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welete] FQ st 43 (EH T, A, 13-, whkehi Ajslicke] Bt Zat Al 2009 38FH 2010
d 5E7H] 718 Q3teds deld & Qs HAE AR Q7K (Sediment Oxygen Demand; SOD)¥} 22143}
(Denitrificationyd Z743I5th. HA%E A2 7%E HAE WY F A9 §Sa04AE8 7Y FPHNCH,
2443 S4de dA HEHYLE FHAZ o] 43H= isotope paring technique®] AMEEITE ZAEAY ] F
AE Ahe 7 GRS 24t -5.1~24.6 mmole O, m?d'$ 0.0~3.9 mmole N, m?d'9] HHE H3i}
HAE Ar 7o) 7MY 5 e vRHHET = 102089 =-2.2~19.2) mmole O, m?d"IRoH, AT,
A, Bkl AR ¢o= vehgrh 28AET vTRITEFE = 1.0089=0.0~3.9) mmole N, m?d")°] 7 %S
o, g, AR, ww, Bk o0& Uek) vijk, AR, vl Aol e Ao A Azl F
FEol B el T GFS e, B B AR AahE 71RE] 2AASEE AHsh] ®ot
© AN A8t o], Aats-EdAst AARES FOAZ el sheld BaAste] AdHs 73
EF4 A 139 o152 A /39)9) AdA zlol= @Aigle) AMHE T AAD,; S B TaE A
3 D,; BAN-EAAS AA R Qs AR Aahel Auid Fodel uet AR EHAT S B3l 2dAs)
A et 24T, 14, rREE o FA e vjE BE 5 Aol FRIL, olF F3 DT S |
b} AR A o] AFHel B4t Hulghs BRI olfi= %9 FAlslo]l 1ZHA] ok el olFH 5
9 $71=2 DT F7KIN I, 019} tEe], Abamizo] vEhA] ool Aalslel] £ #70] Ao, A
Hog Dol F7HESA7] wiolth.
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Sediment oxygen demand(SOD) and denitrification rates were measured in four major estuaries(Suncheon
Bay, Seomjin river estuary, Goseong stream estuary and Masan Bay) in south coast of Korean peninsula from
March of 2009 to May 2010 to estimate organic matter cleaning capacity. SOD was estimated from the temporal
dissolved oxygen concentration change and isotopic pairing technique was employed to measure denitrification.
Sediment oxygen demand(SOD) was ranged from -5.1 to 24.6 mmole O,m>d"' and denitrification rate was
ranged from 0.0 to 3.9 mmole Nom™ d”! in the study area. SOD was the highest in Masan Bay(-2.2 to 19.2, aver-
age = 10.2 mmole O,m> d") and Suncheon, Goseong, Tae-an and Seomjin followed. Denitrification was also
the highest in Masn Bay(0.0 to 3.9, average = 1.0 mmole N,m? d™') and Goseong, Seomjin, Suncheon and Tae-
an followed. The effect of benthic photosynthesis by microphytobenthos on denitrification was evident in some
season of Tae-an, Seomjin, and Masn Bay. The increased oxygen level produced by photosynthesis stimulated
nitrification without severe adverse effect on denitrification and, as a result, coupled nitrification and den-
itrification was enhanced in these areas. A difference of seasonal patterns of denitrification at each site depended
on relative importance of denitrification on different nitrate source(D,,: nitrate from water column and D,:
nitrated produced during nitrification). Denitrification was maximum during spring in Goseong, Suncheon and
Masn Bay. On the contrary, denitrification was the highest during summer in Tae-an and Seomjin estuary.

Keywords: Organic matter remineralization, Denitrification, cleaning capacity, Suncheon Bay, Seomjin river
estuary, Goseong stream estuary, Masan Bay, Tae-an keunso Bay, tidal flat, microphytobenthos
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o} 53] feveteA s AT E FHOR FEglo] wEsio]
gow, AT s o] & ol Hla 9lok, AlgtEut At
e el = A ebd vie} go] dg)
AEAZE 7F 715t 7Rl et g3t bt o w) Bt
% desichEel 2, 1997; & F, 1999; <k 5, 2006). F, 84
7} 7R AE7 15 gl gelste] AEE Qs -9 71X
£ sk ol2d Y V15 S0 oRA gk AQ7tE vet
ok gt} o2 Ae]s FME $4719 AL dejFe g
B 22 A AstxrwA hte] 98 sl vk 8§
(carrying capacity) 3 AEHE v & 9lon, 479 7}
AE AP BolEr & 4= gltkNedwell and Trimmer, 1996;
Barnes and Owens, 1998; Trimmmer et al., 1998; Nedwell e al.,
1999; <k, 2005). 3 & B3 #UE A7180) vitkE §9)
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(An and Joye, 2001). 3F7- o] AFES = 9 HAZI=
g2 $ol o] 718 THEthe AAFEAEI 5
FY S Aa, 7 ol9lel Ak, 3k 5 w3l g8 &
S5 Aol ltH(Joreensen, 1977; Howes ef al., 1984).
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FsHe) 24 A7 58, 5 Ad Y3} wYS PREe 1
oF ¢ k. WO R a HAE] it f)E @ Ah o
*d AA YL HAE 2k Q7% (sediment oxygen demand,
SOD)# &A A3 (denitrificationys ©]-&3to] 543 4= QUtH(An
and Joye, 2001). E|&E AL Q7 §7180] 3714 E3li9t ¥
7VEREE B AARE B F 2HHE Ak g vehl
=dl, #7182 AFES £=5 vebdck(Smith and Teal, 1973;
Rowe et al., 1975). @443h= atart vdd Adeelr, 2k
o] AAFEAR o) & s VI #71E EsiuiAgod). 2d4s)
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e AN eIV o EAA (N0, P AbsIol A A (N,0)
TNy T8 71A B, & A8 Z3aEe] 9o
ol&3t7| olgie FHE ulH7] wlFelct. d= 2atsy) Yo
@0 AN AR FRIEC] o8 £ 3lEs Ax 9Ud
[+

28 H 3 AR 07 AR A HES 8

THHowarth ef al., 1988). Wb F-9342A7}F 23 o5
9] AtelM gAishe 7 A Al B34S Adst
2 717o] H

oA Bt F of7] abro] HAE QT
3 ARs A% ook o] Al Fol k= &
Aailo] My vk, B9 o] g4y
FolthCormwell ef al., 1999). o) BA A3} =
240 P E AL (NO; U PNH,) S5 0] 8310, A
w8l dud o8 33, 5 2243}, DNRA(dissimilatory nitrate
reduction to ammonium), Anammox(Anaerobic ammonium oxidation)
£ B2l &85k o) A2so} JrH(Trimmer and Nicholls,
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2009). ©}2} BB}, FIF Y4 F2xIel MIMS(Membrane inlet
mass spectrometry)A|A~8-E ol galod, v|wd RS, A4 1
A3} GALE FA 3 5 G o] ABHATHAN a
al., 2001).

2Axse] AR IA A e FHE Jehed, 7
el o5 Hdlgd Hags Bdvhs Fellx dvjgn
(Rysgaard ef al., 1995; Patel, 2008). 9354 Hzt& RHolx
AAE 20 FrtE AHH R i) Skl A e
2 AN} Skstel gdasle o8 S SV W
Folt}, og} RiiE AT GEH HAFS Role 9
2 BH AEA FHAEY AL U FFE gEis] o8
e FAalgdo] ofFAe] 17 wgelrt. v Tebd gEs
3He] A Wshs 2l ol g5 = FAIFY d-(source)l
o3} #$Ackn B 4 Slek. b T2 37 PHIBE 4
Aol Fael wt AR o A AskE 1Y Z10E o
th Aol ute} £3-& T3 dake] Fgo] e, A
i 4EVR FF 2Ho] Wgte] et Aidstgddast AAH
A (coupled nitrification-denitrification)o] W&o, A &2 43}0]
AEHEE o}7]8t Aolth(Sundbick and Graneli, 1988; Nielsen
et al., 1990; Nielsen and Sloth, 1994; Rysgaard et al., 1995).
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Fig. 1. Sampling stations in the (a) estuarine tidal flats of Western (TA) and Southern(SC, SJ, GS and MS) Korea. (b) Tae-an keunso
Bay(TA.1, TA.2 and TA.3), (c) Suncheon Bay(SC.1, SC.2, SC.3 and SC.4), (d) Seomjin river estuary(SJ.1-1, SI.1, SJ.2 and S1.3), (e) Gos-
eong stream estuary(GS.1, GS.2, GS.3, GS.4 and GS.5) and (f) Masan Bay(MS.1, MS.2 and MS.3).
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430 19.7 km®|th, A FFolE AR
Qo) B Fe] 5ol Alghtn it

ulabgke 7R AU SHoR efEiel ddse]
AL ok 33.8 km'olH H T ¢ 15 moloh. Fo| B &
Aol ¢k 45 mRl 7HrEE B3 AR 59 m§o] do
YrhA, 1984). BTG B L ARYAR o] Foizl 1)
@3 &L wxe] AR e vivie # §UEE Bk
o] Qo R FAHG BWAEY] WAL 2x10 km®™)H]
Z2R= 2 m AZOI A B, 2007).

i3

ot

TR

EIXE XHF 3 HiUAH

Zt ZAF AR o HAE Atk a7E 224382 =35
A3l Az v A AR PRSI Bk A= TAL, TA2,
TA3 Al AL 2009 5937 8ol WHEslo] EAE g 8
5 AFs o A v gk sl ik w50t
0.4~6.2 UMZ 2 Ho) 31, BE-L 26~32%2 W37} Fo, d<4
9] Fo] A1, SO ZRE] A= AR o) AEE ¢
< QI3rk(Table 1). 3 §C.1, SC2, SC3, SC4 W] AW
2009 39HE 118974 431 2248 Siinh. AR A
S11-1, SI.1, 812, S1.3 5 4718} A& ZARISIY. AR 2009
W SERE 19701 3 Al Hok(Table 1), AR A9
Aol b2 A W3} Flo] Ede] AR AR shi-13
SLIS 0-20%0, 25 A7 S12% 5~30%0, 315 A7 813 26~32%0
2} ¥oE B th(Table 1). 142 GS.1, GS.2, GS.3, GS.4, GS.5
oA ARE 20099 8EHE 20106 SYR] 4xbe] 2AVE B1Q)
3 PR MS.1, MS.2, MS.3 Al S 20094 68RE 97}
Al 22 ZARE BFSitHTable 1). 249 5 Aid 5
0.0~211.6 pME Aol u}e ¥z} Zo] 713 27 Vebdth(Table 1).
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Fig. 2. Mud contents vs salinity in study sites. TA indicates Tae-an
keunso Bay. SC indicates Suncheon Bay. SJ indicates Seomjin river
estuary. GS indicates Goseong stream estuary. MS indicates Masan
Bay. Error bar of salinity indicates standard error(n=2 to 11). Error
bar of mud contnents indicate standard error(n=3 to 9).

o) gslod 12707} AF =T, v A BRI FAFE ol A
At 9482 dxs A71E gFE V) Jsl 25 HF
25 Aot AMulsziel Fido] @il JEs F
EA] dolry] Y3l ke Pulks FAll Adsigich

7] 7019 wkerl)e- ul-g Apdet A wigsiia, YA oF 100
uEinstein/m¥Ymin W& 9151 wjasiict. 9492 F3AE o
£35 B2 S A8 A4 EALLNE o83
otk BAE v wido] Na®NOj; (98 atom% N, Sigma-
AldrichyZ 2719 873 Fald sRHt 100 pM o ES
FEE 24 s 5% A HAZe] AN et Bl
O)1F F QEE wjokzolX 12-2447F A= Fuli%K(pre incubation)
S A 3 A 2EE A HAHES ket wik>
2~3 3 AEEHEY, Y 22 Al §E7kA R W
37} HAEI

Table 1. Locations and environmental conditions of study sites visited between March 2009 and May 2010. ND: no data

Site Station Location NOj concentration  Ignition loss Salinity Sand contents
Latitude (E) Longitude (N) (uM) (%) (%0) (%; >64 pm)
. TA.1 36°44'53.02" 126°10'53.89" 0.4~6.2 4.5~6.4 26~32 373
ac-an TA2 36°44'21.09" 126°10'49.19" 0.4~6.2 4.1~5.5 26~32 34.6
keunso Bay
TA3 36°44'13.27" 126°10'39.25" 0.4~6.2 2.9~5.8 26~32 11.6
SC.1 34°49'32.00" 127°25'09.00" 5.7~16.5 6.3~16.1 25~35 0.5
SC.2 34°50'18.15" 127°29'16.32" 5.7~16.5 7.9~14.5 25~35 0.4
Suncheon Bay
SC3 34°5224.80" 127°30'40.94" 5.7~16.5 6.9~8.4 25~35 2.0
SC4 34°52'24 86" 127°30°41.03" 5.7~16.5 79~10.6 25~35 0.2
SJ.1-1 34°59'18.21" 127°46'48.79" 19.7~31.4 0.8~1.4 0~20 ND
Sumjin SJ.1 34°59'14.44" 127°46'29.93" 18.4~46.6 3.4~5.9 0~20 ‘ 95.3
river estuary SJ.2 34°5745.73" 127°45'45.21" 6.8~31.6 1.6~5.6 5~30 87.5
SJ1.3 34°55'33.23" 127°47'37.49" 3.9~6.3 1.1~2.3 26~32 83.6
GS.1 35°02'54.87" 128°22'25.83" 52.5 6.3 2 69.6
o GS.2 35°02'43.13" 128°22'27.37" 2.6~14.7 3.4~4.4 6~35 65.1~80.7
0seons GS.3 35°00'51.98" 128°21'56.17" 0.0~211.6 5.8~8.8 217 17.1~45.5
stream estuary
GS.4 35°00'59.43" 128°22'07.41" 0.9~58.3 6.4~8.8 12~27 26.2~77.3
GS.5 35°02'51.06" 128°21'54.19" 1.1~133.4 6.2~8.6 0~35 33.6~36.1
MS.1 35°12'53.91" 128°3722.92" 10.0~21.6 3.6~54 5~25 75.3
Masan Bay MS.2 35°12'52.59" 128°37'23.63" 10.0~21.6 1.4~2.4 5~25 78.8
MS.3 35°12'53.51" 128°37'16.85" 10.0~21.6 3.9~5.1 5~25 63.2
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Fig. 3. Nitrate concentration vs salinity in study sites. See Fig. 2 for
sites. Error bar of salinity indicates standard error{n=2 to 11). Error
bar of nitrate concentration indicates standard error(n=4 to 34).

ARl BHE 8 71502, Ny, PN, PNy, Ane) 2] W)
£ MIMS (Membrane inlet mass spectrometry) AA~8-S ©}-83}
o} F43I3ITHAN e al, 2001). o]wf, A 7k FADA9} 4FR)
Fhw AAgel o] ofEZ 2 kel tiet BIE(IN,/Ar, PNyAr,
INYAL, OYADE VEIRIT. 2t 8 7hA0] ul&d 2430

A 20°CE FAE 0% 30%02) AT R vhE gy )
T3, FEE IBINTHKana ef al., 1994). BA348-2- isotope

pairing techniqueS ©]-4319] N9 ¥N,°| sx¥slz e 7
T Yo 212 ofgel Prh(Nielsen, 1992).

Total denitrification rate = D4+ D5
D14:1'1(MN, lSN)/zn(ISN’ ISN) * ])15
D15:2n(l5N, ISN) i ﬂ(MN, ISN)
; Dig = “NO;E o] g8 gala
; Dis = "NOsE °] 83
ﬂ(MN, ISN); 29N2
n(lSN, ISN); 30N2

s
YA Ao

WS (N-equivalent)

i

28 (N-equivalent)

o}9} t]E<] isotope pairing techniqueol e EAL3}o) o] &
H= AAde) oW (G oEFEH Y I, 32 Aielea
a3t AANNHE T FFHAETHE FB1E vk A3
(nitrification)*] 213 W 3E NO;E ©|&3 2aL3kD,; 23}
2243} A coupled nitrification and denitrification)®) 4
FoF gk NO3 & o3t eaaskD, = 3o HAge]
S “NO; 28] 559} PNO; 8] w2 o4l T3t (Nielsen,

1992).
Dn:D14'DW
D,,=["“NOs 1./ ["NO3],, * DIS
[”Noalw, S “NO3 9 F
["NO3lw 54 "NO; 9 &
eI 3 SR HAE Ao PRk ek g,
¥} e HHER Wik 20lge ATt JUY Teae

ARRFOl UhE AtAs e B QU R Mo R ALEIT
Flux(mmole m2 dy =V / A * dC / dt)
V= HAE 9 559 9 m’)

= F0}9] WA (md)
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Fig. 4. Mud contents and organic matter contents (ignition loss)
variations in Tae-an keunso Bay {TA), Suncheon Bay (SC), Soemjin
river estuary (SJ), Goseong (GS) stream estuary and Masan Bay
(MS). @: ignition loss. Error bar of mud contents indicate standard
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(n=3 to 5). NA means not application. ND means no data.
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Fig. 5, Seasonal variability of (a) nitrate, (b) ammonium and (c)
phosphorous fluxes, (d) sediment oxygen demand (SOD) and (¢) deni-
trification rates in Tae-an keunso Bay during incubation experiments
in May and August 2009. [J: light treatment; W: dark treatment.

Qo) A EYAE 372024 mmole m? ¢} WY e B
R, BbEE TA3S ks AlQehd mF oA HA
o2 AL f1le] dolon, BEHT) o FH £ 4
Aol HAER FY e Bde] A3l thFig. 5a). £Huke] A
A Z8AE -4.11~3.89 mmole m? d'E UERET Adwsk=
TR Askch(Fig. 6a). X7 29 -5.72~3.44 mmole m? d'¢)
HHAE HACKFig. 7a). T4 A1) Ak EYAE -13.76~11.05
mmole m? ¢'% AFAGF Wl Fo) Zick(Fig. 8a). vt B
G e] A9 A E2 AL 4.87~-0.05 mmole m? "= U}
Bt BB G5 A HAE /9] 2YA01 =4
VERGTHFIg, 9a).

A7 o HHES ALl B AT X G k)] 3
o Aakae] 2827} -3.76~-1.27 mmole m? ¢'E UIERS] A
¥ HAER FYEE ATo) veldth(Figs. Sa, 6a, 7a, 8a, 9a).
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Fig. 6. Seasonal variability of (a) nitrate, (b) ammonium and (c) phos-
phorous fluxes, (d) sediment oxygen demand (SOD) and (e) denitrifica-
tion rates in Suncheon Bay during incubation experiments between
March and November 2009. [: light treatment; Il dark treatment.
ND means no data.

Ax7} s e A8 O A9 2] HREEYH 55
o7 Aol FlEe A winsHA b=, B3 81
o] e, s1.29] ek, 8139 HuljeF FelA] o]zt dio]
TEHATHFIg. 7a). o] A7l o) AR E kRl B
EZ AYEE FFe] 541 veRtsdiFig. 7b), ol HAEE
vl Zakst 3ol 2lE] dEuEe] AnlE Zigie] AAkER
& YA Kemp ef al., 1981). B3] Fuljokolr RIS #
Y AME & die] FEEZE, ol FEA g o
g 3 Zage] v, BEA B9 A3E Akhe] Q% At
gke] F2 5 A Aadste] BAsH adAr EARE Ut
5788 AARBITHAN and Joye, 2001).

gE& kgl vg sl A H3 e A1 S A
qE dEUgo] £F07 A FaErt. ol2fd dEUEe
AgtollM YAt A Elapel wa st A4 FEEoRE F Y
HA UTHMcCarthy, 1972; Eppley et al., 1973; McCarthy et al.,
1977; Harrison, 1978; Glibert, 1982). ©] ZA}oA] E&Zollr 5
FO07 FAYHE dEUSIH,) EE8A) HE 4.12-4.32
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Fig. 7. Seasonal variability of (a) nitrate, (b) ammonium and (c)
phosphorous fluxes, (d) sediment oxygen demand (SOD) and (¢) deni-
trification rates in Seomjin river estuary during incubation experi-
ments between May and November 2009. (. light treatment; Il
dark treatment.

mmole m” d'E VEFHTE EiQbS] SRS ZYAE 046-2.34
mmole m? d'HaL, o35 TA2 AAHLE 722 A thE FH
vl EAE WoR fEEE Aol vEldthFig Sb). ©] A7
o] AN BAE Ahe T vux] F gl vl w9t
S (Fig. 5d), &t 718 Eaiagdol AHE dFugo
vl kgt Aol 2Rl gk 2n)e] Ao, HAE wro
B FEEHAEE AR gk Tank hEEg A 9)skar o R
o7 5 AR B ¢EUE EH2Ut -3.15~-0.40 mmole m?
d'E OE AR HAER 318 AEe] A YeRd ) (Figs.
5b, 6b, 7b, 8b, 9b).

2R A RUS E¥AE 13.69~0.14 mmole m? ¢'F o
Aol vjgl) Wale] FHo] IA veldar B drvigo] 7
E 507 R8lEE Ao VeERtthFig. 6b). A A9
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Fig. 8. Seasonal variability of {a) nitrate, (b) ammonium and (c)
phosphorous fluxes, (d) sediment oxygen demand (SOD) and (¢) deni-
trification rates in Goseong stream estuary during incubation exper-
iments in August 2009 and May 2010. [: light treatment; l: dark
treatment.

U Zei Ao ¥ert 20.96~0.39 mmole m? d'E VERGT <
vkt FUshA B gRYEo] FUsE Aee] HERsTh
(Fig. 7b). 2Ax192] 744, 42U FY27) -1.58~4.32 mmole
m? ¢'S) HYE el n iR o Ry B HAE
B fH 1 oEde) Hu HAE whoi fEHE Ado) LEr
JHFig. 8b). VAL 4.12-3.60 mmole m? d'2 et
o2d MS. AEE ALlstd B AR £07 ot
FE AL o8 o] B §EEHE XA vl o] 1
ERthFig. 9b).

AFA| Ao A QAP0 ) FHAE -0.22~0.14 mmole m? d’
o] 192 B ATHFigs. 5¢, 6c, Tc, 8¢, 9¢). Bkl 9latd Eeiae
-0.02~0.03 mmole m* d'% VeV A W3k F58kA Qdok
thFig. 5¢). =39ke] M= -0.11~0.07 mmole m? d'= VERG
I o2 Ho] tiito] BAE HloE Qildo] fEEE Aol
vebtthFig. 6c). A7 A9l A EEAE -0.11-0.02
mmole m? d'% VEP T 7RSA §1.1-13 SI1 A A gHHE
2 §30] 713 =4 JeRdTHEig. 7c). 74 A agd =
A7) .0.08~0.14 mmole m? "% WEPL L AEHHL B4
287 Qi Ao A vl Aol Jelh(Fig
8c). FRF Bk e el Qlaked EEA WYl -0.22~0.02 mmole m”
d'% T xedof nlg] HHEER Qlakde] f3o) 7 B4 Vet
S THFig. 9¢).
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Fig. 9. Seasonal variability of (a) nitrate, (b) ammonium and (c)
phosphorous fluxes, (d) sediment oxygen demand (SOD) and (e)
denitrification rates in Masan Bay during incubation experiments in
June and September 2009. []: light treatment; M: dark treatment.

BN E MAQTEE

AT x9e] FFE 242 TEHS0D)Y] B9 -5.9-24.6 mmole
0, m? d'2 Yepdrh A ARE HEd SoDpke ohito] 102
mmole O, m? d'2 7F 831 AR 4.3 mmole O, m? d'E
7V QTH(Figs. 5d, 6d, 7d, 84, 9d). 437 xjelo] thE Ao
of nlsl EAE ArQTHo] ¥ o= RIS FEo] HE
3%(Fig. 4% & A o] vl8] 7 vol, HRER] §718
o] A1, mEA F71E B8 ART 1) WiFEo e AT}
HAEY 5715 0] 11%(Fig. H)E 7H 52 o205 7o
749 H& SOD9.8 mmole O, m? )5 HYTHFig. 6d).

e A hE o) A E 44 Q73R 0.7~15.7 mmole O, m?
d'9] HASCKFig. 5d). o3l e R-ZHN(TAL, TA2)RA
SOD o] SR ZFNTADED F2& FeS B, 53],
F2UR) TA2 A4S HAE AheTHo) Ad HE 114

A - e

mmole O, m? d&'Z 714 =4 S o] A2 AXEEY
MAY TS F2 AY o2 AxAAEL] 5ol SOD F71e 7]
g} 48 ¢ Qlth, AAAES X4, AE W (bioturbation),
#l excretion) 5-& F8 HAE 9 i) Ak EHAd 4%
Z < 3t (Pelegri and Blackbumn, 1994; Rysgaard et al., 1995).
Sundbek ef al.(2000)2] ATAANE Gk FelllE YEVE &
Yaol AMEE ¥ AHBArt 24 JeiE 2e BEs
=, Bere] FREH TA2ME YA 7 FRd vl ¢
wloF NH, Z9A zho] B¢ 1.6 mmole m? d'& 7V ol A
AR AAAE AABISITHFig. 5b). AMAIEL] A4, 2F,
Ftube)dd, FAA] AkA W F71E8] HAE & 24to] TA.20)
A 7V 23E 7FeA 3, olRle] HAE ATl ¥k
vt AZtETk(Rhoads, 1974),

<J9 o] B8 A QTS 4.5~19.2 mmole O, m?
d'9] WA wol1 F3Hdol 25t o] A VEFTHFig. 6d).
F3HAle &5 Hullokella] ¥ 24 AF SC., SC.2, 5H
ZAF AR SC3 BolA HAE HroE kRS {E0] veht F
gdo) BEAF R FeAe-S JePdThFig. 6d). THY
2 GRAER] Aurt TR, 2o AAT AlFshe f1E
FFo] HHE AheTed 43 71E AR st 2
AAX A $C4 FHE Mk, B A9 SoD ¥ gL}
Z v)wstelth(Nedwell ef al,, 1994). FE0Fo 2 348 771
E gleke gC4 o] Wi 9%E 8%8! SC.3 KL} okt =
o}, Ztie]l &3 R71E SV} 7Fe S BATh 18u AAo) Qi
SC.3 A2 SODke] B 12.0 mmole O, m? & 9.8 mmole
0, m? d'el Aol Qi SC.4 FAHRT} =4 e} doo) 9
o HNE T 2% FuEAA e A 29k thFig. 6d).

A7 1 HE EFE A Q0] -5.9~14.5 mmole O,
m? d'9] YAE B, AdAsh FEsA YithFig. 7d). A
A7 A2 Axuj el 3t Fiido] Bukslel B A
811, 938 A SI.1-1, 7R AAS] SI.1-1, S1.300AY Akar) 3
A BAE A gTEko] 88 BYthFig 7d). 3] &4 S11-
13} 8139} 79 duiekst Hulake] 2oz} wig- AA, o} A7]el
A AFER7E - s g5k e 4 5 ATk
2 A)7)of 015 Ao gEAsR s e FA & A5H
e, gatst Ao oJgt Akl 7144 g A
32 A ASRES 7, F3el g Ry goly At
& 1ol E@Ax3E AFANAE 7ol ot olF x4 7t
FAol o & Zlod Holrd], B olg Aol HAER
o] AXk AH7} B8] Bol Bytaly gL} Ao B
o] 23t 2l AnE AEE 5 UrkFigs. 7a,d.e).

TA°] HAE AAQ TS 38-246 mmole O, m? I'OR
W3} Zo| 718 A4 VP TtHFig. 8d). AR sl
oJgt FRTx w3laws} /718 Balgk & A71s 5
qeke & Rolg} A=Y, 2y o] ol HAH s+
(GS.3, GS.4)9} 3lro] gl AAY 8HGS.1, GS2, GS.5)&
Wrol SODERS Blasilet] F38 A3de w4 gldl
C}H(Fig, 8d).

npik 2ok A el SODES -2.2~19.2 mmole O, m? d'2]
AE BYHFig. 9d). B¢ 8 BWF MS2 N9 S TFA




ekl e st N HAEY] Bk B Ak 999 AA 89

(Sesarma dehaani sp.)2] UT7} B X AQd] A HEQ] &
T AR & Al 39S WA HEE TS T
7HE Aold) AAEcHSundbek e al., 2000). 22 215
I} 7V A ABE0] A2 MS.13 BHEAZY HAskRs MS.2, o
EH7F A28 MS.30IA 37k FEst AaE Aoty
o} Hth(Fig. 9d).

EIEAS]

FA} 717F 2 g 4 8H(denitrification)?] H$E 0.0~3.9 mmole
N, m? d'E2 vERdet B €3 48l8-2 vide] 1.0 mmole N,
m? ¢'2 7P E9kar Higk 24n 7o) 0.1 mmole Ny m? d°
2 71 A S =0 Figs. Se, 6e, Te, 8e, 9¢). HAEH ] &
Aash= B4 53] 233 AFHdE e, 7183 A
& A7} glof, tIE A oine) 23Rl Bliae Ers itk Fig. ).

B 24t o) S@4asks HE 0.0~0.2 mmole Ny m?
d'2 VERATHFIg. Se). BlAE AtAQ TR FUA SR
el TA2 F3e] @daskeS HH 0.12 mmole N; m* d'&
7V w9 A E Ao ea) v AR, o] A E o
BAATEY o] i 2243E Holed 793E s
dot glrt.

3% R EAAES 0.0-0.8 mmole Ny, m? 412 B¢
£ ZX =AUk Fig. 6e). FALE] Aot L 4715 F50]
eAA sl gke vE Aolet AAEH9)7] R (Nedwell et al.,
1994), A7} EA5Hs SC.49) 27l &A18H4] 94+ SC.3E 1)
skt @) AAde] 9l SC.3 Aol Bt 0.4 mmole N m?
d'E 3t 0.1 mmole N, m? d'¢] 2480 9l SC.4 A K &
Ansgo] A VERITHFIg. 6e). YA 07 AE Ftube) T
T (burrow)e] QLo= wheljo} 749} AZITIALY EHgol 23
v F7FEth(Hylleberg, 1975; Aller and Yingst, 1978; Henriksen
et al., 1983; Kristensen et al., 1985; Aller and Aljer, 1986). ¥4
EZ A FEs FVHIE 5 e BE 7 (burrow) HEE A
HE A7, SC39x F vlEd Fet 604702 oh2 g3l v
3 A ettt 2o 9 SC30lA BaEsdgo) 28 ol
AR R Atre] f1o] dEsle] HHES Aslse 7
olF GV 5L AAakshad At ddAge] e Ve
o] lth(Sundbek er al., 2000). SC.39 49] w2l ad}go) B3t 0.2
mmole Ny m? ¢'2 F 0.1 mmole N, m? d'¢} SC.13%} 280}
ZZ 5 gasdtgo] vERdthFig. 6e). SC.1F 2= A4
o 7P7k- BEE SC.39) 4= olARE T} FA M U B /9
o] £ WAL HHER 4A Fadsty gHLI} S
HAE 72t FHHAHAn, 1999).

A7V} 82l B AstE WelE 0.0~1.4 mmole N, m? d'2
VR THFig. 7e). 17 A 9] e as) Addshe o A
of vlal ojFHel Frlehs o] Vel g2isle] J3e
& 7 U $F A FEE A A, 8 5 AN
BT} B 20 pME T A5 ko] vElth £33 Ak 55
7b Rgele BTt ol5d e gt S £ 9k 4
A2 729 oz dAispt 2 YA Aiksh Al
AATA ] FL3IS 7FsAdo) JTHKemp ef al., 1990; An and
Joye, 2001).

A
[e]

A A9L 0.0~1.2 mmole N, m? d'9] BAA3}He M7} =
AEATHFig. 8e). 1) AL AN B 7 &
o, 935 de) 5 WA peak’} UERITHFig. 8e). 158 7% 2
29 FE7t Bt 22 uMZE 1 pMe) 7S AR ol g4t
7b AF AT S7HE itk 4=

whatk 2ok Zpd o] e 28182 0.0~3.9 mmole N, m? d'9] ®
= Wl Fo) 71 A JERThFig. 9e). BAASES] A
52 Bol ofgHl A WebdThFig. 9e). B4 S
Z F vy 5 A w5E AuE g9, g3 2 uME
10 uMQl A5 d R} 28 o} =AYbt 7% A 55
7b B Foh gaAs} o3FHRT wA vERE F USivh
T3 vk e A o] 2L | FHlo) vhERTH
AXuHZEF FRY G O e ARe gassks
o] H¢ 1.7 mmole N, m? &'Z HH 0.2 mmole N, m? 471 3
el Pakg v ok ehilekrh okt AkslkE e A
2FAE o) &4 BAAsHE Yl Dglel EuldellA B 0.8
mmole Ny m? d'& 0.1 mmole N, m? d'91 ¢hajeFuict Fobr
ol eFst AlgelA AAMudzERe] Hie] Bdsle] Hakshg
A3l QA HAo) A9 Ao 2 FHEHAn and Joye, 2001).

SAEA

EAE sbh et @Ayt Aded weh, 22 gl
o3 gL PEAE Yoly] A3 two-way ANOVA 241&
AT HAE A e ekl B9, ot A oA ek
o Hufjake] 2|7} ST S Ao 28 wskt B4
o7 Holsisith(Table 2).

g sgte] B9 BotlA AR ALY neds
(Photosynthesis x Season)l] 2J3t 3&Fo] F-3lo] YeRstt 44317}
7 128 Ade 2 Hglyr g ot niake P92
A 9%, AT AR wEzhgo] BF FE xolr)
EFtTH(Table 2).

10

E |

ElXMEo| X|get Mo w2 EXE MAeTE Y B
EHAS| 3|

HAE el §718 she 7 HAENA dojue AA5)
aha gl A FEE vIRE AOE LA Qltt. o] XAl
AE HAE ERIS Yddgo g s Bt YA Ege] 7}
Ao L 99%2] AT, AARE [1%E 7P WA &
AESh(Fig. 2). 2AAAE At 71 77k cFTelA
M3kl A] wol Hel: BRI fARE HAE S4o] vl
o} BA 5] QAL AEEE wddo] HojdA EAE ¢z
o] §7)8o] 2w Adko] QlrkSeiki e al., 1994; &F, 2005).
Ak o B {HEY §718 €59 SODE e AHEAlE B
o= Zlo] dytAlo)n, o] Atk 1 $ ZHgo] ByloL A
4 BH B AR 7185 B TR #AH7] s 7
71 (refractory organic matter)Z 45} gl @717k} SOD
A Azl ARBAE BolX= WUTHSeiki er al., 1994; Fig.
4). A E< §7180] T §715S duAdoZ sk
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Table 2. Two-way ANOVA analysis to assess influence of photosynthesis process (Photosynthesis), seasonality (Season) and interaction
between photosynthesis process and seasonality (Photosynthesis x Season) on sediment oxygen demand and denitrification in the study area.

= p <001, * = p<0.05.

. Sediment oxygen demand Denitrification
Site Source df
F-value p-value F-value p-value
Photosynthesis 1 3.957 0.082 7.506 0.025
Tae-an keunso Bay Season 1 0.104 0.755 5.091 - 0.054
Photosynthesis x Season 1 0.359 0.566 7.506 0.025"
Photosynthesis 1 8.005 0.010" 0.082 0.778
Suncheon Bay Season 3 0.210 0.838 1.580 0.225
Photosynthesis x Season 3 2.409 0.097 0.293 0.830
Photosynthesis 1 1.188 0.292 0.083 0.777
Seomjin river estuary Season 2 0.636 0.542 4.013 0.039°
Photosynthesis x Season 2 0.115 0.892 0.129 0.880
Photosynthesis 1 0.009 0.928 0.796 0.387
Goseong stream estuary Season 1 6.421 0.024" 8.269 0.012°
Photosynthesis x Season 1 1.313 0.271 1.119 0.308
Photosynthesis 1 2.160 0.180 19.594 0.002"
Masan Bay Season 1 0.005 0.944 12.111 0.008™
Photosynthesis x Season 1 1.103 0.324 8.352 0.020°
7V ZEY HEE e TR WY 35 Fo il & 25
Ax3p} gohdet. mepy o] ATelN HAE gy @ i
A23p} AR QAL 2GS ARo] HAR ks g T g 20 { mem Autumn |
A2k Vg e Aol S 98T Dhe TR 3 gl = Wit |
%, Pt vig} o] HAo) £ WYl BF 43 mmole  FE 15
0, m? "2 7bg Wokort g asle] A9t Aol HE 02 £ 2
mmole N, m? d'% F2Hk& Uehda U 9] 72%(Fig. 2) 53 10 1
2 % A $99 bdo] FE 01 mmole N, m? ¢'Z /b O E
e gl UerdTh E8 Hae] Sbg RS $Ho] HaE T 05
0T 27 A 5 Roleh SIS, Zliske
0.0 -

o, nte] 71 B2 HAE AR THE T =102 mmole O,
m? ¢ BALIEF = 1.0 mmole N, m? &'y} UERITH 53
el Mg HAE Abhe vy gaislel AR 47 R?
] 0.081, 0.104% W] theh} El&do] Bl A8 Akt @ Py} o
Aagle) vlX Fo] A2-S Azt 5 it

e o) wEAsie) 2

F5 AN T 2255 2423 o)E AASEA)}
SRR % G st B389 22aste) duaArt
=0 YA Uk olelst A4S BAE vigte g ealaste] 3t
AR 4L HAE Fol9] NO; BYAE olg313lr] )
ol (Seitzinger, 1988), ©] Ao E 5 Aaredo] Hom ga
a3t w5 Flolgtal sigitt. Fet 5% A B 16 M
(Fig. 3T S1 vite] 2287t Hulel 398 Aglsk
FF AN HE4E 2} SUkle Ade) Uehdn),
A Y] % AE F5T O X)) v X AR
AL #E ol FAlkslel 22 F71H2l No, FFoE
T AU Tk ol i Jokde) eEasle) &) AAL
T 7] wiZo|thJoye and paerl, 1994). AAtsle] dge = 5
T T YEURY $EE AE 4w, vt xjdo] thE )
ool vl +F $EYUE F%7F FHE 50 pME 7 E3CHFig.

o

4

TA SC 8J GS MS

Fig. 10. Seasonal variability of average denitrification rates. Error
bar indicates standard error (n=4 to 10).

1le). 287 AABLgdadAast 94 33 S Yehl= D, E38F v}
AR ol 0.4 mmole N, m? d'2 714 ¥4 Vet dAaksit
T, AAEE NP Axle] anF oz Bl ojgES
AlAFetthFig. 12¢). vRito] thE A Qe vl8) 5 dAdd 57
Wgolx ety @Adsht S8t olf= oledt AAkslgt
A3} dAAgo] w7] wEo|ct, Artsle] VAR AMEEHE o
B 35 1, AXFEY Ao Ahdgo]
o] APl FolEtiy F48n). o] A 5 At
FEUF Wokxnl Aakaladast dAlge) Basl e
A4S Bol= v)5 Galveston?he] A3ebe AX315tH A,
99).

e ol ok

1

N=}

SIS0l HIFME R X[FH Xj0]

gaasle] Awsis UvtF oz A FeE vhdek 3w
R Fel= By 2Aisb) 2758k 28 gasls 4%
2 "ol Kertinge Nor 3FFollA] 23 53 Faledo] Fx310d
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Fig. 11. Average of water column nitrate and ammonium concentrations in study arca. @ nitrate; O: ammonium. NA means not application.

ND means no data.

A e olgdhe BAaslgo] Zvkeka o8] Hw BE 4
EEE] A8 Aakdo] F<rslo} wUE Y] wiite] Ak
& olgshE Blhet Padls AFo] SUrkRysgaard e al,
1995). 7 WA Y= A8} O Ad) vlE)] Eg) =
7kl 4 olainke] A2 o8 420 Zvksld 2las)
grejzlobe] AW A} F2lEo) A og et asy) 27}y
7, HHOR AN FAislel SAhd] ol g5 PA

T} Z7he7) W2 48 WAAE} Sk 4 IckPatel,

2008).

ATAG ] A el SN vikh 24 24
Hell B3} HAglow vigh, N2 219 ofE
3p7F HAdlE JePdthFig. 10). @9k Kertinge Nor 8F7-8} H)52
A B 2L §}7} A ‘%E}‘)r AR, 14, vRES o
Aol vls) B4 55 Ao F58ka, 50l A" Ak

ol g3k %@iﬁ}(my} S7HANE 7Fs7do] Sltk(Seitzinger et
al., 1983; Jgrgensen and S¢rensen, 1985). v HL B =

p=:N

= 3
ol &da

o
&
nge
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NG 57t 22 uME TRE A ET 20l (Fig. [le) DS ¥ 222 13 D D7F FAlO BoldA, B 2d4sp) Ay
ol Z1odsiick(Fig. 1le). Tt AT A9, B AF 2 JelohFig 12d). B A7 Mdo) S H ] 2D

SC3oM A} H& 9L DEOKE Do) ¥7] wiEeld,  Hugte 2Q olfe £59 Aakddo] ndsA ke AN
ojRe] B2 UER EAH: AXAE g AtrgFol Al AEH 729 IR £59 AANFE ol4% 2L DV F
32243 AAFYE SN A07 AAANFig. 11b). = 71813, TAlo) Aakslebd a3t A4 34 (D,)0] 71 |
B AN At BE 75 AAE 57 71 MR 80 uM] A FolthKemp ef al., 1990; Patel, 2008). Bl A7 <] ¢}
SHRTRE o WA B2 FE0I L (Fig. 11d), Fobd = & Ao vl oS- 3 A4 57 24 1 pMet 20 uM
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Fig. 12. Coupled nitrification-denitrification (D,) rates and water column denitrification (D,,) rates in study area with temporal variability.
Error bar indicates standard error (n=2). []: D, rates; Ml: D,, rates. NA means not application. ND means no data.
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Table 3. The ranges of sediment oxygen demand and denitrification rates in estuaries and open ocean sediments.

Type Site SOD (mmole O, m?d™) Denitrification {mmole N, m?d™") Reference
Tae-an keunso Bay (Korea) 0.7~15.7 0.0~0.2
Suncheon Bay (Korea) -4.5~19.2 0.0~0.8
Sumyjin river estuary (Korea) -5.9~14.5 0.0~1.4 This study
Goseong stream estuary (Korea) -3.8~24.6 0.0~1.2
Masan Bay (Korea) -2.2~19.2 0.0~3.9
New port marsh (UUSA) - 0.0~0.4 Thomson, 1995
Salt marsh
Walker creek marsh (USA) - 0.4~6.6 Joye and Paerl, 1994
Tidal flat San francisco Bay (USA) - 0.0~0.1 Oremland et af., 1984
Dong-Mak tidal flat (Korea) -2.7-32.2 0.0~0.4 An, 2005
Subtidal(estuary) Patuxent ri.ver estuary (USA) - 1.7~2.1 Jenkins and Kemp, 1984
Nak-dong river estuary (Korea) -0.5~37.0 0.0~2.7 Kwon, 2008
Chukchi Sea shelf - 0.5~2.8 Devol et al., 1997
Open ocean . .
Alaskan continental shelf (USA) - 0.1~0.6 Haines et al., 1981
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