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Estimate of Particulate Organic Carbon Export Flux Using **Th/**U
Disequilibrium in the Southwestern East Sea During Summer
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P B 4 150 mek 200 mell ) A A ARRAZDE 07 el bl SsIsic 710

AWZYAE 14-506 mg C m? day'e WS Yeplion, 44 A2eld Hugks B33 A4 Daolld Hriks
Bk f7 ek é"o%ﬂ—ii% FgelA 9] A vl g 22 RS L}Ehﬂiioﬂ% ek ARE
YA /AR HE-2 0.29-0.62(F 7 0.43)Q] HYES B, AAotele] Hlal Asddolr thi =& BE&-S Yepd

o} FalollA #5S fr1eA IS AT AN R diYelx] #5% gtk 200 tiE FREels] #5
SF gtETh v =AY SARIGITE allellA ] SR /A8 B8-S Bl (North Sea)?l %213l (Chukcehi
Sea)ollA] #53F 5T FARIAA| L, 2HE 2k 3l (Labrador Sea), B8l =3l (Barents Sea), &l--/~%H(Gulf of Lions)
oA I3t ghERThe 953] =30t mebA s3le AAA sl elA f-ddielA AdE 7187 54 200 m ©]
3t AToR 7P B2 HlERE ek A9 kel stbeta A

Export fluxes of particulate organic carbon were estimated for the first time by using **Th/**U disequilibrium
in the southwestern East Sea during August 2007. They were calculated by multiplying POC/Z*Th, ratios of sink-
ing particles (larger than 0.7 pm) obtained from 150-200 m water depths to Z*Th fluxes that were estimated by
integrating 2*Th/**U disequilibrium from surface to 100 m water depth. Export fluxes ranged from 14 to 505 mg
C m? day”', with the highest value at station A2 and the lowest value at station D4. Primary production was well
correlated with export flux, indicating that it was a major factor controlling export flux. Export flux in the East
Sea was generally higher than those estimated in the open ocean and similar to or somewhat higher than those in
the continental marginal seas. Export flux/primary production (EF/PP) ratios varied from 0.29 to 0.62, with an
average of 0.43 and were somewhat higher in the basin area than in the coastal area. EF/PP ratio in the East Sea
was rather similar to those estimated in the North Sea and Chukchi Sea, but much higher than those in the Labrador
Sea, Barents Sea, and Gulf of Lions. Therefore, the East Sea is one of the major areas where a large amount of
organic carbon produced in the euphotic zone sinks into the deep layer below 200 m water depth.
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M E FE olhlslRAE 3olA AT 0= AP 7 18k (particulate
organic carbon) FEIE Az|A7]= HAZR] 7| =olrt, 3504
A gollA Bk 7] olatsbekie] 7bg Fo3 AAgoeRr  AFoRe fr v IPTYAE AAT BAaeE RdS

sf|oF ol A1AE B A EE Y (time-series sediment trap)
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YrE Sk A2 7984 2R (hydrodynamic bias)$} Al
FARA BASE o5 wliEe] el 1071 2 A
A= Ao s W%tk Buesseler, 1991). *The wH717}
24.140] 3L F-F3)xfel] w9 At F2shs 437 wlizoel &l
Ao AToze] f7eka JAEYAE Fsh=t Ho) o]
4531 )t (Moran et al., 2003; Hung et al., 2004; Moran et al.,
2005; Buesseler et al., 2006; Giuliani et al., 2007). **Th ¥'H
a7Fe] AL §lo] A7 A3 S sk A EE
2 o] gl MAshE o5 sle RS 7Ha qlck

Sl v e 7hed fdEAl 4ol 2000 m o)
H= Alslloln], 4lo] zlo] thke] ti7] olitslekAE Alslel A
A ol g IEA sk oS htk(Park er al,
2006). 53] T3l HT 309 A3 AEFY 2 Ay g4t
2% Aol B2 5A% 3EE A1 3o (Kang et dl,
2004), o]3 WAz L2 A2 d3tel TAste] S5E = Tkl
el FAst Wako 2 Hs 1 9ok, FallolA] BATHE
Al2dslel] oa) PEFS vhE 7FsAdo] vl Ak kA g
gl st A st & olalsl] A= 7]l
olaksleks EE ) AAPAAH, BT AT O R fUEAY]
FAEE 2, HAE YoM f71skee] gHEYx 5 22 3
oM o] tarZe s A0 Z uotslolsic),

53l oA oM AAE EHEEPS o435t 4 1020 m
ol BET fU1EA AAZE A 19990 9.7 ¢ C m? yr,
20003 7.3 ¢ C m? yr', 2001d] 9.6 g C m? yr'%, 3352t
Ht ZEAE 8.8 g C m? yr'o|rhEsloA+-4, 2003). &=
gh dF TALAE olgste] ST xSl ATz 7]
e AAEE A Bl S50l 64 ¢ C m? yrlollal o
22| (Japan Basin)lX 99 g C m? yr'o]3Ith(Ham and Kim,
2001, 2008). B Ao Moon ef al. 2000y &5-2x] thHAPd 2
A& BAdoq 1996 54 24The] FAEZHAE 0-100m A
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Fig. 1. Study area and sampling stations in the East Sea.

olgste] HHsiolom, 247t &
ol-gato] HABIt. F+ W o)
T 5% oItk A FEE 90% OFAIE 10 mIE 2441%F
B9t FE3% T TD-700 fluorometer (exitation filter 436 nm,
emission filter 680 nm)E ©]-&-5}4 731t} Phaeopigment &
TE oMlECRE FEE G54 IN ke Wi 1R 302 &
ol Turner-designed fluorometer® 73R} & AGoA = 4
24 Z7%kelA phacopigment =5 W RAGH GAEL g o]
g3lsich. A f71ekA s=E sl 500 miE ol2ket GF/F
ATA ARG Hell 550 °Collx] 5AIZE Bl)E AAE Yollo] Sl
+ dAIARTE el 24417 5<F Yo T8k (inorganic carbon)s:
A AT Foll, CNS ¥47]1(EA1110, CE Instrument)S ©]-83}]
AT} 21223 ES] P-E 542 Babin er al.(1994)2] radial
photosynthetron "5 o]8-sto] 7aleh. 253 ofiE S A4
] 13 (subsurface chlorophyll maximum)2] 3|4=oll “C sodium
bicarbonate(Amersham Inc.ys 37Fste] 2A17F wljeFesio, &
2FEE ol TS BRI P-E A3elA doixl A
5= Platt er al.(1980)2] 3ol Agslsto] n7iwigs} sl3it.
A A P-E miiRIGE AL 713k AIRPE et 3
&, AP A 954 TR 9 Ao A3 A2t
T3kt

¢ F PTh 7|A 552 B-spectrometer(RISO National
Laboratories)= =213}t (Buesseler et al., 1992). 314~ 2 L(&
T4 9 F PTh &)ell 2% A4t 3 mIE Yol pHE 2 olekz W
=3 S8 HAE 'Th(12 pg g') 89 1 g& H7ISkAL 8-124]
7F w994 BEE FE Fobrsith dEYol &4 0T pHE
8.0+0.15 ZFE T KMnOy(7.5g KMnO4/L DIW) 100 pLS}
MnCl(33.3 g MnCl:5H,O/L DIW) 100 pLE Yo 7HHES
FABIATE FxolA 80°CE 2-3413F 71AE & A ow WYzt
S T 1 umolal A7) 25 mmRl Ag oA E AHE-ste]
oAR3IGITE 2t AlSE 24YUnit} 53] 54 & HHRAES HE
8710 Wil *Th (6 pg g') 1 g& Wil Wk HAF 2 mLsh

> BT SFAIRE(SRME
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Absbrds 1 mLE AHES §- 7Hd el ARAIZ AL HEs IM
o ImLE §E3IQlt). o] §o5 FddEetnt A%
7 ] (ICP/MS; X-7 model, ThermoFinnigan Ltd)2} ASX-100 =}
ETU7I(CETAC Ltdy= AH8-819] ®'Th/*Th &= S48t 7}
A= 3aEs APl AV PThS & P*Thell A 8574
PThe wWiEo2M Akt 20U Sese el &3] At
FTH(**U=0.07097 x Salinity : Chen et al., 1986).
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41 200 m ©]3ke] AW (A2, A4, B2)7}
Aa9d (B3, D2, D4, D5)C.& et RE 4
oA &8 B2 4 10 m7HA| 24-25°CY) & g2 U
ERaL 71 ofst FAlelA A8 AHAsklth(Fig. 2). TRk
Agredel AXIgk FelA= tiEk 10-50 molaL AalSdell 914
3t A= F o 212 10-100 mo|Ath A A2, A4, B2,

A PPEL
1500 m ©]% LO]

HO

& ol8% A #71
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EZoNA 33.8-33.9 psu® T el vl3l 0.5-0.9 psu 7 =
kom Gdof whE RS TRE YA P & HEE B

o1 ekt
Aol AN i EEO 41 20 moAH) 05 umol L
ofak vl§- vigka 1 ofsk elA 3245] F7Kkel £ 100 m

oA 15.2-19.3 umol L9 ¥ 52 YElth(Fig. 3). HaiS
M= QA F57F 0.5 pmol L'oJskE w9~ GHA] e =
o] el wel oA Ve, 434 B3l 20 m, AF
D4oll A= 30 m, A7 D2¢} D3olAE= 40 m7HA ekt wket

A EFaelA A4 o] gt Aajelelx] wrt 4
S Qlelge2 o 4 itk 74 200 molA BEV A

T5 36l et oA el A3 B3ellA 13.0 umol L=

Hagks 193 H7 DaolA 22.8 pmol L2 H gk LR
Agtdolr PE=4 e A wet wie- 2 xjolS BTk

AR A29) B2old 954 FEE S 20-30 mollA 1.5 pg LY

o9 H& @S e olxF 54 F di(subsurface

B3, D2°ﬂ/\1 A2 B35 44 10 m7FA] 33.0-33.3 psu™ 3 chlorophyll maximum)S Roli= WHH, A AdollA] 54 55
ARES e 1 010}01]/\1 :Lﬁo] S7Fetl 0 so m U2l = EE AelA 0.5 pg L'olke] W gEs JEh ol
ol S& vehdon], 7 olst SN IE2AnE HolA UthFig 4). Ao P=2 BEE
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Fig. 2. Vertical profiles of temperature and salinity in the southwestern East Sea during summer.
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Fig. 3. Vertical profiles of nitrate in the southwestern East Sea during summer.
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Fig. 4. Vertical profiles of chlorophyll in the southwestern East Sea during summer.
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Fig. 5. Vertical profiles of particulate organic carbon (POC) in the southwestern East Sea during summer.
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Fig. 6. Vertical profiles of total ?*Th and ***U activity in the southwestern East Sea during summer. Dot lines indicate total ***Th activity,

and straight lines total **U activity.
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Wl F7eA0] SRR Ao e PF540] FHEE
9} FARFAAIRE, Al delr= A2 T oS YER

AFA o= 44]0] Lo} F 4Th EF = (total **Th activity)=
100 m7H4] S43813laL AsllGellXE= 200 m7k4] 543181t ©]
Z ArdeolA] 75m 2 100m 23 A A 150m Y
200 mellA & #Th FF5r+= 85 PTh &F L (dissolved »*Th
activity)2} &MY #Th &5 % (particulate **Th activity)ys 3t
ot} gt F BiTh S5t 4ol uket ot S71s)
Som g A2l 7P 22 FHeS YERITHFig, 6). Aol
EZNA A 100 m7HA] PTh/APU S5 % BlE2 P73 A20lA
0.26-0.48, 295 A4l 0.39-0.70, 95 B2ollA 0.48-0.80°.%,
BAThe} 28U Atolef| ull-¢- 733t ]33 (disequilibrium)s H.SI T},
AFGOME F Th G557t FAo wet Ak o=w Frfst
gou, 43 D2ollA 7 A BSEAT 7 DeollA 7S =
Al B5ETH AEellA] BFolA 4 200 m7HA] P4Th/2¥U
P2 9]4S FA B3olA 0.32-1.10, B D294 0.41-0.99, 3
A D4ol|A 0.87-0.990.2, A D5ollA 0.66-0.902. %, P*The}
28y Alo) 9] nsg e A Dol 71 sl el 43 D4
oflX 71 oFsiAl vERsTt

E 9
-4l (euphotic zone)ol|A SO Z AL F71849] HAFE
22X (export flux)t= **The] FAEHe| oJ3) thst o] 4

Ak2] POC/'Th, BlE&E 3t =5 J74eh= 2Th F 29} &
ko 24 & 4= Q) t}(Buesseler ef al., 1992; Moran et al., 2003);

Proc = POC/*Th, x & [(Ay - Am)dz

o]7]4 POCE 7184 5 (umol L), 2*Thy= JAVS 24Th &
E(dpm L), A= 2*The] 5-34<7(0.0288 d), A= = U &
F5(dpm L), Anie T P*Th &5 (dpm LHE YeRAT 99
218 Ak 7 #dol Y] 87, A7 olFHt A
=3 A7 mE F PTh 552 W) Sivke A3
(steady stateys 73kl ATt

o] 2 2 7HA ¢ WE0] s 7 sl P Fas A
52 1) ZF3E oA (bloom)d =2 BIZAL AFEf Q] AANA

52
o] o & A9 2) o]Fell &t v E 57T &7 3) POCS **Th
o] & AlgeA B A o 4) 7SR 1Akl POC/ATh,
Hlgo] 4 9 QiR; A7) we} Wslsith= Zlolt} (Cochran
and Masqué, 2003). ©] 78] Z-¢- o EHolebx] ZHAE o
AT 2 A §lol dAbell gt 234Th A|A7} vlma A3t
gt 7Pge 4= glovt 2 2 g E o] Rl st v]EE wisk
£ 53] 7hsslkelE olden &, A £ 28 W gbRel 9
3 Gt 227 Eek 7| AT 199 WA F9lshe ol
ul @Rel o3t Bl o] o 4 Uk 53] AX A2, A4
9 B29] AAotdo M Fped ROz oAtEL o] 7o Jgo] F
735 v S7¥ebE A gt B 4 it 259
A2 FH-elM nEEPo] 7Fg AA Lojul= o Kol A |
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Table 1. POC/**Th, ratios of sinking particles in the southwestern
East Sea during summer

Station  WVater depth 24Th, POC POC/**Th,

(m) (dpm L) (umol L") (umol dpm™)

A2 75 0.49 3.72 7.55
100 0.86 10.6 12.4

A4 75 0.78 2.88 3.68
100 0.53 2.56 4.84

B2 75 0.18 2.86 15.9
100 1.02 2.90 2.83

B3 150 0.82 2.98 3.63
200 0.51 2.11 4.09

D2 150 0.66 5.08 7.73
200 1.15 2.76 2.41

D4 150 1.00 2.58 2.58
200 0.65 1.97 3.05

D5 150 0.42 2.54 6.00
200 0.47 2.28 4.85

F7IeA JAEEAE 3 olskE ek ARkl &
< YERZ] wlEel POC/A4Th, 182 -3t ol8le sk
JAFEoIA S7g3teiofsttt. i AellA] POC/2*Th, H]&-2 A%t
ooz 4 75 me} 100 molld S HaldelM= 5
41 150 msk 200 mellA Z7g3Hitk(Table 1). 2kl POC/
PTh, P& 7784 B dohdel 4lel mebi e & Afols
yepict, 3] A7 B2ollA POC/*Th, Hl&0] 4o wat &
o5 B, 4 75 mollAl= 159 umol dpm™'e]SlaL 4
100 mollAE 2.83 umol dpm™'2, 58 o]Ake] zjolES el
7 A2¢l4 A8 POC/*Th, BlE-2 A7 AdellM S A
Hup 7 4] Bl 2uf o) =3ttt AEeellA] POC/ *Th,
HlE2 AR} AR #gkow, A gy el W 2b
o]tz At} 4] kot %43 D204 POC/*Th, HlEe]
Aol e}t & 2JolE YER, 150 mollA] 7.73 pmol dpm'0|A 1L
200 moA 2.41 pmol dpm 2 38} o) 2po]E LERA

B2 AAe] W=, POC/ATh, W& A+ A7) wkeh 2
Z}o]lE BQIthal B 1 %Itk (Charette and Moran, 1999; Benitez-
Nelson et al., 2001; Moran et al., 2003; Hung et al., 2004). 1}
214 Buesseler et al. (2006)> POC/*Th, B]&= f-31) o|sl=
A3k il S4slokslr| witell Bl 4EE 7 (sediment trap)
= ol&sto] AAE AlFelM S8k o] 7P Addsitta F
Asleleh. 2 AFers HAEE AR FHsHH Fst 2
717k 0.7 pmode] =2 AlZelx POC/'Th, BlE&< 5743t
STt & Aol 4o wel POC/Th, BlEo] & XolE B
o]7] wiitel F g4l Batgks o]&-38Ielth. POC/Th, Hl&-
2.81-9.97 pumol dpm™'e] HLE YERICH, 3 A20lA gk
& B33 A7 DaolA HAgks HSItK(Table 1). 7]EA7lA
HAEEN Al golM Z43 POC/ Th, H-&-S AAikdo] W& &)
Ao A= 5 pumol dpm™ 05k W FES YERILL i)
2 FlY= 10 pmol dpm'olde] 2 FHES LEROH,
o] 3-10 pmol dpm'e] HHE YERATHBuesseler et al,
2006). = Aol F-RrEdelld S47 POC/*Th, HlE&2 B[4
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Table 2. Export fluxes of organic carbon and export flux/primary production(EF/PP) ratio in the southwestern East Sea during summer.

Station POC/**Th, ““Th flux Organic carbon export flux Primary production EF/PP
(umol dpm™) (dpm m? day™) (mg C m? day™) (mg C m? day™) ratio
A2 9.97 4,233 506 1743 0.29
A4 4.26 2,743 140 306 0.45
B2 9.39 2,473 278 731 0.38
B3 3.86 1,903 88 279 0.31
D2 5.07 2,782 169 324 0.52
D4 2.81 423 14 306 0.04
D5 5.42 2,013 131 208 0.62
EE AR ST gs3t v S vkEklTt &0 Hagh, 506 mg C m? day' 2 oY 7Fsd grow
B ATelA #5333 zlo ]‘_ 100 mir/} 7J7<] 71 ‘Lﬂﬂ“r TS ZAI7E §lol Belth st F3 DaolA 53 71
of] B4Th Z- A= =204 $2A 100 m7HEA] P4Th/2PU B9 8 A FAAEYA0 HAE, 14 mg C m? day' ol gof] wj-¢- =
A F-51o] 74]*1—0]—93\0@, T|EkA A7FZY AL BiTh _—_’-_EJ/\oﬂ & zko g EA) Q= AoF Az} ouksbd A D44
POC/**Th, Hl&-5 73"6}04 Arteloitk(Table 2). 7184 A4E #5F AP, 954 5, 718A s5s E3 Dot &

YA

A5 14-506 mg C m? day'2] S el ow, 47 A9l
Al Hazks B3 F7 DAl FHAagkS Helrh AgkedellA
7)€k 7FEE 0] gk 308 mg C m? day o3l AlE e
ol HHZE 101 mg C m? day'=, AgFAol F718ks %7&
ZYaE YR} 3n) AR =90 2 AFelA A=
B AAEY AT Fox kel 34 AEEEaE oy (bloom)
B H5T gRohs AANE B, 5%51%“, =30 (Arctic
Ocean), 2] THGulf of Lions)ollA #53H ghsH = =940
™, 53} (North Sea), 2HE- E}.J_OH(Labrador Sea), H}# =3l (Barents
Sea), 2|8}l (Chukchi Sea)oll X =53t GhE5 = ARSI Table

ﬁo_

o
d

3) wheb Felle] 4715k AL ARkl 15
Eurks gk ofF FAseld B gk ok AL f
ARSI,

1A FEEAE A7 A wet w2 AfolE KAl
th HagkE Hol= 43 A28} HAgE Hol= 44 D4 Aole
= el 36Me] vl & AfolE vEbdth AR A2 271 Q)
gstar glom g5o] dojul= sfiefolth. F3 A2elA ﬂ*ﬁ“@’ o
ZHYAFE 1743 mg C m? day'Z 7P %2 @S YERC

(Table 3), G549} F7 €4 SEE e A7 8= H]OH i3
Al B=5E S HFigs. 4, 5). Wb AR A2 A57 f7RA

o] 7} Sgoll = B8t 1%‘@ ARFZ YA 104 o)A 2
pol= LpERA7] wlEo]tk(Table 3). T=3F A4 D5olA B3k o
2342 97 DarTE Zhgol e Bkl R RA FAEE A
€ 23] FH D4xr} oul7FEF =9k
47 D4olM 274AH] POCA Th, Hl & 2.81% HI1%H9.97)
of vl 3.50 7FF xlolE VR OH, fgtRE ] PTh &
Y= 423 dpm m? day' 2 #H113k(4,233 dpm m? day')oll H]3H
108]) x}o]E XS TH(Table 3). AHH2 ©F POC/Z*Th, H]E0] ?Jx}
7ol whet 2 zlolE B ¥R opgt Ao s W
3}= Hol7] wliol(Benitez-Nelson et al., 2001; Moran et al.,
2003; Buesseler et al, 2006), 375 D4ollA] POC/*Th,u]&°]
kel B3l 3.58) 7FF 2polvks A AR olet AzbEct. &
A9k 47 D4ol| A B=3E 2Th ZH A7) Hargkell vlal 108 2}
o7} vkt 1 vte] FAAESHE sl o] xlolE Kol A 4
AR oA ety FdET), PiTh 2 A= g tiuolA 24The)
23“U 5= o]z HE AXtel=t, g SollA P'The}l U &
FLE) AfolE Hole A MU BB ds] FEsA &
= HJ“E PThE F-H-Ee) vl 2 Faste] sl FellA AA
7] wjZolch FE4 57t 52 25350 - 200 m)lA =
The} 23U G55 2|7t A AZHAR 54 200 m o8t A

Table 3. ***Th-derived export flux of organic carbon and export flux/primary production (EF/PP) ratio in other studies

Area Season Organic carbon export flux (mg C m?day”')  Average EF/PP ratio References

Equatorial Pacific Summer 36-72 - Murray et al. (1996)
North Pacific Spring 6-49 0.10 Benitez-Nelson et al. (2001)
North Atlantic Spring 240 - 840 - Buesseler ef al. (1992)
North Sea Summer 60 - 540 0.36 Amiel et al. (2002)
East China Sea Summer 26 - 67 - Hung and Gong (2007)
Labrador Sea Summer 37-360 0.20 Moran et al. (2003)
Barents Sea Summer 84 -312 - Coppola et al. (2002)
Chukchi Sea Summer 10 - 468 0.32 Moran et al. (2005)
Artic Ocean Summer 4-84 - Moran et al. (1997)
Gulf of Lions Spring 11-52 0.08 Giuliani et al. (2007)
East Sea Summer 14 - 506 0.43 This study
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