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Introduction

The California Air ResourcesBoard (ARB) sponsorsa comprehensiveprogramof research
into thecauses,effects,andpossiblesolutionsto theair pollution problemin California. This
publicationsummarizesthe resultsof projectscarriedout underthe programover the past
nineyears. Informationgiven in the title line of eachsummaryincludesthe title of thefinal
report, the ARB contractnumber, and the nameof the contractor. For some reports,
ResearchNotes(see below) have beenwritten. In suchcases,the ResearchNote numberis
cited,

Theresearchprogram,establishedby the Legislaturein 1970,is basedon theneedto develop
a better understandingof emissionand transportof air pollutants, related atmospheric
reactions,the effectsof air pollution on health and the environment,and control of air
pollution. Since that time, severallegislativemandateshave expandedand further defined
the scopeof the ARB’s researchprogram, Thesemandatesareembodiedin the California
CleanAir Act (1988), the Toxic Air ContaminantIdentificationand Control Act (1983),
the Air Toxics “Hot Spots” Information andAssessmentAct (1987),and the Alternative
FuelsAct (1988).

Thegoalof theresearchprogramis to providethe tir~telyscientificandtechnicalinformation
neededto develop and support the public policy decisionsrequiredfor an effective air
pollutioncontrolprogramin California. In planningtheresearchprogram,the ARB works to
developshort- and long-rangegoalsand objectivesthat addresspresentand future issues
relatedto air pollution. Therelevantscientific andtechnicalproblemsareidentifiedby the
Legislature, the Board, ARB staff, local air pollution control disthcts, the academic
community,andtwo researchadvisorycommittees.Theadvisorycommitteesarelegislatively
mandatedto providepeer review and guidancein planning researchdirection for specific
programsandarecomposedofexpertsfrom anumberofdisciplines.

The ResearchDivision managesthe ARB’s researchprogramsin closecoordinationwith
otherair pollutionresearchorganizations.We contractwith privateentities,universities,and
othergovernmentalagenciesto performtheresearchfor theseprojects. ResearchDivision
staff responsiblefor researchplanningandoversighthavea high level of expertisein a wide
rangeof disciplines.

The ARB’s core researchefforts are conductedthroughits extramuralresearchprogram,
which focuseson the following areas: Motor VehiclesandFuels,Toxic Air Contaminants,
CaliforniaCleanAir Act mandates,andAir Quality Standards.Researchtopicsincludedin
thesecategoriescover mobile sources,toxic air contaminants,stationarysourceemissions,
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regional air quality, economicstudies, healtheffects,and ecological effects. The annual
extramuralresearchbudgetis subjectto approvalby the LegislatureandtheGovernor.

The ResearchDivision also administers researchunder other programsfor which the
Legislature has provided more narrowly defined objectives. These programs, funded
separately,include the AtmosphericAcidity ProtectionProgram,the Air Pollution Health
Effects EpidemiologicResearchProgram,the Indoor Air Quality Program,and Particulate
MatterStudies.Theseactivitiesarefully coordinatedwith theextramuralresearchprogram.

On the World Wide Web, more information canbe found on the ResearchDivision at
<www.arb.ca.gov/rd/rd.htm>andon theARE in generalat <www.arb.ca.gov>..

This publication is available on the Web, updated continuously, at
‘cwww.arb.ca.govfrd/apr/intro.htm>.

TheResearchDivision publishestwo- to four-pagesynopses(ResearchNotes)of someof the
projectsdescribedin this book. The title lines of those.projectsfor which ResearchNotes
havebeenpublishedincludeanotation ‘ResearchNote _____“. To ordercopiesof Research
Notes,oranindexof thesesynopses,contact:

EJJoiner(916)445-0753
ResearchDivision, CaliforniaAir ResourcesBoard
P0Box 2815
SacramentoCA 95812
e-mail: <research@arb.ca.gov>

Pleaseprovidethe ResearchNote title, the contractnumber,andtheResearchNotenumber.
ResearchNotes from 1993 through the present are available on the Web at
<www.arb.ca.gov/rd/resnotes/resnotes.htm>

To order a copy of a full researchreport for one of the projectsdescribedin this book,
contact:

EmmaPlasencia
AssistantContactsAdministrator
(916) 323-1067
e~mail:<eplasenc@arb.ca.gov>
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Motor Vehiclesand Fuels:

Mobile Sources
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Mobile Sources 0f Air Pollufion

Projectsin Progress

EVALUATION OF FUEL-CELL REFORMEREMISSIONS.95-313: Acurex Environmental.

Objectives: To evaluate fuel-cell reformer technology (the fuel-cellreformer changesthe fuel in sucha way
that hydrogen is releasedfor use by the fuel cell) and to characterizeand quantify the emissionsthat may
result from fuel-cellvehicles.

Importance to ARB’s Program Results from this project will help the ARE assessthe role of fuel-cell
technologyin reducing emissionsfrom vehicles.

THREE-WAY CATALYST TECHNOLOGY FOR OFF-ROAD EQUIPMENT POWERED BY GASOLINE
AND LPG ENGINES. 95-340: SouthwestResearchInstitute.

Objectives: To developand evaluate two emissioncontrol technologiesfor off-road gasoline and liquefied
petroleum gas (LPG) industrial equipment enginesof 25 to 175 horsepower. Use of these new emission
control technologies by industry will assist the ARE in reducing total hydrocarbons, nonmethane
hydrocarbons,carbon monoxide, andoxidesof nitrogen from off-road engines. Existing off-road enginetest
proceduresand cycleswill be further developedand the investigatorswill suggestemissionstandards for off-
road gasolineand LPG engines.

Importance to ARB’s Progrant The development of these emissioncontrol technologieswill assistthe
ARE in adopting emission standards, and a test procedureupon which the standards can be based, for
controlling the emissionsfrom industrial equipment and to meet the emission reductions projected by
California’s implementation plan for reaching Federalozone,standards.

HEAVY-DUTY VEHICLE FLEET CHARACTERIZATION FOR REDUCTION OF NO,, AND
PARTICULATE MATTER EMISSIONS IN THE SOUTH COAST AIR BASIN. 96-317: Jack Faucett
Associates.

Objectives: To obtain activity and usagedata for all heavy-duty vehicles (HDVs) operating in the South
Coast Air Basin (SoCAB), and, based on these data, develop emission estimates and implementation
strategiesto acceleratethe introduction of low-emitting enginesand/or vehiclesin the SoCAB.

Importance to ARE’s Progranu This study will provide information that is necessary for fulfilling
California’s plan for implementing Federalozonestandards as they apply to HDVs.

AUTOMOTIVE CHARGING SYSTEM FOR ELECTRIC VEHICLES: DEMONSTRATION PROJECT. 96-
321: Bevilacqua-Knight, Inc. Co-sponsoredwith the SouthernCalifornia Air Quality ManagementDistrict.

Objectives: To design, fabricate, test, and demonstrate a reasonablypricedelectric vehicle (EV) automatic
charging systemthat will require the EV driver only to provide an actuation signal in order to charge the
vehicle batteries.
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Importanceto ARE’sProgranv This technologywill helpreduceemissionsfrom vehiclesby improvingthe
marketappealof EVs andspeedingtheintroductionof EVs intoCalifornia’sautomobilepopulation.

DEVELOPMENT OF MODEUNG TOOLS FOR MICROSCALE EMISSION MODELING. 96-316:
California StatePolytechnicUniversityatSanLuis Obispo.

Objectives: To developequipmentandmodelingtechniquesfor measuringvehicleactivity (e.g.individual
vehicle type andits averagespeedandacceleration)so that emissionscan be simulatedfor a specific
roadwaytype (e.g.freeway).

Importanceto ARE’sProgranu The equipmentandtechniquesdevelopedduring this studyare intended
to form the basis for a new generationof emissionmodels that are designedto calculateemissionsfor
conformity analyses. (Conformity analysesare requiredby Federallaw to ensure that Federallyfunded
infrastructureimprovementprojectsnothavean adverseenvironmentalimpact.) Theemissionsthatmust
be estimatedaregenerallyforverysmallregions,thusthe term“microscale”.

INCORPORATION OF RADIO TRANSPONDERS INTO VEHICULAR ON-BOARD DIAGNOSTIC
SYSTEMS. 96-332: SierraResearch.

Objectives: To developanon-boardtranspondersystemfor reportingof emissionsystemfailure.

Importanceto ARB’sPTOgrant Successfuldevelopmentandapplicationof this techniquewould reduce
vehicle inspectioncosts for drivers and would also ensuredetectionof vehicleswith emissionsystem
failures. The resultsandoptionspresentedin the final reportfor this studywill provideARE policymakers
with a selectionof measuresand/orprogramsthatcouldbe usedto improve the effectivenessof the Smog
Checkprogram.

DEMONSTRATION OF DIESEL-FUEL-BORNE CATALYST SYSTEM AND LOW- NO,, CONTROL
TECHNOLOGYFORPARTICULATE EMISSIONS. 96-334: AcurexEnvironmental.Co-sponsoredwith the
SouthernCaliforniaAir QualityManagementDistrict.

Objectives: To demonstratea systemthatconsistsof a cerium-baseddiesel fuel additive andparticulate
filter, combinedwith low-NO, engineemissioncontrol technologysuchascooledexhaustgasrecirculation.
Addition of this advancedprototypetechnologyto dieselexhaustsystemscouldassistin the regeneration
(restorationandreusabiity)of particulatefilters andin particulatematter(PM) reduction,andwouldalso
reduceNO,emissionsfromheavy.durydieselengines.

Importanceto ARE’sProgranu Theemergenceofnew, advancedemissioncontrol technologyhasbeena
keyfactorin reducingemissionsfrom motorvehiclesoverthepast30 years. Heavy-dutydiesel (HDD)
enginesemitsignificantquantitiesofPM andNO,,. A majorchallengeexistsincontrollingNO,, andPM
emissionsfrom HDD enginessimultaneously:WhenNO,emissionsare reduced,PMemissionstendto
increaseandviceversa. Thissystemhasthepotentialto reducebothPM andNO,, emissionsfromHDD
engines.
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CHARACTERIZATION OF PARTICULATE EMISSIONS FROM CASOUNE-FUELEDVEHICLES. 94-
319: Universityof California,Riverside.

Objectives: To provide currentinventorydata for particulateemissionsfrom gasoline-poweredvehicles.
Emissionsfrom light-duty automobileswill be analyzedfor massandparticlesize distribution,andchemical
speciationwill beperformedon samplesof totalparticulatematter.

Importanceto ARE’s Progranu The datafrom this studywill be madeavailablefor improving the ARE’s
particulatematteremissionsinventoryandfor use in future stateimplementationplans for attainmentof
thenationalambientair qualitystandardforparticulatematter.

CompletedProjects

1998

HEAVY-DUTY TRUCK POPULATION ACTMTY AND USAGE PATtERNS. 93-306: JackFaucett
Associates.

Objectives: To developcontemporarypopulation,activity, andusagepatterndatafor heavy-dutytrucks
(HDTs) thatoperatein California. Activity dataincludeyehicle miles traveled (VM~I),numbersof trips
andenginestarts,andaveragespeed.“Usagepattern”referstorangeof operation(0-50miles, 50-200miles,
etc.) andtype of use (e.g.,delivery, for-hire, construction). The datawere obtainedby analyzingexisting
databasessuch as California’s DMV registrationrecordsandnationalTruck InventoryandUsageSurvey
data,andby thecollectionof databy meansofon-boarddataloggers.

Finiings: The total 1995 populationof Califomia-registeredHDTs was 661,287. Fifty-nine percentwere
gasoline-poweredand41%diesel-powered.The totalHDT VMT estimateforcalendaryear 1992 was12.3
billion miles,with about25% attributedto out-of-stateHDTs. The dataloggerdatafor the small fleetof
instrumented~vehiclesindicatesthat the HDTs in that fleetavengedabout17 tripsand 18 startsperday
and their averagespeedwasabout30 mph.

Importanceto ARE’s Progrant The emissionsinventoryis usedfor planningandregulatorypurposesand
must be as up to date as possible. The datacollected in this studywill be usedfor developingcurrent
activity datafor HDTs,leadingto improvementsin this portionof the inventory.The activity datagathered
in this studywill be usedfor short-terminventory improvements,suchas bettercharacterizationof trips,
starts, and other activities, and for longer term improvementssuch as the developmentof chassis
dynamometerdriving cyclesfor HDTs. Whereasthe new analysisis an improvementoverpreviousones,
HDTsare muchmoredifficult to characterizethanlight-duty vehicles,andthe datasetsin existenceduring
the studymadethe tasksomewhatproblematic.TheARE andDMV are working to reconcilemethodsand
registrationdatasetsfor HDTs, anduseof datafrom the InternationalRegistrationPlanshouldimprove
out-of-stateHDT characte±ationfor future analyses. Useof on-boarddataloggersshouldalso easethe

• characterizationproblemconsiderably.

DEMONSTRATION OF A HEAVY-DUTY VEHICLE CHASSISSCREENINGTESTFORCOMPLIANCE
TESTING HEAVY-DUTY ENGINES. 94-347:WestVirginia University.

Objectives: To developanddemonstratea chassisdynamometerscreeningtestthat couldbe usedto test
heavy-dutyengines(HDEs) for compliancewith applicableHDE exhaustemissionsstandards.A chassis
dynamometertest, which is performed upon the vehicle itself, would be less costly than an engine
dynamometertest,which requiresremovalofthe enginefrom thevehicle.
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Findings: Two heavy-dutytruckandenginecombinationswere testedusinga singlegearoverthe entire
driving cycle wherethe vehicleenginespeed-versus-timetrace is verysimilar to the enginespeed-versus-
time trace usedin the HDE certification test. For the test,NO~andparticulatematter (PM) emissions
were predictedandmeasured.The NO, emissionscorrelatedwell with thosepredicted,butonly grossPM
emitters could be detectedwith the procedure. The limited numberof test situationsmeansthat the
viability of the chassisdynamometerscreeningtestasa large-scalecompliancetool cannotbe assesseduntil
theprocedureisappliedto alargernumberof engine/vehiclecombinations.

Importanceto ARE’s Progranr More dieselandgasolineheavy-dutyenginesandvehiclesare beingfitted
with electroniccontrolsandaftertreatmentdevices(e.g., exhaustgasrecirculationor catalyticconverters)
to controlexhaustemissions,andthereis now a needto beable to detectsystemfailuresthatoccurin in-
usevehicles. The testdevelopedin this studywill beableto actasa screeningtestfor emissioncertification
compliance,andwill also havethepotentialto detectin-useengine/vehicleproblemssuchas failedvehicle
speedsensorsand low coolant level indicators. Becausechassisemissiontesting is less expensivethan
enginedynamometeremissiontesting, this test offers the potential for screeninga greaternumberof
engines. Enginesfailing the chassisdynamometertestwould be consideredfor further testing usingthe
heavy-dutyvehicle FederalTestProcedure,the official enginecertification test(an enginedynaniometer
test).

1997

STUDY TO REDEFINE COLD- AND HOT-START EMISSIONS. 93-322: GM Powertrain Division,
GeneralMotorsCorp.

Objectives: To collect datato bettercharacterizestartemissionsfor light-duty autosto be usedlater to
investigatethe emissionsimpactsof vehicleenginestartsasa function of “soak” time (the amountof time
the enginehashadto cool afterbeingfully warmedup), ambienttemperature,typeofgasoline,andvehicle
technologytype.

Findings: Comprehensiveanalysisof the datafrom this studyandtheintegrationof thesedatawith other
startemissionsdataarecurrentlybeingperformedby theARE’s Mobile SourceControl Division.

Importanceto ARB’sPmgnzm TheARE’s motor vehicleemissionfactorsandinventories,which are the
state’sresponsibility,areusedto supporta varietyofcritical ARE functionsand programs.Usesincludeair
quality attainmentplans, local air pollution control district analysis,conformity analysis, andpollution
sourceproblemdefinition. Resultsfrom this studywill be usedto supportimprovementof the ABE’s on-
roadmotorvehicleemissionfactorsmodelEMFAC.

1996

DETERMINATION OF THE EFFECTS OF SPEED, TEMPEBAThRE~AND FUEL FACTORS ON
EXHAUST EMISSIONS. 92-323: AutomotiveTestingandDevelopmentServices,Inc.

Objectives: To determinesynergisticeffects that may occur as cycle speed,ambient temperature,and
vehiclefuel (gasoline)are simultaneouslyvaried. In the typical procedure,only oneof theseparametersis
variedat a time.

Findings: Vehicle technologytype and vehicle averagespeedwere identified as the factors that most
heavily influence exhaustemissions. Analysisof emissionsdependenton fuel type (Phase1 gasoline vs.
Phase2) revealedstatisticallysignificantreductionsof 17, 13,atid 11 percentrespectivelyforhydrocarbons,
carbonmonoxide,andNO,. While temperaturehadminimal effectson hotstabilizedemissions,cold start
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emissionswere higher than hot start emissions. Interactionsamongfuel, speed,and temperaturewere
found to be statisticallyinsignificant. ARE staffare continuingto analyzethe datafor second-by-second
changesin emissions.

Importance to ARB’sProgranv The datafrom this projectwill be usedto updatethe emissionfactors in
the APE’s short-termemissionsinventory. In addition, the relationshipsuncoveredwill be reflectedin
improvementsto thelonger-termmodel.

1995

DEMONSTRATION OF A NON-ADDITIVE LEAN- NO, CATALYTIC CONVERThR FOR HEAVY-
DUTY DIESELVEHICLES. 92-310: SouthwestResearchInstitute. ResearchNote 1997-2.

Objectives: To developanddemonstratea heavy-dutydieselcatalyticconverterthat is capableof reducing
NO,emissionswithoutusingadditivesandwhich will operatein anoxygen-rich(“lean”) environment.

Findings: The lean NO, catalyst technologyinvestigatedwas found to be promising, achievingNO,
emissionreductionsof 10 to 20 percentin the laboratory. However, the technologyis not yet readyfor
installationon a heavy-dutytruck.

Importanceto ARE’s Progranu Theresultsfrom thisprojectwill be usedaspartof a demonstrationof the
technologicalfeasibility of a lowerNO, emissionstandardfor heavy-dutydieselengines.

EFFECT OF PHASE 1 AND PHASE 2 GASOLINE BLENDS ON EVAPORATIVE AND EXHAUST
EMISSIONSFROM LIGHT-DUTY VEHICLES. A132-183: AutomotiveTestingLaboratories,Inc.

Objectives: To collect andanalyzeemissiondatathat reflect both the adoptionof Phase2 reformulated
gasolineregulationsandtheextendedhigh-temperatureevaporativeemissionstestprocedure.

Findings: The datafrom this studyindicatethat reductionof hydrocarbon(HC) andcarbonmonoxide
(CO) emissionscanbe achievedthroughthe useof oxygenatedgasolines. Theethanolblend testedwas
foundto increaseevaporativeemissions.

Importanceto ARE’sProgrant The datacollectedwill be usedto developcorrectionfactors to adjust
motor vehicleemissionmodelsto reflect useof reformulatedgasolineandits emissionbenefits. The data
obtainedfrom the extendedevaporativeemissionstestswill be usedto adjustthe currentdiurnal emission
factorsin themodelto conditionsmorecloselyrepresentingthoseof the realworld.

MONITORING OF PERSONALDRIVING HABITS AND VEHICLE ACTIVITY. A132-175: Automotive
TestingandDevelopmentServices,Inc. ResearchNote 1996-10.

Objectives: To collectactivity data(for example,vehicle speeds,numbersanddurationsof trips, catalyst
temperatures)for light-duty vehiclesloanedby privatecitizensto theARE for in-usesurveillancetesting.

Findings: Theresultsof this studyindicate that light-duty autosmakesignificantly moretrips perdaythan
hadbeenestimatedbeforethe studywas undertaken:about7 tripsversusthe estimated3. Additionaldata
gatheredshowedthe averagetrip length to be 7.4 milesandabout14 minutesin length. The vehiclesin
this studytraveledan averageof 49 milesperday.
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ImportancetoARE’s Progranv The datawill be usedto improve thevehicleactivity estimatesusedin the
ARE’s EMFAC/BURDENemissionsinventorymodels.

DEVELOPMENT OF AN OFF-HIGHWAY MOBILE SOURCEEMISSIONSMODEL. A132-164: Energy
andEnvironmentalAnalysis, Inc. ResearchNote 1997-8.

Objectives:To developanoff-roadmobile sourceemissionmodelsimilarto theEMFAC/BIJRDENon-mad
motorvehicleinventorymodels.

Findings: Theoff-roadmodel developedwill beableto calculateemissionsinventoriesfor 12 different
classesof off-roadequipment,includingconstructionandmining equipment,agriculturalequipment,and
lawnandgardenequipment.The modelwill ultimatelyreplacethe currentpiecemealmethodsusedto
calculateoff-roademissionsinventories.

Importanceto AREs Program.- This model is designedto complementandsupplementthe categoriesin
theARE’s EmissionDataSystem.

DEVELOPMENT OF AN IMPROVED INVENTORY OF EMISSIONS FROM PLEASURE CRAFT IN
CALIFORNIA. A132-184: SysremsApplicationsInternational.ResearchNote 1995-21.

Objectives: To developanimprovedemissionsinventory for pleasurecraft operationsin California. The
existinginventorywas basedon incompleteandnow outdateddatafrom a 1973 study. The investigators
for this study conducteda survey of pleasurecraft ownersstatewide. The results were combinedwith
emissionestimatesforCoastGuard-documentedvesselsandemissionsestimatedfor rentalvessels.

Findings: Nearlyall boatingactivity in Californiaoccurson SaturdaysandSundaysduring the periodApril
throughSeptember.The heaviesttime of use is aroundnoon. Avengeannualfuel consumptionin this
studywas 77.5 gallons,abouthalfthatof an earlierARE estimate.NO,, total organicgases(TOG), and
sulfur oxidesSO, emissionshaddecreasedby about45, 18, and85 percent,respectively,comparedto the
1973 inventory. CO hadincreasedby about3 percentandPM 100 percent. Oneof the reasonsfor the
changesin valueswas that emissionfactors havebeenupdatedsincethe earlier inventory. Othercauses
may include overestimationof fuel consumptionin the earlierestimateand the relatively low level of
California’s water reservoirsduring the period 1993-1994,when hours of pleasurecraft operationwere
reduced.

Importanceto ARE’s PTogranv TheARE is requiredby the HealthandSafetyCodeto inventorysources
of air pollution. The inventorycompletedin this studywill provide updateddatafor useby the ARE in
estimatingemissionsfrom pleasurecraft. The proceduresfor calculatingpleasurecraft emissionswill be
reviewedandimprovedasnecessary.

1994

FEASIBILITY AND DEMONSTRATION OF NETWORK SIMULATION ThCHNJQUES FOR
ESTIMATION OFEMISSIONSIN A LARGE URBAN AREA. A132-166: DealS,Harvey,Skabardonis.

Objectives: To use roadwaynetworksimulationtechniquesto developmodal (second-by-second)vehicle
activity data(for example,numbersof accelerations,decelerations,cruises,andtimeatidle).

Findings: The contractordeterminedthat the networksimulation techniquesinvestigatedin this study
were feasible. An integratedmodelingframeworkwasdeveloped,andthe integratedmodelwasappliedto
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the entire 1,120-zoneMetropolitanPlanningCommissionSanFranciscoBayAreanetworkto obtain time
spentin eachthiving mode. The analysisof the resultsdemonstratedthe applicability of the model in
predictingvehicleactivity in regionalstudies.

Importanceto ARE’s Progranu Theactivity datamaybe usedwithconcomitantmodal emissionfactorsin
thecalculationof anemissionsinventory.

ON-ROAD MOTORVEHICLEACTIVITY DATA. A132-182:Valley ResearchCorporation.ResearchNote
1995-9.

Objectives: To updateandupgradeseveralsegmentsof the databaseusedto calculatethe ARE’s on-road
motorvehicleemissionsinventory.

Findings: Severalsegmentsof the databaseusedto calculatethe Air ResourcesBoard’s mobile source
emissionsinventory were improved: (1) vehicle registrationby model andyear, by county; (2) mileage
accumulationratesforvehicles;and (3) urbanbusvehiclemilestraveled,by speed.

Importanceto ARE’s Progrant The ARB is requiredby the HealthandSafetyCodeto inventory sources
of air pollution. Theresultsof this studywill be usedto developandmaintainmorecurrentmotorvehicle
emissionsinventories.

1993

CONTROLLING LOCOMOTIVE EMISSIONSIN CALIFORNIA. A032-169: Engine,Fuel, andEmissions
Engineering,Inc. ResearchNote 1997-4.

Objectives: To identify feasibleandcost-effectivemeasuresto reducelocomotiveemissions,developand
recommenda regulatorystrategyandimplementationschedulefor controllinglocomotive emissions,and
identify andrecommendareasfor furtherresearch,development,anddemonstration.

Findings:The following methodsof reducinglocomotiveemissionswere identified: dieselengineand
dieselfuelmodifications,selectivecatalyticreduction(SCR) of dieselemissions,useof alternativefuels
suchasliquefiednaturalgas,andlocomotiveelectrification. A regulatorystrategythat focuseson oxidesof
nitrogenandparticulatematteremissionswasproposed.Researchwasrecommendedto developa suitable
short, in-the-fieldemissiontestprocedure,anda demonstrationprojectis recommendedforSCR
technology.

Importance to ARE’s Progrant This reportcurrently forms the basisfor ongoinglocomotive regulatory
developmentby ARE staff. Theseregulationsareexpectedto bepresentedto the Boardin 1994.

METHANOL FUEL ADDITIVE DEMONSTRATION. A832-123: SouthwestResearchInstitute.Research
Note1997-3.

Objectives: To perform a literaturesearchandlaboratoryrestingof chemicalsaddedto methanolfuels to
increaseperformance.To developandtestfor emissionstwo additivepackagesfor use in methanol-fueled
motorvehicles.

Findings: The additive packagesincreasedthe fuel’s luminosity, flammability, andlubricity, as hadbeen
desired. In a comparisonagainst“industry average”gasoline,M100 (100percentmethanol),andM85 (85
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percentmethanol, 15 percentgasoline),methanolwith the additive packageswere found to produce
exhaustemissionssimilarto thoseproducedby M85.

Importanceto ARE’s Progrant Thesefindingspermit additional researchto developadditivesto address
concernsregardingperformanceof methanol fuels, while retaining methanol’s reducedozone-forming
potential.

FORMALDEHYDE EMISSION CONTROL ThCHNOLOGY FOR METHANOL FUELED VEHICLES.
A732-148: SouthwestResearchInstitute. ResearchNote1997-6.

Objectives: To identify and demonstratedurable emission control systems capable of reducing
formaldehydeemissionsfrom methanol-fueledvehiclesto levels comparableto thosefrom gasoline-fueled
vehicleswhile notadverselyaffectingothercriteriapollutantlevels.

Findings: Eighteencatalystsystemswere evaluated.Of these,onewas selectedand installedon eachof
four vehiclesfor a 4,000-mile durability test. The test fleet generally exhibited low emission levels
(including those for formaldehyde),but the investigatorcautionedthat it shouldbe rememberedthat a
vehicle with only 4,000miles of use is essentiallya new vehicle andwould be expectedto exhibit low
emissionlevels.

Importanceto ARE’s Progrant Thesefindings will be usedto demonstratethat formaldehydeemissions
from methanol-fueledvehiclescanbereducedto aboutthesamelevel as thosefor gasoline-fueledvehicles;
thususeof methanolhasthe potentialfor achievingsubstantialair qualitybenefits.

FEASIBILITY OFREDUCINGNITROGENOXIDE EMISSIONSFROM HEAVY DUTY VEHICLES. A132-
085: Acurex EnvironmentalCorp.

Objectives: To investigatevariousmeansof reducingemissionsof NO, andPM from heavy-dutyvehicles.
Theseincludeddieselandgasolineenginemodifications,useof alternativefuels suchas alcohols(methanol
andethanol)andgaseousfuels (liquefiedpetroleumgasandnaturalgas),andelectricandhybrid-electric
technologies. -

Findings: TheinvestigatordeterminedthataNO,emissionstandardequaltoone-halfthe 1994standardis
feasible for diesel engines by 2002. For PM emissions the investigator proposeda reduction of
approximately50 percentby 2002 for dieselfueledtrucks, andbeginningin 1997 for alternativelyfueled
trucks.

Importance to ARE’s Pmgnznu The results will be used to support low-emissionvehicle regulations
currentlybeingdevelopedby ARE staff.

CHARACTERIZATION OF DRIVING PA1TERNSAND EMISSIONS FROM LIGHT-DUTY VEHICLES
IN CALIFORNIA. A932-185: SierraResearch.ResearchNote 1996-11.

Objectives:To developa modelto estimatevehicleemissionsbasedon agivendrivingcycleandtodevelop
adriving cycle morerepresentativeofcurrentCaliforniadriving conditions.

Findings: Usingmodelsdevelopedby thecontractor,thenewdriving cyclerevealsthat light-dutyvehicles
producedouble theemissionsofCOandNO, thanexpectedfrom theFederalTestProcedure(FTP). HC
emissionsremainednearlythesame.
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Importanceto ARE’sPmgrant Thiscycleis undergoingtestingandanalysisto determineits suitabilityasa
possiblesupplementto the FTP.

EFFECTSOF THE USE OF LOW-OXYGENATE GASOLINE BLENDS UPON EMISSIONS FROM
CALIFORNIA VEHICLES. A932-159: AutomotiveTestingLaboratories,Inc. ResearchNote 1995-28.

Objectives: To measurethe impact that Phase1 oxygenatedgasolinehashadupon emissionsof a small
sampleof California-certifiedvehiclestestedoverthreedrivingcycles-- the FTP, the New York City Cycle
(NYCC),andtheHighwayFuel EconomyTest(HFET) -- andfor four fuels: basefuel andthreeoxygenated
fuels (methyl tertiarybutyl ether[MTEE], ethyl tertiarybutyl ether[ETBE], andethanolblends).

Findings: Theemissionresultsshowedthathydrocarbonsandcarbonmonoxideemissionswere generally
reducedfor the oxygenateblends. For somevehiclesNO, emissionswere also reduced,while for other
vehiclesNO,emissionsremainedaboutthe same,or increasedslightly.

ImportancetoARE’s Progranu Thesefindingswill be reflectedin theARE’s emissionfactormodel.

1992

CHEMICAL ANALYSIS OF AROMATICS IN DIESEL FUELS. A932-125: SouthwestResearchInstitute.
ResearchNote 1992-6.

Objectives: To developa simple, reliable methodof analysis that can be used to determinethe total
aromatichydrocarboncontentof diesel fuel and to quantifr the relative amountsof various types of
aromatics. StandardAmerican Society for Testing andMaterials (ASTM) testsfor aromaticsrequire
complicated,expensiveproceduresandclearsamples.

Findings: A successfulinfraredspectralmethodfor determiningtotalaromaticcontentof dieselfuel was
developed. The method requires no sample preparation, and is effective with opaque samples. An
ultravioletspectraltechniquewasdevelopedto measurethepercentage-of the fuel madeup of thedifferent
aromaticspecies.

Importance to ARE’s Progran-u The new methodsfor characte±ingand quantiffing the aromatic
hydrocarboncomponentsof diesel fuel will enhancethe ARE’s ability to regulateboth fuel quality and
exhaustemissions,in supportof theARE’s dieselfuel compositionregulations.

1991

QUANTIFICATION OF EVAPORATIVE RUNNING LOSS.EMISSIONS FROM GASOLINE-POWERED
PASSENGERCARSIN CALIFORNIA. A832-153: AutomotiveTestingLaboratories.

Objectives: To gatherdataon evaporativerunninglossemissionsfrompassengercars.

Findings: The testresults typically showedrelatively low emissions,but some vehicle/temperature/fuel-
volatility conditionsproducedsubstantiallyhigherrunning loss emissions. Slow-speeddriving conditions
producedincreasedemissionsfrom mostvehicles.

Importanceto ARE’s Pwgranu Thesefindings havebeenusedto updateandimprove the on-roadmotor
vehicleemissionsinventory. Thisstudyalso contributedto the recognitionof the needto include running
lossesin theARB’s evaporativeemissionstestprocedure,which hassubsequentlybeenupdated.
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1989

QUANTITATIVE ESTIMAThSOFTHEAIR QUALITY IMPACTS OFMETHANOL FUEL USE. A6-048-
32: Carnegie-MellonUniversity. ResearchNote 1989-2.

Objectives: To usethe Airshedmodel to studythe air qualityimpactsof methanolfuel use in the South
CoastAir Basin.

Findings: The resultsindicatethatwhile theSouthCoastAir Basinwould notachieveattainmentwith the
NationalAmbientAir Quality Standardsby completeconversionto methanol,methanolcanhelp reduce
ozoneconcentrations.M100 fuel wasfound to be twiceas effectiveasM85 whenresults are comparedto
baselineozoneconcentrationsformedwhengasolinefuel is usedin advancedconventionalvehicles.

Importanceto ARE’s Prograrrn TheseFindingshavebeenusedby the air qualityplanningcommunity
whencomparingvariousalternativefuels.

RUNNING LOSSEVAPORATIVE EMISSIONSDETERMINATION BY THE POINTSOURCEMETHOD.
A732-l51: NationalInstitutefor PetroleumandEnergyResearch.ResearchNote 1990-4.

Objectives: To quanti~jevaporativerunning lossesfrom two light-duty vehicles -- a carbureted1987
Chevrolet,anda fuel-injected1985 Buick-- by measuringevaporativeemissionsatspecific locationson the
vehicles.

Findings: The testresultsshowedthat the charcoalcanisterof the evaporativeemissioncontrolsystemis
the majorsourceof evaporativerunninglossesandthat,for thecarburetedvehicle,evaporativerunningloss
emissionsare as high as tailpipe hydrocarbonemissions. The carburetedvehicle showedsignificantly
greaterrunninglossemissionsthandidthe fuel-injectedvehicle.

Importance to ARE’s Progranu The findings contributedto an ARE study to developan emissions
databaseandemissionthctorsfor evaporativerunninglosses.
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Projectsin Progress

REFINEMENT OF SELECThD FUEL-CYCLE EMISSIONS ANALYSES. 97-308: California State
PolytechnicUniversityat Pomona.

Objectives: Fuel-cycle emissionsare emissionsproducedover the entire life cycle of a fuel, from ftiel
productionanddistribution throughconsumption.Liquefiedpetroleumgas,diesel fuel, andmethanol(for
fuel cell) havefuel cycle emissionsclosestto thoseof electric vehicles. The investigatorwill estimatethe
overall emissionsimpact associatedwith the fuelsfor 1996 (as the baseyear) andprojectionsto the year
2010.

Importance to ARB’s Progranu The ARB has promulgatedlow-emissionvehicle and clean ftiels
regulations,focusedon the relative ozone-formingpotential of non-methaneorganicgas emissionsfrom
variousfuels. Becauseof the interestin providingpartial zero-emissionvehicle creditsfor ftzels thatare
relativelynon-polluting,theARB needsto clarify thefuel-cycleemissionsestimatesof the abovethreefuels,
aswell aselectricitygenerationfor electricvehicles.

VAPORRECOVERY SYSTEMS AT GASOLINE DISPENSINGFACILITIES: IMPACTS OF ON-BOARD
REFUELINGVAPORRECOVERYSYSThMS.95-342:AeroVironrnentEnvironmentalServices.

Objectives:To determinethe impactsof vehicleon-boardvaporrecoverysystemson the effectivenessof
vaporrecoverysystemsatgasolinedispensingfacilides.

ImportancetoARB’sPmgnznuBeginningin 1998, Federallawwill requirea portionof new motorvehicles
to havean on-boardvaporrecoverysystem,with compliancerequired in 40% (1998),80% (1999), and
100% (2000) of new vehicles.This studywill provide information that can be usedby vaporrecovery
manufacturerstopreventinterferencewith theeffectivenessof facility vaporrecoverysystems.

VAPORRECOVERYSYSTEMSAT GASOLINE DISPENSINGFACILITIES: SEASONAL IMPACTS. 95-
343: AeroVironmentEnvironmentalServices.

Objectives:To determinethe impactsof seasonalfactorssuchas temperatureandatmosphericpressureon
emissionof hydrocarbonsfrom gasolineservicestationholdingtanks.

ImportancetoARB’sP,roga-anuThe resultsofthis studywill beusedto improve the ARB’s certificationand
testproceduresthatare usedto evaluatevariousvaporrecoveryequipmenttechnologies.

PERFORMANCE SPECIFICATION TESTS FOR VAPOR RECOVERY SYSThMS AT GASOUNE
DISPENSINGFACILITIES. 95-344:Bay AreaAir QualityManagementDistrict.

Objectives:To provideperformancespecificationtestingandadvisoryservicesfor the two contractsabove,
95-342and95-343.

Importanceto ARB’sProg-ra,ru Thesetestswill ensurethat the vaporrecoveryequipmentat the gasoline
dispensingfacilities chosenfor testingare ingoodworking order.

19



DEVELOPMENT OF TOXJCS EMISSION FACTORS FROM SOURCE ThST DATA COLLECTED
UNDERTHEAIRTOXICS HOTSPOThPROGRAM,PARTII. 96-333:EnegyandEnvhonmentalBeseaxch
Corporation.

Objectives:To incorporateenhancementsto the emissionfactordatabasedevelopedin Part I of this study
(92-338,see1996) andto developadditionalemissionfactors from newdata.

Imponanceto ARB’s Progcant The emissionfactorsresulting from this project canbe used by small
facilities for reportingpurposes,eliminating the needfor thesefacilities to conductcostly soutcetests
themselves.The factorswill also be usedto evaluatecost-effectivecontrolmeasuresfor the APE’s Toxic
Air ContaminantIdentificationandControlProgram.

CHARACThRIZATIONOFEMISSIONSFROM NICKEL PLATIWG. 95-328:SienaResearch.

Objectives:To characterizetheemissionsfrom nickel platingoperationsin termsof their magnitudeandin
termsof theimpactof nickel platingprocessvariableson emissions.

Importanceto ARB’s Progrant TheAEB will use the emissionfactorsdevelopedfrom this studyto assess
the needfor anickel platingairborneroxicscontrolmeasure,as requiredby the HealthandSafetyCode.

BIOFILTER ThCHNOLOCYFORNO,REMOVAL FROM AIRSTREAMS.96-304.University of California,
Davis.

Objectives: To determinewhether biofiltration systemsare a feasible technologyfor controlling NO,
emission.Specifically, to determinewhetherdestructionof NO, canbe carriedout in biofilters using
micmbial nitrification andde-nitrification, andto determinethe extentof NO~emissionsfrom biofilters
throughexperimentalmeasurementsof emissionsundercontrolledlaboratoryconditions.

Importanceto ARE’sProg-rant•This technology,if successful,couldhelp Californiaattainozonestandards
by providinga low-cost methodof removingnitrogenoxidesftom emissions.

AN ASSESSMENT OF THE EFFECTIVENESS OF ROOM ENCLOSURES WITH VENTILATION
SYSTEMSIN REDUCINGTUSKAT DRY CLEANING FACILITIES USINGPERCHLCROETHYLENE.96-
324:AeroVironmentEnvironmentalServices,Inc.

Objectives:To documenttheeffectivenessof roomenclosureswith ventilationsystemsin reducingrisk to
thepublic at dry cleaningfacilities thatusepetchiomethylene(pert),and to developguidelinesfor the dry
cleaningindustryon roomenclosuredesign,installation,operation,andrisk reductionpotential.

Importanceto ARB’sPmgranr California’s HealthandSafetyCode requiresthat a facility identified as
posing a Usignificant risk” to the public mustdevelopand implementa plan to reduceits risk below the
significantrisk level as set by the district the facility residesin. Demonstrationthat roomenclosureswith
ventilationsystemsreducethepublic risk to belowsigthficautlevelswill pmvide drycleaningfacilities with
informationfor reducingtheirpercemissions.
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RECLAMATION OF AUTOMOTIVE BAYFEPJES: ASSESSMENT OF HEALTh IMPACTS AND
RECYCLINGThCHNOLOGY.93-323:Acurex EnvironmentalCorporation.

Objectives:To assessthe feasibility of current and prospectivebattery recycling technologiesand to
evaluatehealth and hazard impacts of recycling and disposal of spent batteries.The battery twes
investigatedinclude lead-acid, nickel-cadmium,nickel-iron, lithium-iron disulfide, lithium-ion, lithium
polymer, and zinc. The projectwill result in two ranked lists of battery technologies,one ranking for
recyclingpmspects,andonefor healthandhazardimpactsof the recyclingprocess.

Importance to ARB’s ProgranvThe ARB expectsthat all zero-emissionsvehicleswill iniflally be battery-
poweredelectric vehicles(EVs). Thegreatmajorityof batteriescontainsubstancesthat are toxic andmay
poseahealthhazardto humansandthe environment.It is importantto identi& thesepotentialhazardsand
ensure that a robust recycling chain is establishedin order to accommodatethe increasednumberof
batteries,therebyminimizing any potential health andenvironmentaleffects. Thus, it is important to
identify andassessthepotentialfateofspentbatteriesprior to marketpenetration,especiallywith respectto
thosenew battery technologiesthat containmaterialsknown to be toxic and hazardous.This project is
jointly fundedby CALSTART andtheAir ResourcesBoard.

DEVELOPMENT OF LASER DESORPTION LASER PHOTOIONIZATION MASS SPECI’ROMETRY
METHOD FOR THE SCREENING OF NITRO-SUBSTITUTED POLYCYCLIC AROMATIC
HYDROCARBONS,CHLOPJNATEDDIOXINS, AND CHLORINATED FURANS. 97-305: University of
California, Davis.

Objectives: To modif,v an existinganalyticalinstrument-- the laserdesorptionlaserphorcionizationmass
spectrometer(LDLPMS) -- to allow for relatively rapid andinexpensiveexaminationof a selection of
polycyclic aromatichydrocarbons(PANs) aswell as certainothercarcinogens:nitro-PAHs (an especially
toxic subgroupof PAHs) andchlorinateddioxinsandchlorinatedfurans(collectivelycalleddioxins,seven!
ofwhichareextremelycarcinogenic).

Importanceto ARB’s Fragrant Current methodsfor determining the presenceandconcentrationsof
certain toxic air contaminantsare very expensiveandtime-consuming. This techniquewill allow for
relatively rapid andinexpensiveexaminationof a selectionof PAl-Is of current interest for ARE test
methoddevelopmentaswell asa numberof othercarcinogens:nitro-PAHs (anespeciallytoxic subgroupof
PAHs), chlorinateddioxins,and chlorinatedftarans (theselast two collectively calleddioxins,severalof
which are extremelycarcinogenic). Developmentof less costly methodswill aid the APE in fulfilling its
requirementsunder the Air Toxics Hot Spots Program to perform chemical analysesfor toxic air
contaminantsemittedby sourcesinCalifornia.

CompletedProjects

1998

EVALUATION OF FACTORSTHATAFFECEDIESELEXHAUSTTOXICITY. 94-312:UCR

Objectives: To performa preliminaryassessmentof thepotential impactof dieselftiel formulation on the
speciationand toxic componentsof diesel exhaust. A heavy-dutydiesel enginewas operatedover a
standardtestcycle usingthreefuels: a pre-1993dieselftiel, a low aromaticdiesel ftiel, anda post-1993fuel
with higheraromaticcontent.
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Findings: A major part of this study involved analysis for polycyclic aromatichydrocarbons(PAHs) and
their derivatives. For voladlePAHs, the concentrationsin the exhaustappearto be derivedmainly from
the PAH initially presentin the fuel. In contrast,theemissionLewis ofmostof the lessvolatile PAHswere
similar for all fuel types,suggestingthat thesePAHs are mainly formed during combustion. Levels of
particle-associatednitxo-PAHsweresimilar for all fuels.

ImportancetoARB’s Proga-anuTheARB is evaluatingdieselexhaustfor possibleidentification as a toxic
air contaminant. Diesel exhaustis a complexmixture of manyindividual chemicals,and its composition
hasprobablychangedsincetheARBs 1993 dieselfuel reformulationregulation. Althoughdifferenceswere
found,in general,theexhaustdoesnotshowsubstantialcompositionalchanges.

1997

DEVELOPMENTOF METhODSAND ANALYSIS FORThREE PESTICIDESAMPLES FROM THEAIR
93-309:UniversityofCalifornia, Davis.

Objectives:To developsamplingandanalyticalmethodsandperformthe analysison ambientair samples
for three pesticidesand two breakdownproducts.Thesecompoundsare carboftiran, tithed and its
breakdownproductdichlorvcs,andoxydemeton-methylandits breakdownproductdioxydemeron-methyl.

Findings: Methodsfor air samplingandanalysiswere developedfor the threepesticidesandtwo breakdown
products.Airborne concentrationsof the pesticidesandtheir breakdownproductsweredeterminedusing
the methodsdeveloped.Thesedatawill beusedby the Departmentof PesticideRegulation(DPR).

Importanceto ARE’sPwgrairuIn accordancewith California FoodandAgriculture CodeSection14022,
the ARB documentsambientlevelsof pes~cidesto provide the DPRwith datafor the evaluationof the
persistenceof airbornepesdcidesandthe degreeofpublic exposure.

LIFETIMES AND FAThS OF TOXIC AIR CONTAMINAN~IN CALIFORNIA’S ATMOSPHERE.93-
307: University ofCalifornia, Riverside. ResearchNote 1997-13.

Objectives:The objectivesof this studywere to provide theARBwith dai~concerningthe atmosphericfate
of about200 compoundsandto determineatmosphericconcentrationsof polycyclic aromatichydrocarbons
(PAHs) forwhich theStatehasestablishedcancerrisk factz,rs.

Findings: In geneni, the PAH concentrationsmeasuredwere significantly below thosemeasuredin the
1986-1987study. However,somenitro-PAHs (formed as the resultof reactionsin the atmosphere)had
levelssimilar to thosepreviouslyobserved.Thefinal reportfor thisprojectalsoreviewsthe soutcesofnitro-
PAHsandincludesdataon ambientlevelsin California andsuggestedroutesof formation. Severalnitro-
PAHsofunknowncancerrisk arefoundat relativelyhigh levelscomparedto thosethathavebeenassigned
cancerrisk factors.

Importanceto ARB’sProgi-auu Atmosphericpersistenceis animportantfactorfor the ARB to considerto
ensurethat airbornetoxic controlefforts will focuson thosecompoundsthatrepresentthe greatestpublic
healththreat. With the resultsof this study, theARB now hasinformation on the levels of all the PAl-b
andnitro-PAHsforwhich theStarehasdeterminedcancerrisk factors,sothatthe overallpublichealthrisk
due to exposureto thesecompoundscanbecalculated.
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ALTERNATIVES TO PERCHLOROEITHYLENE-BASED GARMENT CARE: ASSESSING THE
VIABILITY OF PROFESSIONALWET CLEANING. 94-315:UniversityofCalifornia,Los Angeles. Research
Note 1997-14.

Objectives: To measure,in a marketcontext, the effectivenessof wet cleaning for garmentsas an
alternativeto dry cleaning.Consumeracceptanceof wetcleaningandthe financialcharacterisdcsofawet-
cleaningestablishmentwill also be determined.As partof this project, the local dry cleaningindustrywill
be informedaboutwet cleaningmethodsandencouragedto usethem.

Findings: in general,the wet cleaningestablishmentsuccessfullycleanedboth the volume andmix of

garmentstypically encounteredby a dry cleaner. Ninety percentof the wet-cleaningcustomersratedthe
resultsgoodor excellent;this rateis similar to that forcustomerswho regularlyusea particulardry cleaner.

ImpoTtanceto ARB’sProgranuThe solventmostoften usedin dry cleaningis perchloroethylene(perc),
which is regulatedas a toxic air contaminant.In 1993, the ARE adopteda measureto reduceperc
emissionsfrom dry cleaningestablishments.Adoptionof wetcleaningcould leadto a significant reduction
inpublic exposureto perc.

BIOASSAY AND CHEMICAL METhODS DEVELOPMENT FORCHARACTERIZATION OF HEAVY-
DUTY DIESEL EXHAUST USING REFORMULATED FUEL. 92-342 and94-335: Universityof California,
Davis.

Objectives:Todevelopmethodsforanalyzingdieselexhaus;which is underconsiderationfor identification
asa toxic air contaminant.

Findings:The dieselexhaustshowedsignificantlevels of polycyclic aromatichydrocarbons.No substantial
differenceswere foundbetweenthe engineexhaustcompositionsthat resultedfromcombustionof the two
thelsused.

Importanceto ARB’sPmgranvThetechniquesdevelopedfor this studyarebeingusedin anothercontract
(94-312,above),which is a moredefinitive study on the effectsof different dieselfriels on dieselexhaust
toxicity.

1996

DEVELOPMENT OF PREDICTIVE CAPABILITIES FOR INTERMEDIA TRANSFER FACTORS FOR
TOXIC AIR POLLUTANTS. 92-344:Universityof California,Los Angeles.ResearchNote1997-11.

Objectives:To developan integratedsystemof tools for the prediction of intermedia transferfactors for
toxic air contaminants.Literaturedata!br mostof thesesubstancesis lacking,andobtainingexperimental
datafor sucha largenumberofsubstancesis notfeasible.

Findings:The researchersdevelopedalgorithmsto allow the estimationof region-specificandchemical-
specific intermediatransferfactors,which canbe usedaccordingto the State’s publishedguidelines.The
project’sproduct is a user-friendlysoftwarepackagewith an integratedpredictorof intermediatransfer
factorsandaphysicochemicalpropertiesdatabase.

Importanceto ARB’sProgranuThe resultsof this studywill be usedto supportthe State’smultipathway
exposureassessmentmethodology,which is usedto assessthe public healthrisk posedby emissionsfroma
facility.
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DEVELOPMENT OF TOXICS EMISSION FACTORS FROM SOURCE TEST DATA COLLECTED
UNDER ThE AIR TOXICS HOT SPOTS PROGRAM. 92-338: Energy and Environmental Research
Corporation.ResearchNote1997-10.

Objectives:To deveiopair toxics emissionfactors from source restdatacollected as a result of the Air
Toxics ‘Hot Spots” InformationandAssessmentAct of 1987 to supportthe emissionsinventoryprocesses.
(An exampleof an air tonesemissionfactor is numberofpoundsof a toxic gasthata specifiedvoiunt of a
materialemits.)

Findings: Datafrom 200 source testreportswere validatedandanalyzedto produceapproximately1,600
emission factors. Emission factors were calculatedfor trace metals, including hexavaleutchromium,
polychiorinaceddibenzodioxinlfuran;polycyclic aromatic hydrocarbonsand other semivolatile organic
compounds;benzene,toluene,andothervolatile organiccompounds~aldehydes;andhydrogenchloride.
The databaseis available on diskette as well as paper.The diskette databasefeaturesa graphical user
interface.

Importanceto ARB’s Progranv Developmentof thesetest-basedemissionfactorswill greatlyassistsmall
businessesandothersmall facilities that would otherwisebe required to conductcostly sourcetests to
complywith theAir Toxics“Hot Spots” InformationandAssessmentAct of 1987.

1995

PESTICIDES IN AIR PART I: ANALYSIS OF AIR SAMPLES FOR TWO FUNGICIDES. PART II:
DEVELOPMENT OF PREDICTIVE MODELS FOR ESTIMATING PESTICIDE FLUX TO AIR 92-313:
Universityof California,Davis.

Objectives:To determineairborneconcentrationsof the fungicidesziramandmancozeb.To developthe
ability to predictthepesticidesthatare likely to befoundin theambientair, andatwhatlevels.

Findings: ForPartI of this study,airborneconcentrationsof ziram andmancozebwere determined.These
datawill beusedby the Departmentof PesticideRegulation(DPR) - ForPartIt of the study, methodswere
developedforpredictingestimatesof pesticideflux to air, dependingon modeof pesticideapplication.For
five pesticides,downwind concentrationscalculatedby thesemethodswere found to correlatewell with
reporteddownwindconcentrations.

ImportancetoARB’sPngranuTheABB will presentthe fungicideanalyticalresultsto theDPRTheDPR
hasaskedARS to documentairbornelevels of thesefungicides,andwill use the resultspursuantto the
FoodandAgricultureCode.Thepzedictivepartof thestudywill provide information thatwill allow for the
settingofprioritiesfor futureambientpesticidemonitoring.

DEMONSTRATION OFBIODEGRADATIONThCHNOLOCY, PHASEII. 92-304:UniversityofCalifornia,
Davis.

Objectives:To establishoperationalparametersthatwould allow commercialdevelopmentof a biofilter for
the removalof air pollutantsfrom dilute emissionstreams.Undera previousstudy, a pilot-scalebiofilter
facility successftillyremovedair pollutantsfrom a sewagetreatmentplant by using microbespresentin
compostderivedfromsewagesludge.

Findings: Biofilters were found to be effective in degradinglow-concentrationemissionsof aromaticand
alipharic hydrocarbonsandbiodegradablechlorinatedsolvents.A model was developedthat accurately
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describedpollutantconcentrationsin a compostbiofilter. An important finding for commercialpurposes
wasthatbiofilter compostsmayfunctionmoreeffectivelyif nitrogenis addedasanutrient.

Importanceto ARB’s PwgranvThe findingsmayleadto the commercialdevelopmentof emissioncontrol
devicesfor sewagetreatmentplantsandlandfills. Although thesesourcesemitsignificantquantitiesof air
pollutants,thepollutantsareemittedatrelativelylow concentrations,makingtheir controldifficult.

1994

DEVELOPMENTOF INThRMEDIA TRANSFERFACTORSFORTOXIC AIR POLWTANTh.A032-170:
UniversityofCalifornia, LosAngeles.ResearchNote 1995-5.

Objectives:To developinformation on the transferof toxic air pollutantsbetweenanytwo of: air, water,
soil, and the biosphere.The pollutantsto be investigatedare TCD-dioxin, chtomium (VI), benzene,
benzo[a]pyrene,mercury,methylenechloride,andformaldehyde.Theseareall eitheralreadylistedas toxic
air contaminantsor are candidatesfor listing.

Findings: Thesewere someof the interestingfindings of this study: (1) Inhalationis the mostimportant
exposureroute for chromium(V1). (2) Resuspensionof particle-boundTCD-dioxin may be a significant
exposure mute. (3) The most significant pathway of exposure to mercury is by ingestion of fish
contaminatedwith methyl mercury.

Intponanceto ARE’sPmgramUnderregulationspursuantto the Air Toxics ‘Hot Spots’ Act, the APE
needsthis informationtorefine themultipathwayexposurecomponentsof healthrisk assessmentsfor these
compounds.

INVESTIGATION OF THE USEOF SOLVENTS BY CALIFORNIA INDUSTRIES IN THREE SOURCE
CATEGORIES.A132-OS6:Battelle MemorialInstitute. ReseatchNote1995-15.

Objectives;To performacomprehensivesurveyof recentsolventuse in coatingsandaerosols.Someof the
solventsused in theseproductshavebeenidentified as toxic air contaminants,while othersare being
phasedoutbecausetheycontributeto the depletionof stratosphericozone.

Findings: Datafrom the architecturalcoatingssurveyshowedthat36,250tonsof VOCs weteemittedin
1990.Although water-bornecoatingsconstitutedabout three-fourthsof the sales,solvent-borneVOC
emissionsrepresentedmorethantwo-thirdsof the emissions.6,750tonsofVOCswereemittedfront aerosol
paintsin 1992.Lessthan 10 percentof aerosolpaint saleswerefromwater-basedpaints.

Importanceto ARB’s Pmgrant Emissionsof thesecompoundsneedto be reducedto complywith the
Health andSafety Code. This researchwill fill datagapson the use of solventsin thesecategories,on
control equipmenteffectiveness,andon substituteprocessesor compounds.Improveddatawill facilitate
APEsdevelopmentof controlmeasuresfor processesusingthesesolvents.

UPDATING THE MULTI-PATHWAY EXPOSUREASSESSMENTCOMPUTER PROGRAM. 92-318:
Universityof California,Davis.

Objectives:To improve andupdatetheARB’s HealthRiskAssessmentcomputerprogram,which isusedto
assesspublic healthrisksfrom facilities subjectto the Stateiair toxics Hot Spots”legislation.
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Findings:A multi-pathwayexposureassessmentcomputerprogramis now available that isveryeasyto use.
The manualprovidesa lucid descriptionof the proceduzesthatshouldbefollowed in order to operatethe
program.Theprogramcanbeoperatedwithout referenceto themanualby thosewho havesome&miliarity
withrisk assessmentmethodology.Scareagencieswill beableto easilyaddor deleteinputs(suchasunit risk
factors)ascircumstancesmaywarrant.

Importanceto ARE’sProgran-u Pursuantto regulationsimplementingthe Air Toxics ‘Hot Spots”Act,
industryis requiredto submit,andair districtsare requiredto evaluate,healthuskassessmentsfor facilities.
TheAPRwill makethiscompurnprogram,whichis easierto useandgives mote accurateresultsthanthe
currentprogram,availableto industryandair districts.

DEVELOPMENTOF PARTICLESIZE TESTMEThODS FoRSAMPUNGHIGH-TEMPERAflJREAND
HIGH-MOISTURESOURCEEFFLUENTS.A132-084:SouthernReseaichInstitute.ResearchNote 1995-6.

Obiectives:To developparticlesize testmethodsfor pollutantsourceshavingexhausttemperaturesgreater
than 1300°F,andthose with wet scrubbereffluents.Both conditionshave causedproblemswith source
testing,andhaveledto unreliableresults.

Findings:Appropriateequipmentfor suchspecialpurposesourcetestingcanbe constructed.Equipmentis
beingdevelopedthatcanbeusedfor routinedeterminationofparticlesizesfor thesespecialsources.

ImportancetoARB’sProgram.Underthe HealthandSafetyCode,APEstaffconductemissionsresthgat
severalfacilities.The zesukswill enable the ARE to testseveralimportantemissionsourcesthat cannot
currentlybetestEdandevaluatethemin termsof healthrisk.

ASSESSMENT OF AIRBORNE EMISSIONS FROM BIOREMEDIATION PROCESSES.A132-083;
Universityof California, Davis. ResearchNote 1994-17.

Objectives:To performa lireratuxereview on the airborneemissionsfrom bioremediationprocesses,andto
determineexperimentallythe natureof emissionsfrom thesesystems.Bioremediacioninvolvesremovalof
pollutantsthroughmicrobialaction,andis usedto reclaimpollutedsoilsandgroundwaters.

Findings:Well designedandoperatedbioremediadonoperationsare not likely to give rise to significant
levels of toxic air contaminants,but that may be less true for some field operations. In addition,
bioremediationoperationsproduce significant emissionsof volatile organic compoundsunder some
conditions.

Importance to ARB’sProgrant As a result of this research,it is now easierto estimate the extentof
airborneemissionslikely to result from increaseduse of bioremediatiortas a hazardouswaste cleanup
option.Asa result,theARB will be abletodeterminewhetherregulatorycontmlsshouldhepuxsued,based
upontheHealthandSafetyCode.

MONITORING OF TWO PESTICIDES IN AIR ANALYSIS OF AIR SAMPLES FOR CARBOFURAN
AND CAFTAN. 92-314:Universityof California,Davis.

Objectives: To provide data on airborneconcentrationsofthepesticidescarhofliranandcaptan, in response
to a requestby the Departmentof PesticideRegulation(DPR). As part of this effort~analyticalmethod
developmentwasnecessary.
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Fin4ings: Carbofuranmonitoring showedthat most of the samplescontaineddetectablelevels of the
pesdcide.Only someof the samplesmonitoredfor captanshoweddetectablelevelsof thatcompound.

Importance to ARB’s Program. DPRwas providedwith the monitoring results. It will use the data to
evaluatepossibleregulatorycontrolson thesepesticidespursuantto theFoodandAgriculture Code.

FORMATION OF MUTAGENS FROM THE ATMOSPHEmCPHOTO-OXIDATIONS OF PAHs AND
THEIR OCCURRENCEIN AMBIENT AIR A132-075:University of California, Riverside. ResearchNote
1994-22.

Objectives:To chemically idend& the compoundsthat are responsiblefor much of the cell mutation
capability(mutagerticity)of ambientair in smoggyareas.Previousresearchsuggestedthata particularclass
of compoundsformed from atmosphericreactionsof directly emittedpolycyclic aromatichydrocarbons
(PAHs) mayberesponsiblefor alargeportion of thismutagenicity.

Findings: This study hasdeterminedthe distribution of mutagenicitythat results from the atmospheric
reactionsof PAH compoundsthatare abundantin California’s air.

Importance to ARB’s Progrant The ARE plans to identify PAHs as a toxic air contamluantcategory,
pursuantto the Health andSafety Code.Data from this studywill provide a basis for determiningthe
effectsof variousPAH control optionson the mutagenicieyof ambientair.

1993

LIFETIMES AND FATES OFTOXIC AIR CONTAMINANTh IN CAUFORNIA’S ATMOSPHERE.A032-
055:University ofCalifornia, Riverside. ResearchNote 1995-2.

Objectives:To review the atmosphericlifetimes of severalpotential toxic air contaminants(TACs), to
providepossibleatmosphericformation routesandatmosphericbreakdownroutesandproductsfor these
pollutants,andto investigatethe mutagenicityof productsof simulatedatmosphezicreactionsof gasoline
andof terpenes(terpenesare emittedfrom vegetation).

Findings:The atmosphericlifetithes, faces,andformationroutesof thxeeTAOs, N-nitrosomorpholine,di(2-
ethylhexyl)phthalate(DEHP), anddiallcylnitrosamines,were reviewedin detail. Eleven of 23 additional
TACs reviewedwere found to have lifetimes exceedinga day.For severalTACs, atmosphericlevelsare
determinedmoreby their formationin the atmospherethanby their directemission.Finally, gasolineand
terpeneswetedeterminedtonotbe significantsourcesof the mutageuicityfoundin ambientair.

Importanceto ARB’sProgranuCalifornia’s HealthandSafetyCode requirestheAPE to prepareareport
that addressesthestability, persistence,transformationproducts,anddispersionpotentialof eachtoxic air
contaminantin ambientair. Thisstudyprovidesneededinformation in theseareasfor severalTACs. The
finding that manyTACs are formedin the atmospherewill help the ARB develop appropriatecontrol
strategies.Knowing which TACs persistwill help guide appropriate ambient air monitoring methods
development.

AIRBORNE CONCENTRATIONS OF PESTICIDES IN CALIFORNIA. A032-094: California State
University,Fresno.

Objectives: To document the airborne levels of severalpesticidesand their breakdownproducts, as
requestedby theDepartmentof PesticideRegulation(DPR).
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Fbtdings: Airborne concentrationsof the following pesticides and their breakdown products was
determined: naled and dichiorvos; methidathion and methidaoxon; and oxydemeton-methyland
dioxydemeton-methyl.

Importanceto ARB’sProgram: Pursuantto the FoodandAgricultureCode, the Departmentof Pesticide
Regulation uses monitoring data to assesswhether a pesticide should be identified as a toxic air
contaminantThe ARB respondsto requestsfrom DPR as part of the toxic air contaminantregulatory
program.

MEASUREMENT OF AMBIENT CONCENTRATIONS OF POLYCYCLIC AROMATIC
HYDROCARBONS AND CHLORINATED DIOXINS AND FURANS.A932-093: ENSRConsulting and
EngineeringCorporation.ResearchNote 1994-7.

Objectives: To measure ambient concentrationsof chlorinated dioxins and polycyclic aromatic
hydrocarbonsatthreelocations:in anindustrialareaofRichmond,in Fresnoduringa periodof heavywood
burning,andin ricegrowingareaswhile ricestrawwasburnednearby.

Findings:In general,the highestconcentrationsof dioxinsandPAHswerefoundin thosesamplesimpacted
by wood burning, and the lowest concentra~onswere found in those samplesimpactedby rice straw
burning.

Importanceto ARE’s Program Althoughthe dioxinsandPAHsareconsideredserioustoxic air pollutants,
only limited informationwas availableon ambientlevels of thesecompoundsin California. The results
provideabasisforassessingthepublic healthrisk from exposureto ambientlevelsof dioxinsandPAHs, as
requiredbythe HealthandSafetyCode.

MEASUREMENT AND CHEMICAL CHARACThRIZATION OF VAPOR-PHASE MUTAGENS IN
DIESELEXHAUST. A032-095:UrüversityofCalifornia, Davis. ResearchNotr 1995-3.

Objectives:To usemicrobial tests(bioassays)to help directchemicalanalysesof dieselexhaust,a complex
emissionsmixture,in orderto chemicallyidendfrvapor-phasemutagenicair contaminants.

Findings: Methods were developedto collect and concentratevapor-phaseorganic compounds.The
methodswetethen integratedwith a modifiedbioassayfor vapor-phasemutagens.The muragenicactivity
of thevaporphasewasfoundto becomparableto thatof the particlephase.

Imponanceto ARB’s Progranv Dieselexhaustis acandidatetoxic air contaminant.As a resultof this
research,ABB nowhasimportantinformationregarding the healthbenefitsthatmayresultfrom regulatory
controlson dieselengineexhaustsuchasmaybeimplementedundertheTAC controlprogram.

MEASUREMENTOFPARTICULATh EXPOSURESDU~NCRICEFARMING OPERATIONS.A032-177:
Universityof California, Davis.

Objectives:To establisha monitoringmethodfor amorphoussilica fibersgeneratedfromthe burningof rice
strawafter harvest.Attention hasrecentlybeenfocusedon adversepublic healtheffects that may result
fromexposureto thesefibers.
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Findings:A methodwasdevelopedto collect andanalyzebreathableamorphoussilica fibersin ambientair.
The fibers wete found to be releasedto ambientair during rice harvesting,rice straw burning,and field
preparationsafterburning.However,concentrationsof thesefiberswaslow.

Importance to ARB’s Progranv The Health and Safety Code requires the ABB to identifr toxic air
contaminants(TACs). The informationobtainedis usefulin determiningthe relativepriority of identi~4ng
variousformsof silica asTAOs.

1992

DEVELOPMENT OF A ThCHNIQUE TO ESTIMATh AMBIENT ASBESTOS CONCENTRATIONS
DOWNWIND FROM SERPENTINE-COVEREDROADWAYS. A032-147: Valley ResearchCorporation.
ResearchNote 1993-4.

Objectives:To gatherdatato assistin determiningwhetherasbestosemissionsfrom unpavedmadsurfaces
containingserpentinerockshouldbe mitigated.Asbestosis classifiedasa toxic air contaminant.

FMding~:A model was developedto enhancethe ARB’s andlocal air districts’ ability to predictpublic
exposureto asbestosfrom unpavedroadsurfacescontainingcrushedserpentinerock.

Importanceto ARB’s Progtam In responseto State statutesfor control of toxic air contaminants,the
resultsmaybe usedas a relativelyinexpensivetechniquefor identifjing andprioritizing unpavedroads,in
termsof potentialto exposethepublic to ambientasbestosfibers.

DEVELOPMENTOFAN IMPROVED SOURCESAMPLING METHOD FORPOLYCYCLIC AROMATIC
COMPOUNDSAND OTHERSEMI-VOLATILE ORGANIC SPECIES.A932-098: OalifomiaDepartmentof
HealthServices.

Objectives: To developan improvedsamplingsystemto detectpolycyclic aromaticcompoundsin stack
emissionsfor useby the ARB in testingandevaluatingemissionsources.The currentsamplingmethodis
known to produceartifactsthatalterthecompositionandphysicalcharacteristicsof thecollectedmaterial.

Findings: A promising integratedapproachto determiqing PAH emissionsfrom stationarycombustion
sourceswasdevelopedthatincludesasystemto collectbothvapor~phaseandparticulate-phasePAHs.The
new approachallows filtration of particulate matter under cool rather than artificially hot conditions,
therebyreducingartifacts.

Impoitanceto ARB’s Progran-uAs part of the ARB’s effort to identify and control PAHs as toxic air
contaminants(pursuantto the Health and Safety Code),many source testswill be needed.The more
accurate collection, extraction, and analysis of this sampling system will allow better assessmentsof
stationarycombustionsoutcesthatemitPAHs.

BIODEGRADATION TECHNOLOGY FOR REMOVAL OF VOLATILE ORGANIC COMPOUNDS
FROM AIRSTREAMS, PHASE I: PERFORMANCEVERIFICATION. A032-127: University of California,
Davis.June1992.ResearchNote 1992-9.

Objectives:To determinewhethermicrobialpacked-bedsystems(biofilters) couldbe appliedin the removal
of volatile organiccompounds(VOCs) from gasesresulting from sewagetreatment.VOCs and toxic air
pollutantsare emitted in significantquantitiesfrom sewagetreatmentplants. Becausethe concentradons
are low, emissioncontrolhasbeendifficult.
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Findings: This study verified the potential applicationof microbial packed-bedsystemsfor removal of
VOCs from gasesresulting from wastewatertreatment. In the field, removal of benzene,toluene,and
hydrogensulfidewasgenerallyover90 percent.Removalof chlorinatedcompoundswassomewhatlower.

Importanceto ARB’s ProgranvSewagetreatmentplantshadbeenfoundto be significantemissionsources
of bothVOCs andtoxic air pollutants,requiringcontrol pursuantto the Health andSafetyCode.The
results indicatethe feasibility of developinga cost-effectiveemissioncontrol device for sewagetreatment
plants.

CONTROLOFPCDD/PCDFEMISSIONS FROM MEDICAL WASTE INCINERATORS.A832-155: Energy
andEnvironmentalResearchCorporation.

Objectives:To summarizeinformation neededto evaluatemedicalwasteincineratorsfor their emiss~ouof
PCDD/PCDF(dioxin andfuran),andtoprovideinformationon theoperationandcapabilityofvariousflue
gascleaningsystemsto controlemissionsof thesetoxic aircontaminants.

Findings: PCDD/PCDF emissionscan be couttolled through the use of devicessuch as wet and dry
scrubbers,electrostaticprecipitators,andfabric filters. Useof two or moreof thesedevicesis usuallyneeded
to providesatisfactoryemissionreductions.

ImportancetoARB’sProg-ranuPursuantto the HealthandSafetyCode,the ARE adopteda regulationto
control toxic emissionsfrom medicalwasteincinerators.Thisinformationhasbeenusedto guidethe design
andretrofit of emissioncontrolsystemsfor theseincinerators.

DEVELOPMENT OF lASER DIAGNOSTIC METhODS TO SCREEN FOR POLYCYCLIC AROMATIC
HYDROCARBONS IN SOOT AND FLY ASH. A933-099. University of California, Davis. May 1992.
ReseaithNote 1995-23.

Objectives:To developa method to screenfor polycyclic aromatichydrocarbons(PAHs) in soot and
airborne(fly) ashsamples.

- Findings: A techniqueusing laser-desorptionllaser-photoionizationmass spectrometrywas developedto
detectPAl-Is in rice smoke sootsamples.The level of detectionfor PAHswas well within ARBs desired
detectionlimit, indicatingthat this techniquecouldbe usedasa replacementfor thecurrentARB method.

Impoitanceto ARE’sPrograntThe ARE andindustryincurconsiderableexpensein monitoringfacilities
for emissionsof PAHs. We anticipatean increasedneedto monitor facilities for PAl-Is. The technique
developedin this projecthas thepotential for useat far less costandemploysfasteranalyticalmethodsto
determinethe extentof emissionsof thesetoxic air contaminants.

1991

ASSESSMENTOF COMBUSTION SOURCES THAT EMIT POLYCHLORINATED DIOXINS AND
FURANS,POLYCYCUC AROMATIC HYDROCARBONS,AND OTHERTOXIC COMPOUNDS.A832-
124: MidwestResearchInstitute. ResearchNote 1994-1.

Objectives: To determinethe emissionlevels of polychiorinateddioxins andfinns, polycyclic aromatic
hydrocarbons,andothertoxic compoundsfrom recycledwaste-oilburnersanddrumreconditioners.
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Findings:The drumreconditioningfacilidesemittedhigherlevelsof dioxinsthandid thewasteoil burners,
while the two sourcecategorieshadrougMy comparablemetalsemissions.PAH emissionslevelsfrom both
sourcecategorieswere relativelylow. -

hnpottanceto ARB’s ProgranuPursuantto the Health andSafetyCode, theseresultshavehelpedthe
ARB devcrminethe needforairbornetoxic controlmeasuresfor thesesourcecategories.

HYDROXYNITRO-PAHsAND OTHERDERIVATIVES IN CALIFORNIA’S ATMOSPHEREAND THEIR
CONTRIBUTIONTO AMBIENT MUTAGENICITY. A732-154:UniversityofCalifornia, Riverside.Research
Note 1991-8.

Objectives:To identif,r airbornederivativesof polycyclic aromatichydrocarbons(PAHs) thatcontributeto
mutagenicity.PAHs are emitted from combustionsourcesandare transformedto various otherchemical
compoundsby photochemicalprocesses.Theresultingderivativesarebelievedtoberesponsiblefor much of
the mutagenicityof ambientair.

Findings: A hitherto unsuspectedclassof PAH derivatives,nitro-lactones,was found to be responsiblefor
mostofthe mutagenicityoftheproductsformedfrom irradiationof simplePAHSin a smogchamber.Much
of the mutagenicityofambientairappearsto be dueto thisclassofcompounds.

ImportancetoARB’s PwgratrnPAHs and their atmosphericreactionproductshavebeenassociatedwith
significant health risks. ARB’s strategyto control PAH emissionsas toxic air contaminantsis being
redefinedasa resultof thesefindings.

1990

LIFETIMES AND FAThS OFTOXIC AIR CONTAMINANTS IN CAUFORNIA’S ATMOSPHERE.A732-
107: UniversityofCalifornia,Riverside.

Objectives:To review the atmosphericchemistryofeightcandidatetoxic air contaminants(TACs), and to
pursueanexperimentalinvestigationof the atmosphericchemistryoffour candidateTAOs.

Findings: Theatmosphericlifetimes and fatesof a dozencandidatetoxic aircontaminantsweredetermined.

Importanceto ARB’s Progranu Before proposingemissioncontrols for TACs1 the ARB mustpreparea
reportthataddressesthe stability,persistence,andtransformationproductsof toxic aircontaminantsin the
atmosphere.The resultsof this work are being incorporatedinto staff reports for the identificationand
controloftheseTAGs.

EMISSIONS OF VOLATILE AND POThNTIALLY TOXIC ORGANIC COMPOUNDS FROM
WASTEWATERTREATMENT PLANTh AND COLLECTION SYSTEMS,PHASEII. A732-085:University
of California,Davis.

Objectives:To quantifyairbornepollutantemissionsfrom varioustreatmentprocessesatsewageplants, to
quanti~the total strengthof emissionsfrom a major s~wageplant, and to identi4r possibleemission
controls.

Findings: Five mainemissioncontrol optionsfor sewageplantswere identified: upstreamsourcecontrol,
reductionof in-plant toxics formation, coveringof treatmentunits, collection of off-gasesfollowed by
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treatment,andmodification of facilities, suchas by eliminationof aerationthat occursduring someof the
treatmentprocesses.

Importanceto ARB!sProgrant The resultsweze usedto adviseair districtsandsewageplantoperatorson
the extentof airborneemissionsfrom their facilities, as well to suggestpossibleapproachesfor controlling
theseemissions.Severalsewageplant operatorshavebeenusing the resultsto devisecontrol systemsfor
their facilities.Thiswill helpthemmeetvariousStateair pollutioncontrol regulations.

METHODS DEVELOPMENT FOR ASSESSMENT OF -VAPOR-PHASE MUTAGENS ANI)
CARCINOGENSIN AMBIENT AIR A6-174-32:UniversityofCalifornia, Davis.

Objectives:To developmethodsof identi4’ingpotentially toxic andmutageniccompoundsin the gaseous
(vapor)phaseof ambientair.

Findings: The feasibility of a new system to chemically characterizea complex volatile mixture was
demonstratedand appliedto dieselbus exhaust.Resultsindicatedthat mutagenicactivity in vapor-phase
exhaustgaseswasgreaterthanthat in particulatephaseexhaust.

Importance to ARB’s Pmgram The Health and Safety Code requires the ABE to identify toxic air
contaminants.The methodsdevelopedin this projectwill help the ARB determinewhich vapor-phase
compoundsarethe mostimportantcandidatetoxic aircontaminants.

SOUTHERNCALIFORNIA AIR QUALITY STUDY: TOXIC AIR CONTAMINANTS, TASK 1.A832-152:
DanielOrosjeanandAssociates.

Objectives: To determinethe ambientconcentrationsand trends of two chlorinatedhydrocarbons--

CH3CC13(trichloroethane)andC2C14(perchioroethylene)-- fromdataobtainedduring the 1987 Southern
California Air Quality Study (SCAQS).Thesecompoundsare generallyusedas solventsfor dry cicaning
andinert fillers for pesticidesandarerecognizedastoxic aircontaminantsinCalifornia.

Findings: Ambient concentrationswere lowest at the background site on San Nicolas Island.
Concentrationsmeasuredat other sitescomparedto those at San Nicolas Islandshowedthat there ate
urbanemissionsof thesecompounds.Diurnal variationswere morepronouncedin the summerthanin the
fall.

Importanceto ARB’s ProgcantThis databasecanbe usedby the ABB to betterunderstandspatial and
temporalvariationsin thesecompounds,andto developcontroimeasuzesfor theseTAOs. Thisdatabaseis
useftil formonitoringcompliancetowardCaliforniastandardsfor theseTACs.

1989

AMBIENT CONCENTRATIONSOF CHLORINATED D!BENZODIOXINS AND DIBENZOFURANSIN
ThE SOUTH COAST AIR BASIN. A6.-100-32: ENSR ConsultingandEngineeringCorporation.Research
Note1990-9.

Objectives:To collect ambientair samplesat severalsitesin the Los Angeles areaandanalyze them to
determineconcentradonsof fifteen compoundsin the dioxin family. The sitEs representedindustrial,
commercial,residential,andbackgroundlocations,somenearknownemissionsources.
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Findings: The highestconcentrationswere noted during a period of land-to-seaair flows in winter,
suggestinga regionalair mass andtransportphenomenon.Dioxin compounddistribution profiles suggest
the influenceof combustionsourcesin mostcases.

Importance to ARE’s Progranv The results havebeenusedby ARB staff to c1ari~,impacts of known
emissionsourcesandto establisha baselineforassessingthe risksof proposeddioxin emissionsources.

CHLORiNATED DIBENZO-p-DIOXIN (PCDD) AND CHLORINATED DIBENZOFURAN (PCDF)
RESIDUE LEVELS IN FOOD.A6-197-3;Midwest ResearchInstitute, Inc.

Objectives:To measurethe levelsof chlorinateddioxinsand flirans (PCDDandPCDF) in foodsconsumed
by California residents.Samplesof fish, hamburger,chicken,bacon,milk, and eggswere collectedftom
retail marketsin SanFranciscoandLos Angelesandaz~a1yzedforPCDDandPCDFresidues.

Findings: Detectablelevelswere identifiedin all butthe eggsamples,with thosein freshwaterfish highest.

Importanceto ARB’s Progrant Resultsof the studywere usedto evaluatethe overallpublic exposureto
PCDD and PCDF and to determinethe needfor regulation of airborneemissionsof these toxic air
contaminants.
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California Clean Air Act
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CaliforniaCleanAir Act:

StationarySourceEmissions
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SStionary Sources0f Air Pollufión

Projectsin Progress

EMISSIONSTESTINGOFiWO-STROKEUTILITY ENGINES. 97-313:UniversityofCalifornia,Biverside.

Objectives: To obtain exhaustemissionsdatafrom two-strokehand-heldutility engines,includinga low-
emittingtwo-strokehand-heldutility enginethat is beingdevelopedwith the assistanceof ARE finding.
Theengine,calledthe CleanAir Two-Stroke’ or “CATS”, is beingdevelopedwith the goalofmeetingthe
ARES 1999 emissionstandardsfor hand-heldutility engines. It featureselectronicallycontrolled, direct-
injectionof gasolinefuel anda redesignedoiling system. Theinvestigatorwill emissionstesttheprototype
and, for comparison,five otherhand-heldengines,including onemadeby the samecompany. Emissions
measuredwill include totalhydrocarbons,GO, NON, C02, andparticulatematter.

ImportancetoARB’s Prog-antTheARE is committedto supportingthe advancementof innovativeclean
air technologiesto thecommercialstage. Emissionstestingof this promisingengineis oneway in which the
APEcanprovidethis support.

ENERGY EFFICIENT,ULTRA-LOW-NO, INDUSTRIAL GAS BURNERS: 95-310: Universityof California,
Irvine.

Objectives: To developtechnologiesnecessaryto attain and maintain the energy-efficientoperationof
natunlgasburnerswith ultra-lowemissionsof NOR.

Importanceto ARB’sProgranv The resultingburnerdesigninformation will be providedto cooperating
burner manufacturersfor the developmentand demonstrationof boiler burner and high-temperature
processburnertechnologiesfor the majority of industrialandcommercialapplications. Thisprojectwill
help reduceNO~emissionsfrom industrial gasburnersby demonstratinga technologythat reducesthe
energypenaltyfor reducingemissions.

IMPROVEMENTS OF SPECIATION PROFILESFORAEROSOL COATINGS. 95-336: California State
PolytechnicUniversityat San Luis Obispo.

Objectives: To determinethe identity and amountof the organic gasesin about50 aerosolpaint and
coatingproductsthatarerepresentativeof themanyconsumerproductssoldin California.

Importanceto ARB’s Progi-antThe resultsof this studywill be usedto improve consumerproductcontrol
measuredevelopmentandemissionsinventoriesfor organicspeciesandair toxics.
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CompletedProjects

1998

TEMPORAL, SPATIAL AND AMBIENT ThMPERATURE EMISSION EFFECTS IN THE
SACRAMENTOMODELING REGION. 94-333: Universityof California, Davis.

Objectives: To investigate important temporaland spatial variations in emissionsin the Sacramento
modeling region, specifically from non-madmobile sourcesand industrial surfacecoatingsand related
processsolvents,andto assesstheeffectof ambientremperatuteon emissionsftom thosesoutces.

Findings: A QIS-basedapproachwasdevelopedby the investigatorsto spatiallyallocatt regionalor county-
level emissionsto units suchas the grid cells thatare usedinphotocheinicalair quality simulationmodels.
They also developedstatisticalmodelsby which the valuesof spatial surrogatescan be estimatedand
updated using widely available data on land use and population and the U.S. Census Bureau’s
topographicallyintegratedgeographicencodingandreferencingfiles. The effectsof ambienttemperature
andweatheron the sourceactivitieswereestimatedbasedon the investigatorssurveydataandemissions
estimatesmadeby theABB.

Importanceto ARE’sProgram: Informationon temporalandspatialdistributionsof emissionsis important
to air quality monitoring,emissionsinventorydevelopment,andair quality simulationandmodeling. The
results of this study will aliow the emissionsinventory lbr the Sacramentoareato betterreflect these
variationsandprovide insightsinto ways to improve emissionsinventoriesfor otherareasof thestate. This
is of importancefor air polluflon controldistncrsandtheU.S.EPA. The resultsof this studywill bealsoof
use in thdustriesthat use coatings,businessesor farms that use light- or heavy-dutyequipment, and
businessesthatusepleasurecraft or locomotives.

IDENTIFICATION OF POINT SOURCEEMISSION CONTROLSAND DETERMINATION OF THEIR
EFFICIENCIESAND COSTh. 96-325: E.H. Pechan& Associates,Inc.

Objectives: To provideup-to-daredataon controlsfor emissionsof air pollutantsfrom point sources,and
to iden~fijexistingcontrols,alongwith theircostsandefficiencies.

Findings: The investigatorsidentifiedthe controlscurrently usedby point sourcesto controlemissionsof
total organic gases,reactive organicgases,oxides of nitrogen, sulfur oxides, carbonmonoxide, total
particulatematter, PMIO (particulatematterhaving an aerodynamic&amettr less than 10 micrometers),
andPM2.5. Toxic air contaminantswere also included,groupedas volatile organic toxics, particu1at~
organictoxics,andparticulateinorganictoxics. The costsandefficienciesof the contiolswere determined.
The controls wete groupedby type: add-oncontrol, control process,andintegratedcontrol. Control
efficiencieswere identifiedasannge,from low to high.

Intponanceto ARB’s Prog—aanu The data from this study will be included in California’s emissions
inventory to provide the APE, air quality districts, and the air pollution control planning and rule
developmentcommunitywith betterandmote complete information aboutthe emissioncontrolsof air
pollutingprocessesthan is now available. Thisinformationwill help determinethe point sourcepzocesses
thatare mostlikely to pmvide cost-effectivecontrolsandtheprocessesthatarecurrentlyfrilly controlled.
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1997

INDUSTRIAL SURFACECOATiNGS: WOODFURNITUREAND FIXThJRESEMISSIONSINVENTORY
DEVELOPMENT. 93-343: Universityof California,Davis.

Objectives: Overthe years,air pollution districtruleshaveresultedin changesin coatingformuladonsand
in coatingsolvents. The purposeof this studywas to providedatafor the Statetsemissionsinventory to
accountfor thesechangesin this emissionsource.

Findings: Dataobtainedin this study include amountsof coatingsusedin industrial surfacecoating of
woodfurnitureandfixturesin Californiaby district for oneyear for variouscoatingapplicationcategories;
emissionandactivity factorsfor eachcoatingapplicationcategory;estimatesofvariabilitiesin coatingusage
andemissionfactors;andsourcesof informationfor annualupdatesfor emissionactivity factors.

Importanceto ARB’sProgram.t An importantsourceoforganic gasesin California’sair maybeevaporation
of organicsolventsassociatedwith the coatingofwoodfurnitureandfixtures. Thisprojectis partof efforts
to attain FederalandCaliforniaambientair qualitystandardsfor ozone. The resultingdatawill be usedby
the ARE to reviseand updatethe emissionsinventory methodologyfor industrialsurfacecoatingof wood
furnitureand fixturesandto assistin thedevelopmentof control measuzes. Resultsof the studywilt beof
use to the districts for determiningthe effectivenessof rules for the use of low-VOC coatingsin this
industry. The woodftimiture businesscommunitywill also benefitfrom this report.

1996

DEMONSTRATIONOF A LOW-EMITTING TWO-STROKEUTILITY ENGINE. 93-324: Engine,Fuel,
andEmissionsEngineering.

Objectives: To demonstratethe technologicalfeasibility of the ARB’s 1999 exhaustemissionstandardsfor
utility enginesoflessthan25 horsepower.Chainsawapplicationis cortsideredto bethe mostdemandingin
thecontextof designingeffectiveanddurableemissioncontrolsfor utility enginesof this size. The ARB
hasproposedemissionstandards,to beimplementedin 1999, for this classof engine.

Findings: This studyfound that manufacturersof rwo-stmk&enginesshouldbe able to meetthe ARBs
1999emissionstandardsforutility enginesoflessthan25 horsepower.Thiscouldbeaccomplishedby using
fuel injection technologyandcatalyticconverters,orby conversionto four-strokeenginedesigns.

Importanceto ARE’sProgranu Thisreportpresentsevidencethat the 1999emissionstandardsfor utility
enginesof less than 25 horsepowerare technologicallyfeasible. The reportwill be usedin review of the
standards.

SOLVENT CLEANING/DECREASINGSOURCE-CATEGORYEMISSIONS INVENTORY. 93-341: E.H.
PechanandAssociates.

Objectives: To developa comprehensiveemissionsinventoryoftotal organicgasesfor thesolventcleaning
categoryof stationaryemissionsources.

Findings:An emissionsinventoryof totalorganicgaseswasdevelopedfor solventcleaning. The amountof
solventusedin solventcleaninganddegreasingoperationsin California was determinedby district andby
county for 1993 for variousequipmentgroups. Specifiedsourcesof information were providedfor future
annualupdatesof California’semissionsinventory.
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Importanceto ARB’s Prog-ranv Emissionsfrom solventcleaningand degreasingoperationshave been
determinedby the APE to he an important souiceof smog-forming organicgases and of toxic air
contaminants.Changesin ARE andair district rulesoverthe yearshaveled to thereformulationof solvent
cleanersanddegreasers. The datacollectedin this studywere used to revise and update the solvent
cleaningand degreasingemissionsinventory methodologyand to support the developmentof control
measuresfor ozone,in compliancewith the CleanAir Act. Theresultsof the studywill be of use to local
governmententities facedwith control of VOC emissions. The results will also enable chemical
manufacturers,solventdistributors,end-users,and toxic wastedisposalcompaniesto betterunderstand
solventusageandemissionsfrom solventcleaningoperations.

COATING OPERATIONS TEST METhOD AND METHOD DEVELOPMENT SURVEY. 93-344:
Universityof California, Davis.

Objectives: To documentthe existingregulatoryrequirementsfor contzol of volatile organiccompound
(VOC) emissionsfrom coatingsandcoatingoperations. Includedare those operationsinvolving paints,
inks, coatings,adhesives,andpolyesterresin materials,and the solventcleaning associatedwith these
operations.Testmethodsspecifiedin the regulationswere analyzedto identif,rproblemareasandmethods
developmentneeds.

Findings: The physicalcharacterisdcsto be testedandexistingtestmethodswete identified. Problems
with testmethodswere identifiedandrankedin orderof importanceor urgency.

hnpottancetoARE’sProgrant Informationobtainedftom this studyis beingusedto guide andprioritize
the developmentof testmethodsfor or relatedto emissionof volatile organiccompoundsfrom coatings
applicationsand associatedoperations. Results of this projectwill improve the enforceabilityof VOC
control rules. The resultswill alsobe usedby local air districts’ testingprograms,by othergovernmental
coatingstestinglaboratories,andby privateindustrylaboratoriesandcoatingsmanufacturers.

DETERMINATION OF EMISSIONS FROM OPEN BURNING OF AGRICULTURAL AND FORESTRY
WASTES: PHASEII. A932-126:Universityof California, Davis.

Objectives: To assessthe combustioncharacterisdcsof the waste-burningtest facility locatedat the
University of California, Davis, andto use the facility to developemissionfactors for the simulatedopen
burningofdifferenttypesofagriculturalandforestrywastes.

Findings: The reportfrom this studygivesresultsof labontorytestburnsconductedin a combustionwind
tunnelwith eightdifferentfixel types: barleystraw, cornstover, rice straw,wheatstraw, almondpninings,
walnutprurlings,Pouderosapine slash,andDouglas fir slash. The repeatabilityof the dataobtainedfrom
the testswas good,andthe valuesobtainedfor the emissionficrors were consistentwith dataobtainedby
other researchers.

Importanceto ARB’s Prqgranu Thisinformationis neededto developemissionoffsetsforwastematerials
in accordancewith the non-vehicular air pollution contml regulationsfor basinwide mitigation for
cogenerationand resourcerecoveryprojects. The results are of use to businessproponentsof energy
projectsandofalternativesto agriculturalburning.
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JMPROVEMENTOF SPECIATION PROFILESFORARCHITECWBAL AND INDUSTRIAL COATINO
OPERATIONS. 93-319: CaliforniaPolytechnicStareUniversityFoundation.

Objectives: To developandimprovespeciarioriprofilesfororganicgasemissionsfrom selectedarchitectural
andindustrialmaintenancecoatingprocessesandassociatedsolventuse.

Findings: Emissionprofiles were obtainedfor 52 water-basedand56 solvent-basedcoatingsby averaging
the resultsof at leasttwo analyses.Typical agreementfor replicateswasgood,with standarddeviationson
the order of threeof four percent,relativeto the mean. Up to 15 componentswerefoundin the water-
basedcoatingsand100 to 300 componentsin the solvent-basedcoatings. Coatingswere separatedinto
elevencategoriesbasedon similarity of emissions,carrier technology,andmarketsize of a givencategory.
Groupprofilesreflecta compositeof profilesfromall coatingsanalyzedin a givencategory.

Importanceto ARB’sProgranu Informationfrom this studywill be usedto improve emissionsinventories
thatareusedhi modelinganalysesfor the developmentof cost-effecuveozonecontrolstrategies.

1995

DETERMINATION OF VARIABILITY IN LEAF BIOMASS DENSITIES OF CONIFERSAND MIXED
CONIFERSUNDERDIFFERENTENVIRONMENTAL CONDITIONS IN CAUFORNIASSAN JOAQUIN
VALLEY AIR BASIN. 92-303: Universityof California1Riverside.

Objectives: To updatetheARBsSanJoaquinValley Air Basinemissionsinventoryto includeemissionof
organicgasesfrom coniferforestson thewesternslopesof the SierraNevada.

Findings: This field studyproduceda wealthof raw dataon foliar .biomassestimatesandenvironmental
conditions. Elevationwasfound to be the mostuseftil parameterfor predictingfoliar biomassof conifer-
dominatedplots. The relation betweenbiomassof conifer-dominatedplots andelevationwas used to
constructa (MS-basedmap and lookup table of the distributionof coniferfoliar biomassfor 2 x 2 km grid
cells acrosselevationalgradientsin the areastudied. Oak biomassdiéplayedlow variability acrossplots.
Thebestpredictorof oakfoliar biomassmaybe the meanbiomassof theplots studied.

Importanceto ARB’s Progranu The ARB andotherentitiesusedthe results of this project~alongwith
emission factors obtainedby other investigators, to estimatebiogenic hydrocarbon emissions. This
informationwill beemployedin theproductionof agoodemissionsinventory(for the two majorvegetation
typesfoundin this valley) for usein CleanAir Act implementationplans.

TESTING OF ARCHIThCThRAL AND INDUSTRIAL MAINTENANCE COATINGS. 92-339: Harlan
Associates,Inc.

Objectives: To measure the key chemical,. physical, performance, and application properties of
commerciallyavailableand recentlydevelopedarchitecturaland industrial maintenance(AIM) coatings.
The sampleswere testedfor volatile organic compounds(VOC) and water content and numerous
performanceproperties,including (where applicable) viscosity, stability, dry time, freeze-thawresistance,
adhesion,impactresistance,gloss,saltsprayresistance,abrasionresistance,appearance,sandingproperties,
chemicalresistance,yellownessindex,andfungusresistance.

Findings: Analyseswere confirmed to be within American Society for Testing andMaterials (ASTM)
precisiontestlimits. The compilation.of datais availablefor usein regulatorydecisionmaldng.The data
may be used to analyze to what extent producersof coatings for California marketshave achieved
reductionsofVOC5, andto whatextentnewcoatingsperformtheir protectiveor decorativefunctions.
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Importanceto ARB’s Progcanu The California CleanAir Act of 1988 required the implementationof
reasonablyavailablecontrol technology(PACT) for areasprojectingattainmentof the ozonestandardby
1994,andbestavailable retrofit control technology(BAPCT) for areasprojectingattainmentby 1997 or
beyond.An integralstep in the developmentof RACT/BARCT detenninadonguidanceis the analysisof
currentAIM coatingstechnology.

1994

DEVELOPMENT OF SPECIES PROFILES FOR EMISSIONS FROM SELECTED COMBUSTION
SOURCES.A132-104: EnergyandEnvironmentalResearchCorporation.

Objectives: To developspeciacionprofiles (identification andrelative amounts)for emissionsof organic
gasesandoxidesof nitrogenfrom natural gascombustionandoil refinery combustionsourcesthat burn
othergaseousfuels.

Findings: Preliminarydraftspeciesprofiles have beendevelopedfor severalnaturalandrefinery gas-fired
sources.

Importanceto AREsProga-anv Informationfrom this studyis beingusedto improve emissionsinventories
that areusedby the APEin modelinganalysesfor the developmentof ozonecontrolstrategiesin response
to theCleanAir Act.

AIR QUALITY MITIGATION MEASURES FOR AIRPORTS. A132-168: Energy & Environmental
Analysis, Inc.

Objectives: To identify and quantify the effectivenessof air quality mitigation measuresdesignedto
minimize emissionsof hydrocarbons,carbonmonoxide,nitrogen oxides,andparticulatemattergenerated
by all aspectsof airportactivity, especiallyconstructionandexpansion.

Findings: Thisstudyproducedadraft list of airqualitymitigationmeasutesdesignedto minimize emissions
generatedby ahcnft ground and flight operations, and land the developmentsassociatedwith the
constructionofairports.

Importanceto ARB’sProgratrn The ARB is the Stateagencyresponsibleforcertifying underthe Airport
andAirwaySafetyandCapacityExpansionAct of 1987 thatairportprojectswill complywith applicableair
qualitystandards.With the informationfrom this study, we are betterableto evaluateairportprojectsto
minimize theimpactof emissions.

1993

EVALUATION OF A METHOD FOR DETERMINING VAPOR PRESSURESOF PETROLEUM

MIXTURES BY HEADSPACEGAS CHROMATOGRAPHY.A6-178-32:UniversityofCalifornia, Davis.
Objectives: To developanddemonstrat~a methodinwhich headspacegaschromatographycouldbe used
for measuringthe vaporpressuieof complexpetroleummixtui~ssuchascrudeoil. Vaporpressureis one
determinantof the rareofproductionof atmosphericpollutantsby volatile substances.

Findings: The investigators developed,demonstrated,and validated a headspacevapor pressuxe
measurementmethod. Precisionwas good whenusedon mediumandlight crude oils; therewas some
vatiability in responsefor theheavycrudeoils.
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ImportancetoARB’sProgranv Dataresu1rfr~gfrom applicationof this methodwere used,alongwith other
data, by ARB staff and othersto assesshydrocarbonemissionsfrom crude oil storageand processing
facilitiesfor planningattainmentof theambientairqualitystandardsforozone.

1992

DEVELOPMENT OF EMISSIONS FROM OPEN BURNING OF AGRICULTURAL AND FORESTRY
WASTES. PHASEII: FLAME CHARACTERIZATION. A932-161: Universityof California,Davis.

Objectives: To characterizeflame propagationat art agriculturalwaste bumtest facility. Combustion
emissionsare critically affectedby differencesin temperature,time, andoxygenconcentrationin the fire
zone.

Findings: This study documentedthe combustioncharacteristicsof a wind tunnel facility during
experimentsconductedon rice strawundera range of conditions. Pollutantemissionsfrom the tunnel,
especiallyfor particulatematter,were foundto bedependenton tunnelwind speed.

Intpoitance to ARO’s Progranu A detailed characterizationof flame behavior was used to better
understandhow the testsystemmay influenceemissionsrelative to fire conditionsin the field. Ongoing
ARB work atUC Daviswill usetheseresultsfor determinationof emissionfactorsas theyapply to emission
credits underthe non-vehicularair pollution control regulationsfor basinwidemitigation for cogeneration
andresourcerecoveryprojectsprogram.

1991

DEVELOPMENT OF A UNIVERSALLY ACCEPTED TEST METhOD FOR DETERMINATION OF
VOLATILE ORGANIC CONTENT OF PAINTS AND RELAThD COATINGS. A832.-126: Calcoast
Analyticalandlit. ResearchNote 1992-1.

Objectives: To developnew or refine currently usedmethodsto test for volatile organiccompounds
(VOCs) in architecturalandindustrial coatingsto achieveamethodacceptableto ARB andair pollution
control districts.

Findings: Severalof the currentASTM test methodswere found acceptable,while otherswere not.
Changeswererecommendedfor two of the methodsfor determinationof watercontentandorganicsolvent
contentofcoatings.

Importanceto ARB’s Progranu This study is part of ARBs comprehensiveinvestigationof emissions
reductionmeasuresfor VOCs from consumerproducts, as requiredby the Health and Safety Code.
Adoptionof themodified testmethodby regulatoryagenciescouldeasethe burdenofcompliancefor paint
andcoatingsproducersandfor enforcementagencies.

EVALUATION OF LOW-SOLVENTAUTOMOTIVE REFINISHING COATINGS. A832-115: Calcoast
AnalyticalLabs. ResearchNote 1992-2.

Objectives: To comparethe performanceandapplicationpropertiesof low-solventautomotiverefinishing
coatingswith thoseofconventionalcoatings.
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Findings: Thereis no apparentrelationshipbetweenthe VOC contentandthe performancepropertiesof
automotiverefinishingcoatings. High quality coatingswere identifiedwith low-solvent,medium-solvent,
andhigh-solventcontent.

ImportancetoARE’sProgram.tThisstudydemonstratedto industry,consumers,andgovernmentagencies
thatcoatingsmanufacturersandformulatorshavesucceededin developingreliablelow-solventautomotive
refinishingcoatings. This study is part of the ARBs comprehensiveinvestigationof emissionreduction
measuresfor VOCsfrom consumerproducts,asrequiredin the HealthandSafetyCode.

DEVELOPMENTOFSPECIESPROFILESFORSELECThDORGANIC EMISSIONSOURCES. A832-059:
CaliforniaPolytechnicStateUniversity,SanLuis Obispo.

Objectives: To developlists anddescriptions(speciationprofiles) for emissionof organiccompoundsfrom
selectedsourcecategoriesthat contribute to violation of ambientair quality standardsfor ozone. The
sourcesinvesdgaredwere: oil field fugitive hydrocarbonemissions,such as those from leaksand open
sources;utility engineexhaust;andfarmandheavy-dutyequipmentexhaust.

Findings: Over fifty hydrocarbonspecieswere quantifiedin the oil field fugitive emissionswork. The
engine testresults showedthat twelve compoundsaccountedfor at least half of the total hydrocarbon
emissionsfrom every enginetested. In addition, formaldehydeaccountedfor about one percentof the
emissionsfrom theengines.

Importanceto ARB’sProgranr Information from this studywas used to improve the APEs emissions
inventoriesfor organicgasesandto improve modelinganalysesusedfor the developmentof ozonecontrol
strategiesfor attainmentof the ambientair quality standardfor ozone.

1990

HYDROCARBON EMISSIONS FROM VEGETATION FOUNDIN CALIFORNIA’S CENTRAL VALLEY.
A732-155: Universityof California,Riverside. ResearchNote 1990-12.

Objectives: To determinethe emission ntes and chemical composition of organic gasesemitted by
prominentvegetadvespeciesin California’s centralvalley. The newdatafill a critical gapin the reactive
organicgasesemissionsinventory.

Findings: Hydrocarboncompoundsemittedby morethan30of the mostcommonagricultuxalandnatural
plantsfoundin California’s CentralValley were separatedandmeasured.All of the plant speciestested
emittedsomeof thesehydrocarbonsatratessuggestingapossibleeffectuponair quality.

Imponanceto ARE’s Program.~ Thesedata togetherwith data on land use andbiomassdensitywere
employedby ARB staff to developa hydrocarbonemissionsbventory for agriculturally importantand
naturally occurring vegetationsources. This placesbiogenic sourcesin perspectivefor developmentof
ozoneattainmentplansfor the CleanAir Act.

1989

TEST AND EVALUATION OF A POLYMER MEMBRANE PRECONCENTRATORA732-153: Radian
Cotporation. ResearchNote 1990.8.

Objectives: To evaluatEa membranesystemfor useas a preconcentrationstep for hydrocarbonemissions
controldevices. Theptvjeccwasco-managedby the U.S. EPA.
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Findings: The systemgenerateda streamaboutthreetimesas concentratedas the original feedstream.
However, membrane-augmentedtechnology does not appear to be a cost-effectivealtemadve to
conventionalcarbonadsorptionor otherclassicalcontroloptionsfor low-concentrationvaporstreams.

Importanceto ARB’s Progranu As a result of this study, dataon efficiency and costsfor this control
measureare now availablefor this innovative volatile organiccompoundcontrol technologyfor use in
compliancewith the CleanAir Act.
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CaliforniaCleanAir Act:
RegionalAir Quality
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RegionalAir Qualify Studies

Projectsin Progress

I. SCOS97-NARS’IOStudies

MANAGEMENT OF DATA FROM THE UPPER-AIRMEThOROLOGICAL NETWORKFORTHE 1997

SOUTHERNCALIFORNIA OZONESTUDY. 96-323: NationalOceanicandAtmosphericAdministration.

Objectives: To provideuniform qualitycontrol andmanagementof the datacollectedfrom the upper-air
meteorologicalnetworkin theSouthernCaliforniaOzone(SCOS97-NAPSTO)Study,andto manageand
validatethe datain near-realtime to supportefforts for forecastingthe intensiveoperationalperiodsof the

studyandfordetectingoperationalproblemspromptly.

Importanceto ARE’s Program: Themeteorologicaldatacollectedin the SCOS97-NAPSTOstudywill be
usedto characterizethe meteorologicalprocessesin the lower troposphere.The datamustbe uniform and
ofhighquality to enableproperperformanceby ozoneair qualitymodels.

AUDIT OF THE RADAR WIND PROFILER NETWORK AND SELECTED SURFACE
METEOROLOGICAL SIThS FOR THE 1997 SOUTHERN CALIFORNIA OZONE STUDY. 96-320:
Aerovironment.

Objectives: To assurethe quality of a subsetof the meteorologicalobservationsmadeat the SCOS97-
NARSTOupper-airsites.

Importanceto ARB’sProgram: The ARB is oneof severalorganizationscarryingout the 1997 Southern
California Ozone Study, the purposeof which is to develop tools for betterair quality simulation for
southernCalifornia.

ENHANCEMENT OF THE EXISTING RADAR WIND PROFILER NE1WORK FOR THE 1997
SOUTHERNCAUFORNIA OZONESTUDY. 96-318:RadianInternationalLLC andSonomaTechnology,
Inc.

Objectives: To install andoperatefive radio wind profiler/radio acousticsoundingsystem(RWP/RASS)
sitesas partof theSCOS97-NAPSTOstudy.

Importanceto ARE’sProgranuThe datacollectedwill be usedin combinationwith othermeteorological
andair-qualitydatato investigatethe processesandmechanismsthat mustbe understoodandadequately
treatedin theSCOS97-NARSTOair quality modeling.

ENHANCEMENT OF THE EXISTING RADAR WIND PROFILER NEIWORK FOR THE 1997
SOUTHERNCAUFORNIA OZONESTUDY. 95-345: NationalOceanicandAtmosphericAdministration -

EnvironmentalTechnologyLaboratory.

Objectives: To install andoperate11 RWP/BASSsitesandthreeSODARsites to supplementthe existing
meteorologicalmonitoñngnetwork(particularlyaloft) to provide the three-dimensionaldatanecessaryfor
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developing and validating meteorologicalmodels. To refine our understandingof the formation and
transportof highozoneconcentrationsaloft.

ImportancetoARB’sProgranu Plansto attain FederalandStateambientair qualitystandardsrely on the
application of ozone models. Models based on the 1987 SouthernCalifornia Air Quality Study
underestimatedozoneconcentrationsin the urbancore andaloft. A major factorcontributingto this less-
than-desirableperformancewas the limited amountof dataaboutconditionsaloft. The datacollectedin
this project will be used to investigate the processesand mechanismsthat must be understoodand
adequatelytreatedin theSCOS97iNARSTOair qualitymodeling.

MEASUREMENT OF OZONE CONCENTRATIONS ALOFT BY LIDAR DURING THE EPISODIC
MONITORING PERIODSOF THE 1997 SOUTHERNCALIFORNIA OZONESTUDY. 95-337: National
OceanicandAtmosphericAdministrauon- EnvironmentalTechnologyLaboratory.

Objectives: To monitor the vertical distribution of ozone concentrationsduring the 15-day intensive
monitoringperiodsofthe 300S97-NARSTOstudy.

Importanceto ARB’sPmgrant Theseandotherdatacollectedduring the SCOS97-NARSTOstudywill
be usedto validatethe performanceof photochemicalair qualitymodels, to estimatehorizontalozoneflux
in the SanGabrielValley, and to Sue our understandingof the formationandtransportof high ozone
concentrationsaloft. This information is necessaryfor the developmentof cost-effective ozone control
strategies.

AIRCRAFT MEASUREMENTSIN SUPPORTOFTHE 1997 SOUTHERNCALIFORNIA OZONESTUDY.
95-332: UniversityofCalifornia,Davis.

Objectives: To increaseunderstandingof the processesthat leadto high ozoneand NO~concentrations
above-groundand how they affect air pollution at ground level. To characterizethe 3-&mensional
distributionofozone,NO7, andmeteorologicalvariableswithin the southcoastair basin during the 15-day
intensivemonitoringperiod.

IntpottancetoARB’s Pmgnzm Thisproject is partof the SC0397-NARSTOstudy,whoseresourceswill
be usedto gatherdatafor regionalmodelingof ozone. With new andextensiveupperair datafor thesouth
coastair basin,subsequentair qualitysimulationscanbe validatedandwill contributeto thedetermination
of the mostcost-effectivepath to attainmentof the national ambientair quality standardfor ozonein
southernCalifornia.

INVESTIGATION OF PROCESSES LEADING TO THE FORMATION OF HIGH OZONE
CONCENTRATIONSALOFT IN SOUThERNCAUFORNIA. 96-309: SonomaTechnology.

Objectives:.To supportthe S00S97-NARSTOstudyby providing an aircraftinstrumentedto monitor
ozone,oxidesof nitrogen,volatile organiccompounds,andmeteorologicalconditionsduring the inttnsive
15-daymonitoringperiod.

Importanceto ARE’s Progrant Thesedata will subsequendybe combinedwith other air quality and
meteorologicaldatacollectedduring SCOS97-NARSTOto refine ideasof how ozone layers are formed
aloft andto improve the ability of airshedair quality models to predict the magnitude, timing, and
altitude(s)ofozoneconcentrationsaloft.
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SURFACE AND UPPER-AIRVOC SAMPLING AND ANALYSIS DURING THE 1997 SOUTHERN
CALIFORNIA OZONESTUDY. 96-322:Universityof California,Riverside.

Objectives: To conductsamplingandanalysis of certaincompoundsassociatedwith the productionof
ozone: speciatedC2-C~ hydrocarbons,C1-benzaldehydecarbonylcompounds,methane,carbonmonoxide,
carbondioxide, andmethyl tertiaryburyl ether.

Importanceto ARB’s Prograrm The resultsof this study,which is part of the SCOS97-NARSTOstudy,
will contribute to the improvementof airshedmodelsthatare usedto developcontrol strategiesandverify
control plans,and will improve our understandingof ozoneformation and the extent of transportof
emissionsbetweenair basins.

AIR MONITORiNG PROGRAMFORDETERMINATION OF THE IMPACTS OF INTRODUCTION OF
CALIFORNIA’S PHASE2 REFORMULATED GASOLINE ON AIR QUALITY IN THE SoCAB. 94-332:
DesertResearchInstitute.

Objectives: To collect datain the southcoastair basinto be usedto determinethe immediateair quality
impactoftheintroductionof cleanetburninggasolineandto supporttheSCOS97-NARSTOprogram.

Importanceto ARB’sProgranu The results from this air monitoringeffort andcomplementarystudiesof
emissionsourceswilt be analyzedto determinethe impact of this importantARB regulatoryprogramon
atmosphericlevels of ozoneprecursorsandtoxic air contaminants.The resultsof the SCOS97-NARSTO
programwill beusedtoimprove airqualitymodelsusedto designair qualitycontrolplansandstrategies.

IL OtherStudies

ATMOSPHERIC CHEMISTRY OF SELECTED LINEAR, BRANCHED, AND CYCLIC C10 ALKANE

COMPONENTSOF MINERAL SPIRITS. 97-312:Universityof California,Riverside.
Objectives: Recentlaboratory experimentshave found that existingchemical modelsoverestimatethe
ozone-formingpotential of mineral spirits (productsof petroleumdistillation widely usedas cleaning
solvents)by abouta factorof two. In this studythe investigatorswill analyzethe primaryproductsformed
from the reactionsof the OH radical with threeC10 alkanesthatwill serveas modelsfor the threetypesof
alkanesfoundin mineralspiflts anddevelopmethodsfor identi4’ingandquantifjing secondaryproductsof
atmosphericreactionsof thesealkanesthat lead to bothozoneandPM2.5 (very fine particle) formation.
Themodelalkanestobe studiedaren-decane,3,4-diethyihexane,andn-butylcyclohexane.

Importanceto ARB’s Progcanu This studywill provide an understandingof the relative ozone-forming
potentialof the typesof alkanesfoundin mineralspirits. Thiswill allow the ARB andotherorganizations
concernedwith air quality to developmoreeffectiveconsumerproductregulations.

DEVELOPMENTAND APPLICATION OF IMPROVED METHODS FORMEASUREMENTOF OZONE
FORMATION POTENTIALSOFVOLATILE ORGANIC COMPOUNDS. 97-314:Universityof California,
Riverside.

Objectives: To modify existing methodsfor measuringandestimatingthe ozoneforming potenflatsof
V0C2s to be more sensitive,consistent,andcost-effective,and to not require specializedknowledgeor
expertisein atmosphericchemistry.Theimprovedtechniqueswill beevaluatedforVOCs withwell studied
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reactivity characteristicsandappliedto compoundsthat are importantcomponentsin variousconsumer
productcategories.

Impon.anceto ARB’sProgranr VOC reacth’ity hasbecomeanimportantcomponentin the development
of ozonecontrol strategies.Until recentlya VOC was definedas eitherreactiveor not. The techniques
developedin this study will be more technically soundthan this binary approachand thereibremore
effective.Theyshouldalso belesscostly.

THE FORMATION OF GASEOUS NITROUS ACID (HONO): A KEY DETERMINATION OF
TROPOSPHEPJCOZONEAND FINE PARTICLES. 97-311: Universityof California, Irvine.

Objectives: To determinethe basicchemistryof the formationof nitrousacid (HONO) from atmospheric
N02-waterreactionsandto determinetheeffectofparticleson HONOformation.

Importance to SitU’s Pwgrant A betterunderstandingof atmosphericHONO formationwill result in
mote technicallyaccuratechemical mechanismsusedin airshedmodels that are usedfor air pollution
controlstrategiesandplans. -

REVIEW AND IMPROVEMENT OF METhODS FOR ESTIMATING RATES OF PHOTOLYSIS IN
PHOTOCHEMICALMODELS. 96-335:UniversityofCalifornia, Berkeley.

Objectives: Improvementof estimatesof the ravesof photolysisthatare usedin air quality models. This
involves determinationof the stateof the sciencein radiative transfermodeling, identification of the
uncertaintiesin existing models, developmentor adaptationof a state-of-the-scienceradiative transfer
model andmethodsfor preparinginputdata,assessmentwith atmosphericobservations,andincorporation
of the radiativetransfermodelinto selectedair qualitymodels.

Importanceto ARE’sProgrant Resultsfrom this studywill be usedto improve the ARE’s estimatesof
changesin ozone concentrationsresulting from changesin emissionsof ozoneprecursors. Accurate
estimatesareneededfordevelopmentof California’s implementationplanfor meetingFederalemissionand
air quality requirementsforozone.

IMPROVING THE ACCURACY OF MIXING DEPTH PREDICTIONS FROM ThE MESOSCALE
METEOROLOGICALMODEL MM5. 96-319:MCNC-EnvimnmentalPrograms.

Objectives: To improve the accuracyof estimatesof the mixing depth (the depthin the atmosphere
throughwhichpollutantsemittednearthe surfaceare mixed anddilutth) ptethcr~dby a meteorological
model that simulatesthe physicalprocessesoccurringin the atmosphereandassimilatesinformation from
meteorologicalmeasutements. The model -- the PennsylvaniaState University/National Center for
AtmosphericResearchMesoscaleMeteorologicalModel -- is knownasMM5.

Importance to ARB’s Pwgram Accuratemeteorologicalinformation is neededto support air quality
modeling, which is appliedfor the puiposeof predictingfutureair quality, deremilriing the effects from
control of emissions,andformulating California’s plans for implementationof Federalemissionand air
qualityrequirementsforozoneandpardculatematter.
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IMPROVEMENT AND EVALUATION OFTHE MESOSCALEMETEOROLOGICALMODEL MMS FOR
AIR QUALITY APPLICATIONSIN SOUTHERNCALIFORNIA AND THESAN JOAQUIN VALLEY. 97-
310:CaliforniaStareUniversityat SanJoseandPennsylvaniaStateUniversity.

Objectives: To improve the performancecharacteristicsandrange of applicationof the meteorological
modelMM5 forair qualitystudiesin California. Theinvestigatorswill use the MM5 to determinehow high
pollutantconcentrationsareformedin layersaloftandbroughtto the surfaceduringozoneandfineparticle
(PM2.5) episodesin theSouthCoastAir Basin (SoCAB) andwill simulatewintertime fogeventsin the San
JoaquinValley andsummertimefog eventsin theSoCAB.

ImportancetoARB’s Pmgranu Meteorologyis an importantfactor in ozoneandPM2.5 formation. The
predictive skill of air quality models depends strongly on the accuracy of externally generated
meteorologicalfields. This studywill provide improvedmeteorologicalmodelingresultsfor subsequentuse
in developingeffectiveemissioncontrolstrategiesfor ozoneandPM2.5in southernandcentralCalifornia.

DEThRMINATION OFTHE HORIZONTAL DIFFUSION COEFFICIENTFOR USE IN THE SARMAP
AIR QUALITY MODEL. 96-314:EarthTech.

Objectives: To improve the coefficientfor hoiizontal diffusion of air in the ABBs SARMAP Air Quality
Model,a three-dimensionalregion-scalecomptehensiveair qualitymodel thatcalculatesthe concentrations
of both inert andchemically reactivepollutantsby simulating atmosphericprocessessuch as advection,
turbulentdiffusion,chemicaltransformation,andremoval.

ImportancetoARB’s Progranu An improvedhorizontaldiffusion coefficientwill permitgreaterconfidence
in modelperformanceandin model-generatedestimatesof emissionsreductionsneededto attainair quality
goals.

YIELDS AND REACTIONS OF INTEBMEDIATh COMPOUNDS FORMED FROM TIlE INITIAL
ATMOSPHERICREACTIONSOFSELECTEDVOCS. 96-306: UniversityofCalifornia, Riverside.

Objectives: To determineambient levels of NO3 radicals (important in ozoneformation) by measuring
ambientlevelsofPAH compounds.PAH compoundprofilesaresensitive to reactionwith NO3 andcanbe
usedas a measureof N03-relatedconcentration.

ImportancetoARE’s Progranu The impivvedunderstandingof NO3 atmosphericchemistryresultingfrom
this study will lead to mote accurateairshedmodels used in developmentof California’s plans for
implementationof Federalemissionandair quality requirements,and to morescientifically soundcontrol
plansandstrategies.

THE IDENTITIES AND BEHAVIOR OF MULTI-FUNCTIONAL CARBONYLS IN SIMULATED AND
AMBIENT ATMOSPHERICENVIRONMENTS. 96-303: Universityof California,Davis.

Objectives: To improve upon a promisingsamplingandanalytical techniquethat hasdemonstratedthe
ability to captureandquantifjmulti-functionalcarbonylcompounds.

ImportancetoARB’sProg-ranv It is believedthat the contributionof thesecompoundsto ozoneformation
is significant, andthat the inclusionof multi-functional carbonylcompounddata in airshedmodelsand
dataanalyseswill improvethe basisfor California’splansfor implementingFederalemissionandair quality
requirements.
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IMPROVEMENT OF SPECIATION PROFILES FOR AEROSOL COATINGS. 95-336: California
PolytechnicStareUniversity,SanLuis Obispo.

Objectives: To determinethe identityandamountsof the organicgasesin approximately50 aerosolpaint
andcoatingsproductsthatarerepresentativeofthe manyconsumerproductssoldin California.

Intpc.nanceto AJTh’s Program The studyresultswill assistin developingmid- and long-termconsumer
productcontrolmeasures,andwill improve emissionsinventoriesfor organicspeciesandair toxics.

TOTAL NON-METHANE ORGANIC CARBON: DEVELOPMENT AND VALIDATION OF A NEW
INSTRUMENT; MEASUREMENTS OF TOTAL NON-METHANE ORGANIC CARBON AND C2-C10
HYDROCARBONSIN THE SOUTHCOASTAIR BASIN. 95-335: Universityof California, Los Angeles.

Objectives: To developa samplingand analytical system for measuringtotal reactive carbon in the
atmosphereandto field-testthe systemto ensureaccurateambienttotalreactivecarbonmeasurements.

Importance to ARE’s Pmgranu With the developmentof a successftil reacdve carbon analyzer,
information canbe generatedto improve our understandingof photochemicalpollutant formation and
improve strategiesfor theircontrol.

ANALYSIS OF WEEKDAY/WEEKEND DIFFERENCES IN AMBIENT AIR QUALITY AND
METEOROLOGYIN THE SOUTHCOASTAIR BASiN. 95-334: UniversityofCalifornia, Los Angeles.

Objectives: To determineweekendtveekdaydifferencesin emissions,ambientair quality, andmeteorologic
parametersof thesouthcoastairbasin.

Importanceto ARB’s Pwgram This researchwill provide the ARB with insight into the interaction
betweenuniform emissioncontrolstrategiesandnon-uniformozoneconcentrationreductions. This insight
will beusefulin judgingtheeffectivenessof currentozonecontrolstrattgiesanddevelopingapproachesfor
meefingfutureair qualityneedsof the southcoastair basinas the basingoesthroughdynamic economic
anddemographicchanges.

UNCERTAINTf ANALYSES OF CHEMICAL MECHANISMS DERiVED FROM ENVIRONMENTAL
CHAMBERDATA. 95-331: UniversityofCalifornia, Riverside.

Objectives: To determinethe environmentalchamberparametersandassumptions-- usedin interpreting
chamberdata-- that contribute the most to the uncertaintyin the atmosphericreactivity estimatesfor
seven!importantaromaticandoxygenatedhydrocarbons.

Imponanceto ARE’sProgram.- Betterdesignedchamberexperimentsleadingto morecertainreactivity
estimateswill result from this project. The more certain reactivity estimateswill improve atmospheric
chemistry mechanismsused in the reactivity scale for the ARE’s Low-EmissionVehicle/Clean Fuels
regulations arid the photochemicalairshedmodels used for developmentof California’s plans for
implementationof Federalemissionandair qualityrequirementsforozone,andassistin the developmentof
consumerpioductsregulations.
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BIOGENIC HYDROCAI~BONINVENTORiES FOR CALIFORNIA: GENERATION OF ESSENTIAL
DATABASES. 95-309: Universityof California,Los Angeles.

Objectives: To measurebiogenic hydrocarbon emission rates and leaf biomass rates, to develop,
demonstrateandvalidatea newapproachfor predictingemissionratesusinginformationon aplant’sfamily
andgenus,to measureleafbiomassdata, to validate the “OAF’ geographicbiogenicemissionsinventory
databasein SouthernCalifornia, and to conductambient air measurementsof biogenic hydrocarbonsin
southernCaliforniatotestairshedmodelpredictions.

Importanceto ARB’s Progrant Becausecontrol optionsfor vegetationare limited, improving the ARB’s
ability to estimatebiogenicemissionsis critical for understandingthe extentof thecontributionof biogenic
vs. anthropogenicemissions,for improving decisionsas to whetherto focus futureozonecontrol strategies
on NO~or on hydrocarbons,andfor decisionsregardingthedegreeof controlnecessary.

INVESTIGATION OF ATMOSPHERICP.EACTIVITIES OFSELECTEDSTATIONARY SOURCEVOCs.
95-308: Universityof California,Riverside.

Objectives: To determinethereactivityof severaloxygenatedcompoundsfoundin consumerproductsthat
aresuspectedof beingmajorcontributorsto ozoneformation.

Impoitanceto ARE’sProgranu The studyresultswill be usedto devetopcontrol strategiesfor consumer
productsandto improve the chemistrymechanismusedin photochemicalmodelsusedfor developmentof
California’splansfor implementationof Federalemissionandair quality requirementsforozone.

DEVELOPMENTAND FIELD ThST OF A iWO-DIMENSIONAL VERTICALLY SCANNING OZONE
LIDAR 93-330: NationalOceanicandAtmosphericAdministration- EnvironmentalTechnologyLaboratory.

Objectives: To upgradeexisting ozonelight detectingand ranging (lidar) technology andto developa
scanningcapabilityfor the lidar thatwill enablethemappingof ozoneconcentrationsin two dimensions.

ImpottancetoARB’s Pwgranu Continuousmeasurementsof ozoneconcentrationsaloftwill be veryuseful
for the assessmentof ozonetransportbetweenair basinsasrequiredby theCaliforniaCleanAir Act. When
combinedwith remotesensingofwindsaloft, the lidar will providegreatlyimprovedestimatesof ozoneflux
betweenair basins.

ENVIRONMENTAL CHAMBER STUDIES 10k DEVELOPMENT OF AN UPDATED
PHOTOCHEMICAL MECHANISM FOR VOC REACTIVITY ASSESSMENT. 92-345: University of
California,Riverside.

Objectives: To provideexperimentaldatafor anotherARB-fundedproject(92-329,below) to updatethe
maximumincrementalreactivity (MIR) scaleusedin the Low-EmissionVehicles/CleanFuels (LEV/CF)
regulations.

Importance to ARB’s Progranu The update to the MIR scale is requiredby the Board’s LEV/CF
regulations.
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DEVELOPMENT AND APPLICATION OF AN UPDATED PHOTOCI-IEMICAL MECHANISM FOR
VOCREACTIVITY ASSESSMENT.92-329: UniversityofCalifornia,Riverside.

Objectives: To updatethe chemicalmechanismusedto calculateozonereactivity scales(scalesof ozone-
forming potential) of VOCs. To recalculatethe MIR scale for the update required by the 1EV/CF
regulations. To provide a condensedversion of the updatedchemical mechanismsuitable for airshed
models.

Imponanceto ARB’s Progranu The update to the MIR scale is required by the BoardsLEVICF
regulations.

ADVANCED BECEVFOR MODELING OF DATA FROM THE SOUTHERN CAUFORNIA AIR
QUALITY STUDY: INTERPRETIVEDATA ANALYSIS. A832-131: Universityof SouthernCalifornia.

Objectives: To apply two new receptormodeling techniquesto the data collected during the 1987
SouthernCalifornia Air Quality Studyin order to apportionsourcesof fine particlesandvolatile organic
gases, determine the contributions of direct emissions and atmospherictransformationto ambient
concentrations,andestimateozoneformationanddepositionratesasa functionof timeandlocation.

Importanceto ARB’sProgrant The resuks, in combinationwith the resultsof otherstudies,will help us
understandthe sources,transformation,andultimate fate of smog-formingpollutantsas requiredby the
CaliforniaandFederalCleanAir Acts.

CompletedProjects

1998

CHARACTERIZATION AND CONTROL OF ORGANIC COMPOUNDS EMI1TED FROM AIR
POLLUTION SOURCES.93-329:CaliforniaInstituteofTechnology.

Objectives: To quantify the atmosphericemissionsof hundredsof organiccompounds-- in bothgaseous
andparticulatephases-- from a varietyof sources.

Findings: Sourcestestedincludedmeatcharbroilingoperadons,the cooking of vegetablesin seedoils,
diesel trucks, gasoline-poweredautomobiles, fireplaces, cigarette smoke, and industrial paint spraying
operations.The informationgatheredwas usedto determinewhatfraction of the totalPM2.5 (particulate
matterhaving anaerodynamicdiameterlessthan2.5 micrometers)thesesourcescontributeto ambientair
concentrationsinsouthernCalifornia.

Importanceto ARE’sPmgranu Airborneorganiccompoundscontributeto ozoneandparticulatematter
formation. A betterunderstandingof the identityandsourcesof thesecompoundswill improve our ability
to developmore technicallysoundcontrolplansandstrategiesby providingmoreusefuldatafor validating
inventoriesandtestingurbanairshedmodels.
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PLANNING, COORDINATION,AND FIELD MANAGEMENT OFTHE 1997 SOUTHERNCALIFORNIA
OZONESTUDY (SCQS97-NAPSTO).93-326: DesertResearchInstitute.

Objectives:To conductplanningactivitiesfor the 1997 SouthernCaliforniaOzoneStudyiNorthAmerican
ResearchStrategyforTroposphericOzone(SCOS97-NARSTO)field study.

Findings: Researchobjectives were identified, a work plan developed,costs estimated,co-sponsors
idend~ng,quality assuranceplans andprotocols developed,a field studyplan produced,and a field
management protocol delivered. A draft field study plan is available on the Web at
www.arb.ac.gov/scos/scos.htm.

Importanceto ARB’s Progran-u The results of the SCOS97-NARSTOstudy are neededfor a better
understandingof the complexmeteorologicalandchemicalprocessestaldngplacein the regionso that the
mostcost-effectivemute towardattainmentof the ozonestandardscanbe determined.The air pollution
controldistricts in southernCalifornia, the EnvironmentalProtectionAgency,theUnitedStatesNavy, the
North AmericanResearchStrategyfor TroposphericOzone,and the CoordinatingResearchCouncil are
co-sponsoringthefield study.

TRACKING THE SACRAMENTOPOLLUTANT PLUMEOVER THE WESTERNSIERRA NEVADA. 94-
334:Universityof California,Davis.

Objectives: To make three-dimensionalmeasurementsof Sacramento’spollutant plume on sevendays
whentheplume wasadvectedinto the foothills Of theSierraNevadamountainrange.

Findings: The implications front the datacollected are that (1) it appearsthat high residual ozone
concentrationsabove the surface layer in the early morning are necessaryfor the production of
concentrationsaboye125 ppb (the national1-hr standard),(2) modelingapplicationshavehaddifficulty
simulatingthe transportandfateof pollutantemissions,in partbecausethehorizontalvariabilitywithin the
mixedlayeris often significantat scaleslessthan 5 km (the typical grid size of air qualitymodels),(3) high
concentrationsof ozonedo not appearto reachthe high altitude slopes of the SierraNevada, and (4)
concentntionsofoxidesofnitrogenweregenerallylow, aboutoneppb.

Importanceto Alms Program: Analysisof the datafrom this studywill lead to improvedair monitoring
networks. Datafrom thesenetworkswill be usedfor quandfjing transportfrom the greaterSacramento
area, for assessingecological impacts of air pollution on the Sierra Nevada, and for imptoving the
performanceof the meteorologicaland air quality modelsthat are used to quantify the reductionsin
emissionsthatwill be necessaryin orderto attainair qualitystandards.

1997

ENVIRONMENTAL CHAMBER SThDIES FOR DEVELOPMENT OF AN UPDAThD
PHOTOCHEMICAL MECHANISM FOR VOC REACTIVITY ASSESSMENT. 92-345: University of
California, Riverside.

Objectives: To provideexperimentaldatafor anotherARB-ftindedproject(92-329,below) to updatethe
maximumincrementalreactivity (MIR) scaleusedin calculatingreactivity adjustmentfactors(RAFs) for
the Low-EmissionVehicles/CleanFuels (LEV/CF) regulations. “Reactivity’1 refers to the tendencyof
airbornechemicalsto form ozone. The RAPs are usedto equalize the stringent hydrocarbonexhaust
emissionstandardsfor reformulatedgasolineand otheralternative fuels againstconventionalgasolinein
termsof their reactivity.
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Findings: MIRs havebeencalculatedusingassumedchemicalmechanismsin models. In this study, (1) a
xenonarc light sourcewas usedto assesswhethercurrentchemicalmechanismsadequatelytreatthe effects
of real light on reactivity; (2) light intensity measurementmethodsusedto characterizethe conditions
within thechamberswereevaluated;(3) theeffectsof humidity on thereproducibilityof chamberrunswere
assessed;and (4) the environmentalchamberdatabasewas extendedto include aromatichydrocarbons
(whichaxe usuallyhighly reactiveand,beforetheseexperiments,norwell characterized).

Importance to ARB’s Progran-t The update to the MIR scale is requiredby the Board’s LEV/CF
regulations. in all, 283 environmentalchamberexperimentswereconductedto provide a comprehensive
set of experimentsthat canbe used to developandtestmodels chemicalmechanismsandevaluate the
reactivityofhydrocarbons.

DEVELOPMENT AND FIELD ThST OF A iWO-DIMENSIONAL VERTICALLY SCANNING OZONE
LIDAR 93-330: NationalOceanicandAtmosphericAdministration- EnvironmentalTechnologyLaboratory.

Objectives: To upgradeexistingozonelight detectingand ranging (lidar) technologyand to developa
scanningcapabilityfor the lidar thatwill enablethe mappingofozoneconcentrationsin two dimensions.

Findings: The two-dimensionalfeatureprovedto bea valuabletool forassessingthe qualityof the vertical
profiles of ozoneconcentrations. However, the projectwas unableto produce high-qualityozonedata
becauseaninhospitableenvironmentmadebeamalignmentproblematic. Designandoperationalchanges
arebeingmadeto improve thecapabilitiesof this instrumentunderthesekindsofcondidons.

ImportancetoARE’sPwgranuContinuousmeasurementsofozoneconcentrationsaloft areveryusefulfor
the assessmentof ozonetransportbetweenair basinsas requiredby the CaliforniaCleanAir Act. When
combinedwith remotesensingof winds aloft, the two-dimensionallidar shouldprovide greatly improved
estimatesof ozoneflux betweenair basins.

ANALYSIS OF THE SOUTHERNCALIFORNIA WIND PROFILERAND AIRCRAFT DATA. 94-317:
SystemsApplicationsInternational.

Objectives: To assessair pollutanttransportbetweenthe southcoastair basin andthe SoutheastDesert
Air Basin (SEDAB) and betweenthe SoCAB and the San Diego Air Basin (SDAB). To determine
pollutantdistribution in andwind flow patternsbetweenthe SoCAB and the SEDAB andquantify the
effectof transportonozoneconcentrationsin theSEDAB andSDAB.

Findings: The results indicate that temperatuieandwind upper-airdata from radiosondelaunches
collocatedwith the APE’s radiowind profiler/radio acousticsoundingsystem (RWP-RASS)networkaxe
neededto assurethat the RWP-RASSdataare of the highestquality. To use the RWP-BASS datafor
advancedsimulationof the complex southernCalifornia meteorologyimpactingair pollution transport,
vertical moisture profiles in coastaland high desertateasof southernCalifornia, available oniy from
radiosondelaunches,shouldalso be collected. The conceptualmodel constructedftom examinationof
compositewinds and temperaturesis representativeof the majority of the prevailing meteorological
conditions conducive to interbasin pollutant transport in southernCalifornia. Examination of the
conceptualmodel suggeststhat the majority of ozone exceedencedays in downwind air basins in the
summerof 1992 weredue to bothlocal emissionsandtransportofairpollutantsfrom theSOCAB.

Importanceto ARE’sPrograntTheresultsof thisstudywill be usedin the Board’s triennialassessmentof
transportbetweenair basins,asrequitedby theCaliforniaCleanAir Act.
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AIRCRAFT MEASUBEMENTh IN SUPPORTOF ThE NOAA 2-D UDAR DEMONSTRATION. 94-320:
Universityof California,Davis.

Objectives: To collect air polludonandmeteorologicaldata,including concentrationsof ozone,aerosols,
andoxides of nitrogen,by aircraft in August 1995 during a transportcorridor monitoringprogram in
southernCalifornia’s Mojave Desert. To validate ozone datacollected by the Nai~ona1Oceanicand
AtmosphericAdministrationusinglidar (light detectingandranging) equipment.

Findings: The measurementsby aircraft were matchedin time and place and comparedwith ozone
measurementsby the lidar. The aircraft measurementsindicateda problemwith the ozonemeasurements
by NOAA’s lidar. Further investigationby NOAA identified heat-induceddistortion of the scanning
mirror asthe primarycauseof the inaccurateozonemeasurements.

Importanceto ARB’sProgranu Dataon air quality andmeteorologicalconditionsaloft are critical for a
good understandingof air pollution transport,carryover,andrecirculation. Thesefactotsare importantin
the evaluationof the performanceof phorochemicalair quality modelsandthe designof effectiveozone
controlstrategies.

PRODUCT STUDIES OF THE ATMOSPHERICALLY IMPORTANT REACTIONS OF ALKENES AND
AROMATIC HYDROCARBONS. 94-311: StatewideAir PollutionResearchCenter,Universityof California,
Riverside.

Objectives: To determinetheproductsof the atmosphericreactionsof aromaticcompoundsandto extend
researchon ozone-alkenereactionsto all the importantalkenesfoundin the atmosphere.

Findings: Theproductsof importantalkenereactionswith ozoneandOHwere detennined.The reactions
studiedincludedthe reactionof ozone(in the presenceof OH radical scavenger)with 2-methylpiopene,
trans-2buteneand2,3-dimethyl-2-butene,propene,cis-2-butene,and2-methyt-2-butene.Alkene andOH
radical reactionsstudiedincluded the reaction of cis-2-butene,2,3-dimethyl-2-butene,2-methyipropene,
and2-methyl-2-buvenewith OH radical (in the presenceof andabsenceof NO,). Aromatic compound
reactionproductstudieswere also performed. The reactionsstudiedincludedthe reactionof OH (in the
presence of NO,) and NO3 radical reactions with naphthalene, 1- and 2-methylnaphthalene,
acenaphtbene,acenaphthylene,and the OH radical reactionwith biphenyl (becausebiphenyl hasbeen
shown to not reactwith NO3 radical). Reactionproductsincludedmany carbonyland muldfunctional
carbonylproducts,asexpected.

Importanceto ARB’s ProgranvAbout30 percentofthe totalreactiveorganicgasesin urbanair consistsof
aromatichydrocarbonsandalkenes.Becauseof their highozoneformationpotential,thesecompoundsare
the main precursorsof ozone. It is important to understandtheir chemistry to ensure that appivpriate
controlstrategiesareimplemented.The resultsof this studywill improve thechemicalmechanismsusedin
the reactivityscalefor the BoardsLow-EmissionVehicle/CleanFuel regulationsandin the photochemical
airshedmodelsusedfor developmentof California’s plansfor implementationof Federalemissionand air
qualityrequirementsfor ozone. Additionalfundingwasprovidedby the CoordinatingResearchCouncil,a
researchcooperativesupportedby theautomobileandoil pmductionindustries.
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MONITORING IN OZONETRANSPORTCORRIDORS.94-316: TechnicalandBusinessServices.

Objectives: To collect ozoneand meteorologicaldataduring the summerof 1995 at eight sites that
supplement the existing air quality moniroring network in southern California to enable better
characterizationof ozonetransportbetweenair basins,bothneargroundlevel andaloft.

Findings: Although the primaryobjective of this projectwasto collectdata,somedataanalysiswasalso
included. The findings indicate that monitoringon isolated mountainpeakscanbe usedto represent
condidonsaloft in free air. During the studyperiod, noneof the exceedencesof the California ozone
standardthatwereobservedat Barstowcouldbe ascribedto local emissions.On SantaCatalinaIslanda
surprisinglyhighnumberof exceedencesof theCaliforniaozonestandardwere observed.

Itnpottanceto ARE’s Progrant The California CleanAir Act requitesthe ARB to assessthe relative
•contribution of upwind emissionsto downwind ambientozoneconcentrations,to establish mitigation
requirementscommensuratewith the level of contribution,and to conductappivpriatestudies(including
ambientair monitoring) to make a more accuratedeterminationof the relativecontributionsto anozone
air qualityproblem. The datacollectedduring this field pzogram,whencombinedwith otherroutinely
availableandspecialstudydata,will resultin the mostcomprehensiveanalysisever (horizontally,vertically,
andtemporally) of the relativecontributionof local emissionsandozonetransportto the ozoneproblemin
the Mojave Desert. The measurementsat Santa CatalinaIsland strongly influenced the design of the
monitoiingnetworkfor the 1997SouthernCalifornia OzoneStudy (SCOS97-NARSTO).

1996

METEOROLOGICAL SUPPORT FOR THE ARBS 1995 OZONE TRANSPORT CORRIDOR
EXPERIMENT: A 449-MHzRADAR WIND PROFILERSYSTEMWITh RASS. 94-322: NationalOceanic
andAtmosphericAdministration- EnvironmentalTechnologyLaboratory.

Objectives: To characterizeverticalprofilesofwind andtemperatuxein the Mojave DesertnearVictorville,
California, to about 10,000feetusinga 449-MHz radarwind profiler (RWP) in conjunctionwith a radio
acousticsoundingsystem(BASS). Datafor winds aloft are necessaryfor the calculationof ozonefluxes.
NOAA’s RWPwas modified to improve resolution to under100 metersto bettermatchozonedatafrom
theirtwo-dimensionallight detectingandranging(lidar) equipmen�.

Findings: Althoughhigh-qualitydatacanbe gatheredin thepresenceof radio ftequencyinterference,care
mustbe takenduring site selectionanddataprocessing. Wind datacollectedduring the two-weekstudy
showedconsistentperiodsof southwesterlywinds,indicatingfrequentpotential for ozonetransportthrough
CajonPass.

Importanceto ARB’sPmgranu Wind datareptesentingcondidonsaloft, combinedwith datafrom two-
dimensionallidar technology,alloweddilectcalculadonofozonefluxes,animportantstep in characterizing
ozonetransportasrequiredby theCaliforniaCleanAir Act.

DEVELOPMENTOFA METEOROLOGICALAND AIR QUALITY INFORMATION SYSTEM FORTHE
GREATERSANJOAQUINVALLEY. 93-328: CaliforniaStateUniversity,Chico. ResearchNote 1998-4.

Objectives: To designandimplementa pilot air quality andmeteorologicalinformationsystem(AQMIS)
for the greaterSanJoaquinValley.

Findings: Thisprojectdemonstratedthe feasibility of a nearreal-timeAQMIS (with graphicalandtabular
displays) and documentedthe need for part-time support to maintain the scripts identifying and
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reformattingdata from a variety of sources. Resistanceby dataprovidersto releasingpreliminary data
declinedduring the pmjectand is expectedto declinefurtheras groupsexperiencethe advantagesof this
AQMIS. No newdevelopmentwork will be necessaryto expandthisAQMIS to statewidecoverage.

Importanceto APR’sProga-ant Thisprojectsatisfiedthe needexpressedby severalStateandlocal groups
for real-time sharingof air quality and meteorologicaldata in order to improve smoke management
activities,air quality forecasts,andunderstandingofpollutanttransport.

CHARACTERIZATION OF OZONEEPISODESIN THE SOUTHCOASTAIR BASIN: EFFECTSOF AIR
PARCEL RESIDENCE TIME AND WEEKDAY/WEEKEND DIFFERENCES. 93-316: University of
California, Los Angeles.

Objectives: To investigatethe effectsof residencetime andweekday/weekenddifferenceson ozonelevels
in the southcoastair basin.

Findings:The subregionsin the southcoastairbasinwherecontrolof nitrogenoxides (NOr) emissionshas
apparentlybeenmosteffectiveare the samesubregionswherereductionsin theworst ozoneepisodeshave
beenmostsignificant. Analysesof therelativebenefitsof controllingvolatile organiccompoundsandNO,
emissionsdidnotdetectasignificantinfluenceof air parceltransportbetweensubregionsat groundlevel.

Importance to ARB’s Progranu The results helpedthe ARB determinethat there are differencesin
weekdayandweekendozonetrends.

IMPACTS OF IMPROVED EMISSIONS CHABACTERRATION FORNITROGEN-CONTAININGAIR
POLLUTANTS. 93-310: Universityof California,Berkeley. ResearchNote 1996-8.

Objectives:To studytheair quality impactsof improvingemissionsinventoryNO~speciationprofiles.

Findings: The studyshowedthat predictedpollutantconcentrationswere much more sensitive to MO~
massemissionsthan to NO~speciation. Nighttime NO~andnitrousacid concentrationswere the only
compoundsdependenton NO~speciation. Improvementsare neededin the ammoniaemissionsinventory
to supportmodelingandcontrol strategydevelopmentfornitrogenousair pollutants.

Importanceto ARB’s Pmgrant Theresultsof the studywereusedto lower the priority for improvements
in the speciationof theNO,emissionsinventory.

• • 1995

DEVELOPMENT OF METhODS AND PROCEDURES FOR MONITORING AMBIENT
CONCENTRATIONSOF OXYGENATED HYDROCARBONS. 92-306: AeroVironment,Inc. andAtmAA,
Inc.

Objectives: To developan oxygenatedhydrocarbon(OHC) monitoring method suitable for regional
monitoringprograms. OHCs are importantcompoundsin the photochemistryof pollutantsand their
emissionsare expectedto increaseasreformulatedgasolinesandalcoholfttls becomemorewidely used. It
is importantthat a monitoringprogramfor thesecompoundsbe establishedto assistin developingcontiol
strategies.
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Findings: RoutineanalysisofsomeOHCsis possibleusing the developedmethodology.More researchis
neededto improve the rangeof QHCs detectedby the methodandto fine-tunethe analyticalportion of
the method.

Importanceto ARE’sProgram. Thisstudyproduceda methodavailablefor useby theARE for regional
monitoringprogramsfor OHCs. This studyftilfills requirementsof the California andFederalCleanAir
Acts for monitoringpossibletoxic air contaminantsandozone-formingcompounds.

1994

DEMONSTRATION THE CAPABIUTY OF A NEW AND INNOVATIVE OZONE LIDAR’ TO
MEASURE VERTICAL PROFILES OF OZONECONCENTRATiONAND AEROSOLIN THE LOWER
TROPOSPHERE.92-328:NationalOceanicandAtmosphericAdministration-WavePrdpagationLaboratory.
ReseaithNote 1995-14.

Objectives: To evaluateozonelight detectingand ranging (lidar) technologyas a methodof measuring
ozoneconcentrationsat elevationsof up to 10,000feetand, in conjunctionwith othermeasuiements,to
bettercharacterizetheatmosphericprocessesinvolved in the formationof ozone.

Findings: Evaluationsof the dataindicate that lidar is a good methodof measuringozoneconcentrations
aloft, andthat theozoneandaerosolpxofilesareassociatedwithsimilarmeteorologicalprofiles. Ozonelidar
canprovidecontinuousmeasurementsofozoneconcentrationsaloft.

Importance to ARB’s Program.t This project demonstratedthat continuousmeasurementsof ozone
concentrationsaloft are veryusefi~1for theassessmentof ozonetransportbetweenair basins,asrequiredby
the CaliforniaCleanAir Act.

EXPERIMENTAL STUDIES OF ATMOSPHE~CREACTIVITIES OF VOlATILE ORGANIC
COMPOUNDS.A032-096:Universityof California,Riverside.

Objectives: To conducta comprehensiveset of environmentalchamberexperimentsto developandtest
chemical mechanismsand evaluate hydrocarbonreactivity. A parallel project was funded by the
CoordinatingResearchCouncil (theresearcharmof the auto andoil thdustries) to cover equipmentcosts
andconductexperimentson hydrocarbonsof interestto theirindustries.

Findings: Thereare still uncertaintiesin the chemicalmechanismsfor varioushydrocarbons,butprevious
experimentaltechniquescanresult in compensatingerrorsthat mask the effectsof theseuncertaintiesin
calculationsof ambientreactivity. Thisprojectpmducedstringenttestsof thechemicalmechanisms.

Impottanceto ARS’sProga-anu Theresultswere usedto updatethechemicalmechanismthat ispartof the
airshedmodelsusedfor developingCalifornia’splansfor implementationofFederalemissionandairquality
requirements,andfor performingthe updateto the maximumincrementalreactivity scalerequiredby the
Board’sLow-EmissionVehiclesandCleanFuelsregulations.
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CLAREMONT ATMOSPHERiC FREE-?ADICAL STUDY: MEASUP.EMENTh OF FORMALDEHYDE,
HYDROGEN PEROXIDE, NITRIC ACID, NITROUS ACID, PEROXYACETYL NITBATE, NITROGEN
DIOXIDE, NITROGEN OXIDES, OZONE, CARBON MONOXIDE, HYDROCARBONS C1-012, AND
CARBONYL COMPOUNDSC1-BENZALDEHYDE. 92-327: UniseatchAssociates,Inc. andAtmAA, Inc.
ResearchNote 1995-8.

Objectives: To createa databaseto enableairshedmodelsto evaluatethe free-radicalbalancein chemical
mechanisms.Radicalsinitiate ozoneproductionin the morning andsustainit during the day. Previous
atmosphericmeasurementshadimplied that thereareuninventoriedsourcesof formaldehyde,nitrousacid,
higheraldehydes,andotherradicalprecursors,implying thatcurrentmodelapplicationsmayoverestimate
the effectsof hydrocarboncontrol, leadingto underestimatesof NO~contro1.

Findings: The field study captureddata during a wide range of meteorologicalconditionsand ozone
concentrations,includingthehighestozoneepisodefor theyear(over 0.30ppm).

Impottanceto ARB’sProgranu Theresultswill be usedto evaluatethe airshedmodelscurrently usedfor
verification of compliancewith progressin ozonecontrol as noted in the State and Federalplans for
implementationof emissionsandair quality standardsunderthe 1991 amendmentsto the FederalClean
Air Act.

PROJECTMOl-IAVE: POLLUTION TRANSPORT FROM SOUTHERN CALIFORNIA. A132-163:
NationalOceanicandAtmosphericAdministration.

Objectives: To releasetracergasat El Centro,in California’s Imperial Valley, for detectionin an arrayof
samplersscatteredthroughoutthe Mojave DesertandArizona, southernUtah, andNevada. This studyis
partof SouthernCalifornia Edison’s $4 million ProjectMOHAVE, which assessedthe impactsofpollution
sourceson visibility in theSouthwesternU.S.

Findings: ThisworkprovideddataforProjectMOHAVE.

Importanceto ARB’sProgranu Theresultswereusedto assessthe frequencyof pollutant transportfrom
differentsourceareasto GrandCanyonNationalPark. In addidon,the datacollectedin theMojave Desert
will allow us to evaluatethe impactof air pollution from southernCalifornia andMexico on air quality in
California’s southeastdeserts. This studysupportsthe efforts of the GrandCanyon Visibility Transport
Commissionestablishedby the FederalCleanAir Act.

DEVELOPMENT OF AN OBJECTIVE CLASSIFICATION PROCEDUREFOR BAY AREA AIR FLOW
TYPES REPRESENTING OZONE-RELATED SOURCE-RECEPTORRELATIONSHIPS. A132-167:
SystemsApplications,Inc.

Objectives:To developastraightfonvardandaccurateclassificationschemefor the varioussource-receptor
relationshipsfoundfor ozoneformationin the SanFranciscoBay Area.

Findings: High ozoneconcentrationswere associatedwith six airflow types. A meteorologicalscreening
procedure was used to segregateall days into clean days and days with potentially high ozone
concentrations.Then a classificationprocedurebasedon 13 meteorologicalvariableswas developedto
assignthe dayswith potentiallyhighozoneconcentrationsto oneofthe six air flow types.

Importanceto ARB’sPmgram The classificationschemedevelopedin this study wasusedto develop
factorsthat canaccountfor the influenceof meteorologyon ambientozoneconcentrations.Removalof
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this confoundingmeteorologicalinfluencewill improve the ability of the ARE and air pollution control
districts to evaluatetheeffectivenessof contmlplansandstrategies.

A MULTI-YEAR OBSERVATIONAL STUDY OF ATMOSPHERIC TRANSPORTCORRIDORS AND
PROCESSESIN CALIFORNIA. A032-145: National Oceanicand Atmospheric Administration-Wave
PropagationLaboratory. ResearchNote 1994-21.

Objectives: To collectverticalprofiles of wind speed,wind direction,and,in some locations,temperature
dataduring the summersof 1991 and1992 in areaswherepollutantscanbe transportedby windsftont one
air basinto another.

Findings: The dataindicatealmostcontinuousairflow betweenthe air basinpairs studied. Supplemental
dataalso indicate that thermallyforcedairfiows in mountainousternin canplay a significant role in the
recirculatioriandtransportof pollutants.

Imponanceto ARE’s Program. The datawereusedin the assessmentof pollutant transportbetweenair
basinsandin assigningappropriatecontrol responsibilitiesin partial ftilfihlment of the CaliforniaCleanAir
Act requirements.

EXPERIMENTAL INVESTIGATION OF THE ATMOSPHERiC CHEMISTRY OF AROMATIC
HYDROCARBONSAND LONG-CHAIN ALKANES. A032-067:UniversityofCalifornia,Riverside.

Objectives: To studythe reactionsequencesof severalhydrocarbonsunderozone-formingconditionsin
environmentalchambers. The unique feature of this study is the vast array of analytical approaches
availableto the investigators.

Findin . The investigatorsfound threat evidence for reactions involving aromatichydrocarbonsand
alkanes. This evidencehasbearingon the controversyas to whetherit is non-methaneorganicgasesor
nitrogenoxidesthatcontrolozoneproducdonin theatmosphere.

Importanceto ARE’sProga-anu Theresultswere usedto updatethechemicalmechanismthat is partof the
airshedmodelsusedfor developingCalifornia’splansfor implementingFederalair quality requirements,and
for performing the updateto the maximum incrementalreactivity scale tequiredby the Board’s Low-
EmissionVehiclesandCleanFuelsregulations.

ANALYSIS OF DATA FROM THE LYNWOOD CARBON MONOXIDE STUDY. A032-184: Desert
ResearchInstitute.

Objectives:To det~rnte,usingtheresultsof a field measurementprogramconductedduringthe winterof
1989-90(contractno. A832-135),why carbonmonoxideconcentrationsat the Lynwoodsite in the south
coastair basinarethe highestreporttdin California.

Fzndzn Analysisof the air qualitydataconfirmedthatLynwoodandvicinity constitutesa “hot spot” for
carbonmonoxide;concentrationsare consistentlyhigher thanat othersitesin the basin. Sevendifferent
causesof thesehigh concentrationswere identified from the dataanalyses,but the primary reasonswere
meteorologicalconditions(low wind speedscausedby flatter terrain) andlocal sources(oldercarswith
higheremissions).
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Importanceto ARE’sProgranu This information helpedthe ARB determinethat the existing motor
vehiclecontrolprogramis effectiveenoughto bring LynwoodandotherpartsofCaliforniato attainmentof
the ambientair qualitystandardsasrequiredby theCaliforniaandFederalCleanAir Acts.

COMPARISON OF IN-SITU AND REMOTELY SENSED OZONE CONCENTRATIONS. 92-330:
Universityof California, Davis.

Objectives: To measureozoneconcentrationsup to 10,000 feetby aircraft. Thesedataserveasa reference
measurementagainst which concentratiozisby light detecthigand ranging (lidar) technologywill be
compared(contractno. 92-328). The lidar technology,if accurate,couldprovidemore information about
ozoneconcentrationsalofteasily, inexpensively,androutinely.

Findings: Although concentrationswere generallybelow 10 pphm (the statestandardis 9 pphm), initial
resultsindicateagreementbetweenthe two measurementmethods.

ImportancetoARB’s Progrant Dataon ozoneconcentrationsaloft are neededto supportthe assessment
ofozonetransportrequiredby theCaliforniaCleanAir Act.

REMOTE SENSINGAND IN-USE EMISSIONSOF MOTORVEHICLES. A032-093:Universityof Denver.
ResearchNote 1994-20.

Objectives: To testtheUniversityof Denverremotesensorfor measuringinstantaneouson-roademissions
of carbonmonoxideandhydrocarbonsfrom motorvehicles,andtouseit in variouson-roadsituations.

Findings: Theremotesensoris accurateto within about5 percentfor carbonmonoxideand15 percentfor
hydrocarbons.It was highly successfulin identifyinghigh-emittingvehiclesfor roadsideinspections,with a
misidentificationrateof less than0.5 percent. Thisprojectsuccessfullymeasuredemissionsandmarched
registrationrecordsof over90,000vehicles.

ImportancetoARE’sProgranu TheAPEandtheBureauof AutomotiveRepairevaluatedthepotentialof
remotesensorsto identi& high-emittingvehiclesto improve the inspectionandmaintenanceprogramfor
light-duty vehiclesasrequiredby the FederalCleanAir Act.

1993

AIR QUALITY MONITORING IN SUPPORTOF TRANSPORT ASSESSMENT. A132-162: Sonoma
Technology,Inc.

Objectives: To collectozone,NO~,hydrocarbon,andtemperaturedataby aircraft traversesandspinis in
supportof the 1992wind profiler study(contractno.A032-145).

Findings: Datawere collectedduringaircraft flightsoverthe southcoastandsoutheastdesertair basinsin
late summerandover the southcoastandSanDiego airbasinsin earlyfall. Forty-fivehoursof continuous
NOR, ozone,and temperaturedata and65 reactiveorganicgassampleswere collectedduring 13 flights
consistingof 94 spiralsand11 traverses.

Importanceto ARB’sProgranv Thedatawere usedin the assessmentof ozonetransport,which involves
not only the movement of air aloft but also the concentrationsof pollutants within the air mass.
Determinationof ozonetraxisportis a requirementof theCaliforniaCleanAir Act.
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DEVELOPMENT AND APPLICATION OF AN UP-TO-DAm PHOTOCHEMICALMECHANISM FOR
AIRSHED MODELING AND REACTIVITY ASSESSMENTS. A932-094: University of California,
Riverside.

Objectives: To developa scaleto accountfor the lower ozone-formingpotential,or reactivity, of motor
vehiclehydrocarbonemissionsfrom alternatefuelsusingreactivityadjustmentfactors (RAFs).

Findings: Eighteenscales, including the maximumincrementalreactivity (MIR) and maximum ozone
incrementalreactivity (MOIR) scales,were developed.A seriesof sensitivity testsfoundthat the effectof
uncertaintiesin the representationof airshedconditionsusedin the derivationof the reactivityscaleshad
less than a 5 percenteffect on the RAFs. Other sensitivity rests revealedthat the last threeyearsof
chemicalmechanismdevelopmenthadless thana 10 percenteffect on the RAFs for severalalternative
fuels.

Importanceto ARE’s Progrant The MIR scalehasbeenadoptedin the Board’s Low-EmissionVehicles
andCleanFuelsregulations.

PARTICUlATE AND GASEOUS ORGANIC RECEPTOR MODELING FOR THE SOUTHERN
CALIFORNIA AIRQUALITY STUDY. A832-132: DesertReseamhInstitute. ResearchNote1995-26.

Objectives: To quantify the sourcecontributionsof particulatematterand volatile organiccompounds

(VOCs), andto determinetheportionsof PMIO andPM2.5 thataxe of primaryandsecondaryorigin in the
southcoastair basin. PM1O andPM2.5 are particulatematterless than 10 and2.5 jim in aerodynamic
diameter,respectively. Pollutantsof primary origin are directly emitted from the source. Pollutantsof
secondaryorigin resultfrom chemicalreactionsafteremissionfrom thesource.

Findings: The resultsprovidean enormousamountof infbnnafionon sourcesandtheir contributionsto
ambientconcentrationsofPM10 andVOCs.

Importanceto ARE’s Progranr The results allow us to focus control efforts on the sourceswith the
greatestcontributionto PM10 andVOC in the southcoastair basin in fulfillment of PM1O andozone
controlprovisionsof theCaliforniaandFederalCleanAir Acts.

METHODS DEVELOPMENT FOR QUANTIFICATION OF OZONE AND OZONE PRECURSOR
TRANSPORTIN CAUFORNIA. A932-143: SonomaTechnology,Inc.

Objectives: To developandapplydataanalysismethodsto quantify ozonetransportusingthe resultsof a
field measurementprogramconductedin theSacramentoValley in 1990aspartofthis contract.

Findings: Although the field studywas not carriedout during typical transportconditions, theze was
evidenceof pollutanttransportat both the surfaceandaloft from the SanFranciscoBay Areaandbroader
SacramentoValleyto the upperSacramentoValley.

Importance to ARB’s Progrant The data analysismethodswere used to idendfr upwind/downwind
transportcouplesin abiennialreportpublishedby theARB, asrequiiedby theCaliforniaCleanAir Act.
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THE SThDY OF TEMPORAL AND VERTICAL OZONE PAITERNSAT SELECTEDLOCATIONS IN
CAUFORNIA. A132-165: AeroVironment,Inc. ResearchNote 1993-2.

Objectives: To determinethe feasibility of usingstandardanalyzersaswell aslong samplinglines attached
to call towersto determinetheverticaldistribution ofozoneconcentradons.

Findings: The studydemonstratedthat long-line ozonesamplingis feasible. The dataindicatethatozone
concentrationsaloftcanbesignificantly higher thanconcentrationsnearthe surface,particularly at night.
It was alsofoundthatozonealofthasthe potentialto persistfor severaldays.

Importanceto ARB’s Program: The results have importantimplicationsfor the assessmentof transport
andthe designof appropriatecontrolstrategies,bothofwhich arerequiredby the CaliforniaCleanAir Act.

AN INVESTIGATION OFERRORPROPAGATIONIN THE CALIFORNIA AIR RESOURCESBOARD’S
AIRSHED MODEL. A932-091: Carnegie-MellonUniversity.

Objectives: To investigateerrorsin the CaliforniaAir ResourcesBoard’sairshedmodel (CalOrid).

Findings: A largeerror(20 to 40 percent)was foundin the treatmentof horizontaltransportby CaiGrid
andotherairshedmodels. Othermodel componentswere found to exhibit less significant errors. This
studyalsointroducedsomenewcomputationalproceduresthatimproveassessmentoferrorpropagation.

Importanceto ARB’s Progrant The results for the evaluationof the horizontaltransportalgorithmare
especiallysignificant and cast doubt on all airshedmodels currently in use for California’s plans for
implementingFederalair qualityrequirements.

OZONE AND PARTICULATh MAYFER CASE STUDY ANALYSES FOR THE SOUTHERN
CAUFORNIA AIRQUALITY STUDY. A932-050:SonomaTechnology,Inc.

Objectives: To investigatethe three-dimensionalevolutionof two ozoneepisodesandthreePM1O episodes
during the 1987 SouthernCalifornia Air Quality Study, including the transportand transformation
processesthat leadto maximumpollutantconcentrationsin thesouthcoastair basin.

Findings: The mostsignificantfinding of the studyis thatairshedmodelpredictionsof ozonealoft do not
agreewell with the observedconcentrationsandstructure.

ImportancetoARB’s Pi-ogranv Theseresultsimply thatcurrentairshedmodelingeffortsmaybe missingan
important upperair recirculation pattern, and researchefforts are being undertakento improve our
understandingof this pattern. Recirculationpatternshave important implications for photochemical
modelingusedto evaluatestrategiesto meetthe ambientair quality standardsasrequiredby the California
andFederalCleanAir Acts.

1992

COMPOSITION AND CONCENTRATIONS OF SEMI-VOLATILE HYDROCARBONS. A032-130:
DesertResearchInstitute.

Objectives: To identify typesandquantify ambientconcentrationsof semi-volatilehydrocarbons(those
composedof more than 10 carbon atoms) typical of areasdominatedby auto emissions,oil processing
emissions,andurbanemissions. Standardmethodsfor determininghydrocarbonconcentrationsdo not
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measure in the semi-volatile range, possibly leading to a significant underestimationof ambient
concentrations.

Findings: Up to 18 percentof the totalhydrocarbonsidentifiedwere compoundscomposedof between10
and12 carbonatoms. Thisindicatesthataccurateambientmeasuiementsmustanalyzethesehydrocarbons
to avoida significantunderestimationof ambientconcentrations.

Importanceto ARB’sProgranu The resultswereusedto idenfifr the accuracyof ambientmeasurements
andemissionsinventoriesof hydrocarbons.Hydrocarbonsarea keyprecursorofozone,andtheir control is
requiredby the CaliforniaandFederalCleanAir Acts.

A STUDY TO DETERMINE THE NATURE AND EXtENT OF OZONE AND OZONE PRECURSOR
TRANSPORTIN SELECTEDAREASOFCALIFORNIA. A932-129:SouornaTechnology,Inc.

Objectives:To determinethecharacizzisticsof ozonetransportwithin four selectedareasofCalifornia, and
to idendfr, relative to locally emitted pollutants, the contributionof transportedpollutants to ozone
violationsin eachdownwind area. The projectconcentratedon the broaderSacramentoarea(BSA), the
upperSacramentoValley (USV), the north centralcoastair basin (NCC), the southeastdesertair basin
(SEDAB),andthe ImperialCountyportionof the SEDAB.

Findings: Localandtransportviolation dayswere recordedin the USV atea,but for the monitoringdates
in the study there were no overwhelmingtransporteffects. Local and transportviolation days were
recordedin the ESA area upwind of the centralbusinessdistrict (CED), but at the CBD itself local
emissionsdominated. in the NCC, Cannel’sonly violation day was iocal, while Hollister andPinnacles
violation dayswere due to local sourcesandtransportedozone. TheSanBernardinoportionof the SEDAB
is dominatedby transportfrom the southcoastair basinwith some contributionftom the SanJoaquin
Valley. Ozoneviolationdaysin ImperialCountyweredominatedby localemissions.

Imponanceto ARE’sPwgranv This studyhelpedsatisfy the. California CleanAir Act requirementto
identi& air basinswhoseemissionscontributeto violationsof theozonestandardindownwindairbasins.

ANALYSIS OFAMBIENT VOC DATA COLLECTEDIN THESOUTHERNCALIFORNIA AIR QUAUTY
STUDY. A832-i3O: SonomaTechnology,Inc. ResearchNote1994-9.

Objectives: To analyzethe behaviorof nonmethaneorganicgases(NMOC) in the southcoastair basin
usingdatacollectedduring the 1987 SouthernCaLifornia Air Quality Study (SCAQS). NMOG are of
concernbecauseoftheir role in the formationof ozone.

Findings: NMOO compositionand NMOG/NO~ratios wete.similar throughoutthe basin. Ambient
NMOG compositionresembledthatof motorvehicleexhaus;suggestingthat the dominantsourceis most
likely motor vehicles. The early morning ambientNMOO/NOX and COjNO~ratios andprofiles were
inconsistentwith thoseof the emissionsinventory,indicating thatCO andNMOG emissionsfrom motor
vehiclesare underestimatedin the inventory. Thereappearto be large amountsof carbonylcompounds
(ozoneprecursors)formedin the urbanatmospherefromphoto-oxidationof hydrocarbons.

Importance to ARE’s Progranu This study contributed to new insights in~the deficienciesof our
emissionsinventory,to the understandingof the widespreadandcontinuousconthbutionof motor vehicle
emissionsto urbanair pollution, andto the importantcontributionof carbonylsto the chemistryof air
pollution.
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1991

ANALYSIS OFTHE 1987 SOUTHERNCALIFORNIA AIR QUALITY STUDY (SCAQS)ATMOSPHERIC
TRACERDATA. A932-051: CaliforniaInsdtuteof Technology.

Objectives: To use stave-of-theart methodsto betterdefine source-receptorrelationshipsfor ozoneand
particulatepollutants(PMIO) by analyzingthe AREs databaseof concentrationsof suiftir hexafluoridegas
releasedasan emissionstracernearsourceareasandcapturedin downwindareasduringthe 1987 Southern
CaliforniaAir Quality Study.

Findings: Wind modelsthatcanbe run from personalcomputerswereableto accuratelypredictthe path
traveledby tracergases.

Importanceto ARE’sPTOraIIU The studyrefines the analysisof precursorair pollution transportusinga
tracergastechniqueandintroducednewwaysto analyzesuchdata. This will be helpful in the planningof
fixture field studiesto monitor the relationshipbetweenprecursoremissionsandphotochemicalozone.
Betterunderstandingof air pollution transportis requiredby the CaliforniaandFederalCleanAir Acts.

IMPROVED PROCEDURESFOR QUANTIFYING KEY METEOROLOGICAL EFFECTSON AMBIENT
OZONEDATA. A832-134: SystemsApplications,Inc.

Objectives: To quantify the effectsof meteorologicalconditionson ambientozone concentrationin the
southcoastair basin (SoCAB). To developproceduresfor c1assi~4ngozoneepisodesin order to identify
andselectrepresentativemodelingdays.

Findings: Two basicmeteorologicalflow regimeswere identified. However,a largenumberof highozone
daysfail to exhibitsomeor all of thesepatterns.Thus,episodeselectioncriteria arecomplicatedby the fact
thathighozoneconcentrationscanoccurin the SoCABuüderquitedifferentmeteorologicalscenarios.

Importance to ARB’sPTogranv This studywas usedin the planningof future SoCAB field studiesfor
ambientmonitoring and modeling of ozone concentrations. These activities are required to assure
compliancewith California andFederalimplementationplans for reductionof ambientair pollution as
requiredby theCaliforniaandFederalCleanAir Acts.

DIAGNOSTIC ANALYSIS OF WIND OBSERVATIONS COLLECTED DURING THE SOUTHERN
CALIFORNIA AIR QUAUTY STUDY. A832-133: SystemsApplications,Inc.

Objectives: To generatethree-dimeusionalwind fields for analysisof airflow and transportpatternsin the
southcoastairbasinduringthe 1987SouthernCaliforniaAir Quality Study(SCAQS).

Findings: Griddedwind fields wetegeneratedhourly for the eight SCAQSintensivemonitoringperiods,
andforwardandbackwardtrajectorieswerecalculatedusingthewind fields.

Importanceto ARB’sProgranu The resultsof this studywere usedto studysource-receptorrelationships
for ozone, particulate matter (PM10), and other pollutants. This researchwas incorporated into
developmentof airpollution modelingusedin demonstratingprogresstowardattainmentof the ozoneand
PM1O standards.
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SECONDARY ORGANIC AEROSOL IN TI-IL LOS ANGELES BASIN. A832-129: Oregon Graduate
InstituteofScienceandTechnology.

Objectives: To developa betterunderstandingof the factors, particularly the secondaryprocesses,that
contributeto highorganicaerosolconcentrations.

Findings: During thepeak2-hourperiodsofaerosolconcentrationsin the summer1987measuringperiod,
up to 80 percentof theorganiccarbonwasproducedby secondaryprocesses.Thehighestconcentrationsof
secondaryorganiccarbonoccurredon weekends,possiblydue to thedeclineinprimaryproduction.

Importanceto ARB’s Program: The reportprovided valuableinformation to the air quality modeling
communityandatmosphericchemistson formation of particulatepollutants,whosecontrol is oneobjective
of the CaliforniaandFederalCleanAir Acts.

DETERMINA110N OF SOURCE CONTRIBUTIONS TO HIGH AMBIENT CARBON MONOXIDE
CONCENTRATIONS AND CATEGORIZATION OF CARBON MONOXIDE POTENTIAL. A832-135:
AeroViroziment,Inc. ResearchNote 1992-4.

Objectives: To understandandquantifi’ the relativecontributionsof variousemissionsouxcesto elevated
ambientcarbonmonoxide (CO) concentrations.

Findings: The L~woodareaof thesouthcoastair basinconstitutesa “hot spot” forCO due to hightraffic
counts, low inversion heights, low wind speed,and a decteasein the mixing volume in the evening.
Combusdonprocesses,primarily automotiveexhaust,atethe main contributor~ highCO concentrations.

Importanceto ARB’s Progcanu This studycontributedto the APE’s developmentof effective control
strategiesto reduceambientCOatsiteswithhigh concentrations,asrequiredby the CaliforniaandFederal
CleanAir Acts.

CHEMICAL ANALYSIS OFAEROSOLSAMPLES FROM THE CARBONACEOUSSPECIESMETHODS
COMPARISONSTUDY. A832-127:GlobalGeochemistryCorporation.

Objectives: To morecompletelycharacterizethe aerosolscollectedduring the 1986 CarbonaceousSpecies
Methods ComparisonStudy, andto betterunderstandthe natureandorigins of airbornecarbonaceous
particlesin Los Angeles.

Findings: Appmximatelyone-thirdof the organiccarbonin aerosolparticlesisfrom non-fossilfuel souxces.
The sameis trueforone-thirdof theelementalcarbon.

Impottanceto ARE’s Pwgram This studycontributedto identification of the soutcesof aerosolsin Los
Angelesfor developmentof PM1O controlstrategiesas requiredby the CaliforniaandFederalCleanAir
Acts.

IMPACTS OF CHANGES IN PRECURSOREMISSIONS IN THE SAN FRANCISCO BAY AREA ON
OZONEIN THE NORTHCENTRAL COASTAND SAN JOAQUIN VALLEY AIR BASINS. A932-133:
SystemsApplications,Inc.

Objectives: To examinethe effect of reductionsin emissionsfrom all sourcesin the San FranciscoBay
Area(SFBA) on ozonelevelsin the northcentralcoast(P4CC)andSanJoaquinValley (SJV) airbasins.
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Findings: Air quality model calculationsindicatedthat eliminationof SFBA emissionscould significantly
reduceozoneconcentrationsin the NCC andSJV during meteorologicalconditionsthat areconduciveto
transport. However,despiteapparentlylargedecreasesin SFBAemissions,no statisticallysignificantozone
trendswere observedin theSFBA or the downwindbasinsoverthe 1979 to 1988 period.

Importanceto ARB’s Progranu Thisstudyin partsatisfiedthe CaliforniaCleanAir Act requirementfor
identificationof air basinswhereemissionscontributeto violationsof the ozonestandardin downwindair
basins.

SPATIAL INHOMOCENEITIESIN SCAQSFILTERS. A832-128: UniversityofCalifornia, Davis.

Objectives: To determinethe effecton PM1O andPM2.5 measurementsof non-uniformdepositsin the
1987 SouthernCaliforniaAir Quality Study (SCAQS)sampler,and to developcorrectionfactorsfor these
efforts.

Findings: The extentof the non-uniformitiesandcalculatedcorrectionsthat could be usedto minimize
their impact were determined.The correctionsrangedfrom 25 percentto over 200percent,dependingon
thesize andtypeof theparticulatematter.

Impoitance to ARB’s Pmgram The resulting correctionsto the SCAQS dataprovide modelingand
emissionsinventoryassessment,asrequiredto showcompliancewith targetsin the PM1Oprovisionsof the
CaliforniaandFederalCleanAir Acts.

1990

IMPROVEMENT OF PROCEDURES FOR EVALUATING PHOTOCHEMICAL MODELS. A832-103:
RadianCorporation.ResearchNote 1991-4.

Objectives: To improve proceduresusedfor evaluatingphotochemicalgrid model performance,and to
developmethodsfor evaluatingphotochemicalmodel performanceas it relates to ass~ssmentof ozone
control strategies,with emphasison the analysisof the 1987 SouthernCalifornia Air Quality Study
database.

Findings: The investigatorsrecommendeda set of ten statisticalmeasuresfor assessingamodel’s accuracy
inpredictingozoneconcentrations,alongwith statisticalstandardsthateachmodelingstudyshouldtry to
meet. Diagnostic simulations of zero emissions, initial conditions, boundaryconditions, deposition,
increasedmixing heights,andreducedwind speedsare also recommended.In addition, the sensitivity of
themodelto uncertaintiesin hydrocarbonemissionratesandspeciation,andto otherparameters,shouldbe
assessed.Comparisonsbetweenmeasurementsandpredicdonsof speciesotherthanozonewill helpensuxe
that themodelpredictstheright ozoneconcentrationsfor the right reasons.

Importanceto ARB’s Pmgratn This report was incorporatedinto ARB’s PhotochemicalAir Quality
Modeling Guidelines. Theseguidelinesassurebettermodelingof the progresstowardattainmentof the
ambientair qualitystandardsfor ozone.
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SOUTHERNCAUFORNIA AIR QUALITY STUDY. PART I: HYDROCARBON COLLECTION AND
ANALYSES. PARTII: AIR TOXICS COLLECTION AND ANALYSES. A6-179-32: BiosphericsBeseaith
Corporadon.

Objectives: To collect and analyze air samples for hydrocarbons,carbon monoxide, and toxic air
contaminantsfor the 1987SouthernCaliforniaAir QualityStudy (SCAQS).

Findings: The datawere gatheredin a novelwayusinginttrnally electropolishedstainlesssteelcanisters.

Importanceto ARS’sProgrant This study’sdatabaseis part of the large SCAQSdatabase,which is a
resourcefor monitoringcompliancewithCalifornia’sair pollution andtoxic air contaminantstandards.

1989

SOUTHERN CALIFORNIA AIR QUALITY STUDY (SCAQS): DESCRIPTION OF MEASUREMENT
ACTIVITIES. A5-157-32: SonomaTechnology,Inc.

Objectives: To createa referencedocumentprovidinganoverview of theendre 1987 SouthernCalifornia
Air Quality Study.

Findings: The referencedocumentwascreated.

ImportancetoARB’s PTOWaTIt Thisdocumentisa valuablereferencefor thoseinterestedin usingthedata
collectedduring the $12 million study. Academicsandreseaichersengagedin atmosphericchemistry,
otherstates’air pollution agencies,the U.S. EPA, and various other researchagencieshave used this
documentandits associateddatabaseto reshapecleanairmanagementpolicy.

SOUTHERNCALIFORNIA AIR QUALITY STUDY: QUALITY ASSURANCEPROGRAM. A6-122-32:
ENSRConsultingandEngineering.

Objectives: To providequalityassurancefor the datacollectedduring the 1987 SouthernCalifornia Air
QualityStudy,andto documenttheprecision,accuracy,andvalidity of thedata.

Findings: The programidentified a numberof problems,andthesewere subsequentlycorrected. Audits
performedduring the study also ui~coveredsome problems,mostof which were correctablewith post-
processingofthedata.

Importance to ARE’s Progranr This programillustrated the importanceof a well designedquality
assuranceprogramto the ultimatesuccessof air polludonfield studies.

ORGANIC AND ELEMENTAL CARBON SIZE DISTifiBUTIONS OF LOS ANGELES AEROSOLS
MEASURED DURINGSCAQS.A732-075: Universityof Minnesota.

Objectives: To measurethe particle sizesandconcentrationsof the elementalcarbon (EC) andresidual
organiccarbon (ROC) portionsof particulatematterat four sitesduring the 1987 SouthernCaliforniaAir
Quality Study. Carbonaceousparticulatematteris of concerndue to its adverseimpactson visibility and
health.

Findings: TheROCmassmeandiameteris greaterthan thatof the BC at all sites. The ratio of the masses
of ROCto ECvariedwith season,site,andparticlesize.
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Importanceto ARB’sPmgram Theseresultsaddedto our understandingof this pollutantandprovided
insight into appropriatecontrolstrategies.

MONITORING OFATMOSPHERICPARTICLES AND OZONEIN SEQUOIA NATIONAL PARK. A5-
180-32: Air Quality Group,Universityof California, Davis.

Objectives: To monitorozoneandparticulatematterin the SequoiaNationalParkovera three-yearperiod
to better understandthe impact of acid depositionand other air pollutantson the parks forestsand
watersheds.

Findings: Particulatematterconcentrationsandozoneconcentrationsaredominatedby transportfromthe
SanJoaquinValley via thermally generatedwinds. Thesewinds efficiently transportpollutantsto above
6000 feet. At 10,000feet, the transportis greatlyweakened,resulting in abruptpollutantconcentration
decreases.

Importanceto ARE’sPmgram Thisreportin partsatisfiedthe CaliforniaCleanAir Act requirementsfor
the aciddepositionprogram.

SOUTHERN CAUFORNIA AIR QUALITY STUDY: IN-SITU MEASUREMENT OF AEROSOL
OROANICAND ELEMENTAL CARBON. A732-072:OregonGraduateCenter.

Objectives: To makeorganicandelementalcarbonmeasurementsto provide time-resolvedinformation on
the diurnal variationin the concentrationsof carbonaerosols.Carbonis a majorcomponentof the aerosol
burdenin the Los Angelesarea.

Findings: Both organicandelementalcarbonexhibitedlargediurnalvariations. The limited amount of
dataindicate that the carbonaerosolburdenis higher in the fall than in the summer. The origin of the
carbon appearsto be direcdyemitted (primary) during the fall; during the summer,primary carbonwas
dominanton somedaysandphotochemicallyproducedcarbon(secondary)wasdominanton otherdays.

Importanceto MW’s Pwgranv Thisstudyprovidedaddii~ona1insight into the natureof carbonaerosol
andwill beusefulfor ftirtherresearchand thedesignofftiture studiesandcontrol policies.

SUMMARY OF SCAQSUPPERAIR MEASUREMENTSPERFORMEDBY THE STI AIRCRAFT. A6-098-
32: SonomaTechnology,Inc. ResearchNote 1990-3.

Objectives: To documentthe three-dimensionaldistribution of ozone, aerosols,and their precursors
throughouttheSCAQSstudyarea. To documentthechemicalcompositionof the aerosols,hydrocarbons,
andotherspeciesat selectedlocationsaloft.

Findings: During the threestudyperiods,aerialflights gatheredthree-dimensionaldataon ozone,aerosols,
andtheirprecursors,aswell asinformationon their chemicalcomposition.

Importanceto ARB’s Progranu A• wealth of datawere provided to use in evaluatingand improving
emissionsinventoriesandmodeling.
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SOUTHERNCAUFORNIA AIR QUALITY STUDY: B-SJThOPERATIONS.A5-196-32: AetoVironment,
Inc.

Objectives: To collecta varietyof airqualitydataat seven!siteson theintensivesamplingdaysduring the
1987 Southern California Air Quality Study to support specialized measurementsmade by other
researchers.

Findings: All datawetecollectedaccordingto thecontract.

ImportancetoAPEsProgrant Theseroutine andspecializeddataon the intensivestudydayshavebeen
usedby otherreseamhersto understandthe air qualityproblembetterand to evaluatethe performanceof
air qualitymodels.

SOUTHERN CALIFORNIA AIR QUAUTY STUDY: PEROXYACETYL NFTPATE (PAN)
MEASUREMENTS. A6-099-32:DanielGrosjeanandAssociates,Inc. ResearchNote 1989-4.

Objectives: To measureperoxyacetytnitrate concentrationsduring the 1987 SouthernCalifornia Air
Quality Study. PAN canact as a reservoirof NO~as well as of oxygenatedhydrocarbons,with possible
participationinozonephotochernistryin thelattercase.

Findings: Maximum PAN concentrationsmeasuredat groundlevel andaloft conformedto expectations.
The dataindicatedspatialandtemporalpatternsconsistentwith currentphotochemistryconcepts. PAN
concentrationsmeasuredby anothermethodindicateda25-30percentuncertaintyin the measurements.

Importanceto ARB’sProgranv Thesedataare useftalfor assessingthe performanceof photochemicalair
quality modelingefforts. Modeling is a cornerstonein the determinationof future compliancewith the
ambientair qualitystandards.

DEPJVATJONOF FORMIC ACID DATA FROM FuR SPECTRA RECORDED DURING THE 1966
CARBONACEOUSSPECIESMETHOD COMPARISON STUDY. A733-167: University of California,
Riverside.

Objectives: To determineformic acidconcentrationsat Giendora,California,aspartof the Carbonaceous
SpeciesMethodsComparisonStudy (CSMCS). Formic acidandotherorganicacidsareformedas partof
the atmosphericphotochemicalprocess.In somealpinetakesandwater catchmentsin Californiawith low
rolennceforacidity,organicacidsmayhavedetrimentaleffectson theecosystem.

Findings: Low toavengeconcentrationsof formic acidwereobserved.Forthe first severaldaysthe formic
acid concentrationswere higher in the afternoon(consistentwith photochemicalactivity, as expected).
However,duringthe lastdaysof the study, the highestlevels were in the earlymorninghours,presumably
asa resultof buildupfrom as-yet-undeterminedprimarysources.

Importanceto ARB’s Progranv TheCSMCSdatabaseis a uniqueandvaluableair qualityresoutcefor
modelingandemissionsinventoryassessment. -
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SOUTHERN CALIFORNIA AIR QUAUTY STUDY: SCAQS SAMPLER CHEMISTRY. A5-186-32:
CombustionEngineeringEnvironmental,Inc.

Objectives: To documentthe methodsandproceduresusedto collect andveri& the datacollectedwith
the SouthernCaliforniaAir Quality Study (SCAQS)sampler.

Findings: The SCAQS samplermeasurednitric acid, sulfur dioxide, ammonia,total suspendednitrate,
PM2.5 and PMIO mass, ammonium, nitrate, sulfate, sodium, chloride, various elements, organicand
elementalcarbon, and light absorptionby fine particles; Suspectdatawete identified basedon pre-
establishedacceptancecriteriaandappropriatelyflaggedin theSCAQSdatabase.

Importanceto ARB’sProgram. This project’sreportcanbe usedin the analysisof datacollectedby the
SCAQSsamplersandin appropriateinterpretationof the results.

POLLUTANT TRANSPORT STUDY: BAY AREA TO NORTH CENTRAL COAST. A3-078-32: Bay
AreaAir QualityManagementDistrict.

Objectives: To updatethe existing air quality model usedby the Bay Area Air Quality Management
District to identifycontrol strategies.An earlierstudyhadshownthat transportfrom theBayAreainto the
MontereyBay Areais important,andcontrol strategiesproposedin the Bay Area might adverselyimpact
the MontereyBay Areadue to this transport.

Findings: The modelwasimprovedto satisfactorilyreproducethe transportof ozoneandits precursorsinto
the MontereyBay area.

ImportancetoARB’s PTOgTGITU The updatedmodel showsthatdecreasesin NO~andHC emissionsin the
Bay Areawill not adverselyafi~ctthe MontereyBay Area,confirming the assumptionsin the 1987 State
ImplementationPlanforOzone.
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Economic Studies

Projectsin Progress

(None)

CompletedProjects

1997

POPULATION GROWTH AND ATMOSPHERICEMISSIONS IN CALIFORNIA. 95-333:University
of California, Davis.

Objectives: California hasa complex economywhosesectorsare affected differently by population
growth. This study. exploredthe effects of population growth on stationaryemission sourcesand
estimatedthe degreeto which benefitsof air quality managementprogramshave beenoffset by
populationgrowth.

Findings: The studyfound thatpopulationgrowth haslargerimpactson someindustrial sourcesof
emissionsthan on othersand that stationaryemissionsgrow more slowly than population.A one
percentgrowth in populationcausesan increasein stationaryemissionsin the rangeof 0.3 to 0.7
percent.

ImportancetoARB’sProgranu The resultsof this studywill be usedto improveCalifornia’semissions
inventoryandto providebetteremissionspredictionsforusein regulatoryprograms.

EVALUATING THE EFFECTS OF PARKING CASH-OUT. 93-308: University of California, Los
Angeles.ResearchNote 1998-3.

Objectives: To estimatetheeffectivenessof the legislativelymandatedparkingcash-outprogram.The
cash-outprogramwould requireemployersto offer a cashallowanceto their employeesequivalentIr
“the differencebetweenthe out-of-pocketamountpaidby an employeron a regularbasis in order to
securethe availabilityof anemployeeparkingspacenot ownedby the employerand the price, if any,
chargedto anemployeefor the useof thatspace.’Theintentof thisprogramis to provideanincentive
thatwould encourageemployeesto give up their parkingspacesanduse the cashto ride alternative
modesoftransportation,suchastransitor vanpools.

Findings: Theparkingcash-outprogramcansignificantly reducevehiclemiles traveled,andtherefore
emissions,andfuel ata reasonablecostto employers.

Importanceto ARE’sPmwam. TheARB wasdesignatedby legislationto implementthe parking
cash-outprogram.The resultsof this researchwill helptheARB evaluatetheeffectsof the
transportation-relatedair qualityprogramsit managesandto recommendto the legislaturechanges
thatwouldenhancetheprogramcost-effectively.
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1996

AIR QUALITY, CONGESTION, ENERGY, AND EQUITY IMPACTS OF MARKET-BASED
TRANSPORTATION CONTROL MEASURES. 92-316: Deakin, Harvey, Skabardonis,Inc. Research
Note 1998-1.

Objectives: To useadvancedtraveldemandmodelsto analyzethe impactsofcongestionpricing,
employeeparkingcharges,fuel tax increases,andmileageandemissionfeesondriving-relatedbehavior
in thefour majormetropolitanareasof California, andto evaluatepublic opinionandlegaland
institutional issuesthatshouldbeconsideredin designingtransportationpricingmeasures.

Findings: The studyconcludedthat transportationpricingmeasurescaneffectively reduceemissions,
congestion,andenergyuse. However,price increasesmust be significant to obtainsizablereductions.
Public focus groups revealedmany bathersto public acceptanceof transportationpricing, but also
uncoveredways to increasepublic support.FederalandStarelawsgovern,andin somecasesrestric
the implementationof pricing strategies.Theseandotherinstitutionalissueswouldhaveto be resolved
beforespecificpricing measurescanbe implementedin California.

Importanceto ARE’s Progrant The resultswill help theARB determinewhethermarket-based
programsfor vehicularemissionsreductionsarepotentiallyeffectiveandcouldbe implemented.

1995

TRANSPORTATION-RELATED LAND USE STRATEGIES TO MINIMIZE MOTOR VEHICLE
EMISSIONS- AN INDIRECT SOURCERESEARCH STUDY. 92-348:JHK andAssociates.Research
Note 1995-18.

Objectives: To suggestcommunity-levelperformancegoals for vehicle travel andrelatedair quality
emissionsthatcouldreasonablybe achievedin California by implementingtransportation-relatedland
use strategiesthat reducethe needfor relianceon automobile travel. Also, to developcombinations
andspecificlevelsof transportation-relatedlandusestrategiesthatcanassistcommunitiesin achieving
thesegoals,andto providea list of mechanismsfor implementingthesestrategies.

Findings: The investigatorsidentified combinationsof strategiesthat are appropriateto different
situationsandtypes ofcominuthdes(urban,suburban,andexurban).Therecommendedstrategiesare:
strongdowntownsandconcentratedactivity centers,densityneartransit,infill (developmentwithin an
existhigurbanarea),mixed-usedevelopment,pedestrianfacilities, intetconnectedstreetnetworks,and
strategicparkingfacilities. The investigatorsalsosuggestperformancegoalsor quantifiableresultsthat
can be expectedfrom strategyimplementationand describe implementationmechanismsfor the
strategies, including policies that jurisdictions can adopt, documents that can be updated,
administrative actions, financial resources, and barriers and uncertainties associated with
implementation.The reportfor the studyincludesan annotatedbibliographyof over150 souxces,along
with summariesof thequantifiedfindingsof each.

Importanceto ARE’s PmgranvThisresearchhelps theABB provideguidelinesandinformation to
districts,local governments,andothersregardixiglong-termair quality improvementstrategies.
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A STUDY TO EVALUATh THE SIGNIFICANCE OF CALIFORNIA AIR POLLUTION CONTROL
REGULATIONS ON BUSINESSES’LOCATION DECISIONS. 92-349: California State University,
Fullerton.ResearchNote 1996-1.

Objectives: To idendfr and assessthe impact of. air pollution control regulationson businesse&
decisionsto locateorexpandin or outsideof California.

Findings: This studyfoundthat theprimarycauseof complaintsaboutair pollution regulationsis the
complex,slow, andsometimescostlyprocessofgettinginformationabouttheregulationsandobtaining
permits. Compliancewith air quality regulationswas found to impose a relatively small cost on
businesses(0.29percentof revenues),andto be onlyoneof manyfactorsin businesslocationdecisions.
Further,businessrelocadonswerenot a significantcauseof the downturnof California’s economyin
theearly1990s.

Importanceto ARB’sProgranu Thisstudywill contributeto theARWs efforts to ascertaintheeulècts
ofcostsof its regulationson Californiabusinesses.

1994

A STUDY TO DEVELOP STATEWIDE AND COUNTY-LEVEL ECONOMIC PROJECTIONS. 92-
326:DRI/McCraw-HiIl.

Objectives: To developdetailedeconomicprojectionsof the Californiaeconomyto improve theAREs
emissionsinventoryprojections.

Findings: Annual historical data and forecastsof employmentand real outputby industry were
developedfor theperiod1970 to 2020usinga long-runcounty-levelforecastingsystem.Historical data
were collectedat 2-, 3-, and4-digit StandardIndustrial Classificationdetail.Projectionswereprepared
for four separatescenarios:businesscycle, high growth or optimistic, low growth or pessimistic,and
bestestimateorbasecase.

Impottanceto ARB’sProgram Theprojectionswill beusedasinputsin theARB emissions
forecastingmodelandby Air Quality ManagementDistrictsandAir PollutionControlDistrictsto
demonstatethat their air qualitymanagementplanswill achievethemandatedgoalof a 15 percent
reductionin emissionsforeachthree-yearperiod.

LAND USEAND TRAVEL BEHAVIOR (Parts1 and2). A132-103:Universityof California, Davis.

Objectives: To determinethe relationshipsbetweenland use patternsandvehicle trips and miles
traveledby studyingtravelpatternsof residentsof five neighborhoodsin the SanFranciscoBay Area.

Findings: The resultsof this studysuggestthat integratedland use and transportationplanningcan
reduce vehicle trips and improve air quality. Researchersconducteda detailed study of five
neighborhoodsin theSan FranciscoBay Areausingtravel surveysfrom about1,100households.They
foundthat local landusecharacteristicsare associatedwith the amountof driving andtravelby other
modes, such as transit andwalking. The neighborhoodchanceeristicsfound to be most important
were: housingdensity,accessto services,the availability of transit service,andthe interconnectionof
travel routes.Residentsin higherdensity,mixed-useareaswere found to make more tripsby transit,
walking, andbiking thanthoseliving in lowerdensityareas.
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Importanceto ARD’sProgram: The resultsassisttheARB in providingguidelinesandinformationto
districts, local governments,andothersregardinglong-termair quality improvementstrategies.

EFFECTSOF INCREASED HIGHWAY CAPACITY ON TRAVEL BEHAVIOR 92-325: Dowling
Associates.ResearchNote 1995-19.

Objectives: To assessthe impacts that highway expansionmay haveon travel behaviorand the
emissionsrelatedto travel.

Findings: Thisstudyuseda statedpreferencesurveyandcasestudiesto assesstheshort-termeffectsof
reducedtravel time resultingfrom additional highway capacityon choice of route, departuretime,
travel mode,andtrip frequency.The mostsignificanteffects of new highwaycapacitywere foundon
temporalshiftsin traveldemand:more trips are likely during the peaktravel periods,with impactson
emissions.Highwaycapacityexpansionprojectsthat resultinmajortime savingswould also leadto a3
to 5 percentincreasein trip frequency.Long-termeffectson landuseandhomelocationdecisionsmay
beespeciallysignificant,butwere beyondthescopeof this study.

The investigatorsrecommendadjustingtravel modelsand/orproject-levelassessmentsto accountfor
the trip schedulingandtrip generationeffectsof highwaycapacitychanges.A longitudinalpanelsurvey
was suggestedas additional reseamhto provide a moie useftil assessmentof traveler responseto
highwaycongestion.

Importanceto ARB’s Programs:ResWts andrecommendationsfrom this study can be usedin the
improvementof the motor vehicle emissionsinventory and iii transportation/airquality planning
decisions.

A REVIEW OF BENEFIT/COST AND OTHER DECISION ANALYSES ASSOCIATED WITH
ENVIRONMENTAL REGULATORYPROGRAMS.92-337:M.CUBED.Fundedby Cal/EPA.

Objectives: To developa handbookto help evaluatebenefitjcoststudiesandotherdecisionanalyses
preparedby interestedpartiesregardingCal/EPAprogramsandregulations.

Findings: The handbookwasdevelopedasplanned.

Importanceto ARE’sProgi-an-z To helpCal/EPAagenciesbetterassessthe costsandbenefitsof their
programs.

IMPACTS OF COMPRESSEDWORKWEEK ON TOTAL VEHICULAR TRIPS AND MILES
TRAVELED. A132-136:UniversityofSouthernCalifornia.ReseaxchNote 1995-12.

Objectives: To determinewhethercompressedworkweekschedulesleadto net trip teductionsfor
commutersandreductionsin associatedvehicleemissions.

FindMgs A travel surveyof about2,500employeesin SouthernCaliforniarevealedthat the average
employeeon compressedworkweekschedules(4/40or 9180) is male,between25 and54yearsold, and
from a single-workerhousehold.Theseemployeesreducetheir home-to-worktrips anavengeof 0.8
trip perweek.Home-to-worktrip reductionstendto occurat themorningandafternoonpeakperiods;
mostnon-work-relatedtrips in this studyoccurredat non-peakperiods.Beducedtrips resultedin 13
miles less travelfor thoseon 9/80 and20 milesless for thoseon 4/40 schedules.The studyconcluded
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that, for significant air quality benefits, the compressedwork week alternativesneedto be widely
implementedby employerswho canintegrateflexibility into their operations.

ImportancetoARB’s Progrant Thisstudywill helptheAP,Bevaluatethe transportationportion of
the districts’ airqualityplans.

NPTS SUBJECT AREA REPORT ON HOUSEHOLD SOCIAL STRUCTURE AND TRAVEL
BEHAVIOR 92-351: California StateUniversitySacramento,CSUSFoundadon.

Objectives: To developa new action-basedmethodologyfor analyzingtravel survey data, and to
developmeasuresof travelbehaviorthat reflecttheextentto which individual trips are linked together
into complextravelstrategies.

Findings: A promisingmethodologyfor analyzingtravelbehavioribr 12 differentsocialstructuraltypes
of householdsandfor 12 types of roles of personswithin those householdswas developed.Both
householdstructureandpersonrole were found to be effectivein differentiating values for travel
variables.The numberof vehiclesownedby the household,numberof personsin the household,and
work statuswere the only conventionalvariablesfound to be comparableto householdstructureand
•persozirole in this respect.

ImportancetoARE’s Program.t Thisresearchwill be usedto providebetterestimatesof the
effectivenessoftransportationcontrolmeasuresandto help incalculatingthedistributionofbenefIts
andcostsfrom transportation-relatedregulations,programs,andpolicies.

1993

INVESTIGATION OF THE EFFECTSOF ATMOSPHERIC ACIDITY UPON ECONOMICALLY
SIGNIFICANTMATERiALS. A932-113:Universityof SouthernCalifornia.ResearchNote 1993-3.

Objectives: To determinecorrelationsbetweenair quality, meteorologicalconditions,anddamageto
materialsof economicsignificancein SouthernCalifornia usingdatacollectedfroma previousresearch
project(A5-137-32,1989) aswell asdatacollectedunderthisproject.

Findings: Correlationsbetweencorrosionrates, air quality, and meteorologicalparameterswere
developedfor galvanizedsteel,nickel,andaluminumfor the testsites(Burbank,Long Beach,Upland,
andthe backgroundsire, Salinas).The differences among sites, seasons,and materialswere also
examined.Corrosionrateswere low at a1~four testsites. Forgalvanizedsteel,nickel, andaluminum,
corrosionrateswere higher in the summerthan in the winter. At mostother locationsworldwide,
highercorrosionratesin are foundin thewinter.

ImportancetoARB’sProgranvUndertheAtmosphericAcidity ProtectionProgram,this information
will be usedin theassessmentof the economicimpactonCaliforniaof atmosphericacidity.

ECONOMIC IMPACTS OF ALTERNATIVES TO OPEN-FIELD BURNING OF AGRICULTURAL
RESIDUES.A132-121:FosterAssociates,Inc. ResearchNote 1995-16.

Objectives: To identify alternativesto open-fieldburningof agricultural residues,andto quantifythe
economicandfinancialimpactsof thesealternatives,particularlywith respectto burningrice strawin
the CentralValley of California.
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Findings: A banon residueburningis likely to havemodestimpactson growersandminimal impacts
on the SacramentoValley economy.Soil incorporadonis the mosteconomicallyviable alternativeto
burning for most rice andwheatgrowers.If significant yield reductionsoccurfrom limits placedon
burning, noticeable individual and regional economic impacts would be seen. Given the limited
economicallyfeasiblemethodsof off-site residuedisposalfor almondandwalnut growers,a ban on
residueburningcouldcreatesubstantialeconomicandtechnicaldifficulties for thesegrowers.

ImportancetoARE’sPi-ogrant Thisstudywill assistthe Boardin preparingbiennial reportsto the
Legislatureon the statusof feasibleandcost-effectivealternativesto residueburningandtheeconomic
implicationsoftheir widespreadadopdon;thisinformationmaybe usedby the Boardin its rule
development.

ANALYSTS OFINDIRECT SOURCETRIPACTIVITY: REGIONAL SHOPPINGCENTERS.A132-094:
JHK andAssociates.ResearchNote 1995-27.

Objectives: To developan understandingof thecharacteristicsof travel (non-work-related)to regional
shoppingcenters,to evaluatethe featuresof regionalshoppingcentersthat impacttxavelbehavior,and
to developa methodologyfor evaluatingtheimpactof potentialmotorvehicletrip reductionmeasures
ontravelbehavioratregionalshoppingcenters.

Findings: A significantportionof the variationfoundin travel modeto regionalshoppingcenterscan
be explainedby the amountandregionalcoverageof public transit serviceaswell as the densityand
proximity of the surrounding land uses.Differences in the demographicand trip characrerisdcsof
travelersto eachof the casestudysitesdo not appearto explain the variatioxi in travel mode,which
rangedfrom alow of5% non-automodeto a highof 62%non-automode(mostlytransit andwalking).

For the five case study sites, the estimatedimpact of individual travel reductionmeasureson the
numberof trips to the regionalshoppingcenterrangesfrom 0.1percentto 62 percent.Thisdoesnot
include the measureparkingpricing (10.5) percent,sincethe surveyfound that trips to the shopping
centerwould shift to other locationsratherthanswitch modesand thushave a negativeeconomic
impact.in combination1packagesof travelreductionmeasureswereestimatedto reducetripsby five to

sevenpercent.

Impottanceto ARE’sProgram.t TheseresultsassistARB inprovidinginformationto districts,local
governments,andothersregardingvoluntarylong-termairquality improvementstrategies.

INCENTIVES FOR TRIP REDUCTION THROUGH LOCATION OF HOUSING NEAR CAL!-.
FORNIARAIL TRANSIT STATIONS. A032-185:UniversityofCalifornia,Berkeley.

Objectives: To evaluatethe long-termincentive-basedstrategyof developinghousingnearpublic rail
transitro reducevehicle usage.

Findings: Residentsliving within walking distanceof stationshada highrateof transitusageandwere
willing to paymote to live nearthestations.Transit-basedhousingin Californiaisat an earlystageand
is nor specifically targetedfor Stateand local financialandzoninghicentives.The main tool usedby
local governmentsto encourage higher density housing near rail transit stations has been
redevelopmentpowers.Incentivessuchasreducedparkingrequirementsanddensitybonuseshavenot
hadsignificanteffects.
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Importanceto ARE’sProgratmThisprojectassistsAPEin providinginformation to districts,local
governments,andotherregardinglong-termairquality improvementstrategies.

A SURVEY AND ANALYSIS OF EMPLOYEE RESPONSESTO EMPLOYER-SPONSOREDTRIP
REDUCTIONINCENTIVES PROGRAMS. A932-187:COMSIS,Inc. ResearchNote 1995-22.

Objectives: To quantifythe effectivenessof incentivesofferedto employeesby employersto reduce
work-relatedvehicletrips

Findings: Financialincentivesare themosteffectivein reducingsingle-occupantvehicle trips. Other
effective incentives are guaranteedride home, company vanpools, transportationallowance, and
carpool subsidies.The annualaverageprogramcost $13,000for the companiesin the study. The
‘correct’ incentivesmix for aparticularcompanywasmuch moreconduciveto reducingtrips thanthe
amountofmoneyspent.

ImportancetoARB’s Prograni2 ThisprojecthelpedARB providemoreeffectiveguidelinesto local
districtsfor air qualitymanagementandplanning.

1990

STUDY OF ECONOMIC INCENTIVES TO CONTROL PHOTOCHEMICALLY REACTIVE
ORGANIC COMPOUNDSFROM CONSUMERPRODUCTS.A732-150: ICF ConsultingAssociates.

Objectives: To evaluateeconomicincentivesfor reducingozoneprecursors(hydrocarbons)emitted
from consumerproducts.

• Findings: Hydrocarbonemissionsfrom paintandhair sprayscanbe significantlyreduced.Feesproduce
largerevenues.Marketablequotasavoid largemonetarytransfersandleave the finds with the sources
to investin emissionsreductionactivities.The study recommendedthe useof marketablequotasand
suggestedaprogramdesign.

ImportancetoARB’sPmgram~Theresultswereusedto evaluatetheefficacyof economicincentives
as a controlstrategyfor consumerproducts.

1989

INVESTIGATION OF THE EFFECTSOF ATMOSPHERIC ACIDITY UPON ECONOMICALLY
SIGNIFICANTMATERIALS. AS-.137-32:CombustionEngineering.

Objectives: To determinethe effectsofacidicdepositionon two 4pesof paint, galvanizedsteel,nickel,
concrete,aluminum,nylonfabric,andpolyethylenein theSouthCoastAir Basinundercontrolledfield
conditions.

Findings: The relationshipsamong materialdamage,air quality, andmeteorologicalvariableswere
developedfor galvanizedsteel,nickel, andone type of paint. Reliableexposure-responserelationships
couldnotbedevelopedfor the othermaterials,primarily due to insufficientamountsof exposuredata.

ImportancetoARB’sProgranuDatacollectedunderthisprojectwere usedina subsequentresearch
project(ContractNo. A932-113, 1993).
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ECONOMIC ASSESSMENTOF FIELD CROP LOSSES DUE TO AiR POLLUTION. A5-105-32:
Universityof California,Davis. ResearchNote 1990-5.

Objectives: To evaluatethe effectof ozone-causedcropdamageuponCalifornia’seconomy,especially
that of farmersandconsumers.

Findings: Economiclossfrom ozonedamageto crops in California in 1984 was approximately$333
million. About 90 percentof this damageoccurredin the SanJoaquinValley.

Importanceto ARB’s Progrant To estimatethedamageto cropsinCalifornia from ozoneandthe
benefitto farmersandconsumersfrom reducingozonelevels.

ECONOMIC ASSESSMENTOF MATERIALS DAMAGE IN ThE SOUTH COASTAIR BASIN: A
CASE STUDY OF ACID DEPOSITION EFFECTS ON PAINTED WOOD SURFACES USING
INDIVIDUAL MAINTENANCE BEHAVIORDATA. A732-062: Mathtech,Inc.

Objectives: To develop,implement,andevaluatea methodologyfor estimatingthe economicimpact
of aciddeposidoneffectson paintedwoodsurfaces,andto estimatethe annualcost savingsfor a 10
percentreductionin nitrogendioxide (NO2) concentrationsfor individualswho live in singlefamily
homesandmake their own maintenancedecisions.NO2 was considereda proxy for componentsof
photochemicalsmogthatare thecausativedamagefactors.

Findings: Using two methodologies,the annualcost savingswereestimatedto be between$0.7 and
$3.6 million (1988 dollars) for 2.2 million single family homes from a 10 pexcentreduction in
atmosphericNO2 concentrationsfor six selectedmaintenancecasksthat involved only paintingof
woodsurfaces.

Importanceto ARB’sPitgranu UndertheAtmosphericAcidity ProtectionProgram,thisinformation
will be usedin the assessmentof theeconomicimpact onCaliforniaofatmosphericacidity.
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Air Quality Standards
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Air Quality Stanlards:

Health Effects
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H~~1&Eff00f~0f Air Pollution

Projectsin Progress

MECHANISMS OF PARTICULATE TOXICITY: EXPOSURE EFFECTS ON THE RESPIRATORY
SYSThM. 96-310: Universityof California, Davis.

Objectives: To examinethe mechanismsof short-termparticulatedamageon cells that line the respiratory
tractsof adult,young, andold ratsuponexposureto varyingconcentrationsof PM10 for varyinglengthsof
time.

Importanceto ARB’s Progranu Results from this study will augmentcurrent epidemiology findings
concerningthe relationshipbetweenhealth effects andparticulate matter exposureby determiningthe
mechanismsof cellulardamage.

STUDIESTO DETERMINETHE LONG-TERM HEALTh EFFECTSOFACIDIC ATMOSPHERES.A033-
088 andA033-089: Universityof California, Irvine, andNewYork University.

Objectives: To assessfor humans,usingappropriateanimal models, the pot~ntia1for harmftil chronic
effectsresultingfrom exposureto acidic atmospherestypical of California. Thiswas the first multi-species
studyto evaluatelong-termnoncancereffectsof air pollution.

Importanceto ARE’sProgcanv The resultsfrom this projectwill be critical in evaluatingthe long-term
effectsof acidic exposuteseitheralone or in combinadonwith ozone. Preliminaryresultsindicate that
extendedexposureto low levelsof acidsin bothsituationsposesahealthrisk, asevincedby decreasedlung
elasticityandairwayreactivityandabreakdownin somelungdefensemechanisms.

HEALTh EFFECTSOF PM COMPONENTSON SENSITIVEANIMAL MODELS. 96-311: Universityof
California,Irvine.

Objectives: To examinethe mechanismsof short-termparticulatedamageon cells that line the respiratory
tractsof adultandold ratsuponexposureto varyingsizesof particulatematterfor varyinglengthsof time.

Importanceto ARB’s Progratm Results from this study will augmentcurrent epidemiology findings
concerningthe relationshipsbetweenhealtheffectsandparticulatematterexposureby detEnniningthe
mechanismsofcellulardamage.

NITRIC ACID AIRWAY TOXICITY: POTENTIALFORPARTICLEAND OZONEINThRACTIONS. 92-
334; Universityof California, Irvine.

Objectives: To determinewhetheradverseeffects resulting from exposuresto low levels of nitric acid
(comparableto ambientconditionsin Los Angeles)areenhancedin thepresenceofparticlesandozone.

Importance to ARB’s Pmgranu In order to evatuarethe chronic effectsresulting from ambientacidic
exposuresit is necessaryto evaluatetheco-pollutanteffectsof ozoneandparticlesbecausethey oftenco-
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existwith acidsin urbanambientatmospheres.The resultsof this andotherstudieswill be usedby ARB
staffto evaluatetherisk posedby ambientacidity asrequiredby the AtmosphericAcidity ProtectionAct.

EFFECTSOFMULTI-DAY EXPOSURESTO NITRIC ACID VAPORAND ITS INFLUENCE ON OZONE-
INDUCED INFLAMMATION IN HUMAN LUNGS. 93-303:UniversityofCalifornia,SanFrancisco.

Objectives: To test the hypothesisthatextendedexposureto ambientlevels of acidity 1) reduceslung
elasticityasa resultof connectivetissuepathologyand2) exacerbarestheinflammatoryresponseof ozone.

Importanceto ARB’s ProgTanu If the studyestablishesa correlation betweenthe effects of multi-day
exposuresin humansarid the previously reportedeffects in animals,the findings will piay a key role in
determiningthe needto setanambientacidity standardasrequiredby theAtmosphericAcidity Protection
Act.

CompletedProjects

1998

THE EFFECTSOF MULTI-DAY EXPOSURETO NITROGEN DIOXIDE ON CELLULAR IMMUNITY:
HUMAN MACROPHAGERESPONSES.95-311:UniversityofCalifornia,Irvine.

Objectives: To determinewhetherrepeatedshort-termexposureto nitrogendioxide (NO2causeschanges
in macrophageftinction suchas phagocyticactivity and the ability to releaseinflammatorysubstances,and
to determinewhether NO2 exposurecausesmacrophageoveractivation,which could leadto increased
cellulardamage.

Findings: The resultsindicate thatNO2 exposuiedoesnot affect the body’s productionof macrophages,
andthat NO2 exposuredoes not affect the potentialability of macrophagecells to recognizeandingest
invading pathogenssuch as bacteriaor viruses. Nor did NO2 exposureappearto alter the ability of
macrophagecells to recruitotherinfection-fightingcells. However, following NO2 exposure,rnacrophages
wexe found to become“overexcitable” andreleasemore potentially toxic inflammatorychemicalsthan
normal. This could cause tissue damage in the lungs of humans exposedto NO2 in the ambient
environment.

Imponanceto ARE’s Program.- Becauseoxides of nitrogen are common ambientair pollutants, and
becauseepidemiologic evidence suggeststhat exposure to ambient NO2 is associatedwith increased
incidenceof respiratorysymptoms,infection, andillness in humansanddepressedimmune systemfunction
in animals,the ARB needsto determinethe actualeffectsof NO2on humanssothat this knowledgecanbe
usedin consideringair pollution standards.

ALLERGENS IN PAVED ROAD DUST AND AIRBORNE PARTICLES. 95-312: California Institute of
Technology,Pasadena,California.

Objectives:To detect,characterizeandcomparethe main allergensfound in bothpavedroaddust and
ambientair PM1Osamplesandto estimatepavedroaddustcontributionsto PM1Oambientlevels.

Findings: At least25 differentallergensweie foundin the pavedtoaddustandambientparticle samples
analyzed,includingpollen, pollen fragments,animaldander,andmolds. Five to 13 petcentof the total
allergeriicity of atmosphericparticulate matter found in urbanareasof Long Beachand Rubidouxwas
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directly attributableto pavedroaddustemissions. The allergenic contentof particles collectedin the
industrialareaof centralLos Angeles,which haslittle or noproximity to vegetationanddomesticactivities,
was much lower, on the order of only 0.5%. Using chemical speciationtechniquesand massbalance
modeling,the investigatorsestimatedthat 26-33%of the airbornePM1O samplesand36-64%of the total
suspendedparticulatesampleswere composedof pavedroaddust. Threeto nine percentof the roaddust
materialwas foundtobe around2 jsmin aerodynamicdiameter.

Impo,tanceto ARB’sProgranvTheresultsof this studywill providean understandingof the importanceof
pavedtoaddustin creatingPM10 andwill aid in the overall understandingof the role of particulateair
polludonin respiratorydisease.

1997

CARDIOVASCULAR EFFECThOFCONTROLLED OZONEEXPOSUREIN CARDIAC PATIENfl 93-
327: RanchoLos AmigosResearchandEducationInstitute.

Objectives: To conducta pilot studyto determinewhetheracute exposureto ozonecanadverselyaffect
peoplesufferingfromischemicheartdiseaseorhypertension.

Findings: The investigatorswere unableto locate,enroll, andstudyan adequatenumberof patientswith
ischemia,sothe studywas performedon patientswith hypertension.While the studyreportsno clinically
manifestedadverseconsequencesof brief ozoneexposureto hypertensives,eventhough this group is
consideredto be at risk it doessuggesta physiologicbasisfor concernfor thosewith existingcardiovascular
disease.Furtherexperimentalworkof this typewill berequiredto resolvethe issue.

Importance to ARB’s Pmgranu In recent years epidemiological studieshave reported a consistent
correlationbetweenurban air pollution levetsandan increasein mortality. in addition, it appearsthat
peoplesufferingfrom cardiacandJorpulmonarydiseaseare morepronethanothersto die fromeffectsofair
pollution. However, prior to this study, controlledlaboratory studieshad not reportedany biological
response(s)that couldexplainthe mortality effectresulting from ambientpollutantexposures.Thisstudy
providesevidenceof biological response(s)to ozonethat suggestthat ozoneexposureaddedstressto the
heartsof peoplestudied.The evidencefrom this studysuggestsonemechanismwherebyozonecould impact
the well-being of people with existing heartproblems. The results provide ftsrther justifIcation for
modificationof existingpublic healthadvisoriesto explicitlyprotectpeoplewith heartdisease.

TOXICITI OF CHEMICAL CONSTITUENTS OF PM1O IN THE SOUTH COAST AIR BASIN OF
CALIFORNIA. 93-318: Universityof California,Irvine.

Objectives: To evaluateanimal responsesto inhalation of particulatematter (PM) mixturesof various
compositionsand concentrationsthat reflect ambientPM levels found in California and which are
suspectedof beingtoxic in humans.

Findings: This study consistentlyshowed that exposure to PM (composedof elementalcarbonand
ammonium bisulfate) delivered under well controlled conditions caused measurable and perhaps
biologically significant injury to lung cells. The study also showedthat PM exposurecausedfunctional
depressionof an importantcomponent— macrophagecells -- of the lung’s naturalimmunesystemdefenses.
The study also showedthat the effectsof PM exposureare amplifiedby the presenceof ozone. This
suggeststhat previous controlled exposure studies that examinedonly single pollutants may have
underestimatedthehealtheffectsof PM pollution.
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Importanceto ARE~sPngrant Epidemiologicalevidenceindicatesthat parücularematterair pollution is
associatedwith increasedincidenceof mortalityandmorbidityamongpeopleliving in pollutedurbanareas.
Developmentof goodcontrol strategiesto reducethehealthrisk from PM1O requiresdeterminationof the
relative toxic potentialsof its variouscomponents,with regardto both their chemicalnatureandtheir size
distribution.

PULMONARY MACROPHAGE RELEASE OF INFLAMMATORY CYTOKINES AFTER MULTI-DAY
EXPOSURETO OZONEAND NITRIC ACID. 93-331: UniversityofCalifornia,SanFrancisco.

Objectives: The magnitudeof breathingcapacitydeclines following acute single exposure to ozone
progressivelydiminisheswith successivedaysof ozoneexposure.The objectiveof this studywas to include
additional health effects evaluationparameters(levels of cytDkines) for ARE-fundedclinical studiesin
progressthat axe evaluatingthe multi-day exposureeffects of ozone andnitric acid. (Cyrolcines are
biochemicalmediatorsthat are indicatorsof lunginjury andare also responsiblefor inflammatorychanges
in the lung.)

Findings: The utility of this work awaitsthe completionof the core clinical study. Specificobservations
madein this study include: (1) Two of the measuiedcytokinesproduceda clear indicationof pollution-
relatedresponse;(2) responses~ ozonewexefoundto be similarin 1-thy ax~d4-dayexposureprotocols;(3)
nitfic acidwasfoundto stimulateproductionof the two cyrokinesby itselfbutcytokinelevelswere reduced
whennitjjc acid andozonewere administeredtogether. The findings of this studyshouldproveuseful in
theinterpretationofthe resultsof thecoreclinical exposutestudy-- theyprovideamechanisticlink among
pollutantexposure,observedlungftinction changes,andinjuryobservations.

Importanceto ARE’s PTograzrn Adding cytokine measurementsto the ongoingstudieswill permit better
evaluadonof multi-dayexposureeffectsof ozoneand/ornitric acid.

THE SECONDCOLLOQUIUM ON PARTICULATh AIR POLLUTION AND HUMAN HEALTh AND
MORBIDITY. 95-323:UniversityofCalifornia, Irvine.

Objectives:To holda meetingofhealthexpertsto presentanddiscussthefindingsof researchconductedto
determinethe health effectsof particulatematter(PM) pollution andstatisticalmethodsfor determining
thepmpertiesof PM thatmayrelateto theobservedeffects.

Findings:The meetingwas atttndedby approximately300 scientistsandothersinterestedin the regulatory
aspectsof PM. ft wasa valuablemeansfor movingforwardthe stateof air pollution scienceasit relates to
thehealtheffectsof PM. The meetingsharpenedthe issuesandseveralevenlarger meetingson the issues
followed.

ImportancetoARE’sPrograntThe informadonpresentedat this andthefo11o~ngmeetingswasuseful in
reviewsof PM regulatoryactionstakenby theU.S.EPA, which wasa principalco-sponsorof the meeting.

THE EFFECTS OF MULTI-DAY EXPOSURE TO NITROGEN DIOXIDE ON HUMAN CELLULAR
IMMUNITY. 93-317: Universityof CaliforniaSanFrancisco.

Objectives: To determinewhetherextendedexposuresto nitrogendioxide (NO2) at the currentCalifornia
one-hour amWentair quality standardlevel (0.25 ppm) can compromisethe human immune system.
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Recentevidencesuggeststhat low-level NO2 exposuresmayweakenthe immune system,compromising
resistanceto infections.

Findings: The resultsof this study,whenviewedwith otherclinical andepidemiologicalinvestigations,do
not resolvethe uncertaintiesof NO2healthandimmunesystemimpacts. It appearsthat NO2 canimpact
thecellularprocessesof the lung by its simpleoxidative damagepotentialas is foundwith ozoneexposute.
Theseoxidaciveinjuriesare reflectedby the neutrophilcell increasesreportedin this study. Further,other
studiesfind that NO2 appearsto producecomplexalterationsin immune systemfunction or function of
individual cellularcomponentsof the immune system. However, the timeframesof this andotherpast
clinical exposurestudieswexe short, and little changehasbeenfound, even-- in this study -- following
exposureto relativelyhigh levels of NO2 The investigatorssuggestthat moreprolongedexposuresmay
impactimmunesystemfunction. Suchstudiesareaverydifficult to performon humanvolunteersexposed
inexperimentalchambers.

Importance to ARE’sProgran’u The studyprovides the information requiredby the APE to establish
whetherextendedexposuresto NO2at the currentstandardlevel posesa threatto public health. It does
not support the findings of otherstudiesin which NO2 was observedto causechangesin the immune
system.

1996

EPIDEMIOLOGIC INVESTIGATION TO IDENTIFY CHRONIC HEALTh EFFECThOF AMBIENT AIR
POLLUTANTS IN SOUTHERNCALIFORNIA (Three-phaseproject). A033.186: Universityof Southern
California.

Objectives: The objectivesof theprojectin its entiretyare: 1) to determinewhetherlong-termexposureto
southernCalifornia’s unique mixtures and concentrationsof ambient air pollutants during childhood
developmentleadsto changesin lung function or identifiable adversehealth effects, especiallychronic
respiratoryeffects; and2) to quatnify the prevalenceandseverity of the observedhealtheffects andthe
levelsof exposureto specificpollutantsat which theeffectsoccur.

The primaryspecificobjective of PhaseI was to producea cost-effectiveresearchplanfor PhasesII and III
that offeredthe greatestlikelihoodof successin meetingthe overall projectobjectives, and to developa
final detailedprotocolfor PhaseII.

The specific objectivesof PhaseII are to verify communityexposureclassifications,collectdatato be used
in personalexposuremodels,gatherbaselinehealthandlifestyle datafor the childrenunderstudy,perform
cross-sectionalanalysesto determinecommunity differences that are a function of air pollution, and
finalizethe Phase.III protocol,basedon PhaseII findings.

Findings: Phase 1: 1) Basedon potential long term exposurehealth effects, and on high ambient
concentrations,the project should focus on ozone,particulate pollution, nitrogen dioxide, and acidic
pollutants (nitric, hydrochloric, andorganicacids); 2) to achievestatistically meaningful results, twelve
communitieswith differentratiosof thesepollutantssbouldbeincludedin the study;3) duringPhaseII, the
project should study between-communitydifferences in the health of school children from the fourth,
seventh,and tenth grades, and then follow thesechildren’s health statusthrough their high school
graduation(year 2 of Phase11, andPhaseIII); and4) a state-of-the-scienceexposureassessmentprogram
shouldbeimplementtdto helpseparateout theeffectsofonepollutantfrom another. PhaseII: Thisphase
of the studywasrecentlycompleted. ARB staffare in theprocessof reviewingthe datafor completeness
andaccuracy.
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Importanceto ARB’sProgram.’ Informationobtainedfrom this project, which is the cornerstoneof the
ARES Lang-TermExposureHealth Effects R~seazchProgram,will allow, for the first time, quantitative
considerationof long-term exposureeffects of ambientcriteria air pollutants. The infbrmation will have
directapplicationin the review and, if necessary,revision of CalifomiaTs health-basedambientair quality
standards.The projectwill also provide information necessaryto determinethe needfor an ambientair
qualitystandardforatmosphericackdity.

RELATIONSHIPBETWEENACUTE OZONERESPONSIVENESSAND THECHRONIC LOSSOFLUNG
FUNCTION IN RESIDENTSEXPOSED TO RECURRENTOXIDANT AIR POLLUTION. A6-158-33:
Universityof California, Los Angeles.

Objectives: In the earlyI97Os a long-termstudyof chronicobstructiverespiratorydiseasewas initiatedin
Los AngelesCountyto monitorlungfunctionresponsesin residentsof threeair-pollutedareasandone less-
pollutedsite. By the mid.-1980s,it wasfoundthat subjectsliving in the pollutedareasexhibitedmorerapid
lung function declinesthan those living at the less-pollutedsite. Thisstudy was conductedto retesta
subsetof the participantsof the earlierstudy to determinewhat, if any, changeshadoccurredin lung
functionoveranadditional5-yearperiod.

Findings: Residentsof the mostpollutedareaexhibitednormalratesof lungfunction loss overthe retEst
period. In a separatesetof tests, subjectswith the mostseverelossesin lungfunction were foundto have
the sameseasidviryto acuteozoneexposuresas subjectswith lesslungfunctiondamage.

Importanceto ARE’sProgcanv It washopedthat this studywould shedlight on chroniceffectsof exposure
to ambientozone. It did notproveusefulfor clarif,ring this issue;findingsof lungfunction declinepmved
equivocal. Uncertaintiesremainwith regardto the chroniceffectsof air pollution on humanhealth; It is
prematureto discountthe earlier long-termfindings. Theseuncertaintiescanonly be resolvedthrough
furtherstudieswith stablefinding.

EFFECTSOF OZONEON PROTEASESAND PROTEASEINHIBITORS OFTHE HUMAN AND RAT
LUNG. A033-175:Universityof California, Irvine.

Objectives: To perform a detailedanalysisof the biochemicalevents (changesin proteasesandprotease
inhibitors) thataxe believedto precedeconnectivetissue fibrosis (scarring)in lungsfollowing exposureto
air pollutants. In this study levelsweremeasuredof connectivetissueproteasesandproteaseinhibirarsin
lunglavagefluid collectedfrom ratsandhumansfollowing acuteand/orchmthcexposuresto ozonealone
or incombinationwith nitric acid.

Findings: No changesin proteaselevelswere foundin ratsor humansfor any of the exposureconditions.
The investigatorsdid find that, in bothhumansandrats, relativelylow-level acute (but not subacuteor
chronic) ozoneexposuresresultedin striking increasesin the protease-inhibitingcapacityof lung lavage
fluid. Theseincreasesin protease-inhibitingcapacitywexe due to extensivecellularmembranedamageand
the releaseof intracellularcontentsanddo not imply thatacuteozoneexposureoffersaprotectiveeffectby
increasing the amountof inhibitory speciesin lung fluids. Indeed1overtime,becauseof the potentialfor

permanenttissue damage,exposureto ozonecould lead to an overall reductionin the production of
protectiveinhibitory &pecies. The study confirms that acute ozoneexposuredoescausetissuedathage;
however,it is unclearwhetherthe mechanismleadingto pulmonaryfibrosis is tied to changesin piotease
levelsor to thepossiblereductionovertime ofproteaseinhibitory speciesdueto directtissuedamage.

Importance to ARB’s Prow-ant California’s currentambientozone standardis basedon a numberof
factorsthat includeshort-termchangesin lung function. The resultsof this studywill contribute to the

98



derenninationof whetherthe standardsadequatelyprotectthe public against the long-termeffectsof ozone
exposure.

1995

EFFECTSOF NITRIC ACID VAPORAND OZONE ON THE RESPONSETO INHALED ANTIGEN IN
ALLERGIC SUBJECTS.A133-150: UniversityofCalifornia, San Francisco.

Objectives: To conducta pilot investigationto determinehow ozoneandnitric acid might interactwith
allergensto affectasthmaticrespot~seprocesses.

Findings: Trends(non-statisticallysignificantchanges)were foundthatindicatethat ozonemay influence
the asthmaticresponseto allergens.No influenceof acidalonewas detectedandthereappearedto be no
augmentationof effectswhenacidwas addedto theozonetestatmosphere.

Importanceto ARB’sProgram: The resultsof this andother studieswill be combinedto evaluatethe
health risk that ambient acidity poses to Californiansand in consideringthe needfor a health-based
standardfor this pollutant.

COLLOQUIUM ON PARTICULATE AIR POLLUTION AND HUMAN MORTALITY AND MORBIDITY.
92-341: Universityof California,Irvine.

Objectives: To conducta scientificmeetingtodiscussthe recentlyreportedstatisticalassociationsbetween
ambientlevels of particulate matter (PM10) andhuman mortality and/or morbidity. Although several
investigatorshave linked an increasein deathratesand respiratoryinfectionswith day-to-daychangesin
ambientlevelsof PM1O, the cause/effectrelationshipsand the contributoryrole of specific componentsof
PM1Oneedto beexploredmorefully.

Findings: The meetingwas held as scheduledJanuary24-25, 1994, at the Arnold andMabel Beckman
Centerof theNationalAcademiesof SciencesandEngineeringin Irvine, California. The colloquiumwas
verywell attended.Thetopicsandissuesdiscussedsetthestagefor futureparticulatematterresearch.The
papers and abstractsfrom the colloquium can be found in two special issuesof the journal Inhalation
Toxicology:Vols. 7(1) and7(5).

Itnpottanceto ARE’s ProgranvThediscussionsthat tookplaceat this meetingwill providea platformfor
scientiststo clarif,r the issuesrelatedto a) the degreeto which life spanmaybe affected;b) thepopulation
subgroupsthat are at increasedrisk at ambient levels of PMIO; and c) the suitability of biostatistical
methodsusedto analyzeandrefine PM1O-relaredmortality andmorbiditychanges.Thesediscussionsare
the first stepin the ARB’s scheduledreview of the State’sambient air quality standard for PM1O and will
help identify ftzture researchprojectsenabling the ARE to place the standardon a firmer scientificbase.

USEOFSPUTUM INDUCTION TO OBTAIN AIRWAY LINING FLUID AFTEROZONE EXPOSURE:A
~PILOT STUDY TO VALIDATh SPUTUM INDUCTION AS AN ALTERNATIVE TO BRONCHOSCOPY.

92-340: Universityof California,SanFrancisco.

Objectives: To validate a simple, safe method(sputuminduction) of collectingsamplesof airway lining
fluid andcells from humanlungs after exposureto ozone. The new methodwould replacethe present
complicatedandinvasiveprocedure,bronchoscopy.
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Findings: Physiologicalresponsesto ozonewere evidentin the lungfunction measurements.Biochemical
indicatorsof cellularchangewere found,indicatingcellulardamage.Overall, this pilot-level studysupports
the useofsputuminducdonasanalternativeto invasive lavage/biopsymethods.

Importance to ARB’s Program: Sputum inductioncan now be applied to a small cohort of childien
participatingin the ARB’s epidemiologicalstudy(contractno. A033-186, 1996) andotherclinical studies
todeterminetheeffectsof repeatedandlong-termexposuresto pollutantsandto understandthe sequential
courseof changestakingplace in humanlungs.

EVALUATiON OF COPD PATIENTS FOR OZONE SENSITIVITY: VALIDATION OF HEALTh
ADVISORIES. A133-123: Universityof California, Los Angeles.

Objectives: To determinewhetherpeoplewith chronic obstructivepulmonarydisease(COPD) are mote
sensitive thanhealthyhumansto low levels of ozoneexposuresuchas thosecommonlyobservedduring
smoggydaysin the LosAngelesarea.

Findings: After low-level ozoneexposure, small but statistically significant changesin FEYI (forced
expiraroryvolumeinonesecond)were foundin bothhealthyandCOPDsubjects.Althoughthesechanges
were small, the effects on the lung ftxncrion of emphysemics,who are already at a decreasedlung
performancelevel, are consideredadverse,since thesechangescannotbe accommodatedwithoutahealth
risk.

Importance to ARB’s Pmgranv The resultswill be useful in evaluatingand, if necessary,modifying the
healthadvisoriesissuedby local air pollution control districtswhen pollutant levels reachvarious alert
stages.

1994

MONITORING FORACIDIC POLLUTANTSIN SUPPORTOF EPIDEMIOLOGICAL STUDIESIN THE
SOUI’H COASTAIR BASIN OFCALIFORNIA. 92-336: DesertResearchInstitute.

Objectives: In supportof anepidemiologicalstudybeingconductedby CalifomiasOffice of Environmental
HealthHazardAssessment(OEHHA) and the CentersforDiseaseControlandPrevention(CDCP),ARB
funded this study to measureconcentrationof several air pollutants and to identify periods of high
concentrationof acidic species. The OEHHA/CDCPproject is examiningthe short-term effects of air
pollution on asthmaticAfrican-Americanchildrenin theLosAngelesarea.

Findings: DesertResearchInstitutemeasuredPM2.5 masscollectedovera 12-hourdaytime periodand
determinedthe concentrationsof its constituents:sulfate, nitrate,ammonium,andaerosolstrongacidity.
Sulfateandtotalnitrateconcentrationswetewithin the rangeexpectedfor the site. Totalriitcate consisted
of approximatelyequalquantitiesof particulatenitrateandnitric acid. Strongaerosolacidity waspresentin
mostsamples,but in amountsthatweresmallcomparedto thoseofnitric acid.

Imponanceto ARB’s Proga-antThe resultsof this researchprojectwill be usedin evaluatingthe needto
developaciddepositionandatmosphericacidity standardsforCalifornia.
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THE EFFECTSOF OZONEINHAlATION ON FIBROBLAST ACTIVATION IN THE LUNG: POSSIBLE
RELATIONSHIPTO LONG-TERMFIBROTICLUNG CHANGES. A133-122: Universityof California, San
Francisco.ResearchNote 1995-10.

Objectives: To determinewhetherozoneexposurestimulateshumanfibroblasts. (Fibroblastsarelungcells
responsiblefor fibrotic changes,whichcanbe harmthl. While chronicexposuteto ozoneis known to cause
somefibrotic changesin animal lung, thereare no documentedstudiesthat similarchangescanoccur in
humans.)

Findings: Ozoneexposureswere associatedwith increasedlevelsof a substance,cytokine,that isimplicated
in thepathogenesisof lungfibrosis. Othermeasuresof cellularchangesrelatedto fibrosiswerenotfoundto
increasefollowing ozoneexposure.

Importanceto ARB’sProgrant The resultsof this studyprovide a tool to be usedin further studiesof
chroniceffectsto humansof ozoneexposure.

STUDY OFNEUROLOGICAL EFFECThOF LOW-LEVEL METHANOL EXPOSUREIN NORMAL AND
FOLATE-DEFICIENTSUBJECTS.A033-172: Universityof California, San Francisco. ResearchNote1995-
11.

Objectives: To determinethe neurologicaleffectsof exposureto methanolvaporusingnormalandfolate-
deficienthumanvolunteers.Becausemethanolis usedasartalternativethe! for motor vehicles,researchis
neededto detnminewhetherexposureto the vaporsis harmful at the thresholdlimit value (TLV). TLVs
are the maximumallowableconcentrationsat a work site. Folate-deficientsubjectsneedto be testedas a
sensitivesubgroupbecausefolatetendsto inhibit theformationof formare,a toxic rnetaboliteof methanol.

Findingp: In normal individuals, exposureto TLV levelsof methanolcausesa transientincreasein blood
methanollevels but no changein forinate levels or in neurologicaltestresults. Evaluationof the folate-
deficientsubjectsis currentlyinprogress.

ImportancetoARB’sProgranuThe findingsfrom this projectwill be usedto estimatethehealthrisk posed
by methanolvaporsduringmotorvehicle refuelingactivities.

1993

INCIDENCE OF RESPIRATORY SYMPTOMS AND CHRONIC DISEASES IN A NON-SMOKING
POPULATIONAS A FUNCTIONOFLONG-TERMCUMULATIVE EXPOSURESTO N02, PM2.5,AND
PM1O. A933-160: LomaLinda University. ResearchNote1995-1.

Objectives: To re-examine6,000non-smokersstudiedin 1977 and 1987 to determinewhetherdiseases
previouslydocumentedare now worseor moreapparent,andwhetherotherobservedeffectsare related to
air pollution exposures.To examinethe impactsof nitrogendioxide andparticulatematetialof two sizes
(2.5 and10 ~tmaerodynamicdiameter).

Findings: The resultsshow strongerassociationbetweendiseasesymptomsandlevel of air pollution than
did thoseof the previousstudies. PM2.5 levels correlatedwith increasedseverityof symptomsof airway
obstructivedisease(AOD), chronicbronchitis,andasthma. PM10 levelscorrelatedwith anincreasein the
numberof casesof AOD andchronicbronchitis, andalso with the severity of symptomsof AOD and
asthma.Totalparticulatelevelswerecorrelatedwith slightly increasedcancerratesin females.

101



Importance to ARB’s Progranu This studyprovided insight into the chronic exposureeffects of air
pollution. Theinformationwill be usefulin bothdesignof futuredose-responserelatedworkandreviewof
the air quality standards.This studywill be usefulin drawingsomebaskconclusionsregardingthe impact
of air pollution on peoplein the Los Angelesmetropolitanarea.

TOXICITIES OF CHEMICAL CONSUWEN7S OF PM1U IN THE SOIJFHCOASTAIR BASIN IN
CALIFORNIA. A933-158: Universityof California, Irvine.

Objectives: To detenninerelative roxicities of variouschemical constituentsof fine particulatematter
(PM1O) foundin theSouthCoastAir Basin-

Findings.~Changesin responses(airway permeability, immune funcsns,andmucus secretion) that are
associatedwith diseaseprocesseswere observedin ratsexposedto sulfatts,nitrates,androaddust. These
substancesaremajorcoasthuentsof PMIO.

Imponanceto ARB’s Pmgranu This was the first studyconductedin the United Statesto evaluatethe
relativetoxicities of PMIO components.It providedinsight into typesof studiesrequiredin the future to

addresstheissueinmoredetail.

CHRONIC TOXICITY OF MIXED AIR POLLUTANTS: OXJDANTh, ACIDS, AND FINE PARTICLES.
A833-104: UniversityofCalifornia, Irvine.

Objectives: To determinethe adverseeffectsresultingfrom longterm (9 months)episodicexposuresto low
levelsof ozonebothaloneandin combinationwith otherpollutants,simulatingambientconditionsin Los
Angeles.

Findings: Theeffectsincludedlungstructuralchangesanda breakdownin lungdefensemechanisms.The
magnitudeofadverseeffectswasgreaterin theozonegroup thanin thecleanair group,butwasstatistically
significant only in the group exposedto ozonewith otherpollutants. Although the acute effectsof air
pollution appearto bemainlycausedby oxidants,the chtoniceffectsmaybeinfluencedto a largeextentby
thepresenceofparticulatematerialandambientacids.

Importance to ARE’s Progrant Thesefindings will be usefW in evaluatingthe chmnic effects of air
pollution andinestimatingthe risk from air pollution for variousdisthcts.

1992

TIME SERIES ANALYSIS OF MORTALITY AND ASSOCIAThD WEATHER AND POLLUTION
EFFEOThIN LOSANGELES COUNTY andSTRUCTURALMODEUNG OFEPIDEMIOLOGICAL TIME
SERIES. A5-152-33andA83S-136:Universityof California,Davis. ResearchNote 1996-4.

Objectives: To determinewhetherthereis a significantrelationshipbetweendaily air pollution anddaily
mortality in LosAngelesCountyafter adjustingfar theeffectsof temperature.

Findings: Daily mortalitysignificantly increasedwith increasingpollution at all temperatures.Mortality of
persons65 andolderincreasedwith pollution five to ten timesfasterthanmortalityofpersonsaged45-64,
suggestingthatpersonsin relativelypoorhealthare morelikely to diepiematurelyfrompollution.

Importance to ARE’s Progranu Relationshipsbetweendaily pollution and mortality have played an
importantrole in the settingof air quality standardsfor particulatepollutants. Thesestudiesshowedthat
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relationshipsbetweendaily pollution andmortalityin Los Angelesare similar to those in othercities that~
haveverydifferentpatternsofpollution andweather.

SINGLE-CELL PROBESOF ACID AND OXIDANT EXPOSURES. A933-194: University of California,
Irvine.

Objectives:. To evaluateandexplore the feasibility of using anew technique(single-cellcytometry) to
provideinsight into theteladverisksof chemicalspeciescontributingto atmosphericacidity.

Findings: The resultsindicatethat this methodis sensitiveenoughto detectchangesbothinsideandon
the surfaceofindividualcellsafterpollutantexposures.

Importanceto ARB’s Progranu This was one of a seriesof preliminary studiesconductedb’ evaluate
effectsof ambientacidity for theAtmosphericAcidity ProtectionProgram. Efforts are underwayto include
this methodin analysisof samplesobtainedfrom currentanimalandclinical studies.

PILOTSTUDIES TO DEVELOPSENS~VEMARKERS FORDETECTING THE HEALTH EFFECThOF
ACIDIC ATMOSPHERES.A933-077: Universityof Cincinnati.

Objectives: To determinethe utility of molecularmethodsin developingsensitive indicators (biomarkers)
to evaluatethe adversehealtheffectsof acidicatmospheres.Other,moreroutine methodsarenotsensitive
enough~ detecttheseeffects.

Findings: The resultsindicate thatbiomarkersdevelopedandtestedin one speciesmay notbe sensitive
enoughto detectlung injury in other animal species. It was also determinedthat molecularprobes to
detectlunginjurieswere moreeffectiveon lungtissueslicesthanon homogenizedlungextracts.

Importanceto ARB’s Program: This was one of a seriesof preliminarystudies conductedto evaluate
effectsof ambientacidity for the AtmosphericAcidity ProtectionProgram. Limitations of the methods
employedandrecommendationsfor selectionof biomarkerswereusedin designingfurtherstudiesfor this
program.

DERMAL ABSORPTION OF METHANOL AND METHANOL/GASOLINE MIXTURES. A933-186:
UniversityofCalifornia, Davis. ResearchNote 1994-13.

Objectives: To determinewhether the skin absorptionof methanolis increasedin methanol/gasoline
mixtures. Becausemethanolis used as an alternative fuel for motor vehicles, researchis neededto
determinewhetherskin absorptionof methanolfrom accidentalspills is enhancedby the presenceof
gasolinein methanol/gasolinemixtures.

Findings: Methanol/gasolinemixtureswith greaterthan.50 percentgasolineincreasedthe relativedegree
to which methanolwasabsorbedby rat skin. The total amountof methanolabsorbedfrom the mixtures,
however,was less than that from pure methanolfuel becauseof the lower contentof methanolin the
mixtures.

Impoitanes to ARE’s Pmgrant These findings helped ARB conclude that accidental spills of
methanol/gasolinemixturesthatoccurin gasstationsarenot likely to posea risk to humans.
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ARE MUCIN AND MUCIN RNA RELIABLE MARKERS FORHYPERSECRETIONIN HUMANS WITH
IRRITANT-INDUCED BRONCHITIS? A933-095: UniversityofCalifornia, Irvine.

Objectives: To develop and evaluate two new rest methodsfor early detectionof increasedmucus
productionin the respiratorytractof humans. Onemeasuresan increasein the levelsof mucin in Sway
lining fluid; the other identifies a signal inside the cells that indicates increasedmucus production.
Increasedmucusproductionis oneofthe first signsofchronicbronchitis.

Findings: The studywas successfulin developingandvalidating the new testmethodsandin assuringa
highdegreeofsensitivityin detectingchangesinmucusproduction.

Importanceto ARB’s Progrant The testshavebeenincludedfor further evaluationin otherpollutant
exposurestudies.

THE EFFECTSOF NITRIC ACID VAPOR ALONE, AND IN COMBINATION WITH OZONE, IN
EXERCISING HEALTHY SUBJECTSAS ASSESSED BY BRONCHOALVEOLAR AND PROXIMAL
AIRWAY LAVAGE. A933-146: UniversityofCalifornia, SanFrancisco.ReseaithNote 1996-6.

Objectives:To determinewhethersimultaneousexposureto nitric acidvaporenhancesthe acuteeffectsof
ozonein healthyhumans. To developa methodfor identifying sitesof injury in the lungsafter pollutant
exposures.

Findings: The resultsof this study,alongwith thoseof otherrecentlycompleteclinicalandanimal studies,
indicate that ambientacidity by itself does not pose an acute health risk to healthyindividuals. The
magnitudeof theozoneresponsewas slightly affectedby thepresenceof nitric acid. The combinationeffect
is beingevaluatedfurther. The methoddevelopedis usefulin identifying the locationof lunginjurydue to
pollutantexposure.

Importanceto ARB’sPmgranvAs requiredby the AtmosphericAcidity ProtectionAct, the information
fromthis studywill beusedto evaluatetherisk to humansposedby acidity.

COMPARISON OF YOUNG ADULT MALE AND FEMALE RESPONSESTO OZONE INHALATION
CONSEQUENTTO CONTINUOUSEXERCISEAT THE SAME ABSOLUTEAND RELEVANT MINUTE
VENTILATION andEFFECTSOFACUTh OZONEINHALATION IN YOUNGADULT FEMALES.A933-
096 andA033-176: UniversityofCalifornia,Davis. ResearchNote 1994-12.

Objectives:To determinedifferencesbetweenlungfunction responsesto ozonein healthywomenandmen
duringexercise.To confirm the previousobservationthatmenstrualcyclesaredisruptedandthatwomen
in the earlyphaseof the cycle (whenprogesteronelevels are lower) tespondmorestronglythanmen to
ozone.

Findings: Briefsingleexposuresto StageII alertlevelsofozone(30 ppm) disruptedsomespecifichormone
responsesin overhalfthe womenstudied. Thechangesincludedsurgesin estrogenlevelsin the latterhalf
ofthemenstrualcycleanddelayin ovuladon.

Importanceto ARE’sProgranw Furtherresearchincludingblood hormonelevelsis neededto understand
the implicationsof theseobservationsbefore modi~ringthe health advisoriesissuedduring variousalert
levelsfor airpollution on smoggydaysin theLos Angelesarea.
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1991

EFFECTSOF ACIDITY AND OZONE ON AIRWAY EPITHELIUM. A933-075: University of California,
SanFrancisco.

Objectives: To evaluatethe effectsof nitric acidandozoneexposureson cells lining the airwaysof guinea
pigs.

Findings: Biochemicalchangesindicativeof cellularstresswere observedwhenthe liquid mediuminwhich
the cells wexe keptwas evenslightly acidified. However,whencell surfaceswere exposedto nitric acid
vapor, evenat high levels no changeswere observed. In contrast,ozone exposuresevenat very low
concentrationsresultedin cell death.

Importanceto ARB’s Program: This was one of a seriesof preliminarystudies conductedto evaluate
effectsof ambientacidity for theAtmosphericAcidity ProtectionProgram.Theresultswere communicated
to other investigatorsevaluatingthe effectsof ambientacids. Studiesin progressare making efforts to
relatethesefindingsto responsesin otheranimalsandhunians.

CLINICAL PILOT STUDY TO DEVELOP SENSITIVE MARKERS FOR DEThCTINO THE HEALTh
EFFECTSOFACIDIC ATMOSPHERES.A933.112: AllianceTechnologyCorporation.

Objectives: To evaluatebiomarkersof inflammatioti andof reduceddefensein the lungsof humansubjects
after nitric acid exposures.Thesemarkerswere chosenbecauserepeatedor chronicinflammationmay
eventuallyleadto a chronicdisease. Disruptionin macrophagefunction (the biomarkerfor reducedlung
defense)may increasesusceptibilityofanindividual to respiratoryinfection.

Findings: The resultsindicatethatmacrophagefunctionwascompromisedafternitric acidexposures.

Inipottanceto ARB’s Progranu This was one of a seriesof preliminary studiesconducted to evaluate
effects of ambientacidity for theAtmosphericAcidity ProtectionProgram. The methodsdevelopedand
evaluatedin this studywere includedin other ongoingclinical andanimal studiesinvolving nitric acid
exposures.

EFFECTSOF ACIDIC MIXTURES ON PULMONARY MACROPHAGE FUNCTIONS: A PILOT STUDY.
A933-078: Universityof California, Irvine.

Objectives: To developbiomarkersfor identifyingearlylunginjuryresultingfrom acidexposuzes.

Findings: Alteration in defenseftrnction parametersandbiochemicalchangesthat canleadto structural
changeswere observedin the lungs of experimentalanimals after nitric acid vapor exposures. These
changes(calledbiomarkers)are knownto playa role in lunginfection, exacerbationof asthmaattack,and
changesin thelungarchitecture.

Importanceto ARB’s Progrant This was one of a seriesof preliminary studiesconductedto evaluate
effectsof ambientacidity for theAtmosphericAcidity ProtectionProgram.Thesebiomarkerswete selected
for ftirther evaluationandvalidationin sub-chronicandchronicexposurestudies.
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EFFECThOF OZONEON NEUROPEPTIDE-.MEDIAThDRESPONSESIN HUMAN SUBJECTS. A833-
186: Universityof California,SanFrancisco.

Objectives:To determinewhetherozone-- themain componentof smogin urbanareas-- is responsiblefor
coughingexperiencedby individuals living in those amas. This was the first effort made to evaiuat~
whetherthis nerve-mediatedresponseisaffectedby ozone.

Findings: A singletwo-hourexposureto 0.40ppmof ozone(higherthanambientlevels) causedsignificant
decreasein the coughthreshold,supportingthe hypothesisthatozoneexposumincreasesthe sensitivity of
nervesin theairway to astimulusknowntoproduceacoughresponse.

Importanceto ARB’s Proga-ant Furtherresearchis neededto determinethe concentrationof ozonethat
can alterthe nerve-mediatedresponses.However, it is clear from this andotherrecentresults that air
pollution mayaffecttissuesotherthanthelung.

EFFECTS OF EXPOSURE TO LOW-LEVEL CARBON MONOXIDE AT SEA LEVEL AND HIGH
ALTITUDE IN SENSITIVE SUBJECTS. A833-159, A6-203-33, andA3-138-33: University of California,
Irvine.

Objectives: To determinewhetherthe current high-altitudestandardfor carbonmonoxideis justified in
view of the fact that the parametersusedin the modelcalculationsfor derivingthe standardwere flawed.
To validatewith state-of-the-sciencetechniquessomeof the variablesusedin calculatingthe sealevel CO
standard. Three studieswere fundedto addressspecific issuesinvolved in order to draw definitive
conclusions.

Findings: In patientssuffering from ischemicheartdisease,carbonmonoxideexposurereducedthe time
beforeonsetofanginatoa greaterdegreeat a simulatedalutudeof 7,000feetthanat sealevel.

Importance to ARB’s Progcanv The results indicated the needfor a separatehigh altitude carbon
monoxidestandardfor theStateandreconfirmedthe existingsealevelstandardduring the recentreviewof
the standardby ARE.

1990

PLANNING COLLOQUIUM ON EPIDEMIOLOGY AND AIR POLLUTION. A833-114: University of
California,Irvine.

Objectives: To gathertogetherleadingscientistsin air pollution epidemiologyandrelateddisciplinesto
discuss the problems encounteredin past air pollution epidemiologic research,and outline possible
appitachesfor futurereseaich.

Findings: These critical determinationsmade wete: 1) epidemiologic projects should focus on a
subpopulation(such as children) with high likelihood of showinga quandflablehealth effect; 2) the
populationshouldbe followed overtime; 3) a thoroughassessmentof exposureis critical for deciphering
healtheffectsof air pollutants,aloneor in combination;4) effectsof ozoneshouldbe studied;5) plansfor
statisticalanalysesshouldbedevelopedat the dineofstudydesign;6) a rigorousqualityassuranceprogram
shouldbeimplementedin all studies,and7) a stablelongtermfundingbaseis necessaryfor anyIarge~scaIe
long termepidemiologystudyto succeed.

Importanceto ARE’sProgrant The findingswereusedby ABE staffto developa comprehensiveresearch
plan for the Long-TermExposureHealth EffectsResearchProgram(contractno. A033-186, 1996),andto
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lay theframeworkfor a frill-scale epidemiologicinvestigationthatcouldanswerspecific questionsandcould
accommodateadjunctresearchdesignedto addressadditionalquestions.

INCIDENCE OF RESPIRATORY SYMPTOMS AND CHRONIC DISEASES IN A NON-SMOKING
POPULATION AS A FUNCTION OF LONG-TERM CUMULATIVE EXPOSURETO AMBIENT AIR
POLLUTANTS. A833-057: LomaLindaUniversity.

Objectives:To examinethecutrentincidenceandseverityof chronicbronchitis,airwayobstructivedisease,
asthma,andall typesof cancersin a populationof non-smokersliving in the Los Angelesareawho were
studiedin 1977. This is one of a seriesof studiesdesignedto obtain information on the relationships
betweenhealtheffectsandlongtermexposureto ambientconcentrationsof variousair pollutants.

Findings: Subjectsexposedto high levels of particulatematerial exhibitedhigher iucidenceof chronic
bronchitis, airway obstructivedisease,andasthma,andthe symptomsof thesediseaseswere moresevere.
Women,butnotmen,hadmore incidenceof cancers.Subjectsexposedto higher levelsof ozonehadmore
severesymptomsof asthma.

ImportancetoARB’s Progranu Thislargeandwell plannedandexecutedepidemiologicalstudyhashelped
in identifying the relationships between chronic pollutant exposuresand diseaseincidences. The
informationwill be usedin future reviewof theair qualitystandards.

EFFECTS OF PROLONGED, SEQUENTIAL EXPOSURE TO ACID FOG AND OZONE ON
PULMONARY FUNCTION IN EXERCISINGNORMAL SUBJECTS. A833-078: University of California,
SanFrancisco.ResearchNote 1991-1.

Objectives: To dettrminewhetherpre-exposureto an acidic fog increasesthe effects of acute ozone
exposurein healthyhumansubjects.

Findings: Pre-exposureto acidic fog did not havean additive or synergisticeffect on ozoneexposute
responses.However, the resultsindicatedthe possibleexistenceof a susceptibleor sensitivepopulation
subgroup,who appearhealthyand/orareasymptomatic,who are adverselyaffectedby ozoneexposure.

Importanceto ARB’s Prognnm The results were usedin the final assessmentof the Kapiloff program
projects. (TheKapiloff programwas the first formal investigationof atmosphericacidity in the world. The
ARB’s AtmosphericAcidity ProtectionProgramwasamoredetailedinvestigationthatwasimp1ement~das
aresult of Kapiloff findings.) If the increasedsensitivityin the silentor asymptomaticgroup is confirmedin
a randomlyselectedgroup from the generalpopulatioti,it will be necessaryto modifr the healthadvisories
issuedto protectthe sub-group.

A PILOT SURVEY OF HUMAN LUNG TISSUE FOR AIR POLLUTION EFFECTSIN LOS ANGELES
COUNTY. A6-202-33: Universityof SouthernCalifornia.

Objectives: To testthe feasibility of collectingpathologicalspecimensfor analysisof lung tissuefor air
pollution effectsfrom victims of traffic accidentsand homicidesand correlating this information with
demographic,health,andlifestyle data. Thisstudywas a.partof ARB efforts to determinechronicand
lifetime effectsof exposureto ambientair pollution.

107



Findings: The method was demonstratedto be feas if it includesindividualsyoungerthan 15 years.
Presenceof lunglesionsat a youngagewashighertha:: expected.ARB staffrecommendfurtherstudiesto
determinewhetherthesefindingsarelinked to air pollution.

Importance to ARB’s Pmgram Most existingair quality standardsare aimed at protecting the public
againstacuteeffects. Informationon chroniceffectsis critical for futurereviewofthe standards.

1989

ACID AIR POLLUTANT MIXTURES: RESPIRATORY SYSThM RESPONSESAND EFFECTh OF
EXERCISE. A6-148-33: Universityof California,Irvine.

Objectives: To determinewhetherinhalation of airborneorganicacidsinfluencesthe adverseeffectsof
ozoneandwhetherexerciseenhancesthemagnitudeof theresponsesobserved.

Findings: Acuteexposureto an organicacid(hydroxyrnethanesulfotiic acid)did nothavesignificanteffect
on any of the measuredparameterseitheraloneor in combinationwith ozone. Exercisedid increasethe
magnitudeof ozoneeffects.

Importance to ARB’s Pngnznr This was one of a seriesof preliminary studiesconductedto evaluate
effectsof ambientacidity for the AtmosphericAcidity ProtectionProgram. The resultsof this studywere
usedin the designofa clinical studyto evaluatethe acuteeffectsof hydroxymethanesulfonicacid.

DETERMINATION OF BODY BURDENS FOR POLYCHLOPJNATEDDIBENZO-p-DIOXINS (PCDDs)
AND POLYCHLOPJNATED DIBENZOFURANS IN CAUFORNIA RESIDENTS. A6-195-33: Midwest
ResearchInstitute, Inc.

Objectives: To determinethe extentto which the bodiesof California residentscontainpolychiorinated
dibenzo-p-dioxins(PCDDs) andpolychiorinateddibenzoftirans (PCDFs). Human fatty tissuespecimens
wexe collectedat hospitalsin the San Franciscoand Los Angelesareasand analyzedfor PCDDs and
PCDFs.

Findings: Detectablelevelswere measuredin mostof the fatty tissuesamples.Thepatternsof distribution
of specific PCDD and PCDF compoundswere consistentwith those observedin studiesdone at other
locations.Concentrationsdid notcorrelatewell with geographicallocation,age,orsex.

Importanceto ARB’sPmgnmuJ~esu1tsofthe studywereusedto help determinethe needfor regulationof
airborneemissionsof thesesubstances.
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Air Quality Standards:

Ecological Effects ofAir Pollution
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EcologicalEff0d8 0f Air Pollufion

Project in Progress

HISTORICAL-SCALE BIOCHEMICAL MARKERS OF OXIDANT INJURY AND EXPOSUREIN PINES.
97-309:Universityof California, Davis.

Objectives: To identify differencesin woodbiochemistrybetweenozone-damagedandundamagedtrees
growing at the samesite anddifferencesbetweentreesgrowing at polluted and cleanforest sites along
knowngradientsof ambientozoneexposurein southernCalifornia andtheSierraNevada.

Importanceto ARB’s Prog-ranu This projectis neededto ftilfill requirementsin California’s Health and
SafetyCodeto collectresearchdataon the effectsof air pollution on plants. The findings will be usedto
evaluatethe effectsof ozoneon forestresourcesin the state as part of the Board’s researchprogramto
combattheeffectsof air pollution. The resultswill be useftul to policy-makerschargedwith assessingthe
effectsof airpollution on thepublic welfare.

CompletedProJects

1998

AIR POLLUTION AND CHANGES IN FORESTNITROGEN STATUS: FOGAND RAIN.DEPOSITION
AND NITROGEN LOSSES FROM FORESThD WATERSHEDS IN THE SAN BERNARDINO
MOUNTAINS. 95-329:USDA ForestService. ResearchNote 1998-5.

Objectives: To gatherdatato beusedto evaluatethe combinedeffectsof nitrogenouspollutantsandozone
on the healthof conifer forestsin southernCalifornia. Nitrogen inputs from fog hadnotpreviouslybeen
quantified,andonly limiteddatahadbeencollectedon nitrogenlossesvia streamwaterrunoffandbiogenic
emissionsfrom soil. At two pine forestsitesin the SanBernardinoMountains (SBM), the investigators
measurednitrogendepositionfrom fog andrain, measuredbiogenicnitrogenemissionsfrom forestsoil, and
monitorednitrogenlevelsin streams.

Findings: Fogwas foundto be an importantsourceof nitrogenat thewesternendof the SBM becauseit
occursfrequentlyandispresentin highconcentrations.Nitrogendepositionftomthroughfall (precipitation
thatcomesinto contactwith treefoliagebeforedrippingto theground)was foundto be similar to levelsat
othersitesin theU.S.wherenitrogensaturationis reportedto occur. At the highly pollutedwesternendof
the SBM, nitrate levels in streamwater draining from Devil Canyonwere the highestvaluesreportedto
datefor undisturbedwatersheds.

Importanceto ARB’s Progrant The informationfrom this studywill be usedto developa moreaccurate
understandingof nitrogencycling in forestsin the SanBernardinoMountains. Symptomsof soil nitrogen
saturationwere found at CampPaivika,andthe long-termdeteriorationof foresthealthin the SBM will
continueunlessactionis takento reducethedepositionof atmosphericnitrogen.
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1997

STATEWIDE POTENTIALYIELD LOSSES FROM OZONEEXPOSURE. 94-345: Universityof California,
Davis.

Objectives: To conductthe 1993 annualcrop loss assessmentfor theCrop LossAir PollutantAssessment
Program initiated by the APE in 1985. To refine the geographic information system (013)-based
methodologyusedto estimatepotentialozone-causedyield lossesin the majoragriculturalproductionareas
inCalifornia.

Findings: In 1993,ozone-causedyield lossesof 20-30%were estimatedfor cataloupes,grapes,andcotton,
which are known to be ozone-sensitivecrops. Modentelosses(10-15%) were projectedfor dry beans,
oranges,alfalfa, onions,andlemons. Minor losses(1-7%) were expectedfor ozone-tolenntcropssuchas
tomaro,wheat,rice, corn,andlettuce. GIS-basedtechniqueswereusedto refine county-averagedestimates
of yield loss it-i selectedagriculturalproductionareas. By plotting effectsto acreagesof irrigatedfarmlands
only, differencesin crop losswithin a countycouldbeaccuratelydisplayed.Forexample,cottonyield losses
were 5-10% greaterin the easternportionsof Fresno,Kings, andTulare counties than in the western
portions.

Importanceto ARE’sProwam Thisinformation is usedto identi& cropsor treesthatare beingadveisely
affectedby air pollution and provides the technical basis for settingair quality standardsto pmrect
vegetationfrom damageby air pollution. The Crop LossAir PollutantAssessmentProgramhasprovided
informationto guide efforts to designcrop-effectsstudies,to performeconomicanalysesofyield loss,andto
preparereportsfor other local, State,andFederalagencieson the effects of air pollution on the public
welfare.

1995

CROP LOSSES FROM AIR POLLUTANTS: A GIS REGIONAL ANALYSIS andSTATEWIDE CROP
LOSSESFROM AIR POLLUTANTS. A133-185and92-350: Universityoi California, Riverside. Research
Note 1997-1.

Objectives: To conductthe 1991 and1992 annualcrop loss assessmentsfor the Crop LossAir Pollutant
AssessmentPrograminitiatedby the ARB in 1985. To performcomputer-basedevaluationsof crop losses
in Californiaandto determinehow theseresultsreflectactualfield conditions.

Findings Estimatedstatewidecrop-by-countyyield lossesweresimilar in 1991 and 1992. Formostcrops,
lossestimatesdifferedby less than 20 percentbetweenyears. Using018 technologyto plot the locationof
irrigatedfarmlandsin the SacramentoValley, SanJoaquinValley, SalinasValley, and Imperial/Riverside
Countygrowingareas,color mapsdepictingthe variation in ozone-causedyield loss for grape,cotton, and
tomatowere generatedfor 1991 and1992. Forexample,potentialcottonyield lossesrangedfromless than
10 percentto almost30 percentwithin the SanJoaquinValley.

Importanceto ARB’s Progranv This information is usedto identify the crops or treesthat are being
adverselyaffectedby air pollution andprovidesthescientificbasisfor settingair qualitystandardsto protect
crops from damageby air pollution. The Crop Loss Air PoltutantAssessmentProgramhas provided
informationto guideefforts to designcrop-effectsstudies,to performeconomicanalysesofyieM loss, andto
preparereportsforotherlocal, State,andFederalagencies.
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EFFECT OF CANOPY STRUCTURE AND OPEN-TOP CHAMBER TECHNIQUES ON
MICROMEThOROLOGICALPARAMETERS AND THE GRADIENTh AND TBANSPORTOF WAThR
VAPOR CARBON DIOXIDE, AND OZONEIN THE CANOPIESOF PLUM TP~EES(Pntnussalicina) IN
THESAN JOAQUIN VALLEY. A133-053: Universityof California, Riverside.

Objectives: To developestimatesof ozoneuptakein plum treesbasedon plant physiologyandmeasured
changesin microenvironmentalparameters(e.g.,wind speed,air temperature,andgasconcentrations).To
determinewhetherozoneuptakein chamber-grownplantsdiffers from plantsgrownoutsidechambers.

Findings: The most reliable estimatesof ozoneexposurewere obtainedby usingmeasuresof stomatal
conductanceand ozone concentrationat the leaf surface, rather than the ozone concentrationat a
referencepointexterior to the plum treecanopy. Asa resultof the designof open-topchambers,someof
the ozonein the air blown into the chambersabsorbsonto the chamberwalls, resulting in lowerozone
concentrationsat the leafsurface. Becauseozonelevels at the leafsurfaceare lower in chamber-grown
trees, ozonedosesin plantsgrownoutsideof chamberswere projectedto behigher than in chamber-grown
trees.

Importance to ARB’s Progranu The results of this project provide detailed information about
microenvironmentalgradientsthat influenceratesof ozoneuptakeby plumtreesandpossiblyother typesof
plants. A betterunderstandingof the amountsof ozonetakenup by chamber-grownplantsvs. plantsgrown
outsidechamberswill enabledecisionmakersto evaluateresultsfrom paststudieson an equivalentozone
uptakebasis.

1994

THE EFFECTSOF OZONEON PHOTOSYNTHESIS,VEGETATIVE OROV[’H, AND PRODUC11VITY
OF PLUM TREES (Prunussalicina, cv. UcasselmanU)IN THE SAN JOAQIJIN VALLEY OF CAUFORNIA,
YEAR 4. A133-137:University of California, Davis.

Objectives: To conductthe final year of a muffi-year studyof the long-term effects of ambientand
experimentallevels of ozoneon the growth andyield of plumtreesin their initial commercialfruit-bearing
years. To estimatethe effect of ozone on plum treeproductivity by adaptinga carbon-assimilation-based
model usedto predictpeachtreeyields.

Findings: Ambient and twice-ambientlevelsof ozonereducedCassehnanplumyields by anavengeof 19
percentand48 percent,respectively,over a three-yearperiod. The resultsindicatt that ozonelevels in
both the precedingandcurrentgrowingyearsinfluenceplum yield. It wassuggestedthat ozonelevels in
theprecedingyearaffectthe numberof flowers formed,while levelsin the currentyearaffectfruit drop. By
simulatinganozoue-causeddecreasein plumtreephotosynthesis,theyield model forpeachtreesaccurately
predictedplumyieldsmeasuredin the study.

Importanceto ARB’s Progranu The developmentof. a model.that simulatesthe effects of ozoneon
photosynthesis,growth,andyield in Casselmanplum treescanbe usedto improve theestimatesdeveloped
in the ARBs Crop LossAir PollutantAssessmentProgramfor stone-fruittrees. Currently,no California
stone fruit yield lossesareascribedto ozone.

A DEMONSTRATION OF THE EFFECTS OF SMOG ON ORNAMENTAL AND HOME GARDEN
PLANTS. A933-188: TheArboretumFoundation,Inc., ofthe LosAngelesCity andCountyArboretum.

Objectives: To determinethe range of visible symptomsof injury to over 200 speciesof plantsnever
previouslystudied-- but which are commonlygrown in homegardensandyards -- usinga pair of filtered
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andunfilteredgreenhouses.To increaseawarenesson thepartof thepublic, growers,landscapearchitects,
botanists,andothersof the impactsofair polluuonon theseornamentalsby the useof a greenhousedisplay
of living plantsandanoutreachprogram.

Findings: Over 150,000visitors receivedguidedtouts of familiar plantsdisplaying the ftzlI rangeof air
pollution symptoms.In responseto requests,a speakerpresenteda slide showofphotographstakenin the
Air Pollution Greenhouseto local andState governmentemployees,local civic groups,andschools. In
1993 high school~nd college studentsconductedshort researchprojectsin the greenhouse.The Air
PollutionGreenhousedisplaywas featuredin television,radio, andpressinterviews,andreceivedcoverage
inwidely readmagazines,technicaltradepapers,andjournals.

importanceto ARB’sPro2rant Thisprojectincreasedthe understandingofvisitors from the SouthCoast
Air Basin,other locationsin California,otherstares,andothercountriesof the impact of air pollution on
vegetationandidentifiedwayspeoplecancontributeto reductionof air pollution.

1993

CROP AND FOREST LOSSES FROM AIR POLLUTANTh; COMPUTER AND FIELD-BASED
ASSESSMENTPROGRAM. A033-174 andA933-190: Universiti,, of California, Riverside. ResearchNote
1997-1.

Objectives: To conductthe 1991 annualcrop loss assessmentfor theCrop LossAir PollutantAssessment
Programinitiatedby theARE in 1985, includingiossesfor forests.

Findings: A CSdatabasewascreatedfor Kern Countycottonproductionandair-quality-relatedstatistics
on a one-square-milebasis,asopposedto the countywideestimatesofpreviousyears. The annualstatewide
crop lossprojectionsfor 1989and1990werealsocompleted.

Importance to ARB’s Pmgranv The improvementsto the Crop Loss Air Pollution and Assessment
Program that wete ithflared in 1991 can be used to pxovide greatly improved estimatesof lossesto
commercial crops and forestscausedby air pollution, and their economic impact. This improved
information will assistin the evaluationof the ARE’s air quality standardsand regulatoryprogramsand
their impact on the stare’s largestindustzy. The programcomplementsthe ARE’s cooperativeresearch
effortswith theU.S.ForestService.

THE EFFECTSOF OZONEON PHOTOSYNTHESIS,VEGETATIVE GROWTH, AND PRODUCTIVITY
OFPnniussalidnaIN THE SANJOAQUIN VALLEY OFCAUFORNIA,YEAR 3. A033-128:University of
California, Davis.

Objectives: To conductthe third year of a multi-year study of the long-term effects of ambientand
experimentallevels of ozoneon the growth, yield, andfruit quality of plum treesbetweenthe orchard
establiFhmentstageandthe full productionstage.

Findings: Ambientandtwice ambientlevels of ozonecausedadverseimpacts in a rangeof biochemical,
physiological,andperformanceparameters.Comparedto treesgrownin filttred air, theyield of plumtrees
exposedto mean daily ozone concentrationsgreater than 0.09 ppm (the State standard) in the first
commercialbearingyearwas 65 percent.Thisreductionin yield wasgreaterthan theyield reductionof 35
percentin thefirst bearingyear, indicatingthat ozoneinjuxy mayindeedaccumulatefreni seasonto season.
Theyield lossis relatedto thenumbersoffruit set;fruit settingoccursbeforethe highozoneseasonbegins.
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Importanceto ARB’s Pmgrant ARB’s statewideCrop LossAir PollutantAssessmentProgramassumes
that thereare no yield lossesin the more than$1 billion peryear stonefruit industry in areasof poorair
qualitybecausethereare no experimentaldatathatrelatetheresponseofthevegetationto specificlevelsof
airpollutants.The datacollectedcanbe usedto evaluateothneeffectson stonecrops.

1991

THE EFFECTSOFOZONEON PHOTOSYNTHESIS,VEGETATIVE GROWTH, AND PRODUCTIVITY
OF PnausssalidnaIN THE SAN JOAQUIN VALLEY OF CAUFORNIA, YEAR 2. A933-145:University of
California, Davis.

Objectives: To conductyear two of a multi-yearstudy of the long-term effects of ambientand twice-
ambientlevelsof ozoneon thegrowthandyield of aplumorchardbetweenthe orchardestablishmentstage
and thehill productionstage.

Findings: Fruit bearingbeganin the secondyear. Comparedto treesgrownin filtered air, the numbers
andsize of the fruit yield were28 percentlower in the ambientand38 percentlower in the twice ambient
exposures. Photosynthesiswas reduced11 percentand 40 percentrespectively. Adverse impactson
physiologicalresponsesandgrowthincreasedwhenozonelevels exceeded0.09 ppm (the State standard).
Measurementsof biochemical,physiological,andgrowthparameterswere collectedto developa stonefruit
treephotosynthesis;growth,andairqualitymodel.

ImportancetoARB’s Pmrani The datacollectedin this studycanbe usedto testtreegrowthmodelsto
improve information on the relationship betweenspecific levels of air quality and the wide range of
responsesof the treesto pollution.

CROP LOSS FROM AIR POLLUTANTS AND INJURY TO FORESTTREESASSESSMENTPROGRAM
(STAThSREPORT: CROP LOSS FROM AIR POLLUTANT ASSESSMENTPROGRAM, PHASE III).
A833-138: Universityof California, Riverside.

Objectives: To conductthe 1990annualcrop loss assessmentfor the Crop LossAir PollutantAssessment
Programinitiatedby ARB in 1985.

Findings: The researchersconcludedthat asyet no satisfactorymodelsexist for assessinglossesin forest
ptoductivity due to ozoneinjury. Visible adverseozoneeffectson cropsin the SanJoaquinvalley -- leaf
injury anddefoliation -- were mostpronouncedin the southernportionsof thevalley. Yield lossestimates
preparedfor 52 differentcropson a countybasisgaveresultssimilar to thoseof the surveyof the previous
year: Comparedto expectedyields in clean air, lossesrangedfrom 0 to 63 percent,exceptfor onions,
potatoes,andwheat,whoselossesdoubted. To assistcounty agriculturalexperts,photographswere taken
for “fact sheets”,a portabledisplaywas madeon the effectsof air pollutantsonplants, andaworkshopwas
held to discusscurrent researchefforts and future requirementsneededto enhancethe vegetationloss
program.

Importance to ARB’s Program. Eachyear this programprovides a more accurate estimateof the
relationshipbetweenspecific levels of air quality and the expectedandactual tossessufferedby specific
cropson a countywidebasis,andon forestresources.Thisinformationis usedto assistin the evaluationof
the ARB’s ambientair quality standardsandregulatoryprogramsand their impact on the Stateslargest
industry.
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THE EFFECTSOF OZONEON PHOTOSYNTHESIS,VEGETATIVE GROWTH, AND PRODUCTIVITY
OF Pmrwssalicina IN THE SAN JOAQUIN VALLEY OFCALIFORNIA, YEAR 1. A833-113: University of
California,Davis.

Objectives: To begin a multi-yearstudyto determinethelong-termeffectsof ambientandexperimentat
levelsof ozoneongrowth,yield, and fruit qualityof aplum orchardfrom the orchardestablishmentstageto
thefruit bearingstage.

Findings: TheexperimentalCasselmanplumorchardplantedaspartof a relatedproject(A733-126,1990)
conductedthe previousyearcontinuedto show decreasedphotosynthedcrates, increasedleafdrop, and
reducedtrunk circumference,comparedto plumsgrown in filtered air. A databasewas set up to collect
information on fruit size andnumber, fruit quality, storedcarbohydrates,and weight of branchesunder
differentlevelsof pollution to determinewhetherair pollution injurycanaccumulateoverthe 20-to-30year
productivelife of fruit trees.

Importance to ARB’s Pmgranu Before this project, the ARB’s statewide Crop Loss Air Pollutant
AssessmentProgramcontainedno information on the effectsof ozonepollution on stonefruit treesand
nuts. The ARB is now able to pmvide information of this type to local planningauthoritiesseekingto
determineadverseeconomicimpacts of ozonepollufion on agriculturaloperations,the largestindustry in
California.

1990

FIELD VERIFICATiON OFYIELD LOSSESFROMAMBIENT OZONETO COTTON (Gossypiwnhirsutwn)
IN THESAN JOAQUIN VALLEY. A833-105:Universityof California, Riverside.

Objectives: To confirm that the yield lossesto cotton estimatedby air quality modelsdo occur under
commercialgrowing conditions in several locations in the SanJoaquinValley’s cotton growing region,
which hasarangeof ambientpollution levels.

Findings: This studyvalidatesthe ability of the modelsusedin the Crop LossAir PollutantAssessment
Programto predictthe impact of ambientozoneon cotton yields. Ten to 19 percentof the billion-plus
dollar productionwaslost during the 1989growingseasonduevb ambientlevelsof ozone,anda significant
loss occurs at levels below the currentState and Federalambientair quality standards.One of the 14
cultivars tested,a promisingnewly-intmducedcotton variety,sufferedsevereleafinjury.

ImportancetoARB’s Pmgrant Thisprojectandthe relatedcottonstudy(Contractno. A733-088, 1989)
confirmthat themodelusedin APEsstatewideAir PollutionAssessmentProgramprovidesa firm scientific
foundationfor settingambientair qualitystandards.

THE EFFECTSOF OZONEON PHOTOSYNTHESIS,VEGETATIVE GROWtH, AND DEVELOPMENT
OFWOODY PERENNIALS IN THE SAN JOAQUIN VALLEY OFCALIFORNIA. A733-126:Universityof
California, Davis. ResearchNote 1990-13.

Objectives:To developthemethodologyfora multi-yearstudyof the long-termresponseofstonefruit trees
to ambientlevels of ozoneby screeningseedlingsof nine of the mostvaluablespeciesof fruit treesfor
sensiti.ity to thispollutant. To establishan experimentalorchardthatcanbe grownin largeopen-topfield
chambersfrom the orchardestablishmentstage through the commercialfruit bearingstage. Casselman
plum was selectedfor the experimentalorchardbecauseits commercialhedge-rowconfigurationproduces
treessmallenoughto fit in theexperimentalchambers.
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Findings: Thisstudyprovidesthe first experimentaldataon the responseof stone-fruittreesto ambient
ozoneIevehin theSanJoaquinValley. Theninespeciesdiffer in theirsensitivityto ambientlevelsof ozone
as measuredat the physiological,biochemical,andperformancelevels. Reducedstarchreservesfor the
nextyearsgrowthandgreaterthanexpectedreductionsin tree-trunkgrowthoccurred.Theseeffectscould
havea seriousnegativeimpacton future treehealthandyields.

Importanceto ARB’s Progrant The resultscanbe usedto correcta seriousunderestimatein the existing
ABB statewideCrop LossAir PollutantAssessmentProgram,which hasassumedthatnolossesoccurto the
stone-andotherfruit harvestdue to ozone.

1989

THE ECONOMIC ASSESSMENTOF CALIFORNIA FIELD CROP LOSSESDUE TO AIR POLLUTION.
A5-105-32: UniversityofCalifornia, Davis. ResearchNote 1990-5.

Objectives: To perform the first comprehensiveeffort to synthesizeinformation on pollution damageto
California’s crops with appropriateeconomic and air quality data, and to evaluate the impact of air
pollution to agriculture.

Findings: California’s agricultural revenuesin 1987 were greaterthan$17 billion. In 1989, the industry
sufferedan estimatedcrop loss of $265 million from ambientlevels of ozone alone. Assumingthat the
ARB’s regulatoryprogramscould reduceozoneto a seasonallevel of .025ppm, the estimatedtotal benefit
would be$330million peryearin increasedagriculturalproductionandgrowerprofit.

ImportancetoARB’s Program: Damageestimatesfromthis studywere usedin the 1987 staffreportto the
Boardentitled “Effects of Ozoneon VegetationandPossibleAlternativeAmbientAir Quality Standards,
aspart of theARB’s reviewof theambientair qualitystandardfor ozone.

CROP LOSS FROM AIR POLLUTANTS ASSESSMENTPROGRAM (STATUS REPORT, PHASE 111).
A733-108: Universityof California,Riverside.

Objectives: To conductthe 1989annualcroplossassessmentandrelatedworkefforts for theCropLossAir
PollutantAssessmentPrograminitiatedby theARB in 1985.

Findings: As a result of work conductedin 1988 and 1989 (PhaseIll), recommendationson how to
conducttreefruit andnutcrop researchwerehelpful in the designof amulti-yearstudyof plumsfundedby
the ARB (A133-137, A033-128,A933-145, A833-113,andA733-126,all describedabove). Three of 79
known tree-exposuresystemswere judged acceptablefor friture tree research. Forty-eight fields were
evaluatedin the cotton survey, with a diagnosisof clear ozoneinjury symptomsonly on leavesin Kern
county. Statewidelossesfor 27 crops were determined;6 cropshadlossesgreaterthan 15 percent(dry
beans,cantaloupe,cotton,honeydewmelons,grapes,andwatermelons);7 cropshadlossesgreaterthan 6
percent(alfalfa hay,alfalfa seed,sweetcorn, lemons,oranges,potatoes,andspinach);8 crops hadsmall
lossesof 1 to 3 percent(field corn, grain sorghum,othon, rice, com-sitage,fresh tomatoes,processing
tomatoes,andwheat);and6 cropsshowedno loss (barley,broccoli, celery, lettuce,strawberries,andsugar
beets). Future projectionswere madefor the air quality expectedin 1995 and2010, when losseswere
expectedto increaseby 8 to 14 percentcomparedto 1986 levels becauseof expectedincreasesin NOx
emissions.

Importanceto ARB’sProgranu The resultsof this studyprovidea morereliablebasisfor estimatingcrop
lossescausedby air pollution, andwere useftil in shifting the emphasisin ARB plant-effectsresearchtoward
the effectsof airpollution on forests.
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FIELD ASSESSMENTOF THE EFFECTSOF AMBIENT OZONEON COTFON (Gossypiurithirsutum) IN
THE SANJOAQUINVALLEY. A733-088: Universityof California,Riverside.ResearchNote 1989-7.

Objectives: To determinewhetheryield lossespredictedfor cotton by the APEsstatewideCrop Loss
AssessmentProgramactually occurs on cotton grown in the field in the SanJoaquin Valley and to
determinewhether the lossesoccur at the levels predictedby laboratoryfumigationchamberexperiments
andarenotimpactedby theresponseof theplant to environmentalconditionsinsidethe chambers.

Findings: Yield reductionsdue to ambientozonein cottongrown in open-topfield chambersandin the
field in the SanJoaquinValley wele similar to the lossof lint (fiber) predictedby the crop loss equations,
exceptat Dinuba,whexe the actualfield iosseswerehigher thanpredicted. This studydemonstratesthat
yield loss estimatesbasedon open-toppedfield chamberexposuresare representativeof the responsesof
commercialcotton, which is California’s most valuable cashcrop. The SJ-2 cuidvar, the most widely
grown,showedthe greatestinjuryat all sites.

Importanceto ARB’s Progran-u This studyanda relatedcotton study(contractno. A833-105)confirmed
that the model used in ARB’s statewideAir PollutantAssessmentProgramprovides a finn scientific
foundadonfor settingambientairqualitystandards.

THE GROWTH AND YIELD EFFECTS OF AMBIENT AIR POLLUTION ON VALENCIA ORANGE
TREES(Citrussinensis).A733-087:Universityof California,Riverside.ResearchNote 1991-3.

Objethves~To determinethe physiologicalandbiochemicalbasesfor the effectsof ambientozoneon the
yield of Valenciaorangesin SouthernCaliforniaandtheSanJoaquinValley. To determinehow susceptible
otangesareto chronicSO2exposuresnearoil fields.

Findings: Ambient air pollution reducedthe numbersof fruits andloweredindividual leafweightsby 30
percent. Thesereductions are similar to those seen in navel oranges. Twenty different growth,
physiological, or biochemical parameterswere investigated to identify the mechanismfor the yield
reduction. The researcherssuggestthat fewer fruit weteset becausestarcheswere retainedin the leaves
rather than allocatedto fruit production. Sulfur dioxide reducedfruit weight by 35 percentand fruit
numbersby 39percent,comparedto treesgrownin filtemdair.

Importanceto ARE’s Progranv The ozoneconcentration/yieldlossequationdevelopedby this projectfor
Valenciaorangesis usedto impmvetheARB’s statewideCrop LossAir PollutantAssessmentProgram.

RISKSTO CAUFORNIA FORESTSDUE TO REGIONALOZONEPOLLUTION A6-049-32:ROGMagler,
Bailly, Inc. ResearchNote 1989-5.

Objectives: To constructa geographicallybaseddatabaseof forestedresourcesin California. To evaluate
the sensitivityof Californiaforesttreespeciesto ozone.To performarisk assessmentfor the mostvaluable
commercialtreespeciesin theforestedareasofCalifornia.

Findings: Basedon air quality during the period 1977 through 1981, 50 percentof the forests in 13
countiesare at highrisk; over50 percentof the 70 mostvaluablecommercialtxeesin 5 of the 19 national
forestsare at highrisk; and50 percentor moreof the landareain 13 Californiawatershedsare in the high
risk category.
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Impo-rtanceto ARB’sProgranu Forestedareas,which cover 1/3 ofCalifornia’s land,provide85 percentof
the water supply, jobs for about80,000workers,andrecreationfor millions. The information from this
projectcanbe usedin settingambientair qualitystandardsbecausesignificantdamageto forestscanoccur
at pollutantlevels belowthosethatprotecthumanhealth. The existingregulatoryprogramprovidesonly
partialprotectionto the forestedareasin California.
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Indoor Air Quality

Projectsin Progress

MEASURING CONCENTRATIONS OF SELECThD AIR POLLUTANTS INSIDE CALIFORNIA
VEHICLES. 95-339: ResearchTriangleInstitute.

Objectives: The primaryobjective of this project is to measureconceutradonsof particles, toxic gases,
metals,carbon monoxide,andotherpollutants inside vehiclesas they are driven on California roadways
undervariousdriving conditions. In additionto in-vehiclemeasurements,the pollutantswill be measured
simultaneouslyjustoutsidethe vehicle, along the roadway,andat nearbyambientmonitoringstationsin
orderto examinehow concentrationsin thoselocationsaffectin-vehicleexposures.

Importanceto ARB’s Prog-rarrn AlthoughCaliforniansspendan avengeof sevenpetcentof their time
travelling insidevehicles, few in-vehiclemeasurementsof particles,volatile organicchemicals,andtoxic
metals have beenmade. The results of this projectwill be used to improve estimatesof Californians’
currentin-vehicle exposuresto particles,dieselexhaust,methyl tertiary butyl ether(MTBE), andother
pollutantsandto determinethe relativecontributionof in-vehicleexposuresto totalair exposuresto these
pollutants. The resultswill alsobe usedto idend~’actionsthatdriversandpassengersmay take to reduce
theirin-vehicleexposuresto air pollutants.

DEVELOPMENT OF A SHORT-AVERAGING-TIME INDOOR NITROGEN DIOXIDE MONITOR 96-
312: Battelle.

Objectives: The objectiveof thisprojectis to developandtesta small1quiet, economicalnitrogendioxide
monitorcapableof measuringconcentrationsindoors for short avengingtimes of one houror less. The
monitormustbe ableto accuratelymeasurenitrogendioxide acrossthefull rangeof expectedindoor levels,
includingthe veryhighlevels sometimesseenduring operationof gasappliances.Testingwill include trials
in residencesandpublic buildings.

Importanceto ARB’s Progratw This projectwill provide ARE with a fully characterized,economical,
portablenitrogen dioxide samplersuitablefor use in indoorair quality studies. The monitorwill enableus
to measurethe full rangeof levelsinsidebuildings,andthusprovidedatafor improvedpopulationexposure
estimates.The shortaveragingtime will allow for comparisonof measuredlevelsto the one-hourambient
air quality standardfor nitrogendioxide, an indicatorof safe versuspotentiallyharmful levels of nitrogen
dioxide.

A CONTINUOUS, REAL-TIME MINIATURE OZONE MONITOR 94-342: University of California,
Berkeley.

Objectives: Developandtesta miniatureozonemonitorfor continuousreal-timemeasurementsof ozone
in indoorandoutdoormicroenvironments,with potentialfor fixture adaptationasa personalmonitor. The
primaryperformanceobjectivefor theprototypemonitor is the ability to accuratelyandpreciselymeasure
30 to 300ppb ozoneforperiodsof 30 minutesor less.

Importanceto ARB’s Pwgrant This monitorwill perform accurateozonesamplingoverperiodsof one
hour or less andwill record anddisplay the ozonelevel immediately. This will permit measurementsof
short-termpeakexposuresto ozoneso that real-life exposurescanbe comparedto health-basedstandards
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andindividual actionsto mitigateozoneexposurecanbe assessedin different microenvironments.Data
obtainedusingthis monitoringtechnologywill be usedto improve exposureandrisk assessments,to idendf,r
populationswith high ozoneexposures,and to evaluate the effectivenessof immediate risk reducdon
measures.

COMMON INDOOR SOURCES OF VOLATILE ORGANIC COMPOUNDS:EMISSION BAThS AND
TECHNIQUES FORREDUCING CONSUMEREXPOSURES. 95-302:University of California, Lawrence
BerkeleyLaboratory.

Objectives: To quanti~the emissionratesof volatile organiccompounds(VOCs), including a numberof
toxic air contaminants,from threegeneralcategoriesof commonindoorbuilding anddecoratingmaterials.
The investigatorswill also examinevariouspracticalmeasuresthat consumerscan take to reducetheir
exposuresto VOCs from thesematerials. Materialsto be studiedincludecaipets,carpetpads,adhesives,
vinyl flooring, andinteriorlatexpaint.

Importanceto ARE’sProgranu Resultsfrom this studywill pmvide a scientificbasisfor futuxe indoor air
qualityguidelinesthatadviseCalifornianson how to reducetheirexpos~esto indoorpollutantsin newor
remodeledhomes.emissiondatawill be usedin modelsto improve estimatesof indoorexposuresto toxic
aircontaminants,asrequiredby CaliforniaHealthandSafetyCode.

ASSESSINGEXPOSURETO AIR TOXICS FROM ENVIRONMENTAL TOBACCO SMOKE. 94-344:The
Universityof California, Berkeley.

Objectives: This studywill estimateCalifornians recentexposuresto 16 selectedtoxic air contaminants
(TACs) emitted from cigarette smoke and, where possible, estimate the proportion of Californians’
exposuresto TACs that is attributableto envimninentattobaccosmoke (ETh) andthe pzopordonthat is
attributableto othersources. The studywill also estimatethe potential thture reductionin exposuretQ
theseETh chemicalsthat is likely to result from changesin Californians smokinghabits, new Laws, and
otherfactors.

Importance to ARE’s Prowam~ Resultsfrom this projectwill be used to estimatethe risks posedby
selectedTACs emitted in cigarettesmoke, taking into accountfactors likely ~ changefuwre levels of
exposureto ETh. In addition, the ABE canuse the exposureestimatesfrom this projectin combination
with otherdatato estimatethe residualpublic health risk of the 16 TAGs from non-ETS sourcesandto
prioritize mitigationstrategiesto reducepublic healthrisksfromthesechemicals.

RESIDENTIAL MICROENVIRONMENTAL AND PERSONAL SAMPLING FOR EXPOSURE
CLASSIFICATION. 92-317: UniversityofSouthernCalifornia.

Objectives: To measureresidentialexposuresto ozone,particles,formaldehyde,andairborneacidsin a
representativesampleof children’shomes in the ARB/USC EpidemiologyStudy (A033-186, seeHealth
Effects section, 1996). To examinethe relationshipsbetweenindoor ozone levels auth outdoorozone
levels,housecharacteristics,occupantstactivities,andairexchangerates.

Imponanceto ARB’sProgranu Theresultswill be usedto impivveestima~sofCalifornians’exposuresto
ozone,particulatematter, andformaldehydeand to developeffectivestrategiesfor reducingthe resultant
health risks. They will also be used to refine the exposuremodel usedin the epidemiology studyand
improveesthnat~sof theparticipants’exposuresto thesepollutants.
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CompletedProjects

1998

ASSESSINGEXPOSURETO AIR TOXICS FROM ENVIRONMENTAL TOBACCOSMOKE. 94-344:The
Universityof California,Berkeley.

Objectives: This study estimatedthe proportion of Californians’ exposuresto 17 selectedtoxic air
contaminants(TAOs) that is attributableto environmentaltobaccosmoke (ETS) andthe proportionthat
is attributableto othersources.In addition, the studyestimatedthe potentialfuture reductionin exposure
to theseFT’S chemicalsthat is likely to result from changesin Californians’ smokinghabits,new smoking
laws,andotherfactors.

Findings: ETh was found to contribute significantly to the exposureof nonsmokersto toxic air
contaminants. For example, in the mid-to-lace 1980s, the estimatedavengecontributionof ETh to
henzeneexposureswas3-10%of thetotalbenzeneexposure. (Benzeneis a potentcaitinogen.) Becauseof
legislation prohibiting smoking in enclosedworkspacesand other factors,ETS-causedexposuresto the
VOCs is predictedto be reducedin the late 1990sby 60-80%for adults,45-55% for adolescents,and30-
35%for children. Thesmallerreductionfor adolescentsandchildrenis due to the fact that thesegroups
spenda greaterportion of theirtime in unregulatedindoorenvironmentssuchasprivateresidences.

Importanceto ARB’sProgrant Resultsfrom this projectcanbe usedin conjunctionwith otherrecently
available data to estimate the relative contributionsof indoor and outdoor sourcesof these toxic air
coruarninantsto Californians currentexposuresandrisks. This information will help the ARB identi&
effectivemitigationstrategiesfor reducingthe residualpublic healthrisksfrom theseTACs.

1996

DETERMINATION OF FORMALDEHYDE AND. TOLUENE DLISOCYANATh EMISSIONS FROM
INDOORRESIDENTIALSOURCES.93-315: Battelle.ResearchNote 1997-9.

Objectives: To measuretheemissionsof formaldehydeandcoluenediisocyanazefrom their indoorsources.
Measurementswere madein medium and large chambersunderconditions that reflect typical indoor
conditionsas well as conditionsapproximatingextremebut realistic indoor conditionsthatwould cause
higheremissions.

Findings: Major residentialsourcesof formaldehydegenerallyemit lessformaldehydethanin thepast,but
someproducts,includingpressedwoodproducts,permanentpressfabric,anda woodfloor finish, still emit
significant amountsof formaldehyde. Toluenediisocyanatewas not emittedin measurableamountsfrom
anyof theresidentialsourcestested.

Importanceto ARB’s Progranu Formaldehydeandroluenediisocyanatecancauseadversehealtheffects
at low levels andare usedin the manufactureof productswidely found and usedinside residencesand
offices. The resultswill be usedto betterestimateCalifornians’exposuresto thesecompoundsandto
provideguidanceto Californiacitizenson stepstheycantake to reducetheir exposuresto them.
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1994

TOXIC VOLATILE ORGANIC COMPOUNDSIN ENVIRONMENTAL TOBACCO SMOKE: EMISSION
FACFORS FOR MODELING EXPOSURE OF CALIFORNIA POPULATIONS. A133-186: Lawrence
BerkeleyLaboratory.ResearchNote1996-2.

Objectives: To measure the levels of over 20 toxic air pollutants in aged second-handsmoke
(envimnmentaltobaccosmoke,or ETS) from thebrandsof cigarettesmostsmokedinCalifornia. In order
to comparethe resultswith existing data,emissionsof the samepollutantsfrom freshsidestreamsmoke
(smokefrom theburningendof thecigarette,or SS) were alsomeasured.

Findings: Most of the targetcompoundswere presentin levelshighenoughto be measuredin bothETS
andSS. ETSemissionswere highestforparticles,aldehydes,nicotine,andthe aromatichydrocarbons.The
ETS emissionswere fairly consistentamong the differentcigarettebrands,evenwhen“regiila? cigarettes
were comparedto mentholatedandBlight11 cigarettes.ETh emissionswere generallyhigher thanemissions
measuredin SS, appaientlydue to chemical lossesin the SS apparatus.The IrS emissionfactors agree
withotherliteraturevaluesandtheinvestigatorsrecommendtheir use in exposutemodeling.

Importanceto ARE’sPwgram Cigarettesare a major indoorsourceof many toxic air pollutants. This
studyprovidesuniqueinformation to help estimateCalifornians’exposuresto many toxic componentsof
ETh.

DEVELOPMENTOFA MODEL FORASSESSINGINDOOREXPOSURETO AIR POLLUTANTS. A933-
157: GeometTechnologies,Inc.

Objectives: To developa user-friendlymodel to estimatethepopulation’saverageandhigh-endexposutes
to both gaseousandparticulatepollutants. The model will use indoor concentrationdata, California
activity patternsdata,indoorsourceemissiondata,airexchangeratedata,andotherinformation.

Fhtdings The projectis in its final phase. APE staffare further evaluatingthe model. The modelis
unique: It incorporatesdetailedactivity infonnationandotherCalifornia-specificdatato provide improved
indoorexposureestimatesandtotalexposureestimatesfor theCaliforniapopulation. The modelestimates
the central tendencyof exposuredistributionswell, but like otherpopulationexposuremodels, is less
reliablein estimatingthe extremes(high andiow ends)of thedistributions.

Intponanceto ARE’s Progaanw The model will improve our current ability to accuratelyestimate
Californians’exposuresto air pollutants. It will especiallyimptove indoor assessmentsrequiredfor the
ARE’s Toxic Air ContaminantsProgram,asrequiredundertheCaliforniaHealthandSafetyCode.

1993

DATABASE DEVELOPMENT AND DATA ANALYSIS FOR CAUFORNIA INDOOR EXPOSURE
STUDIES. A133-187: ResearchTriangleInstitute. ResearchNote 1994-14.

Objectives: To combinedata from six California indoor exposurestudies into a unified databaseto
facilitate furtheranalysisof thedatafromall the studies.To demonstratethe useflulnessof theconsolidated
databaseby conductingseveralanalyses,such as examiningdifferencesin exposureacrossseasonsand
location.
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Findings: Data from six California exposurestudiesare now compa~b1eand can be easily accessed
through the database.The analytical results suggestthat indoor andpersonalexposuresate higher in
winter than in summerfor commonvolatile organiccompounds. Someindoor exposuresto chemicals
correlatewith thepresenceofindooremissionsourcesandhumanactivitiesin thehome.

Importanceto ARB’s Progranu The ARE will use the databaseto more fully analyzethe largebody of
exposureinformation collectedby the APB and the U.S; EPA in California over the lastdecade. The
databasehas alreadybeenused tc estimateCalifornians’ exposuresto about20 toxic pollutantsfor the
CaliforniaComparativeRisk Project.

INDOOR CONCENTRATIONS OF POLYCYCLIC AROMATIC HYDROCARBONS IN CAUFORNIA
RESIDENCES.A033-132: ResearchTriangleInstitute.

Objectives: To measurethe levels of selected toxic combustionby-products (polycyclic aromatic
hydrocarbons[PAHs] andcarbonmonoxide)in Californiahomesandto evaluatethe relativecontributions
of sources-- suchas cigarettesmoking,woodburning,anduse of gasheaters-- to indoor levels of those
pollutants.

Findings: Cigarettesmoking,woodstoves,fireplaces,andkerosenehearersweremajorsourcesof PAHs in
thehomeswheretheywere used.Infiltration ofpollutedoutdoorair alsocontributedsignificantly to indoor
levels. Only a few homesshowedelevatedlevels of carbonmonoxide,associatedmostlywith theuseof gas
heatandfireplaces.

Impottanceto ARO’s Program: The findings will be usedto estimateCalifornians’ indoorexposuresto
PAHsandcarbon monoxide and to provide guidanceto the public on how they can avoid unhealthfiul
exposures.

MEASUREMENT OF BREATHING BATh AND VOLUME IN ROUTINELY PERFORMED DAILY
ACTIVITIES. A033-205: UniversityofCalifornia, Davis. ResearchNote 1994-11.

Objectives: To measurethe amountof air breathedduring routine activities in the first comprehensive
studyof matesandfemalesof all ages,in ordertofill a majordatagap in exposure/dosecalculations.

Findings: The amountof air breathedduringdefinedactivities andfor variousagegroupsis now known.
Adult malesof all agesbreathesimilar amountsof air duringsimilaractivities. Likewise, adult femalesof all
agesbreathesimilar amountsof air duringsimilar activities. Whendifferencesin body size are accounted
for, childreninhaleagreaterquantityof air thanadultsduringsimilarexercisingconditions.

ImportancetoARB’s Pmgram Breathingmeasurementsare beingusedto refine estimatesof the amount
of air pollutantsinhaled. This studyeliminatesmuch of the uncertaintyof estimatinginhaleddose from
laboratorymeasurementsby actuallymeasuringthe amountof air breathedby a wide varietyof individuals
duringactualactivities.
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1992

PTEAM; PARTICLETOTAL EXPOSUREASSESSMENTMETHODOLOGYSTUDY. A933-144:Reseamh
Triangle Insdtute.ResearchNote 1994-10.

Objectives:To measuieexposuresto inhalableparticlesandsomeassociatedelements.ARB participation
ensuredthat the studywasconductedin Californiaandprovidedfunding for measuringindoorandoutdoor
levels of two classesof toxic air pollutants: polycyclic aromatic hydrocarbons(PAHs), which are
combustionby-products,andphthalates,which arecommonlyusedplasticizers.

Findings: Personalmonitoring showedthat people are exposedto about50 peicentmore particulate
matterduiing the day thanwould havebeenpiedictedusing stadonarymonitors. Indoor PAH levels
rangedfrom aboutone-halfto two timesoutdoorlevels. Phthalateswere ubiquitous,andaverageindoor
levelswere2 to 15 timeshigher thanoutdoorlevels.

Importanceto ARE’s Progrant The ARB is using the data to assessCalifornians’ indoorandpersonal
exposuresto inhalableparticlesandanumberof toxic air pollutants,includingberzzo(a)pyzetie,phthalates,
lead,andothermetals.

1991

INDOORPOLLUI’ANT CONCENTRATIONSAND EXPOSURES.A833-156: ResearchThangleInstitute.
ResearchNote 1994-3.

ObJectives: To measureindoor air levels of pollutantsto be addressedin the Toxic Air Contaminants
Program. To determine whether indoor/personalair levels in a small, inland Northern California
community are similar to those in Los Angeles. To attempt to measurefor the first time the indoor
concentrationsof certainsemi-volatilepollutants.

Findings: This studyconfirmedfindings of previousCalifornia studiesthatpersonalexposurelevels to
volatile organiccompounds(VOCs) are somewhathigherthan indoorair levels,andthat indoor levels of
many VOCs are higherthanoutdoor levels. The indoorandpersonalVOC levels were similar to those
measuredin othernorthernCalifornia homesbut lowerthan those found in southernCalifornia homes.
Semi-volatilechemicalsweredifficult to measurebutappearedto below indoors.

Importance to AflB’s Pmgrant The datahave beenused to estimate indoor exposuresto several
pollutantsfor the Toxic Air ContaminantsProgram,as requiredunderthe California HealthandSafety
Code.Theresultsalsoare beingusedto estimateCaIifornians~indoorandtotalexposureto airpollution for
the CornparadveRisk Project,andto provide guidanceto thepublic on how to reducetheir exposuresto
thesepollutants.

STUDY OFCHILDREN’S ACTIVITY PATTERNS. A733-149: University of California, Berkeley.Research
Note 1994-6.

Objectives: To obtain representativedataon the time spentby Californiachildrenin different activities
and locations, with the focus on potential exposureto harmful air pollutants. To examineregional,
seasonal,andsocioeconomic/demographicdifferencesto theextentpossible.

Findings: Children spend,on avenge,76 percentof their time indoors at home, 10 percentindoorsat
other locations, about 10 percentoutdoors, and 4 percentin enclosedtransit. Porential exposureto
pollutantsasa resultof activity patternswasquitevariable.
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ImportancetoARB’sProgratrn The findingsimprovedour understandiugof how andwherechildrenare
exposedto air pollution and how to most effecdvely reducethe resultanthealth risks. The ABA other
agencies,and researchersare using the datain modelsto moreaccuratelyestimatepeople’sexposuresto
pollutants.

STUDY OFACTIVITY PAYFERNSOF CALIFORNIA RESIDENTS. A6-177-33: Universityof California,
Berkeley. ResearchNote 1993-1.

Objectives: To obtain representativedata on the time spentby California adultsand adolescentsin
different activities and locations, with the focus on potential exposureto harmful air pollutants. To
examineregional,seasonal,andsocioeconomic/demographicdifferences.

Findings: Adultsandadolescentsspend,on average,62 percentof theirtime indoorsat home,25 percent
indoors at other locations, about6 percentoutdoors,and 7 percentin enclosedtransit. The frequency,
duration,and time of day of potentialexposuresto variousindoor andoutdoorair pollutantsvary greatly
acrossthepopulation.

Intponanceto ARE’s Program.’ The findingsimprovedour understandingof how andwhereCalifornians
are exposedto air pollution. TheARB hasusedthe resultstoimprove the indoor exposureassessmentsfor
toxic air contaminantsrequiredby theCalifornia HealthandSafetyCode. The ARB andotherresearchers
are usingthedatain modelsto improveexposureestimates.

ASSESSMENT OF INDOOR CONCENTRATIONS, INDOOR SOURCES, AND EMISSIONS OF
SELECThDORGANICCOMPOUNDS.A933-063: Lawtence~erke1eyLaboratory. ResearchNote 1992-5.

Objectives: To surveyandsummarizeavailable information on indoorconcentrationsandsourcesof 47
toxic air pollutants,andtoidentif,rdatagapsthatcouldbefilled by conductingindoor sourceemissiontests.

Findings: Exceptfor four otthe compounds,available dataare generallynot sufficient for estimating
indoorexposures.The investigators identifiedcompoundsfor which it would be useful to conductindoor
sourceemissiontestsandoutlineda generalplanforconductingsuchtests.

Importanceto ARB’s Progrant Theinformationcompiledon indoorconcentrationsandsourceshasken
usedto estimateindoor exposuresfor the Toxic Air ContaminantsProgram. This projectpromptedtwo
ftzrtherARSstudies~omeasureemissionsfrom indoorpollutantsoutces.

1990

PTEAM PILOT: EVALUATION OF METHODS FOR MONITORING PAHs, PHTHALATES,
NITROSAMINES,AND ACIDS. A833-060: ResearchTriangleIustiture.

Objectives: To field testindoorsamplingandanalysismethodsfor four classesof air pollutants(polycyclic
aromatichydrocarbons,or PAHs; phthalates;nitrosamines;andacids)in ninesouthernCaliforniahomesto
ensurethatresourceswould beproperlyfocusedin a proposed,largerfield study.

Findings: The investigatorsdemonstratedthe feasibility of measuringPAHs andphthalatesindoorsand
refinedthe methodsfor use in the larger study. Theydeterminedthat the methodsfor monitoring indoor
levelsofnitrosaminesandacidsrequiredfrirther improvementandtestingprior to use in the field.
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Importanceto ARE’sProgram: Themethodsfor PAHsandphthalateswere usedin the subsequentlarge
field study (A933-144, 1992). Nicrosaminesandacidswere droppedfrom the samplingplan of the large
field study. The PAH andphthalatemethodswere alsousedin anotherresidentialstudysponsoredby ABB
(A033-132, 1993).

DEVELOPMENTOFA METhOD FORMEASURING INDOORCONCENTRATIONSOFPOLYCYCUC
AROMATIC HYDROCARBONS. A732-106: Indoor EnvironmentalEngineeringand LawrenceBerkeley
Laboratory.

Objectives: To develop sampling and analyticalmethodsin the laboratory for. monitoring indoor
concentrationsof polycyclic aromatichydrocarbons(PAHs), which are toxic by-pmductsof combustion.
To field testthesemethodsto determinetheir feasibility forusein largerstudies.

Findings: The investigatorssuccessfullydevelopedmethodsto measuregasphasePAHs indoors. They
concludedthat methodsfor measuringparticle-phasePAHs andgas phasenitm-PAHs requiredfurther
developmentprior to field use.

Importanceto ARB’s Progrant Informationobtainedwas usefulin developingthe monitorsthat were
usedin two large-scaleAPEresidentialPAH studies(A933-144, 1992andA033-132, 1993).

STUDY OF RESIDENTIAL INDOOR AND OUTDOOR BADON CONCENTRATIONS IN
CAUFORNIA. A6-194-53: CaliforniaPublic Health Foundation/CaliforniaDepartmentof Health Services.
ResearchNote 1992-3.

Objectives: To characterizethe magnitudeof the radonproblemin California throughthe first statewide
studyof radonlevelsin air, soil, andwaterin randomlyselectedresidences.

Findings: The statewideannualaverageindoor radonconcentrationwas about60 percentof thenational
avengeandwell belowthe U.S.EPA’s recommendedactionlevel. The radonconcentrationsin the Sierra
foothills andVenturaCountywere elevatedrelativeto thosein the restof Califbmia.

Importance to ARE’s Prog-rant.t Resultshavebeenusedby the ARB andthe Departmentof Health
Setvices(DHS) to estimateCalifornians’ exposuresto radon, and by DHS andthe U.S. EPA to guide
additionalmoniroringefforts to ftirther characterizepossibleproblemareasin thestate.

1989

PILOT STUDY TO MEASURE INDOOR AND PERSONAL PMIO, ASSOCIATED IONS, AND
MUTAGENICACTIVITY. A6-129-33: UniversityofCalifornia, Irvine.

Objectives: To test samplingequipmentand methodsfor measuxingindoorandpersonalexposuresto
respirableparticles(PM1O) andparticleconstituentsandpropertiesrelevantto assessinghealtheffects.

Findings: Different typesof samplingequipmentwere testedin the laboratoryandinsideandoutsideten
southernCaliforniahomes. This studysuccessfullydemonstratedthe feasibility of monitoring indoorand
personalexposuresto particlesandtheirconstituentsina largefield study.

Importanceto ARB’sProgram: This studyhelpedset the stagefor conductinga large-scaleresidential
particlestudy(calledPTEAM) coAundedby ABE andU.S.EPA (A933-144, 1992).
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DEVELOPMENTAND IMPLEMENTATION OFEXPOSUREASSESSMENTPROCEDURESFORTOXIC
AIR POLLUTANTS IN SEVERAL LOSANGELES COUNTY, CALIFOBNIA, COMMUNITIES (alsocalled
the 1987 TEAM study). A5-174-33: ResearchTriangleInstitute.

Objectives: To determinesimilaritiesanddifferencesinair levelsof volatile organiccompounds(VOCs) in
50 Los Angeleshomesmonitored threeyearsearlier. To identi~’possibleindoor sourcesof thepollutants
andestimatetherateof pollutantemissionfrom thosesources.

Findings: Thepersonalandindoorair levelswere higher thanoutdoor levelsfor mostof the pollutants.
Thesefindings were similar to those of the previousstudy. Indoor sourcestrengthswere successfully
calculatedfor 12 prevalentcompounds.A few werenotablyhigh.

Importance to ARB’s Progranu The results have been used extensively to develop estimatesof
Californians’ exposuresto toxic VOCs from inhalationof indoor air, as requiredby the CaliforniaHealth
andSafetyCode.Theresultsalso havebeenusedin theComparativeRisk Projectandto pmvideguidance
to thepublic in reducingtheir exposuresto thesepollutants.
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Projectsin Progress

DEVELOPMENT OF A COMPUTA11ONALLY EFFICIENT ACID DEPOSITION MODEL FOR
CALIFORNIA. 93-304:TheCaliforniaInstituteof Technology.

Objectives: To developanefficient modelfor determiningthe relationshipsbetweenemissionsfrom sources
of acidicpollutantsandthe depositionof thesepollutantsin receptorareas.Themodelwill containstate-
of-the-sciencetreatmentsof gas-phasechemistry, aerosolphysics and chemistry,dry andwet deposition,
andcloudphysicsandchemistry.

ImportancetoARB’s Pmgram The modelwill be usedto characterizelong-termregionalsource-receptor
relationshipsandto examinethe effectsof emissioncontrol strategieson ambientconcentrationsof acidic
species. The resultsof the projectwill be used to designpotentialacid depositionmanagementstrategies
and to evaluatethe needfor atmosphericacidity standardsin California, as requiredby the Health and
SafetyCode.

EVALUATION OF A SAMPLING METHODOLOGY FOR ACIDIC SPECIES. 93-338: University of
California, Riverside.

Objectives: To design an innovative methodologythat will allow comprehensivemeasurementsof
atmosphericacidic species,at~dwhich employsaneasy-to-operate,reliable,durable,low-cost sampler. The
systemwill be designedto be very flexible: denudersandbaclcfilrers could be removedor addedand
samplingfrequenciesanddurationcould be adjustedto meetthe specific monitoring objectivesof future
studies. Denuderandsubstrateperformancewill be evaluathdunderlaboratoryandfield conditionsfor
accuracy,precision,andinterferences.

ImportancetoARB’sProgranuThisstudywill providea simple,reliable,andinexpensivesamplerthatwill
be usedfor monitoringatmosphericacidicspeciesin California. This monitoringis critical for maintaining
reliable databaseson acidic deposition that can be used to support ougoing researchprogramson
atmosphericprocesses,forestecosystems,andhumanhealth.

COMPARATIVE ANALYSES OF HIGH-ALTITUDE LAKES AND CATCHMENTh IN THE SIERRA
NEVADA: SUSCEPTIBILITYTO ACIDIFICATION. A032-188: University of California,SantaBarbara.

Objectives: To monitortemporaltrendsandpatternsof wet acidicdepositionandsurfacewaterchemistry
in sevenwatershedsin the SierraNevada. Theseare years3 and4 of a four-yearstudy. Seecontractno.
A932-060 (1993) forYears 1 and2.

Importanceto ARB’s Program: To documentlong-term trendsin atmosphericacidity that may affect
aquaticecosystemsin theSierraNevadaasrequiredby theAtmosphericAcidity ProtectionProgram.

MONITORING FORACIDIC SNOWMELT EPISODESIN THE SIERRA NEVADA. A132-048: U.S.
EnvironmentalProtectionAgency.

Objectives: To determinethe frequency,duration,andmagnitudeof episodicacidificationeventsduring
SierraNevadaspring snowmelt. In nine of the Sierrasmost acid-sensitivelakes, samplesof snowpack,
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snowmelcwater,andlake andstreamwater are beingcollected to determinewhetherthe lakesbecome
acidifiedduringsnowmelt,andwhetherlevelsof acidity becomehighenoughto affectaquaticpopulat±ons.

Importanceto ARB’s Pwgranv The resultsof this projectwill be usedin evaluatingthe needto developa
standardto protectsensitiveecosystemsin the SierraNevada.

WATERSHED BIOGEOCHEMICAL PROCESSESAFFECTING SURFACE WATERS IN THE SIERRA
NEVADA, WITH EMPHASIS ON SNOWMELT EPISODES. A032-116: Universityof California, Santa
Barbara.

Objectives: To de~rminethe extent~ which the chemistryof snowrneltrunoff reachinghigh elevation
lakesandstreamsis alteredby watershedsoils in theSierraNevada.

Jinpo-rtanceto ARB’sProgcanuThisstudywill provide informationthatwill improve our understandingof
how atmosphericacidity mayaffectaquaticecosysremsin theSierraNevada.

ASSESSINGTHE POTENTIAL IMPACT OF ACID DEPOSITION ON HIGH ALTITUDE AQUATIC
ECOSYSTEMSIN CALIFORNIA: INTEGRATING ThN YEARSOFINVESTIGATION. 93-312:University
ofCalifornia, SantaBarbara.

Objectives: To synthesizetheresultsof the ARB’sAquatic &osysttmsResearchPiogramfor the technical
assessmentof the AtmosphericAcidity ProtectionProgram. Studiesof effects of acidic deposition to
aquaticecosystemsin the watershedsandlakesof the SierraNevadawill be evaluated,along with work
doneelsewhere.Recommendationswill be madefor interpretationof theresultsofthe reseatch.

Importanceto ARE’sProgram: The inforrnaflon from this studywill help the Board determinethe need
for establishinga standardfor proreethigsensitiveecosystemsftom atmosphericacidity.

DEVELOPMENT OF AN ACID DEPOSITDN MODEL FOR THE SOUTH COASTAIR BASIN IN
CALIFORNIA. 92-311: CaliforniaInstituteofTechnology.

Objectives: To develop,evaluate,andapply a comprehensiveacid depositionmodel for the SouthCoast
Air Basin (SoCAB) forpredictingepisodic aciddepositionlevels.

Importanceto ARE’sProgram: The model will be usedin the future to evaluatetrade-offs in gasand
particleemissioncontrolmeasuresinconjunctionwith thependingPM2.5air qualitystandard.

CompletedProjects

1996 -

STUDYTO EVALUATE THE CADMPSAMPLER 93-333:Universityof California,Riverside.

Objectives: To performa comprehensiveevaluationof nitric acidlossesin theABE’s CADMP (California
Acid DepositionMonitoring Program)samplerandto quanti~denuderandcycloneefficiency so that the
accuracyofthe nitrateandnitric acidmeasurementscouldbe assessed.
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Findings: The results of this studyshow that the CADMP sampler,when reconditionedannuallyand
cleanedsomewhatmore frequently, is usefulin measutingnitric acidconcentrations.However, the values
recordedwill be 10 to 20 percentlower than actualvaluesbecausenitric acid adheresto the walls and
becausethe denudersdo not removeall the nitric acid or they do not permit all the nitrate-containing
particlesto pass thmugh. Thisprojecthasprovidedaneffective testof the CADMP samplerin a seriesof
field andlaboratoryevaluations.

Importance toARB’s Program: At manylocations,nitric acid is the largestcomponentof total nitrogen
deposition. Therefore,.accuratemeasurementof nitric acid is critical. This project has provided an
effectivetestof theCADMP samplerin a seriesoffield andlaboratoryevaluations.Theresultsof this study
haveprovidedinformationregardingaccuratemeasurementof nitric acid.

CAUFORNIA ACID DEPOSITION MONITORING PROGRAM DATA VALIDATION AND DATA
ANALYSIS. 93-332:Envair. ResearchNote 1996-13.

Objectives: To review themethodsemployedby the ARB for validating wet- anddry-depositiondatafrom
the California Acid Deposition Monitoring Programand to update deposition flux estimatesfor the
program.

Findings: Formostyears,wet nitratedepositionwasestimatedto be greaterin the SouthCoastAir Basin
(SoCAB) andthe southernSierraNevadathan in otherpartsof California. In some areaswhere wet
sulfatedepositionis highest,suchasthe northwesternCaliforniacoast,much of the sulfatehasits origin as
seasalt. At the urbansites,nitric aciddepositionaccountedfor 30 to 80 percentof the dry depositionof
oxidizednitrogenspeciesand20 to 70 percentof the totalnitrogendry deposition.

Importanceto ARE’sProgranu Thisprojectproducedupdatedestimatesof wet- anddry-depositionfluxes
in California. Theseestimatesimprove our understandingof the magnitudeof acidic deposition in
California. The resultsof this studyalso providedinformationdirectly relevantto whetheran ambientair
qualitystandardfor atmosphericacidity andacidicdepositionis neededin California.

1995

WET DEPOSITION MONITOPJNG IN THE ALPINE ZONE IN THE SIERRA NEVADA. A932-O81:
Universityof California, SantaBarbara. ResearchNote 1997-7.

Objectives: To initiatea long-termwet depositionmonitoringprogramin thealpine zone(above 7200feet)
of the SierraNevadato measurethe loadingof solutesthat mayacidi& surfacewatersin high-elevation
areaswith sensitivelakesandstreams.

Findings: Selectedrangesof annualwet depositionof solutesinunitsof Eq/hawere: hydrogen24.1 to 60.9,
ammonium21.6to 58.4, nitrate22.4 to 53.7, andsulfate 16,9to 44.5. Understandingof the significanceof
thesefigures is limited by the factthatwatershedprocessesthatactupon this depositionare notcompletely
understood.

Importanceto ARB’s Pmgmnu Documentationof trendsin atmosphericacidity in aquaticecosystemsin
theSierraNevadais agoalof theAtmosphericAcidity ProtectionProgram.
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FURThEREVALUATION OFA TWO-WEEKSAMPLERFORACIDIC GASESAND FINE PARTICLES.
93-339:University ofCalifornia,Riverside.

Objectives: To evaluatean ARB two-weeksamplerfor nitric andaceticacidinterferences,for stability of
collectedformic andaceticacid,andfor thefeasibility ofshort-duration(24-hour)sampling. The sampleris
usedto provideexposuredatafor acidicgasesandfine particlesfor the Children’sHealthStudy(A033-186,
seetheHealthEffectssection).

Findings: Oven!!, this studyconfirmedthat the two-weeksampleris operatingin complexatmospheres
aboutas expected. Laboratory testsconfirmedthat peroxyacetylnitrate (PAN) andnitrous acidwere
capableof interfering with nitric acid measurements.Field rests performed in ambient air indicated,
however,that the samplermeasurednitric acid in good agreementwith nylon filters. Laboratorytests
confirmedthatPAN wascapableof interferingwithaceticacid. Field testsshowedthatup to 20 percentof
•total acetatemeasuredmay be due to PAN. Formic andacetic acid were retainedwith good stability.
Laboratoryandfield testsindicatedthat the two-weeksamplercanbe operatedfor periodsas shortas 24
hours.

Importanceto ARB’sProgrant Understandingof theeffectsof nitrousacidon nitric acid monitoringand
of the effectsof PAN on nitric andaceticacidmonitoringcanleadto improvementin the measurementof
theseacidicgases. Confirmationof the stability of formic andaceticacidsleadsto increasedconfidencein
thesemeasurements.Short-term(24-hour) samplingmaybe importantfor ftiture healthstudyneedsin the
area of microenvimnmenralsampling, especially in capturing transient events or in determining
indoor/outdoorratiosof acidicgasesandfine particles.

ECOSYSTEM-LEVELALTERATIONS IN SOIL NUTRIENT CYCLING: AN INTEGRATED MEASURE
OF CUMULATIVE EFFECTS OF ACIDIC DEPOSITION ON A MIXED CONIFER FOREST IN
SOUTHERNCAUFOP.NIA. 93-335: USDA ForestService.ResearchNote 1997-5.

Objectives: To apply the Nutrient Cycling Model (NuCM) in the invesdgationof tong-termeffects of
acidic depositionon soil biogeochemistryat a mixedconifer forestin southernCalifornia. To supportthis
effort, measurementswere also made to: (1) quantify nutrient pools in vegetationandsoil; (2) measure
water vaporemissionandcarbondioxide uptakentesandsoil moistureavailability; (3) monitor wet and
dryacidicdeposition;and(4) assessshort-tennvariationsin nitrogenousairpollutants.

Findings: The results of the 40-year NuCM simulations indicated that elevatedlevels of nitrogen
depositionwouldeventuallyleadto the leachingof basecacionsandnitratefrom forestsoil, a changethat
would be similar to changesthathaveoccurredin otherforests. Measurementsof pine treegasexchange
ratesindicatedthatup to 70percentof annualozoneuptakeoccursduring theperiodMaythroughJuly. In
a two-weekthtensivestudy, levels of dry-depositednitrogen-derivedspecieswere two timeshigher in the
afternoonthanin themorningor atnight.

Importance to ARB’sProgram.! Becauseof the long-termnatureof acidic-deposition-inducedeffectson
forests1 simulation models are neededto project the adverseimpacts, if any, that result from chronic
exposureto nitrogenousair pollutants. The NuCM will beusedto assessthe potentiallong-termcombined
effectsof ozoneandnitrogendepositionon soil propertiesandgroundwaterquality in forests irt southern
California. The resultsof this studywill guide the Boardin consideringa standardfor fDrest ecosystemsin
California.
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ATh’IOSPHERICACIDITY PROTECTIONPROGRAMASSESSMENTWORKSHOP. 93-336: University
of California,Irvine.

Objectives: To providea forum for discussionof California’s aciddepositionproblemamongmembersof
ARBs ScientificAdvisory Committeeon Acid Deposition,its RtsearchScreeningCommittee,its staff, and
researchcontractors. The discussionswill serve as the foundation for the program assessmentreport
requiredby the AtmosphericAcidity ProtectionAct.

Findings: The proceedingsof the workshop are available front the ResearchDivision, (916) 445-0753.
(Ask for PROCEEDINGS OF THE ATMOSPHERIC ACIDITY PROThCTION PROGRAM
ASSESSMENTWORKSHOP.)

ImportancetoARB’s ProgranvThewritten opinionson theacidicdepositionproblemin Californiawill be
avaluableresourcein thepmparationof theAtmosphericAcidity ProtectionProgramAssessment.

A REVIEW OFNITRIC ACID MEASUREMENTSBY TDLAS. 93-340:Universityof California, Riverside.

Objectives: To evaluate the accuracyof the tunable diode laser absorptionspectroscopy(TDLAS)
measurementsmadeduring theARB’s 1993Azusanitric acid study,andto determinethroughanalysisof
existingdatawhethertherewere systematicerrorsin theTDLAS samplingmethodthatcontributedto the
discrepanciesbetweenits resultsandthoseof othernitric acidsamplers.

Findings: Basedon datafrom 1993 andotheryears,the TDLAS nitric acid time profiles, whencompared
with those of the concurrentozone and PAN profiles, showed no evidence of a nitric acid
adsorptionJdesorptionprocessoccurringalongtheTDLAS samplingline nor of nitric acidvaporizationfrom
particleson theTeflon® front filter. Further,no errorsinTDLAS calibrationwere found. It maybe thata
satisfactoryexplanationof the largediscrepanciesamongthe nitric acidmeasurementsby varioussamplers
will requirecontrolledexperimentationto directlymeasurelossesthat occur in the samplinglines of the
differentsamplers.

Importanceto ARB’sProgtani An objectiveof the AtmosphericAcidity ProtectionProgramis to measure

the concentrationsof acidic pollutantsin ambientair. TDLAS samplinghasbeenconsideredfor use as a
referencemethodfor monitoringnitric acidconcentrationsin the atmosphere.This studywasperformed
towardensuringtheaccuracyof theTDLAS method.

SIERRA COOPERATIVEOZONEIMPACT STUDY. Year 1 (1990-1991): A933-097. Year2 (1991-1992):
A033-129. Year 3 (1992-1993): A132-188. Year 4 (1993-1994): 92-346. University of California, Davis.
ResearchNotes1994-2and 1996-3.

Objectives: To conducta four-yearstudyto investigatethe effectsof ozoneon vegetationusinga network
of aerometricmonitoringstationsin nationalforestson thewesternslope of the SierraNevada. Year 1: To
establisha networkof five aerometricmonitoringstations;to measureconcentrationsof ozoneanda suite
of meteorologicalvariables(wind speed,wind direction, air remperaWre,andrelativehumidity). Year2:To
establisha sixth stationandcollect the first full growing seasonof air quality data. Year 3: To evaluate
year-to-yearvariability inselectedmeasuresof ozone.Year4: To idendfgtrendsinozonein theseforests.

Findings: Year 1: Ozonelevelsin theseforestsreachlevels thatcancauseinjury to pine foliage. Year2:
Ozoneconcentrationspeakedin mid-to-lateafternoon;daily maximawetehigherat thesouthernstadons.
Year3: Threesitesexhibiteddistinctdiurnalozoneprofiles,with peakconcentrationsin the afternoonand

• lowest levels in the early morning. The other three sites had flat profiles, characteristicof remote,
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non-urbanareas. Year 4: In 1993 and 1994, summertimeozone concentrationswere similar to those
measuredin 1991 and1992.

Importance to ARB’s Progranv The ARB is requiredby the California Health and Safety Code to
investigate the effects of air pollution on vegetation. The findings allow for identification and
chancterizationof trends(e.g., temporalpatternsandextentof variability) in the effectsof ozoneon air
quality.

ASSESSMENTOF ACIDIC DEPOSITIONAND OZONE EFFECTSON CONIFER FORESTSIN THE
SAN BERNARDINOMOUNTAINS. A032-180: U.S.ForestService.ResearchNote 1997-5.

Objectives: To establishandmaintaina foresthealthmonitoringsiteatBartonFlats in theSanBernardino
NationalForest. The main taskswere: (1) to monitor air quality andmeteorologicalconditions; (2) to
assesstreehealthandcharacterizesoilproperties;and(3) to estimateratesof ozoneandnitrogendeposition
to pinetrees.

Findings: Thefindings indicatethat the co-depositionof ozoneandnitrogento ponderosapineoccursat
levels thatcancauselong-term,adverseimpactsonforesttreepioductivityandsoil fertility. Given thetime
frame ofecological effects (20 to 50 years) anddatadocumentinghigher levels of ozoneexposurein the
195Os,it wasproposedthatconiferforestproductivityin southernCaliforniamaybe at risk within thenext
10 to20 years.

ImportancetoARE’s Pmgmm In fulfillment of theAtmosphericAcidity ProtectionProgram,the findings
will be usedto quantifyratesof ozoneandacidic depositionto fozestsin southernCaliforniaasa basisfor
determiningthe needto esrablishanacidicdepositionstandard.

ATMOSPHEBJCDEPOSITIONTO AGBJCULWRAL SOILS. 93-334:University of California, Riverside.
ResearchNote 1995-17.

Objectives: To determinethe contributionof thtrogen,sulfur, andcalciumin atmosphericacidity to the
nutritionalenvironmentof certainofCalifornia’scommercialcrops.

Finding~:The findingsindicate that, on a regionalbasis,atmosphericdepositionsof nitrogencouldbe an
importantnutrient sourcefor cropssuch as lettuce thathavelow requirementsfor thoseelements. For
mostcommerciallyimportantcrops,thexeis a limitedpossibility thatatmosphericdepositionwouldbe the
principal contributor to a buildup of soil nutrients to levels that could cause adverseeffects on crop
productivity. Nutrientdepositionsof magnitudesdeterminedin this studycouldhavepronouncedadverse
effects on plants in natural, unmanagedecosystems,such as grasslandsor forests, that are adaptedto
growingin nutrient-poorconditions.

Importanceto ARB’s Program: The resultsof this studywill be usedto evaluatethe overall effectsof
acidic depositionon agricultural resourcesfor the AtmosphericAcidity ProtectionProgramAssessment
TheCIS-compatibledatacanbe usedto evaluatethe effectson agricultural resourcesof acidic deposition
incombinationwith otherair pollutants.
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1994

AQUATIC BIOTA IN THE SIERRA NEVADA: CURRENTSTAThJSAND POTENTIAL EFFECTSOF
ACID DEPOSITIONON POPULATIONS. A932-138: Uni~’ersityof California, SantaBarbara. Research
Note1996-12.

Objectives: To estimatethe numberof fish populationsin the SierraNevadathat could be damagedby
chemicalpollution andto conductfield experimentson the acidsensitivityof goldentrout.

Findings: Of an estimated1,400high-elevationlakes,about900 containtroutpopulations. Goldentrout
embryosarein the stageof developmentmostlikely to encounterepisodicacidificationduringsnowmelt.
Thisstudyfoundthat theseembryoscantoleratepH to about45 -- aboutthesameasforotherspecies.

Importanceto ARB’s Program The findings will be used to developindicators to detectchangesin
aquatic ecosystemsand, as requiredby the AtmosphericAcidity ProtectionProgram, to establish the
economicvalueof the lossof fisheriesandrecreation.

SOUTHERN CALIFORNIA AIR QUALITY STUDY - ATMOSPHERIC ACIDITY DATA ANALYSIS.
A932-079: AeroVironment,Inc.

Objectkes: To identif,, precursorsourcesandformation ratesof atmosphericacidity usingdatacollected
during the 1987SouthernCaliforniaAir Quality Study.

Findingi: A numberof findings important to understandingatmosphericacidity resulted from this
contract. First, formic, acetic,andtotal organicacid emissionswere estimatedfor the SouthCoastAir
Basin(SoCAB) at 6,500,9,000,and19,700kg/day,respectively. The ozoneolefin reactionwas estimated
to be a majorsourceof organicacids. Dry depositionfar exceedsremovalby rain, accountingfor 95 percent
of formic acidremovaland91 percentof aceticacidremoval. Overall,dry depositionaccountsfor 14 times
the depositionby wet processesin the SoCAB. Second,when aerosoldropletsthat are individually in
Henry’s Law equilibriumwith the surroundingair are mixed together,the resultingbulk mixture is always
supersaturatedwith weak acids and bases. Third, trajectory analysis suggests that high sulfate
concentrationsareassociatedwith air parcelsthat passedthrougha fog layer the previousnight. Finally,
multivariate receptoranalysisindicatesthat the atmospherictransportof gaseousprecursors,andtheir
conversioninto particulate-phaseacidic species,tendsto decouple themftom the variationsobservedin
primaryparticlesco-emittedwith the gaseousprecursors. Major sourcesof acidic compoundswere found
alongthecoastin theseanalyses.

Importanceto ARB’sProgram4 The resultsof this projectwill helpguide the Boardin settingatmospheric
acidity and/ordepositionstandards,shouldtheybecomenecessary.

REGIONAL ESTIMATES OF ACID DEPOSITION FLUXES IN CALIFORNIA. A132-149: ENVAIR.
ResearchNote 1996-13.

Objectives: To evaluatethe qualityof the availabledepositiondata,andto estimatefluxesof wet anddry
acidicdepositionon a regionalscale,usingexistingacidicdepositiondatabasesin California.

Findings: At the threeremotesires(Gasquet,Yosemite,andSequoia),wet nitrateandsulfatedeposition
approximatelyequaledor slightly exceededdry depositionof oxidized nitrogen and suiftir species. In
contrast,at the urbansites (Sacramento,Fremont,Bakersfield,SantaBarbara,Long Beach,Los Angeles,
andAzusa) dry sulthrdepositionvalueswere approximatelyone to threetimesthe magnitudeof thoseof
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wet sulfur deposition. Dry deposidonvaluesfor oxidized nitrogenspeciesat the urbansitesrangedfrom
about5 to 30 times themagnitudeofwetnitratedepositionvalues.

Importanceto ARE’s Progrant The resultsof this projectwill help guide the ARB in settingatmospheric
acidity and/ordepositionstandards,shouldtheybecomenecessary.

MEASUREMENTOFNITRiC ACID BY TUNABLE DIODE L&SERABSORFTIONSPECTROSCOPY.93-
300: UriisearchAssociates,Inc.

Objectives: To measureconcentrationsof nitric acid in Azusacontinuouslyduring October 1993 to
supportanARE studyof nitric acid measurementsby the CaliforniaAcid DepositionMonitoring Program
(CADMP) sampleranda new two-weeksamplerconstructedfor the Board’s Long-termepidemiologystudy
(A033-186,seethe HealthEffectssection)- The CADMP samplerhasshownanomalousmeasurementsof
nitric acid.

Findings: Datawere collectedand the one-minuteavengeswere compiledinto hourly, daily (10:00 am -

6:00pm), and24-houravenges.

Importanceto ARB’s Prop-ant- The datawere usedby APR to assessthe performanceof the Azusa
CADMP samplerandthe two-weeksampler.

GEOLOGIC CONTROLS ON NATURAL ACIDIFICATION OF ALPINE lAKES IN THE EASTERN
SIERRANEVADA. A132-192: Dr. GailMahood.

Objectives: To identifj potential influencesof bedrocklithology on the acidity of the lakesin the Mt.
Pinchotregionof California’sSierraNevada.

Findings: Oxidationof the mineralpyrite duñngsurficialweatheringis thesourceof acidwaterthatcauses
lakesin this areato benaturallyacidified.

Importance to ARB’s Progcan-a This geological evaluationcontributed to a survey of the chemical
conditionsandaquaticanimallife in the 104 lakesof thisarea.

DISTRIBUTION OF AQUATIC ANIMALS RELATIVE TO NATURALLY ACIDIC WATERS IN THE
SIERRANEVADA. A132-173: UniversityofCalifornia, LosAngeles.ReseamhNote 1996-5.

Objectives: To surveyseveralformsof animallife in Sierranaquaticecosystemsof varyingacidity. Previous
researchhadbeenlimited to experimentalmanipulation, becausenaturallyacidic lakes are rare in the
SierraNevada.

FindMgs: For 104 lakesin KingsCanyonNationalPark,pH nugedfrom somewhatacidic (5.0) to highly
alkaline (9.3) and includedten lakesdefinedas acidic. Typical Sierranlakesare dominatedby calcium,
sodium,andbicarbonate.However,concentrationswere highenoughto classify 19 lakesin this region as
having sulfateas the dominantanion. The source of acidity andsulfate is sulfuric acidprc~ducedby the
oxidationof pyrite found in the rocks in the area. Threeanimal speciessurveyedwere rareor absentin
acidiclakesandcommonin lakesdefinedasnonacidic(pH > 6.0).
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Importanceto ARB’sProgranvThisstudyincreasedour understandingof potentialacidificationeffectson
aquadeecosystemsin the SierraNevadaby allowing observationof whole ecosystemsin a unique area
havingnaturallyacidiclakes.

1993

REGIONAL SOURCE-RECEPTORRELATIONSHIPS FOR ATM0SPHEmC ACIDITY AND ACID
DEPOSITIONIN CALIFORNIA. A032-189: ENSRConsultingandEngineeflng.

Objectives: To evaluate semi-empirical source-receptormodels and their capability of establishing
relationshipsbetweensourcesand sensitivereceptorsof acidic speciesandacidic precursors.The model
usedin this studyis anonlinearsemi-empiricallong-rangetransportmodel, refertedto asSTATMOD.

Findings: The source-receptoranalysisshowedthat thecontributionof local sourcesdominatedthe total
sulfur dry depositionat receptorslocatedin urbanregionsor closeto large sources. Long-rangetransport
wasfoundto be a factor in nitrogendry deposition,evenat receptorsthatwere locatedcloseto high NO~
sources.

Importanceto ARB’sProgranu The resultsof this researchprojectwill be usedin designingpotentialacid
deposition managementstrategiesand in evaluating the need for atmosphericacidity standardsin
California.

GAS EXCHANGEBY PinusponderosaIN RELATION TO ATMOSPHERICPOLLUTANTS. A132-1O1:
UniversityofCalifornia, Berkeley. ResearchNote 1995-7.

Objectives: To evaluatethecombinedeffectsof acidicrainandozoneon watervaporemissionandcarbon
dioxide uptakeratesin seedlingsandmaturebranchesofponderosapine.

Findings: The findings provide evidencethat ambient levels of ozone may be causingphysiological
altentionsin pine treesthroughoutthe state. This could have long-term implications with respect to
seedlingestablishment.

Importanceto ARB’s Program.~The findings will be usedin future efforts to re-evaluatethe basis for a
secondaryambientair qualitystandardforozone.

DEVELOPMENT OFA MODULAR SYSTEM FOR ACIDIC DEPOSITIONMONITORING. A132-102:
Universityof California, Davis.

Objectives: To developandtesta simpleand inexpensivemonitoringsystemfor measuringconcentrations
of acidicgasesandparticlesdepositedin a dry statein remotefield sites(e.g.,forests).

Findings: A large part of this projectinvolved establishingcomparabilitybetweenthe UCD Modular
Systemfor Acid DepositionMonitoring (MSAM) and theexistingCaliforniaAcid DepositionMonitoring
Program(CADMP) samplerbeforeconsideringlarge-scalestatewidedeploymentof MSAM.

ImportancetoARB’s Program: This long-termmonitoringprogramwill advancetheARBsunderstanding
of the potential for long-term,cumulativedamageto forestvegetationandsoils due to dry depositionof
acidicgasesandparticles.
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RECEPTORMODELING OF TRANSPORT OF ACIDIC AIR POLLUTANTh AND OXIDANTS TO
FORESTEDREGIONSIN ThE SIERRANEVADA. A932-140: DesertResearchinstitute.

Objectives: To model acidic air pollutantsin the SierraNevadabasedupon sourceapportionment.The
first phaseof the study involved field measurementsof chemical andmeteorologicaldata. The second
involved useof a source-receptormodel to determinethe relationshipbetweenacidic speciesor precursors
emittedin theSanJoaquinValley sourceregionand their eventualdepositionat susceptibleforestsin the
SierraNevada:Blodgetr(northernSierra),Yosemite,Sequoia,andTehachapi(southernSierra).

Findings: The results of this studyshow that the major sourcesof particulatesat Blodgettwereof local
origin (geologicalandmotorvehicle). Yosemiteand Sequoiawere dominatedby burning of vegetable
material. Tehachapiwasimpactedby both regionaland local (geologicalandmotorvehicle) sources.

Importanceto ARB’s Progrant ‘a fulfillment of the AtmosphericAcidity ProtectionProgram,theresults
of this projectprovide informationon sourcesandcontributionsto ambientconcentrationsof particulate
matter. It alsoprovidesinsight into the level of organicacidsin theforestedregionsof the SierraNevada.

DETERMINATION OF ACIDIC GAS AND PARTICLE CONCENTRATIONS IN OPEN-TOP FIELD
CHAMBERS. A132-174: U.S. ForestService. ResearchNote 1995-7.

Objectives: To measureconcentrationsofgaseousandparticulateairpollutantsin open-topfield chambers
usedto exposeseedlingsofponderosapine to acidicrainandozone. Thiswasacompanionstudyto a larger
effort to evaluatethe combinedeffectsof acidic rainandozoneonwater vaporandcarbon dioxideuptake
inponderosapine (A132-1O1,above).

Findings: Daytimeavengeconcentrationsof nitric andnitrousacidare typical of levels reportedin other
studiesacrosstheUnitedStatesandCanada.

Importanceto ARB’sProgranu As partof the AtmosphericAcidity ProtectionProgram,the datawill be
usedto calculateestimatesof nitrogendeposition,which maybe a factorcontributingtovariability in plant
responsesto ozone. Thesedataalso provide an indication of acidic pollutant levels in urbanareasin
northernCalifornia.

AQUATIC AMPHIBIANS IN THE SIERRA NEVADA: CURRENT STATUS AND POTENTIAL
EFFECTSOFACID DEPOSITIONON POPULATIONS. A932-139: Universityof California, Los Angeles.
ResearchNote 1995-25.

Objectives: Severalspeciesof amphibianswerestudiedas potential indicatorsof adverseecologicaleffects
of acidicdepositionin theSierraNevada.

Findings: In a surveyof high-elevationsites,no reladonshipswere detectedbetweenwatercharacteristics
during snowmeltand the distribution of declining andnon-decliningamphibianspecies. Complemeultary
laboratorytoxicity restsindicatedthat amphibianspeciesin the SierraNevadaare at little risk ftozn high
acidity (pH c 5.0) andexposureto aluminum. However, sublethaleffectsobservedin thesetestsmay
representlong-termthreatsto amphibianpopulations.

Importance to ARB’s Progrant Pesultswere usedto determinethe zoleof atmosphericdepositionon the
declineofamphibiansin the Sierra,in fulfillment of theAtmosphericAcidity ProtectionProgram.
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SOUTHERN CALIFORNIA AIR QUALITY STUDY ATMOSPHEPJC ACIDITY DATA ANALYSIS.
A932-079: Aerovironment,Inc.

Objectjt’es: To analyzeatmosphericacidity data from the SouthernCalifornia Air Quality Studyof 1987
(SCAQS). Themajortaskswere to examinetherole of fog formationanddispersionin transformingacidic
precursorsto acidic air pollutants,arid to evaluatethe sources,transformation,andtransportof acidic air
pollutants.

Findings: The resultof this studyshow thatfog dropletssaricombinewith pollutantsin the air andcarry
someof them to theground,thusreducingaerosolconcentradons.However, evaporatingfogs often leave
behind aerosols formed from material (such as sulfates) dissolved in droplets, thereby increasing
concentrationsof thosepollutantsin the air. Therewereseveralclearcasesof trausportacrosstwo SCAQS
sites(thugBeachandHawthorne).

ImportancetoARE’sProgranu The resultsof the projectwill help guide the APE in settingatmospheric
acidity and/ordepositionstandards,shouldtheybecomenecessary.

LONG-ThRMSTUDIESOF lAKES AND WATERSHEDSIN THE SIEBBA NEVADA, PAflERNSAND
PROCESSESOFSURFACE~WAThRACIDIFICATION. A932.-060: Universityof California, SantaBarbara.

Objectives: To assesspotentialeffectsof atmosphericacidic depositionon the hydrology,hydrochemistry,
andzooplanktonof sevenhigh-altitudeSierrancatchments.

Findings: Thesnowin thesecatchmentswasslightly acidic. Theacidity isattributedto weakorganicacids
andstrongacidsof nitrate andsulfate. Weatheringandsoil processesin the caechmentsare sufficient to
buffer current acidic atmosphericdepositionon an annualbasis. Zooplankton speciesknown to be
intolerantof acidificationoccurin all sevenlakes, andtheir presenceis evidencethatSierranlakesare not
currentlyshowingchronicbiological effectsof acidicdeposition.

Importanceto ARB’sProgranv Thesedatawilt becomparedwith thoseobtainedfrom futuremonitoring
studiesto determinetrendsin deposition,waterquality, andbiological populationsin consideringthe need
for a standardto protectaquaticecosystemsin theSierraNevada.

1992

TRANSPORTOFACIDIC AIR POLLUTANTS TO FORESTSAND ALPINE REGIONSOFTHE SIERRA
NEVADA. A932-141: TracerTechnologies,Inc.

Objectives: To studythesummerandfall transportof air pollutantsfrom the SanJoaquinValley (SJV) into
theSierraNevadarange.

Findings: Theresultsof this studyshowthat transportmechanismsof air pollutantsinto the Sierraare not
simple processes. In most instances,the pollutants are trapped(by atmosphericinversion) along the
foothills andslowly seepinto the upperSierrathroughmajor.canyonsandvalleys. Thisdecreasesthe peak
pollutantconcentrationlevels that impact the upper Sierra, but can substantiallyprolong episodesof
elevatedconcentrations.

Importanceto ARB’s Progranr hi partial thifihiment of the AtmosphericAcidity ProtectionProgram,this
studyprovidedsomeimportantfindingsconcerningthe transportof pollutantsfrom theSanJoaquinValley.
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APPLICATION OF A HYDROCHEMICAL MODEL AND A MULTIVAfflATh SOIL-SOLUHON
MIXING MODEL TO ALPINE WATERSHEDS IN THE SIERRA NEVADA, CALIFORNIA. A932-076:
UnitedStatesGeologicalSurvey. ResearchNote 1994-8.

Objectives: To determinewhether the Alpine Lake forecaster,developedto predict the alkalinity of
EmeraldLake and its inlet streamsduring snowmelt,could be appliedto otherwatershedsin the Sierra
Nevada.

Findings: Of the four watershedsconsidered,the Forecasterwas applicable to two. The resultsindicate
thatanindex composedof soil silica andothercompoundscanbe usedto predictalkalinity of watersheds
thatare hydrologicallysimilar to EmeraldLake.

Importanceto ARE’s Pmgranv The model was used to direct field experimentationand to predict the
consequencesof changesin the amountof acidic depositionandits chemicalmakeupon high-elevation
watershedsandsurfacewatersin California.

MODEUNG AEROSOL PROCESSESAND VISIBIUTY BASED ON THE SCAQS DATA. A932-054:
CaliforniaInstituteofTechnology.

Objectives: To identify the factors that influence the equilibrium distribution of pollutant materials
betweengasandaerosolphases. (An aerosolis a gaseoussuspensionof fine solid or liquid particles.)To
evaluate the relationshipsbetweenambientaerosolcomposition andvisibility deteriorationin the South
CoastAir Basin. The datafrom theSouthernCaliforniaAir Quality Studyof 1987 (SCAQS)were usedto

addresstheseissues.

Findings: It wasshownthat it is possibleto maintaina networkof monitoring sites that canbe used to
track theeffectof pollutantpropertieson visibility.

Importance to ARB’s Prog-tant’ In fulfillment of the California Clean Air Act of 1988, this project
providedimportantinformationwithrespectto air qualityproblems.relatedto visibility-reducingparticles.

1991

MATHEMATICAL MODEUNG AND CONTROL OFTHE DRY DEPOS~ONFLUX OF NITROGEN-
CONTAINING AIR POLLUTANTS- A6-188-32: Carnegie-MellonUniversity.

Objectives: To determinethe effectsthat alternativeemissioncontrol strategieswould haveon the dry
depositionof oxidesof nitrogen,nitric acid, aerosolnitrate, andammonia.

Findings: A dry depositionmodelwas employedto examinethe natureof the effects that would occur if
emissioncontroiswere appliedto the NO~andhydrocarbonsoulcesin the SouthCoastAir Basinas they
existedin 1982. It was foundthat as emissioncontiolsare appliedto reactivehydrocarbonandNOR, the
dry depositionof acid gasesdeclineswhile the dry depositionof ammoniaincreases. This is due to the
greaterammoniaemissionsand higher ammoniaconcentrationsthat result from lower aetosolnitrate
formation.

Importanceto ARB’s Proga-ant Theresult of this researchprojectwill be usedin evaluatingthe needfor
designing potential acid deposition managementstrategiesand in developing acid deposition and
atmosphericacidity standardsfor California.
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1990

INTEOBAThD SOIL PROCESSESSTUDIESAT EMERALD LAKE WATERSHED. A5-204-32: University
of California,Riverside.

Objectives: To characterizewatershedsoilprocessesat EmeraldLake. This projectwasPart 2 of a three-
yearstudy.

Findings: Threemajorsoil typeswereidentifiedandchangesin soil waterchemistrywere monitoredduring
snowmelt. In spring 1987, loss of acid-neutralizingcapacityandelevatedconcentrationsof nitrate were
detectedinsoil waterduringsnowmelt. Theseindicate anepisodicpulseofacidity.

Irnponanceto ARB’s Prog—aanu Resultswere usedto estimatethe fatesof chemicalsin thewatnshedand
the influenceof differentsoil typeson soil-waterandsurface-waterchemistry. The resultsof this studywill
guidetheboardin considering~standardfor sensitiveecosystemsin theSierraNevada.

1989

PROFILE MEASUREMENTS OF SULFUR DIOXIDE, NITROGEN OXIDES, AND NITRIC ACID
DEPOSITION VELOCITIES IN CALIFORNIA’S SOUTH COAST AIR BASIN. A4-145-32: Desert
ReseatchInstitute.

Objectives: To quantify the dry depositionvelocities of five acidic speciesin order to determineeach
component’scontributionto acid depositionprocessesin California. Dry depositionis the majorrouteof
aciddepositionin California. Themeasurementswere takenin late spring 1986.

Findings: The results agreedwell with publishedvaluesfor the speciesstudied, except that nitric acid
depositionvelocitieswere lowerthanexpected.

ImportancetoARB’s Program.t Theresultswill beusedin the developmentof appropriateacid deposiflon
controlstrategies.

SURVEYOFSOILSOFTHE SIERRA NEVADA FORSENSITIVITY TO ACID DEPOSITION. A732-037:
North StateResources,Inc.

Objectives: To rankthe sensitivityof soilsto aciddepositionin a selected527,000-acrestudyareaandmap
the distributionof highly sensitive,moderatelysensitive,andlesssensitivesoil twes.

Findings: Approximately56 percentof the studyareawas designatedas highly sensitive,18 percentas
moderatelysensitive,and25 percentas less sensitive. Soil depthwas identifiedas the most important
determinantof soil sensitivityto acidic deposition.

Importanceto AEB’s Progranu Thisprojectwas the first step in constructinga regionaldatabasefor an
assessmentof the potentialfor damageto soils andsurfacewatersfrom acidic depositionin high-elevation
areasof thewesternslopeof theSierraNevada.
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STEADY STATE MODEL TO DETERJvIINE LAKE RESOURCESAT RISK TO ACID DEPOSITIONIN
THE SIERRA NEVADA, CALIFORNIA andASSESSMENTOF EPISODICACIDIFICATION IN THE
SIERRANEVADA OFCALIFORNIA. A732-036AandA732-036B: University of Iowa.

Objectives: To determinetheextentof acidicdeposition-sensitivewatersin theSierraNevada.

Findings: Using the modelschosenduring the evaluation, only a small numberof Sierranlakeswere
projectedto becomechronicallyacidifiedif currentratesof acidicdepositionwere to double,but the models
suggestedthat the effects of episodic acidification may be of greaterconcern than those of chronic
acidification.

Importanceto ARB’s Progrant In partial fuffihimenc of the AtmosphericAcidity ProtectionProgram,
models were developedto predict how changeduring snowmelt and summerrain would affect lake
chemistry.

DEVELOPMENT OF WAThRSHED MODELS FOR EMERALD LAKE WATERSHED IN SEQUOIA
NATIONAL PARK AND FOROThER lAKES OF THE SIERRA NEVADA. A732-035: University of
Arizona.

Objectives: To designandcalibratea compartmentalmodel of EmeraldLakeWatershedusingdataftom
water year 1986 andto developa systems-theoreticalmodel of the Watershedto assessthe potential for
lakeacidification.

Findings: Furtherresearchon watershedprocessratesis neededbefore the compartmentalmodel canbe
usedfor evaluatingeffectsanotherSierraNevadawatersheds.

Importanceto ARB’sProgranu In partial fulfillment of the AtmosphericAcidity ProtectionPrognm,this
model was usedas an aid to understandingwatershedprocessesandhow they may be alteredby acidic
deposition. It wasalso usedin thedesignof experimentsin the watershed.

ASSESSING THE RESPONSE OF EMERALD LAKE, AN ALPINE WATERSHED IN SEQUOIA
NATIONAL PARK, CALIFORNIA, TO ACIDIFICATION DURING SNOWMELT USING A SIMPLE
HYDROCHEMICAL MODEL A732-034: UnitedStatesGeologicalSurvey.

Objectives: To developa watershedacidificafion model basedon the hydrology of and the mineral
weatheringratesin theEmeraldLakewatershed.

Findings: The investigatorsrecommendthat additionalwork be done to improve existingdatabaseson
ratesof mineralweatheringandsoil processes,the dming andmagnitudeof snowmeltepisodes,and the
ratesof sulfateadsorptionby watershedsoils. The model identified the greatestacidic stressto Emerald
Lakeasthatwhich occurswhenacidicrainstormscoincidewithsnowmelt.

Importanceto ARE’sProgram The model wasusedto direct field experimentationand to predictthe
consequencesof changesin the amountof acidic depositionandits chemicalmakeupon high-elevation
watershedsandsurfacewaters.
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BIOLOGICAL AND CHEMICAL CHARACThPJSTICSOF EMERALD LAKE AND STREAMS AND
THEIRRESPONSESTO ACIDIC DEPOSITION. A6- 184-32: Universityof Cilifomia, SantaBarbara.

Objectives: To monitorwater chemistryandaquaticpopulationsin EmeraldLake in the SouthernSierra
Nevadaandits associatedstreams.Specialemphasiswasplacedon monitoringpopulationsof brooktrout
andstreaminvertebrates.

Findings: Thoughno directbiological damagewasrecordedat this site, the effectof pollutedrainstormsin
May 1987, whenthe chemistryof EmeraldLake was dominatedby dilute snowmelt,may havebeen to
exacerbatetheadverseimpactsof episodicacidificationthatoccurduringsnowmelt.

Importanceto ARB’s Progranu The reportfor this studyprovided a compilationand synthesisof the
biology andhydrochemistryof EmeraldLake to aidthe Boardin consideringthe needfor a standardin the
AtmosphericAcidity ProtectionProgram.

SNOW,SNOWMELT, RAIN, RUNOFF,AND CHEMISTRY IN A SIERRANEVADA WAURSHED. A6-
147-32: Universityof California, SantaBarbara.

Objectives: To developa statisticalsamplingregime for obtainingestimatesof parametersthat influence
snowaccumulationin theEmeraldLakewatershed.

Findings: The annualmassof water thatenteredthebasin closely matchedthe measurementsof outflow
throughstreams,evaporation,andsublimation. Solutesfrom snowmeltandwet depositionwere identified
andmeasuredduring intensesamplingperiodsin 1987and1988.

Importanceto ARD’s Progrant The datawill be usedto evaluatenaturalvariability in snow deposition
andmelt to predict the range of possiblesurfacewater responsesduring snownelt. This information is
neededto fulfill ARBs goal of documentingtrendsin chemistryof lakes andstreamwatershedsunderthe
AtmosphericAcidity ProtectionProgram.

CHABAC1’ERJZATION OFYEAR-ROUND SENSITIVITY OF CALIFORNIAtS MONTANE LAKES TO
ACIDIC DEPOSITION. A5-203-32: Universityof California,SantaBarbara.

Objectives: To evaluateEmera’d Lake watershedas to whether its hydrological characteristicsare
representativeof high-elevationlakesin theSierraNevada.

Findings: Importantdifferencesin hydrologic characteristicswere observedamongthe highelevationlakes
surveyedin theproject.

ImportancetoARB’sProgranv Thesedatarelatedthemoredetailedinformationobtainedfrom Emerald
Lake to a range of lake types found in the Sierra. This information is neededin the considerationof a
standardrequiredby theAtmosphericAcidity ProtectionProgram.
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ParticulaCe Maffer Studies

Projectsin Progress

LOSS OF PARTICLE NITRATE FROM TEFLON SAMPLING FILTERS: EFFECTS ON MEASURED
GPAVIMETRIC MASS. 96-305:Universityof California, Davis.

Objectives: It is well known that systematicbiasesexist in the quantification of airborne particle
concentrationsby gravimetricdetermiriadon.Many studieshaveshownthatparticulatenitrates,which are
one of the main componentsof fine particle pollution in California andthe WesternU.S., are easily
volatilized from Teflon filters. The objective of this pmposalis to preparea comprehensivereview of
existingdatato assessthemagnitudeof nitrate lossesdue to volatilizationfrom Teflon samplingfilters and
quantifythe biasin gravimetricmassdeterminationresultingfrom nitrate loss.

Importanceto ARB’s Progranv Thisstudywill be useful in elucidatingproblemsassociatedwith use of
Teflonfilters andwill result in concreterecommendationsthat can be consideredby the U.S. EPA for
particulatematterrulemaking.

AJRCRAFT SAMPLING TO DEThRMINE ATMOSPHERIC CONCENTRATIONS AND SIZE
DISTRIBUTIONS OF PARTICUIATh MATtER AND OTHER POLLUTANTS OVER THE SOUTH
COASTAIR BASIN. 96-315: California Instituteof Technology.

Objectives:To determineverticaldistributions,concentrations,andsize distributionsof particulatematter
(PM) andits constituentchemicalspecies,andto measureparametersrelatedto visibility reductionsuchas
light scatteringcoefficientabovethe SouthCoastAir Basin (SoCAB).

Itnpottance to ARE’s Pwgranu With the advent of small, highly instrumentedaircraft capableof
- performingmeasurementsaloft in large, complexregionslike theSOCAB, aircraft samplinghasbecomean

essentialcomponentof field programsaimedat producinga comprehensivepicture of the dynamicsof
pollutantformationduringepisodesof high particulatematterconcentration.Thisstudywill providesuch
measurementsduring the 1997 SouthernCalifornia OzoneStudy- North AmericanResearchStrategyfor
TroposphericOzone(SCOS97-NARSTO).With the newdata,theARB will bebetterable to characterize
particlesandtheir precursorsin layersaloft andto understandthe diurnalhistoryof theseparticles. This
understandingwill contributeto promulgationof appropriateairqualitycontrol strategies.

AEROSOLTIME-OF-FLIGHT MASSSPECTROMETRY(ATOFMS) MEASUREMENTSOF INDMDUAL
AEROSOLPARTICLES INFIELD STUDIES. 96-307: University of California,Riverside.

Objectives: To apply advancedinstrumentsthat canmeasure,in real time, the size, mass,andchemical
compositionof individualairborneparticlestothe studyof aerosoldynamicsandto developdetailedaerosol
characterizationsat various locations in California. Projects include aerosol trajectory studies in
conjunctionwith the SCOS97-NARSTO,developmentof signaturesfor variousPM sources,analysisof
the temporal(diurnal, seasonal)variation in aerosols(‘aetosolclimatology’) at Riverside,studiesof aemsols
in theSanJoaquinValley, andstudiesof aerosolchemistryhi ambientair.

ImportancetoARB’s ProgranuThe controlof airborneparticles(PMIO andPM2.5) zequiresidentification
of the sourcesof directly-emittedparticlesanddetailedunderstandingof atmosphericparticle dynamics,
especiallythe formationof ‘secondary”particlesfrom “precursor” gaseouspollutants. The new ATOFMS
measurementtechnologypermitssamplingandexperimentationthatwaspreviouslyprohibitivelyexpensive
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or too time-consumingto bepractical.Studiesplanned~brthis techniquewill givefundamentalinsight into
the formationof secondarypollutants,which dominatethe PM2.5 in Los Angelesandotherwesterncities,
andwill advanceknowledgeregardinginteractionsbetweennatural aerosols(e.g., seasalt) andhuman-
generatedpollutants.

LOSS OF PARTICLE NTTPATh FROM ThFLON® SAMPUNG FILTERS: EFFECTSON MEASURED
GRAVIMETRIC MASS. 96-305: Universityof California, Davis.

Objectives: To quantify the magnitudeof the loss of nitrate from Teflon® samplingfilters by analyzing
existingsamplingdata.

Importanceto ARE’s Progranu This studywill be useflil in elucidatingproblemsassociaredwith use of
Teflon® filters andwill produceconcreterecommendationsthat canbe consideredby the U.S. EPA for
particulatematterrulemaldng.

IMPACTOFREFORMULATEDFUELSON PARTICLE- AND GAS-PHASEEMISSIONSFROM MOTOR
VEHICLES. 95-330: UniversityofCalifornia, Berkeley.

Objectives: To measuregaseousand pathculateemissionsfrom in-use motor vehiclesoperatingunder
specific condidonsin the CaldecottTunnel eastof Oakland. The resultswill be used,alongwith those of
studiesperfonnedin the tunnel in 1994 and 1995, to determinethe effectsof cleanerburninggasolineon
the amountsofozoneandparticulateprecursorsemittedfrom motorvehicles.

ImportancetoAREsProgram: An evaluationof actualbenefitsis neededfor determinationofthe success
of the cleanerburning gasolineprogram. Betterunderstandingof particu1at~matteremitted from motor
vehicleswill provide for more cost-effectiveprogramsfor reducingexposureto unhealthylevels of PMIO
andPM25.

AEROSOLTIME-OF-FLIGHT MASS SPECTROMETRY(ATOFMS) AS A REAL-TIME MONITOR OF
INDIVIDUAL AEROSOLPARTICLESIN FIELD STUDIES- 95-305: Universityof California,Riverside.

Objectives: To developadvancedinstrumentsthatcanmeasure,in real time, the size, mass,andchemical
compositionof individual airborneparticles,andwhich canbe movedas neededto sampleat existingair
qualitymonitoringsires.

Preliminary Findings: The ATOFMS instrumentsbuilt under this contract have been successftzlly
demonstratedin ambientparticlemonitoring,with goodcorrelationbetweenATOFMS measurementsand
bulk samplescollected by multi-stageimpactors. Papersthat detail instrumentdesign andoperationaxe
publishedand/or in press. Papersdiscussingnew aerosol findings gatheredduring the instrumenttest
experimentsarein preparation.

Importanceto AREsProgram Thecontrolof airborneparticles(PM1O~andPM2.5) requiresidentification
of the sourcesof directly emittedparticlesanddetailedunderstandingof atmosphericparticle dynamics,
especially the formation of ‘Tsecondary” particlesfrom “ptecursor” gaseouspollutants. APE’s aerosol
researchrequiresnew measurementrechnologyto overcome the weaknessesof conventionalfilter-based
particlemeasurements.
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CHARACTERIZATION AND CONTROL OF ORGANIC COMPOUNDS EMIYFED FROM AIR
POLLUTION SOURCES.93-329:CaliforniaInstituteof Technology.

Objectives: To determinevery completesourceprofiles for the carbonaceousfine fraction of particulate
matterftom majorsourcecategoriesin the Los Angelesarea.

ImportancetoARD’s PrograntTheresultswill be usedin a follow-up projectto developPMIO andPM2.5
controlstrategiesfor the LosAngelesarea.

MEASUREMENT AND MODELING OF PM1O AND PM2.5 EMISSIONS FROM PAVED ROADS IN
CALIFORNIA. 94-336: CE-CERT,Universityof California,Riverside.

Objectives: To developa pavedroademissionsmodel to replacecurrentgenericdustloadingcalculations,
andto developa methodologyfor compiling statewidepavedroadPMIO andPM2.5emissionsinventories
basedon the improvedmodel.

PTeliminaryFindings: The investigatorshave found that the equationsrecommendedby the U.S. EPA
(andcurrentlyusedin emissionsinventoriesin California) are notphysicallycorrectandthat their outputs
arenotwell correlatedwith actualemissionsas measuredin this studyon variousroadwaysin the Riverside,
California, area. In addition, the investigatorshave foundthat the currentmethodologyusedto estimate
roadwaydustemissionscannotsimply be revisedor adjustedto generatemorereliable emissionsestimates.
It is recommendedthat the physicalprocessescontrollingpavedroaddustemissionbe further studiedto
identify the underlyingfactors thatcontrolactualroadwayemissionrates.

ltnpo-rtanceto ARB’s Progranu It was hopedthat the resultsof this studycould be used to restructure
PM10 andPM2.5emissionsinventory proceduresto estimatelevelsof emissionsthatare morerealistic than
thosenow calculated. However, the study revealedthat local variables mustbe accountedfor, andthis
studywasnotdesignedto gatheremissiondataon a largeenoughsampleof roadsto idenfi4r thosevariables.
Furtherresearchanddevelopmentare required.

CompletedProjects

1998

P.EVEGETATIONThCHNJQUESFOR CONTROL OF FUGITIVE DUST IN THE WESTERNMOJAVE
DESERT. 94-337: StatewideAir PollutionResearchCenter,UniversityofCalifornia, Riverside.

Objectives: To identify cost-effectivemeansby which to establishstable vegetativecover on abandoned
farmland in the California deserts,and to quantifj the emission reducdonsthat would result from
revegetation.This is a continuationof a cooperativeprojectbegunin 1994with the U.S.Soil Conservation
Service,the SouthCoastAir Quality ManagementDistrict, SouthernCaliforniaEdison,andthe University
ofCalifornia.

Findings: The main findings of this studywere the following: Shrubcover cannotbe reliably established
ftom seedingor planting. Soil disturbance(tilling, etc.) delaysshrubestablishment.High soil nitrogen
levels left overfrom previousfarmingwerefoundto favorinvasive,undesirableannuals;low-nutrientsoils --

thosemore like naturaldesertsoil -- resistednon-nativespeciesandwere hospitable to colonizationby
native shrubs. Physical bathers (wind fences, etc.) ate useful short-termcontrols. Stabilization of
abandonedfarmland may require severalattemptsbefore an “ artificial plain cover can be established.
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Land-usehistory andsoil nutrient and soil mycofloral statuswere found to influenceperennialshrub
establishment. Burning pest specieswithout disturbing the soil was found to promoteestablishmentof
nadveplantcover. Physicaltreatmentscanprovide immediate,effectivedustsuppression,but furrowing
maybecounterproductiveif long-termstabilizationis the goal.

Importanceto ARE’s Program: Dustfrom abandonedfields hasbeenidentified as the causeof episodesof
highPM1Owith attendanthealthandnuisanceimpactsin theAntelopeValley andelsewhereinCalifornia.
This researchdocumentedthe feasibility andeffectivenessof seven!approachesto establishinga stable
shrubcoveron abandonedfarmlandsto reducewindblowndust.

1997

BIOLOGICAL MARKERS FORCHARACTERIZATION OP POTENTIAL SOURCESOPSOIL-DERIVED
AND GEOLOGICALFUGITIVE DUST. 94-321: Universityof California, Davis.

Objectives: To explorethe useof biochemicalmarkersto distinguishamongsoil sourcesof airborne dust
and to test thesemarkers in source apportionmentfor fugitive dust. The biomarkersto be testedare
phospholipidfatty acidsandmicrobial DNA.

Findings: This“proof of concept”projectsuccessfiulydemonstratedthat the soilbiomarkersstudiedcanbe
readily andrepeataMyextractedfrombothbulk soil anddustsamples,that thesechemicalsignaturesallow
discdrninationof soilsas dustsourcesby croptypeandsoil type,andthat thesetechniquescanbe appliedto
non-agriculturalsoilsaswell (e.g.,dirt roads).

Importanceta ARB’s PTogram~Soil-deriveddust is a significant fraction of the particulate matter in
California’s air and contributesto violations of both State and Federalambientair quality standards.
Presentanalytical techniquescannotdistinguishamong the various sourcesof soil-deriveddust. This
researchhas shown that biological materials associatedwith particular soil environments(croplands,
pasture,vacanturbanland, dirt roads,etc.) canbe used to pinpoint the sourcesof soil dust at various
monitoring sites. Once sourceenvironmentshavebeenidentified, appropriatecontrol measuzescan be
developed.

1995

EVALUATION AND DEMONSTRATION OF METHODS FOR REDUCING PM1O LEVELS IN THE
ANThLOPEVALLEY (WESTERNMOJAVE DESERT)BY SUPPRESSIONOF FUGITIVE DUST,YEAR 1.
92-347: StatewideAir PollutionResearchCenter,theUniversityof California,Riverside.

Objectives: To testthe practicalityandeffectivenessof variousrevege~tiontechniquesas a strategyfor
controllingfugitive dustfromabandonedfarmland.

Findings: In February1992 the UnitedStatesDepartmentofAgriculture EmergencyWatershedProgram
(EWP), conductedan emergencysoil stabilizationprojecton 2500 acresin the westernAntelopeValley.
ThisAPE projectassessedthe successof those plantings. Threemajorfindings canbe statedat this time:
1) Eventhe modestsuccessof the EWP in establishingshrubsftom seedwasa fortuitousoutcome;seed
germinationin desertareasis highly unreliable. 2) In the absenceof seedgermination,soil disturbance
associatedwith tilling andplantingappearsto increasedustgenerationcomparedto that from undisturbed
baresoil. 3) The dustgeneratedfrom all treatmentsdecreasedoverthe courseof the studyperiod,probably
due to wind removingthe loosestsurface material. Follow-on work will assessotherapproachesto dust
controlandevaluatethelong-termprospectsfor revegetation.
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Importanceto ARE’sProgranu Much of California’s irrigatedagriculture is practicedin desertor near-
desertenvironments.The limited and unreliablerainfall in theseareaseffectively preventsnatural re-
establishmentof a stablevegetativecoveron abandonedfarmland,leaving the farmlanda soutceof wind-
blown dust for many years. This project helpeddeveloppractical methodsfor stabilizing thesesoils.
Lessonslearnedhere should be applicable to other desertand semi-desertenvironmentsin California,
includingthe southernSanJoaquinValley, theSalcontrough,andthelowerColoradoRiverValley.

1994

A COLLABORATIVE OWENSLAKE AEROSOLSTUDY. A132-105: Air QualityGroup, theUniversity of
California,Davis. ResearchNote 1994-15.

Objectives: To idendf,rthe mechanismsof dustgenerationon thedry OwensLake bedin Inyo County,the
largestsourceof fugitive PM1Oin the country. The project is in supportof work thudedby the California
StateLandsCommissionto identify, test,andestablishdustmitigationstrategiesfor the lakebed.

Findings: The dustisgeneratedby sandparticlesbouncingover the surface,ejectingsmallparticlesof dry
saltcrustinto the air.

Importanceto ARE’s Progrant A mitigation strategywas developedto halt the progressof wind-blown
sandin supportof the PMIO reductionsmandatedby the FederalCleanAir Act.

1993

DETERMINATION OF KEY ORGANIC COMPOUNDS PRESENTIN THE PARTICULATE MAYFER
EMISSIONSFROM AIR POLLUTION SOURCES.A932-127: California Instituteof Technology. Research
Note 1994-19.

Objectives: To betterunderstandthe carbonaceousfine fraction of particulatematterin the Los Angeles
area.

Findings: The investigatorsidentifiedover400 differentcompoundsinprimaryemissionsfrom 18 different
sources,andfound manyof thesecompoundsin ambientsamplesfrom the Los Angelesarea. They also
identifiedcompoundsthat canbe usedas uniquetracersof emissionsfor seveniof the sources.Through
comparisonof the relativeamountsof primarily emittedfine organiccompoundsto their ambientlevels,an
understandingof source/receptorrelationshipshasbeenachieved.

Importanceto ARB’sProgrant The resultswere usedin follow-up projectsfundedby otherorganizations
to determinethe souttesof PM1OandPM2.5 in the Los Angelesarea.

1990

CARBONACEOUS SPECIES METHODS COMPAHJSON STUDY, INTERL&BORATORY ROUND
ROBIN: INTERPRETATIONOFRESULTS.A832-154: 02 Envimnmental.

Objectives: To conducta 13-memberinterlaboratorycomparisonfor measurementsof total carbon(it),
organic carbon (OC), and elementalcarbon (EC), major constituentsof ambient particulate matter.
Interlaboratorymeasurementdifferencesfor OC and EC are typically quite large, and the objectof this
studywasto determinethemagnitudeof thedifferencesandthe reasonsfor this variation.
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Findings: Theinterlaboraroryvariationswete attñburedto seven!differentcauses.Theseresultsindicate
wheremodificationsin the analyficalprocessneedto be made.

Importanceto ARB’s Progrant The resulting improvementin ambientparticulatemattermeasurement
accuracyis anecessarystep towardattainmentofthe ambientair qualitystandardsfor PMIO.

1989

DETERMINATION OF PARTICLE SIZE DISTRIBUTION AND CHEMICAL COMPOSITION OF
PARTICULATE MA1TER FROM SELECTED SOURCES IN CALIFORNIA. A6-175.-32: OMNI
EnvironmentalServices,inc. ResearchNote 1990-2.

Objectiver. To determinethe sizedistribution andchemicalcompositionof pariiclesdirectlyemittedfrom
selectedsources:agriculturalburning, soils, crudeoil combusdon,diesel trucks,pavedandunpavedroads,
residentialwoodcombusdon,sandandcinderstoragedust,andunpavedurbanareas.

Findings: Chemicalprofiles were developedfor eachof the soutcesin sevenparticle size cattgoriesand
total suspendedparticulate.Chemicalanalyseswereconductedfor 43 differentchemicalspecies.

Inipoflance to ARB’s Progratrn The results of this studywere used to relate source contributionsto
measuredparticulate concentrationsin the atmosphereto provide insight into the environmentaland
humanhealthimpactsof specific sources,andfor attainmentof the StateandFederalambientair quality
standardsfor particulatepollution (PM10).
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