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ReducingBacterialCountsinDentalUnit
Waterlines:TapWatervs.DistilledWater

Background:Themaximumrecommendedlevelofmicrobialcontaminationofwaterfrom
dentalunitwaterlines(DUWL)is200colony-formingunitspermilliliter(CFU/mL).Thisarticle
addressestheimportanceofwaterselectioninachievingthatstandard.

Methods:Microbialcontaminationinwatersamplesfrom75newdentalunits,withaclosed-
circuitwatersystem,werecomparedusingcombinationsoftapwaterandsteriledistilled
waterwithandwithouttwochemicaldisinfectants(bleachand0.12%chlorhexidinegluconate,
Bio2000)overasix-weekperiod.Baselinetapwatersampleswerecollectedandtested
initially.

Results:Themicrobialplatecountsofseventapwaterspecimens(controls)rangedfrom
4to95CFU/mL.Theseresultswerewellbelowboththe500CFU/mLstandardforpublic
drinkingwaterandthe200CFU/mLgoalfordentaltreatmentwater.However,whenpassed
throughdentalunits,nosignificantbacterialreductionwasachievedforsamplesoftapwater
(Group1),tapwatertreatedwithbleach(Group2),ortapwatertreatedwithBio2000(Group
4).OnlywatersamplesfromdentalunitsusingBio2000alone(Group3)oracombinationof
sterile,distilledwaterwithBio2000(Group5)metorexceededthe200CFU/mLstandard.
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Background

Thepresenceofmicrobialcontaminationofthe
watercomingfromdentalunitswasfirstreported
byBlakein1963.1Intheyearssincethatdis-
covery,researchhasbeenongoingtoidentify
potentialbacterialhumanpathogensfromdental
unitwaterlines(DUWL).2-9Atthesametime,
studieshaveassessedtheefficacyofdifferent
productsandtechniquestoreduce,ifnotelimi-
nate,microbiallevelsindentaltreatmentwater.3-9

Whilenoapparentwidespreadnosocomial
infectionsindentalpatientshavebeendirectlyat-
tributedtodentaltreatmentwater,concernscenter
ontheexposureofimmunocompromisedpatients
orindividualswhoreceivedentaltreatmentwhile
undergoingimmunosuppressivechemotherapy
topotentiallyharmfulmicroorganisms.3,4Mills
reportedtwocivilsuitsinwhichseparateplaintiffs
claimedtheirmedicalconditions(bacterial
endocarditisandabrainabscess)resultedfrom
exposuretocontaminateddentaltreatmentwater.3
Inthecaseofbacterialendocarditis,thesame
strainofgram-negativewaterbacteria(Morax-
ella)wasisolatedfromboththepatientandthe
dentalunitwaterlines.Thebrainabscesscase
wasmentionedonthetelevisionprogram,“CBS
MorningNews,”butnodetailswerediscussed.
Bothcasesweresettledoutofcourtandwithout
thebenefitofscientificinvestigation,accordingto
Mills.3

Someoftheopportunisticpathogensidentified
indentaltreatmentwaterincludePseudomonas,
Moraxella,Klebsiella,orotherprimaryenviron-
mentalorganismssuchasLegionellaandMyco-

bacterium.4-8Onabroaderlevel,thereisagen-
eraldesireamongdentalprofessionalstoassure
patientsthedentaltreatmentwaterismonitoredto
ensureitisassafe,orsafer,thanpublicdrinking
water.Cleansingtechniques(flushing)arehelp-
fuladjuncts,butsuchtreatmentsalonearenot
effectiveinachievingthe200CFU/mlstandard.9
Bacteriaattachtosurfacesaggregateinahydrat-
edpolymericmatrixoftheirownsynthesistoform
biofilms.Thepatternofdevelopmentinvolvesini-
tialattachmenttoasolidsurface.Thisisfollowed
bytheformationofmicrocoloniesonthesurface
and,finally,thedifferentationintoexopolysaccha-
ride-encasedmicrocoloniesresultinginmature
biofilms.Plaqueisanaturallyconstructedbiofilm,
withapproximately60%to70%ofitsvolume
madeupofbacterialcells,mostlygram-positive
cocciandfilamentousforms.Themicrobialaccu-
mulationsinplaquesubjecttheteethandgingival
tissuestohighconcentrationsofbacterialmetabo-
litesthatmayresultindentaldisease.Planktonic
bacteriamaybeclearedbyantibodiesandphago-
cytesandaresusceptibletoantibiotics.Adherent
bacteriainbiofilmsareresistanttophagocytosis
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butphagocyticenzymesarereleased.Theseen-
zymesmaydamagetissuearoundthebiofilm,and
planktonicbacteriaarereleasedfromthebiofilm.
Thisreleasemaycausedisseminationandacute
infectioninneighboringtissues.

Flushingwaterlineswithwaterfor5,10,15,
andeven20minutescannotachieveconsistent
reductionsbelowtheAmericanDentalAssocia-
tion(ADA)standard,evenwiththeadditionof
2.5partspermillion(ppm)ofchlorine(bleach).10
Infact,anumberofchemicalagentshavebeen
evaluatedforuseindisinfectingDUWLsto
Include:sodiumfluoride,Listerine®mouthrinse,
hydrogenperoxide(H

2
O

2
),householdbleach(so-

diumhypochlorite),andchlorhexidinegluconate.8-

14Studiesofdentalunitwaterlinecontamination
havebeeninfluencedbyfactorssuchas:(1)
watersourceselectionfordisinfection(tapwater
versusdistilledwater),(2)thetypeofsystem(an
opensystemdrawingtapwaterversusaclosed
systemsusingbottled,distilledwater),and(3)
whetherornotantimicrobialagents,suchasthose
previouslylisted,wereaddedtothewatersource.

Ina2000coverstoryarticlepublishedinthe
JournaloftheAmericanDentalAssociation,Mills3
reviewedseveraloptionsavailabletoimprovethe
qualityofdentaltreatmentwaterbyreducingthe
numberofcolony-formingunits.Theauthorwas
quicktopointout“…alackofconsensusamong
theexpertsaboutthebestapproachestosolving
theproblem.”3

Anumberofstudiesinvolvingdentaltreatment
waterqualityhavefocusedontwoprincipalis-
sues:(1)reducingthemicrobialcountofwater
samplestoorbelowthe200colonyformingunits
permillileter(CFU/mL)standardrecommended
bytheADAin19964and(2)identifyingeffective
mechanicaltechniquesandchemicaldisinfectants
fortreatingdentalunitwaterlines.2-6

Consensusornoconsensus,clinicians,clinics,
anddentalschoolsprovideawidevarietyofden-
talservicestoagrowingnumberofpatientseach
day.Moreover,theyallshareacommongoal
tomaintainorimprovethequalityoftheirdental
treatmentwateraspartoftheiroverallinfection
controlprotocol.Sotheyneeddefinitiveguidance
onthemanagementofmicrobialcontamination
andthemaintenanceofsafedentaltreatment
water.Inthisway,theycanbeassuredboththeir
patientsandstaffmembersareappropriatelypro-

tectedfromanypotentialmicrobialcontamination
resultingfromtheuseofuntreateddentaltreatment
water.

Inanefforttoaddresstheseissues,astudywas
undertakentoevaluatethreecriticalissues:(1)the
typeofwatersourcetouse(tapwatervs.sterile
distilledwater),(2)theimpactofdentalunitdesign
withtheuseofanopen(municipalwater)supply
vs.aclosed(bottled)watersourceonwaterline
contaminationandtreatment,and(3)theroleand
effectivenessofantimicrobialflushesindentalunit
waterlines.

MaterialsandMethods

Atotalof75newdentalunitswithaclosed-circuit
watersystem(Adec,modelDecade1021)were
usedinthisstudy.Watersampleswerecollected
fromtheair/watersyringeandthehigh-speed
handpiecewaterlinesatbaseline,four,andsix
weeks.Beforethestartofthestudy,thewater
bottlecontainersofeachdentalunitweresterilized.
Thedaysampleswerecollectedfromthewater-
lines,thelineswereflushedfor30seconds,and
approximately50milliliters(ml)ofwaterwerecol-
lectedinasterile,plasticcontainer.Allthesam-
pleswerecollectedatNoon.Whenthecollection
wasdone,nohandpieceorsyringetipwasused,
becausetheauthorsdidnotwanttointroduce
anotherpotentialsourceofcontaminationand/or
variable.Forallunits,exceptGroup2,thewater-
lineswerefilledwithsolution,leftovernight,and
thenflushedfor30secondsinthemorningprior
topatienttreatment.Carefulattentionwaspaidto
avoidpossiblecontaminationofthewaterwhenthe
sampleswerecollected.Thewatersampleswere
immediatelysenttothemicrobiologylaboratory
aftercollection.
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Fifteendentalunitswereassignedtooneoffive
treatmentgroupsinthefollowingmanner:

Group1:Bottleswerefilledandusedwithtap
wateronly(untreatedcontrols).Nofurthertreat-
mentwasdonetotheseunits.

Group2:SametreatmentasGroup1onlythatat
theendofeveryweek,a5.25%sodiumhypochlo-
rite(bleach)dilutionflushwasused.[Thedilu-
tionwaspreparedusing1cupor8fluidounces
of5.25%sodiumhypochlorite(bleach)dilutedin
1gallonofwateror128fluidouncesor0.31%
dilution.Thetotaldilutionwas0.31%].Onefluid
ounceofthedilutionwasplacedinthebottleand
thehandpieceandair/watersyringelineswere
flushedfor5secondsuntilthelineswerefilled
withthedilution.Thesolutionwasleftinthelines
for10minutesandthenflushedfor2minuteswith
tapwater.Thetreatmentwasrepeatedevery
week.Thebleachsolutionwasnotleftovernight,
becausethemanufacturerofthechairs(Adec)
doesnotrecommendanovernighttreatment.

Group3:Bottleswerefilledandusedwith100%
0.12%chlorhexidinegluconate(Bio2000).Nofur-
thertreatmentwasdonetotheseunits.(Bio2000,
nowmarketedunderthenameofBioBLUE,is
manufacturedbyMicryliumLaboratories,Inc,
Phoenix,AZ).

Group4:Bottleswerefilledwithtapwater.At
theendoftheday,thetapwaterwasdiscarded,
thebottleswerefilledwithonefluidonceof0.12%
chlorhexidinegluconate,andthehandpieceand
air/watersyringelineswereflushedfor5seconds
untilthelineswerefilledwiththesolution.The
solutionwasleftinthewaterlinesovernight.The
nextdaytheunitswereflushedwithtapwaterfor
2minutes.

Group5:Bottleswerefilledwithsteriledistilled
water(ArrowheadMountainSpringWaterCom-
pany,Greenwich,CT).Attheendoftheday,the
distilledwaterwasdiscardedandthebottleswere
filledwithonefluidounceof0.12%chlorhexidine
gluconate;thehandpieceandair/watersyringe
lineswereflushedfor5secondsuntilthelines
werefilledwiththesolution.Thesolutionwasleft
inthewaterlinesovernight.Thenextdaytheunit
waterlineswereflushedwithdistilledwaterfor2
minutes.AtNoon-time,watersamplesofapproxi-
mately50milliliters(ml)involumewerecollected

insterile,plasticspecimencontainersfromboth
theair/watersyringeandthehandpiecewater-
line.Thesesamplesweregatheredatbaseline
(0time),twoweeks,fourweeks,andagainatsix
weeks.Themicrobialculturingprotocoldescribed
belowwasfollowed:

MicrobialCulturingProtocol
Eachwatercontainerwaslabeled,butcodedso
theevaluatorswereblindedtoitscontents.The
labeledwatersamplesweremixedbyvortexing
for30seconds.Fiftymicrolitersofliquidwere
removedandaddedto100millilitersofsterile,
deionizedwater(Suspension1).Onehundred
microliterswereremovedfromSuspension1and
addedtoasecond100millilitersofsterilewater
(Suspension2).Eachadditionwasmixedthor-
oughly.The100-mlsuspensionswerefiltered
throughseparate47mmmembranefilters(Micro-
Funnel,GelmanSciences,AnnArbor,MI),andthe
filterswereremovedasepticallytoasterileR2A
agarplate(R2AAgar,Difco,BectonDickinson
MicrobiologySystems,Sparks,MD).Theplates
wereincubatedatroomtemperatureforfivedays.
Bacterialcolonieswerecountedanddilutionfac-
torsapplied(20forSuspension1and2000for
Suspension2)toobtainCFU/mLvalues.

ThemunicipalwatersupplytoLomaLindaUniver-
sitySchoolofDentistry,whichisroutinelysampled
bytheCityofLomaLinda,CA,wasalsoevalu-
ated,becauseitwasthesourceofthetapwater.
Watertestingwasperformedbyanindependent
laboratoryundercontractbythecityofLoma
Linda.Waterwascollectedatastandardlocation
inthedentalschool,analyzed,andthedatawere
obtainedfromtheminanofficialreport.Atotalof
sevensamplesweretakenatone-weekintervals,
andthosespecimensweresenttoacommercial
laboratorylicensedintheStateofCaliforniafor
wateranalysis.

StatisticalMethods

Aone-wayanalysisofvariance(ANOVA)was
performedtoevaluatethechangeinCFU/mL
overtimeforeachofthefivetreatmentgroups
(P<0.05).Whendifferenceswerefound,a
Student-Newman-Kuelsallpairwisemultiple
comparisonwasusedtoidentifythose
differences.
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Yet,the0.12%chlorhexidinegluconateproduct
usedalone(Group3)orcombinedwithsterile
distilledwater(Group5)didachievewaterline
disinfectionbelowtherecommended200CFU/mL
standardwhentheDUWLsweretreateddailywith
eachtreatmentprotocol.Evenwhentapwater
wascombinedwith0.12%chlorhexidinegluconate
(Group4),theADAstandardcouldnotbeat-
tained.(Table2)Theprincipaldifferenceinthese
outcomesforthefivetestgroupswasinthetype
ofwaterusedinthedentalunitwaterlines(tap
waterversussteriledistilledwater).Itshouldbe
notedthesteriledistilledwaterusedinthisstudy
camefromacommercialwatercompanyandwas
notdistilledonthepremises.Thecommercial
waterissteamdistilledandsimilartosterilewater.
Distilledwatermadeinsomedentalofficesstill
containshighbacterialcounts.

Furthersupporttotheconclusionthatwater
sourceselectionmayplayapivotalroleinthis
processwasevidencedbytheoutcomeachieved
byGroup5(steriledistilledwaterwith0.12%
chlorhexidinegluconate).AlltheGroup5samples
readilyattainedwaterlinedisinfectionbelowthe
200CFU/mlstandardwhensteriledistilledwater
wasmixedwith0.12%chlorhexidinegluconate
inadailytreatmentprotocolofthedentalunit
waterlines.

Itisamatterofconjectureastowhythetapwater
sampleshadsuchunsatisfactoryresults.Inevalu-
atingtheseoutcomesandafterreviewingprevi-
ouslypublishedreports,itwasconcludedthedark,
damp,andwarminteriorofdentalunitwaterlines
mayserveanidealincubatorforbacterialprolif-
eration.17Althoughtapwatermayintroducean

Results

Theresultsofthemunicipalwateranalysisforthe
tapwaterarepresentedinTable1.15Themicrobi-
alcountoftheseventapwaterspecimensranged
from4to95CFU/mL.Thesevalueswerewell
belowtheADAwaterlinestandardof200CFU/mL
andthe500CFU/mLleveldeemedacceptablefor
publicdrinkingwater.4,16Theseoutcomesserved
asbaselinemeasuresofthemicrobiallevelbefore
thewaterwasrunthroughafunctioningdental
unit.

Thestudyresultsforthecomparisonofoutcomes
forGroups1to5arepresentedinTable2and
illustratedgraphicallyinFigures1and2.Note
thatbothfiguresillustratetherewasnosignificant
reductioninthebacterialcountusingtheproto-
colsofGroup1(tapwateralone-controlgroup),
Groups2(tapwaterwithweeklyflushof5.25%
sodiumhypochloritedilution),orGroup4(0.12%
chlorhexidinegluconate,Bio2000,andtapwater).
However,samplesofchlorhexidinegluconate,
Bio2000,eitherusedsolely(Group3)orincom-
binationwithsteriledistilledwater(Group5)did
produceastatisticallysignificantreductionofthe
colonyformingunitstoorbelowthetargetlevel
of200CFU/mL.(Table2)Infact,allcountsfor
Groups3and5werewellbelowtheADArecom-
mended200CFU/mLstandard,exceptforweek4
Bio2000,andthiscountreturnedto0atweek6.

Discussion

Thisstudywasconductedtodeterminewhether
thetypeofwaterusedtodisinfectdentalunit
waterlines(tapwaterversusdistilledwater)had
anysignificantimpactontheefficacyofseveral
differentdisinfectionprotocols.Basedonthe
resultsofthisstudy,itwouldappearthatwater
sourceselectionmayindeedplayacriticalrolein
theentireprocessofdisinfectingDUWLs.

Untoitself,thecommunitytapwaterapparently
hadrelativelylowmesophilicheterotrophicmi-
crobiallevelsinitiallywithsamplesrangingfroma
mere4CFU/mLtoasmanyas95CFU/mL(see
Table1).Buteventheintroductionofchemical
disinfectants,suchas5.25%sodiumhypochlorite
dilutioninGroup2or0.12%chlorhexidinegluco-
nateinGroup4,couldnotpreventoreliminate
microbialproliferationintapwaterusedindental
unitwaterlineswhetherthatdisinfectanttreatment
wasweekly(Group2)ordaily(Group4).
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initialcontaminationlevelof4to95CFU/mLover
thecourseofaday’sroutineuse,thenumberof
microorganismscangrowexponentiallyandread-
ilyexceedthe200CFU/mLstandard.Theresults
ofthisstudysuggestthatsterile,distilledwaterin
combinationwith0.12%chlorhexidinegluconate
(Group5)or100%0.12%chlorhexidinegluconate
(Group3)maybemoreappropriatetreatments
toachievetheADAstandardfordentaltreatment
waterthanaregimeinvolvingmunicipalwatersup-
plies.

Conversely,pairingdistilledwaterwiththatsame
chemicaldisinfectant(0.12%chlorhexidinegluco-
nate)inthedailytreatmentprotocolusedinthis
studydidreducemicrobialcontaminationtoalevel
wellwithintherecommendedADAstandard.Of
course,carefulpreparationandhandlingofthis
distilledwater-disinfectantmixtureisessentialto
preventinadvertentcontaminationofthewater
sourceandthereservoirwaterbottle.Thisinad-
vertentcontaminationcanbeseeninTable2,on
week4ofthestudy.Thehandpiecewaterlinein-
dicatedtherewasmicrobialcontaminationofover
18,000CFU/mlforoneoftheunits,butthelevel
droppedto0atweek6.Thesourceofthecon-
taminationisnotknown,butwepresumeditoc-
curredduringwatercollectionorthetubethatgoes
inthebottlereservoirmighthavebeentouched,
accidentallycontaminatingthesample.

Theresultsfromthefirstpartofthisinvestigation
demonstratedthatwatersourceselectionplays
animportantroleinachievingandmaintaining
consistentdisinfectionofthedentalunitwaterlines.
However,itwasuncleariftheoutcomeachieved
byusing0.12%chlorhexidinegluconate(Bio2000)
inGroups3and5wasduetothisspecificproduct
orwhetherotherchemicalantimicrobialagents
couldachieveasimilaroutcome.Soasecondin-
vestigationwasundertakentoaddressthisspecific
question.Isthetypeofchemicaldisinfectantused
morecriticalthanthewatersourceselection(tap
waterversussteriledistilledwater)?Asubsequent
studywillreporttheresultsoftestingthesame
dentalunitsusingfivecommerciallyavailable
disinfectantsmixedwithdistilledwaterinaclosed
watersystem.

Conclusions

Basedonthetestingformatandthematerials
usedinthisstudy,thefollowingconclusionswere
drawn:

1. Tapwater,evenwithapparentlowlevelsof
contamination,shouldnotbeusedasawater
sourcefordentalunitwaterlines.

2. Disinfectionofdentalunitwaterlinescan
beachievedleavingoneounceof0.12%
chlorhexidinegluconateintheDUWLsover-
night,followedbyadailytwo-minuteflushwith
steriledistilledwatereachmorning.

3. Dentalunitswithaclosed-watersystemdid
notmeettheADAstandardof200CFU/mL
whentapwaterwasusedaloneorcombined
witha0.12%chlorhexidinegluconateflush.

4. Dentalunitswithaclosed-watersystemdid
meettheADAstandardof200CFU/mLwhen
amixtureofsteriledistilledwaterand0.12%
chlorhexidinegluconatewasallowedtoremain
inthedentalunitwaterlinesovernight,fol-
lowedbyatwo-minutemorningflushwith
steriledistilledwater.Itwouldappearthatwa-
tersourceselection(tapwaterversussterile
distilledwater)maybecriticaltoachievingthe
ADAstandardof200CFU/mLorless.
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