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Seasonal Variations of Sediment Oxygen Demand and Denitrification
in Kanghwa Tidal Flat Sediments
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Seasonal variations of remineralization and inorganic nitrogen removal capacity were measured from Dec.
2001 to Apr. 2004 in a tidal flat located in south-western part of Gwanghwa island, Korea by measuring the
sediment oxygen demand (SOD) and denitrification. SOD was higher in muddy sediment (Dong-Mak; three
year average=683 umole mh™") than sandy sediment(Yeocha; three year average=457 umole m~h™"). The SOD
was high in summer and tended to be lower in winter. During the sediment incubation in Apr. 2002, production
of oxygen from sediment was observed implying active benthic photosynthesis. Denitrification was also higher
in muddy sediment (Dong-Mak; 5.4 tmole m?h™) than sandy sediment (Yeocha; 3.4 umole m?h™). The den-
itrification rate corresponds to the carbon remineralization rate of 9.3 and 5.9 mg-C m™d™' in Dong-Mak and Yeo-
cha, respectively. The denitrification rates were lower compared to rates observed in other coastal area (0
~200 pmole m~*h™). Although Kwanghwa tidal flat sediments are replete in organic matter, remineralization activ-
ity seems to be limited by the availability of labile organic matter. The Kwangwha tidal flat may have potential
to effectively remove large load of organic matter. Net remineralization rates were 196 and 132 mg-C m™d™' in

Dong-Mak and Yeocha, respectively.
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o A8 AE AR Agske 53 sttt Y] 71X
Z shie Ad A3 589, 22 AUE F99 F71E0) A
A B o] EallHo) dgte] RgUdstE daA
oJth(a, 2001; ¥, 2003). /HL =& Ae=E QU3 24 £
W HEE w@d AAFEY 5o 93 HHZo Au
A FFol dEst

A5 718
w2allel slojAa FU G545l 3714 Balag el Higol 28 AL
2 A=Y mEA Agede S 7198 {7189 Bt
- e Ao @ o AlEti(Howe et al., 1984; Boudreau, 1997).

NEe #7143 THE Tetsly] gEiM s PAE 2% &
7159 B8 ¥ tEo] AL 23 f1ES A,
FEE 15 ARAFE st Aol 88 Aot} ofgf
oo Alz" Yol f718L AASNE 719z 528 AL
212 2 3}(denitrification)’} Ut} BAAH= mlAjEe] <8 ¥
d 3&9] stz o] ZA A N0z ) 0] 7EEFE(N, Y N,O)
2 Hgdn 224300 A8 AL Jiae YRl o]l 8E
I glon, neia @44 Al Yol Uit o] & =
T A FHEFNELS f71EL)E AT AdHe R
F718& AASRE 7)1&o)thSeitzinger, 1990). & 4371 A4
3} A7E Aoy Al o] A o] EFIE o8k UA
e AgelAY RPdgEE AT e Fasite Aol
A tH(Howarth et al., 1988; An and Joye, 2001).

gt o2 AL AR} nR R §718 FF0] =l
Axrsrt 5 7FsAe] dovt EA MAFAez Ade] ddAa
3} 24 28 W9 A Ao thHerbert, 1999). ¥2 43}
A&7t BE o= 1 £30) A2 Altg, E5E 24
o] YR £37] dEo{tHComwell ef al., 1999). B3}
g 23 M o E R e AZk wE gl FHE
HEE LIS FEREE 538 Aotk AR tF
(18%)°1} 5(61%)0 AA7tE Frl FolA], g isld 9
gk A&7 WEE E43ks AL oi-$- oJHuh(Seitzinger et al.,
1994, Lamontagne and Valiela, 1995). ©]1&813F 2414 & s)4317]
sl chekg WHEC] AAHDEH da] AHEE dZAME oA
gdals gZaisle] [ EFR o] 43k WY AHTHAULAE
o]-8-31= B Fo) th(Seitzinger et al., 1994, Seitzinger, 1988).
o dale gz isle] HFTAIQ oRkald A (NOlIM Firt
229 HES At olMEA S FYUF F oliksla b A
AEke 245le) g2 AEE ZAsed N2 sl 43
A 248 7 ' AEo] o} o8 EA)Hel A=A 4
THKnowles, 1990). FHEHYAE o83 4L 27t A
o} BAg 8FE72 F2UAE 2o sl AFoE AEH
o] $Jt}(Koike and Hattori, 1979). Seitzinger et al.(1980)= 22
48 2R o|Ho| 220 AATIAE BE A I AastA F
= H3lE E4sg o, 7-10874e] Hul % (preincubation) 7]7F
B¢ 243l v RS AR5 AP Ee] HE 4 o] 22
2371 A RT HA 24 E 5 ok A1 F o] o (Comwell
et al., 1999).

FZ 5ol vl A3 Farks FEE 275k W (Brandes
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U5 ¥F7])3 (internal standard)2 ©]-&-3H= ¥ (An and Joye,
1997, Kana et al., 1994.), A4-FH A4S ]85 U (Nielson,
1992) 50| 7iE=I%1c}, ©15 Kana er al(1994)] 7124 MIMS(membrane
inlet mass spectrometer) 212513} Nielson(1992)¢] 7123} isotope
pairing technique 50| ¥ln& 7hdsix JEslA gahsls &
ke Zlol 7Fgdted gl AMEAL At An er al (20017 MIMS
AN 2gle) 71558 EAAA , MIMS Al 2-%)2- ©]8-3} isotope pairing
technique®] 7F&stA stSth. MIMS Al&"oAl = £& A}
HE 7S Fd A8 AZEAVY AE7E Y] g2l
EA Aol 74 O WA §F Tk FEA B
A5 A &Y 4 UAHAnD et al, 2001). )3 MIMS Al
2E) o] A8 o]8-5PHA MIMS A28l SHELP4AE 714
FAL7IE N, NS SHE 4 9le 7152 HEe 2, isotope
paring technique®] 7Fe .o, £ A7lA o] A|2")E o|§ 3}
o, SOD¢t €3 48E 43U An er al., 2001).

£ d3e Asls Al 5HENM nE) 93 §18 2
2 g2AE 29 A7HE WolE &3, o] e HIlE do
71E E-AAE, V&-38F 717g Yot Zlolt} A=
AR st A 270 F UR S diEskE T Al A}
e ko] =& zte] AE A 2001 12€1A 2004
d 4971A) 122180 AA HFHE g At A viF
< B3 HAEe] A TH, dEAS ¢ Brjede dUE &
& A

ZA EA

< ¥ R71EF FUHe] FYEL lom FdYgst € A
2 A7 2SS e ol & zA7hke) 27}
73 mell E3le] Wl AEE PAs g 548
EdA thekst AR} 2AA S AFelal YThEAE, 1991).

ZAPIERI ARl e} R Zhsle] WA Zo) fA8la o,
F&Eo e AENE ] Alolof] 300~1,500 m £&] FL& Jslr=
7} QA Az 9F 1200~3,800 m E¢] ARt AkFig. 1).
ozxte] AHLe SAERE oF 100 m ol 27 AR 93]
st glom EAE AR o] 1 A vz =), o]
vl 54 HHE-S AEgHe) gl won tyrEo) Ay
AR o] TR t}. ozl e}t FreA 20008 12955 20043
449714 1-30Y A o2 123l ZA A% AE AFH 7| ol Fo
ok 4 oA ol HFE o)X F=12cm, Zo[=30 cm)2}
sl 40 LE A3 319000 4847 Wol] A E-al o] ujga]se)
A E|HE uloo] o] Hr}. 20034 3Lo= BHEY $71E &
TE Yoty i, HEE 28 2cm 2HE 02 HIsld, 7
S7Ege 93l F7)E FEE FIIETHEN G, 1998).
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Fig. 1. Study area in Kanghwa island.
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Fig. 2. Flow-through sediment incubation system (Lavrentyev et al., 2000).

& BNO; (Na®NOs; 99% N, Sigma-Aldridge)s 2713 &4 3)
F(HAE PNO; FE~-FFEFEH00uM)E ZF 3 thflow
rate=1.0-1.2 mL min™; An et al., 2001). & E wldL 4.5U%
¢ A=A, HF Al 1Y F fdset FEFE A A
F 8], &&72, F71- 2 (DIN; dissovled inorganic nitrogen)
4 E71€A(DIC; dissolved inorganic carbon)A ] ZE A}, o]
5 i 2L Aol A8 AFH 7 o] R At §E7E E 7
Gae AlBAEH SA ST, 13-4 A8 E GFF ZE=2
o5 & W Bwaetgr

4L A2 0) 2 AL FIUEEN, PNy, Ny 2 ol=
LAY FX+ MIMS(Membrane inlet mass spectrometer)
system E3] A 3HHKana et al., 1994). MIMS system S 2
HE AL 7} §F ko] 942 o2 7h2ol ik B]&(0y/Ar,
BNyJArL, PNyAr, *NyYyANZ HeRSL EFEAI1°CE Fx1€
AET 0 ppte} 30 ppte] A2 ¥IE3) v wdte, FE2 #

At th(Kana et al., 1994). F7184 0= oF 100 mio] Al
E7F ARES%E, ©] A1E2) total alkalinity, carbonate alkalinity
& 24313, pH 7454 &4, carbonate, bicarbonate, CO»2] ATH
A FE FIAUL olES Hite Rr|vtAd] ¥ EAY
(Strickland, 1977). & & 4+4& Q7% (SOD; sediment oxygen
demandy §EA A0] ZhA%o 2 HE 2l 2@ A s 2N,
9} *N,9] =32 HE isotope pairing technique(Nielson, 1992)
& o) &at] FIAIUL the 2 4

Dys=2n(15, 15) + n(14, 15)
Di=n(14, 15)/2n(15, 15)*D;s

Dis; 15NO3‘§ o83 @ Aishg

Di; “NOE o] &3 &2i3e

n(14, 15); N, ¥4 E(N-equivalent)

n(15, 15); **N, 24 & (N-equivalent)g ©|8-3it}.

FHBERE 49 T
fEFe FE A, A5 T

EECEEERRE TS

frEde B2 FFEuxe TYTS
= SE(flow rate) EAEHS] 2 T

Flux (umole m™ h™')y/10=Fx(Co-Ci)/A

& 719, F: flow rate(mL h™), Co: F&459 F=uM), Ci: &
P FE@M), A: Zo} dHF (ecm?)o|t}.
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EIXE0| 2t H4A22F3(SO0D)Y DIC flux

FatFo g 243 HAEY §718 FEe ol Hazkl
QoM E A=27) 3.2% S50l 4.1%2 & Aol HolA] &t
o} B3 HHE(O-1cm)d] F5 AxEle 1.8%E T 43%
B} e gk BHtkFig. 3). d3tEe ol vjg] 2 AR
shekd At 16~57.4%, B9 1.7~2.9%; 1}, 2003)& 714 T A
A9 F71E TE ol HAE A 27|15 st Ao v

HAE Zlopd f7]FE sk 5PN e ZojFArE 71EF
=7t ZAEE oW 4% W E 1 Rl AR FSht. <)o) vIE]
Az e F71E =25 Zold wEt §435] $718te 4cm o3}
ol M= 4%0 @b g EHTHFg. 3a). e Y=o A%
F718 FEo §A18 3RS o] ozl EEEHAE Haq
T 3¢ AEE veEPloL, 4cm ol3lllME 602 A 18I
tht, 2003). o= Hzlele HEEH ] n NS AAsled,
o] Xjde] §A 9 HALwr) wje wES T o, I 5
7ol 2Hgo] el Aoz AztEn) BARAe Mol 1 Lo
2 fFd=ElE F71E o] gEe gt &, 79 38
o] =i Algde] YA} HAHHE Fole 718 ¥l ¥
o HJAE 50 @dsly £/ EF0] A AxEe 1E
o] Hol nAE EFo] H& Aoz odslg. F A€
el el Al U4 HH8S gt sHskd, #47)
E 9 245 Adugt. HEE 419 ole HAE
o] AR Zloloe TS 7 1A Balel €14 28l
H| &2 G338 7|13 Aotk (Howes et al., 1984).
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Fig. 3. Depth profiles of percent ignition loss (weight %) in Yeo-cha
and Dong-Mak sediments (Mar, 2003).

ZA} 717F & BF SODE F99] 683 pmole m?h™'Z2A ozt
29} 457.4 pmole mh'E} EQITH(Table 1). 523 HAte] &
F AR Wbt FEsld, dEo & 7hE Holw Ag
wo ke Boed], J 5= 9F 1000 pmole m™h™ A= 3%
< Hole ¥l ALAdE 500 umole m2h ©3ke] TS BRI
ThFig. 4). 53] 20023 4¥ole AMF2F 4 5ol &
uhsle], HAZolA Akt HAEH =, 4718 E3A] 87 H
= A7) B3A H T Zof Ab4e] S8 (net production)e]
Htt o] A17)E A5t BE Ao HFHEL AALE A
o] 4718 a7t APHET 8 ¢ 5 JUTh

HAE v¥A] SODe HAEY 715 £ HE2 o]&H
o} gthRowe et al., 1975). A<t HAEL 471E e 3718

Table 1. Sediment Oxygen demand in Dong-Mak and Yeo-Cha
sediments. Average values of two cores and 3 day incubation period (n=6)
were presented. Negative flux denotes the flux into the sediment.

Unit: pmole m™h™

Date Dong-Mak Yeo-Cha
Jan-02 -378.2 -347.1
Apr-02 114.1 563.7
May-02 -352.8 -290.7
Aug-02 -671.3 -1162.8
Mar-03 -1096.9 -731.1
Apr-03 -762.7 -928.3
Jun-03 -954.4 -848.6
Sep-03 -1342.4 -783.6
Oct-03 -345.5 -302.7
Dec-03 -634.6 -114.2
Feb-04 -544.0 -286.9
May-04 -1227.0 -256.6
Average -683.0 -457.4

3 o] 714 5F0) FREAN, U4 £59 HENEGE
2 H,S)0) ke o8] ehd] AtslEvke M mEE, kA
") go] 7| 4%Tr olve} ¥4 3F-& vehlle AR 2
UTHHowes et al., 1984). <& A-FoA] ojelgt 717go] BEA]
o] wEPA R, 4718 23] A AgS satst 4 ol
Ax2 dy AR-ET vkMackin and Swider, 1989; Seike et
al., 1989). 73} Zho] AAMu|AZFo 23 FEAo] Eidl A
oM E Abae] 48| (H7IERS)} ALhE R )l BT 8ust
A doldoE SODE #7]1E9 2aivke Yepl)y] Hije o] &
9] xpo)E vieRd Aolth 20044 4Qol Akel whalo] 3t
B AL 374 vl o Ballel §714 E3le] HFTAE
Astol] s AREE AkAe] ofo] AAmAMRTFY &% FPHE
o} Z9ke-S & 5 itk 3AIY HrA BalAAe 25
wel Aoz Zrshe Aol o), ™A XA oAz
7ol B34S B(light availability)o] 98] 255 A3ke] U
thPinckney et al., 1997). £ ZAlelA SOD7t AE9 & @&
Bolx AZd] W 7L B A& L AR wet vl
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Fig. 4. Seasonal variations of sediment
oxygen demand in Dong-Mak and Yeo-
Cha sediments. Negative flux denotes
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Table 2. Dissolved inorganic carbon flux in Dong-Mak and Yeo-Cha
sediments. Average values of two cores and 3 day incubation period (n=6)
were presented. Negative flux denotes the flux into the sediment.

Unit: umole m~h™

Table 3. Denitrification in Dong-Mak and Yeo-Cha sediments. Average
values of two cores and 3 day incubation period (n=6) were presented.
Unit: pmole m~h™

Date Dongmak Yeo-Cha
Date Dong-Mak Yeo-Cha Tan-02 3.0 1.6
Jan-02 235.5 -213.2 Apr-02 29 2.9
Apr-02 772.8 May-02 5.7 4.4
May-02 Aug-02 29 1.6
Aug-02 Mar-03 16.2 8.7
Mar-03 Apr-03 2.0 43
Apr-03 1503.9 1466.5 Jun-03 73 55
Jun-03 1823.3 1205.5 Sep-03 7.1 6.0
Sep-03 -335.4 2228.2 Oct-03 1.0 24
Oct-03 -667.0 -1598.9 Dec-03 5.5 26
"Average 555.5 617.6 Feb-04 8.0 07
May-04 38 0.0
Average 54 34

A7) Rroz Ko}

B 2} 23H10~15 mmole m2d™)E thE A3} vl wsle] B
W, ¥ 39| SOD(12.5~38.1 mmole m~d™'; Seike et al.,
1989} m=t Zoldal= P5%](28 mmole m2d™; Mackin and
Swider, 1989), ¥the] ©lz25 ]2} (2.8~61 mmole md™"; Alongi
et al., 19997 AR 27} e gholn, 712 9] B
= iRt 7hRE] Rl S48 34230 mmole m7d 4

o

HRovg AA 715 2342 S4E SODETE & Aol

7)€k (DIC; dissolved inorganic carbon) flux 3 7718 &
3o A== AMEAEE, 871485 371800 BAGle] 559
HEHES A ST o=A HHE & 3F(net respiration)
& Hole 4 9 A E7F H2 th(Alongi ef al., 1999; Rasheed
et al., 2004). B¢ DIC fluxi= 58] 555.5 umole mh™!, A&}
2)7} 617.6 pmole m?h™'ZA (Table 2) SODS} FAREE 448 B
o, SODek= g ARl eM w2 7E EXTh DIC flux®
A8 w3 AgA W& AEE VEIJOY, YR AR 7F,
vjek 7k xpol7b Alstaitt. 2003 9¥ = 10€ 93 20024 1
¥, 20034 108 SA]A = AlY 717 F BAE9A] DICTH
Z2H]E} o] A™oA DIC/F A=A 4 4vE AL o
g 93t At} B3 o] AH|Fge] BT EdsA] U
U3 9J&S AARRHE DIC flux$t SOD9] H]-&(RQ: Respiratory
Quotienty o]&4 02 12 Yehlof sht, Aol &3] 27t e
ol Based ole 31 EFRY U1 S8l Fad o
EbdthDollar er al., 1991; Hargave and Phillips, 1981, Kristensen,
2000). sl A F8 F7 1AL A B AHEQ HS®
542 53 229 48504 S8 48} & Yol Hol
W, 3219 ggabdo)] B, Akhe] Fgo] 98] BE A F
&5 AFste] Hagd] doldAl =9, o] A% DIC fluxét
SODE E#%E o]F74 H3 RQ 3 =olA A Hol(Hargave
and Phillips, 1981, Kristensen, 2000). 2 ZAA 335 Ho
RQ Zhe ol22¢l 3ol 71719, Beke Aol riHozs
1A e] Aol BE AdElET lS-g AR 2 A3

Al 23 E DIC fluxZ R718 Fal3s 598 By, 315 3
Bl 2F 0.14 gC(~500 pmole mh™'X 12(ug C/umole) X 24
(hour/day))o]™ W7} a3 oF 51.1 gC m2ot}, A U=}
AAE L w3 A4 100~400 g C emyr'& B2 S| JthH 5,
2004). ©|8 e, o2 FAlelH, 3~10kg C BA &
ZAA FHE 4 DIC flux® 3438 §718 B3k g4
Zpol & Helal gtk & AN {718 AT ) 4]
@S Bk u)> T, Akl 48] 3 33 &olA] &
A== Hnet lossys F3] e AASHL.

EHX A5}

AeR 9 o] Hy @AAFh= 2] 54 umole mh™'2 oAk
9] 3.4 umole m~h™ Rt} EUTHTable 3). 2003 3€0) F A
25 FU 1At AEHSE ARy, 5839 4829 &

e Hol, AgHd Hoxle AFE BAthFg. 5). A9
E Aol Feo] HAatE]el W3 w2 g Holu izt
o] ¥lwd wgid 20039 443} 10¥ede AAM © &
A488S 230
g A3l G0 xE 290 BAE PRHES ALET (Tiedje
et al., 1989), At} FF 2|3 {7 ©@Ao 4 FF Fol A
tH(Koike and Sorensen, 1988). gte]]l Utk HQl €& i3le] A
Aishs 34 VA FELE R B 7 e ARE 25
H) g BHolX AFHY Ha g Holg BE, J5Hd +
FollM Aol S Fold 2o Aavt yaEH &
2¥8H(nitrification)”} A8 F o1, coupled nitrification-denitrification®]
wolx| 7 g2 A8y} Yolx| Al Hrh(Koike and Sorensen, 1988;
Kemp et al., 1990). HHEANA FAilsl= U} 28} 4ba
9] Fxo FFE W Hew A5 F4FE fE R
7t Eolyal o] AH oA dRUole] & Hold Hol, &
2 FETL E01E0] A ABEA dojuR] E3lA HH
webA AAHNOs) Y Faol Eol SRt AsEE Attt
(Hendriksen and Kemp, 1988). ¥ HA| $-8-& &4 A 3k
< Bole A9, d5d Fo] I, £E 4580l

H rlo

g i
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AR e A HM e Folkl FLoz Al FFo) &
W)z ARyl {718 Esivb EFRE, 24T FolX|Al
HAthJenkins and Kemp, 1984; Ryisgaard-Petersen et al., 1994,
An and Joye, 2001). & ZALA Zste Aol o EH
ke Bl AL Ao SN ty] =& A Ay Fo| 98st
A o|FA F71&E FEo Be EHE FAit4 #7e) A ¥
Aol A=A e gon, Ailslel dFl4sr} dold 4 Q=
FAo] AW dEY Aol

E gg gle2eE ALFA {F71E Bl vse i3
2 Foldl A BFolth AX f2Fd o FFAL {71
Ao 2 gALSE HES vAE F3) €58 1T 5 4
U, A AARRS B EAEY AR 338 W
o g2x gLl AAstAY, £IAZ ¢ th(An and Joye,
2001). Elrb2o] XS AWM 2ERRY] 9 HAM F2Fo| o
Al e AasE ZAA At FEE ®ole 3t ¢
on, o]t FH a3yt AkhwAo| 9F A azkEobzl 4k
Fxof o3 g1 A7 Al )Eo AX, A= A
gk o 2 g2 A3LE 53 AlZ AR and Joye, 2001). 2L} #]
8}sl melol A An and Joye(2001)y= FEAdo] of$ =8 Abald)
Me A a7} AT Ao dEaHct. B A e AL A
Hol| 44 WA)o] FEE S {718 BFHE Frteke A
o] Aol waiFet, o] ¢ AR AT FyHE g
2871 A8l =92 7FsAdel Uth(Tiedje ef al., 1989).
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Precipitation versus SOD
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Fig. 6. Monthly precipitation (departure
| from annual mean) in Masan city versus
—2000 sediment oxygen demand in Bong-Am and
Precipitation (departure; mm) Gapo tidal flat, Masan, Bay (An, 2004).
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