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Abstract  The role played by reservoirs in the biogeochemical cycles of elements is a subject of ongoing
debate. Recent research has revealed that reservoirs emit significant levels of greenhouse gases. To assess
the importance of reservoirs in monsoon climate areas as a source of methane gas into the atmosphere, we
investigated variations in organic carbon (OC) input into the reservoir, oxic state changes, and finally the
amount of methane emitted (focusing on the ebullition pathway) in Lake Soyang, which is the largest reservoir
in South Korea. Total organic carbon (TOC) concentrations were higher during summer after two years of
heavy rainfall. The sedimentation rates of particulate organic carbon (POC) and particulate organic nitrogen
(PON) were higher in the epilimnion and hypolimnion than the metalimnioin, indicating that autochthonous
and allochthonous carbon made separate contributions to the TOC. During stratification, oxygen depletion
occurred in the hypolimnion due to the decomposition of organic matter. Under these conditions, H>S and
CHa can be released from sediment. The methane emissions from the reservoir were much higher than from
other natural lakes. However, the temporal and spatial variations of methane ebullition were huge, and were
clearly dependent on many factors. Therefore, more research via a well-organized field campaign is needed to
investigate methane emissions.
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ZtE|l A dg AF7F 578k FAlolth (Bastviken er
al., 2004; Encinas Ferndndez et al., 2014). S50 A W=
He 2A47A dREL 34E §YE fU1E0] £
= A At T4 A &9 f7]E0] £l
o, 718 AtStol| gt Abavl FEeE A= ol4k
3t (COy7L 3F WHAFE R A E o] W& E L, Ala
9] ol AgtE= AE A= F71E Aol o
£ 71538 AR} 8- (electron acceptor)] %ol wha} 2
FTAEE W"(CHy= B4 H o] WiEE 4 Uth(Wetzel,
2001; Maeck et al., 2014). CO,¢} CHy 712 & 25 2
A7F20]A]E CHyZ CO9 oF 204 3Fshe 2T
2ATMA 712 F 7HA AL Q17 o Eol A & FAb
Y STt 2A7ME &R op7|H= 7% ‘“Hﬁ]'q
AFS £ 4= Utk Maeck er al., 2013). @A7HA] @
FEL F2 77} A2 REFT AdznkS W%QE
ey &S S sto] st (Bastviken et al., 2004;
Bastviken et al., 2010). o9} Z2 0|82 AV|7} & AF
S EoA ZAME W WA A= AdFeE mjle =EF
Aol 53] Iholi= B A7t o|FolXA] &%k
ok 2y F2 QF oA A s viE WETgol gt
Tilo] ForAIHA id A7F oluka SlTh(St. Louis
et al.,2000; DelSontro et al., 2001).

O_WL l->
(R o

AE7] st dAdE 92 AES O olFste R
Artel o5 ATNT ARALL £ £E HARE
oBIAA BE ol BB GFAR D B U 2o
A &Skt (Kunz et al., 2011; Baker, 2013). ©]¢} Zro] &
M Food Fem FUdE 7] g2 g S AR
sto] HiThE 7= 2 Algetch | kel AE Wi
(autochthonous) T+ 2]E7]¥ (allochthonous) ¥4 & 1

7)ol TA el @ A W FAaA Y RlE=TF Sojut
A f71erao] @714 EslabgolA vigte] A= of
712 WEE Y3o| oAt (Fearnside 2005; Kemenes et
al., 2007; DelSontro et al., 2010; Maeck et al., 2013). W&t
g ol gifio] 7|2 FHE wjEHole Etste A
7HA B W sEF 7oA 7 ZEYHE e
+ gl B3 AR FE5S Aot} (Bastviken er al.,
2004). 7| ZFH 29| wj& FH (ebullition)= ¢ =419
3Hgol| A BAYo| Zh2d| o] Hgte] A4S} (re-oxidation)
sl FE 212 QI8 AT YEoln g 4
o= Aol Zof Hee] AfAikst 71 &o] gk &S
|2HstR| g 9ol wet ZE7] stRol We dAE FA
g7 0] Ag wat
H g i S Jg

2
o

01 ¥ 59 £Alo] ZF AXYRE =211
ol3t7] WiZell T Wi Bl w
P77t 2 ast

r_°.L‘ o2 rﬂ
[

oIZ50

45O A F U 2T 4UR A9 24
R L LT LD S S T ]
2 RUse] HEHE g% o5 § Aguct gy
2 grho] Ro] o8 SeHF0E 8 EFoaR
B 45029 A FFo] ARET AR 4UE g
%Fe] §7180] WA ASFEHA Aol Lul7} gobd
A% RALAEY B7o] WEIAIL ol £71% £
34 HBAER COt okl CHy 7HA7} 2R 4 9
on] e o} HFAY 245 FRAGE SR
A A1zl e BRI B ATIHE @ o F
o 2oFE WE §USHe 71 ool AT ket
55 ol H HATHE §71940) L Gohum olF §

7|ga7t @7143 3?}74011/\1 2Ho T ZHHZ viEHE

1. A1

2 A7 el agEe 53 ARAG AT
dE JFEE 19739 AL, I 2 4% &5
39 EHoz AMLEHJY Jung et al., 2016). 2FFT =
85 TEER A A oA v Fast ulE
7R 259 Hof 4 110~120 m, 23] oF 60
km, B3t U= 05km2 Tﬂb}ﬂfﬂl AddE deE F
74A wre ok 299] B9 B8 AA3ITh(Lee et al., 2013).

2¥EE U 9529 *&‘& QA BFR YRR B
(dendritic)S 3t 91 99 R Eo] Ax] AFPoz &
2 o] QlojA] migol gt E3to] 2 A7 b= T4
o|th(Fig. 1; Kim et al., 2000). 2¥T & 57 A7 &
°k7%7l 6‘}%011 ‘%i% 1101 ?‘fé*é% ‘#i 557t &

= Z}X]O]'—T’— °]°‘11 ”27\]"“1]—1‘3 dH

St (Kim et al., 2016). AU 32 FAE= FE o4
A Y RRESSF ‘8’?:]‘/;:?_ 2¢7S ol FdgT
e uets oot & 7|ZA o 1|57 wiEo] B
2 ¥ A7t AFH FFSEHM 22 A7) B 4
o f971d EEE0| 2a¢HS Bl 25 e R FY%
ot 25 23U <43 S (warmmonmictic lake) 2 o] S

d 2E A= 4" 5 1Y “‘EX}Oﬂ o3 AZA]7|
(stratification)S 7} ALAHA & 719 & 27} ¢
NAHEA #F AA7t EdHt. ET«l FFH = ¥
A5, 2229 g(chlorophyll-a) 5%, R4 EE 53 H7}
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Fig. 1. A map of study site (Lake Soyang) and satellite images of stations (A: Station 1 and 2, B: Station 3, C: Station 4 and 5).

P o Wlooks ol 7h7ke el o) th(Kim ef al., 2001).

2. ol

4cp5 | 2RI ARG Ao Ak B 95} %
Ao &AL Ao AStE YA 9 (ox1dat10n redox
potential, ORP)E &A%t £49 &&A4E= LDO
(luminescent dissolved oxygen) 7% 7] (HQ40d, HACH
RANGE Co., USA)E AHg-sto] @A oA SH8IAAL 34
E A& A AR (Petite Ponar grap sampler, Wild Co.,
USA)9] A3}l 4 9]+= ORP &4 7] (HI 9126, Hanna Co.,
USA)E ol&ste] &% Sttt 242 A2 ORP
FRARL =24 Y3 AZ Zo] YA 7] (UWITEC-Corer,
UWITEC Co., Austria)2 S8 F3 o] 5 2715 A
gto] 7} Fo] A RE FH 2em AR AE ¥ 7 AE
29 ORPS} pHE SASHAH. Fo| A& 5T AaEe
o] F i) ARET 2g3 e FYste FUT (=
W7ol 97lehe FE 29T U FYARE B
2 IM A& (www.wamis.cokr, EEZZEAAENE Ab
gahole. 54 UolA Aok $71Rae §71449

F2 ASE 7 T AYUE EY (sediment trap)S ©]§
AHe A 2E Bl ATt Trap & 3719 =4
(25m, 50 m, 75 m)°]l X8} Tt

SR RE WAss 7|2 252 oA APE Al
A 0] &3t A 7)E viEre 2 st A A A&E 7| E £
71E& AFESEe] A FH ST (Huttunen et al., 2001). A4 1
2 57 MEAL F 1R e shash 208 AR
47 49k 5 AololN Ao s B AP Ak
SHT} (Fig. 1). 712 ZHE AL ATAZ 971 F
GC/FID (SRI Instrument 8610, USA) 47|15 ©o]&3}4
CO:¢t CH49l &= A48kt AP E 714 &9 Hey
FZ 17149 & 785k 2 FA 7] REE o&
sto] Al4bsgiTt.
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Fig. 2. Contour map of DO variation at Staion 1 in Lake Soyang during a whole year (2014) and the vertical DO profile on September, 2014.

{E2NL B2 A 204 1. 7mgL oA 132mgL™
o] W& Eith(Fig. 2). 5H T4 ASAI7IE A Yst
TE 559 £5 7] £EAA HEE R HYSE B
Aok 99 5 AFA7]oE 20me 80 mof|lA] At F=

27y 47mgL™, 27 mgLT' 02 T2 423 ZhEoh Ak
o} (Fig. 2).

%% A2 37 (metalimnetic oxygen depletion)2 ©]

N
-
N
-~
N

FoHA LA Atk (Wetzel, 2001). £2F2 9] 79
d §9 ARl AFHT UE =, /fY-E F
Fo FA7|HEASC] TR FYE [ FF&
H 971848 F G2 (recalcitrant) 371 E2 A4
(hypolimnion) &2 7}ejeb= Hhdof| 734 (labile) 771
o] ME £E 2 HoEHUA T4 5359 4AAaE F479
28]8t7] W2 o2 ALRE T (Lee er al., 2013; Kim et al.,
2016). AF At AZAEYS o 24T ASFolA S
AE ORPFEZ 90 mVETH 2035 4340 7|4 Ae)
(anoxic state)= APE Ao A o|n| Wo] W=H H} ¢l
th(Lee et al.,2013; Kim et al., 2016). T4 AZ A& A]7]
o (69) ZHH 3T AA ORP £AEZE= A 194
= 6cm ©|5t] Zo]RH, HX 5004 4cm o]Eke] 2o
HE -100mVET 32 7hS 2 ok (Fig. 3).

34 A9 A1 dHolAE AR & f7lEC] &5
g o] A Al AHEEE AR F=EAY] FR o
gt o 74 BhEgAbEC] ThEoE 4= Sled 2ANE &
F3 AA A= AR 8A19 FF wet ke
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Fig. 3. Vertical profiles of pH and oxidation redox potential (ORP)
in the sediment cores from station 1 and 5.

2 (HS)Y CHy 50] 342 929 4= 9th(Wetzel, 2001;
Kim et al., 2016). 53] wgt 3lp40] o)A 9T
gt Aol 712 WEE Aoe 247tA Y o B 5
7N Z o2 A& = tH(Duncan, 2015).

2. S7|EtA Q| S0olakn} xlZI2k

201391} 20149 S3E 342 FYste F 44+
9] F #7|¥H4 5= (total organic carbon; TOC)= Z+2zt
0.6~1.7mgCL™"¢} 0.7~2.1 mgCL™'9 HYE 2}
T 8 B5F oFH Y49 TOC =7 A% 7 &
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Fig. 4. Temporal variations of total organic carbon (TOC) input to the lake and monthly precipitation data from WAMIS for two years

(2013~2014).

Stth ol B 2 Fo Be oRrlY 47180 &
42 §9Eo] et 2tz AR ofn] $eiets
EZHEE ofAJop B 7] S A oA APE @S Aol
E5d A Y B2 ¢ 97 f71E0] 2+ W
2 gdettty B 3%k vf Itk (Kim et al., 2000; Kim and
Jung, 2007; Goldsmith et al., 2008; Hu and Huhang, 2014).
U 352 Y8t Sr)ErA0] ok 20133} 2014
dofl 2 2polg Byed ol 20144 7152 7HEos
A3 BH2 GUSHE §U5) fFol Wobpy] o]
T} (Fig. 4). 20139} TOC #UFE A 33 8w}
S W wobdl g BRET o] G4 B HeAwet 7
Sapo] B AT SAHE F9AT FERT 7]
20 2 AR EH(Kim et al., 2000).
T 35E FAT AR RT1ERe RUIEA
ofg] A dAFold ALERE AHUHE ERS
=43+t (Goto et al., 2016). 54 Ay, 54
SOl B2 & Frlgae f71da7 &
S50 ARt A5 FoM 44 =&
lé o] JAFE BTk (Table 1). 5 4
Zeat Ao 2UT Y9 fY F
ATE oA HuE AE v]Fof Ho} 9
ZIEEtes W71 71 AEEEaE)
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Table 1. Sedimentation rates of PON and POC in the three water
layers (25, 55, 85 m) after summer monsoon rainfalls.

Depth PON POC PON POC

m) (mgm?>d) (mgm7d) (EgmTy") (gm7y’)
25 954 995 4 348 3633
55 407 3720 14.8 13538
85 777 6417 284 2342

o| H|Et E=2F (methane ebullition)

H g e A et 24 EEih A 1,
A2AFE W 275N E HF o]AFe] HAA
& 7HRAE 7kA7 2R A ok fA4 (%D 9
FAA G 77k FA 49} 500A= THAS 20l THR
ot A s oA AgE Aol Falo] HL 349 B¢
Hgto] AMoA LS F S5 BHS AA Hi7|2 o]
o717t A 9 A7t oA wgte] Aikst S F3l
gk dhgo] AghEttal ¥ gk vp 9lt} (Bastviken er al.,
2004). 1 A 29} 39 &2 X A=
g o] gloled ols T4 fdRE id w2 <
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Table 2. Amounts of captured gases in gas samplers from station 2

=t JtA "EEEf 165

Table 3. Estimated carbon emission from Lake Soyang and the other

to 5. lakes (references) as ebullition pathway and references.
. Water depth  Deployed ~ Amount of Area Ebullition
Site Date (m) span oas (mL) Sources Lake (ha)  (meCmg2y™)
st.2-1 8 0 Brown 329 1,428
st2-2  2014-05-26 60 2 days 0 Crampton 258 841
st.2-3 12 0 East Long 23 2,649
st.3-1 12 0 Bastviken ez al. 2004 Humr.mngblrd 0.8 1,152
Morris 59 16,284
32 9014-05-28 » 24 0 h 03 896
st.3-3 53 ays 0 North Gate . 9
st3-4 33 0 Paul 1.7 2,680
Roach 450 4452
st4-1 23 830 A p
st4-2  2014-06-02 20 7 days 720 Huttunen ef al. 2003 I}:‘)Sti z.l.mp1 403-8 ;gg
st4-3 21 1,640 evilton 7
st.5-1 13 150 Casper et al. 2000 Priest Pot 1.0 54312
st.5-2 2014-06-09 10 93 hours damaged . 317,755
5t.5-3 16 1,150 This Study Soyang 00 £ 600.844)

o] AFG M EE (woody debris)o] o] ek HAJ o] A7
=40 B2 o vl 349 ¥ Z2(F4 29 3) oF =
2E Bolet §7180] A1 549 e SN o
3 T4of gt "ol AlEo] WA B {7] @Y
290] Mol Wz Wyl ARE Ao AT} Tei}
B S A9 S FANE T ERLaT A
Adujrd ol dasioh AR 49 B9 TAZE S AA
g 237 37094 22 830, 720, 1640 mLe] 7}AT}
AEgen of F g rtae ol WA EUE sao
oF 30~50% =5 AAFch 22k 27| = 7}
20| F2 ZYVHEE F 2bo]E B th(Table 2). 7k
e Z 9] ]2 (ebullition)S B 7] ZFo] o Ahdbzo|m
QAT AFLH W RES oA Wk of Yo
B2 AFolA 712 H2Y WiES STl Ao o
<& 233 v} ok (Ostrovsky et al., 2008; DelSontro et
al.,2011; Wehrli, 2011).

919) AThE wirez s4ol U AHel ha WA
9] QA4 (hot spot)dS 213t & St. 49} 5(FL+Y
FU% AeB FHo2 2714 ARL st A 5ol
ofsiel HHEE B ool Yelo] vet sire] sjgos
AtgEtty 213t v ok (Z A, unpublished). 13
AN B4 AE 2T ALY A2 A3 T POCE
2451 BHoIH 2mm ol4ke] AL 24 o[ o] AA
H7] g2 42 FUE o] &H= gaTo] HaT
AT St 2AAATON SR BolA BAT v
% BaFon Sitele] MAH AT HLAAS
o B2 9 &7 ebullition®] F2E F T4ollA of
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Al Al

2 A= dFEFAGH S AFAHDFG) gt -
EIRTGE 5 AT (TERRECO-IRTG), 2015 373 4=A 2] 9
A3 FA7|Z2AAYG AHEE T8 AEAY HH e EH
et A1), 20179 % et ek shedtx
Au) (M 5-520170222)2] A YL drol 3 H Y-S
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