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Abstract : To understand the degradation processes of organic matter related to sulfate reduction by Sulfate
Reduction Bacteria (SRB) in the tidal flat sediments of Hwang-do and Sogeun-ri, Tae-an Peninsula in
Chungnam-do, biogeochemical characteristics were analyzed and highlighted using specific microbial
biomarkers. The organic geochemical parameters (TOC, 813C(,rg, C/N ratio, long-chain-n-alkane) indicate that
most of the organic matter has been derived from marine phytoplankton and bacteria in the fine-grained
sediment of Sogeun-ri, although terrestrial plant components have occasionally been incorporated to a
significant degree in the coarse-grained sediment of Hwang-do. The concentration of sulfate in pore water is
a constant tendency with regard to depth profile, while methane concentration appears to be slightly different
with regard to depth profile at the two sites. Especially, the sum of bacteria fatty acid (a-C15:0 + i-C15:0 +
Cl16:1w5) confirms that the these concentrations in Sogeun-ri are related to the degradation of Benzene,
Toluene, Ethylbenzene and Xylene (BTEX) compounds from the crude oil retained in the sediments as a
result of the Hebei Spirit oil-spill accident in 2007. The methane-related microbial communities as shown by
lipid biomarkers (crocetane, PMI) are larger in some sedimentary sections of Hwang-do than in the Sogeun-
ri tidal flat. These findings suggest that methane production by microbiological processes is clearly governed
by SRB activity along the vertical succession in organic-enriched tidal flats.
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Fig. 1. Sampling sites in Hwang-Do (A) and Sogeun-ri intertidal flat (B), mid-west coast of Korea
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3). o] HAHEL] §BCE oA —19.35--23.45%0 1™, 20
2o E 21.01--22.83%0 & oA KT} AE
o] §13C kel 2% B¥ Wsyt HAh ON vle] A

rlo

Depth(cm)
>

25

T, G Fo| HH= 5] o] 22 cmollA] o} =2 30

7L(24 93)e ASIBFAL Ul 7.01-11.479] w915 HHER) Fig. 2. Depth distributions of TOC (%), stable carbon
‘:]'(Flg 2). 53], F AH¢] :"01 A& % TOC, C/N H] isotope (8'°C), and C/N ratio in the sediment cores
7} =& ZoloA= §13CY o] A A= Ro= of Hwang-Do (A) and Sogeun-ri intertidal flat
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Table 1. Environmental parameters of core sediments at 2 sampling sites in February, 2013

Core depth Temp. Densi . Mean. Sediment e
St. (cm)p (“C])D (g/cmg Porosity ©) by Folk (1t9y5p7)
Hwang-Do 0-4 17.7 1.74 0.60 4.65 zS”
4-8 16.8 1.97 0.55 4.41 zS
8-12 16.9 1.76 0.46 4.78 zS, (g)sM™
12-16 16.9 1.82 0.53 4.98 zS,s2™"
16-20 17.1 1.74 0.48 5.06 sZ, (g)sM
20-24 17.8 1.75 0.49 5.99 sC, (g)sM
24-28 19.1 1.84 0.49 4.42 sZ, gmS™"*
Sogeun-ri 0-4 16.0 1.64 0.54 5.93 (2)sM, sZ
4-8 15.2 1.90 0.58 6.07 sZ, (g)sM
8-12 15.3 1.71 0.51 6.21 (g)sM
12-16 15.1 1.79 0.48 6.20 (2)sM
16-20 15.8 1.73 0.54 6.62 (©)sM, sZ
20-24 16.3 1.76 0.55 6.77 sZ, (g)sM
24-28 16.5 1.71 0.57 6.67 sZ
28-32 17.2 1.73 0.54 6.67 (2)sM

*silty Sand, ““slightly gravelly sandy Mud, ~“sandy Silt, **"gravelly muddy Sand
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Table 2. Concentration of n-alkane (in pg/g dw) in the sediment cores of Hwang-Do and Sogeun-ri intertidal flats. Cn

indicates carbon number of n-alkane

Hwang-do 0-2 2-4 4-6 6-8 8-10 10-12 12-14 14-16 16-18 18-20 20-22 22-24
cm cm cm cm cm cm cm cm cm cm cm cm
C15 0.007  0.013 0.016 0.017 0.018 0.016 0.009 0.009 0025 0.041 0023 0.050
Cl6 0.014 0018 0.019 0.029 0.023 0.014 0.014 0.012 0.023 0.020 0010 0.028
C17 0.013 0.018 0.020 0.029  0.021 0.019 0.019 0.012  0.011 0.031  0.008  0.032
Cl18 0.021  0.015 0020 0.024 0.019 0.021 0.011 0.014  0.017 0.018  0.011 0.031
C19 0.041 0.014 0.015 0.015 0015 0017 0008 0008 0007 0014 0014 0.044
C20 0.025 0.029 0.028 0.050 0.026 0.026 0.036 0.017 0013  0.023 0023  0.069
C21 0.092  0.019 0.023 028 0019 0.025 0.192 0.016 0.010 0.018  0.031 0.096
C22 0.138 0016 0.0l6 0481 0019 0.027 0295 0.008 0.008 0.017 0.040  0.147
C23 0.140  0.018 0.022 038 0020 0030 0254 0013 0010 0020 0.050 0.166
C24 0.161  0.015 0017 0431 0.018 0032 028 0009 0008 0016 0.061 0.209
C25 0.185 0.017 0.020 0477 0.018 0.038 0308 0.010 0.009 0.019 0.066 0241
C26 0.187 0.016 0.018 0487 0019 0.039 0323 0.010 0.009 0019 0.08 0285
C27 0.158 0.016  0.027 0.042 0.018 0.0l6 0240 0.007 0.008 0019 0.078 0235
C28 0.156  0.018  0.024 0451  0.021 0.040 0273 0.013  0.011 0.021 0.104  0.394
C29 0.129 0016 0.022 0311 0.018 0034 0182 0010 0009 0020 0.105 0279
C30 0.122  0.021 0023 0338 0.026 0046  0.191 0.017 0.014  0.024  0.112  0.259
C31 0.080 0016 0.022 0250 0.018 0033 0.134 0008 0008 0019 0.114 0407
C32 0.076  0.025 0.031 0231 0.028 0.043 0.116 0.020 0.015 0.026 0079 0.220
C33 0.046  0.021 0.025 0.133  0.000 0.032 0.071 0.011 0.010  0.022  0.066  0.199
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Table 2. Continued

Sogeun-ri 0-2 2-4 4-6 6-8 8§-10 10-12 12-14 14-16 16-18 18-20 20-22 22-24
m cm cm cm cm cm cm cm cm cm cm cm
Cl5 0.013 0.013 0.015 0.012 0.052 0.048 0.048 0.052 0.046 0.050 0.045 0.016
Cl6 0.022  0.023 0.023 0.019 0.016 0.023 0.007 0.021 0.020 0.021 0.017 0.026
Cl17 0.019 0.019 0.019 0.019 0.020 0.018 0.023 0.039 0.026 0.018 0.026 0.019
C18 0.017 0.015 0.021 0.022 0.019 0.016 0.021 0.018 0.017 0.018 0.016 0.030
C19 0.009 0.009 0.010 0.028 0.009 0.008 0.009 0.012 0.008 0.010 0.008 0.009
C20 0.021  0.023 0.024 0.042 0.019 0.017 0.020 0.013 0.015 0.016 0.013 0.017
C21 0.017 0.017 0.023 0.058 0.023 0.016 0.021 0.014 0.018 0.014 0.016 0.015
C22 0.008 0.008 0.009 0.071 0.015 0.008 0.007 0.007 0.011 0.011 0.010 0.011
C23 0.016 0.017 0.021 0.085 0.019 0.015 0.018 0.016 0.014 0.013 0.013 0.014
C24 0.015 0.016 0.017 0.098 0.015 0.014 0.013 0.015 0.013 0.015 0.013 0.013
C25 0.015 0.017 0.020 0.099 0.016 0.015 0.013 0.014 0.014 0.017 0.014 0.013
C26 0.019 0.021 0.023 0.117 0.019 0.018 0.017 0.019 0.017 0.024 0.017 0.018
C27 0.007  0.007 0.009 0.040 0.014 0.015 0.008 0.007 0.007 0.021 0.007 0.014
C28 0.028 0.031 0.040 0.151 0.026 0.028 0.025 0.026 0.025 0.032 0.023 0.026
C29 0.020 0.022 0.031 0.119 0.020 0.016 0.017 0.019 0.017 0.023 0.016 0.017
C30 0.042 0.047 0.056 0.089 0.044 0.040 0.035 0.039 0.033 0.039 0.030 0.035
C31 0.021  0.023 0.026 0.067 0.020 0.008 0.015 0.007 0.014 0.019 0.013 0.014
C32 0.050 0.055 0.065 0.089 0.051 0.043 0.041 0.044 0.036 0.040 0.032 0.039
C33 0.021  0.019 0.029 0.089 0.022 0.015 0.017 0.015 0.014 0.019 0.013 0.015

The terrigenous to aquatic ratio
(nC27 + nC29 + nC31) / (nC15 + nC17 + nC19)
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AjEo g wg- e FrE B tHFig. 5B).
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Fig. 4. Depth profile of the terrigenous to aquatic ratio
((n-C27 + n-C29 + n-C31) / (n-C15 + n-C17 + n-C19))
in the sediment cores of Hwang-Do (A) and Sogeun-
ri intertidal flat (B), mid-west of Korea

10 uMZ LA A BEE31 JE F7H4-12 cm) FollA
6 cm®} 12 cm EZ| Zlo]o|A] A o2 A #x g
(Fig. 5A). &goM = o529 %7t 72} 0.01-0.34 ug/
g dw, 0.01-0.05 pg/g dwe] M9 E Yell o, E 2 7]0]
6 cm 7oA crocetane, PMI®] =+ SEof B s)e]

o] BE k= g oA 9.24-20.80 ug/g dwolm,
Z2@]ollA 13.12-49.99 ug/g dwe] M2 X qW F8h
o] & B THFig. 5). B3 E|F Zolo)| we} o=
10 cm ZoloA did oz & 3he Holu, &l
AME Z3olA 7HE =41 Zoldl whef 7H4sted 16 cm 4
olol A Hagks e

4. & 9

AT G =H3IA Rlo]

S Asligtel] f1xete ot ke AEe] Fof
Az 4 5 =94 543 TOCS 22 A|3}st
EXEo] Aol we} x}po]7} Yrk(Table 1, 2). L+
2 7189 g HHEY Jx, 548, HHE Y
Ao Falate T DS AAE o, A
HAENA B, MY YAk 79 WA o]
AR HolA o B 4o frlEe] F3E 3
(Lambert 1967). 2o} AER A€ = A
Eof vla] AgE HES} HER o]Foj7 A
A= =A YePdth(Figs. 2, 3). A
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A) Methane (CH,) Sulfate (SO,”) Crocetane PMI SRB
(uM) (mM) (ug ! g dw) (ug ! g dw) (ug / g dw)
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Fig. 5. Depth profile of CH; and SO, in pore water, and sediment lipid biomarkers (crocetane, PMI, SRB (a-C15 +
i-C15 + C16:1w5) in the cores of Hwang-Do (A) and the Sogeun-ri intertidal flat (B), mid-west of Korea

Sk 29 =& 1z AAE o7 Q& HZE W TOC}
=2 B3l 5EA HZE vldl(You et al. 2010), A
Aol TOCE " 22 HIZ Yepstth, 237 wfF
] o, E4E W TOC 43 AE5d3= o5 12 A
47199 5718 o] TOC 71l 3838 9 AHEE 9R71€9] f71E el viEE Ao, B =

VoS BT, AFA A F9of| spdolut 7o) §l o] imol= whE S Flolg} FekEch
O RHE 7= fiol vl AFH R FF TOC] QS mAE F7189] ASS 4715 7199
wehek = QITtH(Woo et al. 2005; KIOST 2011). &= wat =4 @219, §4E Y #7159 7115 To}s}r]

A AolA] EAE TOCE 0.26-0.81%2] W= S
3 §A 2GAES] glad AR B AR &
o] ksl #7] 73w 7N (0.89-0.98%)0l HlE) Ah
o= ko 7kS Wolth(Hyun et al. 2009). o213k 733
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Aelie HAEL] §C, ONY] Fo] AARZEA] A5 A
|E L ok S t7] F ottt AR AAd
F71E2] §BCE —32-21%0 2] BAFHT 27%0)= 71A
1, S FolM = ~23--16%0 2] (B —20%0)S 7HIth
3 BAIET thHDeines 1980). 3l FZF (microalgae) 71
A 73F ON Hl= 53-8, 72 E (land-plant)d 735l
= 20 oY =& @S Zr=Th(Prahl et al. 1994
Silliman et al. 1996; St-Onge and Hillairemarcel 2001).
weh £ ARG EHEA BAE §1C, ON HE
B sgree] 7= ol wAls Zlow dAdty
™, o] AF EH ZJo|(22 em)olA &S TOCS C/N
H], 7h @ 8PC kg Bl AAH O R S0 R HE T
o] f7180] FUE Aoz dkHEr §Bcet CNvE E
Az E44E F, S nd=9] g5l 9% f71=
ol 3 A o Aol wet Zpolr) fd 5 gl
(Freudental et al. 2001; Lehmann et al. 2002), ¥7]=<]
THFe] 0.5% PRt A Aie tiiate] Fr1d o),
747t AEFE YuFoz AgEe] Y™ ON
Hlo J3kS WA Eth(Stevenson and Cheng 1972;
Miiller 1977). Wb 715 Hajjol] tsh nAyE g5
o] IABh= HA oMM = thdst IS 2 HE {9+
F71Ee 719s etstr] Sl g@slrae] AT
sty §37199 f71=o] A 739 23
gslrie] FY AlE 93 FoAAME E54(Cor-
Css) n-alkane®] EA|7Fe] AX Sphagnum sp. 32 5
AEEY FYE AAsh= v, sl fr7l=o] A A
$ PR e Elo) 7199] #4243 (Cy5-Cap) n-alkane
o] Ex)&Fo] AH(Corrigan et al. 1973; Bourbonniere and
Meyers 1996; Nott et al. 2000). L3+, F7]E-2 EZ &9
FEolut WHEel A el £ T HAE HolA] Az
AFeHe 54wl (Hyun et al. 2002), 52 Zlo]ol] w}

T fr7lee] Wyt F5lskA] %t} whHol, n-alkane
o] 4| A Q) FXEH)(nC27 +nC29 +nC31/nC15 +nC17 +
nC19)y= =M S371€9 7% ol ¢ -Alst
A e 22 Yehlet o] Adole 2Rl
o3 At 2RY FAHE 7= ("IAEF, dHHelo})
Eo| FAIS v, o xe ARk T QI9IHQI
Z& 144 5o TR s el el wet &
’37149] f71E2 C3 2] & (angiosperms)e] f+9o] 2|
so} H4% 1) 248 o2 URHHThFig 4).

Mo

$AI%E ] V8] E3AA
pelelol A% Agate] %)
o ANEHAE T oS

N
o
1o
Ho
N
il
o
jines
o

o2
lo
o
S
>,

(o
o

o

fqr 7

>

w T

A ot
il

iy
il

R

Alshz kel o], tE {718 el 718 (A, At
17h, Z ol sthE Tt 4 S 715l o fElsHA
= tH(Joergensen 1982; Canfiled et al. 1993).
TAG BAF A L] s Ao dAFs F
Al EAEAL ol wet, e AAEA Y] 3Ee
2 QI3 gk sk whe|Eote] 4k skl gkEo] ik
A oFo] WAYHA] ¢8-S Zlolgtal A TH(Fig. 5). 5, Al
HH o] ARl ag]old FZoIMFH E=A4 UERt
ok gl A E AR TEE SE tiRE B
ANx ik ghelo] SAlsHAl Vel S-S wetd
At 2o Hlel FEoMe 2HA HH$E 54
OS2 AATE EAlskE 3F A=A fr1EC] tiE-
i el HHEo] FAEE f71E9 Yol BA &7
ol HAREAQ] Ak gh dhE]ofe] ATiEQl F 3
o] BAYE 10 em EA77 A Ak Skl vle|g]o}
tE EaRkeE2He] AAAANA -2l 7]
o o] F7rolA it Shelo] EdslA| o] Fod Zlo=
Bl

SHA, thE 7o RA VA S HAECA AL
ARl ARk A1E ol gsleast e gl 3tE S
o] thFo 2 AAE] mAES] FROFEZ Fsldd A
AEA 2 o] §-ETh= A o] th(Weiner and lovley 1998;
Rooney-Varga et al. 1999; Bin et al. 2002). &~2]2] 7
$- 2007 Aol W8S Hebei Spirits ] Aol s2 <l
3 #F HA=AAA i 92§79 EE (Benzene,
Toluene, Ethylbenzene, Xylene, BTEX)o] &l ) om
(KIOST 2011), 2013 2915 BTEX % toluene 27}
olZH(not published), Unresolved Complex Mixture
(UCM) 5o] BelE it UCMS AA| &8l54 Sl A
Z¥zrel AgtE 'l vk GC-MSl 2% ZH
(column)® E+= #2717} o] g 7] wjiol] frRE LH9d
B Zol|A &3] YEldtH(Rowland and Maxwell 1984;
Volkman et al. 1992). whehA], AZe]oA =4 B4E &
2HE B AR Ate] Fee vl ARdldEe] A

AL e ol vl HAE W AAstal e

] whe| oyt iAo g Fsh, Sk g
3l toluene B 7| H@=2S AESNAI7)7]
BRItk 237] wjiol] AFA A7 ik S
He[2]otel] o]k St 3 Apole AR HEZ]
T3 Z IR A48 Zle R wekdn)
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et al. 1999; Hinrichs et al. 1999; Pancost et al. 2001;
Blumenberg et al. 2004), & A7XFA4 YERD crocetane
7 PMI®] FEe o] Bla] LZeollA vl Bl v
Eltth Y=o mE f7lE &% Aol H fFRoEEH
SAR o] tiF-E B FklA S gk v
glote] gt s dso] SUsHA o] FojR] 7] wiitof,
crocetane} PMIZ} Atz o2 e w2 el 7o
2 Belvh. Wgggdel #Hg nAgEE2 CH;COOH,
Hy, COx%F 22 8.3 Arlgrod| o] E5of 2lof ik
Skl wHg]ote} FASHA ==, A Skl dE o}
o] S s o= gl A Fslrae] At =
oz Qs 1 Eado] AlojE 4= tH(Hargrave et al.
1993; Holmer et al. 2005). wh2bA], ~]ollx] gt &
AH S FA S deEE vAEe] WEdg o] A
HAoR JFS vA Al AAZF 8 9 ofug} o]
Eof o3 WEd &5 S vlgl] Aid ez njy]
st oz AdtE) 3o 10 cm EAHFolA Fika 3
o arelgote] Sat Sl FHo] FiFoR dhdatA
dojuhar 5o 2 s Sk S A% Ak F
T7F AR adte o] el wet, g4k gk
dHe| ool 71& 7k A A o] kA H,, CO,, CH;COOH
T2 e vAdESe] &S] ]85t wEe] A4
o] o]Fojd Folgt IdETE WHH, 6cm 7oA
crocetane¥} PMI®] =7t AZ o= =4 YEpda
2HE B A E AR B B A &SH 0" B4 {4
3 Q7] wiie, 71AAA =2 Qg AApFoiA o] 95
4 Hoke AFAQ S Fa dEHom FaE ¢
A= w3 gl sk 7S el B S A
o|t}. £3], wiesle 7] (methylamines, dimethylsulfide)
< wgkE v ESe] Sk gk vtelgjofet 253
¢l AAES Hal] G50 mEdds TR & Aok
A2 A 217] wFo]th(Madigan et al. 2003).

A AFet v} o], A7 mlet A=)
AAAAA R sE= T3 ZJolE Hol|al et 771
o] =) wetd v ERe] =2 Aol Aol
%= B3} (Kaneko et al. 2013), S H oz {F71& 3
o] Yo oA crocetane?}t PMIQ| %71 =4 UE}l
ST ol Fxo] YR EAH LA A2EkaL 3l vAY
Eof oJsk dAAle] et -5 (methanogesis)Zt B4 &
W A webAde] &4 (fossiyEo] &5 o] 2ol u}
}(Kaneko et al. 2010), crocetane’} PMIS] T=7} =4
Uehdd= &3kl HAE U weke] w=7F dAgst A
o] Yeht dxje] AEEar|de] ey 82 2
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o] Fxo} AHAAA 7 FElgh 73ako] YERA] &

rlo

9

AL M2 b2 He= 5400 o3 9Tz =9

5]
of Bla] AlEE HHSIME 580 ®oF FEld=

e Mo e
~
=
«
g
=3
=
(@]
o
2
o
Q
=
<
N
X
9
<]
=)
uu)
i)
iy
rlo
N

— mﬁ

p
=y

G2 (flux)7t 4= 7] wfEol], E435 U 5}
I WeAE mAETR] AR o] WA el 5 ok
(Wilms et al. 2007). Wb 2222 5277416 cm)ell
A ®et7} crocetane, PMIQ] 5% 7Fo] 5-E151A]
ol Algd EHHEA wfoln, AHA<I
WA Rxd Aol v

5.4 &

B ATE A5t AR 2 AAYAAE A4S Ba}o]
v AAREE FA8 Qe AL @) Y
< 233 A (@2 )olA 7189 7192 Fetata A
Z g2 g3 nAES o8 FrH G718 B
& o] olafi gt olg} E& Zlojo] wE B A

o
2 g FeAe AuEIA) STh
YEatA A AFAHolA AR thE HA4-ES UE
3 glen olo wet HAE U TOC zols Bt} g
e 53 fUIEY V1Y B4 A, ek &
1A EF Zolo wE} EAE §UH 71 2olE
o™, olof whet F X HA Fr]Ee]

[ T <0 =
"
< by,
-

o1 5 )

E Rl 97198 4718 fol vash: AL u

o HFEe QEshe wwlEs 3% By,
ATFA L 2o HYBA % f71Ee) F3} Do) we

2719 D401 B2 B9 deiiols] g BAD

=
e B9 veeiole] P B BEo| T
Yehta 98-S SR1E 5 At old @ 3 B9
ulEzjofe] 4kl el WSO AN EE HAHEQ)
slragol A% 471% BalA8<) MuadTgels
M E LR BER LS REE D

] &

§7122) AABENA AFE olaf3]
M= A &F ¢ 7 EUEHo] asiH, o] &)

LN fr71= 7ol #sto] D72 HEE A

- ZlolE AR,



Organic Matter Cycle in Tidal Mud Flat, West Coast of Korea 35

=2 20133 G Aoz Sl Fast
Zo] X Y& o} maE AF@Te| o s UA
|72 A7) 2 st sh e <9 7aE A
oo]:‘

ol

¢

12971 /HE(SATCOM) (PE98927)” AFA
o e AFYUTh & Al o] B
FeFoi et g shd 2 8 2 E A A

10,
[o
o
i)

e bolo o N
>
rl

o

A (T

M ©
o>

o A ol ojie] AAIA At

@ b oA g

x

Iy

ey

Alongi DM (1995) Decomposition and recycling of organic
matter in muds of the Gulf of Papua, northern Coral
Sea. Cont Shelf Rea 15:1319-1337

Bin L, Van Verseveld HW, Roling WFM (2002) Microbial
aspect of anaerobic BTEX degradation. Biomed Environ
Sci 15:130-144

Beller HR, Grbic-Gaic D, Reinhard M (1992) Microbial
degradation of toluene under sulfate-reducing conditions
and the influence on iron on the process. Appl Environ
Microbiol 50:786-793

Blumenberg M, Seifert R, Reitner J, Pape T, Michaelis W
(2004) Membrane lipid patterns typify distinct anaerobic
methanotrophic consortia. P Natl Acad Sci Usa 101:
11111-11116

Bourbonniere RA, Meyers PA (1996) Sedimentary geolipid
records of historical changes in the watersheds and pro-
ductivities of Lakes Ontario and Erie. Limnol Oceanogr
41:352-359

Canfield DE, Thamdrup B, Hansen JW (1993) The anaerobic
degradation of organic matter in Danish coastal sediment:
Iron reduction, manganese reduction and sulfate reuction.
Geochim Cosmochim Ac 57:3869-3883

Capone DG, Keiene R (1988) Comparison of microbial
dynamics in marine and freshwater sediments: Contrasts
in anaerobic carbon catabolism. Limnol Oceanogr 33:725-
749

Cho HY, Lee JH, Hyun JH (2004) Bacterial community
structure and diversity using 16S rDNA anlaysis in the
intertidal sediment of gwanghwa Island. Korean J Microbiol
40(3):189-198 (in Korean)

Choi JK, Ryu JH (2011) A study on the sedimentary facies
change in the tidal flat using high spatial resolution
remotely sensed data. Econ Eviron Geol 44(1):59-70 (in
Korean)

Corrigan D, Kloos C, O’Connor CS, Timoney RF (1973)
Alkanes from four types of Sphagnum moss. Phytochem
12:213-214

Dzierzewicz 7, Cwalina B, Kurkiewicz S, Chodurek E,
Wilczok T (1996) Intra-species variability of cellular
fatty acids among soil and intestinal strains of Desulfovibrio
desulfuricans. Appl Environ Microbiol 62:3360-3365

Elvert M, Suess E, Whiticar MJ (1999) Anaerobic methane
oxidation associated with marine gas hydrates: superlight
C-isotopes from saturated and unsaturated C20 and C25
irregular isoprenoids. Naturwissenschaften 86:295-300

Elvert M, Boetius A, Knittel K, Jorgensen BB (2003)
Characterization of specific membrane fatty acids as
chemotaxonomic markers for sulfate-reducing bacteria
involved in anaerobic oxidation of methane. Geomicrobiol J
20:403-419

Ensely BD, Suflita JM (1995) Metabolism of environmental
contaminations by mixed and pure cultures of sulfate-
reducing bacteria. In: Barton LL (ed) Sulfate-Reducing.
Plenum Press, New York, pp 293-332

Feio MJ, Beech IB, Carepo M, Lopes JM, Cheung CWS,
Franco R, Guezennec J, Smith JR, Mitchell JI, Moura
JJIG, Lino AR (1998) Isolation and characterisation of a
novel sulphate-reducing bacterium of the Desulfovibrio
Genus. Anaerobe 4:117-130

Folk RL, Ward WC (1957) Brazos river bar: A study in the
significance of grain size parameters. J Sediment Petrol
27:3-26

Freudenthal T, Wagner T, Wenzhofer F, Zabel M, Wefer G
(2001) Early diagenesis of organic matter from sediments
of the eastern subtropical Atlantic: evidence from stable
nitrogen and carbon isotopes. Geochim Cosmochim Ac
65:1795-1808

Giblin AE, Hopkinson CS, Tucker J (1997) Benthic metabolism
and nutrient cycling in Boston Harbor, Massachusetts.
Estuaries 20:346-364

Greenwood PF, Summons RE (2003) GC-MS detection and
significance of crocetane and pentamethylicosane in
sediments and crude oils. Org Geochem 34:1211-1222

Hargrave BT, Duplisea DE, Pfeiffer E, Wildish DJ (1993)
Seasonal changes in benthic fluxes of dissolved oxygen
and ammonium associated with marine cultured Atlantic
salmon. Mar Ecol Prog Ser 96:249-257

Hansen TA (1993) Carbon metabolism of sulfate-reducing
bacteria. In: Odom JM, Singleton R (eds) the sulfate-
reducing bacteria: contemporary perspectives. Springer-
Verlag, New York, pp 21-40

Hinrichs KU, Hayes JM, Sylva SP, Brewer PG, DeLong EF
(1999) Methane consuming archaea and bacteria in



36 Lee, D.-H. et al.

marine sediments. Nature 398:802-805

Holmer M (1996) Composition and fate of dissolved organic
carbon derieved from phytoplankton detritus in coastal
marine sediments. Mar Eco Prog Ser 141:217-228

Holmer M, Wildish D, Hargrave B (2005) Organic enrichment
from marine finfish aquaculture and effects on sediment
biogeochemical processes. In: Barceld, Damia, Kostianoy,
Andrey G (eds) The Handbook of Environmental Chemistry,
Vol. 5. Springer, New York, pp 181-206

Hyun JH, Kim KH, Kwon KK, Lee JH, Lee HK, Kim SJ,
Kim KH (2002) Total microbial biomass measured by
ATP in three marine sedimentary environments. Korean
J Microbiol 38:119-126 (in Korean)

Hyun JH, Mok JS, Cho HY, Cho BC, Choi JK (2004)
Anaerobic mineralization of organic matter and sulfate
reduction in summer at Ganghwa intertidal flat, Korea. J
Korean Wet Soc 6:132 (in Korean)

Hyun JH, Mok JS, Cho HY, Kim SH, Lee KS, Kostka, JE
(2009) Rapid organic matter mineralization coupled to
iron cycling in intertidal mud flats of the Han River
estuary, Yellow Sea. Biogeochem 92:231-245

Jahnke C (1995) Quantifying the role of heterotrophic bacteria
in the carbon cycle: A need for respiration rate measure-
ments. Limnol Oceanogr 40:436-441

Jhonston R (1970) The decomposition of crude oil residence
in sand columns. J Mar Biol Ass UK 50:925-937

Jorgensen BB (1982) Mineralization of organic matter in the
sea bed-the role of sulphate reduction. Nature 96:643-
645

Kaneko M, Shingai H, Pohlman JW, Naraoka H (2010)
Chemical and isotopic signature of bulk organic matter
and hydrocarbon biomarkers within mid-slope accretionary
sediments of the northern Cascadia margin gas hydrate
system. Mar Geol 275:166-177

Kaneko M, Naraoka H, Takano Y, Ohkouchi N (2013)
Distribution and isotopic signatures of archaeal lipid
biomarkers associated with gas hydrate occurrences on
the northern CascadiaMargin. Chem Geol 343:76-84

Kim YS (1989) The sedimentology of Holocene intertidal
deposits in Cheonsu Bay, west coast of Korea. Jour.
Korean Earth Science Society 10(1):134-151 (in Korean)

KIOST (2011) Environmental assessment of oil spill and
environmental restoration research. Korea Institute of
Ocean Science & Technology, 37 p (in Korean)

Koster IW, Rinezema A, de Vegt AL, Lettinga G (1986)
Sulfide inhibition of methanogenic activity of granular
sludge at various pH-levels. Wat Res 20:1561-1567

Lambert SM (1967) Functional relationship between sorption
in siol and chemical structure. J Agric Food Chem. 15:

572-576

Lee DH, Kim JH, Bahk JJ, Cho HY, Hyun JH, Shin KH
(2013) Geochemical signature related to lipid biomarkers
of ANMEs in gas hydrate-bearing sediments in the Ulleung
Basin, East Sea (Korea). Mar Petrol Geol 47:125-135

Lehmann MF, Bernasconi SM, Barbieri A, McKenzie JA
(2002) Preservation of organic matter and alteration of
its carbon and nitrogen isotope composition during
simulated and in situ early sedimentary diagenesis.
Geochim Cosmochim Ac 66:3573-3584

Madigan MT, Martinko JM, Parker J (2003) Brock Biology
of Microorganisms, 10th edn. Pearson Education Inc.,
Upper Saddle River, NJ, 1152 p

Martens CS, Berner RA (1974) Methane production in the
interstitial waters of sulfate depleted marine sediments.
Science 185:1167-1169

Maslen E, Grice K, Gale JD, Hallmann C, Horsfield B
(2009) Crocetane: A potential marker of photic zone
euxinia in thermally mature sediments and crude oils of
Devonian age. Org Geochem 40:1-11

Minami K, Tanimoto Y, Tasaki M, Ogawa S, Okamura K
(1988) Influence of sulfate on methane fermentation in a
defined medium. Wat Sci Tech 20:1561-1567

MOF (2005) Tidal Ecosystems, Research and Study on the
Sustainable Use Methods (Inventory of Tidal Flats in
Korea). Ministry of Oceans and Fisheries, Se-Jong (in
Korean)

Mok JS, Cho HY, Hyun JH (2005) Rates of anaerobic
carbon mineralization and sulfate reduction in association
with bioturbation in the intertidal mudflat of Gwanghwa,
Korea. J Korean Soc Oceanogr 10(1):38-46 (in Korean)

Miller PJ (1977) C/N ratios in Pacific deep-sea sediments:
effect of inorganic ammonium and organic nitrogen com-
pounds sorbed by clays. Geochim Cosmochim Ac 41:
765-776

NFRDI (2013) The fifth report of environmental assessment
of Fishery survey. National Fisheries Research &
Development Institute, Busan, 127 p (in Korean)

Nott CJ, Xie SC, Avsejs LA, Maddy D, Chambers FM, Evershed
RP (2000) n-Alkane distributions in ombrotrophic mires
as indicators of vegetation change related to climatic
variation. Org Geochem 31:231-235

Oremland RS, Polcin S (1982) Methanogenesis and sulphate
reduction: competitive and non-competitive substrates in
estuarine sediments. Appl Environ Microbiol 44:1270-
1276

Pancost RD, Hopmans EC, Sinninghe Damsté JS (2001)
The MEDINAUT Ship board Scientific Party. Archaeal
lipids in Mediterranean cold seeps: molecular proxies for



Organic Matter Cycle in Tidal Mud Flat, West Coast of Korea 37

anaerobic methane oxidation. Geochim Cosmochim Ac
65:1611-1627

Prahl FG Ertel JR, Goni MA, Sparrow MA, Eversmeyer, B
(1994) Terrestrial organic carbon contributions to sediments
on the Washington margin. Geochim Cosmochim Ac
58:3035-3048

Rooney-Varga JN, Anderson RT, Fraga JL, Ringelberg D,
Lovley DR (1999) Microbial communities associated with
anaerobic benzene degradation in a petroleum-contaminated
aquifer. Appl Environ Microbial 65:3056-3063

Rowland SJ, Maxwell JR (1984) Reworked triterpenoid and
steroid hydrocarbons in a recent sediment. Geochim
Cosmochim Ac 48:617-624

Samiullah Y (1985) Biological Effects of Marine Oil Pollution.
Oil Petrochem Pollut 2:235-264

Silliman JE, Meyers PA, Bourbonniere RA (1996) Record of
postglacial organic matter deliverly and burial in sediments
of Lake Ontario. Org Geochem 24:443-472

St-Onge G, Hillaire-Marcel C (2001) Isotopic constraints of
sedimentary inputs and organic carbon burial rates in the
Saguenay Fjord, Quebec. Mar Geol 176:1-22

Stevenson FJ, Cheng CN (1972) Organic geochemistry of the
Argentine Basin sediments; Carbon-nitrogen relationships
and quaternary correlations. Geochim Cosmochim Ac
36:653-671

Thamdrup B, Canfield DE (1996) Pathways of carbon oxidation
in continental margin sediments off central Chile. Limnol
Oceanogr 41(8):1629-1650

Thamdrup B (2000) Bacterial manganese and iron reduction
in aquatic sediments. Adv Microbial Ecology 16:41-84

Thiel V, Peckmann J, Seifert R, Wehrung P, Reitner J, Michaelis
W (1999) Highly isotopically depleted isoprenoids:

molecular markers for ancient methane venting. Geochim
Cosmochim Ac 63:3959-3966

Volkman JK, Holdsworth DG, Neill GP, Bavor Jr HJ (1992)
Identification of natural, anthropogenic and petroleum
hydrocarbons in aquatic sediments. Sci Total Environ
112:203-219

Yang JY, Chung KH, Jin YK, Shin KH (2011) Charac-
terizing lipid biomarkers in methanotrophic communities
of gas hydrate-bearing sediments in the Sea of Okhotsk.
Mar Pet Geol 28:1884-1898

You OR, Mok JS, Kim SH, Choi DL, Hyun JH (2010)
Comparison of sulfate reduction rates associated with
geochemical characteristics at the continental slope and
basin sediments in the Ulleung Basin, East Sea. Ocean
and Polar Res 32(3):299-307 (in Korean)

Weiner JM, Lovley DR (1998) Anaerobic benzene degradation
in petroleum-contaminated aquifer sediments after inoculation
with a benzene-oxidizing enrichment. Appl Environ
Microbiol 64:775-778

Wilms R, Sass H, Kolpke B, Cyponka H, Engelen B (2007)
Methane and sulfate pro¢leswithin the subsurface of a
tidal flat are reflected by the distribution of sulfate-
reducing bacteria and methanogenic archaeca. FEMS
Microbiol Ecol 59:611-621

Woo HIJ, Choi JU, Ryu JH, Choi SH, Kim SR (2005)
Sedimentary environments in the hwangdo tidal flat
Cheonsu bay. J Korean Wet Soc 7(2):53-67 (in Korean)

Received Dec. 27, 2013
Revised Feb. 3, 2014
Accepted Mar. 9, 2014



