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1. Introduction

Hazardoussubstancesareroutinelyreleasedinto the environmentdueto predictable
continuousor intermittentemissionsfrom facilities. As aresult, peopleliving or workingin
communitiessurroundingsuchreleasesmaybe exposedto airbornetoxicants.Local airpollution
control officers andindustrialfacility operatorshavea needforclearguidanceaboutassessing
the chronichealtheffectsof hazardoussubstances.

The NationalAcademyof Sciences(NAS), throughthe NationalResearchCouncil (NRC),
recommendedthat theU.S. EPAmoreclearlydefine,andin somecaseschange,the methodsand
assumptionsusedto estimatethe healthrisksof exposureto hazardousair pollutants(NRC,
1994). In particular,NAS hasendorsedthedevelopmentofbiologically basedquantitative
methodsfor assessingthehealtheffectsof chemicalexposure.This includesincorporating
informationon mechanismsof actionandvariability amongpopulationsandbetweenindividuals
that mightaffectsusceptibilityto harm,suchas age,lifestyle, geneticbackground,sex,and
ethnicity. NAS acknowledgedthe continuedneedfor defaultassumptionsto address
uncertaintiesin assessingrisksamonga population.NAS hasrecommendedthatU.S. EPA (1)
identify eachuseof a defaultassumptionin risk assessment;(2) clearlystatethe scientific and
policy basisfor eachdefaultassumption;and(3) articulatecriteria for allowingdeparturefrom
defaultassumptions.NAS alsorecommendedthatU.S. EPA screenthehazardousair pollutants
identified in the 1990 CleanAir Act Amendmentsto establishpriorities for settingstandards,to
identify datagaps,andto developincentivesto expeditethe generationof databy other
governmentalagencies.

The Office of EnvironmentalHealthHazardAssessment(OEHHA) oftheCalifornia
EnvironmentalProtectionAgency(Cal/EPA) hasfollowed theNAS recommendationsin this
documentbyestablishinguniform, science-basedguidelinesto be usedin the estimationof
chronicexposurelevelsto protectthe generalpublic from long-termexposureto hazardous
substancesreleasedinto theenvironment.

1.1 Objective

The objectiveofthis documentis to presentamethodfor deriving inhalationexposurelevels
to protectthepublic from a lifetime of exposureto hazardousairbornesubstances.Thesehealth-
basedchronicexposurelevelsareprimarily for risk characterizationof routineindustrial
emissions.The guidelinesfordevelopingchronicinhalationexposurelevels incorporatemany
recommendationsof the U.S. EPA (1994)andNAS (NRC, 1994).

As defmedundertheAir Toxics“Hot Spots” InformationandAssessmentAct of 1987
(California HealthandSafetyCodeSection44300et seq.),arisk assessmentincludesa
comprehensiveanalysisof thedispersionof hazardoussubstancesin the environment,the
potentialfor humanexposure,andaquantitativeassessmentof bothindividual andpopulation-
wide healthrisksassociatedwith thoselevelsof exposure.This documentestablishesa

5



Determinationof NoncancerChronicReferenceExposureLevels
Do Not Citeor Quote. SRPDraft - May 1999

standardizedprocedurefor generatingthe healthbasedvalues(chronicreferenceexposurelevels)
usedfor assessingchronicnoncancerriskswithin the risk assessmentprocess.

In preparingthis document,OEHHA is respondingto legislationenactedin Californiain
1992. SenateBill (SB) 1731 (Statutesof 1992,Chapter1162)requiresOEHHA to developrisk
assessmentguidelinesfor implementingthe “Hot Spots”Act. AssemblyBill (AB) 2728
(Statutesof 1992,Chapter1161,CaliforniaHealthandSafetyCodeSection39660)addeda
mandateto theToxic Air ContaminantProgramthat all FederalHazardousAir Pollutantsbe
identified as Toxic Air Contaminants.The HealthandSafetyCodealsorequiresOEHHA to use
a marginof safetywhenestimatinglevelsof exposurethatmaycauseadversehealtheffects.This
marginof safetymustaccountfor diversitywithin humanpopulationsandfor uncertaintyrelated
to the applicabilityandcompletenessof theavailabledata.To helpmeettheserequirements,
OEHHA developedmethodsto estimatechronicexposurelevelsandderivedsuchlevelsfor
specificchemicals.The chronicexposurelevelsaredesignedfor use in the Air Toxics“Hot
Spots”Programandthe Toxic Air ContaminantProgrambut mayhavea varietyof applications
to relatedprograms.

OEHHA andthe Air ResourcesBoard(ARB) havesetup aprocedureto facilitate the
extensivepublic commentandpeerreviewnecessaryfor implementationof AB 2728 and SB
1731.This processincludesworkshopswith thepublic andreviewby the Scientific Review
Panelon Toxic Air Contaminantsadministeredby theARB.

The substanceslistedby the ARB to be quantifiedunderthe Air Toxics“Hot Spots”
programwere evaluatedandconsideredfor inclusionin this document.Thesubstanceson the Air
Toxics“Hot Spots”ProgramList includethose(1) determinedto be carcinogenicby the
InternationalAgencyfor Researchon Cancer(IARC), (2) listedby the U.S. EPA,including
hazardousair pollutants,(3) determinedto be hazardousby theU.S.NationalToxicology
Program(NTP), (4) determinedby the ARB to be Toxic Air Contaminants,(5) determinedto be
hazardousby the Stateof CaliforniaHazardEvaluationSystemandInformationService,or (6)
determinedto be carcinogensor reproductivetoxicantsby the Stateof Californiaunder
Proposition65. Thecompletelist of substancesthatmustbe quantifiedis containedin Appendix
C ofthis document.

Otherprogramsor agenciesmayalsorequirereviewor developmentof chronicexposure
levelsfor othermandatedor regulatorypurposes.The methodsdescribedin thisTechnical
SupportDocumentmaybeusedin derivingtheselevels.

1.2 Implementationof Risk AssessmentAdvisory Committee(RAAC) Recommendations

The Cal/EPARAAC is apanelof scientistsconvenedunderChapter418, Statutesof 1993,
HealthandSafetyCode,Section57004, to reviewthehealthrisk assessmentpracticeswithin
Cal/EPA.TheR.AAC hasissuedareporton its findings (RAAC, 1996). In thecompletionof
thisdocument,the RAAC recommendationswerecarefully considered.
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In general,the committeerecommendationswerewell addressed(Table 1). Complete
implementationof all committeerecommendationswill requireadditionaleffortsbeyondthe
scopeofthecurrentproject.In particular,developingalternativeapproachesto someareasof
uncertaintynow addressedwith defaultassumptionswill requireextensivedatacollectionand
analyses.

Table1. ImplementationofRAAC Recommendations

RAAC
Recommendation

Implementation

Formalizedpeer
reviewprogram

This documentis beingreviewedby an advisorycommitteeof non-
governmentalscientists(the state’sScientific ReviewPanelon Toxic
Air Contaminants).

Inputfrom risk
managersandfrom
external
stakeholders

This documenthasbeenreviewedby risk assessorsandmanagersof
the Cal/EPABoardsandDepartmentsandby representativesof the
Air Quality ManagementandAir PollutionControlDistricts. A
public commentperiodwasheldin October1997. This versionof
the documentwill be distributedfor commentto others,including
externalstakeholders.

Balancelevelof
effortwith
importance

The selectionof chemicalsfor intensivereviewin this documentwas
basedin parton the importanceof the chemicalwithin California.
Emphasiswasplacedon developinghealthlevelsfor those
substanceswith high emissionsor of concernto risk managers.The
projectincorporatedall availablerisk assessmentinformationfrom
U.S. EPA andotherauthoritativebodies.

Coordinateeffort
with US.EPA

•

The projectmadeuseof all availablerisk assessmentinformation
from U.S. EPA. All U.S. EPAReferenceConcentrations(RfCs)
wereadoptedwhichwereavailablein May 1996. LaterRfCsare
beingevaluatedon acase-by-casebasis. U.S. EPA RfC andU.S.
EPAReferenceDose(RfD) methodswerefollowed in the
developmentof new proposedRELs.

Incorporate
considerationof
effectseverity

Concernsthat severelyadverseandhighincidenceeffectsshouldbe
addresseddifferently frommild and/orrarely encounteredeffects
wereaddressedby incorporationof intermediate(3-fold) LOAEL
uncertaintyfactorsforthelattereffects.Additional researchwill be
neededto implementmoresophisticatedapproachesto this problem.
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1.3 Priority for Evaluationof Chemicals

The 95 chemicalsfor which chronicnoncancerreferenceexposurelevels (RELs)appearedin
the California Air Pollution Control OfficersAssociation(CAPCOA)Air Toxics“Hot Spots”
Program(Revised 1992)Risk AssessmentGuidelines(CAPCOA, 1993)wereconsideredfor
evaluation.Additional chemicalswereselectedfrom theARB list of Hot Spotssubstancesfor
whichemissionsneedto be quantified. Thesesubstanceswereselectedprimarily basedon (1)
themagnitudeofcurrentknownemissionsin California and(2) theavailability of a strong
scientific databaseon whichto estimatea chronicREL. The combinedlist of the 118 substances
thathavebeenevaluatedwith the methodsdelineatedin this TechnicalSupportDocumentis
providedin AppendixB. ChronicRELs for an additionalthreesubstances,acetaldehyde,diesel
exhaustparticulate,andperchloroethylene,havealreadybeenreviewedby the Scientific Review
Panelandadoptedby theARB.

1.4 Criteria for Developmentof ChronicReferenceExposureLevels

Chronicreferenceexposurelevelsareconcentrationsor dosesat orbelowwhich adverse
healtheffectsarenot likely to occur. A centralassumptionis thata populationthresholdexists
belowwhichadverseeffectswill not occurin apopulation;however,sucha thresholdis not
observableandcanonly be estimated.Areasof uncertaintyin estimatingeffectsamongadiverse
humanpopulationexposedcontinuouslyoveralifetime areaddressedusingextrapolationand
uncertaintyfactors.

Protectionagainstcarcinogenicityandagainstadversehealtheffectsof short-termexposures
arenot consideredin theseguidelines.For thisreason,chemicalsshouldbe evaluatedseparately
for theircarcinogenicpotentialandadditionalacutehealtheffectsthatmayoccur.Methodsfor
theseevaluationsareprovidedin theOEHHA documentsentitledAir ToxicsHot SpotsProgram
Risk AssessmentGuidelines.PartII. TechnicalSupportDocumentforDescribingAvailable
CancerPotencyFactors(1999)andPartI. TechnicalSupportDocumentfor theDeterminationof
AcuteReferenceExposureLevelsforAirborneToxicants(1999).

The concentrationat or belowwhichno adversehealtheffectsareanticipatedin thegeneral
humanpopulationis termedthereferenceexposurelevel (REL). RELs arebasedon themost
sensitiverelevantadversehealtheffect reportedin the medicalandtoxicologicalliterature. RELs
aredesignedto protectthe mostsensitiveindividualsin the populationby the inclusionof
marginsofsafety.

RELs areusedby theAir Toxics“Hot Spots”Programas indicatorsofpotentialadverse
healtheffects. A “hazardindex” approachis usedto estimatepotentialhealtheffectsresulting
from hazardoussubstancesby comparingmeasuredor modeledexposurelevelswith RELs. This
approachassumesthatthe combinationof multiple sub-thresholdexposurescould result in an
adversehealtheffect. (Pleasereferto the documenttitled CAPCOA Air ToxicsHot Spots
ProgramRevised1992 Risk AssessmentGuidelines(CAPCOA, 1993)for a detailedexplanation
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ofthis method. This documentcanbe obtainedfrom CAPCOAby calling (530)676-4323or
throughtheir websiteathttp://www.capcoa.org.)

The healtheffectsdatafor somechemicalsareinadequatefor theestimationofa REL. The
amountof dataandthequalityof theinformationwill ultimatelydeterminewhetherachronic
REL is derivedfor a specificchemical. However,inclusionsofmarginsof safetycanbe usedto
addressthecommondatagapsencounteredin risk assessment.In manycases,chronicRELs
could notbe developed.In theseinstancesit wasjudgedthatthe datawerenot relevantto
inhalationexposure,that too muchuncertaintyexistedin the calculation,or thatdevelopmentof
anumberbasedon the limited datacould ultimatelymisleador harmthepublic. As moredata
becomeavailableovertime, somechronicRELs maybeaddedor reevaluated.

ExposureaboveaparticularchronicREL mayor maynot leadto the developmentof
adversehealtheffects. Conversely,theremaybe individualsexhibiting idiosyncraticresponses
(unpredictablehealtheffects)atconcentrationsbelowthechronicRELs. Healtheffects
associatedwith individualchemicalsarepresentedin AppendixA.

1.5 Populationof Concern

ChronicRELsaredesignedto protectthe individualswholive orwork in thevicinity of
emissionsof thesesubstances.The generalpopulationconsistsof individualswith awide range
of susceptibility(Figure1). The susceptibilitymaybe transitoryor chronic. The general
populationincludessomepeoplewho arelikely to be especiallysusceptibleto developing
adverseeffects(e.g.,theveryyoung,theelderly,pregnantwomenandthosewith acuteorchronic
illnesses).ChronicRELs are intendedto protectindividualswith low susceptibilityfor chemical
injury aswell asidentifiablesensitivesubpopulations(high-riskindividuals) from adversehealth
effects. Lesssusceptibleindividualsarehealthyadultswithoutanygeneticor biological
predispositionthat mayincreasethesensitivityto thechemicalof concern.Highly susceptibleor
sensitiveindividualsmayinclude thosewith increasedexposure(e.g.,children,adultsengagedin
physicalactivity), thoseundergoinggreaterphysiologicalchange(e.g.,children,pregnantwomen
andtheir fetuses),individualswith impairedphysiologicalconditions(e.g.,elderlypersons,
personswith existingdiseasessuchaslung, heartor liver disease),andindividualswith lower
levelsofprotectivebiological mechanismsdueto geneticvariability within the population(U.S.
EPA, 1990). However,thechronicRELs maynot necessarilyprotecthypersensitiveindividuals
(thoseexhibitingidiosyncraticresponsesthat cannotbepredictedfrom studyingthe healtheffects
of the substance).

Becausethe truerangeof variability is unknown,theremaybe aproportionof thepopulation
for whomthechronicRELswill not be fully protective. It is OEHHA’s intentthatthe levelswill
protectnearlyall individuals,includingthoseidentifiableat the highendof susceptibility.
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Figure1. Distribution of humansusceptibilityto adverseeffectsofchemicalexposure
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1.6 ExposureConcentrationAveragingPeriod

The exposureperiodofconcernin thedevelopmentofchronicRELsis afull lifetime, which
encompassesperiodsof potentiallyincreasedsusceptibilityto adversehealtheffectsfrom
chemicalexposure,particularlyduringchildhoodandthe lateryearsof life. The chronicREL is
intendedto beprotectivefor individualsexposedcontinuouslyovertheirlifetime. Scientificdata
availableto assesstheseeffectsgenerallyconsistofdiscontinuousexposuresoverashorter
interval. In suchcasesdefaultor chemical-specificassumptionsarerequiredto estimate
concentrationscausingcomparableeffectsif exposureswere to be continuedovertheentire
lifetime. Fromapracticalstandpoint,chronicexposurefor humansis consideredto be greater
than12%ofa lifetime of70 years. Thus,humanexposuresofgreaterthan8 yearsareconsidered
chronicexposuresandarenot adjustedeitherin their calculationor application.

1.7 Effectsof Multiple ChemicalExposures

Concomitantexposuresto morethanonechemicalmaycauseeffectsthat areequalto, less
than,orgreaterthanpredictedfrom effectsobservedwith exposuresto theindividual chemicals
(Ikeda,1988; Jonkeretat, 1990). Of the thousandsofpotentialcombinationsofchemicalsin
commonuse,only a small fractionhavebeentestedfor thepotentialthatcombinedexposures

Increasing concentration >
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could havesynergisticor antagonisticproperties. Theeffectsofmultiple chemicalexposureson
humanhealthremainan areafor future study.

1.8 Pre-ExistingExposureGuidelines

Chronicexposurelevelshavebeenderivedusingseveraldifferentapproaches.Furthermore,
inhalationexposurevaluesestimatedusingaconsistentbasisto protectthe generalpublic,
notablythe U.S.EPA RfCs,areavailablefor only afew dozenchemicals.Othervaluesdesigned
for the protectionof the generalpublic, inparticulartheU.S. EPAreferencedoses(RfDs), are
availablefor manymorechemicalsbut are intendedprimarily to dealwith non-inhalation
exposuresto chemicalsandareusuallybasedon toxicity dataobtainedfollowing ingestionor
dermalexposure.It is very likely thatthe ingestionanddermalrouteswouldunderestimatethe
healtheffectsof inhalationexposure,unlessthehealtheffect is anidentifiablesystemiceffect.If
the effect is systemic,thenappropriateadjustmentsfor absorptioncanbe made. Occupational
exposureguidelines,whichareavailablefor hundredsof substances,havebeenusedin many
statesto deriveinhalationexposureguidelinesfor the generalpublic. Thesevalues,however,
haveaninconsistentbasisandin manycaseshavenot incorporatedrecentlyavailabledata.

1.8.1 U.S. EPAReferenceConcentrations

The U.S. EPA presentedaninhalationreferenceconcentration(RfC) method(JarabeketaL,
1989; U.S.EPA, 1994). TheRfC is comparableto earlierAcceptableDaily Intake(ADI) and
RfD methodsbut addressesinhalationspecificissuessuchas respiratorydynamicsandinhalation
delivereddoses.

1.8.2 U.S. EPA ReferenceDoses

The U.S. EPAhasemployedan ADI approachfor derivinglevelsto protectexposed
populationsfrom noncarcinogenicadverseeffectsof pesticidesin foodstuffsandpollutantsin
ambientwaters(FederalRegister,1980). U.S. EPAdevelopedanoral referencedose(RfD)
conceptin 1987 (BarnesandDourson,1988). The RID is comparableto previousADI methods
butpresentsamoredevelopedprotocolfor studyselection,identif~iingNo ObservedAdverse
EffectLevels(NOAEL5),applyinguncertaintyfactors,andassessingthe weightof evidence.As
of May, 1996,U.S. EPA RfDs wereavailablefor over 200 substances(U.S. EPA, 1996). The
majorlimitation of thesevaluesis thattheyarealmostentirelybasedon noninhalationexposure
dataratherthaninhalationexposuredata.

1.8.3 OccupationalThresholdLimit Values

• Occupationalexposurelimits havebeenusedto derivechemicalexposureguidelinesfor the
generalpublic (NationalAir ToxicsInformationClearinghouse,1991; RobinsonandPaxman,
1992). As of May, 1996,morethan600AmericanConferenceof GovernmentalIndustrial
Hygienists(ACGIH) TLVs (ACGIH, 1996)andNationalInstitute for OccupationalSafetyand
Health(NIOSH) RELs(NIOSH, 1990)wereavailable. Thesevalueshavebeenattractive
becauseof the largenumberof availablevaluesandthe conceptthat theyareintendedto protect
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ahumanpopulationfrom inhalationexposures.Howeverthesevalueslack a consistentbasis,are
not designedfor or recommendedfor protectionof the generalpublic, andin manycasesmaynot
preventadversehealtheffectsamongmostworkers(RoachandRappaport,1990).

1.8.4 California AmbientAir Quality Standards

California AmbientAir Quality Standards(CAAQS) areavailablefor criteriaair pollutants
(CAPCOA, 1993). Wheredefinedaccordingto a basisappropriateto lifetime exposures,the
CAAQS wasadoptedasthe chronicinhalationREL.

2. HazardIdentification

2.1 Selectionof Key Studies

An importantstepin the developmentof achronicREL is the identificationof research
studiesthat contributemostsignificantly to theweightof evidenceas to thedegreeof hazard
presentedto humansby a particularsubstance(U.S. EPA, 1994). Thesestudiesmayinvolve a
humanpopulationstudiedin anepidemiological,clinical, case,or experimentalexposuresetting,
or theymayinvolve experimentalstudieswith animals.The key studiesaregiven greatest
weightin estimatingathresholdfor adverseeffects andin identifying the natureofthe critical
adverseeffect.

2.1.1 HumanData

Humandataarelogicallymostrelevantto assessinghumanhealtheffectsassociatedwith
chemicalexposures.Much ofthe availablehumanexposuredatais via inhalation. Principlesfor
evaluatinghumanexposurestudiesfor usein determininghealth-basedexposurelevelshave
beendiscussed(NRC, 1985).

Threetypesof humanstudieshavebeenusedin assessinghealtheffectsof chemicals:(1)
epidemiologicalstudies,(2) controlledexposureexperiments,and(3) casereports. Eachof these
threestudytypescanprovideimportant informationneededto protectpublic health. Whenusing
thesestudiesfor risk assessment,severalfactorsareimportantin evaluatingtheir quality andin
determiningthelevelof certaintyassociatedwith their use.

2.1.1.1 EpidemiologicalData

Epidemiologicalstudiesgenerallyresultin dataon effectsof chemicalexposureto a large
numberof persons.Areasof concernincludeexposuremeasurement,healtheffects
measurement,andaccountingfor covariablesandconfoundingvariables. The populationstudied
oftenconsistsof employeesexposedatthe workplaceto varyingconcentrationsof airborne
chemicals.

Exposuremeasuresfrequentlyrepresentthe greatestweaknessof availableepidemiological
studies. Continuous,long-termexposuremonitoringof individual subjectsisrarelyavailable.
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Frequentlyit is necessaryto uselimited, short-termexposuremonitoringdata,which in many
casesarenot specific to the individualsunderstudy, in orderto deriveanestimateof whatthe
individual exposuresmayhavebeen.Occupationalexposuresmayvaryover timeas industrial
hygienepracticeschangeandindividualschangejobs. The degreeto whichair concentrations
canbeadequatelyestimatedis critical in determiningtheusefulnessof an epidemiologicalstudy.

Healtheffectmeasuresin epidemiologicalstudiesalsofrequentlydiffer from thosereported
in experimentalanimalstudiesandmustbe carefully examined.Humanhealtheffect
measurementgenerallyconsistsof recordingobservableeffectsandconductingnon-invasive
tests. Healtheffects dataarecomparedwith thosecompiledfrom a non-exposedgroupandmay
be presentedas incidence,standardizedmortality ratios,or relativerisk ratios. Healtheffects
with along latencymaybe missedif thetimeperiodof the studyis inappropriate.

Co-variablesandconfoundingvariablesshouldbe controlledor removedfrom the study.
Co-exposureto otherchemicalsis animportantconcernas apotentiallyconfoundingeffect.

Occupationalstudiesraisean additionalconcernin thatgenerallyhealthyworkersmaybe
lesssensitiveto the adverseeffectsof chemicalexposuresthanothersin the generalpopulation,
including children,the elderly,andpersonswithpreexistingmedicalconditions. Biasmayalso
be presentwhereaworkplaceis disproportionateby gender(NRC, 1985).

Negativeepidemiologicalstudiespresentan additionaldifficulty in interpretation.
Estimatingthepowerofthe studyto detectadverseeffectscanbeusefulin providingan
indicationofthe maximumincidenceconsistentwith the failureto showthatthe exposedgroup
was statisticallydifferentfrom the control group.

2.1.1.2 ControlledHumanExposureStudies

Controlledexposurestudieshavethe advantagesof havingquantifiedexposure
concentrationsandof beingconductedwith humansubjects,thuscombiningtwo important
featuresof humanepidemiologicalandanimaltoxicity studies(HackneyandLinn, 1983). The
limitations of suchstudiesarethat theyusually(1) involve smallsamplesizes,(2) areof very
shortexposureduration,and(3) assesseffectsthroughnoninvasiveandsometimessubjective
measurementsthatmightmisssignificanthealtheffects.

2.1.1.3 CaseReports

Individual casereportsof adverseeffectsassociatedwith exposuresto a chemicalcanbe
useful,especiallyasqualitativeconfirmationthateffectsobservedandquantifiedin animalsalso
occurin exposedhumans.Thesereportsaregenerallynot appropriatefor quantitationbecauseof
the very smallsamplesize andthe unquantifiedexposures(Goldstein,1983). Exposuresare
frequentlymuchhigherthanthresholddoses,with seriousinjury occurring.Multiple case
historieswith the sameendpointareespeciallyrelevant.
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2.1.2 Animal Data

Over4,000chronicanimalexposurestudieshavebeenconducted.Many ofthesestudies
wereprimarily concernedwith assessingchemicalcarcinogenicpotential,thoughevaluationsof
noncancerhealtheffectsweregenerallyincluded(Gold etat, 1991).

Identificationof the mostappropriateanimalspeciesrequiresconsiderationof all available
datarelevantto predictionof humaneffectsfrom animalobservations.Studiesof the most
sensitiveendpointshavefrequentlybeenselectedas keystudies. Themostsensitiveendpoint
will beinfluencedby therelativesensitivityof speciestestedandby therelativesensitivityof
testsemployed.However,theanimalspeciesmostsensitiveto a substanceis not necessarilythat
mostsimilar to humansin developingadverseeffectsfrom aparticularexposure.Selectionof
the animalmodelandkeystudycanbeinfluencedby whatis knownabouthumanhealtheffects,
andrelevantareasof similarity anddissimilarity betweenhumansandthe animalspeciesmaybe
established(Calabrese,1983). Comparisonof humanandanimalpharmacokinetics,metabolism,
andmechanismof actionmaybeusefulin selectingtherelevantanimalmodel for predicting
humanhealtheffects. However,in most instancesit is notpossibleto determinewhich speciesis
morelike humansin responseto achemicalexposure.

An experimentalstudyshouldhavea clearrationaleandprotocol,useGoodLaboratory
PracticeStandards,anduseappropriateanalysismethods. Experimentalstudydesignsand
criteriarecommendedby theNTP havebeenreviewed(Chhabraetal., 1990). Appropriate
statisticalanalysisof the resultsis important(Muller etal., 1984). However,the goalof
protectingpublichealthmustbe weighedwith experimentaldesignso that importantendpoints
arenotmissedandso thatresponsesof relevantspeciesarenot ignored. Furthermore,it is
importantthattherenot beanydisincentiveto conductinggood studiesin orderto avoidthe
establishmentof referenceexposurelevels.

2.2 Weight of Evidence

U.S.EPA hasuseda categoricalrankingof theweight-of-evidencefor U.S. EPA RfCs
(U.S. EPA, 1997).OEHHA hasnot adoptedsucha formal scheme,but a descriptiveanalysisof
strengthsanduncertaintiesof eachRELhasbeenpresented.Issuessuchas observationof a
dose-responserelationship,reproducibilityof fmdings,andmechanismof actionweregiven
weightin the OEHHA evaluationof chronicinhalationRELs.

2.2.1 Strengthof AssociatedAdverseHealthEffect

The strengthof anassociationbetweenchemicalexposureandadverseeffect is assessed.
Strengthof associationcanbe measuredin termsof high observedeffect incidenceor relative
risk, statisticalsignificanceof differencesbetweencontrol andexposedgroups,andapositive
dose-responserelationship.Forexample,if an adverseeffectnotedin alow exposuregroupwas
not notedin ahighexposuregroup,evidencefora causalassociationbetweenthe chemical
exposureandthe effect is greatlyreduced.
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2.2.2 Consistencyof AssociatedAdverseHealthEffect

Consistencyof anassociationbetweenchemicalexposureandadverseeffect is also
evaluated.Relevantobservationsincludesimilarity of effectsnotedin differentstudiesand
amongdifferentpopulationsand/orspecies,andconsistencyofeffect for differentroutesof
exposure.Forexample,if aneffectwasnotedin only one ofmany studiesof aparticularstrain
of laboratoryrodent,evidencefor acausalassociationbetweenthe chemicalexposureandthe
effect is weakened.

2.2.3 Specificityof AssociatedAdverseHealthEffect

If an adversehealtheffect is specificto exposureto a substance,the casefor causalityis
strengthened.Suchhighly specificrelationshipsareunusual,however,as chemicalexposures
generallycausemultipleeffectsandchemical-inducedhealtheffectsaresometimescomparable
to similarhealtheffectsof knownor unknownetiology observedin the absenceof exposure.

2.2.4 TemporalAssociation

To strengthenthe causalrelationship,the adversehealtheffectshouldoccuratatime
following exposurethat is consistentwith the natureof theeffect. For example,respiratory
irritationimmediatelyfollowing exposureto anirritant vaporis temporallyconsistent,whereas
effectsnotedyearslatermaynot be. Onthe otherhand,tumorsnotedimmediatelyfollowing
exposuremightbe temporallyinconsistentwithacausalrelationship,but tumorsarisingaftera
latencyperiodof monthsor yearswould betemporallyconsistent.

2.2.5 Coherenceof AdverseHealthEffect

Coherenceor scientific plausibilityof the associationis alsoexamined.This is assessedin
termsof evidencethattheeffectsareconsistentwith whatis knownaboutthe pharmacolcinetics
andmechanismof actionofthe chemical.

3. DoseResponseAssessment

3.1 Estimationof Thresholdor Low ResponseConcentrations

Noncancerhealtheffectsassessmenthasbeenrootedin the conceptthatathreshold
concentrationor doseexistsbelowwhichno adverseeffectswouldoccur. While suchthresholds
areobservedamongindividuals,the existenceandmagnitudeof apopulationthresholdbelow
whichno membersof thepopulationwouldexperienceadverseeffectscannot be demonstrated.
Theentire populationof concernis not examined,rathera sub-populationfrom which inferences
aredrawnis studied. Therefore,it is not possibleto distinguishwhetheraconcentrationis truly
belowapopulationthresholdlevel for an adverseeffector is ratheralevel associatedwith a
relatively low incidenceof adverseeffectswhichcannotbe distinguishedfrom backgroundrates
in the population.
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3.1.1 Useof No-Observed-Adverse-Effect-Levels(NOAEL)

A No-Observed-Adverse-Effect-Level(NOAEL) maybe definedas anexposurelevelwith
no biologicallyor statisticallysignificant increasein the frequencyor severityof adverseeffects
amonganexposedpopulationrelativeto a control group.TheNOAEL mustbe temperedby
appropriatestatisticalinterpretation. A NOAEL is sometimesincorrectlyviewedas an estimate
of athresholdlevel for adverseeffects.However,a NOAEL could be associatedwith a
substantial(1 — 20%)but undetectedincidenceof adverseeffectsamongthe exposedpopulation,
or alternativelyit couldbe many-foldlowerthanatruepopulationthreshold(Gaylor, 1992;
LeisenringandRyan,1992.) This is sobecauseonly asubsetof individualsfrom the population
hasbeenobserved,andbecausethe experimentmaynot havebeendesignedto observeall
adverseeffectsassociatedwith the substance.Thereforeonemaynot safelyconcludethatthe
studyconcentrationor doseis not associatedwith anyadverseeffects.Experimentalexposure
levels areusuallyselectedafterconsiderationof certainfactors,suchasthe demonstrationin a
prior study of toxicity atthatconcentrationwith a shorterexposureduration.

In general,OEHHAhasconsidereda NOAEL without anassociatedLOAEL identified in
thesamestudy(termeda free-standingNOAEL) to beacceptableforusein derivinga chronic
REL, as longas theoverall healthhazardinformationforthat substanceis consistentwith the
NOAEL study.For example,in manycasesshorterdurationstudiesinvolving slightly higher
concentrationshavereportedadversehealtheffects.

3.1.2 UseofLowest-Observed-Adverse-Effect-Levels(LOAEL)

A Lowest-Observed-Adverse-Effect-Level(LOAEL) maybe definedas thelowestexposure
levelwith abiologicallyorstatisticallysignificantincreasein the frequencyor severityof
adverseeffectsamonganexposedpopulationrelativeto a control group.The highestexposure
concentrationwhich resultsin biologic effectsthatarenot consideredadversemaybe termedthe
lowestobservedeffect level (LOEL); this is identicalto the NOAEL (U.S. EPA 1994). If a
NOAEL is not identifiable from the literature,it is estimatedfor thepurposesof risk assessment
from the lowestexposureconcentrationreportedto producetheadverseeffectorLOAEL. An
uncertaintyfactoris appliedto the LOAEL to estimatethe NOAEL:

LOAEL/UF = NOAEL

A one-to-ten-folduncertaintyfactorhasbeenproposedto accountfor the higherhealthrisk
potentiallyassociatedwith a LOAEL comparedwith aNOAEL. This factorhasbeenconsidered
appropriatefor both inhalation(U.S. EPA, 1994)andoral routesof exposure.

The effectivenessof a ten-foldLOAEL-to-NOAEL uncertaintyfactorwasexaminedfor
severalinhalation(Mitchell etat, 1993,Alexeeffetat, 1997,Kadry etat, 1995)andoral
(DoursonandStara,1983)exposuredatasets. Mitchell etal. (1993)evaluatedthe LOAEL-to-
NOAEL ratio for 107subchronicandchronicinhalationstudies. Theyreportedthat 15 ofthe
107 studieshadLOAEL-to-NOAEL ratiosof 10 or greater. Alexeeffetat evaluated210acute
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inhalationstudiesfor 66 chemicalsandreportedthatthe LOAEL to NOAEL ratio for mild
effectshad90th and95th percentilesof 5.0and6.2,respectively.In contrast,the ratio of the
LOAEL for seriouseffectsto theNOAEL for all effectshad90th and9S~percentilesof 12 and
40, respectively.Kathy andassociates(1995)showedthat amonga smalldataset (4 chemicals)
LOAEL to NOAEL ratioswerelessthan5. However,whereonly aLOAEL hasbeenobserved,
the magnitudeof the differencebetweenthe observedconcentrationandthe maximum
concentrationwhereadverseeffectswould not be detectedis uncertain.

OEHHA followed U.S. EPAguidanceandprecedentin theuseofthisuncertaintyfactor.
U.S. EPA useof anuncertaintyfactor lessthantenappearsto be somewhatsubjectiveand
lackingin specificcriteria as to whenit is appropriate.OEHHA thusdevelopedspecificcriteria
for useof anintermediateuncertaintyfactor: (1) the effectwasof low severity(U.S. EPAgrade
5 or belowas describedin Table 2) and(2) the effectwasobservedin lessthan50% of subjects.
Theconcurrenceof thesetwo characteristicssuggeststhatthe exposureis likely tobe relatively
nearerto theNOAEL. It is suggestedthatanevaluationof the LOAEL to NOAEL relationship
be undertakento betterevaluatetheuseof this adjustmentfactor. Resultsof suchan analysis
couldbeusedto improvethe exposurelevel settingprocedurein the future.

Informationabovethedose-responseslopecould alsobeusedin derivingan intermediate
LOAEL UF, onthe groundsthatalesserUF wouldbe adequatewherethe dose-responseslope
wassteepcomparedwith acasewhereashallowdose-responserelationshipis observed.Where
adequatedataareavailable,it is likely thatabenchmarkconcentrationwouldbe used.

3.1.3 Estimationof a BenchmarkConcentration(BMC)

The importanceof dose-responserelationshipsin the evaluationof effectsof chemical
exposureis well established.TheNOAEL approachdoesnot explicitly incorporatethis
information. This led to explorationsof the conceptthata concentrationestimatedto be
associatedwith apredefinedlow risk couldprovidean alternativeto theNOAEL (Manteland
Bryan, 1961; Mantel etat, 1975; Crump, 1984;Doursonetat, 1985;Dourson,1986; Hartung,
1987; Gaylor, 1988;Lewis etat, 1988; Gaylor, 1989). Crump(1984)proposedthe term
“benchmarkdose”andextensivelyevaluatedthis concept.

Suggestedrisk levelshaverangedfrom onein onemillion (MantelandBryan, 1961)to 10%
(Doursonetat, 1985). U.S. EPAhasrecentlyadoptedthe useof a10%benchmarkderived
usingaWeibull modelin the derivationof chronicRfCs (U.S. EPA, 1997). The OEHHA has
suggestedthe useof a benchmarkof 1% incidence,andhasuseda5%benchmarkin the
derivationof acuteinhalationRELs (OEHHA, 1999). The rangeapproximatesthe lower limit of
adverseeffectdetectionlikely to occurin typical humanepidemiologicalandlaboratoryanimal
studies(Gaylor,1992). In the caseof a steepdose-responserelationship,the selectionof
benchmarkincidenceis not critical. Formanyacuteexposurestudies,1 and5%incidence
benchmarkconcentrationsdifferedonly slightly from the studyNOAEL (FowlesandAlexeeff,
1997).
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Table2. U.S. EPA effect severitylevels (U.S. EPA, 1994).

SeverityLevel EffectCategory Effect

0 NOEL No observedeffects.

1 NOAEL Enzyme inductionor otherbiochemicalchange,
consistentwithpossiblemechanismofaction, with
no pathologicchangesandno changein organ
weights.

2 NOAEL Enzymeinductionandsubcellularproliferationor
otherchangesin organelles,consistentwith possible
mechanismof action,but no otherapparenteffects.

3 NOAEL Hyperplasia,hypertrophy,or atrophy,but without
changesin organweight.

4 NOAEL/LOAEL Hyperplasia,hypertrophy,or atrophy,with changes
in organweight.

5 LOAEL Reversiblecellularchangesincluding cloudy
swelling, hydropicchange,or fatty changes.

6 (LO)AEL Degenerativeor necrotictissuechangeswith no•
apparentdecrementin organfunction.

7 (LO)AEL/FEL Reversibleslightchangesin organfunction.

8 FEL Pathologicalchangeswith defmiteorgan
dysfunctionwhichareunlikely to befully
reversible.

9 FEL Pronouncedpathologicalchangewith severeorgan
dysfunctionandlong-termseguelae.

10 EEL Life-shorteningor death.

NOEL - no observedeffect level;NOAEL - no observedadverseeffect level; LOAEL - lowest
observedadverseeffect level; AEL - adverseeffect level; FEL - frank effect level.

SeveralRfCsbasedon benchmarkconcentrationanalysesby U.S. EPAarepresentedin this
document. Severaldifferencesexistbetweenthe useof BMCs by U.S. EPA in its PlC
developmentandthatpreviouslyemployedby OEHHA. Giventhe currentlack of consensusin a
methodologyto incorporatebenchmarkconcentrationsin the developmentof inhalationreference
exposurelevels,OEHHA did not developadditionalchronic inhalationRELsusingthe
benchmarkconcentrationapproach.For somechemicalsan alternativebenchmarkanalysisis
provided,however. It is suggestedthatthisbeconsideredanareaof future analysisin orderto
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evaluatethe BMC procedurefurtherandto developvaluesusingthe approachin the
developmentof RELs.

3.2 Overviewof Extrapolationfrom StudyDatato HumanPopulation

A NOAEL observedin a studymaybea concentrationthat wouldcauseadverseeffects
amongthegeneralhumanpopulationexposedcontinuouslyovertheir lifetime. The chronicREL
mustalsoaddressuncertaintiesin the availabledata. Theseareasofuncertaintyareaccounted
for with the useof extrapolationfactorsor uncertaintyfactors.

Extrapolationmethodsareusedby OEHHA in derivingchronicRELs to accountfor (1)
exposurediscontinuityand(2) interspeciesdifferencesin exposure.Extrapolationfactorsare
basedon identificationof measurableattributesthatarejudgedto berelevantto addressingan
areaof concern.

Uncertaintyfactorsareusedby OEHHA in derivingchronicRELs to accountfor: (1) the
magnitudeof effectobservedat aLOAEL comparedwith aNOAEL (Mitchell etat, 1993;
DoursonandStara, 1983);(2) thepotentiallygreatereffectsfrom a continuouslifetime exposure
comparedto a subchronicexposure(Bigwood, 1973; DoursonandStara,1983;Lehmanand
Fitzhugh,1954);(3) thepotentiallygreatersensitivityof humansrelativeto experimentalanimals
not accountedfor by differencesin relative inhalationexposure(DoursonandStara,1983;
Vettorazzi,1976);and(4) the potentiallyincreasedsusceptibilityof sensitiveindividuals
(Vettorazzi,1976). In this documentthesefouruncertaintyfactorswill betermed(1) LOAEL
uncertaintyfactor (discussedin Section3.1.2); (2) subchronicuncertaintyfactor (discussedin
Section3.3); (3) interspeciesfactor(discussedin Section3.4); and(4) intraspeciesfactor
(discussedin Section3.5),respectively.

The useofuncertaintyfactorsfor determining“safe” or “acceptable”levelshasbeen
discussedextensivelyin thetoxicologicalliterature(AlexeeffandLewis, 1989; Bigwood, 1973;
DoursonandStara,1983; NAS, 1977; U.S. EPA, 1994; Vettorazzi,1976). Uncertaintyfactors
areusedwheninsufficient dataareavailableto supportthetise of chemical-specificandspecies-
specificextrapolationfactors. Historically,uncertaintyfactorshavemostoftenbeenorder-of-
magnitudefactors,indicatingthe broadlevel ofuncertaintyin addressingthe areaof concern.
MorerecentlyOEHHA andU.S. EPA haveused3-fold (the roundedgeometricmeanof 1 and
10) uncertaintyfactorsin areasestimatedto havelessresidualuncertainty(U.S.EPA, 1997).
While the geometricmeanis 3.16,an examinationof U.S.EPA RfCs demonstratedthat, in
practice,a single intermediateUF is calculatedby U.S. EPA as 3.00ratherthan3.16,while two
intermediateUFsusuallyaccumulateto 10. Thus,cumulativeuncertaintyfactorscould equal1,
3, 10, 30, 100, 300, 1000,or 3000.

3.3 EffectsofExposureContinuityandDuration

3.3.1 DifferencesbetweenContinuousandDiscontinuousExposures
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Studiesof adversehealtheffectsassociatedwith long-termexposuresof humansor
experimentalanimalsgenerallyinvolve discontinuousexposures.Commonlyencountered
exposurescenariosinvolve exposuresof 6 to 8 hoursper dayfor 5 daysperweek. OEHHA
RELs,however,areintendedto protectthe generalpublic who could beexposedcontinuously.In
practice,discontinuousfacility emissionsaregenerallyadjustedto acontinuousdaily or annual
average.

The defaultapproachadoptedfor thechronicRELs presentedin this documentto account
for differencesin effectsassociatedwith discontinuousandcontinuousinhalationexposuresto
substancesis anequivalenttime-weightedaverageapproach.This is the sameapproachusedin
the derivationofU.S. EPA RfCs (U.S. EPA, 1994).

The defaultapproachto estimatinganequivalenttime-weightedaverageconcentration
(CAvQ) from the observedconcentration(CoBs) in non-occupationalstudiesmaybe summarized
as:

CAvG = Co85x (H hoursper24 hours)x (D daysper 7 days)

Thedefaultapproachto estimatinganequivalentinhalation-weightedaverageconcentration
(CAvG) from the observedconcentration(COBS) for occupationallyexposedhumansis:

CAvG = CoBsx (10 m3/dayoccupationalexposure/ 20 m3/daytotalexposure)
x (D daysper7 days)

3.3.2 DifferencesbetweenLifetime andLess-than-LifetimeExposures

Studiesof adversehealtheffectsassociatedwith exposuresofhumansor experimental
animalsgenerallyinvolve less-than-lifetimeexposures.Commonlyencounteredexposure
scenariosinvolve occupationalexposuresof 5 to 20 years,or exposuresto experimentalanimals
over approximately10% of their lifetime. TheOEHHA chronicRELs,however,are intendedto
protectthe generalpublicwhocouldbe exposedovertheir entire lifetime.

The defaultapproachusedin this documentis to adoptthemethodof U.S. EPA to usea 1 to
10-folduncertaintyfactorfor subchronicexposures.Subchronicexposureshavefrequentlybeen
definedas thoselessthan10% of averagelife-span,exceptin the caseof mice andratswhere13
weekshasbeenconsideredsubchronic.

U.S. EPAhasincorporatedintermediateUFs, thoughtheirrationalefor selectinga
subchronicuncertaintyfactorhasnot beenclearlypresented,andinpracticeappearsto be based
on subjectivejudgment. To implementan intermediatesubchronicUF in responseto U.S. EPA
andRAAC recommendations,but usingaconsistentmethod,OEHHAusedthe following
approach:(1) exposureslessthan 8% of expectedlifetime weregiven a 10-foldUF, (2)
exposuresfrom 8 to 12% ofexpectedlifetime weregiven a 3-foldUF,and(3) exposuresgreater

20



Determinationof NoncancerChronicReferenceExposureLevels
Do Not Cite or Quote. SRPDraft - May 1999

than 12% of expectedlifetime weregivena 1-fold UF. Averagelife-spansassumedfor humans
andexperimentalanimalsarepresentedin Table 3.

Table 3. AverageLife-spansfor HumansandExperimentalAnimals

Species
Approximateaverafe

Life-span (years)
Subchronicexposure

duration (weeks)2

Baboon 55 � 286
Cat 15 �78
Dog 15 �78
Guineapig 6 �31
Hamster 2.5 � 13~
Human 70 �364
Mouse 2 � l3~
Rabbit 6 �31
Rat 2 �13
Rhesusmonkey 35 � 182

U.S. EPA (1988).
2 Subchronicexposures.areusuallydefinedas thoseoverlessthan10% of averagelifetime

(U.S. EPA, 1994).
Specialrule adoptedby U.S.EPA that exposuresof 13 weeksor lessare subchronic
regardlessof speciesinvolved(U.S.EPA, 1994).

Unlike the extensiveexposureconcentration-duration-effectanalysesthat havebeen
conductedfor acutelethality datain experimentalanimals,only limited work hasbeendoneto
comparethedifferencesbetweenacute,sub-chronic,chronicandlifetime exposurescenarios.

Kathy andassociates(1995)showedthat amongasmalldataset(6 chemicals)subchronic
NOAEL to chronicNOAEL ratioswerelessthan10. However,in a studyof publishedanimal
NOAELs for alargergroupof pesticides,Nair andassociates(1995) foundthat 19 of 148(13%)
subchronicto chronicNOAEL ratiosdifferedby morethan10-fold. Recently,the U.S. EPA
reportedthat, basedon an analysisof responsesto 100 substances,the subchronicto chronic
ratiosformeda distributionwith amedianvalueof 2 andanupper

95
th percentileof 15

(Swartout, 1997); the valueof 10 representsthe
90

th percentile.

3.4 DifferencesbetweenHumanandAnimal Susceptibilityto Toxic Effectsof Chemicals

A greatwealthof scientific informationshowsthatspeciesdiffer markedlyin anatomic,
physiologic, andmetaboliccharacteristics,andcanvarygreatlyin termsof susceptibilityto
adverseeffectsfrom exposureto chemicals.However,risk assessmentof chemicalsmustoften
rely on observationsof experimentalanimals. Of themanythousandsofchemicalsin existence,
mosthavenot beenstudiedin humanpopulations,and,wherehumanstudiesexist, frequently
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thereis verypoor knowledgeof exposures,andconfoundingfactorsrendercauseandeffect
conclusionsdifficult.

Thesedifferencescanbe addressedby consideringtwo specific issues:(1) the determination
of anequivalenthumanconcentrationand(2) accountingfor the potentialfor greaterhuman
susceptibilityto an equivalentdose.

3.4.1 Determinationof a HumanEquivalentConcentration

The humanequivalentconcentration(HEC)approachusedby U.S. EPA for RfCs (U.S.
EPA, 1994)wasadoptedby OEHHA for derivationof chronicinhalationRELs. U.S. EPA has
proposedanumberof differentHEC schemesdependingon the physicochemicalcharacteristics
ofthe substance(reactivegases,watersolublegases,water-insolublegases,andparticles)andon
the site oftoxic action(respiratoryeffectsandsystemiceffects). Someof the proposedEEC
approachesarevery data-intensiveandhavenot beenusedin practice.

U.S. EPAhasto dateimplementedonly threecategories:(1) gaseswith respiratoryeffects,
(2) gaseswith systemiceffects, and(3) particleswith respiratoryeffects. Of41 RfCs basedon
animaldatapresentedby U.S. EPA, 18 wereclassifiedas gaseswith respiratoryeffects,20 were
classedas gaseswith systemiceffects,and3 wereconsideredas particulateswith respiratory
effects. ThusOEHHA alsolimited its useof HEC extrapolationto thesescenarios.Themethods
employedhavebeenpresentedin detail in U.S. EPA (1994)andwill be briefly reviewedhere.

3.4.1.1 Gaseswith RespiratoryEffects

Theregionalgasdoseratio (RGDR)is calculatedasthe relativeminutevolume (MV) to
relativesurfacearea(SA) for the lungregionof concern:

RGDR= (MVa/MVh) / (SAa/SAh)

Default lungsurfaceareaestimatespresentedby U.S.EPA (1994)wereused(Table4).
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Table 4. DefaultLung SurfaceArea Estimates(U.S. EPA, 1994)

Species
~

Extrathoracic
surfacearea(cm2)

Tracheobronchial
surfacearea(cm2)

Pulmonarysurface
area(em2)

Guineapig 30 200 9,000

Hamster 14 20 3,000

Human 200 3,200 540,000

Mouse 3 3.5 500

Rabbit 30 300 59,000

Rat 15 22.5 3,400

Minutevolume (volumeinhaledperminute) is theproductof inhaledvolumeand
respiratoryrate. Minutevolumes(MV) in L/min for five animal specieswereestimatedfrom
body weights(BW) in kg with allometricrelationshipspresentedby U.S. EPA (1994):

log~(MV)= b0 +b1 log0(BW)
whereb0 andb1 areempiricallyderivedfactorsfrom adatabaseof MV and

BW valuesfor variousspeciesandstrains.

Bodyweightswereestimatedfromthe publishedexperimentalstudyunderreviewor, when
necessary,from strainandgenderspecificdefaultvaluespresentedby U.S.EPA (1994).
Intercept(bo) andslope(b1) valuesarepresentedin Table 5.

Table5. InterceptandSlopeParametersfor EstimatingMinuteVolume from BodyWeight

Species b0 b1

Guineapig -1.191 0.516

Hamster -1.054 0.902

Mouse 0.326 1.05

Rabbit -0.783 0.831

Rat -0.578 0.821
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3.4.1.2 Gaseswith SystemicEffects

Gasesleadingto systemichealtheffectswere calculatedusingthe defaultassumptionsused
by U.S.EPA for all systemicRfCs developedto date. The defaultmethodologyadjuststhe
averageexposureconcentrationby theregionalgasdoseratio (RGDR),whichfor systemically-
actinggasesis assumedto bethe ratio of the animalblood:airpartition coefficient (Hb/g)AtO the
humanblood:airpartition coefficient (Hb/g)jj. The following formulaedescribethe calculationof
the RGDRandHEC:

RGDR= (Hb/g)A / (Hb/g)H

HEC = Averageexposureconcentrationx (Hb/g)A / (Hb/g)H

Wheretherelevantblood:aircoefficientsareunknown,U.S. EPA recommendsassuming
that(Hb/g)A is equalto (Hb/g)H andthusthe RGDRfor systemiceffectsis assumedto equalone.
This assumptionwas usedfor all 20 RfCs that havebeendevelopedfor systemically-acting
gases.Chemical-specificdata,whereavailable,wereusedto estimatetheHEC for additional
REL valuesdeterminedby OEHHA. Wherespecies-specific,but not chemical-specific,data
wereavailable,the defaultassumptionof RGDR= 1 wasused.Wherebothspecies-specificand
chemical-specificdatawerelacking,no HEC calculationwasused,anda 10-fold interspeciesUF
wasapplied.

3.4.1.3 ParticulateswithRespiratoryEffects

The methodologyusedby U.S.EPAto derivea regionaldepositeddoseratio (RDDR)and
correspondinghumanequivalentconcentrationfor particulateswith respiratoryeffectsis more
data-intensivethanthatappliedto gases(U.S. EPA, 1994). U.S. EPAhasdevelopedacomputer
program,the U.S.EPAR.DDI?Program(U.S. EPA, 1994). To ensureconsistencywith U.S.
EPA RfCs,this programwasusedto calculateRDDRandHEC for OEHHA RELsfor
particulateswith respiratoryeffects. Experimentally-determinedvaluesfor theparticle
distribution,characterizedby the massmedianaerodynamicdiameter(MMAD) andgeometric
standarddeviation(sigmag), wereinput into theprogram,alongwith theidentity of the
experimentalspeciesandexperimentally-determinedor estimatedbodyweights.Minute
volumeswereestimatedfrom bodyweightsanddefaultestimatesof lungsurfaceareaswere
used. TheprogramoutputsdepositionandRDDRestimatesfor different lungregions.

A detailedpresentationofthe RDDRmethodologyhasbeenpresentedpreviously
(U.S. EPA, 1994). Briefly, the methodestimatesfractionaldepositionin different lung regions
for bothanimalspeciesandhumans,andcalculatesthe RDDRasthe ratioof animalfractional
depositionto humanfractionaldeposition. Fractionaldepositionis assumedto be dependenton
minutevolume,MMAD, sigmag, andprior depositionin regionsthroughwhich the particles
havealreadypassed.Depositionefficiency(DE), whichis unaffectedby prior deposition,is
calculatedfrom minutevolume,MMAD, andsigmag usingafitted logistic function. The
functionusesimpactiondiameter(x) estimatedfrom MMAD andminutevolume andis fitted for
a given specieswith two parameters(cc and 3, Table6):
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Flow rate(Q) = MV / 30
x=MMAD2xQ

a±j3loax
DE1/(1+e 010)

Then,fractionaldepositionis determinedby sequentiallydeterminingdepositionin extrathoracic
(El), tracheobronchial(TB), andpulmonary(PU) regions.

Table 6. Parametersfor DepositionEfficiencyEquation

Species a(ET) 3 (ET) a (TB) j3 (TB) a (PU) j3 (PU)

Human 7.13 -1.96 3.30 -4.59 0.52 -1.39
Rat 6.60 -5.52 1.87 -2.09 2.24 -9.46
Mouse 0.66 -2.17 1.63 -2.93 1.12 -3.20
Hamster 1.97 -3.50 1.87 -2.86 1.15 -7.22
Guineapig 2.25 -1.28 2.52 -0.87 0.75 -0.56
Rabbit 4.31 -1.63 2.82 -2.28 2.58 -1.99

3.4.2 Accountingfor PotentiallyGreaterHumanSusceptibility

The defaultapproachadoptedis to apply a 10-folduncertaintyfactorbasedon anassumption
thatanaveragehumanis likely to beat most10-foldmoresusceptibleto the effectsof the
substancethanexperimentalanimals.A factorof 10 is generallyincorporatedfor extrapolation
from animalsto humans.This is truly an“uncertainty” factorsincewe areunsurehowhumans
would respondin contrastto the animalstested. However,theuncertaintyfactoris basedon the
potentialfor greatersensitivityof humansandthe largersurfaceareaof humans(Krasovoskii,
1976; LewisandAlexeeff, 1989; Rall, 1969; Weil, 1972). Thisuncertaintyfactormethodology
is in contrastto practiceusedincancerrisk assessmentwhereanallometricsurfacearea
correctionanda95% confidenceintervalof the slopeof the doseresponseis used. This
approachis identicalto thatusedby U.S.EPA (1994)andrecommendedby NAS for drinking
waterstandards.Limited supportfor theconceptof aten-folduncertaintyfactorwasprovidedby
DoursonandStara(1983). Khodairandassociates(1995) showedthatamonga smalldataset (6
chemicals)animalNOAEL to humanNOAEL ratioswerelessthan4. Clearly, additionalwork
in this areais warranted.Furtherevaluationof the interspeciesuncertaintyfactorcouldbe done
by following the work of Hertzberg(1989)usingthe categoricalregressionanalysis. Recently,
Schmidtetat (1997)evaluatedinterspeciesvariationbetweenhumanandfive otheranimal
species. Sixty compoundshadhumandatathatcould bematchedto oneor moreanimalspecies.
The animalto humanratioof 10 representedapproximatelythe 85th percentile.

U.S. EPA (1994)hasusedhumanequivalentconcentration(HEC) extrapolationanda 3-fold
intermediateinterspeciesuncertaintyfactor. Thus,U.S. EPA hasgenerallyuseda 3-fold
uncertaintyfactor for RfC derivation,becauseits HEC derivationmayaccountfor part of the
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speciesdifferencesin susceptibility. The differencesaccountedfor would bethe dosimetric
differencebetweenthe species.The remaining3-folduncertaintyfactor is to accountfor
pharmacodynamicor responsedifferencesbetweenthe species.This modified approachwasalso
usedby OEHHA in this documentwheretherewere sufficientdatatojustif~’this approach.
Chemical-specificdatawereusedwhereavailable. Whenchemical-specificdatawerelacking
but species-specificdatawereavailable,healthprotectivedefaultassumptionswereused.Where
bothchemical-andspecies-specificdatawereunavailable,a 10-fold interspeciesuncertainty
factorwasused.

The 10-folddefaultuncertaintyfactorwouldonly be appliedafterconsiderationof other
factorsthatpotentiallymight affectthe validity ofthe defaultassumption.Suchfactorsinclude
differencesbetweenhumansandthe testspecies,suchasin absorption,distribution,and
metabolism,thatwould serveasabasisfor predictinginterspeciesdifferencesin susceptibility.It
wouldonly be appliedin thosecaseswhereanHEC couldnot be estimated.

3.5 IncreasedSusceptibilityof SensitiveIndividuals

ChronicRELs areintendedto protectidentifiablesensitiveindividualsfrom harmdueto
chemicalexposure.However,RELs maynot necessarilyprotecthypersensitiveindividualswho
maydevelopanidiosyncraticresponse(including allergichypersensitivity).

Susceptibilityto harmfrom chemicalexposuremayvaryamongindividualsdueto genetic
variability within thepopulation,resultingin lower levelsof protectivebiologicalmechanismsor
increasedmetabolicactivation(Hattisci at, 1987;U.S.EPA, 1994; Eichelbaumetat, 1992;
Grandjean,1992).

Susceptibilityto chemical-relatedhealtheffectsmayvary overtime for the sameindividual
dueto changingfactorssuchas age,healthstatus,andactivity level. Thus, sensitiveindividuals
mayincludechildren,pregnantwomenandtheir fetuses,elderlypersons,personswith existing
diseasessuchas lung,heartor liver disease,andpersonsengagingin physicalactivity (U.S. EPA,
1994). Otherfactors,suchas acuteillness,maycauseshort-termvariationsin individual
susceptibility.Seasonalchangesin absorptionandtoxicity havealsobeennotedin laboratory
animals(Barton andHuster, 1987).

Healthyworkers,the subjectof mostepidemiologicalstudiesof long-termchemical
exposures,areoften foundto havelower ratesofmorbidity andmortality thanthe general
population(Monson,1986;Wenetat, 1983). In studiesof experimentalanimals,highly
homogeneous,healthystrainsaregenerallyused. Suchstrainsmayhavemuchlessvariability in
responsethanamoreheterogeneoushumanpopulation.Animals in poorhealthweremorelikely
to experienceadverseeffectsfrom chronicoral exposureto chemicalsthanwerehealthyanimals
(Chizhikov, 1973).

A 10-folduncertaintyfactoris usedto accountfor theknownvariability within thehuman
population.This factoraccountsfor the potentialfor greatersusceptibilityin subpopulations,
including infantsandchildren.A high degreeof intraindividualvariability (2-to-30-fold) in
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responseto chemicalexposurehasbeenreported(Krasovskii, 1976; Weil, 1972). Intraspecies
variability hasbeenrecentlymodeledsuggestinga 10-fold factorwill protectthe

85
th percentile

(Gillis ci al., 1997). In accordancewith U.S. EPA guidelines(U.S. EPA, 1994),whena chronic
exposurelevel is estimatedfrom astudythatincludesthe assessmentof a sensitivehumansub-
population,anintraspeciesfactorof I is used.Sincethetrue degreeofvariability of responsein
the humanpopulationis unlcnown,the effectivenessof this methodin providingprotectionto
nearlyall individualsis uncertain.Thus,for chronicRELs derivedfrom NOAELs or LOAELs,
OEHHA hasgenerallyapplieda10-folduncertaintyfactorto addressthe greatersusceptibilityof
sensitiveindividuals.This is identicalto assumptionspreviouslyemployedby U.S. EPA (1994).

As notedby DoursonandStara(1983), the steepnessofthe dose-responserelationship
affectstheadequacyof theuncertaintyfactorfor sensitiveindividuals.Theysummarizedthe
rangeof doseresponseslopesreportedby Weil (1972), indicatingthat, basedon studiesof acute
lethality,aten-foldfactorwashealth-protectivein mostcases.However,it shouldbe notedthat
dose-responsecurvesfor acutelethality exposuresarelikely to be steeperthanthosefor non-
lethal chronicexposuressincemanymorepopulation-basedvariablesare likely to beinvolved.

Becausethetne variability is unknown,theremaybe aportionof thepopulationfor whom
the chronicRELs will not be protective.It is OEHHA’s intentthatthe levelswill protectthe
generalpopulationincluding thosein the high endof susceptibility.As informationdefining
susceptibleindividualsbecomesavailable,it is our intent to adjustthemethodologyas necessary
to protectsuchindividuals.

3.6 Estimationof InhalationEffectsfrom Oral ExposureData

Strongweightis givento inhalation exposure-basedhealtheffectsdata. If adequate
inhalationdataareunavailable,oral exposuredataarealsoconsidered.Route-to-route
extrapolationundercertaincircumstanceshasbeensupportedbyU.S.EPA (1994)andtheNRC
(1986). Undersomecircumstances,theuseof route-to-routeextrapolationhasbeenquestioned.
Forexample,wherechemicalsactattheportal of entry, roUte-to-routeextrapolationmaynot be
possible.

Availabledatasupportthe useof an additionaluncertaintyfactorfor non-inhalationstudies
(Owen, 1990). Inhalationabsorptioncoefficientsfor 32 of 34 (94%) substanceswereatmost 10-
foldhigherthanoral absorptioncoefficientsfor the samesubstance.The medianinhalationloral
absorptioncoefficientratio was 1.0. Fifteen(44%) substanceswerepredictedto havegreater
inhalationthanoral absorption,and7 (21%)werepredictedto haveatleast2-fold greater
inhalationabsorption. Two of 34 (6%) substanceswith greatly(> 10-fold) increasedinhalation
absorptionrelativeto oral absorptionweremetalswithvery low oral absorption(<1%).
Inhalationabsorptionof beryllium andelementalmercurywasestimatedas 500-foldand7,500-
fold higherthancorrespondingoral absorption,respectively.

Additional evidencethatdifferencesbetweentoxic effectsfollowing oral andinhalation
exposuresgenerallydiffer within a 10-fold doserangewasprovidedby Pepelko(1987; 1991).
Inhalationandoral dosesassociatedwith a 25%additionalrisk of cancerRRD(25)were
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estimatedfor variouschemicals.Carcinogensweremorepotentvia oral exposurecomparedwith
inhalationexposurein 15 of 23 rodentdatasets,and20 oral exposuredatasets(87%)predicted
inhalationresultswithin a 10-fold factor. Greaterthan10-fold differencesin potencywerefound
in ratsexposedto asbestos,vinyl chloride,or hydrazine. Proposedexplanationsfor theseresults
were:(1) greaterpotencyvia inhalationdueto longerresidencetime of asbestosfibers in the
deeplungthanin the gut; (2) underestimatesof low-doseinhalationpotencyof vinyl chloride
dueto exposuresatsaturationconcentrations;and(3) variability in thestudyquality anddesign
for hydrazine.

While route-specificdifferencesin absorptionandpotencymayoccur,no additional
uncertaintyfactorwasappliedfor non-inhalationdata. Instead,attemptsweremadeto adjustfor
absorptionwhenpossible,andif dataindicatedthatthe oral andinhalationabsorptionvaried
greatlybut couldnot be accountedfor, thenthe oral studywasnot used.

3.7 Summaryof ExtrapolationandUncertaintyFactorsUsedto DeriveChronicRELs

The REL is derivedfrom applicationof extrapolationanduncertaintyfactorsto theNOAEL,
LOAEL, or BMC. All valuesare computedwithout roundingexceptfor thefinal REL, which is
roundedto asingle significantdigit.

OEHHA useda maximumoverall factorof 3,000in this document. This is consistentwith
U.S. EPA practicein deriving RfCs andwith their most recentguidanceon the subject(U.S.
EPA, 1994). The rangeof factorsusedby U.S. EPA andOEHHA in derivingRfCs andchronic
RELsis summarizedin Table 7.

3.8 Documentationof ChronicReferenceExposureLevels

The documentationofthe developmentof RfCsandchronicreferenceexposurelevelsis
presentedin AppendixA. Thesesummariespresentthe informationuponwhichthe calculations
arebased.This discussionincludesthe following keyelements.

• Chronic REL summary
• Physicalandchemicalproperties:Descriptionsincludeinformationon volatility, density,

watersolubility, color.
• Occurrenceanduse:Thetypicalusesof the chemicalaredescribedas well aswhereit is

likely to be found.
• Effectsof humanexposure:A brief discussionof pharmacokineticsandmetabolismis

includedif availableandrelevant. Studiesaredescribedin somedetail providing
informationon studydesign;studypopulation;exposureconcentration,duration,and
continuity; durationof study;methodsusedto testfor adverseeffects;andadverse
effectsnoted.

• Effectsof animalexposure:Effectsof animalexposuresarereviewedin amanner
comparableto thatpresentedfor humanexposure.

• Derivationof the chronicREL: The derivationofthe chronicREL is presentedtabularly.
Strengthsandweaknessof theRELarepresented,andareasof uncertaintyarediscussed.

28



Determinationof NoncancerChronicReferenceExposureLevels

Do Not Cite or Quote. SRPDraft - May 1999

3.9 ChronicReferenceExposureLevel Summary

The95 chemicalsfor which chronicnoncancerreferenceexposurelevels(seedefinition
below) appearedin theAir Toxics“Hot Spots”ProgramRevised1992Risk Assessment
Guidelines(California Air Pollution Control Officers Association,1993)wereinitially evaluated.
Of these,22 hadU.S. EPA RfCswhichwereadoptedaschronicinhalationRELs. Dataon an
additional56 substancesfrom the 1992 list wereextensivelyevaluatedandchronicinhalation
RELswerederivedusingU.S. EPA RfC methodology.For 17 ofthe original 95, no chronic
REL wasdeveloped,eitherbecause(1) no emissionswerereportedin Californiaby theARB, (2)
existinghealtheffectsdatawereconsideredinadequate,(3) evaluationof the substancewas
pendingreviewin the Toxic Air Contaminantprocess,(4) chronicinhalationRELshadalready
beenapprovedby the ScientificReviewPanelandadoptedby theARB, (5) California Ambient
Air Quality Standardsalreadyexisted,or (6) no non-pesticidaluseswerefound for thesubstance.

In addition,OEHHA developedchronicinhalationRELs for 42 otherchemicalson the list of
substancesfor whichemissionsneedto bequantified. Thesesubstanceswereselectedprimarily
basedon (1) the magnitudeof currentknownemissionsin California and(2) the availabilityof a
strongscientific databaseon which to estimatea chronicREL. ChronicRELs for an additional
threesubstances,acetaldehyde,dieselexhaustparticulates,andperchloroethylene,havealready
beenadoptedby the Air ResourcesBoard. ThusOEHHA plansto proposechronicRELvalues
for 121 substances.The first 40 chronicRELs arelisted in Table 8.

A comparisonof U.S. EPARfCsandadditionalRELsestimatedby OEHHA aspresentedin
this documentsuggeststhatthe OEHHA RELs aresimilarto valuesthatmighthavebeen
developedby U.S. EPA (Table9). Cumulativeuncertaintyfactorsfor OEHHA RELs were
smallerthanthosefor U.S. EPARfCs (Figure 1). Theprimarydifferenceappearsto bethe
frequentuseby USEPAof a3 to 10-fold databasedeficiencyfactor,whichhasnot beenusedin
derivingOEHHA RELs. Individual uncertaintyfactorstendedto be slightly greaterfor OEHHA
RELs,whichmaybe duein partto U.S. EPA limiting RfC developmentto chemicalswith
generallygoodhealthhazarddatabases.

The OEHHA REL developmentprocessemphasizedthe useof humanexposuredata
wheneverpossible.Humandatawereusedfor the keystudyfor ahigherpercentageof chemicals
thanwasthecasefor U.S. EPA RfCs (Table10). This resultwasachievedeventhoughthe
additionalchemicalsevaluatedby OEHHA mightbe anticipatedto havelesscomprehensive
healthdatathanthosepreviouslyselectedby U.S. EPA for RfC development.

29



Determinationof NoncancerChronicReferenceExposureLevels
Do Not Citeor Quote. SRPDraft - May 1999

Table7. ExtrapolationMethodsandUncertaintyFactorsUsedfor ProposedOEHHA Chronic
RELs

MethodorFactor ValuesUsed

Discontinuousexposureextrapolation

.

Calculatedaccordingto U.S. EPA time-weighted
averageapproach(animalexposuredata)

Calculatedaccordingto U.S. EPA occupational
inhalation-weightedaverageapproach
(humanoccupationalexposuredata)

Humanequivalentconcentration(HEC)
extrapolation

Calculatedaccordingto U.S.EPA RfC approach
(inhalationdata)•

Calculatedaccordingto U.S. EPARID approach
(non-inhalationdata)

Subchronicuncertaintyfactor 1 (>12% of estimatedlifetime)
3 (8-12%of estimatedlifetime)
10 (<8% of estimatedlifetime)

LOAELuncertaintyfactor 1 (no observedeffect)
3 (mild andlow incidence(<50%)effect)
10 (moderateto severe,high incidenceeffect)

Interspeciesuncertaintyfactor

•

1 (humanobservation)
3 (animalobservation)(for residual

susceptibilitydifferencesnot accountedfor
byU.S. EPAHEC approach)

10 (animalobservationswherechemical-and
species-specificdatawereunavailable)

Intraspeciesuncertaintyfactor 1 (sensitivesubpopulation)
10 (normalsubpopulation)

Route-to-routeextrapolation
(non-inhalationdata)

3,500~.tgIm3permg/kg-day

Mod~5’ingfactor 1 (OEHHA proposedchronicRELs)
Ito 10 (U.S. EPA RfCs)

Cumulativeuncertaintyfactor 1 to 3,000(OEHHA proposedchronicRELs)
30 to 3,000(U.S. EPA RfCs)
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Table 8. ProposedOEHHA ChronicInhalationRELSummary

Substance(CAS#)

.Listedin
CAPCOA

(1993)

U.S.
EPA
RfC

Chronic
.Inhalation

(pg/rn3)
HazardIndex

Target(s)
Human
Data

Ammonia(7664-41-7) 9 0 100 Respiratorysystem 9
Benzene(71-43-2) 9 60 Cardiovascularsystem;

development;nervous
system;immunesystem

El

Chlorinateddioxins
(1746-0l-6)&

dibenzofurans
(5120-73-19)

El 0.00004 Alimentarysystem;immune
system;reproductive
system;development;
endocrinesystem;
respiratorysystem;
cardiovascularsystem

Chlorine(7782-50-5) El 0.06 Respiratorysystem
Chloroform(67-66-3) 9 300 Alimentarysystem;kidney;

development
Di(2-ethylhexyl)-
phthalate(117-81-7)

El 10 Alimentarysystem;
respiratorysystem .

Dioxane(1,4-)
(123-91-1)

9 3,000 Alimentarysystem;kidney;
cardiovascularsystem

Ethylbenzene(100-41-4) El 1,000 Development;alimentary
system;kidney

Ethyl chloride(75-00-3) 9 0 10,000 Development;alimentary
system

Ethyleneglycol
(107-21-1)

400 Respiratorysystem;kidney;
develolxnent

9

Ethyleneglycol ethyl
ether (110-80-5)

9 0 200 Reproductivesystem;
cardiovascularsystem

Ethyleneglycol ethyl
etheracetate(111-15-9)

9 300 Development

Ethyleneglycol methyl
ether (109-86-4)

9 9 20 Reproductivesystem

Ethyleneglycol methyl
etheracetate(110-49-6)

9 90 Reproductivesystem

Formaldehyde(50-00-0) 9 3 Respiratorysystem;eyes El
Hexane(n-) (110-54-3) 9 200 Nervoussystem El
Hydrogenchloride

(7647-01-0)
9 9 7 Respiratorysystem

Hydrogencyanide
(74-90-8)

9 9 3 Nervoussystem;endocrine
system;cardiovascular
system

El

Hydrogensulfide
(7783-06-4)

9 9 Respiratorysystem
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Table 8. ProposedOEHHA ChronicInhalationREL Summary(continued)

Substance(CAS#)

.Listedin
CAPCOA

(1993)

U.S.
EPA
RfC

Chronic
.Inhalation

(pg/rn3)

HazardIndex

Target(s)
Human
Data

Isopropanol(67-63-0) 7,000 Kidney
Manganese& manganese
compounds

El El 0.05 Nervoussystem El

Mercury& mercury
compounds(inorganic)

9 El 0.3 Nervoussystem El

Methanol(67-56-1) 9 10,000 Development
Methyl bromide

(74-83-9)
9 El 5 Respiratorysystem;nervous

system;development
Methyl t-butyl ether

(1634-04-4)
9 3,000 Kidney; eyes;alimentary

system
Methyl chloroform
(71-55-6)

El 1,000 Nervoussystem

Methylenechloride
(75-09-2)

9 400 Cardiovascularsystem;
nervoussystem

9

Methyl ethyl ketone
(78-93-3)

10,000 Alimentarysystem;kidney

Naphthalene
(91-20-3)

El 9 Respiratorysystem

Nickel & compounds
(exceptnickel oxide)

El 0.05 Respiratorysystem;
immunesystem

Nickel oxide(1313-99-1) 0.1 Respiratorysystem;
inmrnnesystem

Phenol(108-95-2) 9 600 Alimentarysystem;
cardiovascularsystem;
kidney;nervoussystem

Phosphoricacid
(7664-38-2)

9 10 Respiratorysystem

Propylene(115-07-1) 3,000 Respiratorysystem
Propyleneglycol
monomethylether

(107-98-2)

9 2,000 Nervoussystem
.

Propyleneoxide
(75-56-9)

9 El 30 Respiratorysystem

Styrene(100-42-5) 9 El 1,000 Nervoussystem El
Toluene(108-88-3) 9 El 400 Nervoussystem;alimentary

system;development
El

Trichloroethylene
(79-01-6)

El 600 Nervoussystem;eyes 9

Xylenes (m-, o-, p-) 9 700 Nervoussystem;respiratory
system

El

32



Determinationof NoncancerChronicReferenceExposureLevels
Do Not Citeor Quote SRPDraft - May 1999

Table 9. GeometricMeanof theUncertaintyFactorsIncorporatedfor ProposedOEHHA
ChronicInhalationRELs andU.S. EPARfCs

UncertaintyFactor OEHHA RELsDerived
from Inhalation Data

U.S.EPA RfCs

LOAEL 2.6 1.9

Subchronic 2.2 2.1

Interspecies 2.4 2.7

Intraspecies 9.3 8.9

Modifying factor 1.0 2.4

Cumulative 134 238

Table10. ComparisonofRelativeUseofHumanandAnimal Datain Deriving U.S. EPA
RELs andProposedOEHHA ChronicInhalationRELs

RefrrenceLevel
Human data

Animal data

U.S. EPARICs 9/43 (2 1%) 33/43 (79%)

ProposedOEHHA chronicinhalationRELs
(derivedfrom inhalationdata)

19/63 (30%) 43/63 (70%)

ProposedOEHHA chronicinhalationRELs
(including thosederivedfrom non-inhalation
data)

20/75 (27%) 56/75 (73%)

Overall 29/118(25%) 89/118(75%)
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Figure2. Distribution of CumulativeUncertaintyFactorsfor InhalationDataBasedOEHHA
ChronicInhalationRELs andU.S.EPA RfCs

USEPA RfCs

3,000
1,000
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