping rate, pH, ionic strength
Protozoa >1 > 2

Coagulation, flocculation and sedimentation

Conventional Viruses 0.1 34 Depends on coagulation conditions
clarification _

Bacteria 0.2 2

Protozoa 1 2
High-rate clarification Protozoa >2 2.8 Depends on use of appropriate

blanket polymer
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AquaNES QMRA tool, IWA Reuse, Berlin 2019

Indicator organisms for pathogen reduction by treatment

Indicators

E. coli, TherTolColi

Viruses
enterovirus

Bacteria
Campylobacter

Protozoa
Cryptosporidium
Giardia

Helminths (worms)
Ascaris

E. col
Phages
E. coli

SSRC

Crypto?

7
].‘\,WR Watercycle Research Institute
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Bacteria, high numbers in feces,
Recent fecal contamination

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

Bacteria, high numbers in feces, PN
Easily removed by treatment [

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

Very persistent, especially In
agriculture. No dose-response

o -


https://www.google.nl/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwiK-8Lz3-HbAhXBLVAKHZOXBLAQjRx6BAgBEAU&url=https://www.slideshare.net/mnlovely/intestinal-helminths&psig=AOvVaw1WNI9K2JpJ4dZsAwD6sNUE&ust=1529567173599888
https://www.google.nl/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwiK-8Lz3-HbAhXBLVAKHZOXBLAQjRx6BAgBEAU&url=https://www.slideshare.net/mnlovely/intestinal-helminths&psig=AOvVaw1WNI9K2JpJ4dZsAwD6sNUE&ust=1529567173599888
https://www.google.nl/url?sa=i&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwjrpsa5qL3bAhUsBMAKHessBYkQjRx6BAgBEAU&url=http://demoware.eu/en/intranet/administrative/communication/logos/partners/slider_navi&psig=AOvVaw3Jyh1Z2i2sf1DMhO3fegjA&ust=1528315333989569
https://www.google.nl/url?sa=i&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwjrpsa5qL3bAhUsBMAKHessBYkQjRx6BAgBEAU&url=http://demoware.eu/en/intranet/administrative/communication/logos/partners/slider_navi&psig=AOvVaw3Jyh1Z2i2sf1DMhO3fegjA&ust=1528315333989569

45 ﬁ Mail - Smeets, PW. wa WA Water Reuse 2 ﬂ Thread: L5 Protectit = & Find related i lmage' ’ G reuse and recycling ‘ 3 b311b5b2fad880cc @ New Southern Ene:J |&] aQMmRA: water L X [-l— S = m] X

é — O ﬁh @ 5.153.252.94:8080/QMRA/waterUsePage.do?projectName=AquaNES%20QMRA%20tool%20demo&userName=Patrick%205Smeets ﬁ' 7"5 2.';{_ I_."'J‘>

Y7 AquaNES QMRA [ Blackboard 12 BTO2018 &J) BTOnet Yy Dropbox Y¢ Ephorus % GM R GS Yr KWR ¢ LL ©9 OV & PB == Praktijkcode & PubMed | SD vy SONAR CEM UUmail ** Wlogin Yt Personal Fitness Nedt

£a  ~nmp i =
» lel\,ﬁeamha watershare — AqQualNES

RISK ASSESSMENT SOURCE TREATMENT USE SUMMARY EXPOSURE & RISK
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Description: Demonstration at the IWA Water Reuse Conferenc 2019 Berlin

Description:

Irrigation, Unrestricted 100 g of lettuce leaves hold 10.8 mL water and cucumbers 0.4 mL at worst case (immediately post watering). A serve of lettuce
Irrigation, Unrestricted (40 g) might hold 5 mL of recycled water and other produce might hold up to 1 mL per serve. Calculated frequencies are based

Domestic Use, Car Washing ol Bt o Sttt e (ARCY ot
) R } = on ﬂl..llelIdll DLIIt'.'du UI SLALSLCsS \HDJ] adia
Irrigation, Restricted

Domestic Use, Toilet Flushing
nkinn Wntnr

=l Illl\llls FrYUL

Irrigation, Public
Irrigation, Garden
Domestic Use, Washing Machine
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watershare — AqQualNES

RISK ASSESSMENT SOURCE TREATMENT SUMMARY EXPOSURE & RISK

Risk Assessment: AquaNES QMRA tool demo

Date Created : 2019-06-15 Description: Demonstration at the IWA Water Reuse Conferenc 2019 Berlin « Back ‘ Calculate »

Date Modified - 2019-06-15 IUser: Patrick Smests

Summary of Data

User Treatment Data Export PDE | Entry Treatment Data

Number of Monte Carlo Simulation: 1000

Click on a heading below to display a full overview of the default data that is used for the risk calculation based on your selections. The user can adapt these data based on their own microbial monitoring of treatment performance. Click on ‘User
Treatment Data’ to open up a spreadsheet where you can calculate these values for each treatment process based on your data Cllck on 'Enter Treatment Data’ and adapt the numbers and distribution in the treatment table accordingly (set the

Water Source: River Rhine

Treatment Process

Water Use

Dose Response Model

13:02
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Cryptosporidium parvum and Cryptosporidium
hominis

Minimum Concentration

Maximum Concentration 2500.0 60.0 480.0

Distribution Shape logl0_norm logl0_norm logl0_norm

Reference

Minimum Log Removal

Maximum Log Removal




Calculation, practical limitations

e Works best in Chrome or Firefox

e One calculation at a time, only when you have the
calculation-token

 Maximum of 7 treatment steps
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DALYs per person per year
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S
Result Table

Source Concentration

Bank filtration

Total Treatment

DALY perYear /person/year

Exposure per Year number/person/year 0.00225 0.00335

Infection Risk per Year /person/year

ingestion per Event liter/event

Events per year number/year

VIrus RISK Assessmen




User data input

- £

A B C D E F G H |
1 Input in AquanNES QMRA tool Summary page

2
3 DrOCE Orde Data : Protozoa
4 |Bank filtration 1 Minimum log removal 0,9 1,8 2,1
5 Maximum log removal 1,7 2,7 2,6
6 Distribution norm norm norm
7 Reference User input User input User input
8
S A () N F
10 Monitoring data summary of log concentrations (calculated or entered by user)
11
12
13
14 Monitoring data (replace by user data)
15 bacteria Viruses Protozoa
inflow outflow inflow outflow inflow outflow
concentration concentration concentration concentration concentration concentration
#/ #/1 #/1 #/1 #/1 #/1
2,5E+05 1,0E+04 2,5E+05 1,0E+03 2,5E+04 1,0E+02
3,0E+05 2,0E+05 3,0E405 2,0E+03 3,0E+04 2,0E+02
9,0E+05 2,5E+04 9,0E+05 2,5E+03 9,0E+04 2,5E+02
3,0E+05 2,5E+04 2,5E+05 2,5E+04 3,0E+04 2,5E+02
9,0E+05 2,5E+04 3,0E405 2,5E+04 9,0E+04 2,5E+02
9,0E+05 2,5E+04 9,0E+05 1,0E+03 3,0E+04 2,5E+02
9,0E+05 2,5E+04 2,5E+05 2,0E+03 9,0E+04 2,5E+02
9,0E+05 2,5E+04 3,0E+05 2,5E+03 3,0E+04 2,6E+02
20001 9,0E+05 1,0E+03 9,0E+04 2,6E+02
42131 9,0E+05 2,0E+03 3,0E+04 2,6E+02
| 9,0E+05 2,5E+03 9,0E+04 2,6E+02
KOAMDETENT7Z7/7ENTRI IN
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User Treatment Data Export PDF Entry Treatment Data

below to display a full overview of the default data that is used for the risk calculation based on your selections. The user can adapt these data based on their own microbial m

distribution from ‘uniform’ to 'norm’). Replace the Reference by 'User data’. Click ‘Export PDF” to save a copy of the data in a PDF fil

e. Click ‘Calculate’ to perform calculation

Treatment Process Bacteria Viruses Protozoa

21 1.0

Bank filtration Minimum Log Removal 2.0 2

Maximum Log Removal

uniform uniform

Distribution

WHO (2011): Drinking water guideline
Table 7.7

WHO (2011}: Drinking water guideline

WHO (2011): Drinking water suideline
Reference — oo oo

UV disinfection 40 mJ per cm2, drinking Minimum Log Removal

Maximum Log Removal
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User Treatment Data Export PDF Entry Treatment Data

below to display a full overview of the default data that is used for the risk calculation based on your selections. The user can adapt these data based on their own microbial m

distribution from ‘uniform’ to 'norm’). Replace the Reference by 'User data’. Click ‘Export PDF” to save a copy of the data in a PDF fil

e. Click ‘Calculate’ to perform calculation

Treatment Process Bacteria Viruses Protozoa

Bank filtration Minimum Log Removal 40 2.1 1.0

Maximum Log Removal

uniform uniform

Distribution

WHO (2011): Drinking water guideline

WHO (2011}: Drinking water guideline
Userdata — o e
lable 7.7 Table 7.7

Reference

UV disinfection 40 mJ per cm2, drinking Minimum Log Removal

Maximum Log Removal
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Try it yourself ©
https://tinyurl.com/AquaNES-QMRA

1 Execute the example yourself
1a Standard data

Maximum of 7 steps

1b User data Only calculate if you have the token
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

I(OMPET'“‘l

7 .
].\WR Watercycle Research Institute



https://tinyurl.com/AquaNES-QMRA
https://www.google.nl/url?sa=i&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwjrpsa5qL3bAhUsBMAKHessBYkQjRx6BAgBEAU&url=http://demoware.eu/en/intranet/administrative/communication/logos/partners/slider_navi&psig=AOvVaw3Jyh1Z2i2sf1DMhO3fegjA&ust=1528315333989569
https://www.google.nl/url?sa=i&source=images&cd=&cad=rja&uact=8&ved=2ahUKEwjrpsa5qL3bAhUsBMAKHessBYkQjRx6BAgBEAU&url=http://demoware.eu/en/intranet/administrative/communication/logos/partners/slider_navi&psig=AOvVaw3Jyh1Z2i2sf1DMhO3fegjA&ust=1528315333989569

Outlook

)

Apply tool in projects (NextGen, Knowledge-impulse, WICE,

WATER &
CIRCULAR ECONOMY
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practices in the
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water sector by embracing circular economy principles
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AquaNES QMRA tool, IWA Reuse, Berlin 2019

Outlook

* Apply tool in projects (NextGen, Knowledge-impulse, WICE, ...)
* Allow more user input (raw water pathogens, use scenarios)
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AquaNES QMRA tool, IWA Reuse, Berlin 2019

Outlook

* Apply tool in projects (NextGen, Knowledge-impulse, WICE, ...)
* Allow more user input (raw water, use scenarios)
 Adapt for discrepancies between guidelines
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Default wastewater compositions

WHO Enteric bacteria
(Campylobacter)
| Default concentration (per litre) in source wastewater 7000
Australian
Default concentration in wastewater (per litre) 7000

Pathogens

Entericviruses | Entericprotozoa
(noroviruses) (Cryptosparidium)

20 000 2700

Californian Title 22

Maximum wastewater concentration (per litre) 0

100 000
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Pathogens
Entericviruses | Cryptosporidium Giardia

10° 0°
10 000 100 000
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AquaNES QMRA tool, IWA Reuse, Berlin 2019

Outlook

* Apply tool in projects (NextGen, Knowledge-impulse, WICE, ...)
* Allow more user input (raw water, use scenarios)

 Adapt for discrepancies between guidelines

e Link to other tools
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AquaNES QMRA tool, IWA Reuse, Berlin 2019

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

Outlook

* Apply tool in projects (NextGen, Knowledge-impulse, WICE, ...)
* Allow more user input (raw water, use scenarios)

 Adapt for discrepancies between guidelines

e Link to other tools

 More advanced data analysis for user data
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AquaNES QMRA tool, IWA Reuse, Berlin 2019

Stochastic analysis of variable data
Separate uncertainty from variability: MH-MCMC, 2D MC QMRA

. 1
100000 Most likely
@ parameters 10.9
variation
10.8
o 1 10.7
O
O
= 10.6
O Possible parameters:
X 0.5 .
= uncertainty 0.5
2
E 0.4
o 0.
x , 0.3
2
0.2
0.1

0.15 1

1-1-2014 11-4-2014 20-7-2014  28-10-2014 Shape parameterr = . Scale parameter |
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Stochastic analysis of variable data

Combined data Campylobacter raw water
Concentration .
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AquaNES QMRA tool, IWA Reuse, Berlin 2019

Outlook

* Apply tool in projects (NextGen, Knowledge-impulse, WICE, ...)
* Allow more user input (raw water, use scenarios)

 Adapt for discrepancies between guidelines

e Link to other tools

 More advanced data analysis for user data

e Direct link to guideline approaches
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Simple reuse scheme + drip irrigation

AquaNES QMRA tool, IWA Reuse, Berlin 2019

18

114

Viruses Bacteria
18 -
114 -
worst case best case worst case

best case

Protozoa

1A -

worst case

Die-off in field

Clhalavimakl e

best case
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AquaNES QMRA tool, IWA Reuse, Berlin 2019

Outlook

* Apply tool in projects (NextGen, Knowledge-impulse, WICE, ...)
* Allow more user input (raw water, use scenarios)

 Adapt for discrepancies between guidelines

e Link to other tools

 More advanced data analysis for user data

e Direct link to guideline approaches

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

Outlook

* Apply tool in projects (NextGen, Knowledge-impulse, WICE, ...)
* Allow more user input (raw water, use scenarios)

 Adapt for discrepancies between guidelines

e Link to other tools

 More advanced data analysis for user data

e Direct link to guideline approaches

« Embed in international networks

 Expand to Water in Food
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AquaNES QMRA tool, IWA Reuse, Berlin 2019

Water reuse in food production: include food
processing+preparation

—




AquaNES QMRA tool, IWA Reuse, Berlin 2019

Outlook

* Apply tool in projects (NextGen, Knowledge-impulse, WICE, ...)
* Allow more user input (raw water, use scenarios)

 Adapt for discrepancies between guidelines

e Link to other tools

 More advanced data analysis for user data

e Direct link to guideline approaches

« Embed in international networks

 Water in food
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