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Abstract — We extensively reviewed 88 scientific journals, including some doctoral dissertations, and technical
reports that have been published in relation to the research of Gamak Bay, Korea over the last four decades, in
order to find what we should do for a restoration of the marine environment of Gamak Bay in the future. It proved
that studies on marine environment or fishing ground environment, algal blooms, marine ecosystem modelling,
farming organisms, and seawater behaviors were much more dealt with a theme than any other ones. In particular,
most of the studies were densely conducted in the summer, since algal blooms or mortalities of shellfish often
occur around the summer. Water quality of Gamak Bay is judged not to be so bad for oyster farming but it indi-
cated that we need to reduce loads of the pollutant out of the land for better water quality of Gamak Bay. As a
result, developments of oxygen-deficient water mass and mortalities of fish and shellfish appeared the major issues
to be solved in Gamak Bay. Therefore, it was required that we should thoroughly cut off the land-originated pollu-
tion sources and also approach technically such as making waterways or aeration in order to obstruct the develop-
ment of oxygen-deficient water mass in Gamak Bay. In addition, it was required that we should do the deployment
of farming facilities suitable for an environmental capacity, and a fishing ground management for prevention from
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self-contaminations. From this point of view, it was judged that we should gather our wisdom to discover topics
needed for the systematic as well as sustainable study on the environment of Gamak Bay in association with a local

community.

Keywords: Gamak bay(7}9}=F), Marine environment(3l] %F&+7), Water quality(5=%), Oxygen-deficient water
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Fig. 1. Gamak Bay and its bathymetric feature (unit: m).
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Table 1. Variation of research theme with period
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olgf sraiwl Zpuht Ate] FAQL 24+ A
A4E Yehdt, o] Aol w2, 7hat
1990l $HHFE] AJ3HA| o]FolA)7] Alketslar, 53] 2000
o] SHEE oF 10d7F 7P B2 gt o]lFold RS A
T}, o] 21 7hte] AR 2 A 20021 5-E 2005714
AaE F=) s el 1 W] SslE Ak fjet
thekst ATEE T Ao RS Ao E AZbE h(Kwon et
ATE FAEE A, sok 9 o3y e
A7} 12402 7P Weky, v o % A% 117,
A ZEE 17, FABEGE & 59 dF) 107, sl
FrEol #ek A 8o ®E YERRth T3 AATE 67
(Shin[1995], Kim et al.[2000], Yoon ef al.[2007], Yoon et al.[2008],
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Period 1976 1981 1986 1991 1996 2001 2006 2011 2016 Total

Category -1980  -1985  -1990  -1995  -2000  -2005 -2010 -2015 -2018
Water quality 1 0 0 0 0 2 4 4 0 11
Sediments/Sedimentary environment 0 0 0 1 0 0 0 5 0 6
Seawater movement field observation 0 1 0 2 0 1 0 1 0 5

numerical experiments 0 0 0 0 1 0 0 1 1 3
Numerical experiments for marine ecosystem 0 0 0 0 3 3 5 0 0 11
Phytoplankton 0 0 0 0 0 1 3 1 0 5
Zooplankton 0 0 0 0 0 1 2 0 0 3
Algal blooms (including HABs) 0 0 0 0 1 1 5 2 2 11
Benthos 0 0 0 1 1 0 2 0 2 6
Fish 0 0 0 0 0 1 0 1 0 2
Marine and fishing ground environments 0 1 1 1 3 1 4 1 0 12
Farming animals (shellfish) 0 0 1 0 2 1 2 3 1 10
Marine microbe 0 0 0 0 0 0 1 0 0 1
Seaweed 0 0 0 0 0 0 2 0 0 2
Total 1 2 2 5 11 12 30 19 6 88




Table 2. Investigation season of conducted researches

Period 1981-1985 1986-1990 1996-2000 2001-2005 2006-2010 2011-2015 2016-2018
Category S SAWSSAWSSAWS SAWS S SAWS S SAWSSAWS S AWS S AW
Water quality 1 1 1 1 2 3 3 3 3 3 3 4
Sediments/Sedimentary environment 1 1
Seawater movement field observation 11 1 1 1 1 1

numerical experiments

Numerical experiments for marine ecosystem
Phytoplankton 1 1 3 3 3
Zooplankton 11 1
Algal blooms (including HABs) 1 11 1 1 I 1 1 1 1 1 1
Benthos 2 2 2 1 2
Fish 1 1 1 1 1
Marine and fishing ground environments 1 1 1 1 1 3 1 4 2 1
Farming animals (shellfish) 1 1 2 I 1 1 111 2 1 1 1
Marine microbe 1 1
Seaweed 1 1 1 1
Total 1 1 2 11 21 7 5 3 55 5 11171212 9 8 7 9 1

S, S, A, and W in the column denote spring, summer, autumn, and winter, respectively.
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(Lee et al.[1995], Kim er al[2012], Cho et al[2013], Kim and Kim
[2014], Kim ef al.[2014a], Kim et al.[2014b]), 2 EZHTE 571
(Noh et al[2002], Park et al[2009], Oh et al.[2009], Noh et al.[2010],
Lee et al[2011]) 52 77} B2 A0 2 YelT) Jxol= 5
EZ % 37(Seo et al[2002], Yong et al.[2006], Moon et al.
[2009]), @15 271 (Yoo et al.[2003], Kim et al.[2015]), 3llZ=F 271
(Kim et al[2008], Kim et al[2010a]), 3 7] A5 17 (Lee ef al[2008])
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Fig. 2. Distribution of fishing grounds (village fishing, shellfish farms,
and fixed shore net) around Gamak Bay(http://www.khoa.go.kr/
oceammap/main.do).
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S AMESto], 7HEmES 2 Foi7 k= Bl|A] XSk HlEHH(SGD)
1.2-1.8x10"m*d'(417]4, di= dayS vFERE )R]l 2oz 343819
ok 55k 15o] % BE Ak el JddT whilellM
o]g= a1 glom, FF FAAe Jloix ] e RS F=
SGD frefe] YTl <Jsl A= ar ivkal 5783kt Kim
et al.[2010a}> 2007 7FERtl A SpAlef 28Rk Ntk 3] &
4719 o|gleta B5AE Akt 1 Adt, 253 vk BAE
AQelM wFFet AT A (DOyE =7t 1.3-2.0 mg'L!
o3Il Wika 4] FRISISITE. Hgt 1152 7oA ] wiak
4 s ] FHE sk e ® It AA, B4

3 QIQRAAE WA 317k A ol wagste] ol 3

=
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ﬂF
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ARF S -2k, B4, ASOlMFE Rlakar) 2y
-2k, AA, 2 9 ddo] doluhA FFellAE Hl

7} HAYSA E, AZo M= WlAks 3)7F Sk ok
TSIk A, Wiika g el F= FA el
W2 geke}l A A e
oMt SEtes 5 o lES
20111 2006 kAl 7Fegtela 2]
32 ALY 1 A9, 158 ke
shulik A E 9Y S HESIG
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18] AFollA] w9 =3k,
EeHgst /el 70%e ) d &
3ol o] DIPE WAk G237} FA3 9 whe] Eta)o] o] A=
FE §2H a2 Qo] F ¥3dd 7FsAde] Alrkar skt
ool AFAREHRE, 7peREe] BA R oL fr]e.qdo] 4
Z}abn o] 2 Qlal| sHAlE T4 0= NIAkA: 737} NINE] Edsh=
o mA, A-g-of wetr= 1 GFo] W] SR w1
S Ao = gkt gk 71 Ay} 7petgke] A A A7) o
QIS B Q= B0 7 Vel o]23 AT Lee er al.[2016]
o] RE] JA|% 3tk BAERRE Qe AXY fEF
2] dAeM 12%E P 2= F71ET 0.4 mgL'o|5ke] 8
2 EE(DOYE 7H Rlika 3| & o] Fol7l 3hl A Al E 2
inz]

o135}

A5 2] sl e S H ST
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Ahn et al[1977} 19774 395H 49704 7pnte] #28 x
ARt Az}, 7penhf o] A8 kA o 7 el 1A vl
FE B oL, IRFEF QIKSH oAM= B SO 2 ISt M
9] Fo3t =712 AT Lee and Cho[20021= 7o) 4=
A E S8l vhoz f]lshs el fre-eke e Ul
slQl B A ERRE Y] SEHS S, Tl eqdelke] 549
T vA|= JEE Frretast sl o) F flal 152
7] ©]%-21 2000 10 3YUF-E 447k, Bgt 2575 mE
2001 1€ 265E 27U71A] 23]of] A3 sRzALe), 2000 628
14 7R 470 7oA A E A SE3AHE eIt
I A, eAEA Feld 1Y F Q194 E5o] o5 89}
124] Ate] " g oo HojE VERGlL, HAEZTEH &5 E
FAo F Fre AaA7) 1623 mgm?-day!, AA7} 7.26
mg'm>-day'= Z}Z} UEPRST) Han et al[20051 31059] tHE
FAEAHE Egsto] htelA 9] nlRkR7] @B 2%t @
AEAS Pt 1 A, AeAReA AEE T8 v
712 9E4L- aliphatic, polycyclic compounds®} 2> CH7]2] 3}
8hZ-2 3} aromatic ammines, nitro compounds®} -2 CHN(O)7|
o] shetA] P25 2t EAE gl ek Tkl A = A

Ak AzAL AEC] FSHoT BRFE o, Hall 21k ol



7hatk 2] Wi} oo ze) 34| o

A=Y B4 F 650 HEFATE Lee and Moon[2006]
Aol 2] ElF A 9] U
LAY AF) S EeleE
A oFFo] FAE Al71elE s4%eletl o, Bl 5t A
Sol= 88%% 3K hl_a % B 53 5 #31 311.0
mg- L7} #5H 03, 1 AA AWES Scrippsiella trochoidea
(42,000 cells'mI")& B35k Wb 27 (algae)?] A A5
& HFRA Fof| ol 5 Ao R YERYaL, olu Favt B3
Ao w AL WHA, HFell g8l A% EAERNE F-iE
© 771 28 Eo| gletA AbAh Qe S7tel v Ve
X ke o7 AAEATH An ef al [2009F> 2002+ 11EH-E]
20081 627HA] 7hekehgle] Bk reto] o) nA]E ke
ZARE A3}, £52414(DO) s BANE T2 XG0 10.45
mg- L, BAHIe] gl tdixAHelM= 9.23 mg L=, BAWE 7
A oM ] A FET) Tha =340k 3t Chl a T2 B
2Pk T2k A Ao A= 3.90 pg L, BARE FEho) glE xR
N 221 pg L', BARE 2 Ao|A9] Chl_a %7t Y &
orc}, sFskAAkA @ FEHCODYS EAME TR 2ol A= 1.14 mg L,
Aol A= 1.43 mg-Lo]let. 3HH, T2 (TN)E ZARE o
2 2o 0.038 mg LY, thZEA| I E 0.067 mg- L0120z,
FRA(TP) BARE 72 Aol = 0.043 mg L, A ollM =
0.072 mg-L'0]it}. &, ZARE 72k §24k09) Chl a9 F %
S S7MAINE SHE, o) st AT Ao E YR,
AAH ez 54 e FFHQA TS FaL s AoE AL
F ot Kim ef al[2008]> 2002 A5-E] 2006'd714] 7Hkqte] 127]
gdelA A 2ARE Fall 7heke] B4 -84 gH4o] o]
WEF el v A= FEs FAEIRl 1 A, 152 FEwk
o] =4o| 357 257 S g hAE I 9lon, Bt o))
HF7F A2 o e FHOE A oSS FRls)
St} Kwon er al [20101- 200951 9¥HE] 20093 1287H4] % 4
3ol A 7peet BRa9 ] jjoksd W APase( eV XA
ElotA]) &4 <] WME 545 Tfeleisith. 1 Ay, o] 35
713k Bt $E571 A4 (DIN)S}F §-E5F710(DIP) HAF 7hAas)
9431, DIN/DIPY] %2 Redfield ratio(=16)8C} T =3k}, w3k 2
Al APase(T-APase) A& DIPY] 57} 7h4shd S71819ict. &
T-APase} DIPZFS] A= 352 vlol (A1 s B,
0]712 APase @/0] Redfield ratios #|3FsH= DIPS] £ X|A]
el AL 2Tt Kwon et al.[20111 7Pt B4 gfjodofjA
de)d o] EATlElolA| (Alkaline Phosphatase, APase)2} &7
48] TS 7EElE = Qli= ?1(Alkaline Phosphatase
Hydrolyzable Phosphorus, APHP)2] e oJu](F )5 FAF
SIStk 1 A, APase?] B2 A 1d Bt ©§XE 4 A9,
DIP 558} APase /9> =2 s Hol I58 o|5io] DIP A
sk 279 AAALEA 7 = glvkal eIt ek 15
APase &/} Chl a F5telle A87 o] AadAE Yeh
HE APase A2 T8 Hto] AEEHAE 23l £71E U
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7Fs43& BeItka sIQITt. Eom et al.[20111 Simple Box Model
(SBM)= o]g-ste] 20061 7Febehe] wr, ¢E, g 5 &4
FAE AP Ao, D2 72.5-174.2x10°-m’ - day”, 71
AN Bl kel o)gh EFHEES- 2.4x107-4.9%107 m’-day
2 74z} F2kslein), Tmek 150] AHg e $237190 DINZ DIPS]
Frdze Z2) 397.0-1,158 mole-day™, 1,750-8,328 mole-day ' =,
e} sl nisf iz oz wgkon, o] & DIPS| A T 4
32 2429 AFe] 93 #A9HE 5HE 2T Kwon et
al[2012]2 7Feiek 5 sj|of o] =8 AR (A Y ek
A 77420023 -2005)e] 7HEE 312 Allteha] Ge2le] ]
A= G ARG 1L A, ko] ERE9e 2 SA
27 7o) gknwjo] 71EE7] AR o] %, S AT =
g 9l s A4 ARk d438) st ZloZ YeRkon,
G- of| o] AT wishs 24 kel Te A
e A Ao T 9 NAG 7 2Qle® ARl o4
E A& AAL H71R1 2 9=He FY Apeke 7k B4R
8] ARt eHA] FANAE 913 AR o] F 5 Qlso] &
Q1ESt}h. Cho et al[20131 2007 28 FalldAeke] & 2571 &
o, BN A3E o= 2 o] 13 H2=e A, F
T A, FHVIER, T, A 2@, BrskE,
AA) 55 AT 150 vAk A A sk 5%
ok, AR I 22 Tk el E Bk Q)

ZRE, 7Hke] =22 1914 FFo] 2k A
gl el M= Tl &gk At bttt olv EE s = o] A
5 5 tha AZE Qo giAE @]kl v]sl) oA v
A ok A 07 At 58] sl o] e &g 7]
eue] AAL sk AV Ths F TS Ads] APdE A
O & JER

A

X‘m O>4 F

O
o
10,
i)
S

324 Ax
Fig. 3& A 3532 /bt 2l 7puietg: Aj9let of et
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Fig. 3. Transition of algal bloom occurrence with year in Yeosu and
Gamak Bay.
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Fig. 4. Variation of mean surface water temperature in Yeosu and
Gamak Bay.

o] Azlel| W=, H 2L 7lEyte] v&|, o4 At o=
2000t 2719} 2010 o] S A FE 543] WA AT 5

= Saral| kR 2 AIE (KODC)Y7} 35971(1970-2005)
AMIAASH R N B5F TS A LJgh o Al €]
2517+(1995-2019) NS AESH 4
¥8k73 4 1 SEE (MEIS)ell 3713 7kt
Tke] 898 BT S A7 UERdIT o] 5 BTk T ol 4
QFedF} ZhREe] 422 71 qto] 7} 24.3 °CS} 24.6 °CE A19]
AbebH, BEgh T1Rlol|A] B uhel o] T 7|3t T 2] W)
FOlE ME TE2A] S5 & 7 Sl &, 7FeRkn) o Agtke]
T AE AR S B8k, o] AMEl|YellM = Karenia
Y Cochlodinium polykrikoides ‘5ol 23t 314 37} o17d3]
W3] S Qs o= Mol o]E F a9 A2 s
o] F2lo) B AR THol T3 A7) e TS
AL, o]stellx = o]t S FiRbsto] X5 7kA] ZhRte] 2
Zeof| sto] Atst AvE A RI|E Sl
Lee et al[1999F> 1997 SEH-E] 1998 6€7k4] 71ateke] 2
ZUJAER AR T A TR FHEAR] FHE AL
Prorocentrum dentatum, Prorocentrum minimum, Ceratium furca
o SEF HAEERF] FHEA 315, SY 55
Chattonella FAEA}F 155 55 SR18I3H 53], ol& F 2olsl
T FHEAS S5 2 U Y EHIEY FEY A
Hskel WAs AAIE BolFQlet. 3, Edst 1752 T4
AAER SR RO FrEARs A FHEAE T 54.8%2, ©]
5 F 504-54.6%7F Hukelell, 29%7} e]uteiel] EdsklE, o]
52 ol9} 72 R R FxAle] FHgHlE A3t Niishs
g9 2] Fedokst e} W] wRIE o] givka TSIt gt
15E Chattonella XA A Wz Aolgle FraxAle}
1l ko] AT o] oA B u) 23 o] Qli= A

=

.

o F esloll AR it 3 HAETY leE

[e)
S5 EEER FAZAY FEEYS ARSI 1 A, f

7E ST T AAHLONS 3.21~11.18%, 3F&A Ak @ e
(COD)Z 12.25~99.26 mg-0,-g'-dry, F3Ha"2 0~1029 mg-S-g'-dry,
A §71ekA7F 2.91~116.18 mg C-g'-dry, YA 71447}
0.53~2.82 mg'N-g"dry, 2 EM4%0] 249~116.18 ug-g'-dry= 77}
YERtTE, B3 SRR AR FHXARs F 38F0] EdsIelaL, Al

ST 18~3,836 cysts g -dry®] WIS Blow, T 5 ¥4

£ f71E83 e AR FHEAe] s %3 HATOA

ofef® ol 1A AT Wtk 53], 15 R F fX

AT F5YGF FraEA Bk e AR BEds

Hol, Zhegh A S 19803l o] F-FE Yt 5459
e} }-

Y3 QL= A o2 AASIATE. Noh er al [2006]2 7F
B3t -{8lid 7 (Chattonella maring)2] /373l vX+= 2, 4
T, AR T2 S AR AR, Comarinas S 15~30°C,
A 10~35 psud w) A37FE 1, 2 i dE(0.64/day) S
25°C
7t

14
2o
=2

2

°C, S 25psud w LoiRct. 159 ol A= C marina
o Tl JRA, B AERA, Comarina= A =
il Aslie] Abedellxe] F1F AA A AR 5 2 o]
311 9SS HoJF3It). Lee and Kim[2008]1 1981-2006%37}F
FAkeklo] ZAleh AR RS A ste] = el
kel Qlofxf e Axe] EAE Akt 1 A, ZAPIRE 5 4]
Z= vk} to] Thehetell ] 7h RIEA] gskolar, 1
ARlo] WIAkA S o] whdy} $Askar Qa8 AlAFeIGITE. BEgt
sl|oF 242 sl W) xlol7} A O, Skeletonema costatum,
Heterosigma akashiwo, Prorocentrum sp.s°] 352 0% A1 E
doy)E FEF o2 Yepstt. 22y ZFEtela o] 23w
g 2 912 AT BAIGle] tiZl FAFSISATE. Park and
Yoon[2003] 20001 4¥H-E] 2001 4€71A] 7phhg) 7)) A4
oM d® PN T FFEAL] AlgFH] XS ARSI
T A, 5 225 3759 SRR fFHEARE ERlEkla,
v Gt 85 ARHA WskE dseiolt). S v T f
SARE] B2 A el A sl ko), wke] A Ef
Aol A= Brigantedinium spp.ﬂ Protoperidinium americanum?}
g 2o 7 vt 3, S5 ETS 15 HA=0lA
SHAKYEFTEE o 6L, 1d v S gelA 75-
94%= Askelvh. 71 A3, B iR ET FaEAe] ¥
i, 8eE, S Tl QoA B ald ik 2 AolE Bl
o7 BAslo] dslet s Sjwlasitt. Begk 7htel] 9l
ojx 9] AR T FAFA] A FHEE ) oo A
< YERAITE Noh et al[201012 2005d 92X 2006 5€7}
A ZheRhd 3070 AAe td o R 43]o A o) ZAke A
olef| YJAsh= HrE e sded ¥ AEERTE Ao AW
T AR 1 A 58 F 515 9959 AEEEAES
EdS I om, shASt FAIE Fol thefst vk, A9 &
1= oA o2 wokst 210 vpebith 5t A E 35S

L

A= Skeletonema costatum™} Chaetoceros curvisetus, A 2F A=

o ke or

o

v

Eucampia zodiacus, 7= Chaetoceros affinis®} Thalassionema



7hatk 2] Wi} oo ze) 34| o

nitzschioides®. 277} VERTE SHA | A48 B4 Ay} ZAke 5
Yool sty AEEHIE FHEHOENEH vl B
7R # o ® ARtEE A oR YERITE Lee ef al[20101 -3
3 Azt HExE shs aleQl U sjoolM o] ddzAke}
IHgAtasklo] 19952008 7H4] AV kIRl AR S
g oz Zheuks v %ek sk @bl A 9 Cochlodinium
polykrikoides A7 AAS AESIATE 1 A3, C. polykrikoides
Axe Uz TRl =20] th=F 25.0-26.0 °C, A2
o2k 31002 v ASK= S0 R VRO 558t C. polyvkrikoides
Az slel) Sdaloiols ol AAR Alolel BAEE 5
2449 J&e e 207 YERILE Shin er al[20101 71}
Tkt 2o ofEopANtel] QlofAle] AAMAR] FYRFE T
A3t flsto] EjAE solwiE 59 R §u
ErbeysnB $A3IGIT T A, hate] slalnaRe) FHE
A= Brigantedinium spp., Protoperidinium americanum, Polykrikos2}
T THEGIY= FHEAF 2R 9] vlEoe] 2 WhA, ofzjol|
TroA 9] epAERRC] FHIEA} RS SN O Lingulodinium
machaerophorum, Spiniferites spp.s©| SF3I3th Wk, ol
I el Qlejx el # wlskE Whdshs opaR R FHEA} I
A izl o)A A2 v YA 55 712l %
AoR TE5L FEEAT Lee[2011 1= A E o] x5
17d7Ee] SFAEAST Ap5ol] LA, FoFrkelx] 15-Agt
o ol23= g el T2 o7 e e Al
= AT 1 A o= 9] 5 (53] 8¥) 719
Azt sl oy AT 22 AA) sPdehs vhd, dee %
T BT Aetshs A4S Blen, A A b
TRk Ao R o]F = s} SHTTTE AR ATt
kil S| elx] T2A 83 BLEFS C. pobykrikoidesO =
A, o] Foll oJFt Zhunte M o] 2 2= Hat 23 dite] 74z}
26°C AF, 31.0~31.5 psud wl YAYshH= A o= Vebsith 5
C. polykrikoides BZ3HYA] DOZ W58 DIN % DIP, TN 2 TP
FEE AR A3, Az ol AR W A #ASl
o] WAL Sl Ao ® UEINTY. =, C. polykrikoides 213 28]l
Qo] 7k XAl 2918 =207 A}, Shin er al[2012]
< 2005 68-E] 20060 697H4] ZHERtel A B4 BRI A
8311 polykrikosE2] AYENeHAQl 543} epA R 27-0] FHEA}
o] F2d W ARS ZARISIEE. 1 A, 3259 eRHR AR F
WX} FHo] FAHEN O™, Polykrikos kofoidii, Scrippsiella
trochoidea, Protoperidinium spp., Polykrikos schwartzii, Gymnodinium
catenatum, Ensiculifera carinata 2] FHIAT} S-AIst 202
YERT. P8, polykrikosE 2] FHIEALS] Ak Al7)= Hel]l G
catenatum® =& 3} T o] Q= Ao 2 AFE ST} Park and
Yoon[2017]> 71t 5 B|& B4 A e SPARER X
Zke] ol gls 8, PR AT FFHEAe}L JAlzele] v
= AT 11 A 15 HA el oY PR faat
T °F 57%7} otato], JAAIEe}L FrazEAtete] HAE g]let

rr o>
b
o

0

.‘

i

ol

S
il
of

71 35 dll52] 8577 184~(DOC, Dissolved Organic Carbon)]
FE T A Azl mRlE EE Fetsh] flEl 20074
89 7hahk H2o] xekrgl DOCY FES =it 1 At
227} dg3E X3l 2] DOCS] Hek FE(157 £ 25 uMy= H]
Az Ao DOCEERT .68 F& o] ). 3k x5}
8} Qg DOCEEE A AHY DOCEE Bls] A3
kL v A7 FARE ghe BelFqlet. ¢, DocE £
2572 AE820 Z|A|ZK(biomarker)2} 738t RIS HofF
| PR AESHA Sl XA R (biomarker)$F= olH BHEAE
HOFA] gkt ol5 A= 7Hhle] glojAe] DOC 37} 1t
ZHRRE= @3] AR ogt %] A EEHTE 9
3l A= AL le-g AlAFeRSATE.

o oAl AT vlol| W2, 7hElgtel| A 2] AR FE oPHEE
Froll gk el )= shlell 7125 sl o mA, wheba] WAk
2 FH7F 3] A EE wke] BAFeA] Fiks]o] A} vkl
gzo 7 gl risAo] 2 Zow AzbEtt 7S A, Ax
AJNAYEL o) 7 st G249 F5FSBE TR A,
A, A Sl Fddshe AT o ZA sl A el
Ot & AT | Aol SRR RS FHEARS] Wols
=31, A G, MEUL] S7hAE = vk A, AR, Az
Ao] WiakA 423 2] A @l d el whE kel 45 B
o] tk= A 55 1 ol E & 7] whio|th

RO W

3.2.5 g ElAl 2=

Cho et al.[1996al>- 3553 AEAS] FXREHE A5l
(F21717HESE ekalo] Qi Z7iatol)) 7heke] AlEEen Eo
0§ 7|24 S APsIgic). 11 A3t 7patol A 9] 7] 2k e
0.99~10.20 g'C'm>d' BT 443 gC-m>d"HEA, 6238 37
S7Fslo] 8€el 7P =3tar, 0% 1297H4] 5A8] 2t 19
o]% 397kA thA] A 3] F7 k= A3 B RITH Cho et al.
[1996b}>- ABENA] A 2H-& o]&, 7Hwte] & Al S8
2] S8l 2 72 AR AEEE ARl A
Tkl dEEA ] M3 AlGE AREste] Ze] o A T
Z 34958 ATk 1 A7, 19943 625E 19959 38
7R FFA 713 Fbe] stk d oA o] AEEGHE A
A 181,594 ton-C, Al &= Aib7Fs- 287,033 ton, T
SA T TS 0.29 kg-m’year' . ZH2F UERITE o] 4
g AR 25 = A AERdE S 8Evkd ke 2
2 AR ST =] kel O S 4 Sl @l
o7 H7LEIAT} Lee ef al[19991 AWEiA DS o]galo] 7}
ko] 7|2 S APdetal, sEotslE d o)X ¢kal HulE
T8 T e YT, FESHY FEFOEA, WAk
Eaty)

= T
S GHATIA e WIS oehE eteleict. 2 A, 3

(

his
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AR8kE 4l 77 KA

(e} pul
71244 Bt 227 g-C-m*d ']l H]%H oF SFujQl 4.02 g-C'm*d’
2 7EE Zo® vepdt gk, 15 A B disd
o] Al &= W Fse | S8 kIA oF 0.93 tond =E

FAFeI T Kim[2003]2 e A of el S o]-8-8fo] 7hupyk

o tleF QJokelo] EalwAer ul =493 i NS Wﬁ}"ﬂ
t}. 7lekake] DIN @ DIPS] Ea|a}ye Abd Ay}, FZola=

& AN-E ALY A olA olFE o] BHEIlaL, AT 0w QT
5 FAFYo] dofvhz A%o] F7kshe BES Btk 4, &
R, BRI RS A4 0-60 mgmday”
Aol A ERIglor], 352 A9z ot ol <l

< AQ)FE g2l X AeA 0~10 mg-m?-day'e] =AAYS L]-E]-
et 5771912, Folde v thi-Ee] A YelA 0.0~3.0
mg'm?-day’ FE2] FAAYo] Lot Wk, T35 AFolA= ®E
Ao 22} 0.5~1.5 mgm?-day' & 1.0~3.0 mg-m?-day'2] &
A& JeRlet. ol AFHEFH, 1= ETolA =] A
__j o]E.g _Q_oﬂ%zel‘éa ]3Hi zs]/ﬂ D‘J—A}E]]] o}i 7]—13]—13]-4
AL VA 7FsAdo] 2 Ao R ISt Kim et al.
[2003] AYENA] X R8-S ARgato] 7FEtRbel A 9] &4 S84
HiE Aol A&t 2/l 539E ARSI 1 2%, $Y &
g lETY 0FAT AAY M g&-S DIP 90%, DIN 80%,
71831 COD 60% % A-8% 49, DIP?} DIN &%+ 212} o
46.4%S} 8.4%= YElY, T4 /WdaatE ERlsIltt. g, COD
W HAR o R 5t st FASAVIE 15w 9ol &
o] Bt 22.7%2] +A /PGS BT Kim[20051 S
= ARg3te] ZHELe] st copel =77
To7F B S-S eItk 1 A9, coDe el

G A AEHA Z=x| 1

F)c ]

=

M oleiol 72 dofutar, AFIE FHE o] B 4
O Ve, i T SPBAEY AFE ols) g WES 1
o PFsdo] B Ao FEAUT wek 1 olz g ARKA

o] ZABL, o] AGeAE f71ES] A% T st
7 dojuf §EAkAR0] AN & Ao ® BHsISIth Kang and
Kim[2006] AElA] BaE o] &3le] 422 Q1] A
dstar, 7Fmko 2 fQ1E= shRetS A o E STIAIA
o] 57 2AE2] AFES] coD W3lE HFH o7 Hrls)
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