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Developrnent of a MuJ.ti-Tracer Gas Technique for Observing

Air Movement in Build.ings

Josephine Prior and. John Littler
Building Unit, Polytechnic of Centrat Lond.on

CTTOI'I

A nethod for following air movement vithin buildings, which uses

several different tracer gases simultaneousJ-y, has been d.eveloped.

The method eonsists of the folloving sequence of operations:

- up to four tracer gases are released. at various points within the
building (see Section 2)

- the mixtureof gasesis sampled. at any number of positions in the
build,ing as a function of time since the release (see Section 3)

- the samples are chemically analysed. to produce curves shoving the
concentrations of each gas stepping through time and space (Section I+)

- the variations in gas concentrations are used. to evaluate air
movement through the space. Specific experiments to illustrate sueh

air rnovement have been earried out and these are sunmarised in
Section 5.

TRACER GASES AND THEIR RELEASE

An extensive survey l¡as carried out to find non-toxic, odourÌess

tracers with a zero baekground concentration. It was also necessary

to find unreactive chemicals whose concentfations werê-easily
measured, and which could be readily separated for analysis. A series
of perfLuoro hexanes and d.ecalins fit the requirements and the

folloving ones have been used in the prototype development :-
PPI perfluoro n-hexane

PP2 perfluoro methyl cyclohexane

PP3 perfluoro dimethyl cyclohexane

PP! perfluoro decalin
TLrese compounds are l-ow boiling liquids which makes for easy transport.
They are currently injeeted into a space (remotely or manually) by

evaporating about 1 m-l- using an eleetric heater. fn some cases the
gas is mixed. witn a desk fan and experiments described later illustrate
the effect of the fan.
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Mix¿uret¡ of room air and. one or more tracers are snrnlled by d.rawing

a snall, fixecl voLume of eir (about roo nl-s) ttrrough sanple tubes

packecl wlth an aclsorbent. Figure I illustrates the system for tvo
spmple ¡roints. Each snmFle point shown consists of five removable

stainlÉdr¡ steel tubes packed. vith an ad.sorbent (chromosorb ro2). At

the frrrrtt end of each tube a push ca-¡ fitting connects it to a

solenol¡l valve which controls the exposure of the tube to the
atmosphrrl'e. At the back of each tube a similar fitting connects it
to a n¡tlrrn tube whieh lead.s to a manifold. From the marifold, a single
tube l_erl,ls to a T-piece adaptor connected. to a similar line from

the oth,rt. unit. At present a three port solenoid. at the T-piece

enab1eÉ lilre pr:np to d.raw air either through the samplers, or through

a need.l,1 varve. This arrangement aIlows the pump to run continuously
r+ithout lhe risk of a surge of air occuring r.¡hen a sample is tahen due

to the ¡'rrrmation of a partial vacuurn. rt also prevents the packing

of any I r¡Þe being pulled. tightly against the retaining gauze (see

Figure ;t), vhich would seriously affect its gas flow/adsorption
properfl,'È. The outl-et from the punp passes through a pressure gauge,

a needlÉ' valve ' and' a flow meter allowing the volume of air drawn through
each tulro to be monitored. The pr¡ap, fror¿ meter, pressure gauge, needle

valve, [hree port solenoid valve and. T-piece are housed on a sma11

trolIey, .Also included- here is the contror system (Figl,r" 3) r¿hich

opens alt{l closes the solenoid valves. The valves â::e operated so that
the tubra|¡ are exposed- in pairs, one at each sample point. samples are

thus talrr'¡ simultaneously at each point a¡d in a timed sequence from I
to 5. ,l\l\rì sample tubes are capped for transportation to the automatic

desorbe| ithere up to 50 tubes may be analysed. fn Figure )+ the air
movemerlt lnducecl betveen tvo adjacent zones on opening an inter_
connectjì\d door is illustrated.. ppl is released in room A and pp3 in
room B ¡til,h the interconnecting cloor closed.. The air in each zone is
stirred \'ìth a fan to give a unifor:n gas distribution. After opening

the dool\. the concentration of ppl falls in zone A and rises in zone B

whil-st l,l\ê coneentration'of pp¡ fal-Is in room B and rises in zone A.
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t l+. SAMptE ANALYSTS

The tracer ga'¡es are desorbed from the sa.nple tubes using
a Perkin-Ermer ATDSO eutomatic the'ar d.esorber e¡rti then separated
and. anaþsed. on a Perkin-Elmer Signa 3B gas chromatograph fittett with
a I+m gJ-ass coh:m¡r packed. vít]n 5% sE3o on CHROM lI.H.p and a fla.ne
ionization d.etector (Fiew.e 5). rn the automatic d.esorber, each
snnFle tube in turn is connected to an inert gas line and then heated.
The desorption tenperature and. tine can be progrsmmed. by the operator
and experiments have been carried. out during this work to find. the most
suitable d-esorption parameters for the gases. During the heating
process Nr^carries the tracers into a co1d. trap packed. r,¡ith chromosorb
102 at -3ooc which decreases the band spread. a¡ld increases the
resol-ution of the chromatographic colurnn. rrrhen the primary desorption
is conplete, the cold. trap is ftash heated to 2jooc and the tracer
gases liberated and swept directr-y onto the colunn of the ehromatograph
where they are separated' before entering the flame ionization detector
for analysis. The automatic therrnar- desorber is eonnected. to the
column in the gas chromatograph oven by a heated line.

\.2 choice of desorption ters
rt is essential to examine the efficiency of the desorption process
to make sure that arl the tracers adsorbed. in the tubes are desorbed
as cl-eanly and quickry as possible. Tests l¡ere carried out on pp5 r.¡hieh
is the l-east volatile and' the ¡rost difficul-t to d.esorb from the tubes.
A crean ad-sorber tube r¿as fixed in the gas chromatograph injector in
plaee of the column. I^¡ith N, earrier frowing a 1 nl headspace sample
of PP5 was injected., on to the tube with a gas tight syringe. The tube
r'¡as removed' and' the column 4eplaced in the oven. The tube r.¡as then l-oad.ed
on the automatic d'esorber and a desorption progranme chosen. The tube was
reheated (rirea) several- times to make sure that the sanple was completeJ-y
d-esorbed.. The r+hole procedure vas repeated for different desorption
parameters until a suitable set was found. such that the whole sample
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eould be shown to come off at one firing. fhe aim was to carry out

the prinary d.esorption et as low a temperature as possible in ord.er

to ninimise interference fron stray compound.s which ùight àlso have

been adsorbed.

The conditions chosen lrere:

Primary oven : 2OOoC, desorption tine 15 ¡rinutes.
Co1d. trap temperature, -3OoC. Cold, trap high temperature, ZJOoC.

Box surrounding co1d. trap assembly : 1OOOC.

l+.3. Assessment of optimum sa.rnpli ng volumes

It is important to make sure that the air d.rawn through each tube in
a fiel-d. test, deposits al-l its tracer gas on the adsorbent and that
none breaks through to the other end of the tube. The optimum sampling

volume of an adsorbing tube is the voh:me of air containing a tracer
which may be sampled. over a vide variety of concentrations without
signi fieant breakthrough .

The optirnum sampling volumes of gas were measured using the indirect
method of Bror,m and. Purnell (19?9), ir r¿hich the adsorber tube is used

as if it vere an analytical column. Sampling cond.itions for this work

vere chosen as a 100 m1 volume to be collected at a rate of I00 ¡n1

/ninute.
l+.1+ The Gas Chromatograph

The column and operating cond.itions for the gas chromatograph were

chosen on the advice of fSC Chemicals Ltd., who also provided samples

of all tracer gases used. A l+m glass column packed vitin 5/' SE3O on

CHROM \^i.H.P r.¡as instalÌed. in the oven and used isothermally at 5OoC.

The injector and. ionization d.etector vere heated to l-2OoC.

The d.etector vas calibrated. using stand.ard concentration gas mixtures
mad.e up on a glass vacuum J-ine, and serial d.ilutions of these mixtures.
DEMONSTRATÏON OF THE TECHNTQUE

Four distinct experiments lrere necessary to eval-uate the sampling

system, the tracer gases in use e¡d. the method. as a whole. The first
experiment tests for absorption of the tracers by valls and. furnishings
(Section 5.1). The second investigates the possibility of
stratification over a period. of time both with and vithout a mixing
fan (Section 5.2). The third. observes the d.egree of nixing of
the tracer gases in room air (Section 5.3). Final1y, some experiments

were carried out to shor,¡ with one gas and then simultaneously
r^¡ith two, how the air between tvo ad.jacent zones moves when a door
betveen them is opened (Section 5.)+) .
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,.f Tests for absorption into walls ancl fi:rnishines
Methocl

.An office of vorume 33n3 w-itrl a false paneIled. r.ra]l, carpeted.
concrete floor, concrete ceiling a^nd, large srid.ing d.oubte glazed
wind.ows r+as seared. with tape over joints in the waI1, gaps in the
ceiling, the wind.ow frnme and. the skirting board,.

The tracer release system was set up in the nid.dle of the roorn vith
an oseil-lating d.esk fa¡r to ensure good. mixing. one sampling unit
was pÌaced at each end of the room. rhe trolley with the pr:np

a¡d- svitching equipnent was positioned. outside the door. 1 ml
of each tracer was evaÐora bed. in the room a¡d. the d.oor rn¡as then
closed, sealed. from the outsicle and,- the oscillating fan sr,¡itched. on.
After 27 minutes the fan was switched off. After another 3 rninutes the
first sample was taken. A further four sa.npres were taken at
interval-s of 30 minutes (rieure 6). The test was repeated. using
intervals of one hour (Figure T) and intervals of one minute
(ríeure B) betr¡een sa.mples.

Resu]-ts

Figure T illustrates the variation in concentration of one tracer
(ppf) up to ! hours after its release into the sealed room.

Betr^¡een hours 1 ar¡d. 5 the mean concentration ¡l-n the room air at the
tvo sampling points fal-ls frorn 5.? x ro-5 g/t to,!.0. x to-, g/t.
Ttre very smal1 drift d.ow-nward.s is probably due to residual infiltration
occuring in !þe room, even though it was carefully sealed.
A 1og linear plot of the d.ata in Figure T implies a rate of only l.T x

-)10 - air changes per hour.
similar tests r¡rere carried out with the other tracer gases^and the
air change rate obtained. by averaging aJ-1 the results for this 5

hourly period was (1.7. + 0.3) x 1O-2h-1.

on a d.ifferent d.ay, an identical set of tests carried. out at half
hourly intervals (rigure 6) índicated an air ehange rate in the
seai-ed room of (0.6 + o.:) x 10 i¡fI.
Similar ex¡reriments were earried out at mueh shorter intervals of one

minute, 30 minutes after the rerease of the tracers , in order to
meke sure that the smaJ-l loss of tracer gas seen above was not
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a¡r artifact of the equipnent. Figure B illustrates that
some scatter is presånt but no fir^m trend.

5.2 Tests for strati fication
Method

sa.npling point A was 2.89n above the f1oor, ancl point B 1.36n.
The ceiling to floor height was 2.95n. 30 minutes after the
tracers were releaseil, sampling commenced. at 30 minute
intervals. rn one test a desk fan was left on to nix the room
air, and in a second test the fa¡l .v¡as not used.
Results

Figure 9 shows the behaviour of ppl (the lightest tracer,
molecular veight 338)r¿ith the cireulating fan on (top curves)
and off (lower curves). There is no d.iscernable stratification
r¿hich vould. be seen if ppl were settring to the bottorn of the room.
similarly Figure 10 il-lustrates the behaviour of pp2,pp3, Ðd
PP5 (the heaviest tracer of moleeular weight \62), and. again there
is no stratification vhen the fan is off.

5.3 Effect of the tracer-re lease-heater
TLle tracers are released. by sud.d.en evaporation from a small heated
surface of about 20 cmZ at e.bout l-6ooc. fhis surface might be
thought to set up significant:convection currents, prejudicing even
clistribution of the tracers.
Results

The traeers were released by remote eontroÌ in the mid¿le of the
seared. room a¡ld. sa.nples taken at the windor¿ and the door without
any fans mnning. After about 10 ninutes both semple points indicate
very sinilar concentrations, suggesting that the heater is unlikely
to provid.e a skeved. traeer d.istribution.

5.11 Experiments t o shov air movement between zones

¡ . l+. f Air excha¡rqe betr.¡een room and. corrid.or : air sweot out bv
clpening d.oor

Tn these tests , Ppz r¡as released. into an office whieh r¿as then
sealed for tventy minutes r¿hilst the air was mixed vith a fan.
The door was opened. and. samples taken at various interwals rangi.ng from
1 to 10 minutes. Tr¿o configurations each with tvo semple
points were used-, (a) one inside the room by the r¿indov
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a¡d the other one just insid.e the d.oorway, or (b) one in the room
and the second' just outsid.e the d.oorway in the co*id.or.

a. Both s ample po ints in the room
Figure r-1 shows that opening the door causes a rarge exchange of air,so that the concentration of tracer falrs unifonm-ly throughout the roomby a factor of 3 within 10 minutes. Similarty, Figure 12 il-Iustratesthe seme behaviour with higher time-resolution rn the first 2å ¡ninutesthe mean tracer concentration falls from j.p x IO-5 f/t to 3.5 x tO_j g/tThe plot of rog coneentration versus time is not r_inear, .ue torecircu-r-ation of air through the d.oor, but in the first 2å minutes itappears that opening the door causes roughr-y o.)+ of the air in the ioom,or l-3 r3,to be swept out into the corridor .

b. One sam e oint in the room a¡il one in the corridor
During the daytime, ar-though trre room r,¡as se aled (apart from its open cloor)the i.nbi.:rnal_ corrid.or was not. There was s ome movement of people
through the c¡¡rr,dor, openlng and closing t he d.oors at either end.Figure 13 ill_ustrates the rapid drop in room tracer vhen the room d.ooris opened, accompanied. by a rapid rise in eorridor concentration. Thetwo equalise in about 2l utes in spite of the fact that the spaces

m1n

are isotherrnal_. The overal_l decay is eaused by air moveme nt out of thecorridor at the rate of 1.5ac h-1(tro, a 1og linear plot o f the datapoints on Figure 13). At night, (Figure fl+) ¡¿hen no use in mad.e of thecorridor, an identical_ experiment shows an aircha¡ ge rate very closeto zero. Figure 1l+ aJ_so ill_ustrates the rapid. equalisation of tracerconcentration in room and corridor after only ZJ minutes.
5 .)1 .2 Using two tracers to shor¿ air moveme nt between z ones

T\ro sampling points r^rere. set up, one in the sealed room used in theprevious tests and,one the corrid.or outside the room.
T\+o gases, ppl and either PP2 or pp3 were rel_eased, one in each zone.Air in each zone was mixed, with the co¡nmunicating d.oor closed. SanpÌesr,¡ere taken before openi ng the door, and at 5 minute intervals after itwas opened.. Figure 1! shows some of the results. ppl (ful1 line)is released in the seal_ ed room, and after mixing reaches a concentrationof l+.60 * ro-5 c/r ( roughly )+ ppto) . rts concentration in

I s very small (le"s than 0.2 x t_O-5 g/I).
the corridor
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PP3 is released in the corrid.or and. afber rnixing reaches a

concentration of 2.35. x l:O-5 g/t, fts concentration in the room

is zero.

I,lhen the cloor is opened., PPl is swept into the corrid.or - lead.ing

to a fal1 in room PPl and. a rise in corrid.or PP1. Simitarly,
PP3 is swept into the room, vith a concomitant fall in the PP3

concentration in the corridor.
FUTURE WORK

the work described in this Report, has established a method for
observing air movement in build.ings, in which up to four different
gases may be used.. simultaneously. Other gases could be added. to
the list.
Further sampli-ng points beyond the two presently employed can

read.ily be attached to the system.

The originaJ- SERC grant l¡as concerned only vith the d.evelopment of
the hard.ware. Application is being made to continue with the

prograrrme, with two objectives :-
1. To d.evelop the mathematical analysis of the curves of
tracer concentrations against time, in terms of air voh:mes.

2. To make specific measurement of air movement in the PCL

experimental house at Peterborough.

Reference mad.e:

R.H. Brown and. C.J.Purnell, Collection and analysis of trace organic

vapour pollutants in ambient atmosphere. fhe perforuance of a

Tenax GC ad.sorbent tube, Journal of Chromatography, 1TB, p 78-90
(tgts).
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