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Rates and Pathways of Anaerobic Mineralization of Organic Matter
at Highly Stagnant Freshwater Wetland and Its Comparison
to Frequently Flushed Coastal Wetland
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Abstract : The objectives of this study are: (1) to compare the rates and pathways of organic matter minerlaization
at stagnant freshwater wetland in Shiwha to highly irrigated coastal wetland in Ganghwa; and (2) to discuss the
significance of irrigation into the sediment in controlling the organic carbon oxidation in Shiwha wetland.
Concentrations of CO,, NH;" and H,S in the pore water of the Shiwha wetland were 3 times, 30 times, and 3
times higher than that in the pore water of the Ganghwa wetland, respectively. The ratio of Fe(Ill) to total reduced
sulfur at the Ganghwa wetland was 12 times higher than at the Shiwha wetland. The results indicated that the
Ganghwa wetland with frequent tidal inundation were relatively oxidized than highly stagnant Shiwha wetland. Rates
of organic matter oxidation at the Ganghwa wetland (0.039 mM C h'l) was 390 times higher than that at the
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Shiwha wetland (0.0001 mM C h'l). Rates of sulfate reduction at the Shiwha wetland (314 ~ 580 nmol cm” d'l)
were comparable to the sulfate reduction at Ganghwa wetland (2 ~ 769 nmol cm® d"), whereas Fe(Ill) reduction
rates were 1.7 times higher at the Ganghwa wetland (0.1368 pmol em’ h'l) than at the Shiwha wetland (0.087
umol em” h). The results implied that the water flow system of the Shiwha wetland was too stagnant to flush out

the reduced pore water from the sediment, and thus anaerobic microbial respiration was limited by the availability

of electron acceptors.

Keywords
water flow system

FAA e f71E AAE X9 37
FA A, 29d 2 7Y, BED 9 R,
iﬂﬂﬂ a1 Ay 9 819 o3l 3
LE]r(Nowtzkl et al, 1999).

A A

= 35

g 74
A A&, EY, vAE
SEREl Aggsm B34S Az
AAs] A3l FA o]t}
(Sheoran and Sheoran, 2006; % ¥} A, 2002).

wlgEel 7188 Baleh] A HaE 2

[o

Z A ¥

=== oz

8= A, FAHEAZANAE At 3EEe
SRRt 3504 AnHE L7 Y war] o
ol 5 4 mm o] oJufellA 4tAae] F=Tt
2435 wol4 &ﬂﬂ #70] &A% (Holmer
et al, 2002; 31, 2006; @ &, 2003), o]&]g+ &

717 ﬂﬁﬂHA F71E %HL Y sl A
o, Arshgrh, Ak gl Siele ol 8dke v

[e]
gk vAlE ol 93] dojdtHThamdrub and
Canfield, 1996; & &, 2004).

FA A Aoz F7I14 %7]“ R R RN
A, % A w0 R Ea 5o Y@
ety o5 Ztzhe] it *ﬁﬂ]/ﬁi o Aus

d3ke Wt Mitsch and Gosselink, 2000). 3l

: Ganghwa wetland, Shiwha wetland, organic matter minerlaization, sufate reduction, Fe(IIl) reduction,

Y s

,mm@ zﬁqAb}LOHXlQ—
A7 f71E B v Ak
2 Qlste] Ady= e Sk 3kl mAE
gk f7lE el AFgo] meksk o= <14
HtHCapone and Kiene, 1998). A#H=&
Ludvigsen & (1998)¢] Ao w2 FA]ollA
o] e BT A Yo AUy FoAddAE=
A ol o AiAl Ao BuET) ol
g f7le LA RS etehe de F4
/§1r7‘°ﬂ 02 =4 £33 Ass olsleh]

P
HEE

9]
2005). ol#fgk 8Rl=s
ds SHsH &5
TR oEA F71E
JHE &sAA
wa7E dojd Eig=
A RIFHEAS G874 #EE AlAE 7
o 2 A4 A
53], 24 9
71491 gj7]ele
2005). <J=r¢]
ST Abole ¢

flushing) -&°]
2 FH™E U 771

sto] mAgEe] tArd-E

)



HHlE At 2lSEXI} siRS0| e

AA, F71E TR T I dTEe] olF
oA gkorNHEdwards et al, 2006; Lloyd et al,
2004; Ji et al, 2007), = SFEAATE T
2 FAA AAe SR gk ddae AA
5ol A$-H Adar(Woo et al, 1996;
2002; ol&4, 2004), f71& Wil B7ket
AAA 7125 olslalr] 915k Lol 2ol gk
S AR AYgHSo FesAd o
Bkt EeE = B olE -k
559 FoAd digk A+
ATeAE dHes

-
a—

r2 g ol

Ir o

2.1 X[

>
o
o

o

4]

rr

1996 7¥ AH-ollA gk
g Bl Aol 947 Ass

A

=
2

hinss _h,
0

AN

T o

o o
0 e 2

B}

i
iy M2

&)

o I

B oo 3o
e r

H

Q‘L
1
°
T
i o
N
®
o,
=

ot
ot

ot e P i

2 AFE A HHES KM fAEe
A8l JAFHFAY Ao whgstal Eo] AA|x o
9 154 AA(AA HW: high wet land, 37°
17'00.07"N 126°50'00.09"E)ell A 20051 5¢€ =l
FHat L AoisAer AHe] vag 98| Ask=
g T Awx £ A 4e] wdd XY

A VMF: vegetated mud flat, 37°35'47.23"N

126°30'47.30"E)el Al 20051 4ol AHAE 3+

—~

HFig. 1). 829 £x= HWe VMFolA 2t
7} 15.0C, 11.9C 2 54 53, 9482 HWe

VMFoA Z+2F ND (not detected) ® 27% =
SA =T

(3500 rpm, 10 min) A7 &,
oA F=FZ= FH3}o] syringe filter(MFS-25,
CA, 0.2 m= FHES AAANZ s, COst
NH & 943 2 ml fa¥el &2
FIA(Flow injection analysis) ®'HE o]&3}o]
A5 tHHall  and  Aller, 1992). 34k
(SO FE BAS 98] HHBoA Boldl
TET S 2 e Fske] 2 ml EeRRE vialol
@i 20 wel XE 4 4 5 24 A7k
WE Bisigion, AZrE 22 9(761
Compact IC, Metrohm)& ©¢]&3le] 555 A
ak3ict.

el A (solid phase)®] Fe(ll)E 714
Qrel| A
(Ammonium oxalate 200 mM + Oxalic acid
120 mM)&  o]&ste] FE3 ferrozine
buffer (0.02% in 50 mM HEPES, pH 7)¢} #+&
AN HoH(Lovley and Phillips, 1987), & 1A4

5
T

A
ful

o
=
o]%

extract solution

1N oxalate

5
T



126° 25' E Je8 40

Q Imjin River
i} w
“ A\ Korgal E
< Yellow
N el anghwa ls. ;
o

China
VMF
_ Yongjong Is. ‘Incheon 3
: ) -
C"\j =z
VL
#Sihwa Lake
0 D . ';I

] &
= —
o Suweon =
? =
© Yellow Sea

126° 25' E 126 40' E

Fig. 1. A location map for the sampling site

o] Htotal Fe)& Z7] FoA 43 a7l
E]Xq 0 t—ﬂ—

4ES  oxalate extract solutiono@ F& o
3 ferrozine buffer + hydroxylamine hydro—
chloride 1% (w/wv)%F RWEEAIA 4350
(Thamdrup and Canfield, 1996). 23} (Fe(ID)
oxide)> & MAY A} FHAdH A He| A
Zktotal Fe-Fe(I)CozHE  AXsI3ict
(Gribsholt et al, 2003). #3+2MHS)e F%
= 7Zn-Acetate (20%)% IAHE A|EE Cline
solution¥} ¥H$-A]Z1 F spectrophotometer &
Aake] B4t Parsons et al, 1984). & 3}
A2H(Total TR F&=E+
Chromium 2Fg¥(Fossing and Jgrgensen,
1989)l oJ3] F=¥ ASE Zn-Acetate (20%)
2 1A A3 Cline solution¥} HHg-A]#

o]

reduced sulfur;

1l
<3
%

spectrophotometer2 =43}t Parsons et al,
1984).

Zlo] 6 cmZ7HA| €]
= A Hd o]
AA 5 3%
Air7t~2 24 H
= a2A Aol = F,
FEol dAFH &A
jFatict.
AAEE](3500 rpm, 10%) Al
gk QoA F=E Hohle]
g st ARt mE
k.

QYA

=
=
[e:
PN

2



HAHE Alst els

EX2 si=RS0| st &

wE

st AolA2] B7|M

Table 1. Inventories (mmol m™?) of pore water constituents within 2 cm depth of the sediment at
VMF and HW
ST. COy NH,* HoS SO&
VMF 33 0.51 0.07 272
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Table 2. Inventories (mmol m™) of solid phase Fe and total reduced sulfur (TRS) in solid phase
of sediment within 2 cm depth of the sediment at VMF and HW

St. Fe(ID Fe(IID) Fe(total) TRS Fe(IID/TRS
VMF 19 1768 1787 194 9.11
HW 564 952 1516 1341 0.7099
3.2 @714 ®7I2 Edls 5. @711 w7le waldre e T8l
A Sl Sk o] A Mg VME
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Fig. 3. Anaerobic carbon mineralization
measured as an accumulation of
CO, over time in unamended
samples at VMF and HW
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Table 3. Patitioning of sulfate and Fe(lll) reduction in anaerobic carbon oxidation measured at

VMF and HW (unit: mmol m™ d™')

sulfate Fe(IID) FeRR by C oxidation by
reduction rate | reduction rate abiotic microbial Fe(IlDred. sulfate red.
VMF 28 197 18 179 44(44%) 56(56%)
HW 29 125 19 106 26(30%) 58(70%)

Stoichiometry : C mineralization by sulfate reduction: S0,

+ CH;COO + 2H" = 2CO, + 2H,0 + HS

Abiotic reduction of Fe(Ill) reduction by sulfide: 3H,S + 2 FeOOH = 2FeS +S° +H,0

C mineralization by microbial Fe(IIl) reduction: 4FeOOH + CH;COO™ + 8H' = CO, + 7H,O + 4F¢*
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