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In order to understand biogeochemical cycles of organic carbon in the permeable intertidal sandy sediments
of the Nakdong estuary, we estimated the organic carbon production and consumption rates both in sifu and in
the laboratory. The Chl-a content of the sediment and the nutrient concentrations in below surface pore water
in the sandy sediment were lower than in the muddy sediment. The sediment oxygen consumption rates were rel-
atively high, especially when compared with rates reported from other coastal muddy sediments with higher organic
carbon contents. This implied that both the organic carbon degradation and material transport in the sandy sediment
were enhanced by advection-related process. The simple mass balance estimation of organic carbon fluxes showed
that the major sources of carbon in the sediment would originate from benthic microalgae and detrital organic carbon
derived from salt marsh. The daily natural biocatalzed filtration, extrapolated from filtration rates and the total area
of the Nakdong estuary, was one order higher than the maximum capability of sewage plants in Busan metropolitan
city. This implies that the sandy sediment contributes greatly to biogeochemical purification in the area, and is impor-
tant for the re-distribution of materials in the coastal environment.
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sz HAEY oF 50% old2 A (sand) EHEo|t A
HHEL YA (mud) HEE 83 F718s o] 3 2s
(order) ©1F a1, B ABE FEF GA] @t T3 AR AHY o
HeH Agsfael 27HE olBY FEryd A FoE A
A g8kA EdolA AtjE oz g7 E © EoF}(Boudreau et
al., 2001; Janssen et al., 2005a). T2 Z ol AR B H &4
f7ea AFEsel Edego] Ssithe SAEC] AAET
A 2L AT g R B4HE B UrHReimer ef al., 2004;
de Beer ef al., 2005).
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B A E 455 F55 o2 Fil(diffusion), ©)F-(advection),
A8 E] o]k W (bioturbation, bioirrigation)5-2] S WH=
ok AA0] A Y- ((mud, silt) B-Eo)A ai5ERE AAES
THshe 2A0IEE AWAN FE 7187)(dC/dz,-), SHEHA
QA FAEE, AMAAE BF Tl o8 2HPT wid, o] 2
AP BB 4 AK(pressure gradient)Z A7) 01F9] Jo]
ibel "3 3xkg] 5= o)} A FIFU BRolES FEi)
(Huettel and Wester, 2001).

AH BAE 2] YA T3 7H dERje], A&
T -5 HHE 392 u|Al2¥ (wave ripple, borrows, mussel
shells &), 32 2 24HZ(wave and tidal pump)s °je] &g
7 910 % drA%THHuettel and Gust, 1992; Burrnett et al.,
2003; Precht and Huettel, 2003). 53], 54 (permeability: k)|
102 m? o3 7322 o AL Aol(< 1 PR T FFF 0]
& % A1 F° th(Huettel and Gust, 1992).

e, BAE g v[XE 2 - 5 o) F olA|= Al
A% YAV 71E (pelagic and benthic algae, bacteria, organic
detritusyS E|Z1E %03 A4 Ho}Erh(Huettel and Rusch, 2000).
olg} FAll AAaE HAZ & Zo] 3FA I s &2
At AAE 7]Ee] B AFE gHEY AAARES §7
20| FTHE At YA HAE A nlg vlsssig o Aok
(Reimer et al., 2004; Janssen et al., 2005b). o]4}9] AFAEL £
Fohd AH EAEL AsEolA el Athet A& of 3}
7] (biocatalize filter) 7|5~ 3} ITH(Huettel and Rusch, 2000;
Frank et al., 2006).

B AR AL S0 ot A6 wel Fr)A 0= t)7e]
=EFo EE 38 gol whs Qo). T8 gokdo] TR
$E fA8lol Qla, Yol HAE B A8 Adsd]
Tekst 712 AR A AE)e) 22 g0t} wakA st AL
A el YAt A7 F71Eel nXE o]Fe] o
L olslisk=d] 2 o7t € Roltt

o] A7 PN T Y= TSRS
AL AT F A ST AR 12 ArgFett AT 2
A S 3 AR ECN frleaY AXstery 48
2 83A 7155 olsshedl itk 01 98 28 1) &
71gas] w8y F Qi 2 79 & A0 oitEE A
A1u) M| ZF(Microphytobenthos, MPB)2] 7]Z2A44Heg 2481
2) 124 Ak A @3 AP Ao M2 oE B
7S o83l FgFon, 3) FHH AL ES o] g5
A E A E2] o9& (filtration rate)S AT 28)31 04k 2}
BT T dQANA T A2 HHEY 844 75
of sl A dAe A=
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S5 o WA AR A 2007 39 15~1629] Al
AR 9 S5 S AP THFig. 1). 013 G5 shtel] wg
o EERHY &4 Foll AA|31aL Qlo], Yslig) sfFmeto] A5
Ao dofuhz Adojn}, FHeAte] g 49 uel AR

Fig. 1. A map showing the sampling site.

Q1 FEREZE A o). HA] AELS ewlgh AAke] Abd 2
AP ZAdolw, [ 23+ 100~190 cmE H|wA Fof A
9] oF 90% ool 12413 oF ti7]el| :=Z =Tkt 2007). 2
HAEY He X HYE 243~3.92 9% AHE E & Zo] A8t
of O e H3l fV1E T W2 Boluh. 18y e
Zdiut MR ago) e} 2L AR} S UERE EASI] d
2} ko] & Ao}, o)efdt thE AxpakAte] ARI} )
HEE FHZ FY=, dF AXPES] Hol= o] g5} v
AE Fafloll @UstA o] Frht, 2007; Kang et al, 2007).

HEZTAL

F4 HAE 9 I35 AR: 2E2A) ok FohEol: 40 em,
27 45 em)E T4 AR BAEE QP T4 AEE AR
T A Fot HAV|Z | om F LR A, YR 3l HY
A2 $Hn Al B 5 wet ¥E B8(-20°0)% §2
AZE Pk F55E Zol7h 7em? Algte] FE7F F2E
moisture sampler(Eijkelkamp, soil moisture sampling system)Z
F2IG F29 IFTFe A FAP] AFH7|Millipore, pore
size: 0.45 pm)E o7} 3 § YF B} T2 3 A7 7+
2% FTA(Li-COR, LI-250y% o430 e St

a5

T35 $EAE FHEX 7 AFoA T3 2
AFE FAEEE needle-type?] AHAANZE P} WA A
Hofl 2H =2 AX|3F 2 motor-driven micromanipulator(Unisense,
MM-33)2 A2}, 7)) needle-type?] A2 E 1A 3 5
T o7 1 mm {HH 22 ZAP) A 3 (calibration)S Winkler
Aoz FH% A7 5] §E4L TR ARE 18w
HAE FALTAN S AFaS o)E3h(Revsbech and
Jorgensen, 1983).

Dark benthic chamber incubation: o)A EAHEL] Ab4s
258 (Oxygen consumption rate, OCRyS> =%3}7] sl 43
dark benthic chamberS |28 THFig. 2). chamber:= 1) 32k
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Fig. 2. Schematic diagram of the dark benthic chamber for measur-
ing oxygen consumption rate. The dark benthic chamber is consisted with
1) oxygen microsensor, 2) outlet valve, 3) O-ring, 4) sensor protector, and
5) submersible water pump and DC power supply.

7, 2) 88044 AN A S SEY], 3) B 8 A, 4) AS
Ao 2R FRo® FAHT} chamber?] A9 4L 7
A £ ofad AR A ko] 20 cm, 27 8.5 cm). T
AR Ak AXNE HA 2REE £ Qs TRE g
chambert}] 53k &2 AA v AlAdlA (Unisense, OX-25)2
a1, AN 2= vlH AFE picoammeter(Unisense, PA-
200005 T3 SEFh 5FE AFE DAQ board(National
Instrument, USB-6009)Z &3l tIX|€s} g & Fo¢ HAFHE A
2Eth LabVIEW(National Instrument, Ver 8.2) & 13-4 o]&-3}
o] 30% AR YFHNTE AT F Q= AeHE] T2 RS
A & SRR E U Ao) 2 el A28 A E HE (flow
rate: ~60 mL min")¢} HLDC 6 VyE 2731 A2t

0] ¢F 20 em B XA chamber B% 82 FAAHY
A FAEol A3t 1253 58] ag] releke ) 7
A 71T 7ok Bkl AN E E3 sigel et
24l (Ascorbic acid)E ©]43l0] 74 & T AW FAof A
P o A B £ FES 2P, A7) e A
A WsE o] 2o Agato] AT S-S AN

OCR pamer = V/A ¥ (dC/dt) 1)

2 A1el A OCRepampers 27143 & (aerobic respiration), ]
A BE| wTHEF(bioirrigation)el] 9§ Ak A% T8]T 39
EA9] A I3Hre-oxidation) UE-S R AT &0]7 (mmol
m? d'), V& chamber®] F3|(m’), A= chamber®] EHZ(m?),
dC/at= 84140 W3}l £ 5 (mmol L' d")elth

A 2

A4S & (Potential oxygen consumption rate) 37 B o3&
(Filteration rate) AlA}: ¥32] dark benthic chamber incubation

3} 37 A&l Flow on-off W& A3 ©]F2] F3e
23 A A RES ST (Polereck er al., 2005). Flow
on-off 7% ] ¥ W] sl 7Heks] s, w2 5
(permeabilityyS ZH= EA &2 A4 o]F9] PO HEHE &
EAA 8 HA B v AE] FE(respiration)yS X3S 7]E}F {E
£ (bio-, abiotic reaction)o] AbAAT&E AASA Het. & ©
& Edals AAER 22 2o RnEI ol At

vre(z + Az) — vre(z) = —0AAZR(Z) 2)

2 eI vie A B3] 5(m’ s, z2 H4E Z2Ol(em),
RE@= H3% zoM Faakd e 442 -E&(mol m? s, o8 ¥
&, AE HaF(mdelth. & FI(AZ fz)elA AAAAREET
go] FUsithd, DS T3 ALEE(c(z + Az)-c(2)
FARE el o3 Ag=nt
AR 2717 o2 09 A EAES Flow cellol 223
Q= o= Fokol: 10em, &74: 4.5 cm)E A HTE Flow
cell> AtarT g 9 RS SAT o IHHeE &2 <8
AN 4 Q5= AL THEpping ef al., 1999). B ES A% &
TE fAsh AEARE F ARE oldlel #A4% $ Flow cell°]
b} 3 3R (EYELA, NTT2400)2 A% &858 &
Z|spax oF 1M A% M3 AT EEEE P T, needle-
type?] AbAMZ EA3AL sk 2ol(1~2 mm )l A
3 F pRugkoz B8 FIAIZTH At w5 A AdEl
TgEtd B 32 AR ¥ 05% HH0R ALFEEE E8Y
thFig. 3). & ol A= T30 Ak 5E 343 7
25 gt old Z HAS (2l 27 £ 44 71871
(dOy/dt|oy= 1 ZojollA Hu o] AAATET(R(z), pmol
L' min!'y} @t

ZhzoA B3] A9 AL TE(R(Z), pmol L min'y E%
oA &A% ALAF1HZ10] (oxygen penetration depth, OPD)ZE &
Rl A AnEE AR AT S (umol m? min'ye} €} 1
2 495E 7] 480 FR(C)E 94 219
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Fig. 3. Timing evolution of the oxygen concentration during flow on
and off periods. The oxygen concentration consumption rates (R(z}))
in discrete depths were calculated as the initial slope of the oxygen
decrease.
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AL2REE PRE R A AL HAZ0) 57 el B

7 o3 (v; L m? dl)] B9, o2 was ofgsh 2k,
y= " R@dzxCy )

AAe|MZ=F (Microphytobentos, MPB)S] ¥4 &4: A
ZdeelA] FEAo] dofpes P TS AWS zhet) s
= ANEARREHE)BEIFE Adol 1, tE shis 3R
Am] FEAR A Adelt), F AFoA Akk ZTYA= AAju)A)
Z79] FIAT 3F 2ol & 2Dt 28T AP
HA Aol AXuINZRF] £3580) Pt} 2 Aol 4t
& Y2 ofgi9} Zo] Ficke] S Al gE o= 298 5 Qir},

4——¢Ds[‘{d—ﬂ ®)

A @), 5P Jie AMTMZEFOIA AR it s
TRHEE B2, S HEEY 534 (photic zone)oll A &= kA
A5 E¥X(net oxygen consumption), De= GEI} 207 1
B A0 BAERHAS, D 33EE BAS HE0) A
A, ¢ FFE(porosity) ©] Uh(Broecker and Peng, 1974;
Ullman and Aller, 1982). I3 1 dOydz= E44AZ 9 =331
Bl 889 71& 71019, £3T)9) 2ol light-dark shift
methods® 73}

T TG & FEIEPopr oHIY oz myd).

Propror = [ + Vi ©®

Au| A 2F-2] & 3334 (Net photosynthesisy 4lA 7] oF
10 pm, 90% THEEE ()} 2F 0.2% 013101 FFA AL A
1] A AlX (Unisense, OX-10)2 &7 3TH(Wieland and Kithl ef al.,
2000). AIEE flow celll X5tz A4 F8Fe] (962 pmol
photons m7s")y& E|AE EH| ZASFAMN AAAFAELI} A4
el B2 ul 74x] Ak FARTE SRR A ©
D AT ARIE o] 43l = PP PPt

i
f

AE U FIFRN: TIEWT AW A FHEW)
RES B4R A2 AT 599 159 4
D) TA5S HH B B UL, Boe

o
>
Py
3
3
= R
o
j_gi
2
R

o]g
o o

¢ =p. W/ (P (1-W)+p, ) G

A (MeIM pe BF BRI F207 RAT I35 U,
p= quartz®] HAUE(2.65 g em?)olth.

YERAE @Aate) ksl az eitda) §718S A)A S 3
AL Pk 2 IET712 WProlRl A BE HEste] 74 xjo)
Z AXMC(Fork and Ward, 1957). Chl-a 244 EAEL =2
Axste] £u3t a1, oF 29 HHE) 90% oHE 10 mLE

LW AAE o

e

gﬁ

¢

F7kele] Chl-ag 5% ¥ FFFTA(Tumer, 10-AUE 53
Pt T35 YU EEYE, oA, A, Ak, At
X 4 AR BF HYE 4% § EFF=A (Varian, Cary
100yE o] &3l v o2 SAP}ENUTATE, 2002).

2 4

ZAPIRY T L, B, B 4 A 57 29 E Table 190
Yepdth 53 GAE Qs di7]|e} 55 FFo] Hlwd W)
AFTY §E4L BE FEE 37216 pmol L' =531, At
2 RIEE OF 124% ot ARG HAE HF U5 340
(n=4) FHZ SA-A 42 271900

370 AANA Qe Fof AR Chl-a +3 55 EX & o]
0~1 cmelA] 3.30~4.05 pg g' dry-wt.2 I aL, o]} zlo]elA
B3] 74 hFig 4). B3 F3EA Chl-a %% 2H2007)
o] Bi1gk 2006 297 49 ZAMEFS} v T HE Y
ERiT}

AN ST 55 S FHAEEL(Fig 5y AAY]
A7 FPA 85L& BHAEh Fig 59 (A= AM0AZRF
(MBP)S] F3do] &8st A HAES §84kAh 2 Fo|H,

rir

Table 1. Temperature, salinity, and dissolved oxygen of bottom water
during 12-13 May, 2007. The light intensities were measured on the
surface of the intertidal flat

Range Unit
Temperature 8.6-11.6 °C
Salinity 10.61-17.67 psu
Dissolved oxygen 372+16 pmol L
Light intensity 962-2407 pmol photons m? 57!
Sediment porosity 3.01-3.84
0 -
s § ¥ OV
10 +
g
8
=
g 203
30 98
® Corel
O  Core2
v Core3
40 i i L 1
0 1 2 3 4 5

Chl-a (ng/g-dry wt.)

Fig. 4. The vertical profiles of Chl-a content in the intertidal sandy
sediments.
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Fig. 5. In situ measured oxygen vertical profiles, showing the effect of photosynthesis (A) and week photosynthesis (B).

By FEAol u|oket o] Ao|t}, 57 Aol 43 g
Atz E3Z10](OPDY= 0.9~12 em® 7F A3t A1d HAE
(¢ = 3.84, 0.070 mm)ll A 7 Lhr, 21T HHE(9=3.01,
0.124 mm)°lIA 71 ZIQle}. AbA HoiEo] Zlo] 2 mmellA Vet
Y A 37t 2 mm oPdES ekt Tela 0%
ol Ak F5E= 480~630 pmol L'E 5550 vl ¢k 1.3~1.
v =9kt}. wiel] FHdo] njokel ol G SRR
HAEYA A7 we} @3t A HA g 4k
vl AFHE ZolellA] whEA Thaeh Wb, 23 §A B
H A 2 H(~5 mmy7HA] & AArEEE Bk
579 HEYUENH) F5 HE 110~154 pumol L2 A
F5(0~7 cm)?] FE7H IR o HAZRTH E4). ol A
Sl dAH 71 (PON)S Biist Fall, 8577144 (DON)

~

23

9] ¢k=Uo}al(ammonification)’} £ 218 HoIFTHFig, 6, Table 2).
I3 opHAIE T AR ARl AU o) F F43) 7
28R HEEAGS e §lo] Ad%-Z2] @l ak3}(denitrification)
<+ YERItHFig 6). QAHES F5 HYE 3.2~39.7 pmol LY
on EAE Zo| 1421 em?HA E%7} ksl o)slE 7t
28R AEE Rt AR (< 24 em)e 47189 A= A
ol FHE AR o] FaE o] FIFE FHH Tk ¥
IS BT, o3t Hol(> 24 cmyyx U9 Qlo] A ¥k
53 43ste] AAFE (authigenic mineralyS 34351517) W&ol
S5 420 FAHE BTk S 85~197 umol L'E, AR
SN Hx, o) F Azt T7HITHFig. 6).

Aol A AFE(11.6°C) 2 F=H962 pmol photons ms™)
& AAAA 48 AAFARTN AasT Ausd) ALk B
ol Aol 43 Anth YhFig. 7). 18U Ak 3
59 sE= A 59X Bt o o) A% =T HAERS
A2 EAZOBL HAE T3 ofele) AbarA R T
F4e & FEAAEL 16 mmol O;m? d'(0.15 g C m?d™Y) Gt}

b
-

a

It

AR EMBOM AARE

Chambert] Z7] &4 F5E+ 360 pmol L' AJ71o] wet
A2} 22 PokFig. 8). S AP S7|E Y9 AR E
2 36.6 pmol O, d'% 8= H W AAATE K} oF 3u)
ol RI(F, 2006) 7 1E 2.BF-3F E Fal S WA
9 ok 9 HAERT EUTHE] 5, 2003, 2004). 1231 2F
52007)°] YAl stAle S AR} BlH

284 elA Flow on-off §H 02 743 AT & (potential
oxygen consumption rateyS Fig, 97} 10 VRt 7 Tjxze
A JBARE HA3EY 7+ o] (@elA 5% Z(second)h 2
Abmslo]n, TY(BYE IH (AP ol §241409) 27
A 718718 3=EE BT 79 2R kAT & (volumetric
oxygen consumption rate)®] FAEXoltt WAL AL R
&2 AE AFE BH48E(¢: 3.84)°] 39.5 mmol O, m* d'E F
Ax| A4 £7%t chamber?] Ao} FACE. Tebe| 3 =
3 AR B AE(¢: 3.01)004] AR EEE 73.3 mmol O, m? ¢'E
AEs AR E@Ee] vl oF 29) =it

T £ B 1 o] 52 Bl o]F, WhAH(net reaction
= production - consumption)ell &J3 AFHt AF HAELS &
Ao o ogko] gt R} = Al (order) 7 AL
< T4 4= 9Juk(Huettel and Webster, 2001). 18]T 5] &
g3 g3 g3& 152 v|AHAH (micro-topography)e- EZE
BEo) 4HAES oA T35 olFS FHUANA itk A&
o7 AMd HHENAM o|FE uHA o AAAEET FHA
A Aol 22 YA FAS H2 2/RE YR T+ 3
th(de Beer et al, 2005: Polereck et al., 2005).

HHE9 Ararn g F4 WdlE Anr|AESE o83l
417375 (diffusivity boundary layer, DBL)IA AR 7]&



354 olAg - wimlE . QeR - 9 - NS - AUE - v - JEF
-10 -10 -10
@ -=<— Sea water ® -<— Sea water @ -=<— Sea water
0 + 0 } 0 i
’g 10 } 10 { 10 {
S -
% } " i
[ ] 20 7 20
]
30 30 30
40 1 1 1 1 40 1 1 1 40 1 1 1
40 80 120 160 200 0 2 4 6 8 10 0 50 100 150 200
NH," (pmol L) NO, (pmol L") NO," (umol L™
-10 -10
Le— Sea water @-~<=— Sea water
0 f 0 f
’E\ 10 { 10 }
S’
z {
B
a 20 { 20
30 } 30
40 1 1 1 40 1 1 1 1
0 20 40 60 80 0 50 100 150 200 250

PO,> (umol L)

Si(OH), (umol L)

Fig. 6. Vertical profiles of nutrients concentrations in pore water of the intertidal sandy sediment of Nakdong estuary. The vertical error bars
represent the range of sampling depth and the arrows indicate the concentration of nutrients in bottom water.

Table 2. Nutrients concentrations in the bottom water (B.W.) and pore water in the intertidal fine sandy sediment of Nakdong estuary

Depth NH," NOy NOy PO Si(OH),
(cm) (umol L)

B.W. 34 2.1 35 24 29
0-7 128 6.2 122 32 85
7-14 110 1.7 58 20 133
14-21 128 0.3 37 39 169

21-28 148 0.2 14 19 193

28-35 153 N.D. 9.1 10.8 197

N.D.: Not determined.

718 73l Ficke] it A 1HF el thqdsle] 48k why
S50 §2kAh AR 121 Bakaks RS A LA A
Arehe o] Stk TIEla 9 £7)0lM AtAEE e

2 A= benthic chamber ¥WHo] It} 78U Abkm A=
W2 B A E /S AFelA Aba o]Fo] F7 Fate] o] Yol
U= mudt silt B A EolA H43 5= Qo) E=8 u) Al 7
Z S A 52 = Qo] AREH A ZoA] 0] 8-S AgHA )

Tk 8, benthic chamberZ A} E|AEo] AREE 79 939

i)

E218 vl (pressure gradient)S chamber ol Adsl 4= gl=
TE B AR aHPEA Fo] sl Eolol Fh(Ghud ef al,
1996, Janssen et al., 2005a). AHA E| X EA 1422 ¥
(artifactye #A3} o] Hrt AES AAARES SR
Sandy$} 22 T}7]% benthic chamber’} 7= 17 Q) th(Jassen er
al., 2005a). 1 9] tre] £771%152] (eddy-correletion method,
column reactor method, flow on-off method)0] 7HE o] A1)
4 Sl AHEE B3k ltH(Berg ef al., 2003; Reimer ef al.,
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Fig. 7. The steady state profiles of oxygen in the sandy sediment of inter-
tidal flat incubated at a surface itradiance of 962 pmol photons m™s™.

2004; Polerecky et al., 2005).

7P AR A B2 E (g =384 7 7F) P (dark chamber
incubation, flow on-off methody> %434 43 ALLLEEHS
vl T2y 2318 - E2) 7% benthic chamber 237}
o] AAATE S glo] HAE U] G i3t upHE
A vl wi= E7Fssic). olef we) $-2l7) dgoll AR benthic

chamber?] a7l thet =2)= thE 7)3)d] tE A ot} wt,

Each data were acquired at 30 s interval.
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Fig. 9. (A) The oxygen concentration variation in fine sand sediment (¢3.84) with time increasing during flow off periods. (B) The vertical pro-
files of the porosity corrected volumetric oxygen consumption rates (R(z)) in discrete depths.
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Fig. 10. (A) The oxygen concentration variation in medium sand sediment (¢ 3.01) with time increasing during flow off periods. (B) The vertical profiles
of the porosity corrected volumetric oxygen consumption rates (R(z)) in discrete depths.
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