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o"'l^":", 
gas techniques, used for. foutine ventiTat,ion checks ot tro,ubl,e shooting

are outTíned with empàasjs on thei,r'-a'ol1-l""ottttg--in a varietr¿ Öf, situãtions'

rhese jnc.iude *.;ináøZ' of deterni'iii ""li^et¡ic 
flo'w tates in cfosed conduiÈs

and, finding ventiTation taÈes at ià'tx statjons ' othet uses of tracet gases aÊe

aTso dealt with. tcupant generated catbon
Investigations have bee 'ng the

dioxida (co r) -as 
an índica '.l""ulrzt n""o"i2""1"o' showins the

sjmul.taneou's aecag of CO2 5'

former to be a potent'ial7] Tabte sanpling and analg'tical--
presentl.g, ttaÇel gas €ç .- ¡hé râ.hn(rlocru "rZï7", 

tt-acer gas testrng and

",nn2,n2",22;.n*oZ"il lz,-i^"2':i :.#?: ":;zn"':7:a^1,î:rz:"7:"i:^12""i'n'"re 
outTined '

Severe-l dif fetent sànpJinq met¡oal ãr. 
'con"i.a"red rangíng ftom passive to putttP

opetated bag sanpling ' ì^ê as a tracer qas. Howevet, investigations"^"=jj 

f 
^2:-Z 

i'n"^'rt*1ri'or71'"'""0*lil"3r'ïnå 
toiZ"r"'1r1r^"- 

tracet s^s chatal'tii't'11'-

it also ¡ras tome IÁott"o^ing"' in" pd'J"i"a|' cle'nical ' and toxicoTogical prop-

ertjes of aJ-ternative gases '"tt 
''Zø'"ita tot this reason and their telative

usefulness as tracel. gãte" is prese¡ted '

TRAtERGAüESAsAfn'NTILATÏí)NTooL:IilETH(,DiANDINSTRUMENTATT2N

J.-P. FA?nNTI ,D'L' McKrNNoN2 ' and 
''o' 'c*ufi*o3
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t"*lu"ur""uo"r. 
o, tracer gases concentrated on porrutlon migration and prune track-

ingandcQnsiderableemphasishasbeengiventodeterminingaitTeakageand
lnfi1trationínøtJiTdings,TracergaseshaveaJsopl:oventobeuseful'ínundet-
groundmine,¿entjl-ationstu,dieswhereverglowairveTocities,Teakage,and

recircuTat.ion need to be investigated' Ptesentlg' it js generaltg accepted that

traçel gases ean ba effecxive ventilation ëools '

Tracer gas techniques are essentia-lJ g based on dilution' Depending on Èhe

applícat,ion,thegaçÍsteleasedintoanenvironmentandjÈ,sconcentrationis
neasured ovet a perlod oi tjare or inst'antaneousTg' Because release and sampling

methodsand'thetimingÔfËhesedependenxitelgonthejnfo¡maÈjondesi¡ed,an
investigaxormustfirstdefinetheoþjeëtivesoftåestudgandhaveatltotough
knowJedgeott:¡:aas|g6,stechniguesëoeÍfectivelquset}¡etec]:no7ogg.
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No single tracel- gas has been ident,ified' as ideaT and as a result' a varietg

of gases and anaTgtical method,s have been uxilized' The choice of traeer gas

usuaTTg depends An ¿he inherent charactelistjcs of the measurements being per-

formed, the faniTiaritg of the invesëigatot with a vatietg of anaTgticaL tech-

niques, and. the avaifabiTítg of the required insttunentation' Äs sucl¡ ' there is

no standardized, procedure for the use of ttacet gases, especiaTJg with tegards

to ventilation investigations whete d'iffetent techniques can be used to gather

the same information.
Thís paper outlines three versatile tÍacer gas techniques and thejr applica-

tion çlíth enphasis on tàejr teliabiTitg '

TRaCER GAS METHODS

Thetateofdecag,equiTibriumConcentration,andtransferindexttacelgias
methods aLL have considetabTe appTication in véntifation studjes ' These can be

used. to determine ventiLation rates' volumettic fTou¡ rates in ducting' hood coL-

l-ection efficiencies, and to quantifg air movement' TabTe 7 outlines the reTease

and sampfing requitemenËs and' the uses of these methods '

ñ^ Ðt ? 7

Tracer gas methods, associate techniques and uses'

Release Sanpling [/se
Method

Rate of
Decag

EquiTibriun
Çoncenttation

trransfer
Index

-reJ.ease of a known
volume over a shott
time period to obtain
a unífotm concentta-
tion

-severaL gtab or short
term integrated samPles

-ventiTation
tates (ACPH)

-cont inuous ¡nonj tor ing
at indívidual siËes

-air ínfiTtration

-identification
of sxagnant
zones

-continuous re-lease
at a knoçn rate to
obtain a stable
çoneentration in
tl¡e 59Eton

-instantaneous 're-
Lease of a knoþ¡n
voLume

-one samøJe obtained
after equiTibtium is
achieved

-continuous monítor ing
ot several gtab
samPles ¡6 sþtain
concentratíon integral

-volunetriç fTow
råtes in dueting

-poTTution
tracking

-ventilatiron
rates (n'/s)

-ventiTat\on
raÉes '@t /s)

-voLl¡¡ettle flow
ra¿es in duct-
ing

-¡nJlution
ttacking

i:
Ì!t;

.:r:

''I
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The te of IaE

ih" t^t. of decag method has been xhe tracer gas technique nost extensívelg

usedtod'etermíneventíTationtaxes-ThegasisteTeasedtoachieveaneatlg
uníform concenxtation throughout the area of conceI;n and' to minimíze the effects

of diftusion. P¡:oPer mixíng and the desired initial cond'itions can be ensuted

bgteTeasingthegasviatheventiTationsgstemwithaJ.]-doorsbetweentooms
open (nef. 7). Other teclniques, especiaTTg point refeases t ûâ9 tequite some

mechanica]- mixing. once the uniform Con.jentÌ:ation has been achieved, the decag

of the gas is monitored'

Decaq ø¡i7l occur according to:

- -vRt 
(f)

l-LË

::n r"Zr r, the measured concentration, co is the initiaL concentîaxion' t is

time, and vR is the ventílation rate(Ac,H) . soTving this equation for vR gives:
(2) .

VR = 7/t 7n Co/C,

Assumingthatperfectmixingisachieved,apTotofthemeasuredconcenttation
yersus time on semi-Togarithnic graph paper should gieTd a sxtaight Tine whose

slopeisequaTtothevent'i].ationrate.lfperfectmixingdoesnotexjst,the
function mag not be Tinear. rn such jnsta nces ' phenomena like recircuLation and

sho.:tcireuitingshou].dbeinvestigated.IfanentitefTootinabuildingis
beingstud'ied.,multi-pointsanplingforthedecagofatracergascangieldthe
ventiJ-ation late for each sampling site as wel-l as the overaTJ- ventiLation rate

for the fToor -

Thistgpeofinvestigationwasperformed,inamu].ti-storiedofficetowerona
f]-oorbgfToorbasjs.EachfToorwasindivídua7}gt]oodedwithsF,,usingthe
ventiTationsgstemtod'ístribtJtethegas.Afterapptoximate}ganhour,the
decagofthegaswasmonitotedd'utinga2-houtperiod..TheassumptionthatsT6
decaged.exponentiaTTgappeatstobeva]-idandthestandard'erroîsassociated
with the determination of ventilation tates are reLativelg insignificant (Tab7e

2).Thisç¡asa]-soref]-ectedbgreasonablggoodregressionCotreJ.ationcoeffi-
cients ,rrn¡cn weÍe prePonderantJg in excess of 0 '80 '

The equiLibriÛm concentrati on method

Accord.ing to the PrinciPTe undet lging the equiTibrium concenttation method'

Êåe ¡el.eas e of a gas at a continuous rate resu-¿ts in an equi Tibriun co ncentta-

tion throughout a ventiTaLLon sgsÈem' The equiTibrium concentration achieved is

related, to the amount of ventiLating air bg the equation: 
(3)

Q = */c"q
where R, is the raxe of emission (n3/s) ^nd 

ce|.js Éhe equíIíbtium concenttatìon'

rf neasurenents are made throughout the area being evaluated, ventiTation rates

q ç^37") can be determined'
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TABT,E 2

Standatd ettor associated with the determination of ventiJ-atìon raÈes aË yarious

siËes Ín a muLti-stotied buiJding.

Standard errors ax various samplinq siÈes
Towet

East,

EasX
2

CentraL

NorÈlr

FToor

72

74

l_5

¡vr't

0 .05

0 .22

0.01

0.02

0 .04

0.03

0.05

0 .14

NP

o .00

0 .02

0 .07

ET

0.00

0.02

0.02

EP

N.å.

0.06

0.07

sr
¡v.A.

0.03

0 .01

SP

IV.À.

0 .04

0.24

WT

0 .0J-

0.03

0.02

0 .02

0.0f
0 .05

\tP

0.04

0.04

0.07

0.02

0 .04

9

IU

18

0 .0J-

0.04

0.01

0.02

0.02

0.05

0.02

0 .02

0.00

0.0L

4.02

0 -05

0.02

0.02

0 .06

7 0.01 0.07 0 -02 0.0J- 0.0J- 0.01_ o.ot- 0 .o-t

L0

28

0.06

0.03

0.1-6

0.07

0.08

0.0L

0.04

0.03

0 .07

0.08

0.08

0.03

0 -06

0.26

SanpTing siÈes.. f/ = norXh, S = soutäz E = east, hl = v¿est

" I = interíor, p = pe¡ imeter

Perhaps the most promlsing appTication of the equilibrium concentration
method is the balancing and trouble shooting of local ventiTation sgsËen¡s. Bg

naturet Éåese sgsÈems are under negative pressure and therefore, releasing a

'ttacer gas at the extremitjes of the sgstem and measuring aTong the duct network
aJ-lows Èt¿e determjnation of voJ-umetric fTow rates throughout. At the same time,
hood colTection efficiencies can be found bg eolLecxing a tíme-weighted. averagie

sample in the d.uct, just begond tåe hood, and comparing the total amounË of gias'
coLLected to that rel.eased (Ref. 2).

A Taboratorg studg of a modeL Tocal ventiLation sgstem was petformed to esta-
bLish the applicabiTitg of the equiTÍbrium concentration method to tåjs tgpe of
situation. Twentg-seven data points ulere gathered and tracer gas resulËs were

compated Èo resuJ.Ès found with a hot wire anemometer. On average, these agreed

c+ithin 9.6% of one another, and tracer gas techníques affoaded greater ptecision
(Table 3) .

The transfer index method

The transfer index method defines Èàe Ê¡ansfer of air ftom one location to
another and involves the ¡e-l,ease of a known amounX of tracer gas and the measure-

ment of the Ëime inXegral concentîation at points thtoughout Ètre sgstem being

*
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stidíed. T/aLe transfer index (TI) is expressed as.'

rt = t/onSctàx (4)

where Q* ís the amount of gas released (^3). The ventifation tate (m3/s) is

qiven bg the reeiprocaT of the TI. Equation 4 can be reduced to:

Q=Q/c^rg.t 
(5)

for fínding volumetric fTow rates in duct networks. tJnLike the equiTibrÍum con-

centration method, the transter index method can be used jn duct networJcs unde¡

positive pressure as weLf as in Ëåose under negative pressure, and therefote has

wider applications ¿n buiTding ventilation sËudies. With automated sanpling

sgstems, thjs tech¡ique couJd be used to find Èåe ajr distribution thtoughoux an

entire buiTding comPTex-

TABLE 3

vol-umetric fTow rates in a Laboratorg duct sgsËem'

Position Fl-ow as deteçmined
- bg SF-

(mt/s x lB'2)

FTow as determined
bg -anemometer**
(nJ/s x to-2)

Average difference

(%)

7

2

3

3.20 ! 0.09

7.63 ! 0.07

0.72 ! 0.04

Avetage of nine measurements

Average of thtee traYerses

3.3 ! 0.5

10+t1 2

0.8 ! 0.2

Total average difference:

J

75

l7

9 .6%

*

TRACER GASES

An ideal tracet gas should:

- not be a normaT constituent of the envi-ronment to be investigated;

- be easitg measurable and. a77ow an accuÍate determination of concentration dif-

ferences between release and sampTing points;

- be non-toxic and non-aTTergenic to permit jts use jn oecupied spaces,'

- be non-reactive and non-fTanmabTe so that its movement is easiTg traced;

- be economica-l to use

No singte trace'. gas fuJfiTfs a17 the requirements mentioned' A wide variett¿

of gases have been emploged and have usua119 b,een chosen to exploit a specific

character-isËjc, of all t¡¡e gases gsed as Ê-racexs, those teceiving. the most wide-

spread use inc-lude nitrous oxide, carbQn dioxide, suLfur hexafLuoríde and the

freons (see TabTe 4) -



268

TABLE 4

chatac¿eristjcs of corunonl-g used tÍacer gases

Ga,s

Carbon
Dioxide

IViËrous
Oxide

Sul-fur
Hexa-
fluoride

TLV

(ppn)

5,000

25

l-,000

Analgtical
Method

fnfrared

Infrared

Infrared
GC-ECD

Infrared
GC-ECD

Detection
Range
(ppn)

Comnents

0 .05-2000

0 .05-2000

0.05-7000
0.02 x 70-
to 0.5

0.05-2000
7 x L0-3
t'o 0.05

Variable background

Low TLV

PossibLe toxic agents
at 500oC

Possible baekground
lerze-l s

3

Freons 7 ,000

Njtrous oxid.e can be measured aÈ Èhe parts per miTTion (ppn) tange using

infrared techr:igues . ilowever, its potential toxicitg has someøhat Tinited its

use.

Carbon d.ioxide can al-so be measured at the ppn 1evel, has a background Level-

of approximateTg 350 ppn and is qenerated bg the oecupants of the buiJdings. It

has proven usefu-l as a tracer. The foLloçting advantaqes can be attributed to

the use of oecupant g:enerated CO 2 for ventiLation fate detetmination using the

rate of decag method:

- no need to introduce foteign gases into the test environment;

- readiTg detectabl-e bg relativeTg affotdabTe, relia.b.l.e rR monitors;

- initial- nixinq is ensured.

However, thete are Timitations. ?hese include:

- occupants must be absent d.uting the test and', as such, tesÈs must -be Conduct-

ed after working houts;

- the operation of the ventil-ation s1stem shoul-d be indepencie.nt of heat Loads,

and. operated in tåe same manner if testing is petformed aftez- hours.

The results of a sÈudg cornpalring the simul.taneous deca,u of occupant qenetated

CO^ and,SF- àas been petformed in an office towet in Montreal-. The tesufts shown
¿o

in Figrure L and TabJ-e 5 clearJg demonstrate the siniLaritg in results obtained

with both Èåese gases.

Hal-ogenated tracer gases such as SF U and. the freons are most promisinq ' ln

addition to theit rel-ative non-toxicittl, theg have 1ow backgtound Levefs ' Theg

can aLso be measuted at ppm concenttations bg infrated analgsis ' Hor¡ever ' their

distir:r--Ë ad.vantage a¡ises from their analgsis bg gas chromatogtaphg usinq an

eLectron capture detector (GC-ECD) . This anaTgtical method permits detection of

ti¡
lr
ll
¡¿

l¡
ll
;;
l.
i:
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concentÍations down Ëo Êåe pa¡ts per bÍJ7ion (ppb) to parts pet triJlÍon (ppt)
7eveL. This minimizes the volunte of tracer gas need.ed to te.sÈ a Jarqe sgste&.

SampTÍnq methods

For ventilaÊion Èests usjng Èraqe.r g:as technÍques, Èàe choice of a sampling
method is dependent on:

- tåe tracer gas method;

- Êhe tracet gas empToged; and

- Ëåe analgtical jnstrumenÈation.

A continuous recotd of tracer g:as concent¡atjons aË tåe sampllng sites proví-
des an overaLL view of tracer dil,ution undêr a specific set of conditions. ?fljs
approach facil-itates Ëåe interpretation of resul.ts no matter çthich tlacer gas
method is used . A contiruous recotd can be obtained as folLows:
- a continuous monitor output to a tecordet;
- seguentÍaL time integrated samples;

- sevetal- shott-term or grab samp-Zes.

Continuous monitorinq can be performed using both Gc-EcD and infrared. tecl¡-
nigues. However, as an jnsÈrumenË is regurred at each sampTing site, tåe cost
of instrumentation usuaJJg prohibits sjmul.Êaneous sampling at severa-l sjtes.
Thetefore, coTlection of seguential , time-integrated. samples or severa! sàort-
tetm (gtab) samples, is conanonlg done. SampTes çan be col-l-ected in a number of
vlags: bags, adsor-benÊs and evacuated containers being a few exarnp-les of Èåese.

Dutingr Ê/:e Ëesting of a ventiTation sgstem in an office tower bg a McGiTl
team, a pîogramnable, remote sampLing sgsÉem capable of collecting eighÈ bag
samples at eight different Tocations øas used (-Fig. 2). This sgste¡n consisted
of a programnabTe timer, used to activate and d.eacxivate soLenoid val-ves, thus
seguenÊiaJ.Jg fÍLLing eight bag sampTes pe-r site. NormalTg cTosed soTenoid.
valves, situated on a manifold connecxed to an air sampling pmp, vrexe ptogram-
med to open for predetermined Íntervals. This provided data for the dete¡mjna-
tion of ventil-ation rates through Èfie use of the raxe of d.ecag method.

RecenÊ wotk studging the passive adsorption of various tracer gases on

adsotbent materiaLs, particularlg chatcoaT cloth, has proven promising. Tltis
adsorbent's abiTitg to passiveLg sample sF6 in the j-Lío ppb range d.uring a
relativeTg shott sampling period ( 30 seconds) is shown in Figute 3.

ATIALYSTS OF DTFFEP.ENT TRACER GÀ.SE.S

The analgsis of ttacet gases is usualJ,y achieved bg infrared spectroscopg or
gas chromatographg (TabLe 4). An ìnfrared spectrometer, using a single djstjncË-
ive band associaÈed çtith the cåose¡ Ëracer gas, can Þe used to analyse n6rst
ttaceÍ gases and es¡reciallg carbon dioxide and.nittous oxide. Halogenated tracer
gase.s are Þest analgsed with a gas clzzomatogtaph equípped with an elecXron
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capxure dexecxot.

can be neasuted.

fn Êl¡js rÊ.nne', Ievels of ttacet gas in the ppb and ppt tange

NORII'IALLY OPEN SOLENOTD VALVE (24 r.i.A)

BYPASS ATRFLOI,I

TTMER HOUSTNG
NORMALLY CLOSEÐ

SOLENOTD VALVES
(24 ITLA)

76 PORT PROGRAMI4ABLE

TTMER (24 NA)
PERSONAL SAMPLTNG PUMP

12 Î^IIRE TELEPHONE CABLE

Fig. 2- Programnabfe, refiþte sampfing sgstefi'

60

120

S ULFUR HEXAFLUOR¡DE ( PPbl

Figi. 3. Adsotption of suTfut hexafTuoríde bg chatcoal cToth exposed to the
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t:racex for 3O seconds.
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DTSCUSSTON

The three tracet gas methods presenËed in this paper ean be used ¿n a varietg
of sjtuaÈjons- Howevet, a17 thtee, the rate of d.ecag, the equi¡ibrium concen-
ttation, and the transfet index methods can aTso.be used intetchangeablg. The
seJection of one technique over another depends on the investigatot's famiLiar-
itg with the individuaL technjgues and. vatious ot¡te.¡r teehnicaJ- considerations
sucl¡ as avaiLable jnstru¡nenÈation, the amount of qas required., t/re desjred unjÊs
of the ¡neasurement (AcpH o, ,3/") r personal preference and. otåe¡s.

FolJowing Ëåe se-lecÉion of a particula-r Èracer gas nethod, consideration
shouJ'd be given to the choice of tracer, as jt infTuences alL of the anaLgtical_
parameters. Thereafter, the interdependencies cf the anaLgtica| method, ana
sampling and re-Zease techniques must be examined. ?l¡ese cl¡ojces a¡e il.l.usÈrated
in Figure 4.

ANALYT METHOD

AMOUNT
TO RELEASE + METHOD

OF

+ DETECTTON

CALTBRATTON
RANGE

+

CHOTCE OF
TRACER GAS

SAI4PLTNG
METHOD

IVVDE AE

RELEASE
.>
+ TYPE, NUMBER

AND DURATTON
OF SAMPLTNG

?R.ACER GAS I4ETHOD

Figure 4. Interdependencjes of the Èracer gas method.

once the tracer gas åas -been cåosen, the analgsis of the gas should be review-
ed since it can affect Èåe seJ,ecÈion of a sampling method., the amount of gas to
be released, and the method. of re-lease. The caJ-ibration Ìang:e of the analgtical
instruaentation defines the amount of tracer gas whìch can be rel,eased- A wid.e
ranqe is desj¡abLe as jÈ ¡educes analgtieal nanipulations sucå as d.iLution of
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sampTes and aTlows for gf:eater variabifítg in the measured concentration'

. Another aspecx of a tracel gas investigaxion which needs to be considered ìs

the sampling method. The tracet gas technique selected defines the tgPe' number'

and d.utaxion ot samples whích musÊ .be coTl-ected to furnish tåe necessatg data'

The absofute amount of gas coLrected must coincìde with the anaTgticaT method's

capabí7itg.
Fina77g, tl¡e re-l,ease nethod shouTd be examíned u¡ith regards to tgpe' duration'

and the amount of gas to be libetated. The tgpe of release mag be continuous or

instantaneousdependingonthettacergasmethod.Theamo\nttoberefeased
must take into account the sampring and anargticaT techniques and the amount of

ventiTation antici Pated'

some of the potentiaT etrots associated with tracet gias techniques for venti-

lation evaLuation include:

- refease veTocitg, and method;

_samp}ebiasing,Tocation,ftequencg,caTibrationandcontamination¡

- puritg of the gas used;

- standatds PrePatation; and

- the anaLgtical technique '

Mang of the er]:o];s associated with these sources can be el-ininated thtouqh the

seTection of suitabl-e, welf calibrated refease mechanisms and techniques; proper

sample timLng, positioningr, and ca].ibration; ensuring the use of a pule gas; and

fTushing sampTe equipment with air between tests ' sampTe biasing is of conceln

during the determLnation of an overaTT ventiTation rate obtained bg avetaging a

number of ventiTation rates - Howevet, it can be míninized bg increasing the

number of samples cofJ.ected. This leaves both standatds prepatation and sample

anaTgsis as the najor sources of error '
Toquantífgtheer'jo] expectedwhenSFuisusedinventilationstudies/an

el,:ror anaJgsis for GC-ECD, standard preparation with a Mettonics Dgnacalibrator'

bagsanptingt,andpumpcaTibtation,wasperfotmedusingasumofthesquares.
approach.Inthe¡¡orstinstance,generatingrelativeJgconcentratedstandatds
(72ppn)andwithsampTeConcentrationsbeinginthe]owendoftheTineattangie

oftheGC,aneî]:orofaboutT6%wasfoundwithl0.5%beingattributedtostand-
ard'spreparation,4%toGc-EcD,and7%topumpcalibtation(Ref.3).Thiswas
reduced to 5% ç,tith J-ower standard and higher sampTe concenttations ' Ertots of

this nagnitude can also be expected for conventionaT toofs and ptobablg ' fot

othet ¿zacer grases

Ttoubleshooting,balancingandquantifgingairffowthroughaventiTation
sgsÈemisdoneÈo'comparethedat,aobtaínedtodesignorIecollÑÊndedvalues,to
pinpoint a mísbalanced state, inherent d'efficiencies, and Èo assjst jn idenÈj-

fging their probable causes . Conventional ventilat'io'n measurement tools (pi¿ot

Êu-bes, aneÍtometets) have these shottcomings:
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can't aftotd a direct meâsure of ventiLation rates at ç¡otk l-ocations;
- can't actuaLLg monitot air movement and, airf|oçr¡ patterns;

tu¡åu-lence act.s to reduce the accuraca of tàe measu¡emenÈs.
Ttacet gas teclnigues represe¡?t a¡ aLternative means of ventÍLation anaTgsís
r¡hìch js noÈ hampered Þ9 Êåese shottcomíngs.

Ïn suntrørg ' recent deveTopmenËs jn associate t¡acer gas method.ologies ind.ica-
te that,, in tåe near future, ventiTation speciaLisÈs wilL be provided with easg
Êo use/ flexible, econonícaL and accutaÈe i¡strumentaÈjon and ptoeedures to
studg ventiLation sgster¡s. rË i.s anxicipated that tåese novel method,ologies
wiLi- either supplement or compTenent existing tecånigues and. procedures used Ëo
studg ventiLation sgster¡¿s.
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