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Abhstract

Winter and summer samples were collected from Januvary 3 to February 7, 1997 and July 26 to September [1,

1997, respectively, in Seoul. This study was to characterize the concentrations of the summer and winter seasons

for acidic air pollutants. The chemical species measured using the annular denuder system (ADS) were HNO,,
HNOQ,, SO; and NHa in the gas phase, and PMa s (dp< 2.5 m}, Q.2 NOs~ and NH,* in the particulate phase.
All chemical species monitored from this study showed statistical seasonal variations except for 50,2, Nitric

acid (HNQs) and ammonia {NHs) exhibited substantially higher concentrations during the summer, while nifrous
acid (HNG») and sulfur dioxide (SO:) concentralions were higher during the winter. PMas, NO;~ and NH,* were
higher levels in the winter. High correlations were lound ameng PM 5, $0,27, NO;~ and NH.™ during two seasons.

Key words : acidic air pollutants, fine particles, Seoul. annular denuder system {ADS)
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Al BeElgh BEAE R glel HIEks ot (o
Sl 51997, 2l M-S w605 km? (Y
He| 0.6%)el QT ofF Fidd ok gl
25%)7 AEARRE oF ool 4ukd (g A A
23%)7} FAFHI sdeiM H7ILH9EAS] Sk
Hedael deletx T 5 9ok Evd M-S
Mo f7|egEA dg A7 T2 FHNEE
Ao FgH L Al AN BE7] AF2] A
af 3L nE P oly A LTl dg =
Az o}z wlnlgl AlAlo|ch s, HNO,. HNO,s}
PMas (Y7 <25pme] 73 A9 BIE gl
Qoh A 2 GEAEH PV e A5 A4
i) etedFFE n| A7 vk PMasiz Al Akl ¢
o 8F-2 m|A A (Chow ef .. 1993; Conner ef al.,
1991), PMiobs 587] Age Abgel o 2
of g2 vt HA¥ 3 ¢lr)(Reichhardt, 1995).
HNO: 9} HNO, = 33135 dhgo F83 93ks &
Y (Kitto and Harrison, 1992), HNO,= ek -2 9]
nitrosammnes ] AFELE 9¥x] g)lv}(Febo and
Perrino, 1991).

Spengler et al.(1990)2 f7| FellN SH2F 4
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7] A% AHEE} AFEelA o EAREE 97
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2 o]3ye|&A7] (annular denuder syslem. ADS)S
olgsto] AEd ALA AA WE FelF o}
M =) gt e &3 7]E 2 5pum cul-diameter &
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Ao, A i EEY 257 AlEe] Awed JE
dgfzal, T 4] egEAEe dg FHEE
(receptor model) §-2) @7l v%re 478 o
AR-galar gl (Spengler et al.,, 1996; Chow et al.,
1996: Suh ez al., 1994; Lee er al., 1993: Spengler ez al.,
1990; Pierson et al.. 1987). 3k A= Ao} Al
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FE2 PM:s 5%, SO, NOy 2} NH, " o] o)

2. AEEHY

19971 14 3938 1997 29 74 AR 1488
1997 74 2695 1997 99 112 74=] 133)
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oz IR, AdA ©lFeis NHE 27337
2] &}ed 1% (wiv) citric acid 891 (0.5 g citric acid £}
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pore size; Gelman Science)oll 4] PM. s 802, NO;-2}
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4.52,7328} 7.61 ug/m*o| 31, of pA|ol] EAH PMys,
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3438} 2.94png/mie] v} Paired t—testsel] 2]aje] =+
ARE g3 AW FEHe]= HNO; (p<0.001),
HNO; (p=0.01}. SO: (p< 0.001), NH; (p< 0.001),
PM;; (p<<0.001), NO;~ (p=0.005)%} NH.* (p<<0.001)
EE g A54e vr WES 2yvh 29
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Aenpel ATBAL AT Ago] sie] o2
o] HNO:2| 5=7} ol v, whg4) (s 3
2 NH;—HNO;-NHNO:2] 3716l &5t &%
7l oy slAAe s o] Ed)le HNO; Fiv] Sa}
A= Aoz st 4 gl (Seinfeld, 1986: Stelson
and Seinfeld, 1982), AFA| oM e o FAME o
24 (0.76 pg/m") 2] HNO,8| rrb AL (0.18
pefm i of 4vl ¥l BAHGOH NS E,
1997), Hoek et al.(1996)0] ¥ @2h=e] Fie2x]2q)
Bithovens|A|2] ool 539 ==yl AL
ZEok 2 FA vebubt JFEH &4
HNOz8| %234 ug/m)H= HFA S (0.76 ng/m?)
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AE e (F 3), o] ¥ AFGEu MRl B
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NHip, +HNOs,, ¢ NHNOs, (1)

HNOE= 23 Z2x#Hats Agd zz,,éﬁr?}
FE o] E viebia glesl (p=0.01). HNO:2] 7
ol ub & AeH ZA%E (7.300g/mh)r)h o F2
2= (452 ugmHEE oF Law) =4 23 =g
oh ZFAY (L F 1997)7% S ==e] Bitho-
ven=] ¢ of| A= (Hoek ef al.. 1996) A28 X7}
o FRoh Ao of 29 A S 29

Table 1. Summary of data.
Concenttation (Lg/m*)
Species Season
Mean STw Runge I
HNO, winter 0.62 0.10 048~082 14
sunimer 2.34 128 0.56~4.57 13
all 145 1.24  048~4357 27
HNO, winler 7.30 331 222~1413 14
summer 4.32 1.60 264816 13
all 5.96 295 222~143 27
50, winler 259 10.7 107~479 14
summer 7.32 389 3.05~169 13
all 17.0 12.4 305479 27
NH- winler 066 064 045~2.01 14
summer 761 202 3.69-~105% 13
all 401 382 015~105 27
PM. 5 winler 81.6 32.8 31.3~1364 14
summer 386 17.7 207826 13
all 609 341 20.7~1364 27
5047 winllel 114 7.38 137280 14
suinmer 8.35 422 364175 13
all 994 6.16 1.37~28.0 27
NQO:- winter 5.83 5.81 135221 14
summer 3.43 264 113~105 13
all 6.24 5.27 1.13~22.1 27
NH4~ winler .52 2.90 135113 14
sulmmer 294 1.38 159~5.22 13
all 4,80 2.90 1.35~11.3 27
Temp.* winter -3.19 349 -11.0~140 14
surmmer 27.0 147  23.9~2972 13
all 1.3 156 -11,0~292 27
Hunudd  winfer 338 125 340~710 14
surmier 72.0 750 39.0~-80.0 13
all 62.6 13.8 34.0~80.0 27

@ Standard deviation

b Mumber of samples

= Ambient temperaturs mn °C
¢ Relauve humidity in %
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Table 2. Pearson comelation coefficients.

Spocies  Season HNO, HNO- S0, NH; 502 NO;~ MNH,*+ PM, 5 Tem., R.H.
HNO,  Winter 1.00
Surumer 1.00
All 1.00
HNQ;  Winter 0.08 (.00
Summer 06l 100
All -0.18 1.00
SO, Wintar 0.03 0.49 1.00
Summer 0.52 0.95 .00
All -0.45 0.68 L.oo
NH- Winter 0.26 Q.83 040 1.00
Summer 072 0.51 0.46 1.00
All 0.84 —0.30 —0.64 1.00
SOy Winter 0.43 0.28 0.50 0.07 1.00
Summer 045 0.52 0.39 0.29 1.00
All -0.01 040 0.49 -0.18 1.00
NO;- Winter 052 0.74 0.51 0.63 0.63 100
Summer 070 0.74 0.4a0 0.37 0.81 1.00
All -0.18 0.80 0.49 -0.38 0.68 100
NH.*™  Winler 0.32 0.75 0.76 0.53 0.72 0.78 1.00
Summer 0.48 0.55 042 0.26 0.99 0.88 100
All -0.32 0.79 0.84 -051 0.74 0.86 1.00
PMz 5 Winter 0.07 0.75 0.56 0.40 0.64 0.64 (.90 1.00
Summer 0.59 0.78 061 044 0.83 0.88 0.87 1.00
All -0 31 0.82 077 —0.51 0.67 0.78 0.94 1.00
Tem ‘Winter 0.34 0.44 o70 043 0.37 0.55 068 036 100
Summer 026 011 0.07 047 014 025 0.18 0.1¢ 100
All 0.71 -0.42 —(1.68 0.93 —0.20 —0.44 —0.54 -059 100
R.H. Winter 000 009 0.46 -{0.2% 041 0,20 049 0.44 0.46 1.00
Summer 0.02 0.01 -0.15 0.2) 012 0.21 0.16 0.13 069 1.00
All 0.48 -0.28 -0.34 0.63 007 -0.23 -0.18 -0.23 0.73 1.00

Table 3. Comparison of the ADS studies in Korea.

Concentration (g/m?)

Seoul Chongju* Pusan®

Specics  Summer ‘Winter Summer Winler Sumvmer

HNO; 234 062 Q.76 0.18 034
HNO- 452 7.30 235 3.95 290

S50, 732 259 10.4 318 307
NHa 761 0.66 7.5 1.29 487
PMas 38.6 81.6 43,1 4.1 -
S04% 8.35 11.4 Q.87 5.81 0920
NOy& 343 8.85 111 5.05 3.11
NHy* 2.94 6.52 313 320 3.74

* Winter and summer samples collecied from January 6 to February 14.
1996 and July 24 to August 25, 1996, respectively. in Chongiu area,

Karea (Kang ez al . 1997)

b Summer samples collecled from June 1o August, 1995 1n Pusan atca.

Korea{Cheong et af , 1997}
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el T, el 2 RS Bolthy W mshet
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AgAEe 5 ALY S0 FEE AFA Y
o1& (104 ug/m*# A& (GLEugmi R A &3
Holoh(E 3). AFAGL ML} girleye] @
L Ager ki gled, SO B ¥l AHRE
2l ejefar Alg e e} A L] FaAlZe] A
F TEA 7 AR oA AFAHe] 7L
ol AEt gFE wE FloR Akwsa e|g
3 - T 990 E AT FUA 25 E
wibe] Eol-d wff 50,2} PMys %7 &7 4%
AL g v alek 2] Fo NH= {71839
B B9 ZE phdEFent 7158 En

of A F=2 wlEEe FT ATl 23, vy
A8 A4 NH:Y =7t 722 5% 5
F HAAFP T2 stel o (Sub et al, 1994). Frasersh
Cass (1998)= FHuiAAE FFgl A-F5jelA NH;
b &R =, ol A2 A &5 NH¢
FE MEFdesE & 5 geim Bty Alge
o FH NI B ={7.61 ug/m*) = A4 &8 =i
oF 2~4ulR. o}F FA 5340 (Brock er al,
1997: Hoek er al.. 1996; Lee et al,, 1993). o|= A&
o] F& WA 605km?)e w]s}e] B AdF(dHY
k) e} AbEAb (o] o) 4 Ab i) o) FRe] gl
G AbsHoh NH; i 259 B3] 9 7
L2 et (=093, p<0.01). o]= NH, v &aF
+ 250 oy FoMabe A 35 U(E
2} 2Ex W-EA] (1)2] HNO; A5-A44 2vr) &
o Flaato g o] Esle] NH; 357 Zeokae A
o2 AlnEel AL o] 23 NH, 2% (7.61 ug/m?)
T ASE 066 ugm)Ee} o 1] 34 H5549
HE D) AFAYE o FH(7.750g/m%)8] NH; &
e AR fabElg L, kAl g e <953
NH; 5 E(4.87 ug/md)= A-gxo O S4540
(£ 3). A£2] HE3E NH; 3=+ A5 A&3
(129 pg/m?) =8} 29 A EAFHY AT
Ho| Mo o F- NH; F27F 24 vehd 72
T AE] 25 AT e 7| R A e] o
FE syAgez By DYR-EeA DAAgE NH;
8 7l & elsle R A el Aoz A=
o} (7 & 5 1997).

3.3 A4 28 55 54
2a aldAle &= 71 10um o] 5 w4

HAZ TESA A vF-E vES G ekl M
aupy o2 =7 7F 25um Bl 2 YRS =
A dalet sk o] B 2k HAE wAYAE £
Fstal 9lvk ol B¢ WAslE By 2 §lake F
2 71A44] AdAA vt Bl 24 ol 7
o5l 2.5m o] 518 YA dadgAAM A o
5 wEsE F 7] Feld A AtAdEd
2] &, 7haoll A A=) A Fel oA AA
Hi olat YA o] A F-Foloh(Wolff, 1996:
Seinfeld, 1986). Chow E(1996)-2> PM,:3] %7}
PMip8] 30~70%%5 2R gepan ®arstedot AE3]
qe PMast AF ALHd FE Aelrt =4
veRf g (p<0.000). AEH2 F=(8L6ug/mY)
7 A5 (GR6ng/mH) R} of 2w A FAFHS
o]} & Al SO, A$AY ALRE dABAd
=7l M ZAE ALEE L u]S EPASIAME o
7] 2] A 42 #3CFESE PMy w4l
A=l <33 gl AlAT e W% 9EE WA ¢
e PMysE Al2d 7lElE A dgas
24720 FHE7)EE D7 15 pgm*3} 65 pg/mdelrt
= 47AME AEAY HFE s vFe M
AlZE 7)1E 65 ughm’) B et A EAE S471 133
Z 13]0) A%, ALH = 143 F 103 (71%)7} 7]
F 24X NFE 2ok 2dn ALEe
PM:s2] #avr %l (1364 ug/mier A Eq0,
Barbiaux et a/, (1992)0] 199017 A2 A4 Fo=
d7lede] A Adew pRE F 9y PA=
o WAZAA] Hrn 2H7)E ol &3 PMyso)
TEO4H4pg/mNE MEAYY AEE $EE16
ug/mHve} 2g FA A=k 2D w3
AHA=1e]e] San Nicolas Islande]]| A1 &4 % PM; <
EE7E e 9.7 ug/m?o] T (Chow e al., 1996). 7]
Sode] 4% Flom gefdl LAX|SGeA 1986154
198749 2AY PM:s8] 57} 27.4-505 ug/m’el
== vl wE o] (Kao and Friedlander, 19935), A-24]
o2l PM:s8] Fxrt s 52 FEUE 4 5
Qlv} 9152 A &o|A18] PMas %5 (38.6 pg/mi)E
AFA S (431 pg/mHFH A AH M4
PM:s 5= (81.6 hg/m¥)i= AFA| 9 (44.1 ug/m’) ¥ o}
of 2] =4 SAHUF(E 3).

27 292 4¥EE S04 HY 52 oF
el dibHoE g2 Aoz 4=y gled Day
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et al., 1997; Spengler ¢r al., 1996; Lee, 1995; Waldman
et al., 1991), 2 «FoA2] 802 R o33
(8.35 ugim*a} A-£H (1 L4pg/m™e] F=Ae| 5 1t
R ] obgkeh(P=0.19) (E 1). 2=} [SO27)
[SO:+80s719 WL S FAU(53.3%)e] A&A
(306%)E e} A Ve SFEH2] 800 FEE
Faehit-se] ARE ARk PMess] A9AH,
52 AlgefAe] S04 FE (835 ugmiye= A
# 9 (9.87 pgim®)ot FARER, A €2 SO
e (1l4ugmie AFAY (58]l ngm)Hie of 2
Wl A FAFACE 3) NO & AE&A (8.85
ug/me) EErh EE (343 pgim) B} o 254
41T (p=0.00S), NH,* 7Sl % 744 (6.52 g/
m)#] FEr} <&5H (294 pug/mN) et of 2u) F4l
o} (p<0.001) (R 1). o] 8} 7HE A= w4 (1)
ko] NH;-HNO:-NHNO:2] Szl &3l 2
7} wom YAbe s o] Fale] NOs 2} NH* 2
FE7F oldE Aoz Algdeh AFA S dF
ML N0 Aol AHe gxr) o534
Ho} A (2 4.54) S F QAT NHA 2] Ao
= Agds} g FEAlE HolA @l
(3 3). Brook ef al. (1997)7 Day er al. (1997 A =
NOs 9] HErx AL w3, o580 ¥z 2
3l 28]al Kaneyasu er al. {1995)% NCh- 9}
NH, "¢ Fmi AL w33, o548 ol
T RxEtgd vl NHy¢h NHY 8] g2 #s #43)
7] Aste] F R o} (NHap +NHS ) 5 Al4FS}
o=, & 9ol EE= 23 (10 55 ng/m?) e
A-&A (718 ng/myRod 4ok (E ). F R}
o Hg NH:| ul&& o 54 (72%)e] &2 (9%)
Hed w4k NH 8 Z-fofis AEd(01%)e] o
EFH (28%)P} Fetr NHy:= of §8e], NH# 2
AL =7 FoHE o Tt ol S
A (DY) 7ha-siRbe] s 48 g
g 4 At

Seinfeld (1986)% n|A|d#8 Fd MEES
S0, organic carbon, elemental carbon, NOs~, NH.™
s} Pbo® HIEgvl £ d-fo|AE PMasst
PM:;so A 3238k 504 NOy 8} NH,+8) AHdA
7t JEAH AL 25 A dElA (R 2), 7
Ay Abet Al e] 9ldkar Abmsvh 283 8047
NOs~2} NH.*o 5t ~{=22] Aol ¥4 &3

S| g EER] A5 d A2E

HeolA (F 2), dl7] FelAMe] Agrbedst W&
of frAb & qivhk A o]tk PMysel| o gt
AE 7Bl SO /PMas. NH/PM:s9F NOs/
PM:s 22 RAIE & glizdl, €53 I AE50
vl Al ) Ape A 2] F= b]E-E SO (21.6%) >
NH4* (8 9%) > NO,y~ (7.6%) 70|32, A=
SO2 (14.0%) > NH,* (10.8%) > NO;~ £} {8.0%) 2
2 Uehte (& 1) 1elRE 504, NOs 9} NH*
o} o] A B Sa] vl M| 3lale] AFABME H]Ee] HF
H(38.1%)0] A& 32.8%) 0 A ehgd
(p<C0.001), ©]& HHe-go] datz Algsch oL
)3t PMas E5oflA] SO2, NOs 2 NH. 2] 5=5
off &k =pe] (PM:5-80 -NOy -NH, = oA
o 239ugim’, AL 54.8 ug/mio]gle}. Chow ez
al. (1996)2] el A= PM,sel] o8l S02-, NOy %)
NH, 2] o] &4 t5o] b8 ¥]&-2 25~35%0]

sk

.8 B

Mgl A 19974 14 338 1997 24 747}
7] 1439} 19073 74 269%E 19974 0¥ L1
AR 1358 156 442k0] FP]2 AEH o 53
o dire BT o &Ele FA AR
=7 2o

1) HNGw¢] 55 o B2 (234 ugim?)e] A
22062 gmyRt ¢ 4x) A SARUAHp<
0.005), wb s, HNO = AH-&48 F=(7.30 pg/md)
7} @ szugmi) e} o 16w A S = glo
(p=0.01). SO:9] 7ol ALHe] $E (259 ug/
m)7} A5E FET2pugmd) R} ok 350 F7
2R 58 T (p< 0.001). NH; 2 23 (7.61
pg/me] AH-EA(0.66 pg/mIH Bt oF 1w FA
35 o (p<0.001).

2) PMasE oEF AEH FE Aol E viely
dxd (p<.001). AgEHe] F=(8L6ugmY)7} o
FE86ugmHEe} oF 2w ¥ FF G 504
TR EE B35 uymH3 A& (114 pg/m?)
T B e A skt (P=0.19). T}
[SO)/[S0, 480219 &2 35 (53.3%)0] #
<34 (30.6%) 2 A vehiA] oIFHe S04 7
=x Frlalulse] dais alasivh NOy ¢ NHL*
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2] ten= ALH (27 8.859) 6.52ugmie] &
A (zh7t 6.52¢) 343 ug/m B el 7kt oF 2,509} 2
# Edok

3) PMs 52} PMysoflA] S5+ 5O, NOs~ 2 NH,*
o ArRA st FEN ALE 25 A deld
o 2 AY-ge] waAl gl Ao A] AA) e v)Ee o
Ede = SO (21.6%) > NH, T (8.9%) >NO:~ (7.6%)
o), AL 50,4 (14.0%)>NH,~ (10.8%)
> N0y £H(8.0%) <95 vbelyttlh 50,27, NOv- g
NH* 9] o] 4 Fe] mlAlYRle] A1A]51E H]lgo]

B2 (38.1%)] ALA(R28%) R FA vheby
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