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• 

As part 01 a larger program to Investigate Indoor sources of air pol. 

lutlon, an Indoor/outdoor sampling program was carried out for 

NO, N02, and CO In four private houses which had gas stoves. Tho 

four houses chosen for study represented different surrounding 

land use, life styles, and house ag& and layout. The pollutant gases, 

were measured essentially simultaneously at three Indoor loca· 

tlons and one outdoor location. The results of Ihe program showed 

thai Indoor levels of NO and N02 are directly related 10 stove use 

in the homes tested. Furthermore, these stoves often produced 

more N02 than NO. In some Instances, the levels of 1'1102 and CO In 

Ihe kitchen exceeded the air quality standards lor these pollutants 

if such outdoor standards were to be applied to Indoors and the 

data for the sampling periods were typical of an entire year. A dlf· 

fusion experiment conducted In one of the houses showed that the 

half-lIIe for 1'1102 was less than one-third that lor either NO or CO. 

Oxidation of NO to N02 (based upon comparing the half-life of NO ' 

to CO) does nol appear to occur to a significant degree Indoors. 

Earlier work on indoor/outdoor air quality relationships 
showed that indoor quality is a complex function of out­
door pollutant concentrations, building permeability, me­
teorological conditions, ventilation system design, and in­
door generation of pollutants.l·2 While more work is needed 
in establishing the specific effect of each of these factors on 
indoor air quality, the one factor of those listed which is 
least understood and which will assume greater importance 
as outdoor air quality improves, is indoor generation of air 
contaminants. 

This paper* describes the results of the field monitoring 
program which consisted of measurements of nitrogen 
dioxide (N02), nitric oxide (NO), and carbon monoxide 
(CO) Inside and outside of four residences each with a gas 
stove used for cooking. Approximately two weeks of moni­
toring were performed at each of three structures during 
the spring and summer of 1973 and the fall and winter of 
1973 -1974. Two of the structures were common to both 
sampling periods and one other structure was sampled dur­
ing each period giving a total of four separate structures 
sampled in the overall program. 

It The work upon which thiR publication is baAed WRS performed pursuant to Contract 
Number 68-02-0745 of the U.s. ~;nvjronment.11 Protection Agency, 
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Procedures 

Structure Selection 

The field measurement program was designedspecifical­
ly to evalua'tethe effec~ of gas cooking appliances'on indoor 
pollutant levels. While gas stoves are certainly not the only 
source of indoor pollutants, they at'e a readily'identifiable 
source which is in widespread Use. The majorp'olhitlmts of 
interest that are emitted from gas appliances are nitrogen 
dioxide (N02), nitric oxide (NO), and carbon monoxide 
(CO). Four structures were selected for the me8$urement 
program. These residences represent the wide differences 
in land use, house type and layout, gas appliance age,and 
life styles which are desirable in an exploratory study such 
as this. Table I summarizes the chara~teristi~ ofili-e resi., 
dences where the sampling'was'conducted. . 

Measurement System 

The-objective of the field measurement program dict:ii:ted 
that pollutant concentrations be determined at several 
points within the structure being sampled~ A simultaneous 
measurement of the ambient outdoo,t concentr~tion of'each 
pollutant measured is also ,desirable to act as'a refererlce 
and to gauge the possible influence of o',ltdoor: conceH'tra­
tion on the 'levels measured indooJ.#. i;9cating individual 
monitors at each sampling point wo,ul~ ,r~pre~~nt a sub'" 
stantial equipment investment and' W'Otl~ resuJ,t'in'muIW' 
pie servicing and space requirements 'not to menti6trdatlf' 
reduction problems, and lack of confiden'ce in the' corrtpaI'I1-' 
bilityof data from point to point if individuanflgtrurii~'rlts 
were used. 

In order to measure pollutant concentrations atmultiplEl' 
locations and yet conserve the amount oV'i'l:jstruIrientation 
and manpower required ~o obtain these 'diita, TRC de­
signed and built a unique measure~entsystem as show¢in 
Figure 1. Four sampling locations were chosen 'forsam~ 
pIing, three indoor and one outside. The major co~ponents 
of the system &re four' continuously purged sampling lines 
with an integrating chamber,solenoid valves, Bendix 

,chemiluminescent NO/N02 analyzer, Interteth non"disper­
sive infrared analyzer, CO and NOIN02 'calibration sys­
tems, strip chart recorders, and electronic sequencer. The 
system design acknowledged the need for: 

1. Continuous, uninterrupted op'eration with only periodic 
service. 

2. Frequent automatic and manual calibrat.ion ,checks. 
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Table 1. Characteristics of field prov,ram residcnces. 

Characlerisl it's Bous() No.1 [louse No.2 !louse No.3 House No.4 
-----------------.---

Typ" Split ·I"vd. Iaq~('. Two-slory, medium Two -story apartment 
with small, unven­
liIaled kitchen 

Single story, small ranch 
style, kitchen open to 
other areas of house 

('('ntra tty iocalcd 5i7.e. centrally 
and well ventilated localed and well 
kitchen v('ntilated kitchen 

Size. ft2 2000 1500 
Age, '* yr B 40 
Location Suburban development Urban residential 

1/2 Illi (rom il1ter- area on local 
slate highway artery 

Gas applinnces Stove and heating Stove 
system 

Occupants Two adu Its and two Single adult 
teenage children 

Sampling periods May 1973 May-June 1973 
November 1973 

*-~'.--

For both residence nnr~ gas applicanes. 

3. Ability to be readily moved from one location to anoth­
er. 

4. Small space requirement within the sampled structure. 

As shown schematically in Figure 1, the sample stream 
from each of the four locations is· piped to a central location 
through 15 meters of 4.8 mm LD. Teflon tubing at a rate of 
approximately 9.5 lpm. This is equivalent to a retention 
time in the tubing of approximately 2 sec. Each sample 
stream is then drawn through an individual 500 ml glass in­
tegrating chamber, through a diaphram pump, and then 
vented. This arrangement provides continuous purging of 
t.he sampling lines. From the int.egrating chamber for each 
station, two small sample streams are drawn to the NOI 

. N02 analyzer and the CO analyzer. Solenoid values on each 
of these sample lines, controlled by the electronic sequen­
cer, permit each station's sample to be drawn. into the de­
tectors for a 5 min period. A complete sampling cycle re­
quires 20 min and three 5 min samples are obtained per 
station per hour. A two pen recorder was used for the NO 
and N02 output of the chemiluminescent analyzer and a 
separate pen unit for recording the CO output. 

Calibration of the chemiluminescent NO/NOz analyzer 
was accomplished with a dynamic dilution module. A wide 
range of concentrations of NO and NOz can be generated 
with a bottle of NO calibration gas attached to this unit. 
Room air that is used to dilute the NO calibration gas to 
the desired concentration is first treated to remove any NO 
or N02. Various concentrations of nitrogen dioxide can also 
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Figure 1. NO. N02• and CO sampling and measurement system. 

1000 
2 
Suburban community 

Stove 

Two adults and two 
preschool children 

June -July 1973 
November-December 
1973 

1500 
14 
Suburban development near 

local main road 

Stove and heating system 

Two adults and two children 

January-February 1974 

be made in this module by using an ozone generator. 
The calibration of the non-dispersive infrared (NDIR) 

CO detector was accomplished with zero gas and 17.0 ppm 
CO calibration gas which was introduced into the NDIR 
once every 8 hr. 

Field Operations 

The sampling equipment and auxiliary calibration de­
vices were installed in an unobtrusive location in each 
house so as not to interfere with the residents' activities. 

. Teflon sample lines were run from the equipment to four 
sampling l~cations: 

Designation 
Station 1 

Station lA 

Station 2 
Station 3 

Station 4 

Spring-Summer 
Kitchen-over stove 
(except House No.1) 

Living room 
Bedroom 

Outside of structure 

Fall-Winter 
Kitchen·over stove 

Kitchen-approx. 1 
m from stove 
Living room 
Bedroom (except 
House No.4) 
Outside of structure 

The sample intake for each station was placed in the 
breathing zone, between 4% and 6 ft'lfbove the floor. The 
sample intake for Station 1, in the kitchen, was placed di­
rectly over the stove except at House No. 1 during the 
spring·summer sampling period. For this sampling period 
at House No.1, the sample intake was placed approximate­
ly 3 ft from the stove. This location corresponds to" Station 
lA for the fall-winter sampling period when it was possible 
to locate Station 1 directly above the stf>ve. The data from 
Station 1 were used to determine the concentrations of 
N02, NO, and CO at. the source, the stove. Comparison of 
these data with those obtained from other stations showed 
the behavior of the pollutants as they diffused through the· 
structure and the effect of the source on indoor air quality 
within the structure. 

Station lA (placed approximately 1 m from the stove) 
was used in the fall-winter sampling period to determine 
N02, NO, and CO concentrations within the kitchen, other 
than directly above the stove. These data were intended to 
show the behavior of the pollutant.s in the vicinity of the 
stove as they diffused from the source throughout. the 
structure. 

Station 2 was placed in the living room away fmm win­
dows, doors, and air conditioners. Station 2 was used (alter­
nately with station 8) for about half of the fall-winter sam­
pling period at each house. Comparison of the -data ob-
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tained from Stations 1, lA, and 2 was intended to show the 
characteristic changes in indoor air quality in an area on 
the same level as the source, at Station l. 

Station 3 was placed in a bedroom to provide data to de­
termine the relationship between concentrations in the 
kitchen and more remote areas within the structure, partic­
ularly where people spend 8 hr sleeping. As noted earlier, 
this sampling location was alternated with Station 2 during 
the fall-winter sampling period at each house with the ex­
ception of House No.4. At this house, it was not possible to 
sample at Station 3 because of the inconvenience it would 
have caused the residents. 

Station 4 was placed outside the structure to provide ref­
erence measurements for the pollutants measured indoors. 
Measurement of the outdoor pollutant concentrations was 
necessary to determine if they control the indoor concen­
tration by infiltration. The contribution of the stove to in­
door air quality was determined by comparing the outdoor 
with the indoor concentrations. 

A form was developed for use by the housewife or other 
, person using the kitchen to record pertinent data on stove 
use. The total number of minutes of oven and burner use 
were tabulated for each day of sampling. These forms pro­
vided a record of the level of use and the respective time of 
use of the stove that was useful for interpretation of the 
sampling data. 

The sampling equipment was serviced at least every' 
other day. ;rhe service included calibration and functional 
checks of the sampling equipment. Adjustments were made 
as necessary. The residents assisted by frequently record­
ing time and events directly on the strip charts and alerting 
TRC to any possible malfunction that occurred. 

Data Summarization 

The considerable amount of data generated in this pro­
gram precluded manual examination of the data in its en­
tirety. Semiautomatic analog to digital conversion equip­
ment and computer programs were used to reduce the labor 
in the data evaluation process. 

To develop diurnal trends in air quality at the three in­
door and outdoor sampling locations and provide some de­
gree of smoothing, we accumulated 5 min bits into 2 hr av­
erages. On a few occasions,less than 6 (the maximum possi­
ble number) 5 min bits of data were available for each 2 hr 
period since some data were lost during instrument servic­
ing periods and during periods of instrument malfunctions. 
Nevertheless, we defined the 2 hr averag~' as the average of 
all 5 min bits in that period even, though less than 6 bits 
might be available. 

In calculating daily averages, we gave equal weight to all 
2 hr averages. However, a daily average was not computed 
for any day which had one or more 2 hr average values 
missing for all stations. 

,In addition to the above summaries, we developed a 
number of summaries of the diurnal pattern of N02 for 
several of the house-pollutant-season combinations in 
terms of a "composite day." Here we determined the aver­
age concentration for each 2 hr time interval for all those 
days for which 12 valid 2 hr average values were available. 

Frequency distributions for NO, N02, and CO data were 
compiled from all the 5 min data at each location for each 
house in order to assess the frequency of exposure to the 
range of concentrations measured during the field program. 
In constructing these distribution curves, we used all 5 min 
data and assumed that any loss of data during a sampling 
period was more or less randomly distributed by time of 
day, While these frequency distributions may not be statis­
tically valid because of the loss of a certain amount of data, 
we believe that they provide useful information. 

In addition to'the above data presentations, we plotted 
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graphs showing the time history of N02, NO, and CO fo] 
brief episodes in order to show the direct dependence of in, 
door concentrations on stove usage. 

Results and Discussion 

The results presented in this section represent a portior
of the findings of the complete study and have been select·
ed to show some of the more interesting findings. ThOSE 
wishing to examine the results of the entire program are di· 
rected to the Final Report to EPA.3 

House No.1 

Table II summarizes the average data from House No.1 
for N02, NO, and CO concentrations and indoor/outdoOI 
ratios, as well as stove use. As stated earlier, this was a 
large suburban split level house. The higher concentrations 
of all pollutant gases in the kitchen as compared with the 
other rooms show that the stove is a significant source of 
the pollutants measured. In addition, there is some indica­
tion that stove use correlates with kitchen concentrations,
although outdoor concentrations and season with ita effect 
on the permeability of the house complicate this relation­
ship. Note the comparative levels of N02 at Station 1A in 
the spring and first half of the fall and the corresponding 
stove use levels. Note also from Table II that N02 and NO 
were formed in the kitchen in roughly the s'ame amounts in 
the spring and second half of the fall. In the first half of the 
fall, relatively less N02 than NO was produced. 

Another way to show the effect of stove use on indoor air 
quality is to show a time history graph of pollutant concen­
trations in the house together with stove use data. Figure 2 
is a graph of 2 hr average N02 levels for a typical four day
period at House No. 1. This graph shows the rapid response 
of N02 levels to stove use, followed quickly by the response 
at the other two indoor locations. The oven, in particular, 
seems to have the greatest influence on the indoor N02
concentrations. Examination of the 5 min data showed that
the generation of N02 by the oven is greatest during the
initial oven startup. Flame re-ignition by the thermostat to

• maintain oven temperature creates momentary peaks that
are generally less than' those reached during the initial 
warm-up. Average N02 concentrations in the kitchen dur­
ing inactive periods were slightly greater than N02 leveis at
the other two indoor locations which closely approximated 
the outdoor N02 concentrations. The higher kitchen con­
centrations are undoubtedly caused by the stove's pilot
lights, 

A time history for NO was developed for the same period 
as that shown in Figure 2 for N02• While this graph is not
presented here, it was basically similar to that for N02• The 
similarity in trace at all sampling points showed that NO 
and N02 are formed together by the stove and that little if
any NO is oxidized to N02 inside the house. 

Figures 3 and 4 show the diurnal pattern of N02 data for 
the spring and first half of the fall periods 'respectively. 
These curves were based on a "composite day" as described 
earlier. The difference in basic patterns for the two periods 
is undoubtedly caused by different schedules of stove use . 
Note that in the spring the levels of N02 in the rooms away 
from the kitchen are considerably below the kitchen curve, 
while in the fall the levels in all rooms are bunched closely 
together. We attribute this to tlle house being more tightly 
closed during the colder months. 

House No. 2 

This house was occupied by a young bachelor who made 
only infrequent use of the stove. The data on N02" NO, and 
CO levels reflected the low levels of stove use in that the in~ 
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Table n. lion:", No.1. Sumillary of NO" NO, and CO concentrations.' Spring and Fall, 1973. 

Sampling Location 

LA Kitchen, Average stove use-min/day 
1 Kitchen 1 m from 2 Living 3 

Bedroom 
4 

Outside ab(Jv~ stove stove 

Sprill!; I U7:1 
NO, COIH'C'nt"ations, P!J;/11l 3 100 
NO, Incioor/outdoor ratios 2.27 
NO Concentrations, Ilg/mJ 102 
NO Indoor/outdoor ratios 3.92 
CO Concentrations, Jlg/m 3 4490 
CO Indoclr/outdoor ratios 1.29 

Fall 1973 (First half) 
N02 Concentrations, Jl[:/m 3 67 60 
NO, Indoor/outdoor ratios 1.34 1.20 
NO Concentrations, flg/m 3 136 134 
NO Indoor/outdoor ratios 2.16 2.13 
CO Concentrations. Jlg/m 3 4190 3520 
CO Indoor/outdoor ratios 2.51 2.11 

Fall 1973 (Second hair) 
NO! Concentrations, Ilgltn3 110 67 
N0 2 Indoor/outdoor ratios 2.39 1.46 
NO Concentrations, I1g/m3 134 131. 
NO Indoor! outdoor ratios 2.06 2.02 
CO COllcenlJ'atlons, f.L~/I1l~ 4790 4210 
CO Indoor/outdoor ratios 2.07 1.82 

_______ e 

1'001'n 

61 
1.30 
64 
2.46 
4070 
1.17 

55 
1.10 
94 
1.49 
3230 
1.93 

52 
1.18 
65 
2.50 
4170 
1.20 

49 
1. 07 
102 
1. 57 
3830 
1.66 

44 

26 

3480 

50 

63 

1670 

46 

65 

2310 

Oven Burners Total 

87 133 220 

87 1;33 220 

76 122 198 

70 64 134 

70 64 134 

46 60 106 

~--,' 

"Avcrage concentrations are based on daily averages for those days in which 12 valid 2-houl' averages were obtained. 
·Stove use data not available for'second half of fall sampling period. 

door levels of these pollutants were essentially coincident 
with those outside. These results showed that all three pol­
lutants penetrated the house to the same degree. 

The relatively infrequent use of the stove in this house 
during our measurement program presented us with the 
opportunity to conduct a diffusion experiment with this 
appliance. This experiment was intended to give us some 
insight into the behavior of the pollutants within a residen­
tial structure that was free from disturbance or interfer­
ence. 

The five burners and oven were turned on simultaneous­
ly at maximum flame for 71 min. At this point the pollu­
tunt concentrations approached full scale on the recorders, 
and the stove was turned off. The sequential sampling at 
the four locations for NOz, NO, and CO continued until 
their respective concentrations decayed to their pre-experi­
ment levels. 

1 burner on_ I I 2 burners. on 
10 mln'l r- 30 mlf~ 

300 oven~ l-
I burner on -1 r-~ ~ burner on 

Table III shows the peak values measured as the burners 
were shut off. The living room and bedroom concentrations 
are expressed as percentages of the peak kitchen concen­
tration. Note that the peak value for N02 in the bedroom 
was 55% of the kitchen value while the. peak CO value in 
the bedroom was 73% of the kitchen ·value. Assuming that 
CO is unreactive and disappears only through dilution, it 
was therefore apparent that N02 is lost through dilution 
and other mechanisms. To confirm this, we determined the 
decay rate for each of the pollutants by analyzing the 5 min 
data for each. Carbon monoxide exhibited its expected sta­
bility in having the longest half-life of the three polutants, 
2.1 hr. The decay in CO can be considered as representing 
loss through dilution only. Nitric oxide had a half-life of 1.8 
hr. While this half-life is somewhat less than CO, the loss of 
NO through reaction (oxidation to N02) and other mecha- > 

nisms does not appear to be . significant. Nitrogen dioxide 

:\ 
1\ 

.. _ .. Kitchen I nl. from stove 
--- LIVing room 

i \ 
Oven o~, \ 

40 mm. i \ 
--Bedrc)()111 uppe~ level 
---OutSide of structure 

- - . 

r burner on ~ II 6:' flun 

250 5 ml~/ ~ l2. burner on 

/ i 5 moo. 

i 
2 burners on (! \ 

15 mrn.-1j 
~burner on ~;~,~~ 
110mln. ~ 

936 

1. ~ ! \ 2 burne" on I 
't 200 I: 30 min. ""'1 

, I 
c· 2 burners on I . 
~ ~o m:J i 1 i\ 
.:=. 150 I If i 
c:: : h ; 

~ 1 burner on! t \ I 

6 10 m.!.!!.:.J ..' " 
o 100 I,'! 

O"J ! I 

Z /'. I " 
/ '., 

50 

o L-:L-.l...-i-..L....-"_-'--'-.....L..-..l. 

0400 J 200 2000 

3 burners. on 
40 mltl 

. 1 b~r,;ef onj 
5 min. 

3 borners on I 
40mtn.~ 

1 burnerl 
+ oven on 

20 min, 

~ 1 burner o~ i 
/1 lOmm. : . 
.: 1 burner on I J /\ ! 
" 20mon.-1 i(\i 
I \ 3 burn~ :: I i 
i \ 25 C;:;,n> ': \ i 

. II 
" 
jI 

i \ i: 
V' 

-L-L~~I--L-L-~J--L-J-J 

1200 2000 0400 1200 2000 

5/12/73 5/1.,173 5/14/73 5(15/73 

Figure 2. A time history of N02 concentratiOns (2 hr averages) al House NO.1. 
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Figura 3. Diurnal indoor/outdoor pattern for N02 : House No. 
1, spring-summer 1973 (composite day based on 6 days of 
dala). 

had a substantially lower half-life of 0.6 hr. Clearly, this be­
havior of N02 suggests its loss through reaction, aerosol 
formation and other mechanisms. The relatively high mois­
ture content in the kitchens with gas stoves (boiling of 
water and water vapor from the burning of natural gas) 
may enhance some of these mechanisms. 

Table m. Peak concentrations of oxides of nitrogen and carbon 
monoxide during diffusion experiments at House A-2. 

Paramcter Kitchen Living room 

N02, Ilg/m3 1,450 900 (62%)" 
NO, /Lg!m3 2,030 1,560 (77%)" 
CO, /Lg/m 3 12,800 10,400 (81%)" 

'Perccnt of peak value measured in kitchen. 

Bedroom 

790 (55%)" 
1,400 (69%)" 
9,300 (73%)' 

House No.3 

Table IV summarizes the indoor/outdoor air quality and 
stove use data for House No.3. This table is similar in for­
mat to Table II for House No. L As stated before, House 
No.3 is a compact two-story apartment with a small, un­
ventilated, windowless kitchen. Since the first half of the 
fall sampling period is represented by only one day of valid 
data (12 two hour averages available) we will limit our com­
parisons to the spring and second half of the fall sampling 
periods . 

Note the somewhat higher indoor concentrations in the 
spring at this house as compared to those in House No.1 
(Table II), in spite of considerably less stove use at House 
No.3. We attribute this to the relatively smaller interior 
volume and poor ventilation in House No.3 as compared 
with House No. 1. 
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Figura 4. Diurnal indoor/outdoor pattern for N02: House No. 
1, fall 1973 (first half) (composite day based on 7 days of 
data). 

Table IV. House No.3. Summary of average N02, NO, and CO concentrations.' Spring and Fall °1973. 

Sampling Location .,or 

1A 2 Average stove use -min/day 
Kitchen Kit~hen, 1.m Living 3 4 

Season and data category above stove from stove room Bedroom Outside Oven Burners Total 

Spring 1973 
N0 2 Concentration, /,g/m~ 114 75 58 51 0 11 11 
N02 Indoor/outdoor ratios 2.23 1.47 1.14 
NO Concentrations, /Ig/m' 53 42 34 21 0 11 11 
NO Indoor/outdoor ratios 2.52 .. ,:2.00 1.62 
CO Concentrations, {lg/m3 4310 3210 2680 2230 14 23 37 
CO Indoor/ outdoor ra tios 1. 93 1.44 1.20 

Fall 1973 (First HalOb 

N0 2 Concentrations, I-'g/m~ 53 47 28 35 0 20 20 
N0 2 Indoor/outdoor ratios 1. 51 1.34 0.80 
NO Concentrations, /'g/m 3 111 95 42 40 0 20 20 
NO Indoor/outdoor ratios 2.78 2.38 1. 05 
CO Concentrations, /Ig/m" 7820 6420 5070 3380 11 55 66 
CO Indoor/outdoor ratios 2.31 1.90 1.50 

Fall 1973 (Second Half) 
N02 Concentnilions. /.1g/m 3 180 140 70 32 25 49 74 
N01 Indoor/outdoor ratios 5.G2 4.38 2.19 
NO COllcenlr3tions, !J.g/ mJ 111 101 64 20 25 49 74 
NO Indoor/outdoor ratios 5.55 5.05 3.20 
CO Concenll'ations, i'g/m3 7130 6620 5500 2500 70 45 115 

CO Indoor/outdoor ratios 2.85 2.65 2.20 
~"~'M_~,~" .• ~._~ "c ___ ,~o,~"_,,_,,, •• ,_.,.~ __ ,_,' __ ,~", __ .. ,' _'~ ___ <~'~_"'''_~'''h' ___ ,," ,, __ ~~*. __ . __ w _______ ,~._. __ ~~~ ___ ,_ ••• ___ ~_._ --
'Avm':ll:e cOIlCentl'ations are based on daily av('r:'ges for those days in which 12 valid 2 hI' :.verag:es were obtained. 
bAverage N02 and NO concentrations during this sub period are based on data [or oniy one day. 
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During the se(~ond JUllf of the fall snmpling period the av­
ernge NO:~ concentrationR in the kitchen over the ",t.ove wa~ 
180 JIg/m:' whik that displaced from t.he stove by 1 m was 
140 pg/m:l . No,e also thnt indoor N02 concentrations are 
considerubly grpMer than those for NO. 

TIll' datH for thi:, sampling period appear to show the 
shorter half-life of N02 as compared with NO and CO. If 
we assume that. the outdoor concentrations can be consid­
ered as "background" to the indoor concentrations and 
that the difference between indoor and outdoor concentra­
tion", represents the contributions of the stove at each sam­
pling point, the following "net" indoor concentrations can 
be listed: 

Net Indoor Concentrations Ilg/m3 

Station 1 Station 1A Station 3 
N02 148 108 38 
NO 91 81 44 
CO 4630 4120 3000 

An indication of the decay of pollutant gas can be repre­
sented by the ratio of the concentrations at any of the sam­
pling points to the maximum kitchen value (Station lover 
the stove). These ratios are listed as follows: 

N02 

NO 
CO 

Station 1 
1.0 
1.0 
1.0 

Ratio Cx/C1 

Station lA 
.73 
.89 
.89 

Station 3 . 
.26 
.48 
.64 

The above ratios show that N02 disappears much faster 
than either NO or CO. 

I-louse No.4 

Because of the low level of stove use at House No.2, we 
decided not to sample at this house after the spring pro­
gram and therefore selected House No.4 for winter sam­
piing. As stated earlier, this was a small ranch style house 
with the kitchen open to the other areas of the house. 

Table V suinmarizes the indoor/outdoor air quality and' 
, stove use data for House No.4. In this house, we measured 

the highest pollutant concentrations in any of the houses 
tested. If outdoor ambient air quality standards are appli­
cable to the indoor environment, the 8 hr standard for CO 
(10,000 JLg/m3) was exceeded in the kitchen of this house. 
In comparing the results from this house with House No. I, 
note that in Table II, the amount of stove use associated 
with t.he N02 and NO was similar during the first part of 
t.he fali period t.o that for HOllse No.4. Yet concentrations 
of N02 and NO in the kitchen of HOllse No.4 (Stations 1 
and lA) were 2 to 3 times those at House No. 1. The higher 
concentrations in House No.4 as compared to House No.1 

are attributable to the decreased size of the house and the 
increased tightness of House No.4 in ,January and Febru­
nry as opposed to House No.1 in the fall. 

Without going through the same exercise used with 
House No.3 to demonstrate the more rapid decay of N02 

as compared with NO and CO, it is apparent that this is the 
case merely by making a rough comparison of the indoor! 
outdoor ratios in the various rooms. 

Figures 5, 6, and 7 are presented to show the patterns of 
N02, NO, and CO within the house. The N02 and NO 
graphs are for coincident periods and the CO graph is for 
an earlier period. Note the sharp spike on the N02 graph 
soon after the oven was turned on. While the spike occurs 
at this same point on the NO graph, it is not as pro­
nounced. This confirms laboratory experiments carried out 
as part of this overall program which showed that the' oven 
tends to generate relatively more N02 than the burners.3 
The relative position of the curves for Station lA (Kitchen, 
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Figure 5. House No.4: A time history of N02 concentrations, 2 hr averages, 
winter 1974. 

Table V. House No.4. Summary of N02• NO, and CO concentrations.' Winter (January­
February) 1974. 

Sa m piing location 

lA Kit- Average stove use-
Kitchen chen, 1 m 2 min/day 
above from Living 4 -... --. 

Dala category stove slove roonl Outside Oven Burners Total 
---, -~----.--.,---,,-------.. ~----

NOz Concentratiolls, /lp;/m" 213 120 71 39 66 73 139 
N02 Indoor/outdoor ratios 5.46 3.08 1.82 
NO Concentrations, lJ.g/nl: l 305 229 156 19 66 73 139 
NO Indoor/ouldoor ratios 16.1 12.1 8.2 
CO Concentrations. }'<1:/m" 9070 !lOOO 8190 2410 85 116 201 
CO Indoor/outdoor ratios 3.76 3.73 3.40 

-------.~---, ... -.---- --.-~--.---- ~,~.,------.-.-... ~,--"-,----." . -_._----_ ... _--
"Average concentrations ac-e baSt~d on daily averages [or those days in which 12 valid 2 
hI' ;1\'('I'"ves were oiJtained. . 
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Figure 6. House No.4: A time history of NO concentrations, 2 hr averagas, 
winter 1974. 

1 m away from the stove) and the living room again shows 
that N02 decays more rapidly than either NO or CO. 

Conclusions 

As was shown in the results of our earlier indoor/outdoor 
program, l tl"te use of a sequential multiple-point measure­
ment syst.em coupled with centrally located analY:l;ers was 
both a valid and efficient means of near-simultaneous mea­
surement of pollutHnt. profiicR inside and outside of struc­
tures. ThiR method permitt.ed tho detection of both short 
term f1uctuut.ion of pollutant concentrations at a number of' 
sampling locations and small concentration differences 
from point to point without using separate analyzers for 
each sampling location.. . 

The salient conclusions we have drawn from the data col­
lected in this program are: 

1. Emissions from gas stoves contribute N02, NO, and CO 
to indoor atmosphere of houses where such stoves are 
used. Kitchen concentrations of these gases responded 
rapidly to stove lise, and for a given house during a given 
season there was a rough correlation between average 
N02 concentrations and average stove use. 

2. N02 and NO were produced in roughly equal amounts 
by the stoves in the homes where testing was conducted. 
Indoor concentrations of these pollutants were invari­
ably higher than those outside. 

3. Normal stove operations frequently resulted in N02 

concentrations in the kitchens which averaged over 100 
IJ.g/m3 over a 2 wk sampling period. 

4. Comparison of samplings carried out in the spring-sum­
mer of 1973 and the fall-winter of 1973-74 showed that 
the more closed up mode of the house in the colder 
weather produced more uniform concentrations within 
the various rooms of the house as compared with the 
warmer months. 
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5. A diffusion experiment conducted in one of the houses 
showed that the half-life of N02 w,as only % of that fOf 

CO and NO, indicating that N02 decays through reac­
tion or absorption in addition to normal dilution from 
air exchange. This effect was observed in some of the 
other houses by comparing the relative concentrations 
of N02 and the other pollutants in various parts of the 
house. 
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Figure 7. House No.4: A time history of CO concentrations, 2 hr averages, 
winter 1974. 
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