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Comparison of Five Pollutant Levels between
Inside and Outside Homes !

EE (R S Rigol Mol HWNN REHE

Yoon Shin Kim,
E ol

Thomas H. Stock

£ 8 Ep)s ks

B x # #

KRG LB HIR U524 v F2H A RES R o2 5717 REBLRPECSO,

NO;, NO,CO,0p) ol et EPst BES A&stgdcl FTRBREE U4, 2o, A4
F BARES LB 1 #R ES BT A HEA Y 3

s
A4e BiEE BAR

B R Eghel =3 NO, o O3 & BASH 7 B ol P4 Bl 1.8 ~2.7-2 JEpic)
53 KB AelA HRmEHL ERRE S KES EEHE BEE] BERE So g8 9 A

oB 4 x}s} e},

INTRODUCTION

Outdoor measurements from air monitoring
systems have often been used to represent
ambient levels of exposure. However, there
has been increased awareness about the import-
ance of indoor air quality in the assessment of
the health effects of air pollution, because
most individuals spend from 70 to 90% of their
time indoors.l) Although it is very difficult
to measure accurate personal exposure, some
attempted to

epidemiological studies have

investigate the potential health effects of out-

2-3)

door and indoor air pollution. It became

apparent to these investigators that comparison
of indoor and outdoor measurements might
have important implications for their health

effects studies.? Recently, limited studies
have been reported on the subject of the re-
air pollution

lationships of indoor/outdoor

levels associated with the characteristics of

. . 5
indoor environments. 9

This paper attempts to evaluate the indoor
and outdoor levels of five selected gaseous
pollutants and the impact of certain household
characterististics on the indoor levels in the
Houston area.
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METHODS
As part of an air monitoring system for

for a health
7)

producing exposure estimates

effects study in the Houston area,”’ simult-

aneous indoor and outdoor measurements
of air pollutants were performed at twelve
homes selected from two Houston neighbor-
hood, Clear Lake and Sunnyside (Figure 1).
The continuously monitored pollutants were
sulfur dioxide, nitric oxide, nitrogen dioxide,
carbon monoxide, and ozone. Monitoring for
each pollutant was performed for at least one
week at each house during May-October 1981.

Indoor air samples were collected from

three different rooms (living room, bedroom,
kitchen) of the house.
using a pulsed fluorescence method. NO/NO,

SO , Wwas monitored

and O3 were measured using Bendix chemi-
CO was
using a Bendix CO Infrared analyzer. A detailed

luminescence analyzers. measured

description of monitoring design, sampling

and analytic methods, and data validation

procedures is available elsewhere.®

RESULTS AND DISCUSSION

Summary results of indoor and outdoor
average concentrations of five pollutants are
presented in Table I. In all homes the average
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Figure 1. Map of Houston area study

sites (. Clear Lake, 0 Sunnyside )
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concentrations of each pollutant in the kitchen
and living room exceed the corresponding
outdoor mean values except for Oz, while
mean bedroom levels for all gases except for
03 and NO, are higher than the corresponding
outdoor levels.

The ratio of the mean indoor concentra-
tions (average of three rooms) to the mean
outdoor concentrations is 2 1.0 for NO,, SO,,
CO, and NO, but is only 0.06 for O3. It appears
that indoor mean concentrations do not vary
much from room to room.

It is interesting to examine the data from the
individual homes to see the effects of relevant
household characteristics. The houses monitored
in this study consist of a mix of homes with

obvious potential sources of combustion-generat-

ed indoor pollutants (smokers and gas stoves)
and homes with no obvious indoor combustion
sources. Thus, eight of the homes may be classi-
fied into two groups: a “Source” group con-
sisting of homes with both gas stoves and at
least one resident smoker who routinely smokes
indoors (Houses 6,7,8,9), and a “Nonsource”
group containing homes with electric stoves
and no resident smoker (Houses 4,5,10,11).
The remaining four homes have gas stoves
(Houses 3 and 12) or smokers (Houses 1 and 2),
but not both.

House-specific mean concentrations of each
pollutant and indoor/outdoor (I/O) ratios of the
means are presented in Table II. In this table
the indoor data are concentrations measured

in the living room.

Table I. Summary of indoor and outdoor average concentrations (ppb) for five pollutants.
Pollutant Sampling No. of Mean SD I/o*
Location Hours Ratio
S50, Indoor, Living room 2430 5.10 5.17 1.83
Indoor, Bedroom 2427 497 5.03
Indoor, Kitchen 2425 5.10 5.12
Outdoor 2565 2.76 497
NO Indoor, Living room 2423 52.68 64.80 2.72
Indoor, Bedroom 2425 51.98 66.38
Indoor, Kitchen 2415 53.67 66.94
Outdoor 2472 19.40 44,60
NO, Indoor, Living room 2400 16.56 22.11 0.99
Indoor, Bedroom 2402 13.73 16.31
Indoor, Kitchen 2391 18.79 28.06
Outdoor
CO Indoor, Living room 2382 1398.83 223798 2.02
Indoor, Bedroom 23 1272.44 1921.89
Indoor, Kitchen 2378 1489 87 2597.31
Outdoor 2649 702.68 1161.35
03 Indoor, Living room 2332 1.25 5.88 0.06
Indoor, Bedroom 2342 1.24 3.42
Indoor, Kitchen 2335 1.29 4.23
Outdoor 2505 22.29 25.43

* [/O — Ratios of overall means of Indoor average conc. of three rooms/Outdoorconc,
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Table IL. House-specific mean concentrations (ppb) for each pollutant

House T SO, NO NO, (8] O3

# N X (sD) 1/0 N X (SD) Yo N X (SD) /0 N X (Sp) /0 N X (Sb) IjO

1 1 1427.3(5.7) 55 156 242(100)100 156174 (10.1)2.7 165 519.4( 766.8) 1.2 157 0.6(1.8) .04
0O 1561.3(1.6) 157 2.4 3.5) 157 6.4( 4.9) 175 431.4( 361.0) 164 15.6 (10.7)

2 I 1731.5(1.4) 06 171 222(189) 59 15131.5(6.0)29 177 475.7( 334.8) 1.8 168 1.1( 1.2).04
(o) 17224 (3.4) 173 38( 8.6) 173107 ( 9.2) 177 2701 ( 314.0) 168 24.5 (20.4)

3 I 1703.7(3.6) 1.2 170 37.6(35.2) 76 17025.0(23.6)1.6 174 779.3( 963.0) 1.9 168 1.8( 0.9).06
O 1993.0(3.2) 198 7.5(9.1) 198 15.6 (10.2) 201 407.9( 428.3) 197 27.3 (27.5)

4 I 17584(6.3) 39- 180 142(12.2) 14 180 49( 56)0.7 180 236.7( 264.7) 0.8 175 1.2( 0.9).06
O 17422(25) 176 99 (12.7) 176 6.9( 7.8) 182 307.3( 335.2) 180 20.7 (21.7)

5 I 1975644 40 199 136(9.5)13 199 2.9(19)03 201 278.1( 231.3) 07 199 0.9( 0.8*.06
O 198 1.4(1.3) 198 10.2(11.2) 98 9.1( 49 200 394.5( 307.4) 200 16.0 (19.9)

6 I 1816.9(6.73 2.1 181 655(43.2) 43 18131.6(46.7)1.5 183 7471.6(3581.2) 9.7 175 0.9( 1.4).05
O 21533(79) 192 15.4(20.0) 191 21.1(189) 209 771.8 ( 766.0) 206 18.7 (19.9)

7 I 17929(3.4) 06 176 1353(94.6) 45 174199(269)1.3 1811632.0( 945.6) 1.8 174 129 07).07
O 17453(6.3) 165 30.0 (35.3) 165 15.0 (10.4) 196 890.8 (1059.6) 173 17.3 (33.9)

8 [ 19532(43) 14 197 432(249) 59 197189( 8.8)1.0 2001140.0( 459.8) 22 175 0.7( 0.9).02
O 21122(3.3) 210 7.3(12.3) 209 19.5 (13.3) 212 5269 ( 505.6) 190 31.9 (313)

9 I 18127(3.8) 1.9 181 105.6(74.4) 3.3 18027.8(21.2)1.2 1832582.0(1180.1) 2.4 180 0.4( 0.8) 0l
O 1752.0(4.3) 194 322(56.5) 194 228 (21.5) 196 1073.0 (1565.3) 192 32,0 (32.7)

10 I 1948.7(75) 109 198 113.2(93) 10 198 16( 2.1 0.1 1994151 ( 307.1) 1.4 177 1.1( 0.4).07
O 1940.8(0.9) 196  13.5(16.6) 195140 ( 8.9) 199 299.5 ( 349.5) 173 15.6 (14.1)

1] I 19649(4.3) 26 197 193(175) 14 197 28( 4.2)0.2 201 447.8( 588.9) 0.8 175 1.3( 1.5).06
O 1801.9(2.3) 195 142 (26.9) 192113 (10.0) 195 505.6( 756.1) 179 22.6 (16.8)

12 1 28359(3.7) 1.3 252 130 (853) 1.9 252243(216)0.7 176 1570.5(1512.6) 0.9 249 28(175).1

O 31846(7.0) 281 693 (98.70 281 35.9 (30.8) 316 1777.8 (23540 277 24.5(30.9)

Al 1 24305.1(5.2) 1.8 2413 52.7(64.8) 2.7 240016.6(22.1)1.0 2382 1398.8 (2238.0) 2.0 2332 1.3( 5.9).06
O 25652.8(5.0) 2472 19.4(44.6) 2466 16.6 (17.6) 2649 702.7(1161.4) 2505223 (25.4)

I — Indoor (living room); O — Outdoor; N — Number of hours;

X — Mean; SD — Standard Deviation

Indoor mean concentrations of SO, across
the homes range from 1.5 to 8.7 ppb, while
I/O mean ratios range from 0.6 to 10.9. The
indoor concentrations in each home are higher
than the corresponding outdoor levels except
for Homes 2 and 7; however all concentrations
are relatively low,

Across all homes indoor NO concentrations
are generally higher than the corresponding
outdoor concentrations. The range of I/O mean
ratios is 1.0 to 10.0. The four lowest indoor
mean concentrations are associated with homes
(# 4,5,10,11) with electric stove and no resident
smoker, while the four highest indoor mean

concentrations are found in three “Source”

homes (# 6,7,9) and one home (# 12) with

gas stove and no resident smoker.
Indoor NO,
homes range from 1.6 to 31.6 ppb, while I/O

mean concentrations across

mean ratios do not vary as greatly from home
to home and range from 0.1 to 2.9. The four
lowest indoor mean concentrations are asso-
ciated with “Nonsource” homes (# 4,5,10,11),
and outdoor concentrations at these homes
are higher than the corresponding indoor levels.

Indoor average concentrations of CO across
homes range from 0.2 to 7.5 ppm. The house
I/O ratios range from 0.8 to 9.7. There appear
and

to be real differences between “Source”

“Nonsource” homes; the Nonsource homes

have the four lowest indoor concentrations,

while the Source homes have the three highest

J. of the Korea Air Pollution Res, Assoc., 1987



Table III. Results of t-tests of differences of concentrations (ppb) between “Source” and “Non-
source.. homes
Concentration /O Significance

Pollutant Homes Indoor Outdoor Radio Indoor Outdoor

S0, Source 4.2 3.1 1.4 * **
Nonsource 6.8 1.5 4.5

NO Source 86.1 20.6 42 * ¥ *
Nonsource 15.1 12.0 1.3

NO, Source 24 4 19.8 1.2 *¥ *
Nonsource 3.0 104 0.3

cO Source 3164.6 809.2 39 * % *k
Nonsource 347.1 3932 09

O3 Source 0.8 25.0 0.03 NS *
Nonsource 1.1 18.7 0.06

*P<0.05; ** P<0.01; NS - Not Significant;

Indoor — Living room concentration; I/O — Indoor/Outdoor

indoor concentrations (Homes 6,7,9).

In all homes indoor O3 concentrations
are much lower than the corresponding outdoor
concentrations. House indoor means range from
0.4 to 2.8 ppb. House I/O ratios range from
0.01 to 0.1,

The probabilities associated with the t-tests
for the differences in each pollutant concen-
tration between Source and Nonsource homes
are presented in Table IlI. Indoor mean con-
centrations of each pollutant for the Source
homes are higher than the corresponding levels
for the Nonsource homes except for SO, and
O3, while outdoor levels of all pollutants for
the Source homes are higher than the corres-
ponding levels for the Nonsource homes. The
differences in outdoor concentrations are due
to the fact that all of the Nonsource homes
are in one area (Clear Lake), while 3 of the 4
Source homes are in the other, generally more

polluted area (Sunnyside).

RRARFREWGE B3E H2W 1987

I/O ratios of mean concentrations for NO,
NO;, and CO in the Source homes exceed
the corresponding values in the Nonsource
The differences in indoor mean con-
centrations of NO, NO,, and CO between

Source and Nonsource homes are highly stati-

homes.

stically significant (p <0.01).

CONCLUSIONS

These results show that indoor concentra-
tions (average of all rooms monitored) of SO,,
NO, and CO are in general higher than the
corresponding outdoor levels. Indoor-outdoor
ratios of mean concentrations for NO, and
O3 are 0.99 and 0.06, respectively. The data
indicate that average room-to-room differences
in pollution concentrations are not large.

It is shown that average indoor concen-
trations of NO, NO, and CO in the Source
homes are significantly higher than the corres-

ponding levels in the Nonsource homes. This



suggests that increased indoor levels of NO,
NO;, and CO are likely related to the use of
gas stoves and/or the presence of a resident
smoker. Examination of diural variations of

indoor pollution concentrations in the homes

patterns, and seasonal factors which may in-
fluence both indoor and outdoor measured
levels of pollutants levels of pollutants should
provide important information on exposure

for epidemiological studies of air pollution.

could be effective in understanding the potential

indoor sources affecting indoor levels. For O ACKNOWLEDGEMENTS

and SO,, indoor levels are very low, and appear ]
) Support of portions of this work by the

not to be greatly influenced by the presence .
U.S. Environmental Protection Agency and

of gas stoves or smokers.
Additional

detailed housing characteristics, daily activity
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ABSTRACT

As part of an air pollution epidemiological study of asthmatics residing in the Houston area,
an air monitoring system provided data on the indoor and outdoor measurements of major pollutant
gases sampled at selected residences during May ~ October 1981. Continuously monitored pollutant
gases included sulfur dioxide (SO, ), nitrogen dioxide (NO;, ), nitric oxide (NO), carbon monoxide
(CO), and ozone (O3). Outdoor levels for each pollutant were compared with their indoor levels
(bedroom, kitchen, living room). Mean concentrations of each pollutant in the kitchen, and living
room exceeded the mean levels outside except for ozone, while average bedroom levels for all
gases except for O3 and NO, were found higher than the corresponding outside levels. Indoor/
outdoor ratios for SO,, NO, and CO were 1.8 ~ 2.7 times the outdoor levels, but indoor/outdoor
ratios for NO, and O3 were 0.99 and 0.06, respectively. The impact of several important house-

hold characteristics (type of cooking fuel and cigarette smoking) on the indoor levels of these

gases is evaluated.
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