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Abstract

Acidic air pollutants were collected to characterize indoor air quality in a residential area in the summer, All
indoor and outdoor samples were measured simultaneousty using an annular denuder system (ADS) in Seoul. The
data set was collected from fuly 26 to September 11, 1997. The mean indoot/outdoor ratios measured from this
study were: 0.34 for HNO;; 0.91 for HNOz; 0.22 for S0Oz; 1.34 for NHs; 0.78 for PMz ;5 (dp<<2.5 pm}; 0.90 for
S042"; 0.68 for NO;~ and 0,79 for NHs+. Indoor concentrations of HNQs, SO2 and PMas were highly correlated
with the outdoor concentrations. The relationship between indoor and outdoor air is dependent, to a large extent, on
the rate of air exchange between these two environments. A tracer-gas decay technique with sulfur hexafluoride
(SFs) as a tracer gas was used to estimate the air exchange of a private home in the summer. The average air
exchange rate was estimated to be 23.7 hr!. The deposition velocities for SO, NO;~ and NHyt calculated were
0.17,0.69 and 0.39 cnv/sec, respectively.

Key words : indoor acidic air pollutants, indoor/outdoor ratio, air exchange rate, a private home, annular denuder
system (ADS)
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wEAe] 218} Al eI EA A 7| (Phillips ef al.,
1993, Wadden and Scheff, 1983). B%], %2] lele=
of -] o}alybA) W 7R A oA Al
glg o8-8l okal whed AEE de] i AH
ez HE olAVYR §g. 2¥=Ez. o
AR g2 53 A, AW 3L A
Zlell sl Aoz gL ML & U M
W9 2984 T AL I A 9E
oz, B3 Al 2dBHEE el dFT &
Qo) ojgled g whe] & £ glch njEir] B
o @A dir[edegale] s el vA =
dakg el oy Ay ed=ihg AT S
7 Rohe WS ARRPEe] ARy gk Al
Mol 99 =E 7R T Fdsledof & Fleo|wt. o8}
ol AV 713l FoAe At ez BT
a1, ofA 7R 2] vigellM Almd g w7
Fopg] A7rh A8 F1AA AFHT s
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g3 AadEs ZPE AQedELEe] wr
2 e AL AR A7l dedire FR
W obz 2 vhe) ok 373 Hs (o AGHDE
mA 4 ok AgdT el s oA YA

(PMys, YA <25 umyelt geo] =] Q- ik
Holvt AU E Fo] 7| HR| G} APbEel dF
& wmiA= Aoz A (Dockery ef al., 1996;
Spengler ef al., 1990). =& PM2s7} PMun (317 <10
um)Bret EF7(2] Ao WA A S 7HA=
7oz B 3=} (Reichhardt, 1995). Spengler ef al.
(1990)-> th7] FM AelaZF: Aefz2 EA 3 2
2 e gEAq S04 SOuT} TE7) A ¥ A
Hew Ababged A o WAg @45 dvs 2w
shgiet. o]k el wlMIjiA gl AR HELE
Az fFeel Hobd, Aol PREE AFe]

r
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A7}l Hrlal oF o3ke ulal 4 ¢l x| 8k, o}2 7] A
) Vel M el g %r A7 elujgr 4

tojr}, o) g} & A o FEAEE FAF7] 48]
o o] 23 7] (annular denuder system, ADS)E
A 4 gl A, AP g B8RS 3F7) AF
o] anle) it dEtzal B Aol o] 2ANE
Aredlm itk (Dockery ef al., 1996; Brauer et al.,
1995; Spengler ef al.. 1990). $-2] el M= Ak ¢
457 54 d7el el 9018 sz A
{Lee et al., 1999a; |34 5 1999; Lee et al., 1997,

HEdristgets) A7 A2

S F,1997). e 2A7)e BAL shay
A o AdAE o) A4t uo A8 5
9 sl mAd A AREE 34T &
a9 A=

2 97 5420 AFH sHAsAe Ay
8 ¥Es FYAL Q) AFHE 49 298
§¥Hos dupdF AFE
(3) A s} Al 1,—71

E

A Zo] AW F7]3lel] #
A A=A g AR 123
#l8g 2k Aol

2. dEdy

A EH L MEAlel A dustae] o
100m dei3l PR A Tre] EA7|S o]43]
of Aol g Alella] FAle} AAIEHE & AR
24 19973 74 17U RE 9 11d7hR] 18] 244
ZH(2A gAeIA whgd oA SAYEAD Bt & 13
3} Aasidel A W7 AL Ay S4
(A Aol A 2F 15m Fol)elia] AA)sldnt A2 &4
of W3 A e =fel Ziasteo (o)A
5,199, AY HA2 Al FHAAA 1 EW el A
A X E shedof FHuf, tj3h ) 7}?‘4@ gleia 2
ool A] Aest AW EHAAbAE st ghated A
A sz, AR ﬁiﬂ‘%ﬁ;} & Adsle]
of 71 AL 33 Feolo ZA=E |, A
23L Ao QEE go] sl 1F AddAA
AA stk Aol s Agals AldEe] EHE =
72 %8 viEv] FA 7L wigtet sivte], A

Table 1. Sampling site descriptions.

Building description three stories

Sampling room size (im%) 69.2
Sampling floor size (m%) 30.8
Floor covering hard vinyl
Wall covering wallpaper
Ceiling covering wood
Number of windows 2
Number of doors 4
Ventilation natural
Number of occupants 5

Number of smokers
Smoking rates per person

3
3 to 3 cigarettes per day

Plants ves
Cooking fuel LNG?
Heating type {fuel) Central (LNG*)

2 Liquefied natural gas.
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upgellA of 15mel HAsldet A4L k2 918
m, M2 3.35m, ¥o] 225m (AR =692m*e =27|
£ AT ek 475 WA 495 o3x 15w,
o % 390 TilE ek iR olpilg A
ST ohalol aaskel Auel HAobach 2 @
gese APdEe Gzl o7k (iqueticd
natural gas, LNG)Z A}&3}¢dct. 2148 A =7
Hae] B4 E 1o epiget 24717b0) 42
Bolold H1E o1AWs] sstel 27|
g o} (712 3.35m, A2 1.29m)2) 8% 528 <o
Fol v2E7)7F A2 fdEd T, vz o=
o 9 vHe=A E(tz 08m, A2 20m=
el gl

Al B Asje) 2L orr] EA/E AH-E
Axdl, o] FH7)% 25um o4 =71 7Hal 8
g AR 4 9 Cycloned F3ted 7k &
150] R3] wieiel]l AL A, o %r] FHe) A
g o2 4 (filter pack)ell £]3ted nlAgiAtel
PM:s (473 <25 um), vfq 4 218] AEE<Q] S04,
NOy~ 8} NH,t So] 47mm % 79] Teflon & 7}=] (1
um pore size; Gelman Science)ol] 2] A ¥} Teflon o
FAAle A 718H oz Alele] NO; & 47mm
#)739] Nylon ¢ 2}2] (1 um pore size; Gelman Science)
o) Sste] APE. AN A4 B e
4 L/mine] 2, A 2]l A A}&-5 -G2F2 10 L/mine]4]
. Teflon 542} Nylon oishxlell 429 o414
AEE 10mLY] 2¢s o $5RT, 2wt A4
7] (ultrasonic bath; Branson 8210)s ZF3Zsl¢dch A}
L5E BnE ZH 4L 18 megachm-cm o] AF2] H)
Ag}r-E 71A 244 (distilled deionized water;
Barnstead)& o] 43}¢ch. 54 495L HA45)
7] A7AAE 5°CE A4 YAae] Bisigd. o
Falell ] F2H fAEL o]LaBlE 14
(Dionex DX-100)& o] &3led 7} AP-So] E4H
Wt 259 A3 712 2E57]) Aol Teflon o 234
of ANH v YA FAL AHE7| A HFH
2 F9 o2 3L, 345AF (Nikko auto dry
desiccator)el] 12417} o]A} ®kaled £7)E A A8

=, 21317 & (Ohaus AP250D) S o] 48l A&}
Ao A2 B4 AEEY 3= A4 99 PMas,
S04, NHyt2= Teflon oI 2} A]ol] 100% )25 11,
NO; &= Teflon & x] 2} Nylon 5= & §s}e]

100% AR ek Asel Anstslct 489 o
2azute 7] st #-5F 4L/mine g 244
7+ ZAF 2 45 A7 724 (imits of detec-
tion)3= HNO,, HNO;, 50;, NH3efl ofsled = =tz
0.05, 0.04, 0.07, 0.07 ug/m*e] 37, S04, NO3~, NH,+
of d&led= Zhzt 0.1,0.05,0075 ng/mel gt 3
t] 237]5 )&% HNO;, HNO:, 50,, NH;2| 33
EEE 98% o]Ateldli, o] ARNE T I F o
48l HAMg 8027, NOy~, NH+8] Abel) ¢ 3} rela-
tive standard error)= 5% co]Wje]gict ] &A1 7|
of HEt Ay AZ(d: AHEE )& B d7edMe
AAEA] kabAlEE B2 AFEe] 2sle] e)u] A
Ze ot (AR £, 1997; Sioutas et al., 1996; Suh
et al., 1994; Lee et al., 1993; Koutrakis et af., 1988;
Possanzini et al., 1983). 28|31, 8o} A5 o350
24718 B4, A W EAPES o3 7
S2) £ (1996) Fol AFAH.

I | =}

E 2% M2 7HAAAM S 5A A Al
A ZHRA Adds eplgich AWy sl B
A ¢l HNOs, HNO;, 80z, NH:8} == 2tz 073,
4.12, 1.58, 102 ug/m®e) 32, o] A| A=} & w)A 4 le)
EE AEQ PM,s, SO, NOs™, NH.+ 9] Al
Ex= 2zt 272,697,234, 222 ug/m’el g} 28]
412]¢] HNO;, HNOs, SO, NH;2] %3 717} 2.15,
452,709, 7.61 ng/m*e] 31, PMy s, SO, NO;~, NH.+
2] Ale) emit Zhz} 349,779,343, 2.80 pg/me]
ek A8 pxe AR f§ AL 8 =T
A3 Zlestd vt (o34 5, 1999). A &4 gl
BN o ALz old Agr) 1~33) BAHg =Y,
Atz A E dell o] AaES MM (& 2).
Aufe} Aol &8 2x3 2bzh 29.1,27°Co)
A A EEE AWl As) 2 776, 2%z
=3 gxE Ay dAH ez w9l Paired -
testsel] &8t FAHFF F HNO, SO, PMasES
FEEA AW Alg =2 AelE BT (p<
005} = 3& Fgxl ¥l Y AW 5
H] (indoor/outdoor concentration ratios)3 el ¢
oh 724 B3]l HNOs, HNOs, SO, NHal A/
A2 == vl zbzh 034,091,022, 13403, ¢l=}
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Table 2. Summary results for indoor and outdoor con-

centrations.

Concentration (ug/m®)

Species  Location NP
Mean s Range

HNO Indoor 0.73 034 030~128 12
*  Qutdoor 2.15 1.14  056~375 12
HNO Indoor 412 214 017~730 13
2 Qutdoor 4.52 160 264~8.16 13

S0 Indoor 1.58 094 020~303 12
2 Qutdoor 7.09 397 305~169 12
NH Indoor 10.2 4.50 1.29~17.1 13
3 Outdoor 761 203 369~105 i3
PM Indoor 27.2 119 973433 11
25 Ouwdoor 349 128 207~3589 1
SO Indoor 697 372 055~129 11
4 Qutdoor 779 246 364~140 11
NOw- Indoor 2.34 0.83 0.88~3.55 13
3 Qutdoor 343 265 113~ 105 13
NHy+ Indoor 222 154  0.33~527 10
4 Outdoor 2.80 107 159~452 10

2 Standard deviation. " Number of samples.

Table 3. Indoorfoutdoor concentration ratios.

Species Indoor/outdoor ratios
HNO, 0.34
HNO: 091
50: 022
NH; 1.34
PM-5 0.78
504" 0.90
NOsy~ 068
NH.* 0.79

Table 4. Linear regression equations of indoor concen-
trations on the corresponding outdoor levels.

Probability of

Species  Slope+SE no correlation

Intercept£SE  R2®

HNO;  0.17£008 037+0.19 058 p=005
HNO: 029+039 28i+188 022 p =048
50; 0152006 0512047 063 p=0.03
NH;3 0.08+0.67 961520 004 p=091
PM:s 077018 0441646 083 p<001
SO 0014036 0.89+3.03 001 p=098
NO;-  -005+009 2504040 0.5 p=0.62
NH,+  001+051  2.19£151 001 p=0958

2Standard error.
®Coefficient of determination.

ZA<el PM;s, SO457, NO:~, NHyt2] A/ 2
= d]= 27} 0.78,0.90,0.68,0.790]c}, = o3¢

off o

g8 HA A 17 Mz
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Fig. 1. Relationship plots between indoor and outdoor
species (in ng/m-3).
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et al (1991)2] A7Ae] gt AWAY Fx ¥
1= HNOyoll Hh8}ed 0.60; HNOol| i 3led 2.66; SO;
ol tj&ted 0.39; NHzell wHsle] 3.48; SO27¢ s}
o] 0.96; NOyol] iated 0.81; NHytell wsled 190
olgch. ¥ dAela Au/AlL Fx w7} 2 A
249 A2 M3} v)F RAE A9 A5 o
B oEA A 999, 37 & 5o Aolz Az
vl 2 4oliM e AY X (FPAPC e A
U = (F4H)e] A3 3734 (Straight-line
regression equation)& YERN¢ICH £ 42 HE AW
TRE A yr2¥e A5 4 Q1€ p
H<005) FEE2 HNO;3, SOz, PMzs2 A 13 19
A - 9 BAE Jepldeh A s AlY 5
27} JA7F dvbe A AW yEe F2 A9
Exo A e S Qv Yuiejxn AY =
s} A9 wxateld] FA gebe AL A =
= A9 x| gike whE 2ok ohul AW o
HY AW EZREA, AWM 2] kg o3k
A Fxrl ez Aoz Mg = 9ok

4. 1 &t

4.1 duie} 49 sz vl

28] vhebe 4 A Ee] B Wy AES 9
I gt glelM AW Fr1Ee] A 3ol
kg dhertm A7iEe} 2 oe AEE o4
AR H7|A L] Ay A e A F
7l Ay Aoz ofikE wE 4 sivin AR
AW g M g g8 Qupt WEH=ASE
aAE7] A Alel 2@EAEe] dupd Az
FURAE=AE 9H 2T darvt gl Al
F2 AAEEe sgBAEY A/l HE vle
A9 eqEae] AW falake osky g B
opve) AlfelMe] g AFdgdr S
b}, Ale] ed@ale]l AW fodukE egEA
At Babd Bz A8 F7)9 gr)Eel 28
g1} (Koutrakis et al., 1992).

HNO:2| AW/Ale] 5 v 0342 Adexr}
Ao} ) & s (F® 3). Brauer ef al, (1991)
2] M= AU HNOz2| s=71 Adgur A
ARG (AL = vl 0.60). AvelA
HNOs7F 22 3 =8 vielldl 712 Yol NHig}

e NS & U84 wWEow Ans.
HNOs= #8 %7t off ¥3, Az e =2
A mele] 3aE Hloz BarEgleh(Weschler
et al., 1992; Seinfeld, 1986). HNO;= Ald], A9 &
=7 853 2elE Hgoh(p<0.001). AY H A
#2] HNOsg=% 9AT {74 (424 244
& p3k =005 R?=0.58) (& 2) (Z¥ 1)& ehd
oA AW HNO; 57k 48] 5l T2 39E
W gles e,
NO, NOz, NOQ;~, HNOQ;, HNQ; £34 7Z+2 yl2.4]
AAbEELe B3lEtAaw 0] whie] 83 4
= AHeo=m o)A 9l (Kitto and Harrison,
1992), HNO»= HerA E-A ¢l nitrosaminese} # &
A=z ol ¢} (Febo and Perrino, 1991). A ol 4]
8] HNO; JA-& Aol A 2] NO:¢ H,08) Hh-3-2)
Ax=z 93z 9o} (Weschler and Shields, 1997;
Brauer ¢t af., 1990; Jenkin ef al., 1988). HNO, = thol)
= wizA 3 zisle] OH7IS A3 (Kitto and
Harrison, 1992). HNO,2] A === 4.12ug/m’e
2 A8 3= 452ugm’F v weE W v= A
o7k vbA & Aoz 2AMEYE(p=0.56), AW/
A2 Ex v 091¢dch (& 24 3). T2} b
A 7-Aate] 2]k, AW HNO: =71 A3 =
¥ A dvebd 4+ e ez 2uHdw
(Spengler et al., 1993; Brauer er al., 1991}, & <ol
M A 9 Asje] HNO, ¥2x #3A (A
Mol H3) p3t =048, R?2=022)2 gix 7oz
ZAGTHE 4).

S0, AWAle = vl EFEE F A 3
2 0228 EAME A As} ALle] Fx Ale](p
<0001)7} 7} Zohe A& Re4F2 F(E 3).
of A= SOt Avize] FAFsle ol A3
wole AL nlEld, ol dF] FoA| ¥
AA vbgsted ARAFF} (A S50, A7) &
ol oz atmylel Zelx, HNO:2| A 4]
Well Al NH3;2} SO:2| 4hgoz A« §S0; 5=
7} & 4 917] w Zo|ch Brauer et al. (1991)2 <
FeME 502 AW/ = vk 0397 54
D% F 7P W 50,9 A 9 Als FEx
AT S (g el JE pIl =0.03; R2=
063} (E 4) (29 DE 2gd. o] Aae AW SO
wx7b A9y 8784 AR e

to
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ehfl = Aol

Al A2 NHy AL 73 A et 54
T% oAl Al ofel WiEH T, RAIA Gl M
Apgalel Al w2 <k] NH37l wi&doly B yaly
v} (Fraser and Cass, 1998; Suh ef al., 1995). 2 < F-of}
A E2HE MEAY oFH A9 NH; 5= (761
ugi’)ys o2 A AX A5} vl wsty g o oA
o2 =7 2AE9} (Lee er al., 1999a). A4 NH;
FE (102 pg/m’ye vBlaAd Adere ¥A (p=
0076) A HY =Y (AW/AlY = ¥ =134 (=
29} 3), Al ez Adel A8 NHy A4 A&
A, 2R A A AFEEl= A A A (cleaning solvent),
], Al SolA Az oelA 9lo) (Braver
et al., 1991; Wadden and Scheff, 1983). 4] NH; &
sr A9 s BAe dr Aoz Jepio
(43 BAel A pFE=091; R?=0.04) (X 4).

PMass A9 5= (349 pg/m’)7t A 5=(272
ng/mH Rt EAH (p=0.006) FA =] (& 2) A/
49 F= W7k 0782 ZAHNCHE 3). & 47
T ARSE 9 QWS A Fe AAHA A
FE7 w4 4Tl B AEY AeE gy
29 Agtse] A2 o3 s, d8Alg 53 2
£ Adfigdgon AU PMys 3571 & Aoz A}
Z Xt} Sheldon ef ol (1989)e] ALA u]Z w85
g] FAFetA EAE AW PMas 3% (467 ug/m’)
7b A9 F= 218 ugmh) e o 2v A FAH
ot 2 Aol M 2] PMasell sl -4 At
FAw A 4 EAHe A pI<O00L R =
0.83) A AM (& H(2FH 1, AW PMas 52
Agl Fxe 23l Fz JFE trozn I 4
ck.

50472 Al R 697 ug/mielx, AL Tx
£ 779 ng/mielel A, A/l el = v 09009
o} (=% 29} FE 3). Brauer e al. (1991) dFo M=
SO,°72] AW/l g F= 8]y 0.960])A 2 A4
FAEE A2 el glo) S04 Aol A -
9 ¥% o] (p<0.001)F RIR|GE 50779 A%
dl A - 8 = Ao (p=0.60)F HelA] ¢k
21,850,728 A/A Y] Hx Wl SO0 Agncd 4
W w2 ZAbE o ol o] AW S04 =}
¥ e AgeM S0.77F s, AdelA
NH;2} 50:2] ubgo= Aol SO 7 A4S

FZAARAGHA A 17 2w

T, Fuks) dublael ekl d ks (LNG) R E
80777 AAdEs Atz AFEq AW S0 5
=f Fu dss} A7 sla, 9 982 AM-H
v Adrkas S04 wiEsle Aoz deiid
(Dockery and Spengler, 1981).

NOs®) AWALS FE e 0682 AuelAls)
NO; &= Al9] B 2o o 70%7 S3= 9ok (= 29
E 3). Brauer ef al. (1991) o Fo| A= NO; 2} A/
A8 = v 08leleM 2 dFEn g
NH.* 2] A9 AW s 222ugim’e]w, 44
FEL 289 ugm’olo] A, Al/Al Y] Fm v]E 0.79
2 vellgl (& 29 3), Brauer er al. (1991) o -]
ME NHete] A/ 5= vlE 19022 A
=7t A FAEUS ol 7 dTelA FFHA
2] Ael g7 F71&, AlAA Zale] AdelA,
A8l NH; 552 zte]lz 3k Az NH 2
Adi/Ale] Fx HFE Alelrh slE 4 U AlRm
A £ dFedAM AdelA NO; 2l NH* 5=
A pxEt WA SAHEHE, NH;THNO”
NHNO: 8 uh-gol] 28] Aol Ae] =2 222
YA Bl NHyNOzol 7hA4F EAal NHzel
HNO; oz A} W3t oozl Ads A A
s} Aejeld 233 2xE 27} 29.1°C,27°Cez
Ael M 2] =7} F9het. NHi-HNO;-NH4NO; 9
HH2A ot Txrt godd rfaoz ofF
3ty NH39t HNO:# 5 =7} fobA i, 257t e
A Yoz ol¥ae] NHNOs 27} Foia)
+= Aoz YA} (Seinfeld, 1986, Stelson and
Seinfeld, 1982).

4.2 27| #7|2 (air exchange rate) |4

A FH AW T S v 1 24
Fo) shie 923 FEeI) ¥ BAlz Asl
FEIEe] Az Y5 Aoz AE ¢ 4
o 28 ER o 5Ald A8 F717F debt AdE
Sy =2g o7 %] F7) 37 & (air ex-
change rate)& &3¢ B e 3ot A9 F7|7}
Az $U95= 37 378 232 SF (sulfur
hexafluoride)®] %7} Aol M Al7lel] ale} 734
8l ofom FAlEe] A 4 vk SR AL E71,
ol A3 g ded[A oy AER o
H glelM F7] ¥71& Ao AHEst ot (bee
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and O’brien, 1993; Salmon ef al., 1990, Brauer ef al,,
1990). F=A}7] (60 mL)E o|-8-3t=] 100% SFe& A
2772 Aq) HAld Mg, 158 Fe vacutainer
whe® o 45t} WA 2HL re] 27|
£ A8 do o) siRiche) chgeAe) B 9
o} Aol M dFd HHE Far 238 AA By
}. SFe B-A-2 elactron capture detector (ECD)2- b
23t 7lA~=z=zvlx 73] (Hewlett Packard, Model
5890 Series INE o439t 7] #7714 Aake
ek A o el (mass balance model) & o] &3}l =1,
1 A2 8.3t 7 (Wadden and Scheff, 1983):

1(V—=1n (%) «h (1)
kq/Vi 37 #71& (whald, ke ¥ 5124
E3%}H$ (mixing factor), g ventilation rate (m¥hr), V
AY A= (m¥hryelth G Cs 2 27 9
3% SF = (ppm)el L, te 7] 9 HF SE %
%3 A7 HE ovldd Al ()8 o]-§8ke
Abgl Z7) #7)eL 250h !9 224hr'2AM o
2 237 hr'le| g}, Brauer et al. (1991)2] w]32
2% x93 Lee ef al. (1999b)o] 1] 7P| E1]e}
AdeA) A5H AARGA A2 E SR o
B2e 43 Rske AN 249 3]
#7182 Azt 30hr'e 993 hr '] g5z, Weschler
etal (1989)2) ATl ME 82 FFS 47 A%
she FRRIAeiAM 2] 7] #2182 Shr's 2
& ddn Rualge. Jejug ¥ dye o2 d
+E52 Axs vlud o F7] @78 A9 7
A5, A 2, AT e F ooy AiA 2
Agel 2atel v e 74 4 ek Atk
A3 ez Salmon et al. (1990)2} Brauer er al.
(199130] AelAel M BAa ALds] 24" 37
7182 ztz 3.6hr ' 1.6hr o)y

(SR T I

o
[<]
o
o

j

g

4.3 &%= & (deposition velocity) HfAt
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Table 5. Estimated deposition velocities.
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