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INTRODUCTION

The assessment of human exposure to sk polutants has become a focus of recent research. This
Inerast stams hrom the nesd 1o ldentlty popuiations and levels of such exposure from both
k\dommmndoamcahmtoumnnm risk associated with these pollutants. Nity

ide (NO2) risk boen at the forefront of such 1 h. The National ;
mAkOualays:andmd(NMQS)thMsdsmulul ’Blll! sappbummmm)
g supposos that: one wbﬂnprm.mmmulw

\he major contributor 1o exposure high concentrations of NOp can
causa death due lo pulmonary edema (1), ﬂntﬂoclldupounlolo«lowlsd-nblmmgmm

boe lnvestigated. Also, the impact 10 short-t soveral minutes
B T S
stigation. Finally, as most spend the majorkty of thek time Indoors, exposures experi-

enced in such enmviconments often dominate total exposure.

Indoor enviconments, sspacially residentlal Mnmnhm’mm
8XPOILNE B3SHSIMON. Bncmdmohcg. lon of time peoph the Indoor contrl-
bution 1o total -xpowvn to polAants can be substentlsl, NRrogen
concentrations In Indoor environments than outdoors T urveated sppliances are present
end are used, Therefore, & detalled characierdzation of the home snvironment ks an important starting
pouloucompl«onpom.nuusmmlotﬂoz

In & dotellod exposure sasessmant study, puw\dwmmd Indhiduals are the
maln prarequiske. uummumdmvm-mmm bo’tmuy allow predic-
tion of personal exposures for locations or cohorls not actually monttored. Toward this end, R Is reason-
abls to carry out a controlied monioring mdeswmwﬂwmmlhanpm;dlmm

muhlm alsotonsmlholmmmd exposures wih an
ard devel modetls of personal mmumrw l.amwﬂdtn"m.n
easlly, and mouu-d‘

Frm"npohdﬂwdrlskmw mm population exposwures 10 pol-
Mtant s critical. Vaclabifity % nbpo&u noteworthy. Add
ally, conflict nsuns from e stiona of heakh eﬂocll to nrogen dhoxide
exposues (2),(3) have nigndndlhn for udutdlod Investigation of exposures. R is befleved that the
potential for misclaasiiication of Individuals in such studies, owing to the use of osler
may heve been pant of the cause of equivocal resulls (4). Amlherpolmlld
stams lrom the difference betweon exposure and dose (5): dose fo the larget Is vnpomlbh lov

adversa henhh eflects. D tothe king is the mechanism NO2. uhbm
ake due 10 act orns further |ho of od healh eflects,
!rtgnased muwm of hormw m““d;%

wl’.‘“ nre-
tion of this poliutant ks needed.

Cost conskisations often preciude the use of state-of the-an technology lor large
Ing. For axample, in the case of NO2 exposure Enmdmhmhsmmum
while piving real time measwements u pofutant concentrat be prohibitively expensive.
mmwwwnmmmmmhﬁo pmﬂdolmmchnummm
asse3s ﬁw
maommmmmdmbpln% mmmmm
mathods and methods with greater time resolution, by selecting cerain indi-
viduals and envikonments for more detalled analysis. Prﬁhmmmmb«vn‘n such moni-
toring and the longer-term, bt less expensive, montoring.
PROJECT DESCRIPTIONS
The Harvard-GRI Nkrogen mewnmm
phamroulnmbauduudylmh dnndomu.wvz‘
monltoring. Care in paﬂltb.'n lhouudy
mapduobmpmmiﬂmd detaed characterization
of within the residences. mbrll[.ldﬂ

Mdml

odruanncﬂourlnd.tnblml*
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ABSTRACT

The # of human exp @ 10 air pofitents has bocome a focus of recent
resesrch. Tmhmumhomthlnmmmn exposed populations and lev-
otso!mchoxpoun!mbothhdom ouldoor sources in order 10 sssess the
wnlrbknsodu with thesa poliutants. One such poliutant, nkrogen dioxide
(NOJ), Is of particular Interest to the natural gas and consumer in thet I is
R: ” hthoprasmdﬁthmudutm - b

mmes of gas ranges E?owruo poliutant in high concentrat
adverse health of

known lo
smbilont hmmxbmm igated. Addhionadly, prior to 1984, no
In residential ervironments had

boen undertaken. in 1963, tmamnm-chmnnom-dﬂmusmd

PubucHeanhresauMhdaﬂmmhwmlmnm assesament

tludyhflﬁspolmu In this work, we report some of the major of this expo-
sure assessment.

rEsumE

L&rﬁmbnhdoruposllonm"dmm s de I'ak ost devenu un coentre din-

téret pour ta recherche actuelie. Cet mmammm
tions ex| 5 ains! que iesniveawuf Jort aux sources de polluants int
ot ext osanndéva!uorlods hmé avec ces poliulants.
L'un da ces poluants, le ogm ® un Intéret par!
rhdn.mddumvg:udum wq&nhp&nﬂu
dunat @ do combust les lammeos o los lours, Ln
:‘Ms ¥s 2ur fa gant do'r:xposllm mnmﬂ' ubnsdommm
rogéne sont connus, mals, els de I aibles concelr
norﬂpasoncuczl?‘ ad\u;z!. Enoutre, svant 1064,

mzmmm mmrupmm-mozmrmunmam
eprisa, En 1883, Nnsitute Americain de Raecherche sur Je Gas (Gas Research
lmll(ulo éubhmmmmbadwariod-dosn‘ ublique de I'Uni-
sllu Hmwdm“dwmldmmﬂh)-mmhmmmmon
bien une flude opaw‘vauruqn‘llmhnﬂndmwdmb-
zetsl.:ogbm Le travell pr icd relate Jos principaux résultats obtenus lors cette
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short-term exposures assoclated with cooking events was Included 1o appraise the magnitude of such
on total briai description of each comp

exposures and thelr imp ot posure, A follows in the next
few paragraphs.
Boston Residential Characterlzation Siudy

A yoar long survey of NO2 concentrations and factors, the Boston Mesidentlal Character-
Izatlon Study, was conducted In over 500 dwalling unks (DUs) Boston using a stratiied, clustered
approach lo sempling (6),(7). The presence of gas range was used as tho stratiiication varlable at the
census tract lavel. A two-stage clustering was performed which ensured that each dwo unit had a
equal probabiiity of selection. Dwelling unis ranging from single.family, rural homes to Istory apart-
ment units were monitored lor nitrogen dioxide concentration, alr exchanga rate and waler vapor con-
centrations. Monhoring occurred in three separate rounds oncompassing the m-r-srlng season, the
summar sanson and the fall soason of 1985. Muttiple locations weta also monhtored: kitchen, bodroom,
living room and outdoors. Information was gathered via questionnalre on characteristics of the home
and personal aciivities beligved (o Influence exposure lo nitrogen dioxide.

Bersonal Monhoring

To quantlfy the contribution of indoor sources, amblent air and the effect of varled activity patterns
on NO3 axposures, a mull-phased personal monttoring study was conducied in Boston, Massachusets,
and Los Angolos, Calfornla. Ths personal exposurs studies were canled ou 1o determing: 8) poputation
disiributions of NO2 exposures; and, b) the laciors Influancing Ihese exposuras. Nirogen dioxide expa-
suros wors oblained for approximately 300 Individuals n Boston and 850 individuals oa Los Angaoles utl-
Bizing en Integrating, difiusion qu%sﬁl’micﬁ:ams wore one sampler whils Indoors and a
different samplor when outdoors. door measuremoents wore also taken. The study was designed to
evaluata the effoct on parsonal exposures o nirogen dioxide of the very different amblert concentrs-
tlons of this pofiutant found kn these locallons, The designs of these studias wers quite difforent and
merh brlet description hare. Mors detalled descriptions can be lound elsewhers (8).(9).

Boston ﬁu;ma[mmﬁ, Participants for the Boston Personal Monitoring Study were selected from
among rasidents on the DUs monitored in the Boston Residentlal Chatacterization Study. Do.rh%tha
summer sampl fod, inftlal screening of residonts was done with a simple questionnalre oul! ning
tholr activitios which might Influence exposure 1o NO3 such as cooking and commuing habts, Based
on the rasults of this survey and monitoring In the homes, Individuals were categorized as either high or
low with respect ta thelr potential exposurs from activiiles and simiarly with respect to thek within home
conceniration. Tmyers within each of the lour categories created by cross-labulaling thase results ware
selocted randomly [or participation In the personal monhtoring study. Other members of the same
household were solicited for participation and also classhied,

Monhoring took Em:c over two 48-hr perlods; once In the winter, once In the summer In 19886,
Individuals wore a 8 porsonal monlior while In their home and a separata monitor whila out of thekr
homa. Addiionally, a lixed.location monitor of the same was placad in the bedroom of the particl-
pant. A delailed time-aciivity diary was kept by each panicipant. A total of approximately 300 individuals
completed each ssason of monkoring. Of thess, approximately 80% participated in both seasons.

Los Angeles Personal Monltoting, The Los Angelos personal monftoring study made use of pr .
collacied data on home characteristics obtalned in a study lunded by the Southem Calfornia m Com-
(13. This study afforded a characterization of the home types In Southern California and the

mcv these characterislics on NO2 concentration n homes. Participants were soficked by
telophone via & random digit dialing technique, also designed 10 obtain & statistically-representalive
sample.

Modellng work (11),(12) s sted that sn sdequate represantation the population for the per-
sonairnoniothgcmﬁdbeouak@gyu random of 600 Individuals with 200 moniored
sach season. Individusis were monktored once du:gmn commencing In May 1987 and
completed In My 1988. Becauss of this lact, an st was implemented to assess the
between season varlabliity of such measwrements. Filty indivicuals were moniftored repealedly; a lotal of
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elght times throughout the yoar. These individuals, as well as scting as surrogates for 1hs larger popula-
lkg.lwow askod lo rnonuo:ym activitios much more closely and to changa monitors upon entering cer-
lain microenviconments, To distinguish between the larger group monfiored only once and the smaller,

repeatedty-monitored individuals, wa assign the former group the name Main Study participants and the

smatioc group the Mi i Study p ip
$Shor-lerm Exposure Studies

To examine exposures that occur over short durations, a study was conducied In which volun-
leers wore smal, Kgit.walght, portable, cont) Nsoéc hors (13). Volurtears wore elther the
resesrcher himself or panticipants from othar studies Rod by lelephona, Ak was proximate

to the nose throughout a cooking event. Data wers stored a3 5-second averagas. F Jocation, area
monfiors were oporated in lhe:‘ngchon and, In many cases, another room of the DU. Approximately 80
cooking evens were moniiored. Additionally, a smafier number of commiting samplos ware taken with
1he researcher simutated actual commuting routes and modes.

MEASUREMENT TECHNIQUES

Alr pofiutant was performed In two dilferent modes: Integrated, passive s . and,
continuous monkoring. P lm (14),(15), Inexpensive, time Integraling devices, wumlot
large-scale survey sampling whila the continuous Instruments were usad to assess peak exposives Ina
small number mmaoiduab In selected envi In & soy study In a research-house sefiing,
ralatlonships were established batween continuous monitoring and the longer-1orm monitoring.

The analytical methods for sample analysia were adequate to enswvs quafty data. Quality

1 ans wore eatly in the study to enswre adequate control of preparation, Insiru-
rmam.s "m g\d sample chah-d-msty. The p::{ho technkques used have sn mccnnhyb:{' + 15%
which Is acceplable lor the Investigation of exp °

The quality assurance am was exiensive in this study. n the Boston Residentlal Character-
kzation Sl:dy. biank and mplg;loawsampha were assigned 1o 10% of the fleld packages, each corre-
sponding to monitoring in ona residence. visis by senlor siafi 1o homes sei up by leld

. Random
technicians revealed no procedural discrepancies. Furhermore, telephone s of a random 5% of
tha sample requesting cross-refer Ind fon to collacted o ata faw Incon-
sistencles. Extensive of Cross-cl Ing was parformed to minimize coding and keypunch arrors,

atory, standard operat ocedures were developed. Sysiems audits are pedormed
:n 'Ma:hb: Hnmd 10 ensuwro all :t:?:hp‘pwtocols are loflowed, Detalled control charts lor insiruments,
calibration curves and other standards are kept on a dafly basis, Round fobin and Inter-faboratory com-
parisons of the lechniques are done on a routine basls several imes per year.

Microenvironmental studies were perdormed using a real tima elecirochemical snalyzer modifled
for stability and portability . R uses a battery ated pump which draws spproximat Wmin of alr,
Tha res Is Inear over the range of 20 020 with 8 responsa time to 66% of final value
In loss Ims. Modificaflons were mada 10 Ihe electrochemical cell to impeove time and tamperature
siablity. The sampling manifold was designed with g:-lonal In mind. The whole apparalus
was I into @ small backpack 10 offer the least lmitation ln movermnent of the subject. Portable -
nescent analyzers were used as fixed-she monitors in this study as well.

RESULTS

Boston Residential Characterization Study

Figure 1 displays the comutative for Indoor NO2 In Boston residences. The
data k,'ﬁ: Wnsg:'mvmmmod has been averaged lo estimate an annual average concentration.
Nota that only DUs for which data in 2l (hres seasons were avallabla has been included. The resulis
prasentad account for oversampling of the gas population and Include data lor homes monhored in
all three seasons. These data s 5t that approximately 10% of the DUs in Boston which are equipped
whh gas ranges violate the NAAQS annual standard for . Results showed that the coniribution of L
ambient NO2 1o Indoor ai varied with season, housing struciure and geographical locatlon, with effective
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penetration of outdoor ranging from 0.5 to 0.8 of the outdoor level. 686nCe anges
edded, on aver ls totholndoo'comomllmdNoz mm'e.':\teu.us)y uw'plut
Rghts contribut, lonallo The relstionship of residential concentrations and presence of
continuously. -bunlngpmut oul across the entire distritxtion es indicated In Flgure 3, For
::dd\pevcmh the eon"bmbmundmwrm Additional enalyses suggestsd that the
b ulombcmuadm&ﬁbydﬂwmhkmdmmkafud
e rather than sirong geographical differences ss differences in In smbient concentrations across
z mwopom.t-quonotgwu This was evidenced uum&,-mldmm-nu.mnsm
0. Issoclmodu n'mwmdtum Such a finding 8 that characteristics of
uuhlpudclhoamddupour e »
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FIGURE1.  CUMULATIVE PROBABIUTY NITROGEN CONCE
TIONS IN BOSTON RESIDENCES. rn R T
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FIQURE 2. CUMULATIVE PROBABILUITY DISTRIBUTIONS FOR NITROGEN DIOXIDE CONCENTY
TIONS FOR PRLOT UGHT AND NON-PROT LIGHT HOMES
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Parsonal MonRodng
m-mmaummtu Personal Monlloring Btudies show both similariies »
fona. on, the ambient NO2 concentrations are spproximatot

|oso onmdnpoaun e generally lower than indoor concentrations, but, neveriheless, ref
of Indoor sources. Furthermore, cat umamwwmmo
optodcuonhmom-lum

Uonmdoook mdeormujmwunhwz
hlummunbhm fevols ¢ to 70 mnmnbuprml
power. One may speculate m-m and iyrnoro 1 atho
coupled with a more moblle population results in lees saslly cafagorized exposures,

wwummmmmmpmmm ¢ preseniod n Ta
1ond 2, ident exposure lime experienced In the Winter season required that 8 modification o
protocol be made for Summer season. The two out of home badges wers ‘combined” such that on
singie badge was worn out of home in the Bummer ssason.

As of the snalysis, enalysis pedormed (0 assess the valicRty of the class
Mﬂ-&':‘MhmuwmmFummumﬂﬂanqu
ration of ln-home exposures Is afforded by the cisssiicstion scheme. This is not surprising as an
essentlal component of the classification scheme was the pr -measured in home concentri

that Information gatheted o

Little predictive hmoﬁbvlh-nm{mnbdm
mulnghahn mmnmhom:lpmu obsacvation must be tempered by the |
from zero owing 10 the shor exposixe dux

mehmg protocol In the summer period to ensure adequate sampls tur
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Table 1
gos!on Parsonal MonNoring Study. Winter Badgea by Recrutment Classification
Badge/Class Mean 8t. Dev Cases F Prob. Eta2
Day 1, Inhome 10.48 0.000 0.18
Hlon indooe
L;‘-"W i 202 18.2 62
Indoor .
rtg Potential w8 il o
ow Indoot
s 17.7 0.2 45
Low Indoor 130 2.0 72
Day 2, Inhome 12.22 0.000 0.14
H, Potenlal
Indoor
I.gw Aok 288 18.1 60
’tolgl;hdoerum“ 250 123 48 '
ow Indoor
ot 17.33 1.7 9
Low Indoor 14.80 15.2 72
Day 1, Nonhoma 1.7 0.185 0.02
'ghP'otmld
Indoos
lmﬁ zolenlhd 20.2 20 58
H{ Pmolmlnl 23 : 13.0 51
ow Indoor
Low Potential %3 e bt
Low Indoor 253 247 es
Day 2, Nonhome 0.01 0.440 0.01
High Potentlal
High Indoor 29.
sz P?wm“ 4 2458 55
igh Indoor 25.7
L 70“““ 17.2 48
ow Indoor
Low Polentlal sas e .
Low Indoor 280 25.1 87

-y = -

Table 2 Boston Personal Monlloring Study. Sumwner Badges by Revised (Proximate) Classiiica-
tlon Schema
Badge/Class Mean Si. Dev Cases F Prot. Eta2
Day 1, Inhome o 0547 0.01
High Potential
Indoot 247 88 26
Low Potentlal
Indoot 228 8.3 17
High Potontial .
Low Indoor 18.4 258 59
Low Potential
Low Indoor 1.7 264 ]
Day 2, Inhome 2.59 0.054 0.04
Ml?h Potantial
High Indoor 249 11.1 26
Low Potentlal
ngh Indoor 232 144 16
High Potential
Low Indoor 162 109 60
Low Potential
Low Indoor 16.7 21.4 100
HNonhoma 7.97 0.000 0.11
Potential
Indoor 264 1.4 28
Low Potential
High Indoor 40.7 39.0 18
High Potential
Low Indoor 210 13.2 59
Low Potential
Low Indoor 19.2 138 21

During the Summer season, a diffecent result ks found. For Dey 1, litle predictive power s evident
for the in-home u:goames. The Dey 2 resulls suyosl & mar, ant prodictive rend. This
contradictory res lsnﬂigaodmoum outhers in the Day 1 data: one individual with low
:?oded concenfrations trale anomalously :uy| exposwres for Day 1. The same Individ-

demonstrated exposures mors In ine with those expected on Day 2. It Is Interesting to nota the Non-
home results during the Summer. Those who wera cnvfoaed 1o have higher Indoor concentrations also
experienced alw:e:fusotu exposures when out of the home. We speculate that the fact that such
results wore not I in the Winter season may be due 1o Indoor concealrations acting as 8 surrogate
for outdoor in the Summer, That is, individuals with Indoor concentrations in the Summer season
mbe genting a signilicant penelration of outdoor . Higher indoor concentrations would then be

ative ol higher outdoor concentrations which, in tum would be maniested in higher out-of-home

exposures I the individual spant most of his out-ol-home time In the same geographic area.

" e b |7 e s ma e e -
L B e I L
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Results for two components of the Los Angeles Personal Monltoring
kl 819 presontod I Flgures 3 and 4. Figure 3 presents a hist for exposures sxpedenced by
Main Study p::dlczms lhhrm _}{:yan’. rhodll;‘ have the acteristic right-skewness common
o sxposure LS siatistics 29 Mo

< (?:;:m e umm suggest slightly higher exposur: oxperi-

40000008
1] tedssesnssssninasan
18 °° YY)

25

30 e=veeneeancesseccnss
40 oorere0nay
£ teseas

00 *e*

o
—oocoo—uogggéggjgg

Lot bt oo b+
0 40 80 20 140

Frequency
Mesn 27.363 Median 20.000 Mode 17.8600
Sid Dev 12018 Skewness 1.028 Kuriosls 3.412
Minktum  3.800 Maxdmum 116.400 N = 597

FIGURE 3. LOS ANGELES PERSONAL MONITORING STUDY. HISTOGRAM AND DESCRIPTIVE
BTATISTICS OF DAY 1 PERSONAL BADGE.

Figure 4 presents data from the Microenvironmental of the investigetion. These data
8ra quite simfar to the Main Siudy date. Summary sististics o smilar means and medians for the
wo popudations. The larger standard deviation be due lo sampling emor as the Main Sludy sample
Is subsiantlally larger than the Microenmvironmental Sludy group. Detalled sis of the data reveals

smal differences In the population sampled. The differences are not belleved lo be anl In lermse
of popuistion based o9 10 nitrogen dioxide. Further analysis of the deta will afiord evaluation of
the assumptions 1o the design ez wed 23 an evaiuation of the variabliity within indhidusls across
seasons.
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Count M

62 g esscssacenasacces

149 ggeeess

79 33 eececcasasncscstenned

28 48 *o0teeee

12 m aced

e 78 (11]

1 g3

3 108 **

1 123°

0 138 *

0 153 *

0 168 *

) 183 *

0 108 ¢

0 213°¢

0 228 ¢

1 243 ¢

Lot do bt b+
0 40 80 20 140
Frequency

Mean 28.404 Median 21.700 Mode 21.800
Btd Dev 23.219 Skewness 4.163 Kurtosis 20.444
Minimum  2.500 Modmum  244.400 Cases = 343

1QURE 4. LOS3 ANGELES PERSONAL MONITORING MICROENVIRONMENTAL STUDY. HISTO-
FIGuR GRAM AND DESCRIPTIVE S8TATISTICS OF AT-HOME PERSONAL BADGE.
Bhort-term Exposure Studiag

SUmmymmﬁoruuShoMmWMﬂMthﬁ& Thesa dsla repre-

pont aver mmmmmawm-mdmmmm
The sverage la a simpie mean of the kiichen and bedroom N ks meant to
represont the exposurs 7mmmmmm the cook ml.m o
Inspection of these data sover chusions to be dr n the fixed-locat! or

the kitchen slightly over-pradicls the cook's sxposure lo This Is true whether the summer or winter

season ks baing monitored or whether the of the oven ls being used. Emuug:Mm

tions in each location are substantially lower the summ
Note the similarky b the mean exp experienced by the cook end the whole-house aversge

pressnted in Figure 5 show the differsnces In exposire pattems by the
MMMMmd?ﬁfnmmwdmu for this case, the exposure was
sciually punciuated by shor of much eposLre, & maxdmum, ghort 4erm expo-
sure of spproximately 600 was . Observation of individusis during the cooking pro-
ceas has suggested thal the cook’s shortterm mhnmmbywmmm
take him or her In and out of the direct plume of tha gss sppllance. bursts of vecy high
concentrations can be




488 1989 INTERNATIONAL GAS RESEARCH CONFERENCE

Table 3. Mean values for continuous nirogen dioxide samples taken in vadous locations in resi-
dences diring one-how cooking events. Data are grouped by season and appliance
use. Average values are weighied ding to use p , time and location. AR
values are In ppbv.

Cook KGatchen Other Whole-House
Room Average
Season
Winter 1399 1454 1309 138.7
Summer 765 80.1 698 753
Seasonal 108.0 1149 100.3 107.4
Average
Qas A%planco Used
ange 1358 130.8 123.2 132.8
Oven 67.9 789 9.2 69.9
Gas Appllance 1080 114.4 100.3 1074
Average
800
§ Meon Bt ppbv
Max 600 ppbv
£ 400
¢ 200
‘o -
0. 20 w0 60 80
Time, minutes

FIGURE 6. CONTINUOUS TRACE OF COOK'S EXPOSURE TO NITROGEN DIOXIDE.

The very shori1erm average (5 sac - 1 min) maxdmum personal exposures were uncoelated with
the 30-min avex exposures. Howaver, correlation was apparent between longer limes
(e.g. 5-min) and the 30-min resuks. Thus we conciude that very-short lerm averaged peak exposures

89 Influonced by the Interaction with the source. Longer-larm everages arne
source use, mixing and conditlons of the room. These resuks have improved Lhe understanding
of the relationship between lxed-ske monitors and personal exposures for short-duration activities
Infiuencing NO2 exposure.
SUMMARY
The Harvard-GRI Nitrogen Dioxide Exposure Assessment Study was to L]

jlod ol p | exp s. The investigations were intended, Mlm ate the

coniribution of alf sources, both Indoors and outdoors, 10 Ih | d als.

Previous studies had Indicated that lndoor concentrations could be higher than outdoor, st limes

— . = 8 S EiEe e e —
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exceeding the NAAQS lor NO2. Evaluation of this relat on a population-based sample was a cen-
Iral thema of 1hess siudles, A second objeciiva was to lnvestigate the possibility that human exposures
could be modeled from activity p. and mi dronmental iratlon measurements. Of
Interest as well was the distribution of short-term peaks In concentration and thelr relationship to the
mean concentration,

Essentlally all objectives were met in the study. A detalled characterizatlon of residences In ihe
Boston, Massa otts area was caried out. Characteristics Influencing indoor NOp concentralions
were found. Most notable among these were the peesence of a gas ranga and the presence of
continuously-buening fights. Categorization of individuals with respect o thelr likely exposuie 1o
NO2 was also effected thvough the use of data collected from the Home Characterization Study and 8
shor personal characteristics questionnake, Finally, the influence of N%l amblent concentra-
tlons was nvestigated In the Caldornla study. The influence of amblent levels was lound lo be sironger
In the Califiornia siudy In & statistical sense in Boston. work suggests that tha influence of
gas appliances on human exposwe 1o NO2 I8 additive: the exposure experienced indoors Is assoclated
with boih appliance and on the amblent conceniration. The relative contribution from indoor end out-
door sowrces ks ste and use specific,
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