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We measured nitrate and other nutrients in sediment pore waters retrieved from three sites at the southern
upper-tidal flats of the Ganghwa Island. Denitrification rate is estimated by applying a simple 1-D model to the
nitrate profiles. Results from Jangwha and Dongmak sites are 7.8~9.4x107 umol-cm™sec”, and 1.4~3.6x107
pumol-cm™sec™, respectively. Rates are comparable to those reported around the world in an order of mag-
nitude. Denitrification was lower in summer. The rates were about 1.5 times higher at site where the surface
sediments consist of relatively coarser particles. This implies that particle size would control the reactant supply
to the subsurface sediment. One may claim the denitrification as an evidence of the biogeochemical purification
function of tidal flat. However, the purification seems not a general attribute of a tidal flat when whole system
is scrutinized by a thermodynamic criterion. Currently the term “tidal flat” is used when describing the diverse
coastal wetlands such as salt marshes, sandy tidal flats and muddy tidal flats, which exhibit quite different eco-
logical functions. Thus it is worthy of mentioning that the classification of coastal wetlands on the basis of sed-
imentological characteristics and biogeochemical functions should facilitate our understanding.
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Fig. 1. A map showing the sampling sites in the Ganghwa Island,
west coast of Korea.
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Denifrificafiqn (CH,0),04(NHy), H;PO, + 84.8NO Denitrification
o ———>  106CO, + 424N, + 16NH; + H,PO, + 148.4H,0
- m—
£ + :
3 burial SNHe +3NOs ——# 4N, +9H,0 + 21" T
g Sulfate | | (CH,0),0,(NH,)H,PO, + 53507 weathering
< | Reduction > 106CO, + 538, + 16NH, + H,PO, + 106H,0
CH4 + 80, ~— HCO, +HS + H,0
P 2CH,CHOHCOOH + 8Q > ——> 2CH;COOH + 2HCO;5 + H,S Fig. 2. Observed sequence of mircobi-
" Methane ™ ally mediated reactions in estuarine sed-
Reduction CH;cooH CH,+ €O, iment including stoichiometric decomposition
CO, +4H, ~—p  CH, +2H,0 equation (after, Froelich et al., 1979).
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aghel] ot &3t Hkeba g (nitrification)e] Yoluhs AbAE
2 (aerobic layer)ollA] HFEE Bolthr}t Ado] oyt Zof
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Coe BZoA] Fitde ot H¥&xel 33 ANYE T
= @A AdoE Ay 24 ¥ 4 U, D HEFA W
WMoz 2T (18°C)8t BA = (viscosity)2 T3 72 AHR31e) (2
4) FAKe 4= tK(Li and Gregory, 1974; Berner, 1980; Ullman
and Aller, 1982).
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Ds=Dsx¢’ @)
Ds: AR BAAlG (=1.6x107 mc?sec™)
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T: A% (K)

¢: F=E (%)
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33T W I %
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7128 E] 7718 FAA AAAE FEVept AT}
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AANBZYAEY FZ 3l 7Asly 1 ofefe] Faka &
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g, 239 v vwdid Feelag Ayt 54852 494
Eutoll A 2v) o) F=IF B3t
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BYtHFig. 4). F2 F718 Eodd JAFE 78] ¥
Hol| we} FFF2 WEHAY, S48 2 E o] A AFHA
2] 6-8), A g3l E]o] 4R WEEH e 45 Adh(Aller,
1980; Nembrini et al., 1982; Callender and Hammond, 1982;
Crosby et al., 1984). ©]&|3 AN H]ZFo] B uf A7x]Y e g
e A& BEEE AEY o) w§- He 7PeAe
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do ol

=

7S AFelst HEHAe 2oz, od tisii= HollA g
dgFsat

3Fe* +2P0; +8H,0 — Fe;(PO.,),8H,0 (©)
5Ca” +3PO; +OH — Cas(PO,),(OH) ¢
3Mn™ +2P0; +3H,0— Mny(PO.),3H,0 3

AMA FEE HAE AT 7H & FRE Yt
7 A7l 1-2 em ZolE AWM AFH o FAH EolET
(Fig. 5). ol BFEHZENA Astk 7ol A= f718 &
ol At tial "kl AlgA 2 AE A Qe FA
o|th(Froelich et al., 1979; Berner, 1980). A3l wa} Xtol= &)
o}, A BEe JEAE Z9s A AE HEE BA
oh =3 EZEHAE U 2 wxe] A9, A3 I2(18~120 uM)
o} DI(14~65 uM)2 At oz e gsle] 45 2700 3
A 11(11~31 pM)E T} 2~48) F57} E34kc},

EEMSlET

SolM AAFE gFalsl vgde 24 ndd] 2.5)5 ol &
slo] Aakd o] JAEE 59 A 3)E FAHLE AY
(best fitting)NZ1 ZAAE Fig. 6ol JeRASE}. ojw) EA4(D))
A @ AN, ol 7 Zele] BR2et 9 33
D19 EHEE|F AAHAA Y - E DT ket BE
2SS (RuiyE T-8FATHTable 1).

g Ee AE WEd A9AE BYAT 10°~107 pmol-
em?-sec”! Aol 2 YERA] BlnE F& HYe] ghs BT T
X BEF o5de e NEEEE Hole A ¥es BIX
200219 )3 2003del] F7Feke HMES Bt E£8 sl
o] A% SHEG 150 o) =& SR E Bt ’

g2 AR 24E H8E 250t sl whgol ¥
A Aoz AEIAR A HE et ddEHe
Ao gE JEHY AHMulHzRFe dxpa4te] SasiAA A
Akl anj7) 718k Axdog HAER HiEe] FF0 &
E o AT 4 Ut} e Bd Z4o 7 1k /4

18 £3d A49s 25 Ad 2325 88 ¢

ealabslab-ga AL 4] Bkt AsdAE HA
AP ste] @ELsNEES EAE 2 X, ARE Fx U
e dukdo R 22 YA BEANSE A st dEA
Atk (Howarth ez al., 1988; An and Joye, 2001).

e2ehg YA Bl Ak 7l 1.1~2.3x10 pmol - cm™ -
sec”, P1F B A9t &9} 8~10x107° umol - cm™ - sec™, H
39 2.5x107 umol * cm™ - sec”'9} VIEE S B A TH(Billen,
1978; Kaplan et al., 1979; Koide and Hattori, 1979). ¢|Z Xo}
gANENEE &35 AGT zle|7t 24 ¥E A Tk 44
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A5 FAl A 7R U E UEs oduAlde] =7
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concentration in pore water of three
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Fig. 6. Best fit of theoretical curves
(dotted line) to the dissolved nitrate pro-
files for the Ganghwa tidal flat sedi-
ments.

Table 1. Denitrification constant (kze:) and rate (Ras:) estimated from the best fit of pore water nitrate data and the model described as

equations 2 to 5.

Janghwa-ri (J2) Dongmak (D1)
Date Kgenit (s€C7") Rieni (Wmol-cm™-sec™) Kaemic (5€C71) Riens (umol-cm™2.sec™)
2002, Jan. 0.4x10° 6.0x107 0.5x107 1.7x107
Apr. 3.0x10° 7.8x107 0.5x10° 1.4x107
Aug. 1.2x10° 1.5%107 1.5x10° 1.6x107
2003, Apr. 2.2x107 16.2x107 4.2x10° 10.0x107
Aug 2.7x10° 9.4x107 2.0x10° 3.6x107
Oct 0.9x10° 7.7x107 2.7x10° 5.0x107
o) o)A g o] SRR Asdd FE H2 oS £ U] wiRel Fikd ] i At szl o] A o]
2glo] Aol e FAHT, AT Abde] 23 M AMe] A o] S0} F3h4 (permeable) AU AT 7)5o] FHE
£ e S Aok 3T U olFvt s BRusE  wE olfels s

AR [¢]
HALrgoel AAg FFHuels 1&AHHS-(first order kinetics)2Z
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E|XE =2} BEMEE

A2 dxe gFLEE v)ES AHA nAdEY vk
o] FFE 7FF A PlE $ de 82 sk R A&
Ho, ol 559 oinst It £ E Avjsiy v &
HE M Akt ZolE FHE U7 wfoltt meba] B A
A HEYA] FES skl gl A=) 542 #43

A Hads BXEE A H4E 2NN AR =
ZHN(J2), EHDNLE 258 AYsiAls 24 eE BAtiFig. 7).
E3) BEEHEY HAUs EXE AR m, 112 3.24~740
2 129 451~6.96 B¢ D19 6.23-7.48 & T} M3} Eo) Ay, B
E AAAA 2002904 2003302 7S HES AE ghgko]
Z7rete] Algst S VeRTH(Table 2).

EAHE Zolo] miZ AERFZE J12] A$ 200292 1937 449
FZEAE Y57} 3.2~3.8 To|3 8 cHA] AlHIA 7 2 &
o] AT BRIEE Bl Zolo] W Yzt Zof g IA
ERdtH(Fig. 8). =3 Zolol wie} U3 HAYPeE Hole 129
Dizke gz oz BE A mae] o] 50~60%= ¥
2 AEE et
FEE J1olA 1.7-3.0 O vl$¢ E3FsA vebgen, o)
HAEoA Y HFUx dsirt 438 HH 8ol B8 e
dtedEty o) WEo = sjaddt, vhd 129 1.2~2.1 &, D1
18~24 & 2 v|5d Ego] ¢33t ditdes HAF
EEEE 22 8@ HRENM 7MY d3E dEV HEY

tlo ol Hx

o o w

ghpo] Wolbd =2 UM o2 d#A rhFolk, 1974). £
A7A G HHE 2Fre YrEs ¥ AABAS Bol/lE I
Aok e HE ZEUTHTable 2).

old H3 EAL HHE W ol wE JUY ¥Fx9 1
of whg easkale} Ao itk 2US HAEAM =
AL 7R 4zt BHEo] HAHE W @3iE vhe-o] dolut
Zol7t ZoiRnh, wka, Mgt HAEo] 2AS DI E &
ZHtololA] gEAkel o] dojdtt. upek AjF g A
Y3 HHER o] Di¢] Glatalgol 113 12off vls) o, Al
Zhll w2 HIlT FHYY Aoz dlddx)

AN 55l BE 718 Bale UR)2 AEd AHE)
A Ao Zpol7t ZA) g & vk HAE ¢hollA] 52 5F
£ Fabdiffusion)o} FE8h=1} ol o] F(advection)’} F=3}+
ufoll whe o e Afojrt U AAM, B4 EAS] S8
2o wEl AE S edfes B £E o, AHE Pz B
FE dE FTH #HL ATsA g

L
L

=
S

o4

AYHAE ¢HlM dohbs B39 AR 8¢, Fig
2y o]AT ART A Zgo] sheIlelA A RHR o]3) 5}
22} sl o] @it} A3 YIRS Ady tlF5ol &
A MEE A RAo| F7E o] F3L Yrh(Soetaret et al., 2000).
2 Axge] AR mdY AL HAFINE =3
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Table 2. Size frequency and textural composition of surface sediments collected at each station during 2002-3 surveys.

Site Date Mean Sort. Sk. Kurt Textural Composition (%)

@) (P (D) (@) Gravel Sand Silt Clay

02, Jan. 3.78 3.02 0.55 2.76 0.00 57.43 33.66 8.91
Apr. 4.32 3.26 0.22 241 0.81 46.25 42.34 10.60

Aug. 3.24 2.99 0.17 2.51 348 55.27 36.27 5.18
J1 03, Mar. 7.40 2.04 0.29 292 0.00 1.53 65.17 33.30
Apr. 7.32 2.14 0.39 2.61 0.00 1.70 64.30 33.80

Aug. 6.04 1.65 0.19 6.83 0.00 3.02 86.81 10.17

Oct. 4.85 2.16 0.17 5.18 0.00 15.12 77.77 7.11
02, Jan. 5.91 1.94 1.11 4.14 0.00 13.48 73.12 13.40

Apr. 5.88 1.97 1.27 423 0.00 21.28 67.19 11.54

Aug. 4.51 1.47 1.99 820 0.00 46.79 49.28 392
12 03, Mar. 7.07 2.04 0.81 2.57 0.00 0.20 70.81 29.00
Apr. 6.68 2.12 1.30 3.16 0.00 0.00 70.70 25.40

Aug. 5.74 1.18 2.48 12.30 0.00 0.95 94.78 4.27
Oct. 6.96 2.10 0.72 2,61 0.00 3.11 68.74 28.15
02, Jan. 6.58 1.86 1.10 3.51 0.00 1.69 78.72 19.59
Apr. 6.58 1.87 1.16 3.68 0.00 1.42 75.09 23.49

Aug. 6.63 2.06 0.82 2.84 0.00 4.36 72.01 23.63

D1 03, Mar. 7.40 2.09 0.51 2.07 0.00 0.17 62.52 37.31
Apr. 7.48 2.39 0.29 1.74 0.00 0.60 72.20 31.60
Aug. 6.23 177 - 1.36 4.30 0.00 1.29 83.42 15.29
Oct. 6.85 2.08 0.79 271 0.00 2.38 72.24 25.38

2002 Mean grain size (phi) Mean grain size (phi) Mean grain size (phi)
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2

2003 Mean grain size (phi)
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Fig. 8. Temporal variation of a mean grain size of sediments at each site.
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