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WEBINAR INFORMATION m

= This webinar will be recorded and made available “on-demand”
on the IWA website, with presentation slides, and other
Information.

= The speakers are responsible for securing copyright
permissions for any work that they will present of which they are
not the legal copyright holder.

= The opinions, hypothesis, conclusions or recommendations
contained In the presentations and other materials are the sole
responsibility of the speaker(s) and do not necessarily reflect
IWA opinion.
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WEBINAR INFORMATION m

= ‘Chat’ box: please = ‘Q&A’ box: please use
use this for general this to send gquestions
requests and for to the panelists.
Interactive activities. (We will answer these

during the discussions)

Please Note: Attendees’ microphones are muted. We cannot respond to ‘Raise Hand’.
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AGENDA, MODERATORS & SPEAKERS m

. . ) the international
= Welcome, introduction, housekeeping rules & Poll 1 water association

Chao Chen

= Recent progress of UV-LED disinfection
technology
Gary L. Hunter

= Risk based water quality management to reduce
disinfection and DBPs in the Chao Chen Haim Chikurel.

Netherlands Tsinghua Univ., China Consultant, Israel
Patrick Smeets s

= Disinfection byproducts in a context of Global
Change
Maria José Farré

= Poll 2 and Q&A discussion moderated

by T4k .
Haim Chikurel Gary L. Hunter, Patrick Smeets, Maria José_Farré,
) ) Black & Veatch's Water KWR Water Catalan Institute for
= Final remarks and conclusion Technology Group Research Institute, Water Research ICRA,
Chao Chen USA Netherlands Spain
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MODERATOR: CHAO CHEN
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Welcome Remarks on Behalf of the

Disinfection Specialist Group of IWA

CHAO CHEN, TSINGHUA UNIVERSITY, BEIJING, CHINA

inspiring change



IWA DISINFECTION SG

International Water Association £ ‘¥ in IWA-network.org  IWA publishing tne Inler“al_lnl_lal
IWAConnect © People Groups Organizations Posts Documents Events About | Search Q| waler assnc'atlon

The Disinfection Specialist
group aims to create,
exchange and transfer the
[ o & syt roe 2 sovmre~ || Group committes knowledge and experience
fﬂ PO— g of disinfection-related

Disinfection is among the Top 10 human technical progress which has saved millions of people P eypgan i S S u e S i n Wa te r, Wa Stewa te r,
from epidemic! @ @ e @ +
sludge or excreta.

Timeline Group members Pages Documents

Chao Chen

B Calendar
° Share an update or ask a question b =»
No events
@ Rachna Sarkari in Disinfection Al v NN GERHE
last Monday at 11:33 AM
The future of disinfection in drinking water & B Documents
wastewater

o Disinfection Constitution_Mar...
16 May 2019 - 00:00

Rachna Sarkari in IWA Events Summary of submissions.docx
last Monday at 11:30 AM & 8 March 2018 - 00:00

. https://iwa-connect.org/group/health-related-
éom tl’l[le IWA DISINFECTION SG on IWA water-microbiology/timeline
onnect!
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https://iwa-connect.org/group/health-related-water-microbiology/timeline

DATA OF DISINFECTION SG m

Our SG is one of the largest SG in IWA
which have 1845 members from about
140 countries or regions

Gender

= male

Global Distribution of
Disinfection SG members

m Africa
EAsia

YWP participation

® Europe
= YWP
® North America
= non-YWP

m Oceania
® South America




TS

Recent » Wy i
Chao Chen, CN Andrea Turolla, IT Wenhai Chu, CN

Management 4 " "

Committee

members of |

Disinfection

Specialist
Group, IWA

Ludwig Dihkloh, GE Xn ao, SG Rhodes Trussell, US
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DISINFECTION AND
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CONFERENCE

14-18 May 2018, Beijing, China

3rd IWA INTERNATIONAL CONFERENCE
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> |WA DDBPS 2022 < the international
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NEXT CONFERENCE:

4™ WA D&DBPS CONFERENCE m

Almeria, Spain, 2024
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HOW DOES THE COVID-19 PANDEMIC AFFECT THE

WORLD? the international
water association

ﬂj | ma  |WA_2022_Global_Trend_SG_WE! X %) WHO Coronavirus (COVID-19) D { ?—

&< O ) https://covid19.who.int A * ® & 5= 2

P ,,:l,;\ o Covid-19 Response Fund
167>\ .
t le \\)/ World Health Search by Country, Territory, or Area 1 < u

LV Organization

Overview Measures Table View Data More Resources

Cases

Total

79,137

new cases in last 24hrs

627,104,342

cumulative cases

9 Download Map Data

6,567,552

cumulative deaths

Globally, as of 5:23pm CET, 31 October 2022, there have been 627,104,342 confirmed cases of COVID-19, including
6,567,552 deaths, reported to WHO. As of 25 October 2022, a total of 12,830,378,906 vaccine doses have been administered.

" — 1003
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PUBLIC HEALTH AND SOCIAL MEASURES (PHSMS) m

Infection prevention and control
in the context of coronavirus disease
(COVID-19): A living guideline

World Health
7 March 2022 Organization

the international
water association

(Public Health & Social Measures) include:

Personal Protective Measures (e.g. physical
distancing, avoiding crowded settings, hand hygiene,
respiratory etiquette, mask-wearing)

Environmental Measures (e.g. cleaning, disinfection,
ventilation);

Surveillance And Response Measures (e.g. testing,
genetic sequencing, contact tracing, isolation, and
guarantine)

Physical Distancing Measures (e.g. regulating the
number and flow of people attending gatherings,
maintaining distance in public or workplaces, domestic
movement restrictions);

International Travel-related Measures



COMPREHENSIVE DEMANDS ON DISINFECTION DURING m
THE COVID-19 PANDEMIC the international

= |nactivate the pathogen on each media as much
as possible

= Ensure the safety of water, wastewater, air, solid
waste and living conditions

= Avoid the unrecoverable impact to ecology and
personal health by disinfectants




IWA GLOBAL TRENDS AND CHALLENGES IN WATER
SCIENCE, RESEARCH AND MANAGEMENT, 3RD EDITION

tive technologies

1 Innov

1.1 Hydroinformatics 2z
251
1.2 Irstrurnentation, control and sutomatian B
the international 1.3 Intermittent water supply 13 .. .
water association Disinfection
1.4 Membrane technology 17 P _| S f h d f d
1.5 Modelling and integrated assessment %
1.6 Nutrient removal and recovery i q
1.7 Strategic assets management kL] Authors: Chao Chen, Wenhai Chu. Andrea Turolia, Emmarnuel Mousset, Ludwig Dinklah,
Haim Chikured, | Paul Cher, Xin Y, Bin Xu, Xin Yang o behalf of the Disinfection Speciafist Group
1.8 Wetland systems for water pollution control ds
2 Water and health 5] Current disinfection processes
Disinfection is an essential procedure in drinking water ang  Chloring (C1/NaOCI) and chloramines
2.1 Adsessment and control of hazardous substances in water 52 wastewater treatment. Drinking water disinfection is an R . .
Chiorine is still the most popular disinfection process in the
outss; contribution for the protection of public health. .
2.2 Biofilms 5 water and wastewater industry around the world. In recent
- Especially, chlorination of drinking water represents one
decades, more and more water utilities replaced liquid
. . . Of the greatest achiecements in public hesith (Ui ad Mich, . N e sodum hysachior
2.3 Design, operation and maintenance of drinking water treatment plants &7 18], In recent yases, becaise of the civerse nature of s Y ock of onaite genermted sodum hypachlorite
(NaOCI) in Ching and the USA becsuse of safety concerms.
human pathogens (viruses, parasites, bacteria, ete), several
" disinfection technologies are often combined in so-called  In terms of large-scale drinking water trestment plants
. . S . multi-bartier coneepts. Some western Eurcpean countries,  (DWTPs], chlorine disinfection processes, induding free
In Water Clence 2.5 Disinfection | parts 1—3 = such &5 the Metherlands, conduct another spprosch to  chlorine and chloramines, are currently dominant. For
] restrain bacteria regrowth in drinking water distribution  example, the prevalent disinfectants used in the large-

Research and

D0 GTOUNTWATET TETIOraTIon BNE MANSEEmEnT

system by lowering dawn assimilable erganic carbon (ADC)
concentration a3 much 23 possible. This approach could aveid

scale DWTPs (generally > 10° m'fd) in Taibu Lake basin,
Jiangsu province, China, are free chiorine and that used in

2.7 Health-redated water microbiol a7
By the disinfection by-products (DBPs) problem assodated with Shanghai is chloramines. Generally, the selection of chl
2.8 Metals and related sbstances in drinking water 103 the reaction between disinfectants and organic matter.
waler trestment processes, the occurrence af DBPS, including
Wastewster disinfection S alss very impartant to guarantee \ e s D [C.DARS! and inted
2.9 Tastes, oddaurs, and algal toxing in drinking water 106 public health in relstion to the microbiological quality of T cauied carhonaceous DAPS [C-DAPs) and unregulate

A compendium of hot topics and
features from IWA Specialist Groups

3 Resource re

y and the circular econamy

water body resources, especially for wates reuse during the
epidemic. Mary pathagenic bacteria, viruses (enteric and
respirstory) and protarea ean be transmitted and spread by
facces-mouth route. Consequently, free chlorine, chlorine

itrogenous DBPs (N-DBPs), and the requirement for residusl

fistribiution systems. The advanced treatment
of one-bisiogical activated carbon (0,-BAC) integrated
with conventionsl treatment process has besn spglied in
Chinese DWTPS in recent years with the total capacity of

it digest dicxide or UV with higher doses have been applisd in
3.1 Anaerobic digestion 112 N . o 40 rnillion m'/d. This updating of DWTPs heips 1o address the
wastewater teatment plants (WWTPs] during the previous . T " .
3.2 Mutrient remaval and recavery 119 SARS egidemic and the current COVID-19 pandemic globally oo oo Po HER ANC ImAraves Te remavil of many
. precursars (Bei et o . Then, free chlorination a¢
formalty catea ! . nap Bei et al, 2019). Then, free chiarinat
formally called as novel coronavirus).
23 Partich . 1 chlaramination can be spplied safely to avoid the viol
= PRI 3 rann A global view on water and wastewater disinfection market  of DBP regulation. Mesnwhile, chlorine is alsa Frequently
identified five main disiflection technologies in terms of  added in the water intake, before and after coagulation,
g tion 3.4 Sludge management 129 !
Third edition B L revenue, including chiorine-related technologies, UV, ozone,  belore and after filtration &5 oxidant to enhance coagulation,
3.5 Small water and wastewsLar systams 138 advanced onidation process (ADF) and organic perory acids  control sigae and odor substances simultaneously in those
- e [Frost and Sulliven, 2018). In the following parsgraphs, recent  DWTPs that suffer eutrophication in their water sources.
. . advances in consolidated technologies for disinfection are  Most recently, chiorination or electro-chlorination is used in
3.6 Statistics and economics 1318
B discussed. the ballast water management systems [BWAASs) with an aim
3.7 Sustainability in the water sector 141 15 raduce the biological matters 1o the sxtremely low lavels
3.8 Urban drainage 145
3.9 'Water in ancient civilications 149 Keywords: Disinfection, disinfectant, chlarine, chiorine dioxide, ultroviolet, azane, advonced oxidation process
310 Water reuse 154
-
3.11 Pre-treatment of industrial wastewsaters 159

https://iwa-network.org/wp-content/uploads/2022/09/IWA_2022_Global_Trend_SG_WEB.pdf




IWA GLOBAL TRENDS AND CHALLENGES IN WATER m

SCIENCE, RESEARCH AND MANAGEMENT, 3RD EDITION the international

Chapter 2.5 Disinfection
Part 1. State of the art and future trends for disinfection technologies
Part 2. Disinfection-related challenges and opportunities

Part 3. Health concern of disinfection related issues

Written by Chao Chen, Wenhai Chu, Andrea Turolla, Emmanuel Mousset, Ludwig Dinkloh, Haim Chikurel,
J. Paul Chen, Xin Yu, Bin Xu, Xin Yang on behalf of the Disinfection SG




IWA GLOBAL TRENDS AND CHALLENGES IN WATER Im
SCIENCE, RESEARCH AND MANAGEMENT, 3RD
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Download the
Global Trends

Global Trends
& Challenges

in Water Science,
Research and
Management
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WEBINAR SERIES NOV 2022 - JAN 2023 m

= 1st webinar: November 9th, 2022 waler association

= Topic: The future of disinfection in drinking water and wastewater

= 2nd webinar: December 7th, 2022

= Topic: Emerging disinfection technologies for water and wastewater
treatment

= 3rd webinar: January, 2023

= Topic: Challenges and opportunities in identification, risk-based prioritization
and control of DBPs in drinking water
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UVC-LED: The Wave of The Future

GARY L. HUNTER, BLACK & VEATCH'S WATER TECHNOLOGY GROUP, USA

inspiring change



ABOUT THE SPEAKER m

= As a specialist assigned to Black & Veatch's Water Technology Group, Mr. Hunter

IS responsible for assisting utilities in deployment of disinfection (UV technologies)
In both conventional and reuse applications.

= He is responsible for providing process evaluation for UV systems in both domestic
and industrial wastewater treatment facilities.

= |n this role, he is responsible for conceptual development, detailed design, startup,
performance testing, and troubleshooting of UV systems.




WHY UV DISINFECTION? m

= Ultraviolet radiation causes direct
DNA damage

—Pyrimidine dimerisation inhibits
polymerase function in replication e

= |nactivation, not removal/destruction

= Photochemical process with
iImmediate effect




RECENT WASTEWATER DISINFECTION ISSUES m

= Changing requirements for basic level
disinfection

— MS-2
— Virus
= Impacts of Technology Retirement/ Replacement -'

— UV 4000
— Older Technologies

= Reuse
— lrrigation
— Indirect
— Direct




| WASTEWATER DISINFECTION ISSUES - CONT m

= Extension of Usable Life/Capacity
— More Capacity
— Extended Capacity
— Contol System improvements
= Emerging Contaminants
— PFAS
— NDMA/1,4 D
— PCB

= New Technology
— UVC-LED

— Tubular




LIMITATIONS OF CURRENT UV TECHNOLOGY m

&

Materials Operation Durability Footprint
* Mercury * Warm-up time * Fragile quartz tube * Low power density
* Quartz * Limited on/off cycles * Large ancillaries
A= A YA/
A
-
Weight Power Temperature Wavelength
* Reactor * AC Mains Voltage only * 100-600 Cimpacts Com prom ise

process fluid

* Electronics *|P: 254nm

* MP: 200-300nm




IMPROVEMENTS WITH UV LEDS

water association
L]
—— . v,
— L ®
Materials Operation Durability Footprint
* Mercury-free * Instant on/off * Robust design * High power density
* Unlimited on/off cycles * Compact size
~ 3
F‘H"‘
Weight Power Temperature Wavelength Selectivity
» Light-weight * Flexible power options * Low heat transfer * Flexible wavelengths based
» Reduced parts list on needs




ADVANTAGES OF UV LED (WEFTEC 2022)

= Solid State LED Technology

Instant ON/OFF
Unlimited ON/OFF Cycles
Real-Time Dose Control

*Dynamic Switching of LEDs during operation —
increasing turndown capacity and increasing time
between LED Change-outs

Turndown to <10% of full power

Switching from minimum to maximum output in an
instant.

Highly Reliable

LED Hg Lamp
Lifetime (hrs) 10 to 8 to 15,000
20,000*
ON/OFF Cycles Unlimited 4 per Day
Operating Temp Ambient 100 to 600°C
Warm-up Time 100mS Up to 10 min
Mercury Content None 20-600mg+




POINT OF USE UVC-LED

= ¢(Goals: Provide microbial clean water
at stations

= «Key Design Parameters:
— 3LPM
— Light weight
— Compact size
— Portable/robust design

= Solution: Point of Use System

= Met all design parameters

= Currently in early commercial stage
= QOver 200,000 systems in use




UVC-LED: THE WAVE OF THE FUTURE m

= 5 Different UVC-LED tests
= 4 Different Configurations

= Bench results comparable
removal to traditional UV

= Largest Unit treating 7 MLD on
drinking water

= High Quality effluent




USEPA LED CRADA STUDY (EPRI 2022) m

= Partners = Testing
— Washington University — Drinking Water/Wastewater
— AgquiSense /ICSO/Reuse
- EPRI = Focus is on Bacillus Golibii
— USEPA — Additional Micro
— Black & Veatch = e Coli
= MS-2

= Enterococcus
= Total Coliform




DOSE RESPONSE FOR BACILLUS GLOBIGII m

water association
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FLOW- THROUGH RESULTS- MS2 (EPRI 2022) m

the international
water acencjation

4.5

4 Pilot unit 2 — 15.14 liters per minute :

M

3.5

3

2.5

Pilot unit 1 — 22.7 liters per minute

Log Inactivation (Log i)

0 10 20 30 40 50 60 70 80 90
Power (W)
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DEMONSTRATION STUDIES m

* METAWATER System

— Units range in size from 200 Ipm to 1135
lpm (drinking water)

— Tested on Wastewater Effluent and Reuse
water

— QBeta used as surrogate (challenge)

— Tested range for flows from 7.5 to 208 lpm




COLLIMATED BEAM m

Collimated Beam Lab Set up for Testing




MODIFIED RESULTS FOR MS2

water association
265nm filter no super Qbeta
9 e 280 nm filtered no super Q Beta
265 +filter + no super y =0.1359x + 0.4014
. R?=0.949
8 e 280nm +Filter +super
--------- Linear (265nm filter no super Qbeta) y =0.1149% + 0.3745
7o Linear (280 nm filtered no super Q Beta) R*=0.9916 ..~ e
Linear (265 +filter + no super)
6 Linear (265 +filter + no super) . )
s Linear (280nm +Filter +super) . .
5 . e
5 e e et
e e e e "y =0.0785x+ 0.1714
& R e R?=0.9901
- e e e
3 e e e P
‘-‘.l.- ........
o T
2 S
LT e e "
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g °
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0 10 20 30 40 50 60 70
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USEPA LEGIONELLA STUDY (BUSE 2022) m

= | egionella pneumphila (Lp) Testing
—Four different serogroups

—Three different UV-C LED wave lengths (255, 265,
280).

—Point-of-entry (POE) treatment set-up (280nm).

inspiring change 35



COLLIMATED BEAM RESULTS (BUSE 2022) m

A sgl B sgl DW
7

© 255nm
= 265nm
# 280nm

log o CFU mL!

Fluence (mJ cm™) Fluence (mlJ cm™)




INNOVATIVE EMERGING UV TECHNOLOGY: LIGHT EMITTING m
DIODES (LED)

= Numerous benefits
= Mercury free
= Unlimited on/off cycles
= |nstantaneous warm up
Selectable wavelengths (250-300 nm)
25,000-hour lifetime

Projected Savings: 30% CAPEX/50% OPEX (EPRI)
— Drinking water Capacity — 7 to 11 MLD/unit - (27 MLD)
— Small capacity UV disinfection vessels

= Point of use reuse/drinking water treatment

Ultra high pure water (hospitals, industrial)

UVT monitors (on-line and handheld devices) Sensorex LED
On-line UVT Monitor




MUNICIPAL UV LED (WEFTEC 2021) m

the international
water association

This is the Worlds First
Municipal scale UV LED
Drinking Water system.

United
Utilities
Water for the North West

* Cumbria, UK

e 28 MLD (5,072 USGPM)
e 4 Log Crypto (22mJ/cm?)

* 6No. BIO-310 Reactors
downstream of 6No.
RGFs

e Fittingina 1.5m in-line
pipework section.

inspiring change 38




UV LED AOP (WEFTEC 2021)

. . . . ’ ' - -
Sodium Hypochlorite combined with 292nm UV LED’s - ueatas acceciation

UV LED

Output
£ 80 80 9
=~ =
= I g
" : ! :
y B 6o 1} MP Hg UV 60 T
= : 1 Output %

> !
=) ! =
L i
w i ClO Absorbance 'l f - g
§ { . ! Q
& S =z
" S &
20 '\\ [ ) .‘ /Y | 20
LED UV,q, Photon ” N ‘l Xy 1 : || i |\
I \ LHDS A -
1 i \
AU %Jw’ AN
| O, O AL U OO O T ) T R I A Y O R GO
240 260 280 300 320 340
WAVELENGTH (nm)

=  6-month field trial — removal of Geosmin & 2-MIB

= UV/Chlorine AOP with 30mW LEDs

= Efficient generation of Hydroxyl Radicals

=  Effective removal of contaminants with no DBP formation

= Optimisation of pH is key to process efficiency (further studies are ongoing)
More powerful devices needed for UV LED AOP to be commercially viable.




FINAL THOUGHTS m

the international
water association

= UVC-LED deployment is growing
fast

= Public Health can be impacted by
UVC-LED

= Swami looking into his crystal ball
sees great future for UVC-LED

« UVC-LED is the Wave..UVC-LED is the Wave ...UVC-LED is the Wave




Risk based water quality management
to reduce disinfection and DBPs in the

Netherlands

PATRICK SMEETS, KWR NETHERLANDS

inspiring change



ABOUT THE SPEAKER m

= Patrick Smeets is an expert in microbial water quality and health with over 20
years of experience in safe water supply.

= WSP and QMRA of drinking water are his main activities in the Netherlands and
abroad (India, Egypt, Lebanon, New Zealand).

= He has advised in various legislative scopes related to risk management, QMRA
and chlorine free water in the Netherlands, France, Europe, USA, Canada and
New Zealand.




BRIEF HISTORY OF CHLORINE IN THE NETHERLANDS

1935-1970 Breakpoint chlorination of surface water incl. residual (Groundwater

not chlorinated)

1974 THM identified as carcinogenic

1970-2005 Chlorine in treatment reduced,

1983-2006 abandoned chlorine residual

Currently study for CIO, alternatives

Historical chlorine usage in Dutch drinking water production

5000 50

= Annual chlorine
usage [ton/y]

chlorine
applications

— 1 1 1 1
: | P -
% 0 b - w0 &
5 : = It g _
- 1 P T N [ = | === Annual chlorine
L 1 It Yo [ a
a0 1 ' 1 . [ o usage [ton/y],
2 3000 ! N Lo 30 9 based on fixed
= ! J ™ o £ dose estimate
— .
§ : :"’ : s : : § O Reported value
$ 200 / B eait 20 2| froniy
T=| 1 ‘,' [ 1 S i 5
1 1 1 1
c A\
£ L I SETRY :
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| b\ |+ ~o =

1 [} | l

1 / [ I 1

1 g1
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1 1
1930 1950 1970 1990 2010 2030
Date

Introduction breakpoint  Dpiscovery THM Guideline value Water Decree Water Decree
chlorination (1939) (1974) THM in 1984 (THM < 100 pg/L)  (THM <25 ug/L)
Decree




WHY IMPLEMENT A CHLORINE FREE SYSTEM?

« Chlorine is unnecessary

- Chlorine may provide false perception of safety, unsafe behavior
« By-products (THM) may cause adverse health effects

- Taste and odor is negatively affected by chlorine

* Chlorine can mask contamination by inactivating E. coli
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CHALLENGE 1 SAFE PRODUCTION m

water association
= Netherlands: Legislative Quantitative Microbial Risk Assessment
= Risk of infection < 1/10.000 per persons per year
= (Approximately one pathogen in 1.000.000 liter water)
gap(ijd | Slow
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- Filtration Filtration ////@/l\//\
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INDEX PATHOGENS POSE VARIOUS CHALLENGES TO m

WATER SAFETY the international
water association
Pathogen type m Characteristics -
Indicators Human, Bacteria, high numbers in feces, %‘
=
E. coli, TherTolColi Animal Water quality monitoring ﬁ""
Viruses Human Very small (25 nm), persistent, infectious gt
enterovirus 2
Bacteria Human, Small (0.2x5 pum), die quickly \\w-
Campylobacter Animal N\
Protozoa Human, Larger (3-6 um), very persistent, not affected by '
Cryptosporidium Animal chlorine
Giardia




HOW TO PERFORM QMRA m

water association
Rapid .
Sand : ow
S, Filtration rw Ozone i'elatndt' (
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QMRA FOR DECISION SUPPORT: TREATMENT m

EXTENSION the international
water association
= Monitor pathogens in raw water 12.00
= Required log removal to meet the 10,00
10-4 health target mFiltr SSF
c 8,00
= Assess efficacy of each treatment g mri
T 6,00 OCoalsed
prOCGSS ;En mReservoir
. S 400 |
- NOn'COmpllant? B Required
0,00 - . . .

Ent. virus Camp. Giardia Crypto.




QMRA FOR DECISION SUPPORT:
EXTENSION

= Monitor pathogens in raw water

= Required log removal to meet the
10-4 health target

= Assess efficacy of each treatment
process

= Non-compliant?

= Select a treatment process that
addresses all pathogens sufficiently

TREATMENT
the international
water association
12,00
10,00
ouVv
.5 500 m Filtr SSF
(&) .
3 6.00 . m Filtr
F O Coalsed
o )
3 4.00 m Reservoir
mRequired
2,00 ] H
0,00 -

Ent. virus

ICamp.

Giardia

brypto.




REQUIRED TREATMENT EFFICACY VARIES PER SITE
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QMRA DECISION SUPPORT: m

SMART IMPROVEMENT OF DISINFECTION AT SAME DBP the international

Inactiveren E. coli met ozon
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-g . CSTR model
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®C J 0 © .
cl) Observations
0 0,5 1 1,5 2
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QMRA DECISION SUPPORT: m

SMART IMPROVEMENT OF DISINFECTION AT SAME DBP the international

water association

Inactiveren E. coli met ozon

10

O - -
-~ g4+ CT10 model
-g . CSTR model
g 5.

®C J 0 © .
(1) Observations
0 0,5 1 1,5 2

Gerapporteerde Ct (mg*l/min)




the international
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BASICS OF SAFE WATER DISTRIBUTION m

* Physical integrity of distribution system

« Constant pressurized distribution system

* Prevention of negative transients

« ‘Sealed’ distribution reservoirs

« Backflow and cross-connection prevention

- Safe operations and maintenance

- Biostable water production

* Biostable materials
Air filter on distribution reservoir

« Limit temperature (<25°C)




CHALLENGE 2 PHYSICAL AND OPERATIONAL NETWORK m
| NTEG RITY the international

- Leakage rate NL =5.6%

) Drinking water balance 2019, in million m?
- Water hammer vessels prevent negative
groundwater LG U el surface water

pressure transients water fitsaton water

 Automated pumping, backup power

water treatment

produced drinking water
1,187
abroad - - .
distribution

supply

production
losses
44

* Pressure monitoring in network

- Backflow prevention at industry, house
connection and appliances level

non-revenue
water
67

* Regulations at various levels (e.g. building g
- I AP 1
reg u I atl O n S) households b‘:;igf:s abroad

309




CHALLENGE 3 SAFE OPERATIONS AND MAINTENANCE m

« System is vulnerable during works

* Environment is ‘dirty’
« Strickt hygiene codes
- Water quality check

* No chlorine to mask contaminatio%

\ \\ \\




CHALLENGE 4 BIOSTABILITY IN THE NETWORK m

Risks

« Opportunistic pathogens (legionella+)
- Taste, odor, visible organisms

* No chlorine to suppress growth

 Distribution + plumbing system

Solutions

 Biostable water (AOC <10 pg/l) il
By

«  Temperature <25°C (urban!) biofilm-covered sediment

e e g e et

e Clean networks reatment plarts o s

* Biostable materials




RESUME Im

QMRA provides basis to balance disinfection <-> DBPs in treatment
Safe = safe enough!

Maximise benefit from DBP producing treatment (e.g. ozone = micropollutant
transformation + disinfection + AOC reduction)

Optimise non-DBP producing treatment barriers for log-reduction

Holistic risk management: source, design, operation, procedures, protection,
Improvement

WSP in NL is covered by existing frameworks (Van den Berg et al. 2019)

Biological stability enables chlorine free distribution (temperature?)

Van Den Berg, H. H. J. L., Friederichs, L., Versteegh, J. F. M., Smeets, P. W. M. H., & de Roda Husman, A. M. (2019). How current

ri

sk assessment and risk management methods for drinking water in The Netherlands cover the WHO water safety plan

approach. International Journal of Hygiene and Environmental Health, 222(7), 1030-1037.
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Disinfection byproducts in a context of
Global Change

MARIA JOSE FARRE, CATALAN INSTITUTE FOR WATER RESEARCH ICRA, SPAIN

inspiring change




ABOUT THE SPEAKER m

= Maria José has been working on disinfection by-products (DBP) since 2008.

= She is the coordinator of the new Horizon Europe project intoDBP “Innovative tools
to control organic matter and DBPs in drinking water”.

= She investigates the following areas: (1) Formation and fate of DBPs in drinking
and reclaimed water, (ii) remediation technologies, (i) environmental forecasting of
drinking water quality and (iv) advanced analytical chemistry.




DISINFECTION BYPRODUCTS

E _ water association

| |
» I 5

THMs HAAs Inorganic DBPs
C ) i i o
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\ chlorite
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: chloroacetic acid ”
moform dibromochloromethane /CI
O/ \O_
trlchloroacetlc acid bromoacetic ac1d
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SOME BASICS TO START...

DBP Distribution

* Generally present at the pg/L level

Haloaromatics
10%

*>50% of TOX (surrogate for halogenated DBPs) is unknown —

methanes
2%

*Toxicity:
Cl-DBPs<Br-DBPs<I-DBPs
N - D B PS>C' D B PS Hnlo:::ones_

6% Halodiacids Haloacids
2% 4%

*The most toxic DBPs are not regulated (NDMA, DBAN, IAA..)

CHO Cell Cytotoxicity (TIC-Tox)

I Cytotoxicity

[ Genotoxicity 108 ¢ M Cytotoxicity e

[ Genotoxicity 0% ‘\‘ HAAs
1%

Chloro-DBPs F
Bromo.DBPS T
lodo-DBPs —

104 £

DBP Chemical Class

CHO Cell Cytotoxicity or
Genotoxicity Index Values (log scale)

10°
F Halonitro-
s s L methanes
107 10° 10° 108 5% Haloketones
0%
CHO Cell Cytotoxicity or Genotoxicity Index Values (log scale)
102
Plewa, M. et al. (2008). ACS Symposium Series Carbon-Based DBPs Nitrogen-Containing DBPs ; i i
Plewa, M.J., Wagner, E.D., Richardson, S.D., 2017..J. Environ. Sci. 58, 208-216.

inspiring change 65



DBP EXPOSURE m

The DWD 2020/2184 states that Member States shall take all measures necessary to ensure DBPs are
kept as low as possible without compromising disinfection

THMs, HAAs, chlorite, chlorate, bromate max values regulated in the DWD 2020/2184

Yet, millions of people are daily exposed to DBPs through ingestion, inhalation, or dermal absorption
when drinking or using municipal tap water

Minimizing DBP formation is part of an overall public health strategy, as several DBPs have been
shown to be genotoxic and carcinogenic in in-vitro assays and animal experiments

The Balancing Act

Microbial DBP S S K <
Risk Risk = _@X Ry
acute chronic - Wz
% oy




DBP EXPOSURE. CONT.

 DBP formation depends mainly on disinfectant type, the chemical nature of precursors, pH, temperature, mixing
regime and contact time.

THM (ug/L)

Annual average

THMs and HAAs ==

R
N

Halogenated acetonitriles, haloketones,

trichloroacetaldehyde, halogenated furanones, halonitromethanes Mo ceta avatavte

>z
\\

Chlorine dioxide

Chloramine NH,CI clo,

Bromate
Aldehydes Aldehydes

Ly
j
Ketones Carboxylic acids
Carboxylic acids Halonitromethanes L
Brominated DBPs

Evlampidou, I., et al. 2020. Environ. Health Perspect. 128(1), 1-14.

e Chlorination is the most common disinfectant strategy used in Europe; consequently, THMs are the regulated DBPs
generated at the highest concentration.

* Most European countries have data on THMs allowing human epidemiologic studies to report current levels related to
a significant burden of bladder cancer.

e DBP exposure also has been associated with a number of reproductive and pregnancy outcomes, although evidence is
less consistent.
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PUBLIC TRUST IN TAP WATER

Washing

Cooking, after filtering it e

Improvements in operational monitoring and
treatment optimization to achieve water
T quality goals related to microbial protection
IDrmkmgmmm”ma- and DBP reduction, maximize public health
= = protection for the full range of water quality
|a.way5|nm.,,mrew n;:;;m the e conditions

Figure 6: Distribution of responses to the question on the use of drinking water at home

Cooking directly from the tap

Drinking, after boiling it

o

If TRUST in tap water increas&

Endocrine disruptors

Pharmaceuticals

Substances, used
in consumer products

Naturally produced
toxic substance

Faecal matter, pathogenic
germs, parasites, viruses

neither agree/
nor disagree

Iagree I disagree dont know

, o , | Reductlon of bottle water
Figure 18: Distribution of responses to the question on other new parameters to be considered
k consumption is expected/

Source: EC -Analysis of the public consultation on the quality of drinking water




DISINFECTION BYPRODUCTS (DBPS)

the international
— water association

> =>

What are the main Research Challenges & Opportunities involved?

n e e N
::.’g water scarcity £ natural organic § chlorine § trihalomethanes = drinking water § bladder and other
@ =] = ©

£ increasing 3 T @ chloramine £ (THMs) £ shower g cancers
= temperatures & "g_ anthropogenic = ozone § haloacetic acids = swimming pools 2 low birth weight,
€ eutrophication o organic matter T - e (HAAs) 5 . 8 other adverse
- g ) . @ chlorine dioxide a : £ household activities ) :
‘5 increased water increased salinity = chlorite & chlorate 8 _g reproductive health
- uv o s .
E SR = haloacetonitriles = E Issues
& water table A (HANSs) §_ =

I:lepllet-lon andsea % @ ﬁ }. :n N-nitrosamines S5 @ . w

evel rise ‘ ‘ - (NAs) ”.

extreme events | == 1 || — 1 |




WATER SCARCITY AND DBPS

: . ] _ _ the international
According to the latest map of the Combined Drought Indicator 22%o of the EU territory is water association

in Warning conditions and 27%o is in Alert conditions

ki L) &
ook Ty Annual Summer
o " <
: e b 2

[ watch: rainfall deficit

[ Warning: soil moisture
deficit

Il Alert: vegetation stress
following soil moisture
and vegetation deficit

[J Full recovery to normal
condtions

[ Temporary soil moisture 4 -
recovery
[ Temporary vegetation "
recovery 2 M
Browse this map S 2
Time Series Animation w
" Reference data: ©ESRI
, Projected change in annual (left) and summer (right) precipitation, 2071-2100 ) \\V
Lo pe: ment Agency a)
Percentage
[ DN [__] Nodata
( i Lpp 0:,)0 0:190:\0 &o?’ &0% 0\0 0,\9 0,,’0 _’,,’Q [T outside coverage
OpernIcus 2 PPN 26t o 0 500 1000 1500km
B . L S———

s vaunny

WATER SCARCITY will:

(1) decrease the ability of surface water bodies to absorb the impact of wastewater emissions
(2) increase the need for water reclamation

- new pool of DBPs # traditional drinking water DBPs



DISINFECTION

BYPRODUCTS (DBPS) - REGULATION

USEPA drinking water

WHO drinking water

2020/2184 EU directive

AGWR recycled water

DBP (ng/L) (ng/L) drinking water (ug/L) (ng/L)
Bromate 10 10 10

BAA 60 as HAA. 60 as HAA. 0.35
BDCM 80 as THM, 60 100 as THM, 6
TBM 80 as THM, 100 100 as THM, 100
Chlorate 700 250 (700)

TCM 80 as THM,, 300 100 as THM, 200
Chlorite 1000 700 250 (700)

CAA 60 as HAA. 20 60 as HAA.

DBCM 80 as THM, 100 100 as THM,, 100
DCAA 60 as HAA. 50 60 as HAA. 100
TCAA 60 as HAA. 200 60 as HAA. 100
DCAN 20 2
DBAA 60 as HAA. 60 as HAA.

DBAN 70

BCAN 0.7
NDMA 0.1 0.01
NDEA 0.01

e NDMA is a carcinogenic DBP related to
disinfection with chloramines, ozone and
chlorine in the presence of ammonia and the
presence of wastewater

* |tisrelevantin the low ng/L range unlike most
other DBPs (regulated at the pg/L level)

Global Change = Higher
concentration of NDMA
precursors in drinking water
sources




CASE STUDY -DBPS IN WATER REUSE-

water association
% '| TT: tertiary treated wastewater
% . @ P1: reclaimed water inflow into the river

® BARCELONA
----- o0

: N £} P2: river water before TT discharge
5« P3: intake of the DWTP
: ‘—Q ETAP: drinking water
>4 : B
R

@ § z‘ m Agéncia Catalana
ﬁ : : de PAigua
W

» Dilution: 1:1 — 1:2 (reclaimed water: river water) to simulate the worst-case scenario
» 4 weeks without disinfecting TT
» 3 weeks disinfecting TT with chlorine (10-14 mg/L Cl,)

Objective: Evaluate the formation of DBPs and the presence of DBP precursors during wastewater |
reclamation compared to their usual concentrations in the river downstream of the point of discharge 1R e )J

e iy
INVESTIGACION

Sanchis, J., (2021) Journal of Hazardous Materials. 407, 124346.




CASE STUDY -DBPS IN WATER REUSE- '°

c-Elool the international
]

water association
160.0
400 ZE; 1000.0 e i
4 e 2 oc2
120.0 acs3 _ 4 i : g nC3
mc4 ) ol * mc4
% 100.0 ncs % 100.0 : ! : _ aC5
< 800 e = sl $ ocs
= % = ::: 2
2 w00 d A . 3
t (K ] 2
40.0 . 7 % 100 #
’ 7 z A g i
20.0 I I E 4 g ﬂ H
’ g” / mememEl  mEe . - Fﬂ- 10 <l E:i ¥
WWTP TT P2 P3 ETAP WWTP TT P1 P2 P3 ETAP
[NDMA precursors] in the river before discharge was 90-270 ng/L (de-facto
[NDMA] in the river before discharge was low (< 4 ng/L) reuse)
[NDMA] increased when chlorine was added to the tertiary treated effluent [NDMA precursors] in tertiary treated water was 200-700 ng/L
(containing 0.4-3 mg/L NH,?) Natural attenuation of NDMA precursors:
[NDMA] was removed in the river due to: * hydrolysis
* photolysis * photodegradation
e dilution * sorption
[NDMA] maximum concentration in DW samples was 7.3 ng/L * redox reactions

[NDMA precursors] maximum concentration in DW samples was 12.5 ng/L




INCREASED TEMPERATURE AND DBPS m

INCREASING TEMPERATURES will:

modify the hydrology of catchments and the biogeochemistry of soils,
with increasing trends of DOM concentration in runoff

change thermal structure and mixing regimes in lakes

increase in the magnitude and frequency of extreme events that imply
source water with high (and different) content of DOM from catchment
soils or phytoplankton blooms

—>Need to adopt source protection
4 strategies and adapt treatment technology

Analgalbloominswan.Florida.inJunelodtastataofemery. tO Ove rcome these neW Cha”enges
Study role of climate

change in extreme
threats to water quality

Record-breaking harmful algal blooms and other
severe impacts are becoming more frequent. We need
to understand why, says Anna M. Michalak.

> ==
==
—

Michalak, A.M. 2016. Nature 535:349—-350.




WATER TABLE DEPLETION, SEA LEVEL RISE AND DBPS

Sea water intrusion may : the international

(1) Increase the concentration of bromide and iodide in drinking water sources.

-

—>Need to develop treatment strategies to increase |-and Br-
removal

* Bromine reacts faster than chlorine to form Br-DBPs (toxic)
* BrOj; (toxic) formation undesired

HOCI -> HOBr k=1.5 10° M1 g1

(Kumar and Margerum, 1987)

THMs formation k=0.01 - 0.03 M1 s

(Gallard and Von Gunten, 2002).

R
* lodine will form I-DBPs (toxic) if not oxidized to 105" (non toxic) i
5‘% 60 -
| gf
HOCI —— b HOI ——p 10, —b [0, 32
\" \HO(—' Godiey HOCT  iogaie) 0z
NO! NO! e
CI-DBPs iodo-DBPs % o oj1 1 10 160 10‘00
Chloramines: Haloacetic Acid (uM)
fast o ) )
""‘g\r " "S'\smzc- i N ot lodoacetic acid is still the most genotoxic DBP
NO? NO? . )
i, VR, Y identified to-date.
Frereed | Sink for iodide |




CASE STUDY - FORECASTING-
_ che;vt-oirs system +

“Ter” Drinking Water Treatment Plant the international
o water association

() 3 - U

Mixing Chamber  Settlers Carbon Filters

1. Terriver 2.Saureservoir 3. Susqueda reservoir 4. Pasteral reservoir
(Inlet) (3 withdrawals) (4 withdrawals) (Outlet) (After Godo-Pla et al., 2020)
LY 4
g P | e
(=] L.
8
40m “|_49m
4 ~ -Reagents dose
| 65m A é:l:"!;'m' O X -Con%act times
After Munthaliet al., 2022) g iartobraget
-g ; A 3 0
o2
s ®
MARIE CURIE .
: -Withdrawal strategy

DBP formation Near-term
TTHM NDMA weather forecast f
Observations C . C- DBP precursor C-DBP formation
Opser,[cn.!gi?: prediction ) prediction
Summer - - : 8 i RENEEBE"

Meteorological
& Inflow data

»
>

- — T |

——Ter= ~ - Sa = - Susqueda > Pasteral
—River _——— Reservoir Reservoir Reservoir

PST

DBP formation potential across locations

=]
<
(]
=3
=
A%}

Munthali, E., et al. (2022) ESWRT. 8, 968.




DBP PRECURSORS

» Dissolved organic matter = formation of DBPs water association
* Bromide and iodide > speciation of DBPs
» Effluent organic matter = halogenated TPs
 Ammonia = changes in the disinfectant species
Ciorofloxact Hazard
iprofloxacin 0
Azithromycin ® o890 :> E i1 y
|:> +4 _..&&ﬁ& HaN N I
SEImp[E& \ 44 Cl A
¥
s Fractions TP236

lopamidol + Cly =* lodoacetic acid n idocaine + NH,Cl = NDEA
A 0, - COFA /" *Penicilin + €10, = Hydroq \ |
thoxazole + UV => Aminomethylisoxazole  Carbamazepine + ClO, = A

Al

2014, 279, 461-475.

water scarcity

increasing

increased w
demand

Effect of global change

water table
depletion an
level rise

extreme events

DBP precursors

natural organic
matter

anthropogenic
organic matter

increased sali

MINISTERIO
'DE CIENCIA
EINNOVACION

Jaen-Gil. Environ. Sci. Technol. 2020, 54, 14, 9062-9073

Va N AT ™,
trihalomethanes = drinking water § bladder and other
o
(THMs) % chower § cancers
. . c > . .
:\:k::c}etlc acids E swimming pools ‘;'; low birth weight,
s
) 2 household activities | g Other adverse
chlorite & chlorate 8 < reproductive health
haloacetonitriles g E Issues
(HANS) & T
g &
N-nitrosamines wo@
(NAs) [




DISSOLVED ORGANIC MATTER (DOM)

S : R the international
Dissolved organic matter water association

Past limitations for DOM characterization :
* limited analytical capabilities
* large sample volume requirements

Lp) * low sample throughput

* time constraints

e data handling
* |ow resolution instrumentation

NUCLEIC ACIDS CARBOHYDRATES PROTEINS )

u T
NS N
N ORI N IS
s A ,
" 5

b odams|| 8

-2 o «vf\:( % 0, m l 0

b & o 37 LR ol

TR G DN R oo o :
SRR | |0 Orbitrap MS
AR OGN 0 5 @® EEM-Neural Networks
L ROTRINY, e EEM-PLS
Ko} @ PARAFAC
\ 4 g. @ Peak Picking Increasing Molecular Detail
The present... o Bulk DOM
>
<
o @ Fluorescence Indexes
. . < ® HFM
. ISOtoplc g @ Spectral Slope / Spectral Ratio
. O Specific absorbance (SUVA, requires DOC analysis)
Optl Cal o Absorbance ratios
Absorbance coefficient a (m™)
® molecular
H H Increasing Specificity and Molecular Insight
@ molecular & isotopic R v

McCallister, S.L. et all. 2018. Limnnology and Oceonagraphy letters, 3, 444-457




ADVANCED ANALYTICAL TECHNIQUES FOR DOM
CHARACTERIZATION AND FORMATION OF DBPS

HRMS FINGERPRINT VAN KREVELEN DIAGRAM

>
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D’Andrilli, J., et al. Rapid Commun. Mass Spectrom. 2015, 29, 23852401

LIMNOLOGY A q O
kllld F ans L _—

OCEANOGRAPHY: METHODS © 2020 The Authors. Limnclogy st Gesnion Mot b iotod

By Wilry Periodicals, Inc. on behalf of Association for the Sciences of

Limnology and Oceanography

doi: 10.1002/lom3.10364

An international laboratory comparison of dissolved organic matter
composition by high resolution mass spectrometry: Are we getting
the same answer?”




CASE STUDY - DOM IN REUSE -

Hawkes, J.A., et al. (2020) Limnol. O Methods 18 (6), 235-258 Ine inler“alinnal
awkes, J.A., etal. imnol. Oceanogr.: Methods , 235-258. = o=
water association

ﬁGlONs SELECTED: \

* Aliphatic (H/C = 1.5),
* Low O unsaturated (H/C < 1.5, Almod < 0.5, 0/C< 0.5), Agua
* High O unsaturated (H/C < 1.5, Almod > 0.5, 0/C 2 0.5),
* Aromatics (0.5 < Almod < 0.67)

* Condensed aromatics (Almod > 0.67)

8.5km

@od=(1+c—o.50—s—o.5 (N+P+H)/(C—O.50—S—N—y

DWTP St Joan Despi @ ‘__é ° WWTP
|

DWTP vs P3

PLvsTT P2 vs P3

a)

20

15

No disinfection of TT ¢

1.0

Removal of aliphatic and
aromatic compounds, but also
the production of more
oxidized molecules due to

05
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DISINFECTION STRATEGIES

the international
THMs and HAAs Novel disinfectants: iati
o . water association
Halogenated acetonitriles, haloketones,
trichloroacetaldehyde, halogenated furanones, halonitromethanes
* UV/chlorine-based
, Chlorine dioxide
Chloramine NH,ClI clo systems
2 e Other AOPs
AL  Organic acids (WW)
Aldehydes Aldehydes .
Ketones Carboxylic acids e Electrochemical systems
Carboxylic acids Halonitromethanes
°
Brominated DBPs etc
' Novel engineering solutions
r% water scarcity E natural o trihalomethanes = drinking water fg bladder and other )
[1°]
£ increasing 5 e THMEs) 2 e g cancers
E temperatures & g anthropogenic :§ aloacetic acids = swimming pools E low birth weight,
© eutrophication a oOrganic matter o 1AAS) g ] other adverse
S 8 . . a . £ household activities || ‘@ -
‘5 increased water increased salin lorite & chlorate 8 2 reproductive health
:.:, demand aloacetonitriles = E ISsues
i water table ANs) § =
:iepllet-lon e | N-nitrosamines d @ . =
evel rise (NAs) _ h +
exteme events || — 1

-




MONITORING > SENSORS

Real-time source to supply information water association

Spectrometric
sensors

Optical sensors Biosensors/bioreporters

Chemical sensors

UV, EEM

-how many?

-where to place them?
-prediction capabilities?

THMs

-

-3

Promoter

Reporter
Gene

mRMNA

Analyte

Transcription  Translation

> T ——» A‘:‘A

Reporter
Protein

A combination of strategies will mostly be necessary

Dibromochloromethane

Bromodichloromethane
Bromoform

Blue 100 ppb
Red 10 ppb

.

=

™

::.’g water scarcity £ natural organic 5§ chlorine § trihalomethanes = drinking water ' § bladder and other
@ =] =1 ©
.':: increasing 3 TEED & chloramine £ (THMs) £  shower g Ccancers
—_— [:1] 1 (=] = = = [ =3 . -
E tempera_turt.es & s anthrc.npogenlc S ozone S haloacetic acids E swimming pools o low birth weight,
© eutrophication o organic matter T - e  (HAAs) = . 8  other adverse
- g ) . @ chlorine dioxide a . £ household activities & -
‘5 increased water increased salinity = chlorite & chlorate 8 _g reproductive health
i uv o =
E CETEE = haloacetonitriles < E ISsues
i water table A (HANS) E =
::lepllet-lon L % @ ﬁ f. :n N-nitrosamines a3 @ . I
evel rise l ‘ .| (NAs) h.
| edremeevents | == | | | — "
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NON-TARGET SCREENING OF DBPS

Example Identification confidence Minimum data requirements the Illlel'llal_llll_lal
— water association
by reference standard ! i s
el Probalie ctnictire Reference Standard for DBPs are no easy to obtain
a) by library spectrum match MS, MS?, Library MS?
b) by diagnostic evidence MS, MS?, Exp. data

MS, MS?, Exp. data

I_-_(t‘_;_ﬁ_;_ﬁ_;_c-l; -_E { Level 4: Unequivocal molecular formula MS isotope/adduct
L-EE.-(;‘;S-;-E { Level 5: Exact mass of interest MS

Schymanski. E., et al. Environ. Sci. Technol. 2014, 48, 4, 2097-2098

587 CHLORINETPS List of chlorination CHLORINETPS in XLSX, CSV (09/12/2021)
byproducts of 137 CECs
and small disinfection
byproducts

CompTox CHLORINETPS List

A list of chlorination byproducts of 137 contaminants of emerging concern (CECs) and small
molecular weight disinfection byproducts from the CHLORINE TPs database, described in
Postigo et al DOI: 10.1016/).teac.2021.e00148. 91% are amenable to LC-ESI-HRMS.

Dataset DOI: 10.5281/zenodo 5767356

Postigo C., et al. Trends in Environmental Analytical Chemistry. 32, 2021, e00148
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TAKE-HOME MESSAGES

v Millions of people are daily exposed to DBPs through ingestion, inhalation, or dermal absorption when drinking or using
municipal tap water

v Reduction of DBPs should not compromise acute microbiological risks

v' Improvements in operational monitoring and treatment optimization to achieve water quality goals related to DBP
reduction will maximize public health protection for the full range of water quality conditions = increase public trust >
reduce bottle water consumption

v Global Change will bring new challenges (and opportunities) for DBP control
-water scarcity/ increased water demand > water reuse - new precursors
-increase in temperatures = need for forecasting water quality
-sea water intrusion = control of brominated and iodinated species (more toxic)
-extreme events = More frequent events = less time to react; More intense events = greater impacts

v" New tools to predict DBP formation can be useful for treatment optimization in a context of Global Change
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Q&A Discussion & Poll

MODERATOR: HAIM CIKUREL

inspiring change

the international
water association



Final remarks & conclusion

MODERATOR: HAIM CIKUREL
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IWA Digital Water Summit

BILBAO SPAIN
29 Nov - 02 Dec 2022 v
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| UPCOMING WEBINARS

GLOBAL GOORDINATION CALL J3A

14 November, 13:00 GMT the international
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| UPCOMING WEBINARS

Science to Policy:.
From Earth Observation to legislation

18 November 2022 | 14:00 GMT
Iwa-network.org/webinars




the international
water association

| UPCOMING WEBINARS m

Acceleratmg Sludge "_anagement
towards Sustamahlllty

30 November 2022|1400 GHT
Iwa-network.org/webinars




JOIN OUR NETWORK OF WATER PROFESSIONALS! m

IWA brings professionals from many disciplines together to accelerate the science,
innovation and practice that can make a difference in addressing water challenges.

Use code WEB22RECRUIT

for a 20% discount off
new membership.

Join before 31 December 2022 at:
WWW.IWa-connect.org

inspiring change


https://iwa-connect.org/subscribe/explore-subscriptions
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