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A probability au~ple of 67 plllol':ll f 011 Loa Al\I.Jelea 
end orange Counti•• vaa •or1itor~ lor nitr ogen 
4io:dde on eiqht two-day ped od1;; ~ut· nq l.987··1SI88, 
vitb .. aaure•ent.a eeparat-a~d. · y l\ppro ~ t 11ly aix 
wot~Jta. Two 24•hour •ieroen i r 11111 '· l lllo.nitora 
vl!lre \torn cor1aecuti dy by each aW>jeot1 :.rhile tvo 
s•p6rf.lt.e vaonitora -••urt~~d exposu-re• at h "illlll and 
&vay t ·011 ho-. In IIU1d,. t i on , Clna fi - d '!:e 
110nito-r vaa lc.>eated illlll••iillt·P.J.y cu dc14 b.9 h • 
and l\nothe~ ir1 the bt~d.rocm. Mob i i y p:tCt rn.11 a nd. 
activitiee ware record~ in diarie•. For all 
cyclea, tb~ peraonal tvo-~ y ~· i n • U?C urea 
averaged 28ppb; wedian 1:.'0 0111 ... o cent t iona 

v r aged l9ppb r and •edian out our concentratio~• 
a.,.o.vaged .28ppb. P11raonal ldll!lY" f ·olll•h o o -..ctia 
•u~1urta11 av~r-.~ a ct 34ppb, ~ h .t.l ~t-hom• J!l 11 

.r.p zur a o a li!rag*(i. 21ppb. !I'h!a tudy demon.atra'C d 
,b,<4 t~&U.ilHy f preo ttl:f tnsuri ng pencmal 
~m.d 1dc ro nv!rotlml!lltal expo!ntna t o nit.r en 
dioxide in a randoa •ample. 
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Un echantillon de probabilite de 67 personnes 
s•est fait surveiller l l'egard de la 
concentration du bioxyde d'azote pendant huit 
sessions de deux jours chacune, durant lea annees 
de 1987-1988, en mesurant la concentration en 
question environ toutes lea six semaines. Chaque 
sujet a porte consecutivement deux moniteurs 
micr~col09iques l vingt-quatre heures, et deux 
moniteurs different• ont meaure lea expositions et 
l l'interieur de la maison et en dehors. En plus, 
un moniteur fixe s•est mis juste l l'exterieur de 
la maison, et un autre appareil s•est trouve dans 
la chambre l coucher. Chaque sujet a rapporte 
dans un journal personnel le schema habituel de sa 
mobilite et de ses activites. Pour tous les 
cycles, les expositions medianes pour deux jours 
par rapport l chaque personne ont atteint la 
moyenne de 28 ppm: lea concentrations medianes 
decouvertes dans lea chambres ont atteint la 
moyenne de 19ppm: et les concentrations l 
l'exterieur des maisons ont atteint la moyenne de 
28ppm. Lea expositions medianea· des individus 
hors de leurs maisons ont atteint la moyenne de 
34ppm, tandis que lea expositions aedianes 
trouvees dans lea maisons ont atteint la moyenne 
de 2lppm. Ces decouvertes demontrent la 
possibilite de faire des mesures exactes des 
effete de l'exposi tion au bioxyde d •azote parmi 
lea individus sur le plan microecoloqique. 

INTRODUCTION 

studies in several countries have reported on indoor residen­
tial and outdoor concentrations of nitroqen dioxide (Lebret et al, 
1987: Jedrychowski et al, 1987: Matsumura et al, 1987: Hu at al, 
1987: Kim at al, 1987). It is clear, from these studies, that 
nitroqen dioxide concentration varies spatially and temporally 
across a geographic region. It is aleo clear that nitroqen dioxide 
concentration varies from home to home depending upon indoor 
sources and local ambient concentrations. Concentration of this gas 
111ay also vary from room to room within a home. Understanding 
personal exposure to nitrogen dioxide requires investigating the 
factors that influence microenvironmental concentrations concur­
rently with actual exposure measurements. 

In order to further understand personal exposure to N02 , two 
coordinated studies were conducted by the Gas Research Institute 
and the Southern California Gas Company. One study, not reported 
here, involved monitoring over 600 people for one 2-day period 
during one year from June, 1987 through May, 1988. This paper 
describes a microenvironmental study that monitored fewer people 
repeatedly during different times of the year to obtain data on 
seasonal and microenvironmental differences. The primary purposes 
of this 'microenvironmental' study were: 1) to directly monitor 
personal exposure to N02 while at home and while away from home, 
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and 2) to provide .... sure of variation in personal exposure to 
N02 over approximately a one year period. 

The microenvironmental study vas designed to monitor personal 
axpoaure of a randomly selected population to N02 concentrations 
during each of eight cycles over the period of one year. In each 
cycle, exposure concentrations were measured during two consecutive 
24-hour periods for: total exposure durinq each 24-hour period; 
and, exposure concentrations within two designated micro­
environments. Also, 48 hour concentrations in the bedroom and 
outside vera monitored Each cycle provided repeated measur-ents 
of a representative sample over nearly a one-year period in 
Southern California allowing comparison of N02 exposures by 
individuals over time and for the sample as a whole. The two basic 
microanvironments selected for aampling were: l) inside the 
aubject•a home, referred to aa "at home" and, 2) any other 
location, referred to as "away from home". 

Subjects were monitored for a maximum of eight 2-day cycles 
during the field effort. Each cycle lasted approximately aix 
weeks. cycle one began in June, 1987 and cycle eight ended in May 
1987. 

METHODOLOGY 

Participa.nts were selected to provide a random sample of 
residents in Los Angeles and Orange counties (California, OSA) 
meeting the following guidelines: participant telephone numbers 
resided within the Los Angeles and Orange counties, participants 
had to be eight years of age or older, and speak English. 

A 2-stage random sampling design was used. The first stage 
was random selection of a hou&ehold, and the second stage waa 
random aelection of an individual within the household. The study 
aample was aelected from a set of random telephone numbers for 
orange and Loa Angeles counties. 

Basic information vas obtained for both the household and for 
the targeted individual within the household during the telephone 
interview. Household data included characteristics of the dwelling 
and the heating and cooking facilities within the dwelling; 
personal data included cooking and travel ti.me data for the 
previous day. In addition, information was obtained for major 
activities that engaged the subject for at least 20 hours per week 
outside the home. At the end of the questionnaire, the tarqet vaa 
asked to participate in the monitoring portion of the atudy. 

Partieipa.nt attrition vas lover for all stages of this atuis¥ 
than originally projected. Of 140 subjects that completed tele­
phone interviews, 85 agreed to participate in personal sampling. 
The drop-out rate between recruitment and set-up by the field tech­
nician was :au. 

The study began with 67 subjects agreeing to participate in 
cycle 1. Forty-eight subjects agreed to participate in sampling 
during the eiqhth cycle, yielding an overall attrition of 28t. 
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!be aicroanvtron.ental •tudy con.iated of eigbt QYClea. 
Durinq .. eh cycle the .ubject vaa .onitored once for two 
consecutive 24-hour perio4a. 'l'bia ache4ule allowed .onitorinq of 
•ubjecta once every aix weet. during the one year field effort thu. 
aaaurinq capture of Ho2 expoaure data for repreaentative ... aona 
an4 weather conditions ~ the Southern C&lifornia aa.plinq araa. 

'l'be prbary objective vaa to -nre total pereonsl H02 expoaure for aach of the 24-hour perio4a aa well aa expoaurea in 
two aicroenvironmenta and two ambient concentration• in deaiqnatad 
locations uaing peraonal aemplinq badqea. The participant recorded 
time• of expoaure in a diary. After badge expoaure, tha parti­
cipant placed the badgea into a package and returned tb- to the 
field office by aail. 

Meaauremanta were aade uaing the Yanaqiaawa H02 peraonal 
aemplinq badqe (Yanagiaawa and Niahillura, 1!182). The peraonal 
aampling badge conaiata of a plaatic badge caae, a triethanolamine 
(TEA) -doped cellule•• fiber filter, a ainqle teflon filter abeet 
and a bound atack of four teflon filter aheeta. Tbeae badqea were 
aanufactured at Barvar4, pacbged in foil pcuchea, aeale4 and 
ahipped to the field office. 

The gaaeoua concentration of NO~ waa calculated froa the 
diffuaion characteriatica of the aampl-er, the expoaure time, and 
the nanomolea of nitrite maaaured. Nitroqen dioxide waa reported 
in nanomolea and ppb. 

Badge• were aaa.able4 and packaged in ..all corrugated 
aailera. Each packaqe contained aix to eight ... plinq badge• •• 
follova: 

two 24-hour peraonal badg .. 
two aicroenvironmental badge• 

•at ho .. • 
•away-from-ha.e' 

one bedroom badge 
one outdoor badge 
one blank badqe aaaiqnad to sot of the package• 
one replicate bedroaa badge aaaiqnad to sot of the packagea 

The participant waa aakad to wear a 24-bour peraonal badge on 
each of the two daya of .onitoring. In addition, the appropriate 
aicroenvironmental badge waa to be worn on both daya. A atationary 
•badroomR badge waa placed in the aubjact•a bedroom. The location 
waa to be •• cloae •• poaaible to the area where the aubjact alept, 
preferably on a niqhtatand. The atationary •outdoor• badge waa 
placed in a location protected froa water expoaure. 

USULTS 

Tbia paper preaenta a general diacu.aion of the priaary 
reaulta of the aicroenvironaantal atudy. Tabl .. 1-6 liat the 1102 concentration• aummari .. for aach badge type. 

Pigure 1 ahowa the lledian 1102 concentration• for each badge 
type for each teat cycle. Median valuea are preaente4 aa the .oat 
repreaentative of the central tendency for the•• data. The •away 
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fr011 bo.e• and •at bOIM•. badges vera not worn during the first 
cycle. 

Figure 2 1e a boK plot of tha data froa three selected cyclea. 
It is preaented to repreaent the general diatributions noticed in 
the study. A box plot identifiea eight diatributional parameter• 
that permit a viaual oompariaon of the diaperaion from one aample 
to another. The dot a repreaent the 5th and 95th percent ilea. Th.e 
aolid horizontal line repreaenta each quartile, while the striped 
horizontal line locetea the arithmetic average. Single vertical 
linea connect the 90th percentile to the third quartile and the 
firat quartile to the lOth percentile. The firat a.nd third quar­
tile linea •ark the lower and upper boundariea of 50 percent 
interquartile range. The region between the two dote repreaenta 90 
percent of the data valuea. 

The peraonal exposure badgea (Day 1 and Day 2) appear to have 
concentration• greater than that reported in the badroolU but leaa 
than that reported outaide. The •at home" portion of the eKPQaure 
aeema to be alightly higher tha.n the badrooa concentrations. 
However, the moat atriking finding ia that the •away from home" 
portion of the expoaure aeema to be auch higher than the outside 
concent.rationa. 

REFERENCES 

Bu, B.-s. and Y.-c. Liu. Evaluation of indoor air pollution 
and ita effect on human health in Beijing rural areaa. In: 
Seifert, B., H. Eadem, M. Fiacher, H. Rueden, J. Weqner, e4a., 
Indoor Air '87: Proceeding• of the 4th international conference on 
indoor air quality and cliaate. Berlin, FRG: Inatitute for Water, 
Soil and Air Hygiene, 3:15-19, 1987. 

Jedrychowaki, w., B. Tobiaaz-Adamczyk, B. Mr6z, and x. Goaola. 
What effect doea indoor air pollution due to domeatic cooking have 
on cheat probl ... of elderly wo11en? Indopr Air '87, 1:468-72, 
1987. 

Xia, Y.-s., Y. Yanagiaawa and M.-s Zong. Peraonal, indoor and 
outdoor N02 aaaaura.enta in Xorea. Indopr Air '87, 3:30-33, 1987. 

Lebret, z. , D. Noy, Boleij, and B. Brunekreef. Real-tiae 
concentration aeaaur.menta of CO and N02 in twelve hoaea. ~ 
Air 1 87, 11435-39, 1987. 

Matauaura, T., x. Jtaaetani and M. Takeda. Siaultaneoua 
determination aethod of peraonal exposure levels for formaldehyde 
and nitrogen dioxide. Indoor -Air 1 87, 2:262-66, 1t87. 

Yanagiaawa, Y. and Nishiaura, B. A badqe-type personal 
sampler for -asur-ent of personal expoaure to N02 and NO in 
&abient air. Environmental International, 8:235-242, r982. 



·;:. 

-496 1889 INTERNATIONAL GAS RESEARCH CONFERENCE 

·il-.. 

--
~le 1. 1102 (ppb) -..tntion dietribution. by cycle for 
tbe •Day 1 Pereonal• INJIPler. Ha.inal 24-hour expoeure 
period. 

~ 111111 LA.. IMIUIIl tiiM. IIAL. I 

1 25.7 12.2 24.1 6.3 64.4 64 

2 27.1 U.1 24.0 1.1 66.7 60 

3 21.1 U.6 27.7 '7.7 106.7 54 

4 27.5 14.1 24.5 4.0 70.1 53 

5 30.1 27.6 23.7 1.2 17t.6 51 

6 30.1 24.5 25.4 4.1 160.5 .., 
7 34.6 21.5 21.1 4.3 171.2 47 

I 21.0 11.7 11.1 4.6 51.0 42 

Table 2. H02 (ppb) concentration 4btributione by eycle for 
tbe •Day 2 Pereonal• eupler. Nominal 24-hour expoeure 
period. 

~ 111111 I....Da. IIGJ.ID IUL. II&L. 11 

1 23.51 11.51 ~2.6 3.7 54.6 65 

2 24.7 13.6 24.1 -1.0 74.3 62 

3 30.6 20.7 26.4 1.0 118.2 51 

.. 25.6 15.4 22.5 -0.1 74.7 50 

5 21.51 23.2 22.1 0.5 132.3 .., 
6 21.1 22.7 24.1 -0.2 151.7 52 

7 32.1 27.4 26.4 4.3 157.7 47 

I 20.7 1ol.6 17.3 1.6 73.4 40 .. 



·----·· 

. ;_. .. 1889 INTERNATIONAL GAS RESEARCH CONFERENCE 
· ~ 497 
~ • 
i ~le :s. 1102 (ppb) aonoentration dilltributiona by cycle for 
·n- tbe •at ba.e• MI!Pler. Variable axpo.ure tt.e period. 

~ ... LL llldWl aiD.. IIIL. • 
1 D D IIA IIA IIA IIA 

2 22.3 13.2 21.0 3.0 70.8 60 

3 27.9 17.1 24.1 0.7 61.1 51 

.. 21.8 13.1 11.5 2.5 57.8 52 

5 30.2 27.7 21.1 1.5 121.8 41 

' 30.0 35.5 25.1 1.1 244.4 51 , 31.8 30.1 23.9 4.4 185.0 .... 
• 11.6 11.9 15.0 o.o 46.5 41 

I '!'able 4. lf02 (ppb) concentration dbtributiona by cycle for 

i the •avay froa home• aampler. variable •xpo•ure time period. 

{ ~ IIUD LL IIG1aD JUn.. llaL. • 
I 1 JIA JIA lfA D D lfA 
I 

I 2 41.6 36.1 33.1 -3.2 223.5 57 

I 3 48.2 50.1 37.7 o.o 355.8 52 

4 40.2 21.7 35.1 o.o 116.5 51 

I 5 45.8 47.0 36.3 o.o 215.6 48 

6 31.4 22.1 35.0 o.o 115.6 52 

, 53.8 60.6 38.6 o.o 341.8 45 

I 24.2 17.1 20.7 o.o 78.5 40 
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~able 5. 1102 (ppb) concentration distribution. by cycle for 
the •bedr0011• •IIJIPler. lfoainal 48-hour expo•ure period. 

~ IIUD Llla. III41ID IliA.. IIAL. H 

1 17.5 t.6 18.0 0.2 48.5 65 

2 11.7 ••• 11.8 2.3 42.7 62 

3 2<1.5 13.<1 21.3 3.8 67.3 5<1 

.. 20.7 12.3 11.<1 3.6 62.2 53 

5 2<1.0 11.1 11.<1 -0.1 81.6 51 

6 28.0 36.3 20.2 3.8 198.<1 53 

7 25.0 15.8 22.1 ... 7 70.7 <16 

I 16.<1 12.5 14.<1 2.8 75.<1 <12 

I 

I Table 6. Ho2 (ppb) concentration distribution. by cycle for 
the •outdoor" •ampler. Nominal <18-hour expo•ure period. 

f 
~ IIUD Llla. IWUID IliA.. IIAL. H ! 

~ 1 23.2 11.<1 22.7 ... a 50.1 6<1 
~ 
f 2 26.7 13.1 2<1.7 3.7 60.3 61 

3 33.9 17.5 33.6 5.5 112.7 51 

.. 32.6 17.9 30.3 3.9 110.1 51 

5 31.7 19.8 25.3 6.5 115.5 51 

6 33.7 16.5 31.1 6.9 86.3 53 

7 35.3 19.3 31.8 3.<1 99.2 .. , 
8 21.2 15.1 17.1 1.9 92.2 u 

~-oa -• ''PiFW :r- p ; ::rys ; ,.., ~;-...-.c:» -=- • • • * ___,_.. ..... -----r-
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Selected NO 2 Concentrations 
for Cycles 3, 6 and 8 
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