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Abstract

Becausehumanactivities impactthetiming, location,anddegreeof pollutantexposure,they play akey
role in explainingexposurevariation.This facthasmotivatedthecollectionof activity patterndatafor their
specificusein exposureassessments.The largestof theserecentefforts is the NationalHumanActivity
PatternSurvey (NHAPS), a two-yearprobability-basedtelephonesurvey (n = 9,386)of exposure-related
humanactivities in theUnitedStatessponsoredby theU.S.EnvironmentalProtectionAgency (EPA). The
primary purposeof NHAPS wasto provide comprehensive andcurrentexposureinformationover broad
geographicalandtemporalscales,particularlyfor usein probabilisticpopulationexposuremodels.

NHAPS wasconductedon a virtually daily basisfrom late September1992throughSeptember1994
by theUniversityof Maryland’s Survey ResearchCenterusinga computer-assistedtelephoneinterview in-
strument(CATI) to collect24-hourretrospective diariesandanswersto anumberof personalandexposure-
relatedquestionsfrom eachrespondent.Theresultingdiary recordscontainbeginningandendingtimesfor
eachdistinctcombinationof locationandactivity occurringon thediaryday(i.e.,eachmicroenvironment).
Between340and1713respondentsof all ageswereinterviewed in eachof the10 EPA regionsacrossthe
48 contiguousstates.Interviews werecompletedin 63%of thehouseholdscontacted.

NHAPSrespondentsreportedspendinganaverageof 87%of their time in enclosedbuildingsandabout
6%of their timein enclosedvehicles.Theseproportionsarefairly constantacrossthevariousregionsof the
United StatesandCanadaandfor the California populationbetweenthe late 1980’s, whenthe California
Air ResourcesBoardsponsoreda state-wideactivity patternstudy, andthemid-1990’s, whenNHAPSwas
conducted.However, thenumberof peopleexposedto environmentaltobaccosmoke (ETS) in California
seemsto havedecreasedoverthesametimeperiod,whereexposureis determinedby thereportedtimespent
with asmoker. In bothCaliforniaandtheentirenation,themosttimespentexposedto ETSwasreportedto
take placein residentiallocations.



ABBREVIA TIONS: CARB, California Air ResourcesBoard; C� H � , benzene;CAPS,California Activity Pat-
tern Surveys sponsoredby CARB (n = 1,200for agesunder12; n = 1,762for ages12 andover); CATI, Computer
AssistedTelephoneInterview; CHAPS,CanadianHumanActivity PatternSurvey (n = 2,381);CHCl� , chloroform;
CO, carbonmonoxide;doer, a sampledindividual who is in a specificmicroenvironmentfor non-zerotime during
a specifiedtime interval; ETS,environmentaltobaccosmoke; HAPEM, HazardousAir PollutantExposureModel;
indirectapproach,anapproachto modelinghumanexposureby weightingpollutantconcentrationsby thetime spent
in differentmicroenvironments;LBNL, LawrenceBerkeley NationalLaboratory;MCTBRP, MultinationalCompara-
tive Time BudgetResearchProject;microenvironment,theoccurrencein a person’s dayof a uniquecombinationof
locationandactivity, althoughoriginally definedby Duan(1982)asa locationof homogeneouspollutantconcentra-
tion; n, samplesize;NAAQS,NationalAmbient Air Quality Standards;NHAPS,NationalHumanActivity Pattern
Survey (n = 9,386);NHAPS-CA, the NHAPS California sub-sample(n = 988); NO� , nitrogendioxide; O� , ozone;
PAH, polycyclic aromatichydrocarbons;pNEM,probabilisticNAAQSExposureModel;PSU,primarysamplingunit;
time-budget,theoriginal termfor a person’s time diary; RDD, Random-DigitDial; SERD,smokingexposure-related
duration;SRP, self-reportedproximity (to a smoker);TEAM, TotalExposureAssessmentMethodology;U.S.,United
States;EPA, theUnitedStatesEnvironmentalProtectionAgency; VOC’s,volatile organiccompounds.

KEY WORDS: humanactivity patterns,time budget,time activity, environmentalpollutants,environmentalto-
baccosmoke,householdpollutants,humanexposure,exposureassessment,exposuremodeling,exposuresurvey, pop-
ulationsurvey

INTRODUCTION

National-level exposureassessmentsarerequiredfor majorpolicy decisionsmandatedunderregulationsof
the CleanAir Act, aswell asfor otherrisk analysesandregulatoryjudgmentsof the U.S. Environmental
ProtectionAgency (EPA). Concernhasbeenbroadenedto include,notonly traditionalindustrialandmobile
sources,but theconsumerproductsandbuilding materialswith whichapersontypically hasfrequentcontact
(Wallace,1995; Ott andRoberts,1998). The importanceof activity patterndatahasincreasedwith the
realizationthatmany typesof exposureto environmentalpollutantsoccurindoorsandstem,in large part,
from indoor pollutantsourcessuchascigarettes(see,for example,Wallace,1996). Exposuremonitoring
studieshave demonstratedhow people’s locationsandactivities canexplain the variation in exposureto
benzene,tetrachloroethylene, andothervolatile organiccompounds(Wallaceet al., 1989,1991;Thomaset
al., 1991,1993).

Humanactivity dataare major inputs to humanexposuremodels,suchas the probabilisticNational
Ambient Air Quality Standards(NAAQS) ExposureModel (pNEM) (Johnsonet al., 1996a,1996b)and
theHazardousAir PollutantExposureModel (HAPEM) (Glen,1994;GlenandShadwick,1998),bothof
which requiredataon theoccurrencesandtime sequencesof activities. Until recently, theactivity pattern
information requiredas input to theseexposuremodelshasbeenlimited with regard to geographicand
temporalcoverage. With the completionof the EPA-sponsoredNationalHumanActivity PatternSurvey
(NHAPS),however, comprehensive nationalactivity patterninformationis now available(seeNelsonetal.,
1994;RobinsonandBlair, 1995;andKlepeisetal.,1996).TheEPA’sConsolidatedHumanActivity Pattern
Database(CHAD) providesfor convenientaccessto thedatacollectedaspartof NHAPSanda numberof
otherhumanactivity patternstudies(seeGlenetal., 1997andMcCurdyetal., 2000).

Thefirst sectionof this paperprovidesa brief historyof humanactivity patternstudy, startingfrom its
genesisin sociologicalresearchandendingwith theuseof activity patternsin exposuremodels.Thenext
two sectionsdescribetheNHAPSdatacollectionmethodology, includingtheNHAPSsamplingdesignand
samplecharacteristics.In thenext section,we summarizeunpublishedresultsfrom somepreviousanalyses
(Klepeisetal., 1996;TsangandKlepeis,1996)andcontributesomenew analyses,whichcomparethetime
spentby NHAPS respondentsto the time spentby respondentsof the California Activity PatternSurvey
(CAPS)(Jenkinset al., 1992;Wiley et al., 1991a,1991b)andtheCanadianHumanActivity PatternSurvey
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(CHAPS)(Leechet al., 1996).Thefinal sectioncontainsasummaryandconclusions.

HISTORICAL PERSPECTIVE

The SociologicalStudy of Human Activity

The long history of studieson humanactivities in the sociologicalliteraturecontainsfrequentuseof the
termtime budget (a.k.a.,zeitbudget or budget de temps). A timebudgetis conceptuallysimilar to aperson’s
money budgetin thatit summarizestheamountof timeanindividual spendsin eachof many activities over
sometimeperiod(e.g.,adayor aweek).Accordingto Michelson(1973):

“A time budgetis a record,presentedorally or on paper, of whata personhasdoneduring
thecourseof a statedperiodof time. It usuallycoversa 24-hourdayor multiplesthereof.The
recordis takendown with precisionanddetail,identifyingwhatpeoplehave donewith explicit
referenceto exact amountsof time. It is usuallypresentedchronologicallythroughthe day,
beginningwith thetime thatapersongetsup in themorning.”

“The informationthatis normallygatheredin a time budgetconsistsof thetime anactivity
began,the time it ended,the natureof the activity per se,the personswho werepresentand
active in thegivenactivities,and,not least,theexactlocationwheretheactivity took place.”

Early reviews of the historical developmentof time-budget researchare provided by Szalai (1966),
Converse(1968),Ottensmann(1972),andChapin(1974). This early researchforms thebasisfor today’s
humanactivity patternsurveys (seethereview by Ott, 1989).

Theearliestdocumentedstudiesof humanactivity in Americaareby Lundberg etal. (1934)andSorokin
and Berger (1939), with several time-budgetstudiesconductedin Franceduring the 1940’s (seeSzalai,
1966). However, the ideathat time budgetstudiescould be usedto comparecultural characteristics(Mc-
Cormick,1939)didn’t cometo fruition until about30yearslaterwhentheMultinationalComparativeTime
BudgetResearchProject(MCTBRP) (Szalai,1972)tabulateddataon 25,000peoplein 12 countries(Bel-
gium, Bulgaria,Czechoslovakia, France,EastGermany, WestGermany, Hungary, Peru,Poland,Union of
Soviet SocialistsRepublics,United States,andYugoslavia). This studyallowed comparisonsof activity
patternsacrossmany countries,but, like mostotheractivity patternstudiesin thesocialscienceliterature,
it did not collectexposure-relatedinformation.Historically, time-budgetstudiesby socialscientistsusually
did notevendistinguish,specifically, whetherapersonwasindoorsor outdoors.

In 1989,Ott “reinterpreted”thecodesfrom theMCTBRPactivity patterndatafor 44U.S.cities(Robin-
sonet al., 1972)to estimatetheamountof time thatpeoplespendin-transit,outdoors,andindoors,andhe
concludedthatemployedpersonsin theU.S.spendonly about2% of their time outdoors,6% of their time
in transit,and92%of their time indoors.For the11 othercountries,heestimatedthat time spentin transit
for employed menrangedfrom 1.5 hours(6.2%of the day) in FranceandBelgium to 2.5 hours(10.4%)
in Lima, Peru,while thetime spentoutdoorsrangedfrom 0.4 hours(1.7%)in Torun,Poland,to 1.9 hours
(7.9%)in WestGermany (basedon 100districts).AlthoughOtt cautionedthatthesesociologicaltime bud-
getstudieswerenotdesignedto estimatehumanexposure,his recodedestimatesshowedsurprisinglysmall
proportionsof timespentoutdoorsby peoplein the12countries.He suggeststhatthelargeamountof time
spentindoorsis a fundamentalcharacteristicof thehumanspecies:

“The finding thatemergesis thatwe arebasicallyanindoorspecies.” “In amodernsociety,
total time outdoorsis themostinsignificantpartof theday, oftensosmall that it barelyshows
up in thetotal.”
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Health and Human Activity

As alludedto above, thecritical problemwith activity patternstudiesfoundin thesociologicalliteratureis
that they do not includemany aspectsof daily life thatareimportantfor environmentalpollution exposure
assessment,suchasstoringchemicalsin thehome,driving anautomobileoncrowdedhighways,living with
a smoker, usinggasappliances,visiting a dry cleaner, usingsolventsin thehome,or filling a gastank. Nor
do they provide sufficientdetailon thelocationsthatpeoplevisit.

Usingmethodssimilar to thoseof thesocialscientists,researchersin theenvironmentalhealthsciences
in the1980’s beganto collectactivity patterndataaspartof exposureandhealthresearch.For example,the
following studiesappearedin theliteratureof thisperiod:

� Johnson(1983)andAklandetal. (1985)conductedaprobability-basedpersonalexposurefield study
of 1,200personsin Denver and Washington,DC, in which respondentscarriedpersonalmonitors
to measuretheir personalexposureto carbonmonoxide(CO) while keepingdiariesto recordthe
activities andmicroenvironmentsthey visited over 24 hours. Schwab (1988)analyzedthe activity
patternsandCO exposuresusingthediary datafrom this study.

� Quackenbossetal. (1986)useda recallquestionnaireto gatherinformationon thetimespeoplespent
in variouslocations,or microenvironments,in a studyof personalnitrogendioxide(NO� ) exposures
andindoorandoutdoorconcentrationsfor 350individualsin Portage,WI.

� Adair andSpengler(1989)reportedfindingson the activity patternsof over 1,800third andfourth
gradechildrenin six U.S.citiesbetween1984and1988.

� Freemanet al. (1989) useda 7-pagequestionnaireto obtain activity patterninformation from 14
respondentsover 14daysin Phillipsburg, NJ.

� Lichtensteinet al. (1989)studiedthe time-activity patternsof 973 respondentsin Cincinnati,OH,
using3-daydiariesto evaluatehow muchtheactivities of asthmaticsdiffer from thoseof thegeneral
population.

� Schwabetal. (1989a,1990)collecteddiarydataonactivity patternsfrom approximately700respon-
dentsin 500householdsin Los Angelesin connectionwith a studyof personalexposureto nitrogen
dioxide(NO� ).

� Schwabetal. (1989b,1992)reportontime-activity datacollectedfrom 91childrenin KanawaValley,
WV, aspartof a studyof childrens’respiratoryandsensoryresponsesto air pollution. Schwabet al.
(1991)exploredtheuseof thesediarydatain linking exposureanddoseby analyzingtheself-reported
exerciselevelsof thechildren.

In parallelscientificefforts, environmentalhealthscientistsbegandevelopingmathematicalexposure
modelsbasedon humanactivity patterns.Fugas(1975)initially suggesteda modelingapproachfor com-
putingpersonalexposureto sulfur dioxide(SO� ), lead(Pb),andmanganese(Mn) by summingtheconcen-
trationsin thelocationsapersonvisited(home,work, streets,countryside),weightedby thetimetheperson
spentin eachlocation. Subsequently, Duan(1982)suggesteda formal mathematicalapproachto compute
personalexposureby summingthe pollutantconcentrationsin the microenviroments (definedby Duanas
locationsof homogeneousconcentration)thateachpersonvisitedweightedby thetime they spentin each
microenvironment. Ott (1984) thendevelopeda prototypicalcomputerizedexposuremodelbasedon the
conceptsof FugasandDuan, referredto as the indirect approach to exposureassessment.A variety of
mathematicalmodelsbasedon this approachweresubsequentlydeveloped(seeQuackenbosset al., 1986;
Ott etal., 1988;SextonandRyan,1988;Ott etal., 1992;Beharetal., 1993;Klepeisetal., 1994;MacIntosh
etal., 1995;Johnson,1996a,1996b;McCurdy, 1995,1997;Miller etal., 1998a,1998b;andKlepeis,1999).

3



Lar ge-ScaleActivity Pattern Studies

Althoughexposuremodelsrequirediarydataonactivity patterns,few large-scalepopulationstudiesexisted
before1990to provide thenecessarydata.To helpmeetthisneedfor activity patterndiarydatafor exposure
assessmentandmodeling,theCaliforniaAir ResourcesBoard(CARB) conductedaprobability-baseddiary
studyof theactivity patternsof residentsof Californiathatincluded1,762adultsandadolescentsfrom 1987
to 1988and1,200childrenfrom 1989to 1990(seeWiley etal.,1991a,1991b).Referredto astheCalifornia
Activity PatternSurvey (CAPS)in thispaper, 2 thesedatahave beenusedin avarietyof analyses:

� Phillips etal. (1990)examinedapplianceuseandventilationpracticesin California

� Phillips et al. (1991) and Jenkinset al. (1992) provided summarystatisticsand investigatedthe
proximity of Californiansto indoorpollutantsourcesincludingacomparisonof thetimespeoplespent
in variousmicroenvironmentsandthepercentageof peoplewhowereengagedin variousactivities.

� Robinson(1991a)andRobinsonandThomas(1991)comparedCaliforniaactivities to nationalactiv-
ities

� Robinsonet al. (1993,1994a,1994b,1996),Ott et al. (1994),Klepeiset al. (1994),andMiller et al.
(1998a,1998b)studiedthepotentialexposureof Californiansto environmentaltobaccosmoke (ETS)

The NationalHumanActivity PatternSurvey (NHAPS) wasconductedasa follow-up to CAPS,and
wascloselypatternedafter this landmarkstudy. NHAPS is the first U.S. studywith nationalscopethat
wasdesignedto collectexposure-relevant informationon humanactivity patterns.EPA’s mainpurposefor
collectingthe NHAPS datawasto provide diary recordsthat could be usedasinputsfor computer-based
humanexposuremodels.A selectpanelof exposurescientistswith diversebackgrounds(air pollution,pes-
ticides,drinking water, exposuremodeling)servedas“subjectmatterexperts” (seetheAcknowledgments)
andhelpedinsurethattheNHAPSdiaryandquestionnairesgatheredthecorrecttypeof activity patterndata
for usein estimatingpollutantexposures.

Sincethecompletionof NHAPS,two otherexposure-relatedhumanactivity surveys haveemergedwith
data-collectioninstrumentsandgeographicalscalessimilar to NHAPS.Both of thefollowing studiesmake
useof the ComputerAssistedTelephoneInterview (CATI) instrumentand, like NHAPS, collecteddaily
diarieson thetimespentin locations,activities,andin thepresenceof smokers:

� A nationalsurvey of 1,200Americanssponsoredby theElectricPowerandResearchInstitute(EPRI)
from 1994to 1995thatwasfocusedon humanexposureto soil (RobinsonandSilvers,2000).

� Thenine-monthCanadianHumanActivity PatternSurvey (CHAPS)of 2,381Canadiansfrom 1994
to 1995with respondentsin Toronto,Vancouver, Edmonton,andSaintJohn,NB (Leechet al., 1996;
Leechetal., 1999).

DATA COLLECTION

NHAPSwasa two-yearnationalprobabilitytelephonesurvey (n = 9,386)of thecontiguousU.S.conducted
by theUniversityof MarylandSurvey ResearchCenterwith supportfrom EPA. Thetelephoneinterviewing
beganin late September1992,endedon October1, 1994,andwasdivided into eight quarterswith each
quarter, exceptthe first, exactly threemonthsin duration. Eachquarterof the studywascomposedof an
independentrandomsampleof households.

2We usetheCAPSacronym to meanboththeCaliforniasurvey of adults-youthandthesurvey of childrenunder12. Miller et
al. (1998a)useCAPSto referonly to thestudyof children.
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While NHAPS utilized methodsfrom previous time-diarystudies,particularlyCAPS(Jenkinset al.,
1992;Wiley et al., 1991a,1991b),it wasaugmentedto obtainmorepreciseestimatesof the time spentin
microenvironmentssuchaskitchens,restaurants,bars,automobiles,andoutdoortravel. Many questions
werealsoadaptedfrom thecomprehensive EnvironmentalInventoryQuestionnaire(Lebowitz et al., 1989)
andfrom questionnairesusedin theTotal ExposureAssessmentMethodology(TEAM) studies(Akland et
al.,1985;Wallaceetal.,1991)to helpdeterminethepopulationsegmentsmostlikely to experiencemicroen-
vironmentswith elevatedpollutantconcentrations.Supplementalquestionsweredevelopedfor pollutant
sourcesnot treatedin therespondents’diary accountssuchassolventsor gasappliances.All interviewing
wasconductedfrom theSurvey ResearchCentertelephoneinterview facility on theCollege Park campus
in Marylandusingthe Computer-AssistedTelephoneInterview (CATI) technology, which wasdeveloped
by theSurvey ResearchCenterat theUniversity of Californiaat Berkeley. The interviewersaveragedap-
proximately13 completedinterviews for eachdayof theyear. Eachinterview took about20-30minutesto
complete,mostof which wasdevotedto thediary but with sometime allottedfor demographic(e.g.,age,
gender, healthstatus,ethnicity, educationalattainment,andhousingtype)andsupplemental(or follow-up)
exposurequestions.

Selectionof Subjects

The target populationfor NHAPS was all personsresidingin telephone-equippedhouseholdsin the 48
contiguousUnitedStates.Telephonehouseholdswereselectedusingastandardtwo-stagerandomdigit dial
(RDD) sampledesign.Theselectionof telephoneexchangeswasstratifiedby the four majorU.S. census
regions (Northeast,Midwest, South,andWest). All potentialprimary samplingunits (PSU’s; areacode
+ telephoneexchange+ first two digits of phonenumber)wereselectedat thebeginning of thestudy, but
they werenot initially screenedfor residentialstatus.Immediatelybeforethebeginningof eachquarter, the
primarynumbersfor thatquarterwerescreenedto selectPSU’s for thesecondandfinal stageof selection.

In addition to the four censusstrata,the PSU’s for eachquarterwere randomlyassignedto eithera
weekendor weekdaysample.Therefore,weekendsandweekdaysweresampledindependentlywithin each
quarter. Sincethestudydesignrequiredapersonto recallthechronologyof theiractivities for theprior day,
theweekendsamplewascalledonly on SundaysandMondaysandconsistedof eitherSaturdayor Sunday
time diaries.TheweekdaysamplewascalledTuesdaythroughSaturdayandconsistedof Mondaythrough
Fridaytimediaries.

In householdsconsistingof onlyadults(i.e.,respondents18yearsof ageorolder),oneadultwasselected
at random.In householdsconsistingof bothadultsandchildren(respondents17 yearsof ageor younger),
a child wasselectedat random60%of thetime from amongall child residents.Theother40%of thetime
an adultwasselectedat randomfrom amongall adult residents.Thesedifferentprobabilitiesof selection
wereusedto controltheratio of adultsto childreninterviews. To increasethenumberof childrenselected,
thepercentageof householdsin whichchildrenwereselectedwasincreasedfrom 60%to 70%in quarters6
through8.

The next birthday selectionmethodwasusedfor within-householdrespondentselection. In the next
birthdaymethod,the interviewer asksto interview theadult (or child) residingin thehouseholdwho will
have thenext birthday. Thismethodprovidesarandomrespondentwithouthaving to askintrusivequestions
abouthouseholdcomposition.

All dataonadultswerecollecteddirectlyfrom theselectedrespondent.Forchildrenundertheageof ten,
theadult in thehouseholdmostknowledgeableaboutthechild’s activities completeda proxy interview for
thechild. For childrenaged10-to-17,anadultrespondentansweredthegeneralhouseholdanddemographic
questions.The10-to-17-year-olds thenansweredthe time diary andpost-diaryquestionsabouttheir own
activities.
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Table1: TheNHAPSSampleSizesandParticipationRates

Number Percent(%)
SampleReleased

�
22,263

Non-Households
�

11,076
StatusUnknown

�
279

Households
�

14,908 100
Interviews

	
9,386 63

Refusals



2,944 20
Non-contacts� 1,870 12
Other

�
708 5



Samplephonenumbersis thecountof telephonenumberscalledfor thestudy.�
Non-households includebusinesses,grouphomessuchasnursinghomesanddormitories,groupquarters,disconnectednumbers,

faxmachines,etc.Household.�
Status unknown numberswerecalledat leasttwentytimesbut werenever contacted;therefore,thehouseholdstatuscouldnot be

ascertained.�
Households includeall telephonenumbersthatweredeterminedto bea household.�
Interviews areall householdswheretheselectedrespondentcompletedtheinterview througha timediary.�
Refusals arehouseholdsthatrefusedto completetheinterview or terminatedtheinterview beforeor duringthediarysection.�
Non-contacts includehouseholdsin whichonly ahomerecorderor answeringmachinecouldbereachedandhouseholdsin which

therespondentwasidentifiedbut never reachedfor interview, evenafterat leasttwentycall attempts.�
Other arecasesin which therespondentwasunableto completetheinterview dueto lack of comprehensionof Englishor some

physicalproblemsuchasdifficulty in hearingor speaking.

Participation and ResponseRates

A total of 9,386interviews werecollectedduringthetwo-year, eight-quarterdatacollectionperiod.If indi-
vidualsdid nothave telephones(e.g.,they werelow-incomeor homeless),or if, whenthey weretelephoned
by anNHAPSinterviewer, they wereon vacationor away from homefor anextendedperiodof time, they
werenot includedin thesurvey. Theseindividualsarenotexpectedto belargein number, but theiromission
couldleadto somebiasin survey statistics(e.g.,calculationsof time spentindoors).

For thoseAmericansthatwerecontactedby telephone,thesurvey responsenumbersandratesareshown
in Table1. Theoverall responserateis definedasthenumberof completedinterviews (n = 9,386)divided
by the total numberof identifiedtelephonehouseholds(14,908),which is 63%. This figure is fairly high
giventhemeantime to completeeachinterview (25minutes).Whenthenumberof interviews successfully
completed(9,386) is divided by the numberof interviews attempted[completedinterviews (9,386)plus
refusals(2,944)= 12,330],the resultingcooperationrateis over 76%. This cooperationrateis relatively
high for asurvey thatdid notutilize financialor otherincentivesto increaseparticipation.

The Questionnaire

Sincethe panelof expert reviewers for NHAPS concludedthat a single 25-minuteinterview could not
includeall the requirementsfor eachtopic area,it wasdecidedto emphasizeonly air quality anddrinking
water(with a greateremphasison air quality). This decisionwasbasedon thehigh priority givenby EPA’s
air quality office to humanexposuremodelsthat requireactivity patterndataandthe limited availability
of suchdata. To accommodateboth the drinking water questionsand the air quality questionswithout
makingtheinterview unnecessarilylengthy, two differentquestionnaireversions,A andB, weredeveloped
andeachwasadministeredto onehalf of thesample,selectedat random.VersionsA andB both included
demographicquestions,a 24-hourtime diary, anda setof supplementaryexposurequestionsemphasizing
potentialexposureto pollutantsin eitherhouseholdair (VersionA) or water(VersionB). A smallernumber
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Table2: Summaryof FactorsandQuestionTypesfor VersionsA andB of theNHAPSQuestionnaires

Factors VersionA VersionB
Air - Storage Air - Storage

Biological (GasCans,Lawnmower, Paints,Mothballs, (Gas,Lawnmower, Paints,Solvents)
(Age,RaceGender) Deodorizer, Humidifier, Windows Open,

DoorsOpen) Air - Last 6 Months
(Renovations,Paint,Floors,Addition,

Status Air - Yesterday Carpets,Glues,SleepElsewhere,
(Employment,Education) (Smoking-Home/Away, Other’s Smoke,Paints, Pesticides,VacuumFloors,Humidfier,

OpenFlames,Glues,Solvents,Pesticides,Floor GasStove,HeatSources)
Wax,Gas-PoweredEquipment,CleaningAgents,

Role Excessive Dust,StainRemovers,Perfumes, Water
(Children,OtherAdults,Work Hours, Nail Polich,GasStation,GasStove,Microwave, (Shower/Bath,Dishwashing,
Work Evening,Work Outdoors) AerosolSpary, Heating,Heavy Traffic, Roadway, WashingMachine,Drinking Water-

ParkingGarage,Walk to Car) Bottle/Tap,Juices,SoftDrinks)

Geographic Water Water - Last Month
(Zipcodes-Home,Zipcodes-Work, (Shower/Bath,Dishwater, WashingMachine) (PoolSwimming)
Houseing,Structure,Stories,
Rooms,Carpet,Basement,Garage) Ingestion Ingestion

(Children-Soil) (Children-Soil,Seafood,Blackened
Food)

Life-Style 24-Hour Diary 24-Hour Diary
(Health) (Activities,Locations, (Activities,Locations,

Smoker Present,HardBreathing) Smoker Present,HardBreathing)

Source:RobinsonandBlair (1995).
VersionsA andB of theNHAPSquestionnairewereeachgiven to differentrandomly-selectedsamples,eachspanningtheentire
U.S.
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of questionson eachquestionnaireversionconcernedexposuresto pollutantsin soil andfood. SeeTable2
for a list of backgroundfactorsandquestiontypes.

24-Hour Diary

Thediary wasthecentralcomponentof bothquestionnaireversions.In their diaries,respondentsreported
all their activities for the previous day. Although time-diary datahave often beenusedto measurethe
amountof time populationsspendperformingcertainactivities, perhapsthe moreimportantquestionfor
environmentalpollutantexposureresearchis the pollutant level in the locationwherethe activity occurs
(andthe lengthof time spentin that location). Thus,to addressenvironmentalexposureissues,the time-
diary categories(codes)in NHAPSfocusedon the locationin which activities occurred.Exposure-related
activity codingwasgenerallylimited to activitiesof concernfor theirpotentialto increaseexposureto envi-
ronmentalpollutants;for example,activities thatrequirehigherbreathingrates,suchassports,or activities
that involve exposureto chemicals,suchaspaintingandautorepair. The only part of the diary that con-
cernedexposure-specificactivity wasthe reportedpresenceof a smoker duringeachlocationandactivity
combination(microenvironment).

Whenrespondentswereasked whetheror not therewassomeoneelsesmokingduringeachof themi-
croenvironmentsthey visited, one’s own smokingwasnot included. The questiontook the form: “Was
theresomeone(else)presentwhowassmokingduringthatactivity andin thatlocation?”Thereportedtime
spentin thepresenceof asmokerconstitutesameasureof “potential” exposure(or amarkerof exposure)to
environmentaltobaccosmoke(ETS).Previousinvestigatorsof theCAPSdatabase,whichcontainsanswers
to thesamequestionon thepresenceof smokersastheNHAPSdatabase,referto thepotentialexposureas
self-reported proximity (SRP)(Miller et al., 1998b)or smoking exposure-related duration (SERD)(Robin-
sonetal., 1994b).

Thereexists thepossibility for biasin theNHAPS resultsfor the time spentwith a smoker, sincetwo
respondentsmayhavereportedthesameamountof timewith asmokerwhentheintensityof smoke(e.g.,the
numberof smokersor numberof cigarettes)wasquitedifferent.Actualexposureto ETSdependsonboththe
massof tobaccosmoke emittedandbuilding characteristicssuchasvolumeandair flow rates.Respondents
alsomayhave misjudgedwhetheror notasmoker wasactuallypresentandsmoking.A smoker might have
beenpresentfor only a small portion of theentiremicroenvironment(e.g.,a smoker waspresentfor only
10 minutesduringa60-minutelongmicroenvironment),but thepotentialexposure(SRPor SERD)for that
time periodwould be thesameasif a smoker wasactuallypresenttheentiretime. In two out of the total
16 quartersof the NHAPS study, the respondentswereasked to specify for what fraction of time in the
microenvironmentthesmoker(s)was(were)present.This informationmaybeusefulin sortingoutany bias
for thestudyasawhole.

In the sectionon sampleanddatacharacteristics,we describethe structureof the NHAPS diary data
includingthelocationandactivity categories.

SupplementalQuestions

In this section,we summarizesomemain featuresof theNHAPSsupplementalexposurequestions.More
completedescriptionsof thesequestions,including the resultsof dataanalysis,aregiven in Robinsonand
Blair (1995),Klepeisetal. (1996),andTsangandKlepeis(1996).

Thesupplementalquestionson bothversionsof theNHAPSquestionnaireconcernedoccasionsof po-
tential exposureto specificpollutantssuchasparticles,polycyclic aromatichydrocarbons(PAH), carbon
monoxide(CO), ozone(O� ), nitrogendioxide (NO� ), chloroform(CHCl� ), benzene(C� H � ), andvolatile
organiccompounds(VOC’s) in general.Thesequestionswereincludedto supplementtherespondents’di-
ary accounts,sincerespondentsmight not have rememberedto reportthe stopthey madeto buy gasoline
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while commutingto work or thestopthey madeatadry cleanersduringlunchtime. Thefollowing exposure
associationsillustratethebasisfor includingparticularquestions:

� Activities involving cigarettesmoke or wood-burningmay increaseexposureto particles,PAH, CO,
C� H � , andotherVOC’s,

� Activities involving gasoline(e.g., pumpinggasolineinto automobiles)may increaseexposureto
C� H � andotherVOC’s,

� Driving in traffic andactivities in a parkinggaragemay increaseexposureto C� H � , otherVOC’s,
particles,PAH, andCO,

� Activities involving hotwatersources(e.g.,hotshowers,baths,boiling water)mayincreaseexposure
to disinfectionbyproductssuchasCHCl� ,

� Activities involving gasstovesor ovensmayincreaseexposureto NO� andCO,

� Activities involving solventsandpaintsmayincreaseexposureto variousVOC’s,

� Activities involving the useof dry-cleanedclothesmay increaseexposureto tetrachloroethylene,
1,1,1-trichloroethane, or aromaticsolvents.

VersionA (emphasizing“air” questions)containsmost of the supplementalexposurequestionson
breathingratesand locationswith potentially degradedair quality (seeTable 2) including the presence
of smokers.Additional questionson VersionA examinedexposuresbothat work andat hometo pollutants
suchasvaporsfrom paintsandsolvents.Potentialexposureto C� H � wasassessedby questionsconcerning
time spentin gasolinestationsor parkinglots. Furtherquestionsaskedaboutrespondentactivities in near
proximity to: 1) gasstoves,gasfurnaces,andsupplementalheatingsourceslike woodor kerosenestoves;
2) aerosolsprayproducts;3) hotshowersor baths;4) roomair fresheners,deodorizers,or mothballs;and5)
automobilesparkedin attachedgarages.

The supplementalquestionson VersionB (emphasizing“water” questions)include questionson tap
watercontactvia drinkingwaterandusingtapwaterfor suchappliancesasdishwashers,washingmachines,
and humidifiers. Other questionsdealt with tap water contactthroughwashingand bathing– either by
rinsingdishes,bathsor showers.Separatequestionswereincludedaboutwhetherthedoorwasopenwhile
takingabathor showerandtheuseof exhaustfans.Anothersetof questionsdealtwith watersources,either
from wells,piped-inutilities, or purchasedin bottles.

SAMPLE AND DATA CHARACTERISTICS

Coverageand Representativeness

A comparisonof the numberof NHAPS respondentsin eachstateshows generallygoodagreementwith
the1990U.S.census(U.S. Departmentof Commerce,1992): the relative comparisons of moststatesare
closeto 1, wherea relative comparisonof NHAPS andU.S. censusproportionsis definedasthe ratio of
thepercentagesin eachstateof theU.S. Censusdatato theNHAPSpercentages.The only statethat was
oversampledin NHAPSwith a relative comparisonunder0.5wasMontana.Statesthatwereundersampled
at a relative comparisonover 1.5 wereVermont,Mississippi,North Dakota, andIdaho. The 20 sampled
states(including WashingtonD.C.) that did not have at least100 NHAPS respondentswere Delaware,
theDistrict of Columbia(D.C.), Idaho,Iowa, Kansas,Kentucky, Maine,Mississippi,Montana,Nebraska,
Nevada,New Hampshire,New Mexico, North Dakota,RhodeIsland,SouthDakota,Utah,Vermont,West
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Table3: Distribution of theNHAPSRespondentsby SelectedDemographicFactors

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

(%)
Male 4,294 46 49
Female 5,088 54 51
Under5 yearsold 499 5 8
5 to 17yearsold 1,292 14 19
18 to 64 yearsold 6,059 65 61
Over64 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
CollegeGraduate 1,247 13 20
High SchoolGraduate 2,612 28 32

Therewere9,386total respondents.187(2%)of therespondentsdid not reportanage.308(3%)of therespondentsreportedbeing
a racenot listed or did not reporta race. For 1,968(21%) of the respondentsno educational-level datawererecorded.Census
proportionsare1994estimatesfrom theU.S.Departmentof Commerce,Bureauof theCensus(1995,1996).

Virginia,andWyoming. At 12-18respondentseach,Vermont,Wyoming,North Dakota,andIdahohadthe
fewestrespondentsof any sampledstate. Note that residentsof AlaskaandHawaii wereexcludedin the
NHAPS sampledesignframe. The statesthat hadmore than500 NHAPS respondentswere California,
Florida,New York, Pennsylvania,andTexas.

The percentageof NHAPS respondentssampledin eachof the tenEPA Regionsandeachof the four
censusregions is comparableto the populationobserved in the 1990 U.S. census(U.S. Departmentof
Commerce,1992)with relative comparisonsnearone.Thereis asufficient samplesizein eachEPA Region
to performdetailedstatisticalanalyseswith a low of 340NHAPSrespondentsin EPA Region8. Eachof the
four U.S.Censusregionshadapproximately2,000to 3,000respondents.

TheNHAPSsampleproportionsfor gender, age,race,andeducationalattainmentmatchtheestimated
1994proportions(U.S. Departmentof Commerce,1995,1996)reasonablywell (seeTable3). The worst
agreementis for the proportionof college graduates(13%/20%= 0.65), which may be due to the large
numberof missingdatavalues(20%of therespondentshadmissingvaluesfor theireducationalattainment).

Thenumberof respondentsin eachquarterof theNHAPSstudywerefairly uniform(approximately13%
perquarter),exceptfor thefirst, whenonly 7.8%of the respondentswereinterviewed. Theproportionof
respondentsinterviewedduringeachseason(winter, spring,summer, fall) rangedfrom 20 to 27%. Most of
therespondentswereinterviewedonaweekday(67%),which is somewhatsmallerthantheidealproportion
(5/7= 71%)sinceweekendswereintentionallyover-sampled.

SampleWeights

Weightsareavailable for the NHAPS databasethat correctthe samplebasedon the increasedselection
probabilityof householdswith multiple phones,thedifferentselectionprobabilitiesfor adultsandchildren,
seasonalquarter, andcensusregion,andtheover-samplingof weekends.Klepeisetal. (1996)have devised
post-stratificationweightsthatincorporatetheoriginalweights,but alsoadjusttheNHAPSsampleto match
populationproportionsfor ageandgender. Genderandagedatawereobtainedfrom the1990U.S.Census
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(U.S.Departmentof Commerce,1992).Thedesiredday-of-weekandseasonproportionsareabsolutequan-
tities (i.e., 1/4 for eachseasonand1/7 for eachday of theweek). The resultingpost-stratificationweight
assignedto eachNHAPS respondentcanbe usedto calculateweightedstatisticsacrossany combination
of factorsfor age,sex, season,censusregion, anddayof week. Weightscouldnot beassignedto respon-
dentswith missingageor gendervariables,andtheseindividualswereexcludedfrom weightedcalculations
(missingn = 190acrossthenation;missingn = 58 in California). In thispaper, weusethepost-stratification
weightsto calculateweightedmeans,histograms,andproportions– seeCochran(1977)for agoodtreatment
of samplingmethodology, including formulaefor calculatingunbiasedestimators.Thereadershouldnote
thatacomparisonof weightedandun-weightedresultsshowedonly asmalldiscrepancy for mostcalculated
statistics.

Location and Activity Categories

Table4 givesanexample24-hourdiary for a singleindividual, anHispanicmalefrom Connecticut.Each
diary recordcontainsthe beginning andendingtimesfor eachmicroenvironmentthe respondentvisited,
uniquelydeterminedby a singlecombinationof locationandactivity codes.Eachrecordalsocontainsa
codefor whetheror notasmoker waspresentandif therespondentwas“breathinghard.”

The original 83 location codesthat were usedto encodethe NHAPS respondentswhereabouts(see
TableA-1 for a listing) aresplit into categoriesfor eachrespondent’s own house,a friend’s or someone
else’s house,traveling, someotherindoor location,andsome“other” outdoorlocation(seeKlepeiset. al.,
1996; TsangandKlepeis,1996). For the calculationsof time spentthat we presentin the next section,
a reducedsetof six locationswereused: residence;office-factory; bar-restaurant;other indoor location;
enclosedvehicle;andoutdoors.In this groupingscheme,residentiallocationsat one’s own homewerenot
differentiatedfromresidentiallocationsatsomeoneelse’shome(i.e.,respondentlocationsweregroupedinto
a residentialcategory evenif theoriginal NHAPScodestatesthatthey wereat someoneelse’s house).The
vehiclelocationincludestravel insidecars,trucks,buses,trains,airplanes,boats,andpublic transit.Travel
outdoorsvia motorcycle, bicycle, walking, or stroller, or waiting for transitoutdoorswereall groupedinto
theoutdoorlocation. Theotherindoorgroupingincludesall theremainingindoor locationssuchasmalls,
stores,schools,churches,otherpublic buildings,auto-repairshops,healthclubs,laundromats,salons,and
parkinggarages.Notethattheselocationsmaybeassociatedwith very different,andpotentiallyvery high,
exposures.Locationswerenot divided,specifically, accordingto work-relatedactivities. Theonly location
category thatcanbeassociatedwith work-relatedactivities is office-factory. It is notpossibleto determine–
basedonlocationalone– whetherwork-relatedactivitieswereoccurringin any of theotherlocations,since,
for example,respondentsthatarein stores,restaurants,bars,or hospitalscouldbepresenteitheraspatrons
or staff.

There are 91 distinct activity codes(seeTable A-2) for the 24-hour recall portion of the NHAPS
data base(seeKlepeis et. al., 1996; Klepeis and Tsang,1996). Although specific activities are not
analyzedin the currentpaper, Klepeis et al. presentan attemptto createbroadexposureactivity cate-
goriesbasedon the availabledata. The original NHAPS categorieswereregroupedinto eight categories
eachcontainingnearly 2,000 episodicoccurrencesor more: cooking-foodpreparation;laundry-dishes-
cleaning-kitchen;housekeeping;bathing-showering-washing-using-bathroom; yardwork-gardening-car-or-
house-maintenance;sports-exercise;eating-drinking,andsome“other” activity. Themostfrequentactivities
in the“other” exposureactivity category – into which 73%of themicroenvironments(distinctoccurrences
in thediary database)weregrouped– weresleeping-napping,watchingtelevision,anddressing.
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Table4: Example24-HourRecallDiary ContainingBeginning& EndingTimes,Activity, Location,Pres-
enceof aSmoker, andTimeSpentfor 22MicroenvironmentsVisitedon theDiary 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 night club 77 0 405 90 YES 105
2 1:45 2:00 Traveledhomeafternight club 79 0 301 30 0 15
3 2:00 11:00 Sleepingor Napping 45 0 105 10 0 540
4 11:00 11:05 Brushedteeth 44 40 104 10 0 5
5 11:05 11:15 PreparingMealsor Snacks 10 10 101 10 0 10
6 11:15 11:25 EatingMealsor Snacks 43 70 102 10 0 10
7 11:25 11:30 Dressingor PersonalGrooming 47 0 102 10 0 5
8 11:30 11:37 Traveling to play football 89 0 306 40 0 7
9 11:37 13:37 Playingflag football 80 60 507 50 0 120
10 13:37 13:44 Traveling to home 79 0 306 40 0 7
11 13:44 13:54 PreparingMealsor Snacks 10 10 201 10 0 10
12 13:54 13:57 Traveling to bar 79 0 301 30 0 3
13 13:57 15:30 At bar 77 0 405 90 YES 93
14 15:30 15:33 Traveling from bar 79 0 301 30 0 3
15 15:33 16:30 WatchingTV 91 0 102 10 0 57
16 16:30 17:00 Bathingor Showering 40 40 104 10 0 30
17 17:00 19:00 WatchingTV 91 0 102 10 0 120
18 19:00 19:10 Traveling to shopping 39 0 301 30 0 10
19 19:10 19:25 Shoppingfor food 30 0 414 90 0 15
20 19:25 19:35 Travel relatedto shoppingfor food 39 0 301 30 0 10
21 19:35 21:00 WatchingTV 91 0 102 10 0 85
22 21:00 24:00 Studying 54 0 102 10 0 180

The respondentwhosediary is shown in this tablewasan Hispanicmalefrom Connecticutbetweenthe agesof 18 and24 who
wasinterviewedon a weekendin the fall. SeetheSample and Data Characteristics sectionfor a descriptionof thereduced(i.e.,
recoded)locationsandactivities. Abbrev: Micr, microenvironment;Det,detailed;Red,reduced;Act, activity; Loc, location;Time
Sp,time spent.
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DATA ANALYSIS

Klepeis et al. (1996) and Tsangand Klepeis (1996) provide detailedanalysesof the time that NHAPS
respondentsreportedspendingin locationsand activities on the diary day, as well as the resultsof the
more than150 supplementalanddemographicquestions.Theseanalysesincludean examinationacross
categoriessuchasgender, race,age,yearsof education,employmentstatus,weekday/weekend,season,and
region. Additional resultsof theauxiliaryquestionsandtime-useissuesarediscussedin RobinsonandBlair
(1995).In thissection,wepresentselectedresultsto provideabasisfor makingbroadcomparisonsbetween
demographicgroupswithin NHAPSandto otheractivity patternstudies.

Mostof our resultsarebasedentirelyon theNHAPSdiarydataratherthananswersto thesupplemental
questions.We presentbroadly-groupedstatisticson the time thatNHAPS respondentsspentin six differ-
ent locations(residence,office-factory, bar-restaurant,someother indoor location,enclosedvehicle,and
outdoors)including the time that they spentwith a smoker. We alsomake comparisonsto the California
Activity PatternSurveys (CAPS) of adultsandyouth over age12 (1987 to 1988)andof children under
age12 (1989to 1990)(seeJenkinset al., 1992;Wiley et al., 1991a,1991b)andthenine-monthCanadian
HumanActivity-PatternSurvey (CHAPS)of Toronto,Vancouver, Edmonton,andSaintJohnNB (1994to
1995)(seeLeechetal., 1996).

Although theminute-by-minute24-hourrecall diariesarethemainsubjectof thecurrentanalysis,the
NHAPSdatabasealsoprovidesexposureassessorswith a largevarietyof yes-or-no andcategoricalques-
tionsonexposure-relatedactivitiesandhouseholdconditions.Table5 presentsresultsfrom asmallselection
of un-weightedresultsfrom thesupplementalNHAPSquestionsthatwill beusefulto risk andexposureas-
sessors,includingpolicy makers.

Calculation Methodology

The NHAPS statisticswe presentin this paperhave beenweightedusing the sampleweightsdescribed
above (unlessotherwisenoted);they weregeneratedusingthe freely-availableR systemfor dataanalysis
andgraphics(IhakaandGentleman,1996).TheCAPSstatisticsweregeneratedusingtheTIMEWT setof
sampleweightsincludedin theCAPSdatabases.

SincetheNHAPSdiariesspana single24-hourperiod,mostof our calculationsusethis astheprimary
time interval (i.e.,we presentlimited resultsfor breakdownsby time-of-day).Themeanproportionof time
spentin differentlocationsis calculatedby takingthemeanof thetotalnumberof minuteseachrespondent
spentin eachlocationanddividing by 1,440minutes(24hours).

The total time spentwith a smoker on the diary day variesfrom person-to-person;so that individual
percentagesof time spentwith a smoker in eachlocation usea different denominatorfor eachperson.
Themeanpercentageof time spentwith a smoker wascalculatedby simply averagingover the individual
percentages.

Differentnumbersof respondentsspenttime in eachlocation(bothwith andwithout a smoker) on the
diary day andalsoat differenttimesof day. Thosewho spentat leastoneminutein eachlocation,either
acrosstheentiredayor for any particulartimeinterval, arecalledthedoers. In eachresultstable,wepresent
theweightedproportionsof daily doersalongsideoverall meansanddoermeans(i.e., meanstaken across
only thedoers).

NHAPS: The Nation

Of any locationvisitedonthediaryday, thelowestpercentageof doerswas20%for office-factory(seeTable
6). Of thetotaltimespentby all respondentsonthediaryday, 69%wasspent,onaverage,in aresidence(see
Figure1). Approximately87%of thetimewasspentindoorsand5-6%in avehicle– with theremaining7-
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Table5: Resultsof SelectedExposure-RelatedSupplementalNHAPSQuestions(Unweighted)

Question Response
Did therespondenttake ashower or bathyesterday, andif they 91%Yes
did for how long?(A) 44%0-10min

37%10-20min
13%20-30min

Whattypeof fuel is usedin thecentralfurnace?(A) 61%Gas
18%Electric
14%Oil

Is any roomheatedwith awoodstove?(B) 6%Yes

Is any roomheatedwith akerosenespaceheater?(B) 2%Yes

Is any roomheatedwith afireplace?(B) 10%Yes

Whereis waterobtainedfor householduse?(B) 81%Public
15%Priv well

Is bottledwaterused?(B) 43%Yes

Did yousmoke cigars/tobaccoyesterday?(B) 1%Yes

How many glassesof tapwaterdid therespondentdrink yesterday?(B) 29%None
26%1-2
27%3-5
15%6-20+

How many timesdid therespondentwashtheir handsyesterday?(B) 8%2 or less
60%3-9
28%10-30+

For how many hoursdid therespondentwork with soil in thelastmonth?(B) 63%None
28%0-24
5%24-72
2%>72

In whattypeof housedoestherespondentlive?(A andB) 21%Apt
68%DetHouse
5%Townhouse
7%Other

The NHAPS questionnaireversionon which eachquestionappearsis indicatedin parentheses(eitherA, B or both A andB);
Resultsroundedto thenearestpercentagepoint. Someof thepercentagesnot listedcouldincludemissing,refused,or "don’t know"
responses.Abbrev: Priv, private;Apt, apartment;Det,detached.
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TOTAL TIME SPENT
INDOORS (86.9%)

OTHER INDOOR LOCATION (11%)
BAR−RESTAURANT (1.8%)

OUTDOORS (7.6%)

IN A RESIDENCE (68.7%)

NHAPS − Nation, Percentage Time Spent
Total n = 9,196

IN A VEHICLE (5.5%)

OFFICE−FACTORY (5.4%)

Figure1: Pie chart showing the meanpercentageof time the NHAPS respondentsspentin six different
locationson thediary day (weighted). Time spentindoors(composedof time in a residence,in an office
or factory, in a baror restaurant,or in someotherindoor location)is representedby lightly-shadedslices.
Thepercentagesin thefigurearethemeanpercentagestakenover individual percentagesfor peoplein the
NHAPSsample.Individual percentageswerecalculatedfrom thetime spentin eachlocationover thetotal
amountof timespent,whichwasequalto 24-hours(1,440minutes)for eachindividual. SeeTable6 for the
numberof doersfor eachlocation.

8%spentoutdoors.Theseresultsarecomparablewith U.S.time-budgetsreportedby RobinsonandThomas
(1991)from a 1985studyandCanadiantime budgetsreportedby Leechet al. (1996). For both theseof
thesetwo studies,which spana periodof about10 years,respondentsreportedspending89% of the time
spentindoorswith 5% in avehicleand6%outdoors.

Theremaybesomenegative biasin theNHAPSresultsfor time spentoutdoors,sincethosewho were
away from a homefor extendedperiods(e.g.,on vacationor homeless)werenot includedin the survey.
Theseindividualsmaybe morelikely thanthosewho wereat hometo spendlarge quantitiesof time out-
doors.On theotherhand,theremaybepositive biasdueto neglectinginstitutionalizedand/orhospitalized
individuals.In addition,thesurprisinglysmallamountof outdoordoers(59%;seeTable6) suggeststhatthe
brief amountsof time thatpeoplemight spendwalking to their caror takingout thegarbage,for example,
werenot includedin thediaries.Questionsin thesupplementalportionof theNHAPSdiary maybeuseful
in understandingthe magnitudeof this missingtime. It seemsunlikely, thoughnot impossible,that this
unaccountedtime contributesanappreciableamountto thetotal timespentoutdoors.

In theNHAPSsample,56%of respondentswereneverwith asmoker(thenon-doers),andweretherefore
not includedin thecalculationof percentages(seeTable7 for thepercentageof doersin eachlocation).The
averagepercentageof timespentwith asmoker in residenceswas43%;it was15%for barsandrestaurants
and9%for anenclosedvehicle(seeFigure2).

Theshapeof thedistribution for timespentindoorsis extremelypositively skewed(ahighproportionof
long times),while time spentoutdoorsandin a vehicleis extremelynegatively- skewed(a high proportion
of short times), resultingin low variability (seeFigure 3). In contrast,the variability in the time spent
in a residenceis very high; the distribution hasthreedistinctly different modescorrespondingto those
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w/ SMOKER INDOORS (76.6 %)
TOTAL TIME SPENT

IN A RESIDENCE (42.7%)

OFFFICE−FACTORY (7.2%)

BAR−RESTAURANT (14.6%)

OTHER INDOOR (12.1%)

OUTDOORS  (14.7%)

IN A VEHICLE  (8.7%)

doers = 3,949
NHAPS − Nation,  Percentage Time Spent with a Smoker

Figure2: Piechartshowing themeanpercentageof time theNHAPS respondentsspentwith a smoker in
six differentlocationson thediary day(weighted).Time spentindoors(composedof time in residence,in
anofficeor factory, in abaror restaurant,or in someotherindoorlocation)is representedby lightly-shaded
slices.Thepercentagesin thefigurearemeanstakenover individual percentagesfor peoplein theNHAPS
samplethat reportedbeingwith a smoker for at leastoneminuteon the diary day (the doers). Individual
percentageswerecalculatedasthe time spentin thepresenceof a smoker in eachlocationdivided by the
totalamountof timespentwith asmoker. SeeTable7 for thetotalnumberof doersandthenumberof doers
for eachlocation.Pleaseseethetext for adiscussionof SRP-SERDbiasesinherentin theNHAPSdatabase
with respectto thetime respondentsreportedspendingwith asmoker.
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respondentsspendingno time at home(lessthan1%; seeTable6), thosespendingmorethanhalf their day
athome,andthosespendingtheentirediary dayathome.

For someexposures,it is useful to determinethe precisetimesof the day that the respondentsarein
certainlocationsor engagingin specificactivities, sinceexposuresto someair pollutantscandependon
temporaltrends.For example,theamountof time thatapersonspendsoutdoorsduringthedaywill greatly
affect their exposureto ground-level ozone. As illustratedby Figure 4, the NHAPS databaseprovides
informationon how theproportionof personsin differentlocationschangesby time-of-day. Here,we see
thatover 90%of respondentsarein a residencefrom about11 PM to 5 AM, and,asexpected,the largest
proportionsof respondentsin schools,public buildings,offices,andfactoriesoccurbetween7 AM and5
PM.

NHAPS: California Versusthe Nation

In Figure 5, we seethat the meanpercentagesof time spentin the six groupedlocationsand the mean
timesspentwith a smoker arevery similar for thenationalNHAPSsampleandtheCaliforniasub-sample
(NHAPS-CA).Theoverallmeansof timespentfor eachlocation(calculatedover theentiresample,includ-
ing thosewhospentzerotime in aparticularlocation),theproportionof doers(thosewhospentat leastone
minutein aparticularlocationon thediaryday),andthemeantimespentby thedoersareveryclosefor the
two samples(Table6).

Thelargestmeantimespentin any locationis nearly1,000minutes(approx.17hours)for theresidential
locationfor both thenationandCalifornia by itself. For both geographicgroups,nearly100%percentof
the respondentsreportedbeingin a residenceat sometime on thediary day. The largestmeantime spent
with asmoker (Table7) wasfor officesandfactoriesat363minutesperdayfor thenationand280minutes
for California,followedby theresidentiallocationat 305and270minutes,respectively. Thelower means
for California in theselocationsaccountfor thesomewhat lower meantime spentwith smokersacrossall
locations(372 versus309 minutes). California alsoappearsto have a slightly lower numberof persons
spendingtimewith asmoker (44%versus37%acrossall locations),apparentlydrivenby thelowernumber
of personsspendingtime with smokersin residences(26%versus17%)and,perhaps,thesomewhat lower
numberof reportedcigarettesmokers(17%in thenationversus14%in California,all ages).

NHAPS versusCAPS

A comparisonbetweenthe NHAPS California sub-sample(NHAPS-CA) andCAPSallows us to observe
thetrendsin activity patternsover time (from thelate1980’s to theearly-to-mid1990’s) andto evaluatethe
consistency betweenthesetwo studies,which have fairly similar methodologies.Thestudieshadthesame
survey instrument(i.e., CATI), but CAPSwasa stratifiedsampleof California andNHAPS-CA wasnot
(althoughthe overall NHAPS samplewasindeedstratified;seethe above discussionon the NHAPS data
collectionmethodology).

As we observed in a comparisonof the nationalNHAPS sampleandNHAPS-CA, thereis little dif-
ferencebetweenthemeanpercentageof time spentin eachof thesix locationsbetweenNHAPS-CA and
CAPSfor bothadultsandyouth(age12andover)andfor childrenunderage12(seeFigure6 andTable8).
However, therearesizabledifferencesfor thetimespentwith asmoker (i.e., for themeantimespentandthe
percentageof doers;seeTable9).

In bothsurveys,childrenunder12spentsmallamountsof timein offices,factories,bars,andrestaurants
(overallmeansof 2-7minutes,doermeansof 40-60minutes,andnegligible percentagesof time;seeFigure
6 andTable8). Our resultsshow thatchildrenin Californiaundertheageof 12 spenda largerpercentage
of time indoorsandoutdoorsanda lower percentagein vehiclesthando adults.Thesearethesameresults
reportedfor Canada(Leechetal., 1996).
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Figure3: Truehistogramscalculatedfrom theweightednumberof minutesthatNHAPSrespondentsspent
indoors,outdoors,in anenclosedvehicle,andin a residence.Thetime eachindividual spentin a residence
is a subsetof their total time spentindoors. While thehistogramsfor thefirst threelocationsarestrongly
skewed (either right or left) with low variability, the time spentin a residenceis highly variableandhas
threedistinct modes:a small one for thosethat spentno time in a residenceon the diary day; a middle
onefor thosewho spentmuchof their dayaway from home;anda third modefor thosewho wereat home
for mostor all of the diary day. The overall weightedmeannumberof minutesspent, � , is provided on
eachgraph,which, like the histograms,includesindividuals who spentzero time in eachlocation. The
weightedpercentageof respondents,� (doers),who spentat leastoneminutein eachlocation(thedoers)is
alsoprovidedalongwith theweightedmeannumberof minutesthey spent.
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Figure4: Stacked plot showing the weightedpercentageof NHAPS respondentsin eachof ten different
locationsaccordingto the time-of-day. Theoriginal minute-by-minutediary datahave beensmoothedfor
clarification.
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respondentsreportedspendingwith asmoker.
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Table6: GeographicalComparisonof NHAPSMinutesSpentontheDiary Dayfor California(NHAPS-CA)
VersustheEntireNation

NHAPS- Nation

Location n Overall Doer Doer Doer
Mean % n Mean
[min] [min]

In a Residence 9196 990 99.4 9153 996
Office-Factory 9196 78 20 1925 388
Bar-Restaurant 9196 27 23.7 2263 112
OtherIndoor 9196 158 59.1 5372 267
In a Vehicle 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 a Residence 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 a Vehicle 930 80 84.4 775 95
Outdoors 930 108 59.1 592 182

Meansandpercentageshave beencalculatedusingsampleweights,whereasthesamplesizesn andDoern areraw counts
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Table7: GeographicalComparisonof NHAPSMinutesSpentwith aSmokerontheDiary Dayfor California
(NHAPS-CA)VersustheEntireNation

NHAPS- Nation
17%of RespondentsReportedBeingCigaretteSmokers(Weighted)

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

[min] [min]
All Locations 9196 163 43.8 3949 372

In a Residence 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 a Vehicle 9196 11 14.5 1340 79
Outdoors 9196 24 11.4 1038 213

NHAPS- CA
14%of RespondentsReportedBeingCigaretteSmokers(Weighted)

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

[min] [min]
All Locations 930 114 36.9 332 309

In a Residence 930 45 16.5 164 270
Office-Factory 930 9 3.4 26 280
Bar-Restaurant 930 13 8 82 168
OtherIndoor 930 19 7.4 58 252
In a Vehicle 930 5 8.3 82 58
Outdoors 930 23 11 108 209

Meansandpercentageshave beencalculatedusingsampleweights,whereasthesamplesizesn andDoer n areraw counts.The
time spentwith a smoker doesnot includeone’s own smoking.
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Sincetheadult/youthsamplecontributesthebulk of NHAPS-CArespondents(n = 805for adult/youth
versusn = 125for children),therewerenot enoughCaliforniachildrenrespondentsin NHAPSto calculate
reliablestatisticsfor the time spentwith a smoker in different locations. However, from the statisticsfor
childrenacrossall locations(seeTable9), we seethatwhile thedoermeanacrossall locationsmatchesthe
CAPSmeanfairly well (222 versus204minutes),thepercentageof doersis muchlower for NHAPS-CA
(20%versus38%). In the1994-95CHAPSstudyof four Canadiancities,30%of childrenreportedbeing
with a smoker (Leechet al., 1999). Accordingto the resultsfrom CAPSalone,residenceswere(by far)
the locationwherechildrenhadthe longestmeantime spentwith a smoker (314 versus174 minutesfor
outdoors,thenext highestmean).For CHAPS,childrenalsoexperiencedthemosttimewith smokersin the
residence.Twenty-five percentof CAPSchildrenreportedbeingwith asmoker in a residence,whereasless
than13%reportedbeingwith asmoker in any of theotherlocations.

Theadult/youthagegrouphasamplesamplesizeandcan,therefore,provide anopportunityto observe
thechangein time spentwith a smoker in eachlocationfrom theearlierCAPSstudyto the laterNHAPS
study(seeTable9). As with thechildren,thereappearsto bealargereductionin thetimespentwith smokers
over theperiodfrom the late1980’s (CAPS)to theearly-to-mid1990’s. Thefact that thetwo studieshave
similar data-collectioninstrumentsandthetotal time spentin eachlocationmatchsowell suggeststhatthe
differencesin timespentwith asmoker aredueto realchangesin humanactivity over the5-yearperiod.

Thereis a22%decreasein thetotalnumberof adult/youthdoers(personsexposedto secondhandsmoke
in all locations)from CAPSto NHAPS-CA(62%down to 40%). Thepercentageof doersin theresidence
andoffice-factory– the locationswith the largestdoermeantimesspent– droppedfrom 26 to 17% and
13 to 4%, respectively, over the time period. The numberof doersin barsandrestaurantsfell by almost
half, goingfrom 19 to 9%. However, thedoermeansdon’t drop(asthey do slightly for theoverall means,
sincetherearefewerdoers),andevenincreasedramaticallyfor somelocations;thebar-restaurantdoermean
increasesfrom 93 minutesin CAPSto 178minutesin NHAPS-CA,theoutdoordoermeangoesfrom 121
to 210minutes,andthemeanin otherindoor locations(e.g.,public buildings,malls,andstores)risesfrom
160to 254minutes.Possibleexplanationsarethatsmokersareaskedor requiredto smoke in circumscribed
locationswherethey contribute to longerexposuretimes for othersor that policies have reducedcasual
exposuresbut notdominantones.

The reductionin the numberof reportedcigarettesmokers (20% for CAPSadults/youthversus16%
for NHAPS-CA adults/youth)may have contributed to someof the changesin the numberof doersand
the time spentwith a smoker for Californiansof all ages.The California Departmentof HealthServices
(1998)reportsasimilardropin cigarettesmokingprevalence(20%in 1990down to 17%in 1994).With the
passageof a statewide California ordinance(AB13; effective January1, 19953) that prohibitssmokingin
enclosedworkplaces,we might expectthat,in recentyears,thetotal time spentwith asmoker in California
hasdroppedeven further. Miller et al. (1998a)predicta reductionof 25-40%in adult ETS exposurein
Californiabetweenthelate1980’s andthelate1990’s. However, smokingin thehomeandautomobilemay
belessaffected,with residencesandcarsremainingthelocationswherechildrenspendasubstantialamount
of time with smokers.

Variation AcrossEPA Regions

Surprisingly, we don’t seemuch differencein the meanpercentageof time spentin different locations
acrossthe10 EPA regions.Thepercentageof time spentwith a smoker is alsovery consistentacrossthese
geographicallyandclimaticallydistinctareas.Thesimilaritiesareillustratedin Figure7. Thepercentageof
doersin eachlocationandthemeandoertimesspentarealsovery closeacrosstheEPA regions(Table10).

3AssemblyBill 13bannedsmokingin CaliforniaworkplacesonJanuary1,1995– with anexceptionfor bars,clubs,andcasinos.
Thatexceptionwasextendeduntil January1, 1998whensmokingwasbannedin all bar-restaurantsthroughoutthestate.
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Table8: Comparisonof MinutesSpenton the Diary Day for NHAPS California Respondents(NHAPS -
CA) VersusCAPS

NHAPS- CA ADULTSAND YOUTH (12 andOver)

Location n Overall Doer Doer Doer
Mean % n Mean
[min] [min]

In a Residence 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 a Residence 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 a Vehicle 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 a Residence 125 1081 100 125 1081
Office-Factory 125 2 3.3 5 60
Bar-Restaurant 125 7 11.4 17 65
OtherIndoor 125 188 59.2 64 318
In a Vehicle 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 a Residence 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 a Vehicle 1200 61 76 887 80
Outdoors 1200 149 83.5 994 178

Meansandpercentageshave beencalculatedusingsampleweights,whereasthesamplesizesn andDoern areraw counts.
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Table9: Comparisonof MinutesSpentwith a Smoker for NHAPSCaliforniaRespondents(NHAPS- CA)
VersusCAPS

NHAPS- CA YOUTH AND ADULTS(12 andOver)
16%of RespondentsReportedBeingCigaretteSmokers(Weighted)

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

[min] [min]
All Locations 805 126 39.8 308 317
In a Residence 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 a Vehicle 805 5 9.6 78 57
Outdoors 805 26 12.5 103 210

CAPSYOUTH AND ADULTS (12andOver)
20%of RespondentsReportedBeingCigaretteSmokers(Weighted)

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

[min] [min]
All Locations 1762 176 61.6 1014 285
In a Residence 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 a Vehicle 1762 11 11.3 206 94
Outdoors 1762 17 13.9 255 121

NHAPS- CA CHILDREN (Under12)

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

[min] [min]
All Locations 1200 77 37.9 483 204
In a Residence 1200 56 24.6 314 227
Office-Factory 1200 0.024 0.26 3 9
Bar-Restaurant 1200 3 4.8 70 54
OtherIndoor 1200 3 4.4 66 59
In a Vehicle 1200 5 8.9 120 52
Outdoors 1200 12 12.7 174 92

Meansandpercentageshave beencalculatedusingsampleweights,whereasthesamplesizesn andDoer n areraw counts.The
time spentwith a smoker doesnot includeone’s own smoking.
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Figure6: Comparisonof theweightedpercentageof timespentandtimespentwith asmoker in eachof six
locationsfor adult/youthandchild NHAPSrespondentsandfor adult/youthandchild CAPSrespondents.
Thechildrenareunderage12. Both samplescover theentirestateof California.SeeTables8 and9 for the
total numberof doersin eachlocation.Pleaseseethetext for adiscussionof SRP-SERDbiasesinherentin
theNHAPSdatabasewith respectto thetime respondentsreportedspendingwith asmoker.

Differencesarelarger for comparisonsof percentagedoersanddoermeanfor thetimespentwith asmoker
(Table11), but thestatisticsarestill very comparable.ThestatesthatcompriseeachEPA region arelisted
in Tables10 and11.

Oneshouldkeepin mind thattherespondentswereinterviewedduringall four seasons,andtheresults
we presentare averagedover individuals who provided diaries throughoutthe year. Nevertheless,it is
interestingto observe thatpersonsliving in theuppermid-westernareaof thecountry(EPA Region5) with
its cold wintersandmild summersspendnearlythesamepercentageof time outdoors,on average,asmost
any otherpartof thecountry, includingthesouthwesternarea(EPA Region9) with its hotsummersandmild
winters.Theseresultsareconsistentwith UnitedStatesversusCanadacomparisons.

SUMMARY AND CONCLUSIONS

It is clear from studiesof personalexposurethat humanactivity patternsare crucial in identifying and
determininghumanexposureto environmentalpollutants.Activity patterndata,suchasthatin theNHAPS
database,maybeusedto estimatetheprevalenceanddurationof populationexposure,especiallyfor high-
risk groups,to many environmentalpollutants(suchas tobaccosmoke). For example,we canmake the
following generalobservationsbasedon activity patterndataalone:

� Americansspend87%of their time indoorsand6%in anenclosedvehicle(onaverage)

� The percentageof time spentindoors,outdoors,and in vehiclesis fairly invariantacrosspeoplein
differentpartsof theUnitedStates(onaverage)

� AmericansandCanadiansspendsimilaramountsof time indoors,outdoors,andin vehicles(onaver-
age)

25



Table10: NHAPSMinutesSpenton theDiary Dayby EPA Region

EPA Region1: New England:CT, ME, MA, NH, RI, VT
Location n Overall Doer Doer Doer

Mean % n Mean
In a Residence 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 a Vehicle 572 85 83.9 465 101
Outdoors 572 83 56.1 319 148

EPA Region2: NorthAtlantic: NJ,NY
Location n Overall Doer Doer Doer

Mean % n Mean
In a Residence 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 a Vehicle 965 82 81.1 768 101
Outdoors 965 104 61.9 594 168

EPA Region3: Mid Atlantic: PA, DE, DC, MD, VA, WV
Location n Overall Doer Doer Doer

Mean % n Mean
In a Residence 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 57.5 634 267
In a Vehicle 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 a Residence 1713 977 99.7 1709 980
Office-Factory 1713 85 20.5 335 416
Bar-Restaurant 1713 26 22.3 399 115
OtherIndoor 1713 160 58.6 1008 273
In a Vehicle 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 a Residence 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 a Vehicle 1651 86 85.1 1388 101
Outdoors 1651 98 53.9 888 181

Continued.
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Table10. Continued.
EPA Region6: SouthCentral:AR, LA, OK, TX, NM

Location n Overall Doer Doer Doer
Mean % n Mean

In a Residence 1019 983 99.5 1015 988
Office-Factory 1019 88 22.1 214 398
Bar-Restaurant 1019 21 23.3 239 90
OtherIndoor 1019 159 59.4 584 267
In a Vehicle 1019 86 86.2 853 100
Outdoors 1019 104 58 597 179

EPA Region 7: Central:IA, KS, MO, NE
Location n Overall Doer Doer Doer

Mean % n Mean
In a Residence 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 a Vehicle 418 81 83.8 344 97
Outdoors 418 117 58.5 234 201

EPA Region 8: NorthCentral:ND, SD,CO,MT, UT, WY
Location n Overall Doer Doer Doer

Mean % n Mean
In a Residence 340 981 98.8 338 992
Office-Factory 340 89 23.6 68 376
Bar-Restaurant 340 29 24.4 80 117
OtherIndoor 340 151 59.2 204 256
In a Vehicle 340 70 84.5 281 83
Outdoors 340 121 60.3 203 200

EPA Region9: Pacific: AZ, CA, (HI)*, NV
Location n Overall Doer Doer Doer

Mean % n Mean
In a Residence 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 a Vehicle 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 a Residence 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 a Vehicle 380 72 80.7 298 90
Outdoors 380 146 69.1 261 211

*Alaska (AK) andHawaii (HI) werenotsampledaspartof NHAPS.
Meansandpercentageshave beencalculatedusingsampleweights,whereasthesamplesizesn andDoern areraw counts.
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Table11: NHAPSTotalMinutesSpentWith aSmokeron theDiary Dayby EPA Region

EPA 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:IA, 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 37.5 459 333

10: Mountain:(AK)*, ID, OR,WA 380 162 39.5 151 409

*Alaska (AK) andHawaii (HI) werenotsampledaspartof NHAPS.
Meansandpercentageshave beencalculatedusingsampleweights,whereasthesamplesizesn andDoer n areraw counts.The
time spentwith a smoker doesnot includeone’s own smoking.
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Figure7: Comparisonof theweightedpercentageof timespentandtimespentwith asmoker in eachof six
locationsacrossthe tenU.S.EPA regions. SeeTables10 and11 for thenumberof doersin eachlocation
andEPA region andthe statescomprisingeachEPA region. Pleaseseethe text for a discussionof SRP-
SERDbiasesinherentin theNHAPSdatabasewith respectto thetime respondentsreportedspendingwith
asmoker.
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� Fromsociologicalstudies,it appearsthat thetime Americansspendindoorshasremainedfairly uni-
form over thepastfew decades.

� 44%of Americansspendtime with asmoker eachday(ca.1992-94)

� Of any location,Americansspendthe largestpercentageof time with a smoker in residences(43%,
calculatedasanaverageacrossindividual respondentpercentages;ca.1992-94)

� Thenumberof peoplespendingtimewith smokersin Californiahasdecreasedbetweenthelate1980’s
andthemid-1990’s (whenNHAPSwasconducted)

Whencombinedwith measurementsand/ormodelsof pollutantemission,activity patterndatathatpos-
sesshigh time resolutioncan be usedto provide estimatesof actualpopulationexposurescausedby a
varietyof differentpollutantsources.Thesepopulationexposuremodelsmake it possibleto estimate,with
increasedprecision,thefrequency distribution of exposureacrossapopulation,aswell asthelikely change
in thedistribution whenexposureto a particularpollutantsourceis modified(e.g.,by a changein human
behavior).

In the future, investigatorsmaywant to considera numberof improvementsupontheNHAPS survey
design.Forexample:(1) TheNHAPSsurvey waslimited to asingle24-hourperiodfor eachrespondentand,
therefore,did not considerany day-to-dayvariationin thebehavior of eachrespondent.To examinediurnal
cycles in humanbehavior, future studiesshouldsampleindividuals on multiple days; (2) The NHAPS
resultson the reportedpresenceof a smoker may be biased.4 The diary questionon the presenceof a
smoker did not requireall respondentsto specifytheportionof time thata smoker wasactuallypresentin
eachmicroenvironment.For example,asmokermighthavebeenpresentfor only 10minuteswhenthetotal
timespentin themicroenvironmentwasanhouror more.In suchacase,thereportedtimespentexposedto
a smoker would beonehour, a largepositive bias. Futurestudiesshouldcollectmorepreciseinformation
on thepresenceof smokersand/orotherpollutantsources.
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TableA-1. TheOriginal NHAPS24-HourRecallDiary Locations

Loc. Description Loc. Description
Code Code

OWN HOUSE 311 AIRPLANE
100 OTHER/HOME 312 BOAT
101 HOME KITCHEN 313 WAITING FORBUS,TRAIN, RIDE (AT STOP)
102 HOME LIVING RM/FAMILY RM/DEN 314 WAITING FORTRAVEL, INDOORS
103 HOME DINING ROOM 320 OTHER VERIFIED
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 HOME UTILITY RM/LAUNDRY RM 403 GROCERY STORE/CONVENIENCESTORE
111 HOME POOL,SPA(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 REPAIR SHOP/GASSTATION
114 HOME MOVING IN/OUT OFTHE HOUSE 407 INDOOR GYM/SPORTSORHEALTH CLUB
120 OTHERVERIFIED 408 PUBLIC BLDG./LIBRARY/MUSEUM/ THEATER
199 REFUSEDTO ANSWER 409 LAUNDROMAT

FRIEND’S/OTHERS’ HOUSE 410 HOSPITAL/HEALTH CARE FACILITY/DR’S OFFICE
200 OTHER,OTHER’SHOUSE 411 BEAUTY PARLOR/BARBERSHOP/HAIRDRESSERS
201 OTHER’SKITCHEN 412 AT WORK/NOSPECIFICMAIN 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’SSTUDY/OFFICE 417 DRY CLEANER
207 OTHER’SGARAGE 418 OTHER REPAIR SHOP
208 OTHER’SBASEMENT 419 INDOOR PARKING GARAGE
210 OTHER’SUTILITY RM/LAUNDRY RM 420 OTHER VERIFIED
211 OTHER’SPOOL,SPA(OUTDOORS) 499 REFUSED
212 OTHER’SYARD, OTHER OUTSIDEHOUSE OTHER OUTDOOR
213 OTHER’S - MOVING FROM ROOM TO ROOM 500 OTHER OUTDOOR
214 OTHER’S - MOVING IN/OUT OFTHE HOUSE 501 SIDEWALK/STREET/NEIGHBORHOOD
220 OTHERVERIFIED 502 PARKING LOT
299 REF 503 SERVICE STATION/GASSTATION

TRAVELING 504 CONSTRUCTION SITE
300 OTHER,TRAVEL 505 SCHOOLGROUNDS/PLAYGROUND
301 CAR 506 SPORTSSTADIUM
302 TRUCK (PICK-UP/VAN) 507 PARK/GOLF COURSE
303 TRUCK (OTHER) 508 POOL,RIVER, LAKE
304 MOTORCYCLE/MOPED/SCOOTER 510 RESTAURANT/PICNIC(OUTDOORS)
305 BUS 511 FARM
306 WALKING 520 OTHER VERIFIED
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 NHAPS24-HourRecallDiary Activities

Activity Code Description Activity Code Description
NON-FREE TIME FREE TIME
Paid Work Educational

01 MAIN JOB 50 ATTENDING FULL TIME SCHOOL
02 UNEMPLOYMENT 51 OTHER CLASSES
03 TRAVEL DURING WORK 54 HOMEWORK
05 SECONDJOB 55 USINGLIBRARY
08 BREAKS 56 OTHER EDUCATION
09 TRAVEL TO/FROM WORK 59 OTHER TRAVEL, EDUCATION

HouseholdWork Organizational
10 FOODPREPARATION 60 PROFESSIONAL UNION
11 FOODCLEANUP 61 SPECIALINTEREST
12 CLEANING HOUSE 62 POLITICAL/CIVIC
13 OUTDOORCLEANING 63 VOLUNTEERHELPING
14 CLOTHESCARE 64 RELIGIOUSGROUPS
15 CAR REPAIR/MAINTEN ANCE 65 RELIGIOUSPRICES
16 OTHER REPAIRS 66 FRATERNAL
17 PLANT CARE 67 CHILD/YOUTH/FAMILY
18 ANIMAL CARE 68 OTHER ORGANIZATION
19 OTHER HOUSEHOLDWORK 69 TRAVEL ORGANIZATIONAL

Child Care Entertainment/Social
20 BABY CARE 70 SPORTSEVENT
21 CHILD CARE 71 ENTERTAINMENT
22 HELPING/TEACHING 72 MOVIES/VIDEOS
23 TALKING/READING 73 THEATER
24 INDOORPLAYING 74 MUSEUMS
25 OUTDOORPLAYING 75 VISITING
26 MEDICAL CARE-CHILD 76 PARTIES
27 CHILD CARE 77 BARS/LOUNGES
28 DRY CLEANING 78 OTHER SOCIAL
29 TRAVEL, CHILDCARE 79 TRAVEL/SOCIAL

Obtaining Goods,Services Recreation
30 SHOPPINGFORFOOD 80 ACTIVE SPORTS
31 SHOPPINGFORCLOTHESHH ITEMS 81 OUTDOORRECREATION
32 PERSONAL CARE SERVICES 82 EXERCISE
33 MEDICAL APPOINTMENTS 83 HOBBIES
34 GOVT/FINANCIAL SERVICES 84 DOMESTICCRAFTS
35 CAR REPAIR SERVICES 85 ART
36 OTHER REPAIR SERVICES 86 MUSIC/DRAMA/DANCE
37 OTHER SERVICES 87 GAMES
38 ERRANDS 88 COMPUTERUSE
39 TRAVEL, GOODSAND SERVICES 89 TRAVEL, RECREATION

PersonalNeedsand Care Communications
40 WASHING, ETC 90 RADIO
41 MEDICAL CARE 91 TV
42 HELPAND CARE 92 RECORDS/TAPES
43 EATING 93 READING BOOKS
44 PERSONAL HYGIENE 94 MAGAZINES,ETC
45 SLEEPING/NAPPING 95 READING NEWSPAPER
47 DRESSING,ETC 96 CONVERSATIONS
48 NA ACTIVITIES 97 LETTERS,WRITING PAPERWORK
49 TRAVEL, PERSONAL CARE 98 THINKING/RELAXING

99 TRAVEL RELATED PASSIVELEISURE
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