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AER P AR 994 ugm P day ! PIEEDSE A o 724E13 2010 4ET 1530 ugm Pday ', PIGIEEEAS
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WATE 283 1) v MVICHREEL T, 2 EM LI TR YL
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413 2014 4T 214 ugm day ' 725720 TF O,
2008 41X 5 H 16 HA 55 H 26 H @ 2176 ugm *day ',
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a) Iron concentration in 2008 (ug m~ day™) b) in 2009 (ug m” day”)

Start date _End date  TC TF WC __WF

3718 324 5294 1927 319 599 376 318 6204 1210 044 400
3124 331 1739 1047 022 145 3/18 43 2674 966 040 050
331 414 2626 291 136 602 43 417 4711 698 097 167
414 516 8160 669 211 547 47 429 2474 958 073 189
516 526 6584 2176 173 862 4/29 514 265 5260 156 575
526 6/5 3599 — 173 374 5/14 529 7526 926 082 332
6/5 6/24 2125 564 681 512 529 6/16 1918 190 159 258
6124 74 3320 807 074 226 6/16 6/26 3644 1099 106 420
74 731 3385 655 185 537 6/26 76 2990 1202 069 362
7131 811 1176 - 083 413 76 717 2491 1012 042 250
8/11 820 325 - 027 055 n7 729 1430 770 042 236
8/20 828 1871 1025 033 009 729 88 2122 954 014 257
8/28 920 5682 1248 208 867 8/8 8/19 3369 659 079 255
929 10715 4059 164 085 386 8/19 8/28 187.1 685 026 076
10/1S 1028 3565 387 216 830 8/28 99 1505 597 021 185
10/28 17 2179 859 095 472 99 918 1345 974 052 519
1177 1126 2390 1184 057 385 9/18 9/28 2136 714 095 229
11126 12/9 1792 605 001 086 9/28 10/9 2189 710 039 240
120 1219 2193 709 072 039 10/9 1020 1083 1406 025 276
12/19 1226 1232 313 159 029 1020 12 2039 775 058 418
1/9 123 711 396 013 100 172 11/17 1235 128 086 441
1123 26 1414 908 028 251 1117 12/7 872 183 050 479
%6 220 513 27 004 062 127 1224 744 161 046 425
2120 3/6_2309 632 017 196 1/26 211 536 1278 212 516
211 2026 4394 4945 143 420

2/26 3/17 2559 9428 0.55 3.35

Start date_End date  TC TF WC__WF Start date _End date  TC TE WC __WF

¢) in 2010 (ug m” day") d) 2011 (pg m” day™)

Start dateEnd date  TC TE WC__WF

e) in 2012 (ug m” day™)
Start date End date  TC TF WC _WF

) in 2013 (ug m” day™)

Start date_End date _TC TF WC__WF Start date_End date _TC TF WC__WF

307 W5 6216 2024 133 430 378 325 1375 478 160 18
4/5 4/16 6173 1481 088 228 3/29 413 2721 465 199 749
416 428 3917 639 070 237 413 427 2177 661 166 34
128 510 7153 2375 117 3380 4727 S 429 215 082 106
5/10 521 3177 1510 033 056 s/11 5/28 2098 - 105 -
5/21 6/1 4023 1450 035 083 5/28 6/10 4741 259 300 451
6/1 614 3842 1771 095 210 6/10 624 1102 576 198 335
614 629 598 1539 093 247 6/24 715 72 2084 159 551
629 713170 1926 161 047 715 81 154 2017 163 268
713 726 619 2607 054 156 8/1 8/17 4693 173 112 446
126 8/9 3718 1278 079 504 8/17 91 1039 618 083 189
8/9 824 3226 1191 052 438 91 9/18 1365 - 068 165
8/24 93 5417 2128 116 602 918 10/4 1481 898 069 118
93 9/15 4772 2672 082 405 105 1019 1713 447 087 325
/15 9/29 3374 1340 052 119 1019 1031 1967 - 093 236
929 10415 2150 2239 062 200 1031 1/11 1942 658 022 073
10/15 1/1 2268 1131 083 3.09 Wi 1120 801 485 019 051
/1 126 4039 1355 030 145 11/21 122 104 50 019 156
11726 12/24 2525 912 045 182 122 12012 15 002 032
117 211 - 465 068 163 1212 1222 — 006 065
21 218 2546 — 128 641 1222 13— — 007 019
2/18 38 732 97 116 518 113 113 144 2440 250 320
113 217 415 596 007 007
217 2127 435 2474 098 095
2127 3/8 861 1508 098 095

g) in 2014 (ug m® day™) h) in 2015 (ug m* day™)

Start dateEnd date _TC TF WC___WF

3/8 3/18 484 1155 098 095 3/10 3/20 1139 355 113 315
318 4/1 1362 2574 295 286 3/20 3/30 694 278 1.09 397
4{1 4/11 1599 1818 0.14 079 3/30 49 639 53.6 110 417
4/11 4/15 1291 1270 339 217 4/9 4/19 1107 53.0 092 389
4/19 4/26 1503 1668 132 347 4/19 5/4 1234 579 113 375
4/26 5/8 6153 1715 137 383 5/4 5117 1159 493 080 093
5/8 518 399 1820 213 124 517 6/3 2194 746 076 214
5/18 5/28 1962 1825 180 188 6/3 6/17 1812 283 081 192
5/28 6/7 3286 1555 145 590 6/17 6/27 1268 407 147 149
6/7 6/18 4998 1970 114 273 6/27 7/8 1928 369 092 278
6/18 6/28 3354 2669 326 223 7/8 7/22 2072 432 084 -
6/28 7/9 7397 1881 123 4.09 7/22 8/12 2330 1084 056 168
7/9 719 3527 1877 159 588 8/12 8/30 107.5 487 016 134
719 7/30 4901 1251 274 261 8/30 9/24 1289 473 0.04 089
7/30 810 2403 1601 269 436 9/24 1074 180.5 498 025 025
8/10 821 3633 1422 563 539 10/4 1015 3916 1392 015 1.02
8/21 9/3 5114 1663 336 249 10/18 10/28 2258 881 011 167
93 9/15 4128 1652 520 565 10/28 1/8 2661 1366 039 074
9115 9/25 3551 2831 139 353 11/12 11/22 2510 2045 000 167
9/26 10/6 1572 1877 1.87 175 11/28 12/17 1752 606 0.07 020
10/6 10/16 2086 2024 248 285 1217 12127 1766 445 021 3.02
10/16 10/30 2093 1302 199 180 1/16 127 226 217 13 394
10/30 11712 1187 918 189 1.04 1/27 43 173 482 148 3.11
112 11/30 1707 1233 192 302
1211 12/11 1589 1666 159 318
12/11 12/26 2271 2788 265 473
1/8 /18 780 491 111 344
1/18 1/28 629 413 091 213
1/28 27 745 317 106 196
2/8 2/18 448 271 092 261
2/18 2/28 483 433 101 3.02
2/28 3/10 530 358 116 434

£ 2 2008 A5 2015 AFO T 1V O BRI EE O AR AT

) TC total iron in coarse particle (ug m™ day) b) TF total iron in fine pariticle (ng m* day”)

Year _Mean Maximum Date Year _Mean Maximum Date

2008 2844 4 8160 4/14/08 - S/1617 2008 790 116 2176  5/16/008 - 526008
2009 2478 336 7526 S/14/09 - SP9NT 2009 1457  39.8 9428 2126/10 - 3/7/10
2010 3364 a2l 7153 42810 - SA0N7 2010 1530 149 2672 9310 - 91510
2011 1450 27.8 4740 SP8M1 - 6N10NT 2011 80.5 184 247.4 MIN2 - 22712
2012 2610 334 7397 628012 - 7907 2012 1510 125 283.1 91512 - 92512
2013 1472 175 3916 104013 - 101517 2013 652 9. 2045 L1213 - 112213
2014521105 1644 424/14 - S8N7 2014 214 7.0 995 4/10/14 - __424/14

) WC water soluble iron in coarse particle (ug m™ day") d) WE water soluble iron in fine particle (ug m™ day")

Year _Mean _ SE. _Maximum Date Year _Mean _S.E._Maximum Date

2008 128 030 681 G508 - 624008 2008 358 0.6 8.67 8728108 - 9/29/08
2009 074 0.10 212 126010 - 211710 2009 320 027 575 429009 - 5/14/09
2010 081 0.08 161 62917 - 71317 2010 286 038 641 2111 - 218011
2011 103 016 300 52811 - 6/10/11 2011 224 038 7.49 32911 - 413/
2012 201 021 563 81012 - 82112 2012 306 025 5.90 52812 - 6712
2013 068 0.0 148 12714 - 43/14 2013 217 027 417 33013 - 4913
2004 187 035 614 4R414 - 58714 2014 231 028 546 42404 - S84

2015 1.99 031 5.4 102815 - 11/11/15 2015 4.02 0.71 13.13 4/29/15 - 5/13/15

2000 4E 132 H 26 H A 53 H7H D928 ugm *day ',
2010 46 129 A3 H A 59H 15 H » 2672ugm *day ',
2011 4E &2 H 17 H A 5 2 H 27 H @ 2474 ugm *day ',
2012412 9 H 15 H 25 9 A 25 H @ 2831 ugm day ',
20134E 13X 11 A 12 B2 5 1 A 22 A @ 2045 ugm *day ',
2014 45134 H 11 H2 5 4 4 24 H® 995ugm *day ' T
HY, TCHENPSEIZHEPLZZLIZHLT, TF O
JEDTEL R AEHIIHEEKD 20085 — 23 B 2 LS
bho f:o

o) 1I2WC OFEHREZRT, WC O 8 4E[FIyiR

4/10 424 277 995 305 292 4/1 415 — 1.01 4.54
4/24 5/8 1644 - 614 546 4/15 429 — - 3.44 831
5/8 521 334 44 246 126 4129 SN3 - - 514 1313
521 6/5 1423 70.1 332 192 5/13 527 - - 131 465
6/5 6/19 895 13.6 059 245 5/27 6/10 - - 093 609
/19 73 487 154 084 250 6/10 6/24 - - L60 232
13 717 689 264 302 275 6/24 718 - - 109 126
717 7/31 488 311 075 22 718 722 - - 275 573
7431 814 477 7.0 091 445 7122 8/5 -— — 1.26 4.40
8/14 911 153 90 091 172 8/5 819 - - 249 742
9/11 925 50 253 062 135 8/19 92 - - 135 119
925 1019 152 85 1.03 118 92 916 - - 040 067
10/9 1023 438 89 153 163 9/16 9/30 - - L76 122
10/23 1176 317 155 241 193 9/30 10/14  — — 065 054
11/6 11720 385 - 124 117 10/14 10128 — - 283 446
11/20 12/4 200 76 1.68 232 10/28 111 — - 514 6381
12/4 12/19 444 73 128 204 1mm 1125 — - 058 249
11/25 129 — — 265 014

12/9 1223 — - 292 595

12/23 1113 - - 243 201

1/13 127 — 013 098

BEE A5 1.30ugm Pday !, i b FHIREDE D o 224E X
2012 40 201 pgm *day ", IR AMEA > 72 D1F 2013
£ 068 ugm *day ' 7F o720 WC O 2008 4 0 KA X
6 H5H2 5624 H®681ugm *day !, 2009 4E 13 1
H26H252H 11 HO 212ugm *day ', 2010 413 6 J
20 HA5 7 H 13 H® 161 ugm *day ", 2011 4£13 5 J 28
H#56H10 H® 300ugm *day ', 201243 8 A 10 H
258 A 21 H563ugm *day ', 20134E13 1 H 27 H 5
4H3H®148ugm *day !, 2014 4134 H 24 H 5 55
8 H®D614ugm *day ', 2015 41210 H 28 H A 5 11
H11 H®514ugm *day ' 725720 WC O RMEIZE L
T, TC, TF LHARTE ITFEHIN R RITIED > 72,
o d) 12 WF oftiti xRy, WF O 8 4 F1i
BE1d 293 ugm P day !, i b FIGBEDE D o 7241 2012
ED 402 ugm " day !, FIIRE KA - 72 D 1% 2013 4
» 217 ugm *day ' 725 720 WF @ KA, 2008 4E 13
8H28HA59H 29 H®867ugm >day ', 2009 4 13 4
H29H»55H 14 HD 575 ugm *day ', 2010 4E1x 2 H
I1H252H 18 H® 641 ugm *day ', 2011 4E 12 3 A 29
H25 4 H 13 H®D 749 ugm *day ', 2012 4E13 5 H 28 H
56 H7H®590ugm *day !, 2013 4£1& 3 7 30 H »
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54H9H®417ugm *day” !, 2014 4E X4 H 24 H 5
5H8H®546ugm *day ', 20154E 134 A 29H 2 55
H 13 H® 1313 ugm *day ' 72572 WC & 8% ) WF @
IKIEEL, TC, TF MMELIZE Bl S i Twiz,

3.2 I7OVIVhOHKBREDELE)

X 11248 2008 4E2> 5 2015 4AE D LB & 7R$ . Mo
BIERE AL & TCIE7HEMEZ#EL TRAPBEINCH Y,
TFZIZIEZHITVTH D, TZORDS, KRTDIE)
AT AIZHARTEOEHEREDL N LA o Tz,

X 2 \ZAKIEMESR D 2008 4E 5 2016 EDEF % R, =
D S KEEFRR T 13 4 XI2BDb S S4EMm L TIE
EHIEWTH o720 T2, ZORDS, NRFDIT) DK
B HARTKRERGDOEH RIS NI LAbh o7z,

120K 2AHF 25 i, 2008405607
EMTIZT7TO YNNI L > THEIF S NS H$OBRIZTRD LT
WRIZHEDLL T, KEMFORIZIZIZED > TV,
AT B ARBEESOBE ST LAMMLTw5 LI
R2BDT, 33 TZOHEGZEILET 5,

3.3 28K T BKBMEHKDILDFLEE

B 312, AERITH§ 2 KETESR D o 2008 42> 5 2015
EOLEEZRT o b, DIRMH O 720K & 155
B o R & WA EHUIORT-, BB 3RIS, KT
HOFG IR LAMENCH L, TNERLE, —
52013 4F LLRERR/INVRE £ O E 523, 2014 4RI IORIKL - 0
FEDBMLCTWB XD IR 720 4. TEET S,

4. & =

FF, Lo TEHKIREICEDND L &) R
B2 AT o 120 FOREE, P AHIZ 0001 KT
HY, PR 1IDIIEEADDLEVFILET H72D,
Vv 7z DEEIBREE W THEET- 720 1% D
HEKEDOHERRENS, FELTFHIODR 1, F
By 2, FHEVZ D O30T V=TI L7,
B 412, ko VIBEIC X BENSHZRT . TC O
JEIL, 2011 4 & 2013 4RI TH D, 2008 4E, 2009 45,
2010 4E & 2012 4 X D B, 2014 4E72 25 L D
KW Vv— 772572, TF O, 2008 4F & 2013 4E 12
ST, 2009 4E, 2010 4E, 2012 4E 1285 <, 2011 4E, 2014
FATH A o 72 TC & TF AT & 2 o 72 D13 2009 4E,
2013 4EC, FIMED o 72DIF, 2014 E5TF 5 72,

ARIETESRIRIE D AEIC X 03D 5 0 & EFFEKIC 1% O

BAKMETY 2 v 7 2 OLEIBHEZ IV CTHH L7z
X512, X4 OGRS %65 L7 KBS0 FYi
S X BAER % RS, WC ORI, 2008 4F & 2010
4, 2011 4%, 2014 4EASEHETH Y, 2009 4F, 2013 425
I DAL, 2012 4E, 2015 4EASFH L D BV IV —T 75
7o WRICHILTIE, Y2y 7204 EHERETIIET L
DHEBEVBRON o720 LBLGHDDH, 576 WF
DRI RNV ZAL DS Z B 720, v —Y —
TANT AADEEIBME R B B\, 25% OFEK

< Total
1400 ® Coarse

2 Fine
1200 3 — y=-0.1280x + 5545.1 (Total)

- y=-0.0958x+4118.2 (Coarse)
1000 - y=-0.0264x+1183.0 (Fine)

Iron concentration (ug/m?/day)

Year
1 =79V V4o 2008 4E5 5 2015 F D). Mo
O TC & TF AR %2R L, @k TC, Ak TF #hEh
OBMEZ R T, FABICER (v=—01280x+5545.1, r=
—-0.3879) 13 TC & TF ©ofl1, i (v=—0.0958x+4118.2,
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Summary : Atmospheric aerosol not only affects global earth radiation balance but also the supply of
trace metal to the ocean, which directly affects the phytoplankton growth, the bottom production of the
marine ecosystem. The subarctic North Pacific is known as a higher productivity area of marine
organisms, but a part of it is the HNLC (High Nutrient Low Chlorophyll) area where primary production
is limited due to iron deficiency. There are two routes as a source of iron supply to the subarctic North
Pacific. One of the routes is an oceanic route discharged from the Amur River through the Sea of
Okhotsk to the North Pacific Ocean and the other route is the atmospheric route carried by the monsoon
wind from the Asian continent. In recent years, an increase in yellow sand has been reported, and
estimating the supply of iron transported by the seasonal wind from the continent to the North Pacific is
valuable for estimating future marine biological production. In this research, the total iron concentration
in the aerosol over the Abashiri area was measured for seven years from 2008 to 2014 and the water
soluble iron concentration in the aerosol was measured during eight years from 2008 to 2015, and each
iron concentration was measured separately for coarse particles (2.1 um) and fine particles (<Z2.1 um).
The result showed the total iron concentration in the coarse particles was 2105 ugm >day ! on average
for seven years, 3364 ugm *day ' for 2010 when the average concentration was the highest and 52.1 ug
m *day ! for 2014 when the average concentration was lowest. The water soluble iron concentration in
the coarse particles was 1.30 pgm *day ' on average for eight years, 201 pgm >day ' for 2012 when the
average concentration was the highest and 0.68 ugm >day ™' for 2013 when the average concentration
was lowest. The total iron concentration in the fine particles was 994 ugm “day ' on average for seven
vears, 153.0 ugm *day ! for 2010 when the average concentration was the highest and 214 ugm *day "
for 2014 when the average concentration was lowest. The water soluble iron concentration in the fine
particles was 293 ugm *day ' on average for eight years, 402 ugm *day ! for 2015 when the average
concentration was the highest and 2.17 ugm *day ! for 2013 when the average concentration was lowest.
Although the total iron concentration was on a decreasing trend throughout the whole observation
period, the concentration of the water-soluble iron in coarse particles was increasing and the water-
soluble iron concentration in fine particles remained flat. In conclusion, the concentration of water-soluble
iron in aerosol particles transported to the North Pacific via the atmosphere, which directly affects
primary production, is slightly increasing.

Key words : Atmospheric aerosol, Iron supply, HNLC area, Sea of Okhotsk, Subarctic North Pacific
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