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Estimation of Oxygen Consumption Rate and Organic Carbon Oxidation
Rate at the Sediment/Water Interface of Coastal Sediments
in the South Sea of Korea using an Oxygen Microsensor
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G SR wEAg vt 47198 Aol g EAsle T detelA 2003E 5Y 1395E 1789 2 A
A4 uAAFE o] f FEFH kY FHEEE SHSY. F5H AaFHZle] MYE 1.30~3.80 mmE
T Aot F8) €2 iEE EAe 27184 S A F Ak - 3 S ETE HAaE mm BEE @78 2
24& A F55 FERERE 13} Fihvhg 2d S A4sie FAE HYEA)T AR AthATE HY
£ 10.8~27.6 mmol O, m™ day '(#E 19.1 mmol O, m? day YR FAE F7ehd ot o AHAAAE B
Tk E3 Z2 2ol AbA o) BhA H|(170/110)S 2-4-51e] 23§78k 4 21882 89.5~228.1 mg C m2 day ' 158.0
mg C m? day )t} 0|5 e FASE d9dF 71e Yol B2 A9E udoz o A= g8l Ba 7
Z Hulgte g Az At BRIyt € Hikd 3] A 7S #e)7] Hsixe olEg dvrt B @
£ AGoA AR FYojxjol & AOZ APzhsict.
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We used an oxygen microelectrode to measure the vertical profiles of oxygen concentration in sediments
located near point sources of organic matter. The measurements were carried out between 13th and 17th May,
2003, in semi-closed bay and coastal sediments in the central part of the South Sea. The measured oxygen pen-
etration depths were extremely shallow and ranged from 1.30 to 3.80 mm. This suggested that the oxidation
and reduction reactions in the early diagenesis should be studied at the mm depth scale. In order to estimate
the oxygen consumption rate, we applied the one-dimension diffusion-reaction model to vertical profiles of oxy-
gen near the sediment/water interface. Oxygen consumption rates were estimated to be between 10.8 and 27.6
mmol O, m™ day™ (average: 19.1 mmol O, m™ day™). These rates showed a positive correlation with the
organic carbon of the sediments. The corresponding benthic organic carbon oxidation rates calculated using an
modified Redfield ratio (170/110) at the sediment/water interface were in the range of 89.5-228.1 mg C m™
day™! (average: 158.0 mg C m™ day™). We suggest that these results are maximum values at the presents sit-
uation in the bay because the sampling sites were located near point sources of organic materials. This study
will need to be carried out at many coastal sites and throughout the seasons to allow an understanding of the
mechanisms of eutrophication e.g. the spatial distribution of oxygen consumption within the oxic zone and
hypoxic conditions in the coastal sea.

Key words: Early Diagenesis, Oxygen Consumption Rate, Benthic Organic Carbon Oxidation Rate, Hypoxic Condition

M 2 7154 28 S 7 S8 2918 fUles Bl wE AF

E-3(remineralization)E At8120]] A4sh= nAELS A2 A

HAE AREa sl Ale] AWM Uehe B AXsE A pEAHR o]83l fUlES BalEa, FellE EEES I
A k-8 EBH O F 2714598 S (early diagenesis)olg} Bt = 8 53 SR FEHAY 22 HAE YA 1@ F2=
AR Uy HHEm)T AHlA e Ak Anjs B A

*Corresponding author: leejs728 @momaf.go.kr = Z¥ X(benthic flux)E ZAA s F23 29 F 3ot}

392



A BUARE o1 HBlQ

(Berner, 1980; Boudreau, 1997; DiToro, 2001).

BZEHEANN vEE AAE HAE 248 7% (sediment
oxygen demand) =+ AFAA T 8(oxygen consumption rate)]2}F
g}, o]zl Y WA Y 4tAe) 4&F £ (mmol mday)E ¥
AEZ fY=Ee 71549 292, 9389 182 52, A
M) FF, T, A Fey AAFE T o 89l we
A tlzA 9 wh=r}(Cai and Sayles, 1996; Accomero et al.,
2003). ol A= 271EHAE T HAESAT AHolA ot
< frletke) B8] Y28 FA5, f718 290 1gE A
LERENA FH KA 3 P4 Feleh 1 JFE Hetst
= o853 rH(Rabouille ef al., 2003).

Abadwg 37 WHL 1) Benthic chamberZ- &) &0 2x)3%
T, N7 A F= ¥ 712719 §7)9 B E WS o
£3le] A W 2) AbA nAATE HAE T
H AU 355 U A TR A BXE gl & 4
X 8 Bdg A8l HAERG AW 5 7S
& FAsle] TYAE Ak o]

Benthic chamber ©|-§-2 A 1E2 | ujg} & o A7 A3
o] 7Fe3H, 871¢ol| thakst 3 A (racen)E TUAA HAE/
g AR Edo oF s 28T & e Aol
WHH, chamber A2)4] EAEQ] 2, £7] ¢l SAljshz vh
AL 9K 717 AFgeEN 2AE £ s EAl, £7)
7 24X HAe] RAYY, AMAYE] S5 E F 2 F B
£ 919)&el ko] B E T ATH(Lindeboom er al., 1985; Archer
and Devol, 1992).

vl A A= 271100 um ©18h7t AL AT g He
S A U Aol AEE vE 7e71E 43 mEA
EAE F U= FHo] ATk B3 HHE AH Fo EAlsks 4t
A8 A F (diffusivity boundary layer), 2k F3}Z0](oxygen
penetration depth) 273, 2tA AR WE {75 EHA2 323 5
HY B4 AM dojvhe o8 @49 a7l o451 9l
o ZEv FERYY BAR 8 W 44 oeE ¢ J3 BF
HHge] ulAg f7)E EXFEL T SFshore Bad
o] AA)E T H(Revsbech and Jgrgensen, 1986; Gunderson and
Jgrgensen, 1990; Glud er al., 1994a; Epping and Helder, 1997).
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Fig. 1. A map showing the study area. The solid circles represent the
location of box coring.

2 R716 ASHEE 33, 3) el B2 Agke] g 4
B sokshen) ook
217X/

e el Ao EFTelA delE EdA & A
ol 2003 S 13UFE 1797HA 547 AAH ANEE
3ATH(Fig. 1).
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Y3k A golr}, vk FHLE FAR 7} oo, 4 2599
ol O sl vle) AL ok}t 5, 1995).
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27} 71 9A sk sieo s Peirl Roloh, ZAKIE 29
FAgo] AA\To] YT F= Apolel 2 A

Hudg F8 AgskrE 2T frle
dEZo] §UF Ut 2T T Jolls Ze HEo] glo]

7k WAo] 148 km?, Ho4 9 mB of4ube Gkt
Eert EHAT Sl wolu)l, AdAe] oF 9,997 FU¢ g
2 U 2 Ay < 30%E AAEE 58 2R 0l 7t
ek B2 s e A I HY 299 UiEel 953
HlAkAd a7t wrdsle] PSS tEo 2 HAAthE &,
1996; <, 2000).
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(A &, 2003). 53], 7t BE5Eoe FUA7) A7) Z3 e,
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FZo e JHZTIIAGA T 2 Yo} B2 AE - A H
F7F FE o] oF o] Zase § FituEvE Yok )

e geke gl gRs|g o el s A o]ofx]
= sigeltt. Sl s, Ui E 75l A, dguieRd
o] T EAFTH F2 AMAES 2AE A3 HHE $7]9
Aol FFs] IPe o= A 77129 AEFRI Lumbrineris
longifolia®) Bx7} 7HERTH B4 BI85 lodsiaatad T
&, PEERLR).

NEHE 2 2y

T9E ¥ gk AlE AYS HAEAT A wES
27] Sl AAE ZoHAA: 0.04 m)S ol &3k Ao 2 3
5 Holof uiZ of=md YF(H): °F 10 cm, F73: S cm)S A

Hested # ARE v AYsT. AZE FAE F s
oA A mAAFE o gdte] FF4 W] s 25
A Fohs EEH0] AL 2Rl 14sie] niAA
motth thE A Ev WA Baelel A¥AdE A%
A8 Age Yol ok AeS(oF 0.5 em)E #H3)

243 & 60°C Az7[o0A 48417 Az35T. &
(W) 5533 453 Aol2 Alsigion, FSE@)
ofefjo] 2o H-g3ale] 3Tt

D =p,Wp.(1-W)+p, W] 1)

714 p T HEUE1.02 g em™), po= HHESY
FLE(2.65 g cm)°|th(Louchouamn et al., 1997).
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MM33)el] 8% F 50um HE2Z AUsFHEA picoammeter
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Fig. 2. A schematic diagram of the instruments used to measure oxygen
concentration in pore water. 1: sediment; 2: oxygen microsensor; 3:
micromanipulator; 4: picoammeter.
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Fig. 3. The solid and broken lines represent the sediment surface
and the upper diffusivity boundary layer, respectively. The upper
boundary layer was estimated as intersection of extrapolated linear
line of the diffusivity boundary layer and overlying water.
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1e YA EEE Vepin. HHE2AF AR BE A F
A~ um FA| 9] b4 A 2 (diffusivity boundary layer)o] &
A, o] Fo] FAS HAE RS0 &5 % HHE 29§
elof oja} AHET} E3F ofLollM AtholF L F2 EAEL)
ojsf o] RO Abho] FARFE= Z WG4

AFe] #AE vepdt. FF5alA 4

A Ebo] AT g2 HeAdog Qld
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A BARATE ol8E BRI HAEAIE AR Admg R R7IE A5 4

Foihg Agsted AP QM Rt AL HAEAIF AW
(z=0)2. 2 FA3}H T (Jgrgensen and Revsbech, 1985).

1

A} #hat - Wb-g-(diffusion-reaction) WA Aoz AT 4 AUt}
(Bouldin, 1968; Cai and Sayles, 1996; Epping and Helder, 1997).
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4714 @& TFE, 7= HAE W dolem), DE Athel 4
A Al (em?® sec™), O 5, W] A4 FE@umol LY, 2
2|3 RS net reaction rate(M day ) 2|w]|gh}.

2 (el oFfst 2 A 22 A8,

1) C(Z=0)=Cy; BHERIT AAAA AaFLE Cp,

2) CZuma)=0; 2HA2ETZl0)o) A 22T 0,

3) (dc/dz),zman=0; AHEFIZl0)ol| A 4kAZ R 2 0,

2] ()2} dRksl= 4 (3)°] Ak

_ R PCGR . _
C1—2sz D. 7+C=0 3

olwf Ci= EHAE Zol(z(em)elAde A&E=(umol L), D=
£& dhe] AA A (em? sect), Coe A5 e Ada
Frojt}h. AA| &L HAIG = Broecker and Peng(1974)0 28] A
AlE BAE AT 2% 2 tortuosity TS BT 3 o]
43819 th(Ullman and Aller, 1982). 4] (3)2] UX}F=¢H=(dC/dz)
£ olele] Fickel ¥ WAAA 4pl A8 HABAF A
H(z=0)4 A 2EE(FF, mmol m? day )E owlsts 2]
Syt "ok

Fol(2) =—<I)Dvé% )
2C,R

s

Fo,=®D, )
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HAaAsHog 7 g AE % T Fey AT E
olg3sle] AWA ki AREE FASIUCH
EEF} net reaction rate(R)yE 2] (3)ol|A] -§-5=8P1 ol &) (6) 7L
R= 2_ZC;D: ©6)

Net reaction rate(Rye HiAlswow A A4 o AT
) AT ) (Za, mm), EHAFE ))EH ALl

7 A ] 72, G, AF ey dasE, HHER)

2 E317)0)E Table 1o YEFA

o 22 ofslel e HElE ElllA Ao, o] w

2 aE A SApe] AlY =uth PR oz 9 o4 o
obol| A Gk o= WA Eoit)

Az dgre] §& A4 T 7o) 181 umol O, L'E F
A, 1&Ato] 217 pmol O, L'E A1t v FH ERS A
He AbaEEE FUdte] 162 pmol O, L2 HA, ol et
] 205 pumol O, L™'2 #1$TH(Table 1). Ak4x T3} 7o) (oxygen
penetration depth: Zp,)= 1.30 mm~3.80 mmZ 7}2gko] A
LU, ] A AT & mm FAL S EAls 4t
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o B9 gl WS B AR 2B 2 e F
Aoz dlgErh web 71Ee) 275408 Ao AeTE B
F4 22, = o} Yol em VR WY B F FITE F
FPge B8 B9 QS BE TSP ol ueh - BU B
7o) NP Wgshe Fedk Mne) 27154958, SAMBhIS
(deniuification) 52 F 83| ot 5 glom, 7zte) A% F~

(benthic flux) A= T4 T o) 349 715Ado) ok
Fig. 4& XA} 39 HA &9 f718kh =8 Uepd 130 =
Sarto] 160 umol g'= 7FF 29k, FEllE ko] 681 umol g
=
o

=
2 7P w3t Hlad B2 s B 5%

gt o Ul
AR T A o] F2 FREA o thE sl vis| f7lE
FF 9ol 23] A& sololc. W, Fiek, o 2 s
= eke 7Aool Hel 7] 2ol o EAIHL 92,

Table 1. Physical parameters, oxygen concentrations in bottom water (O, gw;) and sediment/water interface (O, sw)), and organic carbon
concentration in sediment. The oxygen penetration depths were estimated from the vertical profiles of oxygen concentration.

Study Area Temperature Salinity Ozam O - Con
(°C) (umol L™) (umol g™)
Deukrang bay 16.47 32.24 183 181 160
Koheung 16.88 32.78 217 165 281
Yeoja bay 18.44 30.63 214 186 350
Gamak bay 17.48 32.44 181 167 524
Kwangyang bay 17.07 31.07 185 162 521
Yosu 16.56 30.64 190 139 575
Namhae 13.97 33.28 212 205 681
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Fig. 4. Organic carbon contents in the uppermost surface sediments.

ElX Sl AN LAARE

A8 ARG E FE5] slXe FAEANT AR
AE3 FE71E7E Aok 2 dre g W Ak
58 FE0Z S0 um7HH o E 46, Fe w8718 Al
2H 4 Qiith Al SdelM SAHE FE W AL
ABEE Fig. 59 Yl HHER|; AHE B3 Aas®
AFE Table 29 Vehith

A (z=0)2) i Tg W= 10.8~27.6 mmol O, m™ day”
@ 19.1 mmol O, m? day )& EZ HAEY f7ekk B
2 oFe) FARAA(R*=0.78)Z BRAH(Fig. 6). Han et al.,(1997)
Fokgkol|l A F71ekae] B-4R W4 9 benthic chamber A}
& o]l83l9 frighel £3} 2 g3tk 259 4
FoME ARLREE AAEA got, RiE AEF o83ty
chambertl] 44490 A7be) w}E WH3EL7]L7](dO./dt), F-3 (V)
2 HA(AYE o831 2] F=(dO/dtyoX (V/A)l tdste] A4k
stttk 4% A3+ 21.8 mmol 0, m™? day'Z £ A+ A
(20.9 mmol O, m™ day )¢} 2 dAs k. =3 -8 d7A7
= oy dote] Ak 228 89 6.3~48.0 mmol O, m? day™
(Tohru et al., 1989; Deniel M. A., 1989; Epping and Helder, 1997;
Rabouille er al., 2003; Accornero ez al., 2003) 2ol =& X]8]
whE ookl tiA g Bl EGelM 29 ASEoe § ARF
olA} && A& jebdtHReimers e al., 1984; Smith ef al.,
1987; Sauter et al., 2001; Epping et al., 2002).

F 2 el wtefsAg o F b o) s {5 o] 28
el 280] v SAERs wellA s HikA: 37t 483
of F71d o= dAsle] silEe] diFe s HARBIL Atz §,
1996; &, 2000). DeGobbis et al.(1986) Northern Adriatic 3]l
A slgmgto] o] RoX|A] G 7F HFo] HIA HEARE
o, Ak4e] 48]80] 15 mmol O, m™ day™ ool AEFofA
Fakh o7 @42 o Aok sl £ A7A# F 9 4Al
AH)& o5k B]l & SV FgE)

A,

EIM S/l AlHoM F7E MelE
At B HEAR)F AdolAe 498 71820 oF 50% o

2bglElo) AE@EEE {7EA &3 2 FAE Fgsket A
oy ujg- F 23 A7 thdolthAccomero et al., 2003). Reimers<}
Suess(1983y= H & &/ AlHAA F718kA9] A8k (Crenic) S
G184 93 #Z 2Fol(mass balace model: Ci=Crennic
+Cremin +Couria) S ©1-8-31e] ZHHZF 02 A4, o] gL zt
z} Z2 g el wef B 22 HEF <= 3Ivk Han ef al.
(1997) 3F3tol A benthic chamberE x| &tod AJ7HE o}4ks}
g4 55 71875 o83ty EE HAHEY fUlEh AEee
At

B2 Ao e f7184R8 7} Redfield HS(0/Co=170/117)
of mEth= 7H4 obef o] Hl&E &M 33 (Anderson
and Sarmiento, 1994). =38 T4 4882 89.5~228.1 mg C
m? day'(Hd: 158.0mg C m? day H&E 5o o7,
s dete] Huith. o] A3e 9, viF At wolM A
B Aste] W (384~8220 mg C m? day™)oll <3153 tHgrgensen,
1977; Anderson et al., 1986; Chanton et al., 1987; Henrichs and
Farrington, 1987; Smith er al., 1987; Burdige and Homstead, 1994).

Accornero et al.(2003Ye HAE/ANS AlWolA F71ekae] 4
she 3 BT DAL ST RTHT. =, f4lo] g <
qre) AG F3old Halrk @ B AT $7180) f9ET 9
o) HUHOE & A2 ehiTh Sk el Aeke 44
] wg ok oljet slfEol B Wk HA WA it
B S 7MRE o] WA QYT EE Sl F)H0E
PAek Gl ABBYAES T WAL Wl 2 A o
300 7 ST olAT YAe] YT HAEAS Ao
2 FFoA a7 2 B A4S 715 WFeE FYNA B
gl HlE] f71EA 415l B Aed o] F ASR g€t

[+

LA 20|

AL EFNZO)(Zow)E EIZE U 248159 TAE 9u]ly, o]
AA Zole 4 mmolA 10 cm FEE AFS4 Akk9] o|F - &
2 BFE U fretie] Bl FU 249 AAksl(re-oxidation)
of me}l g2 JFE et wEr AARTIZ ol AlHAA A
2 2RI AHEE BAIE JTH(Cai and Sayles, 1996).

TE ARSI HAEE 27] 48 F ks - el
& 293 A YGo|tt, 2 o2 A3} - Fglo)) wighelA w
Sah= A g7k 23 YA ZH Mn(IV)0,%F Fe(IIYOOH
Helo] 18 A3EE Edle by, olEle] AR 82
A BFFSY Mn*HE HIsle ARSoE AR THFroelich
et al., 1979). T3 vjFFE0] 9 HAFAE ofefjolA] Fz} vt
35t AAEE FsHAY gAl FetA E2glith ol § o]
F2 27187328 AT 4ks)- B9 = A sieke wl¢ Fa8i).

Fig. 7& 27938 2% 3t ZJo|9} =4 (Cai and Sayles, 1996)
< o83t AR AaRHHelE @A el Aot EF
oS A LJE BE FoolA] ALbet Zlolst ZAG Zlof B} oF
<1mm ZA YeRdth

we A7 7 2 AP FAHE AAa4LTEH Ak
FEa7)0)e] 2}o]Z sampling artifact® 3143837 QTHGIud er al.,
1994b, 1999, 2003; Sauter er al., 2001). =, EAE AL 213}

siole] Y FHHOE HABS YHAA NaFES) 7127]
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Fig. 5. Vertical distributions of dis-
solved oxygen concentration in the pore
water of the coastal sediment in the cen-
tral South Sea. OPD stands for oxygen
penetration depth.
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Table 2. The measured and calculated oxygen penetration depths in the coastal sediments of South Sea. The oxygen consumption rates (Fo,)
and net reaction rates (R) were estimated from the vertical oxygen concentration profiles using the one-dimension diffusion-reaction model.
The benthic organic carbon oxidation rates were calculated from the adapted oxygen to carbon ratio, modified Redfield ratio of oxygen to
carbon (170/117) and, to measured oxygen consumption rates at the in sediment/water interface.

OPD (Zuax)meas. OPD* (ZunaxJeate F Feo, R
Study arca r(nm : rxgm o mmol Ozoril'zday" mg C r;‘gday" M day™
Deukrang bay 3.80 3.75 10.8 89.5 0.40
Koheung 240 3.30 15.1 124.6 0.81
Yeoja bay 1.95 2.66 20.8 172.1 1.14
Gamak bay 1.30 2.09 18.0 148.4 1.47
Kwangyang bay 1.65 1.94 20.9 172.3 1.76
Yosu 1.35 2.30 20.7 1709 1.57
Nambhae 1.45 1.79 27.6 228.1 1.96

*Calculated oxygen penetration depth (Zmu)cae= 2®Dt@. Where @, D;, Oxswy. Fo, are the porosity, diffusivity of O, in sediment, con-

0, .
centration of oxygen in sediment-water interface, and oxygen flux, respectively.
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R*=0.78
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Fig. 6. A correlation between the organic carbon contents and the
oxygen consumption rates in surface sediments. Solid line repre-
sents the best fit linear equation.
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gen penetration depth. Solid line indicates 1 to 1 line.

Table 3. Comparison of oxygen consumption rates between Fo,,
mod

estimated by one-dimensional diffusion-reaction model, and Fg;”,
calculated according to Cai and Sayles (1996) method.

F02 O}god o
Study area mmol Oy 2day| Fo, IF&;
Deukrang bay 10.8 10.7 1.0t
Koheung 15.1 159 0.95
Yeoja bay 20.8 259 0.80
Gamak bay 18.0 259 0.69
Kwangyang bay 209 21.6 0.97
Yosu 20.7 25.2 0.82
Namhae 27.6 332 0.83

oz Jqadd, AsEor itk BRZolg HANFE Fles
AZ+EtHBerg et al., 1998; Rabouille e al., 2003).
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