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Study Methods

The study was conducted 1n a well-characterfzed, detached house. The
house 1s unoccupied, which per:mlts complete experLmental control. Ihe
bllevel house has three bedrooms and an lntegral garage (Flg. l). TtrLs house
has been extensively rnonf.tored for lnflltratlon, energy use' and lndoor alr
quallty over a l-year perlod. Thus, baselfne data for lnflltratLon and alr
qualfty are avallable (1).

Flg. 1. Floor plan of the experimental hoûse.
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Ttre measurement system pernits continuous monltoring of carbon monoxide
(CO), nltrogen dtoxide 1t'tO2)r ând tracer gias. The analyzers are located ln
a moblle laboratory parked near the experinental house (2). Sanpllng pol-nts
are locaËed upstaLrs, downstalrs, and outslde the house, enabllng zone-sPecific
measurements. Ttre tracer gas sulfur hexafluortde ls used to measure lnfiltra-
tlon rates. Other contlnuous measurement par4meters lnclude temPerature'
hunidity, and on-off status for varlous appliances. Ì,llndspeed and direction
and solar radiation are alsQ conÈlnuously measured at the slte.
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Results

Ventllatlon practÍces used fn a seÈ of Il experiments are llsted 1n

Table 1. Durtng each experiment the gae range was operated for 40 mfnutes
(one burner fully on and oven kept at 175 C). Each experiment !üas conducÈed
twlce: once ln the mornlng and once 1n the afternoon but on dlfferent days.
Table I also gfves the increments Ln aÍr exchange rates above the natural
lnflltratfon rates for each experiment. the natural lnflltratlon rates
durlng the tines when the experlment8 were conducted ranged typlcally fron
0.1 to 0.2 air changes per hour (lCtt). The Lncrements ln alr exchange when

operatlng the range fan and the heat exchanger were reproducible. The

aãdttlon Èo the air exchange rate by opening a slldtng door and wÍndows was

hlghly varl-able.

Effects of the ventLlatLon practices on peak and 8-hour average C0

concentratlons are presented 1n Table 2. Reductlons of 40 to 5O7" ln peak

concentratl-ons occurred 1n e:çeriments for which the range exhaust fan was

used durLng all 40 nlnutes of gas range operatlon. Most other PractLces had
only a snall effect on peak concentratLons. In one exPeriment, where the
range fan was not used, an alr exchange lncrement of 1.2 ACII resulted fn a

302 reductlon in the peak. Ttre practices having the greatest finpact on the
8-hour average, i.e., reductlons of 40 to 65%, were Èhose discussed above and

the case where the a1r-to-alr heat exchanger was used. Ttre heaÈ exchanger
lras operated continuously whereas the other ventilation practÍces were used
for only I hour aÈ most.

Sirnflar data for NO2 are presented l-n Table 3. Only the use of Èhe

range fan for all 40 nlnutes durln$ range operatlon affected peak N02

concentratlons. Using the range fan ln the last 20 mLnutes during range
operaElon and beyond or openfng the sltdlng door and windows did not decrease
pãak concentratlons. Ttrfs lack of effect fs consl.stent w1th the observation
thaÈ most of the NO2 enLssfons occurred during the first 10 to 20 minutes
of range operatlon. NOZ undergoes chemÍcal decay lndoors (3) and thus Èhe

concentratlons 1n the second hour followfng range oPeraÈion are quite lowt
írrespectlve of the ventllation practLce used. Outdoor NO2 concentraÈionst
due agaLn to indoor chemlcal reactLvlty, do not affect lndoor concentrations.

Concluslons

Use of a range exhaust fan 1s an effecÈlve practlce for reducing peak

and 8-hour CO concenÈretions and peak NO2 concentratlons. In particular'
NO2 eoncentrations can be reduced only 1f the range fan is operated at
leãst durlng the early part of range operation. Openlng windows/doors has a

varLable lmpact on CO concentrations, which is consistent wiEh that reported
for kerosene space heaters (4). Opening v¡lndows has no dlscernlble lmpact on

reducLng N02 concentratlons.
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Table 1. Ventllatlon experiments and lncrement Ln alr exchaî$ê Eâtês.

Number Type of ventllatlon
l"tinutee used
vrlth range

l{lnutes used
after range
turned off

A1r exchange
lncrement,
ACTI

I
2

3
4
5
6
7

None
Afr-to-air heaÈ

exchanger (AAHX)
Range fan (RF)
RI'
RF
RF
RI and slldlng door

(sn)*
RF and SD

RF and SD

SD and bedroom 2
(BR2) w-indow*

Multtple windows--
all three bedrooms,
ltving room, and
sD (411)*

N/A

40
20
40
20
40

20
20
40

40

40

N/A

ContLnuous

0

0.33
0. I3
0.29
0.31
0.4r

0.20
0.53
0.84

0. 63

r.24

0
0
20
20

I
9

l0

0
20
20

0

0

tl

'r Sltdlng door and windows were oPened 15 cm.

Table 2. Effect of ventllation practlces on C0 concentratlons.

Number

lype of ventllatLon/
minutes used wLth range/
minutes used after range
turned off

Average C0 concent ration. opm

15-mlnute
peak

8-hour
average

8-hour
outdoors

I
2
3
4
5
6
7

8
9

l0
tl

None
þ'Af1if./ 40lContlnuous
w /20/0
R¡/40/0
PJ 120/20
RF / 40 /20
RF & SD/20l0
RF & sD/20l20
Rr' & sD/40/20
sD & BR2/40/0
sD & ArL/40/0

6
5
5
3

6
3
5
6
3
5

4

3
2
3
2
3
I
3
2
I
4
I

3
9
2
7

0
2
I
3
I
9
4

I
2
0
0
I
7

4
9
3
0
8

o.7
1.0
1.0
0.8
0.9
0.8
1.1
r.4
1.0
1.3
o.7
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Table 3. Effect of ventílatLon practices on NO2 concentrations.

lype of ventLlatLon/
minutes used wfth rangel
mlnuÈes used after range
turned off

NO2, ppb

Nr¡mber

15-nLnute
peak

Next
houra

Outdoor
concentration

I
2
3
4
5
6
7
8
9

10
1t

69
62
6l
37
69

26
23
I5
l5
L4
t3
L4
24
l8
27
L7

t9
t0
31
I

26
24
26
31
l6
30
27

None
IAllXl40 /Continuous
RF/20l0
RF/40/0
w 120/20
w / 40l20
R¡ & sD/zolo
Rr' & sD/20l20
RI, e SD/40/20
sD & BR2/40/0
SD & ALL/4o/O

4L
68
68
36
96
65

a one hour after range lgnltion.
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SUM}TARY

N.L. N M.D. Koontz and I.II. Btll1ck: È of VentLlatLon tices
on Levels of Gas CombustLon Products. Ttre ects of dLfferent vent Llation
practLces on levels of carbon monoxlde (CO) and nltrogen dioxlde (ttO2) fron
an unvented gas range were studLed under conËrolled condltlons at an experi-
mental house near l{ashfngton, DC. TLre ventflatlon practLces lncluded oPera-
tlon of kltchen exhausË fan, alr-to-alr heat exchanger, and opening of
windows. À1r lnflltratl.on rates, pollutant concentratLonsr ÈemPerature, and
relatlve huntdfty were contlnuously monLtored lnslde and outside the experl-
mental house. In addttton, an onsLte meteorologlcal measurement system
provided a contlnuoua record of wlndspeed, wlnd dlreetlon, relatfve hurnidity'
ànd tenperature. Results lndl.caÈed that the mosË effectlve ventilatfon
pracÈlce for CO and NO2 was usLng the range exhaust fan concurrenÈ with
range operatLon. fiie partial openlng of several windows and a sltdtng glass
door was not effectlve for reducing peak N02 concentratLons and had a

ltrnlted Lmpact on reduclng CO concentratlons.

INHATTSANGASE

N.L. N e M.D. Koontz und I.H. Billl.ck: Einfluss der Ventllatlons-
Niveaux v Produkten. Der Elnfluss

verschl.edenen Vent l.latlonsmethoden auf Niveaux von Kohlen Oxid (C0) und
Stickstoff Oxfd (NOZ) von einem Gas Kochherd wurden unter kontrolllerten
Bedfngungen ln elnen für Experlmente bestimmten Haus 1n der Nãhe von
trIashington, D.C. versuchshalber studLert. Dfe Ventilatlonsmethoden schlossen
Küchen Auspuffsventll, Luft-zu-Luft Ïlämeaustausch GeraÈ und öffnung von
Fenstern, eLn. Das Verhältnis der efndrlngenden Luft, KonzentreÈion der
Beschmutzung, Tenperatur, und relativer Feuchtigkett wtrrden bestandig im
Innern und Aussern des llauses gêmêssêo. Zusätzl1ch wurden von einem an der
Stelle vorhandenen meteorologischen Messungsapparat fortdauernd Messungen von
I{lndgeschwlndigkeit, WLndrfchtung, relatlver FeuchtigkelÈ und Temperaturt
w,ledergegeben. DLe Resultate ergaben, dass dLe wirksamste Ventltratlonsmethode
fur C0 und NO2 der Auspuffsventllator f.st, welcher nach Gebrauchsanwefsung
des Kochherdeã benutzt wlrd. Das tellwelse Eroffnen von Fenstern und elner
GlasschLebetüre war nicht wlrksam zum reduzLeren des höchsten Gra'des von
N02, und hatte nur eLnen beschrärikten Einfluss zur llerabsetzung von C0.

RESI'ME

N.L. Nagda . M.D. Koontz. et I.H. B1111ck: Effet des Svstenes de Ventilation
sur le Niveau des Emanatfons des Gaz de Con t ono Les résultats des

érentes néthodes d ation sur les nlveaux d oxLde de carbone (CO) et de

pêroxLde d'azote (N02.) provenant de fourneaux à gaz ont été étudtés sous
contrðle dans une r"i"oo exp-erimentale près de l{ashington, D.C. Les sysÈènes
de ventllation comprenalenÈ le fonctl-onnement d'un ventilateur d'échappement
de la culsLne, d'échangeurs de chaleur d'alr à air, alnsi que l'ouverture de

fenètres. Les taux d'infl-ltration, les concentrations d'agents de pollutlon
et 1'hunLdité relatlve furent constamment contrôlés à 1'lntérfeur et à

l'extérLeur de la malson expérimentale. En outre, un systène de mesure

metéorologique fournit un enregistrement sulvl de vLtesse et orl-entatlon du

vent, ¿'trirni¿tté relatlve et température. Les résultats dénontrèrent que la
néttro¿e la plus effl-cace de ventllatLon pou¡ le CO eË le NO2 conslstalt à

utlliser le venti.lateqr d'échappement du fourneau pendanÈ la chauffe de

celuL-cl. Lrouverture partielle de plusleurs fenetres afnsl que celle d'une
porte vitfée coutrlssante ne fut pas efficace pour dimfnuer fes concentratlons
maximales de NO2 et produLt seulement un effet ltmft-e sur les concentratlons
de CO. 
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