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Abstract

Size-and time-resolved acrosol samples were collected using an eight-stage Davis rotating unit for monitoring
(DRUM) sampler from 23 March to 29 April 2001 at Gosan, Jeju Island, Korea, which is one of the super sites of
Asia-Pacific Regional Aerosol Characterization Experiment (ACE-Asia). These samples were analyzed using
synchrotron X-ray fluorescence for 3-hr average concentrations of 19 elements including Al, Si, S, Cl, K, Ca, Ti,
V, Cr, Mn, Fe, Ni, Cu, Zn, As, Se, Br, Rb, and Pb. The size-resolved data sets were then analyzed using the
positive matrix factorization (PMF) technique to identify possible sources and estimate their contributions to
particulate matter mass. PMF analysis uses the uncertainty of the measured data to provide an optimal weighting.
Twelve sources were resolved in eight size ranges (0.09~ 12 um) and included continental soil, local soil, sea salt,
biomass/biofuel burning, coal combustion, oil combustion, municipal incineration, nonferrous metal source,
ferrous metal source, gasoline vehicle, diesei vehicle, and volcanic emission. The PMF result of size-resolved
source contributions showed that natural sources represented by local soil, sea sali, continental soil, and voleanic
emission contributed about 79% to the predicted primary particulate matter (PM) mass in the coarse size range
(1.15~12 um) while anthropogenic sources such as coal combustion and biomass/biofuel burning contributed
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about 58% in the fine size range (0.56~2.5 um). The diesel vehicle source contributed mostly' in ultra-fine size

range (0.09~0.56 um) and was responsible for about 56% of the primary PM mass.
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Fig. 1. Location of Gosan super site.
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Fig. 2. Meteorological condition at Gosan during ACE-Asia.
n m e 2
- 0=X X|— ] 2
3. PMF T'_'A—-lI i=1 j=1 hijsij
. - _ p
PMF 292 Z2AA 57} 7HA 1 Qe ARE &3} e5=x;— X gufy 3)
k=1

Aoz o]L&g 4 9 =& Paatero (Paatero and
Tapper, 1993)¢]] <]l 7= ic). PMFoA 2k8 3
4 X o9 P mle] dz FAEEH, o) n
3 me 27t Am sEkEe) g o P2
Xe 4% B8 Gxp)F Flpxm®| F FH=
Qpwal = ol Vo PEL U Bz =
A} o)d) pi= A2 Rl S8 ehic

X=GF+E 1

olwl G prie] HAYLES LAY V=S
Sjujste, Fe WAL A¥EAde vehdo PMF
4 3R EH=E JleR Hge Ao
AelH 34 QF Hasshs s E AbEI (Paatero,
2000).

Badrlegetan A2 W Als

if|eyls;| <a.,

{ 1
1= .
Ty e;ls;| /o otherwise.

C))

old S A x;2) EFEolct. PMFEAe)
A 7 wAKel B9F pEs 24 Ansd 4
AR TlefsEsl §2) el @ & dEH( 20,
g =0)E =8|& 7ukes dled Haxegoez ol
ARAE S ol A2 WS E7] 9
s PMF2 (two-way PMF) (Paatero, 2000)¢] #h2- <
TREE A, o WA S 2 Ame] S
227k 7}EX 2 AHgEln A2 A8 P S
A wlgke) Ahmel A ok e FEEe AT
. 53] A& nuke] 23 Aze AEHA

ed e



594 IR

o

Y=
SEREE

5t

12 7oz Atz A EE s 100%7} o] Zhol &
e A @e) LHFS b B 34 A=A
A e oA AR mEl A nAe
J3& Z0]7] Y3 robust moded F3 Moz
A}&2-=t} (Hien et al., 2004; Paatero, 1996). ojuf] w4
o o)A AA AR ulsiel 0=27) & o
Fol ABEAT w8 PMF22] 22 WA Fr
7F Sl ol AFAY A= HAT) Ad
AL2-Elt} (Begun et al., 2004; Paatero et al., 2002). 2
ATl M e 7 e ARzl HAstA i
Ha, G g8 AALe] 7 2L =YL&
BelZ d7bA] Fo 30 228 A2 34 23
w8 Zol=% sk

Table 1. Size distribution of particulate elements during non-Asian dust periods.
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261
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343
180
7.87
2.04
5.26
2.62
8.47
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226
79
56.0
66.6
40.5
19.3

884 131
707 94
432 54
684 11.6
232 4.20
11.5 2.00
5.69 1.06
4.06 0.72

1(5.0um~Inlet) 1484 2101
2(25~50um) 1454 2065
3(1.15~2.51m) 846 1266
4(0.75~1.15um) 135 235
5(0.56~0.75um) 51.2 96.4
6(0.34~0.56um) 28.8 71.0
7(0.26~0.34um) 15.6 88.2
8(0.09~0.26um) 8.34 51.5

2.00
1.70
1.00
0.30
0.12
0.43
0.35
1.07

0.10
0.08
0.04
0.01
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0.12
0.04
0.03

224 18.6 861
1.64 16.1 734
1.03 104 439
0.26 3.05 86.0
0.09 1.62 31.9
0.10 2.05 193
0.05 0.86 8.37
0.65 0.33 4.67

1.15
0.75
0.50
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0.08
0.37
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0.12

2.42 276 5.90
048 1.85 7.30
0.17 0.77 9.32
0.12 0.13 6.40
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0.46 0.03 1.07
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0.52
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0.28
0.67
3.24

32
3.77
4.42
2.65
1.87
2.21
1.13
2.16

4.3

6.13
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10.0
6.46
9.95
372
2.52

Total

concentration

4023 5974

1979
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1118 2135

298 6.00

6.06 52.92 2185

6.71

214

542 333

0.44

5.90 6.00

44.0
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1623 1624

1624

1623

1624 1624

1624 1482

1455 1623 1624

1553

1611
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515

1184 676

1447

number

BDL (%)* 0.06 0.00 0.00 0.06 0.00 0.00 0.00 8.74

10.4 0.06 0.00 4.37 0.80 0.06 58.1 68.3 27.1 584 10.9

*: Percentage of data values below detection limit (0.01ng/m®).
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Fig. 3. Size distribution of enrichment factors calculated from soil composition during non-Asian dust periods.
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Fig. 5. Determination of the rotational freedom in eight size ranges by (a) Q and (b) largest element in the rotational
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Table 2. Sources identified in each of the eight size ranges.

Source Marker elements Stage ] Stage2 Stage3 Staged4 Stage5 Stage6 Stage7 Stage 8
1 Continental soil Si, Al, Fe,Ca, K, S, Pb + + + + + + + +
2 Local soil Si, Al, Fe, K, Ti, Ca + + + - - - - -
3 Sea salt CL S, K, Br + + + - - - -
4 Volcanic emission Si, AL S, K, Ca, Fe, Ti - - - + + - — —
5 Biomass burning S, K, Cl, Si, Al - - - + + + + +
6 Municipal incineration  Cl, Fe, S, Al. Ca, Zn, Br, Pb + — — - - — — —
7 Coal combustion S, Si, K, Zn, Ca, Fe, As, Se - - - + + + + +
8 Oil combustion S, Si, K, Ca, Fe, V, Pb - - + + + + + +
9 Gasoline vehicle S, Si, Ca, Fe, Zn, Cl,K - - - - + + + +
10 Diesel vehicle Si, S, AlLLK - - - - - - - +
11 Ferrous metal source Fe, Si. Al, K, Zn, Mn - + + + + + + +
12 Nonferrous metal source Cu, S, Zn, Fe, Cr, Pb - - - - - - — + +
Number of factor 4 4 5 5 7 7 7 8
Chi square 12753 12877 9349 9707 6237 9879 6640 7069
Feax 0.0 0.0 0.0 0.0 -0.2 -0.3 -0.2 0.0
Robust mode (o) 2 2 2 2 2 2 2 2

stage 1: 5.0 um~ Inlet, stage 2: 2.5~ 5.0 um, stage 3: 1.15~2.5 um, stage 4: 0.75~1.15um, stage 5: 0.56~0.75 pm, stage 6: 0.34~0.56 um, stage
7:0.26~0.34 um, stage 8: 0.09~0.24 um.

J. KOSAE Vol. 22, No. 5(2006)



PMF £4& <] 83 ACE-Asia A7 & AF 2AAY QA4 B42) 74 244 4 597

Davis et al., 1981; Small et al., 1981; Mamuro and 71E A7t A}E;_} 2 Hedi 7t 2 oA AAsa)
Mizohata, 1979a, b; Watson, 1979)0l4] Rz "4 uﬁgﬂ, A7) rzx] A7} Ardul a3 e <l9A
o A¥xAst vlaste ZF B FAA . B3] oyt el Q9
ol 7]&o] A AExAL A =) FE oY Ese F2 vl 919 0.09~1.15 umej]
gol AA wiEgAel Wt e AT A BEE wh, 29Ux 9 115~ 12 umell A

Aoz Fo Ax Y&EE FAHoZ HA = JAA DALY e =A B Aoz e
9 B =S s Wt 53], 7Hedloht oA AHEA wiEds 2

£ A3} 2001 £E ACE-Asia 717 & ¥] 31 = 919" oddEe o3 nael YA
Ab 71EEeE & 1289 12 249 e] AFE I (0.09~ 056um)°1]1~1‘2} *% .
A A7) F elle]2&e] ARzl FFE vAE 1270 L ARz 7 ggoddelA] Ak
Aoz et ojdf 2 dAFox o]z} dlezd 2@ HR=zA9) :ﬂq}g}o AR 553tk PMF 84

fo

a2
rjg
l*ﬂ
rL
N
_kﬂ
32
_,VL
lm

0..\.4

b
32,
3

o) FAEQ Ak, A, R ET 2L o2 As A2l AF D A é—‘i— A& 7129 AN
3 F71R2AE F=F PMF ¥4 AR3HA] At nod AesAs @7 23 60 Vel 23
7] wEel olx} oo e3ke motE] Agkh  orel o] AR wYE HEAL Fk by

7+ 4744 9ol xS PMF #4243 e) A48 B4E o d8) 249 AR2AT ASE] ARk 9
€ = 29 o93lyrh AbEE oojmd BAPdoer BA ESF(He er al, 2001), e.gq} =9 (EPA profile
€ A 2% g A5 =R AGUAE A 41340), sk A (Watson, 1979), 4 w254
2539 22 A DAY Bk o= A A4 ¥ (Davis eral., 1981), 712 <14 (EPA profile 13505), A

0.1 Continental soil 0.1 Gasoline vehicle
0.01 0.01
0.001 0.001

Local s0il Diesel vehicle

0.1 0.1
0.01 0.01
0.001 0.001
0.0001 0.0001
0.1 . Sea 0.1 Coal combustion _
B 00! ]lﬂl]l ﬁ 001
@ 0.001 0.001
= 0.0001 0.0001 I
2 Volecanic emission Oil combustion
= 0.1 0.1 M
£ ool 0.01
£ 0000 0.001
S 0.0001 i I 0.0001
01 Biomass/biofuel burning 01 Nonferrous metal source
0.01 N 0.01
0.001 T]] :l.[l 0.001
0.0001 0.0001
0.1
0.01

Municipal incineration 01
0.01

0.001

0.0001

Al'Si § Cl K CaTi V CrMnFeNiCuZn As Se Br Rb PbBC ' Al SiSCIKCaTiVv Cr Mn Fe Ni CuZn As Se Br Rb PbBC

mmm Measured profile == PMF profile (previous) t—1 PMF profile (this study) ‘

Fig. 6. Average source profiles resolved from size-segregated aerosol samples in this study, and the corresponding
known profiles.

F= 7187453 A] A2 As5&



598 B3

ok

SERES S

5l

gt ol 4 (Mamuro and Mizohata, 1979a), =47}
(EPA profile 42320), #7] & A7} (EPA profile
17106), 7}&8 A2z} W& (Watson et al., 1994),
YA AEx wl)E¢] (Watson et al., 1994), B]AF<E
Abdull 24l (Mamuro and Mizohata, 1979b), A7} Ak
oJul| & (Watson, 1979). olu] AlEH AEzAF 7]
F9) &A% A¥=xA, 20029 BH AEE AHT
7129 43 A} (Han et al., 2006)= S-ALskA|qE &)
3] dXsHA] gk, ol 7]Ee] whyed AR
zA o] A =zl Aol Hastd Fhelw,
AEA wiEde)] oel AR ARzl 234 Aol
7} 7] dEq des @addrl 13 72 AR
AAA APLEY szt AAGeld 2 2
W oA ser 7 Y4996 AAEE v &
o= AAES AwtH o Y LALES] A
Ad W3 Folo] TR TS Vo x] 55
Ae whr o= BoE)

& . Steven S. Cliff - Thomas A. Cahill - Kelvin D. Perry

Y54 ESUAE dube = ohokslk Al &%
9] oJ3kg wlol S9] = W Ca/AlY] s =r|7} dul
=FARe A4 Yelgde (He ef al., 2001). o] #
AYNLe F2 2277 ARk 27} 242, 53
HA)ZE AFel| 1 Ffe] Azt =¥ AEY =
okl o33k AAd U YARZAM AY 2FUA
o= o2 s Jepidds A5 EFUAE F
2 I %% Fhol ¥ AA A7 gk L s}
7h A d e s =gkl ubd, Ao o Ape] ok
Aubd oz v FAS AAYE Wskg Jepfi gl
it op} A =R o3k AA YAY
AollA TAH ubw, | EFxl of sk 2o 4]
2 ddql 115~ 12 umo| A5k ARZE Sl o]
HYSPLIT4 (Draxler and Hess, 2004)& ¢] 43 4
2 BAAE T 23U Apo]E Fiio] HAF
o} 23 8ake WEA T AQAH =AY s=4
Fo] MEH o U F Al7]e] 3 3AZE 7HA

20 5
154 Continental soil 4 Gasoline vehicle
3
1(5) J\‘ 5
01 A'\'/‘st At N (1) \MMW«MJ MN— N
404 Local soil 40 Diesel vehicle
30 30
201 20 A
101 %WMN W\ad, - 10 WA}
01 0] = e
40 Sea salt 40 Coal combustion
2 30 30
£ 20 J\’ 20
2 10 M 10 .
= 0 Yot ~ W\/‘A~ v 0 «MNWP Attt porn o
§ 44 Volcanic emission 15 Oil combustion
5 3
3 5 10
3 5
1 - \mf\/
© 0 ~ N et i = 0 A\J”‘/]\MW“’ v~
401 Biomass/biofuel burning 4 Nonferrous metal source
301 3
204 P 2
18: ”’\‘\.WW V\«-MJM"A'"\ ~ (l) N e e O Nt e -
841 Municipal incineration 8 Ferrous metal related source
6 6
4 41\
g‘ v A A E o] N g V\_NM- \-«-./V-—J\J\\ -
NTOOOD— R — NN~ — W~ Y NT OO~ — NN — o~
FRIPARQ Q7T T gqgaad VAAAOQRQ QI o —aqaanda
C”\M(ﬂmmﬁ'ﬁ‘ﬁ‘ﬁ'vﬁ'ﬁ'ﬁ‘ﬂ’ﬂ'ﬁ'ﬁ‘ﬁ’ﬁ'ﬂ‘ oottt sttt
SIILIPIIIIIIIRIIIIFRIIRFSS CIIPRIRIAIIFIRILIRIIIIIL
Sooccoococococoocoooob0o0oS SSocoocococoooococooo0000

Fig. 7. Temporal variations of total mass concentration using each of the resolved sources during non-AD periods.
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