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Abstract

The ambient TSP data measured at Seoul, Incheon, Taean, Daegu, Busan in Korea were used to explain the
chemical composition and general features of Asian Dust (AD) observed in Korea. 9 episodes out of 19 were
sampled from 2000 through May 2002, and measurements were conducted covering ionic and metal components
with mass concentration. The results showed that daily averaged mass concentration (TSP) during the AD
episodes was 458 pg/m®, and ionic and metal concentrations were 27.93 pg/m*® and 71.7 pg/m®, respectively,
accounting for 6.1% and 15.5% of the total aerosol mass. TSP concentrations during episodes were varied from
120 to 1742 pg/m® according to the impact of Asian Dusts and had a tendency of showing higher values at sites in
the west side of Korea, which can be explained by the effect of diffusion and deposition. In this study, ionic
components like Ca (NO;),, CaSO,, NaNO;, Na,SO, were prominent types in secondary aerosol during AD periods
and also indicated that V, Co as well as soil elements such as Ca, Fe, Mg, Mn, K correlated well with Al, while Cu,
Cd, Pb, Zn didn’t agree well with it. In addition, enrichment factors (EFs) for each metal component were obtained
to provide simple information about source contribution of Asian Dust, and the results were compared with those
from other AD studies.

In this study, the results showed that aerosol properties in Korea during the Asian Dust were considerably
different from those of general atmospheric condition and specially varied from case to case rather than site to site,
which implies that there are certain variations in the soil of source region, pathways of air mass, and meteoro-
logical condition. For the enhanced study, those factors should be combined with the features of Asian Dust

resolved from this study.
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Fig. 1. Temporal variation of daily averaged PM,, concentrations measured at Seoul and Busan by the national
monitoring network from 2000 through May 2002 (The Rs indicate the AD records).
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Fig. 2. Distribution of total mass concentrations (TSP) measured at Westerly region and Busan during the AD episodes
(Incheon for 2000, Seoul for 2002 and Taean data were used for the rest to compare with Busan).
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Table 1. lonic and metal concentrations with TSPs during 9 AD episodes. -

B4 123

(unit : ug/m?)

Case  2000-03-23 2000-03-27 2000-04-07 2000-04-11 2001-04-12 2001~12-12 2002-03~18 2002-03-21 2002-04-08
TSP 697 197 306 21 150 186 164 1307 894
679-723  120-249  301-317  220-223 126-245  125-225  1093-1742  432-1221
o 327 5.18 2.51 7.83 0.7 453 2.49 4.74 333
1.54-4.65 241-9.09 1.13-499 2.22-1345 : 1.19-7.86  120-500 2.65-841 1.19-7.23
NO- 5.66 7.65 2.84 4.69 192 1.78 5.04 7.61 6.76
S 446-7.12  729-821 1.93-349  2.09-7.29 : 164-191  3.02-831 6.05-9.55 5.91-7.78
SO 14.49 16.29 8.30 8.00 939 521 7.76 22.75 11.44
4 11.03-18.17 1221-2043 7.13-9.15  6.47-9.54 : 452-590 4.03-12.19 16.89-28.52 8.88-14.28
NHL * 0.34 0.50 0.08 0.29 018 0.33 0.66 1.65 1.67
4 031-037 004-1.82 0.08-0.09 0.13-045 : 0.17-048  043-1.10 0.96-2.52  1.09-2.56
K- 0.64 0.62 0.43 0.61 034 0.14 0.44 1.07 0.64
037-094 0.25-098 0.16-0.81  0.54-0.69 ' 0.12-0.16 034-056 0.72-143 0.55-0.77
Na* 2.96 3.08 3.23 272 204 1.90 2.28 3.53 230
a 243-3.53  240-353 294-354 2.56-2.87 : 1.76-2.04 032-333  202-551 0.30-4.17
Me?- 0.43 0.53 0.13 0.60 026 0.37 0.26 0.91 0.54
€ 039-046 028-102 0.10-0.18 0.28-0.92 : 0.13-0.61  0.13-0.46 0.54-135 0.36-0.91
Ca* 3.58 4.07 1.84 247 296 1.43 207 5.95 3.86
347-3.80  3.14-446 1.75-1.96 241-253 : 110-1.76  1.34--3.24 389-822 3.02-4.99
Ton 31.37 37.92 19.36 27.21 20.18 15.69 21.00 4821 30.54
% (4.5) (19.2) (6.3) (12.3) (13.3) (8.4) (12.8) 3.7) (3.4
Al 2821 522 12.20 6.07 s37 4.94 8.56 49.52 37.98
24.93-3139 2.36-8.02 11.32-13.47 4.10-8.04 : 450-5.37 4.95-13.16 38.59-58.45 23.00-50.89
Ca 29.17 12.16 6.05 3.92 515 1.57 9.00 114.46 4381
24.70-36.28 4.68-21.85 5.86-6.39 2.21-5.62 ' 1.19-1.96  8.09-9.91 77.53-150.40 19.24-70.95
Fe 32.84 6.05 9.32 6.79 597 5.87 6.18 57.00 42,50
26.24-37.47 4.93-697 9.11-970 6.37-7.21 a 550-6.24  4.93-8.07 46.69-73.51 22.49-58.58
y 9.33 2.34 4.01 222 507 145 220 17.37 11.78
€ 9.18-960 084-3.04 3.94-414 1.77-2.67 : 132-1.59  1.23-3.03 14.17-20.71 6.47-15.75
K 3.80 118 2.09 0.97 |02 0.63 3.08 7.26 4.99
3.62-395 0.78-1.61 1.59-2.38 042-152 : 056-0.70 1.09-6.66 436-11.68 4.30-6.23
Na 0.227 0.281 0365 0.307 0204 0223 0.376 0.408 0.270
0.057-0.374 0.074-0.382 0.289-0.482 0.246-0.369 0.168-0.297 0.273-0.486 0.226-0.601 0.093-0.453
Mn 0.686 0.165 0311 0.196 0.168 0.138 0.145 1.021 0.791
0.646-0.761 0.108-0.201 0.294-0.337 0.146-0.245 0.133-0.142 0.118-0.191 0.807-1.276 0.461~1.091
v 0.038 0.008 0.018 0.009 0.005 0.006 0.007 0.058 0.045
0.036-0.040 0.006-0.011 0.014-0.023 0.005-0.013 0.005-0.007 0.006-0.009 0.049-0.076 0.027-0.060
Co 0.012 0.003 0.006 0.003 0,002 0.002 0.003 0.021 0.030
0.012-0.012 0.002-0.004 0.005-0.006 0.003-0.004 - 0.002-0.002 0.003-0.005 0.016-0.028 0.009-0.077
o 0.033 0.012 0.021 0.010 0,009 0.007 0.013 0.054 0.042
0.030-0.036 0.009-0.020 0.016-0.032 0.005-0.014 " 0.005-0.009 0.011-0.017 0.040-0.065 0.020-0.058
Ni 0.021 0.006 0.019 0.011 0,009 0.008 0011 0.046 0.034
0.012-0.038 0.002-0.014 0.006-0.029 0.001-0.020 0.006-0.010 0.003-0.019 0.020-0.066 0.022-0.053
cd 0.003 0.002 0.002 0.002 0.003 0.002 0.002 0.003 0.002
0.002-0.004 0.001-0.003 0.001-0.004 0.002-0.002 " 0.001-0.003 0.002-0.002 0.002-0.004 0.002-0.003
Cu 0.316 0.199 0.297 0.085 0.101 0.130 0.245 0.229 0215
0.094-0.721 0.089-0.560 0.084-0.689 0.085-0.086 - 0.079-0.182 0.101-0.388 0.140-0.421 0.082-0.389
- 0.113 0.124 0.079 0.068 0,092 0.014 0.061 0.091 0.074
0.061-0.158 0.082-0.147 0.035-0.128 0.024-0.112 0.007-0.021 0.038-0.094 0.057-0.132 0.047-0.107
7 0216 0.208 0.194 0.186 0212 0.106 0.408 0.390 0324
0.145-0.317 0.107-0.347 0.087-0.250 0.015-0357 - 0.028-0.183 0.117-0.933 0.091-1.096 0.111-0.856
Metal 105.0 28.0 35.0 20.8 204 15.1 30.3 247.9 142.9
% (15.1) (14.2) (1.4 9.4) (13.4) @.1) (18.5) (19.0) (16.0)

% are ion and metal percents of total aerosol mass.
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Table 2. Comparison of results to other studies.

ANz - DA%

o 4=l Mingin (Liu, 2002)9] A% 44 218
gre] Erjsh= AR o oA RAT = vunT
4 glglont, 199237 1993w Afelel] we]=l, =gk,
HAT 2 F=o =AM S g Aol w2,
NO;~, SO, ¢} &7 Ca’* 9] =7} & F¥o} A
o3 nlmalA JoHoer & Zlom el
(Fujita and Takahashi, 1993). o] 7|7k EAI&
A 84 oA H AT T o] 2E2] AN
Asrd, SO, NO; 7} A4A|shs wjFo] z2+7)
41.2%, 18.7%=. /A =4, Lo 2 CI°, Ca>", Nat
I e MBSO 9~14%, I F2 1~3% H =9
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(unit : pg/m?)

This study  Liu(2002)  Liu(2002) Park (2001) Park (2001)  Choi(2001)  Park (1992)  Kim (2003)

Species TSP TSP TSP TSP (AD) TSP(NAD) PM,, TSP PM,
Mingin(95) Minqin(96) Kosan(93—96) Kosan(93—96) Seoul (98) Seoul (90) Seoul (01)

Mass 458 2059 349 - - 172 343 144
Cl- 3.85 - - 4.46 1.41 - 5.03 -
NO,~ 5.21 - - 2.93 1.50 8.16 11.14 -
SO 11.51 - - 10.6 8.27 11.16 28.85 -
NH,* 0.63 - - 1.22 1.53 3.87 5.82 -
K* 0.55 - - 0.89 0.37 0.63 0.85 -
Na* 2.67 - - 3.43 1.45 1.29 6.59 -
Mg+ 0.45 - - 0.59 0.27 0.33 1.16 -
Ca’* 3.06 - - 271 0.62 4.66 468 -
Ton 27.93(6.1) 26.83 15.42 30.1(17.5)  64.12(18.7)
A/C 1.2 0.9 1.1 0.7 1.0
Al 17.57 152.76 24.38 1.36 0.39 10.47 2.34 4.79
Ca 25.03 - - 1.55 0.50 6.89 - 3.92
Fe 19.17 74.32 13.21 1.64 0.45 6.42 1.87 3.96
Mg 5.86 - - - - 3.07 - 1.52
K 2.78 - - - - - - 1.71
Na 0.30 41.79 5.44 - - 1.59 - 1.00
Mn 0.402 1.533 0.303 0.037 0.014 0.152 0.134 0.156
\% 0.022 0.226 0.030 0.006 0.005 - - 0.028
Co 0.009 0.038 0.007 - - 0.002 - 0.005
Cr 0.022 0.114 0.025 0.004 0.003 0.010 0.043 0.020
Ni 0.018 0.112 0.019 0.025 0.008 0.007 0.065 0.070
cd 0.002 0.003 0.005 0.002 0.002 0.001 0.001 0.008
Cu 0.202 0.110 0.020 0.011 0.006 0.030 0.088 0.053
Pb 0.079 0.027 0.007 0.046 0.022 0.076 0.351 0.133
Zn 0.249 0.198 0.049 0.079 0.058 0.096 1.023 0.372
Metal 71.7(15.7)  271.2(132)  43.5(12.5) 4.8 1.5 28.8(16.8) 5.9(1.7) 17.7(12.3)
xjﬁ 110(24.0)  453(22.0) 73(20.9) 7 2 46 (26.7) 7(2) 26(18.1)

Parenthesized data are percents of total aerosol mass. A/C are molar anion to cation ratios. Metal oxide are sum of Al,O;, Fe,0;, MgO, CaO, Na,O,
K;0. MnO calculated using each metal concentration. Liu (2002) is from Liu et /. (2002), Park (2001) is from Park et al. (2001), Choi (2001) is
from Choi et al. (2001), Park (1992) is from Park er a/. (1992) and Kim (2003) is from Kim ez al. (2003).
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28 3(bellME 2+ Bab Aol dls 2 ol
Yuge] Bepsnd A wAANE welF ol
o ARAde] Peksesl okl ¥ e AL Alsla
SLF AR AL AR us A fAbshl o
bl 538 T AE ZF Fold ARl wls
NH, 8] ReRsest s v Rt Al
F2 25k ol Jush sheniol Bl opd
<+ & 4~ 9o} Carmichael er al. (1997)& A& 1A
A A2 SO, 7ol Hak NH, ') S| 0.1~4 A=

o 2 SASIL 53] FAk 7|75 2 Zho] A

(a)
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e t~ o~ — o~ o~ 0 0
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) o) < [en} —_— — ol ol
< (=) < o [ < < <
nClI o NO, S0 ONH,*
oMg™ 8 Ca’ BK’ B Na'

Ag Jell= oz Faldlgion o Azt
Bqbe) weule HF 0172 AREEE o 0.03~
0439] k& eRgih

AR ool £ Yelg mek A4 obns)
Gl ol LHEE Abole] FYulE Ashed 3
veb gdel. NH, f/nss (non seasalt)SO,>” +NO; 2
Zkel 20003} 2001 dell= 0.2 w|"Ee] w2 ZhE
RS, 20020 = 0.3 w]9ke] ghe Vhehd o] 3At
Al IAVFEA Y] 4R FollA Yot HdHE
o] ez FEAshs o] 2AJEE <Fo] FAFAlel s
A 2R gee & 5 gl ubHel Ca’t/nssSO,T
+NO;~ &2 Na¥/nssSO,>"+NO;™ 2] zho] A3 &
H]E& AAET o], #AFAellE Ca(NO;),, CaSO,,
NaNO;, Na,S0,¢| Felz st 3 AArd (444
dzbel F2 EAlste AL & 5 o #HAL A
A A 2 2 9 YRsE SO H
HNO, 2} ubg-ol] oJ3te] W3- HAEe] YA HE
F2 2x A4 (=FESFIAL HddAh s F
2 o= o AAz EoHES Y| F o
Ankee] AL AYE File HuFo(Ma-
mane and Gottlieb, 1992; Smith et al., 1973). 214 7}
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Fig. 3. Distribution of ionic components measured at Westerly region and Busan for (a) ionic mass concentration, (b)
molar concentration (Incheon for 2000, Seoul for 2002 and Taean data were used for the rest to compare with

Busan).
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Table 3. Equivalent ratios between anion and cation species.

2000. 2000. 2000. 2000. 2001. 2001. 2002. 2002. 2002.

3.23 3,27 47 411 412 12,12 3.18 3.21 4.8
NH, */nss SO, 0.069 0094 0030 0.124 0.054 0200 0343 0.207 0431
NH, " /nss SO, +NO;” 0.052 0.065 0.023 0.093 0.038 0.154 0219 0.163 0.282
K*/nss SO,>”+NO;” 0.042 0.035 0.053 0074 0.033 0.028 0.055 0.047 0.050
Mg?*/nss SO,7"+NO;~ 0.095 0.099 0.053 0284 0.080 0264 0091 0.129 0.137
Ca’*/nss SO,7+NO,~ 0486 0.458 0455 0.601 0428 0585 0469 0514 0.590
Na*/nss SO, +NO;” 0.343 0303 0.699 0.592 0.336 0.654 0408 0276 0.283
NH,* 4+ K" +Ca** +Mg?* +Na'/nss SO +NO;~ 1018 0960 1.282 1.644 0915 1.685 1.242 1.130 1342
Na*/CI™ 1.614 1.161 2.900 1.054 3.993 1491 1774 1481 1529
NH, " +K*+Ca?* +Mg?* +Na¥/nss SO,7+NO; +CI” 0.831 0718 0.978 0.728 0.844 0.843 0984 0927 1.047

A= (1996) AR F& 7 o] 2AEE2
ZAFNE AHE A3} Nate] A% 24.6%70|
NaCl Je| & &a)8}37, 39%7} AALG, 43.2%7} Ak
Jog eltom, Caltel 72.1%, 18.8%, Mg>t 9]
3.7%, 68.3%7} A7 A, AAE el KY 9
of 100%7} IAgos EAsle Aoz ey
£3], AR A ng =t ixtmw e
CaCO,, MgCO,7}F SO, & HNO,8} Hbesle] B84
g 23 glE FA Y A Y] = FEY]
2tz WzhEn, o EAYAEL |25t
AR GRS 22T 5 T EAA ) A=, 1996).

3.3 Ao 2EME

AR A W AL 7)zhgte] SR HE
FEE T1.7ugm’ 2, 371710 A A 3ksx= (TSP)
458 ug/m’e) ok 15.7%¢) el e Holm
o} (& 2). ¥bH Al Ca, Fe, Mg, K, Mn, Nag} 722
FEAEES] ez $habsle] 1
=% A4S A3 APEE 10pg/m’, F A2
o] o 24%8 AAshe How vehdeh o F
44129l Al, Ca, Fe, Mg, K, Mn, Na, V, Co, Cr, Ni,
Cd, Cu, Pb, Zn, 2} A352] Aakews = o 7+
At e Aok S48Ee] ARl AaklA
AR w2 AlEE 8.1~19.0% (15.1~247.9
ng/m) 2, AP wrt 7B w2002 39 21
o 2 HHE Byivh

7t Az Avud, a7 7Eq FEA4E AL
Ca, Fe, Mg, K, Na, Mn¢] S#55x 17.57, 25.03,
19.17, 5.86, 2.78, 0.3, 0.402 ug/m?, 71 ¢} V, Co, Cr,
Ni, Cd, Cu, Pb, Zn9] HF¥x+x 747 22,9, 22, 18,

TAA BT O

_9_ nTTolL w2

Iz

ar

g 718 s A A 21 A 15

2,202, 79, 249 ng/m*= Ca>Fe>Al>Mg>K>
Mn>Na?| o2 Jepgeh(® 2). 23 =%
Ql Al Ca, Fe, Mg, Mn& AlslR™ oo]2Z =7}
71 2 20024 39 21 EAbellM mE FH oy
EE Rolx g, vbd 2001 129 A& AL
HALZ| Zbelle 3] FE5AR-Eo] FHAzE ¥
o} 7t 2ok E-E o) AA A AR)ele vl&L
77 3.8,54,42,1.3,0.1%% JJehgom, <1gx <
d2A) s|gdsl= Cd, Pb, Zne] A% 0.1% n)9e|
B Z-& A 5H9

2 29 MinginA 92> gellA dFgednte} 3te]
Abto g Eeal F% gAY =A2, o A
F 115mmel] BAolw H 24 A x| B IF
o] HhY sl 3otk (Xu et al., 1995). Liu (2002)% o]
Mingin X9 ¢] k7 ZFellA o FArAT7|7HE<t
9] FF oo]2E ¥ =9l 485ug/m’e] 2AHEE= A
$o} vgAA oz FEIt B2 TR AlElE A
slo] AAIG AFHzH, AR AS WL F&5
AE =7t ol AFAHAEH ¥&£F 2EE A
37 9l Ae o 4 gk 28]y Cu, Pb, Zn 2
2 =AY, A g B e Aoz vjg
e ke Jehigleh 1999 d6lA 20004 2 A
FZ B A A5 PM,AL8el whaw, Ca/Al ¥]
E o 05~3 A= 58S A5 e (Kebin et

al., 2001), ol #A7)7k o] Ca/Al HiE S
1142 A#gas o 0.50~2.33, 12|32 Park

(2001)3} Choi (2001)] A-9= 7}7F 1.14, 0.669] 7
& Vepideh 2549 S 2l FFo] d3FS n|A
= B3 Ca/AlR2 1 vgo| 7} =glem (Kebin
et al., 2001), whebr] FZoA] whAsh= e F3Eo|
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Fig. 4. The Correlation of each metal component to Al.

BA

U] QS wAA He A
= A& 7}12_1 BALE,
\:]

=2 Ca/Al JA] F7He

o AL FIo|N THAFEC PAsE A
SFEAG] geh 1 g 2 YekAE Hew
Az s,

7} spat Abelo] A FEHRE Aolo) AR
AR st 29 4s) o] veigish 344
Folu} FapAtelel wet choke A4S ol

E3] Al =o0kAE 9l Mg, Mn, V 57 =2 Algta
AS HoJF3 gle], o]H¥ AREo] 5 AL A

23 A= e Aoz szl =3 Al
2 Cu, Pb, Zns} Zro] 9|3 249E& /A& Ao
Gzl ARSI vlwA A o] BA el

L

4 ARE Aolo] gL oelzEel B 5
3 2 'H"" A &8 Al FA 3= 9l &
23 AR E AlFshs sloz A2 AU (Chester er
al., 2000; Peirson er al., 1974). ¢F ZAn)Z A=
&led AALS= 2244 (enrichment factors) 3 A] o]
gt YRE AT X2 gl AMH 3 glew,
Fie A2 vhg e

v

Table 4. Enrichment factors with other studies.

EFs This study Park (2001) Liu (2002)
Ca 0.44 0.36 -
Fe 1.26 1.39 0.64
Mg 0.66 - -

K 2.06 - -
Na 3.86 - 49.20
Mn 1.36 1.62 0.72
\% 1.19 4.20 1.30
Cu 12.74 8.96 1.07
Pb 5.45 40.80 041
Zn 9.88 40.40 1.28

enrichment factors were calculated using Al as the soil reference
element and China soil data from Han er al. (2004). Park (2001) and
Liu (2002) used metal data from Park er al. (2001) and Liu et al.
(2002).

(X/A 1 )aerosol

EF, —_—
XIADcrs

crusl(x)=

7oA X 7t ZEAHRE ol A Al
AHgER BYF FEHAEES e 3 =Y
AEFA (3R 5, 2000 ARgete) AdEEigle
o, 2 AAe = 49} o] Viehgth
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£ 404} Park 2001)3} Liu (2002)= 7242+ &h3e)
TARR| Y3} F39] Mingin A el A A 33 TSP &
MATE B EF 3+ AbEE Aelc) dutdos
EFZke] 10BE} A2 AL spAd i At wof
AL 23 e Aoz AZEY usHAEoR
TR 2 108Y Z 7S w2 el A
49 ez AATN, sEAYes TATT
(Chester et al., 2000). ¢} & E9]|8 & AF R Ca,
Fe, Mg, K, VI 72 S4AH S| gofo g BE] A

3§29 o 4 2lem, 7 9 Cu.Pb.Zn
% TR ?fﬂ’“%} i 31‘4

o

Falgdozn 1179.5157_ al-‘;— %
2= x)2jd ¢x]= Q3] Cu, Pb, Zng&
B3 of g & EF 3 BelFa ook
w8}, Liu et al. 2002) &4 5742 o] 451 %
$A3gel A =49 7]°%£(RC=I/EFM)-E— n
1= 3}‘33\"@ °]—E— EQ2 o)y BAI7E
gujztell A #=% Mnzt V A8 g E%H 7]
Adxg AT 7&4 77t 73.4%9) 84.2%2) 7H& v}
epflo} Ehabr|bgatel feivtetl dFE nAle
el 7l eE A os gdd & dddeh
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% (TSP)x= 458 ug/m’, o]- &A1 -2 7 27.93 ug/m’
(6.1%), S5A8 71.7 ug/m’ 2, 171719 AR~
ket (TSP)S) o 15.7%¢) s93sh= 7S Molxw
ok A= Ao A= (TSP 120~ 1742
ng/m’z BAF A - AEEE dekst e el
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o & ¥E FolME S0 % Non} V2 eE
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At 9 2 (A UAD e Fr E2AS= A
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3l ¥|E2 AMHEE 8.1~19.0% (15.1~247.9
pg/m*HE, Ca/Al B)= FHF 114, Az o
0.50~2332 dubH <l ghitxe] EoM|gRoh=
& ¥ e Hglon, ol AT B B
& AT Y B =l AT G Aoz
At=ge

41
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AZbell whe 7z Ak Al oM A
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o) 2ozt #ate) o5 A2, a3 BAY Tz
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