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shotl -lerm exposures auocletod with c:oo~lng events - lncbded 10 ewal$e Iha magollude of such 
exposures and lhel1 lmpaa on total expo5ura. A b<lel descrlpllon ot e8cil compooaut follows In tha nex1 
low p(lrag•aphs. 

Bol!m.BUll11nllalmlaractlltJ.tatklo SI!~ 
A yoa1 long survey ol N02 c:oncenuatloflt and housing 19CI011, lhe 8os1oo nesldoollnl Chetllder· 

lretloo Sludy, wu conduclod 1n avor 500 dwellog Wlfls (0Us1 Boston using e stunWJed. clust81'ed 
&ppjoach to SBmpllng (8).(7). The p<11senc:e of gas range wu llSed u lhe 11rallllcatlon vlll'lable at the 
census Ir act kivel. A lwo-slage clustorlng was pelfonnod wf1lch -I.Wed 1hac each dwolllnll unk had a 
eq.ial p<obablftty ol selection. OwePlng unlls ranglog fTOm slngle.femlly, rural homes to mulllstllf)' apart· 
moot unn1 were mon1t0<ed lor nll101;:en dk»dde concemrallon, ek ex~ rale end w8'er "•JIOf con. 
cenlrellons. Monll0<lng occurred n ll11ae sop;vate rounds oncompa"lng the wtnter-splng sea50'1, the 
111mmot sonsoo Alld the IAR soasoo ol 199!1. Mulrlplo JocaUont w0<e elso rnon"0<ed' kkchon, bodtoom 
lvlng room and oYldonrs. tnl0<matlon was gathefod \'le ques1lon'l.ire on chareclerbllcs ol lhe home ' 
and personal llC11vftlM beH""Dd 10 Wluence aicposure 10 nllrogen dloidde. 

Personal MoobD!ilg 

l 0 quantity the contribution ol lndoof SOUICM, ambient Ilk end the elllld of Yatled actlvtly pettoms 
on N02 awposures, a rnult.l·ril!a.sed p!lfson31 monftortng study was conduc!ed In Boston, Massachusetts 
and Los Aogokls, Caflfotnla. The personal 9Xp09ure stUdles were cenled OUl lo dOlermhl: a) popu1a1io.; 
dlslrlbut~ ol NOz e~p<l'Ufes; end, b) the llldDfll lnfluenclng lhese axposU<tt. N~1ogen dloxkle expo· 
s1•es were oblalnod '°' app<O-.lmalely 300 lndvlduels In Boston and 850 ndlvlduals on Los Angoles ull· 
!zing en lnteg11111no. dllh,JSlon badQo. Panlclpanls wa<a one parSONI sampl0< while ntlOOfs and 8 
dllforent samplor when OUldoots. ~doot rneUU<oments wllfa also lakllfl. The sludy was deslgoed to 
evalvate lho olloct on porsonal o.posures to nilrogon dioxide Of the "lllY dftlerent ..,blenl concen111-
11or11 ol this pollutant louod In these locellom. Thil designs d ll•H llludles were qulle dllf0<ent end 
mer- -1x1e1 desetlpOon hate. M0<a detaned dMctlptlons C:lll'I be loond elsewhafe (8).(9). 

llml.l1n f§wmai.Mool!!!cm Pat11clpante 10< Iha Boston Pllf'Sonal Monllotlog Study were eelecied from 
among r&slder~I! oo thoDUs monlloted n the BOSlon Resklenllal Ch8t11e1erll1111on Study. During the 
summllf sompltng po<lod, lnltlal screening ol resldonls was dono wkh e slmf)le quesllonnalte out11nlog 
tholr ac!lvlllos which might tnnuence owpost11e lo N02 such u coololng and commuting habh. Based 
on Ille 18Sults or lhls svrvay and mon~0<lng n lhe hoines, lndMOua!s Wllfe clllegorfzad as either high or 
low wkh respect to thek pocentlal e.-posure r.om ectlv!lles and almlar!y with respect to their w~hlrl ·home 
concenlla!lon. Tllfgers within Heh ol the lour catogorles aeetect by cross.fabulallng theH resub were 
se18C1od 1andomly IOI pat1lclpa11on In the person:;il monftOflng study. Olher members of the same 
household were sollclted for pat'tlclpetlon and also dasslllod. 

Monitoring IOOll piece over lwO ~9-hr petlods; OOC9 ln the~•. once n Ille summer 1n 1988. 
ln<frvlduals wa<e a slnglo pononal monlt0t while In their home Ind a sepB1ate monftOf while OtA ol lhelr 
home. Ad<f~lonally, a llxed-locaUon monltor d Iha same lypa Wll'I !)laced In Iha bedfoom of 1he p8111cl­
pant. A detailed tlme-acllvlly diary was kepC by each par1fc1pn. A tocal ol appt0111mate!y 300 lndlvlduals 
compl91ecl each 1&1Uon ol mon~0<lng. Ol lheff, 11pp1o.trnace1y 80% pa111dp81ed In boeh seasons. 

Ltis..Mgvlufm~ The lot Aogale9 panonal rnon1t°'in9 study made usa ot pievtou91'f· 
con8C1ecl data on home chnrncterlsllct oblalnod In a 91udy lunded by Ille Southam Cafdomla Gas Com­
p:my (10). lhls tludy oH0<dod a chatacledzatlon of the home lypes In Southeffl Call!Ofnla end lhe 
fmpae1 al these chaiacterlstlcs on NOi concentreOon In homes.. P11<1lclpants wllfe sotlcMed by 
lolophone via• raodom-dlgll d!allng techolque, also designed to ob4aln • t1atlS1lcal>f-rllfll'es80lallve 
•ainple. 

Moclonng wOf1c (11).(12) SUQ90S1ed that en lldequllle representlltlon the populatlon for Iha por­
sonal mon~0<lng could be obtlalntid by • 1lmple random 1erriple ol 600 lndlvldu8ls Wlh 200 monitored 
each '88900. Individuals-· monltoied onty once dutlna Iha ye• eommet ldr rg In May 1987 and 
completed n May 1998. BetlltlSe of thb lllCI, an ed<Jitlon81 SIUO)' wm Implemented lo .ssess 1he 
belwlltll'l Hason vadabl1lty ol such measw9m9flls. Fiiiy lnclvldUah ..,. monitored repeated!)': e lofel of 
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eight tlmM throughout th8 yelll'. Thasa lndlvlduals, as wel • Kllng • surroglltu tOf Iha latyGf poput• · 
tlon. wore 8'<kod to monMoi their llC'llvltlos much lllOle doselr Ind to chllnge monllOIS upon enlerlng cer­
tllln mlcroenvlr~. To t11s11ngufsh belwean the latger group rnonlt0<ecl only once and !he amaner. 
repoatodty-monl10<ed lndMduals, we assign the former gtoup tfle n.me Main Study pat11dpan11 end lhe 
sm"'1o< oroup the Microenvlronmllflllal S1udy pmrllclpanl" 

~ 
To examine e•posures lhal occur aver ehort duratlonl, a atud\' was concluded n wtkh volun­

loers WO<• smaft, lght·wolghl, potleble, cooOnuous N02 mon11Df11 (I~) . Volurlt-t wore efthe< the 
r11~0B1cher hlmsoK ot pmllclpanls from olhet' studk>! lollclod by telephona. I.JI snmpllno was pto•lm91• 
to the noso throughout a coolclng everc.. Oat• ware 91oted as S-aecond 8Y8111Q&S.. Fbnd;1oc.011<1n, ~•ea 
monllots -e oporatad In the ~~ctl6n and, n many CHM, enolho< room ol tho OU. App!Ol<lmllloly 80 
cooking OYentS w0<e monNO<ed. Addltlonally, • smalklf numbel of COl'lllnlA.lng aamplot were taken w~h 
the resea<Ch81' llmulattd llC1ual oornm<.Jtlng IOUl89 and modae. 

MEASUREMENT TECHNIQUES 

Air pollutanl sampling was perlOfmed lo two d'dl81'enl modes: Integrated. passive sampl!ng; lllld, 
con!lnuot-19 rnonMO<lng. Pali-nas lubot (14),(IS). Nxpenslve, tlme 0lnlegi11Hog deY!c:es. WOf8 u-:J IOI 
la1ga.-scale SUIVll)' sampllog wNle the oontlllUOU8 lnstn..ments W81e used 10 HHSS peak e.-poSIWOS In. 
1ma~ numbe< on k'M:IYlduals n 1eloc19d anvltOfV'rlllnl" lt1 8 tep8fal• S1udy n • resoatch·hous• aentng, 
1et11Uonshlpt We<• escabllshad be4wean conllnuoua monltOflng wld the longe1.1erm monltoftng. 

lhe anolytlcel rnen-.ods '°' tamp1a -~slll -• edeqo.'81• to "°"'Jfll high quality data. Ouallty 
85'1A'RnCoplans were deYeloped ea1ty In Iha study to 811!Ufa adequale control ol prep11atk>n, nslru· 
ment alloo and sllmpla chain-of .custody. The passive technlquH llSad have an uocenalnty of ± I 51' 
whleh Is accepeable '°' 1he besllgat loo ol axposlA' • tollDCI a. 

The qualky assurllflte p<ogram was alf'lenslve In thb llud\'. In the 80S1on Rasldenllal Chalacter­
lzatlon Sludy, blank and repRca111 samplers w8fe assll)nod 10 lo% of the llekl packages, eech e0<re· 
spondlng to rnonll0<lng n one residence. RAndom vlSAs by aenlor llall to~ Sal up by Reid 
rectinkllans rOYealocl no procedural dlsaepanc:les. FU!lhennora telephooe ,;1mpl!ng ol e 1eodom !!Yo ol 
the sample requesllng crosHeferenclna lnlOlfflllllon 10 co1ec19d f1U9Sllonna"8 dala 111'/&Dled lew lncon· 
11s!encles. E1<1ens1ve conipu1er c1oss-clieclllng was pe<f0<med lo mlnlmll8 coding end kll)'punch ortott. 
In the laboratory, standard opere1tng p<ocedurH were developed. S)'S1ems eudils at• petlonned 
roautarly 81 Haflfard 10 anslft'e ea auch protocols 8fe followed. Oetelled c0t1t1ol cherts 10< lnstrumenls, 
caTllxatfon curvM aod other st>Vldards are kept on• dAl!y basis. ROU>cl robin and lnlar-laboratory com· 
parlsons ol lhe techolques ••done on • routine baSls 1averal llmM per yeer. 

MlcfOGl"MnxYnenlal ctudle' -• perlonned using• ml-time tlectrochemk:al enalyter moclllled 
fOf scabllil)' and porteblllly. • uses• bl!l1ery-operarad pump which dtawt 9PPfO.-lrn8tely l lJmtn ol elr. 
The response Is lnoat over Iha range ol 20 ppbv to 2.0 ppmv w•h • raspoma Ume lo 66'4 ol ftnal value 
In less than 5 1. Modiflcallons wllfe made to the alocirochemlcd eel to lmplove time and tmnpe<e1ure 
etab"lty. The sampllng manltold was doslgoed w•h personal sampling n ml!ld. The whole appa.-&tus 
was ll l!ilo 1 sma11 backpad to olle< the least Imitation In moYem8nl ol "'8 1~. Ponable chemlluml· 
nesCDOI analy2an w81'a used as lbtad·••• monllors In this study 81 wel. 

RESULTS 

~Iul:ti 
Floura 1 displays graphlcaty tile cuna.rtallve probabllly lat Indoor N02 In Boston 1nlclenc11,, Tiii 

dal1110< ihe tJvee soason.s monloted Ins baon averaged 10 esUmllle en 8'Wluat everega concentr1111on. 
Note that only OUs '°"Which dala n al three seasoos W8l'll IY&labla has bean klcluded. The resuhs 
Pfesented llCeounl for CJYmsa~ ol tho gas populallon end Include «Iv deta 10< hornet mon~0<ed In 
an three se8$0ns. Theso data 11J!1119st Iha\ epp<o.-lmatE°" ol tha OUs ln Boston which are equipped 
w~h gas ranges vlolate lhe NMOS annual Clanderd f0< . . Resulls showed thal Iha eontrlbutlon cl 
ambliln! N02 to Indoor elf verlect wllh season. housfno Ill ure end geographical locallon, ...,ilh flflectlve 
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Table I 
==llf•ooal Monllomg Slud>f. Wlr1er Badgee by Aecrullmenl Claslllllclltlon Table 2 Boston Personal Monaomg Stud>f. Sunvner Badges by Revised (Proximate) Classlllca-

llon Schema 

Badge/Class Mean &. Dev c:- F Prob. Ela2 Badge/Class Mean SI.Dev Caset F Prob. E1a2 
Day I, lnhome 

lll.48 0.000 0.18 
~~Potenllal Day 1, lnhome 0.71 0.547 0.01 
I hlndoot 29.2 111.2 112 H~Potenllal 

low Pocen1lal hlndoor 24.7 8.1! 26 
tl~h lndoor 23.5 . 111.7 M low Potonllal 

Hlo Poten11a1 ~lndooc 22.5 9.3 17 
LOWlndoof 17.7 11.2 45 H Potonllal 

low POI Ont lal Lowlndoof ·19.4 25.11 59 
Low Indoor 13.0 11.0 72 Low Potenllal 

Lowlndoo< 11.7 26.1 Ill! 
Oat 2, lnhome 

12.22 0.000 0.14 Day 2, lnhome 2.511 0.04 O.OS4 
H'll;;PO!onllal 
I hlncJoor :nu 111.1 80 t~Potenllal 

low Pol0<Wlal I tgh Indoor 24.9 11.1 26 
H~hlndoor 25.0 12.3 ... low Potonllal 

Hi Potentlal Hr.Indoor 23.2 14.4 11! 
Low lndOOt 17.33 11.7 43 Hig Poconllal 

Low Potential l.owlndoor 16,2 10.11 l!O 
lOWlndoot 14.80 15.2 72 low Potonllal 

low Indoor Ul.7 21 .4 100 
Oayl,N~ 

1.71 0.185 0.02 Nonhome 7.97 0.000 0. 11 
~hPo18f'tl.ll 

ogh lndool 29.2 22.0 51! HJ.to Potentlal 
low PotenUlll ghlndoot l!e.4 11.4 26 
~hllldO<w 23.3 13.0 51 low Potontlal 

Ho POlenlllll H~hlndoor 40.7 39.0 111 
Low Indoor 33.3 32.0 43 Hlg Potential 

Low Potential Low Indoor 21 .0 13.2 59 
low Indoor 25.3 24.7 SS low Potential 

LowlndOOI 19.2 13.8 Ill 
0'.1l 2, Nonhome 

UI 0.440 0.01 
HI~ PotenUal Oumg lho Summer 1&ason. a dlllllfenl rHua 11 IO<Wi Fot D~kl predk:INe pow• la svldant 
I ghlndo« 29.4 24.5 55 for Iha In-home 81Cr:utH. The Doy 2 111~1 '':9Jesl 1 marglna~ · ar1 PfedlctNe trend. This 

Low Poe onllal con11adic!Of'f resu Is mitigated ~oseoce OtAlefs In Uie ~ 1 da1a: one lndlvkJual wilh low 
High Indoor 25.7 17.2 41! o~ed lndOOI concen11a11ons SI.rate anomalously~ exposutoa lllf Day I . Tho aamo lndlvld· 

Hlg Potentlal u demonstrated exposures mot• In lno w-h ti-e expect on D~ 2. • Is fnl91os1lng 10 note lho Non-
lowlndool 33.8 22.5 38 home rosull' during lho S..mmec. Those whO Wllfo -:ru:ed lo have hlgtlOf Indoor concan11allont also 

Low Potontlel exporioncod elev~SONI e•posures when ou1 the home. We 1j)OC\Aale 111a1 tha lea thal such 
low Indoor 28.0 25. 1 117 

resulls wore not I In !tie Winier season may be due 10 llXSoor concenuailorui aalng as • 1utrogate 
fa< OUldOOI In the Summer. Tuai Is, lndMduals w~h ~ lnOoOt cooceolrllllon9 In the Summer seeson 
~be gen~lgllllocai• penetrallon Of O<AdOOI N 2· Higher Indoor concon11allon1would1hon be 

e1Ne of r O<Acloof c:oocenllalions whlctl. In t<m would be manilas1ed In higher OUl-ol·l>ome 
a.pos1.11es I the lndMdual sponl mos1 of hi' OUl-ol·home llme In the same oeographlc aiea. 

______ .. _ __ ,, _ .. . .... 
4.lli••tl • , ..... ,.,...uiu,+ .. "I' '" -.....J.o•n••-·-- •~-·- - - -- · -• ....., -
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l ..• +., .. l .... + .... l.. .. + .... L ... + 
0 40 80 120 140 

Frequency 
Mean 27.363 Medl8n 28.000 Mode 17.llOO 

Sid Dev t2.llt5 9k- 1.029 Kurt09fa 3.412 

Minimum 3.l!OO Maximum I 111.400 N • 587 

FIGURE 3. LOS ANGELES PERSONAL MC>Nn'ORINO 81\JDY. HISTOORAM mo DE9CRIPTIVE 
9TATISTIC8 OF DAY I PERSONAL BADGE. 
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COID MldJ><*j 62 3 ................. . 
149 18 •••••••••••••••••••••••••••••••••••••• 
79 33 ••••••••••••••••••••• 
28 48 •••••••• 
12 83 •••• 
II 78 ••• 
1 93. 
3 108 •• 
1 123. 
0 138. 
0 153• 
0 168. 
1 183. 
0 198. 
0 213. 
0 229. 
1 243. 

L ..• + .... L. •• +-.. L ..• +.~.l-.+ 
0 40 llO 120 140 

ff9C1*lCY 
Meart 28.404 Meclen 21.700 Mode 21.llOO 

Bid Dev 23.2111 9k-- 4. 1115 Kur1o911211.444 

Minimum 2.!500 MIDdmlA'n 244.400 C- • 343 

FIGURE 4. L09 NtOEU:S PERSONAL MOtlTOfWf() ~AL 9T\JDY . ..STO· 
GRAM ANO DESCRIPllVE 8TATl911C8 Of AT -HOME PERSONAL BADOE. 
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Table 3. Mean values lor cootlnuous nluogon clodde ~ lalcon In vllllous localloos In resl· 
deoces dutlng one-llOut coolllng VY8111S. Oa1u11e gtouped by season Bild appllance 
use. Avorago values ate welghled accocding to use pane<ns, 1""8 and locallon. Al 
values are In ppbv. 

Cook 

Season 
Wlnl81 139.8 
Summ« 711.$ 

Seasonal IOll.O 
Avwage 

Ou~UMd 
135.8 

Oven 87.9 

Oas~ 
Avera 

108.0 

'°° t 

f 400 

f 200 

.. 0 
o. 

l<itchen Othel' 
Room 

145.4 130.8 
Sil.I 89.8 

114.I 100.3 

138.8 123.2 
78.8 llD.2 

114.I IOo.3 

Meon 81 ppbv 
Mo• 600 pPbV 

20 40 eo eo 
. lime. mW.Ultt 

Whole-House 
Avorage 

138.7 
75.3 

107.4 

132.8 
119.9 

107.4 

flOURE 6. CONTINUOUS TAACE Of COOl<'8 EXPOSURE TO Nm<>OEN DIOXIOE. 
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exceeding Iha NMOS lor N02. Evaluation of lhls 1elallonshlp on e popt.GIJon.baJed sllmflle was • cen· 
Ital 1hemo of lhese shJdles. A second objedlve was 10 lnv~lgate I.he pooslbility lhet h<man e•posures 
could be modeled lrom actlvMy pan81'1\S and mlcroenvlforvnenial concen11atlon meas1.11emo111s. 01 
lncoresr as wo~ was 1he dlsllibullon of 1ho<H8f'm peak1 In concenrratlon end I.heir •elallonshlp 10 lhe 
mean concen1181lon. 

Essflllllally d obfec\lvas wBle mat In I.he study. A delalled characterl.t811on of 1esldenc:M In lhe 
Boslon, Mas.sachusens ere11 was cllfried w . Chafacterls:llcs lnllueoclng lndool N02 concllftlallons 
were round. MOSI nolable among lhes• were \he prHINlC8 of• gas renge end the presence of 
conllnuously·burnlng pllol lghl.s. C819QO!l.t81Jon of !n<IYldoab wllh 1espect to lhe~ likely ... posur• lo 
N02 was el$O elfectid 1tvough Ille use of~. collected fJom lhe Home Chatectecl.tatlon Srudy and a 
shoi1 personal charectD<lslk:s questlotv\4ka, Flnaltr. lhe Wluence of hlolwM' ambient N02 concent•• · 
tlons was Investigated In lhe Calilomle study. The WkJBOCe of emblenl levets was found lo be stronget 
In Iha ca1aornli1 11ud)' In• statlstlcll senie than In Boslon. Ongoing"""" auggosis th81 the lnlluence of 
gas appliances on human •J.POSut• lo NO:! II addltNe: U... ••postne ••po<l&nced lndoot9 Is assoclared 
wMh bolh epplance and oo lhe arnblenl CDf'IC•nl1atlon. The 111lat1 ... 1 C(l(llrlbullon lrom nioof end O<A· 
door sources rs ah and use speclllc. 
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