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The spatio-temporal variations of the dissolved methane concentration were investigated and the methane
budget was estimated in the Nakdong Estuary in January, September, and November of 2014. Dissolved methane
showed seasonal variation (21~874 nM) with high concentration in summer due to enhanced temperature and
fresh water discharge. Decreasing trends of dissolved methane from the river to the estuary were consistent in
all seasons showing the main source of the estuarine methane is river discharge. However, the decreasing trends
were modified seasonally due to the local sources such as organic-rich sediments in intertidal zone or near the
estuarine barrage. Dissolved methane concentration in the Nakdong Estuary was high, compared to other estuar-
ies probably due to the well developed wetland in Nakdong-river system and stagnation effect from barrages
and dams. Dominant sink for the Nakdong estuarine methane was outflux into the atmosphere. Relatively long
residence time (produced by barrier island and estuarine dam) in the estuary might provide the enough time for
the outgassing.
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AFeHcH(Forster et al., 2007; Rigby et al., 2008). W=hA] Hgke] &
Fo} AZS tlorst a0 Qe I o) 9k

o)) wjgke] A F5-l Ik A slieF HAe] oF 15.6%
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B/do] & Ao, - U wgke]] T Am= 5P shtellA
V= F25E 2 AR AS7A 99 dsst o 2 71
o] AAES] Yk(Middelburg et al., 2002; Bange, 2006; Zhang et
al., 2008).
3" % gk S 2R Y Aes B3l FFEAY s A
7

[R=]
Ao A 2] W et vES-E 3l e T AES -9 (drainage

basin)oll TAfe= ek sl fNkepe, 53] foolls WS &
A7} EAEE7] whel] o) 5 Ao o NE] AFgRke] wgto] st

+52 4= lth(de Angelis and Lilley, 1987; Richey ef al., 1988;
Reeburgh, 2007). WIS/ RES-2 &Y 7 (methanogen) 2] & 7173
IEFHPeR 7= 8l nEAE dAlel] dEal] el A
Zx(anoxic) B NARE dojun] f7]Eo] WeTS dalzict
wpeba] S W HlEk AR 5717 (oxic) B 5714 (suboxic) B
o] FAISE R f7lEe] Fe M A lEeN FE Y
ofup, EjZEellx] Bake wgke: Sxk(diffusion), ©]F (advection)
o5 S8l AST=E 352 5 3Ath(Reeburgh, 2007; Deborde et
al., 2010; Koné ef al., 2010; Ford et al., 2012). & 5= E]E.%C’— &
3 3E S 5 ek oot e o2 WEEHAY S W vl
€k & (methanotroph)©l] £]3l| 418} Ch(Scranton and McShane,
1991; Middelburg et al., 2002).

AWHA O 7 S 75 wwke] 1t e Sl iR 2
T st Hashs ﬁ S HolE|, oA §AelA FEs
B3l FaEE vEke] sl 23l 34 %7] wiizo|tt. sk Ulel
A ks g o] R o vde] AAE o EA wE FE 7
AF Hol= A7t Q= 7‘7}‘3]1 HAEoY T d5A &
A% Wt s 7 EE =9
) Oﬂ% = Elbe Estuary$} Thames
WER A8 wek 2ot whEA ha
L Changjiang Estuaryﬂr Great Bay?] 7% Adtd o2 &
sk S3toll 9 AFAY 425 Y wEe] 355
o] Tt g5k dElo] Hod 2]7]% $th(Sansone ef al., 1999;
Middelburg et al., 2002; Zhang et al., 2008).

AR ] HEE AT} ARste] el FEE ATEE
2 EAE U e w25 5% ‘?i?(An et al., 2007), F2¥
3 A7) 1 ' 7 Zéf& A (Park, 2012)
A E ol &sle] HAEETY ‘3H7]i WEHE v EHAE S
743t 917 (Kim, 2007; Kim and Na, 2013; Lee ef al., 2014) 5°]
Sit}. Z1Eu Al Bl E4-U7] 1 wigE AsS A 54
skal gwFslet A st

S5 tigl=soellx] - iAlE & s, %9701]% TiIE
B2 S FAA sS4 uike- el glom, 3]

% = o) JHd B AR E0 1%] o] F71s
F-odokst didol 7KslE= T wlRE B4 Zdo] FHol Hol
ttJu and Kim, 2009; Kim et al., 2012; Park et al., 2016).
G sl 5 0% AkRel 11 e 20t E
Al G3=e] e, 270 E wgke] 8 AR R deA] gl
G54 el e w529 vwe] veRd Zo® 7|gient
(Kim and Ha, 2001; Middelburg et al., 2002). Y57} d}7= Ant
29l -2} @] slaim e EAIE sl B9 79 249 I
o] FEo] EES I XS Y Z o7 oy,
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Folxol 1
LE, 2 23817 km?
LEE oHLOHE el ola) v
o} a5<) é@ol EAlslo] Sk, AL FEE 52185 el
Tl witel] MusitS- 1d 5 o A7)
f %0%01E}(K1m and Kim, 2013). “F7% 3l5-o
ﬁéic’ﬂ% Z4 °ﬂ upet - ANE7E 2w, 7&?%‘&01 w2 A7
(7-98)elli= AT HFEC] 60%°l sEshe 27t WA th(Jang
and Kim, 2006; Park et al., 2008; Yoon et al., 2010).
) SHs gl 2o AlRe] wele] kgt
O3, 489] 553} 2240 Sl vt fel A7} 54
S WSOl ek Y 7 T A e e
*ﬂo}‘ﬂ%,rﬂl 2] 540] Q& Fele AIRo] $AE ¥
A El?l‘?} ZMZHL t&%_'?riolw%, ZA= 0.4~1.7 mo]th
(Park and Chu, 1991; Kim and Ha, 2001).
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Fig. 1. Sampling stations in the Nakdong Estuary of South Korea.
Black and white circles indicate subtidal and intertidal zone, respec-
tively.

Hojjst wete] doubA] 9 60 ml serum vialell ¥
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(Kampbell and Vandegrift, 1998). Air-tight A| & <]l He gas&
o-g3to] FEATo|AE e F 25 °CollA] 24~48A13F E2k W
23t} FEAH o] A0} BTt HHE o FEF & F FTAHo]
ZZ510] FhATmubE 17 4(HEWLETT PACKARD 5890

SERIES I)E ©]&3l9] wgt T2 43It 7lglo] 7t~
dHS olg3lR T E4to] 2314 Z7|(FID, Flame Ionization

Detector)ell 2J3ll == et wg w22 FZFshs BF 7]A
5.1 ppm M EHRIGAS, Research Institute of Gas Analysis Science)¥}
Hl ko] o] Fo [k, 7] AR Bl A7l A B oAkt
ouel] ZkAARwpE T FYste] ST

E[XE A=

HAEST e = Ej/\(Fw sediment-water methane flux)2}
HAE-d7] 7 He %ai(Fsa, sediment-air methane flux):=Hl
AL B2 Lo}\ ’B 57 Ul Hllgk w50 Wigl 78725
B A=At 75-t)7] 3F wl'k E2 A (F,,,, water-air methane
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KN
=

E3l g=ssiaAth(Deborde et al., 2010).

Foo(pmolm™d ") = kx(C,p—C.y)

ST
H| & g o], C(atmospheric equilibrated surface methane
concentration)i= t7|9} HEHE o]F wf 7|t== 13 U vg
FEE O] g w59 @3 2 g9 AES Fa ARkt
P D DT I Jun
218 ARgsto] Akt Raymond and Cole, 2001). ©] ] ¥55-2
I 7VdHEAel BUEY & d Hv F5 *]‘%‘O}Oﬂﬂr(KMA
2014b).

Cops(observed surface methane concentration)= ¥5¥ X3

E|®E | LT &2t
A 2T FAES o)F YA g A4S 8l A= AAE
HA O 10% H,0.5 A7FISITE H,0,212] Hhgo] Bt B85
0.1 N HCES F7}eto] B4 & f ehileds AlA I 4 E2
pH7} 701 & w7HA] SR et washmgo}oﬂ‘:} Al g
EAEL 40 A2 A (sand)2F YA (mud)yS 57519937, 60 °C2
Az7el 1z F 717be] FAIE Sseleh S A7 Y2
FAE olgste] H4E 39S UA T (%)2=Z T38ITHMOF,

== T o=
1998).

o}il? W &5 20149 19, 94, 1190

| gk ité Table 1¢]] L}E}LHO*E} 55
1EP FE= 747} 80~436 nM,
Lol 7H a1 ALl 199
£ S US55
o, & USe] A5 9dd
o] gk xfo] 7} A TH(t-test,

BT AT &
5 USY 259 E%T &
21~411 nM2] HH o™, 59
7F skt A Wl 8 uﬂEP FE
Z}z} 77~789 nM, 41~874 nM2] 9%
7V =Sk 1 5 9159 A9 A 7
p>0.05).

T g T
Foll =1 Agel v AE-S BSITH(Table 1).
F9 FQ 0018 L% (Ferrdn ef al., 2007), ¥ AAollA
Y57} 3 £ vE 558 5 USY 95 B 2 =
k9] ZHIAE JeERIIthFig. 2). HIEE A
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o1 =
<%0 gt 7 3= 7|t 4= QJth(Van Hulzen
et al.,, 1999; An, 2005). T3t £527} =8= n|AE-9] tjAalEo]
Eolu} Aka ARt ZXE 02 wERAgukE-of] P4l 7]
A 3740] ] 2 A4 7w s=olIth(Reeburgh, 2007; Choi,
2013).
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Table 1. Average methane concentration of surface and bottom water of the Nakdong Estuary inside and outside the barrage in 2014 (Values in

parenthesis are ranges)

(unit: nM)
Region Layer Jan Sep Nov
Inside Surface 195 (163~246) 376 (312~436) 214 (80~361)
Bottom nd 509 (362~789) 222 (77~454)
, Surface 75 (21~118) 240 (84~411) 151 (44~314)
Outside
Bottom nd 169 (52~392) 187 (41~874)
nd: no data.
® Inside
O Outside
5 Se
S 4001 yo12.83 x+122.21 £ 50 I
c b No
~ Sep I )
~ ) [
5 - Jan J
200 -
// 0 J T T
,,/"(?* y=7.80x+33.85 0 300 600 900
2_
0 R'=0.94 Discharge (m*s™)

0 10 20 30
Temperature (°C)

Fig. 2. Correlation between dissolved methane concentration and in
situ water temperature (mean+SD) in the Nakdong Estuary inside
(@; solid line) and outside (O; dotted line) the barrage in 2014.

(Fig. 2), A3 ol R wekdukg-2] Q) ak W9l 1~28
of vlaf W2 Hol| £33 th(Segers, 1998). 0= oI5 (99) =2
22 F A3 Bl B wlgke] AT SIAXINE vhge] &
T2 Q& Y] W2 FHETHKoné ef al., 2010). ©FA]
o} B A Qo) &l vt A ] 60% ol de] 1
T3t 54 HFE o 9lon, S5 shise] U Wi &=
St A7 B2 AEE(7-92)°l 60% ©1F HEHo] ATHByun
and Han, 1994; Park et al., 2008; Yoon et al., 2010). Wehr] 71k
2o Aglo] HIRA RS St dAsithd, shtellA A
Akl gk hamof] o) AL BT ofEof O wol 34 YIS A
o7 7lthar). I ek ol 5o ALHERY 5 wgk
TR Y 22 AL Bl sl anE A vl digk s
S7PF A5 -l oS AARI

BEL shrollA Ak wgkS SMAFI7IE SRR, Sl
Aeh= WehS: s} 7R FFTo 7N B F£5o T3 vEk
Qo] ®Eth(de Angelis and Lilley, 1987; Richey et al., 1988;
Koné et al., 2010). = A7lA S E 7t -2 &&=
FEE e shRY MR 5 o) AEAI(R=0.92)F
e, S5 999 vigte] o84 g @55 Bl o
2 S ARG Fig. 3). B 5 E 2o g R
o] B Z& A|o|ER o5 Zoll 5 Hwt w57 729
7Y Q1A el Qg S wigk 3 5] aulA] FEERE AL
AA oL}, T freo] SAdoll EASHE vkt mig s
E2F 0= o|FA 7Fed vl mrhal & 4 QlTh S-S

o

Jo i

ot

Fig. 3. Correlation between dissolved methane concentration and
freshwater discharge of the barrage (mean+SD) in the Nakdong Estuary
in 2014 (y=0.52x+59.91, R*=0.92). Discharge data were retrieved from
K-water.

TR} f7)Ee] Bl rtddo] AL go|HE
o 2 elojyich. et ool EAISH: WA, A
F9 FHACEA, o5 A0 RN £ FE Rk
o] =275 A% 25 8l R 2ol 9 7 AUrkde
Angelis and Lilley, 1987; Richey et al., 1988; Rehder ef al., 1998).
53] A5 B2 5207 Q] ALdRT ¢ B &4 v
wo] Aatslo] e} 72 fele Zow et

) & S 259t dllgee] E3to] Algke Frejolmg ¢ ol
Y57 st 5T Aglel e 7 e s5E YR, 5
9152 Aol upg} YEeRgSIT.

19 5 U5 959 355 U vgt 555 42 163~246 nM,
21~118 nM2] W2 AdtA o g Yk 718 Wit 82|l uf
vz s ks 43S UERSITK(Table 1, Fig. 4a).

92 5 U5y 9159 25 Ul vl st 27 312~436 nM,
84~411 nM2] W92 SH| oA vjrke 7 o ZAnkA o7 k=
AEgE Bt S USH 95 AT U v s2e 7
362~789 nM, 52~392 nM2] M jo] 11, AR HH N F2 8 5
F7FE BHelou A 0 2 71 ARelMRY SRR 2455
23h= S YERISITK(Table 1, Fig. 4b).

1€ 5 U539 52 2355 Ul ve 55 247 80~361 nM,
44~314 nMe] HHZ, O 7 Az G2 ARolr S A2es
455 STVl 5 S5 olXTE vittel] 7ASE hashe
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Fig. 4. Methane concentration (mean+SD) of surface (O,A) and bottom (@, A) water of the Nakdong Estuary inside (vs. distance from the
barrage) and outside (vs. salinity) the barrage in 2014. Bottom water was not sampled in January. Lines indicate the conservative mixing
line, connecting freshwater end member (Station 5, 6; inside and near the barrage) and marine end member (Station 18, 19; maximum salinity).

AEgE Bl & Uy 959 A U e w2 747
77~454 nM, 41~874 nM2] HZ AF A GH 7)elA =
FE 7 B AL Al9ehd B34 ni AR 5 US|
A F7ks & QSN Hashe ¥ BXEE B UtK(Table 1,
Fig. 4c).

A ZAF A7) S3F Fsd s 5 vEE S5 SR oA Bick
207 A4=E At o g IHhrdhe ¢S B AtkFig 4). o=
o] vgke] o Fdes e, 53] 5 USHg 5
ZollA TS R T S Helor &
Hie g Ul 22 559 vEkE YIS 77~789 nM)e] gall A
F(2~3 nM; An et al., 2007)°] 23l 3= 7] w2 ke,

o|AtollA A E AAE I3 EES 7 QR oA Fels)
W o 22 7] e ez Ayt 4= Qluh A HiA Rl S
E} 9|5 o] Adx 45 vt Tt Aashe Zog, ol
199] 9ol (Fig. 4a), 71 YA 3 55 U Hgke] =2 7
=& 538 791=17] WlEolth(de Angelis and Lilley, 1987; Richey
et al., 1988). 192 & =807 13| &} AA oA e gAdRk
50] & dojux] ¢47] wliTel s Q] wgh xS AR = &
Qe SAFo = RE 7S Tl Y=l vigo]n, o]of e} 5
oA R S s Aashes S vehd Zow &
=

T A ES A5H92)0l F USAMTE 5 2052 15%0
A7 =& FEE §451a 11 o] FRE] MA 3] 7Hish= 7
Fo)tH(Fig. 4b). 71 99l te] as B8 79 Ul 2 5%
o] vjgto] R wo| F3E Al B2 222 lF s

+

oJol|A] wgto] AR o2 o] AAHE|GL7] wiito|tt, 53] Z3t
o2 dnA o ® slrele] FQ EA] WAIRA G f7]E0]
fotch wehr] o354 & 23 v f71ES 23 H
EEFH FFo 20| wgk BEl 710138 Flolth(Middelburg
L, 2002; Ford et al., 2012). ©13= Fig. 4(b)2] Z3Hl el A
T} AT BT BRI £ AA4ES 24 vERd 85
T2 23 gl 5 glnk, wEk A7 7e 2R BE
Vdite] E% Apol7F o] Z1.0m, o]= Addt kel i
E| A&l EA51e] wgk Aate] FHE QY] wliEo® 4
A7, 8& skl JAs AHEEA D F1E
o7 otE= 3lolth(Fig. 1). A3 Akl w2 o
ZollA HAE U f71s T Selx] Holds
g5 nolom, F47] A2 A 7, 8 ATellA
ul-§- & f7)= o] Barso] o] x¢o] f
3 IS AAFSCH(Yoon et al., 2011).
UiSollM= el sk 255 Sk
5 9|5oM= FollA] Holdas ashs AFOR, o= 1149
ZAbolA] LR THFg. 4e). 14 F 5 QIZolA HivksE HUgks
YeERR= olfs 2571 (1120l frgo] Hhaslo] B AE25E W
Z5h= vigh Alzrde] TR vt AvE ek 1192 1
L} v E SO 2N E SR s Hge] o531l
Hlal oA o® ANk 1947 0] mjg- W2 A7 op B R
F71=o] Fatthd wehAdnNkgo] 2 dojd 4= lvh. Y54
0] 5 USS 5 55 A= 8l B2 Ud 585 9 &
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Fig. 5. Mud contents of the subtidal zones in the Nakdong Estuary in November 2014. nd means no data.

aAo] Yo f71Ee] 2 F2== ZAEe] 917 whzell AR (sand)
FAER TR YA (mud) EB8E f7180] o w@o] E3tE] 9]
THBoudreau ef al., 2001; Heo ef al., 2011; Choi, 2013). 20143
1€l 73 Zaht] YA g2 5 Qe g3 sellA 34 14
wT} ok 21wl o} Ho] kS & “eWtkFig. 5). Wha & ﬂé 5
A A 62 A 1~49} AR YA v)&-S 1ol ol
USe] ke == Q18] AP ojd o] St éﬁri +
JEth(Fig. 5). 2284 0® F U Qe H4H F5s 75
o] A9 2] WigtAg-S Eisil RbEo] ~r%94 £E W FEs
ST Aog ket & g0 WRd & % vwk F
T algrele] FA 0w ols) 7HAadEtaiAl J 7&1‘41 a4 7,8
Q1o AFFolE FA% v S8 S 350 22 =
A1 vk f1ee] ks =)

CHE X[H3te| H|w
G272} 3-(21~436 nM)E= TR Ak 2ol B e W )
(2~1,437 nM)oﬂ EorE ARk v W] 2 HolUTHTable 4). ‘#%

7} -2 % wjE w5 Bl A =2 o] f= SAkA e
Foll B vEto] A=) WiEo® o AT Sl f:]HO]‘C

=) 7%% 23 &7 Ay 5o AR v E RS
ol Ul f7180] T3t *P%Ib‘r FAZHE
Z]Lﬁ } AsE B3l fdEE A oe s 2 AL =

= PtollA] AAkE]E= Zlo|th(Zhang ef al., 2008).
Z 9 Ul Aoy SH25E X 2/E 2 X3k
A2 U7 Ul g 558 S/ o $e8 Ho=
o} e sk AR WAL 24.1%E AA) & AER Yo
Aoz vl FAd 47 2 sl Sk 2 tlEAA o
Fo%, FHA0] 2.3 km*l @3k il FHd EXo|H, F

= 5

Ag O f7lee] 58 UAE A= o] itk (Bae e al,
2004; Lee et al., 2009; Kim et al., 2012). 1 2] 2|7} A
wo] Qe AFA @ FHATAL} f7l=e] vig- FH-ek Ak 2
FAA) v F3Eskal Qlo] W ke Hgto] AakE = glom,
A7t FedoZ /5912 Z o7 ASHtH(Zhang et al., 2008; Ju
and Kim, 2009; Kang et al., 2011). ©]213} o] -2 gt F-F-

A H 1} o] AAAA S Kol=d|(Middelburg ef al., 2002), 95
7 1919) WAL 23,817 km’C®, TR ko] 591(97~1,800,000
km?)Z} H]wste] W2 Hel £3HTH(Table 4).

gk O%’J% T, & TEolA HEte] BAlEE AR HE 5o

F 3% 7%*401 0 e ool v | 1.
QFsH, HE s5)e] o] Ak 4 d T AR 07 o]
FolAglTh o] = Isf 52 # ﬂ%ﬁlﬂﬂ S7kslglon, 1+
TAIE] oFg foloR F-odoks) dde) Vsl 5 o] of
s ol f7lE 4% A 1A AP“ 3L
g AAHS ZZIA1Z 4= lthk(Son, 2013; Park et al., 2016).

SkA| =2)F wmle) o], Bt 7T HER SRR Y s
B3l e Rk ofe} s, 53] fi7]Ee] T8 EEEelA
2§ 2+E] 7] %= Fth(de Angelis and Lilley, 1987; Richey et al., 1988;
Koné et al., 2010). G574 s+ 2458 Al & wlgo] 3+
2 4 9w B4 Aol & =] §Ith(Kim and Ha, 2001;
Middelburg et al., 2002). AA|Z £ wgke] = B¥X 5 A
W o34 Zﬂtﬁﬁ} ZA77] 5 1 oA w4 w5 7P v
Eh} B4 ES S5 vl 3o S8 AALeISITHEig. 4).

+& DS 752l e
u&ﬂ FEEE 922 tAto 7 U=} Lol Q] 4= gt 7{
52 Jastesit, o 0e 28 BT 2% 948

Table 2. Riverine input, sedimentary input, atmospheric output, oceanic output of dissolved methane in the Nakdong Estuary in 2014

(unit: 10° mol month™)

Input Output
Month — - - -
Riverine Sedimentary Atmospheric Oceanic
Jan 32 nd 316 13
Sep 410 nd 1,401 192
Nov 158 85 635 124

nd: no data.



B2 §9] 5ol 3loH, &2 uV|2 WEd sgeE ] W&
o] & = SATH(Table 2).

7S F3l 20149 11 d7F v B2 viglo] f{lE =] 4
7] g8l 5 US 52 € H ie $5(Fig. 2)2 S5 5
59 9 H WFEH(Fig. 3)S 3ot A 20143 1€, o, 1€
5<eF 242} 32x10° mol, 410x10° mol, 158x10° mol2] Hgto] B<=5
B3 B E Y50 E FHEHAUSS RIS S THTable 2).

1€ 43 8543 7 vg Z2YA(F,,)E 23220 umol
m? day'o]3lom, FHEZRE 502 FY=e MeEgs 4
ZFstalr] $180 Fo 5 B8=-53 7F AAHA (123 km?%; KHOA,;
BDI, 2005)% &3t A2} 11953 85x10° mol2] wgho] &2
FE $522 YA &1 5= 33U TH(Table 2).

sHHE O] WiRe] 2 Fad o= defd Slth(Bange ef dl,
1994). 2 Aol Z8 tiy] vigt = 1€, 9¥, 1€ 47
1.82 ppmv, 1.76 ppmv, 1.85 ppmve]™, 0|5 Mgk FE2] tfj7] ek
BTV BEE o)1FS vl 7dlEe £ vE sEE 24 1M
o|B 2, Y57t s 155 Ul Mgk (21~436 nM) ti7]ef sl
2t 2z s} AR EASITE GEH shE 52 F5elA
O7159] Wgk §EZS Aktsl] faE 5§ 5elA 5-di7] 1t
Hek ZAE 2951900, 1 A9 19, 99, 11290 242} 83 umol
m? day”’, 379 umol m? day”, 172 pmol m? day'©] 57 ¥ 3l t}h
(Table 3). & 74 315 2159 50171 TF A2 (123 km?;
KHOA; BDI, 2005)% Fsl591, 7 23 1Y, 0¥, 11¥%< 244
316x10° mol, 1,401x10° mol, 635x10° mol¢] Hgo] HEF2 &
3 ti712 WEEASS gl 4= A TtH(Table 2).

slofo® ey veldS st s 9150 5 vlet T (Fig. 2)
o} & Q5oA sl B {FELE woto] FHsISIL. o]
BT S 2 AR SRR A 1] 75 A S
A2 Al HE7d s 915 E(pool)?] o] W dEitar Tt
J5to] 74 819 tHBECO; K-water; Hong et al., 2000; BDI, 2005;
KMA, 2014a). 71 A% G5 &5 14, 98, 118 22 63 m?
sec’!, 363 m® sec’!, 282 m’ sec'®| AFEH AL, o] E O ZE A
Ak BlrollA] B2 o] wigk &2 1€, 98, 112 22} 13x10° mol,
192x10° mol, 124x10° mol<] Mgto] Faf ¢Agto 2 WEHUS-S
18 4= ISt (Table 2).

1192 A9 Z2ES S35t vgh flo] B85 F-uc) vt
ol G574 s 7% gk TR ol Sith(Table 2). o=
B o 5 HEte] §AtollA] HitkE ZE HRkA o R IR
o A3t dAlsks Ao thFig. 4). WEe] Eol el =
1ok fZ1eh 7] f&o] sl ol AX a7 S8t & 5

>~

of

9} wlek 2 A0 AAA 3} 97

HEeke] 2622 A UK Table 2). Aur8 02 dFollA 39k F
2 dE o] B sl -AI8Fck(Scranton and McShane,
1991; Middelburg et al., 2002). 957 sl7-lA] sl &R} ]
7] ol & olfi= e A EAIE g AlFAIRE 57 5ol
T8 YA Folut, G574t el g3 @ s50] FAEW
A ZFE2] frgo] A ti7|E WEE ATl Zojzl A% 3
Qlo]

= 199 999 EAE F4s S5 &%k
A9, et s 95 Follre gk -E% (output)©] HIEF
A (inpuyHch o] =2 kS B SItH(Table 2). o] 2 ATelA
CRA] QRN B vRE gl f9) ST nAES] g
AIRES B T @71 o] S vHSS AALet)
(Sansone et al., 1998; Zhang et al., 2008). AXFH O 7 S} =5
& 37 2 F=3U1 SFol SAlEte] @71 s Rl v
AARESo] dojupr] jl= oI, o) 7o) W, ERAE,
i} 22 5 Ul ¥7143 vlAl #73 (anoxic microenvironment)©l]
A HEddnkgol] dold 4= Itk (Reeburgh, 2007; Koné ef al.,
2010). =3 Y573 31 FRlell 7149 @75 Ak wgko]
Y57 o T oE Y & e, tsEA o R A S AE
= 7 Atk 20149 A FAG] B A S5 1.6~147 mg I
ol Mg, WlakA 3 249 3 mg I'9) 5 AbaT) 5~108 W
ok olyg} 2€o % TSEIICHNIER; NFRDI, 2009). ©]2]3t F
kst H A gk Aate] 71sst 2ot 1 Hlell Bl A&
wgko] o]Fut 24 A (tidal pumping) 5= F3l T 0% 442
7V’ % FAtH(Deborde et al., 2010).

I ATelA ti712] & ZEAF ARG 34 FAEUS
7FsAE ULk, 7)Aol s & kB Fshs IAAS theh, 1
PAA O wheh 22 AN T TR gho] AFEETh B el A
A}-3F Raymond and Cole (2001)2] T2 HlwE =2 k 7o)
Are = 8] Qth(Zhang er al., 2008). FEFF 2 oIFol A AR
3 FE5S dRoNA AR S Ao] ofd ST 34~73 mel|
SIAgE A 71 AZ A0 BUEE gk gES 2 (KMA, 2014b),
D7) S AWl v iR FE50] Tk il
(Kim et al., 2001) AA R} tha =2 grolgla & 4= it} o]0
et Y57t skt 7 viwke] o] fES AR A 4
HAE 7FsAdo] glom 3% £ o Addt k ks ol&ste] 7]
EYAE I AIA Favt ol

o7 It 710 chet =S 52| 7|10
&g st Al AA depikEe vigko] vy 2 E A

Table 3. Water-air methane fluxes (F,,,) from the Nakdong Estuary inside and outside the barrage in 2014, and the values for calculation. C
and C,q designate observed surface methane concentration and atmospheric equilibrated surface methane concentration, respectively. Wind

speed data were retrieved from KMA (2014b)

Region Month Cops (NM) Ceq (nM) Wind speed (m sec™) k (cm hour™) Fya (umol m™ day™)
Jan 195 4 1.8 1.9 87
Inside Sep 376 2 2.4 4.7 424
Nov 214 3 1.7 2.6 133
Jan 75 3 3.8 4.8 83
Outside Sep 240 2 34 6.6 379
Nov 151 3 33 4.9 172
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Fig. 6. Time evolution of the methane concentrations in the air overlying the sediment cores of the intertidal zones in the Nakdong Estuary
during the light (O; solid line) and dark (@; dotted line) incubation conducted in 2014.

~Hgab7] Slsl diSeld ti7]2e] wEat 5 95 Bzl o
7129 WEFS PSRt 94 S UlS 5elA ti7|22
=S AP ] A8l 5 U5 F.2 398 29 149, 99, 11
ol 242} 87 umol m? day”, 424 umol m? day™, 133 pmol m? day™
°J3loH(Table 3), 15 &7 sk W52 5-th7] 7+ 47
™2 (20 km?; BDI, 2005)¥} &3+ A3 1€, 92, 1125 247+
53x10° mol, 249x10° mol, 78x10° mol®] HElo] EF4E 3l ti7|=
WEERSS gRlg = ISl

HA oA ti7|E A4 BEEE e EHAEFE A9
Zeof| e} - F HES B3O, 7~36 umol m? day' 2] WS E
YERA thFig. 6; 1€ 7+3 umol m? day”, 92 3+4 pmol m™ day”,
112 36£16 pmol m? day™). &7 t)7]el] =& Q= 3ol H]
g Z3IjelA= BAEo] el HEo] glow, HgH B
23t oFe] wigto] AakEl= Ao 2 e 9l Atrh 23t
= Skl =] nhe} o] f71=2] B #AIZA st 7%
Heke] o FFY = sholtkMiddelburg ef al., 2002; Ford er
al., 2012). WEbA Sl 95 F EA =M 72 WEEE T
A& R AFteii o, 271t E4E W vgo] tiy]=

=2 F U A HEE0] kE3E "o|BR o5 widslo] 3

gFakatalnt. Foob S 3% 915 21kl W2(17 km?; BDI,
2005), 182l Z27H) BEEo] wEE= 717HIE 16 day month!, 9
2 15 day month, 112 15 day month'; KHOA)S #3F A3} 1€, 9¥,
11952 ZH2} 2x10° mol, 1x10° mol, 9x10° mol2] Hglo] A& 4]
St

AFNA 07 Y57t sl HAA t7 |2 WEE T ve=
1€, 99, 11€ 217} 371x10° mol, 1,651x10° mol, 722x10° mol®|
m, 0|5 Fsle] o G9Z R A3t 2014 B9 5 &
T304 11x10° mol year'e] wgte] th7| = WE= kol &
Atk o= B shrelA o7 = e wRiE(66,191x10° mol
year') ] 2F 0.02%0°] SG3FH(Bange et al., 1994). T3k 2|+
202 vlid 42x10" mol®] Hgle] t7 ]2 WE% 22 (Kirschke ef al.,
2013), 574 skt o7 w57k milg- w2 25(0.000026%)°1
Z1ofgttarl & = Qlk. BEsk W sht) vi7) wek ERks ke
At} vl w3t A3}, Adyar Estuary 2} Tomales Bay H.UF ¥,
Changjiang Estuary 2.t} 22 W g8 %5313 21, Arcachon
Lagoon®} f-AFSH ko] Hghs 7] =2 &3S th(Table 5). &%)
ARG 7] Wgh EES v wd Ay dE5 7 s Adyar
Estuarys A|2]gh L] Ate]] nlal] 352 7S Helth, kAo
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Table 4. Surface methane concentrations and drainage basin areas in various coastal regions in the literatures

Area Sampling period Surface CH, (nM) Drainage basin (km?) Reference
Alsea Est. 1979-1982 6-695 1,225 1,3
Changjiang Est. Apr. 2002-Oct. 2006 3-89 1,800,000 13
Columbia Est. Aug. 1995 2-120 567,000 5,6
Douro Est. Sep. 1998 15-128 115,000 9
Elbe Est. Apr. 1997 4-111 146,000 9
Ems Est. Jul. 1997 51-91 13,000 9
Gironde Est. Oct. 1996-Feb. 1998 4-559 85,000 9
Humber Est. Nov. 1995-Dec. 1996 4-666 24,000 7
Kaneohe Bay Jul. 1996 2-33 97 2,5
Loire Est. Sep. 1998 10-671 121,000 9
Pulicat Lake Dec. 2000 94-501 4,705 12, 16, 18, 19
Rhine Est. Oct. 1996-Apr. 1998 4-1,437 224,000 9
Rhone Est. Mar. 1997-Nov. 1997 397-1,363 97,800 8,10
Sado Est. Sep. 1998 37-40 8,000 9
Salmon Est. 1979-1982 123-323 195 3, 14
Scheldt Est. Jun. 1996-Oct. 1998 20-485 22,000 9
Thames Est. Feb. 1999 5-273 14,000 9
Tomales Bay Nov. 1990-Nov. 1991 8-100 567 4,11
Tyne Est. Jan. 1996 14-654 2,000 7
Yaquina Est. 1979-1982 8-323 650 3,15
Nakdong Est. Jan. 2014-Nov. 2014 21-436 23,817 17, This study

Reference: (1) ODSL (1972); (2) Smith et al. (1981); (3) de Angelis and Lilley (1987); (4) Sansone et al. (1998); (5) Sansone et al. (1999);
(6) Matheussen et al. (2000); (7) Upstill-Goddard et al. (2000); (8) Marty et al. (2001); (9) Middelburg et al. (2002); (10) Pont et al. (2002);
(11) TBWC (2004); (12) Shalini et al. (2006); (13) Zhang et al. (2008); (14) Jones et al. (2009); (15) EPA (2010); (16) Jasmin et al. (2010);
(17) Kim et al. (2012); (18) Jasmin and Mallikarjuna (2013); (19) Raju et al. (2013)

Table 5. Summary of atmospheric methane emissions and areas of the various coastal regions in the literatures. Values with * including
sedimentary emissions

Area Sampling period CH, Emission (10° mol year") Area (km?) Reference
Adyar Est. Aug. 2003-Dec. 2004 2 3 Rajkumar et al. (2008)
Arcachon Lagoon Feb. 2005-Nov. 2007 4 % ~9 = 180 Deborde et al. (2010)
Changjiang Est. Apr. 2002-Oct. 2006 440~980 34,000 Zhang et al. (2008)
Tomales Bay Nov. 1990-Nov. 1991 0.05 28 Sansone et al. (1998)
Nakdong Est. Jan. 2014-Nov. 2014 11 = 151 BDI (2005); This study
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