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28 £90] 7Hsek 9FE benthic chamber(BeleNS /W HTH £%973¢] F37d0] —E" Belc/= %% A
W Ao FHEA o T 9 FoE ARl Belehs BA, AFAE7], TH7] W AA A RR :rL
SE T} &l FadE ;n"tﬂﬁrﬁw 1 Sl Bl AR A g9l 2n g AR Axiage] S, a9
M) Ao ERE £ AY 4AF BT FAsl0] o7 AYARE AAFC PIV(particle image velocimetry) }
Hog -—-73) 3l chamber WS A5 AEAQ radial-flow impeller?] -8 eI chambert) £2] £33
A7he oF 3022 F4H o™, vlEhEolA shear velocity(u*i= ©F 0.32 em 'tk A48 APLE Aty &
A AZ(DBL) FAE ok 180~230 pmSich Al &8 AARa T8-S oF 84 mmol O, m? d'F Adujerd
o Bk 2odf ol Hvh AZ GUH e “AibrobAA o] 0.18 + 0.07 mmol m? d', YEMFC] 2.3 £ 0.5
mmol m? d", QIAIR10] 0.09 + 0.02 mmol m? d*, TAHFAT} 23 + 1 mmol m? d'E =}

We have developed an in-sits benthic chamber (Belcl) for use in coastal studies that can be deployed from
a small boat. It is expected that Bele will be useful in studying the benthic boundary layer because of its flex-
ibility. Belc/ is divided into three main areas: 1) frame and body chamber, 2) water sampler, and 3) stirring
devices, electric controller, and data acquisition technology. To maximize in-sifu use, the frame is constructed
from two layers that consist of square cells. All electronic parts (motor controller, pA meter, data acquisition,
efc.) are low-power consumers so that the external power supply can be safely removed from the system. The
hydrodynamics of Belc, measured by PIV (particle image velocimetry), show a typical “radial-flow impeller”
pattern. Mixing time of water in the chamber is about 30 s, and shear velocity (u*) near the bottom layer was
calculated at 0.32 cm s'. Measurements of diffusivity boundary layer thickness showed a range of 180-230 pm.
Sediment oxygen consumption rate, measured in-sifu, was 84 mmol O, m? d”!, more than two times higher than
on-board incubation results. Benthic fluxes assessed from in-situ incubation were estimated as follows: nitrate +
nitrite = 0.18 + 0.07 mmol m*? d* ammonium = 2.3 £ 0.5 mmol m* d"' phosphate = 0.09 + 0.02 mmol m? d”' and
silicate = 23 = 1 mmol m? d.
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NOy, Fe(OH), MnO,, SO7, CO)E olg3lo] 47188 #aligh
HCanfield e al., 2006). F718 EalaelM A== o= £
7o e EELS 3559 A RN 5339 A siEkA
HS-S AXA Bt olgjg B2 wksagel HF Al & A
Ah(net productiony 58} B4k FE AjolE FEslo] ¥
AEEG Adelr] 8= g 82 (benthic flux)E A%}

YukAQl ASZE A (benthic flux) 37 WS 1) TIF 55
9} FRRE | 13} 0] F-F4F T2 (1-D advection-diffusion model)
< 283k A7 (Bemer, 1980), 2) E2E-S UPAITE Bt vk
AlA AZE Wgle] wE w5 W3 71e7]2 Alshs el 3l
CHAller ef al, 1996; Stihl er al,, 2004). 12t} o] F ]2 &
% A (in-situye] obd AR A AR ]9} FAlo] o]FoA &
A AlEel B AETE(YE, 25, 35 5) UsE 293}
o, AfA g B4 A 194 G (anifactyE £ 5 AUt
wheba] AP (ex-situ) Ao v 8BS Au)dEd o e
S & FEE £ F 9 dANC] 3o & AP mrhs A

A ¥k -2 ZA2 Z3 A (potential reaction or potential flux)

Benthic chambert |F-HAE AANE e A%
(benthic fux)E 4 & 9= & B Gn-sin) WS- Fulolu)
o] 718 el vjng hdeit 23 9 \aEE 43 gle
2712 HAE u5dl AT F QAT B9 oA ok
AZFESE chambert] 23219 5% ¥sl 718715 Fetst & ol
9] Aol Agsl] AF EHE FHEC)

Fumber = dC/dt x V/A (1)

2 1904 Faumvers BREAIT ABE THHs £ 59
Z(net flux)(mmol m? dh), dC/dts AlZF S W8 B4 52
W3 7187 (mmol LT dY), Va= £71%9)(m*), A siAde] A
A% 8712 W (m?) o).

W %719 benthic chambert %03t &, ZFE7)
chamberS A & UG AlZF o2 A7 ARE FAY,
7] 328 chamber®: 94810 oM AR RS Pt o7
G2 FH0] & ol Aet et et @ 2 o
& AT 2 AE(GEOSECs, JGOFs)olA 4528 2~(benthic flux)
FEx 8 A7Y Fo40) AxERA s AsAE
M7} A=l QT Tengber ef al., 1995). B0 o) At A
oA 7R 30] A A7H Bk <3 a5 #8s)
off ul$ FL28 ATE Gt Y= Fo] WA HEA kst §
Hi$} 7158 ZHe chamber’t ASH S E APLE T TN (Morse e
al., 1999; Sommer et al., 2008).

o] A9 BAL 27 MHlellx $9do] golgt AR benthic
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Fig. 1. The Belc/ benthic chamber instrument for benthic boundary
layer studies in coastal sea. The drawing shows 1) frame with disk
feet, 2) automatic water sampler, 3) stirring motor casing on lid, 4)
stirring device, and 5) opaque PVC chamber.

Fig. 2. Pictures of the Belc! instrument. The photographs show the
sequence of Belc/ deployment onto surface sediment: (A) The Belc/
on board a small boat, (B) descending through the water column,
(C) landing on the surface sediment, and (D) stirrer on the chamber
lid (SC) and water sampler (SWS).
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Belc/ chamber =

Chamber}d-& FA A1) Abgl Sk}l Alge] LARAE &

A3kl 98l YE PYC(THK: 1 em)E ¥HEQIch Boke g3
AR AR 7= 71E 30 om, AR 30 cm, =°) 70 cm o)tk
chamber A= 5742 47 €1 29=E ). Ay 29 &
v 57 Afolefle AR A wiA] 7o) £ &ds] 2}
webA Pk 223 slvke Ayl HEE o8 47 992
T UEF “edge7S Tt
Chamber 574 3 wdi7]
F78& chamber BA S 22 AR AR Sl awt
718 AR gon, 7le SRS AN ERIARAAN 7], vlER
A 7t gl A Bul71E AR AR eddes o
71 A3 AR AHEN BT Eedgd AEE Ao =3 o
A= A1F Oring®. 2 &)

WRY ) 25717 ek AdY 29 DCRER A% 1
B7)E A7 5 om, T 3 em?l @¥el] 90° THHOR 419 B
(@ 1.5 cm, L: 8 cm)®] A&E A0R Fofol By HAZ0] &
ZA ¥ C(radial-flow impeller). 2HE712) W £%&= 30 rpmo)t}.
S ofm gl el W Aol BEI &7 7F MAHE AT 8
&L shaft seal? WA B}, ek ARFAG719 BEA o)A
o} Zo] ¢48 BAYG §9E ¥ £ YURE k.

MR A

AR AR ARE Q579 aRE Alojshe, 54
A8 NEE AFsh= JETH (Data logger) 7152 ZHeth
TFE Microcontroller, Real-time clock, 2712] motor driver, pA
meter, single-channel 16-bit AD converter, multi-channel 16-bit
AD converter, SD memory card, RS-232 driver, BtE[g] Folt}.

Microcontrollers pA meter®] ZFEAIZE, wHE719] wHE AJ2HA]
7k, A7) AeAt 55 288 F JEE T2 09 HY
o real-time clockl] 28l A& AlZdo] motor driverg 2%
Azich, 848, pA meters= microsensor?] reference H=¢] 0.8V
9] Mgk HAF T, guardd=H workingdFOFE S22 4]~
G9 pA WS S AAFE FEUTH

ARA] sz /3ol ol 1heFs] AHEH, pA meterclA F
9 AFE 1% 1M 2= single-channel 16-bit AD converter=
t)xgks} 8k & SD memory cardoll 1S AEAG Al k0] 2E
F43)BPEE jsolator ICE ARE3] pA meter®} microcontroller
AllE H71H o2 FE3iitt.

FHE14 motor drivers 2R FANTE= AT S
pA meter THE O 7 ZEEM AFE vl wirkx) AE doh A
5718] motor driver ¥ 30° ZVE vt} X EE A Az 2
8le] AojElo] Ao MY FAPIE EA At

Microcontrollero] 273 A@= ¢} 8l multi-channe! 16-bit AD
converter= FIEZ §E4AAM T 244 2] MBS S35}
o] SD memory carde] 7|&3c}. vlHE SEaks AN AT
o] 2 ZFA 0% jsolator ICIA FFEHC] o& rR|ARANAR
9 B718w, Bxo] 244 A8+ v & with SD memory
carde] 71E3=E AAFHICE SD memory card(memory size:
256 MB, 512 MB)el A9 A2& ZFES USB Reader’ |5
ol g3lo] F&E < Q). 8 RS-232 BAE B8 A 7FE
Z AEE de 0E 5§k

AolAR 9] A% A7, sensor calibration, AHESRZE, AA BlA
ES 93 Ex9] GUI 7]t Ao} B4 PCE Z2 T3] Visual
Basic(Microsoft, Ver. 6)2. % ZMIEI9ict

A& Ao} EHE (microcontroller, FRE], pA meter) &
el Mg ARE3IT Microcontroller®] F 9L D-cell &2
2RI AAA oNE Yo7 ZFsto] AMEE, AE AFr] ZE
o] HYg Aot of vheE| g ] S35 oF 8 AHoIH, HAAlo]
ZAR2) AnjEEe] dig Aomg )] REEdoR 63 o
g Mxste] A5 4 lok w1 E AEO R Decell &
ZHER] A8A g HoZ v AMgdt. wHY] BEE &
uldgo] A 2] "oz ofF 24x7 AR Ad ARgo] Jhssitt
pA meter W22+ Mg &F 2CRS HEHAAE AN
o], AMST7FE AlZhe- oF 60r17TelT
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Fig. 3. Schematic diagram of the PIV velocity field measurement system.

(Potters Industries Inc., 1D.: 44 pmy& oF 2 g ¥t} ZEP 1S
Z=EAZ] B NA:YAG laser F-2 73 d=9) Ay A=7 3
FE WEo] 522 Tl FARITL olF gAte] WS 100 ps
o) AR T3 F B AE A4 B o BFE 4 ms
Ao 503 e Eggor, 7t Aol REE I &
ZEYo](Visual PIV, Inteck Systems Inc.)® ¥295}01 chamber
OS] 473 WEIS) AT S FEYC ol UES W
317kl oj%-< vltle FleEkSony, TR-10)2 &sll £F &
58 &390 94 A8 Matlab(ver, 7., MathWorks)& ©]
gao] THYER $28 F wukg A1EE olF At ¢hds)
24 wrine) AZke 2330,

=
=1

EWNEAIE FH -

Aug SEEE o]gsto] AV AZ (Diffusivity boundary
layer: DBL) S7A1E 4 8tH(Santschi ef al., 1983, 1991; Tengberg
et al, 2005). AFL §8l 228 H/IFE F 5 mm FA A
T 49 AP S8 40P AXTNRE 60°CplA 3
o 2t AxF). Polyurethane paint® 313 FH} vied
S A §3f A A AA B HFIEE Yo} FAE 57
3 Auehs 3 algRe)] Fashal £xd SRFE AN &
WEX)7F A2 chamber $74& 23 AUREE 20°CE FA4
She @2 ol wnkg SHEA oF 8T B &3 dES
ANFE GAE Bk oF 1AZE A0 R FAPIR 25 mio] AlE
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Table 1. Experimental condition of the PIV system
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£ Ao, APE W FRTE BEE 3tk AlEe
FAP7] o 3A (ADVANTEC, pore size: 0.45 pm)E o938+ &
AT A (Varian, SpectraAA 55)E Ca¥ 558 Yo g
H, g go] B A uTe oA & AFRAA FAE &
Bt

FEollA] a1eke] g3 FEay APATE Y € ¢ 4
T2 2). AREE Ca?'e &3 EYA(F), $E Ca™ EAEA
T} Zebs g o] 2 (3)l Agste] FAAFS FAE
FHt.

4
™

(alabaster plate weight loss[g]>0.2328)

F= (surface area of alabaster plate [em?]) x (time exposed to dissolutions[s]) (2)
D x[Ca" L

Z — _Ca 3

N ©

2] 204 FE= chamber Yol Ca* 0122 flux(g em? s, A
4023282 7 CaCORIM Ca'e] Efeolr, 4] 3 z:
Fi7AES FA(um), De2e AHLE(20 TriA cae +
AEFAAT(107 em?® 57), [Ca¥'lai= Ca®'d] L35 E0itHg em?).

FYaE D Aase] &3 AP A% FARSE 2) ARV
uE Cat TR FVF 7172 FAFch 4 3)e] st
gk AAZ FAE ART A @ ARE Ca¥Y] E3bs
=9 B AP e BAE gE o] 43t Tengberg
personal communication).

Belel2| 8% AE

On-board incubation chamber A& 9 AA4EE &3

Benthic chamber®] AlAATg 95 ulwsly] 93 @3 2
AYAAM gA AT 5 e ¥ chamberE A ZFTE. w0k
A AA3= Fig. 33 2o 1) AbAlA, 2) sl dlEAAq] a,
3) BAlel W 5, 4) A BT A, 5) INHE E of AR
TAE) o] ARG AkiAR S S 942)E Benthic chamber®t
E3i} &, Wg Ak AelollA Bi%F chamberRtol §5444
Hlol gvkn 7k, £ 4k AR E HEAE BEA A
E 4 AMEES 35 HAEAEF ANE S8k $9Ed
o] Aatslef] et Ao}, upepA A7l e 2719 84
& 718€71(d0/dteoys HAE AAARES Su]aith] 1)

A& AL scuba diverZ| FlTh. 45 BAIE HAE $o2 x
A2HA Lol ¥ & F U B3 S B4E ettt $EoN =

Articles Jtem Specification
Image board Epix PIXCI D/D2X (2x2k pixel)
Visualization equipment Light source 300 mJ, Nd:YAG Laser
Light sheet Cylinderical Lens (width: 3 mm)
Working fluid Water
Measuring condition Particle Silver coated glass sphere (44 um)

Input device

Kodak ES-40, (2x2k pixel)

Host computer
Number of time mean data
Identification

Image processing

CPU speed: 2 GHz
100 Frames
Two-frame gray-level cross correlation algorith
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Fig. 4. Schematic diagram of the on-board incubation chamber for
measuring sediment oxygen consumption rate. The chamber con-
tains 1) oxygen microsensor, 2) inlet and/or outlet valve, 3) core and
watertight lids, 4) sensor protector, and 5) water circulation pumyp.

Hjok e o] 844 BT E4L FAY] =Y (needle
type) U}O]Zi’ﬂfﬂ (Unisense, OX-N)Z ©]43ic}h. AAo)A &9
HE A -F= picoammeter(Unisense, PA-2000)% %S{‘}\E} =
Fg Age ADHIVIE AR FoE AFEA 102 1408

A7} Data acquisition 271 LabVI}:W(Natlonal
Instrument, Ver 8 S)iIE AAFThe] 5, 2007). B1F UH &9 E
THRS A% B H¥(flow rate: < 50 mL min)E o} AbaAlA
9] calibration ﬁ'@ X1W WrE 719 FAAvaR Es] X
@{)\]7_} AAESE T)\p\ =T ANTE o]%))}\q, /\V\u_g}
TEr @ O T%.j. AXFECHGarcia and Gordon, 1992).

HUA BM

Benthic chamberoll 30% 72202 Mg A8 3|4 24
FA] Bek o X (ADVANTEC, pore size: 0.45 pm)Z 333
o} o3 AlEE B @70 20°co W Aoyt A8

3;\-1 ‘%“ETﬂ oﬂokoi(oLmL] Q},71}\"-7é}\ ;(I/x]-ﬂ}\ o])\}o -ﬁh
AFAYe BEHB T A (Varian, CARY 100)Z o] &38fo] njao
2 SAATHENTTAE, 2005).

Benthic Lhamber J'(I ‘}J 3%
20099 5 12900 At S JEEE FHF GGG 23 m)

A A
AN5712] A 788 A7 5& chamber controlleroﬂ ‘?J ﬁ"/]’ =
8], AF AZARRE AR F 24)7F o)Fo] FHEE AAsto]
chamber’d®] A FFe #Hash Aok =S chamberd] 774
£ Qo] o} HjgkgY] Yy B3 9% AZ57} :mﬂzz% 3
o}, 7L 7] A ok 2.3 Alelel) chamber F4L 2kt
3308 A o8 AI*&-- AF Pt gnle] AR, s A
£=712] ZFor o] #e) chambers] 34 52 scuba diver’} FTh
(Fig. 2B).
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AF-EH o) ulet AZFE chambers FE, 73, wib] £57
UJ(T’/P chamber 5ol 2}F(vortex)sh vleteol #73AH(pressure
gradienty’} A71c}, whehad o] whAlshs whiE §44-2 & bottom
shear stress(t1)8 Y2.A EAEAS FAE ZAAZ T (Jorgensen
and Des Marais, 1990). ©1& &1 A= AF FE 2o 4
& 2 ¢ 9lo] chamber/d Al REEA] mEsfjof & Folrt
(Oldham et aol., 2004).
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HEZE AR Jehv chamber 727F B3t A ¢
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Aol detint. &, 3 (blade)e] FEHE
1mpeller)‘$ E-g olfl|2 ol chamber FUF-oIA w2 ¢

& doFle i, B B 48 #02 95 WHE) = (radial-
ﬂow impeller) B2 $°% YoiFo] chamber I =2 &
ol 2hgste}, ole] wel chamber W2 & 455 AR o2
Al il Axial-flow impeller7} 42 chamber?] &2 %9
ol vl 2 o] 58t T #ug w} ojFdhe A Tr% =
& ZH= 9h| radial-flow impellers= W1tie) 2 -’FQ: = R
wv-lﬂr(<)l(jyfmm et al, 2004), Belel A7} A1, 27} 7het
3 492 benthic chamberclt}h. webr $]2] 7%}@% A=k ]
radial-flow impeller W12 WREZ1E AP},

IAEF A}

PIV 4] A3 E Fig. 59 vehdnh el shtme) ke
F&3e) WE, 3R] o)) AL HE 445 ouldit) PIv
2 7EE Belel W59 B 52 ZA 470 Z] 1o %01“’3‘3}
AR E Fiolls ABEo)(vortex)?t 73E F50) AR
w7)7} 8l 0}— £019] chamber HWel W& §<5 pERsi) ]

WAL BE FHYdos YolEow ¥ H’“i Bol ¢
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Fig. 5. 2-D velocity vector in Belc/.

Bl= Ao} YR} radial-flow impeller?] 438 2 LERIT}. Chamber
R B9 HF $58 4.5 cm 57900, W Sty o B4
g BRI AgEe s o)y, #-97 o] FHskes A
Qe ELRo| ulad whE F52 Bl E RS {5 e
1092 em gtk T8 vigE ol HE F5E 44 om s
Qom WA= 2.0~7.8 em s Prk

EMAAIE FH(DBL thickness)

A 8ol g3t FA o2 Foix FEAES 77 (DBL
thicknessy= 125-288 pmC33: 181 um, n=3)3iv}. 4, Ca* &
& SYag olgste] Ate Avk= 232 umSith(Fig. 6). AHOl
AR AT 2 shiie A¥EEd Rag] gio] "ol )
Ao AGA AT X2 OB F U AR T4 AF 9 Ca
£ Zgn) W oF dojxl DBL FAE 7S 7dg o
%52 chamber AFelr Foizl gt WSl SFTH Tenberg er
al., 2005). 23 2+ A3a g3iE Ao oE & Aozt U
t} o] Belel?] F41H52 S5A4% &3 AP Hauwe 2
Aol wek Az Ayelet Azt &, 288 I ddEe
2 738 e 29 Aasd o gol §allg  3rh(Tenberg
et al., 2005).

27t £ A0S 15371 430 shear velocity(u*)$+ DBL
thickness2] #A XS o] &3 chTenberg er al, 2004). Shear
velocityt PIVE 338 52 f#EEEE ol (&4 4)0] 233
A AFthBoudreau and Jorgensen, 2001).
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Fig. 6. Calcium concentration increase with time in the Belc/ cham-
ber water during alabaster plate dissolution experiment. Solid line repre-
sents a linear best-fit.

X tn(Z) @
A7VA] i AR Fdi(em 81, w*E shear velocity(cm s,
xi= von Karman “3<7(0.41), 22 v HellA A=)(em) oItk vf
o 9 TR F&5wd e WEE A9 A¥20E Ha
A ol43t 71€71wE F9% F shear velocity(u*)E
AAEsIth, AAFE shear velocity(u* = o}l BAlA (* = 0.97)00
Fg519] DBLE At Tengberg ef al., 2004).

DBL = 76.17 x (u*)**® -

A 5% BEZ AWK B shear velocitys 0.32 om s7(n=40)
Gom AAFE DBL thickness= 223 umE Ca?* $3Z28 22 3
st Ao}l FARIT

oi ¥

Benthic chamber?| & AMARE(TOU)H A HIRF Zu} H

Fig. 73} 8ol & (in-situ)s} A3 (on-boardy A S58 L4k
A A% AE Vet Benthic chambend §84k409] 27)%
TE 172 pmol L'AHEXESNE: oF 659%)30.0H, A3} 7hAF)
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Fig. 7. Variation of oxygen concentration with time in the Belc/ chamber
during 6 h incubation, Oxygen concentrations were measured at 1-min
time intervals.
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Fig. 8. Results of oxygen decrease over time in on-board incubation
chamber.

Table 2. Results of sediment oxygen consumption rates and organic
carbon oxidation rates measured by on-board and in-situ incubation

O, consumption  Co Oxidation rate

Methods (mmol m2 d") (gCm2d"
On-board incubation #1 31.8 0.29
On-board incubation #2 274 0.25

In-situ incubation 834 0.77

>
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Table 3. Summary of benthic nutrients fluxes in coastal sea and continental shelves
A i Phosphat Silicat:
Location monm %P i e-l riea Methods References
(mamol m?d™")
Jinhae Bay 2.3 0.09 23 B.C.* This study
Archer and Devol (1992)
Washington shelf 0-1.5 0-0.09 4-20 B.C* Devol and Christensen (1993)
Christensen et al. (1984)
Aller et al. (1991)
e o LEd
Amazon shelf 0-1.5 0-0.09 1.3 ClL Aller ef al. (1996)
San Pedro shelf 3 0.61 3.1 B.C* Berelson et al. {2002)
Monterey Bay 0.5 0.08 6.5 B.C* Berelson ef al. (2003)
*B.C: Benthic chamber
**C.1.: Core incubation
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