ABSTOACT

I Vjenty preschool children feomthe Frank Porter G aham Child Care Center,
and their nmothers, were ncxiitored for NO e}”x3sure in their hemes end at the
day care center. Subjects were noiitored for one week during the sunmer and
winter noiths |osing Bendix 8101 Oxides of Nitrogen Anedyzers and Pal nes passive
ncnitors. In-4icne staticxiary Pal nes tubes are very accurate conpared to
chemi | xi m nescent ntaiitors (R2:0. 97). C3ieani vnmmescent nonitors and Pal mes
t ubes worn by subjects do not give the sane nmeasurenment of of persoial NO
e} q)osure (ﬁéﬁfﬁﬁﬁ, presumabl'y because it is not possible for a stationary
mentor to estimate personal exposure as well as Pal mes tubes do. Mean wi nter
N2 |evels in hemes with kerosene space heaters varied widely (71.4 £73.2 pph),
but were nore than 2 tines the levels found in hones with gas stoves
(26.5 £14.2 ppb) and ten times the levels of hemes w thout confcustion sources
(4.6 £3.2 ppb). dinical, epidemological, and toxicol ogical evidence suggest
that peak short-termlevels are more iitportant than Icaig-termaverages in
determ ning human health effects. Ccaitinucus nonitoring data indicate that
ocmbustion appliances caused peak NO* |evels of 100 ppb or more during 9 of the
40 nonitoring-weeks in this stucfy. Regression analysis suggests that peak
val ues contributed nore significantly to a nother's net ej”xjsure than to her
child's (P < 0.05).

In ccKiclusion Pal mes tubes provide an accurate and ccai veni ent neasure of
net perscxial e>$>osure to NO . Average ej qxDsure, hcwever, is not the best
i ndi cator of indoor NO- |evels vAiich may have significant heeilth iinpacts.

I ncreased venting and iirproved ccnbusticxi appliance technol ogy provides the

nmost feasible alternative for |owering.in-4ieme es*xisure to NO.


NEATPAGEINFO:id=548B8C93-4F34-47E5-B6E2-1FAEB5D40F3C


Tabl e of Gaitents

Adkncwl edgnent s

I mt mroducact I i1 < i\ 1 T e
Studi es Measuring Indoor NO Levels........................ 1
th/3| cal / Cheani cal Properties of NQ......................... 3
Level s: Qutdoor and I'ndoor NO. .. .o ... ... . ... ... ... ... . 5
Sources of NO2.......oi 7

Li terature Revi ew
Health Effects of NO ...... ... .. . . . . . i 8
Ccaitrolled Rniian Esiposure Studies.......................... 9
HuDDoan Epidemiology Studies........ ... 11
Ani mal Studies. . ... .. 15
Health Effects Summary........... ... .. . . i 18

jt~terials and Met hods

Stuc™ Popul ation. ......... .. 20
NO Monitoring Techniques....... ...t .. 21
CSontinuous MONitoOrS. . ... 21
IAsSsive MoNi tOrS. . .o 22
E2] pOSUre ASSESSIMBNL . . ...t e e e e 25
Data Anal yYSiS. ..o 26
QcMTtinucus Monitor Quality Assurance....................... 26
Results (Tables 4 through 6 and Figures 1 throu® 4)........... 28
Di scussi csi
Pal nes Tube Reliability and Personal MMitoring............ 36
E3MX3SUre ASSESSIMBNL . ...\t 37
Sources of Bias.......... i 38
Reccnnendati cs”
Met hods of Reducing NO Exposure...................... 39

Policy Inplications...... ..o, 41


NEATPAGEINFO:id=440F03E7-E55F-4B9A-977B-AF8CDF263F8A


Aaa«} W EDCVBNTS

This project was funded by the U S. Environnmental Protection Agency and the
Consumer Product Safety Ccnmssicai. | wish to thank Dr. Fredericdc Henderson
and Dr. Albert Collier of the Frank Porter G aham Child Devel opment Center for
their st”jport and gui danoe. Mst inportantly | wish to thank Boy col | eague Ms.
Holly F. Reid for her ocaistant oogperaticn, good humor, helpful ccranents, and

si;¥3port over the entire course of the project.


NEATPAGEINFO:id=DFD817C2-7C7A-4E39-9468-AE6B66DCF01C


Introduction: Studies Measuring Indoor NO Levels

He Ocides of Ntrogen (NJ,) are formed chiefly during the cxxiibustion of
fossi| fuels, throu® NDL. are produced whenever ocmbustion above 1350 degrees F
occurs (conventional ocntoustion temeratures are greater than 2250 degrees F
(Wark and Wrner, 1981). Qutdoor sources of NO. include autcmchiles, pever
staticals, and emssions by plants manufacturing nitric acid and e>q)l osives.
[ndoor air may be contamnated by N0, fromoutdoor Sources, but indoor sources
such as gas Stoves, kerosene qpace heaters, and tobacco smoke also contrihbute

significant!y to NG™ Tevels. While NOy are a large famly of ocat peunds, only
one ocupound, nitrogen di c»0. d (NGZ) 1§ ccisidered a threat to human heeilth a
| evel's normally encountered in hones (USEPA 1982).

Studies measuring Indoor |evels of NC2 have suggested an association, In
children and asthatics, between increased respiratory illness (ooth)led wth
decreased lung function) and Iewlevel es'xasure to gas stove related
pol Lutants, Including NG, Inthe range of 0.1to L0 ppn. Sane of these
studies have oonsictered the presence of a gas stove syncarymous with ¢ "xDsure to

N2 (Florey G du'V. et al., 1979 Nelia, RJ.W et al., 1977). Whre recently

MwWMNmmmMMWMHW%meWWammmwm
tubes (Palmes, ED et al., 1977a and b). These have provided anple evidence

establ 1 shing hi*er NGZ levels In hores with gas ocnpared to hongs wth
electric stoves (Federal Register June 19, 1985). At least 7 studies have

urted Long-term A2 Level s betueal 50 and 300 uglnf™ n hemes wth gas stoves
and smokers (USEPA 1982). S pengler et al. (19830) took week-|oxf NQ
measurenents using Pal mes tubes inside and outside of 137 hemes in Ftortage,
Wsconsin over a L year period, and found NO | evels inside the kitchens of 112

hemes with gas stoves averaged about 25 ppb (50 ugA| J hiter than ou tdoor
[evels (at roomterperatung L pph N = 168 ug/nt™ [Lindvall, T., 1983]). Ten


NEATPAGEINFO:id=2D649DAD-1966-4928-9459-899A33D63467


ercent of the gas oxjoking henes A annual average kitchen [evels hifer than
the Naticaial Anbient A Quality Standard of 100 ug/m. Ihese researchers also
noted a wide range in the variability in perscaial &qxsure. Cnly Saof the
variability coul 0 be accounted for by stratificatical by stove type, vliereas vp
to 60% coul d be esqpl ained by measurements in the hone.
only one Large scale study has measured both average and real-tine AQ!
[ evel's Tn hemes W th ocni bustion sourogs ot her than gas™stoves or smokers.
Leaderer et al, studied acute respiratory 11ness associated wth the use of
Unvent ed kerosene space heaters in 333 residences in CesTnecticut frixn S\t enber
1982 to Aoril 1983, (F these 333 heroes 14 were ncxiitored with a
chem |um nescent anal yzer for a period of between 2 and 7 days. The remaining
Nemes 10 the study vere mentored for 2 week perods usin% Palmes tubes. [ ndoor
to outdoor ratios of NO ccaioentratices vere found to be 0.58 +0.31 for
resi dences W thout known scurogs of MO, [Vo-week average Ievel s of ndoor N0
exposure were found to be excellent predictors of total personal N exposure
for a small saitple of eidults.
WHMwmWWMMMMWMWMWHMM%meMG
rel at CTEshi p bet uegn eL$x3sure 10 NO- and urinary ejcoretion of hydroj cyproling
VEUCh revi ous research has suggested 15 a biologrcal marker of ¢ "wsure to N0
(Yanagi sawa et al., 1986). As a part of this [arger stucty this technica
Ihxsrt wil L 1) assess the reliability and cost effectiveness of Pal mes tubes
[0 determning NO. [ evels inthe fiel; 2) detennine how precisely persona

e postre to N2 can be estmted usi ng chem | um nescent nonitors and Pales
tUbes; and, 3] examne §-horog N2 &) "yssure 1n [1cht of Mdemological,
clinical, and toxi ool ogical evidence suggesting I ndividuals are more sensitive

Lo short-term peak N2 [evel s than | ong-term average [evels. [n order to
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assess the health effects associated wth NOIt is first necessary to examne
the properties of NO* and anbient [evels found in other monitoring studies.

Fhysicci |/ Chem czi| Preperties N.

Nitrogen dioxide is ahi®ily reactive ccnpound, formed via several
pathways; therefore its formaticxi and subsequent health effects cannot be
discussed “art frcmthe entire nitrogen cscides famly of ocnpounds that serve
as potenticil sources. Typically all NQ. derived fremindoor ocmoustion
processes are discharged as nitrogen oxide (NO), with the rate of formtion
rapidly increasing as the ternperature increases (Vark and Vérner, 1981). Qnly
about 5-10%of total NOproduced by ccnjbusticxi is NQ; almost all the
remainder is NO. Nitrogen dioxicte, N0, the primary oxide of concern for human
heal th effects, is minly formed by the oxidation of NOat Icuer tenperatures.
Tables 1 and 2 [ist the equilibriumccxistants (K) for the followng two

reacticxis:

1) N2+ @ 2 2\
2) O+ ®22N0O+0

The K for reacticai two is [arge at rocmtenperature, i.e. NO formationis
favored at |ewtemeratures, but at hicher teanperatures it dissociates back
(nto NOand 0% The Kfor reacticxi one s small at rocmtenperaure, thus
[ittle NOTs formed: vdiatever NOIs formed is rapidly ocanerted to NO. These
| aboratory kinetic ct)servaticais are conif irmed in studies of the aging of
Sidestneam cigarette snoke, viiidi has relatively hi*ier proportions of N)_ than
nEdnstream snoke (Lindval [, 1985). To sumarize the two major ocax]lusions
abcut indoor NO“ equilibria: 1) the rate of NO- formation decreases
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Table 1

Equi l'i brivm Qcxi stants for the Formaticai
of Nitric Oxide fran Ml ecular Q Q gen and N trogen

N+ @ f=" 2N
- Te er at ur e K
CK)_ "R |
N N 100 gg_ :zg) /\7£?—;;l >< j_C)
1?1kt_1_______1?1f)_ Eki%z ()éé& :¥)<£) 52%35;L> ><ii§§2;
Table 2

Equilibrium G onstants for the Oxidation of
Nitrogen Oxide to Nitrogen Dioxide

NO+ 1/2 € r™ N2
Y__K)___Tec pl)_lpé)er at ur e KL
v [NO 1] 30O 80 10~

500 440 a. =2 >< 10

1000 1340 1.1 X | O-" -
[ Nq [ O] ) A/ " 129902%4-_901 '3:.1' 5Xx19_-e/\

From Wark et al., 1981, p. 376-377.
with increasing teuperature; and 2) the rate of NO_ formation increases wth
i ncreasing NO | evels.
Relatively |ew emssions of NO' result in formation of more NO than ini”t

be expected sinply by measuring scuroe ejdiaust directly or via predictive

nodel s based en ei di aust col viim em ssi ons. Qutdoors the thernal oxidation

reaction 2N0 + O-#2N02 is too slewto account for any significant fraction of

the NO to NO2 conversion observed in the atnosphere for typical aitfcient levels
of NO because the rate at viiich NOis converted to NO- throu® oxidation by

oxygen in the air is proportieaial to the square of the ccaicentraticai of NO

- —


NEATPAGEINFO:id=C65817D2-FB41-4278-AFC2-473F069F7F60


(USEPA, 1982). Indoor ocnibustiai elianoe NO* e)dTavist has a hi”

ccaicentratiOTi of NO this is inportant in generating a relatively hi®
proportion of NO (i?) to 25%of total NO,) during the initial cccibustian source
plume cooling and dilxiticai, viien the oaxsntraticai of NOis hi™ (USEPA,
1982). In conclusion, indoors the above reaction produce hi*ier than ej*jected
| evel s of NO- because it is very sensitive to the hi® levels of NO produced by
oai i xjstion "pliancjes.

O her oxides of nitrogen inclxade nitrous oxide (NO, unsyinnetrical and
symetrical nitrogen trioxide (NO-), dinitrogen trioxide (N*G-), dinitrogen
tetroxide (NO), and nitrogen pentoxide (N Qy). OF these CTily N-O is present

in the outdoor atmo™iiere in appreciable ooncentraticxis (USEPA, 1982). It is

not consi dered a hazard at indoor |evels.

Ambi ent Levels: Qutdoor and Indoor NO'

Qutdoor NG . levels contribute to indoor levels substantially: at |east 50%

of indoor NO' comes Lixxa outdoor sources—+f there is no indoor source
(Leaderer, B.P. et al,, 1986). Indoor levels of NO, the primry oxide of

ocai oem for human health effects, are generally |ower than outdoor |evels.
Gas heating and cooking “plianoes can increase the indoor |evels, vfaLch may
occasionally rise in places to several thousand ug/m, d*jending on the t"' pe
and age of the house, edr esoiiange, decay rates, and source strength (Sexton,
K. gt al., 1983). Furthernore ccHwective kerosene heaters produce

Apraximately 3.5 times more NO than the radiant type (Wodring, J.L. et al.
1985). NDI. in mainstreamcigcirette snoke are nostly present as NO, sidestream

sncfce raises indoor NO |evels because NOis ocarverted to NO via the reaction
noted in the last section. One cigarette produces between 160-500 ug |KL.

vitiicii may increase indoor levels of NO 3-5 ppb (Lindvall, T., 1985).
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Background | evels of NO have been determned for both urban and rurdl
areas in the U.S Ihe ba k ound ocxkentration of NG in rural areas visually
ranges fnem0.5 to 10 uglmT0.3 - 53 ppoy (UGEPA, 1985). Urban [evel s var

W el y, (" ending cal Tocaticai and tune Annua| means are about 20-90 ug/m (11—

8pﬂb§ for exanple, he mean annual ocxxden tcal ftrom 186 urbani zed areas i
e U5 during 7.0 s 5 Iy 2 pplg) (6P, 1983, The effect of

outdoor | evel s cxi I ndoor |eve|svxas addressed 10 two Shseu-ate studies. Sexton

ot al, devel op ol 4 moel relat] n% tofal 0! 937)98U e 10 background am) en
Ievels [ ndoor vl 116s, and humah activities. Results suggest™ i ndoor NJ

dentratinTS i Drivate dvelngs vary primarily vith outdoor Tevels and I pe
of cooking fuel, but are also affected by factors such as efir-eacchange rates
and strength of indoor sources. A exposare assessment performed frem

3 teniser 1982 to April 1983 by Leaderer and coll eagues (1986) found that the
[ndoor to out door ratios of NO- were 0.58 +0.31 for residences wthout known

[0 the past data frem central noaiitoring sites have been used to establish
| pollut|cA eXposures. It s now recogni zed, however, that people " end a
mjority of their t meav\ayf|xmf|jff|dma||lorsv1erepollut|ca| Concent &t or
my be drastically different (Sexton, K et al., 1983). Several inportant
ehox3sure studies over the past 10 years have domaTst e tha al persona
eXposures to mny ol utants show Iittle or no relationship to outdoor
Teasurenents ootained af central miitor nP Sites and that perscaial e>gx)sures
are often Ni™er than, thou® poorly correlated wth outdoor ey™jsures
(Spargler, J.D. etal., 19830, 1984). DocikBry et al. (198L) showed that
Dersonal exposctres are functons of outdoar |evels s vell as stove type
perscalal exposures of suojects with gas stoves were two tines i c'ier than those

Wth electric stoves. Ptjrtnermre |ncSoo O [evel s in hones with gas stoves
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were three tines hi*ier than outdoor |evels. Leaderer et al. also shewed that
persQTicLl and indoor NO |evels for subjects using xmvented Kerosene heaters
were significantly higher than outdoor Ievels. In sunmary total personal
exposure to NO is d*jendent chi the levels and anount of time spend in each of
the xnany indoor and outdoor "mcroenvircxTnents" an individual passes throu”

each day (Sextan, K. et al., 1983).

Sour ces

O the indoor sources listed previously, NOntxiitoring has identified
kerosene heaters as the hi™iest N0, producers. Kerosene heaters cane in two
types: cawective and radiant. |he caivective type has an exposed flane and
the radiant type has a netal mesh over the wick. Whodring et al. neasured
aaiissial rates fromboth types of heaters and fcund that coTvective heaters
produce ajprojdmately 3.6 times nore NO* than radiant heaters (p <0.001).
Cenpariscai of these figures with data an gas ranges show that convective
kerosene heaters have greater emssioi rates. Ihe hi”iest peak levels found in
gas stoves were the |owest |evels expected from caivective kerosene heaters.

I n-hone measures of NO_ levels ty Leaderer et al. (using Palnes tubes) found
that levels for hones with a kerosene heater caily and those with a gas stove
oily were simlar. Hones with a kerosene heater and a gas stove had average
two-week NO_ levels eMjproximately 2 tines those with oily one source. Hese
seemngly cortradictory results may have been obtained because the measurenents
fromthe |aboratory studies were taken directly fron the exhaust gas col um,
vitiereas the in-hone levels actually measured resulted fromthe roomtenperature
kinetic interactiois menticsned in Tables 1 and 2. Average |evels are al so
d*)endent on the duration of use of the catusticai e*pliance; levels in hones

reflect different cocking and heating activities.

7
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Literature Review Heeilth Effects of N
NO is the nost prevalent oxide of nitrogen eanitted into the antoient air

frcmocni xi sti Ol sources. Qcxi oem about possible health effects of virtually
all of the types of nitrogen oxide ocnpounds, inclvKiing NO, has existed for
many years. Despite these ccaxens "and considerable scientific inquiry, there
is nowlittle hard data linking specific health effects to any of the oxides of
nitrogen, with the notable exc">tion of NO-" (USEPA 1982)

NO is a pulntaiarY irritant, but has a hi™ odor threshold, easily raised
by ad*Jtation (Lindvall, T., 1985). Thus NO has insufficient sensory warning
properties, especially since the decndnant irritatiai effects of the substances
are localized to the de®jer eiirways. NO al so causes bronchoconstriction via
various mechani sms, resulting in increased airway resistance (Lindvall, T.,
1985). "Hi e irritant and bronchooonstrictive effects of NO on the respiratcry
systamare the nost extensively characterized to date and e”jpear to be of nost
ccaioemin tenns of both acute and long-termhealth inplications (USEPA,

1982).

Acute accidentcil ej”xasure (less than one hour) to levels of NO greater
than 300 ppm causes r”id death fromedana; e”gxssure to |evels greater than 25
ppm cause bronchitis or bronchial pneuncnma (USEPA, 1982). Irwer |evels
(< Sppoa) are associated with a variety of retiratory systemeffects.
InvestigatiOTis ciiaracterizing | ow | evel health effects have taken three genera
e™: proaches, shewn bel cw, each c”roach showi ng different but related
respiratory systemeffects (OSEPA, 1982):

1. OOrTtrol |l ed Human Exposure Studi es—+ncreased airway resistance and ot her

indicaticais of altered pul nOTiary function

2. ai man Epi deaniol ogy Studi es—+ncreased incidenoe of human re*iratory

i1l ness, especicilly in sensitive popul ations.

3. Animal Toxicol ogy Studies—ung tissue danage and increased
suscM)tibility to respiratory infection
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Collectively, these studies provide evidence indicating that certain human
heal th effects may occur as the result of exposure to NO_ ocaxentrations
approaching or falling vathin the range of recorded anbient eiir NOlevels:

L hour peaks of 0.4 t0 0.5 ppti in sane xirhan areas, and annual neans of 0. 11-
0.48 ppmin urban areas (USEPA, 1982). EPA scientists have identified three
| mportant 1ssues to consider when reviewng the [ewlevel heeilth effects

literature:

éﬁ[@%ﬂ%&%‘ggﬁg OJ ?}; % tﬁfﬁ? 8% 'glhﬁ%%lexe %g'v'volr'uf t %ehi%%g)n s
Lk l?égéﬁknglgg fW'E['X?tSBP”'aﬁBFS‘HPEN&&P il e e

[he follcwng Is a brief sumary of respiratory systemeffects observed in the
three major study approaches.

Control I ed Human Ej*josure Studies

Control led clinical studies have generated extensive informatics about the
[ owest effective dose |evels for the inducticai of respiratory effects due to a
single short-termNQ, es"xasure. Ihe mechani smunderlying nost of the changes
/0 Tung function ascribed to such e}*x3sure is still unclear, but would appear
to be the irritaticol of smooth muscles or i*jecific reojtors (Lindvall, T.,

1985) .

EXHX3sure at ocgKentraticalS of 9,400 ug/m (5.0 ppn) NG, or above for as
[ittle as 15 mnutes wil increase airway resistance in healthy human adults

and i npede the normal transport of gases between the blood and | ungs (veal
Neding et al., 1973). In healthy adult individuals, ocax]entraticais of 4 700

g/ m (2 H ppn) N2 for 2 hours have been reported to Increase airvay
resistance significantly without alteri |ng arterial 00Q gen pressure (USEPA
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1982). Single e>?x3sures for 15 mnutes to NO at conoentraticxis of 3,000 ug/nf
(1.6 ppn) are etlso likely to increeise eiirway resistcinoe in healthy adults and
individuals with chroiic bronchitis but not to interfere with the transport of
gases between blood and Ivngs (USEPA, 1982). Single e}$)osures for tines
ranging frcm 15 mnutes to 2 hours to NO at oaioentrations of 2,800 ug/§1(1.5
ppm or bel ow have not been shewn to affect respiratory function in healthy

i ndividuals or in those with bronchitis (LindVcill, T., 1985).

Inits most recent review of technical data chi this subject EPA ocaxilxxJes
that the more recent ccsitrolled human e”iposure studies prestit mxed and
cexiflicting results ccH oenming refiratory effects in asthmatic and normals in
the range of 0.1 to 4.0 ppm NO (Federed Register June 19, 1985). Whet her
asthmatic subjects are nore sensitive than healthy adults in experiencing NO‘-

i nduced pul ncxiary function changes remains to be definitively resolved. Ihe
results of one ocxrtrolled human ej*josure stutfy suggest that sene asthmatics may
experience chest disccnfort, dyspiea, headache, anci/or sli”t nasal discharge
followng 2 hour es*xisures to 0.5 ppa NO but did not provide ocxivincing

evi dence of pul monary function changes in asthmatics at that NO- ccax“entration
(Gant, L. 1982). Results by Bauer et al. shcMed that in asthmatics pul nonary
function decrements occurred at 0.3 ppoa NO. lhese results were replicated at
EPA Heal th Effects Research Lab in Ch*jel H Il by Gant (1982)

Studi es have been performed on bronchieil reactivity induced by NO. in vAiich
lung function was tested for sensitivity to agents that ccxTtract the eiirways
(Lindval I, T., 1985). Oehek et al reported increased bronchial reactivity in
asthmatics at fairly lew cxMcentrati CTTS (190 ug/tos) during 1-hour e™xssures.

The results of this study st*iport the results by vcai Neding et al, vak>
suggested that acute effects on pul monary acetylcholine seisitivity to NO may

take place at very lew levels (100 ug/m) in oonbinaticn with a mxture of

10
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sul fur dioxide (300 ug/iﬁz? and:gzone (50 xiglm) (USEPA, 1982). lhese results

are inccxjclusive—2the Qrehek stu® mainly because the gxxxxpjjng of the subjects
was nmade after the pulnoiary test with no i ndependent criterion for pul nonary

sensitivity and in the von N eding study because the results were inconsistent
(Lindvall, T., 1985). These studies, thou® flawed, suggest a possible

ej gxj sure-effect associaticxi with conplex mxtures, such as those eanitted by

unvent ed caoobusticai appliai K"es.

Human Epi demi ol ogy St udi es

Eridemi ol ogiceil studies of the effects of coratiiunity air polluticai ai”e
difficult to do well since there are ednost adways ccnpl ex inixtures of
pol lutants in the air. Usually the nost that can be dertonstrated frcm such
studies is a "close associaticai between health effects and anbi ent
ooncMitrati cHTS of a given mixture of pollutcuits or subfracticH s of the mxture"
(I BEPA, 1982). EMidem ol ogiccil studies of edr pollution effects are also
of ten hanpered by difficulty in defining actual ej”xDsures of study
popul aticsTS. Due to differences in ntaiitoring techniques and anal ysis, but
al so becai:ise fesa of these studies have adequately considered i ndoor e”gx“sure
| evel s, outdoor studies have produced conflicting results. Al thou® outdoor
studies are too nunerous to nmention in full, amseries of studies of |oca
interest has been widely cited, criticized, and its data anal yzed and re-
anal yzed to an extent that it should be menticxied here.

Studies in Q attanooga, Tennessee, from 1968 to 1973 rel ated anbient air
| evel s an the order of 40 to 90 ppb mean NO (nostly frcma local TNT plant) to
respiratory disease incidences in the general pcpulus (USEPA, 1982). Initia
findings indicated that e-ntarth average antoient NO |evels (using the Jacob-

Hoci i hei ser nethod, vMcii was later found to be erratic) were related to

a1l
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decreased Ixng functicH and increased respiratory disease incidence. No fewer
than 5 subsequent anal yses have been perforned cxi the sane data, most Xising
mare sophisticated statistical techniques and additicxial questicxmire data.
Results of these subsequent studies have not provided a clear picture since,
for instance, Harringtcxi and Kr\;5xiick found that "over the range of pollution
valiies ej*jerienoed, nore illness is eissociated with | ew pollution val ues than
with hi” cues (Harringtcxi and Kn™ani ck, 1985)." EPA has concluded that:

"The Chattanooga studies provide limted quantitative evidence of an
associaticM between el evated Icxig-term NO ej~xDsures and the occurrence of
increased incidence of acute refiratory disease and lung functica
iitpairnment. lhe findings of these studies are not inconsistent with the
hypot hesis that NOin a ocnplex mix with other pollutants in the anbient
air adversely affects Ixng functicxi and contributes to excess respiratory
illness in children" (Federal Register June 19, 1985).

O her outdoor studies of NO ocax"Qtraticxis in the range of 0.02 to 0.51 ppn
awong adults found no differences in pulntHiciry function tests eilthau® ccnpl ex
m xtures of other pollutants were not controlled for (USEPA, 1982). A study
performed in Japan did r*xsrt a statistically significant correlaticai between
cai e-hour ccxicentraticxis of N2 in the range of 0.01 to 0.19 ppn and decreased

respiratory function of school children (Kagawa and Toyamm, 1975). Hcwever, at
typical «ie-hour mean NO' ontentrations tenperature was more strongly
associ ated with decreased lung function than any of the pollxitants measured in
the study (NO-, NO 0, SO, and su”jended particulates) (Lindvall, T., 1985).
Wile these anisient air studies indicate a correlation between NO and
respiratory problens, particularly with younger children, and do dentaTstrate
that peak exposures are nost |ikely nmore inportant than average exposure, they
are qualitative in nature because they do not neasure indoor or perscaa
exposure levels directly. Since people generally spend 70-90% of their time

i ndoors, indoor studies are of interest, not only to establish nore exactly the

12


NEATPAGEINFO:id=D41A632B-2087-4F77-B0E1-7D8964538396


dose-respcai se relatioiship with reM)ect to susceptible pcpulaticais, but also to
show the tannf XDral nature of the dose-re”xxise relaticaiship.

| ndoor epi deaou-ol ogi cal studies ty British (Melia, RJ.W et al., 1977
1978, 1982) and Harvard (Speizer, F.E et al., 1980; Docdcery et al., 1981
Ware, J.H et al., 1984; Berkley C.S. et al., 1986) investigators provide sene
si®jport for the hypothesis that ehildren are at i™iecial risk for NO_-induced
increases in acute reMiratory illnesses. These studies investigated possible
decrements in lung functicxi and/or increased respiratory synptems and illness
rates ancxig children living in heroes using gas stoves for cooking in ocnparison
to ehildren frcmheroes with electric ranges (USEPA, 1982). Gas cooking can
produce considerable indoor NO' levels, and several studies substantiate that
hitler NOIevels accurulate in hemes using gas stoves in ccnpariscai to NO
levels found in hemes with electric stoves. In 1978 Melia et *. reported that
average NO ccancentraticxns in 2 heroes over a 96-"Kxir test period, during viiieh
stoves were in use for 8.5 to 10 hours, were 136 ug/ﬁl (72 ppb) when gas was
burned, and 18 ug/nf?ﬁo ppb) in 2 henes viiere electricity was used. O her
studies, including those by CGoldstein et al. and Spengler et al. (1983b)
cexif irmthat the levels of NOin gas stove hemes are hi*ier than those in
hemes using electric stoves. The initial publicaticn by Melia et al. (1977)
reported a weak associaticai between increased ra*iratory illness in schoo
children and residence in homes using gas stoves. This stucfy, however, failed
to adjust for tobacco snoking in the heme. Later publications ty Melia et al.
(1978, 1982), vhich corrected for the nuirtoer of smokers in the home, found weak
associ ations between gas cooking and reMiratory illness in children in urban

areas but not in njral areas (USEPA, 1982).
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Inthe U'S. Speizer et al. (1984), in the first of a series of studies,
reported that 6 to 10 year old children frcmhomes with gas stoves had | ower
lung capacity and a greater history of respiratory illness befoire two years of
age. Florey et al. (1979) found no relationship between NO ooi oentrations in
ei ther bedrocnas or kitchen and the results of lung functicn tests on school -age
children. However, the preval ence of re”firatory illness was found to increase
with the NO levels in the bedrocras of children in heroes with gas stoves. In a
pgpul ati cm of rural, nav-ssnaoking, adult wonen in the Netherlands Fischer et al
(1985) found no significant associatiai between NO_ eogxssure and pul nonary
functi OTi decline. Mast recently Berkley et al. (1986) r”xjrted an association
bet ween expoet JocB to sidestreamcigarette snoke or gas stove enissions and
pul ncaiary functicai level and grcwth rate in a large sainple of children 6-10
years old. The data fromthis report provide seme evidence for an association
bet ween gas stove e”iposure and puliKXiary functicai |evel, especially at ycunger
ages, but no evidence for an effect of gas stove ej”“xasure en growth rate.

I he inconsistency of results obtained so feir is nost cleeirly shewn in the
case of Speizer et al (USEPA, 1982). Wen they reanal yzed the sane data that
they had previously reported on with additicaial cohorts fromthe sane
popul ation and a nore detail ed assessment of soci oecc»ioniic status, one of the
findings, a statistically significant increased incidence of respiratory
illness before age 2, becane less statistically significant (Ware, J.H et al.
1984). lhis stucfy also deneaistrated that, in children annually tested, with
respect to the rate of change in lung function, no cunul ative effect of gas-
stove ej “xasure was revecd.ed. Noietheless this stu® does ccaifirmsmall but
statistically significant decreases in lung functicai in school age children,
althcu® there is sene evidence that parental educaticai |evels may confound

this relaticaiship. EPA and the authors of the stucfy ccaicur in stating "that a
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better vnderstanding of the health significance of indoor pollutants such as
NO_ mmy remuiirres mooree deéf i ned measurements of personal ei”xasure (Federa

Regi ster June 19, 1985)."

Ani mal Studi es

Cinical and ~idem ol ogi cal studies have suggested, in a qualitative
sense, an eissociatic»i, in children and asthmatics, between increeised
refiratory illness and | ow | evel exposure to gas stove related pollutants such
as NOin the ranges of 0.1 to 1 ppn (USEPA, 1982). Two types of anina
ej qperinents have shed |i”~t on the nature of the physiologic damage and NO
dose re”xHTse curves:

1. Experinments measurincf alteratiais in puiinonaiv function. -Biochenica

paramet ers of exposure have been detected as lew as 752 xig/ m (0.4 ppn).

2. Experiments inducincr susceptibility to pathogenic bacteria. One study

has shewn an excess in nortality (after bacterial challenge) following a 3
hour %é?osure to NO at ocxicentraticais as lowas 1 ppn (Lindvall, T.,
1985). ~

Whi | e NO studi es have been performed at |evels above 10 ppn, EPA has judged
that this caicentration is the maxi numat vAiich animl studies provide relevant
data to estimating the human heeilth effects of anbient or near anbient
ccax3entraticns of NO_ (USEPA, 1982). No studies so far have shewn that NO is
a carcinogen, even at hi”™ ccxx3entratiais.

An unusual aspect of the toxicity of NO_is a delay between exposure and
observed health effects (USEPA, 1982). The nature of this tertporcil sequence is
inportant for understanding the toxicity of NO_ and has inportant inplications
for the effects of both short-termand laig-terme”gxssures to this eiir

pol lutant. Ihis trend has been observed in many sgeciss despite the

differences in NO2 sensitivity among these species and the many different
ent?ints of toxicity (USEPA, 1982).
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NO* water solvible and can be absorted in the nuoous lining of the

nasopharyngeal cavity vSiere it cawerts to nitrous and nitric acid (Lindvall
T., 1985). Few data examning respiratory tract v ptake and transformation have
been published, but it seens that about 50-60% of inocming NO is retained in

- - a= -
ani mal s (USEPA, 1982) Kadi ot raoer studies in ntxikeys have shcvTn that NO. is

fairly vmfonnly distributed in the Ixmg and retained for a prol OTi ged period
(USEPA, 1982). A significant fraction of NO_ is not renmoved in the i;5)per
airvays, and this penetrates de® within the lung to produce its toxic
effects. Because of its hi”™ reactivity, the predcm nant response observed on
the inhalaticxi  of NO is direct injxary to the tissues of the lung, possibly
resulting in cell death. "I he magnitude and site of the injury resulting frcm
NO exposure will di*)end xxpcxi the ocxicentraticai of NO- vAiich was inhal ed
therefore, the absolute degree of rexH se will depend xjpan both the rate and
magni tude of respiraticxi and the NO- ccaxjentraticxi (USEPA 1982)."
Mor phol ogi cal Iy, the danage caused in aninal pul nonary tissues by prol onged
ej “xDsure to nitrogen dioxide at fearly hi” ocaxentraticaTs (600-2000 ug/m3 or
above) is inflanmatory; signs of brraxiiitis are topical findings in rodents
(Lindvall, T., 1985). Changes in lung norphol ogy and eat physeana-|ike effects
occur at hi”ier esgxDsure levels, with resultant decrenments in lvng functic»i

| he nost obvious effect of ej”xDsure to NO is a change in palLnonary
function. In rats, increased refiratory rates have been observed at 1500
ug/m3 (0.75 ppn) after long-terme>qxDsure (Lindvall, T., 1985). The same
effect has been found in other animals at hi”ier levels (ncxi-human primates,
gui nea pigs, cats), eilthcu® the sensitivity between "jecies varies.

Increased susceptibility to airway infecticai etfter efgxssure to NO* has been
deaoKMrstrated in a nurtiDer of aninal ej”jerinents. Fol  owing e}”*x3sure to airtome

bacteria oanbined with a 2 hour esgxssure to NO at oonoentrations of 6,600
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ug/nﬁ (3.5 ppm) or above, the nortality antxig exposed mce, hansters, and
squirrel ncai keys was hi”ier than ancaig control animals (Lindvall, T., 1985).
Mrtality due to eMdgenous infectious agents is influenced nore by the
cencjentration of NO_ than the eMosure. The EPA ND, Criteria Document (1982)
points out that this chservaticai is consistent with the hypothetical tetrpora
sequence of injury. It is thoutt that palLmaTary damage occurs rs”idly on
e>"xDSure to NO_, but the functiCTied effects of pulncffiary damage may be observed
much later, d'“)ending v*xxi the extent of damage and the systemvAiich has been
vised to measure the damage: bi ochem cal enc”XDints or suso®jtibility to

ai rborne infectioTs (USEPA, 1982). The t"Tpot hesi zed teanporal sequence of
injury and r>air for short-term(less than 8 hours) cme-time ejqxDsures begins
with an essentieilly instantaneous chemccil reaction of NO_ with the tissues of
the reMiratory tract. SuscMitibility to mcroorgani sms begins to rise eilnost
I medi ately, and biochem cal indicators of injviry peak about 18 hours after
exposure; cell death peaks at 24 hours, and replacement of dead and injured

cell's and biochem cal indicators of repair reach their maxi numat 48 hcurs

(USEPA, 1982). Injury caused by NO ccsiceniraticais as Iew;ggzié%%%=ﬁ§/n1(2.5
ppn) may result in excess cell nortality f rent a single exposure of caily 3 hours
(Gardner D. et al., 1977). The injury of a 3 hour exposure appears to be
repedred within 24 to 36 hours after eo”xssure, but not by 18 hours (USEPA,
1982). Ihe increased susceptibility to edrway infections caused by exposure to
HD* ni™t be due to an effect of the gas en the |ung macrophages, the
auooci | liary clearance mechanism or the inraune system (Lindvall, T., 1985).
Lexig-termejAxssures to NO also result in major alteratioTs of |ung
xaor phol ogy (USEPA, 1982). Ihese studies, hcwever, are difficult to interpret
because of the fine gradaticai and slow devel opment of respcxise once the initia

phase of replacenent of cells suscMJtible to NO has passed. |he devel opment
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of an eanphyseraa-|ike disease in ei”jerimental animals requires ocaisiderable time

as seen in studies of rats and m ce.
Heal th Effects: Sunanary

I'n oonclusicn the nost ocranonly oi aserved human heedth effect due to NO_
exposure is increased eiirway resistance nediated by the stinulaticn of |oca
receptors or other reflex nechani sms not necessarily specific to NO
(Lindvall, T., 1985). A nunber of e>5)eriments have shewn that challenge with
NO_ increases brxaichial sensitivity. This leads to the general inpression that
organi sms m "t be nore sensitive to short-termexposures of hi”
conoentrati CTis of NO- than to IcHi g-terme}”)06ures to | ew ccaxjentrations
(Lindvall, T., 1985). This viewis supported by studies cai animals, such as
those by Gardner et al. en the influence of exposure node on the toxlcitY of
NO in conbinaticxi with bacteria. Gardner found that vAien a caistant
oonaentratiai*tinme |level was enplcyed, a short-term exposure to a hi”?
ccaioentration produced a greater effect than exposure to a Icwer oCTxentration
adm ni stered over a Icaiger period. Wth this in mnd and an 0.05 ppn annua
mean expcysare standard to jxastify EPA (1982) ooxilxided that "estimtes of
repeated short-term peak ocaicentraticns of NO possibly associated with
increased reMiratory illness in heroes wth gas stoves are not markedly bel ow
the general range of the lewest (0.5 to 1.0 ppm) intermttent ej"xjsure
caxentrations found to cause increased suso™xtibility to respiratory
infecticxis in animal infectivity nodel studies.” In order to attribute health
effects to NO e>qx3sure nore hard data cai |evels actually encountered by
i ndi vi dual s i s needed.

To put these cax:lusions in perspective, anbient air NO ncaiitoring results
indicate that peak |-*our NOrarely exceeded 0.4 to 0.5 ppm (USEPA, 1982).

Long-term annual average NO- oonoentraticxTS exceeding 0.05 ppm the EPA annua
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standard, were only fcund in a few scattered |ocaticais, nostly in Southern

California and Chicago (USEPA, 1982).
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Materi al s and Met hods

Stixfy Pcpulation. The study pcpul aticsi vere volvnteers frcan among the
famlies with children at the Frank Porter Qraham Child Devel opnent Center
(FPG and data were collected hetween February 1986 and July 1987. |Vtent”
preschool children fran FPG and their mothers were nonitored for NO, exposure
in their hemes and at the day care center during a seven day period. |he
children range in age fron 6 ncsnths to 4 years ol d. Volunteers were recnoited

Fam |y

Ker osene Spac
1

N

St oves

P O oO~NOO”APM®W

o

Snmoker s
11
12
13
14
15
Ncxv- Snoker s
16
17
18
19
20

Table 3

| Si vent ed Sources

Soace Heater
e Heaters

Kej r osene
Ker osene
Ker osene
Ker osene
Ker osene

None
None
Ncai e
None
None

None
Ncai e
None
| fona
None

None
Ncxt e
None
NOTj e
Nc»i e

Gas Stove

None
Pnpane
None
NOTj e
None

Nat ur al Gas
Pr opane

Nat ur al Gas
Nat ur al Gas

Pr opane

None
Ncxi e
None
NcHi e
None

None
Hone
None
NCTi e
None

No.

Snoker s

P NE NN OO R PFRR P ORr OOQ

(el eolNolNe]

Potential NO Sources innSgudy Hcnaes

Vent ed
Heat i ncf

al

Pr opane

El ectric

El ectric

El ec. Baseboard

Gas

Pr cpane

Nat ur al Gas
Nat ur al Gas

Pr opane

Ker osene
Nat ur al Gas
Nat ural Gas

El ec. Heat Puirp
Nat ural Gas

El ec. Heat Purtp

El ec. Heat Puirp
El ec. Baseboard

Nat ur al Gas
El ec. Heat Punp

Ccxnnment s

*

Moved

it
Moved

Gas Dryer

Hram |y moved to a new residence between the first and second nonitorings
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fcon heroes in 3 potential ei”xasure categories, and a ccaitrol grot®): 1)
kerosene "aoe heater xisers; 2) gas stove users; 3) tobacco smokers without
vivented ccnbusticxi appliances; and 4) ncai-tobaooo smokers vdthout vnvented
ccnbustical appliances. There were twenty famlies were included in the stuch;
two of the famlies in the kerosene ejgxjsure category and 3 fromthe gas stove
exposure category were also smokers. One of the famlies in the kerosene
e>x3sure category were also gcis stove users. A ccnplete description of each
famly's eo*xasure to cotribustion appliances, tobacco smote, and their centra
heat source is listed in Table 3.
NO Mxiitoring Techni ques

Mbst studies of perscaial e *xDsure to NO- rely eilmost exclusively on
passi ve nonitors kncvmeceis Pal mes tubes. These are ccsisidered less reliable
than the oonventicxvG "gold standcu?d," chem|indnescent monitors, but are far
more caivenient for measuring perscaicil ejgxjsures. In this study both
monitoring techniques were used: Pal mes tubes and ocartinuous chem | urainesoent
Bendi x 8081 Oxides of Nitrogen Analyzers (Bendix instruments subsidiary was
purchased and i s new operated by: Ccnbusti Ol Engineering Incorporated, US
219 North, Lewi shurg, Vst Virginia 24901).

Continuous Maiitors. Qo»Ttinuous chenilum nesoent ntaiitors, vdiich are EPA'S

reference method for neasuring NO,, provide both peak short termlevels and
average oonoentratioi over any period of tine. They do not neasure NO
directly. Rather, they obtain NO ccaxsentraticxis by measuring the |um nescence
produced by hi”™ energy NO during the gas phase reacticxi between NO and
ozcMe. The instrument has two sanpling phases; in the NO phase it diverts a

portion of the saitple air to areducticai catalyst that ooawerts NO, to NO. NO
originally present in the sanple reanains unchanged. The seccxid phase, or NO

channel, is not ccnverted. The two sanples are then analyzed by the
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| vradnesoenoe chairtoer. I'he instrvment interprets the measured ocaioentrations as

NOy=(NO + NO-); thus the sanple NO_ cxanoentraticai is determned by the
differencje betweai NJ. and NO phases of sampling (Bendix, 1977).

ThB Bendi x ncxiitors used in this study are sensitive in the range of 5 to
500 ppb NOp. I'hey sample 150 cubic centinmeters of edx per mnute using Thanas
vacuum punps (purchased frcm Southern Fluid Power, Late Wlie South Carolina,
29710) end the inlets were fitted with one ei“th inch diameter teflon tubing.
The mexiitors were calibrated using a Bendix 8861 "suitcase" calibrator and
nitric oxide span gas purchased fromAiroo Industrial Gases (Research Triangle
Park, North Carolina) and certified by EPA-Research Triangle Park

Passive Itoiitors. The Palnes tube is a passive NO_ or NO monitor that
provi des an average e"iposure |evel over a week or ntxrth. Palmes tubes have
typiccilly been used for amweek e*xssure periods, both indoors and outdoors,
and for persCTial mcMitoring. The principle of cperaticxi is based on Pick's
First Law of Diffusicxi (Palmes, E.D. et al., 1977a):

J= -D dC dL
Wher e:

J = amount of NO passing throu™ a unit area per unit time” noles/an -sec
D =diffusion coefficient = cm/sec
C = coioentration = noles/cm
L = diffusion path length = cm
lhe ri™t hand side of the equation is negative sinoe flux is in the direction
of decreasing ccaicentraticoi, i.e. as L increases C decreases (Palnes, E D. et
al., 1977a)

Khen the above equation is used to calculate the quantity of NO
tranM)orted by nolecular diffusiai throu® the tube in a given tine, it nust be
modi fied to include the cross-secticnal area of the tube. A and the time for

VAiich the flux persisted, t. The total equaticH becomes (Palmes, E D. et al.
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1977a):

Q=JAt = -DCL A

Wher e
Q= Quantity of NO transferred = noles
A = cross-sectioncLL area, of the tube = cm

time = seconds

The quantity of gas transferred, therefore, d*jends cai the three constants, D,
A, and L, and the two variables, C (ocaxsentration) and t (time).

The sanpler depends an the transfer of NO2 by diffusionto a
triethanol amne (TEA) coated collector at the sealed end of a tube; the gpen
end of the tube is exposed to the test envircainent:

"The quantiti”™ of gas transferred by diffusion fromthe environnment
throu® an orifice of kncwn dimensions into a chantoer maintained at
substantially zero ccaxentraticai by a suitable collecting medium [TEA] can
be used as the basis for calculating average conoentrations during the tine
the sanpler is in the envirtximent (Palmes, E.D. et al., 1977a)."

TEA was sel ected as the absorber instead of other reagents for several reasons:
it captures NO_ very efficiently, can easily be coated on to solid materials,
and the TEA-NO ccxrplex is very stable. The mninumsanpling period is
d"jendent i”xan expected NO ocxicentratiOTis; the detecticxi Iimt of the Pal mes
tube is 600 ppb*hrs (Mjahad, A M, 1986).

Pal mes (1977b) reports a 97% 102% efficiency (in |ab studies) for the
sampl er and a precision of +3%as ccnpared to the chem | um nescent analyzer
These devices have al so been ccnpared with standard chem | um nescent NO_
ncaiitors by Warren Spring Laboratory, Lawence Berkeley Laboratories, and the
U S. Naticxial Bureau of Standards. "Aocuracy has been shown to be better than
+10% Replicate sanples indicated an absolute difference of 10% Hence, these

N2 devices are accurate to within 10%and have a precisicxi of 10% (Dodkery et
al., 1981). In a stud/ by Coldstein and co-woricers two nBasurenents of NO

| evel s were obtained in each of 507 kitchens. The difference between the pairs

of readings was less than 10 ppb in 63%of cases and | ess than 20 ppb in 83% of
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the cases. The lower limt of sensitivity of 600 ppb*hours makes these devices
suitable for week-1caxf integrated measurestents at antoient |evels (Myjahad

A M, 1986). Palmes tubes are inexpensive, vnobtrusive, and have been used to
obtain average indoor NO_ levels in a nunber of |eunge sccde studies (Spengler,

J.D. et al«, 1983b,1984; Melia, RJ.W et al., 1978,1979).

Li ke any other sanpling system Falioes tubes have limtaticais. Results are
r°xDrted as average ccxx3entraticais for the period saitpled: they give no
infozmation about pestk e>g)osure levels, and acute levels are nost |ikely nore
inportant in terms of human health effects (Lindvall, T., 1985). Rirthernore,
diffusicxi theory predicts caily a 1.7%change in the sanpling rate with a 10
degree C change in tenperature at 21 degrees C (Grman, J.R et al.). TEA
however, has a liquid-solid phase transiticxi at 21 degrees C. Gnnan et al.
have found that the collection efficiency of the sanpler is d*jendent on
tenperature, with the collection efficiency decreasing 15% frcm96%to 82%
vhien the tenperature decreetsed front 27 to 15 degrees C. This change in the
Cc xture efficiency woul d under-report actual vcLLues, thus fal se positives (hi?
readings) would be less likely at the te9oi)eratures found in this stuc®. The
cause of the variaticxi in collection efficiency wth phase is unkncwn. [f it
IS due to the kinetics of absorpticai, the possibility exists that the sanpling
rate is concentration dependent at |ow tenperatures. Gnnan r*xarts an 87%
col lecticmefficiency at 21 degrees C, lower than the efficiencies of 92-95%
r*xarted by Palmes (1977a) and Woehkeriberg (1982).

| he Pal mes tubes used in this stucty were purchased frcmthe Harvard School
of Public Health Six Gty Air Polluticxi Health Study Goup (Harvard School of
Public Heeilth, Canbridge Massachusetts) and devel oped by Anthogy M Myjahad,
the Qualily Assurance/ Quality CXxitrol Officer. lots of 100 Pal mes tubes were

purchased, e>5XDsed, and returned to Harvard for analysis within six nmonths of
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initial aogiiisiticai date, viiichis wthin the shelf [ife lijnit for this
sanpler. Results eire chtcdned by neasuring the absorbanoe of the diazo
conpound of NO- and NEDA in the presence of a color reagent (NED2"=tJ-[I-Napthyl]-
ethyl ene diamne di hydroctLLoride) (Mjahad, A M, 1986). Ihe sanples are

nmeasured at 540 nmand ccxiverted to nancnoles of nitrite bcised an the forced
regressicxi coefficient of a standard calibraticai curve. At |east 5%of the
tubes in each lot were field or laboratory blethlcs.

Ei 7x3sure Assessment Protocol. Hones were nonitared for omweek during the
heating seascai (Novenber-"ril) and another during the sunner rocsTths (May-
Cctober) . On the first day of the monitored week (usually Sunday) the
chem [ umu nescent nonitor was instcdled and questicainaire data collected to
i ndi cate heating, cooking, and smoking status to document possible NO
sources. The inlet of the chem |umnescent nmonitor was placed in a location to
sanpl e edr fromthe evening activity roomof the child. One Pal mes tube was
attached approxixaately five inches fromthe end of the inlet tube for the
chem |\'minesoent mentor. At the sanme tine individual Palmes tubes to be worn
by the child and mother were opened. Parents were also instructed cai record
keeping on source use and the heating systemwas checked to ccaif irmits t*' pe
and ventilaticxi. A second chem|iimnescent mcxiitor recorded NO- levels in the
child's classrocmat school. On the seocaid day of the week the in-home
chem | xm nesoent nonitors were calibrated (NO “an = 400 pgb) using the Bendix
8861 suitcase calibrator. Continuous ntaiitors were recalibrated before they
were unplugged at the end of the ntaiitored week. The in-school continuous
monitors were calibrated weekly. Thus for each subject there is a ccaitinuous

record of e“gxssure at heme and school as wel| as an estimate of average

ejgjosure fromthe Pal mes diffusicxi sairpler.
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Data Anal ysi s. For eacii participating fanmly five different measures of
NO es”xjsure, or response variables, were obtziined. Pal mes tubes results were
rAxDrted as FPb*hours. A Textrcnics digitizing tablet (cxxirtesy of the UNC
Department of Geogre”iiy) was used to ocnpute the area xnmder the cajrve frcmthe
Hhfm 1 nmi Tv>gri P>Tiri- nonitor Strip charts (c.f. Figure 1). The area under the
curve values obtedned fromthe digitizer were ocawerted to nmean ppb NO per
week using the |otus spreadsheet package to divide total NO* by el”)sed tine
mexiitored. I he five respoTse variables neasuring perscHi al and in-hcnme NO
levels (in ppb) are described bel cw

1) OCMI? - seven day in-hone chesnilum nesoent ntaiitoring val ue.
2) HSOQJ - a ooDdbination of hcrae and school chemnilum nescent nonitoring

val ues. lhis re~xiaise variable is the wei”ted average of NO |evels at
school and at hene. I he assunption xased in creating HSC3CWis that the
child is at hone vftien not in school. I his vcdue, then, is the closest
~prc&dLmation of a child' s perscfial e>gx)sure using a chem | um nesoent
nmoni t or .

3) FH7D - Pal mes tube in-hcroe valvie. This tube was attached to the
chemi [ um nesoent ntxiitor inlet, to provide amindicaticxi of Palmes tube
reliability.

4) PKID - Pal mes tube worn by child.
5) BCM - Pal nes tube worn by the child's nother.

HSCE»J, PKID, and HCM are indivi dued. eiqgxDsure averages v”"iereas (XNH7 and FH7D
are average |levels obtciined in a subject's primary mcroenvironnment. Two

Pal mes tubes were | ost over the course of the study, both by nothers, hence
1901 is Mort aots. ctsservaticsi in each of the mentoring seascais.

Statistical analysis was dcx>e using PC-SAS (SAS Institute Incorporated, Box
8000, Gary, North Carolina). Paired mean T-tests were perforned using Proc
Means; regressicxi analysis was perforned using Proc @M

Continuous Itoiitor Data Qucility Assurance. Chem | um nescent rmont or
calibration data were checked for error. No ccaitinuous noiitoring data was
used if the monitor calibraticxi changed nore than 10% over the course of a

week; most calibraticns changed | ess than 3% over the course of a week.
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The mexiitors used in this stucty were tested for a low level response to
elevated relative humdity, v*iicJi could possibly lead to overestimation of NO
| evel s. Ihis phencroena has been observed in Bendix 8101 Cddes of Nitrogen
Anal yzers, but is e parently ntaiitor specific (personal ocranunicaticM, Dave
G nble, Environroental Mnitoring Systeaaos |ncorporated). Monitors were zeroed

using dry air (relative hvanidity <30 % frcro the Bendix 8861 calibrator and
then sanpled humdified edx (relative humdity > 72 % for as little as 3 and

as many as 7 hours. Five replicate experinents were performed cai four
mesiitors lased in this study. I'he amount of change in the zero was recorded

fromthe strip chart recorders as a positive or negative response (ppb) to the

increased relative himidity.
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Resul ts

Reliability of Palmes tubes verses cJieanilxmdnesoent ntaiitoring results was
assessed using vmvariate regressicai analysis. Table 4 lists the correlation
coefficients for ccnpariscaTS of chenmi|um nesoent verses fixed Pal mes tubes,
fixed Bal mes tubes verses persOlial Pal mes tubes, and two personal Pal nes
t ubes. I he regressicai of FH/D en CX»QOT7 gives the equaticx
PHTD = 2.8ppb + 0.9400:0'7 (P=1121; d.f. 2,19; P >F 0.001) with an R of 0.97.
Ihis indicates a very hi™ degree of precisicai between OOIrtinuous nmonitors and
Pal mes t ubes. The regressicai of PKED cai HSOMI yields the equaticai: PKED = 6.0
+0.64HSCal (F=192.3, 1,39 d.f., P> F0.0001) wthan R* of 0.83.  These data
indicate that thou® chem | um nescent nonitors provide a close e*proximatian of
perscai al expcjsure, Palnmes tubes are nore precise indicators of the variability
in perscaicil exposure. The variability between measures of the hcrae
m croenvircM nent and personal ejgxasure is due, ntast likely, to to an individua
spending nore time away frcmthe fixed sairpler's nicroenvironment, as can be

) = . . - .
seen in the lower R for the sunmmer nonitoring seascai.

Tabl e 4
Uni variate Regressicai Ccnparing Perscaial and Mcroenvironnment NO,  Levels

regress3ion ncxaeis gre signiric

r2
Model  (Y=X) Overall R Surmmer W nt er
HHD = OCMT? 0.97 0.91 0. 97
HSa3N = ( XMU 0. 99 0. 96 0.99
PKID = oorav 0.81 0.48 0.81
EMGH = CONH7 0. 90 0.79 0. 90
PKID = HSOON 0. 83 0. 48 0.83
FMGM = | H7D 0.88 0.74 0.87
PKID = rH7D 0.85 0. 45 0. 85
PKID = HCM 0. 69 0. 40* 0.65

Bi gnificant at Prob > F 0.0002

28


NEATPAGEINFO:id=82E51128-629C-4F01-A6AE-A9E86A1685C7


One of the initial aims in this study stuc® was to see if personal exposure
levels differed significantly frcmweek long In-hcme [evels. Table 5 and
Figure 1 data shew overall and stratified (sunmer and winter) mean NO |evels
for the five respcaise variables. The annual mean HSOCN |evel is 3.9 ppb |ower
than HTZD (T=-3.43, P> |T|=0.001) ; all the other means are not significantly
different at the 0.05 confidencse level. Figure 1 is a graphic r”resentation
of soroe of the data in Table 5. Man winter measures of perscmal esgxssure are
two tx> three times the corresponding sunnier levels. Wnter val ues, however,
have much |arger standard deviations, indicating a wide range of source use.
The paired difference T test for the stratified data set indicates that the
sunaner NO' levels r*xarted by HSOCSN were, cmthe average, 2 ppb less than
those reported by PKID (Tt"2.18, 19 d.f., P> |T]=0.042). This indicates that,
during the sunmer, HSOC»J is not as good an indicator of a child s exposure to

NO as PKTD 1 s.

Table 5
Mean NO Levels in Maiitored Henes (ppb)
CXDNH? EH7D HSCON PKI D HCM
Mean +S. D. 17.7 +33.9  19.5 +32.6 16.6 +29.6 16.6 +20.7  16.3 +19.8
Range 2.0-173.9 1.9-152.1 2-139.6 1.4-98.9 2.6-106.2
n = 40 40 40 40 38

Mean NO_ Level s by Season (ppb)

SUMMER CcCVH HTZD HSOON PKI D HO!
Mean +S. D. 7.7 +4.9 10.0 +8.7 7.3 +4.3 8.7 +5.6 9.3 +4.5
Range 2.0-20.4 1.0-32.2 2.2-18.0 1.4-19.7 2.6-18.9

n = 20 20 20 20 19

WN ' ER

Mean +S. D. 27 7 +45.0 29.3 +42.5 25.8 +39.0 23.9 +26.4 23.2 +25.4
Range 2.1-173.9 1.2-152.1 4.0-139.6 1.9-98.9 4.2-106. 2
n = 20 20 20 20 19
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Table 6 lists sunmrer and winter mean NO |evels for the 4 ej*xDsure groins
defined in Table 1. During the summer gas stoves increase indoor |evels nost

significantly. Mltivariate regressicai of perscaial ejgxasure |evels on source

Tabl e 6
Summer and Wnter Mean NO_ Levels (ppb) for the 4 E}$X)sure Categories

SUF MER
Exposur e CCSNH7 HT/ D HSCDN FKI D B« M
Ker osene 7.4 7.3 9.3 #10.7 7.3 5.7 8.2 £3.7 8.8 #5.8
n= 5 5 5 5 5
Gcis Stove 11.5 #4.7 17.1 #10.7 10.9 #5.0 10.2 6.2 13.5 4.2
n= 5 5 5 5 5
Snoker 7.1 3.0 8.7 +4.0 6.7 +2.5 10.2 +6.2 8.3 +2.6
n= 5 5 5 5 5
Control s 4.7 +2.6 4.9 +6.2 4.4 +1.8 6.3 +4.6 6.0 +2.7
nF= 5 5 5 5 4
W N ' ER
Ker osene 70.0 +81.2 71.4 +73.2 63.3 +69.8 50.6 +41.6 44.1 +41.1
n= 5 5 5 5 5
Gas St ove 22.4 +15.0 26.5 +14.2 20.1 +12.3 19.3 +17.8 23.8 +17.0
5 5 5 5 5
Sndl cer 12.0 #12.2 14.7 £14.6 12.2 #11.7 16. 3 £13.2 16.9 +14.4
5 5 5 5 4
Craitrols 6.4 +3.6 4.6 +3.2 7.7 +3.0 9.5 +3.5 6.8 +1.0
n= 5 5 5 5 5

variables indicates that, during the sumrer, gas stoves and parental smoking
are nmost closely associated with increased personal NO exposure as neasured by
FKID (T=2.33, P >|t| 0.032 for stoves; T=2.55, P >|t| 0.02 for smoking).

Sumer time mean NO2 persaial ej”xjsure levels are not significantly different
for any of the four exposure gnxps (P > 0.05). During the winter iKaiths

kerosene space heater increase the indoor NO |evels significantly. Man
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Figure 2. Chem [ um nescent monitor strip chart trace of NO levels during

kerosene heater use. One percent on the Y axis is equal to 4 ppb NO; chart
zero Is at 5% of the Y scale. The X axis units are hours.
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level s in the kerosene heater heroes are, on the average, more than two tines
the levels in gas stove hcnes and ten times the mean NO- |evels of the control
grot?) honss. Personal ei”xasure |evels followthis same pattern, and

mul tivariate regression using the three souroe variables indicate that stoves
and kerosene heaters ej™lain 63%of the variability in perscHal NO_ levels (P>
0.05). In the winter tinme parental snoking is not significantly associated
with a ctiild s perscsial NO- ei”josure, but this is ntsst litoely due to the mich
stronger gas stove and kerosene heater scuroe variables, Since previcxis
research (Leaderer, B.P. et al., 1986) and the sunmer seascsi ncaiitoring results
fromthis stuc® indicate that smoking is associated with a small but
statistically significant 3-5 ppb increase in indoor |evels.

Figure 2 is a photocopy of a continuous nonitor strip chart froma hene
viere a kerosene ntaiit:or was being used. 1fO levels c*proached 300 ppb and
stayed above 100 ppb for more than an hour. lhis suggests that nean val ues, as
measured with Pal mes tubes, do not reflect ejgjosure |evels actucilly existing
vJiile sources are in use.

Figures 3 and 4 investigate the relaticxiship between average e>5X3sure, as
measured by Pal nes tubes, and peak exposure |evel data collected using
chem | xj m nesooTt nmcxiilaDrs. In 40 weeks of in-*icroe mcxiitoring there were 9
weeks with at |east cxie peak of 100 ppb or greater, and 7 of these were during
the winter mc iitoring seascxi. 100 ppb NO was chosen as a reference point
because that is the lowest ocax3entraticai at vAiicti hijman esiposure research
surest adverse effects in sensitive individuals (USEPA, 1982). Regression of
EH3M CTi percentage of the week with |evels > 100 ppb indicates that HCM
(Ff:O. 85) reflects source vise more closely than FKTD. Ihis woul d indicate that
mot hers spénd nore tine in and around ocnbusticxi sources than their children.
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Di scussirai

Pal nes Tube Reliability and Personal Maiitoring

NO nsasuremaits taken in the same static locaticxi with both
chem | um nesoent NO_ anal yzers and Pal nes tubes gave very sinmlar results.
Henoe it "jpears that Pal mes tubes provide a reliable neasure of in-home NO
| evel s. However, cztenilum nescent nonitors and Pal mes tubes do not give the
same measurenment of personal NO_ ej “XDSure, presumably because it is not
possible for stationary ntaiitors to estimte personal exposure as well as
Pal mes tubes. Pal nes tube perscxieil ncaiitoring provides the best neasure of net
exposure for individuals, especially during the sunner nonths vAi en people spend
nore time with windcws open, outdoors, and/or away frotn ocrabustion sources. It
is cLLso clear fromthe data in Tables 4 and 5 that ntaiitoring a nother is not a
substitute for ntaiitoring her child. Total NO exposure is nore easily
predicted with in*ione ncaiitoring of than by ntaiitoring a famly nenber: the
correl ation between FKCD and FMCM (R2:0.69, 0.4 during the sumrer) is not as
strc3ng as the oorrelaticai between PKLD or HCM and any of the inH one data
val vies (EH7D, CX3NH7). Apparently during the winter the home mcroenvirconent
provides a mgjority of an individual's e>$)osure to NO,. This si®jports earlier
research shewing that net perscaial expc3sure is determned by exposure in the
series of different mcxoenvircaTments an individual passes throu® each day
(Dockery et al., 1981).

| hus Pal mes tubes provide a ocawenient, reliable, and cost effective
neasure of mean NO_ exposw e and m croenvircai ment |evels. Ciiem|vtmnescent
mcaiitoring equi pnent accjuisiticai, operaticsi, and maintenance ccasts run well
into the tens of thousands of dollars, d*sending on the cJuraticai and sccpe of
the stuciy. Pal mes tubes cost $7.50 eiec» to purchase and anal yze, viiich

transliates to | ess than $2000 over the course of this stui?.

36


NEATPAGEINFO:id=D08A020A-3759-42A2-94A4-BCCEC0DCFE8B


E2$x3sure Assessnent

| he most inportant questicai in this stucfy is the relationship between peak
| evel s and net eaposure. The data in Tables 5 and 6 clearly shew that w nter
time ccratustion appliance use provides a majority of an individual's annual net
ergxDsure: winter NO averages are 15-50 ppb hi”*ier than hemes without
ocni busticai sources. Oiese results are ccxisistent with results of Spengler et
al. (1983) and Leaderer et ". (1986) viio used Pal nes tubes to assess indoor
| evel s, but not perscxial exposure.

Figures 2 and 3 “ew the relaticaiship between peak NO, levels greater than
100 ppb, as measured in-"icroe 1.” the continuous nonitors, and net dose as
measured by an individual's Palmes tube. Wth only 9 weeks of data with peaks
greater than 100 ppb (7 of themoccurred during the winter nonitoring season
with) it is difficult to make substantive ccxxjlusicxTS ccnceming peak es*xDSure
levels and their relation to average personal e*‘xssure levels. lhe data in
Figure 2 are inocxisistant, sinoe cx>e individual with very |ew net exposure (1.9
ppb/week) lived in a heme vAiere peak |evels were >100 ppb al most 10% of the
week (most of these in-4Kxae peaks occurred vdien the child was not at school).
One can only conclude that this child spent a majority of his time away frcm
cxxnbusticsi sources. lhe regressicKi of either FKID or 1901 on the percent”e of
the week with levels greater than 100 ppb shews a feiirly strcaig correlatica
bet ween HOM and peak |evel s >100 ppb (P=39.6, P >F 0.0004), R* =0.85). Ihis
same relatiaiship is not nearly as strcaig for FKID, indicating that, in this
stucfy, children *jent |ess ttne near conbustion sources than their nothers.
I his means that thou™ hi”ier average exposure and source informaticai could be
\jsed to predict the nunber of peak e}*)osure greater than 100 ppb NO* cma

weekly or annual basis, it is no substitute for direct personal real-time
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monitoring. VBiether these levels translate into specific heeilth effects
cannot be said for tsertcdn, since the relationship between ejgxssure and effect
s not well defined. Ihe pending analysis of urinary hydroscyproline |evels
fremthis populatitai could provide sene insist into the physiologica
relationship between |ung damage and peak |evels, and perhe®JS help clarify the

ei gxDsure effect relaticxiship.

Sour ces of Bias

There are two itain sources of bhias in this study. The first is self
protecticai. Tliis would bias the results by |owering NO exposure, tut does not
seemsignificant in this case since NO levels are still above the Pal mes
threshold [ evel. Mreover the levels found are ccxisistent with other
mxiitoring studies (Docitery et al., 1981; Spengler, J.D. et aj., 1983b).

The nost inportant avoidable error in this project is the effect of
relative humdity en the performance of Bendix Chem|vndnesoent mMitors. In
outdoor monitoring studies ty EPA's CHAMP program these ncxiitors were shown to
over r*xart NO " some cases VAien calibrated with dry air (relative hiimdity
| ess than 30% and sairpled edx at a different, usually hichier, relative
hum dity (personal ocmunicaticai, Dave Gntole, Environnental Maiitoring Systens
Incorporated). Furthernore the humdity effect is ncaiitor *jecific: in sone
over reporting of levels occurs, in others \jnder r*xDrting. | performed
severed, r™licate eo®jeriroents cxi the 5 nOTiitors used in this study to test the
hum dity effect on the output readings at the lower end of the sccile (vAiere the
majority of the readings in this study occurred). | found that each instrvm ent
varied sli”tly, but that caily one instrument over r”xarted |evels
significantly: 4 ppb (1 %of scale). Ihis effect was not consistent at 4 ppb

and may have been due in part to zero drift. Mreover since 2 of the machines
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di splayed sli”™t negative effects (< 2 ppb) the overall humdity effect seems

to introduce an acceptable level of error into this study.

Keocnt nendat i ons

Met hods of Reduci ng NO E>qx) sure

Inli~t of these results and ccai oemby the scientific coninunity about the
overal |l effects of indoor edx polluticxi, efforts to reduce NO ejgxasure seem
justified. Mdst people spend 75%of their time indoor and susc?jtible
popul aticais spend virtually all their tine indoors; therefore actual ej”xasures
are often characterized nore accurately by indoor neasurenents than outdoor
measures (Sextcai, 1987). The relaticxiship between NO_ and i”*jecific health
en*xjints is, however, not ccax:lusive. lhe nost that can be sedd is that NO
is a potential and hi”™ily plausible health problemand that peak ejgxssures,
such as those found in this stuc®, "l ould be reduced, eMecially for sensitive
popul ati OTis. How to inplement legislative or regulatory soluticais in an
essentiedly vnregulated field is an open questicxi at this tine. No overal
governnental strategy exists to provide a coordinated, well-nanaged
preventative approach to reduce emssicxis or reduce existing |evels (Sexton,
1987).

Peseardi into control of gaseous incaoor pollutants sucii as NQ2 has taken
two courses: ocxTtrol systens aixi dilution by fresh eiir (Mschandreas, 1987).
Neither seens particularly premising at this point. Ccaitrol technol ogies, such
as integrated systens eafrploying desiocant beds that absorb water vapor, NO
and other pollutants, are feasible but esipensive for heroes (Mschandreas,
1987). Dilution will not necessarily lead to acceptable pollutant |evels
because em ssicai rates of ccnixisticxi appliances vary wdely. Mschandreas

(1987) points out that thou® ocntrol devices exist, they are subject to over
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estimation of aczual performanoe. Ihcu® it is clear that people want clear
i ndoor edx ocaisunier interest is driven al nost exclusively by publicity.
Moreover the public is not vdlling to pay nore than $ 150 per year for cleaner
i ndoor air (Mbschandreas, 1987). |herefore ccxTtrol devices nost be inej”jensive
and virtual ly maintenance free. Thus to nmeet Icaig termgoals of decreased
ej xssure prevention seens the best strategy.

H e preventative approach enploys source renoval, redirecticai, and
I nproveament (Mschandreas, 1987). Ihe sinplest preventative acticxi, source
removal , has garnished ccxisiderable si®jport in recent years, as wtnessed by
the increasing attettpts to adept legislaticxi to prevent snoking in public
bui | di ngs. Snoking, however, is the smallest ccaitributor it indoor NO
| evel s. Source redirecticai, such as venting of gas stoves, renoves as nuch as
75% of ooTtam nants froman unvented gas top burner (Revzan, K L., 1984).
Source inprcrvenment research continues—+aproved two stage kerosene heaters em't
less CX) and NO. (c”proximately 50%|ess) than nodels currently in use, and
electrraiic ignition en unvented gas e"jpliances elimnates as nany as three
pilot li~ts and thus prevents el evated base |ine |evels indoors (Mschandreas,

1987).
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Policy Triplications

Despite increasing awareness and ocai oem associated with indoor air
pol luticxi no collective effort has been viede to deal with the problem
Existing laws, such as NAAQS, e”ply cxily to the outdoor environnment. Severa
agencies are currently involved in studies (DOE, EPA, HUD, and the Qaisumer
Product Safety Ccranissicai, viiich provided sane of the ntaiey for this stucfy),
but no one agency has the authority, respcaisibility, or seemng interest to
address the issue. GD s report to Ongress on indoor edx poll\ition
reocranended that EPA, throu modificaticxi of the Clean Air Act, be given
jxirisdicticxi, because of its previous e}*}erienc:e in air polluticai (Sexton, K
1987). The major problemwith regulating indoor |evels is the sheer magnitude
of the enforcement of any standards, especially standard s that would clearly
etffect aspects of life-style such as smoking and cooking habits. Another
regul atory option incliides iitposing requirement c* the iDanufacturers via the
Consumer Product Safety Ccraoissicxi and establishing standards for builder and
desi gner vnder the auspices of the Anmerican Society for Heating, Refrigeration
and Air ClexiditicHing Engineers. In the absence of a single organizatica
ocxnnitted to overseeing the problem increased public awareness i s inportant.

Qonincn ccai sensus indicates that indoor air polluticai is a potentially
serious prchlem The average week long winter time [evels found in 2 of the 20
stuc® hemes were wel | above EPA's annual mean of 100 xigfn1(50 ppb). EPA has
no short termstandard for NO; WHO (1977) has reocranended a s"ort-term
standard of 170 ppb (320 vigAAE as a 1 hour average). This limt was exceeded
nunerous times in the 2 homes nentica>ed above. Enforceantent of any such

standard wcul d, hcwever, be difficult, and di*)end cai the situaticai and

sopublicness" of the twilding (Spengler, 1983a). Eventually there my be added
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pressure due to public demand and industry's refusal to accept full VADrker

liability claimng in-hcrae es*posure may create a more suso®jtible individuclL
Since short-termej"xDsures are critical, effort should be focused en

i dentifying peak ccwioentraticais and protecting the pcpulatioi at risk. Policy

makers ultimtely nust bal ance energy coiservaticxi nmeasures against the costs

of deteriorating indoor air quality. If intervention is necessary policy

alternatives such as eccxxwiic inoentives, educaticxial efforts, and definition

of ri*ts and liabilities is necessary (Spengler, J.D., 1983a).
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