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I baeeoenc; floor
Tlte houee fs

IntroducClon

Product8 of coubusÈIon frm foesll fuel flred hescÌng and cooklng

:;;iiiiil; i..li."i"irv choÊe chac are unvented co oucsrde' can

concamlnate i-ndoor alr. The crend cowards coosËructlon of ttghÈer housee

!o conaerve energy hås only nade nattera worse' for Iess lnfllcratlon alr

ls avatlable co dlluce lndoor alr contamlnanËs'

To lnvescj.gaÈe the effecc of one guch cype of appllance' Eests Were

conducted ln oÈÈar¿a ariirg ct" elncer or'rgaz/s¡ ln an energr-effrclenc

cwo-scorey Èesr house wltñ a gae cooklng acove In fhe ktcchen' ProducÈs of

coobusclon, NO, NO2, CO, and CO2.r were-Deasured In che klcchen' llvlng rooo

and bedroom ln order ro'relace Éhe lnfluence of alr lnflltrarlon and

kltchen hood exhaust oftraclon co lhe levels. of alr conÈanlnancs' Tesra

cere also conducced, tåttg the encloged klÈchen as a Èeac cha¡ber' to

escabllsh the values of eãlssl-on rare for Co' NO and N02 and of reactl-vlÈy

Tesr üethod

The cest house Is å cwo-aÈorey wood fraue houee ¡rlch a ful
area lg tl8 n2 and volume, lncludlng baeenenÈ, le 3E6 ¡3.
heaÈed wlÈh a cerÈral r¡arn alr elecÈrlcål heaÈlng syateo.

The concencraclon of Indoor air concamlnancs can be deecrlbed by lhe

foltoelng equaclon a"t"ìãpt¿-iv Ãron"o tc al"l assunrng unlforn nlxlng:

dc-pac^dr+l¿t-(a+k)cdr, (l)
oV

for NO and NOr'

a), Equat lon for lndoor Alr Pollutlon

shere

c(t) - cp e-(a + k)t

Rearranglng aod raktng che nalural logarlthm oo both sldes

c
c

o
P

AssuElng C^, P, a, S and k ro be coosEanc over rhe clme perlod of lncerest'

Eq. (f) caä be eolved for C(c) co glve:

.(.) - 
t"o 

l:/u [t -. -(' + k)r¡ + c(o)e-(a + k)c (2)
a*k

rf che source rs renoved a! ! - 0¡ !.e', s - o, and tn'-?l-tnl "tt
conEamlnant decays exponenLlally froE Che Peak concenlratront uP'

accordJ.ng lo

' lodoor concamlnånt concenLraclon (ppm or ug/m3)
- oucdoor concaûlnant "ont"nti"tron 

t'ppt ot ug/t3)
- fracrlon of outdoor concamlnan! level chac ènÈers the houee through

che bulldlng alr envelope (unLtlesa) 
,

' alr exchange rate rn ali changes per hour (h-I)

- lndoor conÈamlnånc eource ecrãn8Èh (oL/h or u8/h)
- voluoe (n3)
. reacclvlcy, net race of reooval Processes other Èhân alr exchange

(h-t).

Flgure I ehows the p).ana for the flrsc and second floora, rhe locaclon of
Èhe gas cooklng aCove ln the klÈchen, and the gae eaqllng polnÈs LocaÈed
I.ó n above che floor ln the klÈchen, llvlng rocn, and Èrro bedrooqa. The
gas aÈove, wlch four top burnerg end an oven, wes purchaeed frou a nearþ
deparcrerÈ aÈore, connecced Èo Èhe underground natural gae llne, and Èuned
by a aervlceman of che local gas uÈ111Èy. A nase flor aecer tfaa ln8Èalled
ln Ehe gas llr¡e and callbrated uelng the eoap flln Èechnlque.

NO and NO, were measured wlÈh a chenlh¡r¡lnescent analyaer, and CO and CO,
wlth norFðlBperslve Infrared gaa analysere. Ttre arrangelænc of the varlôue
equlpnent and daÈa acqulelÈlon syaÈena le shoen ln Flgure 2. All
lnatru¡¡enÈs for gaa analyele were checked Lor zero and epan wlch a
callbraclon gae lmedlacely before and ¡fter each cesÈ.

ÌlosÈ Ëe8Ès lnvolved operatlng Che g6s stove r¡lCh one, Èwo, or Èhree Èop
burners covered ¡rlch sater-fllled ah¡nlnln pots and Ëurned co oâxlmto
seÈclng for a perlod of 30 nln. A separate Èe8t wae conducËed wlÈh Èhe
oven aeÈ ac 175"C aûd operaÈed for 2 h. PlIoÈ ltghcs were on for all
Èeata. Buildup aod decay of concanlnanÈÊ ln Ëhe house nere monlÈored
durlng and afÈer aCove operaElon. CO and CO2 concencretlone sere saqled
at each locaÈl.on every 1.5 nln. BecauÊe of Che tlæ requlred for neaaurlng
boch NO and NO2 hrlth only one analyser, only che concentraclone ln the
kltchen were monlcored siÈh burnere operatlng Èo pernlÈ e eufflclent. nunber
of readlnge. AfÈer the burnerg were Èurned off, when t.he raÈe of change of
concentraclong waa much leas rapld, aalpllng poirits ln Che kltchen, llvlng
room, and second bedroom were oonltored every 4.5 nln.

The alr change raÈe of Èhe house was meaeured uelng the (SF.) cracer gae
decay cechnlque, wlÈh Ehe reclrculeÈlon alr fan of Èhe cenÈ;al heaElng
system 1n operaÈIon ao Èh6È Èhere could be unlform concentratlon throughouc
che house. Tracer gas (20 oL) r¡ag lnjecÈed upaËrean of Èhe fan lnto the
recurn alr plenun. After nlxlng for abouE 30 nln Co echleve a unlforn
concenÈraÈlon, gas saoples fron Èhe returrFalr plenr.m r¡ere drasn Èhrough
plaaclc cublng Èo rhe lon-capture dececcor/chroDåtograph. The alr ehange
racea were calculated ustng Eq. (4), wtch k - 0 and Èhe roeaaured valuee of
SF6 concencratLon.

Test condlÈlons are euwrarlzed ln Table I. Te8Èo nere conducted Eo
deÈermlne che levels of conÈamrnanËs n1Èh scove in operaÈfon for a range of
alr lnflrrratlon raÈes. Theae rates were varled by openlng the caaeEenÈ
wlnd*rs on rhe flrsÈ and second floora, ae requlred. TeeÈe rere aleo
conducted Èo decerr¡lne Èhe effecÈlvenegg of the klÊchen range hood
(465 x 755 m) ln reduclog contaolnant level. LocaÈed 5ó0 no above the
scove (surface dlmenelon, ó00 by 760 on), lË wag connecÈed co a lengCh of
netal duct r00 m ln dlaoeter Èhat pas8ed through a plywood panel flcted
lnto che krtchen wlndo¡¡. The eod of Èhe ducÈ, JuBc ouÈBlde the rlndou, iae
connected Èo a eoall cencrlfqal fan wlch a oanual d¡rT'er to control
exhauat race. A callbrated, veloclly preaaure-averaglng Ëube Eo r¡e6aur6
exhåuet raÈe eaa ln8called lo Èhe eÈrarghÈ run of ducc. A tesc waa also
conducÈed wlÈh Èhe klcchen wlndo¡¡ open for venËllaÈlon.

a
S

v
k

(3)

32

(a+k)-
(4)
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16.0 ppm Ln 10 nln. Flguree 3b snd 4b lndlcate that the o¡xlm¡u level of
NO^ wlth three top burnãre oPereÈ1ng etas less thån the eccepÈable llolt of
ô.ál OOll. Uurtni ttre oven ieer rhte tfnlr vas exceeded roænttrlly, lu't
åfter the oven ras turned on. lhe uaxù¡¡n level of NO res only Ébort l
percent of the threohotd ltnlt value (TLV) of 25 ppc eatåbll8hed.by the

Le.tcan Conference of Governræntal Industrtal Hygleniete (AcGIH)'

EolgslonrâteEweredeternlnedforCo,t{oandNo-.Ttìekltchen(contalnlng
the gåe stove) wae converted to e test chanber oÉ 29 t¡ by sealfng the

io."ããl"fr eupply and reÈurn trllls ánd coverlng the large-openlnge to the

ii;i; ;;t" anã iarrwav rtth f,taettc sheete' t'lnddrs and doore of Èhe

remalider of the houee were open and a large fen ln the llvlng rooo naa

;;;;;iú to exhauee atr to oìtstde' In thle rray all the hou6e ercepÈ the

tit.t"n ãae heavtly venÈllated to ouÈelde Èo Prevent coßbueÈlon producÈe

froo re-enÈerlng Èhe encloeed kltchen durlng the test' A enall fan lnside

the klÈchen uae operaBed to prot0oÈe lxlng' 
- 
Contamlnant levela and alr

change ratee ,"." r"""ui". iturtng and aftãr burner operaÈlon. The enlsslon

i"i"ã ,"r" câlculeced i.o. ."""ui"nent6 nade durtng burner operetlonr uslng

iã.-izl to solrre for S and illvl"dlng the result by the fuel coneurpÈlon rate
fì-ù7ír; Èhe values for ieacrlvlty (k) were calculaÈed, ustng Eq. (4)' fron

neAaurenentsofatrcontemlnents*,tthth"geaatoveoffandÈheknorrnalr
change rate (a) fron SF, Èracer gae readlnge'

rÂtes between 0.20 and [.0 per hour'Resultg end Dlscuaslon

The gas flow raÈes nlÈh one, Èeto and thEee Èop burnere at naxlnun 6ettlnß

"ir""ðloãi, 
o.tzo end o.iãi'r,1", respecÈlvely-. ùrrslde concenÈrâÈtons of

;õ-;";i; iron 0.6 Èo 1.5 ppn, and of No, fron 0'01 to 0'04 ppn' rre

.""r.ãã-i""arag value ror naturar gae (fíoo ûonthly EeaaurerÍenÈa reported

by tlrJ local gãe uttlttv) r¡ae 37'3 kJ/L'

constant.

raie and lng oPerâtlon'
xl-mm lev Ot were well

Pt and 2 cr-lvelY' t'Ihen a

oaladJust Èhe fla¡¡e fron
n the ktt from 1'8 to

wlth top burnere l-n operaÈ!-on, the effect of alr change ratee on Èhe

maxlmn levele of Co and NO, Ãre shovn ln FlSureB 5a and 5b, reePectlvely'
An lncrease fn alr lnfllt."Élon rate fron about 0'10 to 0'90 alr change per

hour resulted fn a reducÈlon ln nâxlilo levels of co and Nor-of-about
tò-;";;;;;- Flgures 5a and 5b also ehou a mrked reductlon ln Co and.Not

r¿iÈh range hood ln operatlon; naxlm'rn CO and N9a l:""f-"."ere reduced by

about 50 Percent at en exhauet raÈe of 22 Lle (O'2O åch) end to a

"ãriigl¡r" 
revel aÈ 94 L/g (0.85 ach). openlng rhe klrchen wtndos resulred

ri-i ãrgntfr.ant reductlon ln Co levele and, to â lesaer extent' 1n Not

levele. Table I shohts that for feets No- l5 and 17, oPeratlng the range

hood and openlng the kltchen sfndos re8ulted, aa exPectedr fn a substentlal
lncreâae ln house alr change râte' Pl8rlrea 5a and 5b aleo shrr¡ that the

levela of CO wtth Èhree burners oPerâtlng wlthout Pot6 are subsÈentlâlly
lower thân they are wlth Pot8, lndJ-catlng thaÈ cooklng utenslls affecc
proper combustfon' re8ult{ng ln a h1ßhel CO enisslon rate'

Traynor et el. 7 rePorted thaÈ the resulta of slx range hood exPerlnentg
showed reductlons 1n the effecclve enlsslon rateá of Co' CO2' and NO-r-bY.60

to 87 percent wlth exhaust rates fron 42 to l13 L/e' ì'lacrlss and Elkfns'

report;d, on the other hand, e reductLon ln N0, level: fo: th"^:n.tlre house

of 40 to 50 percent wlÈh conÈlnuous range hood operatlon froo JJ to
ll3 L/s. Tlaynor et al./ also reporÈed Èhât when house alr change rate waa

lncreased fron 0.30 to 0-83 per håur rhe Peak Co concentratfon sas reduced

by only 2O percent.

IÈ may be conclude<i thaÈ an oPeraÈlng range hood removfng coubusÈlon
products ar the source td nore effecilve in controllfng levels of lndoor
contamlnants generated by gae cooklng then fs an lncrease ln overall'

EffectB of Alr Inffltra tlon Ráte and

ventllaÈ1on rate.

Enlaslon R¡tea and Reectivltles

R¡nce Hood ODeretlon

The emlsston rates for CO, NO, and NO, are glven tn Table II' l{hen one

hurner cr)vered by a waÈerftlled pot õas operateil aÈ ßaxfrûn (8650 kJ/h)'
th,, ncarrrre<ì emlegton ratc for CO sae 87 UE/k.I. The enlsslon rate for t\to

5
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burnere opereÈlng at low settlng (total of 2400 kJ/h) wae 159 ¡g/kJ,
r¡hereae for one burner operatlng et naxlmrm setclng ulÈhouÈ a pot lt wâs
52 vçlYs. IÈ appears ÈhaB Èhe Co enleelon raÈe 18 hfgher lf burnere are
operaÈed rrlÈh poÈe Èhan slthoutr end at loner reÈher Èhan naxln¡n 8etÈlng8.
Ae shdrn ln Table II, Èhe eûJ-sslon rate6 of CO for Èhe Èhree condltlons are
loûrer than those reported by the Lawrence Berkeley Leboratoty (LBL). I Ïte
enl-selon rate of NO, nhlch wes oPposlÈe cheÈ of CO' nas hlgheaÈ 8t 20 ß/kJ
ïlÈh orie butner at nexlûm settlng nlthout a poÈ and lowesÈ st I ¡rglt: wtcfi
two burnera and waÈer-fLlled pote aÈ low 8eÈÈlng. The eolsslon rsÈea of
NO^ for Èhe chree condlclone were about the 6ane at 15 WltJ and einllar to
th6ee reported by LBL.

The reactlvlty rece ls a neasure of how qulckly Èhe polluÈant dleappeare
withln e epáce by nechmlene ocher than d-Llutlon (1.e. abeorptlon,
adsorpÈlon, oxldaÈlon, eÈc). The mean NO reactlvlÈy rate rres

0.03 t 0.0i h-I co,pared to -0.004 ! 0.082 h-l decernlned by LBL8; Èhe nean
No, reacÈfvlÈy reÈe nes 0.74 ! O.2l h-I conpared Èo that of the LBL' l'e"
1.29 r 0.67 h-1.

84-32.5

3. lncreaalng lhe hou6e alr lnflltraÈlon rete fro¡ 0.1 co 0.90 ach
resulted ln a reductlon of only about 20 p€rcent for CO and NO,
concenÈråtLon8 ln the kltchen:

4. operatlng the range hood at 22 L/g reduced the peak concentratlon by
about hálf theÈ obÈalned by natural â1r lnftltrrtlon, and to a
negllglble level at 94'l-ls;

Èhe calculaÈed and æasured valuea of peak concenÈrattone agreed
reaeonably well; and

6. alr contanlnant levels betrreen cooktng epleodea sere n¡ch greater in
hotrses wlth 1æ alr lnflltretlon ratea then 1n thoae wlth hlgher
retea.
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In Flgr:res 5a and 5b Èhe celculaÈed peak values of CO and No2

concentraÈIone wlth the three top burners oPeråÈIng at oaxlm:o 6eCtlng are
cornpared erlth oeeaured peak values ln the klÈchen. It nay be seen thac the
calculated valuee baeed on Èhe assuilptlon of uniform nLxlng are 6oneuhaÈ

hlgher than Èhe measured valuee. The effect of lncreaelng alr lnflltratlon
ràt.e 18 about the aaoe for boÈh meaaured and calculated valuee'

Bulldup of co wlÈh gaa stove operatlon for a weekday, wlÈh alr change raEes
of 0.2, 0.5 and 1.0 per hour, were calculated (Flgure 6). The cooklng loacl
uas as;uûed to be 31 500 kJ per day,6 and lÈ wâa åpportloned accordlng to a

by alr lnfllcretlon rete.

Sumarv

üeasurenenÈa of gas sÈove e¡lsslons ln an energy efflclenÈ Èe6t house

lndlcat.e thet:

l. naxl.nun levels of CO. CO"' NO, and NO" wich Èhree ÈoP butnere on hlgh
seÈÈlng for I h vete 2.Ol 1650, 0.80 ånd 0.20 PF, resPectlvely;

2. etlth three ÈoP burners operaÈlng, the CO, CO, and NO" levels uere below

Èhe eccepÈable lInlte; tieh oo.t operâtIng, énly the-No, level exceeded

che acceptable llrnlt, and only nomentarlly when the oveñ was Èurned on;

and the naxft¡rm Levei of NO, obÈalned etlCh toP burners on' nae mch
less Èhan one tenÈh of the TLV of ACGIII;
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lable I TeBÈ condlÈlons

Tee t
No.

No
Range

of llood Furnece
Burnera Lle

Alr Change
Råte
l/hFan

I
2

3
4

5

6
7

8
9

t0
ll
TZ

t3
l4
l5
I6

0.1l
0.tI
0.17
o.20
0.09
0.r7
0.r8
o.27
0.5 3
0.88
o.26
o.26
0.46
0.8 5

0 .41
o.25

I
I
2
2

3
3

3
J
3

1

3

3
3
3

3
3

3

Oven

off
off
0ff
off
or.f
off
off
oÍf
off
0ff
22.6
22.6
44.8
94.4
40.1

-of f

off
0ff

8

l5

On
0n
On
On

On
Orì

off
On

On
Ori
On

of f.
On

On

On
On

off
On

t7
l8

200
9.0
9.7+

I 4 .g++

(0.25)*

o.6o (o.tz¡*
0. l2

t76-249

'=: '

Figure I
Fl o<rr plan of test house

CAl.IERAfION GAS

F i¡iure 2

I nst rumcntat lon
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Note

l. Burners nlth watet-fllled pots operated at naxlEur¡ seÈtlng for 30 mln
2. Oven operated et a seÈting of 175'C for 120 nln
3. * Alr change reÈe oeásured before tesÈ

lable lI ConÈáDlnenÈ enfgslon reÈes froE Èop burnera (uglt¡)
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* One burner wlth e ¡¡acer-fllled pot operaÈed at maxlnr¡m getÈlng for
1l nln

** T¡ro burners rJlÈh naterfllled poÈg operated at lon 3eÈÈlng for 2l nln
*t* One burner rfÈhouÈ e PoÈ operaÈed at naxlmrn setttng for 9 nln

t Tvo br.tt.rs operated for 16 nln
# Aseunlng a volu'etrlc NO2 Èo NO retlo of l. ileasurements varLed from

0.4 to 20
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Figure 3(a)

CO and CO2 concenÈraclons vs time' three toP burners on for J0 nin
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Figure 4 (a)

CO and CO.' concenLratlons vs tlme, oven on for 2 h
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Flgure 4 (b)

NO;lnd NO" e()n(:cntrati()ns vs tine, oven on for 2 h
Figure 3(b)

NO and NO2 concenÈraÈions vs time' thrce t-oP burners o¡t
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