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A COUPARISOI\I OF THE PERF.I.UOROCâRBON AND TRACNB (;A5 DECAY MÍJISODS
FQR ASSESSING IN}'TI,TRATIOTI MTES IN RçgTDT'NTS

L. $ch¡eÞ, r't ,..F. LcadereF , 
?;3 , $. Rene$ ,L,' ,.r, ls¡srraqlen, tr r2 r.

logun , '' and R. N. Diçtzq

The only dlrecÈ measure ol air infÍl-tratfon in re$fdences under, normal
occuPaney eondltlons is by the tracer gas teehnlque, applfed lo assessjngl¡rfiltra't{on rateE ln two q¡ays, The flrst Fethad is generally refer:red tc as
Èhe tracer gas decay ueBhod and the secorrri is refertqd to ac the steaciy-staie
ttacer' gFs neÈhod.

one steady-scste tracer gas nÊthad for eFçesslng a{r-exehang€ råEes,
,1,9'1ied the Brookt,aven Natlonai Labo"uror:y Âl.r Inflltratfen Mea,ctrrement svtten'(BNÏ'/AIMS) (1) is belng extensively empläyed Ín large field srudtes 0f lnrtoorair qtraltty and lmpact of ç¡e¡rtherizarlon,' The BffiiÀIlfS meÈhod eonsist,s ofmfniatylq-perfluorcearbon tr*eer (pfT) sources and mlní¡ture p6ssÍve capíllaryadsotpÈ{on tube samplers (cATs). The sourc,eÉ irrr<l sarnp]-ers are aboul the sizeof 1.c,|garette. The PFT sotrrqes use one of our perfluorocarbon compoundg:

perf luôrc'<limethyl cyclohexanà (PDCH); perf luoromerhyJcryclohexane (pircHli
perfluoromethylcyclopentane (plrCp); or perfluorodlmLthylcycloburane tfnCfl.Vapors frour the perfluorocarbon.líquicl ln the PFT sourc'es perrûeã[e through anelsstone:lc pJ.trg criuped into one encl. The I'FT sources emlt che tr¿cer irs.rå constairt råte for Z to 7 years. The e¡ulssjon rate, however, does vary wlthtGilPerflttrre (?). The eml'ssl,on rates are deterrnfned gravimeÈrtcally. rie c¡rSdevice-fs a passíve samplÊr uri.lrzlng about 50 urg of rype x1*3a7 Arnbersorb asthe collection metlfa. After sampling, the colleãt"a tià"er gas is therrnally
d'esorbed inro a gas chromatograpà foi-dererufnatíon of the pFT.

Thls PaP€r su¡mmrlzes the results of experlmenrs to evaluete the BNt/Atl1Smethod. The ãccuracy of the BNL/ArI{S system by comparÍson with CO^ rracer
decay and the lrnpact of orLentatlon oi CAT ""*pl"r"'with-respecr Èá fl-o$¡dfrectlon as well as the ímpact of varfatíons ln lnffltratfo¡r r.ate and
te$pGrature ãre evaiuated undel condftfons of near ideal air mfxing ln an
envl'ron¡¡en¿al ehaaber. Detalled descrlptlon of the experlnents and thclrresults âre presented elser¡here .(3.).
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fntroc'luctlon

llethods

? Tlu all alumlnuq chanber ln'ûhich theee expétlurent,s wêre conducted lras 34o-. xhc flooq, 11 m', consl.gted of unlforuly perf,orated alumlnum eheets ardgewed as ¿n'alr dfffusetr. Äfr eirtered thd ãttåuu." vla a plenurn beheauh thefloor and flowed upward'Èhrough the perfãr"tfoi" ro the ""itt.ng, The desfgn
eLLoved a 'volune: .frov (rectrcilatíon rate) rrp ro 2000 cf¡¡ (r nji s) *iri-i"i-- ìtlscat yeloglty and vcry raþ{d mlxlng. ¿ varlable percerrtage ol rhcrecirculatcdì air' could ecmpilee fresË vcfttflútlori åir. The chanber pocctlsadexcellønt t€fiperatutø and hunldXty conË1ol.
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s', = s'25 e-4ooo (1/T - 11298) 
(1)

where: S'a = pFT source strength et base_tenpereÈure (t,"C) in nl/h
Sr-_ = pFT source strength at 2-5"C (determined gravlnerrically as¿> 

5688 t r2o nt,/h)

T = base-tenFeratute (t, "C) in Kelvin at which the pFT
source ls used.

For slìort-term (less than 48 h) tenperature changes, the exponentral constantwas for¡nd to be half rhat for long-iern (greater-than 10 Cays) changes (2).

The numbe¡ of air changes per hour (ach) ls calculated, uslng theBNL/AI¡fS nethod, under sreaãy-siate eonditions by

te,)

Q=s/c=s,/(vc)
the ach; S' is the tracer source ra[e
average tracer ccncenÈratJcn (nL/m,)
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Flgure 1. Experfmental conditions in chanber for evaluaÈlng tbe
BNL/AIMS nethod. CO, decays performed throtlghout each of
the three experiments served as a base for conparison.

Experinrent I evaLuated the oríentation of the CATS and accuracy of
BNL/AIMS nethod aÈ a known and constant ventiletlon rate and tenrperàÈure
samples during thls experfßent were taken ln duplLcate aÈ four låcatlons
the ch¿nber (four chalrs, A-D). One chaLr (D) had samplers only ín posf
1. There was a roÈal of 32 sanplers (16 pairs).

the
Al1

(2)

(nl/h); C ls the measured
; and, V fs the voluæ of the

1n
tlon

where: Q ls
steady -sta
cbanber (¡r

ventilatlon rat€s,(Q) throughout these experJnents were deterrnlne¿ hy theÈ.racer gas decal'nethod using CO., as the tracer gas. At regular lntervalsdurlng each experjnent co^ was rájected inro Èhe chamber ,r.[il th"concentraÈlon ln the ehan6er reached 12. The gas sas then shut off and the
|i:tl^:-l_!1r,1:::T9,"d continuousl.y ustng a Beckman LB-z rnfrared co, Anaryzer.rne naturar rogarlthns of eleven concentratf€rns per decay (5 mfnute¿intervals)were ploEted agalnst tr-ure (background revers subiracted), and a r.east squareslinear regresslon was used Èo obtain the slope and hence ventilation rate.

A total of three experiments was conducËed as outlined fn Figure 1, Thetwo PFT sources used throughouc all experinents were placed rn Èhã center ofthe chanber 1.9 neters above the floor, Thls en-sured that the pDcB tracer gasvas well nlxed fn the recircuratron loop before exposure Èo the sanplers. ThePFT sources were equfrrbrated at a tenpÀrature of 23"c. T¡¡elve hou¡s werea-llowed before each experlment to 
"r"ri. 

steady-state concentratrons of the
PDCB tracer gas were reached ln the chanber under the cond.itf.ons of an airreclrculation ratc of 60 4ch and freeh alr ventilatron rate of about 0.6 ach.

Experirent 2 evaluated the BNL/AIMS nethod under condltLons of varlable
ventlletfon ånd constant Èeßperãture whlJ-e experinent 3 evaluâted the inpact
of varyfng tenperature on the PFI source eml-ssLon rate under a consÈant
ventllatlon rate.

Results and Dfscusslon

The average of the 16 palred stqndard devlatl-ons fror the CAT sanples fn
experiment 1 was 4.6 ! 2.4 nL/n- {which, for an overall average measured pDCB
concenÈratLon of 24o.4 ! 5-7 nl/m-, corresponded to en average relatlve
standârd devlatlon of 1,9 ! 1.02 slth a renge of 0_6 to 4.27. anð a nedian of
2.22.1 Thus, the expected precfslon of dupJ-lcate samplers, t 22, demonstrâtes
that Ehere is no need to perforn dupllcate sanpllng durtng actual ffeld use,
slnce Èbe sanpllng rates, handllng, and analytLcal procedures for the CATS are
consisÈent and reproduclble, The average of the 10 sauplers 1n each of the
three chanber locatÍons (A-c) tn experl.nent 1 were statfstically identlcal,
lndicatfng no concentratlon gradiant ln the chanber.

Saupler orientaÈion ln experfment 1'dtd affect Èhe average sanpling rate.
PosÍtlons 1 and 5 both exposed the saûpIet tubes at rlght angles to the
chanber floç; thelt averages we¡e ldentlcal ¡¡LthLn 0-72 and about l.3Z above
the overall uean- Posftlon 3, r¡lth tubes faclng lnto the dlrectlon of flow,
had an average theÈ nas 0.52 above the overall average. The lowest nean
concentratlons were for poslÈlons 2 (facfng avay from ttie direccion of frow)
and 4 (shielded by the chalr seat). Those æàns r¿eré 2.0 and 1.42 below the
overall mean. Only posftlon 2 sãs st¿tistlcalÌy dlfferenÈ (nore than 1
standard devlaÈfon) from the overall average. The differences fn
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concenÈration by sampler orientation observed here is
wind speed, The maximum blas in the sanpling rate of
l¡omes and bulldlngs shorrl<l be less than 2 to 3Z based
fact, by placing the sanpler on a flat surface within
effects can be blocked.

Table 1. Comparison of BNL/AIMS measured versus calculated PDCB concentrations

23

rf these measurements had been conducÈed over a 2:week or ronger period,
then the average source strength could have been estinated from thã

Conclusions

ttre relattve standard devÍation of nultlpre paired passrve samprers is t\,9- ! 7.07", lndlcatíng that the reproducíbf.1tiy fn the mànufacture,:handltng,
and analysis of the CATS is sufficiently good io preclude che necessÍtv of
dupJ,icate sampllng in fleld experlnents.

For thé 1o¡¡ alr novenent veloclties in homes (< 0.2 m/s, away from anyforced alr vents), the effect of samprer ori.entatfon is not conseluentr.ar onthe sampllng rate, havlng less than a 2 to 3z positlve blas Ln the worst case,

By uslng a tlne-r'elghÈed average tenperature for deteroining theestlnated source strength, roon tenperâÈure fluetuations or inteãtronalcycling dlfferences of as much as 8'c (14'F) can be accounted.for to produceessentlally no bfas fn the deten¡fnation of ventflatlon rates.
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due to the effect of
veloclties expected ín
upon our regults, In
a roon, any loca1 wlnd

The average chaçber venEflatlon rate, Q, based on CO. decay neasurements,
was 0,601 ! 0.011 h '. The tracer source strength, St, af Zt.C = 5195 t 145
nllh (Eq. {) and divtdlng by the chanber volume (v = 3¿ r'¡ gar. S = 152.8 !
4.3 nl/.h m-. The.PDCB concenElatlon can then be calculaÈed fron Fq. 2 Èo be
254.2 ! 12.8 nT./m- which, as shom fn Table 1, is identlcal wlrhln the
standar<l devlatlon of the aver:age of the measured ccn(:entrâÈlons for the
experimen t .

Experi-
ment Conditions
No. changes Measureda

PDCB concentration

Calculated
Meas
conc

0.946 1 0.074

0.934 1 0.068

1.034 I 0.107

ofNo

1

2

3

Constant
Constant
Constant
Variabl-e
Variable
Constant

24o.4 ! s.7

139.3 1 2.s

2eo.s I B.o

254.2 ! 12.S

us.2 ! 7.2

2so.9 I 19.3

temp.
ach
temp.
ach
temp.
ach

0

11

t2

a Measured concentrations were determined with CAT samplers
b Calculated concentrations were obtained fron either Eq. 2 (experiment 1) or

from the time-weighted average concentration over each measurement period.

There was a total of 11 perfods ¡rith constent but different ventilaÈ1on
rates ln experlment 2. The Clmq-welghted overall calculated average
concentration, 149.2 ! 7.7 nL/n" (Table 1), for thfs experlmenr was obtained
by suruming the product of the average conc'entration and duratlon for each
perlod (from the CO? deca¡' ¡¿¡""¡ and dividlng by the Èotal experLrnental Èime,
69h. The overall aierage PDCB,concentration measured ln experfnent 2 (8
samplers) was 139.3 t 2.5 nLln'. The calculated and neasured concentratfon
agrees wlthin the standard devlatlon of each determination. Thus we esÈfmete
fron this experfment that for neasurement periods of several days or longer
where fluctuation in ventllaÈíon raÈes occur the BNL/AI}ÍS approach may
underestlnate the true ventllation rate by about 3 to 62, a tolerable bias for
thls convenient technlque.

The tlne weighted overall calculaÈed average concenÈratÍon of PDCB over
the {2 temperature periods durfng experioent 3 (a 8" ragge) was 280.9 t I9.3
nL/¡". The measured concentratlons of 290.5 t 8.0 nl/n' agreed well wlth the
calculated concentratfon and ¡¡lthln the standard devlatlon of each
determinatLon.

The tlne-wefghted averages of a,PDCB source strength a4d CAT sanplers
concentration r¡ere 167,5 ! 5.9 nl/hm'and 280,9 t 19.3 nl/n', respectlyçly.
Sùbstltutl.ng fn equatlon 2 glves a ventllation rate of 0.596 ! 0.067 h',
whlch ls essentfally ldent{cal to the measured average ventilatlon rate (COo
decay) of 0.595 I O.O22 h -. thus, the BNL/AIMS rechnlque ts nor blased ro'
any slgniflcant extent lf the appropriate ternpereture for the sources ls
knom.
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SUMMARY

L. Schaap, B.P. Leaderer, S. Renes, H. Verstraelen, T. Tosun and R.N. Dietz.
A rison of the Perfluorocarbon and Tracer Gas Dec Methods for Aseese

traÈ on ea n Reel nces. Pa8 s veP orocarbon tracer cechnL-
que for determlnlng alr Inflltratfon raÈes lnto hooes and bulldlngs lras evaluaÈed
ln a envlronmencal chamber. The lnpact of sanpler orlentat.lon ac a constanr,
venEllatlon race and a constanÈ Èenperature, of varlable ventllatlon raÈe aÈ a
con6ÈanE ÈenpersÈure, and of varlable ÈernperaËure ac a const.anE. ventllatlon rate
were evaluated ln Èhree experfments. The average relaElve standard devlaclon of
Ió palred samplers deployed ln experlmenÈ I was * L.9/ + 1.02 tndtcatlng good
reproduclbillty of Èhe passlve sanpllng rate and-sample-analysls. No lnpacÈ of
sanpler orlenÈaÈlon slÈh respecc Ëo low alr velocfcles (gO.2 n/s) presenE 1n
houses 1s expecÈed. The passlve samplers accurately measured Ehe average tracer
concentratlon as coopared w1Èh calculaÈlons based on E,he known source sCrength
(CO. decays) and the measured vencllaÈlon raÈ.e under condlE.lons of a 3-fo1d
varfatlon fn venÈ1laE,1on races (experloenE 2). TemperaÈure cycllng differences of
8oC lexperlment 3) dld not produce a blas ln the PFT deEernlned ventllatlon rate.
The PF-I Èechnlque fs appllcable to the expected range of condlclon ln homes and
bulldlngs.

RESUME

L. Schaap, B.P. Leaderer, S. Renes, H. VersErae1en, T. Tosun, eE. R.N. Dletz.
Comparalson enÈre la uéthode des Ëraceurs eu perfluorocarbure eE ce1le au gaz
radloactlf appllquées à la décernlnaÈlon des Èaux d'lnflltratlon de 1ralr dans
1es habltatlons. IrtappllcaElon de la méchode passlve de t.raceur au perfluorocar-
bure (TPF) pour déternlner les taux d'lnfllcratlon de 1'alr dans les hablÈatlons
ec bâtlnents a été évaluée dans les condlÈfons nlcro-clloatlques dtune encelnte.
Dans Èrofs experiences, nous evons étu¿té les effecs de ltorlentaÈLon de ltéchau-
Èlllonneur à un taux de venEllaÈ1on eÈ tenpéraÈure consCinCes, les effeÈs du
taux de venÈllatton à tenpérature consÈante, €È les effecs de la tenpêrature à
un t.aux de ventllatlon conetenCe. Ltécart standard relaEff noyen de 16 échan-
ÈiLlonneurs ut11lsés dans 1'expérlence I eE analysés eri pafres, étalt de
+ L.9"Å + L.02, ce qul lndlque une bonne reproduciblllté du Èaux d'échantlllonnage
passlf et de lranalyse des échanclllons. Les falbles vélocftés des courancs
dralr exlstent dans 1es habftaclons (<0.2 

^/e) ne fonc pas prévolr dreffet
causé par 1-torlentaÈlon de l-téchanclllonneur. Les échanElllonneurs passffs onÈ
Desuré avec précislon la concent.ratlon ooyenne du traceur, ce qul peut eËre
cooparé avec les résulÈaÈs des calculs obÈenus å partlr de 1'lntenslté de la
Eource (déslntégratlone du CO") et du Èaux de venEllatlon mesuré (expérlence 2)t
dans cette expérlence, 1e ÈauÍ^a varlé drun facÈeur de Èrols. Le cyclage de 1a
température sur une plage de 8"C (expérfence 3) nta pas eu dteffet sur le Èaux
de ventllatlon dérlvé par la néthode TPF. 0n peut donc conclure que cecte
néchode peut êÈre appllquée dans les condÍt.1ons qul prédomlnent dans 1es hablta-
tlons ec les bâclnencs.
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Iirfiltrationsraten in liSlr4Þêu_9_g_¡a. Dle Anwendung der paesiven Pèrfluorocarbou
ngvonLufinfi1trationsiateninllohnhäusemun.I

Gebäudeu wurde iu eiuer Klinakam'ner untersircht.'Ih drel Experinenten wurde der
Elufluss von Þfessproben-Orieutíenrug bei konstanter Be1üftungsiate und TÞnpera-
tur, von variabLer Belüftungsrate bei konstanter Tènperatur, söyie von variabler
lenperatur bei konstanter Belüftungsrate abgeschätzt. t D1e durchschnittÌiche
relative Standarctabveicbung der in Experinent 1'eingeeetzten 16 gepaarten lfess-
proben betmg + 1.9Í: 1:0f , was'auf elne gute Reproduzierfähigkeit tler pasåiveu
l¡fessrate sorie der Pbobenaualyse hindeutet. Bei der für Iimenräuue tyþischen
geringen Luftgeechvindigkeit (<O.Z n/s) rird keln Elnfluse der l{essproben-
Orieutiemng ervartet. Dle passiven Messproben bestlonen präzisè die ilurch-
echnittliche lracerkonzentration, 1B Vergleich nit der nach gegebeuer Quelleu-
stärke (CO. Z¿rtälle) berechneten, für Belüftungsiaten, tlie um einen Fåktor 5
varierten.¿Zyklische Variatlonen der Tènperatur iu einem Bereich von 8oC'führte
zu keiner ntt der PFI Têchnik nessbaren Veränderrng der Belüftungsrate. Iù
RaÌ¡.oen iler in Hohnhäusern und Gebäuden zu en¡artenden Gegebenheiten kann die PEI
Technik angerendet verden.


