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PROPOSEDMONITORING PLAN TO ASSESSENVIRONMENTAL QUALITY
IN MAMALA BAY AND THE MAMALA BAY WATERSHED

ExecutiveSummary

The futuremonitoringprogramfor MamalaBayremainsin a developmentalstate.

Thisdocumentrepresentsa discussiondocumentthatwill beusedby regulators,managers,

andinvestigatorsastheydevelopthedetailsofan integrated,regionalmonitoringprogram

thatcanbecarriedout in ManialaBaybetween1996and2011.Hereinwepresentwhatwe

considerto bethesomesalientfeaturesofthat integrated,regionalmonitoringprogramwith

theunderstandingthat thefinal form ofthemonitoringprogrammustbe developedto meet

local, State,andFederalregulationspursuantto thenumerouspermitsfor wastedischarge

that havebeenissuedto governmentandindustryin theMainalaBaywatershed.

Someof the key featuresof the proposedfuture monitoring programthat are

presentedin thisdiscussionreportareasfollows:

• Upgradingofchemicalanalyticalmethodsappliedto pollutantsandchemical

contaminantsin influentwaters,effluentwaters,sediments,andbiota in the

Bay;

• Reducedemphasison sampling in the immediatevicinity of the diffuser

dischargesin favorof siting samplingstationsthroughoutMamalaBay;

• Increasedeffort for themonitoringofpollutantsandchemicalcontaminants

in nonpointsourcedischargesthroughouttheMamalaBaywatershed;

• Theimplementationof a Bay-wide“mini-musselwatch”programaimedat

assessingthepotentialfor thebiota to accumulatechemicaltoxicantsthat

cannotbemeasuredin surfacewatersor in sediments;and

• Thedevelopmentofnewtechniquessuitableforthemeasurementofbacterial,

viral andprotozoanpathogensin watersamplestakenfromMamalaBay.
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PROPOSEDMONITORINGPLAN TO ASSESSENVIRONMENTAL QUALITY
IN MAMALA BAY AND THE MAMALA BAY WATERSHED

1.0. Introduction

Thisreportpresentsaplanfor aregional,integrated,environmentalquality monitoring

programto be carriedout in MamalaBayover a 15-yearinterval,between1996and2011.

Theneedfor themonitoringprogramarisesfrompublic perceptionthatwastesdischarged

to MamalaBaymight posea riskto marineecosystemsandto publichealth.Theresultsof

the MamalaBay Study (this volume)showtheMamalaBay ecosystemto bediverseand

productive,andcapableofassimilatingexistinglevelsofpollutant loadingwith no adverse

effects.However,aswastescontinueto be dischargedto MamalaBay in ever-increasing

quantities,regulatoryand managementauthoritiesresponsiblefor maintainingthe public

health and ecological integrity of Mamala Bay will needcontinuousinput of regional

environmentalqualitymonitoringdatain orderto updateevaluationsof the existingquality

of the MamalaBay ecosystem,and to managewastedischargesto the systemso that

beneficialusesofthe systemaremaintained,PrincipalbeneficialusesoftheMamalaBay

ecosystemincludebathing,swimming,andotherwatercontactrecreations,aestheticappeal,

andtheexistenceofmarineecosystemsableto supporttheuniqueflora andfaunatypicalof

thefringing reefs,hard-bottomcommunities,andopen-watertropicalmarinefish, reptilian,

andmammalianpopulationsin theBay.

Monitoring in MamalaBayatthepresenttimeis limited almostexclusivelyto studies

carriedout asconditionsoftheNationalPollutantDischargeEliminationProgram(NPDES)

permitsgrantedto theCity andCountyofHonolulu forthecontinuedoperationofthe Sand

IslandandHonouliuli wastewatertreatmentsplants(WWTPs). SandIslandandHonouliuli

dischargeprimary-treatedwastewaterinto MamalaBay;the sourceofwastesto the Sand

Island andHonouliuli WWTPsare thedomesticsewageandpre-treatedindustrialwastes

frombusinessandindustryin theCity andCountyofHonolulu.Requiredmonitoringunder

NPDESpermitsincludes:
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• Measurementofconventionalpollutantsandchemicalcontaminantsin WWTP

influent andeffluent streams:

• Empiricaltestingofeffluent toxicity to biota;

• Measurementofbacteriaconcentrationsatbeachesandin nearshoreareas;

• Measurementofconventionalpollutantsin thewatercolumnwithin the zone

of initial dilution andthe zoneofmixing adjacentto thediflhserdischarges

fromtheSandIsland andHonouliuli WWTPs;

• Measurementof conventionalpollutants and chemical contaminantsin

sedimentsadjacentto the diffuser dischargesfrom the Sand Island and

Honouliuli WWTP5;

• Measurementof the indicatorsof the healthand well-being of biological

populationsin the watersandsedimentsadjacentto the difihiser discharges

fromtheSandIsland andHonouliuli WWTPs.

• MeasurementofcurrentsandoceanographicfeaturesofMamalaBaythatmay

be relatedto thepotentialtransportofeffluent plumesfrom theSandIsland

andHonouliuli WWTPstowardandontothebeachesborderingMamalaBay.

Theresultsofthesemonitoringeffortsarereportedannually(and,in thecaseofinfluent and

effluentpollutantandchemicaldata,monthly)to regulatoryagencies(US EPAandtheState

ofHawaiiDepartmentofHealth).Theresultsofthesemonitoringstudiesalso formthebasis

for a largepartofthe evaluativesynthesisreportedin this final reportoftheMamalaBay

Study (thisvolume).

TheresultsoftheMamalaBay Study(thisvolume)leadto two overall conclusions:

1)ThattheMamalaBayecosystemremainsdiverseandproductivedespitethevolumesand

massesofwastesdischargedinto it andits contiguouswaters(PearlHarbor,KeehiLagoon,

Kewalo Basin, and the Ala Wai Canal); and 2) That the sourcesof pollutantsand

contaminantsenteringMamalaBay arediverse,arenotrestrictedto wastewaterfrom the

SandIslandandHonouliuli WWTPs,andarisefrom sourcesthroughoutthewatershedthat

drainsto Mamala Bay. The secondconclusioncompelsusto statethatmonitoring efforts
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designedto provideinformationto theregulatoryandmanagementauthoritiesresponsiblefor

maintainingthepresenthighstandardofpublichealth andecologicalintegrityofMamalaBay

mustbe integratedsothat theyincorporatevalid measurementsrepresentingall sourcesof

pollutantsandcontaminantsto theBay.

FuturemonitoringeffortsmustusetheentireMamalaBaywatershedasthebasisfor

monitoringprogramdesign.Unfortunatelythereexist fewmonitoringprogramswith the

objectiveofmeasuringthetransport,fate,anddistribution ofpollutantsandcontaminants

landwardofthepierheadline forMamalaBay. In somecases,suchasthecaseofmonitoring

for nonpointsourcepollutantloading,monitoringplansareunderdevelopmentthat include

measurementofpollutantsandcontaminantsin thewatershed.In othercases,suchasthecase

ofmeasuringbacteriologicalpopulationsrelativeto contaminationandpublic health,there

exist important and useful data from the watershedwhich, while providing critical

information,do not comprisemonitoringprogramsperSe.

The monitoringprogramthat will be developedfor MamalaBay must be

regional,ratherthanlocal, in scope.Thatis to saythat themonitoring programmust be

designedto providedataontheentireMamalaBay systemratherthanon small portionsof

theBaythat might beadjacentto specificpoint sourceornonpointsourcedischarges.The

monitoringprogramproposedhereinis alsoan integratedmonitoringprogram.Thatis to say

that themonitoringprogramfirst, integratesmonitoring studiesofbothpoint sourceand

nonpoint sourcepollutant and contaminantdischarges,and second, addressesseveral

monitoring needswithin a single program. Thesemonitoring needsare 1) theneedfor

regulatorycompliancewith chemicalwater quality standards,2) theneedfor regulatory

compliancewith public health-orientedwaterqualitystandards(bacteriologicalsamplingand

analysis),3) theneedfor datausefulin evaluatingtheeffectivenessofmanagementmeasures

aimed at reducingpollutant loading from WastewaterTreatmentPlants (WWTPs) and

nonpointsources,and4)theneedto accumulatestatusandtrendsinformationin orderto

assessthehealthandwell-being ofecologicalsystemswithin MamalaBay.
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2.0 ComponentsoftheMonitoringProgram

TheMamalaBayMonitoringProgram(MBMP) is designedtoprovidedatausefulfor

thefollowing purposes:

• Estimationofpollutantandchemicalcontaminantloading to theMamalaBay

systemfromthroughouttheMamalaBaywatershed;

• Estimationofchemicalcontaminantfateandeffectsin MamalaBay;

• Estimationoftheecologicalhealthandwell-beingofMamalaBay;

• Estimationofpublichealthrisk in theMamalaBaysystem;

• Estimationofthe efficiencyofWWTPoperation;and

• Estimationoftheefficiencyofnonpointsourcepollutantcontrols.

Given suchadatabase,regulatorsandmanagerswill be ableto evaluatetheoverall statusof

the Mamala Bay system, anticipate adversechanges,if any should occur, and, when

necessaly,implementmanagementandcontrolmeasuresthat will beeffectivein maintaining

beneficialusesofMamalaBayfor all concerned.

The monitoring program is based upon chemical, physical and biological

measurements,combinedwith bioassaystudiesandsomeresearchinto thedevelopmentof

critical, new,methodsfor applicationin monitoring studiesofMamalaBay. Thesectionsthat

follow describethecurrentstatusofexistingmonitoringprogramsaimedat thecollectionof

chemical,physical,andbiologicaldata,gapsin datacollectionthat mustbe filled in orderfor

themonitoringprogramto be successful,andrecommendationsfor thefuturemonitoring

program.Identificationofspecificlocationsofstationsto beoccupiedin therecommended

monitoringprogramisnot includedin thisreport;suchdetailsarebestmanagedwhenthe

final monitoringprogramhasbeendecidedupon,andwhenavailablebudgetsareknown.

3.0 ChemicalMonitoring

Chemicalmonitoring,in thecontextofthis report,refersto measurementscarriedout

on field samplesaimedat quantifyingchemicalfactorsrelatedto pollution in MamalaBay.

This includesthe measurementof conventionalpollutants (e.g.,BOD, COD, nutrients,
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suspendedsolids, andsoforth) aswell asthemeasurementofchemicalcontaminants(e.g.,

toxic andpotentiallytoxic metalsandorganiccompounds).

3.1 ExistingMonitoring Programs

Existing monitoring of chemical constituentsin the Mamala Bay watershedis

restrictedprimarily tomeasurementofchemicalparametersspecifiedin theNPDESdischarge

permitsfor theSandIslandandHonouliuli WWTPs.

3.1.1 WWTP InfluentMonitoring

MonitoringofWWTPinfluent includesvariousconventionalmeasuresaswell asthe

measurementof toxic and potentially toxic contaminantssuch as metals and organic

compounds.

Status:InfluentwaterqualitymonitoringatboththeSandIslandandtheHonouliuli

WWTPis carriedoutregularlyandprovidescritical dataonthequality ofpre-treatmentgiven

to WWTP influent wastestreamsfrom industrial dischargersand, whencombinedwith

effluent chemicaldata,providesimportantdataregardingtheperformanceoftheWWTPs.

Measurementsoftoxic andpotentiallytoxic metalsandorganicsin influentwaterprovide

datathatareprimarily ‘~non-detects;”that is to say,theconcentrationsoftoxic chemicalsin

influentwatersare,forthemostpart,lowerthanthedetectionlimits for themethodsusedin

theanalysis.

Data Gaps: The completenessof the influent monitoring datafor~conventional

pollutantsandconventionalwaterqualityparametersis good. Influentmonitoringdatafor

chemicaltoxicants,includingmetalsandorganiccontaminants,is poor,primarilybecausethe

methodsappliedin theanalysisforpriority pollutantsin the influent watersarenotsufficiently

sensitive.Given that concentrationsoftoxics in effluent watersaremoreimportantto the

ecosystemthanconcentrationsofthesamechemicalsin theinfluent waters,thisis a datagap

of secondaryimportance.However,the lackof influent toxics makesit difficult, if not

impossible,to deriveestimateson theefficiencyofremovaloftoxic materialsby theWWTPs.
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Recommendationsfor FutureMonitoring.WWTPinfluentmonitoringis satisfactory,

in its frequency,forthedataneedsofregulatorsandmanagers.Themethodsusedfor WWTP

influentmonitoringofpriority pollutantsareinadequateandprovidenousefuldata.Methods

for the analysisofpriority metalpollutantsin WWTPiafluentwatersshouldbe changedto

the EPA “200” series.Methodsfor the analysisofpriority organicpollutantsin WWTP

influentwatersshouldbechangedto EPA“600” series.Futuremonitoringreportsfor WWTP

influent datamustincludeall availablequality assuranceandquality controldata(QAIQC).

3.1.2 WWTPEffluent Monitoring

Chemical monitoring of WWTP effluent includesvarious conventional

measuresaswell asthemeasurementoftoxic andpotentiallytoxic contaminantssuchas

metalsandorganiccompounds.

Status:Effluentwaterquality monitoringatboththeSandIslandandtheHonouliuli

WWTPis carriedout regularlyandprovidescritical dataon theconcentrationsof chemicals

in theeffluentthat havethepotentialto affect thephysicalenvironmentofMamalaBay, as

well asthebiota ofMamalaBay. Effluent waterquality dataareconvertedto loadingdata

which, whenenteredinto thenewlydevelopednumericalmodelsofcirculation in Mamala

Bay, provideinformationon concentrationsofchemicalsubstancesthroughouttheMamala

Baysystem.Whencombinedwith influentwaterquality data,effluentmonitoringdatahelp

to provide important dataregardingWWTP performance.Measurementsof toxic and

potentiallytoxic metalsandorganicsin effluent waterprovidedatathat areprimarily ‘~non-

detects;”thatis to say,theconcentrationsoftoxic chemicalsin influentwatersare,for the

mostpart,lower thanthedetectionlimits forthemethodsusedin theanalysis.

Data Gaps: The completenessof the effluent monitoring data for conventional

pollutantsandconventionalwaterqualityparametersisvery good.Effluentmonitoringdata

for chemicaltoxicants,includingmetalsandorganiccontaminants,ispoor,primarilybecause

themethodsappliedin theanalysisforpriority pollutantsin effluentwatersarenot sufficiently

sensitive.Thisis a datagapofmajorimportance.Without suchdataall informationregarding
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ofl~horeandnearshorestationsoccupiedeachquarterforthecollection ofchemicalpollutant

data.

3.1.4 NonpointSourceChemicalMonitoring

Thereexistsnodatabasefor chemicalpollutantmonitoringin nonpointsourcewaters

flowing to Mamala Bay. MamalaBay Study investigatorsestimatedpollutant loadingto

MamalaBay, andfoundit necessaryto usedatafrom theNationalUrbanRunoffProgram

(NURP) studiesasa surrogatefor empiricaldata.The estimatedimportanceof nonpoint

sourceloadingofpollutantsto MamalaBaymakesit essentialthatmonitoringfor thepurpose

ofmeasuringchemicalpollutantsandcontaminantsflowing to MamalaBaybeintegratedinto

theoverall MamalaBaymonitoringprogram.

Status:TheCity andCountyofHonoluluhasanNPDESpermitfor thedischargeof

nonpointsourcewastewaterto MamalaBay. As of thedateofthis writing, programsfor

monitoringchemicalconstituentsin nonpointsourceswerein thedevelopmentalstage.

Data Gaps:To ourknowledge,thereareno monitoring dataon chemicalpollutants

oftoxic andpotentiallytoxic contaminantsin nonpointsourceflows enteringMamalaBay.

Individualstudiesofpollutantloadsandbacteriaconcentrationsin streamsenteringthesub-

embaymentsofMamalaBayhavebeenconducted,andgagingdataexist for anumberof

permanentstreamsin theMamalaBaywatershed.

Virtually all nonpointsourceflow from theMamalaBay watershedentersone or

anotherof the sub-embaymentsbeforedischargeto MamalaBay. Accurateestimatesof

nonpointsourcepollutantloadingto MamalaBaycanonly bemadeaftermonitoringdataon

chemical concentrations,particle-association,and settling in sub-embaymentshave been

collected.

Recommendationsfor FutureMonitoring: Severalconsiderationsmustbeaddressed

in the designof nonpoint sourcepollutant monitoring. The first, and perhapsthe most

important,is to beableto establishnot only theidentity andconcentrationofpollutantsand

contaminantsin nonpointsourceflows, but alsoto be ableto identify the sourcesof the

ProposedMamalaBay Monitoring Program - DiscussionDocument
Page9



pollutantsin nonpointsourceflowsasaprerequisitefor implementationofpossibletreatment

or management.The secondconsiderationis to be ableto accuratelydefinethe extentto

whichpollutantsandcontaminantsassociatedwith nonpointflow aretrappedandconfined

in thenaturalandsman-madesettlingbasinsthat alreadyexistin theMamalaBaywatershed.

Thethird considerationis to be ableto predictwith someaccuracywhatportionofMamala

Bayis influencedbynonpointsourcepollutantsthatentersub-embaymentsand, subsequently,

enterthenearshorewatersoftheBay.

SourcesofNonpoint SourcePollutantsin the MamalaBay Watershed:Potential

sourcesofpollutantsinnonpointsourceflows includenaturalweatheringofrocksand soils

in thewatershed,agriculture,domesticuseofchemicals,transportation,andindustry.Future

monitoringprogramsmustbe establishedsuchthat streamsdrainingdistinct sub-basinsofthe

watershedcanbe sampledat pointsaboveandbelowmajorpotentialsourcesofnonpoint

sourcepollutants.For example,streamsdraining from mountainpreserveareasthrough

suburbanandurbanareasshouldbe sampledat multiplepoints suchthat baselinepollutant

concentrationscanbemeasuredasdistinct from pollutantscontributedfirst, by rural and

suburbanareas,and secondarily,by urban areas.In a similar manner,streamsdraining

mountainpreserveareasthat flow throughagriculturaldistricts prior to enteringrural,

suburban,andurbanareasmustbe sampledsuchthat baselinepollutantconcentrationscan

be measureddistinct from the agricultural contribution, rural contribution, suburban

concentration,and urban contribution. Within rural areas,sampling stationsmust be

establishedsuchthatdrainagefrom transportationcorridorscanbesampledin isolationfrom

backgroundflow, andsamplingstationsto collecturbanrunoffmustbeestablishedsuchthat

runofffrom industrialareascanbe distinguishedfrom otherportionsofthecity.

3.1.5 ChemicalMonitoring ofBiota

Fishesin MamalaBay that areconsumedby the humanpopulationare currently

subjectto monitoring undertheexistingNPDESpermitsfor theSandIslandandHonouliuli

WWFPs.Chemicalcontaminantsin fish andinvertebratetissuesfrom theAla WaiCanalare
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pollutantconcentrationsandpollutantloadingto MamalaBayfrom WWTPslosescredibility.

Recommendationsfor Future Monitoring: The frequency of WWTP effluent

monitoring is satisfactoryfor thedataneedsofregulatorsandmanagers.Themethodsused

for WWTP effluent monitoringof priority pollutantsare inadequateandprovidea limited

amountofusefuldata.Methodsfor theanalysisofpriority metalpollutantsin WWTP effluent

watersshouldbe changedto the EPA “200” series.Methodsfor the analysisof priority

organicpollutantsin WWTPeffluentwatersshouldbechangedto EPA “600” series.Future

monitoringreportsfor WWTP effluent datamustincludeall availablequalityassuranceand

quality controldata(QAIQC).

3.1.3 ReceivingWaterChemicalMonitoring

Monitoringfor chemicalpollutantsin thereceivingwatersofMamalaBay is restricted

to measurementof conventionalindicatorsofpollution (oil and Grease,light extinction,

turbidity, nitrogen[totalnitrogen,ammonia,nitrate,nitrite], totalphosphorus,andchlorophyll

a) atstationsin thezoneofinitial dilution, thezoneofmixing, andatnearshoreandoffshore

stationswith referenceto eachofthepermittedNPDESdiffuserdischargesin MamalaBay.

Status:Receivingwaterchemicalmonitoringis carriedout at a frequencyof four

timesperyear. In generalthedataareofhigh quality, andcanbeusedto evaluatewhether

the dischargeofnutrient chemicals(N andP) and suspendedsolidshaveany measurable

impactonproductivityin theMamalaBay system.Priority toxic pollutantsarenot included

in receivingwaterquality monitoring at the diffuser discharges,nearshoreandoffshore

stationsisrelatedto thefactthatpriority pollutants,like all theconstituentsin thedischarges,

aredilutedbyfactorsrangingfrom400to 1600 following passagethroughthedischargers,

andwould beunmeasurablein most instances.Estimationoftheconcentrationsofpriority

pollutantsandothertoxicantsin MamalaBay is accomplishedby theuseofmathematical

modelingofdiffusion, mixing, andtransportin thesystem.

Data Gaps: Thereareno substantivegapsin the datafor chemicalpollutantsas

relatedto the waters of Mamala Bay that are influenceddirectly by WWTP difihiser
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discharges.Thereexistsignificant gapsin thedataon chemicalpollutantsin thewatersof

MamalaBay thatareinfluencedbynonpointsources(surfacerunoffandurbanrunoff) that

enterthe Bay with dischargefrom the major sub-embayments.As shownby Stevenson

(1994),in his specialstudiesofdischargesfromtheAla WaiCanal,thequantitiesof chemical

(and bacteriological)contaminantsenteringthe nearshorewatersof Mamala Bay from

nonpointsourcescanbe substantiaL

Recommendationsfor FutureMonitoring. Carefulevaluationoftheexistingdataand

thedevelopmentofnewestimatesofinitial dilution ofwastesfromthedifiuiser dischargesin

MamalaBay shownonegativeimpacton thesystemin theimmediatevicinity ofthediffuser

dischargesandthe zonesof mixing. No dataexist relativeto pollutant concentrationsin

shorelinewatersundertheinfluenceoflandsidenonpointsources(streamsandstormwater

conduits.Futuremonitoringfor chemicalpollutants,asindicatedby conventionalmeasures

ofpollution, shouldbemodifiedsothatthescaleofcoverageis changedfrom local (focussing

on thediffuserdischarges)to regional(encompassingtheBayasawhole).

We recommenda reductionin thenumberof stationsoccupiedfor thetaking of

samplesfor chemicalpollutantsatthedifll.iser dischargesin MamalaBay. Samplesadjacent

to thedifluiser discharges(in thezoneofinitial dilution anin thezoneofmixing) shouldbe

reducedto atotalofthreefor eachdischarge(oneatthediffuser,and one,each,at theeastern

andwesternendofthezoneofmixing). Werecommendthattheareacoveredby offshoreand

nearshoresamplingstationsbe increasedto covertheentiretyofMamalaBay; for example,

aseriesofeight stationslocatedalongthe70 meterdepthcontour(thedepthofthediffusers),

and a seriesofeight stationslocatedalongthe20 metercontour(equivalentto nearshore

stations).Thedatafor the six difiliser stations,in combinationwith thedatafrom the 16

regionalstations,sampledon a quarterlybasis,will providesufficient datafor comparison

with existingdata,andwill serveas“ground truth” for verificationandvalidationofmodel

predictions of the fate and transportof chemicalpollutants throughoutMamala Bay.

Dependinguponthedegreeof concordancebetweenfield dataandmodelpredictionsover

thenextfive years,considerationshouldbe given to increasing,or decreasing,thenumberof
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analyzedon an annualbasis.TheNationalMusselWatchProgrammaintainsaprogramfor

thecollectionofHawaiianoysters(Ostreasandvicensis)from Barber’sPointandfrom Keehi

LagoonlHonoluluHarbor.

Status:Regularchemicalmonitoring offishesin MamalaBay is carriedout on an

annualbasisin the vicinity of the difluiser dischargesfrom SandIsland and Honouliuli

WWTPs.HawaiianoystersfromBarber’sPoint andKeehiLagoonaresampledandanalyzed

forchemicalcontaminantson an annualor semi-annualbasis.Fishandinvertebratesfrom the

Ala WaiCanalaresampledandanalyzedfor chemicalcontaminantson a sporadicbasis.

DataGaps:Theanalyticalmethodsappliedto fishescollectedin theannualsurveys

at and adjacentto the difluiser dischargesin MamalaBay arenot sufficiently sensitiveto

detectandmeasurechemicalcontaminants.We recommendthat moresensitivemethodsbe

appliedto thesesurveysamples.Samplingandanalysisof oystersin theNationalMussel

Watch program, and fish and invertebratesfrom the Ala Wai Canalprovideonly local

coverage.Thepotentialfor bioaccumulationofpollutantsbybiota throughoutMamalaBay

hasnotbeenevaluated.

Recommendationsfor FutureMonitoring: We recommendestablishinga regional

“MusselWatch” programin Mamala Bay whereinHawaiianoystersareharvestedfrom

pristine areasand implanted or suspendedat selectedsitesthroughoutMamala Bay.

Suggestedsitesfor deploymentoftheoysterswouldbeat thesitesofthe diffuserdischarges,

andat approximatelyfive additionalsitesthroughoutMamalaBay. At leasttwo ofthosesites

shouldbe 1)atthemouthofPearlHarbor,and2)atthemouthoftheAla WaiCanaLOysters

shouldbedeployedonce,yearly,andshouldremainin placefor aperiodgreaterthan30 days,

but not exceeding90 days.At the end of deployment,the oystersshould be harvested,

composited,andanalyzedfor afall suiteofchemicalcontaminants,includingmetals,base-

neutralorganiccompounds,andspecialtychemicalssuchasdiazinonanddioxins.

4.0 PhysicalMonitoring

Physicalmonitoringin MamalaBay at thepresenttime entailsthemeasurementof
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currentsandvariousoceanographicdatathat areusedin making predictionsof diffuser

dischargeplumesurfacingandmovementto beaches.Monitoring ofphysicalparametersat

andin thevicinity ofthedffluiser dischargesshouldbe maintainedat theircurrentlevel of

intensity.

5.0 BiologicalMonitoring

Biological monitoringis carriedout in theimmediatevicinity ofthediffuserdischarges

fromtheSandIslandandtheHonouliuli WWTPsaspartoftherequiredNPDESpermitsfor

these plants. Biological monitoring includes benthic infauna analyses, fish and

megainvertebrateanalysis,andcoralreefsurveys.Oneaspectofthebiologicalmonitoringfor

fish includesthe analysesoffishesconsumedby humansfor pollutantbody burdens(see

above).

5.1 BenthicInfaunaAnalyses

Status:Benthicinfliunal analysesin MamalaBaypresentlyfocuson localizedregions

adjacentto thedifihiserdischargesfromtheSandIslandandHonouliuli WWTPs.As noted

in thereportsdescribingtheoutcomeoffive years’analysisofbenthicpopulationsadjacent

to the difihiser dischargesin Mamalabay, thereis no evidenceto suggestthat thediffuser

dischargeshavehadanynegativeimpacton thebenthicinfaunalcommunity.

Data Gaps: Data gapsin the benthic infaunaanalysesin MamalaBay may be

describedasboth temporaland spatial.Thetemporaldatagap arisesbecausethebenthic

infhuna samplingforthetwo WWTP diffuserdischargesarespecifiedin theNPDESpermits

for differenttimes oftheyear;January/Februaryfor Honouliuli, andAugust/Septemberfor

SandIsland. The spatialdatagap arisesbecausethe benthic infauna sampling is highly

localized, and doesnot coverMamalaBay except in the areasadjacentto the diffuser

discharges.

Recommendationsfor Future Monitoring Mamala Bay Study investigators

recommendedin their summaryreportsthat futuremonitoring of the benthic infaunain
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MamalaBayshouldtakeinto accountthefull extentoftheBay, andshouldnotbe limited to

theareasnearthediffuserdischarges.We concurfully in that recommendation.Further,we

recommendthatbenthic infaunaanalysisshouldbestandardizedasto thetime ofyearthat

samplesaretaken.Thus,werecommenda benthicinfaunamonitoringprogramthat is carried

outonceperyear,coveringtheentiretyofMamalaBay, andthat benthicinfaunamonitoring

shouldproceedwith fewer stationslocatedimmediatelyadjacentto thediffuser discharges.

Monitoring of benthic infauna is recommendedat 15 stationsin MamalaBay,

comprisingeight stationsatthe30 m depthcontour,spanningthedistancebetweenDiamond

HeadandBarber’sPoint, and sevenstationsat the70 m depthcontourandspanningthe

distancebetweenDiamondHeadandBarber’sPoint. At leastfour ofthestationsatthe70

m depthcontourshouldcoincidewith stationsthat arecurrentlyoccupiedfor benthicinfauna

analysisunder the provisionsof the existing NPDES permits for the Sand Island and

Honouliuli WWTPs.All samplingandanalysisfor benthicinfaunashouldproceedaccording

to techniquesoutlined in the NPDES permit conditions, or modifications of methods

approvedby theHawaiiDept. OfHealthandtheUS EPARegionLX staff

5.2 FishandMegainvertebrateAnalysis

Status:Fishandmegainvertebrateanalysesfocuson localizedregionsatthesiteofthe

diffuser dischargesfrom the SandIsland and Honouliuli WWTPs, aswell asat inshore

locationsat the9 m depthcontour.As notedin thereportsdescribingtheoutcomeoffive

years’ analysisoffish andmegainvertebratepopulationsadjacentto thediffuser discharges

in Mamalabay, thereis no evidenceto suggestthat thediffuser dischargeshavehad any

negativeimpacton thefish ormegainvertebratecommunity.

Data Gaps:We considerthecoverageoffish andmegainvertebratepopulationsin

MamalaBay to beadequate.

Recommendationsfor FutureMonitoring: Monitoring for fish andmegainvertebrate

populationin MamalaBayshouldbe maintainedat currentlevelswith theprovisothat fish

andmegainvertebratepopulationsurveysshouldbe carriedout in a single season,ratherthan
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atdifferent seasonsasspecifiedin theNPDESpermit conditionsfor theSandIslandandthe

Honouliuli WWTPs.

5.3 CoralReefSurveys

Coralreefsurveysarecarriedout accordingto specificationslaid out in theNPDES

permitsfor thediffuser dischargesfromthe SandIslandandtheHonouliuli WWTPs. The

availabledatasuggestthat thecoralreefcommunitiesin MamalaBayarethriving andin the

processof recoveryfrom recentstormdamage.Coralreefsurveysshouldbemaintainedat

theircurrentlevelof intensity.

6.0 MicrobiologicalMonitoring

Bacteriologicalmonitoring is carriedout on aregularbasisthroughoutMamalaBay,

including in thenearshoreareasand on bathingbeaches.Thebacteriologicalmonitoringis

carriedout accordingto specificationsset forth in theNPDESpermitsfor theSandIslandand

theHonouliuli WWTPs.

Status:Bacteriologicalmonitoring in Mamala Bay includesthe measurementof

concentrationsoffecalcoliformsandClostridiumperfringens.MeasurementsofClostridium

werearecentadditionto theprogram.

DataGaps:Historicaldatausing concentrationsoffecal coliformsasanindicatorof

sewagecontaminationare probably of little use. The recent addition of Clostridium

measurementsto the bacteriologicalmonitoring effort assuresan increasedvalue of

bacteriologicalmonitoringasameasureofpotentialsewagecontamination.At presentthere

areno assaysthat allow thedirectmeasureofbacterial,viral, andprotozoanpathogensin the

MamalaBaysystem.

Recommendationsfor FutureMonitoring: Futuremonitoringofbacteriapopulation

in theMamalaBay watershedmustincludemeasurementofClostridiumperfringensasan

indicator organism. Further studies are recommendedfor the developmentof direct

measurementsofpathogenicorganismsin theMamalaBay system
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7.0 Bioassays

Bioassaysarecurrentlyemployedonly for theevaluationofthetoxicity ofeffluent

from the SandIslandandtheHonouliuli WWTPs.Thebioassaytestsperformedarethose

specifiedin theNPDESpermits,andincludewhole effluent toxicity measurementsusing

CeriodaphniadubiaandaHawaiianseaurchinspecies,andchronictoxicity evaluationsusing

thewaterflea (C. dubia), fish (eitherTilapia mossambicaor Corypheanahippurus),and

shrimp (eitherPenaeusvannameior P. monodon).Additional bioassaystudiesare also

specifiedin theNPDESpermitasrelatedto performanceoftoxicity reductionevaluations.

Therearenobioassaystudiescarriedout to determinethepotentialtoxicity ofany

otherwhole effluentsor diluted dischargeson thebiota ofMamalaBay.

Status:Effluent toxicitymonitoringis a critical aspectof evaluatingthepotentialfor

treatedeffluentto causeharmto thebiota in thevicinity ofthedischarge.We recommendthat

whole effluent toxicity andchronicbioassaystudiesbecontinuedat thecurrentfrequency

using thecurrentspeciesofchoice.

Data Gaps: Thereareno datawith which to evaluatethe potentialfor nonpoint

sourcewastewaterto causetoxicity in thebiotaofMamalaBay orits contiguouswaters.

Suchdatamaybe irrelevantin thecontextofthefactthat mostnonpointwastefrom the

MamalaBaywatershedenterssub-embaymentsandis subjectto somesettlingprior to the

dischargeofthewasteto theopenwatersofMamalaBay. Nonetheless,NPDESnonpomt

sourcedischargepermitsgenerallyrequiretheevaluationofnonpointsourcewastewatersfor

toxicity prior to dischargeinto receivingwaterbodies.We assumethat thisrequirementis

part ofthe MamalaBaynonpointsourcedischargepermit, and that suchstudieswill be

neededin the future.

Recommendationsfor FutureMonitoring: Futuremonitoringin MamalaBay should

includebioassaytestingofnonpointsourcewastedischargesfor chronictoxicity usingthe

EPA-approvedtestsfor at leastonespecies,Ceriodaphniadubia. In thoseinstanceswhere

chronictoxicity ofrawstormwaterdischargeis detected,furthertestsfollowing theprotocols

for Toxicity IdentificationEvaluationsshouldbe conducted.
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8.0 Conclusions

Theresultsofthe MamalaBay Studyareonly nowbeingfinalized.It is abundantly

clearfrom theresultsof the MamalaBay Study that the ecosystemremainshealthyand

productivedespitean ever-increasingload ofpollutantsand chemicalcontaminants.The

complexityofthesystemitsel1~andthehuman-inducedinfluenceson thesystem,suggestthat

futuremanagementofMamalaBayis bestperformedonawatershedbasis.Themonitoring

programsuggestedherein,therefore,comprisesaregional,ratherthanlocalprogram,with

anemphasison accumulationofdatafromthroughoutthewatershedaswell asthroughout

MamalaBayproper.
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