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Comparison of Deposition Velocities for C"i x Ions Associllted with Fine ud Co11ne Particles 
(cm/sec) 

Ne wart Widlita• Lubbock" CalcuJatedb 

Fine Particles 0.002 

chloride <0.01 0.03 <0.01 

sulfate o.oos• 0.003" o.oos• 
sodium o.os• 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 3.8 0.2 

magnesium O.J 0.9 0.2 

calcium 0.4• 1.0 0.07 

a The Wichita and Lubbock values are based on \'Cry spane datll for airborne amcentrations. 

b Gravitational settling velocity. 

c The average annual 8Q:lllllulation and indoor concentration used to comPite this number 
were known with a sufficiently high degree of confidence that the number should be llCCUrate 
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B02 CONCENTRATIONS IN OFFICES ~ITH KEROSENE SPACE HEATERS 
AJU> ELECTRIC HEATERS 

Yoon Shin Kim 
Department of Environmental Sciences 
School of Public Health. University of Texas 
Houston. Texas 77225 

John D. Spengler and Yukio Yanagisawa 
Department of E~vironmental Science and Physiology 
Harvard School of Public Health 
Boston. Massachusetts 02115 

. . As part of a study to evaluate the impact of coui>ustiol-t source type on 
iitdoor air pollution levels. No2 concentrations were measured_ during 
January-February 1984 in twenty offices in the Seoul area0 E.orea. Average 
levels of N02 concentrations were compared among offices with eit~er a 
kerosene hea~er or electric heaters. 

Offices with a kerosene beat.er had average N02 concentrations 
approximately 85 ppb and 4 times hig~r than offices with electric 
beaters. Offices wfrl> sll\Okers had slightly higher N02 levels than those 
without smokers. 
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INTRODUCTION 

In Korea, unvented portable kerosene and electrjc space heaters are 
commonly used during the cold seasons to supplement conventional heating 
system. 

Several studies suggest th~t use of the heaters in residential settings 
may pose significant health hazards by releasing various combustion 
products scch as nitrogen dioxide (N0

2
), sulfur dioxide (S02), 

Carbon monoxide (CO), and formaldehyde (HCH0).1-4 Increasea 
concentrations of N0

2 
have shown indoors where kerosene space heaters 

as gas-burning appliances a re used.5-6 

The objective of this study was the assessment of indoor combustion 
sources on indoor N0

2 
levels. This paper 1•resents the results of s field 

study conducted tc assess the integrated levels of nitrogen dioxide in 
building offices and their association with the use of kerosene space 
heaters and electr ic heaters. The use of two different samplers, 
diffusion tubes,7 and filter badges8 allows the intercompari~ on of these 
devices. 

METHODS 

A pilot s tudy was conduc ted to measure indoor N02 levels in offices in 
Seoul, Korea d uring J anu<1ry-February 1984 as par t of a more comp r ehensi ve 
indoor N0

2 
s tudy . 9 Offices from t wo s elect ed o ffi c e build ings \ller e chosen 

fo r fixed site r•on.j tar ing. Nost o f fice workers use keros e ne epec e hea te r s 
or e 1 ec tric heaters to s upplement t h ye heat ing s ystem al though each bu i l ding 
was ceotrol Jy he a ted. Off ic·e worken willi.ng t o par tic i pa te in th is study 
were given a s c-1 <' P.1>ine questioo naire on the t ype ond us<' of ind oor 
combustion sources. In addition, to determine the response between Pslmes 
tube and filter badge· ne~surements, t"o Palmes tubes and one filter b8dge 
"ere installed in each office. 

All offices were monitored for at least a four-day ~eriod for integrated 
N02 concentrations. The samples from five offices were collected after 
five days of monitoring. A filter badge and two Palmes tube s were placed 
within one foot of each other on e well approximately 5 feet above the 
floor and no closer than 10 feet to the heaters. 

RESULTS 

A total of 20 offices were monitored; s~ven offices with a kerosene space 
he a t.er; seven offices with an electric heater; and six offices without 
supplen•ental space heaters. All heaters were unvented radiant type. The 
samples from fifteen offices were monitored on a four-day sampling period, 
while five offices required a five-day san1pling period end anticipated low 
levels. 

Cun-.ulative f r equency distributio11 or• n•e8r• N0
2 

concentrations for total 
samples by type of devices are presented in Figure 1. Mean N02 levels 
measured by filter badge ranged from 5.3 to 135.3 ppb, while tne 
corresponding N0

2 
levels measured by d i ffusion tube A end diffusion tube B 

were in the range of 6.0-147.2 ppb and 6.0-156.2 ppb, respectively. The 
mean NO concentrations for total samples measured by filter badge were 
about 20% (8 ppb) lower than expected. The difference between diffusion 
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tubes was less than 5% of the mean value for paired tuoes. 

the mean concentrations of different samplers.by select ed 
Table I presents t 1 heating 

concentrations in offices with a c~n ra . . 
characteristics. NOO d 13 0 ppb depending on the device. O~fices .with 
system were only 11. an • • . six to seven ti.mes highe r 
e kerosene heater had average N02 concentrations t ir.;<'& l igher than tbos e 
than offices with ce11trol heating and abou t four 
with electric heaters. 

·es of se lec~ed characteristics, mean N02 According to c ategor1 · ffices Average 
we r e highe r where smokers "ere present in o • 

concel'ltrs tion s • h . d beater use. Mean N02 
concen trat ~ons ~ncrea~ ed wi.: . i:c~=~~=ene beater exce eded the Korea annual 
concentTstions in o f f >C es wi dth f 

50 
b 10 especially during five 

d mb i en t NO standar o PP • • d" average a ~ Tb h" h t NO concentrations, excee ing 
hours at•d mo r e of u e .amb . e t "~oes stao3 ard occurred in an office of 
about t w-ic e the Korea 1en · 2 • 

hss then 5 n•2 • 

Figure 2 presents the cumulative percent di:.7r!but~~ns l~~e~~2in 
. b h ting source and san:plers • _1g er 2-

concentrat1ons y ea . learl ' demonstrated• Hean N02 
offices "ith a kerosene heater is ~ ) . tely 71% of the offices with 

1 b 50 pb were exceeded in approx1ma 
leve s a ove pheeters based on diffusion tube result• · 
kerosene space 

h t had signific • ntly 
Aa i ndica t ed in Table 11 , offi ces with a keros~ne ea er 

• . h t hose .., i cb "" electric heater, with 
higher NO concen t ra t i ons t an d b . the Tesence of smokers. Even 
values not signif ican t l y effec ~~fic~ c iga~ette smoking does not appear to 
controlling f or heate~ type s, . oor NO concentration (see Table 
be an i mportan t c~ntr1hbuto: ~~c~~d t ha t2c igarette smoking at home 
I ll). Ot her stud l es ave i.n l. -:i ll-12 
i ncreases NO concentrat i ons 1-2 ug/m- on the average. 

To examine.t~e eff~~~s 1~f r:"~!:~i~~n ;::1;~i~c::s
0;e=~~r111ed with N02 

concent r at 1ons, mu p. g d . ble and san•11ling I•totiod' l ·eate r use 
concentra ti ons as the indepe.11 e r•t vane . bl 
ti~e and o ffice s ize as t he dependen t va r1a es. 

h time in all offices, the 
Since the sampling was not performed at t_e s~me other 

. . bl "n terms of ventilation or some 
effect of time as a var1a e, i . . • d This examination indicated 

d eter had to be examine • 1 . 
non-measure param • . • . th data because of the samp ing 
that there is no systemati~lvd~r1at10~.~:tio~ ra~es were not measured. ¥e 

"od D"rect room or bu1 ing ven i. d 
peri • i t tic relations ldp among these vari r.bles an 
do not expect a sys ema 
ventilation rates. 

that heater use and office -volume a re importar•t 
Table IV present s the s u111111ary of 
ean NO concentrations in offices• . 

The analysis indicated 
deter111inants of conc entration. 
regression analysis results of 
Heater use time (hour per day) 
coefficient, while office size 

~ad a p~sitive ilt"• cl significant :e~ress1on 
had a negative regression coefficient. 

CONCLUSIONS 

. h ve been lh1it.ed with respect to lio t- I•l.'lr.ber 
Even though this study m~y a . d "t . clear that elevated indoor 

• . d 1 th of sampling per10 • 1 is 
buildings ~n eng . ted with routine use of kerosene space 
concentratAion of NdO~Oar~o:::~~::tions were four times higher in the 
\1e a ters. verage 2 
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of fices with kerosene heaters versu s those with electr ic hea ters. These 
concentrations often exceed ed the Korea ambient air qual ity standard. Wbile 
other contaminants were not simultaneously ~easured , we would rxpect 
particles, CC and liCEC· co .. centrations lo bto elev a ted in 
associat i on with kerosene heater use. so

2 
may be elevated depen<ling on 

sulfur content of fuel. These f;ndings raise concern about the possible 
heal th consequences of indoor exposure·s. Follow-up studies to ssaess other 
con taminants , carbox.ybemoglc.bi1• le"els in workers, respira.tory and 
pulmonary function surveys are recommended. 
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Table I. Mean N02 concentrations (ppb) for different samplers by 
selectea characteristics 

-- - ·--·--·--·--·-------------------------------------------- ---
Characteristics Category N Badge Tube A Tube B 

x s x s x s 
- - - -- -------------------------------------------------
Heating Central 6 11.0 3.8 13.0 4.3 13.0 4.7 
source Electric 7 17 .o 2.4 19. 9 4.7 21.0 5.4 

Kerosene 7 66.7 43.4 85.9 47.0 82 .9 53.7 

Smokers in No 9 24.0 25.2 31.1 34.3 31.3 34.3 
Office Yes 11 39.6 42.l 49.0 49.3 47.6 51. 7 

Sampling 4 15 27.l 25.1 36.3 35.6 35.1 37.3 
periods (days) 5 5 49.0 57.9 55.0 63.8 55.8 63.7 

Length of 1-2 Electric 1 11. 9 15.8 13.5 
heater use Kerosene 2 28.6 5.7 35.4 11. 7 26.l 0.6 
(hrs. /day) 

3-4 Electric 3 17 .6 0.8 21.0 3.3 22.7 5.7 
Kerosene l 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 

Office -5 3 97 .8 t.5.2 125.3 34.1 125.7 43.3 
size (m2) 6-8 6 35.0 24.3 44.3 9.7 40.2 30.6 

9+ 11 13.5 4.3 16.1 5.8 17.0 6.9 
----------------------- ------------------....... -- __ ...., .... .... ... ... ... ________ ------ --
Note: N = r.umber of salTlplers :11 x == roean, s = standard deviation 

Table II. Mean N02 concentrations (ppb) for different samplers by 
type of heaters and presence of smokers in offices. 

Electric 
(n=7) 

Heater 
Kerosene 

( n=7) 
p-value 

Smoker 
No 

( n=9) 
Yes p-value 

( n=ll) 
--------------------- ---------------------·- --- ------------------- ---------

Badge x 17.0 66 . 7 .011 24.0 39.6 , 343 
s 2.4 43.4 25.2 42. l 

Tube A x 19.9 85.9 .003 31.1 49 . 0 .370 
4. 7 47.0 34 . 3 49.3 

Tube B x 21.0 82. 9 .010 31.3 47.6 .427 
s 5 .4 51. 7 34.2 51 • 7 

--- --------- ------------------------- - --------------------~----------

Note: x =mean, s = standard deviation, p-value based on two tailed t-test 
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Tmble III. Mean NO concentrations (ppb) for different samplers by 
environm~ntal smoke and type of heater 

Smoker 
Elettric Kerosene p 

Nonsmoker 
Electric Kerosene 

(n=2) (n=2) 
p 

(ns5) (ns5) ----------- -------------- ---------------------- ·-------
.115 

Badge x 
s 

Tube A x 
s 

Tube B x 

16.6 
2.9 

20.l 
5.6 

67.3 
51.6 

83 .8 
57.2 

.ooo 

.001 

.ooo 

18.0 
0.5 

19.5 
2.8 

21.8 
7.8 

65.2 
24.8 

91.2 
8.4 

89.5 
18.8 

.008 

.042 
20.7 
5.3 

80.3 
64.8 B - ---------- ---- ----------------- -------------------------------

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

Table IV. Multiple regressjon analysis of N02 concentrations (ppb) 
measured by Palmes tube (A) sample 

----------------------------..- --- ............... .. ----· ---· .. - .. --------------------- -
t-value 

II S.E. of B 

--------------------- -------- ---------- --- - ·--- - -----------------------------~ 0.809 0.204 0.252 

Heater use tin1e 6 .341 2.477 2.560* 

Office size -9.698 2. 798 -3.467* 

(Constant) 78.060 24.241 1. 764 -------------------------------------------------------------------
Jote: B = regression coefficient, S.E. = standard error, *p < .05 

Adjusted R square = 0.630 
Overall F-statistics = 11.798 (p < .0001) 
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