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Context

Water quality is defined by:
» a multiplicity of parameters (chemical, microbiological)

» affected by relevant variability (source water dynamics, treatments
adopted, distribution network characteristics and consumers habits)

Conventional monitoring (concentration-based) using grab samples is not
sufficiently protective for consumers and targets only known compounds

Disinfection by-products formation

\ = THMs

= HAAs

= HNMs

HACEs
= HKs

= HALDs
= HANs

= Unknown ** s **
* *
* *

https://doi.org/10.1039/D2EW00089J  UMé S
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Our Goal

Development of a holistic framework integrating source protection,
treatment and monitoring in a One Health Approach:

» shift towards risk-based actions instead of concentration-based actions

» exploitation of machine learning to support advanced monitoring able to
capture water quality dynamics

One Health “ g@ World Health
X Y Organization
NSTF Vg

* X %

*

* *
* 5 *
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Our Goal

» shift towards risk-based actions instead of concentration-based actions

One Health “ g@ World Health
N\ 3 i i
(S Organization
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Risk Assessment: current knowledge

Multiple methodologies and targets:

» pathogenic microorganisms and chemical contaminants
time horizon of effects (acute vs chronic)
different dose-response models and associated uncertainty

» qualitative and quantitative approaches (deterministic or probabilistic)
depending on data availability and objectives

» limited of integration of Chemical Risk Assessment with Effect-Based
Monitoring (EBM)
unknown compounds, transformation products
mixture of chemicals
iInteractions among multiple substances at low concentrations
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Risk Assessment: safeCREW contribution

Our approach:
we harmonized and advanced these aspects through a decision tree

that supports selecting the most appropriate level and type of risk
assessment based on the availability and robustness of exposure data

} Three case studies:
- Ukraine (QMRA)
- Berlin (QMRA+QCRA)
- Milan (QMRA+QCRA+EBM)
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Risk Assessment Decision Tree

Semi-quantitive

Quantitive approaches:
approaches

 deterministic (point-value estimate)
« fully probabilistic estimate, incorporating variability and
uncertainty in exposure and hazard characterization
A 4
estimate confidence
for decision-makers

uations
including inputs uncertainty]

Only microbial indicators
and/or pathogens
concentration

Microbial indicators (and/or
pathogens), DEPs and EBM
nnnnnnnnnnnnn

DBPs and EBM
concen tration

Quantitative Chemical Quantitative EBM - _CDI'\’I_DII'I Quar.ml:an've
Risk Assessment [QCRA] Risk Assessmen t | e s | MicrobialaEBMO o Chemical Microbial & Chemical & EBM
Risk Assessment

Funded by 8
the European Union




QMRA, QCRA and EBM integration

Milan case study (groundwater)

» final chlorination

EIZU 0
» microbial monitoring £ 1 D
» THMs (trihalomethanes) monitoring 7 5 °

£
» toxicity profiling trhough CALUX bioassays ¢ « :

) E 40 °
=3 = o laeE =
=) B Feltre < EBT
IIEIJ_'llozg B San Siro E]! LL.

;E 101—;
E 1 o o] 8 g
10°4 o o —

B ¢ B ¢ B C B C 56

THMs correlated to an activity =
in the ERa and Nrf2 bioassays *
0_

B C B C B C B C Funded by 9
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Cmicrobial Crrims
F' A

.
>

Disinfection

disinfection trade-off translated as

DALY

(Disability-Adjusted-Life-Years)

* X %

* *
* *
* *

* 5 *
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QMRA, QCRA and EBM integration

Concentrations[ppb]

coherently with the trend of EBM results

DALY [pppy]
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10

[os]

2]

I

o]

Milan case study
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QMRA, QCRA and EBM integration

Milan case study

- QM RA cmit::rohial

- A
103 - - QCRA

—§+ i

A Risk [DALY]
N
IIN

10!
10° o Disinfection :
nesiano  Chiusabella  Feltre sansiro  disinfection trade-off translated as
DALY
Risk-informed decision-making (Disability-Adjusted-Life-Years)

for the optimization of
disinfection performance
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Our Goal

» exploitation of machine learning to support advanced monitoring able
to capture water quality dynamics

One Health “ g@ World Health
N\ 3 i i
(S Organization
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Challenges for water quality monitoring

Need to feed risk-informed actions through reliable water quality data,
but:

» high-frequency monitoring could be a complex task (e.g. DBPs)

» plant and distribution network monitoring could be a complex scenario:

climate variability
aging infrastructure
water quality dynamics
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Water quality monitoring: the safeCREW solution

Possible directions:
» transition from reactive to proactive
» design early-monitoring systems

through virtual (soft) sensing, i.e. the use of information hidden in low-
informative online sensors to predict the value of high-informative
parameters

P R

» Define an overall pipeline to guide the
design of soft-sensors in new scenarios

| » Application of the soft-sensor paradigm to
" ueine | three case studies

" L Riwne;Ukraine ™Y
°

7,
L

p

T N N ol e
:":I-ta[y . 5 ;j/
I T.,gi;k _

@
2
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* X %

e - *

*
*

AR A @
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Soft-Sensors:

Overall Idea

INPUT
low-informative
data/sensors x

OUTPUT
high-informative
data/sensors y

machine learning

algorithm

approximated

relationship

f(x)

new INPUT

approximated

measurement x’

relationship

f(x)

» high-informative sensors

prediction of the OUTPUT

measure y

« Measure (in real time) x and generate the corresponding prediction y

« Define the output we are willing to provide: prediction, alert
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Soft-Sensor for network monitoring

Milan case study

» Selection of 9 supply points
» January-December 2024

INPUT (~35000 samples per supply point)
 Color
 Temperature
° pH
« Conductivity
* Nitrate
* Free Chlorine
e TOC R —

a1 jo0e

METROPOL T MU T T
P

< 2 -

-,

OUTPUT (~20 samples per supply point)
TTHMSs

» Heterogeneity among different supply points: grouping of
data according to similarity
» Different models for each group Funded by 17
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Soft-Sensor for network monitoring

Milan case study

» Good results even if local specificity and seasonality can affect
accuracy in some supply points

® True TTHMs Tabacchi ® True TTHMs

9an 2024 Mar 2024 May 2024 Jul 2024 Sep 2024 Nov 2024 Jan 2025

ramsci
L]
10 " ° .
5

0Jan 2024 Mar 2024 May 2024 Jul 2024 Sep 2024 Nov 2024 Jan 2025 -
* *

Time X *

* *

* *
* 5 *
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In conclusions

We provided tools for a comprehensive public health protection strategy,
enabling quantitative evaluation of trade-offs:

» Flexible and scalable risk assessment framework to support decision-
makers in managing drinking water supply systems

» EBM as complementary insight supporting chemical risk interpretation
when toxicological data are incomplete

» Advances in monitoring tools to feed engineered- and risk-informed
management of drinking water supply systems
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Disclaimer

SafeCREW has received funded by the European
Union. Views and opinions expressed are however
those of the author(s) only and do not necessarily
reflect those of the European Union or European
Research Executive Agency. Neither the European
Union nor the granting authority can be held
responsible for them.
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Contact

EU project SafeCREW

DVGW Research Centre TUHH / Institute of Water Resources
and Water Supply

c/o Dr. Anissa Grieb

Am Schwarzenberg-Campus 3 (E)
21079 Hamburg

Phone (Office) +49 40 42878-3095

Email anissa.grieb@tuhh.de
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