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Abstract

Becauséumanactiities impactthe timing, location,anddegreeof pollutantexposure they play a key
rolein explainingexposurevariation. This facthasmotivatedthe collectionof actvity patterndatafor their
specificusein exposureassessmentsThe largestof theserecentefforts is the National HumanActivity
PatternSuney (NHAPS), a two-yearprobability-basedelephonesuney (n = 9,386) of exposure-related
humanactvities in the United Statessponsoredy the U.S. EnvironmentalProtectionAgeng/ (EPA). The
primary purposeof NHAPS wasto provide comprehense and currentexposureinformation over broad
geographicahndtemporalscalesparticularlyfor usein probabilisticpopulationexposuremodels.

NHAPS wasconductedon a virtually daily basisfrom late Septembef 992 throughSeptembei 994
by the University of Marylands Suney ResearclCenterusinga computerassistedelephoneanterview in-
strument{CAT]I) to collect24-hourretrospectie diariesandanswergo a numberof personabndexposure-
relatedquestiongrom eachrespondentTheresultingdiary recordscontainbeginningandendingtimesfor
eachdistinctcombinationof locationandactvity occurringonthediary day (i.e., eachmicroewironment).
Between340and1713respondentsf all ageswereintervieved in eachof the 10 EPA regionsacrosshe
48 contiguousstatesIntervievs werecompletedn 63% of thehouseholdgsontacted.

NHAPSrespondentseportedspendinganaverageof 87% of theirtime in encloseduildingsandabout
6% of theirtimein enclosedrehicles.Theseproportionsarefairly constanacrosshevariousregionsof the
United Statesand Canadaandfor the California populationbetweenthe late 19805, whenthe California
Air ResourceBoardsponsored state-wideactvity patternstudy andthe mid-19905, whenNHAPSwas
conducted.However, the numberof peopleexposedto ervironmentaltobaccosmole (ETS)in California
seemdo have decreasedverthesameime period,whereexposurds determinedy thereportedime spent
with asmoler. In both Californiaandtheentirenation,the mosttime spentexposedio ETSwasreportecto
take placein residentialocations.



ABBREVIATIONS: CARB, California Air Resourcefoard; CsHg, benzene CAPS, California Activity Pat-
tern Surweys sponsoredy CARB (n = 1,200for agesunder12; n = 1,762for ages12 andover); CATI, Computer
AssistedTelephondnterview; CHAPS, CanadiarHumanActivity PatternSurnwey (n = 2,381); CHCI;, chloroform;
CO, carbonmonoxide;doer a sampledindividual who is in a specificmicroervironmentfor non-zerotime during
a specifiedtime intenval; ETS, ervironmentaltobaccosmoke; HAPEM, HazardousAir PollutantExposureModel;
indirectapproachanapproacho modelinghumanexposureby weightingpollutantconcentrationy the time spent
in differentmicroervironmentsL BNL, LawrenceBerkeley NationalLaboratory;MCTBRRE Multinational Compara-
tive Time BudgetResearchProject; microervironment,the occurrencen a persons day of a uniquecombinationof
locationandactuity, althoughoriginally definedby Duan(1982)asa locationof homogeneoupollutantconcentra-
tion; n, samplesize; NAAQS, National Ambient Air Quality StandardsNHAPS, NationalHumanActivity Pattern
Suney (n = 9,386); NHAPS-CA, the NHAPS California sub-samplgn = 988); NO,, nitrogendioxide; O3, ozone;
PAH, polycyclic aromatichydrocarbonspNEM, probabilisticNAAQS ExposureModel; PSU,primarysamplingunit;
time-budget,the original termfor a personstime diary; RDD, Random-DigitDial; SERD,smokingexposure-related
duration;SRR self-reportecproximity (to asmoler); TEAM, Total ExposureAssessmentlethodology;U.S.,United
StatesEPA, the United StatesEnvironmentalProtectionAgengy; VOC's, volatile organiccompounds.

KEY WORDS: humanactiity patternstime budget,time actvity, environmentalpollutants,ervironmentalto-
baccosmole, householgollutants humanexposure gxposureassessmengxposuremodeling,exposuresuney, pop-
ulationsuney

INTRODUCTION

National-level exposureassessmentwrerequiredfor majorpolicy decisionamandatedinderregulationsof
the CleanAir Act, aswell asfor otherrisk analysesandregulatory judgmentsof the U.S. Environmental
ProtectionAgeng (EPA). Concerrhasbeenbroadenedo include,notonly traditionalindustrialandmobile
sourceshut theconsumeproductsandbuilding materialswith which apersortypically hasfrequentcontact
(Wallace, 1995; Ott and Roberts,1998). The importanceof actvity patterndatahasincreasedwith the
realizationthat mary typesof exposureto ervironmentalpollutantsoccurindoorsandstem,in large part,
from indoor pollutantsourcessuchascigaretteqsee,for example,Wallace,1996). Exposuremonitoring
studieshave demonstratedhow peoples locationsand actvities can explain the variationin exposureto
benzenetetrachloroethyleneandothervolatile organiccompoundgWallaceetal., 1989,1991; Thomaset
al.,1991,1993).

Humanactvity dataare majorinputsto humanexposuremodels,suchasthe probabilistic National
Ambient Air Quality Standard{NAAQS) ExposureModel (pNEM) (Johnsonret al., 1996a,1996b)and
the HazardoudAir PollutantExposureModel (HAPEM) (Glen, 1994; Glen and Shadwick,1998), both of
which requiredataon the occurrencegndtime sequencesf actiities. Until recently the actvity pattern
information requiredas input to theseexposuremodelshasbeenlimited with regardto geographicand
temporalcoverage. With the completionof the EPA-sponsoredNational HumanActivity PatternSurney
(NHAPS), however, comprehense nationalactiity patterninformationis now available(seeNelsonetal.,
1994;RobinsomandBlair, 1995;andKlepeisetal., 1996). The EPA’'s ConsolidatedHumanActivity Pattern
Databas€CHAD) providesfor corvenientaccesgo the datacollectedaspartof NHAPS anda numberof
otherhumanactvity patternstudiegseeGlenetal., 1997andMcCurdyetal., 2000).

Thefirst sectionof this paperprovidesa brief history of humanactiity patternstudy startingfrom its
genesisn sociologicalresearctandendingwith the useof actiity patternan exposuremodels. The next
two sectiongdescribehe NHAPS datacollectionmethodologyincludingthe NHAPS samplingdesignand
samplecharacteristicsln the next sectionwe summarizeunpublishedesultsfrom somepreviousanalyses
(Klepeisetal., 1996; TsangandKlepeis,1996)andcontritute somenew analyseswhich comparehetime
spentby NHAPS respondentso the time spentby respondentsf the California Activity PatternSurwey
(CAPS)(Jenkinsetal., 1992;Wiley etal., 1991a,1991b)andthe CanadiarHumanActivity PatternSuney



(CHAPS)(Leechetal., 1996). Thefinal sectioncontainsa summaryandconclusions.

HISTORICAL PERSPECTIVE

The SociologicalStudy of Human Activity

The long history of studieson humanactvities in the sociologicalliterature containsfrequentuseof the
termtime budget (a.k.a.,zeitbudget or budget de temps). A time budgetis conceptuallysimilarto apersons
mone budgetin thatit summarizesheamountof time anindividual spendsn eachof mary actvities over
sometime period(e.g.,adayor aweek).Accordingto Michelson(1973):

“A time budgetis arecord,presentedrally or on papey of whata personhasdoneduring
the courseof a statedperiodof time. It usuallycoversa 24-hourday or multiplesthereof. The
recordis taken down with precisionanddetail,identifying whatpeoplehave donewith explicit
referenceto exact amountsof time. It is usually presentecchronologicallythroughthe day,
beginningwith thetime thata persongetsup in themorning?

“The informationthatis normally gatheredn atime budgetconsistof the time anactivity
began, the time it ended the natureof the actvity per se,the personsvho were presentand
active in thegivenactvities, and,not least,the exactlocationwherethe actvity took place’

Early reviews of the historical developmentof time-tudgetresearchare provided by Szalai(1966),
Corverse(1968),Ottensmanr(1972),and Chapin(1974). This early researcHorms the basisfor todays
humanactvity patternsureys (seethereview by Ott, 1989).

Theearliestdocumentedtudiesof humanactivity in Americaareby Lundbeg etal. (1934)andSorokin
and Berger (1939), with several time-budget studiesconductedin Franceduring the 19405 (seeSzalai,
1966). However, theideathattime budgetstudiescould be usedto comparecultural characteristic§Mc-
Cormick,1939)didn’t cometo fruition until about30 yearslaterwhenthe Multinational Comparatie Time
BudgetResearchProject(MCTBRP) (Szalai,1972)talulateddataon 25,000peoplein 12 countries(Bel-
gium, Bulgaria,Czechosleakia, France EastGermary, WestGermaly, Hungary Peru,Poland,Union of
Soviet SocialistsRepublics,United States,and Yugoslaia). This study allowed comparison®of actwvity
patternsacrossmary countries,but, like mostotheractvity patternstudiesin the socialsciencditerature,
it did not collectexposure-relatethformation. Historically, time-kudgetstudiesby socialscientistausually
did not evendistinguish specifically whethera persorwasindoorsor outdoors.

In 1989,0tt “reinterpreted'thecodesrom the MCTBRP actiity patterndatafor 44 U.S.cities(Robin-
sonetal., 1972)to estimatethe amountof time that peoplespendin-transit,outdoors,andindoors,andhe
concludedhatemplo/ed personsn the U.S. spendonly about2% of their time outdoors 6% of theirtime
in transit,and92% of their time indoors. For the 11 othercountries he estimatedhattime spentin transit
for employed menrangedfrom 1.5 hours(6.2% of the day) in Franceand Belgiumto 2.5 hours(10.4%)
in Lima, Peru,while the time spentoutdoorsrangedfrom 0.4 hours(1.7%)in Torun, Poland,to 1.9 hours
(7.9%)in WestGermary (basedon 100districts). Although Ott cautionedhatthesesociologicaltime bud-
getstudieswerenotdesignedo estimatehumanexposure his recodedestimateshaved surprisinglysmall
proportionsof time spentoutdoorsby peoplein the 12 countries.He suggestshatthe large amountof time
spentindoorsis a fundamentatharacteristiof thehumanspecies:

“The finding thatemepesis thatwe arebasicallyanindoor species$. “In amodernsociety
total time outdoorsis the mostinsignificantpartof the day oftensosmallthatit barelyshavs
upin thetotal”



Health and Human Activity

As alludedto above, the critical problemwith activity patternstudiesfoundin the sociologicalliteratureis
thatthey do notincludemary aspect®f daily life thatareimportantfor environmentalpollution exposure
assessmensuchasstoringchemicalsn thehome,driving anautomobileon crovdedhighways,living with
asmoler, usinggasappliancesyisiting adry cleanerusingsolventsin the home,or filling a gastank. Nor
do they provide sufiicientdetailon thelocationsthatpeoplevisit.

Usingmethodssimilar to thoseof the socialscientistsyesearcheri the ervironmentalhealthsciences
in the 19805 beganto collectactiity patterndataaspartof exposureandhealthresearchFor example,the
following studiesappearedn theliteratureof this period:

¢ Johnsor(1983)andAkland etal. (1985)conducted probability-basegbersonakxposurefield study
of 1,200personsin Derver and Washington,DC, in which respondentgarried personalmonitors
to measureheir personalexposureto carbonmonoxide(CO) while keepingdiariesto recordthe
actvities and microervironmentsthey visited over 24 hours. Schwab (1988) analyzedthe actvity
patternsandCO exposureaisingthediary datafrom this study

e Quaclenbosstal. (1986)usedarecallquestionnairéo gatherinformationon thetimespeoplespent
in variouslocations,or microervironments,n a studyof personahitrogendioxide (NOs) exposures
andindoorandoutdoorconcentrationgor 350individualsin PortageWI.

e Adair and Spenglen(1989) reportedfindings on the actiity patternsof over 1,800third andfourth
gradechildrenin six U.S. citiesbetweerll984and1988.

e Freemaret al. (1989)useda 7-pagequestionnairdo obtain activity patterninformationfrom 14
respondentsver 14 daysin Phillipshurg, NJ.

e Lichtensteinet al. (1989)studiedthe time-actvity patternsof 973 respondenten Cincinnati, OH,
using3-daydiariesto evaluatehov muchthe actiities of asthmaticgiffer from thoseof the general
population.

e Schwabetal. (1989a,1990)collecteddiary dataon actiity patterndrom approximately700respon-
dentsin 500 householdsn Los Angelesin connectiorwith a studyof personakxposureto nitrogen
dioxide (NOy).

e Schwabetal. (1989b,1992)reportontime-actvity datacollectedfrom 91 childrenin Kanava Valley,
WYV, aspartof a studyof childrens’respiratoryandsensoryesponseso air pollution. Schwabetal.
(1991)exploredtheuseof thesadiary datain linking exposureanddoseby analyzingthe self-reported
exerciselevelsof thechildren.

In parallel scientific efforts, ervironmentalhealthscientistsbegan developing mathematicakxposure
modelsbasedon humanactvity patterns.Fugas(1975)initially suggested modelingapproachfor com-
puting personakxposureto sulfur dioxide (SO,), lead(Pb),andmanganesévin) by summingthe concen-
trationsin thelocationsa persorvisited (home,work, streetscountryside)weightedby thetime the person
spentin eachlocation. SubsequentlyDuan (1982) suggestea formal mathematicabpproacho compute
personalexposureby summingthe pollutantconcentrationsn the microenviroments (definedby Duanas
locationsof homogeneousoncentrationjhateachpersonvisited weightedby thetime they spentin each
microervironment. Ott (1984)thendevelopeda prototypicalcomputerizedexposuremodel basedon the
conceptsof Fugasand Duan, referredto asthe indirect approach to exposureassessmentA variety of
mathematicamodelsbasedon this approachwere subsequentlyleveloped(seeQuaclenbosset al., 1986;
Ottetal., 1988;SextonandRyan,1988;0tt etal., 1992;Beharetal., 1993;Klepeisetal., 1994;MacIntosh
etal., 1995;Johnson1996a,1996b;McCurdy 1995,1997;Miller etal., 1998a,1998b;andKlepeis,1999).
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Lar ge-ScaleActivity Pattern Studies

Althoughexposuremodelsrequirediary dataon actvity patternsfew large-scalgopulationstudiesexisted
before1990to provide thenecessargata.To helpmeetthis needfor actvity patterndiary datafor exposure
assessmemndmodeling,the CaliforniaAir Resource8oard(CARB) conductedh probability-basedliary
studyof theactwity patternsof residentof Californiathatincludedl,762adultsandadolescentdom 1987
to 1988and1,200childrenfrom 1989to 1990(seeWiley etal.,1991a,1991b).Referredo asthe California
Activity PatternSurwey (CAPS)in this papey? thesedatahave beenusedin avariety of analyses:

¢ Phillipsetal. (1990)examinedapplianceuseandventilationpracticesn California

¢ Phillips etal. (1991)andJenkinset al. (1992) provided summarystatisticsand investigatedthe
proximity of Californiangto indoorpollutantsourcesncludinga comparisorof thetimespeoplespent
in variousmicroervironmentsandthe percentagef peoplewho wereengagedn variousactuvities.

¢ Robinson(1991a)andRobinsonandThomag(1991)comparedCaliforniaactvities to nationalactiv-
ities

e Robinsoretal. (1993,1994a,1994b,1996),0tt etal. (1994),Klepeisetal. (1994),andMiller etal.
(1998a,1998b)studiedthe potentialexposureof Californiansto ervironmentaftobaccasmole (ETS)

The NationalHumanActivity PatternSurvey (NHAPS) was conductedas a follow-up to CAPS,and
was closely patternedafter this landmarkstudy NHAPS is the first U.S. study with nationalscopethat
wasdesignedo collectexposure-releantinformationon humanactvity patterns.EPA’s main purposefor
collectingthe NHAPS datawasto provide diary recordsthat could be usedasinputsfor computetbased
humanexposuremodels.A selectpanelof exposurescientistawvith diversebackgroundsair pollution, pes-
ticides,drinking water exposuremodeling)sened as“subjectmatterexperts” (seethe Acknovledgments)
andhelpedinsurethatthe NHAPSdiary andquestionnairegatheredhe correcttype of actiity patterndata
for usein estimatingpollutantexposures.

Sincethecompletionof NHAPS,two otherexposure-relatetiumanactvity surveys have emegedwith
data-collectiorinstrumentsandgeographicascalessimilar to NHAPS. Both of thefollowing studiesmake
useof the ComputerAssistedTelephonelnterviav (CATI) instrumentand, like NHAPS, collecteddaily
diarieson thetime spentin locations,actvities, andin the presencef smolers:

¢ A nationalsurey of 1,200Americanssponsoredby the ElectricPaverandResearchnstitute(EPRI)
from 1994to 1995thatwasfocusedon humanexposureto soil (RobinsorandSilvers,2000).

e Thenine-monthCanadiarHumanActivity PatternSuney (CHAPS)of 2,381 Canadiangrom 1994
to 1995with respondents Toronto,Vancouer, EdmontonandSaintJohn,NB (Leechetal., 1996;
Leechetal., 1999).

DATA COLLECTION

NHAPSwasatwo-yearnationalprobabilitytelephonesuney (n = 9,386)of the contiguoudJ.S.conducted
by the University of MarylandSurney ResearctCenterwith supportirom EPA. Thetelephonentervieving

beganin late Septembed 992, endedon Octoberl, 1994,andwasdivided into eight quarterswith each
quartey exceptthe first, exactly threemonthsin duration. Eachquarterof the studywascomposedf an

independentandomsampleof households.

2\We usethe CAPSacrorym to meanboththe Californiasurwey of adults-youthandthe surwey of childrenunder12. Miller et
al. (1998a)useCAPSto referonly to thestudyof children.



While NHAPS utilized methodsfrom previous time-diary studies,particularly CAPS (Jenkinset al.,
1992;Wiley etal., 1991a,1991b),it wasaugmentedo obtainmore preciseestimatef the time spentin
microewvironmentssuchas kitchens,restaurantsbars,automobilesand outdoortravel. Many questions
werealsoadaptedrom the comprehense Ernvironmentallnventory QuestionnairgLebawitz etal., 1989)
andfrom questionnairesisedin the Total ExposureAssessmentlethodology(TEAM) studies(Akland et
al., 1985;Wallaceetal., 1991)to helpdeterminghepopulationsggmentanostlik ely to experiencemicroen-
vironmentswith elevated pollutantconcentrations.Supplementafjuestionswvere developedfor pollutant
sourceqot treatedin the respondentsdiary accountsuchassolventsor gasappliancesAll intervieving
wasconductedrom the Suney ResearctCentertelephonednterview facility on the College Park campus
in Maryland usingthe ComputerAssistedTelephondnterviev (CATI) technology which was developed
by the Suney ResearclCenterat the University of Californiaat Berkeley. The intervieversaveragedap-
proximatelyl3 completednterviens for eachday of theyear Eachinterview took about20-30minutesto
complete mostof which wasdevotedto the diary but with sometime allottedfor demographide.g.,age,
gender healthstatus ethnicity educationahttainmentandhousingtype)andsupplementafor follow-up)
exposureguestions.

Selectionof Subjects

The tamget populationfor NHAPS was all personsresidingin telephone-equippellouseholdsn the 48
contiguoudJnited States Telephonénouseholdsvereselectedusinga standardwo-stageandomdigit dial
(RDD) sampledesign. The selectionof telephonesxchangesvasstratifiedby the four major U.S. census
regions (Northeast,Midwest, South,and West). All potentialprimary samplingunits (PSU’s; areacode
+ telephoneexchanget first two digits of phonenumber)were selectedat the beginning of the study but
they werenotinitially screenedor residentiaktatus.Immediatelybeforethebeginning of eachquarterthe
primary numberdor thatquarterwerescreenedo selectPSU's for the secondandfinal stageof selection.

In additionto the four censusstrata,the PSU’ for eachquarterwere randomlyassignedo eithera
weelendor weekdaysample.Therefore weelendsandweekdaysveresampledndependentlyvithin each
guarter Sincethestudydesignrequireda persono recallthe chronologyof their activities for the prior day,
theweelendsamplewascalledonly on SundaysandMondaysandconsistedf eitherSaturdayor Sunday
time diaries. Theweekdaysamplewascalled TuesdaythroughSaturdayandconsistedbf Mondaythrough
Fridaytime diaries.

In householdsonsistingof only adults(i.e., respondent&8yearsof ageor older),oneadultwasselected
atrandom.In householdgonsistingof bothadultsandchildren(respondentd 7 yearsof ageor younger),
a child wasselectedat random60% of the time from amongall child residents.The other40% of thetime
an adultwasselectedat randomfrom amongall adultresidents.Thesedifferentprobabilitiesof selection
wereusedto controlthe ratio of adultsto childreninterviews. To increasehe numberof childrenselected,
thepercentagef householdin which childrenwereselectedvasincreasedrom 60%to 70%in quarters$
through8.

The next birthday selectionmethodwas usedfor within-householdrespondenselection. In the next
birthday method,the intervienver asksto interviev the adult (or child) residingin the householdvho will
have thenext birthday This methodprovidesarandomrespondentvithout having to askintrusive questions
abouthouseholdcomposition.

All dataonadultswerecollecteddirectlyfrom theselectedespondentfor childrenundertheageof ten,
theadultin the householdnostknowvledgeableaboutthe child’s activities completeda proxy interview for
thechild. For childrenagedl0-to-17,anadultrespondenansweredhe generahouseholdainddemographic
guestions.The 10-to-17-yeapolds thenansweredhe time diary and post-diaryquestionsabouttheir own
actities.



Table1l: TheNHAPS SampleSizesandParticipationRates

Number Percen(%)
SampleReleased 22,263
Non-Households 11,076
StatusUnknown® 279
Household$ 14,908 100
Interviews® 9,386 63
Refusalé 2,944 20
Non-contacté 1,870 12
Othef* 708 5

¢Samplephonenumberds the countof telephonenumberscalledfor the study

®Non-households include businesseggrouphomessuchasnursinghomesanddormitories groupquartersdisconnectesiumbers,
faxmachinesetc. Household.

¢Satus unknown numberswerecalledat leasttwenty timesbut werenever contactedtherefore the householdstatuscould not be
ascertained.

4Households includeall telephonenumberghatweredeterminedo beahousehold.

°Interviews areall householdsvherethe selectedespondentompletedheinterview throughatime diary.

f Refusals arehouseholdshatrefusedto completetheinterview or terminatedheinterviev beforeor duringthediary section.
9Non-contacts includehouseholdén which only ahomerecorderr answeringnachinecouldbereachedaandhousehold$n which
therespondentvasidentifiedbut never reachedor interview, evenafteratleasttwenty call attempts.

hOther arecasedn which the respondentvasunableto completetheinterview dueto lack of comprehensionf Englishor some
physicalproblemsuchasdifficulty in hearingor speaking.

Participation and ResponseRates

A total of 9,386interviens werecollectedduringthetwo-year eight-quartedatacollectionperiod. If indi-
vidualsdid not have telephonege.g.,they werelow-incomeor homeless)or if, whenthey weretelephoned
by anNHAPS interviewer, they wereon vacationor away from homefor anextendedperiodof time, they
werenotincludedin thesuney. Thesendividualsarenotexpectedo belargein number but theiromission
couldleadto somebiasin suney statistice.g.,calculationsof time spentindoors).

ForthoseAmericanghatwerecontactedy telephonethesuney respons@umbersandratesareshavn
in Tablel. Theoverall responseateis definedasthe numberof completednterviens (n = 9,386)divided
by the total numberof identified telephonehousehold$14,908),which is 63%. This figureis fairly high
giventhe meantime to completeeachintervien (25 minutes).Whenthe numberof interviews successfully
completed(9,386)is divided by the numberof intervievs attemptedcompletedintervievs (9,386) plus
refusals(2,944)= 12,330],the resultingcooperatiorrateis over 76%. This cooperatiorrateis relatively
highfor a surwey thatdid notutilize financialor otherincentvesto increaseparticipation.

The Questionnaire

Sincethe panelof expert reviewers for NHAPS concludedthat a single 25-minuteinterviev could not
includeall the requirementdgor eachtopic area,it wasdecidedto emphasizenly air quality anddrinking
water(with a greateremphasi®n air quality). This decisionwasbasedon the high priority givenby EPA’'s
air quality office to humanexposuremodelsthat requireactvity patterndataandthe limited availability
of suchdata. To accommodatéoth the drinking water questionsand the air quality questionswithout
makingtheintervien unnecessariljengthy two differentquestionnaireersions A andB, weredeveloped
andeachwasadministeredo onehalf of the sample selectecat random.VersionsA andB bothincluded
demographiquestionsa 24-hourtime diary, anda setof supplementargxposurequestioneemphasizing
potentialexposureto pollutantsin eitherhouseholdair (VersionA) or water(VersionB). A smallernumber



Table2: Summaryof FactorsandQuestionTypesfor VersionsA andB of the NHAPS Questionnaires

Factors VersionA VersionB
Air - Sorage Air - Storage
Biological (GasCans,Lawnmawer, Paints,Mothballs, (Gas,Lawnmawer, Paints,Solvents)

(Age,RaceGender)

Satus
(Employment,Education)

Role
(Children,OtherAdults, Work Hours,
Work Evening,Work Outdoors)

Geographic
(Zipcodes-HomeZipcodes-Vork,
Houseing Structure Stories,
Rooms,Carpet,BasementGarage)

Life-Syle
(Health)

DeodorizerHumidifier, Windows Open,
DoorsOpen)

Air - Yesterday

(Smoking-Home/Avay, Other’s Smole, Paints,
OpenFlames Glues,Solvents,PesticidesFloor
Wax, Gas-PaveredEquipmentCleaningAgents,
Excessre Dust, StainRemaers,Perfumes,

Nail Polich,GasStation,GasStove, Microwave,
AerosolSpary Heating,Heavy Traffic, Roadvay,
Parking GarageWalk to Car)

Water
(Shawer/Bath,Dishwater WashingMachine)

Ingestion
(Children-Soil)

24-Hour Diary
(Activities, Locations,
Smoler PresentHard Breathing)

Air - Last 6 Months
(Renawations,Paint, Floors,Addition,
CarpetsGlues,SleepElsevhere,
PesticidesYYacuumFloors,Humidfier,
GasStove, HeatSources)

Water
(Shaver/Bath,Dishwashing,
WashingMachine,Drinking Water
Bottle/Tap, Juices Soft Drinks)

Water - Last Month
(Pool Swimming)

Ingestion
(Children-Soil, SeafoodBlackened
Food)

24-Hour Diary
(Activities, Locations,
Smoler PresentHard Breathing)

Source:RobinsonandBlair (1995).

VersionsA andB of the NHAPS questionnairavere eachgiven to differentrandomly-selectedamplesgachspanninghe entire

u.S.



of questionon eachquestionnairerersionconcernedexposuregdo pollutantsin soil andfood. SeeTable2
for alist of backgroundactorsandquestiontypes.

24-Hour Diary

Thediary wasthe centralcomponenbf both questionnairerersions.In their diaries,respondentseported
all their actvities for the previous day Although time-diary datahave often beenusedto measurethe
amountof time populationsspendperformingcertainactvities, perhapshe moreimportantquestionfor
ervironmentalpollutantexposureresearclhis the pollutantlevel in the locationwherethe actvity occurs
(andthe lengthof time spentin thatlocation). Thus,to addressrvironmentalexposureissuesthe time-
diary catgyories(codes)in NHAPS focusedon the locationin which actwities occurred.Exposure-related
actiity codingwasgenerallylimited to activities of concerrfor their potentialto increaseexposureto envi-
ronmentalpollutants;for example,actvities thatrequirehigherbreathingrates,suchassports,or actvities
thatinvolve exposureto chemicals suchaspaintingandautorepair The only part of the diary that con-
cernedexposure-specifiactvity wasthe reportedpresencef a smoler during eachlocationandactvity
combination(microervironment).

Whenrespondentsvereasled whetheror not therewassomeoneslsesmokingduring eachof the mi-
croervironmentsthey visited, ones own smokingwas not included. The questiontook the form: “Was
theresomeondelse)presentvho wassmokingduringthatactiity andin thatlocation?” Thereportedime
spentin the presencef asmoler constitutesa measuref “potential” exposure(or amarker of exposureo
environmentaltobaccosmole (ETS). Previousinvestigatorof the CAPSdatabase which containsanswers
to the samequestionon the presenc®f smolersasthe NHAPS database referto the potentialexposureas
self-reported proximity (SRP)(Miller etal., 1998b)or smoking exposure-related duration (SERD)(Robin-
sonetal., 1994b).

Thereexists the possibility for biasin the NHAPS resultsfor the time spentwith a smoler, sincetwo
respondentmayhave reportedhesameamountof timewith asmolerwhentheintensityof smole (e.g.,the
numberof smolersor numberof cigarettesyvasquitedifferent. Actualexposureto ETSdependsnboththe
massof tobaccosmole emittedandbuilding characteristicsuchasvolumeandair flow rates.Respondents
alsomay have misjudgedwhetheror nota smoler wasactuallypresenandsmoking.A smoler might have
beenpresentor only a small portion of the entire microervironment(e.g.,a smoler waspresentor only
10 minutesduringa 60-minutelong microervironment),but the potentialexposure(fSRPor SERD)for that
time periodwould be the sameasif a smoler wasactually presenthe entiretime. In two out of thetotal
16 quartersof the NHAPS study the respondentsvere asled to specify for what fraction of time in the
microevironmentthe smoler(s)was(werepresent.This informationmay be usefulin sortingoutary bias
for thestudyasawhole.

In the sectionon sampleand datacharacteristicswe describethe structureof the NHAPS diary data
includingthelocationandactvity cateories.

SupplementalQuestions

In this section,we summarizesomemain featuresof the NHAPS supplementaéxposurequestions.More
completedescriptionsof thesequestionsjncluding the resultsof dataanalysis,aregivenin Robinsonand
Blair (1995),Klepeisetal. (1996),andTsangandKlepeis(1996).

The supplementafjuestionson both versionsof the NHAPS questionnaireoncernedccasion®f po-
tential exposureto specificpollutantssuchas particles,polycyclic aromatichydrocarbongPAH), carbon
monoxide(CO), ozone(03), nitrogendioxide (NO,), chloroform (CHCI3), benzengCgHsg), andvolatile
organiccompoundgVOC's) in general.Thesequestionsvereincludedto supplementherespondentsdi-
ary accountssincerespondentsnight not have rememberedo reportthe stopthey madeto buy gasoline



while commutingto work or the stopthey madeatadry cleanergiuringlunchtime. Thefollowing exposure
associationgdlustratethe basisfor including particularquestions:

e Activities involving cigarettesmole or wood-turning may increasesxposureto particles,PAH, CO,
C¢Hg, andotherVOC's,

e Activities involving gasoline(e.g., pumping gasolineinto automobiles)may increaseexposureto
C¢Hg andotherVOC's,

e Driving in traffic and actities in a parking garagemay increaseexposureto CgHg, otherVOC's,
particles,PAH, andCO,

e Activitiesinvolving hotwatersourcegqe.g.,hot shavers,baths boiling water)mayincreaseexposure
to disinfectionbyproductsuchasCHClI;,

e Activitiesinvolving gasstosesor ovensmay increasexposureto NO, andCO,
¢ Activitiesinvolving solventsandpaintsmay increasesxposureto variousVOC’s,

¢ Activities involving the use of dry-cleanedclothesmay increaseexposureto tetrachloroethylene,
1,1,1-trichloroethaner aromaticsolvents.

Version A (emphasizing‘air” questions)containsmost of the supplementakxposurequestionson
breathingratesand locationswith potentially degradedair quality (seeTable 2) including the presence
of smolers. Additional questionson VersionA examinedexposuresothatwork andathometo pollutants
suchasvaporsfrom paintsandsolvents. Potentialexposureto CsHg wasassesselly questionsoncerning
time spentin gasolinestationsor parkinglots. Furtherquestionsasled aboutrespondenactvities in near
proximity to: 1) gasstoves,gasfurnacesandsupplementaheatingsourcedike wood or kerosenestoves;
2) aerosokprayproducts;3) hotshaversor baths;4) roomair freshenersgeodorizerspr mothballs;and5)
automobilegparkedin attachedjarages.

The supplementatjuestionson VersionB (emphasizing'water” questions)nclude questionson tap
watercontactvia drinking waterandusingtapwaterfor suchappliancesasdishwashersywashingmachines,
and humidifiers. Other questionsdealtwith tap water contactthroughwashingand bathing— either by
rinsing dishes bathsor shavers. Separatejuestionsvereincludedaboutwhetherthe doorwasopenwhile
takingabathor shaver andthe useof exhaustfans.Anothersetof questiongiealtwith watersourceseither
from wells, piped-inutilities, or purchasedn bottles.

SAMPLE AND DATA CHARACTERISTICS

Coverageand Representatveness

A comparisorof the numberof NHAPS respondent#n eachstateshavs generallygood agreementvith
the 1990U.S. censugU.S. Departmenbf Commerce1992): the relative comparisons of moststatesare
closeto 1, wherea relatve comparisorof NHAPS and U.S. censusproportionsis definedasthe ratio of
the percentages eachstateof the U.S. Censuglatato the NHAPS percentagesThe only statethatwas
oversampledn NHAPSwith arelatve comparisorunder0.5 wasMontana.Stateghatwereundersampled
at a relative comparisorover 1.5 were Vermont,Mississippi,North Dakota, and Idaho. The 20 sampled
states(including WashingtonD.C.) that did not have at least100 NHAPS respondentsvere Delavare,
the District of Columbia(D.C.), Idaho, lowa, KansasKentucly, Maine, Mississippi,Montana,Nebraska,
Nevada,New Hampshire New Mexico, North Dakota, Rhodelsland, SouthDakota, Utah, Vermont,West



Table3: Distribution of the NHAPS Respondentby SelectedDemographid-actors

Factor Sample NHAPS U.S.
Size (%) Census
(%)

Male 4,294 46 49
Female 5,088 54 51
Under5 yearsold 499 5 8
5to 17 yearsold 1,292 14 19
18to 64 yearsold 6,059 65 61
Over 64 yearsold 1,349 14 13
White 7,591 81 83
Black 945 10 13
Asian 157 2 3

Of HispanicOrigina 385 8 10
PostGraduateEducation 924 10 6
College Graduate 1,247 13 20
High SchoolGraduate 2,612 28 32

Therewere9,386total respondentsl87 (2%) of therespondentdid notreportanage.308(3%) of therespondentseportedbeing
aracenot listed or did not reporta race. For 1,968(21%) of the respondentso educational-teel datawererecorded. Census
proportionsare1994estimatesrom the U.S. Departmenbf CommerceBureauof the Censug1995,1996).

Virginia,andWyoming. At 12-18respondentgsach,Vermont,Wyoming, North Dakota,andldahohadthe
fewestrespondentsf ary sampledstate. Note that residentof AlaskaandHawaii were excludedin the
NHAPS sampledesignframe. The statesthat had more than 500 NHAPS respondentsvere California,
Florida,New York, Pennsylania,andTexas.

The percentagef NHAPS respondentsampledn eachof theten EPA Regionsandeachof the four
censusregions is comparableto the populationobsered in the 1990 U.S. census(U.S. Departmentof
Commerce1992)with relatve comparisonsiearone. Thereis a sufficient samplesizein eachEPA Region
to performdetailedstatisticalanalysesvith alow of 340NHAPSrespondents1 EPA Region 8. Eachof the
four U.S. Censugegionshadapproximately?2,000to 3,000respondents.

The NHAPS sampleproportionsfor genderage,race,andeducationabttainmentmatchthe estimated
1994 proportions(U.S. Departmenbf Commerce,1995,1996) reasonablywell (seeTable3). The worst
agreements for the proportionof college graduateg13%/20%= 0.65), which may be dueto the large
numberof missingdatavalues(20%of therespondenthadmissingvaluesfor theireducationahttainment).

Thenumberof respondents eachquarterof theNHAPSstudywerefairly uniform (approximatelyl 3%
per quarter),exceptfor thefirst, whenonly 7.8% of the respondentsvereintervieved. The proportionof
respondentmtervieved during eachseasor{winter, spring,summeyfall) rangedfrom 20to 27%. Most of
therespondentwereinterviavedonaweekday(67%),whichis somaevhatsmallerthantheidealproportion
(5/7 = 71%) sinceweelendswereintentionallyover-sampled.

SampleWeights

Weightsare available for the NHAPS databasethat correctthe samplebasedon the increasedselection
probability of householdsvith multiple phonesthe differentselectionprobabilitiesfor adultsandchildren,
seasonafjuarter andcensusegion, andthe over-samplingof weelends.Klepeisetal. (1996)have devised
post-stratificationweightsthatincorporateheoriginal weights,but alsoadjustthe NHAPS sampleto match
populationproportionsfor ageandgender Genderandagedatawereobtainedfrom the 1990U.S. Census
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(U.S.Departmenbf Commercel1992). Thedesiredday-of-weekandseasomproportionsareabsolutequan-

tities (i.e., 1/4 for eachseasorand 1/7 for eachday of the week). The resultingpost-stratificatiorweight

assignedo eachNHAPS respondentanbe usedto calculateweightedstatisticsacrossany combination
of factorsfor age,se, seasongcensugsegion, andday of week. Weightscould not be assignedo respon-
dentswith missingageor gendewariables andthesendividualswereexcludedfrom weightedcalculations
(missingn = 190acrosghenation;missingn = 58in California). In this papeywe usethe post-stratification
weightsto calculateveightedmeanshistogramsandproportions- seeCochran1977)for agoodtreatment
of samplingmethodologyincluding formulaefor calculatingunbiasedestimators.The readershouldnote

thata comparisorof weightedandun-weightedesultsshavedonly asmalldiscrepang for mostcalculated
statistics.

Location and Activity Categories

Table4 givesan example24-hourdiary for a singleindividual, an Hispanicmalefrom Connecticut.Each
diary recordcontainsthe beginning and endingtimesfor eachmicroewironmentthe respondentisited,
uniquely determinedoy a single combinationof locationandactvity codes. Eachrecordalsocontainsa
codefor whetheror nota smoler waspresentandif therespondentvas“breathinghard’

The original 83 location codesthat were usedto encodethe NHAPS respondentsvhereaboutgsee
Table A-1 for a listing) are split into cateyoriesfor eachrespondens own house,a friend’s or someone
elses house traveling, someotherindoorlocation,andsome“other” outdoorlocation(seeKlepeiset. al.,
1996; TsangandKlepeis, 1996). For the calculationsof time spentthat we presentin the next section,
a reducedsetof six locationswere used: residencepffice-factory; barrestaurantotherindoor location;
enclosedsehicle;andoutdoors.In this groupingschemeresidentialocationsat ones own homewerenot
differentiatedrom residentialocationsatsomeonelses home(i.e.,respondenbcationsweregroupednto
aresidentialcateggory evenif the original NHAPS codestateghatthey wereat someoneelses house).The
vehiclelocationincludestravel insidecars,trucks,buses trains,airplanespoats,andpublic transit. Travel
outdoorsvia motorg/cle, bicycle, walking, or stroller, or waiting for transitoutdoorswereall groupedinto
the outdoorlocation. The otherindoor groupingincludesall the remainingindoorlocationssuchasmalls,
stores,schoolschurchesptherpublic buildings, auto-repairshops healthclubs,laundromatssalons,and
parkinggaragesNotethattheselocationsmay be associateavith very different,andpotentiallyvery high,
exposuresLocationswerenot divided, specifically accordingto work-relatedactvities. The only location
categorythatcanbeassociateavith work-relatedactvitiesis office-factory It is not possibleto determine-
basednlocationalone—whethemork-relatedactvities wereoccurringin ary of the otherlocations since,
for example,respondentthatarein storesyrestaurantshars,or hospitalscould be preseneitheraspatrons
or staf.

There are 91 distinct actvity codes(see Table A-2) for the 24-hourrecall portion of the NHAPS
database(seeKlepeiset. al., 1996; Klepeis and Tsang, 1996). Although specific actvities are not
analyzedin the currentpapey Klepeiset al. presentan attemptto createbroad exposureactvity cate-
goriesbasedon the available data. The original NHAPS catgorieswere regroupedinto eight catayories
eachcontainingnearly 2,000 episodicoccurrencer more: cooking-foodpreparation;laundry-dishes-
cleaning-kitchenhousekeping;bathing-shwering-washng-using-bathroom; yardwork-gardening-ar-or-
house-maintenancsports-gercise;eating-drinkingandsome‘other” actvity. Themostfrequentactvities
in the“other” exposureactvity cateyory — into which 73% of the microewironments(distinctoccurrences
in thediary database)weregrouped- weresleeping-nappingyatchingtelevision, anddressing.
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Table4: Example24-HourRecallDiary ContainingBeginning & Ending Times, Activity, Location,Pres-

enceof a Smoler, andTime Spentfor 22 MicroervironmentsVisitedon the Diary Day

Micr Start End  Summary Det Red Det Red Smkr? TimeSp
No. Time Time Act Act Loc Loc (min)
1 0:00 1:45 At nightclub 77 0 405 90 YES 105
2 1:45 2:00 Traveledhomeafternightclub 79 O 301 30 O 15
3 2:00 11:00 Sleepingor Napping 45 0 105 10 O 540
4 11:00 11:05 Brushedeeth 44 40 104 10 O 5

5 11.05 11:15 PreparingMealsor Snacks 10 10 101 10 O 10
6 11:15 11:25 EatingMealsor Snacks 43 70 102 10 O 10
7 11:25 11:30 Dressingor PersonaGrooming 47 O 102 10 O 5

8 11:30 11:37 Travelingto playfootball 89 O 306 40 O 7

9 11:37 13:37 Playingflagfootball 80 60 507 50 O 120
10 13:37 13:44 Travelingto home 79 0 306 40 O 7
11 13:44 13:54 PreparingMealsor Snacks 10 10 201 10 O 10
12 13:54 13:57 Travelingto bar 79 O 301 30 O 3
13 13:57 15:30 Atbar 77 O 405 90 YES 93
14 15:30 15:33 Travelingfrom bar 79 O 301 30 O 3
15 15:33 16:30 WatchingTV 91 O 102 10 O 57
16 16:30 17:00 Bathingor Shavering 40 40 104 10 O 30
17 17:00 19:00 WatchingTV 91 O 102 10 O 120
18 19:00 19:10 Travelingto shopping 39 0 301 30 O 10
19 19:10 19:25 Shoppingfor food 30 O 414 90 O 15
20 19:25 19:35 Travel relatedto shoppingfor food 39 0 301 30 O 10
21 19:35 21:00 WatchingTV 91 O 102 10 O 85
22 21:00 24:00 Studying 54 0 102 10 O 180

The respondentvhosediary is shavn in this table was an Hispanicmale from Connecticutbetweenthe agesof 18 and 24 who
wasintervieved on a weelendin thefall. Seethe Sample and Data Characteristics sectionfor a descriptionof the reduced(i.e.,
recoded)ocationsandactiities. Abbres: Micr, microervironment;Det, detailed;Red,reducedAct, actity; Loc, location; Time
Sp,time spent.
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DATA ANALYSIS

Klepeiset al. (1996) and Tsangand Klepeis (1996) provide detailedanalysef the time that NHAPS
respondentseportedspendingin locationsand activities on the diary day aswell asthe resultsof the
more than 150 supplementaand demographiaquestions. Theseanalysesnclude an examinationacross
catgyoriessuchasgenderrace,age,yearsof educationemplo/mentstatusweekday/weednd,seasonand
region. Additional resultsof theauxiliary questionsandtime-usessuesarediscussed RobinsorandBlair
(1995).1In this sectionwe presenselectedesultsto provide a basisfor makingbroadcomparisondetween
demographigroupswithin NHAPSandto otheractvity patternstudies.

Most of our resultsarebasecdentirelyonthe NHAPS diary dataratherthananswergo the supplemental
guestions.We presentroadly-groupedtatisticson the time that NHAPS respondentspentin six differ-
entlocations(residencepffice-factory barrestaurantsomeotherindoor location, enclosedvehicle, and
outdoors)including the time thatthey spentwith a smoler. We alsomake comparisongo the California
Activity PatternSurnweys (CAPS) of adultsand youth over age12 (1987to 1988) and of childrenunder
agel? (1989to 1990)(seeJenkinset al., 1992; Wiley etal., 1991a,1991b)andthe nine-monthCanadian
HumanActivity-PatternSurney (CHAPS)of Toronto,Vancouer, Edmonton,and SaintJohnNB (1994to
1995)(seelLeechetal., 1996).

Although the minute-by-minute24-hourrecall diariesarethe main subjectof the currentanalysisthe
NHAPS databasealsoprovidesexposureassessorwith a large variety of yes-orno and categorical ques-
tionsonexposure-relatedctivities andhouseholaonditions.Table5 presentsesultsfrom asmallselection
of un-weightedesultsfrom the supplementaNHAPS questionghatwill be usefulto risk andexposureas-
sessorsincluding policy malers.

Calculation Methodology

The NHAPS statisticswe presentin this paperhave beenweightedusing the sampleweightsdescribed
above (unlessotherwisenoted);they weregeneratedisingthe freely-available R systemfor dataanalysis
andgraphics(lhakaandGentleman1996). The CAPSstatisticsweregeneratedisingthe TIMEWT setof
sampleweightsincludedin the CAPSdatabases.

Sincethe NHAPS diariesspana single24-hourperiod,mostof our calculationsusethis asthe primary
timeintenal (i.e., we presentimited resultsfor breakdavns by time-of-day). The meanproportionof time
spentin differentlocationsis calculatedby takingthe meanof the total numberof minuteseachrespondent
spentin eachlocationanddividing by 1,440minutes(24 hours).

The total time spentwith a smoler on the diary day variesfrom person-to-persorso that individual
percentage®f time spentwith a smoler in eachlocation use a different denominatorfor eachperson.
The meanpercentag®f time spentwith a smoler was calculatedoy simply averagingover the individual
percentages.

Differentnumbersof respondentspenttime in eachlocation(bothwith andwithout a smoler) onthe
diary day and alsoat differenttimesof day Thosewho spentat leastone minutein eachlocation, either
acrosgheentiredayor for ary particulartime interval, arecalledthedoers. In eachresultstable,we present
the weightedproportionsof daily doersalongsideoverall meansanddoermeansdi.e., meanstaken across
only thedoers).

NHAPS: The Nation

Of ary locationvisitedonthediary day thelowestpercentagef doerswas20%for office-factory(seeTable
6). Of thetotaltime spentby all respondententhediary day 69%wasspentonaveragejn aresidencgsee
Figurel). Approximately87% of thetime wasspentindoorsand5-6%in avehicle— with theremaining7-
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Table5: Resultsof SelectedExposure-Relate8upplementaNHAPS QuestiongdUnweighted)

Question

Response

Did therespondentake a shaver or bathyesterdayandif they
did for how long?(A)

Whattype of fuel is usedin thecentralfurnace?A)

Is ary room heatedwith awood stove? (B)

Is ary roomheatedvith akerosenespaceheaterdB)

Is ary roomheatedwith afireplace?B)

Whereis waterobtainedfor householduse?(B)

Is bottledwaterused?(B)

Did you smole cigars/tobaccgesterday?B)

How mary glasse®f tapwaterdid therespondendlrink yesterday?B)

How mary timesdid therespondentvashtheir handsyesterday?B)

For how mary hoursdid therespondentvork with soil in thelastmonth?(B)

In whattype of housedoestherespondenlive? (A andB)

91%Yes
44%0-10min
37%10-20min
13%20-30min

61%Gas
18%Electric
14%0il

6% Yes

2%Yes

10%Yes

81%Public
15% Priv well

43%Yes

1% Yes

29%None
26%1-2
27%3-5
15%6-20+

8% 2 orless
60%3-9
28%10-30+

63%None
28%0-24
5% 24-72
2%>72

21%Apt

68% DetHouse
5% Townhouse
7% Other

The NHAPS questionnaireversionon which eachquestionappearss indicatedin parenthesegeither A, B or both A and B);
Resultsoundedo thenearespercentag@oint. Someof thepercentagesotlistedcouldincludemissing, refusedor "don’'t know"

responsesAbbrev: Priv, private; Apt, apartmentDet, detached.
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NHAPS - Nation, Percentage Time Spent
Total n = 9,196

TOTAL TIME SPENT
INDOORS (86.9%)

IN A RESIDENCE (68.7%

OUTDOORS (7.6%)

IN A VEHICLE (5.5%)

OTHER INDOOR LOCATION (11%)

OFFICE-FACTORY (5.4%)  pap RESTAURANT (1.8%)

Figure 1. Pie chartshaving the meanpercentagef time the NHAPS respondentspentin six different
locationson the diary day (weighted). Time spentindoors(composedf time in a residencejn an office
or factory in a baror restaurantpr in someotherindoorlocation)is representetby lightly-shadedslices.
The percentages the figure arethe meanpercentagetaken over individual percentagefor peoplein the
NHAPS sample.Individual percentagewerecalculatedrom thetime spentin eachlocationover thetotal
amountof time spentwhichwasequalto 24-hourg(1,440minutes)for eachindividual. SeeTable6 for the
numberof doersfor eachlocation.

8% spentoutdoors.Theseresultsarecomparablaevith U.S.time-kudgetsreportedby RobinsorandThomas
(1991)from a 1985 study and Canadiartime budgetsreportedby Leechetal. (1996). For both theseof

thesetwo studies,which spana period of about10 years,respondentseportedspending89% of the time

spentindoorswith 5% in avehicleand6% outdoors.

Theremay be someneagatve biasin the NHAPS resultsfor time spentoutdoors sincethosewho were
away from a homefor extendedperiods(e.g.,on vacationor homelesswere not includedin the surey.
Theseindividualsmay be morelikely thanthosewho were at hometo spendlarge quantitiesof time out-
doors.Ontheotherhand,theremay be positive biasdueto neglectinginstitutionalizedand/orhospitalized
individuals. In addition,thesurprisinglysmallamountof outdoordoers(59%; seeTable6) suggestshatthe
brief amountsof time that peoplemight spendwalking to their car or taking out the garbagefor example,
werenotincludedin thediaries. Questionsn the supplementaportion of the NHAPS diary may be useful
in understandindhe magnitudeof this missingtime. It seemsaunlikely, thoughnot impossible,that this
unaccountedime contritutesanappreciablemountto thetotal time spentoutdoors.

IntheNHAPSsample 56%o0f respondenta/erenever with asmoler (thenon-doers)andweretherefore
notincludedin the calculationof percentage&seeTable7 for thepercentagef doersin eachlocation). The
averagepercentagef time spentwith a smoler in residencesvas43%;it was15%for barsandrestaurants
and9% for anenclosedrehicle(seeFigure?2).

Theshapeof thedistribution for time spentindoorsis extremelypositively skawed (a high proportionof
long times),while time spentoutdoorsandin a vehicleis extremelynegatively- skewed (a high proportion
of shorttimes), resultingin low variability (seeFigure 3). In contrast,the variability in the time spent
in a residences very high; the distribution hasthreedistinctly different modescorrespondingo those
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NHAPS - Nation, Percentage Time Spent with a Smoke
doers = 3,949

TOTAL TIME SPENT ]
w/ SMOKER INDOORS (76.6 %) IN A RESIDENCE (42.7%)

OFFFICE-FACTORY (7.2%)

BAR-RESTAURANT (14.6%) OUTDOORS (14.7%)

OTHER INDOOR (12.1%) IN' A VEHICLE (8.7%)

Figure2: Pie chartshaving the meanpercentag®f time the NHAPS respondentspentwith a smoler in
six differentlocationson the diary day (weighted). Time spentindoors(composeaf time in residencein
anoffice or factory in abaror restaurantor in someotherindoorlocation)is representedly lightly-shaded
slices. The percentagem the figure aremeangaken over individual percentagefor peoplein the NHAPS
samplethat reportedbeingwith a smoler for at leastone minute on the diary day (the doers). Individual
percentagewere calculatedasthe time spentin the presencef a smoler in eachlocationdivided by the
total amountof time spentwith asmoler. SeeTable7 for thetotal numberof doersandthenumberof doers
for eachlocation. Pleaseseethetext for adiscussiorof SRP-SERIbiasesnherentin theNHAPSdatabase
with respecto thetime respondentseportedspendingwvith a smoler.
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respondentspendingno time athome(lessthan1%; seeTable6), thosespendingnorethanhalf their day
athome,andthosespendinghe entirediary dayathome.

For someexposuresijt is usefulto determinethe precisetimesof the day that the respondentsirein
certainlocationsor engagingin specificactvities, sinceexposuresto someair pollutantscandependon
temporaltrends.For example,theamountof time thata personspendsutdoorsduringthe daywill greatly
affect their exposureto ground-leel ozone. As illustratedby Figure 4, the NHAPS databaseprovides
informationon how the proportionof persondn differentlocationschangedy time-of-day Here,we see
that over 90% of respondentsirein aresidencdrom aboutll PM to 5 AM, and,asexpected thelargest
proportionsof respondent& schools,public buildings, offices, andfactoriesoccurbetween7 AM and5
PM.

NHAPS: California Versusthe Nation

In Figure 5, we seethat the meanpercentagesf time spentin the six groupedlocationsand the mean
timesspentwith a smoler arevery similar for the nationalINHAPS sampleandthe Californiasub-sample
(NHAPS-CA).Theoverall meansof time spentfor eachlocation(calculatecover theentiresamplejnclud-
ing thosewho spentzerotime in a particularlocation),the proportionof doers(thosewho spentat leastone
minutein a particularlocationon thediary day),andthe meantime spentby thedoersarevery closefor the
two samplegTable6).

Thelargestmeantime spentin ary locationis nearly1,000minutes(approx.17 hours)for theresidential
locationfor boththe nationand California by itself. For both geographiagyroups,nearly 100% percentof
therespondentseportedbeingin aresidenceat sometime on the diary day The largestmeantime spent
with asmoler (Table7) wasfor officesandfactoriesat 363 minutesperdayfor the nationand280 minutes
for California, followed by the residentiallocationat 305 and270 minutes,respecirely. The lower means
for Californiain theselocationsaccountfor the someavhat lower meantime spentwith smolersacrossall
locations(372 versus309 minutes). California also appeardo have a slightly lower numberof persons
spendingime with asmoler (44%versus37%acrossall locations),apparentlydrivenby thelower number
of personsspendingime with smolersin residence$26% versusl7%)and,perhapsthe somavhatlower
numberof reportedcigarettesmolers(17%in the nationversusl4%in California,all ages).

NHAPS versusCAPS

A comparisorbetweenthe NHAPS California sub-sampld NHAPS-CA) and CAPS allows usto obsere
thetrendsin actvity patternsovertime (from thelate 19805 to the early-to-mid19905) andto evaluatethe
consisteng betweerthesetwo studieswhich have fairly similar methodologiesThe studieshadthe same
suney instrument(i.e., CATI), but CAPSwasa stratifiedsampleof Californiaand NHAPS-CA was not
(althoughthe overall NHAPS samplewasindeedstratified; seethe above discussioron the NHAPS data
collectionmethodology).

As we obsered in a comparisorof the nationalNHAPS sampleand NHAPS-CA, thereis little dif-
ferencebetweenthe meanpercentagef time spentin eachof the six locationsbetweenNHAPS-CA and
CAPSfor bothadultsandyouth (agel2 andover) andfor childrenunderagel?2 (seeFigure6 andTable8).
However, therearesizabledifferencedor thetime spentwith asmoler (i.e., for themeantime spentandthe
percentagef doers;seeTable9).

In bothsuneys, childrenunderl2 spentsmallamountsof timein offices,factoriespars,andrestaurants
(overallmeansof 2-7 minutes,doermeansof 40-60minutes andnegligible percentagesf time; seeFigure
6 andTable8). Our resultsshav that childrenin Californiaunderthe ageof 12 spenda larger percentage
of time indoorsandoutdoorsanda lower percentagén vehiclesthando adults. Thesearethe sameresults
reportedfor CanadgLeechetal., 1996).
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Figure3: Truehistogramgalculatedrom the weightednumberof minutesthatNHAPS respondentspent
indoors,outdoorsjn anenclosedrehicle,andin aresidenceThetime eachindividual spentin aresidence
is a subsefof their total time spentindoors. While the histogramdor the first threelocationsarestrongly

skewed (eitherright or left) with low variability, the time spentin a residences highly variableand has
threedistinct modes: a small onefor thosethat spentno time in a residenceon the diary day; a middle

onefor thosewho spentmuchof their day away from home;andathird modefor thosewho wereathome
for mostor all of the diary day The overall weightedmeannumberof minutesspent,y, is provided on

eachgraph,which, like the histograms,jncludesindividuals who spentzerotime in eachlocation. The

weightedpercentag®ef respondentsgy(doers),who spentat leastoneminutein eachlocation(the doers)is

alsoprovidedalongwith the weightedmeannumberof minutesthey spent.
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Figure4: Stacled plot shawving the weightedpercentagef NHAPS respondentén eachof ten different
locationsaccordingto the time-of-day The original minute-by-minutediary datahave beensmoothedor

clarification.
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Figure5: Comparisorof theweightedpercentagef overalltime spentandtime spentwith asmolerin each
of six locationsfor all of the NHAPSrespondentgthe entirenationalsample)andfor the California-based
NHAPSrespondenttNHAPS-CA).SeeTabless and7 for thetotal numberof doersin eachiocation.Please
seethetext for adiscussiorof SRP-SERDbiasesnherentin the NHAPS databasewith respecto thetime

respondentseportedspendingwvith asmoler.
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Table6: GeographicaComparisorof NHAPSMinutesSpentontheDiary Dayfor California(NHAPS-CA)
Versughe EntireNation

NHAPS- Nation

Location n Overall Doer Doer Doer
Mean % n Mean
[min] [min]
In aResidence 9196 990 99.4 9153 996
Office-Factory 9196 78 20 1925 388
Bar-Restaurant 9196 27 23.7 2263 112
OtherlIndoor 9196 158 59.1 5372 267
In aVehicle 9196 79 83.2 7596 95
Outdoors 9196 109 59.3 5339 184
NHAPS- CA
Location n Overall Doer Doer Doer
Mean % n Mean
[min] [min]
In aResidence 930 979 99.6 927 983
Office-Factory 930 73 19.3 187 379
Bar-Restaurant 930 34 26.4 260 128
Otherindoor 930 166 61.9 542 269
In aVehicle 930 80 84.4 775 95
Outdoors 930 108 59.1 592 182

Meansandpercentagehave beencalculatedusingsampleweights,whereaghe samplesizesn andDoern areraw counts

20



Table7: GeographicaComparisorof NHAPSMinutesSpentwith aSmolerontheDiary Dayfor California
(NHAPS-CA) Versugsthe Entire Nation

NHAPS- Nation
17%of RespondentReportedBeing CigaretteSmolers(Weighted)

Location n Overall Doer Doer Doer
w/ Smoler Mean % n Mean

[min] [min]
All Locations 9196 163 43.8 3949 372
In aResidence 9196 78 25.6 2331 305
Office-Factory 9196 16 4.3 394 363
Bar-Restaurant 9196 14 10 951 143
Otherindoor 9196 19 7.6 725 247
In aVehicle 9196 11 14.5 1340 79
Outdoors 9196 24 11.4 1038 213

NHAPS- CA
14% of RespondentReportedBeing CigaretteSmolers(Weighted)

Location n Overall Doer Doer Doer
w/ Smoler Mean % n Mean

[min] [min]
All Locations 930 114 36.9 332 309
In aResidence 930 45 16.5 164 270
Office-Factory 930 9 34 26 280
Bar-Restaurant 930 13 8 82 168
Otherindoor 930 19 7.4 58 252
In aVehicle 930 5 8.3 82 58
Outdoors 930 23 11 108 209

Meansand percentagebave beencalculatedusing sampleweights,whereaghe samplesizesn andDoern areraw counts. The
time spentwith a smoler doesnotincludeones own smoking.
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Sincethe adult/youthsamplecontritutesthe bulk of NHAPS-CA respondentgn = 805 for adult/youth
versusn = 125for children),therewerenot enoughCaliforniachildrenrespondentsn NHAPSto calculate
reliable statisticsfor the time spentwith a smoler in differentlocations. However, from the statisticsfor
childrenacrossall locations(seeTable9), we seethatwhile the doermeanacrossall locationsmatcheghe
CAPSmeanfairly well (222 versus204 minutes),the percentag®f doersis muchlower for NHAPS-CA
(20% versus38%). In the 1994-95CHAPS study of four Canadiarcities, 30% of childrenreportedbeing
with a smoler (Leechet al., 1999). Accordingto the resultsfrom CAPS alone,residencesvere (by far)
the locationwherechildrenhadthe longestmeantime spentwith a smoler (314 versus174 minutesfor
outdoorsthe next highestmean).For CHAPS, childrenalsoexperiencedhe mosttime with smolersin the
residenceTwenty-five percentof CAPSchildrenreportedbeingwith asmolerin aresidencewhereadess
than13%r reportedbeingwith asmolerin ary of the otherlocations.

Theadult/youthagegrouphasamplesamplesizeandcan,therefore provide anopportunityto obsere
the changein time spentwith a smoler in eachlocationfrom the earlier CAPSstudyto the later NHAPS
study(seeTable9). As with thechildren thereappearso bealargereductionin thetime spentwith smolers
over the periodfrom the late 19805 (CAPS)to the early-to-mid19905s. The factthatthe two studieshave
similar data-collectiorinstrumentsandthetotal time spentin eachlocationmatchsowell suggestshatthe
differencesn time spentwith a smoler aredueto realchangesn humanactity overthe 5-yearperiod.

Thereis a22%decreas@ thetotal numberof adult/youthdoers(personsxposedo secondhandmole
in all locations)from CAPSto NHAPS-CA (62% down to 40%). The percentag®f doersin theresidence
and office-factory — the locationswith the largestdoer meantimes spent— droppedfrom 26 to 17% and
13 to 4%, respecirely, over the time period. The numberof doersin barsandrestaurantgell by almost
half, goingfrom 19to 9%. However, the doermeansdon't drop (asthey do slightly for the overall means,
sincetherearefewer doers) andevenincreasalramaticallyfor someocationsithebarrestaurantioermean
increasesrom 93 minutesin CAPSto 178 minutesin NHAPS-CA, the outdoordoermeangoesfrom 121
to 210minutes,andthe meanin otherindoorlocations(e.g.,public buildings, malls, andstores)isesfrom
160to 254 minutes.Possiblexplanationsarethatsmolersareasledor requiredto smole in circumscribed
locationswherethey contritute to longer exposuretimesfor othersor that policies have reducedcasual
exposuresut notdominantones.

The reductionin the numberof reportedcigarettesmolers (20% for CAPS adults/youthversus16%
for NHAPS-CA adults/youth)may have contrituted to someof the changesn the numberof doersand
the time spentwith a smoler for Californiansof all ages. The California Departmenbf Health Services
(1998)reportsasimilardropin cigarettesmokingprevalence(20%in 1990dowvn to 17%in 1994).With the
passagef a statevide California ordinance(AB13; effective Januaryl, 1995 that prohibits smokingin
enclosedvorkplaceswe mightexpectthat,in recentyears thetotal time spentwith asmolerin California
hasdroppedeven further Miller et al. (1998a)predicta reductionof 25-40%in adult ETS exposurein
Californiabetweerthelate 19805 andthelate 19905. However, smokingin the homeandautomobilemay
belessaffected,with residenceandcarsremainingthelocationswherechildrenspenda substantiahmount
of time with smolers.

Variation AcrossEPA Regions

Surprisingly we dont seemuch differencein the meanpercentagef time spentin differentlocations
acrosshe 10 EPA regions. The percentagef time spentwith a smoler is alsovery consistentaicrosghese
geographicalhandclimatically distinctareas.The similaritiesareillustratedin Figure7. Thepercentagef
doersin eachlocationandthe meandoertimesspentarealsovery closeacrosshe EPA regions(Table10).

3AssemblyBill 13bannedsmokingin CaliforniaworkplacesonJanuaryl, 1995— with anexceptionfor bars,clubs,andcasinos.
Thatexceptionwasextendeduntil Januaryl, 1998whensmokingwasbannedn all barrestaurantthroughouthe state.
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Table8: Comparisorof Minutes Spenton the Diary Day for NHAPS California RespondentéNHAPS -
CA) VersusCAPS

NHAPS- CA ADULTSAND YOUTH (12 andOver)

Location n Overall Doer Doer Doer
Mean % n Mean
[min] [min]
In aResidence 805 961 99.6 802 966
Office-Factory 805 85 22 182 388
Bar-Restaurant 805 38 28.9 243 133
Otherindoor 805 162 62.4 478 260
In a Vehicle 805 86 86 682 100
Outdoors 805 106 58.8 508 181

CAPSADULTS AND YOUTH (12andOver)

Location n Overall Doer Doer Doer
Mean % n Mean
[min] [min]
In aResidence 1762 954 99.3 1755 961
Office-Factory 1762 106 32.6 515 327
Bar-Restaurant 1762 36 37 624 97
Otherindoor 1762 157 70.2 1225 223
In aVehicle 1762 98 87.2 1516 113
Outdoors 1762 86 61.7 1112 140

NHAPS- CA CHILDREN (Under12)

Location n Overall Doer Doer Doer
Mean % n Mean
[min] [min]
In aResidence 125 1081 100 125 1081
Office-Factory 125 2 3.3 5 60
Bar-Restaurant 125 7 11.4 17 65
OtherlIndoor 125 188 59.2 64 318
In aVehicle 125 46 75 93 62
Outdoors 125 115 61.1 84 188

CAPSCHILDREN (Under12)

Location n Overall Doer Doer Doer
Mean % n Mean
[min] [min]
In aResidence 1200 1093 99.7 1196 1097
Office-Factory 1200 2 4.3 48 42
Bar-Restaurant 1200 6 12.7 176 49
Otherindoor 1200 128 59.4 700 216
In aVehicle 1200 61 76 887 80
Outdoors 1200 149 83.5 994 178

Meansandpercentagehave beencalculatedusingsampleweights whereaghe samplesizesn andDoern areraw counts.
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Table9: Comparisorof MinutesSpentwith a Smoler for NHAPS CaliforniaRespondenttNHAPS - CA)
VersusCAPS

NHAPS- CA YOUTHAND ADULTS (12 andOver)
16% of RespondentReportecdBeing CigaretteSmolers(Weighted)

Location n Overall Doer Doer Doer
w/Smoler Mean % n Mean
[min] [min]
All Locations 805 126 39.8 308 317
In aResidence 805 46 17.1 147 271
Office-Factory 805 11 4 26 280
Bar-Restaurant 805 15 8.6 79 178
Otherindoor 805 22 8.5 57 254
In aVehicle 805 5 9.6 78 57
Outdoors 805 26 12.5 103 210

CAPSYOUTH AND ADULTS (12 andOver)
20%of RespondentReportedBeing CigaretteSmolers(Weighted)

Location n Overall Doer Doer Doer
w/Smoler Mean % n Mean
[min] [min]
All Locations 1762 176 61.6 1014 285
In aResidence 1762 63 26.3 430 238
Office-Factory 1762 35 13.2 187 268
Bar-Restaurant 1762 18 19.2 320 93
Otherindoor 1762 32 20.3 338 160
In aVehicle 1762 11 11.3 206 94
Outdoors 1762 17 13.9 255 121

NHAPS- CA CHILDREN (Under12)

Location n Overall Doer Doer Doer

w/Smoler Mean % n Mean
[min] [min]

All Locations 125 44 19.8 24 222

TheNHAPS- CA CHILDREN samplesizeis too smallto calculatestatisticsfor eachlocation.

CAPSCHILDREN (Under12)

Location n Overall Doer Doer Doer
w/Smoler Mean % n Mean
[min] [min]
All Locations 1200 77 37.9 483 204
In aResidence 1200 56 24.6 314 227
Office-Factory 1200 0.024 0.26 3 9
Bar-Restaurant 1200 3 4.8 70 54
OtherlIndoor 1200 3 4.4 66 59
In aVehicle 1200 5 8.9 120 52
Outdoors 1200 12 12.7 174 92

Meansand percentagebave beencalculatedusing sampleweights,whereashe samplesizesn andDoern areraw counts. The
time spentwith a smoler doesnotincludeones own smoking.
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NHAPS-CAPS Comparison
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Figure6: Comparisorof theweightedpercentagef time spentandtime spentwith asmoler in eachof six
locationsfor adult/youthandchild NHAPS respondentandfor adult/youthand child CAPSrespondents.
Thechildrenareunderagel2. Both samples<over the entirestateof California. SeeTables8 and9 for the
total numberof doersin eachlocation. Pleaseseethetext for a discussiorof SRP-SERDbiasednherentin
the NHAPS databasewith respecto thetime respondentseportedspendingwith asmoler.

Differencesarelargerfor comparison®f percentageloersanddoermeanfor thetime spentwith asmoler
(Table11), but the statisticsarestill very comparable.The statesghatcompriseeachEPA region arelisted
in Tablesl0and11.

Oneshouldkeepin mind thatthe respondentsvereintervieved duringall four seasonsandtheresults
we presentare averagedover individuals who provided diariesthroughoutthe year Neverthelessijt is
interestingto obsenre thatpersondiving in the uppermid-westerrareaof the country(EPA Region 5) with
its cold wintersandmild summerspendnearlythe samepercentagef time outdoors,on average asmost
ary otherpartof thecountry includingthe southwesterarea(EPA Region 9) with its hotsummersandmild
winters. Theseresultsareconsistentvith United StatesversusCanadacomparisons.

SUMMARY AND CONCLUSIONS

It is clearfrom studiesof personalexposurethat humanactivity patternsare crucial in identifying and
determininghumanexposureto ervironmentalpollutants.Activity patterndata,suchasthatin the NHAPS
databasemaybeusedto estimatethe prevalenceanddurationof populationexposure gspeciallyfor high-
risk groups,to mary ervironmentalpollutants(suchastobaccosmole). For example,we can malke the
following generalbbserationsbhasedon actvity patterndataalone:

e Americansspend37%of theirtime indoorsand6% in anenclosedsehicle(on average)

e The percentagef time spentindoors,outdoors,andin vehiclesis fairly invariantacrosspeoplein
differentpartsof the United Stateqon average)

¢ AmericansandCanadianspendsimilar amountsof time indoors,outdoorsandin vehicles(on aver
age)
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Table10: NHAPS MinutesSpenton the Diary Day by EPA Region

EPA Region 1: New England:CT, ME, MA, NH, RI, VT

Location n Overall Doer Doer Doer
Mean % n Mean
In aResidence 572 1000 99.3 569 1006
Office-Factory 572 100 23.2 127 430
Bar-Restaurant 572 28 23.9 146 115
Otherindoor 572 145 58.9 323 246
In aVehicle 572 85 83.9 465 101
Outdoors 572 83 56.1 319 148
EPA Region 2: North Atlantic: NJ,NY
Location n Overall Doer Doer Doer
Mean % n Mean
In aResidence 965 974 99.9 964 975
Office-Factory 965 107 26.8 228 400
Bar-Restaurant 965 19 17 196 110
Otherindoor 965 154 59.2 571 260
In aVehicle 965 82 81.1 768 101
Outdoors 965 104 61.9 594 168
EPA Region 3: Mid Atlantic: PA, DE, DC, MD, VA, WV
Location n Overall Doer Doer Doer
Mean % n Mean
In aResidence 1089 978 98.9 1081 989
Office-Factory 1089 94 22.7 235 413
Bar-Restaurant 1089 27 20.5 241 132
Otherindoor 1089 153 575 634 267
In aVehicle 1089 76 82.4 880 92
Outdoors 1089 112 58.3 627 193
EPA Region4: S. Atlantic: AL, FL, GA, KY, MS,NC, SC,TN
Location n Overall Doer Doer Doer
Mean % n Mean
In aResidence 1713 977 99.7 1709 980
Office-Factory 1713 85 20.5 335 416
Bar-Restaurant 1713 26 22.3 399 115
OtherlIndoor 1713 160 58.6 1008 273
In aVehicle 1713 82 86.2 1437 95
Outdoors 1713 111 55.1 920 201
EPA Region5: Midwest: IL, IN, MI, MN, OH, WI
Location n Overall Doer Doer Doer
Mean % n Mean
In aResidence 1651 977 99 1639 987
Office-Factory 1651 98 24.1 376 408
Bar-Restaurant 1651 31 27.1 442 114
Otherindoor 1651 150 57.5 948 260
In aVehicle 1651 86 85.1 1388 101
Outdoors 1651 98 53.9 888 181
Continued.
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Table10. Continued.

EPA Reagion 6: SouthCentral: AR, LA, OK, TX, NM

Location n Overall Doer Doer Doer
Mean % n Mean
In aResidence 1019 983 99.5 1015 988
Office-Factory 1019 88 22.1 214 398
Bar-Restaurant 1019 21 23.3 239 0
Otherindoor 1019 159 59.4 584 267
In aVehicle 1019 86 86.2 853 100
Outdoors 1019 104 58 597 179
EPA Reion7: Central:IA, KS, MO, NE
Location n Overall Doer Doer Doer
Mean % n Mean
In aResidence 418 980 99.1 415 989
Office-Factory 418 43 12.5 60 344
Bar-Restaurant 418 28 26.1 111 108
Otherindoor 418 190 63.3 257 301
In aVehicle 418 81 83.8 344 97
Outdoors 418 117 58.5 234 201
EPA Region 8: North Central:ND, SD, CO,MT, UT, WY
Location n Overall Doer Doer Doer
Mean % n Mean
In aResidence 340 981 98.8 338 992
Office-Factory 340 89 23.6 68 376
Bar-Restaurant 340 29 24.4 80 117
OtherlIndoor 340 151 59.2 204 256
In aVehicle 340 70 84.5 281 83
Outdoors 340 121 60.3 203 200

EPA Region 9: Pacific: AZ, CA, (HI)*, NV

Location n Overall Doer Doer Doer
Mean % n Mean
In aResidence 1239 985 99.7 1235 988
Office-Factory 1239 74 19.9 257 371
Bar-Restaurant 1239 30 24.9 338 121
OtherIndoor 1239 158 59.3 723 266
In aVehicle 1239 81 83.6 1028 96
Outdoors 1239 112 63.8 789 176

EPA Region 10: Mountain: (AK)*, ID, OR, WA

Location n Overall Doer Doer Doer
Mean % n Mean
In aResidence 380 978 99.6 378 982
Office-Factory 380 67 18.4 74 365
Bar-Restaurant 380 26 27.1 103 97
Otherindoor 380 151 61.8 220 244
In aVehicle 380 72 80.7 298 90
Outdoors 380 146 69.1 261 211

*Alaska (AK) andHawaii (HI) werenotsampledaspartof NHAPS.
Meansandpercentagehave beencalculatedusingsampleweights whereaghe samplesizesn andDoern areraw counts.
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Table11: NHAPS Total MinutesSpentWith a Smoler on the Diary Day by EPA Region

ERA n Overall Doer Doer Doer
Region Mean % n Mean
[min] [min]
1: New England:CT, ME, MA, NH, RI, VT 572 172 47.8 269 360
2: North Atlantic: NJ,NY 965 170 47.5 437 357
3: Mid Atlantic: PA, DE, DC, MD, VA, WV 1089 179 43.8 453 409
4: SouthAtlantic: AL, FL, GA, KY, MS,NC, SC,TN 1713 198 46.3 759 429
5: Midwest: IL, IN, MI, MN, OH, WI 1651 179 47 751 380
6: SouthCentral:AR, LA, OK, TX, NM 1019 170 44.6 438 380
7: Central:l1A, KS, MO, NE 418 168 43.8 176 384
8: North Central:ND, SD,CO, MT, UT, WY 340 118 33 112 359
9: Pacific: AZ, CA, (HI)*, NV 1239 125 375 459 333
10: Mountain: (AK)*, 1D, OR, WA 380 162 39.5 151 409

*Alaska (AK) andHawaii (HI) werenotsampledaspartof NHAPS.
Meansand percentagebave beencalculatedusing sampleweights,whereashe samplesizesn andDoern areraw counts. The
time spentwith a smoler doesnotincludeones own smoking.
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NHAPS Comparison By EPA Region

NHAPS, Percentage of Time Spent
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Figure7: Comparisorof theweightedpercentagef time spentandtime spentwith asmolerin eachof six
locationsacrosstheten U.S. EPA regions. SeeTables10 and 11 for the numberof doersin eachlocation
and EPA region andthe statescomprisingeachEPA region. Pleaseseethe text for a discussiorof SRP-
SERDbiasesnherentin the NHAPS databasewith respecto thetime respondentseportedspendingwith
asmoler.
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e Fromsociologicalstudies,t appearghatthetime Americansspendindoorshasremainedairly uni-
form overthe pastfew decades.

¢ 44%of Americansspendime with asmoler eachday(ca. 1992-94)

¢ Of ary location,Americansspendthe largestpercentag®f time with a smoler in residence$43%,
calculatedasanaverageacrosdndividual respondenpercentages;a. 1992-94)

¢ Thenumberof peoplespendingimewith smolersin Californiahasdecreasetietweerthelate 19805
andthemid-19905 (whenNHAPSwasconducted)

Whencombinedwith measurementsnd/ormodelsof pollutantemissionactvity patterndatathatpos-
sesshigh time resolutioncan be usedto provide estimatesof actual populationexposurescausedby a
variety of differentpollutantsources.Thesepopulationexposuremodelsmale it possibleto estimatewith
increaseg@recisionthefrequeng distribution of exposureacrossa population,aswell asthelikely change
in the distribution whenexposureto a particularpollutantsourceis modified (e.g.,by a changein human
behaior).

In the future, investigatoramay wantto considera numberof improvementsuponthe NHAPS suney
design.Forexample:(1) TheNHAPSsuney waslimited to asingle24-hourperiodfor eachrespondendind,
thereforedid not considerary day-to-dayvariationin thebehaior of eachrespondentTo examinediurnal
cyclesin humanbehaior, future studiesshould sampleindividuals on multiple days; (2) The NHAPS
resultson the reportedpresenceof a smoler may be biased* The diary questionon the presenceof a
smoler did not requireall respondentto specifythe portion of time thata smoler wasactually presenin
eachmicroewironment.For example,a smoler might have beenpresentor only 10 minuteswhenthetotal
time spentin the microervironmentwasanhouror more.In suchacasethereportedime spentexposedo
a smoler would be onehour, alarge positive bias. Futurestudiesshouldcollect more preciseinformation
onthepresencef smolersand/orotherpollutantsources.
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TableA-1. TheOriginal NHAPS 24-HourRecallDiary Locations

Loc.  Description Loc.  Description
Code Code
OWN HOUSE 311  AIRPLANE
100 OTHER/HOME 312  BOAT
101 HOMEKITCHEN 313  WAITING FORBUS, TRAIN, RIDE (AT STOP)
102 HOME LIVING RM/FAMILY RM/DEN 314  WAITING FORTRAVEL, INDOORS
103 HOME DINING ROOM 320 OTHERVERIFIED
104 HOME BATHROOM 399 REFUSED
105 HOME BEDROOM OTHER INDOOR
106 HOME STUDY/OFFICE 400 OTHER/INDOOR
107 HOME GARAGE 401  OFFICEBLDG/BANK/POSTOFFICE
108 HOME BASEMENT 402  INDUSTRIAL PLANT/FACTORY/WAREHOUSE
110 HOMEUTILITY RM/LAUNDRY RM 403 GROCERY STORE/CONVENIENCESTORE
111  HOME POOL,SmR\(OUTDOORS) 404  SHOPPINGMALL/NON-GROCERY STORE
112 HOME YARD, OTHER OUTSIDEHOUSE 405  BAR/NIGHT CLUB/BOWLING ALLEY
113 HOME MOVING FROM ROOM TO ROOM 406  AUTO REFAIR SHOP/GASSTATION
114  HOME MOVING IN/OUT OF THE HOUSE 407 INDOORGYM/SPORTSORHEALTH CLUB
120 OTHERVERIFIED 408  PUBLIC BLDG./LIBRARY/MUSEUM/ THEATER
199 REFUSEDTO ANSWER 409 LAUNDROMAT
FRIEND'S/OTHERS’ HOUSE 410 HOSPITAL/HEALTH CAREFACILITY/DR’'S OFFICE
200 OTHER,OTHER’SHOUSE 411  BEAUTY PARLOR/BARBER SHOP/HAIRDRESSERS
201 OTHER'SKITCHEN 412 AT WORK/NO SPECIFICMAIN LOCATION
202  OTHER'SLIVING RM/FAMILY RM/DEN 413  SCHOOL
203 OTHER'SDINING ROOM 414  RESTAURANT
204  OTHER'SBATHROOM 415 CHURCH
205 OTHER'SBEDROOM 416  HOTEL/MOTEL
206 OTHER'S STUDY/OFFICE 417  DRY CLEANER
207 OTHER'SGARAGE 418 OTHERRERAIR SHOP
208 OTHER'SBASEMENT 419 INDOORPARKING GARAGE
210 OTHER'SUTILITY RM/LAUNDRY RM 420 OTHERVERIFIED
211 OTHER'SPOOL,SFA(OUTDOORS) 499  REFUSED
212  OTHER'SYARD, OTHER OUTSIDEHOUSE OTHER OUTDOOR
213 OTHER'S- MOVING FROM ROOMTOROOM 500 OTHEROUTDOOR
214  OTHER'S- MOVING IN/OUT OFTHEHOUSE 501  SIDEWALK/STREET/NEIGHBORHOOD
220 OTHERVERIFIED 502  PARKING LOT
299 REF 503  SERVICE STATION/GAS STATION
TRAVELING 504 CONSTRJCTION SITE
300 OTHER,TRAVEL 505 SCHOOLGROUNDS/PLAYGROUND
301 CAR 506 SPOR'SSTADIUM
302  TRUCK (PICK-UP/NVAN) 507 PARK/GOLF COURSE
303  TRUCK (OTHER) 508 POOL,RIVER, LAKE
304 MOTORCYCLE/MOPED/SCO®ER 510 RESTAURANT/PICNIC (OUTDOORS)
305 BUS 511 FARM
306  WALKING 520 OTHERVERIFIED
307  BICYCLE/SKATEBOARD/ROLLER-SKATES 599 REF
308 IN A STROLLER/CARRIEDBY AN ADULT
310 TRAIN/SUBWAY/RAPID TRANSIT
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TableA-2. TheOriginal NHAPS 24-HourRecallDiary Activities

Activity Code

Description

Activity Code

Description

NON-FREE TIME

Paid Work

01 MAIN JOB

02 UNEMPLOYMENT

03 TRAVEL DURING WORK

05 SECONDJOB

08 BREAKS

09 TRAVEL TO/FROM WORK
HouseholdWork

10 FOODPRERRATION

11 FOODCLEANUP

12 CLEANING HOUSE

13 OUTDOORCLEANING

14 CLOTHESCARE

15 CAR RERAIR/MAINTEN ANCE

16 OTHER RERAIRS

17 PLANT CARE

18 ANIMAL CARE

19 OTHER HOUSEHOLDWORK
Child Care

20 BABY CARE

21 CHILD CARE

22 HELPING/TEACHING

23 TALKING/READING

24 INDOORPLAYING

25 OUTDOORPLAYING

26 MEDICAL CARE-CHILD

27 CHILD CARE

28 DRY CLEANING

29 TRAVEL, CHILDCARE
Obtaining Goods,Sewices

30 SHOPPINGFORFOOD

31 SHOPPINGFORCLOTHESHH ITEMS

32 PERSOML CARE SERVICES

33 MEDICAL APPOINTMENTS

34 GOVT/FINANCIAL SER/ICES

35 CAR RERAIR SERVICES

36 OTHER RERAIR SERVICES

37 OTHER SERVICES

38 ERRANDS

39 TRAVEL, GOODSAND SERVICES
PersonalNeedsand Care

40 WASHING, ETC

41 MEDICAL CARE

42 HELP AND CARE

43 EATING

44 PERSOML HYGIENE

45 SLEEPING/MAPPING

47 DRESSINGETC

48 NA ACTIVITIES

49 TRAVEL, PERSOML CARE

FREE TIME
Educational
50

51

54

55

56

59
Organizational
60

61

62

63

64

65

66

67

68

69

ATTENDING FULL TIME SCHOOL
OTHER CLASSES

HOMEWORK

USINGLIBRARY

OTHER EDUCATION

OTHER TRAVEL, EDUCATION

PROFESSIOML UNION
SPECIALINTEREST
POLITICAL/CIVIC
VOLUNTEERHELPING
RELIGIOUS GROUPS
RELIGIOUSPRICES
FRATERNAL

CHILD/Y OUTH/FAMILY
OTHER ORGANIZATION
TRAVEL ORGANIZATIONAL

Entertainment/Social

70
71
72
73
74
75
76
77
78
79
Recreation
80
81
82
83
84
85
86
87
88
89
Communications
90
91
92
93
94
95
96
97
98
99

SPOR'SEVENT
ENTERTAINMENT
MOVIES/VIDEOS
THEATER
MUSEUMS
VISITING
PARTIES
BARS/LOUNGES
OTHER SOCIAL
TRAVEL/SOCIAL

ACTIVE SPOR'S
OUTDOORRECREATION
EXERCISE

HOBBIES
DOMESTICCRAFTS
ART
MUSIC/DRAMA/DANCE
GAMES
COMPUTERUSE
TRAVEL, RECREATION

RADIO

TV

RECORDS/RAPES

READING BOOKS

MAGAZINES,ETC

READING NEWSRAPER
CONVERSAIONS
LETTERS,WRITING PAPERNORK
THINKING/RELAXING

TRAVEL RELATED PASSIVE LEISURE
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