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Abstract:ȱWaterȱtemperatureȱisȱoftenȱmonitoredȱatȱwaterȱsourcesȱandȱtreatmentȱworks;ȱhowever,ȱ
thereȱ isȱ limitedȱmonitoringȱofȱ theȱwaterȱ temperatureȱ inȱ theȱdrinkingȱwaterȱdistributionȱ systemȱ
(DWDS),ȱdespiteȱaȱknownȱimpactȱonȱphysical,ȱchemicalȱandȱmicrobialȱreactionsȱwhichȱimpactȱwaterȱ
quality.ȱAȱ keyȱparameterȱ influencingȱdrinkingȱwaterȱ temperatureȱ isȱ soilȱ temperature,ȱwhichȱ isȱ
influencedȱ byȱ theȱ urbanȱ heatȱ islandȱ effects.ȱ Thisȱ paperȱ providesȱ critiqueȱ andȱ comprehensiveȱ
summaryȱofȱtheȱcurrentȱknowledge,ȱpoliciesȱandȱchallengesȱregardingȱdrinkingȱwaterȱtemperatureȱ
researchȱandȱpresentsȱtheȱfindingsȱfromȱaȱsurveyȱofȱinternationalȱstakeholders.ȱKnowledgeȱgapsȱasȱ
wellȱasȱchallengesȱandȱopportunitiesȱforȱmonitoringȱandȱresearchȱareȱidentified.ȱTheȱconclusionȱofȱ
theȱstudyȱisȱthatȱtemperatureȱinȱtheȱDWDSȱisȱanȱemergingȱconcernȱinȱvariousȱcountriesȱregardlessȱ
ofȱtheȱwaterȱsourceȱandȱtreatment,ȱclimateȱconditions,ȱorȱnetworkȱcharacteristicsȱsuchȱasȱtopology,ȱ
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pipeȱmaterialȱorȱdiameter.ȱMoreȱresearchȱisȱneeded,ȱespeciallyȱtoȱdetermineȱ(i)ȱtheȱeffectȱofȱhigherȱ
temperatures,ȱ(ii)ȱaȱlegislativeȱlimitȱonȱtemperatureȱandȱ(iii)ȱmeasuresȱtoȱcomplyȱwithȱthisȱlimit.ȱ

Keywords:ȱtapȱwaterȱtemperature;ȱclimateȱchange;ȱundergroundȱhotspots;ȱsubsurfaceȱurbanȱheatȱ
island;ȱwaterȱqualityȱandȱsafety;ȱshallowȱundergroundȱ

ȱ

1.ȱIntroductionȱ

Aȱdrinkingȱwaterȱdistributionȱsystemȱ (DWDS)ȱ isȱanȱ integralȱpartȱofȱaȱwaterȱsupplyȱnetworkȱ
comprisingȱpipelines,ȱstorageȱfacilitiesȱandȱassociatedȱassetsȱtoȱcarryȱpotableȱwaterȱfromȱtreatmentȱ
plant(s)ȱ toȱwaterȱconsumersȱ inȱorderȱ toȱsatisfyȱresidential,ȱcommercial,ȱ industrialȱandȱ firefightingȱ
requirements.ȱ Oneȱ ofȱ theȱ mostȱ difficult,ȱ yetȱ critical,ȱ rolesȱ ofȱ DWDSȱ operationȱ isȱ maintainingȱ
microbiologicalȱ safetyȱ forȱ theȱprotectionȱofȱpublicȱhealth.ȱToȱguaranteeȱgoodȱ standardsȱofȱwaterȱ
qualityȱ supplyȱ atȱ theȱ endȱ pointȱ ofȱ theȱDWDS,ȱmanyȱ countriesȱmaintainȱ aȱ disinfectionȱ residualȱ
(commonlyȱchlorine)ȱwithinȱtreatedȱwaterȱduringȱdistribution.ȱHowever,ȱseveralȱcountriesȱinȱEuropeȱ
(e.g.,ȱTheȱNetherlandsȱ[1],ȱpartsȱofȱGermanyȱ[2],ȱSwitzerlandȱandȱAustriaȱ[3])ȱdoȱnotȱuseȱdisinfectantȱ
residualȱinȱtheȱDWDS.ȱTheyȱinsteadȱrelyȱonȱcatchmentȱprotectionȱandȱhighlyȱtreatedȱwaterȱwhichȱ
includesȱdisinfectionȱviaȱUVȱlightȱbeforeȱwaterȱentersȱtheȱDWDSȱandȱgoodȱDWDSȱdesign,ȱoperationalȱ
andȱmaintenanceȱpractices.ȱWhetherȱ orȱ notȱ aȱdisinfectantȱ residualȱ isȱpresent,ȱ aȱ varietyȱ ofȱwaterȱ
qualityȱreactionsȱareȱtakingȱplaceȱbetweenȱmicroorganismsȱ(presentȱinȱbiofilms,ȱsedimentsȱandȱfreeȬ
floatingȱinȱtheȱwaterȱcolumn),ȱinorganicȱcontaminants,ȱsuchȱasȱcorrosionȱbyproducts,ȱandȱnutrients.ȱ
Theseȱ complexȱ reactionsȱ areȱ influencedȱ byȱ sourceȱ waterȱ qualityȱ (afterȱ treatment),ȱ hydraulicȱ
conditionsȱinȱtheȱDWDSȱ(drivenȱbyȱcustomerȱdemands),ȱnatureȱandȱconditionȱofȱtheȱinfrastructureȱ
andȱtemperatureȱ[4].ȱ

WaterȱqualityȱandȱhydraulicsȱinȱtheȱDWDSȱhaveȱbeenȱextensivelyȱstudiedȱ[5–9].ȱAlthoughȱlittleȱ
isȱknownȱinȱpractice,ȱresearchȱhasȱbeenȱconductedȱtoȱmodelȱtemperatureȱchangesȱinȱtheȱDWDSȱandȱ
toȱdetermineȱdeliveredȱwaterȱ temperatureȱ atȱ theȱ customerȱ [10–14].ȱTemperatureȱ isȱ anȱ importantȱ
determinantȱofȱwaterȱquality,ȱsinceȱitȱinfluencesȱphysical,ȱchemicalȱandȱbiologicalȱprocesses,ȱsuchȱasȱ
absorptionȱofȱchemicals,ȱchlorineȱdecayȱ [15]ȱandȱmicrobialȱgrowthȱandȱcompetitionȱprocessesȱ [8].ȱ
Specifically,ȱitȱinfluencesȱtheȱsurvivalȱandȱgrowthȱconditionsȱofȱmicroorganismsȱandȱtheȱkineticsȱofȱ
manyȱchemicalȱreactions.ȱTemperatureȱcanȱinfluenceȱtheȱdynamicsȱofȱmicroorganismsȱinȱtheȱDWDSȱ
promotingȱtheȱroleȱofȱbiofilmsȱasȱaȱreservoirȱofȱopportunisticȱpathogensȱandȱtheirȱreleaseȱintoȱtheȱ
bulkȱ drinkingȱ waterȱ [16].ȱ Manyȱ waterȱ treatmentȱ processesȱ (e.g.,ȱ clariflocculation,ȱ filtration,ȱ
ozonation)ȱareȱinfluencedȱbyȱwaterȱtemperature.ȱHowever,ȱtheȱappliedȱhydraulicȱandȱqualityȱmodelsȱ
inȱtheȱliteratureȱusuallyȱconsiderȱaȱconstantȱtemperatureȱ[17,18].ȱMachellȱandȱBoxallȱ[19]ȱhighlightȱ
theȱcomplexȱ interactionȱofȱhydraulicsȱ(specificallyȱwaterȱage),ȱ infrastructureȱconditionsȱandȱwaterȱ
quality.ȱTheyȱ specificallyȱ showȱ theȱheatingȱ effectȱofȱwaterȱduringȱ itsȱ transitȱ throughȱ theȱDWDSȱ
duringȱ summerȱmonthsȱ inȱ theȱUKȱ andȱ theȱ routeȬspecificȱ natureȱ ofȱ this.ȱ Blokkerȱ etȱ al.ȱ [20]ȱ alsoȱ
analysedȱ thisȱ complexȱ interactionȱwhenȱ studyingȱ theȱ potentialȱ toȱ extractȱ thermalȱ energyȱ fromȱ
drinkingȱwater.ȱ

Drinkingȱwaterȱtemperatureȱcanȱsignificantlyȱincreaseȱorȱdecreaseȱduringȱdistributionȱfromȱtheȱ
sourceȱtoȱtheȱcustomer.ȱThisȱchangeȱisȱstronglyȱinfluencedȱbyȱtheȱweather,ȱtheȱdepthȱofȱinstallationȱ
ofȱtransportȱandȱdistributionȱpipes,ȱtheȱsoilȱtype,ȱgroundȱwaterȱlevels,ȱpresenceȱofȱanthropogenicȱheatȱ
sourcesȱandȱhydraulicȱresidenceȱtimesȱ[11,21].ȱAtȱtheȱbuildingȱlevel,ȱdrinkingȱwaterȱtemperatureȱcanȱ
alsoȱbeȱaffectedȱbyȱtheȱlayoutȱofȱtheȱhotȱwaterȱinstallationsȱ[14].ȱ

TheȱNetherlandsȱisȱoneȱofȱtheȱfewȱcountriesȱwithȱaȱspecificȱregulationȱregardingȱtemperature:ȱ
theȱDrinkingȱWaterȱStandardsȱ[22]ȱstatesȱthatȱtheȱtemperatureȱofȱdrinkingȱwaterȱatȱtheȱcustomers’ȱtapȱ
shouldȱnotȱ exceedȱ 25ȱ °C.ȱWithinȱ theȱ regularȱ tapȱ samplingȱprogramȱofȱ theȱDutchȱutilities,ȱ inȱ theȱ
relativelyȱwarmȱyearȱofȱ2006,ȱitȱwasȱreportedȱthatȱ0.1%ȱofȱsamplesȱexceededȱtheȱ25ȱ°Cȱlimit.ȱWithȱ
globalȱwarmingȱandȱincreasingȱurbanisation,ȱitȱisȱexpectedȱthatȱtheȱquantityȱofȱsamplesȱthatȱexceedȱ
theȱtemperatureȱlimitȱwillȱincrease.ȱ
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Overȱ theȱ lastȱdecade,ȱDutchȱdrinkingȱwaterȱ companiesȱhaveȱbeenȱ researchingȱ theȱ impactȱofȱ
drinkingȱwaterȱtemperatureȱinȱtheirȱDWDSsȱtoȱguaranteeȱhighȱdrinkingȱwaterȱqualityȱandȱtoȱprepareȱ
theȱinfrastructureȱforȱtheȱchallengesȱthatȱclimateȱchangeȱmayȱpose.ȱDespiteȱitsȱimportance,ȱaccordingȱ
toȱourȱbestȱknowledge,ȱonlyȱaȱ fewȱ researchersȱ [11,23]ȱhaveȱdevelopedȱandȱpublishedȱaȱvalidatedȱ
modelȱ aboutȱ howȱ theȱ drinkingȱwaterȱ temperatureȱ changesȱ inȱ theȱ distributionȱ network.ȱ Inȱ Theȱ
Netherlands,ȱitȱwasȱshownȱthatȱtheȱwaterȱtemperatureȱatȱtheȱtapȱapproachesȱtheȱtemperatureȱofȱtheȱ
soilȱthatȱsurroundsȱtheȱdistributionȱmainsȱ(pipesȱwithȱaȱdiameterȱofȱ60–200ȱmm,ȱtypicalȱresidenceȱ
timesȱofȱ48ȱhȱorȱmoreȱandȱlocatedȱatȱaȱdepthȱofȱ1ȱm)ȱ[11].ȱInȱtheȱurbanȱenvironment,ȱtemperaturesȱ
easilyȱapproachȱtheȱ25ȱ°Cȱlimitȱduringȱaȱwarmerȱthanȱaverageȱsummer.ȱLocally,ȱunderȱtheȱinfluenceȱ
ofȱanthropogenicȱheatȱsourcesȱsuchȱasȱdistrictȱheatingȱpipesȱorȱelectricȱcables,ȱtheȱtemperatureȱinȱtheȱ
DWDSȱ canȱ temporallyȱ andȱ locallyȱ beȱ higherȱ thanȱ 25ȱ °Cȱ [21].ȱ Yet,ȱ thereȱ remainsȱ aȱ paucityȱ ofȱ
informationȱ regardingȱ drinkingȱwaterȱ temperatureȱ inȱ theȱDWDS,ȱ especiallyȱ inȱ countriesȱwhereȱ
temperatureȱlimitsȱareȱnotȱenforced.ȱ

Thisȱarticleȱpresentsȱaȱreviewȱofȱtheȱcurrentȱknowledgeȱaboutȱdrinkingȱwaterȱtemperatureȱfromȱ
sourceȱtoȱtap,ȱasȱwellȱasȱaȱcomparisonȱbetweenȱtheȱpoliciesȱandȱpracticesȱinȱaȱnumberȱofȱcountries.ȱ
Challengesȱ forȱ drinkingȱ waterȱ companiesȱ andȱ policyȱ makersȱ areȱ formulated,ȱ resultingȱ inȱ
identificationȱofȱfutureȱresearchȱdirections.ȱ

2.ȱMethodologyȱ ȱ

Twoȱmethodsȱwereȱusedȱtoȱgatherȱdata.ȱAȱsurveyȱwasȱperformedȱtoȱidentifyȱlocalȱexperiences,ȱ
issuesȱandȱcurrentȱknowledge.ȱAȱliteratureȱreviewȱwasȱconductedȱtoȱdetermineȱtheȱcurrentȱscientificȱ
knowledgeȱaboutȱtheȱpotentialȱimpactȱofȱwaterȱtemperatureȱonȱtheȱDWDS.ȱ ȱ

2.1.ȱSurveyȱ

Aȱ questionnaireȱ wasȱ sentȱ toȱ 18ȱ participantsȱ ofȱ theȱ Europeanȱ Projectȱ WatQualȱ
(www.sheffield.ac.uk/civil/watȬqual)ȱinȱAugustȱ2018.ȱParticipantsȱwereȱresearchersȱfromȱuniversitiesȱ
orȱ employeesȱ ofȱ waterȱ utilities.ȱ Theȱ questionnaireȱ containedȱ twelveȱ openȱ questionsȱ regardingȱ
legislation,ȱpractices,ȱ knowledgeȱ andȱdataȱ aboutȱdrinkingȱwaterȱ temperatureȱ inȱ theȱDWDS.ȱTheȱ
questionnaireȱisȱavailableȱasȱsupplementaryȱmaterialȱtoȱthisȱarticle.ȱElevenȱcompletedȱquestionnairesȱ
wereȱreturnedȱwithȱdataȱfromȱnineȱcountries.ȱSomeȱanswersȱaboutȱpracticesȱwereȱanonymisedȱandȱ
scientificȱreferencesȱwereȱsearchedȱtoȱsupportȱthem.ȱDataȱfromȱtheȱcountriesȱwasȱusedȱtoȱillustrateȱ
currentȱpracticesȱregardingȱmonitoring.ȱ ȱ

2.2.ȱLiteratureȱReviewȱ

TheȱonlineȱdatabaseȱSCOPUSȱwasȱused.ȱTheȱsearchȱwasȱconductedȱinȱNovemberȱ2019ȱandȱnoȱ
timeȱ limitȱwasȱusedȱ inȱ theȱ search.ȱTheȱ searchȱwasȱ limitedȱ toȱ theȱ subjectȱ areas:ȱ engineeringȱ andȱ
environmentalȱscience.ȱTwoȱsearchesȱwereȱconducted.ȱFirst,ȱtheȱkeyȱwordȱ“Tapȱwaterȱtemperature”ȱ
wasȱused.ȱThisȱdidȱnotȱprovideȱanyȱrelevantȱdocuments.ȱAȱsecondȱsearchȱusingȱ“Drinkingȱwater”ȱ
ANDȱ “distributionȱ systems”ȱ ANDȱ “temperature”,ȱ focusingȱ onȱ publicationsȱ inȱ Englishȱ wasȱ
performedȱandȱ239ȱarticlesȱwereȱfound.ȱAfterȱaȱfirstȱscreeningȱofȱtheȱarticles,ȱonlyȱ10ȱreferencesȱwereȱ
relevantȱforȱthisȱreview.ȱAfterȱthat,ȱtheȱsnowballȱmethodȱwasȱfollowed,ȱusingȱtheseȱkeyȱdocumentsȱ
asȱ aȱ startingȱ pointȱ toȱ findȱ otherȱ relevantȱ titlesȱ onȱ theȱ subjectȱmatter.ȱ Additionally,ȱ aȱ questionȱ
regardingȱrelevantȱliteratureȱwasȱincludedȱinȱtheȱquestionnaireȱofȱtheȱsurvey.ȱInȱtotal,ȱ48ȱarticlesȱfromȱ
25ȱdifferentȱjournalsȱwereȱusedȱinȱtheȱcurrentȱstudy.ȱ

3.ȱResults�DrinkingȱWaterȱTemperatureȱfromȱSourceȱtoȱTapȱ

3.1.ȱMonitoringȱPracticesȱ

Mostȱofȱtheȱsurveyedȱwaterȱcompaniesȱsystematicallyȱmonitorȱsourceȱwaterȱtemperature,ȱand/orȱ
theȱ temperatureȱ ofȱ theȱ treatedȱ waterȱ (Tableȱ 1),ȱ asȱ anȱ operationalȱ parameter.ȱ However,ȱ theȱ
temperatureȱfromȱsourceȱtoȱtapȱisȱnotȱsystematicallyȱmonitoredȱinȱmostȱofȱtheȱsurveyedȱcountries.ȱInȱ
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theȱ countriesȱwhereȱ theȱ temperatureȱ isȱmonitored,ȱ theȱ resultsȱ areȱ oftenȱ fromȱ discreteȱ samples,ȱ
resultingȱinȱdataȱasȱshownȱinȱTableȱ1.ȱ ȱ

Tableȱ1.ȱOverviewȱofȱrecordedȱtemperaturesȱSWȱ=ȱsurfaceȱwater,ȱGWȱ=ȱgroundȱwater,ȱMWȱ=ȱMixȱofȱ
GWȱandȱSW,ȱRDT:ȱRandomȱDayȱTime.ȱ

Countryȱ Sourceȱ WaterȱTreatmentȱPlantȱ AtȱtheȱCustomerȱ
Colombiaȱaȱ 13–28ȱ°Cȱ 16–26ȱ°Cȱ 25–28ȱ°Cȱ

CzechȱRepublicȱ GW:ȱ6–15ȱ°Cȱbȱ SW:ȱ4–11ȱ°Cȱcȱ MW:ȱ2–24ȱ°Cȱdȱ
Franceȱ ȱ GW:ȱ12ȱ°Cȱeȱ RDT:ȱ10ȱ<25ȱ°Cȱfȱ
Italyȱ ȱ 6–15°Cȱgȱ ȱ

Netherlandsȱhȱ ȱ ȱ SW:ȱ2–23ȱ°Cȱ
GW:ȱ12–13°Cȱ

RDT:ȱ4–25ȱ°Cȱ

Serbiaȱ ȱ
9–16ȱ°Cȱiȱ

SW:ȱ6–27ȱ°Cȱjȱ
GW:ȱ12–18ȱ°Cȱjȱ

5–18ȱ°Cȱiȱ

SouthȱAfricaȱ ȱ 10–28ȱ°Cȱkȱ 20.5–24.5ȱ°Cȱlȱ
Spainȱ ȱ 10–29ȱ°Cȱmȱ ȱ

UnitedȱKingdomȱ ȱ SW:ȱ1–21°Cȱnȱ

SW:ȱ2–26ȱ°Cȱoȱ
GW:ȱ10–18ȱ°Cȱoȱ
MW:ȱ2–23ȱ°Cȱoȱ
SW:ȱ3–24ȱ°Cȱpȱ
GW:ȱ11–12ȱ°Cȱpȱ
MW:ȱ6–22ȱ°Cȱpȱ

SW:ȱ3–25ȱ°Cȱoȱ ȱ
GW:ȱ4–27ȱ°Cȱoȱ
MW:ȱ4–26ȱ°Cȱoȱ

ȱ

ȱ

aȱCityȱofȱCali—Atȱtheȱsourceȱandȱwaterȱtreatmentȱplant:ȱdailyȱmeasurements,ȱyears:ȱ2017–2018,ȱatȱtheȱ
tap:ȱnineȱwaterȱsamplesȱcollectedȱ inȱdifferentȱdaysȱ [24].ȱ bȱCityȱofȱVsetín,ȱCzechȱRepublic—groundȱ
waterȱsource,ȱbankȱinfiltrationȱfromȱBečvaȱriver,ȱyearȱ2018–2019.ȱcȱCityȱofȱVsetín,ȱCzechȱRepublic—
WTPȱfromȱvalleyȱreservoirȱKarolinka,ȱyearsȱ2018–2019.ȱdȱCityȱofȱVsetín,ȱCzechȱRepublic—costumer’sȱ
tapȱ inȱ theȱcityȱcenter,ȱyearsȱ2018–2019.ȱ eȱAtȱStrasbourg—groundȱwater.ȱForȱotherȱ locations,ȱ itȱcanȱ
exceedȱ25ȱ°Cȱinȱsomeȱsituations.ȱfȱARSȱ2020ȱhttp://www.eaupotable.sante.gouv.fr.ȱExceedancesȱofȱtheȱ
referenceȱtemperatureȱ(25ȱ°C)ȱonȱtheȱwaterȱofȱtheȱdistributionȱnetworksȱareȱfrequentȱinȱtheȱsummerȱ
periodȱ(2017ȱresults:ȱ138ȱnoncompliantȱvaluesȱoutȱofȱ800ȱsamplesȱtakenȱinȱJune,ȱJulyȱandȱAugustȱandȱ
3500ȱduringȱtheȱyear;ȱsourceȱARS).ȱgȱCampania,ȱSouthernȱItaly.ȱhȱRotterdam,ȱtapȱsamples—RDT,ȱyearsȱ
2008–2012.ȱ iȱMeasurementsȱ inȱ theȱcityȱofȱPancevo,ȱSerbia,ȱbetweenȱFebȱ2017ȱandȱ Janȱ2018ȱatȱ threeȱ
locations:ȱtwoȱatȱtheȱcityȱcenterȱandȱtheȱthirdȱaȱvillageȱnearlyȱ18ȱkmȱfromȱtheȱWTP.ȱjȱBelgrade,ȱSerbia—
Yearsȱ2013–2018.ȱkȱNonsystematicallyȱmonitored.ȱlȱJacobsȱetȱal.ȱ[25].ȱmȱCityȱofȱMurcia,ȱSpain.ȱYearȱ2009.ȱ
Measurementsȱinȱtheȱwaterȱtreatmentȱplantsȱandȱinȱtheȱnetwork.ȱnȱDĄrȱCymruȱWelshȱWater—yearsȱ
2010–2017.ȱoȱAnglianȱWater—2018.ȱpȱBristolȱWater—2018ȱdailyȱmeasurements.ȱ

Aȱ fewȱcountriesȱmonitorȱwaterȱ temperaturesȱatȱ theȱ tap.ȱFromȱ theȱsurveyedȱcountries,ȱCzechȱ
Republic,ȱ France,ȱTheȱNetherlands,ȱ Serbiaȱ andȱ theȱUKȱmonitorȱ theȱ tapȱwaterȱ temperature.ȱThisȱ
monitoringȱ isȱ usuallyȱ randomȱ andȱ aȱ standardȱ thermometerȱ isȱ used.ȱ Theseȱ samplesȱ collectedȱ atȱ
customers’ȱ tapsȱareȱdiscreteȱdataȱ setsȱandȱareȱveryȱ temporallyȱandȱ spatiallyȱ sparse.ȱOnlyȱ inȱTheȱ
Netherlandsȱ andȱ theȱ Czechȱ Republicȱ isȱ temperatureȱ measuredȱ andȱ recordedȱ toȱ complyȱ withȱ
regulatoryȱreportingȱrequirements.ȱInȱotherȱcountries,ȱ itȱ isȱcommonȱ thatȱtemperatureȱ isȱmeasuredȱ
whenȱ discreteȱ samplesȱ areȱ collectedȱ atȱ customerȱ taps,ȱ forȱ example,ȱ asȱ partȱ ofȱ chlorineȱ residualȱ
measurements,ȱbutȱtheȱvaluesȱareȱnotȱtypicallyȱrecordedȱorȱreported.ȱInȱTheȱNetherlands,ȱtheȱreadingȱ
isȱmadeȱfromȱtheȱclosestȱtapȱtoȱtheȱwaterȱmeterȱ(usuallyȱinȱtheȱkitchenȱsinkȱonȱtheȱgroundȱfloor).ȱTheȱ
stagnantȱwaterȱinȱtheȱdomesticȱinstallationȱisȱflushed;ȱafterȱflushing,ȱtheȱtemperatureȱstabilisesȱandȱitȱ
isȱrecorded.ȱInȱtheȱUK,ȱtheȱstandardȱprocedureȱforȱrandomȱdayȱtimeȱsamplingȱisȱtoȱrunȱtheȱtapȱforȱ
oneȱ minuteȱ priorȱ toȱ sampleȱ collection.ȱ Inȱ France,ȱ Theȱ Regionalȱ Healthȱ Agencyȱ (Frenchȱ ARS)ȱ
randomlyȱ checksȱwaterȱ temperatureȱ atȱ consumers’ȱwaterȱ taps,ȱwhereȱ numberȱ andȱ frequencyȱ ofȱ
measurementsȱdependsȱonȱ theȱsizeȱofȱtheȱwaterȱutility.ȱInȱ theȱCzechȱRepublic,ȱ theȱanalysisȱatȱtheȱ
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consumer’sȱtapȱalsoȱincludesȱmeasuringȱtheȱwaterȱtemperature.ȱTheȱresultsȱofȱtheȱanalysesȱareȱthenȱ
electronicallyȱsentȱtoȱtheȱcommonȱnationalȱPiVOȱdatabase.ȱTheȱISȱPiVoȱsystemȱwasȱcreatedȱinȱ2004ȱasȱ
aȱtoolȱofȱhygienicȱserviceȱforȱwaterȱqualityȱmonitoringȱinȱtheȱCzechȱRepublic.ȱAllȱoperatorsȱofȱpublicȱ
waterȱsupplyȱsystemsȱareȱobligedȱtoȱmonitorȱtheȱqualityȱofȱdrinkingȱwaterȱbyȱlaw.ȱTheȱresultsȱareȱ
providedȱelectronicallyȱandȱprocessedȱstatisticallyȱonȱanȱannualȱbasisȱ[26].ȱTableȱ1ȱshowsȱtheȱrangeȱ
ofȱmeasuredȱdrinkingȱwaterȱtemperaturesȱinȱtheȱsurveyedȱcountries.ȱ ȱ

3.2.ȱDrinkingȱWaterȱTemperatureȱatȱTheȱSourceȱ

Sourceȱwaterȱtemperaturesȱhaveȱaȱlimitedȱimpactȱonȱtheȱtemperatureȱatȱtheȱtap.ȱMeasurementsȱ
inȱTheȱNetherlandsȱhaveȱshownȱthatȱtemperatureȱatȱtheȱcustomer’sȱtapȱisȱmostlyȱdeterminedȱbyȱtheȱ
temperatureȱofȱtheȱsoilȱaroundȱtheȱdistributionȱmainsȱ(typicallyȱatȱ1.0ȱmȱdepthȱinȱTheȱNetherlandsȱ
andȱmuchȱofȱtheȱworld),ȱindependentȱofȱtheȱwaterȱsourceȱtype.ȱFigureȱ1ȱshowsȱtwoȱsupplyȱareasȱwithȱ
differentȱwaterȱsources:ȱoneȱwithȱaȱgroundȱwaterȱ(GW)ȱsource,ȱoneȱwithȱaȱsurfaceȱwaterȱ(SW)ȱsource;ȱ
theȱtemperatureȱprofilesȱareȱuniqueȱforȱeachȱsource.ȱWaterȱtemperaturesȱatȱtheȱtapȱforȱtheseȱareasȱ
wereȱ alsoȱ analysedȱ andȱ showedȱ similarȱ temperaturesȱwithȱ aȱ seasonalȱ patternȱ betweenȱ theȱ twoȱ
differentȱwaterȱsources.ȱTheseȱresultsȱconfirmȱthatȱtheȱwaterȱtemperatureȱatȱtheȱtapȱisȱtoȱaȱlimitedȱ
extentȱdeterminedȱbyȱtheȱtemperatureȱatȱtheȱsource/outletȱofȱwaterȱtreatmentȱplantȱ(WTP).ȱ

Drinkingȱwaterȱtemperatureȱatȱtheȱpointȱwhereȱsourceȱwaterȱ(afterȱtreatment)ȱentersȱtheȱDWDSȱ
isȱdeterminedȱbyȱtheȱtypeȱofȱsourceȱwaterȱ(groundȱwaterȱorȱsurfaceȱwater)ȱandȱtheȱcharacteristicsȱofȱ
theȱfacilitiesȱwhereȱtheȱwaterȱisȱtreatedȱandȱtreatedȱwaterȱisȱstored.ȱAsȱaȱgeneralȱrule,ȱgroundwaterȱ
temperatureȱ isȱ mainlyȱ stableȱ overȱ theȱ year.ȱ Forȱ example,ȱ groundwaterȱ temperatureȱ inȱ Theȱ
Netherlandsȱisȱaroundȱ12–13ȱ°C,ȱbutȱseasonalȱtemperatureȱvariationsȱcanȱbeȱhigherȱifȱtheȱsourceȱisȱ
closeȱtoȱaȱriverȱandȱgroundwaterȱisȱinfluencedȱbyȱriverbankȱfiltrationȱ(seeȱTableȱ1,ȱdataȱforȱgroundȱ
waterȱinȱBelgrade,ȱSerbia).ȱMeanwhileȱtheȱsurfaceȱwaterȱtemperatureȱhasȱhighȱseasonalȱvariations,ȱ
andȱ itsȱ typicalȱ patternȱ isȱ shownȱ inȱ Figureȱ 1.ȱ Tableȱ 1ȱ showsȱ anȱ overviewȱ ofȱ variationsȱ ofȱwaterȱ
temperatureȱafterȱtreatmentȱfromȱdifferentȱsources,ȱrecordedȱinȱvariousȱcountries.ȱ

3.3.ȱDrinkingȱWaterȱTemperatureȱinȱtheȱTransportȱandȱDistributionȱSystemȱ

Theȱtemperatureȱgradientȱbetweenȱsoilȱsurroundingȱtheȱwaterȱmainȱandȱwaterȱinȱtheȱpipeȱdrivesȱ
temperatureȱchangeȱinȱtheȱDWDS.ȱTheȱtemperatureȱofȱtheȱshallowȱundergroundȱsoilȱ(1–2ȱmȱdepth),ȱ
whereȱdrinkingȱwaterȱmainsȱareȱoftenȱinstalled,ȱshowsȱseasonalȱvariations.ȱTheȱ‘frostȱdepth’ȱisȱtheȱ
depthȱtoȱwhichȱtheȱgroundȱwaterȱinȱtheȱsoilȱisȱexpectedȱtoȱfreezeȱinȱsubzeroȱconditions,ȱandȱitȱdependsȱ
onȱ climaticȱ conditions.ȱ Frostȱdepthȱ isȱ consideredȱ inȱmanyȱ countriesȱ toȱdetermineȱ theȱminimumȱ
installationȱdepthȱofȱdrinkingȱwaterȱmainsȱtoȱavoidȱfreezingȱofȱwaterȱinȱtheȱpipes,ȱorȱbreakingȱpipesȱ
fromȱfreezingȱandȱthawingȱofȱtheȱsoilȱaroundȱtheȱpipes.ȱTypicalȱinstallationȱdepthsȱinȱcentralȱEuropeȱ
varyȱbetweenȱ0.8ȱmȱandȱ1.5ȱm,ȱwhereasȱinȱcountriesȱsuchȱasȱFinlandȱatȱhigherȱlatitudes,ȱinstallationȱ
depthsȱincrease,ȱupȱtoȱ2.5ȱm.ȱInȱotherȱcountries,ȱwhereȱfrostȱisȱnotȱanȱissue,ȱtheȱminimumȱdepthȱofȱ
theȱtrenchesȱisȱdeterminedȱinȱsuchȱaȱwayȱthatȱtheȱpipesȱareȱprotectedȱfromȱtrafficȱandȱexternalȱloads.ȱ
InȱCaliȱ(Colombia)ȱanȱinstallationȱdepthȱbetweenȱ1.0ȱmȱandȱ1.5ȱmȱwasȱreported.ȱInȱSpain,ȱforȱinstance,ȱ
theȱminimumȱdepthȱwillȱbeȱsuchȱthatȱtheȱupperȱborderȱofȱtheȱpipelineȱisȱatȱleastȱoneȱmeterȱfromȱtheȱ
surface;ȱunderȱsidewalksȱitȱshouldȱbeȱaȱminimumȱofȱ0.60ȱm.ȱInȱSouthȱAfrica,ȱtheȱcoverȱshouldȱbeȱnoȱ
lessȱthanȱ0.9ȱmȱ[27],ȱalthoughȱolderȱSouthȱAfricanȱstandardsȱstipulatedȱ0.6ȱmȱminimumȱcover.ȱPipesȱ
inȱSouthȱAfricaȱareȱtypicallyȱinstalledȱatȱapproximatelyȱ1.5ȱm.ȱWaterȱreticulationȱdesignȱguidelinesȱ
providedȱbyȱWaterCareȱinȱNewȱZealandȱsuggestȱ1.0ȱmȱcoverȱinȱroadsȱandȱ0.75ȱmȱinȱbermsȱandȱopenȱ
countryȱ[28].ȱ
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ȱ
Figureȱ 1.ȱMeasuredȱwaterȱ temperatureȱ atȱ twoȱ pumpingȱ stationsȱ inȱ TheȱNetherlands—oneȱ fromȱ
surfaceȱwaterȱ(SW)ȱandȱtheȱotherȱfromȱgroundȱwaterȱ(GW)—andȱtheȱrespectiveȱtemperaturesȱatȱtheȱ
tapȱmeasuredȱatȱrandomȱlocationsȱinȱtheȱseparateȱdrinkingȱwaterȱdistributionȱsystemȱ(DWDS)ȱ[29].ȱ

Soilȱ temperatureȱ isȱ influencedȱ byȱ theȱ weatherȱ (airȱ temperature,ȱ solarȱ radiation,ȱ etc.),ȱ theȱ
environmentȱ (ruralȱ vs.ȱ urban),ȱ landȬcoverȱ (bitumen/tarȱ vs.ȱ naturalȱ vegetation),ȱ soilȱ typeȱ andȱ
conditionsȱ(sandȱvs.ȱclayȱandȱmoistureȱcontent),ȱasȱshownȱbelow.ȱTheȱenergyȱtransferȱrateȱfromȱtheȱ
soilȱtoȱtheȱinnerȱpipeȱwallȱisȱdeterminedȱbyȱtheȱconductivityȱofȱtheȱpipeȱmaterialȱandȱtheȱthicknessȱofȱ
theȱpipeȱwall.ȱSubsequently,ȱtheȱenergyȱisȱtransferredȱfromȱtheȱinnerȱwallȱtoȱtheȱflowingȱwater.ȱWithinȱ
aȱfewȱhours,ȱdrinkingȱwaterȱreachesȱtheȱsurroundingȱsoilȱtemperature,ȱdependingȱonȱfactorsȱsuchȱasȱ
theȱpipeȱdiameter,ȱwallȱthicknessȱandȱflowȱvelocity.ȱBasedȱonȱtheȱequationsȱpresentedȱbyȱBlokkerȱandȱ
PieterseȬQuirijnsȱ[11]ȱitȱisȱpossibleȱtoȱcalculateȱtheȱtimeȱneededȱtoȱwarmȱupȱtheȱwaterȱcontainedȱinȱaȱ
pipeȱofȱaȱcertainȱdiameter,ȱgivenȱanȱ initialȱdrinkingȱwaterȱ temperatureȱandȱ theȱsoilȱ temperature.ȱ
Figureȱ2ȱshowsȱtheȱnumberȱofȱhoursȱneededȱforȱdrinkingȱwaterȱinȱdistributionȱpipesȱtoȱheatȱupȱfromȱ
15ȱ°Cȱtoȱ25ȱ°Cȱandȱnumberȱofȱminutesȱinȱconnectionȱpipesȱtoȱwarmȱupȱfromȱ20ȱ°Cȱtoȱ25ȱ°C.ȱPlasticȱ
andȱasbestosȱcementȱpipesȱareȱthermalȱinsulatorsȱandȱthisȱmeansȱaȱrelativelyȱlongȱheatingȱtime.ȱCastȱ
ironȱpipes,ȱevenȱwithȱcementȱlining,ȱshowȱaȱmuchȱshorterȱtimeȱforȱtheȱwaterȱtoȱheatȱupȱfromȱ15ȱtoȱ25ȱ
°Cȱforȱtheȱsameȱdiameters,ȱe.g.,ȱlessȱthanȱ1ȱhȱforȱaȱ150ȱmmȱcastȱironȱpipeȱwithȱcementȱliningȱ[11].ȱ

ȱ

Figureȱ2.ȱHeatingȱupȱofȱtheȱdrinkingȱwaterȱtemperatureȱinȱ(a)ȱpolyvinylȱchlorideȱ(PVC)ȱdistributionȱ
pipesȱwithȱinsideȱdiametersȱbetweenȱ59ȱmmȱandȱ152ȱmm.ȱOriginalȱwaterȱtemperatureȱisȱ15ȱ°Cȱandȱ
soilȱtemperatureȱisȱ25ȱ°C;ȱ(b)ȱplasticȱconnectionȱpipesȱwithȱinsideȱdiametersȱbetweenȱ19.6ȱmmȱandȱ
31.4ȱmm.ȱOriginalȱwaterȱtemperatureȱisȱ20ȱ°Cȱandȱsoilȱtemperatureȱisȱ25ȱ°C.ȱ

Theȱ termȱ“urbanȱheatȱ island”ȱdescribesȱbuiltȱupȱareasȱ thatȱareȱhotterȱ thanȱsurroundingȱruralȱ
areasȱ dueȱ toȱ limitedȱ evapotranspiration,ȱ heatȱ storageȱ inȱ buildingsȱ andȱ urbanȱ surfaces,ȱ andȱ
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anthropogenicȱheatȱsources.ȱSourcesȱofȱanthropogenicȱheatȱincludeȱcoolingȱandȱheatingȱofȱbuildings,ȱ
manufacturing,ȱtransportation,ȱlighting,ȱetc.ȱ[30,31].ȱRecentlyȱitȱwasȱprovenȱthatȱtheȱtemperatureȱofȱ
theȱshallowȱundergroundȱisȱalsoȱstronglyȱinfluencedȱbyȱanthropogenicȱheatȱsourcesȱsuchȱasȱdistrictȱ
heatingȱpipes,ȱelectricityȱcables,ȱundergroundȱparkingȱgarages,ȱetc.ȱandȱitȱcanȱleadȱtoȱwhichȱisȱknownȱ
asȱtheȱ‘subsurfaceȱheatȱislandȱeffect’ȱ[32–34].ȱAnalysisȱofȱGermanȱcitiesȱhasȱshownȱthatȱsuperpositionȱ
ofȱvariousȱheatȱsourcesȱleadsȱtoȱaȱsignificantȱlocalȱwarmingȱ[32].ȱMeasurementsȱofȱsoilȱtemperaturesȱ
inȱTheȱNetherlandsȱhaveȱshownȱthatȱsoilȱtemperaturesȱatȱdepthȱofȱ1.0ȱmȱinȱaȱwarmerȱthanȱaverageȱ
summerȱwithȱaȱheatȱwaveȱcanȱreachȱveryȱlocalȱupȱtoȱ27ȱ°Cȱandȱcanȱheatȱupȱatȱaȱrateȱofȱ1ȱ°Cȱperȱday,ȱ
inȱ soȬcalledȱ ‘hotȬspot’ȱ locations.ȱ Examplesȱ ofȱ ‘hotȬspot’ȱ locationsȱ areȱ industrialȱ areasȱwithȱ largeȱ
anthropogenicȱheatȱsources,ȱwithȱnoȱvegetationȱandȱgoodȱdrainageȱthatȱpreventsȱinfiltrationȱandȱfullyȱ
exposedȱtoȱtheȱsunȱradiationȱ[21]. 

Blokkerȱetȱal.ȱ[10]ȱmodelledȱdrinkingȱwaterȱtemperatureȱinȱtheȱDWDSȱusingȱEPANETȬMSXȱ[35].ȱ
TheȱuseȱofȱEPANETȬMSXȱfacilitatesȱtheȱcalculationȱofȱtemperatureȱatȱeachȱnodeȱinȱtheȱdistributionȱ
network.ȱTheȱmodelȱwasȱdevelopedȱassumingȱaȱconstantȱsoilȱtemperatureȱoverȱ24ȱh.ȱFigureȱ3ȱshowsȱ
thatȱtapȱtemperaturesȱvaryȱfromȱ10ȱ°CȱcloseȱtoȱtheȱWTPȱtoȱ25ȱ°Cȱfurtherȱdownstream.ȱMachellȱandȱ
Boxallȱ[19]ȱreportedȱmeasuredȱtemperaturesȱinȱtheȱnetworksȱandȱshowedȱthatȱtemperatureȱincreasesȱ
withȱincreasingȱwaterȱageȱalongȱflowȱroutes.ȱFigureȱ4ȱshowsȱdifferentȱpipeȱroutesȱforȱaȱnetworkȱwithȱ
twoȱServiceȱReservoirsȱ(SRs)ȱandȱdemonstratesȱaȱrangeȱofȱtemperatureȱincreases.ȱAlthoughȱseveralȱ
soilȱ temperatureȱ modelsȱ forȱ ruralȱ areasȱ haveȱ beenȱ proposed,ȱ littleȱ isȱ knownȱ aboutȱ theȱ soilȱ
temperatureȱprofileȱ inȱurbanȱareas.ȱAȱoneȬdimensionalȱsoilȱ temperatureȱmodelȱwasȱdevelopedȱbyȱ
BlokkerȱandȱPieterseȬQuirijnsȱ[11]ȱandȱextendedȱbyȱAgudeloȬVeraȱetȱal.ȱ[21]ȱtoȱincludeȱanthropogenicȱ
heatȱsources,ȱasȱseenȱinȱFigureȱ5.ȱ

3.4.ȱDrinkingȱWaterȱTemperatureȱinȱtheȱDomesticȱDrinkingȱWaterȱInstallationȱandȱatȱtheȱTapȱ

Domesticȱdrinkingȱwaterȱsupplyȱsystemsȱ(DDWSs)ȱareȱtheȱfinalȱstepȱinȱtheȱsupplyȱofȱdrinkingȱ
waterȱtoȱconsumers.ȱDrinkingȱwaterȱtemperaturesȱareȱgenerallyȱhigherȱinȱhouseholdsȱandȱbuildingsȱ
thanȱ inȱ theȱ distributionȱ system.ȱ Drinkingȱ waterȱ temperatureȱ inȱ theȱ domesticȱ drinkingȱ waterȱ
installationȱcanȱincreaseȱdueȱtoȱpipesȱinstalledȱthroughȱheatedȱroomsȱorȱnearbyȱheatȱsourcesȱ[36,37].ȱ
Zlatanovic,ȱetȱal.ȱ[14]ȱdevelopedȱaȱmodelȱtoȱsimulateȱtheȱtemperatureȱinȱDDWSs.ȱTheȱmodelȱshowedȱ
thatȱ inletȱ waterȱ temperatureȱ andȱ ambientȱ temperatureȱ bothȱ haveȱ aȱ largeȱ effectȱ onȱ theȱ waterȱ
temperatureȱatȱtheȱhouseholdȱtap.ȱ

ȱ
Figureȱ3.ȱExampleȱofȱsimulationȱofȱtheȱtemperatureȱinȱtheȱDWDSȱ[10].ȱ
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ȱ

Figureȱ 4.ȱMeasuredȱ temperatureȱ versusȱ theȱ calculatedȱwaterȱmeanȱ ageȱ alongȱ flowȱ routesȱ forȱ aȱ
networkȱwithȱ twoȱ ServiceȱReservoirsȱ (SRs),ȱwithȱpermissionȱ fromȱ theȱAmericanȱ Societyȱ ofȱCivilȱ
Engineersȱ(ASCE)ȱ[19].ȱ

ȱ

Figureȱ5.ȱSchematicȱrepresentationȱofȱtheȱoneȬdimensionalȱsoilȱtemperatureȱmodel,ȱwithȱpermissionȱ
fromȱCopernicusȱPublicationsȱ[21].ȱ

Drinkingȱwaterȱ temperatureȱ inȱ tropicalȱ countriesȱ couldȱbeȱ evenȱhigher;ȱnineȱwaterȱ samplesȱ
collectedȱonȱdifferentȱdaysȱinȱtheȱcityȱofȱCaliȱ(Colombia)ȱresultedȱinȱtemperaturesȱbetweenȱ25ȱ°Cȱandȱ
28ȱ°Cȱ[24].ȱMeasurementsȱinȱSouthȱAfricaȱshowedȱthatȱtheȱfinalȱtemperatureȱatȱtheȱcoldȱwaterȱtapȱ
variedȱfromȱoneȱdayȱtoȱtheȱnextȱwithȱaȱrangeȱofȱ±ȱ6ȱ°C.ȱSpotȱmeasurementsȱmadeȱinȱsummerȱwithȱtheȱ
coldȱwaterȱendȬuseȱtemperatureȱinȱoneȱhomeȱpeakedȱatȱ34ȱ°CȱinȱanȱafternoonȱonȱDecemberȱ2018,ȱafterȱ
aȱfewȱsecondsȱofȱtheȱtapȱrunning.ȱTemperaturesȱupȱtoȱ41ȱ°Cȱdegreesȱhaveȱbeenȱmeasuredȱduringȱtheȱ
firstȱ10ȱsȱafterȱopeningȱtheȱcoldȱwaterȱtapȱduringȱaȱveryȱhotȱmidsummerȱdayȱinȱCapeȱTownȱ(Januaryȱ
2020)ȱwithȱanȱoutsideȱairȱtemperatureȱofȱ42ȱ°Cȱ[38].ȱTheseȱrelativelyȱhighȱvaluesȱcouldȱbeȱascribedȱtoȱ
theȱshallowȱburiedȱplumbingȱpipeȱ(300ȱmmȱgroundȱcover)ȱpassingȱaroundȱtheȱNorthernȱsideȱofȱtheȱ
houseȱinȱtheȱfullȱsunȱ[25].ȱDrinkingȱwaterȱtemperatureȱwithoutȱflushingȱinȱtheȱDDWSȱcanȱreachȱtheȱ
indoorȱ temperature,ȱ inȱcountriesȱwhereȱhomesȱareȱ typicallyȱnotȱclimateȱcontrolled,ȱsuchȱasȱSouthȱ
Africa.ȱ

3.5.ȱDrinkingȱWaterȱfromȱSourceȱtoȱTapȱ

Waterȱ hasȱ aȱ relativelyȱ largeȱ heatȱ capacity;ȱ therefore,ȱ considerableȱ amountsȱ ofȱ energyȱ areȱ
requiredȱ toȱheatȱupȱwater.ȱAdditionally,ȱwaterȱhasȱaȱrelativelyȱhighȱheatȱ transferȱcoefficient,ȱsoȱ itȱ
takesȱsomeȱtimeȱforȱtheȱwaterȱtoȱheatȱup;ȱnoteȱthatȱtheȱtimeȱrequiredȱtoȱreachȱaȱcertainȱtemperatureȱ
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isȱdecreasedȱbyȱconvectionȱ (i.e.,ȱ flowingȱwaterȱenhancesȱheatȱtransfer).ȱAȱheatȱ transferȱmodelȱcanȱ
calculateȱthatȱitȱtakesȱtensȱofȱhoursȱtoȱheatȱupȱwaterȱinȱaȱreservoirȱorȱaȱtransportȱmainȱ(pipeȱdiameterȱ
300–800ȱmm),ȱaȱ fewȱhoursȱ inȱaȱdistributionȱpipeȱ (diameterȱ60–150ȱmm),ȱandȱaȱ fewȱminutesȱ inȱaȱ
propertyȱconnectionȱpipeȱ(diameterȱ15–30ȱmm).ȱThisȱisȱshownȱinȱFigureȱ2ȱandȱ[11].ȱThisȱsimpleȱheatȱ
transferȱmodelȱassumesȱthatȱtheȱdrivingȱforceȱisȱtheȱtemperatureȱatȱtheȱpipeȱwall,ȱwhichȱisȱnotȱaffectedȱ
byȱtheȱtemperatureȱofȱtheȱdrinkingȱwater.ȱThisȱmeansȱthatȱtheȱtemperatureȱofȱtheȱpipeȱwallȱcanȱbeȱ
assumedȱtoȱbeȱequalȱtoȱtheȱundisturbedȱsoilȱtemperatureȱatȱinstallationȱdepth.ȱTheȱundisturbedȱsoilȱ
temperatureȱcanȱeasilyȱbeȱdeterminedȱbyȱaȱoneȬdimensionalȱmicrometeorologyȱmodel.ȱHowever,ȱ
thereȱisȱaȱheatȱexchangeȱbetweenȱsoilȱandȱdrinkingȱwater.ȱ

However,ȱasȱdrinkingȱwaterȱpipesȱdistributeȱwaterȱofȱvaryingȱtemperaturesȱ(5–25ȱ°Cȱthroughoutȱ
theȱyearȱdueȱ toȱ seasonalȱvariation),ȱ theȱ soilȱ temperatureȱ aroundȱ theȱdrinkingȱwaterȱpipeȱ isȱ alsoȱ
affectedȱbyȱtheȱdrinkingȱwaterȱtemperature.ȱAsȱtheȱpipesȱareȱinstalledȱforȱaȱlongȱperiodȱofȱtime,ȱitȱcanȱ
beȱexpectedȱthatȱtheȱsoilȱtemperatureȱaroundȱtheȱpipesȱisȱnotȱalwaysȱequalȱtoȱtheȱundisturbedȱsoilȱ
temperature.ȱ Thus,ȱ theȱ soilȱ temperatureȱ aroundȱ theȱ drinkingȱwaterȱ pipeȱ isȱ alsoȱ affectedȱ byȱ theȱ
drinkingȱwaterȱ temperature.ȱTheȱ interactionsȱbetweenȱandȱwithinȱ theȱsoilȱ temperatureȱandȱwaterȱ
temperatureȱareȱcomplex.ȱTheȱeffectȱofȱsoilȱtemperatureȱonȱshortȱandȱlongȱwaveȱradiation,ȱsurfaceȱ
convection,ȱandȱheatȱtransferȱthroughȱtheȱsoilȱneedȱtoȱbeȱconsideredȱinȱcombinationȱwithȱtheȱeffectȱ
ofȱdrinkingȱwaterȱ temperature,ȱwhichȱ isȱdifficultȱ toȱmodel.ȱTheȱweatherȬrelatedȱvariablesȱhaveȱaȱ
seasonalȱtemporalȱresolution,ȱwhereasȱtheȱdrinkingȱwaterȱtemperatureȱcouldȱchangeȱinȱaȱfewȱhoursȱ
dependingȱonȱtheȱflowȱrateȱofȱtheȱwaterȱthroughȱtheȱpipe.ȱ

Givenȱtheȱaboveȱandȱconsideringȱtheȱtypicalȱresidenceȱtimesȱofȱwaterȱinȱtheȱvariousȱpartsȱofȱtheȱ
networkȱbetweenȱ sourceȱ andȱ tap,ȱdrinkingȱwaterȱ temperatureȱ atȱdifferentȱ locationsȱbetweenȱ theȱ
sourceȱandȱaȱtapȱisȱestimatedȱasȱfollows:ȱ

Drinkingȱ waterȱ temperatureȱ atȱ sourceȱ orȱ treatmentȱ plantȱ (Tableȱ 1):ȱ Temperatureȱ isȱ oftenȱ
measuredȱhere,ȱandȱhenceȱknown.ȱGroundȱwaterȱtemperatureȱatȱtheȱsourceȱwillȱbeȱrelativelyȱstableȱ
(e.g.,ȱ 12–13ȱ °Cȱ inȱ Theȱ Netherlandsȱ andȱ U.K./Bristol)ȱ yearȬround,ȱ andȱ surfaceȱ waterȱ sourceȱ
temperatureȱcanȱvaryȱsubstantiallyȱbetweenȱ2ȱandȱ27ȱ°C.ȱ

Drinkingȱwaterȱtemperatureȱinȱtheȱtransportȱmain:ȱTypically,ȱalmostȱequalȱtoȱsource/treatmentȱ
plantȱtemperatureȱ(differenceȱofȱ±ȱ1ȱ°C).ȱFirstly,ȱtheseȱmainsȱhaveȱaȱlargeȱdiameterȱandȱareȱusuallyȱ
shortȱenoughȱ forȱ theȱ residenceȱ timeȱ toȱbeȱmuchȱ smallerȱ thanȱ theȱheatingȱ timeȱgivenȱ inȱFigureȱ2.ȱ
Secondly,ȱtheseȱlargeȱmainsȱsubstantiallyȱinfluenceȱtheȱsurroundingȱsoilȱtemperature,ȱwhichȱmeansȱ
thereȱisȱaȱlimitedȱnetȱheatȱexchangeȱbetweenȱtheȱsoilȱandȱwaterȱinȱtheȱpipe.ȱFurthermore,ȱtheseȱmainsȱ
areȱtypicallyȱinstalledȱdeeperȱthanȱdistributionȱmains,ȱhenceȱtheȱsoilȱtemperatureȱisȱlessȱaffectedȱbyȱ
theȱweather.ȱ

DrinkingȱwaterȱinȱSRs/tanks:ȱTheȱlargeȱvolumeȱtoȱsurfaceȱareaȱofȱmostȱSRsȱcomparedȱtoȱpipesȱ
leadsȱtoȱslowerȱheating/coolingȱeffectsȱduringȱtheȱresidenceȱwithinȱtheseȱcriticalȱstructures.ȱHowever,ȱ
theyȱ oftenȱ haveȱ veryȱ longȱ residenceȱ times.ȱ Figureȱ 4ȱ showsȱ theȱ relativeȱ impactȱ ofȱ flowȱ routes,ȱ
includingȱaȱsecondȱlargeȱSRȱtoȱretardȱheatingȱeffectsȱduringȱtheȱsummerȱinȱtheȱUK.ȱItȱshouldȱbeȱnotedȱ
thatȱ thisȱwasȱ forȱanȱundergroundȱ tankȱ inȱaȱhillyȱarea.ȱUndergroundȱtanksȱareȱaffectedȱbyȱgroundȱ
temperatureȱasȱwithȱtheȱburiedȱpipes.ȱWhereȱ topologyȱ isȱ flatter,ȱsuchȱ tanksȱareȱ typicallyȱelevatedȱ
aboveȱtheȱground.ȱInȱaboveȬgroundȱreservoirs,ȱheatingȱandȱcoolingȱeffectsȱcanȱbeȱveryȱsignificantȱdueȱ
toȱbiggerȱandȱmoreȱrapidȱvariationsȱinȱairȱtemperatureȱthanȱinȱsoilȱtemperature.ȱTemperatureȱinȱtheȱ
reservoirsȱcanȱbeȱalsoȱaffectedȱbyȱmaterial.ȱHowever,ȱthereȱisȱnotȱenoughȱdataȱtoȱquantifyȱtheȱlevelȱofȱ
difference.ȱ

Drinkingȱ waterȱ temperatureȱ inȱ theȱ distributionȱ mains:ȱ typicallyȱ quicklyȱ approachesȱ theȱ
undisturbedȱ soilȱ temperaturesȱatȱ installationȱdepthȱ (typicallyȱ1.0ȱm).ȱTheseȱmainsȱhaveȱaȱ limitedȱ
diameter,ȱwhereȱtheȱresidenceȱtimeȱisȱgreaterȱthanȱtheȱheatingȱtimeȱfromȱFigureȱ2.ȱAsȱtheseȱmainsȱ
influenceȱtheȱsurroundingȱsoilȱtemperatureȱtoȱaȱlimitedȱextent,ȱtheȱactualȱheatingȱtimeȱmayȱbeȱlongerȱ
thanȱthatȱshownȱinȱFigureȱ2,ȱbutȱtheȱresidenceȱtimesȱhaveȱtheȱsameȱorderȱofȱmagnitude,ȱsoȱthereȱisȱ
significantȱ heatȱ exchange.ȱTheseȱmainsȱ areȱ typicallyȱ installedȱ atȱ aȱdepthȱ ofȱ 1ȱm,ȱwhereȱ theȱ soilȱ
temperatureȱisȱsubjectedȱtoȱseasonalȱchange.ȱ
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Drinkingȱwaterȱtemperatureȱinȱtheȱconnectionȱwaterȱsupplyȱpipes:ȱtypicallyȱalmostȱequalȱtoȱtheȱ
temperatureȱatȱtheȱendȱofȱtheȱdistributionȱmainȱ(soȱsoilȱtemperatureȱatȱdepthȱofȱ1ȱm).ȱFirstly,ȱtheseȱ
smallȱdiameterȱmainsȱhaveȱshortȱ lengths,ȱwhereȱ theȱ residenceȱ timeȱ (duringȱ flow,ȱ theȱsituationȱofȱ
stagnantȱwaterȱisȱkeptȱoutȱofȱtheȱanalysis)ȱisȱmuchȱsmallerȱthanȱtheȱheatingȱtime.ȱTheseȱsmallȱmainsȱ
hardlyȱinfluenceȱtheȱsurroundingȱsoilȱtemperature,ȱandȱifȱtheyȱdo,ȱtheȱequilibriumȱwouldȱbeȱtowardsȱ
theȱtemperatureȱofȱtheȱdistributionȱmains.ȱTheseȱpipesȱareȱtypicallyȱinstalledȱatȱaȱshallowerȱdepthȱ
thanȱdistributionȱmains,ȱsoȱtheȱsoilȱtemperatureȱisȱmoreȱinfluencedȱbyȱtheȱweather.ȱ

Drinkingȱwaterȱ temperatureȱ inȱ theȱpremisesȱplumbingȱpipes:ȱTypicallyȱ almostȱ equalȱ toȱ theȱ
temperatureȱatȱtheȱendȱofȱtheȱconnectionȱandȱthusȱofȱtheȱdistributionȱmainȱ(i.e.,ȱsoilȱtemperatureȱatȱ
depthȱofȱ1ȱm).ȱTheseȱsmallȱdiameterȱmainsȱhaveȱshortȱlengths,ȱhenceȱtheirȱwaterȱresidenceȱtimeȱ(againȱ
duringȱflow)ȱisȱmuchȱsmallerȱthanȱtheȱheatingȱtime.ȱTheseȱmainsȱareȱnotȱlocatedȱinȱtheȱsoil,ȱbutȱinȱ
airshafts,ȱandȱtheȱairȱtemperatureȱisȱnotȱaffectedȱbyȱtheȱdrinkingȱwaterȱtemperatureȱofȱtheseȱsmallȬ
diameterȱpipes.ȱ

Drinkingȱ waterȱ temperatureȱ atȱ theȱ tap:ȱ Typicallyȱ (duringȱ flowȱ afterȱ flushing)ȱ equalȱ toȱ
temperatureȱatȱtheȱendȱofȱtheȱdistributionȱmainsȱ(i.e.,ȱsoilȱtemperatureȱatȱ theȱdepthȱofȱ1ȱm)ȱwhenȱ
customersȱareȱdirectlyȱconnectedȱtoȱtheȱnetwork.ȱForȱsituationsȱwhereȱstorageȱoccursȱbetweenȱtheȱ
distributionȱnetworkȱandȱ theȱcustomer’sȱ tap,ȱotherȱ temperaturesȱapplyȱdependingȱonȱ theȱ typeȱofȱ
storageȱ (roofȱ orȱ underground),ȱ localȱ climateȱ andȱ storageȱ times.ȱ Stagnantȱ waterȱ willȱ reachȱ theȱ
surroundingȱtemperature.ȱ

Consequently,ȱ itȱ isȱclearȱthatȱtheȱsoilȱtemperatureȱatȱ theȱ installationȱdepthȱofȱtheȱdistributionȱ
mainsȱisȱimportantȱtoȱknow.ȱThisȱtemperatureȱisȱdeterminedȱby,ȱonȱoneȱhand,ȱshortȱandȱlongȱwaveȱ
radiationȱ (includingȱ fromȱ aboveȱ groundȱ anthropogenicȱ sources),ȱ surfaceȱ convection,ȱ andȱ heatȱ
transferȱthroughȱtheȱsoilȱand,ȱonȱtheȱotherȱhand,ȱbyȱtheȱundergroundȱ(anthropogenic)ȱheatȱsources.ȱ
Asȱ theȱ anthropogenicȱ sourcesȱ canȱ haveȱ aȱ localȱ effect,ȱ itȱ isȱ notȱ easyȱ toȱ predictȱ drinkingȱwaterȱ
temperaturesȱinȱtheȱentireȱnetwork.ȱTapȱtemperaturesȱareȱnotȱtypicallyȱmeasuredȱ(Tableȱ1),ȱandȱinȱ
theȱsoil/groundȱwater,ȱonlyȱonȱaȱprojectȱbasis.ȱTherefore,ȱtheȱsoilȱtemperaturesȱatȱinstallationȱdepthȱ
areȱmostlyȱunknown.ȱ

3.6.ȱConsequencesȱofȱHigherȱTemperaturesȱandȱLegislationȱ

TheȱWorldȱHealthȱOrganizationȱ(WHO)ȱguidelinesȱrecommendȱaȱmaximumȱtemperatureȱlimitȱ
ofȱ25ȱ°Cȱatȱtheȱtapȱ[39]:ȱ“Coolȱwaterȱisȱgenerallyȱmoreȱpalatableȱthanȱwarmȱwater,ȱandȱtemperatureȱ
willȱ impactȱ onȱ theȱ acceptabilityȱ ofȱ aȱ numberȱ ofȱ otherȱ inorganicȱ constituentsȱ andȱ chemicalȱ
contaminantsȱ thatȱ mayȱ affectȱ theȱ taste.ȱ Highȱ waterȱ temperatureȱ enhancesȱ theȱ growthȱ ofȱ
microorganismsȱandȱmayȱincreaseȱtaste,ȱodour,ȱcolourȱandȱcorrosionȱproblems”.ȱInȱaȱrecentȱreviewȱ
theȱWHOȱreportsȱthatȱinȱaȱsurveyȱofȱ104ȱcountries,ȱ18ȱcountriesȱhaveȱaȱregulatory/guidelineȱvalueȱofȱ
temperatureȱ[40].ȱThisȱreviewȱalsoȱstatesȱthatȱ“Noneȱofȱtheȱvaluesȱforȱtemperatureȱwereȱmandatory,ȱ
beingȱguidingȱlevelsȱorȱoperationalȱgoals.ȱNoneȱofȱtheȱcountriesȱandȱterritories’ȱdocumentsȱindicatedȱ
whatȱwouldȱ happenȱ ifȱ temperaturesȱ roseȱ aboveȱ theȱ suggestedȱ value.ȱ Inȱ additionȱ toȱ thoseȱwithȱ
numericalȱvalues,ȱsevenȱcountriesȱandȱterritoriesȱhadȱdescriptiveȱlevelsȱsuchȱas:ȱ2.5ȱ°Cȱaboveȱnormal;ȱ
“notȱ objectionable”;ȱ “airȱ temperatureȱ plusȱ 3ȱ °C”;ȱ “acceptable”;ȱ andȱ “ambient””.ȱNoȱ additionalȱ
informationȱaboutȱ theȱcountriesȱorȱtheȱtypeȱofȱstandardȱ isȱgiven.ȱInȱ theȱsurveyȱconductedȱforȱthisȱ
paper,ȱaȱnumberȱofȱlegalȱstandardsȱwereȱidentified,ȱasȱsummarisedȱinȱTableȱ2.ȱ

Tableȱ2.ȱLegalȱstandardsȱandȱmonitoringȱofȱtheȱsurveyedȱcountries.ȱ

Countryȱ
LegalȱStandardȱforȱDrinkingȱ

WaterȱTemperatureȱ
LegalȱStandardȱforȱLegionellaȱ

Colombiaȱ Noȱlegalȱstandardȱ Noȱlegalȱstandardȱ

Czechȱ
Republicȱ

DecreeȱNo.ȱ252/2004ȱColl.ȱ
Decreeȱlayingȱdownȱhygieneȱ
requirementsȱforȱdrinkingȱandȱ
hotȱwaterȱandȱfrequencyȱandȱ

scopeȱofȱdrinkingȱwaterȱ

DecreeȱNo.ȱ252/2004ȱColl.ȱ
Decreeȱlayingȱdownȱhygieneȱrequirementsȱforȱ
drinkingȱandȱhotȱwaterȱandȱfrequencyȱandȱ

scopeȱofȱdrinkingȱwaterȱcontrol.ȱThisȱindicatorȱ
isȱonlyȱsetȱforȱhotȱwater,ȱwhereȱtheȱlimitȱofȱ100ȱ



Waterȱ2020,ȱ12,ȱ1049ȱ 11ȱ ofȱ 19ȱ

 

control.ȱTheȱrecommendedȱ
temperatureȱofȱdrinkingȱwaterȱ

atȱtheȱcustomer‘sȱtapȱisȱ
betweenȱ8ȱandȱ12ȱC.ȱ

HTP/100ȱmLȱisȱmandatory.ȱThisȱisȱtheȱlimitȱthatȱ
appliesȱtoȱhealthȱandȱaccommodationȱfacilities,ȱ
hotȱwaterȱsuppliedȱtoȱshowersȱofȱartificialȱorȱ
naturalȱpoolsȱandȱdrinkingȱwaterȱusedȱforȱhotȱ
waterȱproduction;ȱforȱotherȱbuildings,ȱitȱisȱtheȱ
recommendedȱvalueȱtoȱbeȱsoughtȱthroughȱ

technicalȱmeasures.ȱTheȱlimitȱ0ȱHTP/100ȱmLȱasȱ
theȱhighestȱlimitȱvalueȱappliesȱtoȱwardsȱofȱ

hospitalsȱwhereȱimmunocompromisedȱpatientsȱ
areȱlocatedȱ

Franceȱ

Theȱtemperatureȱatȱtheȱ
consumer’sȱtapȱshouldȱbeȱlessȱ
thanȱ25ȱ°Cȱ(decreeȱfromȱ11ȱ

Januaryȱ2017)ȱinȱmetropolitanȱ
France.ȱ ȱ

Forȱwaterȱheatingȱsystemsȱofȱpublicȱpremisesȱ
(hospital,ȱhostel,ȱcamping,ȱretreatȱhouses,ȱetc.)ȱ
andȱcoolingȱtowersȱthereȱisȱaȱregulationȱforȱ

environmentalȱmonitoringȱofȱLegionella.ȱSinceȱ1ȱ
Augustȱ2012,ȱmonitoringȱhasȱbeenȱbasedȱonȱ
cultureȱmethodsȱ(asȱperȱStandardȱNFȱT90Ȭ431ȱ
“DetectionȱandȱenumerationȱofȱLegionellaȱspp.ȱ
andȱofȱLegionellaȱpneumophilaȱbyȱcultureȱinȱagarȱ
media”.ȱHowever,ȱthereȱareȱseveralȱdetectionȱ

andȱenumerationȱmethodsȱforȱLegionellaȱthatȱareȱ
underȱdevelopmentȱorȱthatȱareȱcurrentlyȱinȱuseȱ

toȱgreaterȱorȱlesserȱextents.ȱ
SinceȱJanuaryȱ1,ȱ2012,ȱmonitoringȱisȱmandatoryȱ

onȱhotȱwaterȱnetworksȱforȱestablishmentsȱ
receivingȱtheȱpublicȱANSESȱ(FrenchȱAgencyȱforȱ
Food,ȱEnvironmentalȱandȱOccupationalȱHealthȱ

&ȱSafety).ȱ

Italyȱ

Noȱlegalȱstandard.ȱHowever,ȱitȱ
isȱrecommendedȱthatȱ

temperatureȱshouldȱrangeȱ
betweenȱ12ȱ°Cȱandȱ25ȱ°Cȱ
(RapportiȱISTISANȱ97/9,ȱ

IstitutoȱSuperioreȱdellaȱSanità)ȱ

NationalȱguidelinesȱfromȱConferenzaȱStatoȬ
Regioniȱdelȱ07ȱmaggioȱ2015.ȱDrinkingȱwaterȱ

temperatureȱmustȱbeȱcontrolledȱtoȱbeȱoutsideȱofȱ
theȱcriticalȱrangeȱ20–50ȱ°CȱtoȱpreventȱLegionellaȱ

infections.ȱ

Netherlandsȱ

TheȱDutchȱDrinkingȱWaterȱ
Directiveȱcontainsȱaȱmaximumȱ
temperatureȱlimitȱofȱ25ȱ°Cȱatȱ

theȱtapȱ[22].ȱ ȱ

Nationalȱguidelinesȱconcerningȱpreventionȱofȱ
Legionellaȱinfectionsȱthatȱstateȱtheȱdrinkingȱ
waterȱtemperatureȱinȱaȱbuildingȱmayȱnotȱ

exceedȱ25ȱ°C,ȱandȱhotȱwaterȱtemperaturesȱmustȱ
beȱatȱleastȱ55ȱ°Cȱ[41].ȱ ȱ

Serbiaȱ

Drinkingȱwaterȱqualityȱ
standardsȱ(Officialȱgazetteȱofȱ
FRYu,ȱNo.ȱ42/98ȱandȱ44/99,ȱ
OfficialȱgazetteȱofȱRSȱNo.ȱ
28/19),ȱtemperatureȱatȱtheȱ

consumerȱisȱnotȱset,ȱbutȱthereȱisȱ
aȱrequirementȱthatȱitȱshallȱnotȱ
beȱhigherȱthanȱtheȱtemperatureȱ

atȱtheȱsource.ȱ ȱ

Noȱstandardsȱ

Spainȱ Noȱstandardsȱ

Thereȱareȱtwoȱlawsȱthatȱestablishȱsomeȱ
parametersȱrelatedȱtoȱLegionella:ȱa)ȱRoyalȱDecreeȱ
140/2003ȱofȱFebruaryȱ7thȱ[42]ȱestablishingȱtheȱ
sanitaryȱcriteriaȱforȱqualityȱofȱwaterȱforȱhumanȱ
consumption.ȱInȱthisȱlaw,ȱthereȱisȱnoȱmentionȱtoȱ
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temperatureȱnorȱLegionellaȱatȱall,ȱbutȱfixesȱallȱ
theȱvaluesȱappliedȱtoȱsuitableȱdrinkingȱwater.ȱItȱ
alsoȱfixesȱthatȱsamplingȱprotocolsȱforȱeveryȱ

waterȱcompany.ȱb)ȱRoyalȱDecreeȱ865/2003,ȱofȱ4ȱ
Julyȱ[43]ȱestablishesȱhygienicȬsanitaryȱcriteriaȱ
forȱtheȱpreventionȱandȱcontrolȱofȱLegionnaires’ȱ

disease.ȱTheȱaimȱofȱthisȱlawȱconsistsȱofȱ
preventingȱandȱcontrollingȱlegionellosisȱbyȱ
adoptingȱhygienicȱandȱsanitaryȱmeasuresȱinȱ
thoseȱfacilitiesȱwhereȱLegionellaȱcanȱproliferateȱ
andȱspread.ȱInȱthisȱsense,ȱitȱfocusesȱonȱhotȱ
waterȱfacilitiesȱinsideȱtheȱbuildings.ȱTheȱ

BuildingȱTechnicalȱStandardsȱ(CTEȱfromȱitsȱ
initialsȱinȱSpanish)ȱforȱtheȱdesignȱofȱplumbingȱ
installationsȱinsideȱbuildingsȱCTEȬDBȱH4ȱareȱ
basedȱonȱtheȱaforementionedȱlaw.ȱThereȱisȱaȱ
nonmandatoryȱrecommendationȱforȱdrinkingȱ

waterȱtoȱbeȱunderȱ20ȱ°Cȱwhereȱweatherȱ
conditionsȱallow.ȱ

SouthȱAfricaȱ Noȱstandardsȱ

NoȱstandardsȱaroundȱtheȱpresenceȱofȱLegionellaȱ
inȱdrinkingȱwater.ȱTheȱNationalȱInstituteȱforȱ
CommunicableȱDiseasesȱ[44]ȱrecommends:ȱ

“Theȱproperȱdesign,ȱmaintenanceȱandȱ
temperatureȱofȱpotableȱwaterȱsystemsȱareȱtheȱ
mostȱimportantȱmethodȱforȱpreventingȱtheȱ

amplificationȱofȱLegionella.ȱHotȱwaterȱshouldȱbeȱ
storedȱaboveȱ60ȱ°Cȱandȱdeliveredȱtoȱtapsȱaboveȱ
50ȱ°C.ȱColdȱwaterȱshouldȱbeȱstoredȱbelowȱ20ȱ°C,ȱ
andȱdeadȱlegsȱorȱlowȱflowȱareasȱeliminated.”ȱ
Legionnairesȱdiseaseȱisȱaȱnotifiableȱhealthȱ

conditionȱ(compulsoryȱnotification)ȱinȱSouthȱ
Africa.ȱ ȱ

Unitedȱ
Kingdomȱ

Noȱstandards.ȱTheȱWaterȱ
FittingsȱRegulationsȱGuidanceȱ
bookȱadvisesȱtoȱtryȱandȱkeepȱ
waterȱsuppliedȱtoȱ20ȱ°Cȱasȱaȱ

maximum.ȱ

HealthȱandȱSafetyȱEnglandȱ(HSE)ȱhaveȱ
producedȱaȱdocumentȱwhichȱisȱanȱ“Approvedȱ

CodeȱofȱPractice”ȱregardingȱcontrollingȱ
Legionellaȱinȱwaterȱsystems.ȱTheȱriskȱ

assessment,ȱpreventionȱandȱcontrolȱofȱLegionellaȱ
fallsȱunderȱtheȱ1974ȱHealthȱandȱSafetyȱatȱWorkȱ

Actȱ(HSWA)ȱandȱaȱframeworkȱforȱthisȱ
assessmentȱisȱcoveredȱbyȱtheȱControlȱofȱ

SubstancesȱHazardousȱtoȱHealthȱRegulationsȱ
2002ȱ(COSHH)ȱ[45].ȱ ȱ

Guidelinesȱsuggestȱcontrolȱmeasuresȱof:ȱ
�ȱ Coldȱwaterȱstoredȱ<20ȱ°Cȱandȱdistributedȱ
toȱallȱoutletsȱatȱ<20ȱ°Cȱwithinȱtwoȱminutesȱofȱ

operationȱ
�ȱ Hotȱwaterȱstoredȱatȱ60ȱ°Cȱandȱdistributedȱ
toȱoutletsȱatȱ>50ȱ°Cȱwithinȱ1ȱminȱofȱoperationȱ

Factorsȱsuchȱasȱnutrientȱconcentration,ȱ temperatureȱandȱpHȱdetermineȱmicrobialȱcommunityȱ
structureȱ andȱ potentialȱ forȱ regrowthȱwithinȱ DWDSs.ȱ Consequently,ȱ changesȱ inȱ temperatureȱ inȱ
DWDSsȱcanȱinfluenceȱmicrobialȱcommunityȱcomposition,ȱpromotingȱtheȱpresenceȱofȱpathogensȱandȱ
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theȱpotentialȱ forȱmicrobialȱ regrowth,ȱparticularlyȱ ofȱ biofilmsȱ inȱ theȱpipeȱ environmentȱ [29,46].ȱAȱ
temperatureȱ increaseȱofȱdrinkingȱwaterȱ canȱ influenceȱ theȱmicrobialȱ ecologyȱofȱDWDSs,ȱ affectingȱ
parametersȱ suchȱ asȱpotentialȱ growthȱ (e.g.,ȱ colonyȱ countȱ atȱ 22ȱ °C,ȱ bacteriaȱ ofȱ theȱ coliȱ groupȱ andȱ
Legionella)ȱandȱtheȱpresenceȱofȱundesirableȱmicroorganismsȱbecauseȱofȱtheirȱpossibleȱroleȱinȱdiseaseȱ
[29].ȱThereȱ isȱaȱdifferenceȱ inȱ theȱeffectȱofȱ temperatureȱonȱmicroorganismsȱdependingȱonȱ location,ȱ
eitherȱasȱ freeȬlivingȱplanktonicȱorganismsȱ inȱ theȱbulkȬwater,ȱorȱasȱaȱcommunityȱwithinȱaȱbiofilmȱ
attachedȱ toȱ theȱ pipeȱ wall.ȱ Theȱ effectȱ ofȱ temperatureȱ mayȱ alsoȱ dependȱ onȱ waterȱ qualityȱ (e.g.,ȱ
disinfectantȱresidual,ȱorganicȱloading)ȱandȱhydraulics.ȱForȱexample,ȱsomeȱmicroorganismsȱhaveȱtheirȱ
optimalȱgrowthȱatȱ20ȱ°C,ȱothersȱatȱ25ȱ°C,ȱandȱyetȱothersȱatȱ30ȱ°C.ȱThus,ȱtheȱtemperatureȱwillȱaffectȱtheȱ
compositionȱofȱtheȱbiofilm.ȱHowever,ȱpublicationsȱaboutȱmicroorganismsȱinȱwaterȱsuppliesȱinȱmanyȱ
casesȱdoȱnotȱprovideȱaccurateȱdataȱonȱwaterȱtemperatureȱ [47].ȱItȱhasȱbeenȱshownȱ inȱaȱchlorinatedȱ
DWDSȱ inȱ theȱUKȱ thatȱ aȱ riseȱofȱ temperatureȱ fromȱ theȱ averageȱ16ȱ °Cȱ inȱ theȱwarmerȱmonthsȱ toȱaȱ
temperatureȱofȱ24ȱ°Cȱpromotedȱchangesȱandȱlossȱinȱtheȱcomplexityȱofȱmicrobialȱbiofilmȱcommunitiesȱ
[46].ȱ

TheȱmainȱconcernȱregardingȱtheȱimpactȱofȱtemperatureȱincreasesȱinȱDWDSȱisȱtheȱpotentialȱforȱ
theȱproliferationȱofȱpathogensȱsuchȱasȱLegionellaȱspp.ȱLegionellosisȱisȱaȱcollectionȱofȱinfectionsȱthatȱ
emergedȱ inȱtheȱsecondȱhalfȱofȱtheȱ20thȱcentury,ȱandȱthatȱareȱcausedȱbyȱLegionellaȱpneumophilaȱandȱ
relatedȱspeciesȱofȱbacteriaȱbelongingȱtoȱtheȱgenusȱLegionella.ȱWaterȱisȱtheȱmajorȱnaturalȱreservoirȱforȱ
Legionellae,ȱandȱtheseȱbacteriaȱareȱfoundȱworldwideȱinȱmanyȱdifferentȱnaturalȱandȱartificialȱaquaticȱ
environments,ȱsuchȱasȱcoolingȱtowers,ȱwaterȱsystemsȱinȱhotels,ȱdomesticȱwaterȱheatingȱsystemsȱ[48],ȱ
shipsȱandȱfactories,ȱrespiratoryȱtherapyȱequipment,ȱfountains,ȱmistingȱdevices,ȱandȱspaȱpoolsȱ[49].ȱ
Whetherȱorȱnotȱdisinfectantȱisȱused,ȱcontrollingȱLegionellaȱspp.ȱinȱaȱdrinkingȱwaterȱinstallationȱcanȱbeȱ
problematicȱ[50].ȱTemperatureȱcontrolȱisȱaȱknownȱmeasureȱtoȱpreventȱtheȱproliferationȱofȱLegionella.ȱ
TheȱWHOȱstatesȱthatȱtoȱpreventȱLegionellaȱinfection,ȱtheȱrecommendedȱtemperatureȱforȱstorageȱandȱ
distributionȱ ofȱ coldȱ waterȱ isȱ belowȱ 25ȱ °C,ȱ andȱ ideallyȱ belowȱ 20ȱ °C.ȱ Tableȱ 2ȱ showsȱ thatȱ thisȱ
recommendationȱhasȱnotȱbeenȱadoptedȱeverywhere.ȱTableȱ2ȱalsoȱshowsȱthatȱtemperatureȱstandardsȱ
ofȱbuildingȱownersȱareȱnotȱalwaysȱmatchedȱwithȱtemperatureȱstandardsȱforȱdrinkingȱwaterȱutilities.ȱ
LaboratoryȱstudiesȱofȱmutantȱLegionellaȱstrainsȱshowȱthatȱtheȱbacteriaȱmayȱgrowȱbelowȱ20ȱ°Cȱunderȱ
certainȱ conditionsȱ [51].ȱ Legionellaȱ willȱ surviveȱ forȱ longȱ periodsȱ atȱ lowȱ temperaturesȱ andȱ thenȱ
proliferateȱwhenȱtheȱtemperatureȱincreases,ȱifȱotherȱconditionsȱallow.ȱ

Whenȱtemperaturesȱremainȱbelowȱ25ȱ°C,ȱitȱisȱexpectedȱthatȱgrowthȱofȱLegionellaȱpneumophilaȱwillȱ
notȱoccurȱorȱwillȱbeȱlimited,ȱwhereasȱatȱtemperaturesȱaboveȱ30ȱ°C,ȱitȱisȱlikelyȱthatȱgrowthȱofȱLegionellaȱ
pneumophilaȱwillȱoccurȱatȱsignificantȱlevels,ȱprovidingȱtheȱbiofilmȱconcentrationȱinȱtheȱdrinkingȱwaterȱ
distributionȱ systemȱ isȱhighȱ enough.ȱAnotherȱprerequisiteȱ forȱ theȱ significantȱgrowthȱ ofȱ Legionellaȱ
pneumophila,ȱisȱthatȱtheȱtemperatureȱhasȱtoȱbeȱhigherȱthanȱ30ȱ°Cȱforȱaȱprolongedȱperiod,ȱreportedȱasȱ
moreȱthanȱsevenȱdaysȱ[29].ȱ

Theȱresultsȱofȱtheȱsurveyȱconductedȱhereinȱshowedȱthatȱseasonalȱincreaseȱofȱtemperaturesȱcanȱ
causeȱunpleasantȱtasteȱonȱ theȱpalate,ȱwhichȱmayȱbeȱrelatedȱ toȱpipeȱmaterialȱ (e.g.,ȱblackȱalkathaneȱ
pipework,ȱorȱ leadȱplumbingȱpipes).ȱDrinkingȱwaterȱcompaniesȱareȱgenerallyȱawareȱ thatȱpotentialȱ
issuesȱ canȱ includeȱ theȱ occurrenceȱ ofȱ infectionsȱ (suchȱ asȱ Salmonella,ȱ Legionella,ȱMycobacterium),ȱ
chlorineȱdecayȱandȱformationȱofȱbyproducts.ȱAsȱexpressedȱinȱoneȱsurveyȱresponseȱ“…ȱitȱisȱknownȱ
thatȱ increasedȱ waterȱ temperatureȱ leadsȱ toȱ increasedȱ biofilmȱ activityȱ inȱ distributionȱ network”.ȱ
ResearchȱinȱTheȱNetherlandsȱonȱtheȱinfluenceȱofȱtemperatureȱonȱdiscolourationȱrisk,ȱconcludesȱthatȱ
itȱisȱlikelyȱthatȱhigherȱtemperaturesȱinȱtheȱDWDSȱcanȱaugmentȱdiscolourationȱriskȱ[52,53].ȱInȱaȱtropicalȱ
DWDSȱinȱtheȱcityȱofȱCaliȱ(Colombia),ȱtheȱformationȱofȱdisinfectionȱbyproductsȱwasȱclearlyȱinfluencedȱ
byȱ pH,ȱ temperature,ȱ chlorineȱ dosage,ȱ andȱwaterȱ age.ȱ Theȱ interactionsȱ observedȱ betweenȱ theseȱ
parametersȱandȱTrihalomethanesȱ (THMs),ȱwereȱalsoȱshapingȱtheȱmicrobialȱcharacteristicsȱofȱ theseȱ
systemsȱ[24].ȱOtherȱstudiesȱregardingȱtheȱeffectsȱofȱtemperatureȱinȱtheȱDWDSȱareȱreportedȱinȱTableȱ
3.ȱ

Tableȱ3.ȱScientificȱstudiesȱonȱtheȱeffectsȱofȱtemperatureȱinȱtheȱdistributionȱnetworkȱorȱatȱtheȱtap.ȱ

Aspectȱ Locationȱ Referenceȱ
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Changesȱinȱbacterialȱdynamicsȱ Networkȱ [19,54–56]ȱ
Increasedȱchlorineȱdecayȱ Networkȱ [15,19,57]ȱ

Increasedȱdiscolourationȱriskȱ Network/tapȱ [19,52,53,58]ȱ
L.ȱpneumophilaȱandȱopportunisticȱpathogensȱ ȱ [59]ȱ
Seasonalȱshiftsȱinȱbacterialȱcommunitiesȱ ȱ Effluentsȱofȱtreatmentȱutilitiesȱ [60]ȱ
TrihalomethanesȱpropagationȱinȱDWDS Networkȱ [61]ȱ

4.ȱChallengesȱandȱOpportunitiesȱ

4.1.ȱTrendsȱ

Increasingȱ urbanisationȱ andȱ climateȱ changeȱ seemȱ toȱ beȱ theȱmostȱ importantȱ currentȱ trendsȱ
affectingȱdrinkingȱwaterȱtemperature.ȱTheȱ‘urbanȱheatȱisland’ȱhasȱbeenȱanȱobjectȱofȱstudiesȱduringȱ
theȱ lastȱdecades,ȱbutȱonlyȱrecentlyȱwasȱ itȱshownȱthatȱ itȱalsoȱaffectsȱtheȱshallowȱsubsurface,ȱwhereȱ
DWDSȱpipesȱareȱlocated.ȱInȱanȱurbanȱenvironmentȱwithȱnumerousȱanthropogenicȱheatȱsources,ȱtheȱ
groundȱisȱwarmerȱthanȱitȱisȱinȱaȱruralȱarea.ȱThisȱalsoȱinfluencesȱtheȱtemperatureȱofȱdrinkingȱwaterȱ
andȱthereforeȱtheȱwaterȱquality.ȱAlthoughȱtheȱbiggestȱimpactsȱofȱclimateȱchangeȱwillȱbeȱfeltȱmanyȱ
yearsȱfromȱnow,ȱitȱisȱimportantȱtoȱconsiderȱtheȱlongȱlifeȬspanȱofȱaȱwaterȱdistributionȱnetworkȱandȱtheȱ
potentialȱ impactsȱonȱ infrastructureȱ integrityȱandȱwaterȱqualityȱmanagement.ȱTheȱ replacementȱofȱ
waterȱmainsȱoffersȱtheȱopportunityȱtoȱimproveȱtheȱnetworkȱby,ȱamongȱotherȱthings,ȱstartingȱtoȱtakeȱ
theȱ impactȱofȱclimateȱchangeȱ intoȱaccountȱnow.ȱForȱplacesȱwhereȱreplacementȱ isȱnotȱfeasible,ȱandȱ
consideringȱthatȱclimateȱchangeȱandȱwaterȱshortagesȱareȱlikelyȱtoȱinfluenceȱtheȱwayȱwaterȱisȱusedȱandȱ
stored,ȱitȱisȱimportantȱtoȱunderstandȱtheȱpotentialȱconsequencesȱofȱelevatedȱtemperatureȱtoȱmanageȱ
theirȱrisksȱinȱalternativeȱways.ȱ

Currently,ȱduringȱhotȱsummers,ȱthereȱareȱconcernsȱwhenȱwaterȱtemperaturesȱexceedȱ20ȱ°Cȱdueȱ
toȱtheȱincreasedȱriskȱofȱLegionellaȱproliferatingȱinȱpremisesȱwaterȱsystems.ȱWithȱclimateȱchangeȱandȱ
urbanisation,ȱitȱisȱexpectedȱthatȱdrinkingȱwaterȱtemperaturesȱwillȱriseȱ[29,62].ȱAsȱthereȱisȱhardlyȱanyȱ
monitoringȱbeingȱdone,ȱitȱisȱnotȱeasyȱtoȱactuallyȱseeȱthisȱtrendȱoccurring.ȱTheȱeffectȱofȱhigherȱwaterȱ
temperaturesȱ(onȱhealth,ȱorganolepticȱparameters)ȱisȱnotȱknown.ȱInȱsomeȱcountries,ȱthisȱmeansȱthatȱ
legislationȱisȱonȱtheȱ“safeȱside”ȱandȱlimitsȱtheȱdrinkingȱwaterȱtemperatureȱtoȱ25ȱ°C.ȱHowever,ȱitȱisȱnotȱ
easyȱtoȱguaranteeȱwaterȱsupplyȱbelowȱthisȱtemperature.ȱFirstly,ȱthereȱisȱnoȱmonitoringȱprogramme,ȱ
soȱcomplianceȱisȱlargelyȱunknownȱandȱhardȱtoȱenforce.ȱSecondly,ȱwhenȱthereȱisȱaȱnoncompliance,ȱ
thereȱisȱnoȱeasyȱoperationalȱmeasureȱavailableȱtoȱresolveȱtheȱissue.ȱFlushingȱcanȱworkȱlocally,ȱbutȱatȱ
theȱnetworkȱ scale,ȱ theȱ systemȱmayȱnotȱhaveȱ enoughȱpressureȱ capacityȱ toȱdrasticallyȱ shortenȱ theȱ
residenceȱtimesȱ[63]ȱandȱitȱprovidesȱonlyȱshortȱorȱveryȱshortȬtermȱamelioration.ȱForensicsȱtoȱquicklyȱ
determineȱwhereȱtheȱproblemȱisȱintroducedȱupstreamȱdoȱnotȱexistȱandȱwhenȱtheȱproblemȱlocationȱisȱ
determinedȱitȱmayȱbeȱexpensiveȱtoȱsolve,ȱtooȱlateȱtoȱreactȱandȱdifficultȱtoȱdetermineȱwhereȱtheȱliabilityȱ
lies.ȱThirdly,ȱwhenȱthereȱisȱaȱlargeȱnoncompliance,ȱi.e.,ȱtheȱproblemȱisȱnotȱlocalȱbutȱinsteadȱoccurringȱ
inȱtheȱwholeȱnetwork,ȱthereȱisȱnoȱoperationalȱmeasureȱavailableȱatȱallȱtoȱresolveȱtheȱissue.ȱTheȱonlyȱ
solutionȱwouldȱbeȱtoȱinstallȱpipesȱdeeperȱorȱtakeȱotherȱ(largeȱscale)ȱdesignȱandȱinstallationȱmeasuresȱ
toȱensureȱlessȱeffectȱofȱclimateȱchangeȱorȱurbanisationȱonȱhighȱsoilȱtemperatures.ȱAlternatively,ȱweȱ
couldȱ acceptȱ theȱ inadequacyȱ ofȱ DWDSȱ and,ȱ forȱ example,ȱ advocateȱ solutionsȱ suchȱ asȱ pointȬofȬ
treatmentȱviaȱsmallȱpackagedȱUVȱsystems.ȱSuchȱsystemsȱareȱcommerciallyȱavailableȱand,ȱanecdotally,ȱ
increasinglyȱcommonȱinȱcountriesȱsuchȱasȱSouthȱKorea.ȱHowever,ȱtheȱsocial,ȱmoral,ȱandȱregulatoryȱ
implicationsȱofȱsuchȱanȱapproachȱareȱdramaticȱandȱfarȬreaching.ȱ

Anotherȱ factorȱ toȱ considerȱ isȱ theȱ increasingȱ useȱ ofȱ smartȱ appliancesȱ andȱ otherȱ waterȱ
saving/demandȱmanagementȱ typeȱ technologiesȱ (e.g.,ȱ rainwaterȱ harvesting,ȱ greyȱwaterȱ recycling,ȱ
smartȱmeters,ȱetc.).ȱTheseȱtechnologiesȱareȱlikelyȱtoȱaffectȱwaterȱtemperatureȱatȱdifferentȱlocationsȱinȱ
theȱsystem,ȱ fromȱpropertyȱ levelȱtoȱpipeȱnetworkȱ level.ȱForȱexample,ȱ increasedȱuseȱofȱrainȱorȱgreyȱ
waterȱmayȱreduceȱpotableȱwaterȱdemand,ȱincreasingȱdomesticȱplumbingȱandȱDWDSȱresidenceȱtimes,ȱ
andȱincreasingȱsummerȱmonths’ȱheatingȱeffectsȱfromȱtheȱsurroundingȱairȱandȱground,ȱrespectively.ȱ
Theȱimpactȱofȱtheseȱtechnologiesȱonȱwaterȱtemperatureȱisȱnotȱcurrentlyȱwellȱunderstood.ȱGreywaterȱ
posesȱanȱincreasedȱriskȱasȱitȱoriginatesȱfromȱheatedȱsourcesȱinȱtheȱhomeȱsuchȱasȱtheȱshower,ȱbathȱorȱ
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clothesȱwashingȱmachine,ȱwithȱ aȱ notablyȱ increasedȱ temperatureȱ ofȱ theȱ reusedȱ greywater,ȱ oftenȱ
combinedȱwithȱrelativelyȱpoorȱqualityȱwhenȱcomparedȱtoȱwaterȱfromȱtheȱDWDSȱ[64].ȱAlternatively,ȱ
smartȱappliancesȱmayȱbeȱmanagedȱtoȱuseȱwaterȱatȱspecificȱtimesȱandȱlocationsȱtoȱlimitȱresidenceȱtimesȱ
byȱmanagingȱtheȱflowȱthroughȱDWDSȱandȱpremisesȱtoȱavoidȱpeakȱhighȱtemperatures.ȱ

Otherȱfutureȱchangesȱinȱtheȱurbanȱenvironmentȱ(e.g.,ȱwiderȱuseȱofȱgeothermalȱenergy,ȱdistrictȱ
heatingȱsystems,ȱetc.)ȱandȱrelatedȱplanningȱwhichȱisȱincreasinglyȱdoneȱinȱanȱintegratedȱway,ȱbasedȱ
onȱtheȱprinciplesȱofȱcircularȱeconomyȱandȱwater–energyȱnexusȱtypeȱthinking,ȱmayȱresultȱinȱfurtherȱ
alterationsȱofȱwaterȱtemperaturesȱinȱtheȱbuiltȱenvironmentȱandȱconsequentiallyȱDWDSȱwaterȱqualityȱ
asȱwell.ȱTheȱimpactȱofȱtemperatureȱandȱitsȱlinkȱtoȱtheseȱissuesȱisȱnotȱunderstoodȱwell.ȱ

4.2.ȱKnowledgeȱGapsȱandȱFutureȱResearchȱ

Furtherȱstudiesȱonȱtheȱinfluenceȱofȱtemperatureȱonȱtheȱ interactingȱfactorsȱ impactingȱdrinkingȱ
waterȱsafetyȱasȱitȱtravelsȱthroughȱDWDSȱinfrastructureȱareȱneeded.ȱCriticalȱamongstȱtheseȱareȱbiofilmȱ
structure,ȱ potentialȱ forȱ disinfection,ȱ byproductȱ formationȱ andȱ overallȱ biologicalȱ stability.ȱ Itȱ isȱ
importantȱ thatȱ theȱeffectsȱofȱ temperatureȱareȱstudiedȱasȱanȱ integralȱpartȱofȱ theȱcomplexȱphysical,ȱ
chemicalȱandȱbiologicalȱprocessesȱinteractingȱwithinȱDWDSs.ȱThisȱmustȱcoverȱtheȱfullȱrangeȱofȱbasicȱ
drinkingȱwaterȱqualityȱandȱrepresentativeȱphysicalȱconditions:ȱwaterȱage,ȱbiologicalȱstability,ȱNaturalȱ
OrganicȱMatterȱ (NOM)/AssimilableȱOrganicȱCarbonȱ (AOC)/Totalȱ organicȱ carbonȱ (TOC)ȱ content,ȱ
chlorine,ȱchemicalȱcomposition,ȱinfrastructureȱmaterials,ȱsurfaceȱareaȱtoȱvolumes,ȱhydraulicȱregimes,ȱ
etc.ȱTypicalȱtemperatureȱrangesȱareȱusuallyȱlimitedȱinȱaȱspecificȱsupplyȱarea.ȱFutureȱstudiesȱandȱdataȱ
gatheredȱfromȱDWDSȱin,ȱforȱexample,ȱSouthȱEuropeanȱcountriesȱorȱinȱtropicalȱnetworksȱsuchȱasȱtheȱ
oneȱmentionedȱhereȱ fromȱColombia,ȱ canȱ aidȱ toȱ elucidateȱ theȱglobalȱ impactȱofȱ climateȱ changeȱ inȱ
DWDS.ȱTheȱpracticalȱfirstȱstepȱcouldȱbeȱtoȱdetermineȱtheȱeffectȱ(health,ȱorganolepticȱparameters)ȱofȱ
higherȱtemperatures,ȱandȱfromȱthisȱtoȱdetermineȱaȱproperȱlimitȱonȱtemperature.ȱIdeally,ȱthisȱshouldȱ
beȱdoneȱinȱanȱinternationalȱcontextȱwithȱvariousȱwaterȱqualitiesȱandȱtemperaturesȱandȱconsideringȱ
theȱlocalȱcharacteristicsȱofȱtheȱdrinkingȱwaterȱdistributionȱsystems,ȱsuchȱasȱtheȱwaterȱqualityȱafterȱ
treatment,ȱuseȱofȱchlorination,ȱroofȱtanksȱorȱintermittentȱdistribution.ȱ

Theȱnextȱstepȱwouldȱbeȱ toȱ lookȱatȱwhichȱmeasuresȱareȱpossibleȱandȱsufficientȱ toȱensureȱ thisȱ
realisticȱ temperatureȱ limit,ȱ firstȱusingȱaȱmodelȬdrivenȱapproach,ȱandȱ thenȱwhenȱ sufficientȱdataȱ isȱ
available,ȱbyȱaȱdataȬdrivenȱapproach.ȱThingsȱtoȱconsiderȱinȱdesignȱandȱinstallation,ȱforȱexample,ȱareȱ
theȱminimumȱdistanceȱbetweenȱdistrictȱheatingȱpipesȱorȱelectricityȱcablesȱandȱdrinkingȱwaterȱpipes,ȱ
theȱ effectȱ ofȱ installationȱ depth,ȱ soilȱ coverageȱ byȱ grassȱ orȱ shade.ȱAdditionally,ȱ toolsȱ haveȱ toȱ beȱ
developedȱtoȱpredictȱandȱforecastȱtheȱshortȬtermȱconsequencesȱofȱheatȱwavesȱ[65,66]ȱorȱ longȬtermȱ
climateȱchange.ȱInȱthisȱpaper,ȱtheȱchallengesȱandȱthreatsȱofȱhigherȱdrinkingȱwaterȱtemperaturesȱwereȱ
extensivelyȱreviewed.ȱThisȱresearchȱdidȱnotȱaddressȱopportunities,ȱsuchȱasȱreclaimingȱthermalȱenergyȱ
fromȱdrinkingȱwater.ȱSomeȱresearchȱ[12,20,67]ȱhasȱbeenȱconductedȱshowingȱthereȱisȱpotential.ȱ

5.ȱConclusionsȱ

Aȱrangeȱofȱissuesȱrelatedȱtoȱwaterȱtemperatureȱinȱdrinkingȱdistributionȱsystemsȱandȱitsȱpotentialȱ
impactȱonȱwaterȱqualityȱinȱtheseȱsystemsȱwasȱaddressedȱinȱthisȱpaper.ȱTheȱmethodologyȱadoptedȱisȱ
basedȱonȱaȱliteratureȱreviewȱandȱaȱstakeholderȱsurveyȱconductedȱinȱnineȱcountries.ȱ

Basedȱonȱtheȱinformationȱandȱresultsȱobtained,ȱtheȱfollowingȱobservationsȱareȱmade:ȱ
Waterȱtemperaturesȱareȱmonitored,ȱbutȱthisȱisȱnotȱdoneȱsystematically,ȱandȱdataȱcollectedȱvariesȱ

substantiallyȱ acrossȱ differentȱ countries.ȱ Inȱ mostȱ cases,ȱ waterȱ temperatureȱ isȱ mostȱ frequentlyȱ
monitoredȱatȱsourcesȱandȱtreatmentȱplants.ȱThereȱisȱlimitedȱandȱsporadicȱmonitoringȱinȱtheȱDWDS.ȱ
Thisȱmonitoringȱshouldȱbeȱdoneȱmoreȱsystematicallyȱforȱaȱnumberȱofȱreasons,ȱincludingȱimprovedȱ
complianceȱtestingȱandȱunderpinningȱfutureȱresearchȱinȱthisȱarea.ȱInȱmanyȱcountries,ȱtemperatureȱisȱ
alreadyȱmeasured,ȱsuchȱasȱpartȱofȱwhenȱmeasuringȱforȱchlorineȱresidualsȱonȱsite,ȱbutȱisȱnotȱrecorded.ȱ
Therefore,ȱsuchȱdataȱcouldȱreadilyȱbeȱgainedȱwithȱminimalȱadditionalȱeffort.ȱ

Itȱisȱwidelyȱacknowledgedȱinȱtheȱliteratureȱandȱengineeringȱpracticeȱofȱdifferentȱcountriesȱthatȱaȱ
linkȱ existsȱ betweenȱ drinkingȱwaterȱ temperatureȱ andȱ quality—lowerȱ temperaturesȱ areȱ linkedȱ toȱ
improvedȱquality.ȱHowever,ȱthisȱlinkȱisȱcurrentlyȱnotȱwellȱunderstoodȱforȱaȱrangeȱofȱpotentialȱwaterȱ
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qualityȱ issues.ȱThisȱ includesȱ theȱsignificanceȱofȱ theȱ25ȱ°Cȱ threshold,ȱwhichȱwaterȱutilitiesȱ inȱsomeȱ
countriesȱareȱalreadyȱaskedȱtoȱcomplyȱwith.ȱ

Waterȱtemperatureȱvariesȱasȱitȱtravelsȱfromȱtheȱwaterȱtreatmentȱworksȱtoȱaȱtap,ȱprimarilyȱdueȱtoȱ
exchangeȱ withȱ theȱ surroundingȱ groundȱ andȱ groundȱ water.ȱ Whilstȱ plausibleȱ modelsȱ couldȱ beȱ
proposedȱtoȱsimulateȱtheȱprocessesȱinvolved,ȱtheseȱremainȱunverifiedȱatȱpresent.ȱThereȱisȱaȱneedȱforȱ
anthropogenicȱheatȱsources,ȱandȱpipeȱhydraulics.ȱ

Aȱnumberȱofȱ futureȱ changesȱ inȱ theȱ surroundingȱenvironmentȱareȱ likelyȱ toȱ impactȱ theȱwaterȱ
temperatureȱ inȱ theȱ DWDS.ȱ Theseȱ includeȱ climateȱ change,ȱ urbanisation,ȱmoreȱ integratedȱ urbanȱ
planning,ȱ rainwaterȱ use,ȱ greywaterȱ reuseȱ andȱ widerȱ applicationȱ ofȱ waterȱ savingȱ andȱ otherȱ
technologies.ȱTheȱimpactȱofȱtheseȱchangesȱonȱtheȱDWDSȱtemperatureȱandȱconsequentialȱwaterȱqualityȱ
isȱcurrentlyȱnotȱwellȱunderstoodȱandȱrequiresȱfutureȱresearch.ȱ

Theȱtemperatureȱinȱdrinkingȱwaterȱdistributionȱsystemsȱisȱclearlyȱanȱemergingȱconcernȱinȱmanyȱ
countriesȱaroundȱtheȱworldȱ(notȱjustȱinȱwarmerȱclimates)ȱandȱhenceȱshouldȱbeȱstudiedȱmoreȱcloselyȱ
inȱtheȱfutureȱandȱsupportedȱviaȱsuitableȱresearchȱfundingȱprogrammes.ȱ

Supplementaryȱ Materials:ȱ Theȱ followingȱ areȱ availableȱ onlineȱ atȱ www.mdpi.com/2073Ȭ4441/12/4/1049/s1,ȱ
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