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ABSTRACT

A A9 2 EAE ERE GG ]2 v etk dAEY A oled e '
Carbon Pump)E ©J3i5he B S8 =75 F SHHE AFS-E o] St o] ==2olM e H2E Efe ol 8-t s 4
A I} o2 sfo A o] A A, 8] T S8 Histe] adshltt. o 220 A4 T HE2 SR ol H A
7} Q1A-4-718H4A(POC: Particulate Organic Carbon)7} o] o d2JH | A Hr} o] B335 Pejo] 1, Al Z7HA o & thoksl 7|9
ZHAAL Qa2 W o] =mRollAle 53] A% A7 T AR HA ol el A+t 24 =we= AEskitt. 7] F4%=
AR AR A E A2 (MOt 771 F AR AN E Y AR 1B A =S olsstaL AR HAE ] 29 vefete
o glof o8| &85t 5= 91-27] 7145192 H, E5IMICADAS (Mini radioCarbon Dating Systems) S ©]-8-3F AMEAF 91 ¢
& A T84S A=A

For several decades, sediment traps have served as one of the key tools for constraining the biological carbon pump (BCP), a process
that vertically exports particulate organic carbon (POC) and associated biogenic materials from marine primary production in surface
waters to the deep ocean interior. In this paper, I introduced the general methods, the current status of global sediment trap studies, and
importance of it to understand the deep ocean carbon cycling. Recent studies suggest that sinking POC in the deep ocean are more
complex and spatio-temporally heterogeneous than we considered. Especially researches those studied resuspended and laterally
transported particles are presented. Researches that used organic (radiocarbon; '*C) and inorganic (Al) tracers to understand the
oceanic POC cycling and the significance of resuspended particles are reviewed, and the importance of radiocarbon study by using
MICADAS (Mini radioCarbon Dating Systems) is emphasized.

Keywords: Sediment trap, Sinking POC (Particulate Organic Carbon), Radiocarbon, Carbon cycling, Resuspended sediment
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4]5li(bathypelagic zone, <4 >1000 m)= sl 7Fd At iAo |2}, 4™ o< ti7] 5 olitaleta-o] 25%
71RS 447 2F 2.3 PeC), AA5H= 52 S (active) BH4 #7370tk Sabine and Feely, 2007; IPCC, 2013). E5H gt
425 712} sk e 2 HE AF7]4 0 Z(geological time scale) A A7] 1L Aok sl A E|&EY} wetol FAIE o] =3t
o|ti(Honjo er al., 2014). |3t F-Qdol e BEtotal, A|/do] The vHa 47315 vl sief 45 B4 =8ke] 712ttt

7144 arg]of] fsfiAl= go] &elA A Qth EJAE Ef(sediment trap)-> SHAH O 2 o] F5H= 37 4AFS] H(flux)
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Z-F(composition)°l] T TIIRT YHE = 4= Q)= T8 TFE 5 sholt} sfjoF 502 7ol= 714 o]
e A Kot o B9t FejolH, AEHE o= vkt 7|Hs 7HA] AL Qirkal X Aol B 2| Al QieK(Druffel
and Williams 1990; Eglinton et al., 2002; Goni et al., 2005; Hwang et al., 2010; Blattmann et al., 2018a; Kim et al.,
2020a). £3], AAHG7]8H4(POC: Particulate Organic Carbon) 2] FAMIEASLA(MC) B8 Saf AA| A7 4A+
= A% (resuspended) 2 Z%H ARRF71EAT} 2} A]5l= HlE0] 1A Q1 AJESHA B4 H I (BCP: Biological Carbon
Pump)ollA] 45k= AR X 2 4= Q22 WAt Hwang ef al., 2010; Kim ef al., 2020a). ©] s=Fof| A= o]2{gt
HEAof| A AHE Algl & El4E Efa o817t 17 A Al = Aot AV eA-E- 9 94 Aol Thsto] A8 st
Ak T3 ol & o] 85t A H-f Eld =0 T84S A A =REE AVt =M S statet s =0 TS BT
o) sliek

N

b g

S 7] F olitehe A =B T Esk, ti7 |9} st T Ao w = & AXHA g4 glof] 9lo] T8’
HHEO Zpx|sh, thoret 712FE2 Sall A7 7|50l RS n]XIch#EY} £, 2013; Sigman and Haug 2003; Ridgewell
and Amdt, 2015). T719} e} 70] o] kefeha: weto] Qe mlAhe £k QA 5 Shel AR e Wi o
Z-9] gl A -8=5F7]€tA(DIC: Dissolved Inorganic Carbon)7} A-=23E 0] Ax} AkS Foll A7 1840 ¥
Bl vighlo] £ B APgaele] B et of2le 44 2 sfATo R Adeks 7o) 4 S 7=k Fig. 1, Volk
and Hoffert, 1985).
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Fig. 1. Schematic of the oceanic carbon distribution and sediment trap study. Sinking POC intercepted by sediment traps
deployed in the deep ocean may reflect contributions from different sources/processes. Fresh POC shown as green colors
and other potential POC sources are shown as gray (aeolian deposit), purple (terrestrial input), brown (lateral transport,
resuspended), and red (DOC absorption), respectively.



T

AN/ BHE EFE ol 871 i T 8 A7 T AR ERE] 584 - 147

[ea

m)oA = T EESHIE] YA eEA 0] AFESH(remineralization) 2} Y71 4] ©]5(diel vertical migration)S 55|
RESHY B4 H I 2R20] Qlo] Aol TS Stk Buesseler ef al., 2007a; Giering et al., 2014; Kelly et al., 2019;
Cavan ef al., 2019). 5 |4 17193+ 2721 Aflof A= S5 AHA40] 740} e n| == QI A d-E3  microbial

degradatlon)—‘l]' >0l o5t I=to] X7o] =& o|ErFig. 1, Herndl and Reinthaler, 2013; Honjo et al., 2008, 2014).
ZZo| A A0 2 2] ¥4 o] 52 ok FE R YEh Y, 8572 5282 712K(Zhang et al., 2019; Kim et al., 2020b),
FL2OLf SF A4 B, AP 2 518HA 3Hg(Marsay ef al., 2015; Honda ef al., 2020), AYElA] -2(Ran e al.,
2015), 12|11 YRRt Agdsto] whE S B TS Sk FE 4 (ballast mineral: Armstrong ef al., 2002;
Francois et al., 2002; Honda and Watanabe 2010; Le Moigne et al., 2014) 5 A2 TF= Q3l=0f B34 o2 ks Hh=
CHCram ef al., 2018; Conte, 2019). ABE5H4 &4 HIE F9)| 4150 2 o535 7} b= Hold-2 we} o] 53ho 2 4
SiFo] A= S A Hl B ot 71 oUA ] ¥S AlEshH, ol sl #5 2H59] 278 S-dof Tt JH-E 5
AU o= o] FA = S 5P| whizell, A dAlA 7191t BHE 715S S5l v #5 siieo] Aol e
5 o k. wEbA EAE Ef ol8sle] Atks AT IE T A= A B B S 5)E AlFlsk o
7121, ApgEel, 8718 - dA 7 129 A 5 ARIeke =t

a4

=] [
So) Ap7H oy e melels AL sje) B4 4848 olafiel= d] Qlof A H]] BEoltkFig.1).

Z71°] TR S A Sollk= 87| 2R A7 9] YREo] H3ds] siAH o & ke 2 o & o d9itt. o] % E4]

Fr71E0] St A7, AR §ISEE ofdliohs o] ot AR E AlEstir(Lee er
al., 1998; Honda et al., 2000; Fischer et al., 2003; Honjo et al., 2014; Wakeham et al., 2014). 2 AF-So] p=2H LN =
37)9], tioFst QRFS o] A7Felal, o] 50] A7t Sr sl oF Sl ulE] w2 44 Aof|A] 4= el AA iAo =g
o= 710 2 "5 FthHonjo, 1982; Conte ef al., 2001; Berelson, 2002; Riley et al., 2012).

23201 ofe] T u|ebAE Sk AAS, WEH Q1B 91 243 o] Bl F]ute] A7} a] Aaslo] et
Ebi WILo] oft o2 A= Q15 HE EbA0] o]F §8 Sof Tl A7} thefsHA| 118 Fo|tKLutz ef al., 2002;
Dunne et al., 2007; Gehlen et al., 2006; Siegel et al., 2014; Lima et al., 2014; Cram et al., 2018). SFA|RF ORI 7R & E| 4=

Bl 415 A7 Aol Tl ek Aol 1 S Al AlRsh RS ARSRs o] 7o) s w70,

3.1 E[ZE ETUS 0|88 22 UL A= Azl

EHE ER2 AT Ao & dot sfixdof A7) At (bottom tethered, moored trap), F-°](buoy)ell F-2tsFEALt
(surface tethered trap; Peterson et al., 2009), F-3-A|7]=(freely drifting neutrally buoyant sediment trap; Buesseler, 1991)
o Al ARF S met @777, BT 82 TRt SRV U (Baker et al., 2020), ©] =20l = FE AT
of 712 o8 AlFshs HAE EFY Aol Boto] tRazt etk

Z|z0| sjjoF E|Z 2 E712- 1978 HHthBermuda) 2] 3200 m 540l AFFE]AC) o] % B2 E ERS of 2] Fel 2 /]
=t 2t gde] A8EA = 8= Eff2 McLane Research Laboratories (https://mclanelabs.com/sediment-traps/),
Nichiyu Giken Kogyo Co. Ltd (https://www.nichigi.co.jp/en/en_products/en_nigkocean.html), SARL Technicap (https://

www.technicap.com/products/sediment-trap)AF2] A& 5] QA
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Sl AxIshe 47| AAIE H2E ERE A 7ol AV o lE e vl "3 719 4S9 A o5
olsfictr] 915t T8 = F ShE AREE o] gtk S S (>500 m)ofl ARt EAE EFS 44 1-2 kmell AR5k
of Blsf Al=7 g AF == 5 AlE AHF aeAdell Jlof B 71 ZAIE ] rtal A = BE(Buesseler er al., 2007b;
Gardner, 2000), SlI5+2] Fake] HIw A A2 4F EAE ERS 2F2] 02 s 2 HAEE= dA 5ol def= Atolu
A7 A=) 3 Soll izt B E-E Aok T8 E4t= &85! QI Honjo ef al., 2008).
S HE o= ek ARk == E%Oﬂ |5l 7] wizell 9271 23] M 4= e EXE ERS A Eol &
= Q&= Zf| 7| (conical, funnel), 2> T(cylindrical) FEE HrhFig. 2). H5 Zuf7] 20| Ej4E Eff AT
o Effof v]of] 7t AAE o= 51—501 Fojzthal g2l Ql=d|(Bale, 1998; Ducklow et al., 2015; Baker et al., 2020),
A7t 7] mhol SR Qlaf] U+t o) 2R A-8-=o(swirl)7H A7, 7dal Wigl 22 AzMEo| thA] &8 Y|
- 2o]thFig. 2, Gardner, 1980; Butman 1986; Gust ef al., 1996). ©| 27| Y&(turbulence) = 13l YA H-Fok= 722
A-8Fskal(Buesseler ef al., 2007b) & A=A Y247 EF Ul 2 Soiet 47} Hsl= Ze BAsh] fls) Efl 4+
ol Y] RFO] 574 (baffley= F=TH(Fig. 2).
Zul7] ofefiolli= ul2] A7l = Aol o] Edo)(tray) S 217417 1= Ao (controller) 2t Eflo] 7 F2HE of Q1

ank ﬂ]lo

rE
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Fig. 2. Conical sediment trap (McLane PARFLUX Mark 78G; figure courtesy of Minkyoung Kim) (a) with sketch and names of
each parts (b), and cylindrical sediment trap (PPS-3/3, Technicap; figure from https://www.technicap.com/products/sediment-trap)
(c) with sketch and names of each part (d, redrawn from Heussner et al, 1990). Layout diagrams of mooring line serviced by
KOPRI (redrawn from Lee, 2012) is shown and the sediment trap is marked with an arrow (e).

Weight
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=4, 22 oFf ©F 2126711 A= A5 (bottle)& 2T 4= QlojA T 1Y ff & AlRte] wiet EFlo)7 AHsC = Eoprt
™ Al 2|3 o] WAt ol2fet WS ol AAIB(time-series) &) F7 A Al RS g 4= QAT B50] 7B, sl &
5] LaH At S Blalste] A dREe] A A Ws 5= wtetst| flel 18 7 771 & Al A EAE EfE
=, AATSHH, s o] FrF 22 Al7lofRt At o] Ho] AljbA e = 7hedt =] s o] 7B, 2l AAIFE s
gL tu A71e) AR AHE SH Roke BAVL o] 292 7712 ARSI Gk o 2P A
Honjo et al.(1980)= 315}t vl

AR A, E4E Effe] Y= HEAIL} slir= 29-= Zlo] ARk olth(Knap er al., 1996). @7gollA AlF 4-412] ol
2 27 A5te] ALk 2ol 7 o ST, olzto] ofelx] krtet Weldh 5% SINGEIF, p=0.7 um) E A8
oA ARG 21 SIS AFGIITH3S PSU). 1710l 41 sl Rk i3-S 36| mHSol 7] STl okbel (1L & 5 ¢ 71
o] NaCl)y& 71K Goto et al., 2016). EEAol= F2 Z2LURI(CH,0), %ﬂﬂ"—’F——(HgCIZ)O]Ur oxlo| =S ER
(NaNy)o] AT}, BEA|O] £5771 54 £40] e n)A7|= sz, =
AL 85t ARgsh= Aol Tashh 22T gifEo] 24 FAjof g gl 7%* A ?l HEolog "EPEW ‘2101
] AFgHtHKnauer ef al., 1984). SHA|TE ZETE-S ALESH -9 M= A=) DNA E4°] E7F55ta(Kim ef al.,
2019b; Sano et al., 2020), 20| BEAS E35HL Q17| thEo] BtAF A UAS B4 o 0]71 E @5}t Honda et
al., 2000). ZEHHT} A Gl JAF7HAE HESk= Hl vk aa2oletal d#fA lo] Wol ARgHrt
(Wakeham e al., 1993; Goto e al., 2016). B2t=21} offo| ESRFEF-2 B2 2o §14-5 Z3bslal Q] o, g
4> Aol Hol ARGEIIARE, vl 54 EAolu HE e 42 g ol Fosfiof ftths ©dol lth(Lee er al., 1992;
Blattmann T.M., personal communications).

Al Aolle BAE Ef oA 571 o & 7207l FreE wEs] 1% 71271 AA(Tilt sensor), siFH +5-2] =

2|3teld b WgkE mfetslr] 91F ADCP(Acoustic Doppler Current Profiler)t -3-5A|(RCM; Rotor Current Meter), <7

ol

_:

2/ FEAMA 52 F2loto] 5 217 sl o) 2835t Fig. 2). EIXE EffS H] Qo Al AHIE 2l dlofl= A
F Aof] HzkolH | 23F o]€7](Acoustic release) & 0831t AF-AoA S3F A 55 HUHA o|g7] o] Ax]7} 2F551d
=] o] Fof| A AR o] Fel=a, Al _]']’]'XH:]] 2 Folof ofste] s o KA Hok

E4E EfS 2t Foll= o 4°C Aol W HakshH, 24 ol A Ml¢] o] Aol & 71t = otet. B4
& Ef Am= v sl Al =] Hlsl *}EH;G—E o] 27| el A7ARE 7ol A& vl B B o Rt EAof e AR =
o7} H ashH, thefRt A4S ffal of 2] 7= Adsto] ARSRITE & 2710 FE EFAECIU A 52 T Bk, o
H2] Alg+E= 1 mm 2719 Al(mesh)E AHgote] 2 UAFE AE 3, A& E87](Wet Samples Divider, McLane Research

Laboratories, Inc., MA)E ©]-85} 5~107H2 AESICt 7P 9442402 A7 o] 7|E Z|5FsHEA(FUA R Total Mass
Flux), 7154 3 771804 o5, ON H] -5)2 AAIRE S, U] Al =5 718F H a4 of| ARgstal, T o] Z-9-5 15l
Az o] dH= Bits| == Zlo] dutAo|tt, Bt 243 A2 JGOFS A8 A](Joint Global Ocean Flux Study Protocol)
of| 2 27fx=]o] Qlck

328HE Y AT Y
XA = =g, Tk 1e|a d=at B=06l 5419 22 AdHols= 7] e EF A7 HlgE o] fitk(Fig. 3;
Table 1). x4 &= ER A 2l 3= A H= JGOFS (http:/usjgofs.whoi.edu/mzweb/data/Honjo/sed_traps.html)
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[0

0|

et al., 2020a), 7] w2 ZA|

B2 37 AAE HHE £

F i 2wt
J}- 92t

YL

L} PANGAEA (https://www.pangaea.de/) WAL EOfA] &S 4= 1O H(Ki
= 27 el HohgA[s] ArlEle] Qlet o] =M=
2to] A+ A== Aokt

EJ 32k Ocean Station Papa (OSP, https://www.pmel.noaa.gov/ocs/Papa; 50°N, 145°W; =41 4220 m; 1982-2006;
Timothy et al., 2013) 332 Q1S o8- A7} /\1 Qﬂ ool A sl 7155 HUEH e 7T e AAE
A=t EASl= Z33oloh 4223800 m *r”oﬂ ES AT AoflA] Al2ksl of2] oA 7 dAF Al =S
DAL, THSRE AE 5ol T A AR of 2 A 1% ] JAE0] &, W S5, QAL Aol whE et S-S 1t
oAt Wong et al., 1999; Cummins and Lagerloef, 2004). Z22] o} 77} X U= 32l Y1A|7FM AZ(St. M; 34.8°N,
123°W; 541 4100 m; 1993~1998; Hwang et al., 2004; Smith ef al., 2017)°l4 & 280 7F ookt A7 A& H AL &

i~

4

oS

g

o B
jut

5] QLB SMY B3} Felolel, alef 415 Rl Zhle) 52 A B stod °‘1}v715‘fi4 AT )R] B
& ol 3402 E3o) Hol o2 Pl A £ T2 518 ok 7ol 28 Folcsmit

and Druffel, 1998; Sherman and Smith, 2009; Huffard et al., 2020). L& ZAE(JAMSTEC) oﬁohﬂ TAE F4 02 KEO
A% (Kuroshio Extension Observatory, 32.3°N, 144.6°E; 5=4 5900 m; 2014~2018; Honda et al., 2018; Anderson et al.,
2020)2FK2 (47°N, 160°E; 541 5200 m; 2005~2011; Honda, 2020) AoA e A s 9] 22, 318, A2k EAT
A7) PAE T3 F 15 02 Bk A7} 119 Folck, el A5 SISk I AKIOS Y S F40.2 1
Zha] {9 W A7) 2YE(® A3 ETP (Eastern Tropical Pacific, Station KOMO; 10.5°N, 131.2°W; =4 5000 m;
2003~2013; Kim et al., 2008; 2011; 2014; 2019)°)4| E|&= EF A5 F1e¥61% o0, Z7F 4z S47| AAIE AA=E 5
5 o] sfefe] Sh g QAL Wk, Bk 51 715 H5 T} e sA1sISck Eole] & BAINE 1994196, 12] 3
20009 ZHHE|HE B3] Ly} Ak 0 2 ZIefE o]9(Suk ef al., 2002; Hong ef al., 2008a, 2008b), 2011 F5-E] A7}

2] A= ES AR So|thhttp://east.snu.ac.kr/main.php; 37.63°N, 131.36°E; $~4 2370 m; Kim er al., 2017; 2020b).

ON ] Can T 2 Basin T T T T T T T T T o T
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-gRoss Q o) O
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Fig. 3. Locations where sediment traps were deployed (empty circle, redrawn from Kim et al, 2020a). Stations mentioned in

this review paper shown in closed circle with station name. Two sites from the Indian Ocean are shown with open boxes, as
multiple sampling was done in the locations.
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Table 1. Global long-term sediment trap mooring locations, water depth, trap depths, sampling periods, and representative
references with related projects

Region, sitt  Lat(°)  Long(°) Water depth (m) Trap depths (m) Periods (yr) References Project
Pacific
200, 1000, . Ocean Station Papa, NOAA
OSP 30 145 4220 3500-3700, 3800 19822006 Timothy et al., 2013 https://www.pmel.noaa.gov/ocs/Papa
St. M 34.8 -123 4100 3450 1993-1998 Hwang et al., 2004; Smith ez al., 2017 Station M, NSF
. Kuroshio Extension Observatory,
KEO 323 144.6 5900 4900 2014-2018 Hondaet al., 2018; Anderson et al., 2020 JAMSTEC, NOAA
K2 4 160 5200 150, 340, " 2005-2011 Honda er al., 2020 K251 project, JAMSTEC
(1000), 4810 - onda et al., project,
KOMO 10.5 -131.2 5000 4950 2003-2013 Kimet al., 2011;2014; 2019 Eastern Tropical Pacific, KIOST
Ulleung 500(300), . : East Asian Seas Time-Series (EAST),
Basin, ECI 37.63 131.36 2370 1000, 2000 2011-present Kim et al., 2017; 2020b KIOST hitp://cast.snu.ac.kt/main. php
Atlantic
Sargasso 310 6416 4500 500, 1500,3200 1978-present Conte and Weber, 2014 Bermuda Ocean Flux program
Sea ’ ’ ’ ’ ’ https:/www.mbl.edw/ecosystems/conte/ofp/
Cariaco 152, 225, 410, CARIACO Ocean Time-Series program
Basin 10.5 -64.66 1400 810, 1210 1995-2017 Muller-Karger et al., 2019 htp:// imars.usf edu/cariaco
NW 1000, 2000, . . WHOI,
Atlantic 39.5 -68.35 3050 3000 2004-2008 Hwang et al., 2009; 2017; 2020 https://scienceweb.who. edwlinew/index php
Indian
Arsg;an 3.3~16.18 60.3~89.13  2267-3995 893-3189 1989-1998 Ramaswamy and Gaye, 2006 Bay of Bengal Process Study
South
Indian  -21.25~27.80 68.59~73.89  3100-4000 659-3479 2014-2018 Harms et al., 2021 INDEX (Indian Ocean Exploration) program
Ocean
Arctic
Canada o) 20 40150 35183825 205031000 50045011 Hwang ef al,, 2008; 2015 WHOI, NSF
Basin 3750
Beaufort , , .
Sea 71.5 -127 400 100, 210 2004-2006 Forest et al., 2010 Que bec-Oce’an, CASES and ArcticNet
Antarctic
Amgggse“ T2~74 -113~118  530~1057 400,490 20112017 Kim et al., 2015;20192;2019  KOPRI
230, (493) USJGOFS-AESOPS (Antarctic Environ-
Ross Sea  -125-765 -1125-1755  543~769 5 16 719 1990-1992  Dunbar ef al., 1989 ment and Southern Ocean Process Study)
’ program
Antarctic Long-Term Ecological Research Project
Peninsul -64.5 -66 350 170 1992-2013 Ducklow et al., 2008 (LTER) https://oceaninformatics.ucsd.e
eninsu’a du/datazoo/catalogs/pallter/datasets
EHaE Ef Ao 1S OceanSITES FH(EC1)] =2] allFst A& (Chang ef al., 2002; Noh and Nam, 2018,
https://www.seanoe.org/data/00470/58134/) & E-851] 51| X7 Ake] oft A z|skekA A& mhetstal, 27 Q)
Ao 71905} AR, A WES stk
oA ] A7 A S| H(Sargasso Sea) A= 1978 A0flA] AAfjo]l o] 271742] 7Fd Qe AAIG E2= Ef] A7} 213
1! Ith(Bermuda Ocean Flux 2 T13; 31.8°N, 64.16°W; =4 4500 m, Conte and Weber, 2014). 55| ©] S|4+t

T A=,

=0 US4 59
Oscillation)l} NAO (North Atlantic Oscillation)) 2! 3}5F2 HI}(S[F AMISHE Q19 27} d=}Fe] ¥t &

gHoo‘p /6]-5 /\15

EE]

SfjoFe] SR E2] HS(ENSO (El Nifio-Southern

ol 9478

7134 Foltt. CARIACO Ocean Time-Series 22 T3 (http://www.imars.usf.edu/cariaco; 10.50°N, 64.66°W; =4 1400

m; 1995~2017; Muller-Karger et al., 2019)o14= %= 571 =40 A X3 E| A&
T2 EJH o] o] 2717kx] TjekRet A4S Zlaskal Qlrk 56 o] sl YA EJA] St wE Hole 1] F <

12 EAS o] 83 T= Ax} AL A7 &

7= 51
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ofl o0, eh2:0] RS Tk W :8o] SNSRI 2% W YAFR/ kAL oF) Bra: A TN F
SFH(Walsh e al., 1999; Hughen et al., 2004; Montes et al., 2012; Turich ef al., 2013). $HH 2= S[jQFA+
A(WHODE SAH 02 20045 413 71 BEATHAF 7 W(39.5°N, 68.35°W, $41~3050 m)oll &= ESS AR
51912 W(Hwang e al., 2009; 2017; 2020), Z4oll $12]5} Line W2 E2]aeFsl2] = 2F=3(Toole ef al., 2011; Andres et
al., 2016; Le Bras, 2018; https://dods.ndbc.noaa.gov/thredds/catalog/data/oceansites/ DATA/LINE-W/catalog.html)E &
2ol J7 dRFe] =84 o]F(lateral transport)= H T}t A A 02 nietstict.
Sfo] == o354 o H A E2 Al efskal Fo] of el SA oM e HAE EfE ol 2
£3] 2|7 2eto] wh sy o A4, 7i-F(Polynya) 2| 94 5 Hel w2 A| ©AYSIAL 9l om, siiof Hel sfelM=
AFTHVE o8-t A} A S0l B7Fss1] wizoll SA] sl g4 ghs ofsfisl= Hl Slof H2l= EH
QATIA] = FHFO oF 507 A olM 4, 7] E&E Efo] AlREol fLem, Ad= oke
Al (Amundsen Sea, Kim et al., 2015; 2019a; 2019b), Z£A3l(Ross Sea, Dunbar et al., 1989), Z18]11 F= HH= O] LTER
(Long-Term Ecological Research, Ducklow ef al., 2008)33 5ollX El&& EfflS &-8<t A7 18) Folth. B=4) 7
ytt 22|(Fig. 4; Canada Basin, Hwang et al., 2008; 2015)4+ 2.3 Ed}j(Beaufort Sea, Forest et al., 20104 A A€ E|
A& ES o] 8sto] & Halof| mhE ARG TEHA 0 oot gt ga-dell thsh ardsieint. f-2fuztolls= A4 of
2t 05 g8oto] gt B2 @7 SRt A5 13 Foltt. Ad= o2 Alls) sl eflM= eF 3dof AX A7t
o

A A 22 9, o} s ] fsit vlawstel, sio] defic A17]eh Jol ke gJab 7 etAe] ool @ik 2 Ajolr} 9lg

ok
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Fig. 4. (a) Particle flux (bar) at 3100 m depth and sea ice concentration (line) in the Arctic Canada Basin. (b) A %C (circles) values

and lithogenic material (LM) flux (bar) are also shown. Period where marked with orange box shows larger particle flux, larger
LM flux, lower (aged) A™Cvalues than in other years (modified from Hwang et al, 2015).
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& A ATHKim ef al., 2019a). F=2] Z12]3l|(Chukchi Sea)2t EAIH|Z|oFlloll e 2017 A% E] E|HE ES AlFoto]
W dte] Amietet ool Feba = 8-l meteks A4S ARSI (Kim ef al., 2021). ©]F7) 715 Hele] Rlgs}
Al HkSshs =21 sl EldE EflS -8t 75 9l T wfhe] MiehE o5 dxlehs A2 vl 71 5Rie) of
Sl Fast 2=S Al

QJe} go), Leutete] HAE ER A= njZe FA o7 1970L4EH o ARRE Aol Hlel] AR =
QlIetE HiEr o = tpelRt s oA HAlE ERE AlRshH S|4 08 2 o 2 WERSI ik HiE g v Y,
=A] SfgollA] vt A7 a0} 2 o Hlsl, lEfellrl= Blw A s ok Ayt A2 Ho|th(Fig. 3; e.g.,
Ramaswamy and Gaye, 2006; Harms ef al., 2021). @5 o|AMRS. 5 S S} 7R H Eld = Ef] Al E o8t =
s 0] goks 7ol 2.

S Bk 5290 A7 AAIE A E5S flollAs, Al AlF ] 71 SHA AL Sl ofeS shEsk e e
2 pRtE]ojofgitt. Fofl &5 EAl A= 2F 1004 1t ﬂﬁ‘j E 3 A77F A& 5ol =, Kim ef al.(2020b)°]] 271
A7 AR AAE Abm = o] FHHlof s Ho] EASIE Tt R-E E|AE E A9 viE7H 2] Al A5 ol Auis)

| di&Zele(2012'F 7-129, 2013 9-12°¢Y, 2014 1-49 5), 01— siastr] flel 712] 2713 Efls *a‘ﬂtﬂfﬂ Ed
o= WA, E= ohg Aol A & Bl AE EFC] Edlol7t A5F51R] ¢h= 50 o= Alm AF] 455l B2

Ham EFO] ARIALE W Alol= 5 84S WAsHAT QIti(Dr. Yang, Personal communication). 0|27 E|&& EF 9]
HE7} 95| AtiMiquel et al., 2011), 37 Edlo]e] 14t ZHe 71714 Ak Harms et al., 2021)2 B[ 4= EfE ©
St o] ALoflA WA sH= 1A Q1 Aot} whebA] EjAE EfS o8]k A A HirHof et Ko ZEAo
AR A AT Bl ] Ao dedvt e St EF Q1] Bk Bl A 57} it ojop & Zlo
(Jurg 1996; Estapa et al., 2020).

N

o
J

\lgmlo
o N o
i ofo

4, SAMEIAS IR} S S|S0 BEt D

4.1 MICADAS(Mini radioCarbon Dating Systems)S 0|25t BIAMIEA-Z2] A A

APt 9) A= A3 5N 95410l SJal A=l o] oF 5730199] RE7E AR AFAz] o &2 Wby & sle] 71
o] EOETHGodwin, 1962). $HH 2047] 1, SAS o] At HAMIER A F LA “bomb-spike 2= S0]3F RS
Ho|H 11 =7 2435 Vst daje] gro = ﬂiE]_TL QJtHLevin and Hesshaimer, 2000; Schuur ef al., 2016). TF
&Rt e A (71, e, A, 18Al 55/405 s olAl ‘f’*ﬂﬂL ol ARt A F ALt Alol=
Az ThE Al ARG A ek S5 REsh=t|, fﬂrﬂw WAV A-s A ae A dolA 1t Hofl 23 Ha 2t
S22} 3 o2} A 27 RS o]dlok= o] FQ0 B2 ARRE|o] ”ﬂ'(MCNichol and Aluwihare et al., 2007). & &
01 ﬂ171 5] bomb-spikes= H T QP A]Q1 ©h4 2131 2| Holut A8l £-0 & 5] o] Fstal Q7] wlzof, s =]

2lo|ut 2|94 tfj7]-alof 7Ho] §HA wehE ofalishe ] 22U 4= Uth(Graven, 2015; Toggweiler ef al., 2019).
] =R AAARFETNETH Zurich)2] Laboratory of Ion Beam Physics (LIP)of|A] Al&tsto] Xt U] 58531 Q)

+ MICADAS (Mini radioCarbon Dating Systems; https://www.ionplus.ch/micadas) AMS (Accelerator Mass Spectrometry)
£ o83 AP S 9194 S-S Avliehala) fict. AEA 1 HAMIeA-E Y4 27 WS Hwang(2012)°] &
27l5]o] ot MICADASE 71E AMSO]| B8] 717] F-1]7} 2130(3.2 m x 2.6 m x 2 m), TRt B4 B} 71ds] sl
7Rbsto] WAL ERA B9 A4 B 0] 2848 T3 7 SFAFAIZTK Synal ef al., 2007; Wacker et al., 2010).
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MICADASE ©|-851o] HAVIetA-5- 21 HA-E Ao o2k eh4100 ngo] B3, EJ8E Eff o= 3R 74 o
2Ol 5718 A 57 FoF 5% BFH 2 mg o] X AlJRhe 2 & BAo] 755t Haghipour, N., personal communication).
E5] AHAAHT O] MICADASE ¢4 E47](Elemental Analyzer, vario MICRO cube, Elementar), SF5$ 94 &
43 7](Stable Isotope Ratio Mass Spectrometer: IRMS, visION, Isoprime)2} A3He JEfZ o] 1aket4 7|41 E HiZ o] 23}
AlA ST AR A7) (TS FUE o 81t 5418t 5)& BFA7|AL, IA Alm 2R E ZHt=E QA7 [HA0] 5 5(%)
o} P EAAA(1C), HAMIR AT YA FhS g Holl S 4= qlo] B0l et Almaat B4 AITRS 34 A
ZHFig. 5; Synal et al., 2007; Wacker et al., 2010, 2013; Mclntyre et al., 2017). =3 EA-IRMS 7|7]E ©]-85ll 245 5}
= 5ot w2 eEREdgolu 9 E F A (ampoule cracker) S 0|83t AMS A4 0] FAlof| 755K Fig. 5; Ruffer al., 2010;
Meclntyre et al., 2017). YA A& B o2t -84 A& (877 184) o] A 2] abg ot 7HAS} Fo] Kot g-82]Q1 24
o] 7Fs-slc(Blattmann et al., 2018b; Casacuberta et al., 2020). SFAJ2F MICADASE ©]-83F 242 a7} tigk 5%, o|Hl=
712 591 0 2 SHIAA EX51H= ' H]s|] ol A th=(+2~3%:) TH o] Qltt. 12 Rk o]= 27} A Al 3.0 7191 54
o]t} bomb-signal 5-& H7]0ll= F46] A= TRt glolH AEAS ol 1.5% oW @445 &Y o Sk =,
MICADAS®] 4] @217} 7]E2] AMSHSH F71 SR, ThekRt Al .0] 244 2|eb 4] dpAlo] w2 THASH 7] wiizol 1

B9 U8, AN Q) AR B4 A3k A Sk MR a5 9l ol Blso] 2 344 W
=

|t

i

&
30,

)

E3] Timothy Eglinton /4>2]Biogeosciences group-= A2 510 AQA AR ol A +=MICADASE -85S FHHE
ZHblank) B W BAH-S Sk (Welte ef al., 2018; Haghipour ef al., 2019), £ 6713leHE0] HAM e A5 9914 HA]
2 7HH3} 51H(Feng et al., 2015; Hanke et al., 2017; Ishikawa et al., 2018; Gies et al., 2021), TR | oM =A1 A F-5A
1= 53] tfke] HIAAJE A5 U4 B2 Z1a86]aT QItk(Bao ef al., 2016; Lin et al., 2019; Yu et al., 2019). ©|S HE o2
MOSAIC (Modern Ocean Sediment Archive and Inventory of Carbon; https://mosaic-eth.shinyapps.io/MOSAIC_Rshiny/)©]
k= glo]E] Hjo| AL 415 Fo]th(van der Voort ef al., 2020). &$ MOSAIC®] GEOTRACESLY GEODAP(Global Ocean
Data Analysis Project) ¥} 22 2|74 Hjo]g] Ho]AZ 2 A| El=t]] ¢lo] =] AFAREE TRt i o 2 ofux|gh
T WIS 7RI ol sl B712 02 7H oV}l W2 =l MICADAS Al A/e] F50]n), A A9 2As
Zo| A HAMIEEA B 1A B4 STl AR 17] & 700491 A5 (905HY) A o] H-go] Hasiet. 11 9] AMS
A AU S B3t vl= 22 sl|FAEA(WHOI-NOSAMS; National Ocean Sciences Accelerator Mass Spectrometry)
A= 2F 7000522 (805H) AL, = gt A AR AT H(KIGAM; https://gac.kigam.re. kr/sub0604) o A . Al =
A H-§0] 30~507H 7ol =t whebA] =] s 4ol MICADAS S 53 ehi 24 Hl-8-0] A, 249 a&
214, 2=l 24 St ol 3| 7] ofsto] AR A S HldAE E-81t fEuEt Al Bt el Fast

LS|
AaE A 5 ke Aol

e =

of

E:_

1

ox
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e
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Fig. 5. Schematic of the EA-IRMS-AMS system at ETH Zurich. Samples are combusted in an EA, transferred to IRMS, and the gas
is split by IRMS so 10% of the gas used for *C and 90% for "“C analyses (modified from Ruff et a/, 2010; Wacker et al, 2013;
Mclntyre et al, 2017).
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4.2 2477 ElX=2| 29

tigollA AEota] ©h4 HIE Fot 24 o) Fo| SiAH E&E0] =0 7]¢Ql Axt D, Ak} o\ AFHRo] 73
et e A RS0l 285 (nepheloid layer)y& B/d5HH, o152] 82 o)50] 45 A 4 Ft& A8t
Vi gt webd AE el e W ool EEel o] A-fol QS S] 4 o) 5 e Asl sl A1) 12t
= olofick= 2 S A =2hs olafish= H] §lo] Fagjt Fatolrt. AdERt ko] eid frlEe] HidETY At
(Non-biogenic F+= Lithogenic material (LM))2} 2= o] -5t 42384 o]F 348 53l | #1550l Aot Lo
LY, ofof| thigh 7|2t AR skt T/ ofl TRt FE-2- oF4] gho] A=A Qe EFrlE (Al o= A S| oA A

L

o] ol Fshs ARRES] olF A=Y e Tk sl 7F e 2ol 345 she k. dF e A2 74
SH=FQ A4 27U 8.23% HEo] vl w2 YA vl-g &2 A7t Taylor and McLennan, 1985). 5-520] &£0lH2
715 F3l 3257 1%= sHAIL, siAHo U ti Rl 7P7ke5 1 8 3392 AR Hl&E ol t(Hwang et al., 2010;
Kim et al., 2020a; 2020b). 4| 37 A2 Alim & AR EA =0 Hle-2 77 o g 7 4= Qo A e 4T
059 Fo] 12.155 H3t h(=100/212 W] EF0]52] £214](8.23))& AF8s= A o]1(Honjo et al., 2000), FHA| 2=
A A7 QA 5 B 7192 AAE A2l Zh=100- 2 Opal)- B CaCOs)- YA 12 YRR 7 184 1.88) 2
ARgSh= Zlofet. of7]ol| A AEohd 71919 AE @8, ehibdat 22 siES] Al |(shel) 2t A7 =(POM:
Particulate Organic Matter)2 E3RHt A7 2L HE A7 1842] Zholl 1.88(Lam ef al., 2011) T3= 2.5 (Thunell,
1998) 5 53t aF= A8} HAE=NMR (Nuclear Magnetic Resonance) 2 S+ AE5-SZ53-E0] AA|| ZAJH](Hedges et al.,
2001)°]4L, 2= CH,0 1] AR 712 T BA7F AR[She UAES o6 1] At gholct. o R A 15t gk vl
2719 YRR 51, HE0] 79 910 TR o & faet HIAET ] dRke] o2 A thEA] 9th(Kim er al., 2020a).

ARFA 02 oF 150097 EHE EFY A 0] G- 2iE Bot 115 BT Ak St Ble2 g Elsha A, Al
o B8 e A A ARE] et 25% 5 AR =, EAE O] A7 F-e-2] AT s Wioll e B dofu=

aet 4= ISTHKim ez al., 2020a). AAFO] o] B2 EE5 H ofHet Asfioll A5 3t ofltl(eddy) 7t =
%, = et 8 ol sohs ©4] FFE A AU AS] oF 4-11%= FAID 4 e ol
(Gardner e al., 2018; Kim ez al., 2020a), 5=5f| 7iutt 2215 BIERF 29 sfHof|A= HAIE7]Y ARZF A 47l
80%°ll Boh="5 °l2fet 7|21 o2 QIeh iAFe] f1-}lo] 214 o] Fof ofet 2 Kt} Eith(Fig. 4, Hwang er al., 2008, 2015).
o= AAF2A o7, 4214 ©A4-0] 7 B ofU} g A o] Fk AL A E0] ©a 2] FaRt 712t S ouleitt
(Anderson et al., 1994; Jahnke, 1996; Bauer and Druffel 1998; Dunne ef al., 2007; Hwang et al., 2010; Thomsen et al.,
2017; Kim et al., 2020a).

0] Z-Qoll, FAPAR7 IR A 41C e BF H-1 P MU SAR 35 slle] 8RR 4C
Hop A gEE ok AESHIEY FY o7 SE T oA AT IEAR HeE= aPgollM, 4MCc Hor &
715 AV AT YA A2 T 940 28 A (fractionation) @] Y= AT gholH, sl EFoll A LA At
Bl AAE AR IEAS] M7 4510100 m d - )E R (Honjo, 1982; Conte ef al., 2001; Berelson, 2002;
McDonnell and Buesseler, 2010; Riley et al., 2012), A7 YZRG7[8H4 0] A4CE BEpo] GET 7|4 0] A1 72t
Faliof 2t T gL Atolof| Zfol7} IThH o= thE 7] ((=/dolu Hi71ol M o] -4, A= oA Bl e =5 714, &
7184 0] 2 5) 9] A7EHAT AU E 22 S=RHh(Druffel and Williams 1990; Eglinton e al., 2002; Goni ef al.,
2005; Blattmann et al., 2018a).
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1% o] =zl the A} sk 22 A 3ol 71 dske Rk IR Aol o] &2 AEAl JAd ke Ak
7|e4o] HIS] QEH BAER H| WA S 4'C ZE2 E oIt Hwang e al., 2008, 2010, 2017; Kim ef al., 2020a, 2020b).
Hwang et al.(2010)2 QA-G7184-0] A4C gho] 17} 4] Al%<}F 22 AAAAIS B8 whAsIg =), o] #Al= @
e AR RAC] FQ 7|YHo] ARG EHET} Teo] 922 oJulgttk(Sherrell ef al., 1998; Honda et al., 2000;
Hwang et al., 2010; Kim et al., 2020a). ©]5 Kim ef al.(2020b)-22010 0] 5 BA% A1 AvE-S sto] sjAS A5t
2 0 7 Shfstal, 37 AR S HIEY Y YAHEASE, 2 aluminosilicate minerals) 2 28 YA er40] A
of| 25 W0l F7t A= X3P5 it 5] Hwang er al.(2010)0] ARSRE F0]E9] S (=Al/(H=7 149242t
7B+ QT EATZE)) Tl A7 A0} BIE 7] 4Ate] TARES o510l (=HIE71 Y ARl QAR TEA) A
7} A2 AAGH AR 7] EAT} HARE Y o]x}g}ﬁ@g AR 719 2AR EskEH, o] I A% AF8RE 7]
£o| Jmrt 7 Qe HEE 1] QAR IE A S Apo|= el 97 253 FHIE EAY A 22(Fig. 6a,
Hwang e al., 2010), Zt g0l J=FR7 et 49] A“‘Cﬂ}ﬂﬂoﬂ—%u*ﬁl Hof y=ax+b 2] FH|= thRt sl Alof &4
A g3t 4= QA H2AthFig. 6b, Kim ef al., 2020a). ©] 21419] yZ AH(b)2 HAE71Y 422 5710, & di7]u 7o
A HPAIE7 | 7 frdol flrtal 71 wi o] 15 87 ekA 0] 4MCO] 3hE o). Eek 7t 2] *dﬂ 71&7)(a)e}
HV\WEV\EH A4 gro] 44 E (end-member; T2 S -FETFI7[6HA0] A1Ce} HS EJFEC] 411C) 3E o8P, A

FHEAE U v8E7 Y dAtet 2t A7 e840 Hla-S & 5 Atk o] vIE 013 off B4 Ef o= AFet Y

A-67|E A 2= oy 7] AE-G 7] 9l01x )= ;ﬁms}dt}. AR - Kim ef al.(2020a)2 11517] vt} o] Lol A] tf

0

mlo
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2 A7 PEE F o4 T R(Fig. 601 WET o] 271, o= AR oto]»}%iﬁ ulgo] B4 502 07 At
$7]6H40] A44C BAE KR AR} A7 0 2 8] 917 wholeh. 2 A4 MICADAS S 24
1o LA A1 300610 A7 1E40] A 271 R Asislon], S T 97 el Bl £
A|R0] YA 7IERAS] AMC A 0) A EZH L AS Folrt.
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Fig.6.(a) Plotof A 14C values of POC versus aluminum contents in sinking particles samples (modified from Hwang et a/, 2010)
and (b) plot of AM™C values of POC versus the ratio of lithogenic material to POC (LM/POC) for sediment trap samples where
both types of data exist (modified from Kim et a/, 2020a and data from the South China Sea has been added from Blattmann
etal,2018a).
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43 227 EIX=2| /A

SHH of7]of| A LolZ |, AR B4 =0 7| ¢e Bk ZpA|S] melsial, AR 71242 g oAt ok o 2R At
£ 2its] Avlstlek

A=, Al 2ol BF E-E22] 719 dA et U OE -S4 FH e Nd=[("*Nd/"“*Nd)sampie/( "N/ *Nd)crur
-11x10000; ©17]0llA ("**Nd/"**Nd)cpur =0.512638; Jacobsen and Wasserburg, 1980)¢] Th2tH= 42 0|85 7 42+
A& 7| ¢S H} Fes] F2sk= A7} QIThFig. 1). eNd 2 53] =P} olsol= 5 ofirell 2Rt destd 2 2t
-go] AYSER] a1, JRF 7] 50 FFE A A=t o] YltkJonell ef al., 2018). X[2H] eNd 2 412] 94
A719F F57oll w2t o B2 H(Goldstein and Hemming, 2003), ©] 219 5-91€4:H] 0] Zfol= g2kt ZA]of ofsf Aol
A Hof A L2 HPAE7 Y Aol o= REgE T mebi] 5 E4E0] £ Nd ghe] 37HA] 2olE Fdll dAte] 71
9 o5 HHS 52 4= UtH Grousset ef al., 1990; Hegner et al., 2007; Jeandel et al., 2007; Hwang et al., 2020). ¢t | =,
o] 231 BAT A TS TR 27 A= AR Bl A e e dlE f71Ee] kS Eol Tom 110 7)¢
2 553 5 AR ot EA ok 280 2 St Hwang ef al., 2009, 2017). Hwang et al.(2020)-2 SATHHA%F
S EJAZ0] £ Nd gho] sl ol weh 5 & 2ol 7h L= Za o851, 17 A € Nd 4k w45l 4AFe] o5 712
7| 4AE Bt JEsHA {5513

A 2= EAEZY] AU T o)F Al YA IR O] 2 28] Rt Aol o] Tk A2 Fo] Al = T
Shal w2 A PAMIeAE YA BA40] 715S MICADAS 9] o3& A7 A2, 373 AAF A=l Uie BH(density
fractionation)2 &ofl o|H Hr e} 1o o] EjAlEo] & AN Fl=A], 18] al Y EH JAES HAMIE A 994 54
2| 2FetA E4J-2 A (bulk) Al =2} H W A o] HRlA] G5 mhofet 4= Qlek. Wi 22 5 EN(soil) Aol X] AR8dh=
Ndo=2, afiof J7t YA Ej& ol A= 28 AH7HEA] ¢t Bock and Mayer, 2000; Dickens ef al., 2006; Wakeham et
al., 2009). Wakeham et al.(2009)°] 3o E|ZEoll4 1.6 g cm™ ©]5}, 2.5 gem™ oW, T8]31 T APe]o] Wi 2 EJZ 2.8 B
Slo] Z}21e] 7 |8t Fa A E 9l A 52 SR Aol =T, Yert 2 B EdsE R e ool AL, @8
710 vlgo] Zit} o|E %, AleE Eio et Hste] AR, A A =5 FAlohe AR B HHE S
S Ao 7|rhent. Wicof| k2 FH Q]of|i Blattmann ef al.(2019)2, HE F&E 4S5 59l 54 olF T HE F&E

w71=e] Aol gz o s 2, A= 712 B sl Ha wddt edtof ¢
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o glo]g o] Al F-7HA et §HA| AT ol thgh thstA| A 3% 9t TS5 Q FEITh Wakeham et al., 2009; Bao et al.,

O O
2019). FF T ATAS0] FEg PAS 71 1 Foksto 24 M)A Sof B4 2810 T3t o] oS = 4 9 A
o & Jltysitt
Ab A

o] 4= Aol 8-S 41 A, A, ol Alo], ml, el 1 U 93 Folek 2L A ARSI A=

Ytk 0] =522019, 2020 F = AR w-8H) o] AP o 2 shtdAlche] 2] -8 Hiop o] 7] Z AARY (U] @] HIARE
A4} 2019R1A6A3A03031671, 2020R1A6A3A01095893) S UTh
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