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PREFACE 

?he National Center for Envimnmcnml Asscssmcnt (KEA) of EPA's QL'ficc of Rcsxch and 

Devclopmcnt (OW) has prepared this handbook 10 ddms factors commonly used in cxposurc iL\scssmcnts. This 

hdbook WJS first published in 1989 in response to requests from many EPA Prognm and Rcgional offrccs for 
ddditiomf pkhncc OR how to sclcct v3lucs for txposurc bcrars. 

sewh! cvcntsspwkcd thc cffons to revise thc Exposun: Factors Handbook. firsr, since Ia 

publianan in 19$9* new d;ln h&c bccomc avaihble. Sccond. thc Risk k x s s m c n t  Council issued CL rncmonndum 

ddcd  *Guidance on RskChYactcrizarion for Risk Manyen and Risk hsxswrs," datcd Fcbnrary 26, 1992. which 

emphasized thc use of multiplc d d p r o n  of risk (i.c.. m c a u m  of ccntnl tcndcncy such 3s aueragc or mcm, or 
high end), ;urd c ! & t i o n  of individual r i s k  population risk. important ~ubppuln~ions.  A ncw documcnt WLS 

i d  tided *Guid;urct for Risk Chamcwriracion~ dated February 19s .  This documcnr. is an u w t c  of the 

guidance iswcd with k 1992 policy. Third, EPA publishcd the rcvisd Guidclincs for Exposun: & ! s m c n l  in 

1992. 

As parr of the effam to rcvix thc handbook. thc EPA Risk Ah.ssmcnt Forum sponsored 3 

rw6byprcr involvnncnc worWop which was conducted during Ihc summcrof 1993. The workshop WLS ittcndcd 

by 57 scientists from ~ c m i ~ ~ o n ~ l t i i n g  firms, private industry. thc SKircs, and other Fcdcnl agenzics. The 
of rhcworlishop w35 to i h t i f y  new data SOUKCS. to discuss adequacy of thc dab and the feasibility of 

~ o ~ ~ ~ n d  disaib&ow and to rsnblkh priontich 

&a result of ahc peer inwlvcmcnt worhhop. thrcc ncw chapters wcrc added to thc handbook 

lhcch3ptcrsyc: Consumer Product Use, Rcsidcntinl Building Chanctcriaici, and Inukc of Grains. This 

document dw pmvi&asl;mm;uy of the avaitiblc b on consumption ofdrinhng wtcc conaumption ol' fruits. 

vcgcfabfcs, bcdidaiq products, 

&t 

pmducls, ;urd fish: b r e w  milk inuk soil inparion: inNatian mtcs; skin 

soit 3dhtrcrce: Iiktimtzacuvity pa~lcm. and bdy weight 

A ncw draft h d b o o k  (hac incorponicd cornmcnb from the t993 worhhop was publishcd for 
p&trtvicUr in func 1995 A peaminv workshop w w  hcld in July l*WS to discuss commcnb on Lhc drdt 

handhvok. Ancurddr of thc hsndbookth;lcddtcsscri cummcnh from the 1905 pccrrcvicw workshop was 

. d t ~ ~ t k d  to t h ~  S&~CC Advisory B o d  ( S U )  for revicw in August 19%. An StU3 workshop rncchg ws hcld 

Dcocmkr 19CO. 1996. to dLsuss the c o m m c ~ ~  of rhe SAB rcvicwcrs. Commcnh from thc SAB review hwc kcn 
incotpomcdimt,LhecuncnthYrdbook. 
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15. ACTIVI'JT F,\crws 
In c;ilcul;iring cxposurc. a p n o n ' s  ;ivcr;ipc d;iily 

dosc is dotcrrnincd !rum ;I CLirnhmitirin ol' v;rri;ihlc* 
including thc pollutant cnnccntration. expowre duratiiin. 
and I'rcqucnc? of cxpohurc (Sexkin and Ryan. lW7j. 
Thcsc vnriahlc\ c;rn hc. dcpcndcnt on  hurn;in ;icrivity 
piiltcrns and timc q!m 31 each activity undfiv location. h 
pcrwn's rnlal cxpowrc c;in hc. prcdictcd using indirect 
approaches such ;is curnputcriml mathcmdrisiil iiildclc. 
This indirect :ipprcixh 01' predicting c\ptisurc ; i l w  
rcquircs activity palterns climc u x  I d;ici. Thus. individual 
or proup activirics iirc irnpnnant dctcrmin;intS 01' pitcnlial 
cxposurc bccauhc toxic chcrnicalh introduced into thc 
cnvironmcnt m;iy nor U;IUK' harm I O  ;in individual unt i l  ;In 
activity is  perl'ormcd *uhjccting thc individu;d 10 cimrict 
with tho* conraminants. An indiviJu;il's choice o n  huw 
to Spend time will v q  ;iccurding IO their occupatiun. 
hohhics. culturc. 1oc;ilion. gcndcr, agc. and p r r a n d  
prcfcrcnccs. Educational lcvcl dttaincd m d  
slcioeconomic status also influence c h o e n  xtivit ics ;Inti 
thrir durimun. 

The purpuu: ofthis ecrion I\ to dcxrihc. puhli\hcd 
timc usc \tudic\ that probide informlriiun on ilctivitics in 
which various individuals e n g a p .  lcngh of timc \pent 
performing various xti\*itic%. location\ in  which 
individuals y e n d  timc and length of timc s p n l  by 
individuirls within t h w c  variou\ micrwnvirunmcnta. 
According IO Robinwn mJ Thoma\ i1391h 
microcnvironmcnt* rcfcr to a somhinatinn 111' :ictivitir\ 
and I~ations thar yicld pntcnriil c x p u r c s .  Inl'nrmat ion 
o n  timc s p n t  in sptcitic occup;itinn\ and rc\iding in 
spccifk arcah alco is includcil in thi5 w t i n n .  

This wction s u r n m m m  data o n  how much timc 
individual\ s p n d  dning various activi:ics ;inJ in w r i o u s  
microcnvironmcn1.s. Thew d m  covm a widc ~ c t y w  ol' 
activitin and piphtions. The lidlowing ciblc tTihlc I S- 
I J should bc uscd LS a guide to locating the inl '~mution 
rclcvant to activitic* and miorocnvironmcntr nt' cirnccrn. 
tbrsm~h s i n  consider using thcw data tci dcvclop 
c x p s u r c  duntion cstirnatc\ tor qwcific c x p u r c  
scnarios.  Avaibblc *ludic\ arc grouped hc'y or  
rclcvant \ludic*. The clx\si:ic:rtians o f  thcxt s:udic\ arc 
b a e d  on thc applicability of thcir data ro cxphurc 
wcszrncnth. All tables that p rwidc  data lrom thrw 
sfudic+ arc prcscntcd ai thc hack of th is  chapter. 

13.1. ;\C"IT?' P,\'ITERK.C; 
The purpchc ol'this wcction IS t o  d k r i k  puhlishcd 

time UIC \tudim that providc inf 'omrion  on time-activiry 



diary with their p r c n a  mrisnncc and. in addition. 
complctcd n'ding rcsb. Children in fourth grade :ind 
atrove provided thcir own diary information and 
pxticipntcd in the intmvicw. Punts wcrc d i e d  to m e s s  
thvir children's stxiournotional and intcllcctual 
dwelopmcnr. A survcy form was wnt to a tcachcr ol'cach 
xliool-age child to cvaluatc cach child's swicrcniotioniil 
and intellectual dcvelopmcnt Thc activity descriptor 
c d c s  ulcyI in this study wcrc dcvclopcd by Ju\tcr et 31. 
119X3!. The activity cod- and dcscripron u*d !'or rhc 
idulr h c  diaric- in both surveys arc prwmted in 
Appendix Tablc 1 St\- 1 I 

The mean timc apcnc pert'orming major activities 
on wecktlap and weckcnds by agc and SCX. and typc of 
day is prc.wnted in Table IS-2 On wcckdays. childrcn 
spnd ahou~40 pcxcnt of their timc sleeping, 20 pcrccnt 
in .school, and IO pcrccnt cating. washing. dressing. and 
pcrt'ormingothcc pcrsonol xtivitic.i(Timmrrt SI., 1985). 
The dam in Tahlc 15-2 indiatm that girls spcnd morc 
time than boyr pcrformins houwhold work and pcrsonal 
carc activities, and less time playing spork Also. 
children qxnd most of their fm time wtchingtclcvision. 
Tahlc 15-3 prcena thc mean timc childrcn spend during 
werkd;rys and wccknd5 pcribrminy m j o r  activities by 
tivcdiffcrcnt qx groups. N.w. rbr sibmiticant effccts of 
each variable (i.c.. agc. sex) arc shown in Table 15-3. 
Oldcr childrcn qxnd morc timc pc.rforming household 
an3 market work. wdying and watching tclcvision. and 
Ics time cnting. sicwping. and playing. Timmcr et at. 
(19XS) estimated that on thc avcrdge. boys s p n d  194 
h o w  P w c k  watching television and girls spend t7.S 
hours per WCCL pcr!'orming thc same activity. 

A limitation a w x i a r d  with this study is that the 
d m  do not proviL-overall annul c4timatcx ofchildren'r 
time usl: rinse the Jam w a r  c o l l ~ ~ t r d  only dunng the time 
of Ihe yew when childrcn attend school and nut during 
school vacation. Another limitation is h a t  a distribution 
pattern of children's timc uw WA\ no1 providrd. In 
addition. rhe s u r v q  was conductd in 19s I 30 thcts is 3 
potcnthl that activity panrms in children m a y  have 
chmpj significantly frum that period to thc pwwnt. 
T h c r c f o ~  application of thes  d;ln fur currcnt c.xposun: 
s iudons  may b i a  e~purc a.w%smcnh nxh. An 
;rdVamIbT ol'this surrey is hat d i q  n s o d i n y  af activity 
patturns were hrpr and *e Jau obuincd wen: not based 
sompbcly 05 r c d l .  r\no~!rr 3dvant3gc is that k x w w  
p;urnh wistcd ywngcr childrcn with kce~inp their 
J i a r k ~  and with intcrvicwli, any biar that may lravc bccn 

cmtcd by having younger children rcuord thcir d;it:i 
should havr k c n  rninimizcd. 

Jtmt-.v arid Krrrtirrrorr (Iw7) - r\ri t\ppIimfiori 1.f 

Buys ,%fcflii)doltqy to flir Antrfd.v t f 1 3 i r r ~  Kccordv jrorri 
II Wirer Use Situ!\. - In IYH7, J;imcs :tnd Knuiman 
providcd a distrihutroii 01' the ;unount 01' time (1-20 
minutcs) qwnt showering hy indivitluiil~ in  houasholds 
located in Australia. 'rlic dihtribution presented in the 
s~udy ol'J;imc:. and Knuiman wab h.zssd on diary records 
o!' 2.500 houwliolds. J;uncs :ind Knuimiin 1987) 
rcp~ncll t h t  SO additionill houwhold~ providcd cfiit:r for 
shower durations cxcrcding 20 minutes. but were 
cxcludcd lioiii their ;indysis kcausc spccitic values over 
20 minute\ wcrc not reported. U4ng the &ita of Jams 
and l i n u i m i n ,  n cuniu1;itivc frqucncy distrihulion WL\ 

dcrivcd for thc liandhook. 1)wd on the 2550 houxholdb 
and is presented in Tahlc 15-3, B;LK.~ on rhc results in 
Table 15-3, approximate showering tiincs ;ire 7 minutcr 
fur thc tncclian valuc. If minutes fur ~hc 9 0 t h  prccniilc. 
16 minutes h r  the 95th pcrccntilc. and >20 niinutss tor 
thc 99th pcrccntilc. The mc;in aliuwcr length is 
apprnxirnatcly X ininutcs using thc shnwcr duwtions of I 
t i )  20 minute\. 

A mcin valuc could not k ulcul:itcd using the 
data for the 50 housholds that rcporlcd showering timu 
X O  minutes. However. il'a 30 rtrinutc showering timc 
WL\ assunxd for the 2 0  minutcs duration, thc mc;m valuc 
would k 8.5 minutes ;LC compmcd to a mean of8  minutcs 
ifthee hcwdiolds arc cxcluJcd. Thcreforc. inchding the 
50 additional household\ would givc a kii lar  mcan and 
the rcsultr at the u r p r  cnd of thc distribution would not 
bc affected. 

R Iinrir:ition ot'rhc srudy is that thu J:i~r arc from 
houwholds in Austrdia and may nor be rcpmcnLirivc or 
US. houschulds. A n  advanrrrgc is that i t  prcgnts 
cunrulativc distribution data. 

Hohittsm arid T1torrin.v (1991) - Tisic Spcrrt i r r  
Activiries. L.acuriorts. arid ~ticri)e~i~;r~Jtr?)rcrrf.~: A 
Clltji)miu*4Vuriottu/ C'orrrpr isot i  - Kobinwn and 'Thoinas 
( 199 I ) rcvicwcd and comparcd data troin tlic I9H7-XH 
California Air Rcaourccs Board (CNIB) time activity 
study ;ind from a sitnilar 198s riatianal study, Jhcricutrk 
Lrsc t f 7 i t t t ~ .  Data Imm thv national study wcrc rccordcrl 
\irnilarly to thc CARS c d c  catcporics, in ordcr t o  makc 
d m  comparison:. (Rohinaon and Thomlrs. I99 I ), 

Thc CAR8 study involvcd rchidcnrh who livcd in 
the sutc o1'GliI'orni;L Onc adult I X  ycan or older was 
mndomly ?i;lmplcJ in each hotwholrl md was asked to 
complete I diary with entries for thc previous day's 





rmcrunnlr/b;lb and imvding. The oldest a$c bpmp. b5 
ye- and older. spent mokc at' their umt in thc htchcn 
(cooking -nJ 0th- kitchen rrlatcd activiticd ilnd in 
cornmunitxion xtivitics. 

Limitations a ~ 1 3 a t c d  with thc Robinson and 
T~OIIU! ( 1yc) I ) sttuJy xc that the G W  SWVT was b a d  
on h-cali ;mtf rhc swcy ws pertbnnczi in Clllil'otniil only. 
Thcrctorr. it' applicd to other population?;. rhc dam .wt 
m y  bc b i a .  rborhcr limitation is that time distribution 
patterns (3tdstiul  Imulysis,) ULR- not proviJcd for both 
studie .  Ah. the 3 3 ~  arc bawd on short term srudius. 
An ;rdmnr;\&.v ofhis study is that Ihc f9S5 national study 
rcprmcnh the pncd US. ppubiion. hlso. the 19x5 
national study provides time cstimnrcs by activities. 
hutiunr;md mimnvironmna broupcd by age. gcndcr. 
md type ofday. Another advmugc is that thr daw wcrc 
cornpad and th& ovcdl, both d i n  ?ic'ts showcd similar 
psnms of activity (Robinson and Thomas. 1991 1. 

LVilqv e; at  ( I  991) - Stiidy ofCJrifdreit3 Activity 
Ponrm.~ - The Catifomia childrcn's activity pattern suncy 
design providd timc mtimatcs of children (under 12 
yea% old) in various aatvitics and locations 
~ m i c ~ n ~ ~ r o n r n c n ~ ~ ~  on J typical day (Wi1c.y et al.. 199 1 ). 
7 % ~  m p k  popuhtiois. which consisted of 1.200 
h?ipondcnb (includingchildrcn under 12 y e a  ot'agc and 
adult intbmnLs =siding in the child's household), w;1s 
.wlcctcd using Wakdxrg RDD merhocis from English- 
spcahing houwholds. Oncchild wa.  aclcctcd from cach 
houscholcl. If thc 4cctcd chitd wah X y c m  old or less. 
rhc adult in thc same houschold who spent the ino.;t iirnc 
with thc child rcymrlcd. Howcvcr. iithc aelr.stcd child 
wa.. bcwcen 9 and 11 yeas OM, that child rcspondcu. 
The popuiation yms also stmilid to provide 
rcpcvscntativc cs[im;ltL% fur major rcgiuns of thc state, 

Thc survcy qucstionnirc includcd a timc diary which 
provided information on thc childrcn's activity and 
lowtion patterns b~scd on a 2thour recall perid. fn  
addition. thc S U W C ~  qucsaonnain: included qumtions 
about potential cxpoautr. to sourccc's of indoor air pollution 
(i.c.. pmncc o~~mohccrs) on thc d i q  day and thc a o c b  
drrnobmpkic c h w ~ c t c ' r i s t i ~ ~  (Le., a s ,  gender, marital 
m t u x  ot' adult) of children and adult rcspondcnts. Thc 
quotionnaircsmd rhc umc dizics wcrc administered via 
z computcr-aAtcd tclcpliclnc interviewing (CATI) 
technology OVilcy ctal.. 199 I ), Thc tclcphonc interview 
were conducted during Apt4 JYHY to Fcbruary I990 over 
four scawns: Spring (April-Junc 19H9). Summer (July- 
Sepwmbcr 19W, Fa11 (Octobcr-Dcccmbcr 19x91, and . IVinxsr (Janwry-Fcbwf;~ 1990). 

Thc data obbincd from thc survcy intcrvicws 
rcsultcd in ~cn major activity cmgorics, I13 dcuilcd 
activity codes. 6 major caicgoncs of 1oc:rtions. and 63 
dctailcd location codes. Thc wcragc timc rcspondcnts 
spcnt during *c 10 activity catc.gorics fur ;ill childrcn arc 
pmcntrrl in Table 15-1 1. A b  includcd in this trrblc arc 
thc Jcuilcd activiy. including iL-  cdc. with thc highest 
mean Juration oftirnc: thc pcrccnugc ofmpondcnh who 
rcponcd participating in any iictivity (pcrccnc doing): and 
[hc mean. incdian. and maximum time duntion for 
"Jwrs." The dominrint xtivity carcpq, pcrsonal can 
(night deep king rhc highest contnbutor), had thc highost 
time cxpcnditurc of 79.t mindday ( 13.2 hoodday). All 
rcymndcne rcponcd dcrping at night, rcsulring in a m a n  
daily timc per participant of 794 mindday bpcnt sleeping; 
The activity category "don't know" had a duration ol' 
about 2 mindd;ry and only 4 pcrccnr of the rcsponclcnts 
rcpuncd missing activity time. 

T~blc 15-12 prcscnh Ihc mctrn timc spcnt in thc IO 
activity categoric?; by agc and gender. Dift'crcnccs in 
activity pittcrns for boys and girls rendcd to bc. small. 
Table 15-13 prcscnh the incan timc spcnt in thc 10 
activity categories groupcd by wa.wnh and California 
rqjonh. Tbcrr wcrc .casonal difl'crcnccs for 5 sctivily 
catcgoria: pcnonsl c;m. educational activitics, 
swisl/cntcrtainmcnt. rccrcation. and cotnmuniutionl 
pwivc Icisurc. Tirnc cxpcnditurc difl'crcnccs in various 
rcsions ol' thc State wcrc minirnil for childc:rrc. work- 
related activitica. skoppirip. pcrwnal carc. cducxion. 
social life, snd rccrestion. 

Table 15-14 prcscnls rhc distribution ot'timc across 
4s location categories. Thc participation raics (pmcnt) 
ofruymdcnts, thc incan, medim. and maximum timc t'or 
"doun." Thc Jorailcd location with thc highcsr avcrap 
time oxpcnditurc arc also shown. Thc hrgcst amount of 
timc spent wah 31 home (1.078 minurcddny); 99 pcrccnt 
of' rcspondcnts spnr timc at home ( 1,066 m i n u i d  
pnnicipanr/d;lyJ. Table3 15-15 and 15-16 show thc 
avcragc timc spn t  in thc six locations g o u p d  by age and 
gcndsr. and scason aiid rcgion. rcspcctivcly. Thcrc arc 
sgc dil'femnccs in time cxpcnditure in educational scuings 
for b y 3  and girls (Tablc 15-15>. 'ficn. arc no dilfcrcnccs 
in timc. cxpcndirurc 31 tRc six locations by rcgions. and 
time spcnt in bchool dscrcascd in ihc sumrncr months 
comp:ued to othrr seasons (Tablc 15-16). Tnblc 15.17 
show thhc avcragc potential cxposurc timc childrcn spcnt 
in proximiry to tobircca smokc, g&solinc fumes. and gas 
oven fumc's grouped by a g  and gcndcr. Thc s;m\plcd 
children spent marc titnc cluscr to tobacco smoke (77 
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Tabla 15-19 thrauph 15-32 pfovide 
infomution on the frcqucncy and duntion of 
akingbalhs tirquc~~~ of taking hhowrs, and 
on the amount ofdmc spent in thc 4owcr or 
bathmom alkcomplclion of the activity. 

Table 15-33 provide rhc ircqucncy ior 
washing chc hands in 3 b y .  

Tabla 15-33 chmugh 1542 pmcnr 
information on rhc number of timx windows 
and doorj W b x  opcncd md the n u m k r  o l  
minutn hey wclr left opcn 31 homc whik thc 
mpondenc w.. as horn-. 

Tables 1543 through :S47 pmvdc data for 
timc spcnt in hcwy tclt'lic cithrr running. 
walking standing. or in a vchidg and for tim 
spcnr in indoor ;urd outdoor parting lob and 
Ipn- 

Tables 1 5 4  thmugb 15-50 pmcnt 
information far time svnc working for pay: 
working at diffcrtnt tirncs ofday; md for the 
mount  of that tinu was spcnt working 
OllCdOOrs. 

Tablcs tS-SI through 15-56 providc 
infomtian for numtxraflime ofpxi'oming 
household n$b in a day such a\ vacuuming. 
and whingdishihlrd clorhcr, in a midcnce. 

Tabla 1557 through 15-63 prcent d ~ t a  for 
nombcr oftima p r & y  and dK. dwa:ion for 
phying in sand, bmvd. and dirt; and for 

working in ciitumstanccs w h c ~  one comes in 
contact with soil such ;IS in a @m. 

Tablcs !S45 through 15-67 providc 
infinnation on thc trcqucncy of swimming in 
a k s h  waicr swimming pool and thc amount 
of timc spcnt swimming during a I-month 
period. 

T~hlcs 15-63 through IS-37 prcwnt sotistics 
far timc spent in various major utcgorics. 
Thcy arc ;L\ follows: Paid Work (main job); 
Houxrhold, Work (food prepitration and 
clcmup. cleaning houw. clothe arc): Child 
C m  (indoor and ourdoor pbyiny); Obtaining 
Goods and Scrviccs (cw rcpair): Pcrsonil 
Ncds and Crm: (Jccpingtn;lppin@: Fm: Tim 
and Education Mhool); and Rccrcation 
(activc sports. cxcrcis. outdoor rccrcation). 

Tabla IS&# through is-3s pmvidc st;ltistics 
for time spat in VX~OUS nctivilics that arc thc 
rssults of rcpoupingkombining mivitics 
dLscrikd in Tablcs 15-68 through 15-87. 
Bccausc thc occurrcnccs in wmc m,ior 
catcgorics wcrc too small to conduct analysts, 
thew atcgurics were fcgroupcd into broader 
mtcponm so that ncw cafcgoricx could bc 
dewclopcd with P hrgct numbcr of 
~ ~ c m n c c s  (Tang and Ucpcis, I W6). This 
regrouping was pcrf'crrmcd to create J bctter 
dam a fir mimating cxpsurc activities from 
the awvailablc dim flslrng and Klcpcis, 19y6). 

Tablcs 1545 through 15.103 providc 
cumuhti~c hutistics for time q x n t  in various 
indoor micrwnviromncnts such as rcpair 
shopdgw stations: bar/ night club/bowling 
dlcy: and at school. 

Tclhles 15-105 through 15-1 I2 pwxnr 
sutisticat data for timc spcnt in various 
outdoor locations. Thcse mblcs includu dam 
for locations buch as schoolgroundd 
playground: parking lots: construction sitcs; 
parh and golfcourscs; and farm.;. 
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Volume III = Activiry Facrors 

Chapter I 5  - Activify Factors 

Tahlcs 15-1 13 through 15-120 prcmt 
suti+hs for tirnc s p i t  in  wrious Irc;iiicins in  
the tiornu. Dot;) arc prcwntcd for the nunihcr  
01' rninutcs spcnt in the kitchcn, hathrcwn. 
hcdroorn, garngc. h;ircmcnt. utility rwm t v  

laundry from; in the outdoor ~ ( w I  or s p x  and 
in  thc yard or othcr arcns outsidc the houw. 

Tahlcs 15-121 through 15-i30 priwidc dat;i on 
tirnc rpcnt traveling and for tmvuliny in 
various types of' vehicles; ;ind for timc ywnl 
walking. 

Tahlcs 15-1.71 through IS-Idf) provide 
statistics for total time spcnt indoors at hnmc 
(catcgorics rcgrouycd/curnhincd h a d  on 
various data dhcmhcd in Tahlcs 15.YS 
through ISl30), including a11 rairns; 
outdoon at hornc: trwcling inidc a vchiclc: 
outdoon ncar a vchiclc; ourdonclh oihcr than 
ncw a tcsidcncc: in an at'iicc or lactop; in 

malls and othcr rtorcs; in  various puhlic 
buildings; in bsn. rc\:aurants. CIC. ;  and 
outdoor locations such as auto rcpair \ h i p  
and laundromats. 

Tahlc lS-141 provido thc numkr of minutes 
\pent in on activity or micrucnvirmincnt 
whcrc a vnokcr war prm-nt. 

Tahlcs 15-14? and 15-1J3 prcwnt h t a  ftir 
tirnc spent hmoking in a h y .  

Tabln I5.ILI through 15-1-% proviclc 
information for tirnc q x n t  smoking dcctcd  
tobacco prduuts such as cip-., ciprcrtcs. 
and p i p  tobacco. 

AdvanLagm of  ihc S H h P S  dar;lu.t arc thdt i t  I* 

rcprcurnutivc oi the U.S. population n d  i t  h;lr hscn 
adjusted to bc halanccd gcobpphiully. ~xwc,rwlI~. a d  
for dsy/timc. Also. it is rcyrcuxwivc of  all a&.-. pcmicr. 
and is n c c  specitic. A drwdvantapc of' the study is  that 
means annot k ulculatcd for time s p m  ovcr MI. 131. 
and 1x1 rninutm in  wlcacd sctivitin. Tltcrcforc. xtu:iI 
time a p n t  at the high c d  of thc distrthution fur thw. 
activities cannot he wpturcd. 
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activiucs to houFjhvcrkwurc not prcxntcd. Tablc 15-149 
shows thc diffcrcnccs in umc usc by gcndcr, cmploymait. 
and nwsi~~t  stlltus for five major activity u1cgorics and 
fivc suhtcgori=?c lor 1965 ann3 1975, Time spent on 
workrclatcd activities (ix., work for pay and family care) 
was Iowa in I975 than in 1965 for crnploycd men and 
women. Table 154.19 also shows that thcrc was an 
o v d l  increase in k e  timc xrivitics for all the six 
g r o u p  The diffcrcncc in time usc in 1965 and 1975 arc 
prcentcd by agc. cduution. an3 mcc in Tahlea 1S-150, 
15-151. and 15-152, rcspcctivcly. Thew tublcs inctudc 
daw for studcna and ccmin employed ruspondcnb that 
wcrc cxcludcd in Table lS-I&% (Robinson. 1977). In 
1975. t h c  eldest poup ( a p s  56-45 y c m )  hhowcd o 
dcclinc in paid work. and an incxcx in family care, 
pcrsonal clve and slccp (Tablc 15-150). Muextion lcvcl 
comprisoms xmx\ the tcn-?car intcrvd indiwtcd that thc 
Ias cdwtcd had a dccrcasc in paid work and an incrrxx 
in slccp and personal CUT: thc most cduwfcd had an 
inma!!  in work time and a dccrczw: in othcr luisurc 
Cdlc 15151). For meid ~wmpi.tri.wns. B1;lc.b s p n t  Icwi 
time at paid work than Whim aems  ths tcn=ycar intcrval 
(Table 15152). TiMc IS-152 also show3 that Black\ 
spcnL mom timc than b'hitcs at fm time activitia+ in 
1975. 

A 1imir;rtion ofthc study s u r v q  dCs& is that time 
uw&Qwcrc pfhcrcrf as socd indicators Thcrcforc. the 
;uxivity ~zcp r i c s  prcscntcd m y  not bc wlcvant in 
cttposurr awssrncnk Another limitation is that 
mtistiitiQ1 analpis of tbc data xt W;L\ not provided. 
Additional limitations arc hat chc time u.w data ;UT old 
and rhc &n m y  nor reflect recent c.bngrs in time U.W. 

The 1965 and 197s dam xts exclud~mi cmain population 
pup md. thetefon, m y  not be cntircly rcpmnative 
o f h c  US. population. holhcr  limimdon is that thcx m* 
dxxt-tcnn studia and m y  not nccxsiril? rcpnwnr long- 
term a u i r y  pattmts. h idvmng ofthis study ia that 
time d;ua wcpc prc!ie~~tcr? by agc. gcndcr. mcc. 
a i d o n  Icvcl, and cmploymcnt ruul marim1 status. 
Another dmap is (h3f arlicr inwcstiptions on thc 
snrdy mcthod C,S-hr d 1 )  cmplcyd in the 1965 study 
d c d  no syscmAc b i x .  in rcporttt! activities 
(Robimon. 1977'). Robinan (197;) diso noted that thc 
timcdiary method provide ;L -zao-sum* meawc (i.c.. 
s i n e  thar 3~1: only 3: daily hours or I68 wc.efily how, 
if time on one activity incrcxscs then timc on another 
mivity must decrwsc). 

Justcr et ul. (198.3) - I975-IWI Time Use 
Cpngirirdinal Punt/ Sritu)* - Thc Time Allocation 
longitudinal study of thc US. population bcgan ;is part of 
il multinational projccr with thc first survcy conductcd in 
1965-66, A second national time usc survey was 
conductcd in 1975-1976 and another in 1981 (Justcr ct al, 
19H3). Justcr ct al. ( 1933) provided study dcwiptions of 
thc sccond and third survcys. Thc survcys. includcd a 
probability sample of'thc adult population (IS years and 
older) and childrcn bctwccn thc Q ~ C S  of3 and 17 ycah in 
the Unitcd Sbtch In both survcys, [imo u% w u  mwurcd 
from 2Ahour rccall diaries ndministcrcd to rcspondcnis 
and thcir spouses. Thc 1975-1976 survey involvcd four 
wavcs of intcrvicw: wave I.  0ctobc.r-Novcmbcr 1975; 
wave 3, Fcbntllq 1976: wavc 3. MnyJunc 1976: wavc 3, 
Septcmbcr 1976. Tlic l h t  wwc was P personal intcrvicw 
and the othcr thrcc WNCS wcfe tclcphonc intcrvicws. Thc 
1975-1976 sump wnplc consistcd of 2,300 individuals, 
and ofthat sample, 15 19 rcspondcna. Four recall di;lrics 
(one from each wavc of intcrvicw?.) wcrc obuincd from 
Y G  rcspondcnts. with d3n on timc u.x m c w r c s  for two 
wvckci;rys, onc Srrfuday and onc Sunday. The survcy was 
dcsigncd to gather informittion for: cmploymcnt status: 
caming and othcr incotnc: "consumption bcnclib tor 
activities of rcspondcnLs and thcir spouscs:" health, 
friendships and associations of thc rcspondenrs: stock 
tcchnolom avilablc to the houwhold. housc rcpdr. and 
maintcnancc activities of the fbrnily: division of labor in 
household work end tclatcd attitudes; physical 
charxtcristics of tbc rcspondcne housing \tructurc, nct 
worth and housing vafucs: job chtctcristics: and 
chsacturistics of mass media uwgs on 3 t y p i d  dly 
( h t c r c t  al.. 1983). 

Thc 1981 survey was a follow-up of rcspondcnts 
and spouses who had complctcd :it lca\t thrcc waves of 
interview in the 19%-1976 surucy. For thc 1981 survcy. 
920 individuals wclt  cligiblc. Thc survey dcsign was 
similar to thc 1975-1976 survey. howevcr in this survcy, 
thc adult popuhion WLU 2S y c m  and oldct and consistcd 
of 620 rcspondcnts. Four wavcs of intcrvicws wcrc 
condocud bctwcrn F c b w  -March 108 I (wvc I), May - Junc 19Y1 (wawc 2). Scplcmbcr 1981 (wavc 3). and 
Novcmkr - Deccmkr (wwc 3). The 1931 survcy 
included the respondents' childccn betwccn thc ages of 3 
and 17 ywi. The survey dcsipn for childrcn provided 
informdon on timc USC mc;1surcs from two time diary 
reports: one school day and onc non-school day. In 
addition, infomation for ;Iwdcmic achicvcmcnt mc;l\ures. 



c h o d  and Iiimily lil'c mc;isuri?.. and ralrngs tnim thc 
childrcn's Icachcrs wcrc pithered during thu s u ~ c y .  

Juhicr ct ;rl. 19U) did nut  report thc time uu' J;iia 
ohtoincd tor the 11)75-1776 survey or thc l W l  survey. 
'Thcsc d a ~  arc s:urcJ in four  rap file\ ;ind u n  th: 
obtaincd from the Inicr-univchity Conw.inium t'br 
Politic:il ;inJ Social Kcw;irch IICI'SRr in Michigan. Thc 
rcsponSc riitc rbr thc lint wsvc 01' intcrvicw ( lV%7h 
survcy) h ;wd  on the original wmplc piywt;ition &;I\ hh 
pcrccnt, and rrsp'nw r;iIcs for the suhscqucnt wiiVCs 
ringed from 42 pcrccnt Iwnvc 4 I IO SO pcrccnt (wive 2).  
In the t9Xl survcy, the rcsponw r;ltc ha rd  on cligihlc 
rcyxindcnis w:is h7 prccni Ibr the h i  intcrvisw. and 
riingcd from 54 pcrccnt (wavc 4) 111 hO prccnr (wave 3 
in ihc whwqucnt inlcnicws (Juslcr et al.. I W i .  The 
lS)7S~lWh ~un'cy included X7 aclivitrcs, In the IWl 
survey, thew $7 xtivitics wrrc hrokcn down i n t o  sm;illcr 
componcnta rcsulting in 223 aclivitics (Ju\tcr et ala,  
lW). Thc ;ictiviiy C I ~ J C ~  and dcwiplon u ~ r d  liir the 
adult timc di;incs in bath survcyi :irc prcrnlcrl in 
Appndix Table I5X-3. 

A limitation nt'ihis study is th;it the wn.cys wcrc 
not clc3igncd for cxptisurc ;isscssmcnl p u r p w b .  
Thcrcl'orc, the time uw data 5ct may hc. h i a d ,  Anolhcr 
limiwion is that timc UH: da12 cnllrctcd were hascil ctn ;I 
%hour diary rccrtll. 7% miry somwh;il hi;ix the d ~ i  et 
obaincd from this w v c y .  An ;idv;int;igc uswxiiilcd with 
this survcy is thdt i t  provid;.+ a C ) ~ I ~ ~ ; I H I  of infimn;ition t in  

various human ;~ctivitic*. This infnnn;ilii-m can hc. uscd to 
a w s s  vi i r iws  ckporurc puthw;ip ; i d  <cn;irior 
sswcialcd with thc\c ;ictivilics. Alsu. wnic ol' the d;rtrr 
from t h w  surveys wcrc uwd in  thc \ludics conducted hy 
Timmer ct sI. ( 1Utt.C) ;mJ Hill (IUSS). I n  addition. the 
activity dcwipttrr c i d c s  dcvclapcd in lhcsc \ludic\ ucrc 
uscd hy Timmur et ;iI ( I M J .  Hill ( IWS L ;rnJ Rohinsan 
and Thom;rs ( 1941 1. Thew sludic+ arc presented in 
Sections IS. 1.1 and IS. I.?. Aniithc\r adv;inl;ipc 01' this 
survey is that thc dat:i arc hosed o n  il n;tlionitl  cy 2nd 
cnnductcd over ;I onc y ; r r  Fr ioJ ,  resulting i n  ;I wxumally 
h;ilanccd wvcy ;inJ one rcprru!nt;itivc 01' the L7.S. 
population. 

H i l l  (1W.F) - Prrnrrtis r ~ " T i t r i c ~  IJsc - Hill I IOS5i 
invcsfipicd th: IOU! arrioum of time Amcric;in ;iJul~s 
spend in one yciir pcrlbming various xtivit ics and Ihc 
variation in time uw ;ic'ros\ fhrcc dil'li'rcnt dinrcnsions: 
demographic ch;lr:ictcristi~.!., geographical Iwi t i tm,  and 
aa.wul ch;mc~eristi~s. In this \tudy, time cyiim;itcs wcrc 
h;wd on data collcctcd I'rom time diaries in four WJVCS ( 1  
pcr w s o n )  111' a survcy conductcd in the t i l l  01' 1475 
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w t ~ '  madc to the daa  to &ssurc cqual distributions of 
w c c k p ,  Samrd;lys,and Sundap (Hill. 1995). Thc dam 
indiatn that tiic timc pkods adulrs spcnt performing 
rnukcr work child GUC, shopping. organiutional 
xtivitics. and xtive leisure wrc fairly conhunt 
throughout the ywr (Hill. 19x5). Thc mcin hours spcnt 
pcr wcck in pcrfocming thc LO major activity prrticrns arc 
ptesentcd by gcndcr in Table 15-156 (time usc patterns 
for dl X7 activiacs u c  pmntcd  in Appcndix Table 13A- 
6) .  Table 15-156 indiatcs that time UM partcrns 
dctcrmincd by dm collected lor h e  mid-1970's survcy 
show gcnder diflcrcnccs. Men spcnt morc timc on 
activities related ro lobor mkct  work and education. and 
womcn spcnt morc rime on howhold work activitics, 

A limitation zxa-iatcd with this study is that thc 
time data were obnincd from an old survcy conductcd in 
the mid-1370~. Bcci~ux of fairly npid changcs in 
American .wcicry,*applying L!cscdaa to cumnt cxposurc 
;L%w..mcnm may rcsult in am b i w x  Anorhtr limitation 
is that time u.w data wcrc not prcwntcd for children. An 
advlmugc of this study is that timcdiuinus W C ~ C  kcpt and 
data wrc not based on recall, Thc t'omcr approach may 
xsulr in a moa ~ccumte data set, Another sdvantag of 
bis study ts that the survcy is scwnally balanced since it 
a s  conducrcd throughout thc ycar .ind thc data arc from 
a large survey sample. 

Sell (1989) - The Use oj' Clrildtmj. Activiq 
Parrcrns in rhe Drvrlopnrmr of u Srrcrtrxy jhr Soil 
Sumplinx in W s r  Cenrral Plromi.r - In 3 rcport prcp;in.d 
for the iuixona Dcpanmcnt of Envitonmcntd Quality. 
Sell (19x9) invmtiptsd thc activity patterns ol*prcGhool 
md d r o o l  agc cbildrcn in Ihc wcbt ccnmt portion 01' 
Phocnix known as M~;rryvJc. The survey was conriuctcd 
in KWO pan..: (1) most ol'thc s h o o 1  agc childrcn wcrc 
intcrvicwcd per sow ill^ from May through Junc., 19x9 in 
three schools: and (2) survcy questionnaire were mailed 
to pucnrs ofprcschool children. 

:n thc lint survcy. 15 pcrccnt of thc total s h o o 1  
populnuon (ZOOY) w a  smplcd wirh I i I children in 
grades K-6 participating (response mtc o!' 37 pcrccnt). 
Thc scruycd popohtion was 532 pcrccnt male and J6.S 
percent fcinde. Of this population. 31 pcmnt wcrc 
Hispanics, 395 pcrccnt Anglos. 7.2 pcrcrnt Black.. and 
1.7 pcmnt A k n s .  The childrcn hcrvicwcd wcrc 
b c w n  the ages o f 5  and 13 y c m  Within c x h  school, 
the childrcn in gr-des Ii.6 wrw smtiticd into two groups. 

children wem wlcctcd randomly from each group. 
Childxn in K-2 wcrc cithcr intcrviewd in &hod 

primary (bmdcS x-3) and inxcrmtrfirrtc (b.!ddcs J d j ,  and 

or ;it homc in the prcscncc of ;1 pmnt or an adult cwc- 
provider, In the courw of the intcrvicw. children wcrc 
z4xd to idrntify locations or activity ;ucas. social arcas 
(i,c., places they went with fricndh), ravoritc :Lrc;\s. and 
locations of forts or clubhou.ux Acrid photognplrs wcrc 
uscd to mark h e x  arras. 

Thc scond survey involvcd only prcschool 
childrcn. Pwcncs complcwd qucstionnaims which 
providcd information on thc mount of timc rhcir childrcn 
spent outdoors. outdoor play locations. favorite pluces. 
digging mzs, usc of pirk or playgrounds, and awimniing 
or wdding locations. This s m c y  was conducted bctwccn 
Junr-July fY89. One thou.sand 0.OOO) parcna WCK: 

urnplsd, but only 21 I qucsrionnaircs wcrc uscrblc out of 
886 qucationnrrircs rcccivd rcsulring in ;L rcsponsc ruc 
for the prcschclol's survey of about 24 pcrccnt. Thc 
snmplc population consisted ofchildren 1 month and up 
to prcschool agc. Of this population, 53 pcrccnt wcre 
Anglos. 18 perccnt Hispanics, 2 pcrccnr Blncb, 3rd 3 
percent Asians. 

The survcy design considcd the kinds of auivitics 
children cngrtgcd in, but not thc mouni of timc childrcn 
spcnt in cach activity. Thcrcforc. Sell (19H9) prcwntcd 
thc data obuincd from the survcy in terms of pcrccnt 01' 
rcspondcnts who cngagcd in qxxitic activities or 
locations. A summary of pcrccnt msponscs of thc 
prcschool and school-qc children's activitics at various 
locations in thc Mrvyvnlc study m a s  arc prcscntcd in 
Tablc 15-15?. Also included in this ublc is a ranking 01' 
childscnb piay locations based on other existing ruscarch 
works. B w d  on the survcy data. Sell (1989) rcponcd 
chat rhc mcdian timc prcshool childrcn spcnt outdoors an 
wcckdays wxi  1-2 hours, and on wcckcnds thc median 
timc spcnt outdoors was 2-5 hours Most of rhcw childrcn 
playcd outsidc in their own yards. and somc playcd in 
other pcoplc's yards or parks and playg-ounds (Scll, 
1989). 

Limimtions ashociated with this study arc that lliu 
survcy dcsign did not rcpon thc timc spclnt in v;riou,s 
activitics or locations and thc rcsponsc ratus obmincd 
from the survcys wcrc low and. rhcrcltrc. may result in 
biased data. In addition. bccausc thc survcy was 
conducted in Arizona thc survcycd population d i m  not 
rcprcscnt the childrcn's population on a n:itional bavis. 
Advanugcs ol' this study arc that it providcs dam on 
various ;lc;ivitics childrcn cnpgc in and locations ot'thcsc 
activities, and providcs for timc spent outdoors. This 
information is uscful in dcrcrmining cxposun! pathw~~?, to 
toxic pollutlrnrs far childrcn. 
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!5-159 idiofEi that whites had ionyn occupalional 
tenure (6.7 yc3fs) blacks (5.8 .yurs). and Hispanics 
(45 ym). Full-time workers h;J morc occupauond 
tcnut: than pm-rimc 7.2 ycan and 3.1 ycar?;. 
rcspccnucly (Table IS-$#). , 

Table 15-161 prcscnts tire median occupational 
tcnnrrrrr among m j o r  occupxiond p u p s .  The mcdian 
tam m@ from 41 yun: for sauicc w o r b  to 10.S 
,vum for pco3tc employed in firming, forestry. and 
fishing In ddition. mdim wcupation;lf tcnurc among 
dtpikd ocarptiona rrUl);Cd h m  2G.Y yGtr3 for b z b e s  
to I5 f i r  f d  counter md fountain workcrs 
CAppcndixTablc 1%-7). 

The Strcnbgh of an individual's amchrncnc to a 
3pccific occupation h3s bcm amibutd to thc individual:*: 
inwnzmcnt in ducttion (Carey. 19s). &cy (19%) 
rcpartnl thc mcdim occup~ond tcnm for the survqcd 
working population by agc and educational 1evr.J. 
W o r k  with 5 or more y u r s  ofcollcg~ h;ul the highest 
mddian occupational tenure of 10.1 ywrs. Works that 
wcrc 65 yurs and oldcr with 5 or maw years of collcy 
hid the highar accupatiod tcnurrr lcvcl or'33.8 years. 
EIC mcrfian 4scup3tiod tcnwt was 10.6 yurs for self- 
mplo~vcd works md 6 2  ycars for wage and salary 

A limitation ;l\soc&tcd with this study is  fhnt the 
s u r q  dcsiy cmploycd in the dab collection was not 
prtscntcd Thcrcfore. the validity and xcuacy of the 
&set cannot be dcccrmined. hothcr  limitation is hat 
only median v;Jucri were reported in Bc study. An 
advanogc of his study i* t h r  occupational tcnuh- (yc~vs 
spent in a spcCitic occupation) WLS obt;rincd for various 
3gc group by gcndcr* cchniciry, cmploynent sfatus, and 
cducaiod lcvel. Anothemdvurt~pof this study is that 
thed3t3 w a r  hwd on a surrey  population which appcm 

6 r e y  (1990) - Occupational Ttnure, Employer 
7.tfmtrrC. and &Cupahunuf ,%fobi&iQ - (1990) 
conducted another study that W;LS simibt in scope to chc 
srudy of Grcy (1988). The January IYM Current 
Population Sntdy (CPS) w3s w d .  This study provided 
dam on occupational mobility and employr ccnutr in 
addition IO occupxiorral enure. Occupational tcnurc wxs 
dctincd in Cycy (19HS) as the "thc cumulative numbcr of 
y w  a prson workd in  his or hcr c m n t  occupation, 
rcprdlcss of numbcr 01- employees, intwprions in 
cmployment or time spent in aihct locations." Employcr 
tcnurc was bet-incd as "thc length of tirnc ;L worker has 
been with he sunc cmploycr." whilc occupational 

W ~ ( c U c y .  1988). 

to q - n t  the b m m l  U.S. pOpUhdOn. 

mobility was dclincd as "thc numbcr of workers who 
chanbv from onc occupation to another" (Carcy. 1990). 
Occupational mobiliry was mcasurcd by asking 
individuals who wcre cmploycd in both Januiq 1986 and 
Jmuaxy 1987 if thcy wen: duing thc urn kind of work in 
a h  ofthcsc months (c;ucY. 1990). Cucy (1990) further 
malyrcd the occupational mobility data and obtained 
information on entry and cxit rat* for occupitions. Thew 
r ~ i m  wc: Jcfined its "the pcrccnnbr ofpcrsonscmploycd 
in an wcupation who had volunlarily enicrcd it from 
anocher occupation" and an cxit r u  was dctincd as "thc 
pcrrcnug of prsons mploycd in an occupation who had 
volunwily lcft for a new occupation' tc;lrcy. 1990). 

Table 15-162 show the voluntary occupational 
mobility mcs in January 1937 for workcrs 16 ycan and 
oldcr. For d1 workcn. thc ovcrdl volunup occupational 
mobility mtc was 53 pcrccnL Thew: data also show that 
younger workcrs fcft occupations ;It a highcr m e  than 
oldcr workers. Grey (1990) rcponcd chat IO million of 
the 100.1 million individuals cmploycd in January 1986 
and in January 19H7 had changed occupacionb during that 
pcriod. resulting in an ovcrdl mobility ntc of9.9 pcrccnr. 
Exccutivc, administrative, and manaprial occupaionb 
had thc highcsc cnuy rate of 5.3 prrccnt. followcd by 
administrative support (including clerical) at 4.9 prccnt. 
Solcs had the highest cxit rate 015.3 pclrcnt and scrvicc 
had thc sccnnd highca cxit m c  of 4.Y Frccnt (Cxcy, 
1990). In Janwy 1987. rhc mudim cmploycr tcnurc for 
all workcn was 42 ycars. The mcdian cmploycc tcnurc 
was 12Sycm for thue workcrs thx we= 65 ycars of agc 
and oldcr t Cmy, 1990). 

BLWUSC rhc study wxs conductcd by Carny (1990) 
in a manncr similar to that ofhc previous study (Carcy. 
1983). thc same ;dvanmpcs and disadvanwgcs associiltcd 
with G r c y  ( 19x8) also apply io this dam b e t  

I.53. POPCI'L\TIOS MOUILITY 
152.1. Dackground 

An ;Lssc..smcnt of population mobility can 3ssisil in 
determining the length ol'timc a household is cxposcd in 
P panicular location, For cxamplc, the dunrion of 
cxposun: to sitc=speciIic conurnination. such as a pollutcd 
s t r c m  from which a family fishes orconmin;itcd aoil on 
which children play or vcgctablcs arc grown, will bc 
dircctly rc1arc.d to thc pcriod ot'timc rcsidcnts livc ncnr llic 
contruninatrrd silc. 

Information regding  population mobility is 
compiled and publishcd by thc U.S. Burcau ofthc C c n w  
CBOCl. Bank!, insunncc companies, ctcdit crud 

Puge Exposure Fuctors Handbook 



Volurnc III - Acfivh'y Factors 

Cttaprer 15 - Acn'vip Fucrors 



same c4unty 
61.95% 

figure S i .  Distribution oilndividtxds Moving by Type of m v c :  1991-92. 

dcvcloped b d  on census d a k  which providcd thc 
probability chat a person with spcciticd dcrnobwphics did 
not m o w  during the prcvious ?car. The fifth swp uscd 
data on viral statistie published by thc National Ccntcr 
for Health Statistics and dcvcloped P rnodity  table 
which provided the pmbabilixy that individuals with 
specific dcmopphic c b x t c r i s t i a  would dic during the 
upcoming year. b a find stcp. a computcr b w d  
d p n t h m  was used to apply ;t ?dontc Carlo approach 10 P 

serics of persons sclcctcd at mdorn from thc population 
king analyzed. 

Tablc 6167 prcscna thc tcsults for rcsidcntial 
occupancy periods for thc tout population. by gcndcr. 
Thc cstimtcd mean ROP for thc rod populxion was 
11.7 yc31s. Thc distribution was skcwcd (Johnson and 
Gpcl. 1993: the 25th. 50th. and 75th pcrccntilcs w a r  3. 
9. an3 16 years, rcspectivcly. The 90th. 95th. and 99th 
pcrccntiles wcrc 26.33, and 47 ycm. rcspecrivcly. Thc 
mcan ROP w;u 1 I .  1 y c m  for mdcs and 1 2 3  ycars for 
f m l c s ,  and thc rncdian valuc wzs 8 y c m  for malcs and 
9 pars for kmalcs. 



Dcscriptivc statistics for suhguup dctincd hy 
current ages wcrc a140 calculmd. ThcH: d w .  prcscntcd 
by gcnder, arc shown in Tohlc IS- I hX. The rncan ROP 
incrcascs from agc 3 to age 12 and thcrc I\ a noticcahlc 
dccrcasc 01 age 24. Howcvcr. thcrc is a stc;idy increw 
fram agc 24 through agc H I .  

Thcrc ;uc 3 fcw bi;ws within this  rnethidolo~y that 
havc heen notcd hy thc iluthon. The prC)hiibility ot' not 
moving ik  cstimlcd II~ i L  l'unctton only  ol'gcndcr and agc. 
I'hc ?+Ionre Carlo procchs aswncs thdt this prohahility k 
indcpcndcni o f (  1 ) the calcndnr yew to which it is applicd. 
and (2) the p s t  histnp 01' Ihc pcrscin king \ I n \ U l i i i d .  

Thcsc assumptions. according tu Juhnson and Cap1 
( I  992). arc n o t  cnrircly correc~. They kl ic \c  that uxtrcmc 
vnlucx arc 3 I'unction nfumplc  size and will, f o r  ~ h c  mokt 
p r i ,  incrc;is ;is the number of s i m u l v t d  p r w n s  
incrCa.sCs. 

1533. Relevant Pnpulation Xlnhility Studin 
Sntionol r\ssoc-iritinri of A'~i111rir.v f,V/IR/ t I Y W )  

The Honrr Hityini arid S~Il i i i ,y Procrss * The SA R suncy 
wiis conductcd hv rriailiny ;I qucrtionn;iirc to IS,CNH humc 
buycrs throughout the U.S. who purch;Lscd humcs during 
thc w a n d  half of 1993. ' l lc s u n ' y  wak canductcd in 
Dcccmhcr 1993 and 1.763 usahlc rc\ponscs were 
rcccivcd. cqunling 3 response rate of 12 pcrccnt (SAR. 
1993). Of thc rcspndcnh, t n y n n c  pcrccnt were tin: 
timc buycn. Home huycr names ;ind sddrclws werr 
obuincd I ' r m  Bst;iwn lnliomattm .Sc~tcc\ f UIS I .  015 
cornpilcs inlbrniattun o n  rcsidcntial red cst;rtc 
mnuctions from morc than bfxl cnuntics throughiiut thc 
United Statcs using couflhouw deed rcciirds, M i i s [  trl'thc 
3.50 Xlctropdit;in St;rtiaiwl arc itl\Cj <owred in the 
DIS daln compilation. 

The h o n r  buycn wcrc yuc3tiiincd o n  thc lcnpth 01' 
timc thcy owned their prcvinub hotix. Typic;il hiirncbuyrr 
(JIG) was found to have lived in their prcvicius hnmc 
ktwccn 4 and 7 yuan (T:iblc IS- 169). Thc survey rcsultr 
indicntc that thc average tcnurc of homc h u y n  is 7.1 
ycars baud on an overdl rcsidcncc h i s t i p  of the 
rcspmdcnrs f i ' :A i t  IQQ3). ln additinn. thc mdi;in Icngth 
ot' rchidcncc in rcspndcnth' prcvious hcimc\ %a* l'ound to 

The distclncn thc rcspondcnts niirvcd to their ncw 
horncs wcrc typicdly \hen di\uncc\, Data prcwntrd in 
Table 15-171 indiatc t h t  the mcon Ji\t;lncc\ r;inpc iriim 
230 miles for ncw horn b u y s  and rcpcat b u y m  to 5 
ycars for tint tirnc buycn and existing homc huycn. 
Swcntccn 171 pcrccnt til ' rcspandcnts purchad hnmch 

hc. 6 yeah (ICCT;I~IC lS-170). 

ovcr 1 On mila from thcir prcvious hornc\ and 49 pcrccnt 
purchz-cd homm lcss th;in IO milo ;iwq. 

b h m u n  IIWJ - k/nrnmt+.nrrs kr/~ua;in.c u? 
Fusrrr Pace - Lchman I 1994, prncnts data gathered by 
Ihc Chicago Title and Trust Family Inwm. The ii3u 
indicate that, in 199.7. avcrapc U.S. hirmcounc'n mwcd 
c v q  12 ycan. In 1992. horncowncn mowd c v q  13.4 
y c m  and in 199 I ,  cvcry 14.3 yeam. D3t;i frnm thc U.S. 
Burau ol'lhc Ccnhus indicatc [ha 7 Frsrnt nf the OWCT 

population movcd in 1491. B a e d  o n  this inlimnation. 
Lchrndn has concluded that it  would tahc 12 yean lirr IfKI 
pcrccnt at'owncrs t i )  rniivc. AccnrdinC In tchmon. Rill 
Harriet1 ut' [he U.S. Burcau d the Ccnsu\ ha\ h e n  xiid 
that IJ yc;im is o cloxr c\tirn;itc rbr the time rcquircrl for 
101) pcrccnt of honic ciwncn to move. An ;idvanup 01' 
th i s  dudy i\ th:it i t  providL. percentile dab fnr thu 
rc&icntial irccupirnsy pcritd. 
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individuals I2 y c m  and older. Approximtcly 2 1 hdday 
yr: spcnt indooh: 15 hdday arc spent ou!dwrs. and I .5 
M&y arc spcnt in a vehicle. 

Activities ws1 wary sibmificantly with diflirenccs in 
qt. Sprid attention should be given to the activifics of 
populations undcr thc agc of' 12 y c m  Timmcr ct al. 
(1985) presented dm on time spent in various activities 
for boys and girls ages 3-1 1 years. The study focused on 
activities performed indoors such as household work. 
pcmml eating. sleeping, school. srud!hg, attcncling 
church. watching tclcvision. and engaging in hou.sc.hold 
conversations. Thc avcrigc t i m e  spcnt in u c h  indoor 
activity (and half the timcs spent in each activity which 
could have oc'cunrd indoors or outdoon) werc summed. 
This praccdurc rcsultcd in thc fo!lowing 
m-ommcndations: 

* Indoor xtivit ics accounted ior about 78 pcrccnt 
of the t ~ t i l  timc in wcckdayu and 70 percent 
toul time in wcrkrnd day& Thc com%ponrliny 
t imspcnr idoorsm I9 hn/dsy for weekdays 
and I7 hrslby on wcckcnds. 

- Ourdour x:ivitics accounted for about 22 
pcrccnt of childrim's time during wr~kdays and 
30 p e m n t  during the wcckend. The 
cornpondins timcs spent outdoors ;UT 5 hdday 
for wcckday and 7 hdday on wcckcnds. 

As.sewrrcvalu;rting mil expo.iurcs arc commonly 
intensed in data on gardening t i m e  and frcqucncics. So 
&a spccilic to U r n  spent prdcning could bc found; thus. 
no tinn rccommcndxion could be made. However. three 
.m of dm wcrc found which indirtctly d a t e  to this i m c  
which thc awwsoran canside in dcriving ttrnc wimtcs  
forbydcning 

- Robinson mdThom;rs (1991) cstimrrtcd the time 
spent in "otheroutdoor;rctiviticsi" (Table 15.8) 
3s L hrkhy. These dab apply to populations I2 
years and older. 

- Hill (1985) atimated that time bpcnt in "house 
work andor y s d  work" (Tabic 15-153) au 2 
hr/day. These &LO apply to jdulr populations. 

- fmg and Ncpcis (1996) atimrcd that time 
spent in thc girdcn or olhcr circummncca 
working with soil for p o n s  I Sd.: years old 

(Table 15-62) for the 90th. 95th. and 99th 
pcrccntile at 16. 30, and 200 hourdrnonth, 
rcspcctivcl y. 

US. EPA's Dcnnnl Exposure Asscssmcnt 
k u m c n t  I 1992) rccommcnds. on die bi& ofjudgement, 
an event ircqucncy for thc aduir girdcncr. working. 
outside: 1 to 2 cvcndwcck during warmer months or 
about JO cvenk'ycar. An upper pcrccntilc v:ifuc of 40 
hourdmunth is rcrornmcndrd b;Llc.d on Twig n n J  Klcpcis 
( 1996) 

Baths and Slrowers - In  the NHAPS study. 649 
(-7 pcrccnt) of tlic tow1 puticipilnts indicatcd cithcr 
taking or giving at least onc hath in a day. Those 449 
rcsywndenh wcw subwlucntly wkcd thc numbcr ol'timcs 
they took or p v c  a bath in oneday. The majority, 359 of 
&9 rcspondcnls. rccordcd hking or giving.onc b;ith in J 

day. Thee rcsufts are prcxntcd in Tablc 15-24, Tllc 
rccummcndcd bathing duration is 20 minutes. This is o 
50th pcn'cntile valuc based on the NWAPS distribution 
hhown on T;iblc 15-26; the reported 90th pcrccntitc valuc 
is 35 minutes. 

Thc rccommcndcul diowcr l'rcqucncy of one shower 
pcr day is bawd on the KHAPS d;ih summarized in Table 
15-19. This table hhowcd that 3.595 of'thc 9,386 total 
paRiCipXIL% indicated Liking nl Icast onc showcr the 
previous day. Whcn askcd thc numkr of actual showers 
rakrn thc previous day. the rcportcd results nngcd from 
one to tcn showers; it majority (76 pcrccnt). ol'thox 3549 
n.q%mhms, rcponcd taking one showcr the previous day. 
The SHAPS data shown on Table 15-19. Tablc 15-25. 
and Table 15-26 provide inlormation grouped according 
to gcndcr. age, TXC. employment. education. day of thc 
utxk. scasonal conditions, and hcalth conditions such CLS 

uthrna angina. and bronchitidcmphyscrna. 
Recommendations for showering duration arc 

boscd on thc kcy study conductcd by Tsnng and Klcpcis 
( 1996). A rccommcndcd valuc for avcrigc showcring 
time is IO minutes (Table 15-20) bwcd on profcssional 
judgement. This approximates thc avcrigc showering 
valuc (Y minutes) of Jnmcs and Knuiman (IYXf) (Tablc 
15-IS). ??re recommendcd 50th prrccntilc value is 15 
minutes. and the 9 5 h  pcrccntile value is 35 minutes 
(Table 15-21). Although thcx valucs arc slightly higher 
than those of Jamcs and Knuimm (1987). they arc 
klicvcd to bc morc rcprcscnlativc of U.S. houscholds. 

Swimming - Dam for swimming frcquency is ukcn 
from thc K W S  Study (Tsang ad Klcpcis. 1996). Of 
9,386 pyticipantu, 653 (about 7 pcrccnt). answcrccl yes to 

Page 
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thc quc!.tinn 'in thc p t  month. did >ou swim in 3 
frchhwatcr pw17". Thc r c w h  to thi\ quc.srim arc 
~urnnwiicd in Tahk l5-6S. 7l-c rccordcd n u m b  of 
tim tfipw,dcnt\ swam in the pa\[ mnnth n n p d  trom I 
to fd3 with rhc gcatrrri n u m h ~  of rhpndcnh. 147 I 23 
pcrccni), rcpirttng t h q  3uam onc time pc7 month. Thuh 
Ihc rccommvndcd swimming rrcqucnq i\ tinc c\cnrl 
month lor thc p c m l  pcipltlation. Thc rccomm-ndcd 
wimrning dur;rtton. h0 minute- pcr swimming ocnr. i\ 
hscd  o n  thc XHAPS distribution 4mu-n o n  Tshlc IS-67. 
Sixty minurh is h a d  on Ihc 5tnh ~ T C L T ~ I ~ C  valuc; the 
90rh pccntilc vdut: 1s IS0 m i n u t e  pcr wimrning cvcnl 
( h e d  on onc cvcnVrnonth); and the cwth pcrccntilc vnluc 
ib I X I minutcb. Thi% value i 1 X 1 id~am thrt marc than 
180 minute\ wcrc spcnt. 

In additinn. uwm Gin ohurn trcqucncy and 
duntion data goupcd according to pndcr. age, raw. 
cmploymcnt, cducxitrn. d ~ y  of rhc wcck, and w a n .  
Frcqucncy iind duntion Qb ib a h  asailahlc in Tahlc IS- 
6.C and Tahlc 1S-b7. tor swimmer rnpndcnt- rcpining 
health condition\ such a\ azthma. angina. and hrowhitiw' 
cmph yccrna. 

Rc5idcnti;ll Tim Spnt  Indtron and Ourdoor* - 
The rccornmcnd;ltions fnr tim- spent indoon ;I[ one'\ 
rcsidcncc is 16.4 houdday, Thi\ is h a d  on thc S H A P S  
data surnmariml in  Tahlr 1.5-1 ?I which rccords 1hc 5Qh 
pcrccntilc valuc of WS.0 minurn pcr day (16.4 
hourdday t ;  and a 90th  Frccntilc valuc of 1.395 minut- 
pcr day (23.3 hour*ld;rl;). 

'The rccommndcd v;h~c for timc q x n t  nu(dtwin II 
rcsidcncc 1% 2 h w n  pcr J;ry h a s d  a n  Table 15- 102 

(gcncnicd hy the SHAPS c13t;r). Valum al' IO? minuw 
pcr day lor the Sflth pcrcentilc and 362 minute\ pcr day 
for thc 90th prccnlilc ;irc shown in Tohlc IS-102, 

Traveling lnsidc ;i Vehicle - 7'hc rccurnmmlation 
I'or time q w n i  in a vchiclc is 1 hour  and 20 rninuicI pcr 
day, T h i s  rcsomrncndaiian I* h a d  on iwo studies and 
( 1  Robinwin and Thumas (1991) and 12) Thc SHAPS 
d a ~ .  Thc Rnhinmn and Thiirnas btudl; cv;ilu;ltcd two 
indcpcndcnt \tudic\, thc CARB and the Satitma1 Study. 
Thcy rcspctivcly rcprnod mcm durations tor iirnr: %pent 
in ;L vchiclc ;LI YH ;&nil 87 minutcs pix day which ; ivc~agc~ 
to 92 minutcs pcr day o r  rrbouf I .S h o u h  pcr day. 'fhc 
NHhPS d41a ;LS summiiri/Cd on Tahlc IS- 1.73, providc a 
SOth prccniilc valuc of70 minulcs pc" day (or I hour and 
IO rninuicq and a 90th pcrscnfilc uA,tc nf' 1911 minute\ 
pcr day. Thu5. thc :ivcngcd valuc Irom t h w  two studies 
i.s ahout I hour 2nd 20 rninuws. W A P S  d;ira i s  groupc.J 
according to gcndcr, mcc, ilgc, cmploymcnt \~itu\, ccmw 
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‘Mlt I S I S X .  bccunitional TLVUIT of Employid Individuals’ hv Arc and Scx 

Mrdi.~ Tcnurc (pin) 
A-rcmlp Iuclrnb 4:1 U’orkm Mm Wnmm 

1 6 %  1.9 ZO I .9 

25-29. .L.: 3.6 tl 
30-24 6.9 7.6 6.0 

35-39 9.0 10.5 7.0 

JD-;J 10.7 13.x n.0 

5O.s I s.2 20.0 1o.n 
sss9 17.3 21.9 1 -A 

1)66t 19,s 3 . 9  I45 
65-69 20. I 26.9 15.6 

30 and otdw 21.9 305 18.8 
T*~t1 hfi 79 5 . l  

3 Workrng populstlon = 109.1 nullion pmons 
*l, c a w  1QdX 

t3.3 17.5 10.0 
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Volume III - Activity Factom 

Chupter IS - rlctivity Factors 

. ~~~ .- ~ - 

Tahle lS-lf11. bcunahonal  Tcnutc of Emnlovcd Indindud*’Grouncd 6 bta!or Occvmh~lnl Gmuh and Arc 

Xtcdiiin Tenure (vmn) 

Occupations1 Gmup ALT Cmup 

Totalh l h . 3  3 - 3 4  V& 45-9 5% (5k 

brmtivc. Adminirrrdivc. and Manii~cnd H..: 24 5.6 10.1 15.1 17.9 2bJ 

PrClfnu0n;ll SpCClrtlry 9.6 20 5.3 120 I n 2  25.6 36.2 

Technicians and Rclstcd Support 6.9 -.- - %  5.7 I0.U I?.? 20.8 
3- S d n  0ccup;ltton.r s. 1 I .7 4.3 I . #  IO1 15.5 3.6 

Adminirt~tiw: Suppon. including Clcncal S.4 21 5.0 7.6 10.9 146 1 5 4  

Serncc Occupotionr 4.1 1 .? 4.4 6.9 9.0 10.6 10.4 .. #.I 13.5 19.9 25.1 30.1 hcciuon Production. Craft. and Rcpvr 9.3 2 6  

Opmton, Fahricatorr. yw! tbom 5.5 1.7 4.6 9.1 13.7 rn.1 14.7 

Fsrminc, Formtrv. and fi\hrnc 104 2.Q 7.9 1.1 s 2n. t  .w.s ?O.S 

P Working population = 109.1 million perron>. 
b Includes d l  w n r h  I b vc;m mnd older 

64 and old- 0.3 

Tow. ace 16 wid older 5 3 

LI Working p o p l a o n  * 109.1 million perrons 
b 0caporton;ll mobllip mc L percmtagc of persons employeit in an occupmon who had voluntarily entered it From ~ n o t f i c r  

Source Cmv. 1WO. 
crcupanan. 
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Table 15-163* Vdua and Their Standard Erron for Avenge Ton1 RcsidcnccTirnc. T. for Each Group in Survcy' 

Houxholb 

AvaagC1ot;ll mldcnce Houxholdr (pemcnr) 
ume S.D. 

s, 1985 1987 

us r0.60 8.68 10.56rO.10 1OO.O IOO,O 

z3s30. IS 402 A62t0.08 36.5 36.0 

.I 156+3.n7 13.72 13.96~0. I2 63.5 640 

172 1 ~13.8 I IH.69 I n.:sms 2.1 1.9 

A192033 Y . t f  10.07ro. IO 749 75.5 

7.8orl. t7 1 1 . 3  12.06=023 3. I 3.5 

5.1 l ~ 0 . M  9.37 I t.15t0.10 3.0 3 5  

3,9&t0.*7 8.03 10 .1~ .08  340 34.4 

Page Exposue Factors Hundhok' 
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Tablc 15-165. Roidcncc Time of OwncrlRcnrcr Qcaiupicd Unih I 
Ycm household movcd into unit Toal occutricd unit\ ( n u m b m  in thousands) I 

1995-1989 27.054 

!9Y0-19W 10.61 3 

975- 1979 

970- I974 

960- 1969 

950- 1959 

930-1 949 

9.369 

62-73 

7.933 

4.W 

1 ,nt 
1939 or carlicr 3 

Ton1 93.147 

Source: US, Bureau of the Ccnhus. 1993. 

~ ~- 

Tahlc 15-166. Pcrccnt of Houqholdcn Living in H o u m  for Spcciticd Rang- ofTim I 
Ycm lived in currcni home Ptrccni of total hausholds I 

Total' 

26.34 
29.04 
11.39 
10.06 
6.69 
H.52 
5.1 
1.9 

99.w 

3 Tom1 docs not equal 100 duc to rounding man. 
Sourcc Adrrptcd from U S .  B u m u  of thc Ccnsur, 1W3. 

'i 
t: .- 
.s; 

. 
? 



E l  
CL 
VS 
CE 
X t  
rP 
6C 
IL' 

fl 
r': 

w 
f 
* 
c . 

1'1 I 

LP 
EL 
65 
SS 
If 
ir 
Ir 
cc 
9: 
91 
6 
t' 
* c 
I \. 

1'1 1 



I Tahlc IS- I 69. Summrv of Reidox'c Tim of R e c m  Home B u v m  ( 14u3 b I 

I 19x7 19x9 1991 IW3 1 
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- CurrCnLY I 

High 
High 

Mcdiutr 

High 

High 
Nigh 

Scrliurn 

Hig 

High 

High 

High 

Mcdium 

Mnliurn 

.Mcdium 

High 
sot 

kinkcd 
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Vofumc II? -Activity Facton' 

Chapter 15 - Activie Faciors 

"k study recnwd hi& Icvcl of peer rcviw. 

Cunady. n w  d m  ;~ l t  available to only EPA It is  not *known when &la will be 
publicly available. 

Rwln arc rcpmduciblc 

The wdy tbcwed speclfiully focused on rime spent showcring. 

'Ihc SNdy providcs a dismbution on rhoweringdundon. 

The study indudcr disnbutions for showmng dumDon. Study is b& on short- 
ramQ3t;l. 

Nigh 

LOW 

H@l 

HI@ 

High 

Nlsh 

High 

Nigh 

H i g h  

High 

High 

High 

Medium 

L O W  

High 



- Rcpro&ucrbility 

Fwu\ an i x t o r  tri 

Dat;t pcrtincni to LIS 

Pnmry data 

* Currcncy 

AdcquaL?, Of &ia 

mtcrcri 

collection period 

Validity ol'approxh 

High 

Lw 

High 

High 

High 

High 

High 

High 

High 

Ugh 

High 

High 

Medium 

Medium 

L A W  

S i U  
U h c d  



- Rcpmdueibility I 
Currcntly. mv U a  is avulablc to only EPA It is not known when &1;r will bc 
publrdy avcu~~kfc. 

Rcsult~ an bc rtpmduml or mtxhodology C;UI bc folloucd and cvdu;rtcd provided 
cump;inble econamk and social conditions cxisb. 

The &GI rcprnenb the U.S. population 

The study w u  published in 1Y96. 

7hc smdy used J valid methodology and approach which. in ddition IO %hour 
dianm.collectcd inlormnon on lcmpord condioonr and dtmobr;lphiC data such 
5% gmpaphic loation and wciDcEonomc SXU, for vmous US. rubgroup& 
b p o n s a  w m  wvclfitni according IO this dcmoynphtc daw 

Thestudy consisted of9386 t o d  panidpanb 

High 

t o w  

Wigh 

High 

High 

High 

High 

High 

High 

High 

Hlsh 

High 

Medium 

Mcdium 

LOW 

sot 
mkcd 
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Volume III - ricfivity Fucfors 

Chapter Is' - rlcrivity Factors 

- Kcprnducihilitv 

- Ftru\ on tactor of 
intcrccr 

Dat;i prnincnr t o  US 

Primary darn - Currency 

* Adcquicy of d m  
cnllccrron pcritrl - V.hdiry 0 1  q'qwiwh 

Study U I C  

I-Itgh 

L&W 

High 

High 

High 

Ill!$ 

High 

High 

High 

Hiph 

High 

High 

?.tedium 

Medium 

L43W 

Sat 
RanLd 
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T&lr 15-172 Confidence in Acttww ht tcms Rwommcndations ccominucd) 

Onz thc m d y  wav baud on unc. pnmp. nationd study. 

Rccommndarron was bwkI on only onc qudy. 

High 

LOW 

High 

High 

High 

High 

High 

High 

High 

High 

High 

High 

Mcdiurn 

Medium 

LOW 

SO1 
b n k c d  

Paxe Exposure Facton: Handhook 
I S 4 8 4  Auguvt 199 7 



- Fwub on tcccror of 

- Dab pcnincnt to US 

intcrmt 

- Pnm;uyhra 

Currency 

- Validity of approach 

* Study w c  

Thnc i s  no applucn~ mor in measurcmcnt 

~ V F I W I I  Ratinc HiCh 



- Snrdyslzt 

High 
High 
High 

Slcdiurn 

High 
Slcdiurn 
Mdium 

High 

Medium 

High 

Sat 
Rankcd 

High 

High 
High 



ndoor Activities 

3utdmr Activities 

rime Spent Insidc Vchiclc 

raking Baths 

raking: Showen 

3ccupationA Tcnurc 

?opula.tian Mobt l i t  y 

Swimming 

20 minutdcvcnt 

IO min/&y showcr duration 

Xv~.rgc:  9 yr 
9Srh pcrccntik 30 yr 

1 evcnVmonth 
bo m i n u t d c v c n r  
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Volume 111 - ~ c t i ~ @  Factors 

Appendix I 5 4  

Tahlc 1SA-I. Activity Cod- and Dcxnpton Uwd for Adult Tim %isrim 

01 

0' 

OS 

06 

07 

OH 

00 

fsontinucci on thc tiillawing page) 
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Table 1S&1. Activity Cadcsand Des~ripro~'~Uwd forAdult Timc Diaries (continued) 

12 - MilMs. "wrW m n d  hou.w.* XA if indoor or ouIdaor c Routine indoorclcmingmd chom picking 
up, dusting. d n g  M s .  washing windows. vacuuming. "clcaniny." "fall/sprhgclcaningn "houswork" 

SA = L;lundryandcloLhcrcyt-unsh - Lwdq and dochcscur - iron, fold, mending. putting away clorhcs ('Swing" codc 84) 
I 

16 - Rqairs indaon; fixing. repairing applhncfi - - Repairs indoors: fixing, repairing furniture 
Rcpirs indoors; Iixing, rcpaifing tirnocc plumbing, painting 3 room 

19 - Other indoor. XAwhcchcrcleming or repair. "did things in house" 

Ourdmr 

13 - Routine ourdoor darting and chorcs; yard work raking lcavcs. mowing griiss. &agc removal. snow 
howling putring on stom widows, clcaniny gmgc. cutting wood 

Repair. mahtcnancc. cxtcrioc-. Gxing repairs outdooh painting the housc. fixing ;he rooC repairing rhc 
driucray (patching:) 
Home improvcmcnrs: dditions to and remodeling donc to thc housc, WJ~C; new mof 
bpmvmcnK 10 bwUndS around houw: KpOVCC! dn WCWay 

16 - 
- - 

17 - G&.ing iloweror wqcublc prdcning spading, wccding. composting. picking. worked in pnlcn" 

19 - Orheroutdoar; nwoikcd outsido." 'pottering in garage 

(continucd on thc following pap)  



Volume IIf - ~ c t i v i s y  Factors 

Appendix ISA 

Tahlc )SA-I. Activity Cdcs and W i p t o n  U-d for Adult Tim Diancs (continued) 

MISCELW%EOUS HOUSEHOLD CHORE-!! (continued 1 

19 - 
- 

Houxhold pr\pcnuork; paying hills. halsncinp thc checkhook mahng list& gcning thc ml. working on the 
budgct 
orhe: houschold chores: (no trawl). picking up t h i n p  SI home. 'picked up dcpnit slip' Irelate travel 
to purpw)  

CHILD CARE 

Child Care for Children nf Hou*chcll(j 

Baby carc; wc to childen sgcd A and udm 

Child a rc ;  u r c  to childrcn aged $'-I7 
Child cxc; miacd a g e  or SA agclc of children 

Hclpinfilrraching children Icm, ti& mkc t h i n p ;  hclping u m  hakc coolrics. helping dughrc7 f ix  b i k  
Hclp with homcwork or supccrvninp homework 

Giving children ordcn or instruction\; asking them to hclp; telling thc'i'n to k b v c  

Disciplining child: yelling at kids. spanking childrcn; corrcctrng childrm'k khavior 
Reading to child 
Convcmrions with houschold childrcn only; listening to childrcn 

Indoor playing other indoor activities with children (including prim ("playing") u n l w  obvioudy ouldmt 
gams) 

Outdoor playing; outdoor activitih with children including 
Coachrnflcading outdoor, nanorpnimtiond Jctivitim 

Medial wre 31 home or ouaidc how, x t i v i t i o  zwriafcd with childrm'~ Mth; "tool, a n  to doam." " p u c  
daughter mdicinc* 

walk\ biking with. O& ou:dcm g m m  

27 - - - 
Babysitting (unpaid) or child w c  outkidc R'k horn or for children not rmidinp in HH 
Coordinating or fditrrtinp child'r a i d  or inmxtional non<houl Jctiviticx (tnvcl rclatcdcocle 29, 
Otha child care, including phonc conversations rclaring to child u r c  other than mcdlul 

29 - - Trawl reilrtcd to child'\ a i s 1  md instructiowl non*chmI activitim 
Othcr travel rclatcd to child c x c  wiviti-; wditing for rchtcd mvcl  

(continued on thc follou~ng paget 

Exposure Factors Handhook Pup 
August J997 Isi t -5  



Thlc 1%-1. Activity Codcs and Dcwiptors L k d  for Adulr Timc Diuics (continued) 

OBTAKSISC GOODS &\'D SERVlCES 

G o d  (incluric phonc calls to obtain goods) 

30 - G~OCL~~CS: supcnnarhct, shopping Cor f d  - All other hopping for goods; including for clothing. smdt applimccs; at drugstom. h d w m  starch 
dLp3mncnt stores, "downtown" or "upl~wn,' "shoppiny" "shopping ccntcr." buying p.., "window shopping;" 

3: - - Durable houschold good!!: shopping lor large appliances. can. lumiiun: 
Houe. a p m t :  activities conwctcd to buying. xlling. rcnting. looking for houx. apwtmcnt. including 
phonc calk showing houx, including rawcling yaund looking at rcnl CSTBR propcrty (for own u s )  

32 - 
33 - 
3 4 -  

- 
3s , - . - 

- 
37 - 

* - 
3s - 
39 - 

Medical a r c  fur xlf: visits IO doctor. dentist optometrist including making appointrncnts 

Financial .wicCs: d v i t i c ;  rclatcd to dngarc of limcirrl busincs5: going to the bank. paying utility bills 
(not by mail}, going to accounw.t tax office. loan agency* insumncc ol'ticc 
O k r  bwvernmnt sc.rviccx p t  office. drivcA ficcnsc. sporting liccnscx m;urisgc liccnscs. policc station 

Auto xmicls repair and otha auto scrviccs including waiting for such scrwiccs 
Cloths repair ;mJ clcaniny: cluncn. laundromat, tailor 
Appliance rcpak including f i ~ .  wtcr hater. clwtric or bittcry opcrakd appliances; including watching 
rcpairpcrsdn 
Hou&olJ rcpairwrvirrs: including furniture: other v i r  xcrvicc?i SA type: including watchingrcpnir plson 

(continued on thc followingpqc) 

m e  Euposurc Factors ffandbook 
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Volume III -Activity Facton. 

Appendix 151 

PGRSOSAL X E D S  t U D  C A E  

Crrc in Sel r 
tV;Lshing!. showcrhg. bathing 
Drcshp; pelting rcxly. packing and unpacking clothe.. p c ~ ~ r r ; l l  h y $ m ,  going 10 the hsthroom 

Mcdkal c x c  at home 10 e l f  

Meals at homc; including toffcc. drinking, xmoking, food from a rcsuunnt mtcn 31 horn-. "hrwkfssf" 
"lunch" 

Mwls awav from homc: wtcn at s t'ncnd'h homc (iwluding coffc~. drinking. smoking) 
!&ah away from homc. cxccpr at workplace (06') or 31 fricnd's horn (44); citing at rmuunnb. out for coffee 

Night 4 x p :  longcst deep for Qy; (may wcur during day for night shift worken t including 'in h-4' but nor 
adccp 

Naps 2nd rcsting; rcat pcriocls, 'doring," 'laying down* (relaxing codc 98) 

Sex. making out 
Pcnonnl. privntc; "nonc of your hwinm" 
hflcction hctwccn household m c m h ;  giving and getling h u p ,  kism, \ittinp on l a p  

41 - hlcdical sarc toadultsin houxhald t HH) 

42. - 
- 
- 

Nanmcclicrrl carc 10 adult\ in  HH: rourinc nnnmcdiwl care 1 0  adults in houehold; "got my wi t i  up." 'nn a 
hath for my hush;ind" 
Hclp and arc  io rchivm not living in HH; helping care ior, providing l'nr ncc& ofrclatiwx (extcepl trJvel) 
hclping maw. bringin," food. a4sting in cmctpcncic.. doing h o u w o r k  for rclntivm; visiting w h n  w k  
Hclp and cart to nciphbn, f r i e d \  
Hclp and a r c  IO othcn, SA rclalionship ts repsndcnt 

49 - Trsvcl (hclping): tnvcl rcla~cd to c ~ d c  42. including tnvcl that i\ the hclping x ? i L % y  uaiung for r c h c J  
t mvc I 
Othcr pcnonrrl travcl: trwcl rclatcd to othw fimn;ll care mivitin;  waiting for rcLtL.3 mvcl; tnvcl, SA 
purpou: of trip - c.g. "went IO Mcmphi\" (no funhm explanation g k r ~ ,  

(continued on the following pasM 



Table ISA-I. Activity Codco and Dcxnptors Uscd for AdultTimc Diaries (continued) 

50 - Srudmt ffull-timc);altcndingclasxs. school it* full-tirnc student: include.. daycue. numq school for ch3dren 
not in school 

5 I - OthacIwcs.courxs, lcntres. academic or professional; R nor P fulbtimc srudcnt or S A  whether ;I studcnc 
k i n g  tutored 

S - Homework. studyins n=xarch,. rcading, related to clasxs or profcssion. cxccpr for current job (code 07); 
’went to the library” 

63 ’ - Aucnding nccring ofvolunlccr. hclpingorgu1i;c3tions - 
- 

Officer work; work as an officer of’votuntccr. helping orgnnizdans; R must indialc hdshc is an officcr to 
tx cod& here 
Fund dsingactivitia as a member ot*voluntecr hclpingoryanb;rlion. collcctingmoncy. planning a collection 
drive 

- Direct help to individwlsor p p s  as a mcmbcr of voluntcer helping orgmimtions: visiting, bringing food. 
driving 

c Othcr3rctiviues as P mcrnbcr of voluntccr helping organizations;. including social events and mcds 

65 - 
- 

Attcndingmiccsofa church or synagogue. including pmicipatingin the mice :  t&hCflng, singing in choir. 
leading youth group. going to church. funcrds 
Xndvidd pncticr. religious pnctice d c d  out as an individual or in a small p u p :  pnying. mcdibung 
Bible !Xudy p u p  (not 3 church). visiting bmvcs 

6s - 
- 

Mcctingx religious hclpinglpoups: awnding mectings of hclping - oricntcd church goups -ladies i d  circle, 
missionary sxicty, bights  of Columbus 
Othcraaivitics religious helping groups; othcr sctivitiei ;LS a member ofgroups listed above. including speial 
activit ics;mdmds .I. 

(continued on the following page) 



Table ISA-I. Activity Codmand k r i p t o m  Uud for Adult Tim Di*rin (condnocd) 

m o u 4  Grnun (continued) 

- 
- 

Mcctinp: 0 t h  church group; attending mcctinp of chuch goup. ~ M C  pnmrily hclpingsricntcd or NA 
if hclping-oricntcd 
Othcr x t i v i t i a .  0 t h  church POUP; 0 t h  activitie 3r I m b c r  of church group that are not 
hclping-orientcd or SA if hclping. including w i a l  a z t i v i t i ~ s  and mls choir prxzicc. Bihlccla- 

60 - - ,Vcetinp; profc\stnnal/union; attcnding mcctinp of pofcwond or union pup 
Othcr sctiviricc;. profc\unn;rl/union; other x t i v i t i h  ;L\ ;1 memhcr of profcsrional or union goup including 
weid xtivitics and rncals 

62 - 
- 

,Meeting*. pditic:iI/citizcn nrgnnirtltians; attending mectinp of ;I plitical party or ciliicn goup. including 
city council 
Othcr activitim. pnlitic;ltlciti/cn argmifationr; athcr participation in plitiwl p;uty and citi/cni grwp*. 
including %id activities. voting.jury duty. hclping with clcction\. :ind ml\ 

61 - - Mcctingb: identify 0rganim;ltions: attending mcctinp o f  spccial i n t e r m .  identity iqanimtions 
Oher activities. idcnrity orL!nimtions; othcr activitk ;L* ;I mcrnkrofn qxcid i n t m t  idcntity orpnimuan, 
including s i a l  activitio and mcnh 

(continued on Ihc following past) 
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Table XSA-l., Activity Codes and Descriptors U d  fur Adult Time Di ies  (conrinucd) 

69 - 
- 

TmvcX rrlatcd to oepnintioml &vitic?i as ;I membcr of J voluntccr (helping) organimtion (cdc 63); 
including a;rvcl that is the helping activity. waiting for n.hfcJ tnvcl 
Tnvd (other orpnintion-rsl;ltcd); tmel rclatcd to dl othcroqanimtion xtivitics; waiting for rclstcd m v c l  

2 - bfovics: "WC to Ihc show" 

73 - Thcatcr. opcn, concch bdlct 

75 - Visiting witb others; wchlizing wifh pcoplc other than K:* own MH mumkrs cithcr at R's homc or anolhcr 
home (visitingon the phone. c d c  96); talliing/chatdng in thc conkxt ol'rcccivinpa visit or paying& visit 

75 - pyty: rcccption. weddings 

ft - At b x  cochpil lounge, n i g h d u b ;  wcidking or hoping to sucitrlizc at bar. loungc - Dancing 

7s - Othercvmts; o k r c v c m  or souialiring, do nut tit above 

(continucd on the following pap) 



Volume III -Activity Facroti 

Appcndk 1SA 

Tablc ISA-I. tktiviry Cod- and Dcvnpron U d  for Adulr Tim ban& (continued) 

X I  

S2 

H3 

Football. hakctbsll. b ; ~ ~ ~ b a I l .  uollcyhsll. hock?. so~cm, field h x k q  
Tennis. squash ncqucrball. paddlehall 
Golf, miniature golf 
Swimming. wmmkiing 
Skiing, icc cbting, tlcdding. rollcr dating 
Bowling; p 1 .  ping-pong, pinhall 
Frihke, wtch 
Excrcism, yoga ( p r n n w t i -  - cudc 36) 
Judo. hating. wrfitling 

Qut of Donn 

Hunting 
Fi\king 
Boating. wiling. canoeing 
Camping. at thc b c h  
Snow*mohiling. dune-bugpm 
Gliding. hallnoning. flying 
bcuniom. p1c;nurc drive ( n o  d-tination), rid& wlth thc family 
Picnicking 

- Walking h r  plcawrc - Hiking - Jogging. runninF - Bicycling - Motorcycling - Howhack ndinp 



Table 15444. Activity Codes and Wripror j  Uscd for AJutTim Diluics (conrinucd) 

M - Prcsrving fdstutYs (canning. pickling) 
, - - Swing - 

fir and Litcmtux 

Girtin& needlework wawin& crocheting (including c lm~~s) ,  crew!, cmbroidcry. quilting, quilling. ~llilcmc 

Care ofanimddivcstock when R is not ;L f m c r  (pets, codc 17: "fmc.r".codc 01. work) 

SS - Sculpture., painting. paning, dnwing - tim- p u y .  writing (not Icncrs). writing 3 diary 

36 - Phying B musical instrument (include pmcticinp), whislting - Singing - Acting(rehc;lll;al for ptay) - - Gymnastics (lcstwns  cod^' 85) 
Sonsacid dancing (ballet. modern &ncc, body movcmnt) 

.% - - - - 
h w n s  in sports xtivifj-* swimming, golf: tennis. shing. roller skating 
L w n s  in gymnastics, dance. judo. body rnovcmcni 
h w n s  in music. singing. instrumcnn 
Q ~ e r  lawns.  not :istcd above 

89 - Rclalcd tnvct: tnvcl tclitcd :o spom rrnd xtiwc lcisurc: waiting for rchrcd mvel: v m t i o n  tnvcl 

(continued on thc following pege) 
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Volume /If -Activity Facton. 

Appendix 15.4 

Tahlc l5A-I. Activity Codes and m i p t o r s  Uscd for Adult Time Diaries tcontinucdl 

PASSIVE LEISURE 

90 - 
91 - 
92 - 
93 - 
94 - - 
9s - 
96 - 

97 - 
98 

9 9 -  

Radio 

Tv 

Rccordh. tapes. "lis~cning 10 mukic," listening to others playing ;I muhim1 inhtrumcnt 

Reading boob (current joh related, code 07: pofnsionally or clus  rclatcd. code S j )  

Reading magiuincs, review. pamphlet* 
Rcsdmg $A what: or other 

Rciiding ncwpipch 

Phone convcn;rcions - not coded clwhcrc. including dl visiting by phanc 
Othn t;rlking/convcrxition!i; facc-to-fxc convmtirrnr, not coded clxwhcrc (if children in HH only. code 
23); visiting oihcr than 75 
Convcrutions with HH mcmbcn only - adult! only or children and adult. 
Ar.guing or fighting with people athcr than HH m b m  only. houehold and nanhouschald m c m h  or SA 
Arguing or lighting with HH mcmhcn only 

Lcttcts (reading or writing): r d i n g  mail 

Rc laxi n g 
Thinking, planning; rcnccting 
"doing nothing," "ut";jusr u t :  
Other passive Iciwre, smoking dope. picring+ teasing. joking sound, m a i n g  xaund; laughing 

Rclaicd travel: waiting for related trawl 

MISSNNG DATA CODES 

- - Activities of othcn repond - R \  activity not spccificd 
SA actwith; 3 time ~p of grciter than 10 minutm. 

EWMPLES OF ACINITIES S "OTHER" CATEGORIES 

Othcr Work R&iM 

07 - Foster parent aaivitics 

(conrind on thc follomnp pgc) 



27 - Waited Tor son to grt hair cut 
Pickd up ncpkw at sisrcf s house 
"Phyd with kids* (it's childrcn t'mm prcvioub mmiagc not living with R) .- - clld babpittcr 

Othct Swism 

U t  clothing at Goodwill 
Unlodcd t'urniturc Qust p u r c h d )  
Rcnrrncd books (at libnry) 
Bmughc clothes in from car (dirr laundromat) 
hlivcred Wm' stuff10 a friend 
Waitcd for fathcr to pick up meat 
\Sait~xl :'or \tom to own 
Put away t h i n g  froin u w p  mcct 
Sat in wr waiting for n i n  tv stop bclbrc shopping 
Waiting for olhmi whilr: h y  are shopping 
Showing mom what 1 bought 

(continusd on thc following page) 



' EXLVPLES OF ACIIVI77E.S IS 'OTHER' C,\TEGORIE!! lcontinuedl 

- - - Laughing - Crying - Moaning - hcad hurt - 

Waiting for dinncr at hrothcr's h w e  
Wailing for planc (rnccting womeonc at airport) 

WatchinR pehonnl CitrC xtivitin ("watched did \had' )  

ptho Education 

Sb - Watchcd a film 
- In djxushion group 

6X - Ancndinp "Club Houw col'ti'c klatch" - 
- "3lcctinf SA kind - Clcsnup affcr hanqlrc! - 

W'nitcd for church ;rctivilic\ to hcpin 

Chcckcd into swap mcct - wll ing  2nd looking 

78 - Waiting for movich. othcr tvcnts - - h k i n g  at gifts - Dcsorating for pmy - 
- Waiting for datc - 

Unloodcd uniforms (for pamdc) 

Opcning prcwnth (at ;1 piiny) 

Tour of B hotnc (fricndh o r  o t h r w i x  I 

Preparing lot a \howcr (bzby \howcr\ 

XX - Fcd hirdh. bird watching - Astr idnp  - Swinging - At piirk - Showing alidcs - Showing slictchc\ 

Expowre Fucrors Hundbook Page 
August 1997 I5A-I' 



Table 154-1. Activity Codcsand Oescriptorr Uscd for Adult Timc Didcs (continued). . 

Lying in sun 
Listening to birds 
Lookingat did= 
Scoppcd ar exc;lvatingplxe 
Looking at picturcs 
Wdkcd around outside 
Waiting for a call 
Watched plane leave 
Girl unfchinglboy w h i n g  
Warching boats 
W3stco time 
In and out of h o w  
Home movics 

R = Rapondent 
HH=k~ouschold. 

Page Exposwe Fuczom Handbook 
fsA-rd: August 1997 
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76 
20 
9 
I 
4 
I 
1 
1 
I 
1 
I 

Ibcl'u3*cl 101 10: n7 I IC 94 

J 'I 

c I 

. - 9 

nn 70 

R I C ~ C  in md 
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33-29 Child arc 

60-65) I b n i m  tionr 



M:#U 
0.00 
2u 

1.45 
1.59 
7.74 

m 3 7  
1207 

15.71 
11.48 

17.36 
14.7s 
9.x: 
5.89 

0 3  
1.71 
0.W 
I .3 
0.16 
2. I6 
1,7l 

335: 
I .u 
3-42 
0-60 
0.60 
I .3 
1.55 
0.35 

21.41 
u.3 

129 

12.19 
Sf.H6 
31.13 

I .n: 

3n.n~ 

5.314 

JVH.40 I IS35  
3o.et :&vu 
I 1.72 41.61 
lV.33 s0.c 
O.Yb 18.17 

46.74 
0.00 
La5 
I ,43 
I .bb 
0.93 
4.60 
423U 
13.97 
21.73 
9.01 
7.7v 
135b 
n.47 
7.M) 
626 
7.09 
0.7a 
133  
245 
0.91 

0.44 
3.24 
20% 

10,lO 
1.6s 
0.E 
0.00 
0.03 
0.5: 
0.7: 
0.04 
x.45 

47.54 
I .4s 
14.3: 
61.M 
25.9s 

m . x n  
27.56 

H.IX 

0.96 
1x.5n 

139.71 

0.00 
3.30 

8 . 3  
13.76 
8.52 

17-55 
57.4: 
3,xs 
d8.70 
39.39 
3 , J B  
62.12 
37,s 
32.17 
N.7X 
3.15 
6-T= 
437 

15.1 I 
10.30 
1.20 

x n Y  
iosa 
30.lX 
I7.V: 
0.W 
0.00 
0 4  
3.61 
4 s  

I .M 
21.64 
4 . 1 s  
2% 1 x 
55.13 
49-2 
J7.M 

I I3.U 
66.01 
35.79 
46.h 
20,07 





Table ISA-6. Weighted Mean Hours Pcr Wcck by Gcndcr: 87 Activities md 10 Subtotals 

3.m 
0.1.: 
0.73 
1 .-a 
0.51 
1.05 
298 

1.57 
0.33 
O M  
s 39 
0. I3 
21.: 
0.w 
0.92 

0% 
0.24 
0.07 
0.m 
0.13 
0.Ob 
0.01 
0. IJ 
0.3 

1 .Js 
0.19 
0.06 
0. IS 
0.15 
0.1 1 
0.61 
0.W 
I .bo 

20.41 
I .oe 
320 
0.65 
1.27 
0.36 
2H7 

26 1 
0.83 
20 I 
3.59 
0.72 
429 
2:n 
z*t 
1.20 
0.78 
0.6 I 
0.35 
0.69 
0.37 
0.09 
o.;n 
0.67 

218 
1-39 
O X  
0.75 
0.44 
0.G 
0.13 
0.41 
LO2 

!A99 
0.08 
0.17 
1.21 
0.3 
1 .O? 
I As 

7.25 
“A0 
5.03 
0.56 
2.a 
0.68 
1 .oo 
0.72 

0.90 
0.99 
0. IS 
OJO 
0.18 
0.12 
0.09 
0.64 
0.50 

278 
0.08 
0.35 
0.37 
0.19 
0.17 
0.6 I 
0.06 
2.1A 

17.6: 
0.75 
1.62 
0.Y5 
0.69 
0.a 
217 

5 . u  
219 
5.0s 
1 .SY 
3.34 
3.a 
219 
I .u 
3.04 
21 1 
0.76 
036 
0.82 
0.72 
0.67 
3 8  
1 . 3  

3.25 
03 I 
1.14 
I .63 
0.61 

0.12 
0.68 
217 

0.7~ 

21 .c 
0.1 1 
0.43 
1.33 
0.36 
I .w 
Z16 

463 
1.39 
3.10 
1.03 
1.38 
1.35 
0.97 
0.H I 

0.60 
O S  
0.1 1 
0.19 
0.16 
0.09 
0.05 
0.4 1 
0,3H 

:I7 
0.13 
022 
0.3 
0.17 
0.14 
0.6 I 
0.05 
I .nY 

20.33 
0.90 
3 9  

1.01 

263 

49s 
1.9: 
4.36 
2.75 
L75 
3.92 
2 4  
2.13 

ZJO 
1.68 
0.70 
0.6H 
0.76 
OS8 
0.50 
1.98 
1.00 

3 9  
1.01 
0.90 
1.31 
0 , s  
0.65 

0.57 
:I2 

(Conlrnucd on thc following pagc) 
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Tahlc ISA-b. Wcightcd Mean Houn Per WccL hy Gcndcr: X7 Activities and IO Suhtotah (continurrdl 

Act; vi rv Mcsn Sid. dcv. Mcsn Std. dcv. k1can Std. Jm. 

50 - Studena' clabm 
S 1 - Other c l ~ w ~ h  
54 - Hornwork 
56 - Other cducatinn 
59 - Tnvcl: cducmon 
60 - Profcssioncrl/union 

orgarii,4ons 
61 - fdcntity organi/;rtion\ 
62 - Politiwllcitixn 

orpmi;r;ltions 
63 - Voluntccrhclping 

orgsnw..lisn* 
64 - Rcligious group 
65 - Rcli$iou+. practice 
66 - Fmtcmnl organimtiom 
67 - Childlfmily org:inm1ionh 
6s - Othcr organizations 
69 - Tnvc!: orpniutions 

4.33 
0.09 
1 .oz 
639 
2-72 

55.76 
5.lX 
1 .Ti 
2M 

0.9: 
0.23 
0.76 
0.1 1 
0.29 
0.04 

0.14 
n.0 I 

0.02 

0.3s 
0.w 
0,16 
0.10 
0 3  
0.43 

0.30 
0.07 
0.3 I 
0.13 
0.0: 
4 2; 
0.64 
0.7 I 
0.72 
1,JO 

239 
n. 67 
2.M 
3.n 
3 . 4  
K.43 
2.19 
h.12 
259 

4 .m 
I .a 
3,4N 
0.H6 

0.46 

0.97 
0.on 

0.32 

I .H2 
2.05 
1.17 
0.W 
L.50 
1 .w 

1 3 1 
052 
1 2 5  
0.93 
0.37 
3 .r, 
205 
--I 
0. I s 
I .n2 

I .07 

- -  

5.43 
0.1% 
1.30 
tL32 
=.a 

S6,7S 
4.70 
1 ,y9 
1.61 

0.3% 
0.15 
0.3 
0.02 
0.16 
0.04 

0.1x 
0.02 

0.15 

0.4 I 
1 .z I 
0.0s 
0.21 
0.32 
032 

0.3 
0.0X 
0.26 
0.01, 
0.03 
5 . u  
0.3; 
0.A5 
1.1s 
1.26 

3.2; 
I .m 
3.04 
35.1 
273 
H .a9 
3.On 
5.70 
3 I 

225 1 
1 ,os 
1 .,y7 
02.2 
1 .m 
0.62 

15s 
0.15 

1 .os 

1.61 
2.47 
0.M 
1.33 
I53 
1.02 

1.22 
059 
1.13 
0.SH 
0.3s 
6.52 
1.65 
L W  
0.15 
I A7 

4.92 
0.15 
1.17 
6.44 
226 

.%-2 
4.93 
1 .H9 
I .n2 

0.63 
o.tx 
0% 
0.W 
0.22 
0.04 

0.16 
0.01 

0.09 

0.40 
1.12 
n. In 
0.lb 
0.32 
a&% 

0.3 
0.67 
02s 
0.09 
0.03 
3.10 
0.53 
0.37 
0 .w 
1.32 

r93 
O.H6 
2.435 
3.6Q 
3.10 
3.47 

5 .m 
L56 

3-29 
1.3s 
274 
0.6 I 
1.07 
os5 

131 
0.12 

030 

1.71 
I .M 
0.93 
1.15 
1.9s 
1 .O? 

1 -2 
O-% 
1.19 
0.72 
0.M 
6.16 
1 3 4  
2.15 

I .74 
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Voiumc r n  -ActivQ E ~ Z C Z O ~  

Appendix 15A 

T&lc 1 5 ~ 4 .  Wciyhtcd Mean Hours Per Wcckby Gcndcr. 87 Activities and 10 Subtotals (condnucd) 

ALtiVip Mean Std. dcv. Mean Std. dcv, Mean Std. dev. 

1 .os 
1.49 
0.52 
Q.69 
030 
0.05 
0.06 
0.60 
0.4 
0.76 

0.39 
14.75 
0.46 
0.37 
I52 
I .H6 
1.61 
0.20 
I .bX 
0.H 

262 os0 
4s9 0.28 
1.31 0 . 3  
3.88 0.06 
I59 200 
0.45 0.13 
0.49 0.07 
200 0.99 
I .75 0.28 
1.91 0.43 

I .a 0.39 
1214 13.95 
2-35 033 
152 056 

I .97 -.x I 
272 I A7 
2 I9 2.18 
1.06 0.3 I 
353 1 .SI 
0.49 0.13 

3 

1.68 
1.67 
0.98 
0.43 
3.72 
I .03 
O.J? 
3.16 
I 50 
I .43 

15s 
10.67 
2.13 
I .83 
3.67 
2.27 
27s 
1-12 
3.32 
0.49 

0.76 
0.p: 
0.36 
035 
1.21 
0.09 
0.07 

0.3s 
058 

0.39 
1432 
0.39 
OJ?' 
1.67 
1.65 
1.91 
0.26 
I59 
0.15 

0,s I 

2.18 
3.39 
1.16 
2.67 
3.93 
0.8 1 
0.a 
2.69 
1.62 
I .68 

I .J9 

223 
I .70 
3.32 
259 
252 
1.10 
3.4: 
0.49 

I 1-38 

p4v Exposure Factors Handbook 
15A-26 Augur 1997 



Table 1SA-7. &kin,: of Oscugations by Median Y m c f  Occupational Tenure 

Mcdian ycan of 
Occupai ion accunatiorwl tenure 

Barbcn 
Farmcrs, cxccpt horticultural 
hitroad conducton and yardmastmi 

Dcntisis 
Tclcphonc linc inmllcrs and rcpaircn 
,Millwrights 
Locomotivc opcniing occupation\ 
Managen; fhrmch. cxccpt horticultural 
Tclcphanc instdlcn and rcp;rit.cn 
Airplrrnc piloo and nnvigaion 
Supcrvisors: policc and detcctivcs 
Grader. dozer, and rtapcr opc~t ion  
Tailon 
Civil cngincm 
Cram and tower owraton 
Supcrvimh, n.c.c. 
Tcachcn, Scondary school 
Tcachcn. clrmcntary school 
Dcnt;rl Irrboratop nnJ  mcdical appljcancc technicians 
Sqamiing. fillcring. and claritying w h i n c  wpmion 
Tool and die makc- 
Lthc  and turning machine opcnrom 
Machinibts 
Phrrrm;lci\t\ 
Scttianary en&' 'I nccrs 
Mcc hanical cnpi ncm 
Chcmista, cxccpt hiwhcmists 
Inhpccton, ~cstch. and bmdcn 
Elcctricinns 
Opcnting cnb' wcch  
Radiologic tcchnicianr 
Electrical powcr installen and rcpaircrs 
Supcrvihorr; rncchmics and rcprrircn 
H c a q  equipment mechanics 
BUS, truck. and su t ionq  cnginc mrchanic-, 
Phyhiciana 
Construction inspccton 
Cahiner mkch 2nd bcnch arpcrrtcrs 
Indusitial mchincry rqaircn 
Automohilc M y  and rclatcd rcpaircn 

Clwp 

t u  
21.1 
18.4 
153 
15.7 
15.0 
1J.N 
I4.X 
14.4 
142 
14.0 
1.7,s 
13.3 
13.3 
13.0 
129 
I29 
12.5 
124 
12.3 
IZI 
120 
11.9 
11.9 
1 1 3  
11.7 
11.4 
11.1 

11.0 
11.0 
10.9 
103 
10.7 
IO.? 
10.7 
10.7 
10.7 
10.6 
10.6 
10.4 

I 1.0 

(Continued an the followingpagc) 
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Table 1%-7. RankingoPOecllpntions by ,Median Ycm of Occupationat Tcnurc (continued) 

Median ycm of 
Occupation ctccupntionnl tenure I 

IO.* 
10.4 
10.3 
10.2 
10.1 
10.1 
10. I 
10.1 
IO. I 
10.0 
10.0 
10.0 
10.0 
9.7 
9.7 
9.6 
9.6 
9.6 
9.4 
9.4 
9.3 
9.3 
9.3 
9.3 
9.1 
9.0 
9.0 
9.0 
9.0 
9,0 
Y .9 

8.9 
8.9 
8.8 
5.8 
8.6 
8.6 
8.6 
8.6 
H.6 

8.9 

(continued on thc following page) 



Table 15A-7. Ranking of Occupationa by Median Yan of Occup3tional Tcnurc (continued) 

Occupation 
!dcdim y e ~ h  of 

occupt1on;rl tcnurc 

Shcriffh bailiff\, and oihcr law enforccrncnt officer% 
Concrctc and t m m  finishcn 
SACS rcprcxntrrtivcs. mining. manufacturing, rtnd wholestlc 
Supcrvimorr: gcncnl office 
Spccificd mechanics and rcptlircr.. n.e.c. 
Si cn o p  p hers 
Tymttcrs and compoaitorr 
Financial menagch 
Psycholagi~~\ 
Tcachcn: special cduution 
Smtisrical clcrb 
Dcsipcrs 
Watcr and Sewage Trcarmcnt plant opcnton 
Pnnring machine openton 
Heating, air conditioning, and refrigention mechanim 
Supmiimon; distribution. scheduling and adjusting clerk\ 
Inurmcc ula occupations 
Capnccn 
Public transportation atttndant~ 
Drafsinp occupations 
Butcher\ and mcatcuttcn 
Mi~cllancous clcctrical and clccvonic cqutpmcnt rcpLllrCh 
Dtcs\mkcn 
.Muh5ans and cornpow 
Supcrviwsn and propricioe; uics occupation5 
Painrcfi. Sculptors, cr;lftatist\. and artist prinsmkcn 
Mcchanjcs and rcpairch not spccificd 
Enginccring tcchniciani. n.c,c. 
Clinical 1;lhoratorgr tcchnologists and technicians 
Purchasing managen 
PurchaGing agents and h u y m .  n.e.c. 
Photograp hcn 
Chcniwl lcchnicians 
Mmapcrs; ptopcnic3 and real cmtc 
Accoununta and auditors 
Religious workcn. n.c.c. 
Sccrctarics 
Social workcn 
Opcmtions and sysfcms rcuarchcn and ;m;rjpts 
Postal clcrb, cxccpt mail carrim 
Managers; mrkciing, advcrtiking, and puhlic rclarions 

H.6 
Y.6 
8.6 
8.6 
xs 
X J  

8.4 
H *4 
8.4 
H .3 
s.3 
8.3 
H.2 
8. I 
x. t 
B. 1 
8.0 

9.0 
8.0 
7.9 
7.9 
7.9 
7.9 
7.9 
7.7 
7.7 
7.7 
7.7 
7.7 
7.6 
7,6 
7.6 
7. 6 
7.6 
7 3  
75  
7.4 
7.4 
t .3  

x.s 

n.0 

(continued on thc following page) 

Exposure Factors Handbook Pugc 
Aup&gt 1937 1584-3 

r C  



Tabfc 1SA-7. RanAingof Occupations by SIcJiin Ycm ofOccupa~iom1 Tcnurc (continurd) 

Occupation 

7.3 
7.2 
7.2 
?. I 
7.0 
7.0 
7.0 
7.0 
7.0 
7.0 
6.9 
6.9 
6.9 
6.3 
6.H 
6.7 
6.7 
6 6  
6.6 
6.6 
6.6 
6.5 
6.4 
6.4 
6.4 
6.3 
6.3 
6.3 
6.2 
6.2 
6.0 
6.0 
6.0 
6.0 
6.0 
6.0 
5.9 
5.9 
5.9 
5.9 
5.8 
5.8 

(continued on thc following pagc) 



Tablc 15A-7. b n h n g  of Occupations by M c d i u  Yc3h ofOccup;ltion;ll Tcnurc (continued) 

.Mcrlian yc3n of 
Occupat inn oc~znr;ltion;tl icnum 

Billing clcrb 
Drywall insullcn 
Consvuciion tmdcs. n.c.c. 
Tclcphonc opmaton 
Authors 
?Juning aides. ordcrliec., and srtcndan15 
Dental assictrrnth 
Timhcr cutting and losing occupations 
Molding and casting mxhinc opcnioh 
Mixcllancous handeworking occupation\ 
kcduction cmrdinrton 
Puhlic relations specialist\ 
Pcmnncl clcrks, cxccpi payroll and I-ocAAccping 
Awmblch 
.%curttics rvK1 tin,mial enices  UIC\ occuphrions 
Sdcwokcn. furnitutc 3rd homc f u r n k h i n p  
Insunncc adjustch. cxaminm. :rnd hvmtiptnn 
Prcs\ing rnxhinc opur;Ii(In 
R d c n  
GrJdcrr and wmcn. cxcepr apculturd 
Supccrviwon; rchtcd alrricu1tur.A cccupations 
Typi%ts 
Supervisors mom vchiclc opcnton 
Pcwnncl. :raining. and lahor rclaiionh ~pcciili~ts 
‘Legal assistant\ 
Physical :hcmpista 
Advertising and rclarcd ~ 1 1 -  occupation\ 
Rccardr clerks 
EconomisL\ 
Tcchnicnnc. n.c.c, 
Expediters 
Sales occupation%. nther h u s i n m  !.crvicn 
Computcr opmion 
Computcr proparnmcrs 
Invntiptors and adjustcn. cxccpt insunncc 
Undcnvriicn 
Salcsworkcn. parte 
Ankh, pcrfomn;. and rclatcd workm. n.c.c. 
Teachers’ si d h  
Maids and houxrncn 
Sawin): machine openton 
hlachinc opcnton, not spccificd 
Wcighcrs. mcawrch, ancl chcclicn 

S.X 
5.7 
S .? 
5.7 
5.6 
5.6 
5.6 
5s 
55 
5,s 
5 5 
5.5 
5*4 
5.3 
5.4 
5.3 
5.1 
5.3 
S.3 
S.3 
5.2 
SZ 
5 .t 

5 2  
5.2 
3.1 
5.1 
5.1 
5.0 
5.0 
4.3 
4s 
4.8 
4.8 
a.Y( 
4 . H  
43 
5.6 
4.6 
4 6  
G 5  
4s 

c +  
-I 

(conu’nucd on thc following p a h ~ )  
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Auptsf 1397 35.4431 



Volume III -Activity Fac&m 

Appendix I5A 

Table 1%-7- Ranking of Ckcqxttions by Mcdim Years oi+Ckcuputional lcnurc (continucd) 

Mcdim ycm of 
occupational tenure 

45 
4 5  
4.4 
4.4 , 

3.5 
J.4 
43 
3.3 
43 
4.2 
4 2  
4. I 
40 
3.9 
3.9 
3.9 
3.9 
3.8 
3.8 
3.7 
3.7 
3.7 
3.7 
3.6 
3.6 
35 
35 
3.5 
3.5 
3.4 
3. t  
3 . t  
3.3 
33 
3.3 
3.3 
3.3 
3.1, 
3.2 
3. I 
3. I 
3. I 

(continucd on thc tbllowing page), 
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TL\blc ISA-7. Ranking of Occupation!. hy Median Y c m  of Occupational Tcnurc (conrinucd) 

Mcdian y c m  a d  
Occupation cxcuparional tcnutc 

Small cnginc rcpuircn 
Superviaon. fotd prcprrralion and scrvicc occuparian\ 
Hc;ilth record !cchnologka and technician\ 
Hclpcm conmuction t r a h  
Atlcndmb. arnuemcnt 2nd recreation facilitic* 
Strccr and door-tdiw wlcsworkcn 
Childarc workcn. p n v m  hwschold 
Childarc workcn. cnccpt privcltc houxhold 
Inlamtian clcrk, n.c.c. 
Hotcl clcrh 
Pcnonal wrvicc occupiitions. n.c.c. 
Salesworl.cn, shwb 
G m g c  and sccrvicc \tation rclarcd occupation+. 
Short-ordcr cook\ 
File clerk:, 
Cashicn 
Mail clcrb. cxccpt postal ccrvicc 
Mi~cllancous f d  prcpatwion occupations 
N m  vcndors 
Vchiclc waahch and cquipmcnt clcanch 
.Clcs?+engcn 
Kitchcn worlicrs. limd prcpamrion 
Stock handlcn and haggcrs 
Waitcrs and wairrcan a>:,isunt\ 
Foocf counrcr, fountain. and rchrcd occupations 

2. I 
3.0 
2.9 
2.9 
2,s 
2.7 
2.7 
2.7 
2-7 
2.7 
2.7 
2.b 
2.b 
2.5 
23 
3 
2.3 
23 
2.3 
2.3 
2.3 
1. I 
I .9 
I .7 
1.5 

n.c.c. - nor chcwhcrc clasdilcd ;I 

Sourcc: Carey. l 9 X X .  
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53.6 

ai.? 

so. I 
56.9 
51.0 
54.4 
61.0 
40.5 
s9.0 

6 3  
615 
015 
d5.0 

S5.* 

5bO 
36.7 

355  
5h.J 
502 

S3.9 
5s.a 
s5.a 
9 . 0  
S1.7 
5:‘) 
55. I 
50.2 

.un 

9.X 9.7 

H.0 6. I 

6.7 92 
7.5 1o.n 
a= In5 
6-5 14.7 
7.b 7.0 
5.0 X 3  
55 u.3 

n.4 5 0  

n .6 7.8 
7.1 S 2 

10.2 7.0 

9.3 3.n 

9.6 b. 0 
9.0 5.7 
9.6 7, b 
H. I h. I 

11.3 s. I 
11.0 b.7 

1t .x  9.4 
13.3 7.3 
10.9 7.9 
11.9 u .J 
11.4 I L7 
1L1 11.1 
11.0 10.5 
10.7 1 3  

Pge Exposure Faclots Handbook 
I s s - r  Au~p.st 1997 



10.0 110 

9.7 13.0 
Xi If-? 
In 3 104 

SA la3 
IS 0 13.9 
h.h M.h 
R . 9  9. H 
7.7 11.5 
I22 I I -5 
3. X :u h 
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J-weck p a i d  Thc umc qucstionnain: was Eldrninistcrcd 
over the cclephooc ro parricipanrs W ~ O  did not rcspond to 
thc f i l e d  qucsaonnairc Of thc 6.700 individuals 
coom3ctcd for rhc survey. 4.920 individuals either 
mpndcd to Ihc mild quntionnairc or LO 3 tclcphone 
inwview (a xsponx ~ I C  of 73 pcxccnt). Survey 
questions included how ofm rhc produca: wcn used in 
the 1st 12 monrhs; when they wcrc last U M ~ :  how much 
rim w3s .;pent wing 3 pmduct (per -%ion M ycar), and 
thc time the mpondcnt remained in the room dtcr ux: 
how much of3 product wxs u d  per occasion or yew. and 
what pmtcctivc rncwwes wcrc uvcd (Wrsur. 19873). 

Thirtytwo c;lteg~~iics of common houshold 
producu w r e  included in IIX s w c y  and at prcscnicd in 
Tabk 16-3, 'fables 14-2. 16-3.164 and 165 pmvidc 
means, mtdi;lns.md pcrccntile n n k i n p  for Ihc following 
variables: frqucncy of use. exposutc time. amount ot' 
use. a d  time cltpacd dkcr use. 

An d w m p  of this study is char thc nndom digit 
dialling pm*cdure ('W&bcrg Method) usd in identifying 
pYticipants forthis survey cnlrblsd 3 divcrsc sclcction of  
3 rcprcscntativc. unbiud, umplc of thc US. population 
(Wcslat 1987a). Al.w.cmpirkd &la gcncmcd from this 
study will pmvidc morc accurate dculations of humin 
exposure to consumer houwhold produtts than csrirrmtcs 
prcviclusly uwf- Howcvcr. a limitation ;r\wiatcd with 
&is sttldy is that the dangcncnrcd w c n  based on rcull 
bcbwior. Anolhrr limiotion is that cumplarion of thcsc 
data 10 long-term UYE ponms may be dit'ticult. 

Study Suunvy Findinxs - A s  p x t  of 3 plan 10 ;u.qss thc 
c l fmi imas  of tabcling ofcmsumer producw conuining 
mcthylt.ncchlondz Abt conducted a telephone survey of 
nearly !ivtIhouS;Uld houshofds (Abt. 1992). Thc survcy 
was coiidocted in April ;urd May of 199 I. Thrcc EILSWS 
of prrwlusts were of concern: paint auippcn, non- 
outomotivc s p y  paint, and 3dks;ivt rcmovcrs. The 
wniq pmllckd 3 19Y6 consumcr u.w survey spanwrcd 
jointly Iy Abt and thc US. EPA. Rcsuln ot'thc survcy 
wcre tk. following(Ab2 1992): 

A& (19QZ) 1 c b f d t y k n c  Chhn'dC Ct>lulJmP+ USZ 

* Cornpared to tht 19Y6 5ndinp. a sihviticantIy 
smllcr proportion of current survcy 
mponctcnb uscd o paht suippcr. spny paint. 
or Jdhcsivc rcmovcr. 

* Tho% who used the  product^ rcponcd B 
sigifiwndy longer timc since their Iasr use. 

For d l  rhrcc product... Ihc rcportcd amount 
uscd per ycw w u  stpificanrty higher in tbc 
current suivcy. 

The survcy was conducted ro estimate thc pcrccnt 
of rhc US. d u l t  population wing paint rcmovcr. adhcsivc 
rcmovcr. and non-automotive spny paint In addition, an 
e s t i m  of the population using lhcx praducts conmining 
mcthylcnc chforidc was defcrmincd. A survcy question- 
naire was dcvclopcd to collcct product u.uyc dam and 
demographic dam. The survcy s;rrnplc was gcncntcd 
using a RDD Icchniquc. 

A iota1 o f 4 9 7  product scrccncr inrcrvicws W a c  

conduacd for thc product iotcrvicw sections: thc number 
of rcspandcntv WCM: 381 for paint su'ippcfi, 58 for 
adhesive rcrnovcrs. and 791 for non-rrucomotivt spny 
paint. Survcy rcsponscs W C ~ C  wcightcd 10 allow 
estimation at the lcvcl of the tout U.S. population (Abt, 
1992). A follow-up mail sumcy was atso conductcd using 
I short questionnairc. Rcspondcnts who had uscd thc 
product in ihc past ycar or had purchzwd rhc product in 
tho past 2 ycars and \till Itad thc containcr wcrc 3skcd to 
rcspond to thc qucstionnairc (Abt, 1992). Of rhc mail 
qucstionnairrs (527) sent out. 259 wcrc rctumcd, Tbc 
qucstionnairc rcspnws includcd 67 on paint suippcrs, 6 
on adhcsivc wmovcrs. and It16 on non-automoliuc SprJy 
paint. Rmulh of thc survey arc prcscntcd in Tablcs 16.6 
through 16-1 I (K's arc unwcightcd). Data ;uc prcxnrcd 
fbr rcccnt uscrs. Rcccni uscrs wcrc dcfincd 3% persons 
who lirrve uxd thc product whin  Ihc last ycw of thc 
survcy or who havc purchucd thc product in thc past 2 
y c m  

An adwnfagc of rhis survey is that thc survcy 
population was largc and the survey rcspon.\cs wcrc 
wcightcd to rcprcscnt the U.S. population. In addition. 
thc survcy was Jcsigncd to collcct data tor frcqucncy of 
product usc ~ n d  mount  of' product uscd by gcnder. A 
limitation of thc survcy is that thc 6113 wcm gcrtcmtcd 
bawd on rccall behavior. Exinpolation ofthcsc d m  to 
accwtcly rcllcct Ionptcn usc pattcrns ma! be difficult 

Wcsrat (1983)  - Nurional Usqc S~rrvcy of 
Household CIeuning Prodrrcts - Wcst3[ (1987b) collcctcd 
usipc d m  from 3 nationwide survcy to 3 ~ w b  the 
m;rb$udc ol'cxpmun: of consumrs to various products 
uscd whcn performing ecrtain houschold claning Usks. 
Tlic survcy was conducted bctwccn the middle of 



?covcmkr. to thc middlc nf J:inuary. Ic>Xb. 
Tclcphonc intcmifu-s w c w  conducted with 193 
houkchaldh. According to Wesut ( 19S7b). the rfiult ing 
r c s p n g  r ~ t c  'for this s u n q  u u  78 percent. Thc 
Wskshcrg rnerhod discused prcviou4y in rhc 1Vcst;lr 
(19873) study wa\ a l ~  u e d  in randomly electing 
tclcphonc numkrh cmploycd in the Wmat f I 9 S f h )  
survey. The survey wis d n i p r d  to obtain in iomaon on 
clcan'ing activitics pcrformcd in the intcnor o i  thc homc 
during the prcvious ycar. Thc pelurn  whii did :he 
mjatiry of the clc;ining in rhc kitchcn and hiithrmrn arc&-. 
o t a c h  houehold w&s intewicwed. Of t h w  rcspcindcnh. 
the primary clcancr was fcmrrlc in 160 h ~ . ~ h i d d \  ( X 3  
pcrccnt) and malc i n  31, houwholds f I6 percent,; thc e x  
of thc respondents in thrcc rcrnaining hnuscholllb WL\ ncit 
a\ccrtained (Wcstnt. 19K7h). D~tit ohuincd from the 
sumq inctudcd thc frcqucncy of perkirminp I; Jttl'crcnt 
clclrning u A s :  thc mount nT timc (duration J ywnt at rach 
ud: thc clcaning product moct frcqwntly uud;  thc typc 
ofprodua (liquid, powder. acraud or %pray pump, uwd; 
and the pmtcaivc mcasurh ukcn during clcrrninp wch 
wcxing mhher glow\ or having a window opcn or in 
cxhau\t fan on (Westat, IciS7b). 

through Iblti, 'Idhlc 16-12 prcxnh thc m a n  ;ind 
mcdian tot:il c'xcpowc timc of UIC for c x h  clciining la& 
and the prcduct typc prctcrrocl for c x h  taA. The 
pcrccntiic rmkinp  for rhc t i tkr l  time cxpwA t o  thc 
prcwiwts u ~ c d  for IJ clcnning usLc arc prru.ri!cll in T;ihlc 
16- 13. The mc;m and pcrccntilc rankinp c d  the Irsqucncy 
in performing c x h  t34i arc prcwntcd in Tablc 1 h- 14. 
Tahlc 16-1s \how ihc mean and Frccntilc ranking\ fur 
cxpisurc timc per evcnl of pcriorming houdiold w k s .  
Thc mcm and prccntilc r;tnkinp for tor31 nuinkr id 
houn spcnr pcr yrar uking thc t1q3 IO prtduct grmps arc 
prcentcd in T.ihlc 16- 16. 

Wect;lt IQKfh) randomly wlcc~cd a u h x t  t i l '  30 
rc\pc)ndcnts from thc caipinal survcy ;tnd rrtnrcrvicwtxl 
ihcm during the fint t w ~  uccks (if Mirch. IWh A\ a 
reliability chcck on thc rccnll &ita ohtaincd ircm thc 
original phanc survcy. hqucncy  and dumrictn 6313 tor 3 
of thc original I4 c1c;tniny fa&\ wucrc nht:iincil lrcim the 
rcintcrvicwa In ;I eciind rt'fnn to validate thr phime 
wwcy. 50 rnpiindrntc of the original phonc *urvcy 
paniciparcd in ;t tour-wcck diap study lhctwccn F r h w n  
and Sk1rch. IQHh) nfH ol'thc I4 clcnning tn&\ impn;illy 
srudicd. Tlrc diary apprnxh ; i w ~ * c J  thc validity t i t ' u w t ~  

a onc-tirnc tclcphonc survey 11, drtzrmtnc u\ual cleaning 
bchwror (N'cktat, 19X7h~ Tlic data fix., trccliicnq ;Ind 

Thc survcy &it3 arc prcentcd i n  T,ihlc\ 10-12 
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cxposun: pathways, on specific pollutiint MU KC^ (paint, 
glue. ctc.). or prolonged background xtivhics (tobacco 
amokc. gas hcacrs. ccc.) (Tung and Iilepcis, 1996). 

pan ot'the survey, data wcrc Ills0 collec!cd on 
duration and frcqucnq of use 01' sclcctcd consumer 
products, Thiw data arc prcgnicd in Tablcs 16-20 
through 16-34 Distribution d3b arc prwntcd for 
sclcctcd pctrcntilcs (where possible). Othct data 3cc 
prc.untcd in mnps 01' time spcnt in an ac:ivity (e.&. 
working with or n w  a pMduct king  uwd) or mnga for 
rhc numbcr of rim- an activity involving a consurncr 
product wxs pcrlbrrncd. Tablca 16-20 through 16-34 
provide duration andlor frcqucnq dnu for the fotlowing 
catcgoncs: sclcctcd comctics and pcrsanil cam itcms: 
houwhold clcanm and othcr houscholrl productr: 
household equipment: palicidcs: and tobacco products. 

The advanugcs at' NNAPS is that thc &GI werc 
rullcctc*t tbr a brgc number of individuals and a 
wpmcnuduc oflhc US. gcncnl population. In addition. 
fxqucnq distributions 01. time spcnr and fxqucniy of 
wcumncc dab for activities ;urd locations arc providcd. 
when possible. A1.w. &a on 93256 diffcrcnt rcspondcnt. 
rvc broupcd by various socioeconomic. gcopphic. 
timc/.scawml fa:oh. A disdwnugc of SHAPS is that 
means cannot bc alculatrut for consumers who spcni 
morc than 60 or I20 rninutcs (Jcpcnding on thc ocrivity) 
in an activity u.ing a consumcr produc~ Thctcforc. il 
~ o d  ehmtc of rhc high consurncr activities annot bc 
CJP&lred. 

16.3. RELEVAhT CONSUMER PRODUCTS USE 
STUDY 
CTFA ( I  983) - Cosmetic. ruilcrry, and Fragruncc 

rlssociariun. Inc. - Summan. of Resulrs oj*Survey of rhc 
Amotint und Frecutnncy of Use of Cosmetic Producr.r I?y 
Wornen - The Co3mctic. Toilctp, and Fngancc 
rLwxiatiun I n c  cC"FA, 1983). a m$or manufacturer ;urd 
;I rrmrkct rescmh bumu. conduckxi zurvcys ro obfain 
int'ormation on frcqucncy of usc of varims cosmctic 
product< Thrcc survcya wcrc conductcd to collcct d m  
on rhr frrqucncy o t ' w  of vmious cosmctic producb and 
sclculcd baby products. In the lirst of thcsc thrcc survcys 
CIlFA (1933) conducted a one-wcck prospcctivc survcy 
of 47 fcmlc crnployccs and rclnrivcs of cmployccs 
ktwccn the ages of 13 and 61 ycm. In thc second 
survcy. a cosmctic mufmumcondwtcd D rcvospcctivc 
survcy of 1.13 of its customcr?i. Thc third survcy was 
conducted by 3 mukct rcsmh burcau which smplcd 
19.035 fcmalc consumcrs nitionwide over a 9-lC month 
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pcriod. Of thc 19.035 t'cmalcs intcrvicwcd, rcspnnw- 
from only 9.6S-I t'cmalcs wcrc tahulatcd fCTFh. l Y X 3 ) .  
The third survey W;L\ dcugncd to rctlcct thc 
wciodcmographic (1.c.. age. income. CIC) chi~nctcri\tic\ 
of rhc cnrirc US. pc~pu1;itron. Thc rcnpindcnh in 1111 rhrcc 
aurvcya wcrc asked to rccord thc numbL7 o f  timu\ t h q  
used thc variou!. product.\ in a givcn timc pcriiwi. I.E., I 
wcck. a day, a month, or I year ( C T F A  IYh3l. 

To obr;rin the avcngc frcqucnp of uw for c x h  
coamcric product. rcspcmcb WCTC avcragcd fbr c x h  
product in cach \uncy. Thus, thc avcngm werc 
cslcularcd by adding thc reponed numkr  of UK- pcr 
givcn timc pcriod Ibt cach product. dividing hy rhc tutal 
numhcr of rcspclntIcnt\ in thc survcy. and then dividing 
again by the numhcr of  d a y  in the givcn time pc7iiuJ 
(Cr'FA. 19U). Thc avcngc frcqucncy ot'ur ol'ccnmctic 
produca w&s determined for both mu.wP and "non- 
uwcn." The I'rcqucncy af  UIC of hahy product\ wah 
dctcnnincd among only. Thc u p p r  90th 
pcrccntilc frcqucrq of UI(: value\ wcrc dctcrmincd hy 
climin3:ing thc top tcn pcrccnt m o d  cxtrcrrw t'rcqucwin 
of us. Thcrcf'orc. the highfit rcmining frcqucncy ot'usc 
was recorded thc uppcr 90th pcrccntila valuc (mA. 
19X3). Table lb?4 prc-nts the amount nt' product uwd 
pcr application (gram\) and the a v m g c  and 90th 
pcrccntilc frcqucncy of ue pcr day for hahy products 3nd 
variouk ca~mctic product\ for all thc sumcys. 

An advnnugc oi'thc frcqucncy data ohtaincd t'rom 
rhc third survey (market rcwrch  hurau)  i \  t h r  thc 
ample population W;LS more likely to tw rcprcmtativc ol' 
thc US. population. Another advantage of thc third 
dabut is that thc survcy was conductcd over I longcr 
pcriod of time whcn comparcd with the othcr wo 
frcqucncy dataets. AI-. the htudy providcd crnpiriul 
daw which will k uw'ful in gcnmting morc xcumrc 
ntimtn ofconsumcr cxpmurc to cmmetic products. In 
contrast to thc Iargc nurkct rcwxch bureau wrvcy. the 
C F A  cmployec hurvcy i \  v c p  ~mll rrd both that w v c y  
and thc cosmctic company survey arc likely to hc bnw'd 
toward high end u w n .  Thcrciore. d m  from ~ L W -  two 
hurvcy should hc uscd wth caution. 

lti.4. RECOMXIESDATIOSS 
Duc ro thc Iargc range and variation among 

comumcr prducis 3nd thcir e x p u r e  pathW;ly\. it ih not 
fca\iblc to specify recommcndcd cxposurc valum ;LI h u  
heen donc in other c h p t m  of this I u n d b k  Thc u w  i \  
rcfcncd io Ihc contcnla and rcfcrcncfi in thc chrrptcr 113 
dcrivc approprintc cxpaurc factoh Tablc 16-35 

surnrnarirc\ thc kcy and rclcvmt studih in thi\ c h i ~ p t ~ . ~ ,  
In  ordcr io cstimie conwmcr cxpmurc to hnuehold 
products. wcnl tgm al'infnmtion arc nccdcd Ihr thc 
cxpsurc  equation. Thc information necdcd includn 
frcqucnq and Juration of u s ,  amount of p r d m  uv.d. 
prccnt  wcight ut' the chcmicd of conccm fnund in the 
product, and fur d m a l  cxpisurc. rhc mount of the 
wlution on the skin attcrcqmuw. Thc d i o a f W m 1 3 t  
( 19H7a h. and c). (Ahr. 1 W 2 ~  and T u n g  and Klcpci- 
I IW6, provide informstton &in  amtiunl. dumti~m. 3nJ 
lrcqucncy of  u e  of houehold product\. The irqumL? 
a d  duntion ofuu and m o u n t  of product u d  for wmc 
houwchold and othcr consumer prt)ciucy\ can hc ohmned 
from T a h b  16-2 through 16-34. blx,\urc to chcrnicah 
p m c n t  tn common huuwhiilci product\ can hc mtinuttd 
hy utilidng hra prcwtcd in  rhcw t a h l o  and the 
appmpn;itc exposure cqwtinn. It should hc notcd lh31 if 
~h- d m  arc u d  to mdc l  indoor air ~ o x c n t r a t i m ~  rhc 
v a l u e  for time of uw. timc c x p w d  a1tcr ue. 3rd 
frequcnq in rhc indoor air. \hiiuld hc thc urn n l u h  
u e d  in the dchc. cqution for trcqucncy and conky time 
for a givcn indindual. 
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thc O f k r  c.fToxic Substx~cus, C o n m t  So. 68- 

US. EPA (1987) Methods for asswing expo*urc to 
02-3968. 

chcmiul suhtanca - Volume 7 - Methods for 
ax-sing cowmcr cxpwure to chcmicth 
substances. Washingon. DC: Office of Toxic 
Subsst;mccs. EPA Report KO. 560/545407. 

Wcsur ( 19x71) Houwhold d v c n t  products - D 

n m o d  w g c  survq. Under Subconmct io 
Battellc Columbus Div., u'a?ihingfon DC. hparcd 
for US. Envimnmcnd Protection Agency. 
\\'shirrson. Dct. Available t'rom STS. 
Springticld. VA PB%-Ij?,yS I .  

W c s ~ f  1' 19Yfb) Xational usagc survcy of household 
clcaninp products. Prcpircd for US. 
Environmcnml Prowction Agcncy. Officc of Toxic 
Substances snd Officc or Pcsticidcs and Toxic 
Subssnscx Washington, DC. 

Wcsut (IYS7c) Sarional huuschoid survcy of inicrior 
painicrs. P r c p d  for US. Environmcnhl 
Protcction Agency. Oftkc of Toxic Subsunccs :ind 
Oflicc of Pcsticidcs and Toxic Sub*hnccs. 
Nbhington DC. 
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17. RE!IDES77N. llUILDrSC 

17.1. LYTRODUCTIOS 
Unlikc prcviou\ chaptcn in this handhwk bhich 

fucus on human hChavior or charxtcnstir\ that ai'fcct 
cspcnurc. this chaptcr t'wuu- on rczidcncc 
ch3ractcrihitc's. Aixssm-nt of cxpowrc in rcsidunrial 
sating3 rcquirc\ inl'omatron on ihc availability at' rhc 
chcmicil(s) of conccrn at thu point of cxpowc. 
chmc~cnrtios of thc rtructurc and micrwnvironmcnt that 
al'fcct cxpmurc. md h u m n  prL?cncc uithin the rmidcncc. 
Thc purpo*c of !hi\ sh;~ptcr ik 11) prnvidc data that arc 
avaibblc. on rcdcnoc chmctcristics khat d f c c t  c x p u r c  
in ;in indoor cnvironmcnt. Sourcc*rcccp~cir rcl;ltwn\hip 
in rckidcntial rxposurc ucnarirn a n  hc cornplca Juc io 
interactions among uxirccs. and tranrpc~Tt/rransfo'OTmllirln 
proccws that rcdr  from chcmtcal-\yccilic. and building- 
spccific facton. Fip rc  17-1 illu\tmtcs the cumpln  
factors that must bc sonsidcrcd uhcn ccsnclustinp cxphurc 
asIcsbrncntr rn a rcudcniial etting. In addition IO wurcp. 
within thc huilding. chcmic;ll\ ol'conccrn my cntcr thc 
indoor cnvironmcnt from outdoor air, soil. gab, water 
aupply. trxkcd-in soil, 2nd indu\trbl work cloth- worn 
by thc rcsidcnts, InJiwr conccntr:ition\ arc atfcctcd hy 
lo%% mcchanisms. alw illu\rratcd in Figure 17-1. involving 
chcmiwl rcxtions. dcpmition IO and rccmi\sion from 
wdaccs. and tranbpon OUI ol'thu huilding. Partnic.lc.hound 

CHI\RACTERISTICS 

I ~neentnt ion.  c Exposure. E tor cexpanr(s) 

Figure 17- 1. Elcmcnts at' Ratdcnual Emurc  
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waturbornc rourcm. and willhuu~ du3t murcra. Scciion 
17.5 summarizes advanccd conccpo. 

172 UUILDISC CHARACTERISTICS 
1721. iicy Volurn~5 or Rcsidcncr Studics 

Vcrsm (1990) - Durukrsr ~ J U  Pct$totoeurl~i~rt 
Trucer ( P I T )  Lrcwrilatiutt M~usrtrmcm - A daubasc of 
tirnr-avcrqcd air clrchlingc and inicrtonal airflow 
nicamxmcnt.s in murc than 4.000 rcsidcnccs hL\ bccn 
conipild by V c w  ( 1990) :o allow rcwrchcrs to acccss 
thcx &LI (XT Section 173.2). Thew dim wcrc collcclcd 
bctwcrn 1982 and I9X7. The rcsirlcnrcs that ;ippcar in 
this databas ;vc not 3 rindom srrrnplc or US. homes; 
howvcvcr. t h q  do rcprcscnt ;I oompi1;ition of homcs visircd 
in ;Bout 100 dift'cruni fruld studics, some of which 
involvcd nndom sampling. In cxh study. thc houe 
volumes wcrc dircctly mcasurrd or cstirnatcd. Thc 
collcctivc homes visitcd in thcsc licld projwts arc not 
gcognphicalfy bdanccd: 3 largc fmction of'thcsc homcs 
arc loc3tcd in %outhem Cdiiornia. Sudstical weighting 
tcstiniqucs wcw :ipplicd in dcvcloping rstiniatcs of 
nationwidc distributions (?rc'c kction 17.3.2) 10 
compcnwcc tior thc gcopphtc imbalance. 

US. DOE ( IWS! - Fhsiirg Ctiurucrcris4ricJ* 1W.t 
Residmtirrl Enrrg,v Consrrmprion Sirrvc,v tKECS) - 
Xlcwmmrnt surveys hmc not kcn  conducted to dirccrly 
charxtcrizc thc mngc and dirtribution ol' volutneh fur a 
random umptvc of US. rcsidcnces. Rclatcd data. 
howcvw. arc rcgulurly collccicd through thc US. DOE'S 
RECS (US. DOE. 1995). In addition to collecting 
information on cncrgy use. this tricnnid survcy colkcts 
&la on housing chmctcristich including dircct 
mcwmmcnt.i of' tohl and hcatcd lloor apxc  for building 
visitud by survcy sptcidish. For the rnoht rcccnt aurvcy 
( 1993). ;I multiaugc probabilily wmplc 01' over 7.OOO 
rcsidcnccs W;L\ sur~cycd. rcprmniing 96 million 
xsidunck- nationwide. The survq mywnx mtc W;LS 8 1.2 
percent. Volumes wcrc cstimtcd fmm the RECS 
mo;L~urrmcnL.i by multiplying thc hcatcd tlour spacc arc3 
by an wumcd ceiling height o f 8  fcct. recognizing that 
[his assumcd height may not apply univcmlly IO all 
hunics. 

Rcaults for rcdrlcntisl volumr distributions from 
the RECS (Thompson. 1095) iuc prcwntcd in Table 17-1. 
blimatcd pximctcn ol'rcsidcntial volume distributions 
(in cubic rnctch) from thc PI;T daub&* (Vcrsar. 1990) 
n* also rumwim!  in Tablc 17-1, for comparison to the 
RECS dab. Thc arilhmctic mcans fmm thc two soutccb 
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Tablc li-Z Avctam E\tirnatcd Volume\ of  US. Rcddencc\. bv Hou\int Tvnc and Owncnhir, 

Owncnhir, 

VolumeJ Pcfccnt VolumcJ Pcrccnt VolumcJ Pcrccnt 
Hoiisinr Tvoc lm3\ ofTotd h') ol 'Tod Im'i O~TOLA 

Owner-Occunicd Rcnml All U n h  

SioslcFmily 47 1 53. I 323 3.5 351 61.7 
(Dcrxhcd) 

IAC~hCd) 

124 unib) 

(5- Units) 

Sing!c-Fmily 406 4.6 31 2 9  362 75 

hfuliifmily 362 1.6 216 6.7 243 8.3 

MLiu:tifmil~ ZJ L 1 .? 183 15.2 I90 16.8 

Xiobilc Homc 2221 4.6 170 I .2 210 5 8  

At1 Types *I 65.4 2333 33.6 369 100.0 

A\rolumcs calcuktd from floorma\ LLssuminga cciling hcight of8 lcct 
Scurccr Acaptcd fmm US. DOE, 1495. 

wcnpc volumcs. whcrm thcrc may havc bccn aomc 
rimc-nelatcd ucnds in cciling hcipht. 

Mirrruy (IY96) - Ana(vsb of RECS und P n  
Durabam. Ubing P dalabu9 from Ihc 1993 RECS and an 
wumM1 crifing height or8 feet Murny (1996) cstimatcd 
P mew rcsidcnthl volumc of 382 rn3 using RECS 
csdmam of hcatcd noor spacc. This cstimatc is slighdy 
diffcrrnt from rhc mcm of 369 m3 givcn in Tablc 17-1. 
Mumy's (1996) xnsitivity analysis indicarcd hat  whcn 
a tixcd ceiling hciyht of X feet was tcplxcd with a 
nndomly varying height with a mean of 8 fcct. thcrc was 
little cl'fcct on thc standard dcviation of thc cstimatcd 
dbtribution. From (L scpmtc analysis of thc P R  
daub&*. b ~ w d  on 1.751 individual houschold mc;~surc- 
mcnrs. Mumy (l99G) catimtcd an avcngc volumc of 
369 m3, thc umc a% ptsviaurly given in Tablc 17-1. In 
performing this analysis. ttrc author cmfully rcviewcd chc 
Pt;T&taba% in an cl'fon IO usc mch rcsidcncc only oncc, 
for thosc rcsidcnccs thought fo h a w  rnultiplc PFT 
mc.zwcment.i. 

I"*" - 
Rmm Volumes - Volumcs of individual rooms arc 

drpcndcnt on thc building size and configuntion. bur 
s u m m q  data arc not rcaddily available, Thc cxposur~ 
;Lsuxar is dviscd to dcfinc yxcitic rooms, or wcmblics 
of room\ chat bcst fit thc sccnnrio of inrcrcsL Most 

Volumcs and Surface Areas uf Room! 



rnodclx for prcdicring indoor-air conccntntions qxciiy 
iiirffow in cuhic mtcn pcr hour and. crinc\prdin&. 
cxprcss volurncs In cubic mcteh. A rrmrurcmcnt in cubic: 
fccr can bc cnnvcncd to cubic rnctfrs hv multiplying the 
vduc in cuhic fcct by 0.033 m7/1't'. For curnplc. ;1 

kctrmm that is 9 fict widc hy 12 f a t  long hy 3 Ikcr high 
has a volumc of X t d  cuhic feet or 243 cuhii mrcn, 
Similarly. a living rrwm with drmcnGm\ crl' I2 feci widc 
hy 20 fcct long hy X fcct high ha\ 3 volume. of Iv20 cuhic 
fccf or .U.3 cuhic rnact?,. and ;L halhrotrm with JirncnGons 
of 5 fccf by I1 fccr hy H kct ha\ a volume 01' I X O  suhic 
fccr or 13.6 cubic meters. 

M u r r ~ y  i 199h) a n a l y d  the clnuihuticin (~fwlccicd 
rcsidcntial tench t1.c.. ;1 wie-. o f  conncctud rnvns) uhing 
thc PFr dat;ihaw. Thc author analyrcd thc "litchcn 
mnc" and the "hcdrcwrn mnc" for hnux- in the Lv, 
Angclch srca that wcrc Iaklcd i n  t h i s  rnanncr hy ticld 
rcwxrchcrh. and "ha.emcni." "lint floor." and "wcond 
tloor" bonc's for h t r u ~ ~ .  ouisidr of Lirs Angclca !'or which 
the rcscsrchcr% lahclcd individual flimn ah mncs. The 

1.7 
3 7  
3.7 
3.7 
3.3 
3.7 

.7? 
3.7 
3.7 
3.7 
3 . 7  

1: 
13 
I t  
10 
? 
4 

17 
13 
I 1  
11) 
7 

kitchcn mnc cuntaincd thc kltchcn in :idditicin t u  any 01' 
thc following ahsociatcd %paw.: uiilrry rlwn. dining 
room, living room and t'amily rtwm. Thc kdrtwirn /one 
contstncd all thc bcdrtmrm plu\ any h;rthrcr>m\ and 
hallways awxiatcd with thu hdrtmrn4. Thc liillc.iuing 
hummap stxisiich Imcan = \tandad deviation) wcrc 
rcporrcd by Murray 1996) for ihc eolumcs ciflhe /t)ncs 
duccrikd ahvc:  I'W z I IS rn' for rhc lrtchcrn mnc, 12N 
= 67 m' for Ihc hurlrcnm mnc. 205 c 64 rn' liir thc 
baxrncnt. 233 = 72 rn' for thc tint Ilnor. and 2.13 z I I I 
m' for thc stcond tlonr. 
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systcmb intcndd to incxczsc the ovcrdl air cxchongc mte 
ofthe nsidcncc. 

Pomblc space heaters intcndcd 10 scmc a singlc 
room. or a rrics of adjaccnl moms. my or my not be 
equipped with blowers that promote dr movemcnt and 
mixing. 1Vithout 3 blowcr. thcsc hcatcrs still havc thc 
ability to inducr mixing through convcctivc heat tr:msfcr. 
li'rhc heafcris a SOUKC ofcornbusrion pollutants, a$ with 
unvcnted gas or kcroxnc spzc hcstcrs, thcn thc 
combination of convcctivc hcar transfer and t h c m l  
buoyancy of cornbudon products will m u l l  in fairly 
rapid dispcn;ll of' such pollutm~s. Thc pollum~s will 
dispersc throughout thc tloor whclr thc heater is located 
and ta flmm above Ihu hater. but will not dispcnc. to 
l lwm below. 

Ccntrd forccd-air IWC systems m common in 
rnany midcncm. Such syhlcms. through a network of 
supply/rcturn duct!! and registcrr, can achievc fairly 
cotnplctc mixing within 20 to 30 minutcs (Roono. ct 31.. 
19x8). Thc air handler for such systcms is commonly 
cquippd with ;L tiltcr (*e Fiprc  17-3) thal can rcmovc 
particlbphxw contaminant... Funhcr removal of p d c l ~ x  
via dqosition on various room xuri;lccs ( x c  Scction 
173.21, is accomplished through incwxscd air movement 
when the i r  hmdlcr is opcrdting. 

Figurc 17-3 also distinguishes forccd-air HAC 
y,vstcrns by B c  =turn layout in rclation 10 supply rcgihtcm. 
Thc rcturn tityout ahown in the uppcr portion ofthc figurc 
is the type most cumrnonly found in rcsidcntial srtinga 
On any Iloor of the rcridcncc, i; is  typical co find onc or 
more supply rcgistcrs to individual rooms. with onc or two 
ccntnlitcd rcturn rcyistcn. With this layout. 
rupplylrcturn imbalances can oficn occur in individul 
rooms. pirticululy if rhc interior doors to rooms am 
clowd. In cumpatimi. thc supply/rcturn layout shown in 
ths lowcr portion ul' the tigun. by dcsign tends to tchicvc 
a bdancc in individual rooms or xoncs. Airflow 
imbalance+ can a150 be ca~xyf  by inadvertent duct I c a h p  
to unconditioned spaces such a!! attics, bascrnenb, and 
crawl ~paccs. Such imhdmccs usually deprcsurizc thc 
hou*. thrrcby increasing thc tikctihood of contaminant 
cniry via soil-ws transport or through spillagc of 
combustion products h m  vcntcd fossil-fucl applimccs 
such as tircpfacch and gdoi l  furnaccs. 

Mcchnicd dcvicrs such a!! hrchcn fans. bathroom 
fans. and clothcb dryers arc intcndcd primarily to providc 
Iwdizcd rcmovil of unwanted hcar. rnoisturc. or odors. 
Operation 01' the= dwiccs rcnds IO incrcuc thc air 
cnchangc n t c  ktwcvn the indoors and ourdoors. Bmuw 
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local exhaust dcviccs arc daigvxi to trc n a r  scrtain 
indoor wurccb. thcir cffcctivc rcmovd mrc for Iwally 
gcncratcd pollutants ik pcatcr than would hc mpcctcd 
from thc dilution effect of incrcwxl air cxchangc. 
Opcration of t h c x  dcvict.; also ;ends to dcptcwrirc the 
houe. bewuw rcplxcmcnt air uaully 1% not providcd 10 
bnlancc thc cxhauhtcd air, 

An altcm;ltivc approach to pdlutanr rcmoval is one 
which rclics on an incrcxlc in air cxchangc to dilutc 
pollutants gcncmtcd indoon. T h i s  approach c ~ n  lw 
accomplished using h a t  rccovcry vcntilaton (HRVs) or 
cncrgy rccovcry vcntitaton ERVs). Both typ- of 
vcntilators arc dcsipcd to providc halanccd supply and 
exhaust airflow and arc intcndcd to rcciivcr mo*t 4 thc 
cncrp that normally is lost whcn additional ourdoor air 1% 

introduced. Although vcnribtoh an prouidc tor more 

rapid dilution o f  internilly pcncrared pAlumts, t h q  a l e  
incrw.r the mtc at which outdoor pl lu tmts  arc bought 
into thc houGc, A disrinpkhing liature ofthc two t > - p  
is that ERVs prowdc for r c c o v q  of Iarcnt hcat (moistwet 
in addition to m\ihlc  hcar. Morcovcr. =Vi typtmlly 
rccovcr latcnt h a t  using a moi>rurc-tnnrl'cr dcvicc w h  
3% 3 dc\tcrjnt whccl. I t  ha% been ohuncd in w m  
\truiic- t b t  thc tmisterof rni>isturc h3twccn o u t W  .d 
inhound air s u m >  an r n u l t  in .om rcCnminmmt of 
indoor pollutmt\ Khat o t h m i w  would h a b c  ken 
cxhaustcd from thc hourc (t\dmu)n cl 31.. 1093). 
Inadvcncnt air communication h ~ ~ c c n  the upply and 
cxhust  air ~uccrmh c a n  h v c  ;I similar cff'cct. 

Srudim qunntiiying thc cffcct of mcchnicsl 
dcvicm on air cxchngc using tnccr-ga\ mawtemtrits 
arc uncommon and typic;llly provide only mxdatal d s n  
Thc common approach is  for thc rxpcctcd inacnmt in 
thc air cxchnngc ntc  to he mfimatcd from thc nr~d 
idlow mpxity of Lhc dcvicdd. FIX txmplc. ifsdmicc 
with a nrcd mpaciry of 100 suhic fect pcr minutc (cfmi. 
or I70 cvhic mclm pcr hour. k ovntcd  cnnrinuou4v in 
a h o u u  with a volum- of JDO cuhic mctm lhen the 
cxpcctcd i n u c m t  in Lhc air cxchangc ntc of thc h a w  
would hc. 17n m' h' I X X l  m'. or approtimtcly 0.4 air 
changcs per hour. 
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pcrccnt of thc rcsidcnccs in chc Northcast and Midwest 
rqians have bzumcnts. In die South and Wcst rcgions. 
thc prcdominant foundation typcs arc concrctc slabs and 
endosed cnwl sptlccs. Tablc 17-8 illustrates h c  four 
Censw Regions. 

17.3. TRASSPORT RATES 
lf.3.L Background 

substance in rcsidcnccs includc the following 
,Major air transport pathways for airborns 

- Air exchange - Air lcakagc through windows. 
doorways. inokcs and CxhaustS. and 
"adventitious openings" (i,c., cncb and 
scam!) that combine to form thc I c h g c  
contipmion of the building cnvclopc PIUS 
natunl and mcckmiwl vcntihtion: 

- Intcrmnal airflow - Transport h - o u g h  
doorways. ductwork md scrvicc chwwys.  
that intcrconncct moms or zones within D 

building and 

- Low1 circulation - Convcctivc and advcctivc 
air circularion and mixing within a r ~ ~ m  or 
within a zonc. 

The dishbution of'oirflows Jcross thc building 
cnvclopc that conwibutc to akcxchmgc and the inrcffnnal 
aidIows along intcriot flowpaths is dctcrmincd by the 
interior prcssure distribution. Thc forces musing the 
;lidlows arc tcmFrcrtun: dikEnccs. thc actions of wind. 
and rncchimical vcntihion systems. Basic conccpo haw 
bccn micwcd by K3HRP.E (1W3). Indoorsufdoor and 
room-to-morn tcmpcrmrc diffcrcnccs crcatc dcnsity 
diffhcnccs that hclp drtcminc, basic pottcrnr of air 
motion. During the hcating sczwn. w m c r  indoor air 
tends tu risc to cxit fhc building at' uppcrlcvcls by suck 
action. Exit ins i t  is replaced at lowcr lcvcls by an influx 
of coldcr outdoor Jr. During the cooling se;twn, this 
prrttcm is revcrsd suck forces during the coa1ingsc;rson 
arc pncrrrlly not &I: smng ils in thc huoung sezson 
bccausc Ihc indoorsutdoor tcmpcnturc diffurenccs arc 
not pmnouncd. 

In cmining o dao b;rx of air tcdcap 
mawmncnL% Sheman and Dickcrhoff (1996) o k r v c d  
k i t  houw buik prior to 1980 hhowcd a clear ins=% in 
l&gc with incrcasinpag=md wcrc Icakicr. on avcngc, 
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air cscbangc n!cb Although a significant numbcr of air 
cxchaogc mc;L\urcmnb havc bccn carricd out over thc 
yc;in. thcrc hxs bccn o Jivcnity of protocols and study 
objcctivc?. Sincc the early. 1980s. howcvcr. an 
incxpcnsive pcrfluorwarbon tracer (PFl') tcchniquc hai  
bccn used to rn-~~un:  timc-nvcngod air cxchangc and 
inlcrmnsl airflows in thousmls 01' occupicd rciidcnccs 
using cwenrially similar protocols (Dicu ct SI.. 1986). 
n i c  PFI' tcchniquc utilt~cs miniature pcmcnrion tubcs 3s 
tr,ccr crninrn an3 pwivc urnplcn to collcct tht  trw!rs. 
The passive samplers ;tre mumcd to thc labontory for 
nnalysis by gab chromarobTaphy. l k i c  mc;l*uremcnt 
~ ~ U J I S  hmc' b w n  compiled to allow v w h u s  rc.w;lrchcn 10 
I C C C S ~  the dab  (Ve-. 1990). 

Nu:droff'ecr ul. (1988) - Prior to the Koonu and 
Rector ( 19951 sludy, Sumdct d. ( 19811) aggcgi~~cd thc 
&JU from two htudics conduacd cxlicr using tmccr-ps 
decay. At the timc 1hc.e studies W C ~  ~onslu~tcsl. thcy 
wcrc thc largcht US. studies to include sir cxchangc 
mcaaurcmcnb. Thc lint (Grot and CINL 1981) was 
conductcd in 255 dwellings occupicd by low-income 
familics in Id dilfkwnt citics. Thc gcomctric rncan 
standard deviation for the air cxchangc mcll*urcmcnts in 
thew homes, with a median housc ogc ol' 45 ycars. was 
0.90 x 2. I 3  ACH. "he xcond study (Crimsrud et nl.. 
1983) involvud 312 ncwcr midcnccs, with a rncdinn agc 
of lcss than 10 ycae. Bad on mcasurcincnts ukcn 
dunng thc hciting wwm. flic pomctric mean 2 sundud 
Jcviatiun for f h c s  homcs was 0.53 t 1.71 ACH. 13ssc.d 
on an aggrcgWm of the two distributions with 
proportional wcighting by Ihu rcspcctivc numhr of' 
hou.xs aruJicJ. Nu;iroIT ct al. (I9HY) dcvclopcil an 
ovcrdl distribution with a gcoinctric mcm ol'O.6X ACM 
and 3 geometric smnrlard deviation of 2.0 I .  

Versur (I9YO) - Durul~uuc OJ' PFf Vcrrtibtiurr 
Meustrrcmcnru - The rcsidunccs includcd in thc PF" 
dambite do not constitutc ;L random sample xmrs thc 
Unitrd Statcs. They rcprcscnt a compil;rtion of homcs 
visitcd in thc coufic ol'abour I 0 0  scpmtc licld=~:scsrch 
pruject!! by vrlrious organizations. wm- of which involvcd 
mndorn umpling and wmc of which involvcd judbmcnd 
or fortuitous sampling. The Isqcr projcct! in thc PlT 
J:it3b~~w arc summorizcd in Ti~blc 17-9. in tcrms ofthe 
numbcr of mcwmrncnty ( ~ p l c s ) .  sf;~tcs whcrc. and 
nionths whcn. samples welt: taken, arid summay suthtics 
for fhcir rcspudvc distributions ofmcasurcd air cxrhangc 
rms. For xlcctcd pmjccls (LBL. RTL S X A L ) .  
multiplc mc;rsurcmcna w m  ukcn for thc urnc house. 
usually Juring Jif'fcrcnt smsons. A lorgc majority of thc 
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mcasurcmcnts arc from rhc SOCAL projccr hat  was 
conducrcd in  Southcrn California, The means of the 
tcspxiive studies pcncrally r q c  from 0.2 to 1 .O ACH. 
with thc cxccption of two California projcctr--RTE and 
S 0 C A . E  Both projects involved mczsurcm*nB in 
Sourhtrn California during a time of y w  (July) when 
windows would tikcly bc opcncd by many wcupanta 

KtJont= und Rector (I9951 - €trimation of 
~isrrihlrrif~ns jhr Rrsidcntiul Air ErchunE:r Rurrs - In 
analyLing thc compositc d m  irom various prajcca (2,971 
mcaiurcmcnts). Kclonu and Rcctor ( 1995) m i p c d  
weighn to Ihc results from cach amc ro cornycnr;lrc for 
the gcogiiphiu irnhdancc in bcationb whcrc Pm 

mcawcmcne wrc o h .  Thc rwlh wcrc wcightcd in 
such a way that rhr rcsulunr n u m b  of a .  would 
r ~ p r ~ u ' l l t  u c h  st31c in propinion t o  its r h r t  ofwapicd 
houhing units, as dctcrmincd ircrm thc 19So V.S. Cmu\ 
of Popularion and Houinp. 

Summary sut is t ih  from thc licwntrr and Rcwor 
(1995)rrnalysilr;uc~hown in T;lblc 17-10. for thc country 
as ;I wholc and by ccnsus rcfionh Baed on rhe \ufistics 
for all regions comhincd. thc authoh sunmtcd that a 10th 
pcrccntilc valuc of 0.1s ACH would bc appraprirrrc A\ a 
conmative estimator for air cxcbngc in rfiidcntial 
w r i n g s ,  and hat  Lhc 50th pr.rccntilc value ofO.JS ,\CH 
would he appropriarc a* ;I typical air cxchangc ~ I C .  In 
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applyin;;con.wxivc or typical values. of air exchmpc 
mtoi, it is important to d i m  chc limitations of thc 
undalying data bze. Although the c?itimus arc bucd on 
thousm~~ofrnasurcrrunh; the rcsidcnccs rcpwscntcd in 
thc damhc ;~hz not a nnQorn mple of chc Unitcd SWCS 
housing stock Thc sample population b not bdanccd in 
tcrmbo!'gCC)b~phy OrtimeofyW. S n t i a d d  tcchniqucs 
umr applid to compatsif.cforsdme of thw irnbdinccs 
In addition, PFT rncmurcmsnfs of air cxchangc mcs. 
3?isumc uniform mixinsof the m-cr within thc building. 
l%is is aot dways so cady achieved. Furthermore, the 
d c p e  of rnixingcan vary from day to day and house to 
how- k c c m x  of the 1131utc of the factors conuolling 
mixing kgi.conucctive it monitoring driven by wahcr. 
Aid r y ~ c  and o p t i o n  of tha hcating system). The 
&uivcpt3ccmcntof the P~sourcc and lhc sampler can 
dw a s ; c  variability and uncertainty, Ir should k noted 
bit suljpling is typically done in a single lowion in a 
houxr vdhich m y  not rcprcscnt thc avcragc from that 
house. ,In aridition. very high and vcry low valucs ofair 
crch;ur#c ISLES bawl on P- rnc;uurcmcne have bmazr 
unccminriesBan tho= in the middleofthc distribution. 
kp i tcsuch  limiotians. thc estimtcs in Table 17-10 arc 
txlicvcd to rcprcscnt the best available information on the 
dishbution of dr exchngc mtcs ilcrow Unitcd SWCS 
midcnccs throughout the ycx-  

coldcr rcgion s 55004,999 dcpec days, thc wmcr .  
rcgion as 2,500-5.499 dcgrcc days. and thc wtlrmcst 
rcgion as t'cwct than 2300 dcgcc  days. The monlhs of 
Dcccmber, January and Fcbcbruruy wcrc dclincd as wintcr. 
&!arch. April and May wch' dcfincdai spring, and 50 on. 
The r c d w  of M u m y  and Burmavtcr (lW5) rn 
sumrmurzcd in Tahlc 17-1 1. E'cglccting thc summcr 
rcsulrs in thc coldcr regions which havc only a fcw 
obsrvations. thc rcsulo. indicate that thc highest air 
cxchangc rates ocrur in the w m c s t  climatc region during 
the summcr. tu notcd catlicr (Section 173.21, many of 
thc rnrwrcmcnii in the w m c r  climlc rcgion wen: from 
ficld srudics conducied in Southcrn California during a 
timc orycu (July) when windows would icnd'to bc open 
in h a t  ma, Oat3 tor this rcgion in particular should bc 
uscd with wution sincc olhcr mas within this rcgion rcnd 
to have vcty hot summca and rcsidrnccs u.u dr 
conditioners. resulting in lowcr air cxchngc mcs. Thc 
lowest mcs gcncnlly occur in thc coldcr rcgions during 
the fall ('hblc 1'7-1 I). 

17.33. Infiltration Wodch 
A varkty of mathematid mdcls cxist for 

pmiicrion orair i n l h a t i o n  ~ C S  in individual buildings. 
A numkr of thew mod& have bccn rcvicwcd. far 
cumplc. by t ddmcnr  and Allcn (1983). and by Pcnily 

0.5 1 0.65 
OAb 0.M 
2.3 :3 
0.16 0.18 
0.49 0.4s 
1.21 I 20 

,l turrq and Bunnasrer (1995) - Rtsidentirrf Air 
Ewian,re h t e s  in rhc Unired Srares: Empin'ctrl and 
fitimam! Pammr:ric Distribirtions by Season arid 
ffiJnuriiir Region - Stumy and Burmruter ( 1995) mdyzcd 
IIIC PFT &l;rbze using 2W masurcmtnis (essentially 
thcsynl:~~~~~imdyLcd by lioontzmd Reeior(l995). 
but widiout the cmmpcn,sating weights). Thcr: au[hors 
summarized distributions forsubsas ofthc data dctincd 
by climate rcgion and Sczson. The coldcjc rcgion w&\ 
dcfmedks hwing?.000 or mom hat ing  d e w  dap. thc 

2nd Linteris (198L). Basic principles 3rc concisely 
summarized in thc ASHRAE Handbook of Fundamcnds 
(ASHRAE. 1993). Thcse mdcls  hsvc 3 similar 
thcorctiwl basis; all ddrcss indoor-outdoor prcssurc 
dit'fcrcnccs rhat arc miinlaincd by Iht actions of wind and 
suck (icmpenturc diffctencc) cffcca. Tlic modcls 
gcncrrrlly incorporitc 3 network of airflows whcrc nodcs 
rcprcscnting regions ot' diffcrcnt prcssurc arc 
intcrconnectcd by Ic&gc padis. Individual modcls ditTcr 
in details such thc numbcr ol'nodcs thcy con treat or 



I 1 

Rclativcly g o d  prcdtctivc ;Iccur&y u\u;llly u n  hr. 
okaincd for inilividu;ll buildings through thi\ approach. 
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rcmpczuun is 20 'C (68 'F). rhc outdoor tcmpcnturc is 
0 T O 2  * F, and rhc windsped h 5 mCL. the predictcd 
infilbanon fate for thac h o u v  would bE 5 (0.006 x 20 + 
0,03/5 :z 515). or 056 3ir shwpa per hour. This 
prrdi&n Jpplicsundcr thc cwdidon that cxicnor doors 
;L7d wirdowr ate clod. and dacs not include thc 
conmibudom, if any. hrn mcchmiwl sysxmx (u.x 
Section 17.3). Occupant behavior, such as owning 
windowr,cm,of coursc. ovcrwhclm the idcalizcd cfl'ccu; 
of tempcnturt and wind spcni .  

tcnns of a chxaclcri.ristic dcposition vclocity (m h"') allied 
to rhc surt';lcc-to-volurnc ntio (m: mS3> of the building or 
room intcrior. tonninp ;L first odcr loss a c  (18) similar 
to chn; of air cxxshangc. Thcorctiwl considcntions spcci fic 
to indoor cnwironmcnb hmc bccn summarized in 
romprchmsivc n'virws by Nmmff and Cass (1989) and 
Swmffcc al. (1993). 

For irbom particlei. dcposition mtcs dcpcnd on 
aerosol propt ics  (siac. ~ h p c .  dcnsity) as wcll as mom 
fstotli (thcml gradicnis turbulcncc. surfkc gcomctry). 
Thc motions of Ixgcr p;\niclc?i arc dorninatcd by 
bmviotionol sctding: Ihc maions  of smnllcr paniclcs arc 
wbjcct w cmvcction mnd diffusion. Connqucntly, Iqct  
particla tcnd to rucurnularc rnorc rapidly on floors ;urd 
upfxingsurhccs whilc smaller pmiclcs may xcumufatc 
on aurfaccs facing in any dimtion. Figurr 174 illustralcs 
the gcnunl m*nd for partick dcposition a c m s  thc siu: 
nngc of gcncml concern for inhalation cxposurc 
(40 Mm). The currcnt thought is that theoretical 
calculations of dcposirion mcs arc likcly to prouidc 
un?intisf;lctory rcsul~s duc to knowlcdge p p s  rclating to 
near-surfncc air motions and orhcr sourccs of  
inhomopncity (Saxwalt'ct d.. 199.7). 

0.001 0.01 0.1 1 
P&do Diameter b m )  
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1 F i , w  17-5. Air Flows tor Mulriplrxonc S y w m  J 
wlcction prwcss I j r  this study W;LS no1 randoin; i t  
inwlvcd voluntccn trout w m r  compmics and 
cnginccrint; orpnimtions. mast of which wcn. loC:rlcd in 
hrgc mrtrcipofim arcas, K w r o i f  et rrl. (198s) Ac) 
awtnblcd thc rcsula of' scvml  smllcr ~urvcys, typically 
involving bctwccn 5 and -50 houscldds cuch, 

A common katurc 01' thc various studics citcd 
above ih that thc rcwlts WCR 311 rcpomd in gallons per 
capita pcr day (gcd). or in unils that could bc casily 
convcncd to gcd. Moat stu6icb a h  providccl csrimatcs br 
type dux-showcrhadi. torlct. laundry. dishwashing and 
othcr (c.p.. L'aucc~). il summary of tlic various study 
rcsults is providcd in Table 17-14. Thew is gcncnlly 
sbr~..~t ;I thrrsfold variation a c m ~  studies for toul 



in=houx walef u s  ih wcll ab c x h  typc of UIC, Ccntnl 
values for roul use, wmc ohwincd hy taking thc mcan and 
median acros5 thc atudies for c x h  typc of' WXCT UH: and 
then summing t h c x  meandmedians across u n .  Thm 
ccntrsl vdues xc shown at thc h n o m  of the uhle. Thc 
mans rind median\ wcrc hurnmcd arms\ type+. or UVI :o 
obuin thc rncan for all urn  comhined k w u x  only o 
subst of thc studics rcponcd values for nthcr uws. 

Thc following wctiom provicic a hummap ofthe 
wtcr  ue chanctcridm for the pririmuy 5 - p  of wafer 
UIC?. indoors. To the extent found in the l i rcnturc .  each 
wimr uw ib dhcrikd in tcrms ofthc frcqum? dux: 
ilowntc during thc uv; quantity of WICY u.wd during 
c x h  occwncc of thc w;ltm u u :  w J  quantity uwd by an 
avcngc p a w n .  Tahlc 17-15 s u m m i -  the studicsol' 
U.S. DHUD and the Powm Authnriticr by l o u t i o n s  and 
numhcr of houwholds. 

Powcr ~urhonty Srudm 
study 1 
study ?. 
Study 3 
study 4 

3 
I5 
IO 

a 

a 
a 

ia 

::! 
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Tirlcr Wrcr Usc Cllurucrcrisftcs -The H U D  study 
(US. DHUD. 1984) rcpurtcd water volutnr: per flush for 
v;vjou\ typ?; of tailcb md monitored 162 houxholds b r  
shower duration. The rcsults.ol'this study arc shown in 
Tahlu 17-1s. Since thc HUD study was conducted prior 
to I9S. thc newer (po5r 19H3) conscrving toilcts that arc 
dcsipcd 10 uw approximately 1.6 gallons pcr Ilush wcrc 
not icsred. 

The frcqucncy of u s  for toilets in houscholds was 
c.uiincd in wvccil studics(U.S. DHUD, 1984 Ligm;m. 
ct d.. I974 Sirgrist, 1976). Thc obsmcd mcan 
ircqucwics in thcsc studics arc givcn in Table 17-19. 
Tables 17-20 through 17-24 p w m t  indoor watcr UE 
frcqucncics for Jishwxshcrs and clothes wa\hen. 
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Iliarclrrr and W t o n  (1995) - Drposirion. 
Rcjus/wmion und Pcnrnorion of Parriclts Widtin a 
Redencr - Rtlativcly fcw s d i a  have bccr. conductcd 
at the lmel of  detail n i d d  10 clarify the dynamics at' 
indoor acrowls. Onc intcnsivc study of a CaIifomia 
rcsi&nsc (Tharchc-and kyton. 19%). howcucr. pmvida 
inmtive rcsdc;. Usinga rnodcl-bd a d y s i s  for d m  
eollacd under conmllcd cirrumsonc~ thc invcstiptors 
wi!icd pcneaation of tht outdooracro*ol and cstimtcd 
rxs for panicle deposition and rcsuspcnsion (Table 17- 
26). 7 k  invcdptors  d h r  n o d  household 
d v i r i e s  arc 3 signitiant .wurcc of' airborne pllrticlcs 
tsr2;n" rhan S pm During f ie btudy. thy okrvcd rhat 
jurr adking into and out o f t  mom could momcnurily 
doubl: thc concentration. 'chc airborne 3bundancc of 
subrnicmmctcr particles. on thc other hand, was 
unaffcctcd by cithcr cfcaning or wdkiny 

17.4 SOURCES 
mxluct- and chemical-spcciIic mcchanisrna for 

indoor SOUKCS a n  bc dcscribcd using simple emission 
factors to rcprcscnt insmnmncous rclcascs, as well as 
constant rclcms ovcr dctincd timc periods: mom 
complcx formulations may be required for time-varying 
sourccs. Cuidancc documents for cWtcrizing indoor 
sources within thc contcxt o!. thc cxposurc ;LwssmcnL 
proccw (vc limited (scc. for cumplc, Jcnnings ct 31.. 
1987: WolkotT. 1995). Fairly cxtcnsivc guidance cxisa in 
thc technical litemturc. howcvcr. providcd that thc 
exporurc w-sor h&s thc means io dcfinc (or cstimaic) 
kcy mcchmisms and chemical-spccific p~amctcrs. Basic 
conccprs arc summuizcd &low for thc broad wurcc 
ca~cgoricr that rcltlic to airborne conominant.., 
watcrbornc conaminant\ and for soivhousc dust indoor 
sourccs. 

17.4.1. hurcc Descdptions forAirbornc 
Contaminane 

Tablc 17-28 summwizcs simpliiicd indoor source 
descriptions for airborne chcmiwla for direct dischargc 
sourccs (c.g.. combustion, prcssurizcd propellant 
procluch). as wcll as cwnation .wurccs ( c . ~ ,  evaporation 
from %et'' films, diffusion from porous rncdia), and 
rmnspon-rclattLd wurccs (c.g.. infilmtion of ouidoor air 
contamininl\, soil g s  cnuy). 

Dircct.dischargc sourccs can be approximtcd 
using simplc formul~s that r c h c  pollulant m&ss rclcascd 
to chmcrcristic proccss mtcs. Combustion sourccs. for 
eumplc. may bc sutcd in tcrms of an cmission facfor. 
fucl contcnL (or hcating MIUC), and fucl consumption (or 
c;Yticr dclivcry) me.  Emission factors for combustion 
producls of gcncd conccrn (e.&, CO. NO,) hrivc becn 
mcasurcd fora numbcr of combustion applinnccs using 
room-sizcd charnbm (scc, for cxmplc, Rclwani ct 31.. 
1986). Othcr dircct-dischargc sourccs would include 
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vol3tiIcs rclcawd from wstcr u r  and from prmwi7cd 
consumcr products. R n u q m s i o n  nf hnuw dust (ecc 
Scclion 17.3.7) would t d x  on n similar form by 
combining an activityqwciiic mtc constant with an 
appliablc dlt3t mbs. 

T I W l h p l l n  
lnliltrrrian 
ln inrotul  

Diffusion-lirniicd wurccs (c.F.. carpct backing:. 
furniturc. flooring. dried paint rcprcwnt proh;hly thc 
grcaicsi challcnpc in wurcc ;h;rr;tctcriution for indoor air 
quality. Vapor-phau: organics dnminstc this paup .  
offering g a t  complcxiry h c ~ i u r  ( 1 )  thcrc I \  3 fairly long 
lib[ of chcrniwl\ !hat could hc ofcnnccm. f ? )  uhiquitixth 
consumer products. huildinp mtcriah, coatinp., and 
fumishinp contain varying amounts of dil't'crcni 
chcmials. (3) wurcc dynamic% may include nnnlincx 
mcchaniarnh and (Ji for many of thc chemical\. emitting 
3s wcll ;LS non-cmitting material5 cvidcnt in rcrrlisiic 
scrrinp rn:iy promotc rcvcrrihlc and irrcvcnihlc sink 
effccls. Vcry dctailcd descriptions for diffusion-limilcd 
sources an hc cons:mctcd to link 3pccitis propcnih of 
thc chcmical. the wurcc malcrial. a d  thc recciving 
cnvironmcnt 10 calculate cxpctcd khavior (wx. for 
mmplc ,  Schwopc ct al,, 1992; C u s k .  19%). 

(Lp. 17-38 

it&. 174, 

Thc hasis fnr ihc txpincntlal wurcc dpr i ihrn  ha- 
3 1 ~ )  k n  cxtcndcd to thc tlmnption of rrmrc complex 
diilusion-hmiicd aurcm. \Vith thew mrca. diffusive or 
cvaponttvc ruapcm at thc inrcr!icc my k muzh mrc  
rapid t h n  difilisivc t n n b p m  from within thc WCC 

mtcnd, a that thc ahunhncc at .Lhc sourcdair interfsc 
bccomo dqlcrcd, limirinp thc a n h  ntc to the air. 
Such et'fccts a n  prcvd  w i h  skin fomtion in "w" 
wlurccs like & n r  and paints (.*e. !or cxmplc. Ch.ang 
and Guo. IWZ). Similar crnisrion prof ib  havc bern 
ab++cvcd wirh thc cmnation of fomuldchydt from 

T 
5 
4 
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. ^ .  

psrticlcboatd with ’npid” dcclinc as formddchyde 
~ p o m e s  from suri;rce rites ofrhc pmiclcb0;ud over thc 
tinc fcw weeks. It b then followed by a much slowcr 
M i n e  owmuingyc;lrs LS fortddehydc. diffuses from 
urichin rhe maix  to reach the surface {%T. for cc3mpk. 
Zinn et& 1990). 

Tmriport-b& soutecs bring con&nated air 
from orhcrucas; into thc inpace of concern. h p l c s  
indudc infilmtion ofoutdoor cont;lminmurs. and .sail ga\ 
enxy. Soil k3u enrry is a particularly complex 
phenomenon. 31Ki is frrqucnlty mlcd as a .wpmfc 
modcling issue (Linlc et aL. l W 2  Scxtro. 1993). Room- 
to=mom mi@on of indear con&n;ma would also tal! 
under this wqgory. but this concept is b r  consided 
using the mulriplc-zone model, 

arc usu;llly considcrcd undcr two-miswnce lhcoy to 
accommodate m s  uanspon aspects of the mlcr-air 
sysicm (scc. for example, Litile. 1992 Andclman, 1990; 
McKonc. 198‘7). Relcasc rata arc fonnulatcd lls: 

(Eqn. 17-5) 

Bccausc: thc cmission mtc is dcpcndcnt on thc air 
concentration. rccursivc tcchniqucs arc rccyuircd. Thc 
mus tnnsfcr cwflicicnt is 3 function of watcr usc 
cbamctcrish (c.g.. watcr droplct sixc spccuum, fat1 
dimncc. ww tilm) and chcmid propcnics (diffusion in 
gas and liquid phxw).  Gtimacs of pnctiul valuc 311: 
biwd OR cmpirical tests to i ncopn tc  systcm 
chxactcrisrics into o sin& pamrneier (scc. for cxmplc. 
Giardino CL 31.. 1990). Oncc chvactcrisrics of one 
chcmid-wavr USC systcm zrc known (rcfcrcncc 
chemical. 5ubscript r), the m s s  mnsfcr cocfficicnt for 
another chcrniwl (indcx chcrnical. subscript i )  dclivcrcd 
by the samc systcrn a n  bc rsthnatcd using forrnulndons 
idcntitird in the wvicw by tittle (1992): 

17.4.3. Soil and House Dust Sourcrr 
Thc m e  pmcss dcscnptions cornpilcd for soil and 

hausc dust in Scction 17.3 pmvidc inputs for estimating 
iwioor cmis*ion  AIL?^ IS,. g w’) in terms of Just m s s  
Iodin): (Md, g m=) combincd with m s p m s i o n  ~ I C S  (R,,. 
If’) and floor m a  (A, m’): 



s, M, m, A, ( Q n .  17-3 

Bccausc h o w  dust is a complcx rnixturc. trmst'cr 
of paniclc-bound constituents to thc p s  pbx may hc of 
concern for some cxposurc a-,essmcnn. For cmi\sion 
cstimres. one would rhcn nccd to consider panicle mass 
residing in each rcscrvoir (dust d c p i t ,  airbornc). 

17.5. ADVXKCED COSCEPTS 
175.1. Uniform Mixing h u m p t i o n  

Many cxpusurc mwsurcmcnb arc predicated on thc 
awmption of uniform mixing within (L room or m n c  of a 
h0u.e .  Magc and Ott (199;j offer?; an cxicnsivu rcvicw of  
the history of use and misuw of thc concept. Expcrimc*nnl 
work by Baughrnan ct a1. 11W5) and Drcschcr ct SI. 
f 1995) indicatcs that., for an inst;rntaneuus rclcar from 3 
point .@urcc in  a room, fairly cornplctc mixing i\ nchicwd 
within 'IO minutes whcn convective Ilow is induLcd hy 
solar rxliation. Howcvcr. up to ID0 minurcs may he 
rcquircd for complctc mixing undcr quicwcnt (ncivly 
iaothcrmal) condition-,. Whilc t h w  cxpcrirncnk, wcrc 
conductcd at cntccmcly low air cxchmgc ra in  
(e 0.1 r\CH). b x d  on lhc rcsulw. attcntion is fwuud o n  
mixing within 3 ronrn. 

Thc situation chanps i fa  humm i n v o h  3 Flint 
source for a longcr pr iod  and rcmains in thc immcdhc 
vicinity of that wuroc, Purumal cxpcwrc in ihc near 
vicinity of a sourcc can bc much highcr than the wcll- 
rnixcd assumption would suggfit. A scrim ofcxpmmcnts 
conducrcd by CEOMET (19S9) !or rhc U.S. EPA 
involvcd contrallcd point-Murcc rc1ca.m of c a r h n  
monoxidc t rxcr  (Co), a c h  for 30 minutcs. 'Breathing. 
zonc" mcasurcmcnrs 1oc.arcd within 0.J m of thc rclwu: 
point  were ten timch highcr than for othcr location* in rhc 
room during carly sups of mixing and transpn. 

Similar invchiiptions conductcd hy Funrrw ct al. 
(1995, involvcd a =rich ofcFpcrimcnrs in a cantrollcd- 
cnvironmcnt roorn-\ited chlrmbcr. Fumw ct 31. f 1995~ 
studied sparial conccnmtion hmdicnrs rrround a 
continuous p i n t  w r c c  4mulnicd by sulfur hcwtluoridc 
(SF,,) traccr with 3 human mtiving  hour thc r ~ ~ i r n .  
Avcmgc breathing-zone conccntntions whcn thc subject 
was n c x  thc sourcc cxccrdcd tho- xvcr i l  m c k n  away 
by a factor that varicd invcmly with thc vcnttlatton 
inrcnsity in thc room. At rypisal room vcntilatirrn m t n .  
thc ratio of source-proximate io dightlyrcmovcd 
conccntnfion was on thc order of 2: 1. 

17.52 Rcvcnibk sinks 
For m m  chemiwlh thc ;rtions of revchible sinks 

arc ofconccm. For an initially "c1m"condition in the 
sink material. sorption cffccts a n  peatly deplctc indoor 
concentrations. Houcvcr. oncc cnouph of L ~ C  chcmial 
has k c n  adsorbcd, thc diffusion bmdicnt Will rcvcrsc. 
allowing the c h i d  to escape. For p i s t e n t  indoor 
source,. such cffccts a n  w e  to rcduec indmr lcvcls 
initially but once the qmrn  cquilihntc~, the net cffca on 
thc a v m p c  conccntmtion of the rcvmiblc sink is 
ncgligiblc. Over suirahly short time fmrre., thi* can alws 
nft'cct inlegrated e x p u r c .  For indoor wurcc, who* 
crni\bion protilc dcclin- with time (or mds  ahntptly). 
rcvenrhlc sinks a n  urvc to cxtcnd the emissions perid 
3s the chemical d m r h  long afta  direct crnis\ions arc 
finishcd. Rcvcniblc sink cff'ucts havc ken obumcd for 
a nurnbcr o f  chcmiuls in thc p r m c  ofwpcting. wd l  
covcrinp, and othcr rnalmiah commonly found in 
rnidcntial cnvironmcnt-,. 

Intcnctrvc sink\ (and &CIS of lhc procae!,) arc 
ot' 3 specid irnpmncr. whilc slnk cfl'ca\ wn kvcaily 
rcducc indoor 3ir conccntraticm, remission ;I[ Iowa 
mtc\ o w  longcr time pcricds could gmtly nrcnd thc  
cnpsurc pcriocl of crlnccm. For complacly revcniblc 
sink-,. the cxtendcd timc could hrinl: the cumulative 
c x p u r c  to lcvclsapprorrching rhc sink-free sur. Rcccnt 
puhlicjtionr (Axley ct 31.. 1993: Tichcnw ct af.. 1991 ) 
-,how that f i h t  principle+ provide u v f u l  hQid;lnce in 
phtulatinh. rnodclr and f l i n g  a\wmptionx for 
rcvcr\ihldirrcvchihlc sink nldelx Sarptioddclurrption 
can k dcsmbcd in term3 of t n n b p u i r  Irnonolaycr) a- 
wcll as Bmn~uer~Emmct~Tcllcr CELT. multilaycri 
adarpiion. 

17.6 RECO31M~DATIOSS 
TLhlc 17-39 prcutne s summary of volumc of 

rnidcncc wwcy and Thlc 17-30 p r m h  3 urnmap of 
air chchangc nth surveys. Tahlc 17-31 pcxnh the 
rccornmcndcd volucs. Tahln 17-32 and 17-33 provide 
thc cantidme in rccommcnhtions for houe volumc arid 
air cxchrrnpe mcs. respctivcly. Kcy \tudim or andpc- 
Jm-rikd in  t h i s  chapin wcrc ued in xlccting 
rccornrncndcd valum for rcsldcntiil valumc, The air 
cxrhangc mtc d;ru Trmcntccl i n  the audits arc atrcmcly 
limited. Thcrcforc. s t d i e +  havc nor bccn cla4ticd as k y  
or rclcvant s t u d i h  Howcvcr. rccomrnmjxim~ b v c  
hccn provided for air cachanfc mtei and thc conlidcncc 
rccommcndatm has bccn a\-,ib"ncd a "low' ovml l  rating. 
'rhcTcforc. th= -alumshould hc uwd with caution. Both 
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e n d  and conwvativc d u e s  arc provided. T h c ~ :  rwo 
pruamcters - volume lurd a r  m c h g c  rate - cm hc uscd 
by cxpowrc mcssots in modeling indoor-air 
conccnmtions onc of*c inpuls to cxpowc &>timarion. 
Other inputs to rhc modeling cflon include rates ol'indoor 
pol1uwcgcn:ncnlion am! tows zo (m3. in .some c a w ,  re- 
emi..isians from) indoor s i n k  Other thing k i n g  qual  
( i . c .  holding constant the poIIumc pncration mtc and 
eflkct of indoor sinb). lowcr values ibr tither the indoor 
volumc or thc air cxchanp mfc will result in higher 
indoor4r conccnmtions. Thus valucs near thc lowcr 
end of the dismbution (e.& 10th petccnlik) for cithcr 
pwJmcrcr arc appropriate in devcloping cunscrvativc 
t%imtcs of q n w r c .  

For thc vulumc of a midcncc, both ky mdics 
(US. DOE (1995) a d  \'mar (1990) PFT datibsc j havc 
Ihc s m c  mcan value - 369 mJ ( s c ~  Tablc 17-1). This 
mean vduc is rccommcndcd ;LI a central n t i m t c  
midentid volumc. tntuitivcly, the 10th pm:tntilc ofthc 
disa5bution fmm cilhsr study - I47 m' for Rfa Survby 

or 167 m' for h c  PI?? bnbasc - is loo conservative a 
value. a. both thcsc values rm lower than thr mean 
volumc for muIti!amiIy dwclling units (.we Table 17.2). 
In& the 25~9 prccntitc - 209 m' for RECS survcy or 
225 m' for P R  dambase. avenging 21 7 m.' asrow thc 
wo kcy studics - is rccommcndd (Table t7- I j. 

Fat thc midcnthl air cxhngc  fm. the nicdian 
vduc of0,AS i r  chugs pcr hour WCK) from the Pm 
chtabaw (scc Table 17-9) i.s rccommcnJal xs a typical 
vduc (lioonu and Rccrur. 19%). This mrdian vduc is 
wry c t ~  10 the bmmctric mwn of the mc;lsurcmcnh in 
thc PlT &tab;rsc malyzd by k n u :  and Rcctor ( 1WS). 
Thc arithmetic me- is nor prefcn~x! bccauw it is 
intlucnccri fairly heavily by cxvcmc values at the uppcr 
uil ofthcdisrribution. Fora c t~n~rv i t i ve  value. Ihc 10th 
prrccnulc for h e  P- &hbw - 0.18 ACH - is 

Thm arc same uncertainlics in, or limitations on. 
thc dismbution for volumes and air cxchrvlgc rue:, that 
arc pracntcd in thls chptcr. For cmplc, the MXS 
uwd to infct volumc disuibutions uwd a nationwidc 
probability synplc. but rneasurcd &loor a m  nrher thm 
tocd volurnc. By comp;ui.son. field smdics contributing to 
the P n  &ita b w  rncassumi h w s c  volumes ditcaly, but 
the qgtqpe  sampling t m c  for thcsc studics is nut 
s n t i s n d t y  rcprescntativc ot'thc national housing stock. 

Aihough thc PFTmcthodolog is rdadvcfy aimplc 
to imphcnc,  it is subjcxt to mr? i ;mr i  uncdntics. Thc 
g c n d  ~rtbrmanct of the sampling and rnalytical 

m o m ~ n d C J  (Table 17-10). 

atipcrcts of thc syslcm arc quirc g o d .  That is. labordtory 
analysis will m c w m  the corrcct timc.wci~htcd.avcr~~e 
(rxcrconccntmion to within a f'cw pcrccnt (Dicu CI at., 
19x6). Noncthclcss. signilium crrors can arise when 
conditions in thc m*;Lsurcment sccnc p a t l y  drviate from 
idcalintions calling for consunt. wcll-mixcd conditions. 
Principal conccrns focus on the cl'fcct5 of nmurdly 
vxyingait cxchmgc and the cffccts of tcmpcraturc in thc 
pcrmcztion sourcc. 

Shcmn ( 1989) c h c d  out an c m r  malysis of rhc 
P I T  mcihoclolop using mathcmrrtiral modclh combincd 
with typical wcathcr Jam IO calculatc how an idcal 
,ampling systcm would pcrl'om in 3 rime-vqing 
environment. He found that for simplc single-story 
(ranch) and two-story plus biwmcnt (culonial) layouts. 
scwonal mcasurcmonls would undcrprcdicr scrrsonal 
avcr~gc air cxchangc by 20 to 30 purccnL 
Udcrprcdiction can occur b c c ~ u ~ .  thc P I T  mctltdoloby 
is mcrrsunng the cffcctivc ventilation (thc product of 
vcntilation cflicicncy and air cxchimgc), and thc tcmpml 
ct'lilicicncy will gmrrdly bc less thm unity ovcr avcnging 
periods of this length. Sherman (1939) also noted. 
howcvcr. that while thc bias could hwc. an impact on 
Jctcrmining air cxchanp (r\b!+cnt knowlcclgc of 
vcniilation cffiricnq) lbr calculating m c r p  Iudh. thc 
cffcctivc air cxchanyc term is dircotly rclcvant to 
dctcnnining avcngc indoor conccnlnlionb resulting from 
constant sourccs. 

Lcdcrcr et a!. (1985j conductcd a series of  
cxpcrirncnts in 3 room-sixcd-cnvirnmnul chambcr to 
cvalw~c the pr&tiwl impxcts of varying air cxchangc and 
bc umpcf;ltuIF rcy%msc of  thc pcmcation .wurccs. Thc 
nrgrrtivc bias mticipatcd in the mcwrcd (cffcctive) 
v c r s i ~  X C U ~  air cxchimyc conditions vied diurnally 
bctwccn 0.; tlnJ 1.5. ACH was cvidcnt bur minor (3 to 6 
pcrccnt). mwt likcly duc to ihc rncchaniul mixing in thc 
chmbcr and thc rcl;ltivcly shon intcgnrion tim (72 b). 
SimiIdy. cycling tcmpcmturc diurnally ovcr an S T  
nngc (holding dr cxchanyc steady at 0,6 ACH) would 
cau.4~ conccnmtions changes of abour 20 pcrccnt a. 
emissions fluctutcd. Thc invcstiptors found, howcvcr. 
hat  using3 timc-wciphtcd avcngc Icmpmturc to define 
the cmission mtc rcduccd h c  mnpcrxurc bias 10 
cwntidly zcm. 
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Ahsurpnbn Irucrion (pcrecnr phsorhcd) - Thc relative 
amount of a substance d u t  pcrnetratrs through 3 b h c r  
into the body. rrportcd as 3 unitlns fraction. 

Aecumcy - The measure of thc concctncss ot data. as 
given by thr ditfrrcncr bctwcen thc rnczwcd value u d  
the me or  sr;ind;lrd vAue. 

Activity puffrrn ( r i m  use) &a - h i o m t i o n  on 
activiacs in which u n o u  individuls cngagc, 1cngl.h of 
rimc spent performinR various activiria, locations in 
which individuals qwnd t k  and length of tunc spcnt by 
individuals within r h m c  ViinOUs cnvironmcnrs. 

Ambirnr - Thc condition\ surrounding a pcnon, 
sampling location. ctc. 

Andyricd uncertainty propuption - Eurrunn haw 
unccminty in individual parameten at'fccu !he ovcrall 
uriccminty ot' thc r x p u r c  w.c~\rncnt. 73s 
unccmintics asswidfcd with various p;~nmctm m y  
propagtr throu-gh a model ve' ditr'crcnrly. cvcn if they 
have spproximwly rhc wmc uncertainty. Since 
unceminry propagiltion ih a runcrion ot' hoth thc &ta and 
thc modd structure. this procedure cvalutm bnth input 
variance md modcl wnsitivity. 

mbjccts. Srtlcction of the tm r i m  i3 m;tdr on the bash 
of rhc fWwil  (F6) ntio. 

Conruninan? conccturcuiolt - Cont;rmuunt concentntion 
i s  thc conccnmtion of thr conmirunt  in rhc md~um 
(air. food. soil. a c . )  conwtmg the body md ha W& of 
ma~slvolumr or m a s J n x . ~ s ~ .  

Crcd Cemus - Approach used by fishery rmln;lgm to 
obtain lwrvnt dm collrcrcd onsitr from singlc mglm 
or from Iwpmcalr c o m c i ; l l  yx op t ions .  



D W  weight - Thc portion of the harvest brought inro 
kitchens for USE, including bones for particular rpsii?i. 

Expo$urc pafhwuy - The physical COW 3 chemical 
talira I'rom thc WUICC to thr organism cxpcrscd. 

Elrposure mure - Thc way ;I chcmid pollutrmL cmlc.ts ;a 
org;mrsm afkt conmct. c.g.. by ingestion. inhalation. or 
de- absorption. 

Expsum scenm'u - A sc'c of Oca. xsumptions, and 
intrrfcmccs about how cxporurc place that aids 
the cxposutr messor in waluating estimating. or 
quantifying wposurcs. 

F3posurz - Conlact of3 chcmhl. physical, of biologic31 
agcnt with the outcr boundwy of an organism. Expurt: 
is quanrifrrtd ;IS thc concentration of rhc agent in the 
mcxtium in contxt intcprd ovcr thc time duntion of 
ths contact. 

f iposun  dum'on - kngth of time ovcr which contact 
with the c:ontmin;ml las~x. 

Genmem'c rneun - n e  nrh root of' &e product 01' n 
villur?r. 

Idfdcd dose - The mount of an inhalrd substance fiat 
is available for iatcnction with rnct3bolic pmcjx.s or 
biologidly significxit rcccptors aticr crossing the Outer 
boundary of m orpnism. 

Insensible wacr loss - Evaporative waiw lossc?i that 
occur during brexh!eding. Corrc'tions arc madr to 
accomt for k i b l r :  water loss when estimating breast 
rmlk intake using UIC test weighing mrshori. 

intake - Thc prowss by which a substance crosses Lhc 
o u w  bound3ry of an organism without passing 3n 
absorption b;lrricr (c.g.. Wough ingcwion or inl;d;ition). 

Incuke rut@ - h t c  of inhalaion. ingr.stion. and d c m l  
contact dcwnding on the roctc of cxposurc. For 
ingestion, the intake m:r is simply rtrc mount of' f i  

+ 



containing thc contaminant of i n t txa t  th;lt an individual 
in jwts  during wmc specific timc prid !unit, of 
mvilumt. For inhaltrtion. Ihr inakc rac 1% thc raic at 
which cont;rrnin;ltc*d air is inhaled, Fanon rh;lt at'lrct 
d c m l  a p w r r  arc Ihc mount of mitcnal that comes 
inro contact with thc skin. and the rate at which thr 
cOnumiR;lnr is absorhcd. 

ftnlcmd dose - The mount of s suhsmnuc pcnctrrrting 
xrms absorption barrim (the mchmgc b u n d x i c s )  of 
an orgmisrn. via cirhcr physical or biological procnu? 
is-monymus with abuirbcd d w ) ,  

Imul  circulwron - Convcaiwc and adjrctiw air 
circulxion and mixing within il room or within s zone. 

Mcdun vuluc - The vduc in a m r & w r m t  b w  set such 
that half thc mrahurcd valucs arc grcarcr and halt' are 
1C5b. 

Occuprrtinna! mobilizy - An indicator of the frrqmy 3t 
which wotkcrs chmgt from o n c  occupmon to wrhm. 

Occupurinnal ifnure - Thc cumulative number of y c m  
;1 p w n  workcd in his or her  current oc~xpnon. 
rcprd:cs\ of number of cmploym. inrcrruptiom in 
cmptoywm. or timc spmt in ohm occupation%. 

f'opuluion mobifily - An indicator of hc trcqucncy 3t 
which individuals m v c  from onc rmdmtial lwrion to 
anothct. 



Glosscuy 

e3ch input to thco1cul;ltion. Monre Carlo is a common 
typc of probablliatir: Uncertainty W y s i s .  

Rtsuurce uhlkutiorr - For my qwntity Y lf131 is 
cowa?ltd by individuals in a population. thc pcKrccncks 
of thc 15csburcc utilization distribution” of Y can be 
formally dcfincd as follow: Yp (R) is the plh pcrccntilc of 
he r r s o w  utilization dismbution i f  p pcrccnt of‘ the 
ovcnlt consumption o fY in the popuhtjon is done by 
individuals wid! consumption bclow Yp CR) and 100-p 
percent is done by individual?. with consumpdon above 
Y,(R). 

Screminflevrf assessments - Typiwlly wminr 
exposures that would fall on or beyond &e high cnd of 
the evpccrcO c?rposurc dismbution. 

Sensin’vjr analysis - Procas of changing one variable 
white laving rhc others constant to drrcrmhe its ct’fcct 
on the output. This procedure fucs each u n c c d  
quantity at its crcdiblt lowcr md upper bounds (holding 
dl 01hm at their nominal values, such ;\s medians) and 
computes Ihc mults of wch combination of vahwi. The 
mulu help 10 idcnlify he  variables that h v o  thc grcatcjc 
cffst on aposurc cstimm md help focus further 
inrbmtion-gathering effom. 

Sdodhcnnce - The quantity ofsoi1 rhat adhcrcs to the 
and fmm which c’mnicd con-& x c  wailablc 

for up* at the skin surtjcc. 

Subjisrenccfishcmen - fndividwls who consume fmh 
mu&c fish as a major 50urcc of fd. 

Totuffluid inrak - Consumption of all rypcs of tluids 
including upwarcr, milk, soiofc drinks, Jcotrolic 
bcvengcs, md warcr intrinsic to purchased foods. 



Glossary 

TrarcwIcment ~rurlirrs - Soil ingcsrion studia h t  uw 
t rxc  clcmmh found in soil and podfly mcwbolirrd in 
thr h u m  gut 

Ilnccrraino - U n c m i n t y  rcprmcm ;I lack of howlcdgc 
3bour faciow affecting cxpwu:r of ribk and can lead to 
iwccunrc o r  b i w d  cstimtn of apxurc. Thr types or' 
uncertainty incluilc: xcnario. paramarr. and M c l .  

Uppcr pcrccnrilr * Valur?, at thc upper end of tfrc 
disrribution of valucs far :I particular w of dab.  

Upfake - The prwm by which 3 suhlancc crb- an 
absorprion barrier and is ;Ihorkff into the bcdy. 

mdicrr:on o!' soil intrrl;c. 
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