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WEEEALEIgE 56355% 25 SH44E10H



AP Lo 72— B DLATIZ 137K 150 m
DI AV NNT Y TOEWREL /ST T
7 ApEEmMLGO 7z (M2). EORKE 2o
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ZRBDOPOC 7T ADYA LT e, LHEH
T- ORI I3 140m H & BEE D 57z
(Honda et al. 2009). —7, 2010-2011 412, &
W5E FUK2 & A B E ST (30°N / 145°E)
DIKEE 500 m & 7K 4800 m (2 RYIR Y X~
FNrT Y TERRELIZESA, 20114E3AICE
A L 7B AR B — R T BT U kO
BEHEL > Aot S vz, miH ke, kg
500m+ty A b bJy 7 TIE20114E3 H 25 H
~4H6HICHESINZLBERT 25
4800m Y Ay kT v 7T, ~KE‘ZD, 4
A6 H~4H 18 HICH%E S N7z LBk T2 & i
BrHEE A s (K3). ¥y I 2
L= a v CHELNZEHE~OREHEE > 7 4
OFERY S, BER K2 (S1) TiEERRED
5K 500 m £ TORGHE Y > T & DL REEE
1% 22-46 (21-76)m, H, T #h 7 & b 7K % 500~
4800 m [ 1L 180m,~ H LL 1= & AAE b & 7z
(Honda et al. 2013). 7272L K2 T X h EHfio
B OAE R, K2 Ok 500 m (2% S 72 it
Pty AREDS, K 4800 m |24 Tk S L
ToREHERER A AT 9 5 & TEREEEE IR 4 122 <
Y, FHIIEHS0m HTHLHI LN
Mol TNEPHOLDE Ky MX—T 17
VT EIHEN B U S A TEEEDSE W LY
KEGRTIE o Tl % iE#% S NP, £
DR & 2 AZTERER EE D Wil ok 112
B AFEFNTIHFEL Tz HE SN/ (Honda
and Kawakami, 2014).

K G

(3) NF Xk

— A2 POC b L IZAMEM ik & 0 %R
/NS W DIZHARTIZEIJLRE L 2 \Whs, B
AEKEE L) S E BRI T 5 2 L THEY)
WEEDTREE 2B, COWEENT AL (§E) &
RO, D X9 735 A+ A3 POC DR %12
HELL T2 o, 21 LIS A D I I #ER &
NTE7. HoHRCIEEREDE (7VvI /7
A BRI EERSND, £ OEE TR
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TR ZOEEPRSREVRERA VY T LS EE
ThbIZErHmE SN/ (Bl Z1F Francois et al.
2002). L22LINns D% omEILEFE 7
T 7 ADBIHFERTH Y, FEINZBE)DEM S
NCTVBLUFEEEDRD - 72, BT
WikFET T v 7 ADHEEITKE L R L0134
A INN—=NT Ty 7 APRKREL BDLETH 7.
ZFZTK2RKNOT D+tEY A ¥ kT v TR
FIEM T 5 POC 7 9 v 7 Z12xt§ 5 ik
VA IS IR OV L REREWE T T
7 ADLGEEIRN AT 72, COREE, EYHREIE
F8= )& POC 75 v 7 AOHBBERI I D il
K70, B &AL Tl ARk 4
IN= IV DINT A NPRDVE N EHRBE SN
(Honda and Watanabe 2010).

(4) POC77 v 7 ZADHREEILREZTDREE
£3}

CO, WUz AR Y THEOIRIEL LT,
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FACHE AL ET O VA Y N Ty T
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FRACAS PR L SE R - BT A W ER A Lo LB 7
(EFRK2S1 702 = 7 » : Honda et al. 2017) T
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¥) OKIR, BRI S\ 7oA X
B T FREE DB IR Th 5. 2 2 TR
B R\ AKAE 3 B TR O i 35 5 F T D%
B, K, BHEBRETNENOSREE %
RE L7 CORKRE, BREROENTH 2,
KD FNTHI K%, SLICBITAMAEWIZL S
R SR PR FE S W T R ATRIZ S 7z (IX5).
Hi & 17z POC 73 s O s /A 1d, &2 A
YENZ ST E NI POC 7 T v 7 ADE
EZAL & AN Td - 72 (Honda 2020).

4. VA MMy TBBTHRLONEZD

fDHE

(1) R FBREMRBEMTEY O KFix

KE v Xk — Vil ENgE i (WHOD 2%
1989-1990 FFICFEfE L 7oA R —Y 7 I BT 5+
ANy TR, B XU 1991-1992 4E |25
fL72R=1) Y THEICBI ALY A N NT T
BUA T S N TRBERL T Hr R ER 1 LV 2 7 2 D
HirF ('C) BEXMNE L. ZofER "Ck
FELFFEIAR L CTB Y, MIToRE, RERIILVY
Y LSRR S TR O gk MC R A R L
TW5EZ ENHLNE %572 (Honda 1996). K
12 1993-1995 4F 12Kt L 725 F- g b 5 7
WHHCEBL7-EY A Ty TBHITEO R
72k BERL T POC @ "CEEAMIE L2, 2D
FER, "CREEEBIEKO "CRELY BIES
PR NEZ R L7z, K "ClEE R TEK &
U T3 23K > il e h o v WA B
RFEDRADE Z HNTz. &2 ClFERBHEKD
UCUREE LY iR HERE Y R A B R E 0 NC
BEALY FAYN=LLTEI ATy T
THHESNTARREORBEEZIEE L. 2Ok
B, NI Ti#EEOEY AV NNy TTHE
E 472 POC D 40-95% (& 5L 3 - i i Je HEAE Wy v
AHERFETH LRI RSN, ZoZ i
WY FlETOEY R Y TORER, T g
TR\ HERE U 7 B ik R D3 - B 09 72 K G B 12
Lo THHET 2HMETH 200 b T 7 2K
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ik SN TV LT 2URE S 72 (Honda et al
2000).

(2) BEHBEMOBREB & KFEEx

IR OE Y, 2011 4 3 HIZFAE L2 EED
i 5 55— IR SE AT TR S 7z N
MR > v 20, Filgr o8 10 A6
ARS8 549 2000 km (#9900 km) B 4 72 81
HlsE K2 (S1) O K% 4900 m 12k & AT
722 EDBBH S NI o 72 (Honda et al. 2013).
=7, BRI LD BT TORARBER S >
Y ADOBRERILIRT B 72012, 2011 4E 7 H-2015
£7Ho44ERK, WHOI & L[ CTHIEH, S/
FH 2 100 km 472 7K 1300 m @ K FEA
FHIC BN 2 3 (Bl FL 2 365°N / 1415°
E), K#500m & 1000m 2ty A~ N hT v T
AR LRSS 2 5566 L 72, Bkt o A
X 20114E7 Aot ah, 2077 v 7 A&
K2R SI CHlls /279y 7 28 (M3) O
Btf-HafkThdor (06) (Buesseler et
al. 2015). F72KFIZT T v 7 A ¥ — 7 H3EHH
SNz 2012 4E LI, BUHER Y Y LT T v s
A EmE R L7z, LA L 20124EB X O
2013 4EDFKFFIZ L5 % 7 T v 7 ABINA Bl
ANz 2oL AT Ty 7 X3
BHEAROEG L > ZBESIEHHTE S B
DTIERh o7z, Bl FITAOMRHERY I
(3% L OFHROBFEL > 7 AR ST
W7z (B 21X Black and Buesseler 2014). 72
F1 sy 7oty v 475 v 7 295800
T 2GR RS R I8 % @l L T,
F1 N7 v 7 CHi%E SN0 T O FEER T RER
BHETHY, KES0m £ bAKEZE 1000 m D
KF7 79 7 AQFPFEHIIKRENZ L L,
ETCORFREEHETLE, F1 T v 7L, &
55 T8 JE 0 i JE U HEAR W A5 P R L, 7Kk &
NTEXLDLONL CHESN TV, FFIZ 2012
FELEIZBA T DA XY P DORICENDEE T
Holz, LwIHTFIFREZLEN. DY)
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2015).

(3) hMEETEMBICL 2 EBREEHDOEME
POC 732 v 7 ZMiEHN
K2S1 70y =227 hONA T4 FO—20, &
AL 70 WA R B 72 5 S1 DB A E I SR
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2004 SEDARERIBEII 7 A 25k E L, W LRRR
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K 6. F1DOAKES00m (LX) & 1000m (FH) (2B 2BEMEET 7475
7 ZADERHZAL (Buesseler et al. 2015 5L D 7 — % % FEIAERL) .
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2018 #4%). LHOPHIGERE RS (SSHA), FROKZ 5 7 13KEK 4900 m 2B 5 8HF 7 5 v
7 2 (Total Mass Flux) ORRFIE(L. ERICR S M7z hEBIRAIEA R (CEL CE2) OERMICE D%
HR AR S AU ZUR O IR TE N AR L 7oA, TROBE ) SR 75 v 7 ARE 8 72 L g s

n5s.

& o7z, —7J, NOAA-PMEL Ol 74 7— %
RIRATL72E A, T-8 HB LUV 11-12 HI2KkiE
500 m {4 DEIKIR D HEK 257K 100 m A2 £ T
BAL T2 Edbhorz, FEHOEE T —
Y DN ORER, WHESEIMETLTEB Y, 7-8
HB LU 11-12 FIZ P HBRE i 28 KEO %
Wl LTV Z LN R o7 fEo THHE
BURAEVEI IS X 0 KIRAYE < SRFEEIR AT
HREAKAKIR 100 m FEEF THA L, ZOM%R
R Cl s O N L EREOMY) 75~ 7 b v
EAHAIL, OWTIZPOC 75 v 7 AL
72, W) TR EADEZ LN TERGET
LIzOWEEY I 2L —varyEERKL, FREE
O FHBARGE R O M8 12 5 REEAHG 1 &
B HBEERE O A HEE L, FgEs (B
S1) THLNIZY—F v —T%HTKE
4900m @ POC 75 v 7 A%H#EET 5 &, Bl
N7ZPOC 795 v 7 AL —8 L7 Hto THERE
75 VBB A PR T B IS 00 SERRE AR RE D % MEHR

106

57z OMFRIR & L CHEBRSEE I EE T
b EhFEz2 7> (Honda et al. 2018).

5. £MR L THRDESEDEE

Pk, 30D EIZHh->T, AR 7TEY o
7 bOTF, ENNDZ  OME ORI %5205,
PIL R FETE Y A Y N N T Y TBI 1T -
T&7z. ZOFEE, WHIRFEOECEY R
TRREGET H 2 EDRTE7z, —HTIEH LW
ED AOoh o Twah, UTFIZZENEZFIZEL TR
WMEERTT 5.

(1) IKIFIC & B RRINE B

AR, VAP STBIMLCE2ES
s %5 POC 75 v 7 A8 X OHEKRENZES
BHEARKKE (DOC) 77 v 7 AT TIE,
JEAEBT 28T T v o b R O R EE
REZM2T I EDTE RN & AT D
THE I N T& 72 (Boyd et al. 2019). K2S1 7

HEELEETSE 2835558 27 FHI44 10 H


hondamakio
ハイライト表示
550


Oy PTHEBMA K2 TR, T2 LG
DIAX v T BEH S 7z (Honda et al
2017). Boyd et al. (2019) &, ZiF TR
oL ARsE L, HALKET S POC 7T v s
A (Biological Gravitational Pump: BGP & #i%4)
IR, DERIEHEE G EAE S 2 BB <
LR EE AR D T/ S VINKLF-23, AFFRERH
BB & 0 FEE$ 2 TR % ElKRENIC £ 1
HEEWNIANEE SN AN AP EETHDL 2
EERERMIRL:., CNCEWT T 7 oo
HESREA2E), FEIRSTESBIR O, HEi
FERAIC & 2 RFH kAT =X A% HEE T,

Particle Injection Pumps (PIPs) &4 LT\ 5.

Z L TIPCC AR6 (2021) THE SN TV ABHLK
REICXZEMRY 7= (1 11GT-C) X BGP

6.5GT-C & PIPs 45GT-C THil ST b & L7z,

AT AL TS 2 PIPs 128 L CER
e ITVWERILT A ENEENS.

(2) BAX ML RIZEBEHKRL TDOEL

BUTE, WrEoimEl, Beikit, BmF bR &
BHA N LVAPHETHTH Y, TR S Bl
Tl B 2 AZIRBEAHEAT§ 5 & D HE
b U HEEPIER A © O SR ALE AV T 3 2 W gtk
WhhH, —HTEMYW 777 b rize > Tt
BESLL D00 L, BRI L - TR
B AR T35 L, NTA MDD

%Y POC 7Ty 7 AWMET LW REMEDNDH 5.

BEEFALHHELT T 5 L ERERISEEDN D 5 — T,
HIR D X ) 1AW RFETHEEDLFHEL DT,
POC 7 7 v 7 ZADHMEZEALIZ/NS K 2D, BF
T % & POC 2353 i3IS R I £ THiE
EEINL0b LNk, TNOLOHTRGEET 5
oD EMEET VIR £ 12, TEBMYE
W72 2 BB EE CTH 5.

(3) KLFDIFER
iR O/NRETFOBIIZEY A v b b T oy STIE
WEETH L. JTAE, PRTFOBMICEE 25

Transactions of The Research Institute of
Oceanochemistry Vol. 35 No. 2, Oct.,, 2022

107

NTWB DN, PHE 700 nm BEOEFH L -
BHEELETH 5. 20 M o B o
TL=7 A=, EFbNTWLERTA (T
7u— N ICRFEEE EERTA 2L T, B
L2 A 72 B i ok T ) B 22 ] 25 B 00 AT g 12
o T &7 BITEELENIMN 2 FOOLE R R E AT
FRERT, AR v — 7 SR L A ERL
FTNIT 7= NG, AR A
L, BERFIKEY 20 b bTy TEIHN L aED
#% 2 & T, BGP & PIPs O [a BB 7E A1) fig
L.

FHH OWEEEREMICBI L TIILL T O A —
AR—=T BRI N2,

https://www.jamstec.go.jp/rigc/ress/hondam/

index.html

¥ -4l o2 Rt a#E (EEICIEEnE X—
AN L72FiN+ 2 4 —) % Youtube Bl & L T
R L7z, ZTHROH LTI TEED N

https://www.youtube.com/watch?v=

ewq3NWLHFCV8

HEF

O, REDDUMEALFIME (HEH) %
BHELTWREEE L BIoRkbs%ETYT. K
BHICHEHEE LT B & o 72 iERB—otA (i
FETZER S ©e O WEZERTHT R, BLH AR
PRBLH [ e ORISR R), TRkl L
TL 2 S o ilEmeE R KF B E80%),
AR e IR HIR) 2 L GEERHEO
JE I K2 L E . Bl o M e
A (bl R P EHIR) (LR R i
ZLCHIZEDR; L & LS, M8 o m %
BarBZ T ZE T L )~ AORRITH
BARERGE CREY v Xk — Ve e 4%
HIz) 1idE Y A v b Ty TR R IEZE
B, W% L S L EBEFEPIEOTH S 2 52
TWieZ2&F Lz, BDAOBTTHL, Lv)
72V TREED A, BN AIRDILDY) £ L72.



DXV#EZELET. VA Ty 7B
* GBI EROARIE L, He k7O
Y, EEZEOT, ENNDOL L OfEE
DB TITR L TEBTEELEATLZ. &

W72 iR E DA% 5§, BHARREHE,

BINEAN SRR, € L CHBHOERIZZ D%
) CTREHC- L 9. Rfrlc, fiEeys, bf
a7 EHREECT X TONEEE 2 HHIZR
SETIN, FELRFEETZ—H#HIZFENTN
TWVRELRIOLI D EHL I3

SEZEX

Black, E. E. and K. O. Buesseler: Spatial
variability and the fate of cesium in coastal
sediments near Fukushima, Japan.
Biogeosciences 11, 5123-5137. (2014)

Boyd, P. W., H. Claustre, M. Levy, D. A. Siegel,
and T. Weber: Multifaceted particle pumps
drive carbon sequestration in the ocean.
Nature 568, 327-335. doi: 10.1038/s41586-019-
1098-2 (2019)

Buesseler, K. O., C. R. German, M. C. Honda, S.
Otosaka, E. E. Black, H. Kawakami, S. J.
Manganini, and S. M. Pike. Tracking the fate
of particle associated Fukushima Daiichi
cesium in the ocean off Japan.
Environmental Science and Technology 49,
9807-9816. DOI: 10.1021/acs.est.5b02635
(2015)

Francois, R., S. Honjo, R. Krishfield, and S. J.
Manganini: Factors controlling the flux of
organic carbon to the bathypelagic zone of
the ocean, Global Biogeochemical Cycles 16
(4), 1087. doi: 10.1029/2001GB001722 (2002)

Honda, M. C.: Inorganic radiocarbon in time-
series sediment trap samples: Implication of
seasonal variation of “C in the upper ocean.
Radiocarbon 36, 583-595. (1996)

Honda, M. C., Kusakabe, M., Nakabayashi, S.,

108

Katagiri, M.: Radiocarbon of sediment trap
samples from the Okinawa trough: lateral
transport of “C-poor sediment from the
continental slope. Marine Chemistry 68,
231-247. (2000)

Honda, M. C., Imai, K., Nojiri, Y., Hoshi, F.,
Sugawara, T., Kusakabe, M.: The biological
pump in the northwestern North Pacific
based on fluxes and major components of
particulate matter obtained by sediment
trap experiments (1997-2000). Deep-Sea
Research II 49, 5595-5625. (2002)

Honda, M. C.: Biological pump in the
northwestern North Pacific. Journal of
Oceanography 59, 671-684. (2003)

Honda, M. C., Watanabe, S.: Utility of an
automatic water sampler to observe
seasonal variability in nutrients and DIC in
the Northwestern North Pacific. Journal of
Oceanography 63, 349-362. (2007)

Honda, M. C., Sasaoka, K., Kawakami, H.,,
Matsumoto, K., Watanabe, S., Dickey, T. D.
Application of underwater optical data to
estimation of primary productivity. Deep-
Sea Research I 56, 2281-2292. (2009)

Honda, M. C., Watanabe, S.: Importance of
biogenic opal as ballast of particulate
organic carbon (POC) transport and
existence of mineral ballast-associated and
residual POC in the Western Pacific
Subarctic Gyre. Geophysical Research
Letters 37, L02605. doi:
10.1029/2009GL041521 (2010)

Honda, M. C, H. Kawakami, S. Watanabe and T.
Saino: Concentration and vertical flux of
Fukushima-derived radiocesium in sinking
particles from two sites in the Northwestern
Pacific Ocean. Biogeosciences 10, 3525-3534.
(2013)

HEEEALSRTSE S35E5 27 A1 4 4R 10



Honda, M. C. and H. Kawakami: Sinking velocity

of particulate radiocesium in the
northwestern North Pacific, Geophysical
Research Letters, 41, 3959-3965. doi:
10.1002/2014GL060126. (2014)

Honda M. C., M. Wakita, K. Matsumoto, T. Fujiki,

E. Siswanto, K. Sasaoka, H. Kawakami, Y.
Mino, C. Sukigara, M. Kitamura, Y. Sasai, S.
L. Smith, T. Hashioka, C. Yoshikawa, K.
Kimoto , S. Watanabe, T. Kobari, T. Nagata,
K. Hamasaki, R. Kaneko, M. Uchimiya, H.
Fukuda, O. Abe, Toshiro Saino: Comparison
of carbon cycle between the western Pacific
subarctic and subtropical time-series
stations: highlights of the K2S1 project.
Journal of Oceanography. DOI: 10.1007/
s10872-017-0423-3 (2017)

Honda M. C., Y. Sasai, E. Siswanto, A. Kuwano-

Yoshida, H. Aiki, M. F. Cronin: Impact of
cyclonic eddies and typhoons on
biogeochemistry in the oligotrophic ocean
based on biogeochemical / physical /
meteorological time-series at station KEO.
Progress in Earth and Planetary Science
5:42, https://doi:org/10.1186/s40645-018-
0196-3 (2018)

Honda, M. C.: Effective Vertical Transport of

Particulate Organic Carbon in the Western
North Pacific Subarctic Region. Frontiers in
Earth Science 8:366. doi: 10.3389/feart.
2020.00366 https://doi.org/10.3389/feart.

Transactions of The Research Institute of
Oceanochemistry Vol. 35 No. 2, Oct.,, 2022

109

2020.00366 (2020)

Honjo, S. and K. Doherty: Large aperture time-

series sediment traps: Design objectives,
construction and application. Deep-Sea
Research 35: 133-149. (1988)

IPCC: Summary for Policymakers. In: Climate

Change 2021: The Physical Science Basis.
Contribution of Working Group I to the
Sixth Assessment Report of the
Intergovernmental Panel on Climate Change
[Masson-Delmotte, V., P. Zhai, A. Pirani, S. L.
Connors, C. Péan, S. Berger, N. Caud, Y.
Chen, L. Goldfarb, M. I. Gomis, M. Huang, K.
Leitzell, E. Lonnoy, J.B.R. Matthews, T. K.
Maycock, T. Waterfield, O. Yelekci, R. Yu
and B. Zhou (eds.)]. Cambridge University
Press. (2021)

Martin, J. H., Knauer, G. A., Karl, D. M., and

Broenkow, W. W.. VERTEX: carbon cycling
in the northeast Pacific. Deep Sea Research.
34, 267-285. doi: 10.1016/ 0198-0149
(87)90086-0 (1987)

Saino, T., A. Bychkov, C. T. A. Chen, P. J.

Harrison: The joint global ocean flux study
in the North Pacific. Deep Sea Research II
49:5297-5301. (2002)

Suzuki, S. and K. Kato: Studies on suspended

materials marine snow In the sea: part 1.
Source of marine snow. Bulletin of Faculty
of Fishery, Hokkaido University 4, 131-137.
(1953)



