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Abstract

The daily mean concentrations of PM2s mass, ionic species, carbonaceous species, and HNO;, HCI, and NH;
were analyzed at three background sites in Korea; Kangwha, Kosan, and Dongbaik during two intensive field
studies between December 1996 and January 1997. Four~day backward trajectory analysis was also carried out.
The mean concentrations of anthropogenic species were higher at Kangwha and Dongbaik than Kosan. At these
two sites, the mean concentrations of nitrate and ammonium/ammonia were higher than those of Kosan. It was
suggested that these two sites be considered as the background sites of the Seoul Metropolitan Area and Pusan,
respectively. Major chemical components in fine particles were sulfate, organic carbon, nitrate, and ammonium for
all the sites. More than 90% of sulfate were non—sea-salt (nss) sulfates, and most of the nss sulfate in PM» s might
be present as ammonium sulfates at all sites. Most of air parcels arriving at Kangwha and Dongbaik were from the
northern China. At Kosan, during the measurement period, half of air parcels were from the northern China and the
other half from the southern China. At Kosan, the concentrations of anthropogenic air pollutants originated from
the southern China were higher than those typically observed from the northern China.
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1. A E

THoA o} AL F43 Abiztel QyEpF
g 5oz o Wrieq B wEFge] FF
A FVslm ol AAelvh B3] o ke
74 A, oFAlo} A A o|Akslstat AAALSLE ul
232 70~80% o4& AR I UG (RE=E,
1999). o] X|H& ALH FFIo] MFH BF
Ao, 48 Yebe £33 FaSd ) dE
o, 71427 wel FFozRE LPYEA| o
g 4% g)t}h(Kim et al., 1998a).

$-2] velelA 35 wirjeg BAo Ao
Sl g FAATE F2 AAEA ol (Carmi-
chael ef al., 1997), AZF2A e ALz B, S0
25 o] YiLo|t}(Kim et al., 1998a,b; 71 &%
=, 1996a,b,¢). WM, ALY drjed BAY
AR o5 EA Ha AFHQ dFF s} A

o2 REZ AAo|d) wat, i frjed
3 ol Ate F2 FYAFEA(TSP)
€ Aoz sigieh e TSP 3 973 2 44
EL& o|F % 7Jsl(deposition)e]] &3] A rHE: A
ol A YA A E o] Fae) upeiA, =)
Ul BlE) HHA& F99 FAH mZAIL ARA
o2 22 mAYgtel Hg 977t das)e)

g7 edTd AT A FAEAME A
Zoista, AN ER, FAdgne) tlEe] AF=
AL Q1A FA A 3w, RAGAA] FA FellA
A dzel #A A B4 WAs s SA3)
3, AR E ST o] EAAE 1997
Q1247 19973 19 A AAE viglez, £
el A G vl Yz (PMes) A9 BAE ¥
@l A o] g2l el s st
2. 53 4 4

2.1 X445 A 24

2R AE QAFHA] A= A, pAab
WA, A FE Ak vk Al A A
2] sfetrlel glom, vtz R & 2 o]
A 194l oA gL AA W Feld.
o 7Elel FeiAe] A FAeddS ¢gA

B AR ) 163 A4z
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3 SEAH RAbelele HEAlY g AP
& Aoz AAEH, ol dF HES 37N
Aet. 72ekel TALE FFHFel slrke] QleiAd,
1Folvt BFAG] ulgte] ¥ o FFozRE
AAE olFde 29EHY & AHHoz W
£ 5 QlohwebA, o] F 2 FadFory
B %2 vtz ojFs 2 e9EAe Qe
F817)o Mg Aoz JAEth T 24
MFolt BF Ade] vigte] & o, 2] Yehel Ay
Wk 29840 ¥E8 3H37 Agsid
7prel wAk HA e AA A9} 5L o
FE 5(1997b)ell A= gleth TN AL HE
W AT de BAdEE B At
F& 3% S AAHAR (9= 35°09N, Hx
129°09'E). o] &HAHe] FHLE WH{ Fo] Ald}
AR og Eejae] QoA WFAe] dirle
o 9Fge APz A ¥A FE AFH B4
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o|ZF T (1997b)el] Al
2 ek A A Mzs A AR = Alo]EE
I gej, eejula g APz FAE o
Ale] F2& HE2 oz FEE dFny Ale]EE
(u}= URGA}, URG-2000-30EH)©..2 16.7 L/min
o)A 3HAI U A7 (cut-size diameter)e] 2.5 umgl A
ojc}. He{#2 HEE Ald HEH (R]F Savillex
AL, 6T-473-4AN)& AH4-3led A A Thol| A PMas ¢
AZ, A9 AR wellM 77 HNO;, HCL 5 A
71412} 4714 714 ¢l NH:& A # 8o} kA e
A A 82Fo] 16.7L/min 1 ¢ A 2.7 3] A (critical ori-
fice, #]== BGIA} SO-10)= &\t =2+ 7}3)e)
AR 3/4np 22 = (v)= DaytonAl, model
42339), T2 1/4918 AFFZ RARADPE A
2o 229 FHREALAAE 44
AR BAE YA 9= stAaAE 244 PMas A
FHAAAE ] AT FYHSA selM =
P4 o] AE B4 PMys AR A A3
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19971 149 TURE 2047b4]9] 144 7E2] 2 X}«
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Holzg WEsidd. i g AEFole HE
& dHelzz Wy F /714 7149 3} =x 3
g 7] s dFeE 2Y2 A wasigch
AEFole BANAME blueiced Y& B2 A}
B33} 77, blue ice= vl A Aoz w3t ¢
ok A FH AL 2 Zol7] s A vy AP 4

FFolE FVEEI, A Ao o] A3l
=S BAH FAUo

73t 2A 20 Alar AFdEgaerd EA459
o}, ool 2, So] 28 o]z 2wnlx 12} (Dionex
DX-100)2 &AM 3t} 30 &-& TonPacASI2A, o
o] 22 IonPac CSI2 AA L ALgsle] BAMsg)
A7) ed 7Y Lo]22 1C. (Dionex 2000
isp)E, $E gl A9d oFo]>2 AAS. (Hita-
chi ZR8200)&, = ¥yo] &2 dd=dEHoz oA
A1Z] % UV/Visible spectrophotometer (HACH DR -
300002 FFEE EFAIS FA3ET HEREs
&-0]&2 0.1 ppm, 2§ 0] 0.025 ppm, o}-&
o] 22 0.005~001 ppmel et et e 733l 3
Ab 2% thermal MnO; oxidation methode]] 2]5) =)
= AtmAAALl A EAMsgon, &7 2 GC/
FIDZ o}&3}eic} (Fung, 1990). BkA AJ 2] 723
== {7)eka, aatela =% 003 ugol gl

2.2 37| o|SEE &4

Zrad el A v # Fd 71 (NOAA)eI A 7Y
WH8lt Hybrid Single Particle Lagrangian Integrated
Trajectories (HY -~SPLIT) version 3.0& o]-&3}e] =z
20 2T B/ JAREHE sqshl
t} o] dle 229 A& =9 (isentropic trajec-
tory model) 241, 3k Alzke] Wk AW 2]
A A2E e Ase bEA d2ds
T ez AT & Uk AAHE o) 99
HE 339 Zde 7 AR FR F4
27} Besm, ok drrlAel 4371 4Aa
GPV (Grid Point Value) At8&8 o] L3514} 2159
WS 8 3A T ARAANMY T3} &
& Wikl e Fom A7zt 7 AxEe
Azkel ds WAkels Axel Z=2 3% (WT2GRID.
FOR)E& o] &3liet. 717+ AEEA 712 A
o, 7t 2PN Frle] ARdeAHS 1
T 10007 2000mo.2 st} o] & BAL wre

KIST¢} AZdelA Z+z}h A =¥ 25 A8E i
B3l om, R o] 2o hal] 1 xbe]7} 5%
o] gt KISTE FAIZ|A7] 7+ AW &
A, B0 Axde] 2 Frlsted, o] A
¥ #AH9 Ag=g FFg4

3. @7 A E9

3.1 XYy £d™AY

PMys 4218 A 9 AR @3 75
o dG#FE = 1o e iRy A s
£ 73t} Fo] 747t 354,326 ugmiog w53}
I, FAke] 178 ugimPe 2 M A FolA 713 @
ek visl gl S042-, NO;-, NHu*, $-7]| A eka (00),
LA (EC) 53 e 994 714 B9 ¥
=& 73t Ald 3, 59, 24ke] $olint. of
g A AR 9 A Y] Heolrl BARe
2 {8 A ¥l 98, F A A
sl 2zt = paired t-HAEE SaEligoh(®
2). A FA &AM 2A T FAIE FFEEE 95%
A= elr EAH ez zle)7}h doldt a8y
TAeA 8] 2 Q1A e 9Ed (AAY, ¢EF,
OC,EQ)¢] s=+ Zzh} F4o] vls] @& Zo
2 Zpojrt sl mAe A3 o8 2ok A
Folvt G ES] Fe= Aoyt o), ;A
UL BAMez ezt glolct. 7bslel Fwle)
7% ECFAEQ K, Ca?t , Mg?te] Hisse 7}
H7F ok A JidEAs A FFgers
7337y el mlE ot Eoton) EAAe=z:
Akel7t Gl Aoz yvebdvl gofsid, 7ske F
e Ql9H VdEAY FrE v&so 2k
739 BAEL o] F A A9 visshd, T2 <9
A 719839 yet U Yelgdoh

743 2 AE 1996 B SR ATl FA| 99l
) o] Ux Aoz HIHD()FF T,
1997b). o] & 7|zte] AelM= AALY, OC,
ECH = % Q9A 29 EHe] DAl w3 o)
+ ol FA P HgE P Aoz walH
THAL gz e}l v B £Folo
AL FH FA LAY F3¢E g Zloz neld.
ol 7Zstel Fe] ZA7h SEAd} RAILAA Q]
w7 A Folehi= g RogFE 7o)
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Table 1. Chemical composition of PM s particles measured between December 1996 and January 1997 at Kangwha,

Kosan, and Dongbaik (unit: ug/m?3).

Kangwha Kosan Dongbaik

Species

Mean=+ SEV Range Mean=+SE Range Mean+SE Range
Mass 3544533 5.26~76.6 17.8+£2.69 4.84~383 3261202 14.38~435
SO 7.50+1.31 044~17.28 531+097 0.83~12.93 6.09+0.65 2.11~11.06
NOs~ 494105 0.15~12.69 0.48+0.19 <DL~1.83 2.70+045 0.79~6.59
CI- 0.65+0.10 <DL¥~1.29 0.13+£0.03 <DL~0.34 1.28+029 0.12~423
K+ 0.89+0.19 <DL~2.63 0.26+0.06 0.04~0.82 0331003 0.14~0.73
NHs* 3.37+0.57 <DL~7.96 1414025 021~2.81 2.98+0.26 0.95~4.90
Na* 0.76+0.05 042~1.15 043+0.06 0.15~0.86 0.62+0.10 0.19~1.23
Mg?* 0.10+0.03 <DL~0.37 0.03+001 <DL~0.07 0.03+001 0.01~0.08
Ca’* 0.68+0.22 <DL~385 0.12+0.04 0.01~0.51 0.16+£0.03 0.05~047
oc?» 8.78+0.96 2.99~15.99 3.65+045 1.31~6.20 - -
EC? 1.48+0.26 0.30~4.47 02910.05 0.03~0.65 - -
Nss SO4*- 7.31+1.30 0.28~17.04 520+0.96 0.79~12.72 5.65+0.61 2.06~945
Nss CI- —0.70+0.12 -141~0.18 -0.58+0.12 -1.56~0.00 0291039 -1.72~3.75
Nss K+ 0.86+0.19 0.01~2.61 0.25+0.06 0.03~0.79 0281003 0.13~049
Nss Mg?* 0.01+0.02 -0.11~0.26 -0.02+0.00 -0.05~0.00 —0.04+0.01 -0.10~0.02
Nss Ca?+ 0.65+0.22 <DL~381 0.11+0.03 —0.01~048 0.14+0.02 0.05~043
HNO3 1.11+0.20 0.24~3.07 0.74+0.12 0.17~1.53 049+0.04 0.14~0.79
HCl 0.59+0.11 0.10~147 0491009 027~144 04710.05 0.15~0.80
NH;3 396+0.61 033~7.77 1.20+0.53 0.02~5.21 4231043 026~6.81
No. of samples 17 18

D SE : standard error
2 OC : organic carbon; EC : elemental carbon
3 < DL: Below detection limit

Table 2. Resuits of independent t-test using the con-
centration data determined from three back-
ground measurement sites in Korea in the win-

ter of 1996/1997.

Species Kangwha— Kosan- Dongbaik -
pect Kosan Dongbaik Kangwha
Mass Y Y N
SO4%- N N N
NOs~ Y Y N
Cl- Y Y N
K+ Y N Y
NH4* Y Y N
Na* Y N N
Mgt Y N Y
Ca2* Y N Y
ocC Y - -

EC Y - -

Y means the differences in two mean values are significant at 95%
confidence level, N means the differences in two mean values are not
significant at 95% confidence level

F= 7RG 3A A 16U A4z

R 1o Na* g 7|1Foz 3o gL ¥=5
ol WD YAFe) WlAGHE TEE 24
ot vl Abde) MM Sakde] &L TFEks)
TS 98%, TWE 93%2 BF 90% o] Abolsich.
ulsl g Caltel wlsld K+ dA 7o} wak
92~97%01gl e, TW-& 77k 859 88%°| k.
ol $2 Yt sigr AYe] AF7A e dFAH
9} AXxs= #sFo =z (Kim et al., 1998b; o| FEF &,
1997b), o] QdFollM AMEE EA 47} sftell AA
ok, A3 gAte] HREo] AP EYE BT
T o} 3 wjsl g M2t ulE g Cl 2 Ak
W, g3 7FEkel mAA &0l e B
Mgt A3, 07 F Ferb vlgkelold S84
2ztell 23 Axpel Aoz P7hE s Cl7t
L9 #g 7= AL &9 ‘chlorine loss’ghi F2
= W4 dEoz BAT()EE 5, 1997b; Keene
etal., 1986).
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A &AL 25 AMI7IAI) HNOs, HCI 4714
7142l NH:& AFsiden 7 Axs = 14 7
o] gt o] W) Fo|& & Abek filter pack®] &
HEg A2, A FEE 470 AL FER
o gk Holth(A4E 5, 1995). N 3% %
o} S} S=r} mAke] s 3u] ol ¥
o= vehde ol Zstel $MaH st FA4
244 ke W] ol

O

e WY

3.2 i detel njm

7ske] A 19969 ol AT A3 (olF
5, 1997b)ell wls] HubH oz W7oy EAe
=7b Eskeh 19961 #-9) mAMqiAte] AR o
EE 256uymios oyl F 7|7hgele] Wi E
354pugimiel wls ZA d@gket oo} 2 A
vl g g w3 o] (1996 % 5.16 ng/
m?, o] A3} 731 ug/m?). 2ot gREol L
19961 £-2 302ug/m’ez ol Azl 337 g/
m*z} W] %Ehedet.

T4ke) 7 SellE 1996 B3} o 1996/1997 A
&9 A37h visstgle a2y 1992~ 199540
Al A TSPE Z£A8F Aol 23} (Carmichael
etal ,1997) $A4 2] w712 EAo] AgARY &
< Aoz yepydo. webA, o2t AAE w3
ojd &njg A B3] AMME ez
A7t 23l OC,ECO s 19961 3493+
¥ 28127k, 1994~ 1995 o] Eoll &A 8 F= (o]
¥ 5 199785 0T ole SEAHedE
Whell 2]3k ejgko] A7) oz Beldh
FHAAA 2AE AIe Ak FAR G 9]

BAFAAFLNA 19959 o5, 7h&o] 538
PM:s A Z 2 (FA= 5, 1997)¢l w8l Al
=& ozt o} g o2 Fxi vld Ao
et 2evt o] dAet 2 7izkel RS
ATl M PM2sE AT A APy er)
dpgm'ez e 2v) Axz w9 Ao
= 2 7|7 BARAIW ] AbEEA A 24
PMp¢] AzFesi FHANAM 23s PMyse) A
Frxe 37t e Aoz Yelda(FAF F
1997). whebr, Tl o] AR M A 9H
AE=d dEd & de XU 4 sk

7t B 40 ool Fol & AEY FH Fvw
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o fuooff e
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& oo Boksh BUAe Aol ool
=7} Z+zh 309, 221 neg/m?*o 2 &
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T O de AL G2y o9 =7 b
93] FHA7) 0% FE W2 ¥ A
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Table 3. Air pollutant concentrations at three sites acco-
rding to their trajectories (unit: ug/m?).

Trajectory of

Kangwha  Kosan  Dongbaik ! ’
air mass
Mass 276 (11)* 9.81(6) 32.76(9) Northern China
475 (2) 266 (5) 31.7 (4) Southern China
SO, 5.63 2.66 6.18
8.66 8.30 5.36
NOs~ 3.46 023 2.60
6.95 0.61 267
Cl- 0.6l 0.20 1.28
0.63 0.04 1.30
K+ 0.58 0.11 0.36
1.56 0.44 0.29
NH,* 255 0.64 3.00
445 2.17 2.60
Na* 0.73 0.37 0.58
1.12 0.56 0.69
Mg+ 007 - 0.02 0.04
0.15 0.05 0.03
Ca’t 0.76 0.06 0.16
0.99 0.22 0.19
ocC 7.33 221 -
10.38 497 -
EC 1.25 0.19 -
229 0.44 -

* The values given in the parenthesis mean the number of total obser-
vations.
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