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Abstract During the Second Chinese National A retic Exped ition ( CH NARE) fiom
July © Septanber 2003, depth pwfiles of d 8solved and particulate *Th n upperwa
ter colmns were collected at two statbns of BRO3 and BR24 in the Bering Sea BiTh
was san pled by using a trad itbnal Fe(OH ); co-precipitatbn technique which is a
reliab ke approach to ®*Th measuranent W e chsewed ®*Th excess at statbon BR03
bebw the euphotic zong which was possbly due to the ntensive mn neralizaton of
particu latem atter  Particu hte oiganic carbon (POC) export fluxes were estin ated
from a one-din ensbnal iweversble steady state model of ™ Th fluxes together with
m easurem ents of the POC /** Th ratb on the suspended particks The POC export flu-
xes fom the euphotic zone were 11 66 and 11. 69 mmol C m™ > d”' at BRO3 and
BR24 stations respectively The ratbs of POC fluxes b prinary production at the o
statbns were aboutQ 5 andQ 59 respectively pmobably due to the presence of large
phy top lankton ( in particular diatans).
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1 Introduction

The euphotic zone is an active water layer n the ocean for marne phytop lankton to
convert inoiganic catbon nto organic catbon, resultng n a CO, exchange across the aimos
phere/ocean nterface Moreover it is an mportant layer for the producton of bbgenic
m atter and for the vertical transport of particles to the deep sea Export flux of particulate
organic cartbon ( POC) fran the euphotic zone to the deep ocean is regarded as a critical n-
dex of the efficiency of biological pump and it has often been used as a necessarym easure
ment to determ ne the b bgeocham ical cy cling rates of particle-reactive elements and constit
uents in the ocean ",

The estmation of POC export fluxes n the ocean is based on woman approaches n-
clhiding sediment trap deployment and the radioactve isotope tracngmethod In the upper
oceany the quantity and quality of sink ing m aterials collected by sedment traps are largely
based on the hydrodynam ic simation and often nvoke “ svinmer” related issued’!. Re
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cently the Neutrally Buoyant Sedm ent T rap has m proved hydrodynam ic problem s and can
be used to determ ne the POC flux n the upper ocean H awever the mstrunent is too ex
pensie to be densely deployed in the nvestgated area and be w dely used

Natral radioactve isotope tracng is an altemative method to determn ne POC export
fluxes and the **Th/”*U disequilbrim is them ostw dely used approach **Th is a radr
oactive nucldew ith very hzh particle reactwity, produced in-sitw fran the decay of its par
ent”U w ith a steady rate in the ocean **Th can be scavenged and ramoved rapidly w ith
sink ng particulatematter resulting n disequilibrim betveen *Th and **U, especially n
the upper water coimn The deficiency of **Th w ith respect 10 ™*U reflects the cycle ex
port and ram heralization of particles Due to the relatively short half-life of™*Th (24 1d),
it iswell suited for tracing biogeochem ical processes n the tinescale s ilar to particle dy-
nam ics n the upper ocean'’!. A's reported by Buesseleretal 'Y, the ™*Th"*U disequilb-
rum technique is proved to be a robustmethod in the estimation of particle export fluxes
fran the euphotic zone in the ocean. Fukuchietal estinated the POC export fux fran the
euphotic mne of the Berng Sea using sedm ent traps in the ISHTAR ( Inner Shelf Transfer
And Recycling) Projectwhich concemed biological processes in the seasonal sea ice region
of the north Bering Sed ”'. Chenetal first estin ated POC export flixes at three stations n
the southw estem Bering Sea fran **Th /U disequilbrid”. To our know ledge there are
few reports on POC export fluxes n the Bering Sea H ere we report export flixes of POC
fran the euphotic zone in the Berng Sea based on **Th-"*U disequilibrium data and a
steady state box model

2 Study area

Bering Sea is them ost northem m arginal sea of the Pacific O cean bounded by Siberia
A laska and the A leutian Islandsw ith an area of 2 3 x 1 km®>. The northem porton is con-
nected to A retic O cean by Berng Straitwhich is 80km wide and 50m deep Thewam water
flow s fran the northemn PacificO cean to the A rctic O cean through the Bering Sea and Be
ring Strait The Berng Sea is n triangular oy
fom and can be diviled nto three portbns
the northern portion of the Bering Sea is / .
characterized by broad continental shelf ( ac

counting for44% of the otal Berng Sea are
a); the central and western portion consist 669
of deep basins ( accounting for 43% of the
total Berng Sea area); the remaning is

characterized by the continental slopé ™.

Samples were collected at wo stations o
(BR24 170 78°FE, 53 97°N and BROZ VA~
176 18° E 57 99° N) onboard RNV P :
“Xuelong’ during the second Chinese N /%0% Pt }
tional A retic Expedition (CH NARE) fran F Teow ow 6OV
July to Septenber 2003 At each statbn

Fig 1 Sanpling stations
20L of seawater, for each sanple was collect ¥ anpime Saons
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ed usng N iskn bottles n each waterdepth (i e Om, 10m, 30m, 50m, 75m, 100m,
150 m and 200m).

3 Sample analysis

Upon sanple collectbn a1 L portion of each sanple was filtered through Q 7 Hm
glass fber filters (W ham an™ GF /F), dried and broughtback to the laboratory for POC &
nalysis The rananing 19 liers of seaw aterw ere filtered through aQ 45Hm m enbrane filer
to obtan sanples ofwater and particles A fier thay the water sanples were coprecpitated
with Fe(OH )5!. Fmnally the beta/alpha sourceswere prepared w ith electrodeposition and
the radioactivity of **Th and ** Th were detected w ith low-level a-spectrum /B-counter In
other studies activities of **Th and its yield wacer **Th (or**Th *’Th) were usually
m easured using a B-counter and a-spectometer respectwvely so the detector nter-calbra
tion w as necessary for the resulis In the presentsiudy only one detectorwas used tom eas
ure the activities of “*Th and **Th simultaneously so the detector nter-calibration betveen
a-spectraneter and B-counterwas avoiled and them easurement errorwas then reduced ',
For the short half lif **Th activities were detem ined on board by the mentbned proce
dure above while U activities were calculated with the relationshp between U and sa
linity (S): **U (dpm* L") = Q 07081 xS, Tamperature and salinity were deter
m ned by shipbome CTD system.

4 Results and discussion
4.1 hydrologic param eters

The depth profiles of ten perature and salinity were listed n table 1 Themixed layer
at BR24 and B103 station coul extend to a depth of 50 m w ith man themoclne and halo-
clne located in the range 0f20 to 50m depth A s amargnal sea of North Pacific O cean
the southem part of Bering Seaw as connected w ith the Pacific O cean  BRO3 statbn lay n
the Berng Basn andwas characterized by typical vertical profiles of ten perature and salnrt
ty n the Berng Sea hewamerwaters (> 7 C) could not extend more than 15m depth
and ntem ediate colderwaters (< 3°C) beween 50 to 200m. The wam waters also exis
ted at BR24, while the ntem ediate cold waters were heated by wam water fran the N orth
Pacific O cean and showed a higher temperature than that of BRO3.

4.2 Vertical profiles of **Th and POC concentrations

V ertical profiles of **Th and U activities are given inTable 1 and Fig 2 The partic
ulate fraction accounted for 8 ~ 28% of total ** Th activities “*Th activities show ed an
apparentdeficiency to its parent U n the euphotic zone due to the scavenged to and re
moved w ith marne particles Below 100m, total ™ Th actwities balanced w ith **U. At
BRO3 there was a significant excess of **Th at 200m, which might be due to intensie
rem ineral ization of particles
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Table 1. Vertical d strbu tions of temperaturg_salinity POC concentrations and 2*Th activities
. Depth T Apmi Avpmi Ay POC
Station (rr?) (C) S (dpm* L7])+ ( dgm * Lfl) (dpm * Lfl) ( Bmols Lfl)
0 9490 32 106 L 707 0 225 0237 30 019 2273 13 056
10 9490 32707 137530076 0316 30 025 2316 9 250
BR24 20 6 431 32904 1 224710 071 0412 30 022 2 330 8 500
Botiom 30 5457 33022 172530 130 0451 30 027 2338 6 383
depth 50 4563 33089 121130 067 0 500 0 034 2343 8 583
3100m 75 3550 33187 144730 120 0 664 10 043 2 350 8 050
100 4050 33623 164610 077 0 331 10 024 2 381 11. 528
150 4 128 33 840 1 799 10 145 0 260 0 020 2 396 4 264
0 10 488 33 054 1 14610 087 0 646 10 054 2 341 12 167
10 9987 33069 148830 096 043830 031 2342 12. 000
BRO3 30 5505 33094 1 447 30 105 0206 0 012 2 343 7 041
Botiom 50 2258 33193 1329730086 034710 023 2 350 4 771
depth 75 L 754 33207 153330074 021430 019 2 351 3 073
3870m 100 1744 33236 1 74810 125 0 480 0 038 2 353 2 300
150 2228 33386 1 8410 117 0 193 10 020 2 364 1 819
200 3523 33740 2 21530 139 0 307 20 024 2389 3 438

* 1dmm=1/60 Bq

4.3 Scavenging and ren oval rates of ' Th

Estinates of the scavenging and ren oval rates of***Th aswell as the resident tin es of
dissolved and particulate **Th can be detem ned fran an irreversible steady statem odel of

thorim scavenging n the w ater column usig the follow ng equation' '

A, /0t= A [A, - Ay + Ay, )] = Py + V (1)
where A, A, andA,, represent the activities ( dpm* L") of *U, dissolved **Th and
particulate *Th and A is the **Th decay constant (Q 02876 d"'). The tem Py, ( dm
*m e+ d') represents the removal rate of particulate “*Th due to particle sinking and
V, the contributions of advection and diffusion to the **Th flixes

Here the contrbutions of advection and diffusbn are neglected and Eq (1) is rew rit
ten for dissolved and particulate **Th n a steady state respectely

J = Ae (AL - AD'l‘h) (2)
Py, = Jo, = A Apy, (3)
T = Apr A (4)
T = Appy, Py, (5)

where he tem J, (dpm® m™ >+ d') represents the net scavengg rate of dissolved **Th
onto particles T, (d) and T,(d) are the residence tines of **Thw ith respect to particle
scavenging and removal respectiely

The results calculated fran the model mentioned above were given n Table 2 At
BR24 J;, ranged fran 16 296 in the surface water to 32 550 dpm* m™’¢ d ' at the depth
of 150m wih an average 0f23. 705 dpm* m~*+ d°; PTh ranged fram 4 673 dpm* m~°
« d°' in he surfaicewater to 19 962 dpne m >+ d ' atthe depth of 150m with an average
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0f12 310 dpm* m™ ¢ d°; T, ranged fran 37 2d n the surface w ater 1o 104 7d at he
depth of 150m w ith an average of 70. 916d T, ranged fran 17 588d n the surfacew ater to
96 514d at the depth of 150m w ith an average of 42 357d
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0 i 1 0 T T T )
|
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—¥— Dny, —O— Dpy,
—Oo— Ty, —*— T
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(a) BR24 (b) BRO3

Fig 2 Depth profiles of *Th/®U actvity ratios

AtBRO3 J;, ranged fran 3 013 in the surfacew ater to 34 342 dpm* m™ >+ d°' 200
m deep with an average of 21 907 dpm* m ** d"'; Py, ranged fran — 3 817 dpm* m~’
* &' n the surfacewater to 19 852 dpm* m™’+ d ' 200m deep with an average of 11
735dm=* m ’+ d'; T, ranged fran 33 383d in the surface water to 441 799d 200m
deep with an average of 113 378d T, ranged fran — 8Q 440d in the surface water to 132
559d 200m deep w ith an average of 23 756d W e found sane P, and T, had negatwve vat

ues at the depth 0f200m, which was consistentw ith the excess of>*Th m entioned above

Table2 Estmated resident tines scavenging and removal mates

_ I P, ,
sabn R (dpmm > d ) & &
0 16 296 0 483 104 740 24. 978
10 27. 049 17. 963 50 851 17. 588
20 31 814 19. 962 38 466 20, 645
BR24 30 17. 635 4 673 97 823 9 451
50 32 550 18 181 37. 212 27. 480
75 25. 968 a 878 55 724 9% 514
100 21 136 1L 619 77. 872 28 481
150 17. 188 9 719 104 643 26. 721
0 34, 342 15 775 33, 383 40 923
10 24. 545 11 958 60 629 36 601
30 25. 782 19. 852 56 121 10, 387
BRO3 50 29. 380 19. 410 45. 230 17. 860
75 23 541 17. 384 65 116 12 313
100 17. 412 3 618 100. 393 132 559
150 15 237 9 701 120. 378 19. 846

200 5 013 - 3817 441. 779 - 80 440
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4.4 POC eport flux

The euphotic mne could extend to 50m depth at BR24 and BRO3 in the Bering Sea so

w e chose the depth 0of 50m as the export layer n the scavengngm odel to estimate POC ex
port fluxed

F' = F,, * POCA,, (6)
where F*, Fyp, and POC /Ay, represent POC export fixes >*Th export fluxes and POC 1o
particu late **Th ratio respectivel. The results are listed n Table 3
For linited ship tm¢ we did notuse pump to get large volume of seawater (1 e 200
~ 300L) on boad so as to obtain size-fractbnated particles so the POC A, ratios we
used n this paper to estinate POC fluxes were ratios n the suspended particles rather than
really shkngmatters The POC export fixeswere 11 66 mmol Cm™* d"' at BR24 and
1L 69mmolCm > d'atBRO3 respectively The data lay in the range of results ( about
10- 15mmolCm™*d ") in the neighboring sea area reported by Chen et al '°' H owever
they weremuch less than those n the northemn Bering Sea due to different bological condr

tions Moreover Fukuchiused sedinent traps to detem ne POC flixed’!, which often dif
fers fran the **Th data reported by Buesselet .

Table3  Estmated resident tmes i the euphotic zone and POC export fluxes

Statpn  Fxport lay er ) T POC Ay, Frem, F’

(m) (d) (d) (Hmol dm™ ") (dmm *d " (mmolCm™ d")
BR24 50 575 2 8 17 18 678 6 11 66
BR 03 50 521 205 13 76 849 4 11 69

The prin ary productity of the euphotic zone n the Berng Seawas 19 8 mmolCm™*
d """ s 50% atBR24 and 5% at BR 03 of he organic carbon produced by phytop lank-
ton w ere exported fran the euphotic zone Such high ratios m ght be because of the exist
ence of large phytoplankton biam ass especially diatam <.

4.5 Conclusion

The **Th-"*U disequilbra in he upper ocean were used 1o estinate the resident tines
and export fluxes of ™ Th as well as POC export fluxes n summ er of the Bering Sea At
BR24 the resident tines of dissolved and particulate ™ Th were 57. 5d and 29 8d respec
tively, and POC export flux was 1L 66mmol Cm™> d”'. AtBRO3 the resident tines of
dissolved and particulate “*Th were 52 1d and 29 8d respectively and POC export flux
was 1L 69 mmolCm™> d"'. And*Th activities were excess to”> U at the depth of 200m,
which may be because of ntensive ren neralization of particles POC export fran the eu-
photic zone accounted for 5% and 5% of prmary productwity, due to the existence of

large phytoplankton n the hgh latitnde seas The results can be a reference for further un-
derstand ing the role of the Berng Sea n global carbon cycle
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