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Seasonal variation of carbonaceous and metal compositions of
atmospheric aerosols at Syowa Station, Antarctica in 2001
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Abstract: Antarctic aerosols collected at Syowa Station in 2001 were
analyzed to investigate their seasonal variations and long-range transport of
anthropogenic aerosols. The measured chemical species were elemental carbon
and organic carbon, and metals such as Al, V, Cr, Mn, Fe, Co, Ni, Zn and Pb.
Concentration of elemental carbon was relatively low in April-June and was
high in March, October and November. The concentrations of Al, V, Co, Ni
and Pb were sometimes lower than the detection limits. Spikes of the highest
concentrations of V, Cr, Fe, Co, Ni, Zn and Pb were recorded in August
-October. The enrichment factors were high during blizzards. This indicates
that air masses containing anthropogenic aerosols were transported to Antar-
ctica by low-pressure system perturbation.
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B DB A TR D 12012, BIEMICB W TRRAL 7 v Y V2t LS
Mrliz, HIE L by fily, KRB L OERERSRE, €EESE LT
Al, V, Cr, Mn, Fe, Co, Ni, Zn, LT Pb Th 3. TTLERREDWELE
i 4-6 Bz THIINCIEL, 38, 1032 LC 1l HZE» -7z, Al V,
Co, Ni, Pb DEERREERUTTH S Z L83%»r->72. V, Cr, Fe, Co,
Ni, Zn, Pb DEE X 8-10 HIZZeH Uil 2 2ifk L 7c. ABNSENC X
LZRBART O 0V OMEADOFERZFHIT 2 720, S&EEKS D5
MERE R E U, IBHEREIE 7Y W — R BIHI S M7z BARTIC & < e 5 (A
BRLI:Z EpS, EBRIEELICHEWALSLELT 7 0 Va2 &S5 FEiK
KBEF THIE SN TR E 2 55,

. IUC®»I

MEAGTOT 7 0 YV IVIMEEE TH 205, KEH TOYEEE L, K@t
U CEBEREEHZR] L Tw5 (Shaw, 1988), FEfiZ 7 v V)LV O FEE 2 NAFEE» S
ELBEN T WA I, Ny 7 7Ty Ry a Y VOREEHOPEICHE LG TH 5.
I7uYNVORS EIREE, RAROVBERERCE T 2EHRFE LD 55, =7 a Y vfie
HENDABEERSZHET 2 LX), ABEBEHORKANOEELHEET 2 2 &
T& 5, ANA&RFERS & L TFRIRE (LUF, EC) ALK /N1 4 < 2 DBRBEC &
DRELIEEOBEN G EH, s BRFERTRIRICEE 2S5 2% (Haywood and
Shine, 1995),

55 38 RHAm MBI (LIF, H£~KE) » 6 [FElAK - WEEREH] o 7o
Y7 MBS ST (Yamanouchi ef al, 1999), 27 a Y =7 b OXNRYIE X, EE
R AT TR, KE&Z7aVyVvb&EhTw5, 5§42 XEOEHO—ELE LT, E
FEHICBWTKRRAL 7 B Y VORERTo 72, NAREL 7 0 VOREFREZHEE T 2
eIz, REHSB L UOMESBEESOHEERITo%. LT, ZhsORERBRE»SIE
MEHCER S hic =7 oy ety 2 ARG X 2 T 510 o0» Ciland 5.

2. K %

KR 7 1YV OMEIZBRE OB TEML 72, SRR Th % 7
B, REMEDIBHBOILEICMET 27 —7 VT y 7R 07, B E»s
475m Th5, RKT7aV ik, i~ 4 2 — (Pallflex 2500 QAT-UP) £ 7 7 1
> 7 4 )% — (Sumitomo, Fluoropore FP-1000) IZHifE L7z, > 7)) > 7wz T =
80 L/min. & 55 L/min. Th -7z, GAHHiET 4+ V5 —% b S5 U 850°C T 2 Ky
B, RERSZRE LT, BEEFED 300 ms FREFIGE LIRS T, 7407 —2755HaL
7o, HEHIOFEEHES, HERMOPELY A X 2EREZH S0, SEHTOBMIED L <
FERRIC D 500 72 R A RGO fiE &2 B L, JEESY 3 m/s LT S U < i3, EAssbE
FN DRI FE TR 7OBEFEYID, =7V VvomELREERELL. £/, HEOD
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B AR %S FEpEE S S BRI b, MERLEE I L 0 EREZT, MErELRL. BIED
EREEHERT 270, THCT 7 > 73 B2 ER L 7.

FSEHE 7 1« VY — ISR S NI RBEGHIRBEFIC K DV HE L 72, #kle NC 7 2
4 % — (Sumitomo Chemical, Sumigraph NC-80) IZ & ¥ 850°C TIRBE = &, FH4 L7z CO,
= 7 VT CH, ICEIL L, #AZa~ k27 F 7 (Shimadzu, GC-14A) TEET 5
ZEwckb, RFEEFWPE L (Ohta and Okita, 1984), 7 4 V8 —%FHIYID, P4
B RFHST (TC) DBEEIWCHERA L, bS5 HTO7 4 vy —1F, RZEFEHSH T 30 43
300°C B L THBEBSR (0C) ZErE L4, EC OREWHA L. TC & EC D%
OoC & L7z,

T70ay7 4 Y =YY, wEE (Ultrapur, Kanto Kagaku) & 7 v b/KEEE
(Ultrapur, Kanto Kagaku), #&ffizk (18.3 MQ cm™!, Mili-Q water) DRESRICEL, &
FEEP TSI ETHEL D7 oY Vet Lz, WRhOSERSRER, FEES
7o A~BEONTERE (ICP-MS; Yokogawa Analytical Systems, HP4500) THlE L 7z.

3. RRKUOFHE

MR CBIll S iz =7 a V)V, KRB OEREEOFHZEZR 1 rd. Kf
D A, B, C IZBHBSREEFRFIESR L7 7 )V — FOEfE RS, 77 > 70K
FERSOMMHRERER 1 IRT, ThZhORB CHRERENREL LD, 77V 7fEd
FNZNOMEHTRL>TWE, 22T, MEREOR/ME, FHE, RN
277 v 7 EOWE EBHERAE LR LR Uz, B ICI3ERETEOFHEIC T T 58
HIBRA 2R U7z, U, R CRMERN 2 77 > 7 OfFREED 25 L. £z,
Bl o Bk & ORFRISRERAUTORERR TH 2 2 £ 9. EC DIREIZ 0.0026-
0.215 yg/m?, OC DOIRE 1 0.18-2.90 pg/m® OFFHThH > 7z, 1991 4 12 HiziAFIEHIC B
WTHIE S 7z EC 8L U OC O¥EEX, 121 0017 £ 0.026 yug/m®* THh -7z (Nishi-
kawa, et al, 1991), EC OEEIIAWIEOBERER L —FL Twizh’, OC OIREEIFAMT
2 DENE D TH > 7. Huebert and Charlson (2000) %, OC IZIEd L L ZEDEER D
D LR L7z, Kim et al (2001) 1%, PM2.5 @ OC @ 30% 3E FOBEZETH 5 Ll

x1 REMI TV VDT TV I1E
Table 1. Blank values of carbonaceous elements.

Sampling Vol. [m*] EC oC

Average of blank Minimum 8.5 18.6
(Standard deviation of blank) 149.8 (7.6) (8.1)
[ng/m?] Average 3.0 6.6

421.6 2.7 29

Maximum 1.7 3.6

763.7 (1.5 (1.6)
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Fig. 1. Seasonal variation of mass concentration of carbonaceous aerosols at Syowa Station.
Letters such as A, B and C, denote the blizzard classes recorded by the JARE
Meteorological Observation Group during each sampling period. The bar with broken line
denotes no data. White bars below the figure indicate that the concentrations were lower
than the detection limits. Dotted lines show the detection limits in the case of average
sampling volume.

L7z, 2o DRER, AREOD ADNAIEFHE7 4 vy — BT 5 2 ik V5[ EiE
NG, KR TIIEBRED T A DEIMNME 7 1 V8 — O & OFHl % i L T
iz, OC RS 2 E R L R TH 2. EC ORI 4-6 Ao 0 THx!
FIz&<, 38, 10 A, 11 Aic@my» o7, EC 2&t 70V vid, AMEENC L 2 F4ETH
DOFELRZIT TS EH2 55 (Wolff and Cachier, 1998), A D7) ¥ — R HSHIFI1E:
HITEI S 7z 9 A 13-20 HORM, HIMHE 7 « V8 —DHET Twiz 729, EC & OC 1ZR
HThHo7z.

RRX7 a VY VHOESBEBESREORERREZEK2 B LUK 2 R d., REHS L Rk
77 v 7 EEENRZENOFEIC X > TR2 20T, BAEBROR/IME, FIHE, &
KB T 2 M R OB Rz b R 2 1R L e, BRI 7 7 >~ 7 EOEHERZED 2
fiE L Uiz, MHBERZ TR - iR, MbhtcafkSicL LK, Al V, Co, Ni, Pb
DIEFEX, RHERFZ TE 2 MRS 1o 7. 22 NOEE DULE O UK 7% /%
BxAsonsrole, 7z, TNZNOYEOZE#IE L > Tniz, 8-10 I T, V,
Cr, Fe, Co, Ni, Zn, Pb [3ZEFHMNCIREDEML, kEEEERGFKLIZ. —H, AlEV
33 A REEE 2R L, Al OWEEZ, 3 003K T 1.0ng/m® 282 7253, Do
fHix 0.2-0.4 ng/m® FRE ThH - 7z, B TBU S 1u7z Al O OV L, 0.3 ng/
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Fig. 2. Seasonal pattern of metal concentrations of atmospheric aerosols. White bars indicate
that the concentrations were lower than the detection limits. Dotted lines show the
detection limits in the case of average sampling volume.

mi & V&< (Cunningham and Zoller, 1981), REFIEHITONEHKED Al OPELES 13 RS
LRBETH Sz, ALIZHEROELERERTH Y, ALIBEOHEINE, =7 vy rdict
BUHRTOREENTWE I ERRBL TW5, FEEM & KR EEICAIE T 2, Mk
FEFVIYa—VEDOT T VNVEMTEEIS L ALEEX, B CEN S i@
XV E» o7z (Artaxo, et al, 1992), FERRE O 7 O VEM L RS 2 &, BRI
K oK T 2 TIEERTFOFSMENZ EXFEZ 6N,

AHEEENC & AT O 7 v Y )V O ORE LT $ 5 720, BiEREE T
U7z, ORI, HBEBHICHEAET 2 EH 2605 Al ZEEYE L L, sfHRe L
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Table 2. Seasonal variations of metal concentrations at Syowa Station, Antarctica in 2001.

Begin date End date  Sampling Vol. Mass concentration [ng/m?]
(UT) (UT) [m?] Na Mg Al Ca v Cr Mn Fe Co Ni Zn Pb
2001/3/1 1916 3/8 1054 445.6 63 8.0 3.48 1.9 00107 0.96 0.141 5.76  0.0058 0.41 0.450  0.0101
2001/3/8 1120 3/22 0522 4924 36 4.1 0.35 0.8 - - 0.012 0.60 - - 0.038  0.0040
2001/3/22 1926 4/5 1100 411.0 117 12.6 0.23 20 - 0.20 0.020 0.95 - - 0.085 -
2001/4/5 1138 4/16 1145 388.8 97 11.0 0.19 20 0.0033 0.93 0.088 310 0.0055 0.36 0.172 0.0049
4/16 1320 4/28 0807 376.8 198 225 025 37 - 0.26 0.028 099  0.0038 - 0.107 -
4/30 1403 5/8 1154 388.8 70 8.8 - 1.4 0.0020 0.58 0.062 194  0.0041 0.23 0.09  0.0153
5/8 1312 5/14 1921 3715 47 6.0 1.34 12 - 0.18 0.033 0.67 - - 0041 0.0046
5719 1147 5/21 0439 130.7 68 7.6 - L1 - - - - - - 0.054 -
5/25 0646 5/31 0711 393.7 82 9.4 0.21 1.4 - - - - - - 0.018 -
6/7 1501 6/10 1422 167.8 181 214 - 3.0 - 0.25 - 0.73 - - 0.007 -
6/14 0649 6/20 0449 2247 356 39.6 - 6.1 - 0.48 0.028 179 0.0065 - 0.080  0.0047
6/21 1216 6/28 0553 165.8 67 9.2 - 1.0 - - - - - - - -
7/2 0554 7/7 0532 210.1 92 10.8 - 1.4 - 0.37 0.026 0.88 - 0.33 0.010 -
7/8 1027 7/13 1316 164.7 472 57.3 - 85 - - - - - - - -
7/14 0434 7/15 1606 121.9 41 54 - 0.7 - - - - - - - -
7/21 1904 7/23 2317 173.1 174 19.8 - 29 - - - 0.77 - - 0.016 -
7/25 1131 8/1 1851 100.7 62 8.2 = 0.8 - - - - - - - -
8/3 0729 8/13 0542 339.1 556 61.5 - 9.5 0.0028 0.46 0.048 1.39  0.0081 - 0.073 -
8/13 0735 8/21 0055 200.6 170 220 - 3.5 0.0070 2.08 0.275 6.50  0.0145 0.89 0.306  0.0222
8/21 1722 9/4 1154 2138 165 20.3 - 29 - - - - - - 0.009 -
9/4 1330 9/12 0824 2738 98 1.7 - 1.6 - - - - - - - -
9/13 0305 9/20 0537 3260 O.R. 58.0 0.60 120 0.0054 0.92 2.248 336 0.0142 0.53 2772 00117
9/20 0810 9/30 1447 283.0 281 33.6 - 52 - - - - - - 0.030 -
9/30 1844 10/5 1728 161.6 872 1015 - 154 - - - - 0.0088 - 0.192 -
10/5 1839 10/12 0032 2712 190 249 - 35 - - - - - - 0.014 -
10712 1334 10/22 1309 219.6 152 17.7 0.32 38 - - - 1.05 - - 0.106  0.0313
10724 0515 11/3 0600 237.0 163 18.6 - 39 - - - 0.89 - - 0.103 -
11/3 1750 11/13 0530 405.7 149 14.9 1.06 34 - - - 0.69 - - 0.059  0.0032
11713 0618 11721 1543 295.1 159 16.5 - 35 - - - 0.58 - - 0.005  0.0044
11721 1944 11726 1205 294.8 107 11.0 - 24 - - - 0.74 - - 0.205 -
11726 2220 12/1 1029 262.3 164 17.6 - 3.6 - - - 0.55 - - 0.023 -
12/2 0425 12/11 0842 3250 87 9.2 - 1.9 = = = = = = 0.054 -
12/11 1347 12/21 1109 405.5 135 13.1 = 2.8 — — — — — — 0.061 —
Na Mg Al Ca \ Cr Mn Fe Co Ni Zn Pb
Average of blank Minimum 126 0375 0941 —0.501 00164 —0.061  0.0273 0.890  0.0065 0.175  0.1665  0.0122
(Standard deviation of blank) 100.7 (091) (0.159) (0.327) (0.134) (0.0038) (0.184) (0.0196) (0.571) (0.0049) (0.313) (0.0041) (0.0051)
[ng/m?] Average 045 0135 0338 —0.180 00059 —0.022 0.0098 0320 0.0024 0.063  0.0599  0.0044
280.1 (0.33) (0.057) (0.118) (0.048) (0.0014)  (0.066) (0.0070) (0.206) (0.0018) (0.112) (0.0015) (0.0018)
Maximum 026 0077 0.193 —0.103 00034 —0012 00056  0.82 00013 0036 00341 00025
4924 (0.19) (0.032) (0.067) (0.027) (0.0008) (0.038) (0.0040) (0.117) (0.0010) (0.064) (0.0008) (0.0010)

—indicates lower than detection limit.
O.R. denotes over range of instrument.

Te G O#EEF T O AL T 2 P REGE L, BIEINBOBODRELE DT
H5. EF GRATEESI NS,
EF= (X/Al aerosor/ (X/Al) crusts

ZIZTXEALWE, ZRENHRE LTS E AlOREERRL Tw 5, HER TOKS
IR 13 Bowen (1966) DIEZEH L7z, @FKED S B, B X ZF50HEO ALREIHIE
RAUT CTh o778, EHERBUIMRERA % LRl BRI OWTOAFHE L, R
% 3127”9, Cr, Ni, Zn, Pb OIEMFFREEE L, Fric4 H, 9 H, 10 HzE» > 7. Cr,
Pb, Zn i, 7 AV A, 77V H, A—A 7V 7 TOAEEE, TV, ~v—,
avd, ¥YrEy, FLTAH—A M) 7IRBU BFEHSEOHITORHIC X > TRK
A S NIcESBENSICRERAL Twb £ 2 545 (Planchon, et al, 2002), ¥HEfR
Bmm»otz4 H5-16 H, 9 H13-20 H, 10 A 12-22 HIc 7 ) ¥ — Rl s iz, 8 H
1321 Hb 7V ¥ — F»8E#l &, Cr, Fe, Co, Ni, Zn, Pb BEEETH 7212 b
boT ALEEPHRERALUT Cho o /o®, BiERBUIEHTE o2, ThoDE
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Fig. 3. Seasonal variation of enrichment factor (EF) values. Samples in which the concentra-
tions of metals were lower than the detection limits are not shown.

LT % 508k L e RSB OEMEREAE W Z L ZBBICEGTE 5. COBMD X 512,
7)W= N IRk S 1720 Al DRHIR AT TH o 7o 7 O IO BRI EH TE kb o
ToHARE DN IE I B FAE L T2, TG B W T, 7Y ¥ — N IHRBIHIE DR S E L
W&o THET 20, AREBIHROFEEFE L, SHH Sz =7 vy ik &R K
K[UEOBEELIC A, FRARE & Tl S W aJREENF 2 o b,

EBEESBREN R, b L IZRERED EORIZ, 4 HE 8-I0 HTh o7, Lal,
EC OBEEIZ LT L H ZOMMICE < 137 <, 4 BIZ#ic EC OB RWEAT
Hotlz., TORVEWE, HMEMTHI SRR 7 0 VIV ORSEE ZE R KT
7, AMNGENCERNT 2 =7 vV VEERE L CEBOBENGFEEL, £/, ThLo0FH
SRRHC X 0B 270 Fz 605,

4. ¥ & ¥
2001 £EICHBRIEMIZ B W T, KR 7 0 VY VHORERS B L CLERS DI 2 H5E
L7z, EC O IX 0.0026-0.215 gg/m?, OC DILEE X 0.18-2.90 pg/m® DHFFATH - 7z, &
B DM IR R BHIEB 2R &S Ko, 2, FRETNOWEOZEEIIE L 5 T
Wiz, 8-10 Az 3¢, V, Cr, Fe, Co, Ni, Zn, Pb IZZ2FMNCIEEEEIIL, &l
ERFIER LIz, Al & VIZ 3 BicimBE 2m Lz, ARG X érﬁ@kfwﬁ@rﬁz Vi
WV DR AN DR % T3 5 729, EWHERBEZFIE L7z, Cr, Ni, Zn, Pb ORMEHREILE
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<, Bic4H, 9A, 10 HIZE» o7, Cr, Pb, Znld, M7 AV A, 77V %, #LC
A=A 707 TOABEINC & > TREFNFEH S N ESBEHSICERL Tw b e %
265, 7)Y — RS fL AR IR EREREYE <, ARREBEIHSROFEAEIED & 1)
a7 v Ve SRR, (EKEOETLICH WA £ Tk S L7 aJRetEss
Ezoh5,

FARAREICTRK L 7o KR 7 0 VYV ORFEERE T 2 72012, =7 1Y VOFERESO
HEZ T TR, RENGERCHEEY E— ey Yy 7T — 9 2EMT % 2 L L EIC
BBHTH>9.

i
FERIFEHIC B T 2 27 0V VOB 1w 12 & £ Lz, 56 42 REKOBK B SO0 T
BV LET. 7, RRZ 7Y VOSTICEL CIHEEW R &L LILUE &
K, REERK, ZWHXEBR, 2L INHAFRCELS BHLAEL LT ET.
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