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PREFACE

Preliminarydataand proceduresreviewingthePennsylvaniaPower& Light

Company pathogenstudywerepresentedatan EdisonElectricInstitute

BiologistWorkshopheldinTampa,Florida,on April21-23,1981.
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PATHOGENS IN CONDENSER COOLING

SYSTEMS: A HEALTH CONCERN

SUMMARY

The PennsylvaniaPowerand LightCo. isconcernedthatpersonnelworking

inand aroundcondensercoolingsystemsmay face healthhazardsfrom

pathogenssuchas free-livingamebas(Naegleriafowleriand Acanthameba

~) and LegionnairesBacteria(Legionellapneumophila).Waterand air

sampleswere analyzedtodetermineiftheseorganismsexisted.Procedures

weredevelopedtoassurethatworkerswereknowledgeableaboutthehealth

effectsof pathogensaswellas theproperuseof safetyequipment.
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INTRODUCTION

The PennsylvaniaPower& LightCo. (PP&L) isan electricutility,located

ineasternPennsylvania,witha capacityof about22 billionkilowatt

hoursperyear.Many environmentaland safetyapprovals.regulations,

permitsand licensesarerequiredinordertooperateitssixmajor

generatingstations.Certainoccupationalsafetyregulationssuchas the

wearingof safetyshoes.hardhats,eyeand earprotection,arereadily

acceptedby employeesbecauseof obviousjob-relatedhazards.However,

when itcomes toprotectingworkersfrompathogenicmicro-organismswhich

cannotbe seenand whereitisgenerallyfeltthatthechanceof infection

isslight,theproblembecomesconsiderablymore difficult.This

situationisfurthercomplicatedbecausethereareno established

guidelinesforsuchprotectionletaloneany governmentagencythat

acceptsregulatoryresponsibility.

On two occasionsPP&L was notifiedaboutthepotentialhealthhazardsto

stationworkersfromthepathogenicfree-livingamebasNaegleriafowleri

(~. fowleri)and Acanthameba~. incondensercoolingsystems.The first

notificationoccurredata PennsylvaniaElectricAssociationmeetingin

March 1979,when thePennsylvaniaDepartmentof EnvironmentalResources

(DER) discussedthePennsylvaniaElectricCompany'sprogramtodetermine

ifpathogenicorganismsexistedintheirgeneratingstationcondenser

coolingwater.The PennsylvaniaDER recommended,however.thatother

utilitieswaitfortheresultsof thisstudyto seeifa problemexisted

inFa. The secondnotificationcame inMarch.1980,when theU. S.
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NuclearRegulatoryCommission(NRC) announcedthepossibilityof

occupationalhealthhazardsassociatedwithrecirculatingcoolingsystems

(1).Inparticular,thenoticediscusseda surveyconductedatthe

NorthernStatesPowerCompany'sPrairieIslandNuclearGeneratingStation

whereN. fowleriwere foundinthirtysixof thirtyninesamplesof the

condensercoolingwater(2).

To datetherehavebeenno documentedcasesof industrialillnessordeath

fromfree-livingamebas;but,considerabledataexistson swimmersdying

afterbeinginfectedby thesepathogens.In some of theseinstancesit

hasbeendocumentedthatvictimsswam inthermallyenrichedwatersfrom

industrialeffluents(3).Infectionby theseamebasoccursthroughthe

nasalmucosaand thenintothecentralnervoussystemproducinga disease

calledPrimaryAmoebicMeningencephalitis(PAM), (4).

Pathogenicfree-livingamebasarepresentinnaturethroughouttheworld.

They aredifficulttoeradicateby useof biocides,heat,coldordrying,

sincetheyreadilyencystprotectingthemselvesunderadverseconditions.

Naegleriafowlerigrowwellattemperaturesas highas 44 C (5)and

Acanthameba~. attemperaturesbetween30 and 33 C. Itisthoughtthat

human infectionfromN. fowleriisacquiredfromwater,whileAcanthameba

~ infectionmay be contractedfromeitherwaterorair.

Anotherbiohazardassociatedwithcondensercoolingsystemsis

LegionnairesDiseasecausedby Legionellapneumophila(~. pneumophila)a

bacteria.Unliketheamebicinfectionstherehavebeendocumentedcases
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ofLegionnairesDiseaseinfections.Two outbreaksoccurredin1973 in

whichworkerswere infectedwiththisbacteriaeventhoughthecauseof

theinfectionwas notidentifieduntil1979 (6).Bloodseraobtainedand

storedsince1973 were testedin1979 usingdirectimmunofluorescenceon

antigensof fourserogroups.The firstincidentoccurredwhileten

previouslyhealthymen were steamcleaninga steamturbinecondenserof a

VirginiaElectricPowerCo. plantlocatedon theJamesRiverinVirginia.

Afterspendingseveralhoursinthecondenserwithoutrespirators,all

becameillwithfever,chills,headaches,musclepainand nausea.The

secondincidentoccurredintheOaklandCountyHealthDepartmentBuilding,

Pontiac,Michiganwhereapproximately100 peoplewereaffectedafter

enteringthebuilding.Theirsymptomsweresimilarto thepowercompany

workers.Inbothinstances,thestrainofLegionnairesbacteriawas not

lethal(6).

A programforcollectionofbothwaterand airsamplesatgenerating

stationswas establishedduringthemonthsofAugust,Septemberand

October1980. SampleswerecollectedfromsixPP&L powergenerating

stationsand a steamheatingplant.Water,airand sailorsludgewere

sampledforfree-livingamebasand Legionnairesbacteria.Sincethese

organismsmay be foundanywhereinnature,itwas importanttodetermine

what concentrationshaveadversehealtheffectstoworkers.

The PP&L generatingstationsutilizeeitheronce-throughor recirculating

coolingsystems(naturaldraftcoolingtowers)todissipateexcessheat

givenoffduringtheproductionof electricity.Waterabove30 C isan
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idealbreedingmedium forthesepathogens(3).Duringstationoperation

ormaintenanceoutages,workerscan come intocontactwithheatedwateror

vapor.Priortodeterminingifthesepathogenswerepresent,PP&L decided

thatpersonnelworkinginand nearthecondensercoolingsystemwouldbe

requiredtowearprotectiveequipmentand to followgood hygiene

practices.

Inparallelwiththepathogensamplingprogram.chlorinedatawere

collectedatboththeMartinsCreekUnits1 & 2 (once-through)and 3 & 4

(recirculating)condensercirculatingwatersystems.The purposeof this

studywas todetermineifa freeavailablechlorinelevelof 2.0mg/l

couldbe maintainedinthesystemwhilestillmeetingthepresentNational

PollutionDischargeEliminationSystemPermitdischargelimits(0.5mg/l

maximum and 0.2mg/laverage).Itwas suggested,basedon chlorinationat

thePrairieIslandNuclearStation,thatby maintaininga freeresidualof

2 mg/lthefree-livingamebascouldbe controlled(2).
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PROCEDURES

A taskforcefromseveralPP&L departmentswas organizedtodetermineifa

healthproblemexistedfrompathogenicmicro-organisms.A literature

searchwas conductedtoprovidebackgroundinformationon ~ fowleri,

Acanthameba~ and~ pneumophila.Thisreviewincludeddataon the

effectstoswimmersfromfree-livingamebassuchas PAM (7),aswellas

LegionnairesDisease(6).In addition,varioussamplingmethodsand

procedureswereconsideredfordetectionof thesepathogenstheir

concentrations,aswellas theparametersnecessaryfortheirlife

support.To obtainmore data,oversixtyutilitieswerecontactedby a

computersystemcall"Notepad",and askedthefollowingquestion;"Have

pathogenicorganismsbeenfoundinyourplantcondensercoolingsystems

andifso,whatactionwas taken?"From informationobtaineda listof

specialistswas compiledand telephoneconversationsormeetingswereheld

todetermineifand what typeof surveyshouldbe undertaken.Also

discussedwere theprecautionarysafetyprocedurestominimizeworker

exposureto thepathogenicmicro-organisms.

Dr. RichardJ.Duma, M.D.,Ph.D.,Chairman,Divisionof Infectious

Diseases,MedicalCollegeof Virginia,VirginiaCommonwealthUniversity

was selectedtoperforma pathogensurveyforPP&L. The objectiveof the

surveywas todetermineifany of thesepathogenswere presentatPP&L's

generatingstations,and ifso,torecommendappropriatebiocide
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treatment.The servicesalsoincludedinterimguidelinesforworker

safety.Watersampleswere collectedinAugust,Septemberand October1980

fromthecondensercoolingsystemspriortoand afterthermalenrichment.

Duringthissame period,soiland sludgesampleswerecollectedwhere

possiblefromthecondenserswhen plantswere down foran outageor from

coolingtowerbasins.Airsampleswere takeninthevicinityof the

condenserorinsidecoolingtowers.

At theMedicalCollegeof VirginiaInfectiousDiseasesLaboratory,the

samplesweretestedtodeterminethepresenceofbothtypesof pathogens.

Attemptsweremade toisolateN. fowleriand Acanthanameba~ on various

agarsattemperaturesup to44 C and 30 C respectively.Afterabouttwo

weeksof growththepathogenicfree-livingamebaswereinjected

intranasally(N. fowleri)orintra-cerebrally(Acanthameba~) intomice.

The presenceof free-livingameba pathogenswas confirmedifdeath

occurredwithintendays. A portionof eachsamplewas filteredand

imprintedontoglassslidesand stainedwithspecificfluoresceinlabeled

anti-serafor~ pneumophila.The slideswere thenexaminedundera

fluorescentmicroscopeforthepresenceof labeledbacteria(8).

Airsamplesforfree-livingamebasand~ pneumophilawere collectedusing

two differentsamplesystems.InAugustand September,an AndersonAir

Sampler(two-tier)was usedbutbecauseof cloggingand humidityproblems,

itwas replacedinOctoberby an MSI Model 3100,liqUidimpingementair

sampler.Airsampleswere thenprocessedinthelaboratoryas ifwater

samples(8).
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Duringthesamplingand isolationperiods.pathogeniccontrolstrategies

werereviewed.Chlorinewas selectedsincemost of thegenerating

stationshavechlorinationsystemswhichareusedtoremovealgaeand

otherorganismsfrom thecondensercoolingsystems.A testwas devised

wherea 12.5% sodiumhypochloritesolutionwas introducedintothecooling

water.At theMartinsCreekSES Units1 & 2 (once-through)and Units3 &

4 (recirculating).At Units1 & 2. sodiumhypochloritewas pumped into

one condenserhalfimmediatelybeforethecondenserinletwaterbox.

Thissolutionenteredthepipeata 4211 elbowimmediatelybeforethe

condenser.The circulatingwaterflowinsidethepipewas turbulentand

thesodiumhypochloritemixedwiththecirculatingwater.The rangeof

feedratesvariedbetween0.44and 0.83gpm withfreeavailablechlorine

levelsof 1.80and 2.2mg/linthecondenser.By chlorinatingone

condenserhalfata time.dischargedchlorineresidualwas minimizedby

dilution.At Units3 & 4 recirculatingsystem.sodiumhypochloritewas

pumped ata rateof 4.8gpm and produceda freeavailablechlorinelevel

of 2.8mg/l(9).
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RESULTS

Naegleriafowleriwerepositivelyidentifiedinthecondenserinletsample

locationforMartinsCreekUnit3, inOctober1980. The concentration

exceeded10.000organisms/liter.The watertemperatureintheinletwas

32 C. No N. fowleriweredetectedinMartinsCreekUnits1, 2 or 4. Some

growthinChang'sliquidinthelaboratorysuggestedthatextremelysmall

concentrationsof eitherN. fowleriornon-pathogenicNaegleriamay have

beenpresentinsamplescollectedattheWalnutSteamHeatingPlantinthe

ashsettlingbasin,MartinsCreekUnit1 atthecondenseroutlet,Martin

CreekUnit3 inthecoolingtowerbasinand BrunnerIslandinthe

discharge.N. fowleriwerenotfoundinanyof theairsamples.Also,

Acanthameba~ werenotfoundineitherwaterorairsamples(8).

Legionellapneumophilawerefoundinallcondensercoolingsystems

sampled,withtheexceptionof theSusquehannaSES Unit1. Thissystem

was undergoingpre-operationaltesting.The concentrationof L.

5
pneumophilaincondensercoolingsystemwaterwas between1 x 10 and 1 x

106 organismsperliter.Theseorganismswereisolatedincondenser

inletsandoutlets,coolingtowerbasinsand dischargecanalsineach

month sampled.Theseconcentrationsweresimilarto thosefoundinnature

(8). Becauseof airsamplingproblems,thesebacteriawereonly

identifiedintheOctoberairsamples.InOctober,usingan MSI air

sampler.1.65bacteria/literof airwere identifiedintheHoltwoodSES
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Unit17 condenserintakescreenhouse. No ~ pneumophi1awereidentified

inairsamplesattheotherstations(8).Unliketheinjectionof the

free-livingamebasintomice toconfirmpathogenicity,~ pneumophilawere

notinjectedintoanimalssincewe wereinterestedonlyindetermining

theirpresence.
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DISCUSSION

Sincetherewas no informationcomingfromotherPennsylvaniastudiesby

March 1980,thePP&L CorporateManagementCommitteerealizedtheurgency

of thisprojectand providedtheirfullsupportfora survey.From March

and throughAugust1980 procedureswereestablishedfora pathogenic

survey.Sincepathogenicfree-livingamebasand Legionnairesbacteriaare

thermophilic,a programneededtobe establishedby latesummer. The

pathogenswouldbe atpeakconcentrationsatthistimeof yearsinceriver

watertemperatureswouldbe highest.The droughtof 1980 inthe

northeasternUnitesStatesresultedinevenhigherthanusualriver

temperatures.Thiswas confirmedby comparingSusquehannaRiver

temperaturedatacollectedinthevicinityof theSusquehannaSES from

AugustthroughOctoberin1979 and 1980 (10,11). In theory,thenumber

of organismsperliterofwaterintheSeptemberand Octobersamples

shouldbe lessbecauseof decreasingrivertemperatures.Thistrenddid

occurforboththeconcentrationsof pathogenicfree-livingamebasand~

pneumophila(8).

BeginningJuly1980,safetymemos wereprovidedtoworkersdiscussing

potentialhealthrelatedproblemsfromthesepathogens.Thosepeople

workinginorinthevicinityof thecondensercoolingsystemswere

requiredtowearsafetyequipmentand followgoodhealthhabits.This



12

included,wearinga Wilson1200 SeriesRespiratorequippedwitha R-12

filterorequivalent,chemicalgogglesand BestCo. #728 Nitrilegloves

(neoprenecoated)orequivalent.The gogglesand glovescouldbe cleaned

and reused.Rainsuitsand rubberbootswereoptional.Workerswerealso

requiredtorefrainfromeatingorsmokingwhen nearsuspectareas.

DiscussionswereheldwithPP&L managementand unionrepresentativeson

thehealtheffectsof thepathogensand thepropersafetyprocedures.

Therewerecomplaintsby some of theworkersaboutfoggingof thegoggles

and difficultyinworkinginconfinedareaswhen wearingallthesafety

equipment.Inone instancean employee.whileworkingina condenser,

fellintoa fourfootdiameterdischargepipeinjuringhislegsand

buttocks.Itwas uncertainifwearingtheequipmentcausedthisaccident.

Even thoughsome workerscomplainedthattherewas a greaterchanceof

fallingfromwearingfoggedup gogglesthanbeinginfectedby these

organisms,PP&L requiredtheuseof safetyequipmentsincethe

consequencesfrombeinginfectedcouldcauseserioushealthproblems.

Even withthesafetymemos placedon bulletinboardsatthestationsthere

were complaintsfrompersonnelaboutpoorcommunicationsfromthe

PathogenicTaskForce.Also.therewere communicationproblemswithinthe

stations.One incidentoccurredwherean employeeworkingintheMartins

CreekcoalyardcontractedLegionnairesDiseaseinNovemberof 1980. He

was a 60 yearoldmalenotinthebestofhealth,fittingthedescription

of a typicalpersonwho contractsLegionnairesDisease.Althoughitwas

uncertainhow orwherehe contractedthisdisease.MartinsCreekSES was
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theonlyPP&L generatingstationatthattimewas notchlorinatingits

coolingwatersincetherewas no slimebuildupinthecondensers.Also,

PP&L didnotfindoutaboutthisinfectedemployeeuntilhe came backto

work inearly1981. To avoidproblemslikethisinthefuture,and to

provideguidanceinoccupationalhealthmatters,an IndustrialHygienist

was hiredinApril1981 tocoordinateoccupationalhealthactivities.

A secondemployee,a constructionhelper,inOctober1981 workinginthe

condensercoolingsystemattheMontourSteamElectricStationcontracted

LegionnairesDisease.Unliketheotherworkerwho contractedthis

disease,he was youngerand ingood healthpriortothisincident.Itwas

firstreportedthatthisworkerwas followingPP&L safetyrequirements;

however,afterfurtherinvestigationitwas foundthathe had notbeen

wearinga respirator.

Chlorinationpracticeshavebeenmodifiedforcontrolof pathogen

concentrationsatthegeneratingstationsforworkerprotection.

Previouslychlorinewas usedonlytopreventcondenserslime.Becauseof

futureregulatoryrequirementsfortheminimizationof chlorineinsurface

waterdischarges,additionaldiscussionsmay be necessarywithvarious

agenciestoreviewalternatesolutionsforcontrolof pathogensin

condensercoolingwaters.Thesealternatesmay includelow temperatures

(below20 e),hightemperatures(55 - 65 C),iodineand drying(12).
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