
Clean air: the inside story 

P. OWER STATIONS, 
heilvy industrks ilnd 
motor vehicles trad ­
itiona lly are the focus 

of r('~l'olrCh Jr1d n>gul.ltions aimed ,,t 
l..t•cping .lir qu.1 lity 111 ,Jcceptab lt• 
l evel~. I n (ulun.•, h tnvevc r, n llC\\t 
breed of cmis~ion contro ls is likely. 
TIW'-l' will lMgo.>l a1r polluta nts "milled 
from md<H>r m.llt'nals wh1ch h;l\ e 
until rec~n t ly rc·c~1ved ft•,s attenh lm 
l rllm i\uqralian '-Cientish and 
cnvimnmentill authorities. 

l lw new conlrob w1ll ch.•llengt• 
i\tl';tr,illan mal..crs of modern 
<<llhlrullwn m.ller i al~. fu rnish ings 
and l>ffiCl' m,1chm~ry, .1ccordmg to 
Stcphcn Brown fro m CSrRO's 
Division of 1.1\lild ing, Ct>nstruct ion 
and Eng ineer ing. Bro wn says com­
p lianct• wi th overseas e mission 
~t.md.ud' will bt> vi tal to this industry, 
"hKh '''PlHh good, wor th about 
SHXIO nulhon ,1 Yeilr 

\\hen oldoptcd in \ustralia. the 
control' will bring economic benefits 
through r~ducing ventilation cost,, 
unprm mg produaivity and lessening 
rllnl''"'' ""h .h sick bui ld ing 
wndrumc' ami ,t lll- rg1e::.. Brown ~·'Y~> 
the annua l va lue of \vorkcr 
prodt><'llvlty ~;ai n s resultin g fro m 
hc.1 l lh u: r indoor l' lll'irnnme nts is 
e>t im,J ted ltl hl' .11 1c.1q $72 mi llion, 
with gain, trom t>lher cff<oct::., thoug h 
di l ficult to estimate, lik elv to be 
'ub,lantiallv mor('. 

Brown is the l('ader of CSIRO's 
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uuluor oll r <luality research team ba't.'d 
a t I h ghett m Victo ria . His prnjl'c l is 
one o f three oll the divi;km th.1t olrl' 
pan o f the organis atio n's n ew a ir ­
quality program. The o ther project~ 

in vo lve th e rmal techno log ies anu 
t.o mput.1tional fluid mechanics (sec 
bu\ ' lorv on p.1ge 2.S). 

Indoor pollutants 
l'ollutiln ls are common in indo<.>r .ur 
and many occur at concentration~ 
h1gh cno~gh to affec t the health of 
bulldtn!\ occupants, Brown ~a)'"· 
Tvp1c••l pollut.lnls a re radon (from soil 
benc.1 th blllldm~" ;md >OnW builumg 
pmducb), formaldehyd e and l'lll.>llk• 
oq;.1n1c ('ompounds (from most 
~ynth o: l ic building m n te l'ials ~nd 
contents), nilrogo:1l oxid(·~ (frnm fu,•l 
combu~lion for hea ting, cooking) ,tnd 
microbes {from moist surfaces). 

<;1nn• most people spend 70-90"., of 
thl'lr lime mdonr~. thi~ i~ the m.1jor 
source of t•xpo~ure to l'nnronnwnt.11 
pollut.ints. Brown says :.tud1e' 
on•rscas have shown tha t people arc 
<'Xplh<!d to a g reater numbers and 
l<lllll'n l r,\linn" of air pol lu tants in 
buildmg" than outsid e them. 

'We know that the re ,uc milny 
<H)\.Hlic compounds prescn t in 
rl'•'-""' ' ' h ly high concentrat ions in 
O:~>l.> blblwd hou>es,' Brown say,. ' In 
n('\' hou~l'~ lhe concentra t1on b ":.' 0n 

hi~hl•r and \\ C a rl' fa irly confHit•nl 
th.11 tlw -.turce is new budd 1ng 
m,ltl'rl.ll' ..,uch '" pa1n t .... adhesiq•., 

or formaldehvde m p.ulicle bo.ud.' 
As,, res ult, en' iro n ment.11 .1nd 

hl!allh a uthorities around lht• world -
mcludmg Austra lia's ational I tl!.llth 
nnd Mt•d ical Research CtH111Cil 
( N II MRC) "re as,cssi ng tlw ~ ~ g­

nificancc of e xposure> lo in dou1· 
pollu ta nts a n d a re dcvck>p111 ).; .Hr· 
quality goals an d control strategic' 

for ~me pollutants, these cmHrols 
"11l be based on buildmg rcAula tions 
or n)lunt.u\· indu ... try ~1.1ndMd., t!Mt 
hmit the lc,·cl of pollut.1nh ,•nlllllod b\ 
m.1t••nab. used indoor::.. lh1., .!pprn.llh 
1 ... b1!1ng considered 10 "c' er.1l 
countne~ wi th the lilo.l'ly ou tcome th.1 l 
buikling ma te rial> and cunil'n t~ ll1.1 t 
compl y with spcc1fic t'"""~ 1 un 
dl.uactcrisHcs will be tavour11d 

Source control 
In r11sponse to these needs, llrnwn' 
tc.1m ,1 t H ighett ~~ s tud) mg the 
sources of mdoor air pullut.1nt' .md 
th~ir emission charactcnsllc> llu: 
uuormation will be used with mduur· 
.llr-qualit) models to predict tht• 
1111 J>dCt of source emission' on 
pollut,lllt (('\ cl:, Ill budding~, ollld 10 
'dcct sources that dn nut ,\dH•r .... •l) 
.1ffl'rt mdoor air qual il) 

'With a better understand in!\ of the 
~ourCl'S of indoor pollutants, it wi ll bto 
po~siblt• to modify 'tlurCl'' to rl•dLJl l' 
cmi~sion; so that indt.l{>r olil j,:l>.l l ... ,, .. 
not exceeded,' Brown s.ws 

In practic~. this mciln" th.H 
hlnhf,•r ... and home and comnwrci.ll 
bmldmg owner::. w1ll be .lhl·· tn wk...:t 
matcna.b with low pollut.tnl t'nll ...... llln. 
Th" will tmprovc indoor l'IH lftlll · 

llll'llh and .11 the ::.amc time n111ld ,ut 
'entdallon costs by dc.1hn!\ "1th 
pt>llut.lnt cmi"'il'll' ,1llhl'lr ... uurn• 

The p rocess of ;ource n •ntrul ;, nnl 
1Ww. A.thmntics hii\'C used it tur sonw 
tinll! by removing or formili).; b.1rrien. 
olfUIInll materi a l~> in which how,l' d ust 

A •oom·sized (33 cubic metre) stainless 
steel dynamic environmental chamber will 
soon be operational at the Division of 
Building, Construction and Engineering. 
This will enable the tesling or lull-scale 
Items such as a complete set of kitchen 
cupboards, or photocopiers and laser 
printers. Dynamic environmental 
chambers are supplied with purified air at 
controlled temperature, humidity and 
ventilation conditions similar to those 
found In buildings. 



J Modelling air 'lows and comfort 

Poll uta nt di spersion and ventilation inside homes and 
commcrcittl premises are £he result of cncrgy·use decisio ns 

made by build ing designers. Keeping pace wirh rechnologic>l 
advances in this Add, however, c:1n be a diflictdt msk, accordi ng 
ro Dr Jcff Symons from CSIRO's Division of Building 
Con rruclion and Engint-ering. 

Exhaust 

Concentration --- .-JI.J 11 ~ Ventila tion 
Supply 

Symon> heads the division's Thcrm;tl Technologies Croup 
which is bnsed or Highcu in Victoria. He says one of the group's 
oims is to help engineers, builders and arch irecrs design and 
construct bu ildings with reduced energy consumpt ion and 
improved thermal comfort. 

Supply 
Exhaust 

'We're imercsced in analysing air O<>ws in buildings, such :.s 
commercial ;tnd indusrrio l premises, hotels. su permarkets and 
airport terminals,' Symons >':tys. '\XIe wanr eo be ahlc eo predict air 
nlovcmcnt and both rempe.rarure :and coru::uninant concentr:lrion 
fields that are affected by 113[Ural VCn<iJation, rorCCd V('ntil:ttiOn 
from heacing and cool ing systems, and by ocher hear and 
conmminanr SOl lrc;c.~ . 

Compulallonal fluid dynamics used lo predicl the pollulanl 
concenlral ion field from an unflued space heater In a room. 

and coo l arc:as in the lower, occupied region where people 
arc working.' 

The Thcrmal1\><:hnologies Group uses compu tacioMI Auid 
dynamics and experimental modelli ng to idenrity the air nows. 
temperarure~ :mc..i coru:unil)\lnts affcccing. comfort condirinns in 
building.<. T he dispersal and ventilation of indoor poll utants c.1n 

be analys«l in th is way. 

'We will then use those prcdicrion> eo colcul3tc comfort 
conditions and air qu:ality within the occupied zone of the 
building, which is normally .rcltmd the lower levels of the space. 
In tall spaces, for instance, hot areas c.•n occur near the ceiling 

mite allergens ca n occur, a nd the 
prohibi tion of smoking in bu ild ings is 
a n approach that has completely 
removt•d e n v ir0 11me nta l tobacco 
smoke. However sou rce control is 
b~'Coming more sophisticated, and by 
measuring source e mission of poll ­
uta nts, acceptable sou rces ca n be 
specified rather than prohibited from 
use in bui ldings. 

Source emissions are characterised 
through the use of dynao1ic em•iron­
mental chamber technology. 

The dynamic chamber 

occurring during the first 30 mi nu tes. 
By compadson, polyurethan e lacquer 
has a much lower e miss ion, but 
decreases slow ly and 90% of the 
crn issi.on occur red in 10 hours. Moth 
crysta ls, w ith a decay constant of zero, 
exhibi ted a constant rMe of decay un til 
fully consumed. 

Indoor air models 
Wi th a c ha racterisa tion of sou rce 
emissio n behaviour, i ndoor ai r 
models may be used to predict 
indoor concentrations from s uc h 
sources. Conversely, limits on source 
emission to achieve s pecific 
conce11tra tions (such as 

m~tcrials $uch as gypsu m board, 
carpet <l nd f~Jrni shings us ing t heir 
chamber facility. 

The dynamic chn mber typica lly 
used at 1-Ughett has a 50-litre capacity, 
but a ,·oom-s ized (33 cubic metre) 
s tai n less steel chamber will soon be 
completed. This will enable the testing 
of fu ll-scale items s uch as a complete 
se t of kitchen cupboards, or 
photocopiers and laser printers. 
Manufacturers of building materials 
and contents who wish to use thi s 
faci li ty are welcome to conhKt the 
division. 

Dynam ic e n v ironmenta l chambers 
cons is t of non-emi tting chambers 
(lined wi th mMerials such as stainless 
steel, glass, or tcflo r1) w h ich are 
~upplied w ith purified ai r at controlled 
temperature, humidity an d ventilation 
conditions sim ilar to t·hosc found in 
buildings. 

N HMRC goals) can be 
estimated. 

Table 1 Total volatile o rganic compound emissio n 

A pollutant source is p laced in the 
chamber a nd the concentra t ion of 
pollu tants emi tted over tirnc (generally 
up to two weeks) is measured. Thus 
the 'emission dyna mics' of each source 
can be ma thcmatic<> ll y described, 
usua lly by two parameters: the initia l 
emission r.:lte and lhe ra te of emjssion 
decay. Examples of emission dynamics 
for particu la r materia ls a rc g iven in 
Table I. 

Floor \Vi\X for example, has a high 
ini ti al emission , but a high decay 
con stant. Thi~ e mission decreased 
rap id ly, with 90% of the e miss ion 

.Source 

0.40 For l'Xample, the United 
States Env iro nmental Pro­
tec tion Authority has 
developed a m odel tha t 
predicts the polluta nt 
concentrat ions in a test 
house from s i m plc sources 

polyur~thon~ tocqutr __ _;6:._0:._00:..:_ _____ _;0.2S --· 20000 6 .0 

morh ctyJtols 14 000 0 

dty-dftJNd clolh/ng 27000 0.43 

when app ropria te values are 
provided for source emission 
dynamics, ou tdoo r air exchange, in­
house il ir movement and deposition of 
pollutants on surfaces that adsorb o r 
re-e mit the poUutiln ts. This last factor 
ca r1 be signi ficant for some• pollut:~nts, 
so thnt s hort-term hig h release of 
pollutants is extended to several days 
by slow re-emission. fro m surfaces. 
Brown's group will «lso invo.:stigate 
this 'sink' effect for common building 

More about indoor air 
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