
fl/6sg

prvc t<c<
511

C- U{{ 5

INFILTRATION AI{D AIR QUALITY IN I{ELL-INSUI.ATED
HOMES: 3. MEASUREMENT AND MODELING

OF POLLUTAI.IT LEVELS

lllchael D. Koontz, M.S., and Nfren L. Nagda, Ph.D.
GEOMET Technologfes, Inc., Rockvllle, Md., U.S.A.

Abstract

Indoor pollutanÈ levele ln well-lnsulated housee are belng
lnvestlgated ln a 2-year theoretical and expertnental study
lnvolvlng the slnultaneous treaaurenent of Deteorologfcal varlables,
air exchange and cfrculatfon, and energy consunptt,on. Thls paper
descrlbes concentratlons of radon, radon progeny, fornaldehyde,
carbon monoxÍde, and nltrogen oxldes obeerved 1n two houges over two
seasons, sunner and fall 1983. Two coopanlon papers provlde a
Perspectlve on the problen and the study deslgn, and present resurts
of energy use and lnfiltratlon rneasuremenÈs.

Exoerloen tal Setup

In this proJect sponsored by the ElecÈrlc power Research
rnsÈlEute, pollutant levels lnslde and outslde tlro ldentlcally
congt,ructed housee have been uonitored durlng the sunîì€r and fall
of 1983. The EonÍEorlng fs contfnulng through the 1983-84 wlnter
season. One of these bllevel houses, termed the expertmenÈal house,
was retroflÈÈed to reduce lÈs alr leakage rate by 40 percent, as
measured by the fan pressutLzacLort/depressurlzaËlon meÈhod, and was
equlpped wlth an alr-to-air heat exchanger. The other house was
left ln lts lnlttal state of constn¡ctlon Èo serve as a control;

Levels of carbon nonoxlde (c0), nltrogen dloxlde (No2), radon,
and radon progeny are oonÍÈored contfnuously in Èhe upstairs and
dow¡stalre zones of each house as erell as ouÈdoors. The nonitorlng
data are sr¡nna¡tsEd as l5-ûlnute averages by an onslt.e data logglng
systeo. rnhalabre partfculare (rP) and foroaldehyde (HcHo) levels
ere trear¡ured wlth lncegreced eanples over nlnlnum collecÈlon pertods
of 24 hours.



5t2

r "r lJeehly experloenÈe havé been deflned fn terus of Ehe circulaÈ1on
fan eeEtlng fôr both houses and the heaË exchenger, flow raEe for the
èxperlnental house (1). The clrculatlon fan ls parE of a cenÈral
'forced-alr sysÈeE for heatlng and alr: condfÈlonlng. Thls fan 1s
elt.her kepc off constanÈ1yr-;kept on cof¡s.,tanÈly,¡ or allowed Eo operaÈe
when heatlng or: alr. condlt,loning,,ls denanded. Wlch thls latter
selcfng, whlch represenÈs t,he crlsßomaryt mode of operatlon 1n U.S.
households, the heat exchanger ls either Èurned off, operaEed at lts
naxlnun flow rate, or opereted aE one of two fnceruedlate flor¡ raÈes
terned low and medfum. .Th.fs paper reporEs Èhe effecÈs of selecEed
fan^'and heat bxchanger seÈ.Elngs on lndoor pollutant levels, based
nirlnly on data collecced.,durlng the sutrmer of .1993.

i ii{i

Carbon Monoxlde and Nftrogen Dloxide

, Table I shor¿s the effect of Èhe'hea;t exc.,þanger and range exhaust
fdn'on upstalrs.rC0 concentratlons followlng use of Ehe gas range.
Both peak and 8-hour average concenÈraElons are reporEed ln Èhe
table. The'tange, Jan was operaÈed¡;enly whl,le Ëhe range was ueed,

. whêreas, the .rheaE,Þxchange.r Lqas oper-a.te.fl co*-cl,pupusly. A1Èhough both
fnltlal; lrrdoor corÍcentratia.ne ¡and +vqraSe :o-u:tdpor concentratlone htere

:'.q'utrBê low.ri-thefr respe"c^ttve' effeqÈs:on peak-ran4:average concentratlons
. uére reimoved r¡trÈh Ehe ald of nass-.bal4nce mg$q¡{'r}g.
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Table 1. Effect of heat exchanger and range exhaust fan on upsÈalrs
C0 concent.ratlons followlng gas lgnlËlon.*
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The fl,guree ln Table 1 tndlcaÈq-, that the range exhausÈ fan
reduêed peak,conoentratlons by over'þ0 percenÈ 1{r,both houees, but
the heat exchanger did.,not reduce the peak concentraÈlon. The heat
exchanger reducÃd Che 8-hour average. concentratlon by over 60 Percentt
and tnã range fan achleyed nearly the eame reducÈlon. Conblned uee

of the heaE elrchang,er 'ahd range fan reduced peak concentratlone by

over 60 percent and av,era.8e concentratfons by nore than 80 Percent'

In Flgure 1, concenÈratlon8 aeeoclaEed wLth,,.gas range oPeratlon
are shown for four upstÞlrs locaÈlone, one don¡nstatrs locatlon, and

a locaÈlon,têtween the two floors. The cfrcula'tfon fan, range
exhàust fan', and heat,'-occhanger were no,t used dur'lng thls partlcular
perlod. The ga8 range nas operated for a perlod of 40 mlnut€8r

Etarting at approxlnately 1515. Wtthin one hour after the range wae

turned ãn, all- locatlons on the upper floor h¿d efuûflar concentratlons'
:r..buÈ Cq reflected by thelnonltoring sltes at Ehe lnteruedfate and

lower levels, elevaEed C0 concentratlons l{ere esae¡¡tially confined to
the upper level. Thus, although the nlxlng of contamlnante ln the
hortzäätal'' dlreètlon wae excellent' ver¡ical nLxing wae eerlously
hanpered, 'úos't lfkely râ8ì a result of Èhernal gÈrgÈlffcatlon'

i, Ihdoor concentrat.fons 'of NO2 lncreased when, the gas range nag

t opet'ätétl but,lé,cayed qul.te rapldlyti,.r'Masð' balancÞr uodellng was u8ed

'I i 'iriì j tã éeGtuatè rth€, rate;cìorÍEtant f:sr NO2r',Esbublng,e. firat order
i"Tr.'''tg6sgtoti-r,, Egtlndted"reasLlun ratesi varted frOU'i1,..9 to 3.4, wf th an

,:aúe.rdge. of, 2;6.t. 0,2. :rFor each oscãslon',Oi¡ range, use' the rate
constant estlmatee decreased over tlme, lndlcatlng that the reactlon
1s of a htgher order. The nature of the decay reactlon la belng
further lnvestlgated.
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f,Ihen the heat exchanger rrag off, levela lùere 10-15 percent hlgher 1n

the experlmental house. Ihe ratlo decreased aB the heat exchanger
flow rate tncreased; aÈ the maxl.mum flow rate, levels were abouÈ

30 percent loner ln the exPerluental houee'
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IP levels ôr rhe Bqvdy elte.,wepe qufte low in all .uonlt.orlng
¿9nes butiuere alvays lgwer lndoore Çhê0 gutdoors. rndoor-co-outdoor
ratfos uere royeeÈ uhen. Èhe cl.rculatfon fan. wFe,operated conaÈanÈly
,and hlgheec. vhen ßhe heat exçhanger wae operateC qF Èhe uaxlnun flon
rate. Thge, lncrçased.alr qfrcuratlon tende{-Èo lower i¡rdoor levels,
uhereae, tncreased."t. 

:*"nllge 
rended.Èo ralee lndoor levele.

. Radon

TabIe

\adon gaa. concenlratlono and radon progeny wàrklng revele sere
ocaaured wltþ lndependenc tro¡lltorlng devicee. The effecte of the
heat,.exch¿nger and clrculatlr¡n fan on radon revele ìn*tþe experl¡ental
houee are r¡unoarlzed ln lable 2. For the flrst case.pieeentãd ln the
table, nelther che fan nor the heaÈ exchanger wag used. rn the
second case, Ehe fan was used vhen alr condftlonlng wag requlred, and
the heat exchanger uaa operated consÈantly aÈ a nedlun Eetttng. rn
the thlrd case, the heat exchanger was not ueed buE che clrcuraÈlon
fan wae operated consÈantly. - -

', :l , l, . I .'.. ,._ : -.,.í ;-' :..r-. :,i..2. Effççt of þea¡,eçchànger secring ggdlgtrcútatign fän
i, uoe on radon concengra¡lo¡p an{ work{qg levels ln çb". , ex¡rerlnenÈal house.,. .: , ,
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When the:hea! exchanger wae operaled, radon gas concenÈratlone were

reduced ö! nearlyi50 perôent upstafra and'by over 60 Percent,down-
eÈalre. Radon þroseny.wotklng levels were reduced by nearly'an
ldentlcal au¡oun!'¡ l.Iheñ the cf rculaElon fan ¡rae o¡ierated eonstancly,
radon gas concentraÈ,fone gênerally were-redlaÈrlbuÈed ráther than
reduced. However, radon Progeny worl(fng levels were eubetantlally
reduced. The reductlon IJas even greaÈer than EhaE achleved by heat
exchanger operaÈlon conbfned with perlodic fan use.

It 18 lnporÈant t,o note Ehe dlfferlng nechanfans through whlch
the heat exchanger and clrculaÈlon fan achleved radon Progeny reduc-
tlons. The heat exchanger reduced progeny levels largely through
rerooval of Èhe Paren¡ gag, Idhereas the clrculaElon fan achleved a

efEllar,reduëtfon withouC Chis reùoval. 'Thue, lt appear8'thaE the
afr clrêr¡la¡fon effect prevLously noted for IP aleo playe an lnportant

' role ln'radon-progeny reuoval.

| '- . I '1" \

Conclusl6na

Operatlon of the range exhausE fan was effectlve ln reduclng the
peak concen¡ratlons of conbustlon gases. Contlnuoua. oPeratlon of the
hea,t excharlger was :üore effþctlvet'lri åeduclúg r8-houraveragè concen-
traÉlons thân shôft:teru peake. Héât exèhariþer operatfon reduced
HCHO levels but lncreased IP levele. Conetånt oPeratlon of the
clrculatlon fan ltas as effective or more 8o than contfnuous heat
exchanger operatlon ln reduclng radon progeny levele.
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FLg. 2. Effect of heat exchanger flow rate on ratfo of experloental/
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