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Table VII

Comparison of Deposition Velocities for
Ions Associated with Fine and Coarse Particles
(cm/sec)

Newark Wichita* Lubbock® Calculated®

Fine Particles 0.002
chloride <0.01 0.03 <0.01
sulfate 0.005¢ 0.003¢ 0.005¢
sodium 0.05¢ 0.2 0.07
potassium 0.007 0.004 0.03
magnesium 0.02 <0.01 0.03
calcium 0.03 <0.02 0.006
Coarse Particles 0.6
chloride 0.6 0.8 0.2
sulfate 0.04¢ 1.8 0.1
sodium 0.3 0.7 0.2
potassium 0.2 38 0.2
magnesjum 0.3 0.9 0.2
calcium 0.4° 1.0 0.07

The Wichita and Lubbock values are based on very sparse data for airborne concentrations.
Gravitational settling velocity.

The average annual accumulation and indoor concentration used to compute this numbe;
were known with a sufficiently high degree of confidence that the number shp:uld be lcwmter
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. As part of a study to evaluate the impact of combustion source type on
indoor air pollution levels, NO, concentrations were measured during
January-February 1984 in twenty offices in the Seoul area, Korea. Average
levels of NO, concentrations were compared among offices with either a
kerosene heater or electric heaters.

Offices with a kerosene beater had average NO, concentratioms
epproximately 85 ppb and &4 times higher than offices with electric .
heaters. Offices with swmokers had slightly higher NO'Z levels than those
without smokers.
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INTRODUCTION

In K unvented ortab kerosene d electric space heaters

n Korea, n por le an Tl pace ers are
commonly used during the cold seasons to supplement conventional heating
system.

nay Pi::e:z;nﬁg?diei :ug%e:t that use of the heaters in residential settings
ifican ealth hazards by releasin i i

‘ 0 haz g various combust
grogucts etch as nitrogen dioxide (NO,), sulfur dioxide (SO,) e
:t ontmon?xxde (CO), and formsldehydé (HCHO).l™% Increase '
concentrations of NO, have shown indoo

0 rs where ker

as gas-burning appliances sre used.”” MEEIE REECE NEmmers

sourcz:eo:bie;tjveNgf ;hislstudy was the assessment of indoor combustion
ndoor N evels. This paper presents th i
study conducted tc assess the i 1 p pleopion-- ol

udy e integrated levels of nit ioxi i
building offices and thei iati i R it i

> ir association with the use of k
heaters and electric heaters. Th canplons.
e : o " e use of two different 1

diffusion tubes and filter b i e e
giftusic N r badges® allows the intercomparison of these

METHODS

seou!A g;:g: :tu?y w;s conducted to measure indoor NO, levels in offices in
s uring January-February 1984 as part of i
s u & more comprehensive
f:i g;xgg s?::dg;nitgffzzes iroT tyz.selected office buildings :ere chesen
i " « Most office workers use kerosene
- space heat
w:sei::::z?l:egsz:adto Szgplement thye heating system althoughpeach buiiszng
ed. ice workers willing to partici i i
0 ] ; k te in this stud
were given 8 screening questionnaire on th et o
v e type and use of indo
o . . or
iugtuzssoziiizzc:sé In addition, to determine the response between Palmes
adge neasur i
e ap Ty e%ch officiTents' two Palmes tubes and one filter badge

All offices were monitored f
e or at least a four—d i i
. ! r—day period f
fgvecgz;:nz;at:o?z. 'The s:mples from five offices were zollectegraézzigrated
i moritoring. filter badge and two Pal
within one foot of each other on T e
a wall approximately 5
floor and no closer than 10 feet to the hegters. 7 feet sbove the

RESULTS

A total of 20 offices were i
- 0 ; monitored; sever offices with a k
:z:;;r, sivin offices with an electric heater; and six offices wii;gﬁine -
emental space heaters. All heaters were i
p unvented radiant t;
samples from fifteen offices were moni e
T . ronitored on a four-d 15 i
while five offices required ive— i i i P
-y quired a five-day sampling period and anticipated low

Curmulative frequency distributi
r = ution on mean NC, concentrati

samples by ty?e of devices are presented in Figuré 1. Mea:aﬂsonie£:§st0tal

measured by f1{ter badge ranged from 5.2 to 135.3 ppb, while.tge

zz::ezﬁozi;niazge i;vglg ?Z;s;red by diffusion tube A and diffusion tube B

£ 6.0- .2 ppb and 6.0-156.2 ppb, respectivel T

::zthgazc?gcenttat1ons for total samples measured b; filzet badgi.wer:e

ppb) lower then expected. The difference between diffusion

tubes was less than 5% of the mean value for paired tubes.

ons of different samplers by selected
fices with a central heating

device. Offices with

to seven times higher
es ligher than those

Table 1 presents the mean concentrati
concentrations in of
and 13.0 ppb, depending or the
average NO concentrations six
1 heating and about four t 3o

characteristics. NO.
system were only 11.6
¢ kerosene heater had
than offices with centro
with electric heaters.

s of selected characteristics, mean KC

According to categorie
resent in offices.” Average

concentrations were higher where smokers were p

concentrations increased with incressed heater use. Mean NO

concentrations in offices with a kerosene heater exceeded the Korea annual
especially during five

averaged ambient NO standard of 50 ppb, :
bours snd more of use. The highest NO. concentrations, exceeding

gbout twice the Korea ambient NOZ standard, occurred in ap office of
less thsn 5 .

Figure 2 presents the cumulative percent distributions of N02
ns by heating source and semplers. FHigher NO,, levels irp
offices with s kerosene heater is clearly demonstrated. %ean NO,
levels above 50 ppb were exceeded in approximately 71% of tbe of%ices with
kerosene space heaters based on diffusion tube resulte.

concentratio

As indicated in Table 11, offices with a kerosene heater had significsntly

bigher KO, concentrations than those with an electric heater, with
values nof significantly effected by the presence of smokers. Even
controlling for heater types, office cigarette smoking doees not appea
be an important contributor to indoor KO concentretion (see Table
111). Other studies have indicated that®cigarette smokin§ at home
increases NO. concentrations 1-2 ug/m” on the average. 1-12

To examine t%e effects of emvirormental scurces on NO
concentrations, multiple regression analysis was perf%rmed with NO
independent varieble and sampling period, heater use

concentrations as the 1
time and office size as the dependent varisbles.

r to

ot performed at the same time in all offices, the
f ventilation or some other i
This exsmination indicated

ata because of the sampling
Ve

Since the sampling was n
effect of time as a varisble, in terms ©
non-measured parameter, had to be examined.
that there is no systematic variation in the d
period. Direct room or building ventilation rates were not measured.
do not expect a systematic relationsliip among these varizbles and

ventilation rates.

heater use and office voluwe are important

Teble IV presents the summary of
concentrations in offices.

tive and significant regression
gression coefficient.

The analysis indicated that
determinants of concentration.
regression analyeis results of mean NO
Feater use time (hour per day) had a posi
coefficient, while office size had a negative re

CONCLUSIONS

een linited with respect to {be member of
d, it is clear that elevated indoor
routine vse of kerosene space

jmes higher in the

Even though this study may have b
buildings and length of gampling perio
concentration of NO, are aspociated with
lLeaters. Averaged %02 concentrations were four t




offices uish kerosene heaters versus those with electric heaters. These
concentrations often exceeded the Korea ambient air quality standard. While
othef contaminants were not simultaneously measured, we would expect
part:gles. CC and ECEC concentrations to be elevated in

association with kerosene heater use. SO, may be elevated d i

sulfur content of fuel. These findings raisz concern abouteE::d;SEQESIe
health.consequences of indoor exposures. Follow-up studies to assess other
contaminants, carboxyhemoglobin levels in workers, respiratory and

pulmonary function surveys are recommended.
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Mean NO, concentrations (ppb) for different samplers by

Table I. Mean NO, concentrations (ppb) for different samplers by Tsble III.
selected characteristics o environméntal smoke and type of heater
i} Nonsmoker
T Smok
Characteristics Category N Badge Tube A Tube B Elelctrizz e;erosene . Electric Kerosene P
x 5 x s x 5 (u=5) (n=5) (n=2) (n=2)
Heating Central 6 11.0 3.8 13.0 4.3 13.0 4.7 18.0 65.2 .115
source Electric 7 17.0 2.4 19.9 4.7 21,0 S.4 Badge x 16.6 g;-z .000 ! o
KRerosene 7 66.7 43.4 85.9 47.0 82.9 53.7 s 2.9 °
’ 19.5 91.2 .008
Smokers in No 9  24.0 25.2 31,1  34.3  31.3 34.3 Tube A  x 20.1 2328 ool U ok
Office Yes 11 39.6 42.1 49.0 49.3 47.6 51.7 8 5.6 ¢
21.8 89.5 .042
Sampling 4 15 27.1 25.1 36.3  35.6  35.1 37.3 Tube B x A 22'3 -000 7.8 18.8
periods (days) 5 5 49.0 57.9 55.0 63.8  55.8 63.7 s 5.3 . , e s
j % » - i = t
Length of 1-2 Electric 1 11.9 - 15.8 - 13.5 - Bote: x = mean, s = standard deviation, p = value based on two tailed t-tes
heater use Rerosene 2 28.6 5.7 35.4 11.7 26.1 0.6
(hrs./day)
3-4 Electric 3 17.6 0.8 21.0 3.3 22.7 S&1
Kerosene ! 33.6 - 57.4 - 48.4 -
5+ Electric 3 18.2 1.4 20.2 6.8 21.8 4.7
Kerosene 4 94.1 37.7 118.2 31.7 120.0 37.1
Cffice =5 3 67.8 45.2 125.3 34.1 125,7 43.3
e (mz) 69:8 1? :lig.g 22.3 ?g.:l; g.; i}g.g 32.!6) Table IV. Multiple regression analysis of KO, concentrations (ppb)
’ : . . . : measured by Palmes tube (A) sample

Note: N = number of samplers, x = mean, & = standard deviation

T B S.E. of B t-value
""""""""""""""""""""""""""" .809
Saupling period 0.204 0.252 0
*
Heater use time 6.341 2.477 e
o *
0ffice size ~9.698 2.798 3.467
Table II. Mean NO, concentrations (ppb) for different samplers by 24,241 1.764
type of heaters and presence of smokers in offices. (Constant) 78.060 I
m————————— Hote: B = regression coefficient, S.E. = standard error, *p % 03
Heater Smoker Adjusted R square = 0.630
Electric Kerosene p-value No Yes Cvers1l F-statistics = 11.798 (p < -0001)
(n=7) (n=7) (n=9) (n=11)
Badge x 17.0 66.7 .011 24,0 39.6
s 2.4 43.4 25.2 42.1
Tube A x 19.9 85.9 .003 31.1 49.0
4.7 47.0 34.3 49.3
Tube B % 21.0 2.9 .010 31.3 7.
s 4 51.7 34,2 §1.7

Note: x = mean, s = standard deviation, p-value based on two tailed t-test




