* X %
*

* =, @72\ REACT EU s
.o UNIONE EUROPEA  Hsstire dd? Hrrverset Y Rice Y

El[ﬂﬁBQ/RZIUﬂE
Fondo Sociale Europeo o ot Ftoescer Tera - aena

*
*
*

DEPARTMENT OF CI VI L ENGI NEERI NG, ARCHI
ENVI RONMENT AND MATHEMATI CS

DOTTORATO I N | NGEGNERI' A CI VI LE, AMBI ENTALE,
| NTERNAZI ONALE E DI MATEMATI CA

Resear ch -fpirnog neccetd cboy t he European2WU®0 ongr aFnslEe r t
REAGEIU resources, Action |1V.5 "Doctorat e

| CARYTBmBv i r oannitdle a lEtgh neer i ng
CYCLE
XXXVI I

| MPACTS OF EXTREME WHBRBTHER O
VARI ABI LI'TY OF CRITI CAN BPARRAMETN
WATER SUBFBYEMMNSI GHTS FROM

OPERATI ONAL EXPERI ENCE

Academicyear2023/2024
Tran Thi Kim Hoan
Serial no. 740068

SUPERVIFSRFO®RF S ABRI NA WNRBS NI
COSUPERVID@IRT. SSA S| LA2Z A WRTER CGOMPAABNY



ACKNOWLEDGEMENT

Fiyrlstwoul d | i ke to express my deepest gratit
guiding |light throughout my PhD j-bwwrtreey.guShe npcre
proposing the research t oepgal arnedg ureat thioodnosl oign epsr
how to synthesize information and approach prob
her dedication and invaluable support throughou

I woul d al so | ilkeepatrda mehanlod tCo vt he Engineer.

Environment aUuni Marn hietmatofcsBdesct he B26ONBROBREKdr @18 1 4
FSE REALTresources, Action | V. Whi"Olhcpooai d8d o me

excell ent academic environment, fostering my r
knowl edge i npremtve atoinane ngdrad water supply systems

Mor eover, I am prédRduwdlteogpabpogbdlortdorubei ng
of fering me opportunities for growth and | earni

gained not only helped me develop professional
protectiomnn ssapegiualrldy ng t he psroiusatcienies swaotnerls a
honored toAcepeciblbtehaok Silvia Arici, our | ea
gui dachcet rmamt egi c direction in my work. Her dedi ¢
but also instilled a deep appreciation for wate

I would also |Iike to extend my gratitude to t
University of Civil Engineering (HUCE) for thei
Vietnam. Their assistameeowtasi n nsrtirtuimeallt ad ati an, hwv
and provided a broader perspective on climate ¢

I am al so grateful to Nicola for his creati v
Hi s patience, support, and thorough explanati on
expand my knowl edge.

| sincerely thank Robi, Antonio, Paolo, and n
whet her to remote | ocations hundreds of kil omet
companionship has been an ghmometh stehiso ujrcwer rody .mot

I am also incredibly appreciative of Cristia
detailed guidance and unwavering support, both
me feel truly fortunatte to be part of this envi

Addi tional ly, I would |Iike to express my grat
and 84 momo have shared my passion for research

Lastly, | extend my most heartfelt thanks to
for their unwavering support and encouragement
instrument al in helping mgacomptbaekt hos BhD Jfo
heart!

Sincerely,
Tran Thi Kim Hoan



ABSTRACT

Cli mate change is increasingly recognized
rinking wat eword upyvd ldye . s \Exttemresme weat her events
rolonged drought s, and flooding significant
i stribution networ ks, |l eading to wvariiadnalns
hall enges. This dissert at-iimducdend eessxtirgeamhes swe ah
rinking water quality, focusing on the varia
n water supplnyetshyosdt eamass r adanqgniiud y e d , including
eview, surveys of water ser vidceep tnha ncaagseer ss tiund vyl
taly.
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The research highlights the inetaasgsdnghft &
i nking water systems. Key concerns include
urce water, and rising wahtemi ctael mprea ad tuircerss,
tivity within distribution netwotikese Mbhei 50
stems, which have transformed water quality
d responsteextl,n otpheirsatc @omal monitoring, as
continuous <compliance with safety standards
measur es, unl i ke traditional antad ryrhi evalt e rmo q|
agssment s.
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A key advancement in this field is the de\
continuously monitoring pH, conductivity, and
in water systems. For instanca&teacsoemndaminnanicor:
i ssues, prompting I mmediate intervention. The
simpl itfggr momagni toring programs by prioritizing
integrated owvanthr cmlugs,omeabuceld as valves or dischar
However, the effectiveness of such systems de
requiring statistical met hods t o pcoeatisonr a
comprehensi ve dat abases and contromakchagr tasnc
strengthening supply system reliability.

Through surveys of water service providers

variations in climate risk perceptions and a
clidatteeen chall enges, theems adbud ity var i mattiica
frameworks, financi al resources, and technol o
regul atory compliance with European Union dir
whereas Vietemambdsghmagag infrastructure | imit
in resilient water treatment technol ogi es.
The case study in Brescia, Il taly, provides
i mpacts on a drinking water supply system. Da
with spikes i n turbiditsyi taantd nrgi cirnochrieaals eidn ddii cs
stricter microbiological control at the sourc
sever al adaptation strategies to enhiameewdte

gual intiyft omd ng should be i ntegrated with advan



enable early detection of contamination and

monitoring technologies must be 1 mproved by i
reduce incubation ti mes, al bowiamg foprodoastder
compared to conventional met hods. Additionall
i s essential, probatsiedg apprprodaltt it we,watiesk gl

nc
n h
ec
bl
[ i
he
nt
er
es
nc
tr
dyn

- T O O nun o

nw c = un

orporates clystaém pkeanhiegcaendnbpesati ons.
ancements should focus on strengthening cl

tor, ensuring that nati onal standards al i
ectively contribute to a more adaptive ani
mantderced ri sks-tandh ensuningbibngy. I n concl
urgent reedeadp t fi ovre csltirmamedy ees manage merkt .n g Wi
ervent-indeced!| wemaee quality deterioration
vice reliability. The proposed measures, |
ilientabded dsustkaing water supply system, C
ertainties. Further resedreachm ied freecomveardes
ategies and develop predictive wmeotdeerl sq uahla

ami cs.



Sommari o

1 cambiamento climatico  sempre pi¥ rico
sicurezza e alla sostenibilit”™ dei sistemi d i
Evemet eorol ogi ci estremi come ondate di cal or
hanno wun impatto significativo sulle fonti |
di stribuzione, determinando a¥@quaze omagiear ip a:
Questa tesi di | aurea esamina gl i effetti de:
gualit”™ dell"acqua potabil e, concentrandosi S
gestionbideherisistemi di approvvigionamento
met odo, che include un'ampia revisione dell a |
e Vietnam e uno studio di caso approfondito a

La ricerca evidenzia | a crescente frequenz
approvvigionamento idrico potabil e. Le prin
mi crobi ca, el evati l'ivelli nmntotoelbliaeitémmedat
che accelerano | e reazioni chimiche e | "atti\
udi o esamina anche | '"integrazione di sistem
gestguwalei deldal | ' acqua consentendo una val
guesto contesto, o monitoraggi o operatiyv
nf ormit?’ continua agl:] standarldi tdi dseilcuer emi
ntroll o del rischio, a differenza del mo ni t
Il la qualit”™ dell'"acqua a |l ungo termine.
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Un progresso fondamentale in questo campo

nitorando costantemente pH, conduttivit?@ e
mbi ament i i mprevi st nei sissmemit oi deil tia. t Ad
di care contaminazione o problemi struttural
n solo migliorano |l a reattivit”™, ma sempl i fi
ndo priorirti® cargiltii ciindilcnactlot r e, gl i EWS pos
tomatizzati, come valvole o0 sistemi di sca
efficacia di tali sistemi dipendeidai eda me!
atistici per el aborare i dat i grezzi i n in
ntroll o completi =~ fondamentale per un proc
el sistema di fornitura.
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Attraverso sondaggi Sui fornitori di serv
variazi oni regional.i nell e percezioni del ri s
entrambi [ paesi affrontamm cdpaei tsi mdil | midtoiva:
a causa di variazioni nei guadri nor mati vi ,
fornitori idrici italiani sottolineano | a con
guiatt™ del |l "acqua e sui contaminanti emergent.i,
infrastrutturali e | "urgente necessit”™ di i nv
Il caso di studio nMiedBamscdat t ddlailatag deoglnii sic
climatica su un sistema di approvvigionamento
di forti piogge sono correlati a pia@aahi ndig gti o
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sforzi di di sinfezione e un controll o microbi ¢

guesta tesi propone diverse strategie di adat
potabil e. I n primo Iqwoadad,t i Idermd niattc@muag gino tdean
i ntegrato con tecnologie di sensor.i avanzate
dell a contaminazione e delle fluttuazioni nei
mo mirtaggi o mi crobico devono essere migliorate
riducano significativamente i t empi di i ncub
rapida e tempi di risposta ariig.l ilomalttir a,i slp'eitm
Wat er Safety Plans (WSP) = essenziale, promuo:
gestione della qualit? del | "acqua che incorp:
operazioma. deinf snet ei mi gl i orament i nor mati v
rafforzamento del | e l i nee gui da per | "adatt
assicurando che gl standard nazionahal isi a@oe¢
mi sure contribuiscono collettivamente a un s
robusto, in grado di mitigare | rischi I ndott
concl usi one, gue'stragantcermcac svgitto’l idhieastlr at eg
gestione dell"acqua potabile. Senza intervent
indotto dal <c¢clima pone rischi signiifziimat iLwi mp
proposte, se implementate in modo efficace, pi
idrico potabile piY¥h resiliente e sostenibile,
raccomandano uletseprlioarair er ilcerfdhe apcera a | ungo t
e sviluppare model | i predittivi che integrino
del | "acqua.
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CHAPTERL1 MATE CHANGE AND DRI NKI NG WATER S|
I ntroducti on

Human activities are significantly alterin
ather Tha&t tteetres.gover nment al( | PaCCe |2 022p €ini.sda t) |
man influence on climate systems has intens
ents worl dwide. Although climate change i s
ni festing as severse cfollodo,dsdr oaungdhtvei, | dhfeiartewsa

established precipitation and temperature pat

man infrastructure, i ncluding drinking wat ¢
del s HiGgMisiiyght these regional differences:

rica and Southern Europe, whil e Northern E
equent and intehGar mirerci i @i mama e@@ b@lsg bh al2
mperatures are projected to rise by over 1.
r water resources, (ddrCiCq.u|200his8sr, v atnido mau bfl i @am
cluding reports from the Worl d Met eor ol ogi
mperatures have reached unprecedented highs

WMO reported thiah tbeeohdéetdebt syenyshave occur
exampl e, in 2015, gl obal temperatures were t
approxi mately O0:c®ehMAQT'rapiwertalyeel 20t Aud WMO, 20

Extreme weather events such as floods, dr
coming increasingly frequent and sever e, S i
ese events not only cause sobseaetialk atdaemag
creasing risks to public health. FIl ooding e
om rivers into water sources, i ncreasing t
ntral Vi et namg a12d0r2e0,) lamddi aB (2022) , which e

srupting waten GSupaplIng BRibflmagantar, udttwardleg ( May 2
used rivers such as Savio and Lamone to O0VE
d contamination OARHBAE nEmnigg avaa,t e@u ys o Qleropeesnet |
019) suffered a historic flood, with water
maging infrastructur g Bamadhiandr edghirng Susaainn

nz, n.d.)

Il n August 2011, Tropi cal Storm |l rene stru
significantly impacting public drinking water
advisories, primarily due to(pPphiysdman. e eqlgred:!

rect infrastructure damage, extreme stor ms
affecting the ability to pr(osduclLei ua nedt Fdaits.tirni 20u
i 2008, Hurricane | ke | ed to power outages f

(Schmidl.i nMan0 1pluybl i ¢ water supply systems | o
f

backup generator s, whil e others experienced

systems. Nithanddws | of 2poptubl i ¢ wat ewa tseyrs taednvsi
and 13 relied on( SeclhentdrliAcdadli 2dg0eimad dtygor spower f
breakdown of sewage treatment plants and pump|]
the discharge of turetarteeadt esce waarg ep arnttioalwlat er way s

19



in 2012, certain parts of New York experience

without access to run water, forcing them to |
from f | us(hSicrhgnetldizl.eetts al ., 2013)

Cyclones can also trigger waterborne dise;
water sources. Foll owing Cyclone Aila in Indi

contamination of water s ym@Bmluine 2 i&d erhnoisé¢ho, e r Oalsl
similar outbreak was anticipated after Cycl on
effective food and safe drinking water(dakir.i

& Khan,Ro2rOyl1 7)i | | al una, as the head of the Nat
sai dStédams and hurricanes bring strong winds
infrastructure and causing pipeline bursts an
seen with Typhoon He&Royan Vin | tahe nRhi I20@@Bi))nes

Il n contrast, prolonged droughts significan
to increased concentrations of pollutants, sa

water shortages due to prbevebsdddclyi nddcke,adf a
deepening existing wells OoWodl dlga,mig,ad ZWlexpes i

one of its most severe droughts in 70 year s,
recloowd | evel s, rai sing concer ns( Moonrt aangarriic uveltt ue
Heat waves and wildfires also exacerbate water
was mar ked by two major heatwaves in June an
|l evel s in several countries, yindhediJrug eF rheemd

characterized by a strong Saharan air mass i
moi sture deficits from the preceding heat wave
water $§ Sausit et WMI dfeoed) in California (20:

chemicals into water bodies, compGriegdriy gPiwearta
Roquemor e, and FaiTthlreske aerxmanp|l 2862 d)emonstr at e
di srupt drinking water supply systems, under s
protection measures, and climate adaptation s

Regul atory and policy framewor-kel ptag wate

The European Union Directive 2020/ 2184 mandat
management frameworks that cynsiegirsicat imae eDe
18/ 2023 requires water service providers to i/

(WSPs) , ensuring that watanmiwteinl ictoingsamameat po:
weat her didsriwngtriacns,ucdamure vulnerabilities. De
bet ween policy ewdrolrccemdapt atnidonr eaflf or-ttisme p a

monitorimgspolnismatte t r eat merste ds tardaipd guit e soO,n am d

1.1 Repreabrécehdan chal |l enges

As climate change drives more frequent anc
systems (DWSs) must adapt to new challenges. |
reduced water availability, twkscbfc®niekcaegdW
Pl ants (DWTPs) . The |1 PCC reports that extrem

frequency trends remain uncertai h(Meud apnlainc aetti

20



20Q7)Further complexity arises from phenomena

increasing the I|ikelihood of tropical (€ac¢cl ®ne
al .,. 2018)
Climate wvariability, notably EI Ni fo event

severe and wunpredictable weather conditions ¢
al tered temperatures can precipidfatres.,tr amidc
di sproportionately.Reagderctti sgu cciearst apne diegti oa s
frequency of EI Ni fo events due to greenhouse
extreme conditi onmG@Gaii netvudln.e,r a0 k8 )ar eas

The i mpacts of climate change on water av
weat her events | i ke droughts reduce water | ev
heavy rains increase turbidid ywatnar (thr d gptidmerett
2009a&Khan et ;(@Yan WMlIOilestallbesal preg2a@Bes can sut
capacities of existing drinking water treat:H
standards and pulbnlcirce ahsebadl dtiht yo uatncdo nteosn.t ami nat i C

events can |l ead to a surge in waterborne di s
gastrointestinal il l ness foll owing heavy rain
water supplies and the presence ofdrpiankiorge nwa
sounf®Rgan C. GrayWankien s Dled pl22022) al ., 2009a)

Gl obally, devel oping countries face height
and resources for addressing water quality 1 :
Drinking Water Guidelines offer waceeomeanhaeati
editions of these guidelines focus primarily
water quality risks. Whil e the guidelines prc
emergencies and dpihsaassitseriss, otnheevrernyadiany enmmanager
variations in climate. As a result, the guide
term, continuous exposure. The guidelines add
amkowl edges that over time, climate change may
more frequent and prolonged periods of high
stor ms. Scientific consensuas iwmar miang@st hrhaugh
century is Ilikely tol d®taidnd ohenatrwavexqarctatmor-

across many regions (ftPpC@ted@0tApngdhesacreas
introduce newuroamlesarddrhibmarmh syadt e ms.

Evidence also shows a rise in both the frec¢
ongside more frequendhedvetr ailhmufsa 2IC 29X asi env
come more prone to intense rainfall sSkwhdilees

I

e

uggest that <c¢climate change is already respon
oughly 18% of moder at § Fdaiclhy r p r&e Whh@it g a t, d e2h0i 1k
ndi cate that such events may <cause changes
omposition, organic carOWHOcaoaAQ2®¥t e matdi ani rcea \
7 instances of waterborne disease outbreaks I
reqguently preceding these outbreakgéCamur ¢to a
0

13)Devel oping countries are especially wvuln
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resources, infrastruct(drPeC,C, ARDIOd) glasWEBlDODTr Wet
Pl ans (WSPs) apply broadly across different w
may exceed the capacities of standard ri sk ma

gui del ines t hraets ss pehcei fiintpaalcltys aodd extreme weath

Moreover, gl obal water demand is expected
urbani zation, industrial OE€D|, vWViAal ile@ 3 ,s caanrdc i et nye ri
at a global | evel; specifically, the amount o
century, and more regions are reaching the |
provi ded susdarae nalplopul dthieoef gr owt h and econ
unprecedented pressure on renewable water re
freshwater resources to mdet a@mBuetsa.n Aacncdo redn wigr C
andgrAcul ture O)ygaarn zlad i olna { FiIAfOi ed as foll ows:
component, which occurs when the diemae@gghf on, v
due to water | imitations and increased consul
which occurs when infrastructure iIis inadequat
resources, | eading tAd tlhionnigthe d haecscee S ss stuoe sr easroeu |
the territory, there asewalleaaswatbeaphwkecal l
reduce supply capacity.

Water scar<ietaxhhag witlect s, from food sec.t
First, it poses a direct threat to food secur
heavily on water for i rarriegatnisounf,f isco ewhte n cwaotpe

to higher food prices and reduced access to e
and sanitation services creates significant h
wad erborne di seases, endangering public health
|l osses, particularly in sectors heavily relia
Worl d Bank esti mates t ldatcopmdorcowantteri ensa rugpg € e |
by di minished agricultural productivity and

il l nesses. These trends underscore the urgenc:
for brortehntcuand -fatatedcpremasteres. E f fseeccttiovrea |
coordinati on, -sianvnionvga ttieocnh niontr ewpitdes,e nand ndlriamsatre
hol ds significant chall engersgd oammlait feire snadiage
wa treirch a-pdowategions. Addressing these challe
but also comprehensive policies that prioritd.i
uncertainties.

l nadequate data for tracking water quality
devel op predictive model s. Cilsicmdtee pg ®ijercda otnys
gual ity research is | ocabdekd,thasul fiMaghat axtl
2016 )Ef fective adaptation requires more compr e
advanced models that <capture the nua(nVWuedeti nmgls
2020)

Mor eover, there exists a disconnect bet we
Climate science typcalaé!l patetpenarsi @mmaj d catnigen s,
guality research is often | ocal iozedr eggndnfsoc

22



complicates efforts to develop cohesive model

water quality impacts, wultimatel y Frreeslitartiecdt irnigs
drinki sgsw@Wwisahal ak, 2016)

The main reason of this research is The L.
(i mpl ement s Directive ( EVU) 2020/ 2184 <concern
consumption. Article 8 of this demoseecestdabli
assessment and management process across the
di stribution. Specifically, paragraph 1, | et t
assessment for wattarpud att eldmeryt Aarntead e as det
mandates the identification of hazards and de:

including a risk assessment that alsbdéeakefi ¢
hazards and dangerous wateert ss wp glhy ns yt shtee m,c oipre
of rtihseks they coul dt hprossweg ht ot hheu masne hcefal weaht er |,
riskesulting from climate changeo

To address these challenges, there i s an
research, and mddalndue (tpradidtihcd@idE )st udi es hav
the effects of specific weather conditions on

water quality data for extreme events remain
comprehensi waen,datnd ecdlilsedctpil i nary research, an
dynamics of climate i mpacts on water systems.
The combined effects of c¢climate change, extr e

proactive approach t o drinking water manag
strengthening water governanceapadl-trienae smo reinthar
and i mproving technological adapt atriecn | stemat e
management

1.2 Scope of the Study

This study focuses on the impacts of cl i mat
in Italy Whmidl &¢/iextxinatm.ng research broadly-addr
depth studies on speci f(iP@auwatedr ddhyes tsemust §r) eenxaai
gr ounevegpteenrdent and surface water systems, eva

- Changes in raw water quality caused by

- Technol ogi cal adapt attiimen md miatt ergii g anuad

assessments.

The research also explores various adaptiyv

operational measures, and Poliepiteeammevad &tri
framewor ks. A case study on thmlkeiBompitany ) wats
proviaerteal nsights into monitoring and mitig
1. @Beneral othexiwmewas#8Baguebti ons

This section provides a brief overview of |
context for -dtédpt BubsaelQuyeins pmesented in | ater
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This thesis aims to explore the implicatd.i

systems (DWSSs), with a particular focus on hi
system resilience. Through adbascmdi rcatsieons taifdi |
ti me monitoring, the research addr es s erse lbaottehd
chall enges in water management. The wulti mate
devel opmenmatneesmobrent!| water supply systems, p
Vi et nam.

The research is guided by the following ke
1. How does <climate change affect wat er qgual

Ssystems?

2.Are current international and national sta
3.What technical and manageri al adaptations
related i mpacts?
These questions are examined in Qetffaitlkmsat
which presents the identified research gaps,

approach for addressing them.

1.4 Structure of the Thesi s

Impact of Climate Chlange on Drinking Water Supply
Systems

Introduction to Impact on Raw Impact on Technical
Study Water Distribution Studies Conclusion

® @

I | 2

Q ' 2R
Literature Impact on Managerial Results and
Review Treatment Strategies Discussion

Fi gutlemplactl i mthtaemge on Drinking Water Suppl

Chaptprovi des an overview of the study, [

significance. 1t highlights climate change's I
by extreme weat her events. | nt emenva t watnearl satnan
ltaly, Vietnam are also introduced.
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Chaptprefents a | iterature review on clin
treatment technologies, and distribution netw
adaptation strategies.

Chapt(ebDet3ai |l ed Anal ysi s):

This chapter wi || present detailed case s
di fferent regions are experiencing and addr es:
case study wil/l provide Iinmeg@gbBusesnto | ocal ¢

Chapt(eTrecshnol ogy) :
Presents case studies of drinking water tr g

Detailed descriptions of water supply syst
anomalies and each case study is analyzed to

ChaptFeoc uss e st ioome rdeaatla from t he Mompiano wat

The development and i mplementation of meas
water supply systems. The motivation for this
safety and efficiency of wateai toupmlgy amldamtng e
monitoring activity -firseqgunehnecrye nmd s uriennkeendt st,o ¢

val uabl e data. Processing history data not on
contr ol me alsauyrse st hbeu tf caunsdoat i on f or i ntegratint
monitoring. These systems enable continuous s
parameters, thereby facilitating aetfefde crtiisvkes .me

The fundament al concept of early warning s
monitored par ameters by prioritizing physico
temperature), which serve as i mditrleet sy sntde .

parameters ar e not onl vy easy to measur e but
variations.

ChaptAemaléyzes results from Chapter 5, suct
(temperatur e, rainfall, mi croorgani sms) and t
identification of certain bacteraianiursg nge awnl t
shorter incubation times than classical HPC
systems are strategic solutions. It wi l |l di sc
to climate deamgeoameénpraovions for future act.i
1.5 Regulatory and water quality

Water quality standards can be used to add
Wat er quality standar dsdrmay nbe oddtud lalnits h eoda da
existing water quality stanldiamatse camamge upadmad
Thichapter wi || delve into the ©policies rel a
international, nati onal , and | ocal policies,

systems and t hleiimataed agph aantghee.n cFoootpuasr il smooalofpar
concentration correlation standard of Water Q
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1 International standards

Wat er i's an essenti al resource that not o]
enti al for food and energy production and
t heti c, vaalduMisiclreerat& oBneallt on, 2014)
Therefore, many national as well as internze
protect and guarantee the safe provision o

el opment Goals (SDGs)5 bwhitchhe wenriet eeds tNaabtliiosnl
are intended to be achieved by the year 2
Among the 17 Sustainable Development Goal s
cifically emphasizes ensuring the avail abi
ver sal access to safe sanitamdoBanirteatriecre’
i ons, 2022) . I n 2020, the United Nations r
iabl e access to drinking water (United Nat

Achieving SDG 6 presents a significant ché

mate change intensifies and is projected 1
5). Thus, It is cruci al tto weavt eelru aatvea i Hoavb i d li
adjust water supply systems and introduce

2 European standards

Beyond the SDGs, The European Union has en
er quality and resource conservation, nota
established in 2000. Thisatdivecsi aedareds
er bodies, including surface and groundwat
uction, and flood and drought management .

i onal |l aws {EuROpdan Parl i amen

Anot her cruci al regul ation, the Drinking W
1, prescribes minimum quality standards fo
i ndividuals or providingdmprelthaneqaDreshbr
mi crobiological, chemical, and indicator p
nati onal l evel (European Par |-hasteedtpr evelr
ategiessapgploys schain, froomfusaetchmehtudangasas
mate change i mpacts. By January 2029, all

be reviewed every six years.
The first edition of these volumes was pub

ition from 1993 to 1997, the third from 200

2011 and revised in 2022.

Thi s eldatteasoth of the Guidelines expands upon
roduced in previous editions, addressing t
-Drinking water safety, i ncluding mini mum

i deluses for
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-Mi crobi al ri sks, which are a significant c

moting a preventive approach to ensuring t
i mportance woaft eprrsoo.t ecti ng source

-Cli mate change, which introduces changes
| onged drought s, and more frequent extr eme
acts has become an integsal apa&mgt esf water
-Chemical contaminants i n drinking water,
viously included (e.g., anat oxi ns, cylindr
l uded based on new scienti fiicunegviidoedni cnee , ( ems
rocystins, nickel, silver, tefyrachl oroethy
-The primary chemicals responsible for sigl
oride, |l ead, nitrate, selenium, and uraniu
It is the responsibility of each country t
l ity drinking water, utilizing the WHO gui
al i ssues.

I n addition, to achieve SDG target 6.1, th
ety plans (WSPs), as outlinedWH@, i.2GRIBd)rsi |

mprehensive approach to risk assessment an
h part of the water supply chain

This "comprehensive approach to risk asses
t address each part of the water supply ¢
i vidual water supply systemr caweraicreg oaner
surrounding catchment, abstraction and tr

The European Union has adopted this f-ramew
ed approach. However, it divides the asses
chments, supply systems (inndc |duidsitnrgi baubtsitorna)c
tribution systems, as set out in Directive

Al t hough the WHO guidelines recognize that
i ty, there is no specific provision for t
itional factor that mayowewaealri,r et haed aH G thi aosn
dance -oasi IClemtat &at(aMHOS aROWRI)PH ansggdst s p
maetteat ed factors can be incorporated. These
system (Module 2), assessing hazards and
pl anningohbroladoheéa$seneati andst magts (Modul
agement protocols (Modules 8 and 9).

I nterestingly, EU Directive 2020/ 2184 spec
part of the risk assessment of the supply
the risk assessment of the catchment area

WHO's guidance advises that system descrip
source yields (taking into account seasona
er quality data and kcltsmaéekapronsebtpone a0
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supply", "effects of current and future cl i ma
and popul ation growth that could affect wat e
utilities need to underaitrmatnyd q¢fl)padathentmaalni ¢ luid
i mpacts on water guantity and quwdl iptoyc,enanmal (
measures.

Cli mate <change <could alter the | ikelihoo:
mi crobiological concentrations. A key aspect
sampling and i mpl ementation ofi rWwWSnPnse nttoa ImoMa nt aog
Legionella in Domestic Water Systems: Consol i
Met hods and Ri sk Assessment).

As a member of the UN and the EU, l'taly i ¢
and guidelines into its national | egi sl ati on.
significant updates to this deidr ecitr eeet, i vaelso ng
Groundwater Directive and the Environment al Q

These amendments focus on revising the |I|is
(e.g. significant direct costs are expected f
to the |ist of ampd i ami&Emyi m@bmeéanalks Gu@Bfiotry S
pol yaromat i c hynderoccuarryb oannsd (nPiAcHkse!l,, and groundw
to address emerging pollutants and better mar
chall enges) . Ths sr euptdladte a@uanlsi ttyo sethnandar ds f ¢
revi ewed andbddhaaneamnolracbldatoan an ongoing basis
monitoring and management of water resources

Wat er Framewor k Directive). Each Member in E
includosg on water quality, although they may
and soci al chall enges.

1.5.3 Italian National Standards

Il talyds regulatory approach to water qual.
Legislative Decree No. 18 of 23 February 202!
(EU) 2020/ 2184. Enforced fromLM@nicha2lyve2®D22
and introduces significant updates, harmoni zi |
gual ity and safety.

1.5.3.1 Key Updates from Legislative Decree 1

A major innovation introduced 4dbaseldeapPppP?da
water safety, focusing on a comprehensive ass:
buil ding distribution sysétempridbiplaepproachuy
as a key risk factor. Il talian National | nst i f
support this framewor k, promoting equitable a

1.5.3.2 Detailed Overview of WSP I mplementat:i

The minimum requirements for the parameter
for human consumption have been partially upd:
the current | egi sl ation (Legowd avtnee( Degreka
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31/ 208pecifically identify the changes made a
their corresponding parametric values.

Regarding microbiological parameters (Anne
parameters were added or parameter values <cha
therefore confirmed in the hewmUdPBPcreetive202a

The 2023 decree updates parametric requi
comparisons to the previous regulation (Legi s
mi crobiologi palr aamed eclsemi cal

Mi cr obiPdrogmetadr s ( Annex |, Part A): The de
standards, with no changes to parameter value
Chemical Parameters (Annex |, Part B) : Se
substances were added due to emerging health
A, chlorat e, chlorite, chr omi uSn, daeall eomicem, cam
addressing scientific evidence on their toxic
As for chemical parameters (Annex |, Part |
have undergone changes in the maxi mum | i mit,

Specificalldogmp alraebd et Mle par ameters with modi fi
regul.ations
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Tabll€ompari son of Parametric Values Betw
Param¢g Uni t Par ame| Parametric Val ugPar ame
Measy Val ue ( Val ue
ment| 31/ 200 Direc
amendmg 2020/
Antim/ Og/ L 5 10 10
Boroil mg/ L 1 1.5 1.5
Chl or] mg/ L 0. 2 0.25 0.25
Coppeg mg/ L 1 2 2
Sel en| Og/ L 10 20 20
Vanad| Og/ L 50 140 -
Tot al Og/ L 30 30 100
Chromi &g/ L 50 l 25 25
Lead Og/ L 10 5 5
Tur bi NTU <1 NT| -
Bi sphg Og/ L N A 2.5 Not
speci
Chl or mg/ L - 0.25 (i f the di g Not
not generate]| speci
Hal oa{ Og/ L NA 60 (measured e Not
Aci d di sinfectsguwsncemet] speci
(HAASs generate haloac
Mi cr o< 1 g/ L (measured
LR of increasing di
suitable for the
cysts wiotxh cl ipweol
Tot al 0.5 Og/L (meastUu
perfluorooctanoi
devel opment of of
obtaining techni
Sum of 0.1 Og/L (meastUu
perfluorooctanoi
devel opment of o]
obtaining techini
Annex 3, Pt .
Ur ani 30 Og/L
It can be observed that the maxi mum | mi t s
and vanadium have been increased, while the v
unchanged and is maintained | ower than the in
Member States to apply | oweprparemewrtbowtl oe
di sinfection process. I n the case of paramet e
been reduced, that thesse mpeei fiestdrictive | i mi
2026 for chromium and January 2036 for | ead.
the previous regulation for both parameters.
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Tabl2di 4t s new parameters with their regul at
Directive 2020/ 2184 guidelines.

New Para| Unit of Par amet e Par ameter
(D. 1 gs. (EU Dire
_ 2020/ 21

Bi sphen Og/ | 2.5 2.5

Chl or at mg/ | 0.25* 0.25
Hal oacet Og/ | 60 60

(HAAs) N

Mi cr o4 RS Qg/l 1 1

Tot al P Og/ | 0.5 0.5

Sum of | Qg/l 0.1 0.1

Ur ani ui Og/ | 30 30

* I n cases where the disinfection method u
ob. 25 mg/|l must be met by January 12, 2026, af
chl orate is used, particularly chlorine dioxi
water utility managers isthoboaltutd @omprfoomi sli mwe rd
parameter is measured only if the specific di

Chemical parameters wupdate

The chemical parameters have undergone a m:
for some parameters but above all with the i
studies have demonstrated tthheei rneteodx itcoi tbye froerg L

The following tabl e l i sts t he newl vy i ntr
concentration |Iimit value has been revi 3ed, n
chlorite, (Chooti um (Cr), hal oaceticLRci BF§AS H
selenium (Se) and wuranium (U).

The indicator parameters, regul ated in Ann
not undergone any changes either in the numbe]
compared to the previous | egislation

Al so, in Annex | of Lebgi gsghat ipae abhecrees 1/
proper risk assessment and management of I nt
l' i sted (asl3howholi howabfethe guidelines estab!
Drinwangr Quality, whi ch wer e t hen transpos
i mpl ementation of WSPs. Annex |1, Part ®thedef
control and momi twartierrg i pmrtoegirdeends Rfea a todpie@ga t ¢ @ms
monitoring, I talian regul ations fully adhere

reference values for both the turbidity of wa
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Tabl3@a¥X¥ameters for risk assestsenasnit DS omuLrgese e rli18a
anngxRart D.
Param¢ Unit Par ame Notes
Measur ¢ Val ue
Legi o UFC/ | < 100 This parameter value
(colo of articles 9 and 14
for mi ng articles may be con
parameter value, pa
i nfections and out b
source of thebéentect
the *Legionell a* s
Lead Og/ | 5 The parameter value
(Piom January 12, 2036, at
parameter value for
internal distributi of
the | ower value of 5
andany case no | ater
Legionella {foUmMChlyg ooltaeny | < 1000 | Thi s
purposes of articles 9 and 14. Actions prescr
parameter value, parti culrearalkys.i n nc asheess eo fc aisref:
infection must be confirmed, and the *Legione
Lead (Piombo) | Og/l | 5 | The parameter V.
the | atest. Ppat amet @i svadhoe, fohel ead is 10 Oc
systems must strive to reach the | ower value
than January 12, 2036.
Establi shment of CeNSi A and AnTeA
The following have been established at tr
(CeNSi A) and the centralized information syst
Water (AnTeA). The functions of CeNSiIi A wil/l p
-ApproWsPsof
-l ssuance of authorizations fomatrlkketintr od:!
-Management of the centralized informati on
the Ministry of Health and the Ministry of th
| SPRA;
-Production and communication of evidence
drinking water and safe sanitation services.
AnTeA's system was established with the fo
-Ensure the acquisition, processing, analy
and control of the quatohgumpt i wanher intended
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-Ensure communi cati on, i ntegration, and
environment al and health authorities at the 1
authorities anadpdermat @dms.nki ng water

-Ensure adequatienfpoubraitc oancc.cess t o

-Ensure the availability, updati ng, and z
Commi ssi on, the European Environment Agency,
an@ontrol

-Ensure the exchange of information for r es
nati onal institutions, as wel | as with WHO.

Mi ni mum Requirements for Chemi cal Reagent
Materials Used in the Treatment of Water for

Chemical reagents and active and passive f
of water for human consumption must be compat
they come into contact and niuestty noort ,s uoivtearb itlii
consumption, alter its color, odor, or taste,
at |l evels higher than acceptabl e.

Furthermore, starting January 12, 2036, or
have been authorized by CeNSi A, and register
introduced into the national mar ketc hama . ude R
aut horized by another EU Member State may be
sanitary evaluation-skyenatirfeicoghodegd bascsddi oa

equi valent | evel oft hsaatf eptryo vfiodre dh ubnya nt hhi esa | dtehc rae
I nformation to the Public
The ngweaiet er ates that water supply servi.
provided withta@aadequiahtoamgt io@n c tnmeagnaargdeinmegn t |, art
of the drinking water supplied. Such informat
and in the most appropriate and easily access
The main objective is to strengthen consunm
encouraging increased use of tap water. Addit

waste production and the use of new plastic.
1.5. Dedp.t hh ook at the | mplementation and Defi

As menti oned I n previous sections, WHO i
management approach that <covers alll component
consumer. The evolution of knowl evdeggrea Ir ecgrairtdii cne

in strategies that only check the conformity
assessment and management approach for the en

I n Legislative Decree 18/ 2023, specificall
a WSP for drinking water supplies are present
nati onal guidelines for risksagppeysmbrai namadco

Wat er Saf et(y uRlaarb umeidstdi uneid nby0Stdphetrei or e di Sani
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Evaluating the drinking water supply syste

potential events and hazards that could affec
on consumer s. Hazards cahemecalli crobi oladgiot alg
should be clearly identified to apply approp
dangerous event is a situation or condition t

water used.omMhesemsements may ar i sper enchitfadrcalddlires .
Thmost aapmprteach t o r i sku armstsjietslasanseendt oins csoemibi

probability of a hazard or dangerous event ocC:!
health or the environment. At the end of the
correspondi nyg otfo tthheel4 5 gsvke s Eltatbd ea n -gaxaanmp ltea t 0 fv «
assessment matrix proposed by WHO guidelines.

Tabld4Prksents an egxuamplie acfi vee sreemsik assessment
gui del i nes

SourRegpbBTI SA/N2KL ItShSe, 20 1 4

Degree of PlIlnsig| MinoCompl i|Compl Ver y
nt ( (rit of al e wi ] Seve
i mpac|sign|jorgano | egal/(ser
i nsig nt c tygrefer|/ cat
nt I mi mpa val u({ ophi
ef fe
on
heal
Rare (e.g., 1 2 3 4 5
year s)
Unlikely (e. 2 4 6 8 10
Moder at el y H 3 6 9 12 15
oncmomt h)
Probably (e. 4 8 12
Al most Cert a 5 10
day)
Gr ade <6: L 6 10
-9 15:
Classific Low |Medi (Hi gh
(signi
Within the broader assessment of real or
emerging hazards and/ or scenarios that, basec

emerging risk factors for watehosentoemamidc alors
t hat were previously monitored but had signi

prescribed I imits or were even undetectable.
contaminant so becausman hleealitstkk arhde yt hpeo sen vtior «
understood. Specifically, tshtiesr oii-ndoafl U daemstaip b &y m
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antidepressants, antifungals, antivirals, and

sunscreens with wultraviolet filters), perfl uc
nanomaterials (e.g., fullerenes, titanium dio

At the end of otHlhaen greirsoku sa sesveesnstmsgnta seri es o
for managing priority risks, which should be
operati onal monitoring is crucial I n managin
dniking water supply <chain. rletad aahatmeowmlse nmupds
preventively, gi ving t he resource manager :
countermeasures as rdedd ntelde i mr dbhlee WS PI nt ot haidsd |
be established that can signal the potential |
the quality of water intended for human consu

The operational monitoring plan can be su
monitoring systems, and early warning system
treat ment or potenti al cont ami natdiogpn vhdrst st.\
monitoring system is that it i's not necessar
hazar ds. It is more effective to monitor spec
changes act as drmee arpleyr awar niarbgpput ora possi bl
characteristics (e.g., turbidity, pH, tempera

Lastly, the devel opment of an emergency pl

é
which should be integrated into the WSP. Thi s
emergency scenarios that aran adgenenndt tehnet ictoyn,t re
was not possible to foresee preventive and co
of water c¢crises caused by extreme events or e

n

i

i

Wh e di scussing, as in this <case, vul ner a
potenti al i mpact of climate change on the dr
significantly affect both the @ualietsypeandl Iq
emergencies, as well as the physical i mpact ol
AGui del ines for Managing Water SeéLviSdes s Durai
Aertgeeinswh2@hbl)Y he role of WSPs becomes cent
by climate change
1.5.3.5 New water scarcity Provision: Drought

The ongoing challenges of water scarcity .
regions of the country and result in signific
the soci al and economic fabrind, thlaviempp reamamtte
measures for effective management . Recentl vy,
April 14, 2023, titled AUrgent Provisions fo
Adapting Water I nDeaseedct dhes dBroeghtencomp:
ai med at tackling the water emergency, reduc
infrastructur e, and bolstering the resilience

To address the significant reduction in p
water scarcity has been established. Thi s C

monitoring of efforts to manageacthea c¢reivsiew. olf
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and interventions requiring urgent I mpl ement
Subsequently, the Committee will coordinate a
mitigation, enhancement, camdeadavpt &t itchre ofoaw
resilience of water systems to climate change

A speci al Commi ssioner has been appointed
nterventions identified by the Crisis Manage
roper application of measures mainmée d nagyt wrastt ieq |
ppropriate use of reservoir volumes for pot e
nd regul ate flows sourced from reservoirs
oncessions.

O 9 9 T —

A streamlined procedure has been establish
ainwater for agricultural use, with a specif
nd sustainable management af edvatvast ewastoamr c &
urposes in agriculture is permitted until t h
hat were operational as of the decree's effe
esaliamats oanglthe strengthening of penalties

QO T 9 &

15 . V4 et naaneisen a\l standard for domestic water S
Vi et namese standlar2dosl 8V BYTRQCY¥Ne OtLtail or ed t

regul atory and environmental context, with st
For several contaminant s, l i ke wv0iaR,adViuent n a
does not specify |Iimits, unlike the EU and WH
Vietnam adopts stricter | imits for paramet ¢

safer drinking water for the population.
Vi etnambébs standard for domestic water supp
The concept of " Water Safety Plans" (WSPs)

( WHO) , is a cruci al framework for managing ri
met hodol ogy involves assessingwandr manppgiwnwgch
source to tap. This includes identifying haz
monitoring water quality.

WSPs became mandatory for municipal water
for rural water supply systems. And the key <c
devel opment (87% of wutilitiesingpdotredmphiesiein
They need better guidance, and training remai

Il n Vietnam, the standards for domme20018/ BET
i ssued by the Ministry of Health. These stand:
that 1t is safe for dai layndacctoiovkiitnige, s ,t hsouucghh aas
(e. g., boiling, filtering) mayl b O0rMe&d eBsysTar y f
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Tabl5Compari son of Water Quality Standar
Par amel Vi etn WH O Comparison
(QCVN Gui del
1:2018|for Dr-i
water (
E. 0 CFU| o CEL|Vi et nsanmbnsdar d matches
mL mL E. col i to be undetec
meets this critical m
-cr:?)tl?lforo ?nL CFU Vietnam allows a
CFU/ 1( mi crobi al safety
mL tol erance approac
p H 6 .-8B . 6.-B. 5 Bot h standar ds ar e
acidity/alkalinity 1is
consumpti on
Arseni |O0. 01 O 0.0 Vietnam fully complie
arseni c, a critical
groundwater
Lead O 0.01|Vietnam matches WHOb
<0. O1L 71 strong r egulpartei voennst i
contaminati on
Fl uor O 1.5 |O 1.5 Both standards are id
|l evel s to prevent den
Nitrat | O 50 O 50 m(Vietnam foldtoavsdaWkd®,
har mf ul nitrate | evel
(bl ue baby syndr ome) .
Ammoni |O 0.3 |O 1.5 (Vietnambs stricter I
( NH3) conservative approach
drinking water
| r 0R O 0.3 |O 0.3 (Vietnam aligns with
|l evel s to avoid unple
Mercur |O 0.00/O 0.00¢Vietnam adopts a mo
providingpreotecngenmn a
, contaminati on
Manga O 0.3 |O 0.4 (Vietnamds regulation
( Mn) of fering enhanced saf
Turbidiij/O 2 NT|O 5 NTIlVietnamés stricter |
reducing t he i kel
contamination.
Tot al O 1000/O 1000 |Both standards are id
Di ssol from excessive dissol
Sol ids taste and health.
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Compari ot maardds i Apapdil.iéc at i on

-Vietnamb6s compliance: I n terms of core mic
1: 2018/ BYT | argely matches WHO standards, ens
controls on key contaminants | i ke E. col i, ar
-Stricter standards: Vietnambés tighter reg!l

and manganese reflect a more cautious approa
compared to the broader global WHO guidelines

-Areas for i mprovement: While microbial saf

l'imit is slightly higher in Vietnam than WHO®Gs:s
closely witth|WHQ@'nsc ez earpgr oaaoh afldr dtratneali nogo Iwiaft a

I n conclusion, Vietnamdés water safety stanc
WHOG6s gl obally recognized guidelines, though
particularly concerning total <coliforms. The
to providing safe water but can benefit from
and public health challenges.

1.6 Conclusion
Chapthears 1provided a comprehensive overview

drinking water supply systems (DWSs), parti ct
event s. Studies and reports from t hesil @PrCiCf, i oN\d
changes in temperature, precipitation pattern
directly affect water quality and availabilit
The effects of <c¢climate change on water su,
world events worl dwide, including severe fl oo
and China, and hurricanes andurtyphnootnise dU.s$.
Philippines. These events not only cause inte
increasing contamination risks and the spread
Further mor e, this chapter has introduced
European, and national | evels, including EU DI
and Vietnamd:s2 0QIC8Y/NB YT, which aidn dri mainrmg ew atne
agai nstr edlaitmat e i sks. However, despite the exi
their practical i mpl & manet avtait @nm, quar ti-it 8 pnredomBb it 0
treat ment smpabeghgsthendesilience of water s
Given these challenges, this research ai ms
guality, expl ore adaptation strategies, and e

advanced monitoring technoltogitegi@&sd sustaina

The topics covered in this c¢hdhaeptelr emsalaydii
foll owing chapters:

- Chapter 2 wil|l provide a I|iterature revie
treatment technol ogies, and distribution n
- Chapter 3 wil/l present case studies from |
experience and address climate change i mpa
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- Chapters 4 and 5 will focus on-tiemehdaltagic
Mompi ano water treatment plant (Bresci a, I

- Chapter 6 wi l | analyze the findings, eval
propose strategies to enhance the resilien
ri sks.

Il n conclusi on, this chapter has set the s
chall enges, and regul atory context related to
chapt edresogheéper into the scientific and pract
to enhance the safety, sustainability, and re
change
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CHAPTERIZERATURE REWSEAVMVRCH BEBEARCH
QUESTI ONS AND OBJECTI VES

2. 1Introducti on

The causes of c¢climate change can be consid
at mospher e, the oceans, and the | and systems.
natural-madd, mdepending on the dr eleemheluss,e Igarsc
ground <cover, and atmospheric compounds that
at mosphere and on the surface of the earth.

Cli mate changewi th asigd mibfail c anstsuenvironmenit
According to preliminary data from the Copern
t he gl obal average temper,at2ai2iurpascsbedgl? hes,
record of 17.09AC. I n other words, Earth expel
winter temper adamntersiob ptueAhi agctigil odbal temperatu
mperature record marks anmil egspent thatremhi
ng, as human activities continue to drive cl
at mosphere. Bob Henson, a meteorologist a
ri icmg dson or be br oken, the sharp rise in
nning." People across the globe are facin
S
r

ummer. California, USA, reeasded tlempeRaaj
i sk of wildfires in the region. Temperat
Dubai . Southern France remains sweltering, wh
Spain and Pocrhtaunggael .n oGl iomaltye causes gl obal warr
and intensity of extreme weather waMafCompaoh ®:
et al .Fl o200d2i3n)g causes soi l er osi on, i ntroduc
i ndustri al areas into water sources, rai sing
Droughts reduce water flow, cenfteaworablepfodt uh
whil e heatwaves accelerate organic matter de
support the prolmifceeradr i(@memliogflme eetthaadeni 2009 a)

s |iteratur at hewvowegvh woveédr pireoewiafe curren
i mpacts of climate changeDiowni tdhvidnegf k insi g pi sndste ¢ &
Climate change i mpglcolsalpityowwitdlelr scoepeur deoad :
encompassing al | water Ssystems worl dwi de, i
hydrol ogi cal cycle and focus on examines the
availability, rdolsdgiipdaattieoms. amdi Bydncl udes ¢
fl ows, droughts, and fl oods, as well as i mpac
as

- Il ncreased variability in rainfaldl patterns
- Melting glaciers and reduced snowpack affe
- Rising sea |l evels causing saltwater intrus
- Shifts in water availability i mpacting agr
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The focus is on global water sustasicRalli wiat
management challenges due to climate change.
And Climate Change | mpact s on n&puower Wsat
specifically targeting the quality of water
industry (e.g., rivers, | akes, reservoirs, ar
affects the chemical, bi whogrcalouraed. pihssca
ri sks, ecosystem degradati on, and changes 1in
- War mer tempenumltgaarlesbl ooms in | akes and rese
- Increased runoff from extreme rainfaldl e
sedi ments, and pathogens) into water bodie
- Changes in flow patterns affecting the dil
- Coadtlawlodi ng s$ehtdwater intrusion, degrading
The focus is on safeguarding water gual it
industrial/agricultural use, with emphasis ol

contamination risks.
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|l e both definitions explore the i mpact
S on water resour-ceselgl obahggs f oouwasg e
bution, whereas Climate Chamgdger|l muadti gy
al for human wuse and ecosystem health.
nce quality, and vice versa. Effecti ve
holistic watt.er resource manageme

mate change i mpacts on drinking water s
ng water supply systems will be speci fi
y, mo dhicfl iudatnigons to water treaymeamt heclt
s will also be examined that could affe

ategies for adapting to the climate cheée
n wi || expl ore di fferent strategies [
vation, modifications intwaéemeamsaunnegeme

deatsiton wi | | study the changes that ha
he causes that h ai vnef | gnemm eqend leidt atthi evne uapn
teristics of water. The infl uenond !l arntye
s of water supply that feed the system
cipitation patterns, snowpacks and melt

ver ofulgenw, pcaat t erns and increasingly widespre

rbid
i mat

ange.

i ty, chemical and microbiol ogical vari a
e change. The growth oft ltytaniodbacltegelay
Al lmenhese@aedbevéects wildl be studied

terature

22Cl i matei mpawagteer resources globally

(0]

f

Cl i
t he

mate change profoundly affects water re
hydrological cycle. These changes mani
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|l ncreased variability in rainfal!l patterns

Climate change | eads to more erratic rain
precipitation while others face prolonged dro
The average annual gl obal precipitation he
hi gher atmospheric moisture. The frequency an

l' i kely to rise in most pamihg i ofinetefiecam swodb dt B g ¢
States Gl obal Cha(ngSeG @R e a2r0clth7 )Pr ogr am

Cli mate change is significantly altering g
water f 1l ow. Climate model s prediEutr d gadwncae detr
201L®hil e Northern Europe and nNordtdmeAmeeri c& Hne
20198prriopedro et al ., 2011)

l ntensified and more frequent rainfall ca
sedi ment , nutrients, and pesticides into wate
ecosystems, and r ai sceoss(tisr.i Wkmggetwaaler, t2@h8 Imke

Conver selcyh amnapleiumcaetde dr oughts can al so di mi
during droughts, combined with rising temper a
and biological oxygen demand (&80pgenn(DbDONVermse
mpact i reqc osqgy(swheintse head. eltn adrrham® 0&Meas, heavy
ombined sewer systems, |l eading to chemical a
an pollute drinking watders €sKihmm ieets Aadld. d,t c2a0nla5ket
duced flow means | ess water to dilute wasH
ncentrations, complicating efforts to I mpro
tuarine flow pattrusisgn ciamntso ngoaxat alwategui fi
eshwater resources, theeas$ gsWhagisehhuenaadn ehte aallt.

- OO O =" O O
- 0 O o

t he Mekong Delta, the hydrological system
avily influenced by human activities, with
coming a recent adverseai sswuere Thhse pthenho me
grades ecol ogKcaT. eNguyemmetntal ., 2019)

o T T —
® ® d® S

|l ncreased irrigation demands driven by hig
|l ead to greater exploitation of deep groundwa
into deep groundwat@EeNNgao eheWhMpkmna@dddE!| East o
hi ghlighted that <c¢limate change could signifi
Basi n, CheShpgakeuBdythat tot al nitrogen incr
under climate change condi(tXi.ondango ngliralidl atroR ¢

compared to current sediment | oads in the Ne:
(2019a, b) observed a 10% increase (iGirsedi2me
Mor eover, Wang et al . (2018) reported a 6% ri
conditions due to climate change in the Chao

Mel ting gl aciers and reduced snowpack affe

The decline of glaciers and snow, which ser
river flows in many regions, posing significa
previously discussed. I n"shavaHemallTawas, oft d
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snowmelt plays a vital role in sustaining the
warming due to climate change is accelerating
affecting the Mekong's f lionw daonwdn sit mpeaacmt ianrge avga t
Del(tSu et Addi,t i2ona®Bl)l 'y, new dam constructions
in the annual s t2roeladmf Iwohwe rdeuvarsi ncd 12mMalt G change
the change® 00@xearngt ilAOM2 of wupstream dams can
season and reduce st(rDe arfil etwhceam st h & OW&t) ns ®@d s
Mekong River basin, particularly upsasemamf| aWl:
reducisnegaswent fl ows. This, combined with c¢cl i mat
t hat aff eaxhi Iwiattyeri mvdaawnstream regions. River
saltwater intrusion in the Mekong Delta. Stro
mai ntaining freshwater suppligstems. aiowevwvlier
river fl ows heighten the risk ofesvajlcamt eat i
202GlH)obally, climate change i mpacts -Favetutikeot

equatori al regions whatetdderaadi sgbftowbscah
in precipitation, teymamhbtgek, WanAdr mgldlrol b9 <

Rising sea | evels causing saltwater intrus

Ri sing sea |l evels, one of the mostr s®&chiong
negative i mpacts on global water resources. S
push saline water furtheghwatl eamdsugmlnitaeasmi axrad id
producti on, as seen in vulneVYiabt @4dimaeog i eotnsall.i,
Met hods such as environment al i sotope technigq
technical measures are being employed to asse
sea |l evels heighten thenrngkl oV¥esoastdaprodbpent
popul atled,ngl aw(atsatnaslo nc iettkE easln.o,mi 20 dla)ymages fr om
are projected to increase from $27 trillion i
$46 trillion to $158 tr({iddnggmarb aestelda éorne dpdiilud @z
patterns also result from sea | evel rise, af
ecosystems. Furthermore, sea | evel ri se comp
ntrusion and pololuftyiemrei af ef rAsddhriyehse@sDeh jloh al | et
complicated by uncertainties in climate <char
forecasting model s, and insufficient reliabl e
obstacles under scorrneattihoen ail mpcoorltl aanbcoer aotfi oinn tien 1
devel opment of comprehensive adaptation strat
on water resources.

Shi fts avnaiwaatbeirl i ty i mpacting agriculture,

Changes in water resources can have signif
and biodiversity.

I n agriculture, the depletion of groundwa
severely affects irrigation activities, parti
threatenenygyrkKiiBwe eWAtak heg 2@MMé)ti me, water qua
soi l errowti roane adatngde st i ci de runoff i nto water so
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These changes may force farmers to swit(cxh to
Wang et al ., 2018b)

For energy production, hydropower ©plants t
to changes in water flow caused by <climate ch
can deplete reservoirs, compgGomi si rPa@dpeogwnl
expansion of Dbioenergy crop cultivation (e.g.
the heavy use of fertilizers to maximize grow
to leaching, whemecaubsrifeaomsfantdilizers (such
groundwater. This contaminates water resource:
poll uted groundwater i s consumed

Regarding biodiversity, ecosystems depende
zones face significant changes in species col
l evel and( KItFwe netf Iolvess h\@®dtlel) ecosystems ar e
water temperatur e, flow, and qduiaslriutpyt i ad v efrosoe
(Whitehead. Adcoarldi,ng20t0O® )Pol emi o and Walraeven
intr ion caused by rising sea |l evels and re
ecos tems. These changes also alteh hawi dtasp
abil ies and | onPgo |reemp roo d&u cWail v ea ecvyenise s .2 01 9)

(7]

- < Cc
o —+ n u o

itionally, water poll ution i ss eaxradc eurrbbaatn
combined with wastewater from agricult
nges. Human activities, such -usse dcamnge
r amplify theni mpaetsrefooalcmateMohanye
roughts and floods not only increase t|l

y

RefinedNumesow®:studies have been conduct e
i mpacts of <c¢climate change on drinking water r
These studies have provided val udblsachnaisghrtis
temperatures, shifts in precipitation, and ex

ar e
c ha
fur
I ik
gua.

o T 0 o

- o —* — 9 >
~+ o ® ® -

~— =4

However, despite this growing body of know
Many existing studies tend to focus on specif
water quality or treatment perd orimawcacwog $ ol
system, from source to tap. Fur t hienrtneogrrea,t- i loinmi
time monitoring t-eehanbtkdgréeskandseoehamamwas ewi w
particularl gtudi eempavatviveg countries with di
Vi et nam.

This research aims to address these gaps b

mul tiple data sources, i ncluding empirical fi
monitoring device out put s)d, sdmereahtoil dreal fmeemrdibta
findings between Italy and Vietnam, thitsi nset ud
ri sk managemeneéesi lainedntc|lwartaedre governance. The
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strengthen the ongoing scientific debate on c
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vide a useful foundation for further resea
23Cl1 i mat e imMphaacntggeadaftfyect s on water base

Cli mate change exerts multifaceted effects
marily by variations in temperaextreemerwea:t
nts. These I mpacts mani fest across a range
p groundwater, bank filtration systems, an.
nsi c hydr otgiecosl .o gTihciasl cchhaaprtaecrt eprriessent s t he
ty based on water base type, to highligh

. Burxface waters

2
Cli mate change has complex and multifacete
h regard to drinking water sourcespr iAma@oirldy
ough variations iinprempemat yr a ndhdepcesip
chments and aquifers, the effectiveness o0f
ity in the distribution system. These cli
Bees coef wsaotuerr s, i ncreasing |l evels of pollut
di si-pfeducbs pPBPs), both of which pose p

Erratic rainfaldl patterns and intense prec
of f, introducing microorganisms and contam
|l l enge water treatmenncypefracoadqns!| dtyi o darmc
reasing the demand for advanced treat ment
wat er shed management, wetl and restoration,
trati onaraemmdbe®czomiang oi ncreasingly necessary
9) .

FIl ooding and heavy rainfall events signifi
er . Il ncreases i n colifor ms (e. g., Escher
udomonas have been observedtabhden cbadgtng
al ., 20009; Khan et al ., 2015b). A systemat
studies Iinking heavy rainfall with outbre:

der cli mxtemmachasgd WHO, 2011, Schijven et i

(0]
r
u

ersheds heavily influences runoff quality

FI oroedl ated risks include flash flooding, [
nsport., especially as gl obal temperatures
ur ban e xelaenwatoinon ncolaoswf alAsranasnd( AECZsh e
ks, i ncreasing exposure to flood hazards
3) .

Greenhouse gas emi ssions are a major dr i
bally. Radiative forcing alters seasonal
thern Europe and drying tr einldssr imatStoaurtrhse ran
t hwestern Australia, Southern Africa, and
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| PCC confirms that extreme precipitation has i

creating greater seasonal di sparities in wate
Prol onged drought s, driven by reduced prec
scarcity and concentrate pollutants, thereby
Reduced flows | imit dilutifonDQM,p ancuittryi eanntds ,r aa n
example, in the Tame River (UK)-flpwopphopbds, | ¢
al gal bl ooms and reducing dissolved oxygen (L
el evat e cosmmdaradecnrteat i on and commes«emiakiwat src eu
water quality degradation could | ead to econo
(Vvan VlIiet et al., 2023; Fant et al ., 2017).
Cl i mantdkeuced changes in snowmelt and rainfa
hydr calnogeyssent i al component of surface water
flows are followed by significantly reduced ¢
complicate supply timing (Skal anedd uecte adli.l,ut2 Oo2r
while higher flows mobilize sedi ments and con

show that peaktt bl swns f aremeprbyea month earl:i
eutrophication risks and straining water trea

Events such as the severe 2003 drought ir
tempedatit vea reductions in DO and increased mi
A 3AC increase can reduce DO s atousryasttieoms b(yK | aRbve
2014) . Ri sing sea surface temperatures al so
composition and reducing nutrient circul ati c
dynamics: changing s bpiels tmociisdteu rber ecaoknddoiwni ocannsd an
presence in surface waters, as shown in Medit

Hi gher temper adnrmriesh menrdt nfurtamemunoff foste

al gal bl ooms, increasing microbial proliferat
DOM released by decomposing soil organi c matt
di mmiing the effectiveness of sunlight disinf

DBPs during trekdameany, L2Pk&)y.nska

Land use also modul ates the i mpact of cl i
wetl ands, and riparian zones i mprove wat-er qgu
point pollution from nutrient-spd&amldl @sxetsdri cd dets
Cunha et al ., 2016a) . Il n urban areas, soi l i n
from industri al and residenti al sources 1into

Il n Europe, 72% of water supplies come fron
FI orence and Naples primarily wuse river wat el
Understanding t he |l ocali zed vudinemaabicliitmaetse
di fferentially affects I talyds regions
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Organic matter [R&D), Ccoaguian . Cyanotoxins
€01 [ 55 rao), e o, focuan Nkt posal 0 Patten,
impacts "~ agh [F) Salinity (W) Studge e (€103, W, .) [ o8, Taste
(RDW&F) (RDW&F) ROWRF] odour
= i Chloration . '.. i
Water source Screening Coagulation/floculation Filtration Distribution
system
Impacts at Impacts at Impacts at Impacts at Impacts at Impacts at the
the source screening coag./floc. filtration disinfection distribution
Hemy e he e tee ed REETY
rainfall [R]
Droughts [D] **+ + o4 44 e XY
Winter i + + + e
thaws [W]
Forest
fires [F] e 4 ++ +e +é +s
Legend Minor impacts # + + ¢ Major impacts
Fi gu2eex &2mpl es of the i mpact of the most recul
water treat me(nGo npplaaonrt® (eXWTaF). , 2023)
Effects of Cli mate Change on Lakes and Ar
driven by <climate change (CC), are profoundlIl
hydrol ogical processes. This waAnmernigc a,r eaandd, Aos

the 1960s, has |l ed to surface water temperatu
at mospher(B. QvaB antPansp,j erc.td .o)ns suggest that Euroao
average temperature increase of about 2AC by
to higher summer temperatures, while deaper |
heat storage capacity. For instance, a study
temperature rise resulted in a 6% increase it

(DO) |

fur

evel s,
t her

di srupt

mi grat.i

on

patterns,

l'ife cycl
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organisms and | eading Gi oi €ld @l@a ginc all a kiemsbh a | fannrc
experienced a doubling of average turbidity
accelerated glacier mel({tMingetand@l mhlea@éxxPp)anism oa@
Tonle Sap Lake, despite a reduction in sedi me
ri sen. This paradox is attributed to hydrodyn
has facil it astped sdedi me iottn. rt 8Veen d ae&kte baeld. , 2021)

The effects of climate change on water bod
artificial reservoirs. Among the most signifi
Literature |inks this phemomemobyt i@t mophiog:
concentrations in the water, often originatini
The intensification of these blooms, exacerba
(Rodrigues Amntot her, pEéaa@amenon associated with
turbidity and sedi ment resuspensi on, degradi
mor phol ogi cal and climatic factors such as wi
waer stratification @Md ehe&bBsi nB01gmpératgna
the ecol ogical bal ance of | ake environments.
omass and macroinvertebrate popul ations, w |
creased sedi(nmdretmirsaLuwgbpg el nasliagnt 201 2) al reser\
climate changes better than natur al | akes
ough optimized intake depths for potabl e w
cernscabptuaasmic pollution in surface water

b
[
t
t
c

O - O oS —
5 =

2.3.2 Shallow Ground water source
Shall ow groundwater systems are highly vul
to surfadModedt BYilt SéwdrinmdiIn gt ntHemmper at ur ed t(eup t

mi crobi al ecol ogy and geochemical reactions,
contaminants | i ke Lmoittfriateets adnd p2e0s2tOi)ci des

Evapotranspiration and Groundwater Vul |
Climate change significantly alters t he h y
evapotranspiration rates due t o rising air
evapooma from soil and transpiration from vege
recharge. Hi gher temperatures el evate at mosph
soils and reducing the imeht aigrufoifletrrsatti ad . g v &2i0l2

This process i s espectaalildy rcergiitoincsal whner a&r
mbi ned with hi gher evapotranspiration, i nt
creases and precipitation beico mewr tmdeRea dirm-hnekl
al . EmRior2i09 a | studi es show that even i n

apotranspiration alone can | ead to signific

O ®© Q O
< &+ ® O

Reduced recharge weakens the resxtiia@aanfcieon
response to drought exacerbates depletion. Mo
increase the risk of sal twat drr eismwrat il o2nf,&d SaNd
¢ NBARSIKeyH/TaMmG es i-eixt malet itchre ofvegroundwat er ,
|l evels and all ows seawater to infiltrate <coa

6 2



increasing hydraulic pressure and pushing sal
rivers caused by droughts and altered rainfal

t sunami s, which force salnttwateroni mlfanldandl e asd
groun¢fd¢wwaaneret al ., 2021)

Addi ti,omeldluyed dry season fl ows 1 mpact gr
groundwater | evels and issues |ike saltwater
wat er pol l ution, as diminished di.l ulth eosne csaegaa:
changes complicate water supply management, f
vol umes, poorer quality raw water, and potent.i
increased wintemmfelrowsd oavsd dued it mead | sumate chan
peak flows may occur nearly a month earlier i
di sruptions highlight the pressing needavatter a
systedmsectSweaellynd et al ., 2022)

Mor egwecrr eased concentrations of pollutants
ti mes can further degrade water quality (KIRBv

Projections suggest that evapotranspiratio
dryland regions, with the most pramodmced iamp
These trends underscore mamageenegntostadapepgi es

changing climate patterns and the critical ro
Land use changes anpgoiagt isaldrtaué ppalBibd 5 ¢S N
Si ft®mddunHodal ly, shallow aquifers in urban
industrial discharges, intensified by floodin
High evapotranspiration rates concentrate
in arid regions (Padr-n et al ., 2 0 2p0o)i.n tL asnodu r
poll ution-Braildlestekbopezt all ] o®&02guifAaddi t inomu
ri sks from | eaking sewer networks and industr
2. Pe8p well s source
Deep aquifers are retatntmvel ymbdbtuifd eckdndeor
|l omgrm quality degradati on. Ri sing temperatur
(iron, manganese), altering water chemistry (
Evapotranspiration and reduced recharge ca
drawdowns and salinity, particularly 1in coas:!
require adaptive withdrawal mamesgeamentaqtuad faewo |
et al ., 2015).

Al t hough deep confined aquifers are gener a
to their sl ow recharge rates and g-etel mgicd alma

i mpacts. These aquifers ofnetn rcomdvwaaml € osms i Hui

and once depleted5SteXoveSiylis>unhninkhéeldy .
Climate change can indirectly affect dee

anthropogenic extraction in response to surf

| ncreased pumping to meet Hgeow mg awwdamamrdes smiary

6 3



heads, and mobilize natwurally occurring subs

surroundingDébpmatebnal ., 20009)

Changes in surface temperature can infl ue
inter medi aitld dnepgtehrs ) (1@&Gnd projections show t
temperate zones may i ncrease underngfewst ucraen weaf
water quality and geochemical (eluBve beti aal .i ,nc
aqui fers may exhibit delayed r espomshgs Stio Fdt
However, a prolonged decline in recharge due |

t he water balance of deeper groundwater syste
contribution of older,rdabperattownpawhschocag
and mi neroal2 fcSoymtze nat .2 Iof aNI dENASIYAEZS  HIANBPWOS NR S G | f

Case studies also reveal that i ncreased St
associated with deeper flow paths and recharg
deep wells may eventually -thaw cdiigmad eo ft rveantdesr,
coupled with intend&i fdaN&d AlRumaé NOWISNARdd Sdwalf &> H

Il n summary, while deep aquifers may seem m
| ohgegrm i mpacts of <climate change, including
gradual guality degradation over ti me.

2.3.4 Bank filtration

Bank filtratiomeqnysdtteamse,aras dlhiemat e@ger f or ma
temperatur e. Hi gh river di scharge from inten
natur al attenuation of pol | utnadntlss.ratnomc,ont r
Temperature changes influence redox <conditio
compounds. Coastal and saline areas face the
filtration plr.ocezs®21)Xi adt reatt egi es such as ad:
essenti al

Cli mate change affects the quality of surf
Ri sing surface water temperatures reduce diss
t he chemical and biologicabupfecegsas. wLbiwen
the effectiveness of natur al poll utant remova

Extreme weather event sexpieccht eads tfol oiondcsr eaansde
i ntensity wundcecan cdaumsad esicghminfgiecant shi fts 1in
increase suspended solids, organi c matter, an
concentrate dissolved contaminant s edeude tthoe rrealt
attenuation capacity of the bank filtration s

Changes in nutrient | oads, particularly ni
temperatures accelerate organic matter miner al
promotes erosion and runofhubfientrcententnab

and cyanobacterial bl ooms, which can i mpair
cyanot oxi nsf,i Intarkatnigo np otsrteat ment more chall engi
Mi cropoll utants such as pesticides from ag

6 4



due
fil
reqd

to altered precipitation and temperature
tration systems. The transport andedsgt ada
uiring enhanced monitoring.

Groundtwad esecond key componenti sofaltshoe vbua nni

Changes in precipitation and evapotranspirat
groundwater | evels can reduce filtration effi
settings. Groundwatoerr i sempleirea ttuor ewamanyi ngl ai r
conditions and microbi al processes that gover

Finally, the interaction between surface w
effectiveness. Cli mate change can modi fy the
rivers and adjacent aqui fer sof iwapeaeat icragp thuated

wel |l s.

Il n summary, climate change affects surfac
complex interacdlilonsef bwhiwelni nhlewmence the per
filtration systems. Continuous source water
i ncl udtimegatpment wupgrades and hydraulic contro
under changing climate conditions.

2. 3.5 waaresrt iscour ce

Karstic water sources, formed in fractured
and sensitive hydrogeol ogical systems on Eart.|
rapid groundwater fl ow thridwgh nfaituswrlesf idnd ad
are particularly vulnerabl e to cl| i ataetrem crheacnhgae
events (typically months to a few years), whi

Gl obally, carbonate rocks are present acro
of karst (18.é&90eciwadlilly tEhue dieedittlee rainglaeas tr elg:
(21. 8%) . Countries I|ike China and Russia con
supporting | arge popul ati onNGolabtiecdmpl)ex wat e

Il n kar st aquifers, rapid and shallow grou
fluctuati ons I n preci piytsatimen aamred pbieao@aeabdygat
domi nated and exhibit | ow mineralization, but
chamngeluced shifts in snow cover, r atdn fsalhla,r g a
dynami ¢ ss pafi Maasrrsitzi o Bar bi er.i et al ., 2021)

A case study in the fractured cardmpaaitfei aal
t he Si bi | Ipirnoiv iMoeusn tianeseigeg hdty niannioc s . Key springs
Pescara (S2), and Foce (S3) exhibit di fferen
within the aquifer. S1 and S2 emerge from the
t hr kiaghst conduits, while S3, which emerges fr
enri chment .

Cli mate change can modify hydrogeol ogi cal
For example, the ratio of strontium to barium
recharge phases, i ndicatingsstyde odggames. cbaa
may increase the contribution of deeper flow
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rdobdasri zi o Barbieri et al ., 2021)

Mor eover, I ntexpecsedr moeveaerwtr € acsaen udidserru pctl
ochemical stability of karst springs and s
stems, particularly through rapid flushing
Aside from climate stressors, increasing p
karst wat er-exmamagteimemtandvieand use changes
ality of groundwater in these fragile syste
Il n summary, karstic water sources are uniq
essures. Climate change affects their rect
havior. Continuous water quxtl idaewipileasn aodt yng

otected mountainameeasi andahatooeasupiangssu
rming climate.

24Cl i mate change effects on Drinking water
24. 1 | mpacts of Climate Change on Water Tre
This chapter describes conventional treat|
ol ogical) and their efficiency in heepxamdinre

e production of potable water from-iodoncedt

i mpacts on tar eant nie ngtu rsey s2t. elnb

24.

mi
gu
ch
i n

an
di

pu
an

Conventional Treatment Processes

AChemical Processes

Ensuring safe drinking water has al ways r ¢
crobi al and chemical contaminati on. However
ality chall enges, pushing t hoedsn.eeHli gfhoerr itnepm
anging rainfaldl patterns, and more frequen
creased microbial contamination, al gal bl oo
Di sinfection remains a crucial step in wat:¢
d ensure safe consumpti on. Chemio¢alondyi deam
sinfection but also i-oxedaltien. tTlerasemeonki d:
rposes: aiding coagulation, disinfecting, o
d eliminatingnodadd, dttagtHe sSS,)) , hyacdhdoge® | or .

Il n typical surface water treatment sys,t ems
idants/ disinfectants are -axideat aontpbhaseekeogr
ey help with disinfection, i mprove coagul at
An intermediate oxidation/disinfection sta
cterial growth.
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Flocculation Oxidation/Disinfection

Oxidation/Disinfection Disinfection

Coagulation

Screening

|
| Sedimentation
raw water i v
' CL: \Lﬁ—_) —>water treated

P(kennng Mechanical dewatering

@H—BJ—F Sludge disposal / final sludge management

Natural dewatering (drying)

Fi gu3@l a&r.i fication and floccul ation: o0X
(Paol o Rlmdowerres,ity of Catania book | mp
approvigiagamepbboabi)ie sicura,

24. 1. 2 Types and Characteristics of Chemical D

Chl orine is the most wi deltyr euastende ndti sh encfaeucst ea nit:
har mf ul mi croorganisms | i ke bacteria and viru
mi crobi al cells, embkeogi v-epaancedobkbabyen. chddi t
can | eave a residual amount in the water di st

However, chl orine also has some drawbacks.
har mf ul di-pi odect s oaDBRFs) , such as trihal omet

bromodichl oromethane, chl orodi b202rmo)me tGhalnoer,i me
cause unpleasant tastes and odors and may r esc¢
encouraging biofilm growth on pipe wall s.

Chlorine is commonly wused in three for ms:
T Chlorine gas (CI )

T Sodium hypochlorite (NaOCl)

9 Calcium hypochlorite (Ca(OCI) )

All these forms release hypochl orous acid |
di sinfectant:

T CI + H O Y HOCI + H + CI

1 NaOCl + H O Y HOCI + Na + OH

T Ca( OCIl) + 2H O Y 2HOCI + Caj + 2 OH

At a pH of 7.5, hypochlorous acid is most
natural organic matter (NOM) to form DBPs | ik
are regulated by European Directive 2020/ 2184

To maintain disinfectant | evels over | ong
produce fewer THMs t han cphrlooducntes ,b ustu ccha na sc rrei
NDMA), which also need monitoring.

Anot her di sinfectant ,widlll ogr iunsee ddiionx ildteal (yGl
oxidati on. Isti ties djureodwcad son nstability throug
T 2NacCl O + ClI Y 2Cl O + 2NacCl

Advanced OxbDdstnbeceandn in Water Treat ment
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Chl orine dioxide is commonly wused in water
of harmful -piesduotest( ®BPd®Y such as trihal omet

(HAAs) . However, it can al smpr oldeuaddth atto nhuhset fboer
monitored and controlled to ensure water safe

Ozone (0O ) i s another power f ul di sinfect a
mi cropollutants from water. While effect-ive,
product that is strictly regul actaend bduee kt od oiwtns
materials into potentially toxic compounds, ¢
(O ) i s abundant in the environment but react
However, when emmbahedxwdaht €£h oxygen can ass

har mf ul DBPs.
Advanced Oxidation Processes (AOPs) and Ot
Potassium permanganate -0KMd®n) te pbpémewmeus

odors, and taste from water. A key advantage
DBPs, making it a safer optimnpdrooxiidea tiklOt)
oxidant, primarily wused for the removal of hy
water treatment is |imited.

Advanced Oxidation Processes (AOPs) rely
break down pollutants. These radicals are cap
AOPs highly effective in water purification.

T Ozone (O ) alone

T Ozone combined with Hydrogen Peroxide (0O /
T Ultraviolet (UV) [|ight

T UV combined with Hydrogen Peroxide (UV/H O
T Fenton reactions (a combination of 1 ron an

Ozonation is particularly effective at des
such as humus and biopolymers. These substanc.
HAAs .-o2Pogreati on can help contaokl THMat evebanbyg
it enters the main treatment processes. Howev
har mf-purlo dwyc tns tlriokseanN nes ( NAs). During the sum
intracellukar (06OMani e mateased, reducing the
the potential for DBP formati on.

Whil e ozonation is effective at removing p
al so make water more toxic if not properly ma
water quality factors, i ncl udti mmtga Ip Hg r gcahreint cad
iron (Fe), manganese (Mn), and I|light transmit

Challenges of Advanced Oxidation Processes

Despite their effectiveness, AOPs come wi
( NOM) in the water can consume hydroxyl radi c
overall efficiency. Additi-pmad dlyitcshA OWsn csaonmeg ec
be more toxic than the original pollutants th

6 8



Peracetic acid (PAA) is another di spirnofdeucctear
toxic DBPs, making it suitable for drinking w
to its flammable and explosive nature at high
treatment applications.

Oxi dant Effectiveness in Water Treatment (-

Oxidant Standard Potential (V)
Hydroxyl Radical 2.80
Ozone 2.07
Peracetic Acid 1.81
Hydrogen Peroxide 1.78
Potassium Permanganate 1.68
Chlorine Dioxide 1.57
Chlorine 1.36

Fi gu4Tehe .hi erarchy of oxidants(( PammonRgcuae:
Uni versitiymodk Clampantitai dei Cambi amentaquohi mat

potablie)sicura, 2023
24. 1E3sehRacbbrs in Disinfection and the | mpact

The success of water disinfection relies ¢
(C) and the <cont aditsitn frmec t(atn)t baentdwepant htohgee n s .
val ue, a critical i ndicator of how much di si
mi croorgani sms. Standard CLt values help dete
ensiung water safety.

Di sinfection efficiency is often explained
describes how microorganisms are eliminated o

ae— THHer e, N is the initial number of mi
after time t, and k is the reaction rate const
ti me.

Temperature plays a significant role in tt
change, can:

Speed up disinfectant breakdown, reducing

|l ncrease natur al organic matter (NOM) in w

Lead to more brominated disinfection bypro

areas.

To account for more complex disinfection d:
model

The reaction rate "k" (reaction constant)

ae— @ o
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(where "N " is the initial concentration o

where "kbfifscomé adackeemnetx, peri mentally deterr
how disinfectant concentration and contact ti

Di sinfectant decay ov-erdermdecaymedeahe

— N6 where "k -bridertthecadyresoeffi ctieampte.r aDiusr
dependent

Where the decay rate constant. Hi gher t emy
di sinfection effectiveness.

Optimizing Disinfection Performance
To maximize disinfection efficiency:
T Proper mixing ensuradissievfeactdamstt ri buti on of

T Hydraulic reactors are designed to preven
(avoi dicng csuharitng) .
T Monitoring residual di sinfectant |l evel s (
essenti al but can be |imited by the precis
Overall, understanding these factors is vi
as climate change continues to challenge wate

Il n water distribution networKks, hi gher wat
the formation of di s(iRdceccarioo n( 2oByXp8noedruec. twse (t IhBeR
increase |l evels of organic micropollutants, m
DBP formati on. Saline intrusion may | ead to

(Chang., ARdDRiOt)i onally, wildfires (Q@Qpaaot eNOHWI | e\

2.4.2 Physical Processes
24. 2.1 Pretreat ments
Common pretreatment methods in surface wat
basins for water homogenizatilPomaganiszateieon nly:
as sedimentation tanks, rising water temperat
algal growth, especially when mixing is insuf
Hi gher water temperatures also speed up th
substances, |l eading to increased concentrat.
decomposition usually containg hitgheamr derottei:r:
potentially contributi ngpnod(KhtessfnoerrmatSi.om ,01f20

Additionally, heavy rainfall often raises
matter, making downstream treatment more diff
further intensify Dbiodegradareggat ianal yp hiompaetgi
24. 2. 2 Sedimentation

Rising temperatures have multiple impacts
sedi mentation tanks reduces fluid viscosity,
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floc formation and organic matter degradati on
effective sedimentation.

According to Stokeds | aw, sedi mentation Ve
density

(w) and ew)s,coesd twel(l as particle charnpkter:i

. Q7 ” Q
’ XN

Lower viscosity due to higher temperatur es
sizesigmainficantly sl ow sedi mentation. For ins
cm/ s, but reducing the particle size to 0.1 mi
soliidqui d separation, | eadcngasedpwater twubabid

I ntense rainfaldl further complicates sedi
sources. Such events can cause turbidity | eve
thousarnedsul ting in increased sludge producti or

Il n systems without sedi mentation stages,
particularly acute. These plants rely on coag
and are typically used forcowatet .wHbDhelvew, t su
di ssolved organic matter (DOM) (DaMetmux ad QvhFEd rm |
i nstance, hi gher DOM | evels have been I|linked
pl ahEiskelet 2KAKN,4)Thi s i ncreases operational dem
reduces the production of drinking water.

To address these issues, one strategy is t
filter beds, whi ch enhance particle retent.i
Al ternatively, coarser fidtpanetomatme ddae mdrl ow
i mproving retention and reducing pressure | os
escape, potential l(yeMeins i adg2Bulrdndiing flielvted at
water quality is therefore critical in adapt.
2. 4GRafBul ar Filtration

Granular filtration is used to remove susp
not settle during <clarification and fl occul a
reactions, @in€l e tagse gaa nbiasrmsi,er t o protect subse:
ozonation and granul ar activated carbon).

Pl ants wusing direct filtration do not I ncl
i ncoming organic | oad. However, they require
di ssolved organic matter ( DOM)r. sTulrefsaec es ywsatt eem
turbidity and | ow organic content. It is evid

matter can have a si gni(fDiedveertt ai2@@a&gtf idn es u aly
intercepts and retains suspended and dissol ve
backwashing more frequently. I n some plants,
of daily (lEa Kkevba DR )
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At the same ti me, there is a shorter dur af

potabl e water, as an increasing fré&adeiMentaft w
2021)One possible strategy to extend the oper a
the effective size of the filtering materi al
total surface area ad apdratbil®l @ oi mptrermod et icom t val
increasing the overall particle removal capac

A coarser filtering medium allows incoming
bed, |l eading to a greater mass of retained s
However, because the medi unori sf icoearr spear, t itclee sr

potentially | eadingDtedMetast a2 M2 )rase in turbidi

24. 3 Pdiylse mi c al Processes
24. 3.1 Co&dgokauiliahnion

Temperature variations significantly influ
chemical reactions, and the physical charact
devel opment of bacteri al commueat menst f ppmc ad
temperatures affect coagul ation, floccul ati on
accelerate coagulation by increasing the reac
alumi num orcadrrdinng atla st.theAcArrhenius | aw, a 10/
rate, although a 2ACindrsadlmgsesubts, i B02A)y a m

While this acceleration benefits coagul ati
due to higher temperatures, which increase
di ssolved organic carbon (DOC),) .niElreovgaetne d( DA
degrade the organosucph iacs qaualaard,i pesdard,t etadsetcd e

Moreover, smal/l DOM particl es maoyl |cfjabarkyte shtecakvky,
ak004)

Effective removabpt omi DOM ceaqgulr&tsi on condi
type and dose, pH |l evels, and rapid mixing ti
t he overall coagul ant demand may not signific
pants with -tardevatnmmerdt sprel i ke riverbank filtrat
coagul ant requirements

Regarding floccul ati on, hi gher temperatur e
di saggregate more easily and struggle to refc
Literature suggests a temmpdaratomehhobbr pslhadlud e
al umitbralsed coagul ants show greater size and st
those formed with iron salts. I n sedi mentati c
densi ty, and aqgglesme radtoinogn wienhdet he water's v
can hinder floc sedi mentation, this effect 1is
al so plays a cruci al role in coagplat®ded plwite
al ., (2ROO%ao0)n et Tehle. pH2 ®T4as)ur f ace swatner tsoo U rnacea s
acidic DOM flowsucedmpbodraatggerse i n gaisr piamtternfi aa
enhanced al gal activity, wWHIRdIh soan)ertaiade ,pRO0Ill
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Further mor e, the increase in DOM is c¢cl osel

bodies wused for drinking water. I ntense rainf
into surface waters, i ncrleeavseilnsg, naantdu rdaelg roardg anng
results in higher turbidity, negatively i mpac
doses to maintain turbidi(tDelcpolna refdi, & krbayi sk @n0g@ i
2004) , and increasing sludge producti on, whi
(DeMont etasatly20Rneci pitation patterns influ
matter. During drought s, DOM contains more pl
amino acids, making it hydrophilic aald. haz2 @23
(Ritson )t @dnyer2doelddyght npeminods, DOM i s char
wei ght humic and fulvic acids, making it hydr
DOM requires <careful mon itthoer ifnogr meas i ior aodbuinadriss
(DeMont et al, 2021)

24. 3Adsorption on Granul ar Activated Carbon (G

GAC is wused to remove organic pollutants,
substances (PFASs) . | tc hiad ne fPfFACtsi wa cihn arse iPd~\VOi S
effecti vehdiomr BHhAASIst | i ke PFBA andcPF88cr &ALES
carbon | oad increases and as the carbon chain
|l inear isomers of PFASs are adsorbedKempeseilf
al ., .2019a)

Temperature significantly affects GAC fil
interactions between water, contaminants, and
evident in relation to EBCT. p&BtCadnti Epmpt g mBedr
activated carbon (GAC) filtration, defined as
rat e. I n other words, it is the |l ength of ti
condi ti onfsi Iwheerr ebetdhecont ains no filter media.
Effective contact time is the product of EBC
i mportant design and operationals fabeorff hnciG
adsorption and removal of pollutants in watert
adsor(pFtuinodnnei der et al ., 2021)

I n addition, EBCT affects the ability to r
better, but after -3® a@memtudies) valfwethabouthc?2@a
significant effect. EBCT al s a sarfeffehcytlsi stohbeo ranbeic
and geosmin: EBCT has a significant effect on
i n water. EBCT above 15 minutes can be consid
subst(amucnedsnei der et al ., 2021)

Temperature can affect the efficiency of E
removal can increase, especially at | ow EBCT.
can help offset the negative EBdTecdan olde tadnp
changing the filtration velocity and the heig

Empty Bed Contact Time (EBCT) Formul a
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The formula for <calculating EBCT (Empty B

bet ween the volume of the filter media and th
EBCT = Volume of Filter Media / I nput FIl ow
Wher e:

- The volume of filter media refers to the
measured in units of volume such as I|liters
- The input flow rate refers to the speed of
in volume per time units, such as Iliters/ m

This formula can also be rewritten as foll

EBCT [ minutes] = VB [ml] [/ Qo [ m
EBCT = Fl ow Rate (L/min) [/ Vol ume
Wher e:
- VB is the bed volume of the filter media,
- Qo is the input nill/aow nr.ate, measured in

The EBCT was calcul ated using equation 3
006 ¢a Qe wo[& &
afddade (3)
wheb@® s the bed wdlsunehei nf Inolw acnodmi ng out of
Powdered Activated Carbon (PAC):
PAC can al sembee | RBAIM®O et al ., 2014)
|l on Exchange Resins:

These resins selectivel-ghaiemoovemPdWArsds, ifnrc
often achieve rapid removal (Ratgsel aptd abn,béo

Membr ane Filtration Processes

Hi er essure Membranes (NF/ RO):

Membr ane processes such as nanofiltration
effective in removingha&PiFFASspmpaundsul akky pko

(PFPeA) and perfluoropentane sul fonate (PFPS)
Ultrafiltration (UF):

Ultrafiltration membranes are also used i1
(Eschauzier et al., 2012)
24. 4 Bi ol ogi cal Processes

Bi ol ogi cal treat ment iI's a process uubkdzaes
indigenous bacteria to remove contaminants. T
a filter medium and bacteria. As the water pa
with electron donotrhs caonndt annuitnrainetnst st,o rperdocdixuiceei |
byr oduds$ sePA (2023)., n.d.)

Bi ological water treatment relies on the g

redox reactions that target specific contamin
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el ectron donor (e.g., acetic acid), whil e aut

donor (e. go.Br ohwndreotgean). , 2013)
Bi ol ogi cal drinking water treatment is eff
and perchlorates. After an i1nitial adaptatio

consuming target contaminantsh ass |watgerast & mpv
concentrations of electron(d&n&BPA @202B%)ot,oigre
treatment can be used to remove natural ,0organ
nntrate, nitrite, br omat e, i(rBoenr,t rmaxmdg ah. e sy s s
However, bi ol ogi cal processes i n dr i-m&ti hgg emait
bacteria are always fol |l oweidn aly ado@unrsiitier cedaim ap r.

Bi ol oggdtciaMat ed <carbon (BAC) is one of t he
purification process combines physical adsor |
bi odegradati on of organic substancesfrt@ndluygha
coeffective because biodegradati on hel(pJsi npreetv
al .,. 2013)

Bi ol ogtice¢d alvlay ed carbon (BAC) wuses activated
Mi croorganisms accumul ate and adhere to the s
bi-coommunity that simultaneously pemmerms adsorl

Figubid lustrates tempor al changes in bacter
|l evel s in BAC. Proteobacteria are the most ab
Actinobacteri a, and Pl anctomyceeatdaqn,ceisn od e sad d n
phyl a, except Bacteroidetes, differed dependi

The -pchbe BAC filtration system could eff
car bon) and AOC (assBmomadéhéeéeotrgani cn cdeboaa
contact time but showed variability over the
in microbial community structures within BAC

dur ati opmm.otAelopbhaact eri a were the most abundant b
DOC and AOC remowalofiin ttrtae i emt isry st em.

Further efforts are necessary to clarify t
used for drTi.nk@G.ngKkiwateetr al ., 2014)
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Fi gubWwar2i.ati on opreedamimnmeantn btahcet eri al taxa in

abundances of major bacterial (Tax@. aKi mhet pal
Temperature Effects on BAC

Bi ol ogacctail Mayt ed carbon ( BAC) depends on
significantly reduced in cold water (below 10
|l ow water temperatures, which can afféectfammbd

rat(eAsnder sson .Mdr edver 20BDAG)requires an acclinm
three months for bacteri a(l Kare@dimagtey &t S art ehaacsh v
Whil e BAC systems are highly effective at 1 mp
water, particularly after extreme weather eve

Rainfall and extreme weather can increase
drinking water processes, significantly i mpac
0.05) . Specifically, cyano bea cttyeprhioao nasb u(npd a<n cOe. C
have been identified as potenti al reservoirs
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of bacteria released downs(tWeeianT,anagc cLdrediemd etsa
highlight the challenges of maintaining water

Advantages and Challenges of BAC

BAC systems of fer sever al advantages for
hydrophilic fractions a-ttid s rnugpntyi n § o xciocmp an d d se
coagul ation processes cannot el i mi namatfear MaAtCi &t
di si nf eatoidurctlsy whil e efficiently r emoorigiagniocr g
content(kKb6bf-Gaueaages & Sat. . Hawevaean, BAC7¢an have |
treat ment . |t may release microbial product s
extracellular polymeric substances, especiall

saf ety (cQuntchebrenrst sobDi £t-tidmild g e RrOR2dMe mat eri al s me
removed with BAC alone, (BBeduaciamg W s Dusesrall,

BAC filters can provide a suitable enviror
potentially creating a biological chain invol
Particles t hat host bacteri asucpar & s c uLleagriloyn e
Chromobacteri um, may penetrate the BAC filter
drinking WwW&teiaggabkttwgl ., 2019)

This can be a disadvantage when rapid tre
reaches maxi mum efficiency, BAC offers signif

many toxi c -daingdr iemptdiorcg i mempoundsbyt tarta dcianinoontalb e
processes. BAC can al so help mif{pirgatuetbdotr enait

25Ef fects of Climate Change on Drinking Water
This chapter analyzes the possible effects

systems. The distribution network represents
| ocated i mmediately wupstreamiaf itshecrfuicniaall ptooi
water quality alterations that may arise due
ar e:

A Temperature variation.

A Biofilm formation.

A Formation ofpdogumntf ®ecti on by

A Presence of possible micropollutants in
2. 9emperature Variations in the Network

Temperature is an important factor affecti
and biological processes, i ncluding the diss
mi cr obi al Teopreitanpuwrcens. t he kinetics of many cf
and growth of microorgani sms, i ncluding their

for opportunistic pathogens.

The temperature of potable water can signi
from the source to the consumer. This wvariati
the depth of install atieen ofoitlr dryppeqr tgr amuad ddvia:
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of anthropogenic heat sources, and hydraulic
a |imited i mpact on water temperature at the

Some studies have shown that the temperatu
by the external air temperature along the dis
source and distribution network characterist.i

The temperature gradient between the soil
determi nes the temperature variation o f wat

underground soil, where potabde &@s avmdlerv or ip&tsi @|
on |l ocal cl i(mMmgtuiVe F@o red i.Ralro nesx2ampd)e, a case stu
where pipes are shallowly buried, demonstrat

temperatures at 1.0 m depth reached as high a
regul atsieosn ai NPHOAC maxi mum water temperature a

Nordic countries, such as Finland, a minimum |
to avoid freezing of water in pipes or subsedqg

Soil temperature is influenced by atmosphe]
environment (rural or urban), ground cover (8

clay and moisture contenttgr. iThestreonpeglryatiumfel w
temper at ur2e,6hdenr rFe lgautrieon bet ween water temper.
| i n(elaari & Dz o.mbhki sc29dt2réedrag i on pewvali datsi rag btalse
climate change on water tempdigaturéuanoni netw

Monthly measured waler lemperature (°C)

Monthly average air temperature (°C)

Figue®or2r.el ati on between water temperature ir
(Lai & Dzombak, 2021)

Onetudy identified and evaluated a water temp
par ameBleaksker & Piet.erse Quirijns, 2013)

Preliminary estimates were developed for wvari
to temperature (chlorine decay rate and bacte
| ocal air(bteimp&rlz ankea¥Xar i2zedt2ilgns i n water tem
net work generally correspond to variations 1in
possible intense future changes with a great

tempeaenra.
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Water temperature estimates 1indicaitléd 6&8n tion
20021018 and of iR20uABCtibo@DS5AB01Lter ms of annual ¢

periods indicat €d,,7 tahserseh oiwsn a ns iFgingiufriecant i nci
during the waitSmeprt enmobnetrh)s, (wlhuinceh corresponds to
the network, |l eading to a degradation in wate

Date

Estvaated hatoncal level (15511958
cl, o) Estimated recert level (2001-2018)

—  Progecied fture average level (20512088 RCPA.S

FigurT@or2r.el ati on between bacterial a(cLtaiivi& y
Dzombak, 2021)
The main concern regarding the impact of risi
pat hogenic agent s, such as Legionella spp. Wa
temperature contr ol i's a8 eftobécfievat measulLeésS
temperature in cold distribution systems must
are implemented (I STI SAN Reports 22/ 32).
Water temperature changes can also be infl
The increasing use of technologies for wat
recycling of greywater, can influence the ten
net wor k. Greywater presentsita orriegitreat ersi sfkr otnt
inside homes, with a significant| y( Nreilgh& rJ atceo
201Mor eover, greater use of greywater can redu
the residence times of water in distribution
summer months due to the sUAgpoad/etdangtanft.an@o
Temperature is also a key factor in detern
Ssystems. The rate of chl orine decay in mass
including temperature, the oirngiatniial ccahrlboorni ner OC
in water temperature can accelerate both chlo
increase in the required chlorine dosage. | f
may f urmoher dprcamay rates under higher temperat
can amplify the eff(Garw2od aheghat . temhp@0bature
Water temperature can also influence the r
as ammoni fication, nitrification, and reacti
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formation of-pdoduantfec(DBRsyl i ke trihal omet h:
(HAAs) .

Temperature increases in distribution sysi
solubility or corrosion. For exampl e, a rise
consequently increasi 0§t amgeg eteqaahe ced@Oiz®ico rd
anot her consequence of temperature changes.
corrosion rates depends on other factors, alt
l ead to discolesahebi{idNoyh&klowthy &e Rua ka, 2019)

Il n addition to air temperatur e, research c
water distribution systems (DWDS) has been co
whi ch recorded 10, 325 pipe fairl udraetsa bfertone eth
Net herl ands Meteorol ogi cal I nstitute (KNMI) w
and future climate scenarios for 2050 and 210
primary fact orreguwencuye nocfi npgi ppehef i | ures. The st
pi pes are more prone to failure at high tempe
are more susceptible at | ow temper atuegesencCy i
failures in AC pipes due to higher temperatur
GCl pipes due to a decrease in extreme | ow te

However, the study also emphasized that I
strategies play a more critical role than the
pipes is considered an optiaralle swadtueri odii sftorri bt
mitigating the effects of <c¢climate change. By
di stribution and failure frequency with repl
provides a s$coenftfbfi mahagndg and i mproving wa
increasingly compl ex( kckdntmaette alh.a,ng20 Ich)al | enge

2. Biofilm Devel opment

Biofilm represents a significant probl em f
ource of bacteri al colonization and, I n many
orrosi on.

Biofilm formation (or biocorrosion) is a s
Il n the initial formation phase, the biof-il m a
per manent bond. Over ti me,i nagn tior rtehvee rgsriobwteh boof
organi s ms. Ulti mately, the structur al for mat
ecosystem composed of an extracellular pol yme
biofilm's sttuwctamdalcoihmtse@n among the <cells
protozoa, fungi, Vviruses, and other microorga
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al ., 2024)

Temperature 1s a critical factor infl uenc
nking water distribution systems (DWDS). F
ect mul tiple aspects, i nc lurdfiancge st, h et hienigtrio
fil m, and the species composition within
rophobicity of bacteri al cel | surfaces i n
reas at | owerr itad mgperldt smued acleasctt end t o bec
monocytogenes produces extracellular polyn
s not produce EPS at -apACmar B86ALer ainldinest
mgtSi.omi u et al ., 2016)

Temperature also affects the growth rate c
wt hl pavtesta@amperatures. For insglimeasj obal mb

uctures at 37AC and 20AC but only forms a |
t emper atouxriedi zamngonbiaact er i a (2/0B)c dmpar dd sts
reas Vibrio cholerae devel op35Ah@)t teue bti @fi
raceizMB|l bevel s.

Furthermore, temperature alters the compos
promote the growth of cyanobacteri a, i ncr
same time, changes i n ea@lelr amamker e dliitp iod
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hydrophobicity and adhesion capacity. Il n the
the prevalence of cyanobacteria and nemat ode
crustaceans and insects.

Temperature also interacts with other fact
organic matter (BOM). High temperatures accel ¢
doses to control biofil m. pwWhreant udreeg r baedcaocbnhees BnGoM
| ow shear force cdndnittieadn s,nvwhiolneneinn sBOMhear

The combination of temperatur e, nutrients, an
and ecol ogs cat (bNWominigewe et al ., 2005)

It has been demonstrated that the presence
guality of distributed water. Variations in t
nutrient concentrations ( niettrwogrekn cahnadn gpehso swiht
mi crobial growth consequences. High bacteri al
mi crobi al communities and cause serious wat

opportunistic edatdchaorgremssi,om cafel pirpds ,( San d i auh aen ¢
201(6QhowdhuByof20M4k e®c anandaet earf, qual ity changes,

by inorganic nutrients | ike phosphorus and ni
(Kol b et al ., 2017)

The presence of biofil ms, along with <cert;
Mycobacterium spp., and Legionella spp.), i s
(LeCheval2l0i2zddnioey ®Bhe,species found in these s
Cryptosporidium in the form of oocysts. These
chlorine. Giardia oocysts are more keesihdg toan tn ¢
they are |l ess resistant than Cryptosporidium
resi dual of 1 mg/ L, a 13dntnma cntutteismea so fr eaqpup rr cexdi

The primary factors i nfluencing biofilm f
temperature, though not all bacterial species
Bur khol deri aceae, Met hyl ot ener ai,ofod m Md tolr ynlad
temperatures above 24AC. I n contrast, Pseudom
(Calero Preci aBsevttombnas2bae)eria are among
stages of biofilm devel opment, as they secre
groywLh Yang et al ., 2011)

Water temperature, pH, and heavy metal <con

The devel opment of bi ofi |l m, particul arly e
|l evel s between 6 and 8, represents opti mal CC
pneumophil a. Biofilm thereforetbkbecosmesd eans cbu
controlled in various ways. For many years, t
I i mit its formation, with the chlorine appli
formation durieegebbpmphases of its d

Ot her methods for biofilm control include :
carbon (AOC) and the concentration of micr obe
di stribution system. Technigues!l tsuathi ars, bdxifd
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(ozonation), and UV disinfection ar e addi ti
croorganisms in suspension before water en
potenti al for biofilm growth. T h e spee tcroeratonse n
di stribution systems, which transl|l ates into |
conducive to microbial col(driekavei c&n Muhd m dsamo @
Recent | y froeusneda rcclhiemmast e change | eads to an i
the effectiveness of biofilm control n{eQ ahl cedrso |
Preciado Beceaht , r 9 &2#scchaluet islyisztienngs phialsots hown
temperature from 16AC to 24AC enhances water
structur e. FIlushing aloeowacentrati deambehlidd sicmomeé ¢
potenti al and | owers bacteri al density withir

shock chlorination does not appear to provid
Preciado et al., 2022).

25 . B si nCeasampti on and DBP For mati on

The quality of drinking water depends not
and the distribution system. To ensure good
countri ersesmadwmdlaidi si nfectants in treated wat e
and microbi al gr owt h. However, the negative
di sinf epcrtadumctisy ( DBPs) and changeshei nr etaacsttieo r
di sinfectants with certain organic substance:
mi crobi al growth in biofilm parts of the di st
present .

Sever al countries, i ncluding Ger many, Sw
di sinfectant residuals in their respective ne:’

appropriate treatment choicesnananel pdaactygi des i
syst(cAgsu¥et a et .Tahltey pd20d2i0s)i nf ecti on, pH, water
of organic matter have a significant influenc

Regarding disinfection, disinfectants 1|i&ke
mi croorganisms to prevent water contaminati on
(NOM) present i n raw wartcedylBfResr)mitrhga td icsainn fpeocste
ri sks. The concentration of DBPs is directly
hi gher in surface waters and | ower in groundw
| t al so tdheep ecnodnsd iothi ons of the distribution net
age, and potemitWal 2Znma2zZluncti ons

The use of chlorine for dpi rsoi dnuf cetcst i loink eg etnrei
(THMs) and haloacetic acids (HAAs). To avoid

di sinfectant. However, chl ortihree dioonpiodien desan i &k
chl orate from reactions with residual oxi dant
management of DBPs is not possible without c
characteri zedendhe oumgectil avacepy.

Anot her factor that <can effectively increa
Biofilm can act as a dynamic reservoir for va

8 3



using them as a primary nutrient source for

with the use of di sinfectants | ike chlorine
residues, |l eading to afZinwaegsetial DBP20@2hye
The formation of DBPs is also influenced b
ri sing temperatures favor DBP formation rates
foll owing disinfection with mondchleonpeiwWatt eim g&n
et al ., 2021)
I n terms of water quality, it has also be

organic matter are significant precursors of
hi gher concentrations of tfheTsHeMsp éfDparimpetdar st | ah

DBP formation is also favored by high temp
to higher concentrations of DOM (dissolved o
resulting in increased DBP f@OChmang ot aBfit ®lro @i
droughts can trigger a series of cascading e
supply. For instance, reduced water avail abi ||
net work, | eadi ng itmc rha agsheed DvBaR efro rangaet iaonnd.

Il n distribution systems, the | oss of disin
of di si mfreocdtuicans boyr t he devel opment of nitrifi
chall enges. With |1 onger wakt earn dr eisn cdreenacsee dt i cnoen
organi c mattemtmorc k| oriame i ocas, thus i ncreasi ng
water residence times can also | ead to signif
the southéasdt &Strmtes, an intensive monitoring
systems to assess water quality issues. Furth
for storage tank outlets were | mplaermeretve dh gt a
reduction in DBP formation and a 36% decrease
(EPA, 2022).

Even wildfire events can generate similar
ccur following wildfires, ¢ 2 p eadfiddell(l \B/a xidny aerte a
Ol5)Rain transports |l arge gquantities of sedi
ausing problems in potable water supplies. Ol
ormation potentials compaxedaple, unbuhasd bee
rganic materi al released from wildfire ashes
|l evat ed trihal omet hane and hal oacetic -acid
itrosodi met hylnaintirniel ea nfdo rhnaa toiaotnZ t aof Waenrg ceht| aarl ar

535 ® O O N O

Di sinfectants such as chlorine, chl oramine
in water treat ment , each with uni que advant
di si nf epcrtoidounc tt sy ( DBPs) . Chl orinet, theambost wiwt
organi c matter ( NOM) to produce trihal omet ha
chl oramines produce ffewer THMs , they can | ea
(HANs) and halonitromethanaesd( 5édlsak (29038) . VO
oxi dizer of organic matter, -coaamt af oi mgbwamat e
har mf ul DBP classified as a Group 2B carcinog
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(Mao et @HI.gr i2n0el 8di oxi de (ClI O ) reacts | ess w
THMs and wotrlgemi talDBPs. However, when bromid
br omi naptreoddulcy s, particularly when <combined
brominated THMs and cyanogen bromide (CNBr).
aldehydes and ketones, which ar(Agprseecur sadr. s t2

Temperature significantly influences DBP f
temperatures accelerate chemical reactions be
NOM, resulting in fasté¢X. agdthahnhgg.leeéeStaubDdB Pe s 10sdhd
el evated temperatures strongly promot e THN
Tri Chl or/mhmed rhaafneer m ( TCM) <concentrations incre:;:
50AC, with similar trends for bromodichl or ome
tri bromomet hane (TBM). HAA formation (@DGAA) I s
forms at 108 Og/L at 50AC but not at 4AC, whi |
increase with tempelriaker dhal G@aemet o BRsr i | es ( F
temperatures due to hydrolysis, though <certai
i ncrease. Ot her DBPs, including trichloronitr
signifyi @anthi gher temperatures. For instance,
at 50AC, while CH rises from 13.8 Og/L to
dichl oropr-D@RNoaetdr(ilc,hll,olr opr-O@R)N,0 n& | tgelmpleiia thu rt
dependentDe hdemrgeeset al ., 2016)

Under chloramine tredthmermt ,t emrpeelrarn guer de se xnpaa
i ke i odinated DBPs, HNMs , and HANs. However,
rates but can also reduce disinfection effic

|l eading toi edmeofacmama |l tadaxi ¢ DBPs and increase:

Apart from temperature, factors such as pH
ti me also affect DBP formation. At el evated t
containing water treated witch noozdoenles ibsa spead taonc
equation have been developed to simulate the
rates, providing tools to predict and optimiz

To minimize DBP formation at high temper a
removing NOM precursors through <coagul ation,
di sinfectant doses and contact tadamme,;chulsdarmamia

chl orine dioxide; and controlling environment
I n summary, high temperatures are a critic:é
HAAs, HANs, and HNMs, after disinfection. Thei
treatment strategies i s estsemublailc tlbeanitth.gat e
| mpact of Pipe Materials on DBP Formati on
The material of water distribution pipes s
l ron from various pipe material s, swahH eams ke
(zZzVvl ), can participate ihne cdhemacdalonr eoa c tcioanmmso nt
HAAs, haloacetamides (HAcAms), and HANs.

Gl obal DBP Regul ati ons
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Tabll&h@Qws varying DBP concentration | imnm

DBPs l'tal|ChinJap{(Singal US| WHO Vi etn
(Legi s EPA ( QCVN
Decr ec 1: 2018
18/ 20
Total TH 03mg/ 1.0 0.1 - 0.0 1.¢ 0.1 m
Chl orofo0. 07 0.0 0.0 0.3/0.0Q0.3 0.3 m
Di bromochl | 0. 06 0.1 - 0.12/0.0q 0.1 0.0686
Bromofor] 0.1 nm 0.210.0 0.1] 0. 0.1 0.1 m
Chl oroace/ 0.02 - 0.0 0.020.40.0 0.02
Trichlorog 0.2 n 0.1 0. 7 0.3] 0. 0.2 0.2 m
Bromate|[0.01 0.0 0.0 0.010.00.0 0.01
Chlorit| 0.7 nm 0.7 0. ¢ 0. 7] 1. 0. 17 -
N- 0.00(0.0 - 0.00f - |0. 0O -
nitrosodin mg/L
Regionst iwiiridient regul ations, |l i ke the U.S.
HAASs, whil e developing countries often | ack
specifically r engulratse ddhredrhiytlea mamd N NDQMA)y, awnn
Chi na, which enforce strict i mi ts. Thi s pro
Ssubstandard pipe systems.
l ron in pipes has a dual role in DBP for ma
typebfell()k,e Fe(ll ldewvambgnetcobehr@ahdt p t o DBP pr

oxi dation or reactions with disinfectants and
DBP(sGuo et . allorr daédadmt dinniimgnpi pes exacerbates
chemical reactions, complicating water quali it

The AGuidelines for selecting mitigation
2020/ 2184i nhnt &WBPedds. ldeassnmenxed4d t o assi st Water
selecting strategiepProoduactesdiuCPBRIS)si ah e c tcioommp |
2020/ 2184 on drinking water guality. This ta
effectriovle nmceoanstur es to | imit the formation of ¢
hal oacetic acids (HARAsOQmatds orwhiesch kaverthes
ri sk to consumer s.

Through the AGuidelines for selecting mitd.i
2020/ 2184 in WTPsoO designed to assist Water
reduce di irmfdacttison DBYs) and coepRQ2®i 2h84 hort

water quality, water treatment facilities can
removal efficiency, operating costs, i mpacts
technical fnead ailbidpttiyeanrsPaitmelnudet oprreeduce di s
( DOM/ NOM) prior to disinfection, modi fying t|
chlorine dioxide, ozone or UV to minimihkg DBF
modi fying the Empty Bed Contact Time (EBCT),
| eviehle. gui del i nes help treatment plants ident.i

the formation of c¢commoers DBPKHMs)u,c hh also & ¢ @ thiad oanc
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chl orates and bromates, which have Thlee gpotdeth i

not only help ensure public heal t h -pprroodtueccttsi,or
al so support compliance with EU regulatory st
reputation. Furt heatmnormi t isgdteican ngt ragptpe ipas h
mai ntenance costs while ensuring that treated
as a ulkefal maomagers and engineers in making
sustainable water treatment operations.

To address these issues, measures include
PVC or stainless steel, controllidgsicofre otsii @n
optimizing the use of alternative disinfectani
drinking water quality and compliance with gl
25 . PAr esemcMi cropol |l utants

Mi cropol l utants are compounds detected 1 n
i n t he range of nanogr ams per i ter. These
phar maceutical s, food awat ¢nigpeesntf sc,ospriea dtcisci zi
stabi(lIMKzeKs m & Zoh, 2016)

The concentration of micropollutants in th
concentration in the water source, as treat me

compt emev al

For exampl e, some studies have highlight
concentrations in rivers, particularly in rel

Referrsnamnmde to the presence of phajrenageuet
201@bserved a cl ose correlation b etcwarpm unh e
di scharged through wastewater treatment2®l ant
this correlation refers to carbamazepine con¢
drought péd20Dbd. of 2010

carbamazepine
©
)
015 S o e I , X
a ‘8 R*=0.69 0.06 R*=0.79
-
- \ O
g 0.1 O
- 0040
B0
s 0.05 o) :
s 0.02 o
2o X 33‘8 W= —r— it
- 00
© 0O ©00
0 0
0 2000 4000 6000 8000 0 200 400 600 800

Fi gu9Rel2ati onship between river flow rates anit
and Meuse rivers (Sjerps et al .,

Similarly, i n | ake water bodi es, climate \
mi cropoll utants. |l ncreases in temperature andc

87



Particularly intense heatwaves | ead to cyanol

vertical mi xing in | ake water (cJ® humkn set aanld. ,i n:
Aut h(obresnnartz & $bwdhedtthe@O@lFderati on of
mechani sms i n agricul truaianf addi | sy cfl eelsl. o wli meggy ¢

simul ated heavy pr &0 pmm/aday)n, coerdtidiimnise r(iOc
bi fhreantnh could pose a greater risk of cORtambsha
et al ., 2005)

Regardingelcdtiemht «e hanges, possi bl e al tera
concentrations in water bodies, especially ri
due to potential sources of atnst)h raonpdo gneantiucr aplo Ii
of metals from rocks and soils) (Delpla et al

The presence of mi cropollutants in water
mechanisms in distribution networks. For i nsi
active compounds (PhACs) in water may negatiyv

Some a(ul.hoWsng etaval .h,i gh0iPhted that the e
di stribution systems to sulfadiazine and cipr
activiexyraoneédl | ul ar (Ed®)Jyrmedu oct isounb,s tvamiceeh i n tu
adhesion t o Yoi pZenh asnwgr ffesticreed ..t haz02 %)t racycline pr
bi ofi | m, while exposure to tetracycline, sul
resistance to chlorine and antibiotics, fost
bi ofil m

Mi cropol lutants can be r emowe@myv etnhtriooungahl ctc
processes. Conventional potabilization proces
adsorption using activated caidbohascéaeenembesge
adsorption phase is generally the most effect
can sometimes be | imited by the nature of the
substances thmbvhindates. Since conventional
mi cropollutants, t hey may persi st i n di stri

bi oaccumul ati on of hazardous compounds.

Il n addition to conventional processes, adyv
such as membrane processes using nanofiltrati
in removing micropollutants. S$Begandbéhesedme
mi cropollutants from water, including ozonat
radiation with CI or O . However, degradatio
certain resistant micropollutants.

I n conclusion, this highlights that even at
the issue of micropollutants persists, often

systems.
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26Contr ol Measures for Drinking Water Supply S

261 Monitoring of Water Resources

Moni toring water quality and quantity is e
arreeand potenti al ri sks are managed effective
bodi es mu s t be assessed using specific stan
2006/ 118/ EC and Directive 2008/6l0/5SHEd.ayArtthiec Ife

for this process, defining parameters for t !
consumpti on. These parameters are not only m
periodic reviews tlatd acgptontad emam@icngrrnisthk <
I n addition to chemical and biological par
identify specific activities or events that m
poi ntpsardriecul arly sensitive to pollution, rec
i mpl ement preventive and mitigative measur es.
water service manager s, and wWatelt saethocesias
to adopt Water Safety Plans (WSPs), which al
enhance resilience against contaminati on.

26. 2 Addressing Climate Change Ri sks

Cli mate change introduces a multifaceted s
both quality and quantity. Rising temperatur e:
rainfall events ar e amonghetnhoememoas tc rperatses i chags cca
as shifts in water chemistry, increased evap
ecosystems. For exampl e, prol onged heatwaves
particul arlayndi mrnedarcvaailr d akes, which degrad:
treat ment processes.

Water quantity is equally affected. Decr ea
and intensified evaporation during droughts t
complicate the situation, ass opfetaekn dceom anncdisd ed uw
supply. This is particularly critical in regic
scarcity becomes both an economic and soci al

To mitigate these impacts, strategic measu
benefit from desalination technologies that
met hods offer a virtually luemngens teidnaslupgilryg h
and environment al concerns related to brine
provides a dual advantage of water storage an
weat her ewe@lnutsi,omsucthnder score t he Hnopdritnagn e |c
in securing reliable water supplies.

26. 3. -TRemel Moni toring and Early Warning Systems

The integrtatmeo nmoonfi troralng systems has tran
resources, providing critical tool s for i mm
monitoring, as outlined in D.Lganall8k2®F3,rifs
measur es. Unli ke traditional analytical mo n i
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erational monitoring aims to ensure contint
equent data collection and validation to de
asures.

Early warning systems (EWS) are a signifioc
nitoring key parameters such as pH, conduc
expected changes in water systenomstyFmayexa
ntamination or structur al Il ssues in pipelin
l'y enhance responsiveness -batmameni redung p
cusing on critiocel EW$i canobe.  Ruteghat md wi
|l ves or discharge systems, to mitigate ri sk

However, the success of such systems depen
atistical met hods must be applied to proces
d anomalies are accuratehegnisdert diait athas€Else a
cilitates -makKiomgne df wWretch esri ot r engt hening the

4 . Protecting Critical I nfrastructure

Water infrastructure i s incr eabseiimggl yanrde ceccgo
ability. The i nterconnected nature of wat e
sruptions, whether from mattircaloudi saadti ems,.
d EU Directive 2022/ 2557 emphasize the i mpol
em as "critical due to their essenti al r ol

Ri sk assessments for water infrastructure
eat s. For instance, prol onged droughts and
vice interruptions, andkewts cawmpectlry nlei gvl
ing heatwaves further exacerbate t hweasteerr i s
agement solutions.

5 = = =

The directives also stress the i mportance
stering collaboration across sectors. Ef fe
naging risks that extend beaey®ersd tFloe iemmengpil &l
source management with emergency planning c:
i metlet ed event s.

5. Toward Resilient and Sustainable Water M
The integration of WSPs into water resourc
dressing both current and emerging chall eng
rective 2000/60/EC and D. Lgscom@Br/ ems i weat <
at prioritize sustainability amntderrme siinltieernvcee
th-tlomg pl anning, ensuring that water reso
nerati ons.

Central to this wvision is the concept of s
rigation practices, and circular water eco
sources. By treating andclressitnlge wlasd g wart ew a
nimizing environmental i mpacts while meetin
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Cli mate adaptation must also be prioritize

adopting advanced monitoring technologies, an
The devel opment of policiesi tdhhmmentndlegg adles ww
building resilience against the multifaceted

WSPs serve as a critical framewor k for man
From monitotimg assdegserment s-imaduaddr a3 sikrsg aaldi
infrastructur e, these tools pgowiaderaseomprt e&§
achieving sustainable water management requi
technical, -basedcommuni atyi ves. By adopting 1in
f or waorodk i ng policekefsectsiovceileyt ynacvaingat e t he ch
management in an increasingly uncertain world
2.Research gaps, research questions and object

2. Research gaps

Despite the greswiang hbody cdfi mate change ar

systems, several gaps persist in current knowl
utilities tol ienxteemei ne @gmntees i moanidforregle espe
geographical and regul atory contrepxotlsi clyi kaen dl tpar
and insufficient mi crobi al monitoring innova

model s or simulations-wowhpebeeatewral exkmpacestab
events on water suptilme sgastt @ mss iAndmheoagihnglewnl a
pl anning and early warning Ssystems remai ns

concentr aiteednei rc ohuinghri es, with | imited compar s
(e. g., l'taly) and developing (e.g., Vi et nam)
2020/ 2184 and nati omedi lliaevst pwatmeort epafeaneya t mit a |
is often inconsistent. Additionally, traditi ol
intervention, and the integration of faster m

2.7.2 Research Questions

Based iadmentthhefi ed gaps, the thesis aims to a

(1) How does <climate change affect the qu.
supply systems, especially during extreme wea
(2) What differences exist in climate adap

Vi et nam?

(3) Howtcae meaitoring technologies and mi

resilience of drinking water systems?
(4) Are current regulations and policies
induced water quality risks?
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. Re3earch Objectives

This research aims to assess the operatio
ality through Iliter#atmee dataiew,vaswravt ey d,he:
sponses of water wutilitiesivanaéedts Ingef amoeha Y ioe
stems and propose I mprovements; explore the
celerate response ti me; and propose a set o
hance theriexilnigemwae eof syst ems.

No4delty and Contribution of the Research

This thesis presents a ndvenle ecnomt rtiolb uwthigo rd e

alysis,eweant cd omaegleati ons in an operational
e of t hceo ufnitrrsyt ccornmopsasr i s 0 ncsu s(eldt aslpye canfd cVaileltyn a
aptation in the water sector; highlighting
' i cy fr ametwommek sr easnpdo nrseealmec hani s ms; and sug
crobial atoncaoricognpireemendti eaki mdtreat egi es i n
ndings are expected to inform both academi.
silient water supply planning, eyw.pecially i

. Research Approach and Methodol ogy Overview

Comprehensively addr etstsi st hset urdeys-eaad/ ephtes uase s

thod research approach that moves-dempa dir €easi
ecific analysis. The methodology unfolds in
1Mac-t evel understanding through I|Iiterature

The study begins by reviewing existing sci

on drinking water systems globally and in
identifies knowledge gaps andvoseldal Itéreg € so.
compl ement t his, structured surveys and i
countries ar e condultcdredl. | Mhieghet sg ait mtea dd
institutional <challenges, anmdtrneegulaantadryysirs

devel oped (ltaly) and a developing (Vietna
2Me di ume$ ey el anal ysis of operational i mpac

The research then narrows its 4 omeswhoetr haeg
data and documented anmaltiiesul &rbwm | halried
weat her events. Thi s phase investigates h
operation of watecltudeatgmemti fsysti eamphysi co
parameters.

3Mi clrev el i nvesti geaetpitdn ctatsreosghudagn i n

At the most detailed |l evel, the study focus:c
( DWTP) i n Br esci-far, e gluteanlicyy. dHaetrae ,f rhoing hon!l i ne
conductivity, temperature) anddEXiXc rCoHdiidleag
analyzed in conjunction with climate recor
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anomal i es and water gual ity fluctuations.

all owing for validation of sensor data and
4RPol i cy and governance analysi s:

To evaluate whether r ecdulreatoarlyi efnrta meavtoag rk s m
comparative policy analysis is conducted.
Wat er Directive (2020/2184), Il talyds Legi
standards. Survey rtecsrpsonasrees Ugedn tud idd des o
bet ween policy and practice.

Macro-Level: Literature & Surveys
Review of global and national literature on climate impacts (Italy & Vietnam).
Structured surveys/interviews with utility managers to compare adaptation
strategies and institutional challenges

Meso-Level: Operational Data Analysis
Analysis of real-time and historical water quality data from Italian utilities.
Focus on anomalies during extreme weather events; identify trends in
physicochemical and microbiological parameters.”

Micro-Level: Case Study (Mompiano DWTP)
High-frequency sensor and microbiological data (IDEXX Colilert) integrated
with local climate records. Site visits for context validation and understanding
operational constraints

Policy & Governance Analysis
Comparative review of EU, Italian, and Viethnamese regulations (e.g., EU DWD
2020/2184, Italy DL 18/2023, Vietnam QCVN). Assessment of implementation
gaps using survey/interview data

Fi gut @u2-ltayered Met hodol ogy for i mpacts of e
critical parameters in drinking water suppl

This tiered methodology not only enables a
i mpacts across scales but also helps bridge t

practices, and policy framewordkuwantBiyt actoimbea na me
casepecific data, the study aligns with its go
actionable solutions in drinking water manage
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CHAPTERMPACTS OF EXTREME WEATHER ON THE V,
CRI'TICAL PARAMETERS I N DRI NKI NG WATER SUPPLY
FROMPERATI ONAL EXPERI ENCE

3.1 Methodol ogy
3.1.1 Data collection and source

This study i shuwning we pirm aicths tfoulalnal yzi ng cl
treatment processes, covering each wptemati oha
Furthermore, the mesdadscsh aptpirloiazdd @drmimaed | vy
comprehensive information from key individual
study was conduct erdi bat Ptrilod WBmibwdrasiat ySoafl i Br e
devel oped aimed to address critical aspects o
treatment technologies, and distributioandyst
the i mpacts of climate change.

The questionnaire was distributed to wate
resulting in responses from 19 companies rep
utilities in national survey in Italy.

This approach is intended to bridge the ga
change adaptation and mitigation, ensuring cl
and sustainable development. The research f ol

1. |l denti fy the Number of Water Treat ment
the popul ation served, and the wurban areas coO
tablRPWRP | ist).

2. Li st Water Sources: Compile a | ist of v
percentage of the total processed water, Pl a
treatment pl ant, detailing tpberwhtenttoesaapmen
relationship with designated water sources.

3. Cli mate Change Effects: l nquire about
water supply system, i ncluding changes 1in ten
related factors.

4. | mpgaetatonent Processes: Expilodeceéetieveria
water source parameters on different-oxsit@a@teison
coaguf hocool ation, filtration n(adr an wsliaxrf eacrtd oan

6 . Di stribution Network | mpact: l nvestigat
on the distribution network downstream of t h
corrosion, ampd odliucit n ff @a tmad n oy

7. Control measure mitigation actions: I

organi zation or WSTP to mitigate or address p
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Thi s metahiotdso lvongdyer st and t-hel st gaidhalainenges

treat ment pl ants and their corresponding res|
adaptation measures and explore themenmppcbcest

d

stribution networ ks, and regul atory complia

experiences among various uthiel phteasgttsi, c @ hearsd ud
effecti veaneosrsi ngf smyosrti enmhso ramred olaitmatfeor strateg
utility managers were expected -itnd upcreodv i cdhea nvgad:
water quality and treat ment requwrement 4.t al
Vi

etnam's water supply chain and informing ta

1.2 Survey Design and analysis
To deepen the wunderstanding of climate <ch

nati onwide survey was administered targeting
The survey aimed to highl i gnhatn atgheer sc haanldl etnhgee ss
taken to address these challenges. The inAvest,
el ated i ssues, examining the various cl i mate
systems,tand thkal abafects on treatment process

r

The survey was distributed to water suppl

accompanied by a questionnaire designed to ¢
comprehensive insights on the efsfechsernedshb
operators.

The guestionnaireenidredl uaredd h chiott Ehi ppysest i on s
respondent s t o provide additional det ai | s 0
guestionnaire, as presented to waher quéesti oyl
consisted of three main sections:

A Section | : -Ghner aslec®vieomvipegwvi ded an ove
supply system, covering gener al i nformation a
operational water treatmentofplraaaw swatperp ul taitliio:

A Section | 1: Ef{Tddtss sefctCloinmaetxea mEmardg e he
change on both the quality and quantity of rav

w 9 T o

echnol ogies and drinking water distribution

n
n

A Section 111 :Thdosntsreoclt iMena sfuorceussed on t he
ilities to reduce the adverse effects of cl

1.3 Data Analysi s

Survey results were analyzed using tables
alyzed wusing Excel. I n specific cases, ma n é
formati on, clarify resporfisesd,gnorfigainh asdac

pproaches used to address related concerns.

2 Results from survey results from I talian
(This section detailed description in the

rete | SHNB 82 4MNoudmbiaeugdsdiublP-2833paget hdlwebsite: w
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Il n I'taly, water resources are distributed
19% in the central areas, Thhnd @B%panitlhepooeetst!l
especially for the southern regions, which ar

Il n recent years, the situation has been ex
droughts and increased temperatures. For i1inst
crises, with towns I|l-dke fTeseamaoienmpe reimemdi mg |
measur es. prRetsevalteendt sdi stri bution decisions, h i
(Guardi an, 2024)

Managing these resources aligns with the
which establishes policies (WD, 8 0®Iri maat dea ycehnae
however, has started to i mpact | tlanl ytdlse wAalt pesr,
temperatures have |l ed to aodemamad WwcaWardmac|l®d OD
Gl agiheer | argest glacier in the Dolomites, Marmn
a massive collapse occurred, resulting in an
mi ssing. Experts have waenetdhe h@ltadcifertuo oelnd
2040Md t hFeorontihe@l aci er i n Lombardy, Forni i's or
past century, it has retreated approxi mately
the | ast 30 years. Thi s sniggntiefmpcearnatt urreedsu catnido nd

Projections indicate thdACiflghbpiabétubepkb
mountain glacier mas(sMiblyl etrh e& eBned toofn ,t h2e0 1cde)nt u

The I ntergoverChmenatt &l Cha&mwedep esmi(allP REB)port o
and Cryosphere in a Changing Climate (SROCC)

under various gtembmail i-EKne:mSacoeantauwrieo ( RCP2. 6) : P
mass reductions between 2015 and 210-Bmias®i dn
Scenario (RCP8.5): Projected glacier mass red:
37% and 57 %.

These projections indicate that even with
|l oss is anticipated by the end of the centur
effectiveness of gl obal esfifoonrst.s t o reduce gre

ltaly also has one of the highest rates of
per capita use bef{Weewcolb@Gcanet2a0.[i2eng) (

Drought I's a growing 1 ssue, especially in
temperatures and | ow precipitation. The Medit
many areas i n the south witnhgecdr ihteiacta|wayv elso wa nv
affect water availability, posing significant
sectors dependent on water. The European Commi
that suchawendittriaomed I talyds water supply in

I taly has endured several maj or droughts I
16685 70,-11646319329 ah@y8o6flira, ThEeXxFE) droughts
resulted from decreased rainfall, ri giNmglot € my
202WBheir | mpaeascshianmge, fafrf ecting agriculture, !
of ten | eading to food shortages, soci al di s
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accumul ation of sediment in dams and (rMasareJ @i
Perrone, 2024)

FIl ooding also present sRoamaginlae nmgpess .stirmucXk0

fl oods, with 23 rivers overflowing, over 290
has t he hriigshke sptopfuloaotdi on i nsltalihsigwzomed28nd@O0
i n merdiiaukg &€y onaca, 2023)

Cli mate change has had a notable effect on
the systems that purify drinking water. For
turbidity, requiring higheditdbeaal oy, cmamgeae | a
passing through granular filtration, strainin
El evated pollution |l evels also mean that act
| oads, wbihéettnah fHaces increased microbi al
Di sease Control and Prevention, 2022; Safe Dr
Nati ons' Worl d Meteorological Orgens z avteil @nt el i
hazards | i ke floods and droughts, impacting d

Rising sea | evels bring the additional ri.
which could degrade water qual i(tKetaanbdc hd a neatg ea
Research has shown that <c¢climate change can r a

threatening( Bmattdret gudlovdegl,e k 2BR&Ji es suggest
treatment technologies may be required to mai
may not withstand the i1 mfNag¢thsa wain &x.tHoevae dwenfdtD
recommendations to prevent anoxic conditions
dosages to counter adqtMaweaeteeret(qudl.i,t Y2 0de9gr adat i

Addi tionally, d rkinnokwi nn g¢f roer & itdhtzialetwt cihtaild £ nges

climate change, which affects their ability t
gradual weat her changes and more extreme eV
protocol s. Howevthat resielarcyhy madagat @smay | ac
climate risks to their systems, despWateavbtl
Climate Alliance, n. d.)

I n examining I|Italyodés water management stra
change on water resources, treatment, and di s
Il talia water manager s, t hned erressteaanrdcihn ga ionis htoow

n
is shaping the water sector and the strategie
water supply.
u
e

Results of Section |

General <characteristics of supply systems

I n the foffstheegttr ommays asked to show a ge
managed, i ndicating their number and capacity

Within the group of bdel aamendegretr st lsautr vey ey , c
number of purification pl ant"sG" Nost asbh oyr,t htawod ¢
referring to the management or operation,of f
focus solely on distribution without managing
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for just one purification plant each. Among tF

Under the survey, the distribution of water p
drinking water pl ant s, all owing for a better
all ocated among dihfef suenvteymamagersdser haumbleer
managing a smaller number of plants (<10) con
(>100) .

The foll owing figures present a compari s
i nhabitants, arranged iwre rsasucrecneddi hfgrooomr tideaet. aRE Iy e
Aut hority for Energy, N&it gvoaf log, tdared ytelae RMO2ilt
sur vietysr,aveatl abl e variation in service capacit
providers, such as G23, G9, and G19, c attheeriirng
tens of t horuassatn,d st.h el nl acrognetr compani es, partic

| arger populations, with G29Morseta bdefi cg mpaart k¥
with a capacity of fewer than 500,000 inhabi
bet ween 1,000,000 to 3,000,000 inhabitants. G
capacity, serving ftdranmbaeg aseticamidoander |, G5.
companies with substandtuidel GHer vd2cle, caanpda bG1 ,i t 4
1,500,000 to 2,000,000 inhabitants.

3.2.1 Type of water sources used.

OQut of 40 managers surveyed, 97% (38 out o
solely on this source.

Additionall vy, 28 compangreurudwa tseprr.i nRyi wweart se
although to a | esser extent. One manager, G5,
natur al |l akes and artificial basneserav @i rug,i | e
with Lake Como. None extract wat er directly

operators or purchasing from third parties ar
Phenomenon related to climate change:

The questionnaire's mainrehgtutedyevent §Hauasg
in the drinking water supply systems you mana

noting changes in t-helated aplrent admenavaa fecll | sa i
wi despread i mpact, regardless of plant | ocat.
climate change.

Out of the 33 managers who responded affirr
Nearly half (15 out of 33) attributed supply
rainfall. Onl vy manager G31 imemtfioprpgdemmny Iia
Addi ti onadlilryd, odnd he companies cited flooding

Tab3le summari zes the key <c¢climate change ph
sources, as reported by managers. These phen
mai ntaining water quality and supply reliabil
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Tablld®h3®nomenon related to climate change:

Phenomenon Percentage

I ncrease in pr 45 %

I ncrease in 88 %

I ncrease ihregq 39

Fl ood ph 33
Tab3le hi ghlights how climate change phenome

periods emerging as the most significant <conc

droughtdserscoring the growing challenge of mai

both temperature increases, and heightened pr

suggesting that water systems amudstpontoewn ta dad r r ec

I nterestingly, only a small fraction (3% nof

whil e rainfald/l patterns may not be shifting s

probl ematic. sFhoecdingcaémaiomcern for a third

prone to extreme weather events. These findin

the diverse iIimpacts of climate change on wate

Results section |1

3.2.3 Effects deriving from climate change on
The second part addresses the iIimpacts of
supply systems of participating operators. I n

water sdepcesedasn the following graph.

Ef feesstitaocing ndtaedgas ppbO YT

o 2
[
&
8 2!
£
>
= I
m K. - II | [E— - mull
| ncr eas el nicnr enaastee ri Re dwa I ncrient Il ncrienaskncriead s
i hl owt e | evel wat mi crobi alchemi contam
contam cont am
mGr oundwmSpeng m Ri vee MNaturalL a kee Artificial Basin m
Fi gutkf f3ects resulting from cli mate
The predominant effect noted is the decre
particularly in aquifers and springsis &albsodow
increase in microbial contamination, notably
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artificial reservoirs. Al gal contaminati on
contamination was mpapg damrtde ds mbuyr cfee w ygoreds equal |y
water flow rates and | evels.

3. Ef4ects on individual treat ment compartment

The study then examined the conventional t
the ogprédation phase. Many operatorss, upotl agzei
per manganat,e c(hKMrO np, daadi ded{ GimMOhypochl orit
These substances are employed to oxidize vari

i ron, manganese, and ammoni a, as wel |l as orc¢c
pesticides.

I n tdoeaipgaei on phase, out of the 11 manager
increased oxidant demand. Some apl rsood urcetpso r(tDeBIP
alterations in hydraulic residence ti me. One
experiencing increased chloride concentThe i on

percent ag32s rienprFpisgeuprber t hen of surveyed water t
experiencing eacoxeflaecondphasg. bhe pre
S 3eXE TJIY I
At I A OA K A nA aAi

I ncrieda se nf ect

vprodquears) [N 1ot

[enl4
ax
~T

I ncricnysle nesi d - uHy

ti me
Decriemyscker aesi die - iy

Ot her uy

Fi gu2kf f3ect s on tolke dah e minc plh asree

Moving forwardf |l dad deulcaotaigoun agh ashe was examj
among managers treating surface water sources

| n t he cfolaogcuclvaltaitannohi gpgihrdd e Inah ager s observe

effects, making it one of the most i mpacted
hi gher demagudd ddotrfsl occul ant (such asafeamroum
polychl oride, and/ or ferrous sulphate). <LChang
oxidation phase, were attributed to incoming
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Gl2, treating | ake water, noted increased
decreased coagul ant desmamidnglauef dlol d wiwreg rtead Wbd e
a dry spell. G4 highlighted the need to reducd
treated water quality to ensure compatibility
hydraufresidence ti-mkesccul aheoocoagmpati ment du

$-JzZAEHKE NNAKIO
At I A OA KA NAYy aA?#

| ncr eas keoddictoyma n e _ﬂb

Increaagdbkmnat _Tb

I ncreheedul an _50
Increhpedaesigiem [N 20
Decrielmyseraes i diem -éO

ot h T

Fi guBkf fSects on tlheccwlaguil atn i pmase

Il n the anal ysi si noff iggruapneuilBaard ifliyl tqruaatritozn s a n (

managers utilize advanced treatments such as
observed was an increase in suspended solids
Addi tionall vy, variations in filtration speed
due to incremsecidf indlelty,] o;mdhi gher concentrati

medi a, which sl owgprdo ad#hdhan ctrleea sfeidl tsruastpieord e d
entering the granul ar filtration system, [ i n'
Similarly, G4 found that reducing water fl ow
speed intgaanohadegplite using the same number

+3 J«AKBS3I Y X
At I A OA kA nA aAl

e i omd o N
load of filter inlet water
| ncriehad drraat -“*
De criefaisletrraatt _ ia
At

Fi gu4kf f3ect s on the granular filtr
116



| n ftihletrati on phase fugiumge cdanthiowd tye df oaanrdb oi

purification plants in question, granular act
cases utilizing powdered activated carbon (PA
sol i dsincoad ngnwater at this stage. Additiona
poll ut ®nspol vedants refer to soluble contamir

di sinf @ctoiduacteyndDBB$s pt il e organic compounds (
treatment stages and frielqtuika teie orimeemplitatneddrih e ngt
reported a dcGACeacrt ant wtaitme ( EBCT) , typicall
fl ow.

* KO PITXKN-LENI XM- «
At I A OA K A NAY aAl
Il ncreaspeamdldadasi he w

entearengi | ter [INIIGSNNN

|l ncr eashdeo addi ssol

pol | ehamﬂﬁeh@ilter_iﬂ

Il ncr eAsCavih t e 0 n ttaicth& B (
Decr € @AEGvatceantta e B( At

Ot her
N
At

Fi gubkef fSects on the filtration phase ¢

The final disi ntf déeestseomt ipsheadsseteaagvemieah , i s ec e i
responses regarding effects attributed to cl
hypochlorite (NacCl @),, acnhdl,oriinn es odmeo xiindset a(nCleG ,
di si nf@gJltheprtesc.ur sors refer to substances | i ke
organic carbon (TOC), and bromide ions that r

| i g urbee |30 w6 responses dhownwi8 hmawagerhsal dr
increased demand for di sinfectants and ar ou

contamination in incoming water. Another- obse
product (DBP) f or mmacteinotnr aan do nt. h Aidrdiitnloetal ¢ ¢, 1
extent of increased hydraulic residence ti me
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I ncreasamd crobi clomg iaod

incoming water for _ltl
GRS o »

Il ncreased concentpgradguwamtc ¢
(DBPs) at di(¢i)nfect

Il ncrdamdodli si nf ect an
(N
I ncreasmdDBP s _ T

I ncrebpdedesi dieme -éé

Reduothiyadmaes$i die me At
oth Bl s

Fi gubkf f3ects on the final disinfect

3. Ef5ects on distribution system:

Af ter examining ithhaelBl.tet ehemehf ephasef cl i ma
water distribution syséeewser w&rareounsi dezed. bj
treatment plants and aqueduct companies (e.g.

The primary effect observed was an increas
managers who responded to the question. About
increased disinfectant c¢onsuanpitlimngr dwtnme, mame
changes, and increasegrbdumasi ¢0DB®6)di sinfect

Certain effects, such as increased DBP fo
occurring during treatment phases. Similarly,
demand during earlier di sinfagersnrepastesd f
bi ocorrosion of pipes.

G7 highlighted temperature increasgesiismahn
met al cartridge filter&€lidseaedt édr bifiohel magt ow
increases in the network, with increased | eve

detected at sensiThey aslaap | menmgt iponend sbi ocorr o
sections composWidi bé md¥aodbficeppprdents repor
of pi pes dantdheastet rtidbudlei mate change, the speci

l' ink were not uniformly detailed. I n many cas
pattseumls as increased corrosion episodes <coi
prol ongedadheughtthan controlled scientific ver
manageri al perdepthonechhucthermasisessments (e.
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varying temperature and flow regimes) woul d b

related factors versus other causes | i ke wate
Further more, G23 experienced numerous br es
shortages in the distribution network. G26 r €

conditions.
Tabl2ef3 ects on the distribution ne

Effectsin thedistributionnetwork Percentage (%)
Biofilm growth 22%
Biocorrosion of pipes 13%
Increased formation of DBPs 22%
Temperature increase 65%
Change in chemical quality 22%
Variation of microbiological quality 35%
Increased consumption of disinfectant 35%
Other 9%
Epi sodesompgl i ance in the distribution syst:
The effects observed in distribution syste
compliance with organol eptic, mi crobi ol ogi cal
water. In I taly, compl i ance200l.r edaun aag eerds bwe rL

aboutcompd i ance episodes under these regul ati
complofantcke water distributed resulting from ¢

Whil e 12 managcempd iraenpcoe(Ttekepd sreams isome i ns-t ance
compliance episodes reported by the -cloZnprma mangce
episodes, it indicates that their water syste
some instances were noted.

G9 repoterctoenpl| namce epi sodes concerning t G
Ent erococci, and pH (with observe@l5deaxlremsae
exceedances of tKk88toeabrdedi eacemsbki mesi dual
temperatures, which affected coagul ation effi
wat@40 identified values exceeding threshol ds
well s near the coast.

3.2.6 Control measur es

Il n response to the problems generated by
systems, companies have I mpl ement ed vari ous
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aluations of the i ssue to the use of exi st

address these challenges.

Many managers are conducting intensive st
oblem's implications. Some have introduced
awspkP) , to assess risks and mitigate I mpact s
nage -rcdliantagde pr obl ems.

For exampl e, Gl is studying gromwsn dveatienrg lia
|l ine probes to monitor source turbidity. G5
s undertaken interconnection activities bet:

ring shortages.

G6 addressed ammonia alterations with a bi ¢
asures to mana@lk4 birmtmn adceudedc rreeaw eprocedur es
intenance of ‘turbidity meters and network ¢
ertGd5 activated water dicughthphedenwedht aak
ocedur es.

Gl17 is intensively studying and monitorin
creasi ng |saagmoplaitmg yamdhal yses, and condaatdi n
nducting | ocal hydrogeol ogical studies. G138
e use of reverse osmosis filters. G21 buil't
ring droughts.

G23 enhanced monitoring networks with el ec

d enabling better @&adh argemeerd a uma migl e urmaneear. <
e tapwegnglenser seawater i ntrudiinngt riunstioont hteh rF
eshwat.erG3Ruaupigtryaded puri fiers with inert f
t ween networks to ensure supply during cris
Further mor e, G35 installed a bypass bet wee
ot her plant to serve utilities. Overall, th
inking water in the face of climate change
I n taflhe 83a®l e highlights various control
ality issues. I ntensive monitoring of the pi
th 73% i mplementation. This indiuoatsesnoai gtor
omptly detect issues and adjust responses a

w management procedures both account for 39
under stlaynidn gt hceauusnedse rand wupdate management
mited resources to i mplement changes more b

Similarly, ri sk assessment wi th water saf e
flecting a balanced focus on preventive me
troduction of new technol ogi esan(es ufcihl taesr snew
wer at 27 %, indicating potenti al barriers
terestingly, another category | abeled #dAintr

mpl ementation. ethi @ datladeaittrlyeerrefl or an u
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technol ogies being introduced. | f not, it hi

technol ogi cal i nnovations.

Overall, the data suggest that monitoring
advancements, poftemtm &Iffeclti wmietmiesg .| €«hgri fica
recommended t o einnstuerrep raectcautriaotne. dFautrat her mor e,
technol ogies coetoh pandlaniemg ,| omgi e i ntegrati:

management procedures would create a more com
Tabl3Cohtr ol Measur e

Control Measure Percentage
(%)

Problem study phase 39%

Intensive monitoring of the problem 73%

Introduction of new management procedures 39%

Risk assessment with water safety plans (PSA) 39%

Introduction of newechnologies (e.g., new collection systems, memb| 27%

filters)
Introduction of new technologies 15%

Concl usi on:

The i mpacts of <c¢climate change on drinking
mul tifaceted, experviidremes dr eopjorttheed by 40 wat el
Nearly all respondent sre(l%Qn%)d heafVfee calss erwietdh cill
being the most prevalent phenomenon. bea d rnegass, e
rivers, and reservoirs are the primary conseq
contaminati on.

Within treatment plants, various unit proc
i n -gpxiedati on, hi gher <coagul anftl onceceud sata nodn ,t unrolr
solids in granular filtrattieda,cdanlgdrerf iclotnr atmi
di sinfectant requirements and microbi al | oads
al so face challenges | i ke increased water ten
di sinf eatpantongomunu -pdiodiurcfte dtoiramath y n.

To mitigate these iIimpacts and ensure a rel
have I mplemented a range of adaptive measures
procedures | i ke Water SafatyyelRltanhechamd otgh e sac
filtration. Strategies |like interconnections
upgrades have also been employed to maintain

Overall, this nationwide study highlights
sector to climate change I mpacts. It under s c
proactive measures to bolsyseremshagaesnislti ¢ mee e
posed by a changing climate. Coll aborative ef
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Results from survey results from Vietnam

Vietnam is highly vulnerable to the i mpact
ghtened risks from rising-lteevmepg erraitsuer.esT h es
tribute to severe chall ealgtewat emcil mtdi vngi dn
st al areas with( Warglhd ppgrd ,a T2 ONYy)Ageaij d2BG3

Vietnam's Ministry of Natur al Resources and |
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nari o, annual ri ver dli8% haacrgoes si smoesxtp elca seidn
rease wil |l mai nly ocearuge itnendse twe td ecrasaong
ding to frequent flooding in rainy months
mokMohse, ZBOR&)uneven water dipsbomniebuwtrido rdr ic
ne areas, creating challenges for maintain

FIl oodi ng, particularly in central Vi et nam,
h annual rai ns caushiamg ewi.ddlamrdevzad 23)a md g ee r
taminants from sewage, industr-catbswagter ga
increase turbidity | evel s, maki ng water
rces, such as wel |l s, atrieo ne sdpuer(ciPnagt pfeir ovaudisnaelr .
i tion, climate change intensifies drought:
taminants, which affects thhwateBahi abal Stwa
c hel Jarr aud$ s&yYaM©|, R04dé&) compounds this i ss
undwater aquifers, damagi ng (iKneftraabscthriu ce tur a
rman & Dettinger, 2011)

Climate change also affects water treat me
l ution, and nitrogen in rivers pose chall el
hnol ogi es t ©Berntsluetet rieosviDetdl, & @eEXjJtawan & Ho

0O2Bowever, technological advancements in Vie

m measures, with recommendations for upgr a
ut Gamsi er & HOMdenasnuy g gOsIt9eébd met hod is dynami
mitigate iIissues related to ther mal stratif
mat € FeH almqaaner et al ., 2020)

Vi et namods rapi d ur bani zation and i ndustr
agement . Many wurban areas and industrial

ding to untreated waste beingsehsthdar had ei
t ems, and just 12.5% of municipal wastewat
of f also contributes to pollution, i ntrodu
estock produrcutiroine nadd sanhdarpdtuHogens. Thi s
angers public health, and affects industr,|
oming maWerd¢ammbBamk , 2022)

Contaminants from industri al and hospital
als |like arsenic, cadmi um, |l ead, and mang
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drinking water as rapid urban growth int

i's study examines how water treatment pl
ttet ed chall enges. | nsi gHkHtismef raocdna ptt haet si e0 nnsa
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gni ficant research gaps persist in under
supply chain, from sour ceAlmamaiggenmet rhte rteo
derable research on the i mpacts of c¢cl i m;
edge gaps remain in understanding the fu

upply chain, fnomtesotreatmanagemd distribut:i
esearch aomeldwewdt d ant s are adapting to the
erm

A
me d
i ma

strategies to ensure sustainabl e water s

nati onal survey conducted in 2023 invol v
to address this need. Managers from the
te change, such as t empretrearnirtey i axrcd efarsedc

mpact on water quality. This survey provided
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3.1
A

e and reliable water supply amidst shift

s study sets out three main objectives.
e quality and quantity of water resour
ratures, changes i n r adHdomweavlelr ,p athtiesr mosh,j ea
fully addressed, as the study has pri mar
urrent response measures implementledt ed
engesr.velyhsr owigthh swat er treat ment pl ant ma
i cal strategies and solutions being used

objective is to pr opotseer nf utgeucchanlorl e é at ¢
ce the resilience of the water supply s
ol ogies and sustainable mheamemeptictsr af
e .

e findings fromighisgbktudhwenocuroahty cha
dwork for future research aimed at fulll
rces and developing more effective adapt

d Vietnam survey part I det ai | in the
Vvigionament o diMaggdopua Eeadt dwirlee | SiBdANu r8a3
titolo qualita, soluzioni t etcen otleorgriicthoer,i c
i stica

| mpact of Climate Change on Different W
recent survey aimed to understand how cl

supply systems. Nearly al/l (95. 8%) of the wa
mpacts of climate change on tleeicappeéermaivabdbers.

S

r e

| ati vel yabliveh tante 9 n3 &0 nm@ajt ioovreal 6aWe roafg ei t
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resources flow in from other countries. This ¢
per capita water supply was only 4,000 mj i n
which highlights VietnampstrebhAmaooenbni esoper
suppPham et al ., 2023)

Vietnamdés primary water sources are rivers.
and sea water. The Red River and the Mekong R
two | argest river systemsHoweverdi ngdsubsbant
are increasingly crsuccaracle reesgpieocnisal Il iyk ei nn owatthe
hi ghl ands, and the Mekong Delta during dry n
particularlyfiteshimgusmangsovVekpreservati on, a
snowfall occasionally supplements water in no

I n the scope of this research, focus on sc
Surveyed Water Supply Treat ment Pl ants (WSTP:s
remainder using a mix of sources including sp
uni que chall enges ddirei v ®n searsioatailomsnd cl i mat e

ARi ver Water : The most common water source
extract, with relatively | ow hardness and ir
mi crobial contamination, and Isaw,s tamd itael mpseeraast
to elevated treatment costs (Pham et al., 202

ASpring Water: Only 4.2% of WSTPs wuse spri
and becomes turbid with high sand and silt [
water | evel fluctuations.

ALake Water: This source can exhibit high
without proper protection, | akes are prone to

AGroundwat er : Used by 37.5% of WSTPs, gr ol
contamination, making it relatively easy and
smal |l er pipes, though i ssues arobseand boght al
complicate treat ment .

Sources of water supply for WSTPs

sea I 4.2%

Artificial basin [l 4,2%

Natural lake [l 4,2%
river I 83.3%

spring I 4,2%

Ground water - | NN 37,5%

0 5 10 15 20 25
Number of WSTPs

FigurTehes.breakdown of sources water typ
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3.3. 2. Cli mate change 1 mpact on quantity of w

Thgeuestionnaire results revealed several k
water sources used by supply water treat ment
commonly reported in the surveyatkfretevaetsosasa
managers for rivers, | akes, reservoirs, and
reported for multiple source types including

River, | ake, and reservoir water sources s
poll ution, as reported by managers. A few uti
contamination. The wvari et yneoefd cflesrmascoeufricoep @ v o $
and protections.

Beyond the commonly reported i mpacrtesl, atseodm
effects on their sources. The Luong Yen WSTP
nitrates and micropollutants beinsg Waoakedal owtt
Hai Phong WSTP reported saline intrusion incr

18 A Effects of climate change related to the type of water source and observation of phenomena water quality influent into
WSTPs.

16

14

12

10

Number of phenomena

8
6
4
2
0
Ground water Spring River Natural lake Artificial basin Sea water
Affected sources

m |ncreasing water flow H Increasing water level

m Decreasing water level H Increasing microbiological contamination

H ncreasing chemical contamination H Increasing algal contamination

Fi gu8kf f3ects of climate change related to tI

phenomena wiabtkeruBgoneaaWSTRS.
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3.3.3. Climate change i mpact on quality of wa

The specific climate change i mpacts exper.
drought frequency, i ntense precipitation, ris
3. 0hmost rempated experienced by 34.7% of ut
intensity o f drought peri ods. Ot her maj or [
temperatures, and increased water de mafndo fc otnhpe
respondents. Akcutal 53d3% noft edt ii Inicr eased fl oodin
key climate change i mpact s.

Phenomena that have occurred related to climate change affecting WSTPs

Alluvial phenomena — 4 30

Increase temperature,

26.08%

Increased frequency of precipitation 8.6%

Storms/flooding 13.4%

Sea level rise

26,08%
Drought period

34,7%
Increased rainfall intensity. 43%
— 4,3%

0 2 4 6 8 10

Number of Phenomena

Fi gu9®at3degory of Phenomena Rel ateS8uppl! €l Tmaate
Pl ants

Whil e the specific climate change effects
maj ority of participating drinking water-1trea
term weather patterns werde impaattisv eall y ginmpa d thi

of increasing temperature, shifts in precipit
Vietnam. While further study is needed, the (
climage c¢kamegatively impacting the quality &

water treatment plants across multiple region

| mpact of the variations of parameters of
and system.

The most prevalent probl em, reported by a
corrosion pipe. Biofilm buildup can corrode
figure 5 approximately 15% of tdhesi od mprdondicuecst 53
(DBPs) in treated water, probably due to high

Additionally, some utotroseennofedi 8erghuened
mi croorgani sms a@oremwo ainde pmetdalt®ldi ¢ byproduct s

temperatures ri se, reacti on rates accelerate
products when chlorine is used. Hi gher tempe
poduction in distribution systems.
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Impact of the variations of parameters of the supply source on the water distribution network and system

Growth of the biofiim ||| | | | T 52
Increase formation of DBPs _ 15.80%
Others _ 10.50%

0% 10% 20% 30% 40% 50% 60% 70%

Figut@mpact of the variations of parameters
net work and system

3.3. 4. Effects of <climate change on treatment

Through a survey of 19 treat ment pl ant s,
predominantly used (Annex1l). The study discus
the surveyed plants. The aim is rtes ploinglelsi ghtt
provi ditnogne maxe of each plantds design. The di
water treatment process, which is predominant |
invol ves severadat kewy Cueipsg patiassi um per
coagul ation/flocculation (using poly aluminun
(additional chlorine), rapid gravity filtrati:
Tke overall process flow includes pumping raw
coagulants in mixing basins, all owing floc |
sedi mentation basipmasticeémevismyg su@madinmil tdhe fin
well storage tanks, and &iegtviiclkeutpiumgp st reat ed

Poly Aluminum Chloride _ FETEEFEEER

= Sludge = n_/

Inlet

g1~

Sai Gon River Function Tank

Mixing Tank Sludge Blanket
Sedimentation Tank

|

Chlorine Liquid

v

|
— -

Rapid Sand Filters Fluorine Mixing Tank Bﬂ(k.\vash Water, Clean Water Tank
Chamber

Fi gurlelDidagram depicting the convention tr
(Sout hern)
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Treat ment plants act as dibbaribetibeat wgesne
the effects of degraded quality on drinking

influence treatment processes is critical. Th
vital intefmpdiaaty . r &peci fic questions remain
proexi dati on, coagulation, flocculation, Tgpanoal
treat ment begins by removing suspéhnhdadusohgd.
sul fate coagul ant s. Gentle mixing all ows part
particl es, chemical s, and bacteria may remain
additional c Imearpietrys,iBbhet nbact eohausing chlorin
which kills bacteria but also reapntecdwitsdh. oChy
residuals in finished water conti nuaet otros pcroeuv

influence multiple phases of water supply sys

3.Xu4drent responses and measures in DW treatmn
3.3.4.1 Cdximdatailompr e

I n the c-bremdatl oprphase, frequent activiti
hi gher organi-dediowald @onmdpoaungdasl pr omot etho bty wi
repoirmpgact (40. 9 %) in figure 7 1is an inereas
oxidation processes. This could be due to fac
in water gquality that requirelliongser repodaed
demand for oxriidraen,t sozZeneo xd il mgnt s¢é agee | i ke
organic matter | oads or other water quality ¢

experienced an i neprreoadsuec tisn ( MDiBRisn f & cdiai o nkpyn wd |
can occur with higher oxidant doses and certa

a reduction in hydraulioxneatdemcerwoicems seEHdRT)

The data indicates t hatoxdldiamatoen chraengeneins
wi t hmotshte si gni ficant effects being the need f
address deteriorating raw water quality issue

costs and the risk of DBP f or mati on.

Percentage of utilities reporting climate impacts on chemical pre - oxidation treatment
stages

Reduction of the hydraulic residence time (HRT) | N NN 13.60%
Increase disinfection by-products (DPBs) | G 13.60%
Increased hydraulic residence time (HRT) | NN /0.00%
Increased oxidant demand | NN /1

0% 5% 10% 15% 20% 25% 30% 35% 40% 45%
WSTPs

Figut®e83centage of wutilities reprpeoxti idagi olni mat
stages
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Overall, the results undersaxir@attihen i prpoae
potentially i mplementing treatment modificat:i
conditions driven by climate change.

3.3. 4. 2. -Kdooacgcud laattiioonn

For the £dbageoeluadtatowown stage 44% of ut i i1t
demand for both coagulant and fl occulant <cher
required due to changes i n r awb %adferutqiulailtiites
an increase in the turbidity of the influent
factors |i ke increased runoff or algal bl ooms.
ti me (HRT)coangfulllbaeticiwolnat i on processes, which <co
or the need for |l onger reaction times. 24% o
i mpacts on thesEBhetreataneht glsltiagletss how ¢l i me
coaguf hocool ati on processes at a significant
raw water quality and the resulting need for
control s.

During thdlocagllaantoos phase, 11 plants do
making it one of the most affected stages. Mo:

l eading to a greater demana dxamicrnad udasrgesC!| aini
poly aluminum chl @r.i dkear(i RAGC)onand nFeh§@r aul i c

dur i nrogx ipdraet i on, are due to fluctuating i ncomi
(from Lake iQuam®)asermotteud bi dity of influent wat
Wh e n Pl ant C4 =experienced a signi-themintaldea
mi crobiological characteristics, t hderyi mkeidrugc ewls
standards before distribution. This reduced f

flocc#il acicahati on tank (with the same accumu
retention time).

Percentage of utilities reporting climate impacts on Coagulation-Flocculation treatment stages

Increased hydraulic residence time (HRT) _ 3(12%)
Increase in the turbidity of the influent water _ 4(16%)
Increased demand for coagulant — 11(44%)
Increased demand for flocculant — 11(44%)

0% 5% 10% 15% 20% 25% 30% 35% 40% 45% 50%

Figut®e8centage of wutilities repor-fiwowmgcal ama:
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3.3.4. 3. Sand filtration

Over half of the wutilities, in figure 9 at
possibly as a result of heightened water temp
effectiveness of-fitflitehuftaoilltien s, Noar 1Y% nédrave ¢

suspended solids in the water approaching t
potentially shortening the Il ength of filter ¢
sdwdown in their filtration rates, which may |
or alterations in the water quality. The sal
unspecified effects of icltmatieorm hangtemsn. thlea
climate change <can affect granul ar filtratio
decreasing filtration speeds -sfperci i €f avrad retr u
temperature i mpacts

Percentage of utilities reporting climate impacts on
Granular Filtration treatment stages

Decrease in filtration speed | N 3(14.30%)

others |G 3(14.30%)

Increased loading of suspended solids of the o
water entering the filter _ 4(19%)

Increase of filtration speed | (52 0%

0% 10% 20% 30% 40% 50% 60%

Figut®€e8centage of wutilities reporting cli ma

3.3.4.4. Granular Activated Carbon (GAC)

| n ftihgur €i Bt 1&ti on phase wusing activated
purification plants in question, granular act
cases utilizing powdered activated carboaspéeRA
solids |l oad in incoming water at this stage.
poll utants entering the GAC filteGACwbhbheaaho
(EBCT), t yipatcead |wi tals sioccr eased water f 1l ow.

3.3.4.5. Fi nal di sinfection
According to surveysionfgewgeéapghisd®alr ckoc &

treatment systems, as well as based on time a
reported that the quality of their input wat e
i mpact 42.96 is8 m@incrinolkirelasgi cal contaminati on
process. 23.8% of wutilities reported an increa
in the cnomcdedtirsatnifeecti on byproduct (DBP) prec
as an increase in the formation of DBPs t hems
time (HRT). 28.6% of utilitianyrepomtaec mhamnmy

their disinfection processes.
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Utilities reporting climate impacts on
GAC treatment stages

Increase in the loading of suspended solids in the
water entering the GAC filter

Increase in the loading of dissolved pollutants

entering the GAC filter 6(35.30%)

I 3(17.60%)

No opinions N 5(47.10%)
Increase ECBT (Empty bed contact time) 0.00%
Decrease ECBT (Empty bed contact time) 0.00%

0% 10% 20% 30% 40% 50% 60% 70% 80% 90%100%

Figut®t8lities reporting climat

Highlights how climate change can adver sel
with microbiological contamination and change
among the most commonly reported iIissues by th

Percentage of utilities reporting climate impacts on
final disinfection treatment stages

Increase in the concentration of precursors of DBPs _ 14.30%
at the entrance to disinfection e

Increased demand for disinfectant ||| | AN 23.50%

Increase in microbiological contamination of the

0,
water entering the disinfection I, 2.90%

Increase in the formation of DEPs || N NN 14.30%

Increased hydraulic residence time (HRT) | NI 9.50%

No opinions - | EEEEEE 2s.60%

0% 5% 10% 15% 20% 25% 30% 35% 40% 45% 50%

Figut@&t83lities reporting climate i mpacts on
3.4Bés®6 practices of adaption to Climate <chan

Hai Phong Supply Water Treatment Plant (WS
raw water with high organic pollution | evels.
to remove some organic matter eamgd est hhehre cman tne
process. Additionally, bi ol ogi cal filtration
address organic pollution in water. These pro
filters, aim goacéathiaoceoft her pamide matter and
activated carbon filtration processes are app
to absorb organic contaminants i n wdtrerat meime
met hods, such as oxidants or disinfectants, a
pol l ution, oxidizing and disinfecting organi ¢

combination of mul tiingllawdti mgatcmeamgtul met boads ,bi o
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carbon filtration, and chemical treatment, ma:
from water.

Hai PhongoWBaBwrtaht elano i Nati onal Uni ver si
research the prnoadnuotftin(bMF)a sitdo utsree aotf wat er cont
ammoni um, manganese, etc. While Hai Phong sta
past, c¢climate change magelaxaderelhdeetsucHowemp
they nmpave et experientedkaedypmanpomercd i matehei
anomal i es obser vtetdr istou tfeadr tcoa nanloitmabtee ac hange o
Overall, Hai Phongdés comments highlight the i
water quality and infrastructur e. However fo
t empteur e increases from climate change may s
di stributiotftenet wmonktokbomg paired with climat
utilities better umeé¢rmsteandi Skisure temperatur

Furthermore, to address salinity issues, t|
Water Treatment Plant (THWTP), which coll abor
back seawater. However, i€l tlhe BHRWITRIHMas | sevwedr

-Ceasing the use of raw water.

-Adjusting the operation mode of the reser
clean water and reduce pumping capacity.

-Modi fying the water distribution network
provide support.

-Being ready to i mplement emergency water s
wel |l s.

Additionally, during the dry season, THWTP
clogging the filter bed. These measurespenclu
chl oirothmat!| i mi nate algae in the raw water pump
beds.

Furt heirtmomeanit @ oinmportance of applying new t
efficiently treating-panductosntt okEHridgdsuicn feéa o(t CeB
Al t hough THWTP currently does not empl ogiapec
for them to consider i mplementing methods to
during t he preliminary treat ment of raw wa
oxidants/ disinfect antuxdtelsatr aprl ed DB sf.ewer or

Il n sumrmeaerHi,emp Cl ean Water Treatment Pl ant
address water quality issues and adapt to cha
in the text.

Challenges and appropriate strategies at \
facilities to climate change.

FigBrproposed contr ol measures by water se¢
chall enges related to climate change adaptat.

the highest percentages are riskdaissteasssnewné nv
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of the problem (34.8%). Problem identificatia

membr ane filters and abstraction water syste
|l ntroduction of new management apkreoclepdutrkes 1
responses from WSTPs on contr ol measures to i
water infrastructure and operations.

Proposed control measures\MsTR

Problem identification | NERREREEEEEEN 30.40%
Introduction of new management procedures || SN 21.70%
Intensive monitoring of the problem | GG 3/4.80%
None [ 4.30%
Risk assessment with water safety plans (WSP) | NI -2 20%
Introdqction of new technologies (eg: new I 20.20%

abstraction water systems, membrane filters)

0% 10% 20% 30% 40% 50% 60%

Figut®r®posed control measures by
I n detail with plant Binh Thuan WSTP with
oxidation with |Iiquid chlorine at the source

the treatment process to supporhefifioktel atooe
Kanyo private WSTP mentions regular monitorin

evaluati on, reserve | and to supplement technc
rivers), emavwvimgta rseabilize river water, and
Reducing the filtration rate can indeed have

processes, particularly when wusidgUlIlttercarfnioll torga
for treating saltwater -saenrds isteiaweatveat. e rDesveefl eotpy
mitigate vulnerabilities in the water supply

drinking watémpro¥ragtwateurgual ity monitorin
changangr conditions. Prioritizing resilient

i ntensi f yianrg adliil mbetyiel ddanpgacandy tr ai ni ngsrmamrt wa
drinking water management . Organi c matter T

Byproducts DBP formation through a <combinat:i
oxi dantahds3i fTaaoat Hi ep WSTP) .

Concl usi ons

Vietnam remains vulnerable to the i mpacts
country is already experiencing the effects o
l evel rise, and extreme weaadher sahewasersuicht
cli matdamced hazards are adversely affecting ra
|l eading to reduced water guantity and deter.i
Vietnam areirfd@cchgl Imonuges due to increased t
manganese, and microbi al contamination in raw
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raw water across-oxardiad u © nsftlaogececgudllagkieoomr eand di

doses of coagulants, floccul ant s, oxidant s, a
increased ri skprofducits dm&rentadiidoingbeyr oxi dant u
organic precursor s. Filtration processes are
filtration speeds, and more frequent backwas!
Furthertmorse,|l iflaec hi gher temperatures and stagr
bi-coorrosi on, and deteriorating water quality
strengthen resilience, waterttkeat mani opkamesa
include adjusting treatment processes by incr
ti mes, and employing additional oxidation/ fil
technol ogi es Itiikwewatmambaarntkessn, aand advanced o
efficacy.

Further mor e, utilities are enhancing mo n i
treat ment performance 1 ndi cianfoarsme dRivwa&t ears sseasf
being developed to identify andrimanage wvaodee
explore alternative water sources or i mpl e me
droughts and floods. Additionally, coll abor at

devel op sobbbl ohatl okghosperi &micnant s.
Key strategies recommended for t he water

|l ocalized climate risk assessments and devel o]
Upgrading treatment processe®sand hamldeé me rdteign
water quality are also crucial. |l mproving wa
adaptive management i s essenti al

Prioritizing infrastructure upgrades, redu
variability is iIimperative. Buil ding technical
management i s vital for utaitliiotnise sc.a nE nahcacneclienrga t
and adopti-mesiolfi eht madleut i ons.

Overall ,. prangmud tiapproach i nvol ving infras
adjust ment s, climate -buskdphgnnenmeedrd kpDoOW]
Vietnam's water supply syst ecnsi naagtaei ncshta ntghee iBn
addressing these challenges, Vietnam can ensu
its citizens, while safeguarding public heal't

3.4 Comparative Analysis of Water Management

Technol ogi cal , Economic, and Environment al Ch

Il n this item 3. 2, al | content found and sy
Nam in 2023, focus on collect challenges iden
to address these chall entgream.i nT hhiost hc ccnopuanrt a ti ievs

val uabl e perspectives on managing and treatin
contributing to a broader understanding of su

pur pose lotfi ntahtiiso nnaul study aligns with goals o
exploring how diverse approaches to water man
each country but also contribute to internat.
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The first objective is to gain a deeper un
empl oyed by devel oped and developing countri.
strategies and technologicalnapriaontaildes ttohadn
management systems, thereby contributing to t
Goals (SDG), specifically Goal 6, which focus

Secondly, the study focuses on i1identifying
such -agi gpatei on. Despite the differing resour
Vi et nam, c e rntdauicre dcilki®esaiteesc r eased oxidation der
di sinf @ctoidaentsaf fect both countries. By compal
chall enges are common to both and which are wu

The third aspect of this study is to examir
i mpact water treatment and distribution proce
we can identify areas for oamphesvsemamtd, oadij unsg
met hods. Someti mes, compl ex systems in devel
met hods used in developing nations and vice Vv

Fourth, the study considers social, econom
ltaly, with a stronger financi al foundati on,
me mbrane filtration and UV debiefseoni ano,r ewlha!
met hods due to budget constraints.

, , N 73 SV

LS
| 4 "\"
HON KAEN

f

KHON SURIN

nAr}cu:Ef
HASIMA i g

Fi tetal 301, 314
Figut®&i datnam 331, 'od y

) b coastlines
coastlines 3, 2
Additionall vy, cul tur al and behavioral aspe
greater awareness of water conservation, whil
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Vi et nam, shaped by | ocal habits and awareness

access to advanced technol ogi es, such as mem
available in Vietnam due waot ehri gghuearl ictoys tnso. n il ttoarl
use -triemel sensors to monitor pH, turbidity, an
with Vietnam's reliance on manual or |l ess fre

Environment al and climate factors also pl a
2050, compared to the baseline average from 1

country

Change in water availability
compared with average

1961-1990 (%) ' R \ ‘ i 4 } -'—\ e &%
2050 based on IPCC scenario A1 y ‘ | s ! _\,\ Vg
va gl ,
I more than 20 \ [ ¥ & / o /) v .
¥ = 4 / . 4
\ ‘ 5 /
¥
%

RS P 3
-20 and more \'_ i

Source: Arnell 2004.

Figu2@adp. 1: Change in water avail%%0(l%)t y2 0cSo0mp

on | PCC scenario Al

Al t hough both countries share similar ar e:¢
demand for disinfection to control mi crobi al
water treat ment needs i n cnopludte rwarteegri osnasu r ckeusr
protected and monitored, whereas Vietnam's ra
pollution challenges.

Finally, regul atory standards and governan
high public health protection, for example Tu
NTU (95% sampl e<0.3 NTU or nestaadatdslImadlyUbew
|l ess rigorously enforced. For instance, in Vie
for gener al use but may not yet fully meet dr
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1 Type of Raw Water Sources Used

Comparison of Raw Water Sources Used by Water Utilities

Italy Vietnam

River N 83.3%

Spring

97% 37.5%

0 20 40 60 80 100 0O 20 40 60 80 100
Percentage of Utilities Using Each Source Percentage of Utilities Using Each Source

Figu2®o&mpari son of raw water source usage

ltaly: Iltalian water wutilities primarily r
O using rivers and artificial reservoirs.

gl aci al melt, whilmocentelal amhdosoueherwnoil
Vietnam: Vietnamese utilities predominantl
Red River and Mekong River), alongside gr «
er access is | imited. warnsradoatareas, csuwch
ions and the Centr al Hi ghl ands.

Compari son: |l talyds relidanderenfspm Vgetaa

rivers, highlighting geographic and cl i mat
a.River s:
Vietnam: The primary sources of water for

maj or rivers |ike the Red River and Mekor
er i s abundant and relativelemtaasynt anext
tamination. Seasonal changes significantly
Pham et al ., 2023)

I tal y: |l taly uses rivers as one of its rayv
er sources |i ke aquifers. One manager, G5,
ex 2)

b.Groundwater and Aqui fers:

Vi et nam: Groundwater i's cruci al, especialll
son, covering 37.5% of WTPs. |t covers ab
re rivers are not accessi ateas Holwaveengessl
i ty.

l'taly: Groundwater is the most extensivel"
ying on aquifers. This preference is due
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consi stency, though I taly faces signi-fndaneéed d
dr ougvatug.i zi o Barbieri et al., 2021)

c.Springs:

Vietnam: Spring water is wutilized by a sma
and mountainous regions. Springs are vulnerab
i mpacting their reliability as a water source

l'taly: Springs are a common supplementary
These sources also experience seasonal vari a
foll owing aeag®Besmenfatlal ., 2017)

d.Lakes and Artificial Reservoirs:

Vi et nam: Lakes are minor yet val uabl e sou

Vietnam. Contaminants such as or-gaducenthatenpé
increase treatment complexity.

I tal y: Reservoirs, G12 |ike Lake Como, pro
resilience during dry periods. I talian ut il
reservoirs, which reducesamioabpencdpacngywaa

e.Sea and Coastal Areas (for desalination):

Vi et nam: Coast al sources are not widely ut
applications | ike aquaculture. However, S 0me
i mpacting groundwater sources.

ltaly: Italy does not use seawater directd]l
with other ppstgmsoarcebitdo supplement suppli
salini{WmMinsstutey. for the Environment, Land and

3.4. 2. Effect of Climate Change on Water Sour

l'taly: ltalian utilities report reduced wa
| argely due to prolonged drought s, particul a
mi crobial and al gal <cont amiendauc eodn wWartoenr walronwe ri

Vi et nam: Climate change effects include dr
fluctuations in water availability. l ncrease.
ammoni a, and heavy metal s arseon evemen efslpceodiand
poll uti on.

Comparison: Both countries experience wate
more consistent across the year, while Vietnal

wet seasons.
3.4.2Phemomeviad er ns tatnedt Wi et nam

l'taly, whil e geographically differdemdtuctedo
changes that affect its water sourcecnt @m@irnart.i
chall enges. The countryods varied climate zongce

diverse climate i mpagt ©b e pbranwsactde onrs eFsioguurrcee s3 . 1
Temperature I ncrease and I ncrease in Precipit
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Both phenomena show si gnditfailaggaan t(l 45 %)i gchoemp av
Vi etchatma (26. 08% and 4.3%, respectively), indi

l ncrease in Drought Periods:

Drought ©periods are shownl ttabayhavaet tHh&%,hi gh
34. 7% Viretthtabmra, emphasi zing how crucial this f

FI ood Phenomenon:

Thlet dbya highlights a great ert hVameg tadtatnao fw hfelrc
storms/flooding were at 13.4%, suggesting a nh
Di fferences in Reporting for Other Phenome
Sever al phenomena (such as alluvi al event
addi ti oniandidcaataisregg ,ei t her a different focus i
chart all ows for a clear comparison, highlight
or are considered more impactful in different

Climate-Related Phenemenadmpact-Lenels on Water Resources in Vietham

Increase Temperature

Storms/Flogding

Alluvial Phenomena

Sea LevelRise

Increased Rainfall Intensity

Drought Period

Figu22Rald.ar chart | mparetatedephehomenmaber wat
by Utilities
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Climate-Related Phenomena Impact Levels on Water Resources in Italy
Aerease-in Precipitation Intensity

Increase in Drowght Periods

Temperafure Increase

Increase in Precipitation Frequency

eod Phenomenon

Figu2a2®a8ar chart | mparetatedephehomenmabr wat
Utilities
3.4.3 Effects on Individual Treatment Process

This research focuses on identifying the root causes of the problem, i.e. the factors that influence pre
oxidation in the water treatment system. Although the conditions and management capabilities in the
two countries are different, many of the phenontaagaffect water quality (such as increased oxygen
demand or increased disinfectionjpgoducts) can occur in both countries. Therefore, the comparison
helps clarify which factors are common and which factors are unique to each country.
Besideldentifying system factors and impacts in the water treatment, ¢th&simomparison also helps

the study bettemnderstand how system factors and management processes affect water quality in the
treatment and distribution chain. By looking at two different systems, the study can show the
differences in management practices, thereby identifying factors that captosaéc or adjusted to
optimize water treatment in both systems. Sometimes, more developed or complex systems can learn
from simpler systems and vice versa.

3.4.30%i dBteon

Tabld4d n¥estigate Percentage of Utilities | mp
Impact on Pre-Oxidation Stage | Percentage Italy Percentage- Vietham
Increased Oxidant Demand 91% 41%
Increased Hydraulic Residence Tif 0 0
(HRT) 9% 40.9%
Increase in Disinfection BfProducts 0 0
(DBPs) 27% 13.6%
Reduction in Hydraulic Residencg 0 0
Time (HRT) 9% 13.6%
Other 9%
Climate change has -esxgdafiocoamphtapbihsmpdd Be d t
and Vietnam, |l eading to notable shifts in wat
of 40) reported a substanti al increase i n oXxi
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primarily driven by higher | evels of organic
with warmer temperatures and increased organi
of 20) experienced a r ihsael lienn goexsi doafn tt rdeeanta nndg de
and managitprg daulcgasl. by

Hydraulic Residence Time (HRT) has also be
increase in HRT to accommodate higher organic
more contact time for effecftfiuei bxidesi orducCel
to | ower water |l evel s or throughput demands.
response to deteriorating water gual i tys- nec
oxi dati on.

Di sinfeRtodwmctBy (DBPs) have become ua idrdwie
observed an increase in DBP formati on, a cons
conditions that promote their devel opment. Tl
subsequent treat ment stlaigteise.s Irne p\Wirdterda nDB P1 3f.0
oxidation, I|likely due to increased organic ma

I nterestingly, a reduction in HRT was al s
utilities and 13.6% of Vietnamese wutilities s
need for faster processingrdeetbomaedtaed wa
changing water quality conditions.

Il n summary, the data highlight three majo
oxi dant demand due to increased organic | oads
the need to balance treat menatn de fifniccrieeansceyd wD BtPt
requiring careful monitoring-ihdumedi ghaagdaea
significant @ad&j dat memt stiameprre compelling wate
to adapt c hedmi wrad c edsossii nngg tainme s . This not onl
introduces potenti al health concerns. To miti
supply, investments in adaptive treattmeanlt. t ec
3.4.3.2 Coagulation/ Floccul ati on

Tot al ltaly wutilities responfkecctwl atliiomatt
stage:

Al ncreasedcdamaanddn ffslroccul ant : Both receive
11 utilities (31.4%) reporting impacts in the

Alncrease in turbidity of influent water: [

Alncreased hydraulic residence time (HRT):

AOt hers: Reported by 6 utilities (17.1%).

This visualization highlights which 1 mpact

the i1ncrease¢edeatemamedmi &cimand s (coagul ants and f
significant.

Vi et nam

Most of them showed an increase in influen
coagul ants and floccul ant,s RdQpotl hye ad xuamninnuend cch
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and BhHPeSWariations in hydraulic -oetéation, tam
fluctuating incoming flow rates. Plant C4, wh
turbidity of infl uent wat er Wileie PRloantncC4&asrg
significant decr eas ec hiemmi tcrad a taendd wra tcerrodsi op loygdg i
reduced the flow rate to ensure compatibility
reducede filmoowr gaasted t he hydraulidloesiudancent i
the same accumul ated volume, a | ower flow rat
I tal y: Il n £ heccohguiani phase, 14 managers
making it one of the most i mpacted sections.
demand for coagul ant and fl occuwlhdmtri dsuchl @
polychloride, and/ or ferrous sulphate). <LChang
oxi dation phase, were attributed to incoming
Gl2, treating | ake water, noted increased
decreased coagul ant demand due to | ower turbi
a dry spell. G4 highlightedunihrg neiegnitfoi oandtu
treated water quality to ensure compatibility
hydraulic residenc-el btcmebatnobhhe coagul ati on

3.4.3.3 GAC filtration

Climate Change's Impact on Coagulation-Flocculation in Drinking Water Treatment Plants

Others | 24%

Increased hydraulic residence time (HRT) 12%

Increase in the turbidity of the influent water | 16%

Increased demand for flocculant 44%

Increased demand for coagulant | 44%

0 10 20 30 40
Percentage of utilities reporting impact (%)

Figu2€!] 83mate change | mplacdc wlnatCioarg uil rat D roini

I tal y: Il talian utilities report increased
and necéseiquanitngiai ntenance.

Il n the5 nhabhe B8Biltration phase using activa

purification plants in question, granular act
cases utilizing powdered activatedeasae biom g WPH]
solids | oad in incoming water at this stage.
poll utants entering the GAC filteGACwbhbheaaho
(EBCT) , atsyspoicciaaltleyd wi th i ncreased water f 1| ow.
Vi et nam: Filtration processes are I mpacted
backwashing and adjustments in filtration spe
reported an increase in atuepeatiedhssl sdagéoal
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noted an increase in dissolved pollutants en

decr eas &ACh cwaatt @arct ti me (EBCT), typically ass
Tabl5C|3.mate change I mpact on filtration phase
pl ant s
FEilter I:,arEPerce_ntage (|Percentage (
Vi et nam) l'taly)
l ncrease in
suspended sol 10% 70 %
GAC filte
l ncrease in
di ssol ved pol 30% 10% (4 Ut
the GAC fii
I ncrease in E 0 0
Ti me (EBCT 0 % 20%
Decrease in 0 . 0
Contact Ti mg 10% (2 Ut 0 %

3.4.3.4 Disinfection

|l taly: dTlse nffierld lifoing wpiheacsIemdS t tt reeaad ment , r ec
most responses regarding effects attributed t
hypochlorite (NaCl g),, acnhdl,oriinnes odmeo xiindset a(nCleG ,
di sinfectants.

Responses from 18 managers are depicted, w
di si nfaemdt aamtosund a third noting heightened mic
Anot her observed parameter-pwaduthe(DBP}) et semn
inl et concentration. Additiomfalilnycr déseadk hwedrea
ti me.

Extreme weather impacts on Disinfection Stage in Drinking Water Treatment

No opinions

Increased hydraulic residence time (HRT)

Increase in formation of DBPs

Increase in concentration of DBP precursors

Increased demand for disinfectant

Increase in microbiclogical contamination

0 10 20 30 20
Percentage of Utilities Reporting Impact (%)

Figu2®x3reme weather impact on filtrati«
treat ment plants
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3.4EBfBCcts on Distribution System

Temperature increases, reported by 65% of utilities, represent the most significant impact on water
distribution systems, likely contributing to related issues such as biofilm growth and heightened
microbial activity. Both the increased consumption ofrdesitants and variations in microbiological
water quality stand at 35%, underscoring concerns about microbial contamination and the need for
intensified chemical treatments. Beorrosion of pipes, affecting 38.1% of systems, reflects the
combined effectsf biofilm accumulation and corrosive conditions, leading to potential infrastructure
degradation. Meanwhile, the increased formation of disinfectieprbglucts (DBPs) and biofilm
growth each have moderate impacts, reported by 18.9% of utilities. Chiaspesical water quality

are noted by 22%, while other miscellaneous impacts account for 9.8%. This data provides a
comprehensive overview of how climate change and source water variations affect distribution
systems, emphasizing critical areas that megononitoring and adaptation to maintain water quality
and infrastructure integrity.

In Italy, utilities report rising water temperatures within distribution networks, leading to increased
biofilm formation, biecorrosion, and higher disinfectant consumption. These changes occasionally
result in noacompliance with microbial standards. Yhetnam, distribution systems face similar
challenges with biofilm growth and bimorrosion, driven by warmer temperatures and fluctuating
water chemistry, particularly after droughts that concentrate contaminants. Disinfectant residuals in
Vietnam vary gynificantly, causing inconsistent water quality.

When comparing the two countries, both face biofilm and corrosion issues in their distribution
systems due to climate change. However, Italian utilities report more consistent tenyuirrature
changes, while Vietnamese utilities experience greater sdasomability, particularly influenced by
extreme weather events like droughts.

3.4C8n6r o0l Measures

l'taly

Il n response to the problems generated by
systems, compani es have i mpl ement ed vari ous
evaluations of the issue to the neseww efysérmstii
to address these challenges.

Many managers are conductingbentensuwdess:
problem's implications. Some have introduced
plans (WSP), to assess risks and mitigate i m
manage -rcdliantagd probl ems.

For exampl e, Gl is studying groundwater | e
online probes to monitor source turbidity (re
change effects, has undeerttwaekeenn aignuteedruccotn nseycstti eol
service reliability during shortages.

G6 addressed ammonia alterations with a bi
measures to manage bromide increase. G1l14 int
turbidity meters and extraordi naalys mettworak ed
di stribution with tankers due to drought phen

(

G17 is intensively studying and monitorin
anal,ysaingd conducting | ocal hydr ogeol osgoucracl e ss taur
considering the wuse of reverse osmosis filte

alternative plants during droughts.
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G23 enhanced monitoring networks with el ec
and enabling better management during summer
ri sing salt wedges in the Pofirlitveerrs &B® iumpqrr e
connections between networks to ensure supply

Extreme weather Impacts of Supply Source Variations on Water Distribution Network

Others

Increased Consumption of Disinfectant 35.0%

35.0%

Variation of Microbiological Quality

Change in Chemical Quality

Temperature Increase

Increased Formation of DBPs

Bio-Corrosion of Pipes

Biofilm Growth

I T T T T y T
o 10 20 30 40 50 60
Percentage of Utilities Reporting Impact (%)

Figu2eExt.eme wet her impacts of supply sc
Further mor e, G35 installed a bypass bet wee

another plant to serve wutilities. Overall, t

drinking water in the face of <c¢limate change

Vi et nam

Vi et nam: Vi et namese utilities focus on €
technol ogies (e.g., activated carbon filtrati
adaptive teuwbknof blbtseetciidn cf gprol | ut ant s. Wat er
climate risk assessments are also being devel

Our papesrt riusctwerleld, providing a detailed co
climate i mpacts on water wutilities in Italy a
for enhancing its clarity and engagement
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Introduction of New Technologies

Risk Assessment with Water Safety Plans (WSP)

Introduction of New Management Procedures

Intensive Monitoring of the Problem

Problem Identification / Study Phase

Control Measures Proposed by DWTPs

None

T T T T T
10 20 30 40 50
Percentage of Utilities Reporting Control Measure (%)

Figu2€o0dtrol measure proposed by DW

This comparative study provided valuabl e

managemen
countries
speci fic

I taly
Vietnam d
Both coun
Vi et nambs
for water
and Vietn
alternat.

A crit
changes.
resi dence
coaguf horc
Vi et names
condi tion

The st

bet ween t
i mpl ement

t empl oytead yb ya nudt iMiiettineasm.i nMThe anal ys
facer esligtned iicmmactcd iamattehei r water
chall enges they encounter differ due

Utilities in this survey predominant
epends more heavily on surface water
tries confront i ssucewalrietlyatdcat droi arraot
tropical climate | eads to more extr
availability and quality during the
aenmea veed icnopnlt r o | measures such as ent
ve water sources, and upgrades to tr

i cal takeaway is the need t-ion daudcaepdt
Utilities in both countries have rep

ti mes, andpraoducse snagas ok kettipaom
ool ation, and final di sinfection. T
e wutilities ar e i ncreasingly turnir
s, and esrnlarsci ng monitoring sy

udy also highlights the differences
he two countri es. l'talian wutilities,
more sophisticatedudctrermae mehin tCeaoahn

working within tighter budgeteffteositveai and, baft

solutions. These contrasts provide important
adapted to ewi tanldocalndries @mrsc while still supp

I n conclusi on, this study emphasizes the
proactively assess climate risks, build adapt

strategi e

s to ensure the resisyeshemsofThatexp

and Vietnam offer val uabl e |l essons t hat can
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communities work toward achieving the UN Sust
access to clean water and sanitation.

3.5 Conclusion

Chapter 3 explores the effects of <climate
in Italy and Vietnam, with a focus ome tnhaondasg e
approach, primarily through d0rveéews, anhanst dd
water utilities. I't examines how climate char
and distribution networks while evaluating th

The study -cahdaoipnt sa pap rfoua clh , analyzing climat
treat ment rather than just raw water i nt ake.
countries, collecting dat amaore whtaemgeselfees s
and quality, i mpacts on treatment and distri bt
The findings highiieglat edi gmiafl il emamgtescli inmadtod h
such as, difloagdit sg, rising temperatures, and
change has reduced water availability, increa:
for water treatment chemical stiBnolpangedndr e
aquifers and reservoirs, while rising sea | ev
Vi etnam, particularly in the Mekong Delta and
decl i ni ng hvaatee rb eccwarei tmmj or concerns. Water tr
turbidity, organic matter, and microbial cont

Climate change affects alll maj or stages of
process®«x. dlami pne increasing organic | oads h;
chl orine and ozone. I n coagsl ataiven /rfilsemng u lnaetci
usage of coagulants and floccul ant s. Filtrat.i
solids and microbi al contaminant s, whil e dis
increasi hgdtsenpreeduon PpPBP) formation. Additi
ri sing temperatures accelerate chlorine decay
creating further challenges for water utiliti

To mitigate these issues, wutilities in bot!l
and adaptation strategies-tiBaehanaedi mgnbfotriur
contaminant s, and disinfecpamtsesestsiondwdddnaaleban

Upgrading treatment systems with advanced fil
activated <carbon) hel ps address emerging wat

resiliencenf ornccilnugdipnigperleiines, i ncreasing rese
systems, i's another critical adaptation stra
compliance, updating water safetgi @od atne rHaMStP s«
climate and water quality regulations.
Despite differences i n economi ci ndetvheilso prmes
scolptealy and Vietnamelf aced swant ¢ar mahagnament c|
relies on groundwater and spring sources, wh e

experiences extreme weat her ufglhuct uaantdi osnnso, w nietl a
I taly benefits from advanced treat meeftf etcaalvr
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solutions due to financi al and technologi cal

gual ity regulations, whereas Vietnam struggl e
ur bani zation and resource | imitations.

Il n conclusion, the study highlights the wur
proactive measures, climate change will | ead t
stress on treatment Il nfrastursucomr e nt &€grt aatr ien g
assessmdntme, moeamdalt ori ng technol ogi es, and ada
resilience of drinking water systems in both
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CHAPTERBUB CHAPTHERTIOGBNAL SURVEY AND PRESENT
CASE STUDI ES

This chapter presents phase two of a nat.
climate change on drinking water supply syste
subgroup " Water intended for ghu@GraemupconMdampd e
purification plants' of the University of Br e
managerial solutions to ensure rhisgkhbs standards

The survey was structured i n two -cphhoaiscees :
guestionnaire, while phase two involved onlin
technical Visits. Phase one filmyi Mgt ever Pormpgl
contributions frolm tthhei sp rtehseesnits ,c atnhdei dcaatned.i dat e
dataset <collected during phase one, identi fyi
their repoamnddmanomati eamparategeesaseaetprofil
coll aborated in revi ewihnegc ktiencgh ndi actaal fdroocnu rmuetnitlsi
and organizing the matéAlrli atle d mrtioc aslt rdiaxttairprde i
raw water quality parameters, treat ment pl an
during phase two of the swmpveaeytiemv2@aa3, oei tvh e
Thi sptcelra presents a syntheasespfilThbesdiosgy T rep
approxi mately 40 compani es, with most parti ci
managers identified anomalies I|inked to clim
increases in chemical nandomi ofolipoli aogiscalndc gnm
increased turbidity and a corresponding rise
i ssues included elevated temperaturessi donalfi
regul atcoornypl m@amc e, particularly concerning L e
ranged from intensive monitoring to adopting
Pl ans (WSPs), as encour ageegd sbhlyatrievcee nite crreegeu | naot.
no 68 of 13 June 2023. Theslepthndiasgsstundeéees

The data collected during phase one was US
This databas-eommamil ®adnscrofssi nformation provi
managers. From these anal yses,t 2 3f oama nfawgretrtse rwei
|l eading to the creation of a Detailed Databas

I n this swbi cvhalpuementm extended to phase o
wher e | surveyed and collected responses rele
due to | iumidteed P OdNompdr ocgrneem constr ai nt ssi tle waiss i

or further worikn dVvirathmasm easie ot wd ocused on cor
anal ysdatafcbheected

My contributions during thwa Eshdaaxcdknd ap meEsa tew
weparticipated in technical visits to selecte:
the data collected in phase one and all owed f
water treatment operanakrgzedogpebefjcEcasksan
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The selection of case studiredeftencphgseéhe

ponses, related attachments, and publicly
ured the representation ofgnidiiveaste capes .y
ng with accompanying i mages and diagrams f

vide a comprehensive understanding of the
ers readteor svarnisoougsht desiingn technigqa&s ng emna
ressing the impacts of <c¢climate change on \
| aborative efforts reflect the inhggsapede
climate change in drinking water supply sy

Acgue Venete S.p.A.

Muni cipalized Water Company of Palermo (AM
Hera Group S.p. A.

Padania Acque S.p. A.

Metropolitan Water Company of Turin (SMAT)

Acque Venete S.P.A. (Rovigo)

This subchapter presents the case study of
vice for theATa@e&a i maé ne)Prod ttash yneet(lchorveear s ar
edamd the sout hwester n (pcoorvteirosn poafr tAST On fB abhadcu

rator guarantees the drinking water needs
igo, Verona, Vicenza, Venice, serving a use
3200 km2. The aredisemVédsigedudesnsmany nml
icipality of Rovigo with approximately 50,
ied: there are plain areas, belonging to t
lareas and coast al areas of the province o
er s. Il n the presentation of thiWateasd retal
nt swippéeg source is the Adige River, and th

the Po River.
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FigutTeerd4r.i tori al framework of Acque Venete S.

4. 1.1 SupAckcyeS¥senheime
The supply sources from which Acque Venete

of river water (Adige and Po), extraction fror
from springs |l ocated in hildupygplaineds pfireoddnmoaot h e
(purchase). I n particular, 18.7 million m3 of
32 million m3 of water come from surface wate
and 10 milliomnmrmhascfedwdtrem antdédep operators (t
by its natur e, requires complex treatment o
purification plants whose source of suppfly is
supply is the Po.

In 2022, due to an exceptionally dry winte
decline in hydrometric | evels and river fl ows

resulted in both qualitatewveexandaquadtitamitvlee
Polesine and Ponte Mol o water treatment plant ¢
in both the quality and rguwaenrtsi.ty of water fro

4. 1.2 Quali tAxcaieaRave Wat er
Then, the quality of raw water is analyzec
respective power plants draw water for drinki
4. 1. 2.1 BowWarterPaPé&sRomeeing o
The Adige River, situated in northeastern Italy, spans approximately 410 km with a drainage basin of
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12,200 kmz. It originates near Lake Resia in TrenfMto Adige , flows through Merano, Bolzano,

and Trento ,longitudinal axis of Lake Garda, passes through Verona, traverses the Po Valley ,Adriatic
Sea near the By Delta Park. The river has an averagedle of 235 m3/s at its mouth.

In general, water management authorities report good raw water quality, except for hydrogen ion
concentration (pH). In the case study of the Polesine Water Treatment Plant, the primary concern is
the anomalous variations in the pH parameter, indicatirgnpiat water quality fluctuations.

4. 1. 2.2 Waner tMbléaRone@Qut ti ng

The Po River, |l ocated in northern Italy, ¢
originates from Monviso in Piedmont and -fl ows
Romagna, before reaching Venetro tahned PeompDteyl it mmg P

Adige River) maximum flow rate of 13,000 mj/ s
mi ni mum flow rate of 270 mj/ s.

Regarding water qguality, the Po River pr e
previously mentioned water source. I n additiol
the chloride and conductivigyedteallisshednby i cl
Since conductivity represents the total ion ¢
and nitrites naturally correspond to elevated

The high chloride concentration is primar.
phenomenon that wil!/ be explored in detail i n

4. 1.3 Descri pAtcgueoYendtee pl ant

The detailed characteristics of the plants
reported below: the Boara Polesine water trea
4. 1. 3.1 Bowvarte rp dpleasaRome ngto

The Boar &aPBrlrestPheamtt, | eastedfnothteh Muni ci p
serves a user base of 70,000 inhabitants (PE)

direct drawing from the Adige River by m&ans
drinking water with an average flow rate of

foll ows.
AIzOland NaClo NICIO CIlOz
Fi gu2Repir.esent ation, by means of a bl ocik diag

Fonte Acque Venete S.p. A.
As previously mentioned, the i ntiavwwiettlhvebr &wd
by means of submersible pumps.

The subsequent treat ment consists of t wo
clarifloccul ator with three concentric circul

1. First StageCdagwleat  Comwn Chemical reage
using a propeller turbine to initiate coagul a
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2 Second Stage -FMioddlué aCr owh: FIl occul at i c
aggregate into | arger fl akes.

3 Third Stage-SeQuitneerntCGrto wnn) : Sedi ment ati c
flakes formed in the previous stages to sett]l

This operational setappechesea, bhasdpobaven
clarifl occul ationres swiatghe st. hrDeuer iinlg t hi s treat me
solution) is used as an oxidizing agent, and &
as a atlioncgcuagent .

Next, the water undergoes filtration throu
this, It is subjected to pressurized filtrati
filtration systems, sodi uum thyep o cohxliodraittieo ni.s Ad
sodium hypochlorite before BAC filtration 1is
bacteri al flora in the filter€, OCghé¢) mavagemhi
di si nf eicltee omaiwht ai ni ng effective filtration
backwashing, typically every 20 days.

After filtration, the water is disinfecte:
storage tank before being distributed into th
waste treat ment |l i ne hanad eand| medglkeaniusalngdal

pressing.
4. 1. 3. 2 PRvarnttee mpled&dangelnito di p o

The PontWat MokatMeant , |l ocat ed i n t he hom
municipality of Taglio di Po, near the mouth
The inlet flow rate to the plant, which occu
subnelresipumps, is 89 I/ s. The plant produces

according to a pushed treatment reported as f

Al:0;, NaMnO4 and [\O
NaCIO

Fi guB3Repdr.esent ati on, me ans a bl ocik diag
Font e Acque Venete S.p. A

Finding a configuration very similar to t
highlighting the presence of any plant i mpl e
withdrawalonthdoe Ri pleace

The subsequent treat ment consists of a si
principle as the one present in Boara Pol esi ne
of sodium hypochlorite inzanghb5%geanltyt iaood @Na®
polychloride i nmnOyja, 18% aof ubcowml gtAlng agent ,

solution (idMaMnQed, i mplementing the already p
The same management aspect is found for th
active biological support.
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The further oxidation planned between the
means ozone (ozonation treatment).

The disinfection treatment, the presence o0
waste products (sludge) in the spemahagepanhl
plant criteria described in the previous para

4. 1.4 Anomalies detected Avndgster ¥epgies I mpl en
The operator finds phenomena related to cl

drinking water supply systems; in particul ar,
temperatur es, and, i n the caseaaof i meteasiecinp
unpredictability. The anomalies found concern
l evel and an increase in microbial contami nat
fl ow r ateeasheadv e( riinscirng of the sea from the mout
in the river used by the operator as a source
to date, this parameter i ssnatecroepreeds @ mt athiev e
in Adige, turbidity valwues of around 90/100
met eorol ogi cal event s. This phenomenon may b
met eorol ogi cal sivresntveer & hhea |Afl pfiinlel éoch. Ther ef or
Al pine basins filled. The intense phenomenon
pl ant s, the operator observed an incr edase ainn
increase in turbidity at the inlet to the cl
increase in the f orfpmatdiucrt sof( D8B8Ps) nf d ot itohne bny

mani fested themselves nhigesugm Ini cfriobmoyogwriial
promptly adopted management procedures to dea
foll owing paragraphs.

4. 1. 4.1 BowWwWateiPPol Rlsafteeing o
At the supply source, the Adige River, sud:
correlated both with the ARPAWVgmBaEzZTr ac Regvehal

PrevenZRronezeone Ambi,enneadre tdhed iVetneke )struct
temperature r ecowadteedr dtipreencittnheyntinn ptalme i cul ar ,

inversely proportional correlation between pth
interprets this relationship by referring to
hydr omeetlrsi cgelneew al |y correspond to | ow flow r
through the secttilbes e fcitrhceu msitvaenrcbeesd,. tlhne wat e
and with it also the organic matter present.

I n the plant, these variations have affect
the filtration treatment. Coagul ation, floccu
pH and temperature, 1in arddidrider tof rdasitn g no ft
speed. The pH influences the treatment by est
temperature influences the treatment by causi
i nducfe otchse t o remain on the surface. Accordincg
approximately 6.8. Such a | ow pH can cause pr
to obtain maximum yields i motntvendli @amiaflll yc exlpa
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pH value between 7.5 and 7. 8. During nor mal
conditions in which this range has been exce
operator has i mpl emented a maindigfeynemg tphe cweatut
the dosage of existing reagents. The8 dmwls agCl /onf
of water to be treated for pH between -Z05mhnd
HCl3¥omh watkbe treated. The management solution
conducted on the "Wameri Qamal Wdadtyer& Waorelkad meesng o c i

The mal function of the c¢clarifloccul ation ui

fl akes, caused anomalies in the filtration s\
sense, by installing turfbiodn meteerfs et sardapgteh
(thereby measuring the turbidity of the water
five NTU, the plant is able to function corre
adition to the nor mal routine procedures, t he

sludge from the clarifloccul ator s.
4. 1. 4.2 Wanere tVbléadagihit o Di Po

At the supply source, the Po River, sudd
symptomatic parameter of the rise of the salt
progressive decrease in twer@apeewvigouddlowst ou

recorded. The ordimlasy The f laseiseh alid,ei SUGCHE O e
the Po River 3¥¥®ccurms,t hies sauGminem o¥ s2wa2, dat €L by
Pontelagoscur o immonkdrorama. sfthd i ooanducti vity j

measured using portable instruments by Acque
from the mouth at Polesine Camerini, 5 km fro
Tol Il e Centro.

Clo:

j r

Pumpt to RO »Reverse osmosis filtration

Fi gu4Mi tdi.,gati on action undertaken iirfFomdret AcMal
Venete S.p. A

4. 1.5 Summary ianf Atclgaaec a/ye@mes teudy
The year 2022 wasavaidraibtiiladly toif marfiorkitnige w

and fwd lioot er vi ews, the candidate analyzed the
Mol o plants, and structure@Of22e whesy af vediyngs i
availability of water resolheéerecsudgliht bpenised ff o
is a direct consequence of the ongoing cl i ma
exceptional but can besf.ound again in the com

4. 1.5.1 BowarterPaPé&saRomeeing o
At Adiege, Rt her manager detected an alterat

consequences in the plant on the treatment yi
addressed by introducing an acidifiet ppstedal
haschiewedel | ent results and, to date, remains
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4. 1.5.2 Waner tvMbléadTegihi o Di Po

AtP®Ri ver, the operator detected the alterat
of the rise of the salt wedge. The value of t
|l egi sl ation. The operator eivmmplsemerstmeod itshd rewaf
mobile wunit guaranteed the drinking water S L
desalination plant cannot be considered the
complex in teramsdopr maemdgreanlenaspechstod od g apst ¢
emergency periods, but not futuristic. The o
introduction of Water Safety Plans can repre:
conditions in full awareness.

4. 2 Palermo Municipal-AWwWaperS. Puppl Y PEabmp a0y

Il n this subchapter, the case study of AMAF
drinking water needs, coll ection, puri ficat.i
Metropolitan City of Pal er mohahbsietravntnsg (a9 213,e6¢0 3
212,540 AE floating).

AMAP manages five water purification plant
not suitable for human consumpti on. I n this ¢
consolidated experience to thehetOpti maihni Te pck
Pal er mo.

Corsitti

Partinico

(690‘,

FigubTeerdr.i t ori al f r ainPeaw oerSkmnwA MAP  SGoRo. gAl. e
Earth
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4. 2.1 Suplnyaps ySs tPe A .
The supply sources from which AMAP coll ect
Direct withdrawal from surface water resou
fremrings (23%) and from rivers (2%).

4. 2.2 Qualiokmap $aWw Aat er
Then, the quality of raw water is analyzec
respevattiewve tprleaanttnse nctol | ect water for drinking
4. 2. 2. 1WRtenal aRled@tme at mo
I nitially, waher Rtplamménswt sources of suppl
withdrawals: from an artificial reservoir, n S
bordering the area where the ASorgenti di Ri s
Bet ween 1980 and the early 2000s, in line \
at expanding the supply system, water withdr a:
from the ARoOsamarinao reservoir were brought
The quality paramet erxceftthtefh earl ruanw nwart epra raarr
was repeatedly found to be above the | imit of
4. 2. 2Wat dat oRled®Enkat mo
The main source of supply for the plant is
from a stretch of the fiJatod river near the 0
Around the 1970s, the AJatoo river, which
its mouth, thus allowing the formation of the
about 200 m above sea |l eval capasida yswrff &2e 5a me
Currently, one of the | argest reservoirs in Si
plain and the drinking water supply for the Ci
Bel ow, LA Tkl eaBlues of the qualitative pa
reference to the artificial reservoir "Lago d
TablldRadv. water quadNDtynopbif8eamet @ee sAMAPt &S. pr.AAvi d
by wutility during phase two of the 1202%ey ( 2
Paramet Uni t MI NAVERA(Q MAX L. D.L L. D.
31/ 20| 18/ 2(
pH ---1 7.4 7. 88 8.46 6.-9.5| 6.-9. 5
Electr| Os/ Cl 534 694 810 2500 2500
Conduct |
20AC
Turbid/ NTU 1. 3 9. 3 47.6 N D N D
Tempera AC 10 15. 6 21.5 ND ND
TOC mg/ L 3. 4 3.81 4. 13 N D N D
Tot al Nl mg/ L O 1.22 1.6
Ammoni wyun mg/ 4 O 0. 03 0.55 0.5 0.5
Nitrioteg mg/ L O 0 0 0.5 0.5
Nitrate mg/ L 6 6.6 12.7 50 50
|l ron Og/ L o0 4 41 200 200




Chl orii mg/ L 49 64. 6 74. 3 250 250
Mangand Og/l|l 5. 4 141 548 50 50
Cal ciu mg/ L 56. 83.1 110 N D N D
Magnesi mg/ L 14. 21. 4 27. 3 N D N D
Sul fat|] mg/ L 44 11. 4 142 250 250
Ni ckell Og/ L O 4.1 8. 1 20 20
Copper Og/l] 15 15 15 1000 2000
Escheri¢n/ 100 1 1 1 0 0
Fecal Cq¢n/10Q O 57.7 520 0 0
TotColl i fIn/ 100 12 653 3800 0 0
4. De8criopt iPdneampt S. P. A
The detailed characteristics of the plants
water treatment plant, the Jato water treat me

4. 2.3.1 RiiPall @irmo Pl ant

The Risalaimi water treatment pl ant6,0% wifl t
the operator's entire water production. The 8
million m3 of water, provi chiarbg tdarnitrmsk i(rPggE)wa tTehre
is 1800 I/ s. As can be sdeebnt tie omattdr pumgiufriee:!
sections.

1) Reagent reception and mixing section
2) Clariflocculation section

3) Sand filtration section

4) Disinfection section

5) Sludge treatment section

Raw water inlet

Flocculant: Polyaluminium Chloride, Ferric Chloride X i X .
Pre-oxidation: Chlorine Dioxide ClO:

Coagulant aid: Polyamine

Sludge Line

1

Disinfection: Chlorine Dioxide ClO:

|

For recovery or disposal

Potable water to tank

FiguéBl odck di agram representatiofnSobrtctbaeANMAPT
S.p. A
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REAGENTS RECEI VI NG AND MI XI NG SECTI ON
The first sect-tiroematcmerrsti sdismed at pirret roduci

riflocculation and i-okrdducong fThagert di o0
xide, while the reagkngbl| ywskeadsiforalklumrn@mo
alternatively ferric chloride and, as an
tion by means of a channel

CLARI FLOCCULATI ON SECTI ON

This section is composed of three rectangu
al l el . Here the flocculation phase and th
vious section are compl etméand Euascehs baa sp inl shaa
ce the name of the model

The system is composed of:

-a tower housing a vacuum pugmpuge.n aut omat.i
-a deprhmeddion

-a system ofdiplas.tri buti on

-sludge and cl ahiahined swater outl et

-calming defl ectors.

The system woperhatseess,i wi th the intensity an
the first phase, the automatic valve <c¢cl os
ression bell. This causes the watet evevel n
n tank remains unchanged. This phase cont.
el has been reached. During this process,
ression bel . |l nathe saektvedopbase, at hewanoy
mber. The incoming air compresses the flui
tribution tubes | ocated at the bottom of t
rises to the surface, where it is dischar
ough the deflectors and accumul ate at the
ntually removed usicnegr thaa pnp elrepvheal s.€ eTphii bsc &tsgoc
icient water circulation and effective mud

SAND FILTRATI ON SECTI ON

The water, once extracted from the clarifl
this treatment, the flakes that escaped th
er .

DI SI NFECTI ON SECTI ON

Di sinfection occurs by dosing ch’otume diha
s tank has the function of storing water b
ng these, with3athaepaciitsy adfs 09 a,hce0x amk t h
er mo.
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4. 2. 3W2t dat oRPleafPtmkeat mo

The Jato water purification plant, built a
with a treatment capacity of approxi mately 2
from the artificial resersw@ipl yilsago cki i Bomdaa.r
water ; t herefore, t he configurati on-oxifdathen
clarifloccul ati on, filtratdi,d&nt haen dt rdei asti mefnetc ts yo
water puwrliafnitcatsi oon si bl e i n detail

Thickeners

From the Splitter

To Disinfection€—— Filtration .

FigurTRepirresentation, by means of a bl ocik diag
Source AMAP S.p. A

Specifically, the purification process begi

of approxi mdt ellhye 5b0a s0iOn0, nsui tably waterproofe

normalizing the treatment flow rates, avoidin

The water s condufcltedc uloattiwon ctlaamrki sf ibcyat me

di vi dero,xitdhe ipgprge and fl occul ant agents are dos
used is highly basic pol yaaluuminnau maQagnhtilednrtiod@A | (T

clariffioattcudémti on tanks, fAAccelatoro model , h
a depth of 6 meters, for a capacity, each, of
The water, once clarified, is transferred
with an automated system for cleaning and bac
The water i's then col |geecnteerdehlel nyd, it dhien fde csti annf1
chl orine dioxide. Finally, the water is fed i/
surrounding municipalities.

4. 2.4 Anomalies det ectiedmaapn dS.sR.rAat egi es i mpl e

4. 2. 4. 1WRt enl aRled@ftame at mo

At the Risalaimi water treatment plant, changes in the quality of drinking water were detected due to
the presence of aluminum. Although aluminum is one of the most abundant elements in the Earth's
crust and naturally exists in insoluble, Almxic forms,it can become mobile through soil erosion and
participate in biogeochemical processes. Additionally, humus and clay, which contain negatively
charged colloidal particles, can attract and hold positively charged aluminum ions. This suggests that
the aluminun found in the plant's water likely originated from surrounding soil minerals. Specifically,
high aluminum concentrations were recorded in Lake Rosamarina (1,000 pg/L) and Lake Scanzano
(5,000 pg/L), which supply water to the plant. A smaller portion efalaminum also came from the

use of aluminurbased chemical treatments, such as polyaluminum chloride.

Given that the aluminum contamination was mainly natural, the plant focused on evaluating the
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efficiency of its treatment systems, especially the clariflocculators responsible for sludge
sedimentation. The plant used a "Pulsator” reactor with a rectangular tank, but this design had flaws
-dead zones in the tankos corners all owed sl uo
differences within the tank created upward currents that caused aluminum sludge flakes to rise,
bypassing sedimentation and reaching the filtration sysi&sna.result, aluminum entered the water
distribution networkviolating water quality regulations.

Attempts to adjust the "Pulsator reactorods o
Therefore, the plant introduced a combination of three chemicals: aluminum polychloride, ferric
chloride, and a cationic polyamine coagulant. Proper dasinigese reagents successfully reduced
water turbidity to around 0.2 NTU at the plant's output. However, during the period when aluminum
levels exceeded safety limits, the local mayor issued gotability order to protect public health

4. 2. 4W2t diat bRleaktmke at mo
The Jato water purification plant faces se¢
studies evaluating surface water contaminatio

has emerged as a particularly critical par ame
Turbidity I ssues and Causes
The problem of turbidity is a common <conce
basins being particularly affected. I n previo
the | ong water retention ttiomesat ald dlolwy nigmpi @\
However, this natural equilibrium is no | onge
T Extreme weather events, particularly those
in sudaexmeanidve turbidity | evels.
T Flooding from the Jato River and its trib
materials into Lake Poma, accelerating a s
T A bathymetric study of the | ake revealed a

exacerbating sedi ment accumul ati on.
| mpact on Water Treat ment

Given these factors, turbidity | evels can
NTU, compared to an average of around 25 NTU
' imits, including:

T WHO guidelines: <1 NTU
9 Legislative Decree No. 18/ 2023: <0.3 NTU

At these | evels, the water becomes untreat
di sruptions in drinking water supply.

To mit i gcahtael | temgsees , the plant manager cond
historical data. The findings showed a direct
intensity) and turbidity.

T Instead of focusing on annual or seasonal
role of extreme, |l ocalized storm events th
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9 Following a severe turbidity event in 2019
i mpl emented new management procedures and
turbidity spikes and enhance water treat me

-lnitially, a turbidimeter was installed at
to have aal dremsanéa @omeal arm on the increase
phenomena.

-Secondly, after 40 years of operation, the

Today, the plant is able to treat water wi
service interruption iIs concrete. Despite thi
allows 200 I /s to be treatcecer ftoo mi mMiumiaz e oame

The revamping of the plant was carried o
environment al criteri a, paying attention to
resilient and able to resist wadalr fmaodti dn e dt k
al ways easy to control. The revamping of the
water, compared to raw water with a turbidit)
flotation tankproexindabidaowcotzioenrek, d faiyephl € ment at i on
clarifloccul ator, bringing the potentially t
activated carbon filters (BAC) to remove amm

di sinfection with a UV system.

As regards management procedur es, the opel
cleaning and backwashing procedures of the sa
medi um.

4. 2.5 Summary i Afmatphe& . PadhAe study
4. 2.5. 1WRtenl aRle@ktme at mo

Foll owing the mitigation actions undertake
reduction of the residual alumi num content
i mprovement of the coagul atioentanadf filoe cfuil latt
with a reduction in the washing frequency of

the muddy water extracted from the fAPul sators

Net of these i mprovements, at the point of
148 Og/L of Aluminum (against the 219 Og/L ob
an average temperature of 20.2 AC.

4. 2. 5Wt dnt oRPleaftmkat mo

As regards the revamping, the procedures a
start soon, -sheteeswarksofsthbhehedul ed for Nover
system, with the new st andyarrda dzureadt iporno cyeideaulr ces,

(up to 0.1 NTU contrary to the previous 0.6 N
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4.3 Gruppo Hera S. P. A. (Bol ogna)
This subchapter presents the case study o

northern part of Italy, with a greater focus
for drinking water needs, corl lfeaet i A5 mpmuni €1 p
base of approximately 3 million inhabitants (
control-l ienle muid & a tEMeiMia.g n a , Gruppo Hera serves

provinces odr 8oChgmhada-F&emabha Modena, TRheeoase
studies reported below concern Pontelagoscuro
respectively |l ocated in the province of Bolog

Castel di Casio

Porretta Terme

Ponte della ) '
Venturina !

Pavana

Ferrara

Fi gu8@RUPPO HERA S. P.A. Source: Googl e M:

4. 3.1 Supp@ryupspyostHem a S. P. A. (Bol ogna)

The Hera Group draws water from multiple s
water resources, from underground aqui fers an
Specificall yof 18&t ani |il s odhr anwn f r(oanp ptrhoex i umac eerl gy
152 mifof omwatmmer from surface sources repres
(approxi mately 3846, sdldi mgs | ameh mi nor sources
manages the aqued®ctpugerfvicad itomr uamt 3, 24 o0

treat ment s: physical (s eddhreemitcaali of@ncelhardicfdiudl attr
and chemical (oxidation and disinfecti one). Th
operator is abl e t é&ofsuwetler oivrera 3y0dami | | i on m

4. 3.2 Raw @mnuepogdead at$. P. A. (Bol ogna)
The paragraphs below report the two case st

the case study of the Suviana pl ant i s compl
absence of many detail s, ofrfoemr swhorclhy idome I de
proceed wdeéhmt  moamralnses in the future.
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4. 3.2.1 SuBdlamg@na&| ant

The supply source from which the treat ment
basin |l ocated in the Bologna Apennines at 4
approxi matelTywheli®tlke structure is |ocathemde ap
andonsists of electric pumps housed on a f ¢
approximately 2 meters. rhtwat gquahbhreteagowvd okara
organic substances, absence of Usnu atirfogp,odj Ul ault iatne
characteristics of the water are determined b
such as pH and turbidity which are continuous
par ameter shohwweamemalrowss trends; sporadic cas
NTU have occurred, but the parameter soon ret

4. 3. 2.2 PoWatteelra gtdPdeaivitece n & r a

The purification process arises from the c¢
from the Po River, near the mWati ei ptRlearnytme htt -
is no data on the quality of raw water for the
the persistent presence of algae with very nh
occurred where oweerntlsO weirlel ifooru nadl g aad gealle bl oon

4. 3.3 DescriptGrappof Heha gl &nA
4. 3. 3. IWaSlwevwi aéeaBimkeagna

The Swwaitaema tprleaanttmewiats bui |t around the 198C¢C
water to the municipalities bordering the | ak
With a maximum fl ow rate of 95 | /s, ibisappbki
Flocculant and Hydrochloric Acid Chlorine Dioxide or Sodium Hypochlorite Chlorine Dioxide
Raw Water To the Network

Figu9Repirresentation, using a block di@&@uraame o
Gruppo Hera S.p. A

The average flow rate pumped from the artific
DOSAGE OF REAGENTS

Foll owing the |[|ifting, the reagents are d
hydrochl oric acid. The dosage of hydrochl oric
dosage ofpdllyalcwmiam{tBMmMC hl osi demed at removi n:
flocculant i s variabl e, depending on the inco

parameter: from 0 %bd 10eNTHd wabeg PACHised,
dosed respectively.

FILTRATI ON ON QUARTZ GRI TS

Foll owing the dosage of reagents, the wat
homogeneous mixing condition is created. The
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removal
means O
m. The
filter

The
| ower i n
backwas
dosing
rinsing
aut omat

oper ati
DI S|
Aft e
dosed t
a capac
At this
The

measur e

of suspended solids and coll oi dal suk
f 6 filters, each with a diameter of 3
fispeedcf(bygdisaa@lpipa olxoandat el y 9 m/ h. The
medium vati2smmn a range of 0.7

filters require regular backwashing org
g the | evel with exclusion of the filt
hing of the filter awnitthi zaatmioxne do ff |towe
sodium hypochlorite with a contact ti
: filling of the tank and restoring

i cally ihtays edde toenc ttelde btyu rtbhied pr obe s, on &
on. Since it depends on the turbidity,

NFECTI ON

r filtration, the reagent, chl orine di
o destroy the residual microbiol ogical
i tayn do,f bdy4 Smemans of a | ift, transférred
stage, it is possible to dose additio
entire treatment process is continuous
ment systems: tot al flow rate, flow r

temperature, pH, turbidityr&nd residual disin

4.3.3.2

Loca
taken f
t hrough
i nhabi't

I n t
and its

Distribution +

P oWatteelra gt d° deaivFtece n & r a

ted north of Ferrara, the Pontel agoscu
rom the Po River and, to a |l esser ext
a system of wel |l s. |llyt fguarappreoexsi mat
ants with an average flow rate deliver
he absence of detailed information on
outline are provided bel ow.

Water inlet into the . . . Coagulation and
treatment system SR Ao '| sty } { floceulation W

Sludge Line Storage wasle water Sand Filtration
Carbonfiltration } Ozonation

Figuit@®@l 4ck diagram representationSobrtbaeGdup,]

Hera S.p. A

The first treat ment tsheadti ntehne awa toenr. uSrudbesregga
conducted to three | agoon?3obfaswantse r waintdh aa dceapptah
45 meters, where it remains for approxi mately
processes and natur al bi ol ogi cal puri ficati on
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Toel i minate coll oi dal substances still pr
clariflocculati on, where chemical reagents d
coll oi dal particles, favoringt taheliat earggtriengea.t i

After clarifloccul ati ommpe ttaheif etatt er medif U Mt
of mi I-sliizmeed esaanndd f.i | t rati on)

Through ozonation, the water is sanitized,
organic substances dissolved in it are destro

The water then under goaecst iacatubvm@gh efri Iftirl atriad:
carried out by granular activated carbon, who
pores.

The | ast treatment consists of of ianmd sdticsria
tanks before being released into the distribu

4. 3.4 Anomalies detected and strategies imple
4. 3. 4. I\WaSwevwi aeaBtmkbagna
Starting in 2017, the first changes in the

highlighted, l inked to | ow rainfall, winters
of the surface), a gr ean eeapinsuanbe ro fo falad agla eb Ipaa
management difficulties in the treatment <chai
(such as diatoms) in the filtration treatment
wi td@whpaci fic removal treatment) .

Abotuhe first problem, the manager i mpl emen:

1) The filter backwash system was i mpl ement
to obtain complete sanitization of the filter

2) A new flocculant product based on pol yan
is more efficient than aluminum polychloride
appropt#iesttes,j darhe right ¢ ompomeelnytmeorfs awausmi dneutne
reported in the previous chapter, i n the bib
maki ng micr oal AQmer ilceasns Wad keirl gWNo(l ks t Ass d caibaotriaat
product s deriving nfewonf | olceulusret owerteheal so (

epichlorohydrin (resulted | ower than the dete
product, with a high hydrolysis speed and con
redtui on of over 98%.

Regartdhiengsecond problem, the manager i mpl er
the number o f al gae present i n the raw wate
cyanobacteria are fou#d, i she mpha&Imesitaendotl hl emri  @rde
was used for its removal. As reported in the
not a very efficient reagent for tLhRe (iAVMIWAa a
NAl gaet 8oemateMenbt7g,6, 2010); consequently, as suc
of sodium hypochlorite is introduced, a c¢hemi

180



3.3. 4.2 PoWatteelra gtdPdeaiviFrteoe nar a

Il n the | agoon basWat e ttPhleariRmoende |satgroosncgu rgor C
been observed in recent years. We can speak o
million algal el ements/ L being found. This pl

variationspi Hewehier al dab grWawtehr, tuWwrelainknee ntnloe t $
phenomena have occurred (absence of cyanobact

Despite the absence of toxicity, the oper
growth, i mplemented its monitoring system wit
motivated because counteractimeg odl|l gelaggmadwt ho
i mpl ementing further advanced chemical proces

parameters at the entrance and exi't of t he
characteristic mogl ecul,e tofr bdyldmnob aacntde rdiias s ol v

fluorescence probe which, depending on the v
ultrasound system which, by chacnagnomg att me afl gead
The operation of this technology is based on

1/1.5 meters below the free surface of the ba
l ight and nutnrtiherstis .f drhiepilpotodbeyp pdiacrsedar ound
wor k at full capacity from the beginning of
represents a pilot technology in Italy.

4. 3.5 Summary of Gheppgpasdersa ud8yP. A
4 3. 5. 1WSuei anRleaBtmkeagna

This plant has not yet been subject to ri.
Wat er Safety Pl an; it i s scheduled for 2026 .
devel oping the Water Safety Planst wmdy, tihte cagpm
that the problems encountethbhadedawvwppbeamShPad d u
suggesTthse manageme ntte scthsa ncgaersr iaendd otuhte have gi ve

removal of algae and natur al substances pres:¢
| owering of the bagsimprevelmeand tdhemaketi on p
housed on the floating dock was | owered by on
a |l ower number of algael/liter.
4 3. 5.2 PoWwaeeamgoRleaFenar a

To dat e, the operator has not provided ar
anticipated, the probe was installed recently
dr awn. Further more, the oper atiary iosf sBtoillolgniar

investigate this case study.
PADANI A ACQUE S.P. A. (CREMONA)
This subchapter presents the case study of

drinking water needs, collection, purificatio
base of over 350,000 inhabe tmahsagds300y86007@E
treatment plant s, i n a province characterized
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EZED
Malcantone
San Predengo
Cavatigozzi 57108
'
Cremona
ae® /N sa
Chiavicone
» - B

2%

Castelvetro
Piacentin

FigutBedritori al

framewor&r eomGrPaadaea:i aGAaglue

Googl e Earth

4. 4 Cre@umpmlay system

Due to the surface water of dubious qualit
well s that pump water from the underground a
Cremona can be defined as wunvifenvojwefveom athydr
di stinguish three areas with different water

Casal asca area: in this area the water s
ammonia, iron, manganese, hydrogen sul fide, m

Cremasca area: in this area the well s, of
extract water from the aquifers with good qua
of iron, and, i f present, a | ow ammonia conte

Cremonese area: in this area the well s, of
extract water rich in substances such as: amn
gases such as hydrogen sulfide, carbon dioxid
4 .14 Raw water quality
4. 4. 1. 1W&L&r emonhleaCme mo n a

Of the three areas, the plant under study
aqgueduct supply system is composed of two wel
10 I ocated to the east (ViawPpatemba apPalp/xs
(each well) wup to a depth of 230 meters. The
the wells arel.i2epowted in Tabl e

Tabl2Quéa.l i t ati ve pariaSmeutrecres Paafd arna va wAatqeure
Data provided by wutility during phase two of

2 0PR200 2 2.
Parameters |[UDM  [MEDIO |MAX L. D.Lgs L. D.Lgs
31/2001 18/2023

NH, mg/L 1.5 2.4 0.5 0.5

Fe ug/L 55 350 200 200

Mn Mg/l 41 60 50 50

As ug/L 17 24 10 10

Oxidation index mg/L 1.8 2.5 5 5
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Numer ousr actoinosnisdecan be made from the tabl e.

well s has a high contefmactof tamemoavemageadv al se
i mposed by currendatiemhek aandoniré&orthbédeeoare
the | egal ' imit. The manganese parameter is a
l'imit, furthermore there are cases in which t
by the qualitative parameters reported above
compati bl e with the cur rsenatr er etghuelraetfioornes .n eSpeescs
within the values imposed by the | egislation.

4 .24 Description of the plant
4.241 CrWambaeama tRPleaCmemona

The plant under study, | ocated near the in
Cremona, serves 76,000 PE¥ Wi (podaedcaiilay folf ow5i0.
in the previous subchapter, the main substanc
(Fe) , Manganese (Mn), Ammonia (NH3) ad.dl 2dycr o
scheme of the treatment chain is shown with a

- Y - —
. e . Y
Well - water extraction 4 Aeration
S 4

o)

Biological Filtration

-
Disinfection H Distribution
; S

Reagents

Figut®Bl 4ck diagram ;epresentatioﬁFoﬁtehEadah
Acque S.p. A

Reagents

AREATI ON

Foll owing pumping, the first treatment pha
passes through progressive weirs, thus f or mi
Natur-akygehfti on ¢a&aptowrgdd oixry gtelme air and stri
(CH and Hydr og®)n, Sawdmpthaidreed Hin di ssolved form

BI OLOGI CAL FI LTRATI ON

The biological filtration i mplemented- at t
pat hogenic bacteri a. The support materi al Uus e
Bl OFOR system.

Su;mm’:.\'
Material

R B RD
“feanin| Ear

2 e = e o , —
Inlet for Water to be treated
~ \ \ Reinforced Concrete Plates
utlet Diffuser Diffuser air process

o

e

=S——a-——4

Figut®isplified bpet avpiteeal dfB let@ff @R nEFy st tean
Padania Acque S.p. A
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Biofiltration allows the retention of susp
the removal of the nitrogenous component by m
with consequent formati on qoufi rbe so nbaascsk. waGsbhvii nogu so
at removing excess biomass and restoring the

to the action of the bacteria, in this phase |
mangamesearasenic i s obtained. The nitrate obi
concentrations considerably |l ower than the | ¢
compared to the 50 mg/L of | aw).

MI XTI NG

Af ter bi ol ogi cal filtration, the water i s
presence of an agitator (rapid mixing), t he
( KMR)O dredcnli @ar i cde t(eFkeeCd pl ace. I n this tank the

arteri gger ed.
FI'LTRATI ON ON SANDY SUPPORT

The second filtration stage has the purpoc:
passes through a support composed of silica
precipitated arsenic, iron andvambhadarmegsebackh

operations.
DI SI NFECTI ON

The | ast treat ment of the chain is disinf
di oxide (ClI 02) or sodium hypochlorite (NacCl O
devel oped during the treat ment sgmrodads e, nked tw
bacteri al proliferation.

SLUDGE LI NE

Equi pped with biological filters and sand
and excellent perforsmamstan ne sr,e mpesr inad ihcar bnd wk
carried out on the system. The wat er cdoerstta inreedd
in the raw water, bi omass detached from the w
solids retained in the sand filtélres.. The trea

Pompe
d’extrazione
. | )% Pompe S {
Ricircolo

Figut€&l é&dccul ation, sedi ment@&ad u ioadaanndi a hA

<t
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The treat ment consi sts of a preliminar

sedi mentation/thickening phase. The fl occul at
at a dosage of 4.2 mg/L for a hydraehtatrehen
thickentogspbaseank in which a support of | am
bottom from which the thickened sludge is ext.|
pack sedimentationtotanksuafaceewabasedbody. T
thickener, taken to a centrifuge, undergoes t
in a landfill as special waste.

4 .34 Anomal i es detected and strategies i mpl emer

4. 4. 3. 1W&Lr e monhleaCme mo n a
The operator does not report any particul a

the increase | nmretdauncpe roant vorfe tahned wahteer | ev el [
water | evel did not cause any problems for th
goes for the temperature variation, a rp drud meot
net wor k. I n fact, mul tiple problems were fou
guality that required greater consumption of
t he efcfleicnhast eofchange ywama: i ana&lnyssive, motnud or i n
established that it was impossible to intervel
the disinfectant in the networKk.

4 M4ase study summary
4. 4. 4. 1WEr emonkleaCme mo n a

With the increase of di sinfectant in the
mi crobi ol ogical qguality variation is solved.
remote sensing system to conttrodi ndeofqumil @ 2 yme
near the well s, optimization of reagent dos a
analyzers that perform chemical and biological

net wor k.

4.5 Societ”™ Metrop%mat a®aPAAquEeTdirm o)

This subchapter presents the case study of
water service for drinking water needs, col
municipalities, a user base ofhroowegrh 2 4miplllaina ns

' s T e /

Torino Nl > = = 3 e T o =

7
)

LINGOTTO

eeeeeee

Moncalieri

Figut@edritorial fram'l'eTwuorrikn.ofSoSNAETe:S.(PooAgI e M
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4. 5.1

Supply system

The supply sources from which SMAT coll ect
surface water resources, from the springs of
throughout the territory. Sspefcalflicavwad:l yund éreg rcc
6 7 %, spring for approximately 14% and river
concerns the water purificati ®on PRI aBhe whompel €
composed of 3 p)Jabustt Pardumadt e 2960s, with
mj/d, and Po3, more recent with a capacity of
di stributed by SMAT with an average daily flo
4. 5.2 Raw water quality
4. 5. 2Wat Po BPRleammeinmh

The water purification process begins wit
| ocated about 10 km upstream of the plants. T
chapter; we pdepteledanaltyhsiasii wénr tihet akeadi ti onal

The collection takes place through submerg
cleaners. The water is then passed through me
removing the coarsest i mpalkliyi evasheéetde wbeht w
appropriately disposed of in the company's pu
|l ifting station by tunnels; from here, the wa

Through a computerized supervision and coni
the quality of the water entering and | eaving
aimed at improving thepeféabrcienayi oh ¥heé&lagrsean
reported the values of the parameters obseryv
SMAT) .

Tabl3Rad. water quaNDtynptif8emetaee s8MATt &. pr Avi d
by wutility during phase two of the 120R22ey ( 2
: L. D.Lgs L. D.Lgs
Parameter Unit MIN AVERAGE [MAX 31/2001 18/2023

pH 69 (7.7 8.1 6.5-9.5 6.5-9.5

Electrical us/Cm 230|420 500 2500 2500

Conductivity at

20°C

Turbidity NTU 2 [10 2000 ND ND

Temperature °C 4 10 24 ND ND

TOC mglL 0.8 P2 10 ND ND

Dissolved Oxygen |mg/L 7.5 9.5 11.4 ND ND

Ammonium NH  |mg/L  [0.08 [0.4 2 0.5 0.5
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Nitrite NO mglL (0.1 [0.16 0.4 0.5 0.5

Nitrate NGy mglL |6 13 22 50 50

Iron ugll |40 |90 400 200 200

Aluminum ug/L 20 200 200

Chloride mglL |9 16 22 250 250

Phosphorus ug/L 300 1150 ND ND

Manganese ug/L 60 100 50 50

Hardness °F 16 |23 27 ND ND

Alkalinity °F 16 [18 20 ND ND

Calcium mg/L 48 76 87 ND ND

Magnesium mg/L 8 12 16 ND ND

Sulfates mg/L 42 55 83 250 250

Silica mglL |6 9 11 ND ND

Nickel w2 3 5 20 20

Copper pg/L 1 3 8 1000 2000

From the table it is possible to analyze a
acceptable value for al |l ot her par ameter s, é
mi crobi ol ogical | oad. Thi s edteevaraalioogni ci asl neovtd nvt
river to become turbid. The average turbidity
this value is not significant of the tufbi dit
NTU, séd nwat ¢érh taken from the river 1is appropri
system, thus drastically demircecrach inad axdhieciardu rl b ir
the regulatory | imits, in the plant, specific

(see for example the Ozonation treatment).

4. 5.3 Plant description
4. 5. 3Wat Po BPRleadmmeinh

Of the three plants, only the P03 plant 1is
greater water production capacity.
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P —
Water intake }—i Pre treatment > Ozonation —| /_ﬁ\\

— £ A

I’f ﬂ‘

|

Reagents Reagents—  Cyelofloe ‘

\ /

AT \ /

‘ Distribution %7 Disinfection F « Filtration ﬂ_/
& 4

Figut&y4]l ofl oc diagram represent atiiSoonurocfe t he
SMAT S.p. A

AThe water treatment process begins with t

drawn from natur al sources such as rivers, r e
water passes-sehtbagh( Phed®®a rsteadti mreen)t adti agie ,0 CW
suspended solids and | arger particles. Chemic
process. Fwdtuenndiemgotlsi ©zonation (Ozonizzazion
the waterr,gamxicdiczoemp@unds, and eliminate con
mi cropollutants. The water then moves to the
floccul ation. Here, chemical s arces,i nntarkoi dnugc et ch et
to remove. Afterward, the water is processed
through filters made of sand, gravel, or othe

complete sadrdgrgadse Mana&lr Di sinfewttbnchDbsi
other disinfectamnhe, Dibeff oirleuticomgNseerwed rikto (iRse td
to consumers for wuse.

PREDECANTATI ON TANK

The -dperceant er , 33 m in diameter, has a fl ow
rotati nrge nsocvreasp eirthe sl udge which, once extracte

Upstr eam-defc atnherpr e
B

Figult®od4i zont ade csaindgtbeurcc @r 8MAT S. p. A
188



There is a mixing tank in which it is poss

dose
used
i ron

sodium fhhodi hgd¢Na@Gl 6&6ric acid (HCIto te
-@axi patei on. Alternatively, it is possible
or aluminum salts, or powdered activated
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nsequ

stem

r

ramic
st em,
eci fi

d

r -dtehcea nptreer t here is the ozonization pha
auseldsanldeads to oxidation and consequ
l e to destroy many micropollutants suc
his reagent i's the-iptedsctviceommpr @eoe 59 .
mor e, it 1is not freg@rfodaumtshd DB®s hatsiua
eebndss ,aMkhi NDMAodi met hyl amine acids.

ce time in the networ k, therefore, du
nded. As anticipated, t he onm otnhaet iporno dpurc
e through t-three aitsme rotf tdhhrys adaonsiThtes po fe:
ent increaselOOACt e mmerd datngr eofup hteo a9 @

of tube bondipdtCqg 4ind fehmil §gratemoval
ough dryers. The dry air is then inser
ofofOzeinre)) ) m i s introduced into the wate
di ffuser s, placed on the bottom of t
oOozone must-2 brag/uls ewi tim a-1dworstea cdith eli tmeen
c charact er izsotniec g:el heiagshe,d tboy ftahcei Idiitfd tues
closed, to prevent undissolved ozone f
estructor in case, at the top of the t

CLARI FI CATI ONCBESIOREOC
Af ter ozonati on, t he water fl ows i nto thre

wi t h
mi X i

a
ng

flow rate of about 700 |itres/ s and a
chamber for dosi ng sadarmji,n iouxm dpaonlty.c hTl hoer

i s based on t heamddwhii om, ody mieirgghi ng down th
|l itates the precipitation of sludge on t h
t heheodltwdige tmi xesd nwi tils trleenomiedr ddy el ec

f aci
From
cal |

ed

Hydrocycl ones, wher e, due to the centr

t me cgaond t hat precipitates on the bottom wher
arifloccul ation, a further oxidation ¢t
ination of ammonia ankde dE€ychefll matspgeaem

t he
el i m
ef fi

c |

Ci

ency of thebt¢laamd fciomestivaotitg rp.r ocess wi
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Figutit&y4]l of |l oc iSpsartem SMAT S. p. A.
FI' LTRATI ON UNI T

The water filtration process takfisl péras
are -snubhge (with overl apping beds): the first
|l ayer, 80 c¢cm high, is composed of granul ar ac
is 88 m2 with a hkildraThis poaded«€d al oph&sen i s
t he water, el iminating wunpl easant-potlasutteisn ga nodr
substances and reducing residual col oration.

ke

» ] i

ulpﬁi 4 tr anourt:janlSMAT S.p. A

The filters are washed with air-r and water
oper ataiifdays t he granul ar activated carbon | ayer
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SI NFECTI ON

ter filtration, the water passes i nto a
hen into a second tank with a capacity o
pl ace in the seconllemian&l urse age tthl oThea e
ities that ensure a f0es3i dngdll )c amt @rmte dofi s
avoiding the proliferation of bacteri al
rough a distribution network of 12,483 Kk
ge daily flow rate of 6,137 |iters/day o
Anomal i es detected and strategies I mple

1 Po 3 WaTeribhreatment Pl ant
e manager reported no signifisoanteiseuese

uations in river |l evels during dry perio
of water source, it is common to experie
t al Or ganibci dGaryb onor( TnO C)r,o bti uarl content. A
vere water shortages. A study by the Uni
e revealed that, based on the rwatiem' ar ¢
able. Of this, 6 billion cubic meters ar

ses,-theadsngft wbe water unused. This hig
e and coneesr.ve water resourc

address droughts and water shortages, S
several future strategies. These include
ative technol ogliiesd rtidounne dwmc en ewavtoag rk sl, 0 3 g €
ce water storage basins, establishing mu

thening existing infrastructure and tre

g

th support from the SMAT Research Centre

s the impact of <cl i mate ¢ hanpg e pgpmr ogarcohu n doy
scarcity risks, and dedeadaopeenotiycwwaohi

S .

Summary of the case study
Wat Po BRleafimeinn

About fifteen years ago, the SMAT operator

h
m
er
k e
vV e
er

a current capacity of 2 million cubic me
the treatment plant asn.d Bhiogs emdan aag & rheen th &
al benefits. First, the basin naturally
s in organic and microbiological | oads,

S rag esewatee t hat can be used during droug
supply during emergenci es.

191



Figu2@ad4dloggia artificiali Soausricne pSMATarSe dp .f

The system has proven effective in addres
treat ment pl ant has not been -sebatedcamstsluesi
strengthen the system, there arceonmltarusctti o gex
reservoir with a capacity of 5 million cubic
meters.

A summaryd . odnt Tahke the supply sources used
t he water supply <chai n, and the measures tak
problems are |inked to climate change. iRinsi ng¢
growth, while extreme weather events have | ed
the plant. Additionally, pH fluctuations and
wedge) are connected to Inedufcreadm rd evcerre afsleaw, r
evapotranspiration, and | and use changes driv

Tabl4dsuMmmary of the case studies exami

Manager Source Detected Anomalies Actions Taken

AcqueVenete | AdigeRiver |A Sudden pH valA Acidificat

S.p.A. (RO) hydrochloric acid (HCI).
Po River A Ilncrease in |[A Rented a m
concentration. 'Reverse Osmosis'.
AMAP S.p.A. | Scanzano A Ilncrease in |[A Simultaneo
(PA) Reservoir concentration; polyaluminum chloride

A Al umi num i n [|(PAC), ferric chloride, and
cationic coagulant

polydadmac.
Poma A  Excessive inlA Technical
Reservoir revamping of the plant.
Gruppo Hera | Suviana Algal bloomswith cyanotoxin [A  Si mul t aneo
S.p.A. (BO) Reservoir development. polyaluminum chloride

(PAC), ferric chloride, and
cationic coagulant
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polydadmac;
A New disinf{
hypochlorite (NaClO).
Po River A Al gal bloom [A Use of wul't
cyanotoxin development. control algal growth.
Padania Acque Groundwater |[A | ncrease in |[A Increased
S.p.A. (CR) and biofilm growth in disinfectant.
distribution pipes.
SMAT S.p.A. | Po River A Peaks in tur/A I mplement al
(TO) concentration. works: lagooning.
This chapter highlights technical i nvesti ge

faced by water service managers and the solut
The study exasmiurdd £ seifghtm Axzggaue Venete S.p. A.,

Padania Acque S.p.A., and SMAT S.p.A., along

The findings reveal sevekarl rkiewercshaddedhgaes
common problems include sudden pH fluctuati ol
saltwater intrusion, and turbidity spikes dur i
applied hydrochloric abitdetoestabel ozemopHs da
spi kes, and used | agooning techniues ftiecarnteadduwm

I n the case of | akes and artificial reserv
may produce harmful cyanotoxins, while heavy
and turbidity increases due (fTo tlhembmbveémest
managers have wused coagul ant and floccul ant
chl oride, and cationic polyamine) to i mprove \
probes havieedeteomm c¢comsttradl al gal gr owt h, and o

cyanotoxins -LRke microcystin
When comparing surface waltrefracan dvadgreauwsn dawaet

to clierhatteed anomalies and environmental <chang
generally maintain stable water quality with
I n conclusi on, water service managers have

adopting advanced technol ogies and management
efforts aim to strengthen themsesehbantagandn
gual ity despite the growing impacts of <c¢cl i mat

4. 6 Conclusion
Chapter 4 presents the results of a nation

effects of climate change on drinking water
increasing challenges wathamuacnedmdliitasesi f acaw d\
treat ment processes, and distribution networKk
and interviews with water service manager s, d

mai nt ai n wat ero mpd fi @athycea wi th regul atory standa

The survey engaged approxi mately 40 water
Il taly. Among them, 33 manragleatse d eipsoguesd, siimgoliu
|l evel s, increased chemical spndngpmsceaotdi ghroghdw
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turbidity due to flooding. Thester ecatahédhreimigefs| $

increased energy consumption, -camdp, iiamcseame ca

The case studies analyzed water ut il i ties
(Rovigo), AMAP (Pal er mo), Hera Group (Bologna
These companies have i mplemented wdrfieocdus adap
change. Strategies include intensified moni:'t
adjustments to disinfection processes, and in
utilities hatviemedepdbyedensal s, opti mi zed reé
i nnovative treatment solutions such as biolog

One of the most pressing issues i1 dentified
treat ment processes. Hi gh turbidity events fc
treat ment systems, |l eading sachhasneettafnhoed p
flocculation, and filtration upgrades. Additi
regrowth in distribution networks, necessitat

The stndey scores that while utitlartm esu shtaavien
requires integrated climate adaptation strate
in resilient infrastructure.dSteeegabengndgi gwia
technol ogies wil/ be -rcerluactieadl riims kmi. t iMpavtiinngg fco
should focus on predictive climate mosledtsor s
coll aboration ta&bielnihtaywcef tdrei rmidialpg water supeg
change.
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CHAPTER 5: THE CASE STUuDY OF MOMPI A

This chapter introduMcemspiaa mmvsedurcae et hsdtu diyr
l ine monitoring data (e.g., turbidity, cond
aluate how climate v éraiseldi Isiytsyt earf.f ellentlsi kae gor

seatcksapprly warning concepts to a karstic
S vul ner atbiirhe trieessp amge rsetarlat egi es.

This chapter provides a comprehensive anal

s historical significance and its current cI
exploring the devel oiptmgints amdce.onEromulNovwe
23, | coll aborated with Simone and Mari ka t
urce, |l everaging data from the hydrology de
Building on this foundation, analysis inco

ta analysis and extends the scope with addi
scriptive and historicalSisneocnte ,onvwshiwee el pfrocm
w analytiaatd desbhnibuebsdrmeset wdrflordatancl u
|l l ected in 2023 ocahBhyatemi zisng@g ItDbBXX that al
rtain bacteria using an i mproved technique
mes than ctasgatchér mmt bodbi al data for 20214

Tostrengthen the analysis, this chapter ex
particularly extreme temperature variations,
concentrations at the well s wi tdwonr kt hwea sd icsotnrdit
coll aboration with colleagues from the compan
the fountain and distribution poiMdtsahleypies awa
mar ks t he f ifr satuteaopmpaltiecda tmiocnr odbi al measur ement
cuteidgge perspective on water -fgaadtidad apymraom cls,
combines historical context with innavatiuveut
chall enges in the management of the Mompiano

The chapter then explores the hydrology of
water sources through tracer tests and geol o¢
these sources and their i mpaett omhda h®o wsrycsea ef
pollution, protection zones established by th
and integrated into Brescia's territorial ma
operationioim reemovlat omr eat ment plant, emphasi

Furthermore, the water supply system is de
and concerns beyond what bapg®a# 8§ men Dtah al iynsat ¢
involves analyzing hazardous events and asso
construction of pipelines and storage facili it
drinking water supply olvairvi eWwi mdl Ityh,e irte mprt ev
system, sdetpaoirlteed fblyowcharts and plant schemat
pl ace to manage and safeguard this essenti al
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This comprehensive analysi s underscores t
sustainable and resilient water source for Br

Thi s chapdfesrt s
-Describe the Water Supply System

-Met hod to I dentify Haeateld/ieerndarrsd oRi $khse wofarax
parameters in drinking water quality systems

-Results madshbhpasdvetview of the remote moni

5.Dlescribe the water supply system

5.1.1 Description of the intake system and hi

The Mompiano water source, | ocated at an a
sl ope of Saint Joseph Hill i n the Monte Maddse
water supply for centuries. e3hendit br mast icoonsp
deposi t s, which create a natur al threshol d t#h
spring through | ocalized fractures. Since anc

reserve fari aBrlegscitdn.e Iwmit er fl owed near tayi r5 Kk

channel, | ater covered with stone slabs along

Over time, the system was ada9pit @uirfeincoaeat ti O¢
in 770 AD during the Lombard era. By the | ate
fountains and over 2,500 municipal and privat
thousand fountains. 'l eAt edhé nsaudae gewatesrrive
and features for periodic maintenance, such a

I n the early 20th century, as Bresciabds po
was established in 1902, -metemdriregnftbecesdste
reservoir on the northern sl opoengofwitthe t@ied nde
additional springs, Iimproved the system's cap:
By 1914, a new reservoir with a capacity of 7
souwelel s to meéemandcr Elasi Mgmpi ano source, desftg
the year s, remains a strategic el ement in Br
citydéds water supply alongside the Cogozzo sou

Currently, Bresciabds water network spans a
storage tanks with a total volume of 29,000 m
aqui fers, along with the natTlhrealned owomr ke s so fdi M.
interconmetwedk subt he North Network, supplyin

7 wells and the Sfagbertwos&urceyverheBothe east

with 76061 wel fspmahd the Montagnola Networ k,
southern areas with 600 | /s from the Mompiano
a reliable and efficient supply of drinking w
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Lunghezza tubazioni = 705 Km
— rete Nord

— rete Fossa

— rete Montagnola

@ pozziin esercizio = 41

© pozzifuori servizio = 3

§ A sorgenti =3 (2 in comune
di Villa Carcina)

FigultTehes .water supply network of the cit
sources ofSwatee: sADPAl Water Cycl e

I n the early 1990s, as part of an investi
(Francani at saudy Wwag8l)c.onducted to analyze
characteri siPlaseatt 5bel S&hapea, with a specifi
This study aimed to understand the déael ogigd aln
detailed | and survey was carried out at a sca
Josepht oli Mbnup Maddal ena. The surveyed area,
formati on -Dohetrtiaamgi,ant he underlying Concesi
consi sti md acfi afll mawmidalcol | uvi al sedi ment s.

The data from this survey and other obseryv
his area included the St. Joseph promontory
fed by the Cariadeghe Pl ateauFiinhu8®srBreo v i Sduep
rogeol sgict a-bhdhca-B&)sBt hrough the St. Joseph

>
<
o

of the Ship to Brescia.

To confirm the hypothesis that the plateau

sourceradiyeg tests were conducted in -Marwas 1
introduced into a cave called ttOmbenl epabandf
Cariadeghe Pl ateau. The cave's orientation s
system of Cariadeghe.

This was the first tracking test performed
identi fied as potentially connected based
continuowudsO ydafyosr t200 track the maovvne ntceonntnecft i oh
Mo mpi ano water source. These findings signi

hydrogeol ogi cal net work feeding the source.
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The study involved a rapid field laanladryssti &r
verification through fluorometric spectrum a
movement of groundwater from its recharge ar e:
Mo mpi ano, and Font anonheeldie dP aisttaarbd .i sThh eg r foiumdi
transfer speeds between the absorption zone a
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than 18 hours. This qu
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mi nute. Additional
to over 300 | /s d

per
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around the pl at ¢
aft nd adquiifndresf esealt ea w
e conclusion that the
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it was expected that |
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(referred -$oumace) hehpalg@l natur al conduits ca
Ssprings. However, after the sedi mentation and
|l evel s caused new spri NMgmpi anoh Be emesgeaand
This change reduced the amounteofiowasereamac:i
Fi ghb rée

Fi gueTehe .movement of water within the aquifer
Hol ocene fl ooding

Source: the Stromg anc

The base | evel of the springs around the Kk
l evel ever rewachetdi donrohgthéekarst system, wh
flood deposits. Researchers have noted a "re
evolutionary stage. This term descrifblemwd hien ut
opposite direction to gravity, creating ascen

I n the 1970s, the installation of multiple
(Figure 5.7) became widespread. These well s,
caused a significant | owerciengeraft edthe hegr dempd w
alluvial conduits that transport water to the

These combined factors have further reduc
recharge was already characterized by a relat
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