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To study long-range transport of organic aerosols from East Asian countries to the East
China Sea, 3- to 7-ring parental polycyclic aromatic hydrocarbons (PAHs) in aerosols collected
at Cape Hedo, Okinawa, Japan (128.3°E, 26.9°N) during 2005-2006 were analyzed by high per-
formance liquid chromatography. The total PAH concentrations were 0.00-16.0 (av. 1.22) ng m*
during the entire period. The seasonal average of total PAH concentration increased between
winter and spring and decreased in summer. It is interpreted that the pollutants are trans-
ported to Cape Hedo by the monsoons from the Asian Continent between winter and spring,
whereas oceanic air mass is transported by the monsoons from the Pacific in summer. The benzo
[alpyrene to benzo[e]pyrene ratios were 0.23-0.98 (av. 0.48) in winter and were lower than that
measured in East Asian cities, showing that PAHs observed at Cape Hedo are aged by the pho-
tochemical reactions proceeding during long-range transport. The average total PAH level
measured at Cape Hedo was only 1/10-1/20 of those measured in Japanese cities, but a total
PAH level comparable with the average levels in Japanese cities was recorded during a long-
range transport event in March, 2006.
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1. U & (C

AT T 0V - RS X ORISR 5
EERLNTEY, TOHEMNE - MBS X OHxE R
OFHAIEEFN TS (Houghton et al., 2001;
Finlayson-Pitts and Pitts, 2000). 427 ¥ 7 #huisiiz
2V, %2 (ABC: atmospheric brown cloud)
EIFEN 2 AR E R IRG R B 23 H 2 9
T3 Y (Ramanathan et al., 2007), JEAHIS~DH
BWREINL, A DIERETIE, KT V7B
25 Ok R Wk OMKE N Z RS 720
2, =7uy A4y —Fto 7oV RSHE

(AMS) B X074 #— (LIDAR: light detection
and ranging) FOEHMEREH VT, WARLFIRZE
VF % I A RRL AR O 75 G o> b e B & 2003
ENLRBLA (BIEA, 2006; Sugimoto et al.,
2006; = 51242, 2006a) . MPARIE, B L T
KHENTVD, £AFBLUOERIIT VT KELS
DFEHMOEZ 2T, BFRITIIKFEED D OFHiE
DB 2T oo [N RIS, FICAREILT
T KEED D DB E ORI R B L FHE
N5, AMS % w5 & =7 10 V)V OB 55 BE 7S
1057 FEEE DRI - fRBE T E E N B 728, Bk
ARY N OFEMZENHESL SO LIS, M
B DI LNV ORERSR SN &R R T
WHES 272007 — 5 OERHPL B0 EHMHETH
5o

AWFZE T, AMS OBUR & E 501, 85 T
SNDHHETT OV IV OHRTHRNLIRBED b L —
AWMEE L THILN S ZEFHERERILKE (PAH)
FIHEHLTHTLRVOGH 2119, ThETIZT
VT RPFEMS T PAH HEZ B L2 & LT, F4
P & A E SN AT ¥ T (Hayakawa et
al., 2002; K, 2002; 2006; AEH 34, 2000; Okuda
et al., 2006; Park et al., 2002; Simoneit et al., 2004;
Tang et al., 2005; Wang et al., 2006; Zheng et al.,
1997) XL PRI GEFR 320, 2005; WAS, 2006)
TOBHYD 5, W7 V7 LILKFEED P IS T
HHRY FMEOREKRE - B (Kaneyasu and
Takada, 2004) B X OHEIMNE (Lee et al, 2006;
Simoneit et al., 2004) THERRITTON TV S, HE
kORI E RO RO, LFTHI S
BLERT T 1OV ORI R 5 A I IR O HE RE 1A% T
DNETTH B, AWZETIE, HITNIZHIT 5 PAH

AT - E il

DK & FHELOBIH - OFHZROROWEH B
X UMl S BT B HER O PAH O R L o Lbik %
WUT, WY VTEED SRS FilE~D NERFOH
BT 7 1V IVIEE 5T LSOV DT DAL A S TN
52 LEHMNET %,

2. ¥ BR

2.1 I70OVILEHORK

I7 0 VORI, EL BRI A -
I7aV VBT —3 3> (FRIEH, 2006a) T
fibi7ze Fig. UIRT X912, BINYHTI3128.3°E
KU26.9°'NIZhEL, LD 5#850km, HALH, S
#7650 km BENL T\ %, 20054E12 H 2 520064E6 H O
B RFAE O B BLI 2 1T 5 720 FEMI 20 B R & o
WRIE% Table 11257 T . T 7OV VR Tk, NA R
Va—AZL7H% Y 77— (SEHEEE, HV-1000F)
ZHWT, 55 UH500°C TARFRHIINER L CH W
BB LR AV y — (7 Ny Ty 28
QR-100) LIZHlifE S N7zo WEHIHE 1301 m 7 -
720 WBIRERIS K12 CTH b, B & % o Bl
BRHEIAT o720 7OV IVREBRD 7 4 V7 —HF
WFEBREICE TN, AILELE TOM - 18°C THRAFE X
Nizo REDOHKBRIZTANY —ZfRL, EEEL%
[OMEMRE D S 2N T (TSP) REZ g L
720 TSP iEE1X14~195 u gm *72 572 (Table 1),
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Fig. 1 Regional map showing sampling location
(Cape Hedo) in the East China Sea and the
source areas of four major air-mass trajec-
toes.
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Table 1 Summarized data of temperature, concen-
tration of total suspended particles (TSP)
and total PAH concentration (XPAH).

Period Number of ~ Temperature * TSP *° LPAH*®
(UTC) samples (°C) (ngm’) (ngm™)
63 +27 1.06 £ 1.06
12/6/05-12/15/05 18 16.5+2.4
(27-117) (0.02-4.33)
119 +55 3.44 +4.65
3/16/06-3/21/06 11 17922
(34-195) (0.38-16.02)
61 +26 0.45+0.28
4/4/06-4/13/06 19 21.6£2.0
(25-110) (0.09-1.15)
15+1 0.03 +0.06
6/19/06-6/22/06 6 28.7+1.9
(14-17) (0.00-0.15)
68 + 44 1.22+£2.42
Entire period 54 20.1+45
(14-195) (0.00-16.02)

*Value represents av. + SD. "Values in parenthesis are minimum and maximum.

2.2 HHESEE

T ANE —FEB NI ) A A, BEWIC X S
HZ2HEXF L ¥ (50~70 mL) (2T3ME (420 min),
A% ) —) (60mL) T2 (%20 min) 1T - 720
INE300mLDOFABTFZIITBL, u—%1—
INKL— ¥ —TH3mL 2B L7, iBfMinE, A
Py —NEEDIRFICEBSE, 74 V7 —DH
BIXUOABR T2 vz, #2220 mL © 4
FANATNVIIREL, BEXRAMT CHBELAEL
#%, 1mL OANFH VIZHE» L7,

Gogou et al. (1998) DF ST, YV ATV
AL EHWET7SyYarzux v rs7 (7T
J — M#, VacMaster-10) TiE 058 % 17 - 725
ANFFEP LI E ) ATV A T AD L
B L7, wEER E LTONFY > (15mL) - (20N
FHr / brvzy (5:3) (15mL) - AANFH ¥
fkxFL >y (1:1) (15mL) - 4)NFH v BT F
V (2:3) 20mL) BXUGB)FEE A% /) —V 4:
96) (20mL) %L, ¥ FNhoSTF2mETE
[ZEB1~BM 5 1B L 720 513 K OV EB2M 43 o ¥ I
FRFELARTTEEESE, FRhFNRZImLOTE b
= MU NIZEDL, PAHER G RE L L7z, 3
~BW 522DV Tid, TNZEN20mL DN 7T VIZHE
L, 7—74 7&Fk & LT-18°C THRIFE L 7

2.3 #&koyO~v T 7 7EICE 3 PAH Ok

1B L UOEM 5%, = A VP27 5 —fE
ks ax 777 (BEE/EHRE, LC-VP) T

Table 2 Molecular distributions and seasonal

changes of PAHs in aerosols.

Averaged concentration (SD) (pg m )

Entire
Compound Dec., 2005 Mar., 2006  Apr., 2006 Jun., 2006

period

n=18 n=11 n=19 n==6

n=>54
Phenanthrene (PHE) 80 (291) 590 (1369) - - 147 (658)
Anthracene (ANT) 1.8(7.8)  36(114) - - 8.0 (51.7)
Fluoranthene (FLT) 165 (174) 600 (846) 77 (56) 10 (25) 205 (435)
Pyrene (PYR) 211(219) 581 (660) 141 (124) 14 (34) 240 (370)
Benz[a]anthracene (BaA) 38 (37) 75 (102) 3.8 (6.0) - 29 (57)
Chrysene (CHR) 111 (87)  305(326) 55 (36) 13(3.3)  119(182)
Benzo[e]pyrene (BeP) 81(67) 243 (288) 34 (36) - 88 (157)
Benzo[b]fluoranthene (BbF) 151 (122) 386 (426) 51(51) - 147 (240)
Benzo[k]fluoranthene (BkF) 53 (42) 128 (139) 18 (19) - 50 (79)
Benzo[a]pyrene (BaP) 38 (39) 77 (717) 14 (15) - 33 (48)
Dibenz[a,h]anthracene (DBA) - 3.2 (10.7) - - 0.7 (4.8)
Benzo[g,h,i]perylene (BPE) 40 (40) 130 (152) 16 (29) - 45 (85)
Indeno[1,2,3,c,d]pyrene (IND) 76 (63) 200 (224) 26 (24) - 75 (125)
Coronene (COR) - 51(136) 6.4 (28.0) - 12 (65)

Number, », represents number of samples.

ST L72e 438 5 21213, Hypersil Green PAH 7+
IEFINIYUATNVA T L (ARNVIE 4mm
ID.X15emX3um) Z#H\Ww/ze T 54+ —7 Ol
FEIE35°C IZfR7en 7z BEIME LTEBKBIOT
t = M) VvEHW, BEHO 4R %1 mL min ™
2L 720 TBIRHOSAIICIEZT 2 F= Y L iRE
#50%\2M4 5, 5~30DMIZiE 7 b= MY ViRE
%50%7%5100% % CHEMAL THMS &, ZOHD
155 BICIE 72 b= MY IVIREE%#100% THREE L 720
Sun et al. (1998) OFFEITHEVY, 2548 £ UM270 nm
2B 2 WG & b iy (Bat B ERT L,
SPD-10Avp) TiTVv:, 4L 72 PAH % #ih L 72,
Table 21278 L 72148 0> PAH $ % 554 5 R 12 E A
72o PAH JEHOREHEYE % v CTHE M % 52 L 72
ETOHFTAIDOWTIRIBEE & i & O BHR$130.98
U 725720 2564 nm @ Y56, PAH O TRRIE
HEARBN—AT2~102pg 7257206 793V FAID
W, zu~ b7 54 EICPAHEO Y — 7 13K &
Nhhoize REFFEICBIT 5 PAH O R % KD
572012, HRWERILAET 4 VT — 12145
DOPAHEOSRERAET7T M= MY VIER (0.25
ugmL™) BANRL 2 LTCTANT =% L7z 56
1Hi 53 % 50 L7z & & o EEIE, 3~58 0 PAH M
T26~89%, 63RLL LD PAH JHIZOWTIXITIT100%
Td o720 PAHEHO KR X E 1M 55 (2 #E L 720
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AR TRILL 2%~ 7V o PAH BiL 3, 1
W5 O ERE T A2 BRI THIET A2 2 810k - TR
D7z,

2.4 HE

BWALAF LY - XF )= - AFH - P -
7L - ¥ - 7 b= MU LB IUOHEEK (R
JeAigEE, HPLC 7L — F) #R#EEFICH W,
PAH HIORHEFE & LT, KREERET (EPA) O
FEHYYE (Priority pollutants) (Z§85E SN 7216
i PAHFORAGER (AXNVIE, >97%) - X
YVlEL Y (TVERY v F8 99%) - 30t v
(7VEY v FH 99%) BLOLTY (TVEFY Y
FH FIZANTL—F) ZREEETICHW.

3. BREZBE

3.1 AFIRTO PAH BN % & iR

2548 X U270 nm TE= ¥ — S/l 7 o
~ N7 T A% Fig 218§, {LEWH L LT Table 2
WRENW 5 2 T oL THWwW%, PHE - FLT -
CHR B X U'BbF O ¥ — 7 24 IZHED o 720 H ¥ T
T ATH ER AR RE D C14ME 0 PAH iR ER L, 2548
X U270 nm DEEMERIIKREL N E 2R L2,

(a) Chromatogram monitored at 254 nm

Absorbance (arb. units)

ettt } +
(b) Chromatogram monitored at 270 nm

Absorbance {arb. units)

Retention Time (min)

Fig. 2 Chromatograms measured for aerosols col-
lected on March 17, 2006 (UTC) : (a) moni-
tor at 254 nm and (b) monitor at 270 nm.
Peaks of phenanthrene (PHE), anthracene
(ANT), pyrene (PYR), chrysene (CHR),
benzole]pyrene (BeP), benzo[blfluoranthene
(BbF), benzo[k]fluoranthene (BkF'), benzo[al
pyrene (BaP), indeno [1,2,3,c,d] pyrene
(IND) and coronene (COR) are shown in fig-
ures.

AT - Bl

1478 @ PAH 34 TR L TIHLBR Y K E A3 5 254
nm OE =R RE R L TREH O PAH O E %
FHE L7z 1480 PAH BICIZ3~4RD L DN G T h
%o 3~48 @ PAH F 22w T, Table 11Z/R"F &
9 75385 DAV TIE AR A O P A3 A S
YT PPLTWBEZ EPHASNS (Finlayson-Pitts and
Pitts, 2000), 3~4¥®» PAH HOERRERICIE, &
PSS T AN —ICBESISNLEGDEGRDH B
&, FRAEEIC—H7 4 V¥ — FICHi%E S N7 PAH
HAHRRTOR L CLE ) WML H 5 Z L ITHEREI
HCThb, UTTRZODHIHEL RV LD T—%
EORBRHERE MDD LT B, AWFZETIE, 14
i PAHEHUSMS, MEOT®F 75> - 71 F7
FLYBIUZ7LMF LY (WTFRH3ED EPA K E
HYWE) b2 Iicmi s i, Larl, IhE
TICHET7 V7 i C PAHHZHE L7 & A LD
ZeTI, FICEAMICHIET 5 21 53M% o PAH
ZEELTOWE WV, AUFZETIX, DATOWIE L 0K
PAHEEDLB D720, b PAHE Z ERD
XFEH B B L 720

14764 D PAH B OWRE % W LR &
EHIRIIZOWTEH L -4 R %2 /RS (Table2), 61
OFH TR E 7z PAH ORI 3 tho I X
T > 7288, PAHEHD AT DI8Y — VIR %
FHIEIR SN h o7z £ OFHE, BlL
72 PAH ¥ 7°PHE - FLT - PYR - CHR 8 X " BbF
WWEH I EEZRL TV, Bl S 04 ORI,
HTIR TR BI S b X 9 &, FITRBEICHkK
3% PAH EIOWA (A, 2002) &L —HT 5. KK
I7 0 VIOVHIZIE, BRBEH RO PAH B Ol
DO PAH B EDF TP EIND 2 LICHKT 2k
FOHEIEVMOND, AMOIEFRIC L > THEH X
N7ZB2E, AR TR L7 VXV % -7
W PAH GE7 V¥V PAH) FZF TR TV F VI
Z¥>OPAH (7 V¥ )V PAH) Eb&Ins, b L,
TVE )V PAH B A O 7 0 v v HEET
&, JET OV F U PAH HH & ) Ui 45 - PRI R Sk 12
FREOKE TR EINDIZTTH D, B2 X3RO
TIVF)VPAHE DO —DOTH 5L L T 1326.85 DIRH:
BERICEEI L, 245 nm OWRITGH & T IR 8 AP 5
%5 PHE O 120 KETHRIIINE Z L 2> O
72 L22L, MMMTHRESNIZWT oY > I ico
W, Fig 2l L7720 L FBRC, JET V¥V PAH
FUS OO Y — 7 3 S Nt o 720 WHIICAT
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P HHEFIHN S 7 PAH FIX, —#o#HART
Bl s PAHB L UL, fLAKRERNA 43 X
OBIBIZE > THRENZBDIELEEZ LN,
3.2 # PAH BE L fhith < & DHE
14568 O PAH B OB % 551 L T PAH i %
ZEME L 720 &M %8 U728 PAH IEE X, 0.00~
16.02 (F¥351.22) ngm 72 > 72 (Table 1), &M
Bl 2 M 7-# PAH iREE O (1.38+3.02ng m™° :
AEIIREE R ) 12, HoYE (1.07£1.61ngm )
kjﬁ?gtfﬁ‘o 725
Table 312779 & 912, AFEIHCHIE S 724 PAH
BEE, 7V 7 RKFEHEHISO N OB C LRI E &
NRR LKL 72, WE S/ PAHE RIS &
W28 50T, R0 Lo EZ L PAH H A
SE L 72 WFFE DG 7200 % iRk 7o 3 T I o0 S 3 il
(1.22ngm™) I, KFEFEOXEOBNAER (0.07
~0.11ngm™®) XD bEL, WY FiEOEHEORR
(0.44ngm™) - WEAEOMHR (045ngm™) B X
CHEMBOKE R (8.7~40ngm™®) LR UL+ —4% —
72otze W7 V7 AT CTEI S 2 PAH BE O
FEME (6.7~178 ngm™®) IZHEMEORREID D &
LIEDoTze BIE, WmEEORT I 7 Mililgs 5o
OB & & HITE S N5 TR PAH 325 25
BLTWBIENGDDb, SO ENDS, WTVTik
WA FERE 35 PAHEHSH Y FilER L OVKFF
WCERHEERE SN, BEFERIS R AL DR G O REIC
Lo THREFR»SENS 13 & PAH EHOBEE WS
LEFHENE, LaL, HEEOERT Y T7HWIHIC
FNBIATIE & 72 F 72 FBIIATE L 2 5 o PAH #H O

Table 3 Total PAH concentrations measured in
Asia Pacific region.

PEHEATE TR D B %o
3.3 BaP/BeP ¥ L #ixh DX LZRIC
b L RHEER 2 872 PAH AL )7 C B &
NTWb %5, HxoMIZ PAH EHOLF RS 25
ATWBIETTHb, BaP & BeP IZ HEBHEDOHER Y
AHIZB L Z1L: 1D THIET %5 (Rogge et al.,
1993)0 BaP O YGERAL S 2 & 5 KEF L BeP O
WEoR10E g S Twb (Kalberer et al.,
2004), KA FmO#EWIZHH LT, BaP/BeP H2®
FALF UG DHEATOIRIEE LT b5, BaP
/BeP HIZFAEFHTIZIZITH Y, WALFOGHE tyt
25 o Table 41273 &£ 912, KBED S DOFH
%ﬁs.g.ﬁiv W0 E 54O WO A S KD 72 BaP/
BeP [t D F3130.4872 5 720 AN DRI, KF
FEOXLEOME (0.09) 1IZHRTEL, BhEORKE
(0.54) - WERKEOH R (049) BLUOHEMNEOHK
B(0.71) ERRER 57z T2, BEWOMEE,
BAEBREZEZONLZET V7T ORKE (0.46~
1.05), 0 otz ML, PHEEOHT VT HE
WA HEEN %13 EB S 5 PAH F o b 6
AHEA Tz, BT MICRIN S 7 PAH Bl K gk
WROMICEBIL I b THrEEZOND,
PAH O NALZE RS D AT %2 783 FI OB R &
LT, BT ANT OREIMENZ EHZEITF O
5o Ao EHTEETIE, ANT [ UsB o PHE
2 L C2~48% B EAFIE T A 2 b5 (fE
137, 2000; Okuda et al., 2006; Wang et al., 2006)
A, WEMOI2H ORFBERTIZ0~3% (F3H0.8%) T
Hoto THOH T I HNEIBIZ X B ANT O KR H

Table 4 BaP to BeP ratios measured during winter
season in Asia Pacific region.

Site Period BaP/BeP * Reference Site Period BaP/BeP * Reference
East China Sea East China Sea
Okinawa, Japan Dec., 2005 0.23-0.98 (0.48)  This work Okinawa, Japan Dec., 2005 0.23-0.98 (0.48)  This work

Miyako, Japan Winter, 1993-1994 0.49-0.59 (0.54)  Kaneyasu and Takada, 2004

and

Amami, Japan Winter, 1993-1994 0.32-0.73 (0.49)  Kaneyas da, 2004

Gosan, Korea Cold season, 2001-2004 0.34-2.36 (0.71)  Lee et al., 2006

North Pacific

Chichi-Jima, Japan Winter, 2002-2003 0.04-0.16 (0.09)  Kaneyasu et al., 2005

East Asian cities

Tokyo Winter, 1988-1989 0.86-1.23 (1.05) Kawamura, 2002

Sapporo, Japan Winter, 2001-2002  0.50-0.80 (0.58)  Simoneit et al., 2004

14 Chinese cities Jan., 2003 0.42-1.33 (0.85)  Wang et al., 2006
Beijing Heating season, 2003-2005  — (0.86) Okuda et al., 2006
Hong Kong Dec., 1993 0.28-0.63 (0.46)  Zheng et al., 1997

“Value in parenthesis is average.

Miyako, Japan Winter, 1993-1994  0.49-0.59 (0.54)  Kaneyasu and Takada, 2004

Amami, Japan Winter, 1993-1994  0.32-0.73 (0.49)  Kaneyasu and Takada, 2004

Gosan, Korea Cold season, 2001-2004 0.34-2.36 (0.71)  Lee et al., 2006
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Chichi-Jima, Japan Winter, 2002-2003 0.04-0.16 (0.09)  Kaneyasu et al., 2005
East Asian cities

Tokyo Winter, 1988-1989

0.86-1.23 (1.05)  Kawamura, 2002

Sapporo, Japan Winter, 2001-2002 0.50-0.80 (0.58)  Simoneit et al., 2004

14 Chinese cities Jan., 2003 0.42-1.33 (0.85)  Wang et al., 2006
Beijing Heating season, 2003-2005 (0.86) Okuda et al., 2006
Hong Kong Dec., 1993 0.28-0.63 (0.46)  Zheng et al., 1997

“Value in parenthesis is average.
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@ (1.5h) & PHE ®¥& (11h) X ) T &t
BNEBRPSREEINTEY (Brubaker and Hites,
1998), MALEFULANHESTS 5 & ANT/PHE oMK
THEFHEND, FeAETFMIS ORI T ANT/
PHE IAMEWZ & 205 b, AP NICEil < 7z PAH
O REEREOMIOtBRILIN - DTHL LE X
bbb,

IhECToORAEFRMBICE T 2 PAHEO B
T, PAH ORI 2> S B4 5 HETR (1 212,
LT RE D RRE - N A F ~ ABRBEB L O Ao
%) PO OHHOFELGPEMICRF I TE
(Hayakawa et al., 2002; Tang et al., 2005), L7®
L, AFMcEill ShaEsfio7Ta 7 4 vid, St
(LS DHEN D 57212, FAEFEOM G & BT
BTERWEEZOLND, iEo T, AWI%ETIZ, PAH
FOMBI A (2 HD < HEMIE OB B3 % 5EM 725k
MEITD R0,

AKFFZE D BLN B B b 03~50 D, B & K
B OMILETAMS I2X 5227 1 VLo BN 1T
bz (BRIEHD, 2006b). K7 ¥ 7T 5 K
TEHEO THRMNZH 2 BTz 7 0y Vo
ILERYEHBWORE]OFY (0.16+0.08)

3 REICIRE S

AT - Bl

A3, BN S A RILE O R (0.09+0.05) & [FF
JEDRRE o120 WHIE, T OREH LRI IEHE
FEN S, AT R O E OB & -
THBEW D S BALE BRI~ OEWDPHEA TV D ERIE
L7z0 AWF7ED BaP/BeP i 045Kz, =7u v
DA 5 F I (20068b) D% S HE
LTwk,

3.4 FEMEER & PAH BORE R
AWFZETHIE SN FH/ T & O PAH i1 0T
fii (Table1) (21, 3H (3.44ngm™®) >12H (1.06
ngm*) >4H (0.45ngm™®) >6H (0.03ngm™) @
BIRDSd 5 720 # PAH REEIZAFEB L OEFITHE
B o7 LDDHEOMMIEIT V7 KENLLD
ZHIEIC & IR E OB 2T, EoMHix
KD & OZFIAIC & o THFEE D 72 225 D%
BEZITWLEEZLNL, RIHDIEEHED /2
®, NOAA HYSPLIT 4 7V (Draxler et al., 2007)
TR A 5T L 720 TRBMERNT D45 1 %
Fig. 312" 9, 12A B L O8I AL VE F i il o 32 2
TT I T RIS 2 50 S BLAHICEE S 2 H 28
FR L7, WHTIEEDBHESUNEENL VDD
A (FHIZA, 2006a) , WHFMIZEHEINIZT A 5 —
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Fig. 3 Results of 4-day back-trajectory analyses for observations
in (a) December, (b) March, (c) April and (d) June.
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