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Abstract — The Gamak bay was designated as the environmental preservation sea area for conservation of fishery
resources such as bivalves farming by the Korean government. However, the northwestern Gamak bay was
affected from eutrophication on the marine environment every year, thereby the Yeosu city carried out various puri-
fication & restoration programs to improve polluted sediments. Nevertheless, recently the adverse effects such as
hypoxia, hydrogen sulfide formation are reoccurring in the area. This phenomena are caused by the programs over-
looked sources of organic matter. The Ministry of Oceans and Fisheries of Korea (MOF) required the Clean-up
Index of Eutrophication (CIET) for estimating a range of the purification & restoration service on polluted sedi-
ment from 2013. In this study, the range of CIET in the northwestern Gamak bay is calculated by the eutrophica-
tion parameters such as IL, COD, AVS, and we review the sources of organic matter with carbon/nitrogen ratio to
discuss future improvement programs. According to the results, the purification & restoration service will be needed
in the internal areas of Sunso (affected by the point/non-point sources) and the southern sides of Jang island, nearby
areas of Hodo-ri, and the middle parts of the bay (affected by the phytoplankton and fishery farming). Therefore,
not only the re-arrangement of a sewerage system (for external sources) but also dredging, sediment improvement
agents, and the rest of fisheries (for internal sources) are suggested.

Keywords: CIET(F % &F3} 7g 3} X %), Gamak bay(7}2+5h), Eutropication(F- % 3}), Sources of organic

matter(f-7]& 7-4¢), Surface sediment(3] 4 & 4 =)
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At oAl Z7HEREE] FAlo] S T i e EA, A
A AA| Fa A oS 2she Y o® Ak
O 7 F93% 9uE ZH=T}(Yeosu City[2018]). 7Feke afjoksh
Ao Al 1520 Al Ak e 9 S-S 29 &
FEHR AN 02 MG EUTHKOEM[2013]).

ZHeht EAquiRtel| oS B2 AALE, R Y, 2.5t &
AA Y, P o] GeES whom w7 WA A o7t &
AuE oo deA] UvkPark er al[1999]). 531, 3l 3o
= dlradt, 72 A4S, f7E sl gl wiakag
#7F A <k 1009 Aol = HAElS Zor FYH v gk
(KHOA[2017]; Kim et al.[2006]; Kim et al.[2010a]; Lee[2015];
NIFS[2017]). Bk, RlAkARa] 2 Fofoks) #a vt ozt
PCBs, PAHs, TBT, 0% 5 Fallsletazo] TAlskr 3l Eigst
a4 weke] S wlof X HH 07 f]] e FFdhs 2 o=
1 315 9 tHKim[2006]; Kim ef al[2010b]; Kim ef al.[2012]; MOF
[1999]).

1 %, 7MY BIAEAE F 75 kA
o] ¥w, A FefAl ot X AL, Fefjelle 11kl
QEE vR ARIZE Ak A 2001~2005doll= ZFERRE A
= A EAE 5 A2 E Y] 3k, g Yole] 711
o] GEFo= QI Ao FIES] etk vl whAy, #gAe] 7
A%, 10l 2gh o7} &5 AT AL, ofof] s A E A
g3}t HAKd o] 3= TH(Yeosu City[2001]). B8k, <IQF <
Ae] SR THERE &F2] ool IR 9] d oFAle] &
7¥Fsd Aol o)=L, 20040l ST oo ® A H o] o',
&2 287 W AA HJrE 57, S, AR ol AAEAT
(Na[2004]). 0=t '8l 0 2 T |7le)] 5715 254, o1, AM A el A1)
JRA S-o] B.31% 2 tH(Jung[2006]; Paeng[2003]; Park[2007]). ~L
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[2016]; Kim et al.[2010a]; NIFS[2010]; NIFS[2017]; Yoon et al.

webd, 4R §7129] Fjo] ol FolA B, Thubuk BA
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(Jang and Shin[2016]; Na[2004]; Noh[2003]; Paeng[2003]). &
sk, @A B FTAREE 20139FE] Q17 117 = S| EA
o AslE 7heke HAES e dE =R s, Feh5
A& A8l &A1 (clean up index)E ©]8-3t0 1 HIE AHY
=2 Y8k QITHMOF[2018a]). ©]¢ 2 A= 20174 7F
ok A A E T f71E el sl A sk, FsHTaA
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Fig. 1. Map showing surface sediment sampling stations (Sunso; n =15, Gamak bay; n = 10).

stelal7] 13 62 26200 Mk 2ol thsl /) 39S ke 2 3. 7100 2MUDBIY SIMENME = 9|2

ARSI TH(Fig. 1). =i M
T A EAE AlH= van Veen grab samplers ARE5ke] A
FH3sI3 1, % 2= (0~2 cm)THS stainless spoon® E A5} AAEHE T 7= A ES! IL, AVS, COD, TOC, TNS] &3

o} AFE AEeE I 2 Eefololo] ) A ofo]Aukae] B W9 P LS Table 190 JERIQITE A AR S 3o
T 5, AR Hlslo] SA] 40 ARSIt 4 F g Ale AT 71 0RA, A E A E F COD 20 mgO2/g-dw.,
A EE 93t 20 °C oJstellA] Werna &, 39 24 Al 33t AVS 0.2 mg S/g-dw. ©J3HE 7|5 o® APgeiiaL, vt 2E
AFE-SFITHMOF[2018b]). 4] &5 Bl Ao r ZFdgte 9 T A EAE F TOC 1.0%%5 ‘HA 9 715 (the lowest
(ignition loss, 1LY 73", 3}&-4 Ak~ @ 5% (chemical oxygen effect level, LEL); El&EA AMalste A 5 U7t 09 4
demand, COD) &2 A Z-EH, AU 3l (acid & 28 57, 10.0%5 “HZ1sE G 3F 7] F(the severe effect
volatile sulfide, AVS)> B A #H, & 771" A(total organic  level, SEL); E|&&ollA A25h= ol A& FallEd 2oz
carbon, TOC) ¥ F A (total nitrogen, TN)i= IN @A €S oA == 29 302 A3k th(Canada Ontario[2016];
ol 'S A, SRTE F3AA Ax2AIR & dai JFRCA[2013).
2

21 7](vario MACRO cube, Germany)S ©|-&38] #A3}3t} ILY] BE+ 59 2685 AQJst HE ZAPIZF 5 Uiuk SollA
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Fig. 2. Spatial distribution of ignition loss (%) from May 26" to September 13" in surface sediment in Gamak bay.
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Fig. 4. Spatial distribution of acid volatile sulfide (mg S/g-dw.) from May 26™ to September 13™ in surface sediment in Gamak bay.
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Fig. 6. Distribution of carbon/nitrogen ratio on surface sediment in
Sunso and Gamak bay.

Table 1. The result of minimum-maximum (average) of organic matter on surface sediment in Sunso and Gamak bay and the comparison with
other studies

Investigation IL COD AVS TOC N
Sea area n
date % mgO,/g-dw. mgS/g-dw. % %
1998 Mar.” 16 7.3-14.1(11.6)  4.1-57.9(30.6) - - -
2003.Aug.? 3 16.1-32.8(18.5) 18.3-40.2(30.5)  2.560-17.480(9.227) - -
Yeosu Northwestern 2005.Jan.” 5 6.4-9.2(8.2) - 0.300-0.540(0.398) - -
Gamak bay 2009.Aug.” 3 10.3-10.3(10.3) 26.1-36.9(30.6)  0.243-1.806(1.081) - -
May26™" 10 1.3-3.3(2.2) 7.2-27.4(14.9) 0.008-0.796(0.320) 0.7-2.4(1.4)  0.1-0.3(0.2)
Jun.26™" 10 6.9-11.9(9.2) 7.9-39.3(21.5) 0.010-0.825(0.262) 0.6-1.9(1.2)  0.1-0.3(0.2)
Yeosu Sunso Jun.26™" 5 1.8-8.8(4.0) 9.5-36.8(23.6) 0.240-4.362(2.085) 1.4-6.2(3.1)  0.2-0.4(0.3)
Jul.12™* 10 11.6-21.0(16.8) 10.4-47.1(25.5)  0.008-0.908(0.304) 0.7-2.6(1.4)  0.1-0.4(0.2)
Jul.19™* 10 6.1-11.3(8.3)  9.2-45.0(22.1) 0.002-1.114(0.317) 0.6-2.4(1.4)  0.1-0.4(0.2)
Yeosu Northwestern Aug.8™" 10 5.9-13.6(8.6)  5.2-41.7(20.0) 0.011-1.125(0.347) 0.7-2.6(1.4)  0.1-0.4(0.2)
Gamak bay Aug.16™" 10 4.8-13.0(9.7)  4.1-33.9(14.6) 0.010-0.660(0.267) 0.7-2.3(1.4)  0.1-0.4(0.2)
Sep.13" 10 7.0-15.0(10.8)  8.5-33.2(21.1) 0.029-0.792(0.328) 0.8-2.6(1.5)  0.1-0.3(0.2)
Oct.139" 10 7.0-15.0(10.8)  6.1-31.6(20.3) 0.016-0.749(0.287) 0.6-2.0(1.4)  0.1-0.3(0.2)
Jinhae Haengam bay ~ 2006.Nov.” 15 6.5-14.9(11.3)  5.3-41.4(25.7) 0.079-0.609(0.378) - -
Busan Southern port 2008.9 8 3.2-9.5(6.1) 2.2-27.3(14.1) - - -
Ulsan Bangeujin port ~ 2011.Jun.” 10 9.1-19.5(13.4)  7.3-32.0(20.2) 0.027-0.875(0.415) - -
Busan Tadaepo port 2014.Jun.y 15 1.9-4.8(3.2) 10.1-33.4(19.2)  0.156-2.539(0.938) - -
Gochang coastal sea  2016.Aug.” 13 2.7-7.6(3.9) 0.7-7.0(2.0) 0.001-0.352(0.048) - -

YMOF[1999], ?Paeng[2003], *Yoon et al.[2008], YNIFS[2010], Jinhae City[2007] ®Busan Regional Office of Oceans and Fisheries[2008]
PKOEM[2011], "JKOEM[2015], *Cho[unpublished]
-: There has no data. *: This study
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™, 7kt ARk ﬂvfi— A, FEAFE Fo] o]FolA], jAE A QIFF SS1, SS2 oHOﬂoﬂH T2 7Y 4750 HeE
A& F Fdokslyl AR /AE 2o »ud bp7) vkPark  ERAQICH
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Fig. 7. The result of applying clean up index of eutrophication (CIET) in Sunso (June 26™) and the Gamak bay (from May 26" to September 13™).
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o3}l 3A4(CIET)= A EZE 5 1L, COD, AVS JEEZ
B 27} akEshar, 21 A1) dA7E 6 odel 7S gsk-ael
$IZ FHHMOF[2018a]). 2 Aol ZAF AI71E CIETE A&t
A= Fig. 79 YERASITE 68 A4 tiS5eM= Headsd
A8 SS1, SS20014 CIET 7|5 oS YeRglow, 7Fekat B4
Ukl T2 o] T3 it tha 218 A W (GA2),
T8 F(GA3), BAUREEA 5ok F(GA4)IA CIET 7]% ©]
238 VERIATE. T3, Uigk Solla] AR AZIER 7)E o s v
Bl wbdef] 9o Sol e BE RARAZ]OIAN 7]F o]8kE v
Elfio], Uint Soll thdt Fodokslol that Hapaglo] ek slog
st
AWrH o % siFo R FYUEE F71ES S W (external
source)} U4 €A (internal source)S-ZH-E 71218k it} ¢
3092 A2 HU(point source) Bi= H A 2 ¢ (non-point
source)er &3l S| f71E0] YO E f{lEE 2 nld
th Ao A AR wlEFe] Wst A0 o5 3 s
7h ol 9] #el7t g whdel, ol i 9 wmiEde)y
AA Theto] 7hssto] BAAMNE 4 FAE|E Slsk /Al
ti’do] Hoighth(Son[2016]). ©lofl, AA5Al= 7HekRk QI e
o] MiEF AaE 918l 200535E AGErF AT S o8
319 2015 715 72,416ton/days #]2}5}aL ICHWRMIS[2016]).
o]lg& ol B slar, 2010 71kl o1 2274 sEHSGE &
stk T, F Ak, F A 59 I Yl 94, A
2 UE2] deddo] ofel Aol nis) w2 ko] Hale 1 9lo]
TGSl tigk 217k AEE vk QICHINIFS[2010]).
5, Habatshel e 2017 ZHE ARkl o]
oA ZAFATZSE], Bl7F9-A17]9} 749 ol e] frgel=
Zpo] 7} ERA] eigkont, 27174 Al getaatih e e, F
<

2, F 0L T e T frlee] v R = A

o o

-

S

02 N

Ao 27VFA7] T FU5733 FARISITH(Son[2016)).

ole} FAKt bR, oA FE A A1F 9] st
AE E T QAT of AFe A QT ulg- AR EE
Agslrel oalf s 9 A E A=l el F-FIsHE

ik olje} FE45, PAHs 5 Folsil B b J3g v
2]

(o3

B E Bl QITH(Yu[2010]). ©1F, 20111d0l] o34= A&l 5 vlF-
FUel 7l S EAE A A EF0 7 viAIRl T 2a)
2lo] AAIE AT I F 2012~2015\ FoF Yy Mk gk w =
AFAtel] 93l PERs W= S A8t dgEEo] ofsly]
] 9F= o] B LE THKOEM[2015b]). ©]213t o14= A1aks]<

o] HUHE A= HEo|HE 7hute] Bt WAE Qs
FHA N FRA3E Holg= AR AtE . Alvkrt, 7kt
The] Ul 7518 A e ksERt ohufEt o] el 7]91¢]
7Fs/d0] = A8l 3Fe-E4 (PAHS, dibutyltin, zinc, lead, cupper,
mercury)?] 71 % 71t)7F Fth(Kang[2018]).

Hide], SPF-319l o]9e] thE frde o ii-Adds =
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Fgolsl dst wl 3] 5 Wk 111

glom, ON H| A5 B, 71EtE EAURe|el o] f7182 T2
ag7|e] JS wh= Zlow Ayt B3k CIET 48 Al
A=, 7FE BAURks| el A 2AE Al7el] whet f7]E 2] el
zte|7h vept o, 53] 79 9l 8ol 7U3ke] A 2AF 1M
el CIET A ol= 2pol7t ebsdth. 15ellA 78 129 =
A1 718 w2 ool CIET 715 oS LRIt} o)1=
2017 7 WAk 7L 7P s S A7 9F U4
sl olfst BAE f718Y Wik dA WA s
Aol Q= Ao ® AFH vt ATHNIFS[2017]). 7FRE HAqu
Tkl 932 Ef dljde] uls)] A o ® ok Ao TR
RS ol W= dj9 o, B4R f1ES] el W AT o] o
WA= 3] 7} B SFCHINIFS[2017]; Park e al[1999]). ©]¢)
o] HH S| A B A ER5E] TGSl AT TOE

St 35 WEko® A 7HA] Urlo] sl AT
NME AEZHIE S (bloom)o] 7F3t Ao g LA vt
(Kim ef al.[2006]; Lee et al.[2003]; NIFS[2017]; Noh[2003]). &=
sh, AR RE §E5577|99ES Taol X3olA Sl
AEEFIE] HFH R SAEAE TOF HAHE Flo B
2= 7] %= SIATHKIm et al.[2006]).

olgd/ HHH AEELAEL FV)ER 2gato] FPIsle]
oleglo] HHEET), 53], 2 oM o] A A7) 5 %
% H5(GA2), 58] F(GA3), HAAUWElY] 4 S(GA4)elA
CIET 7| o1& YeRRltt. g slled FRisl ol n]s)] 44
o] z12- Q&3 A X el FlF=, o]ol] 71Nt =t sl
Sto] AEEFAES] 54, B4, w8l S TR Bl
FA o) gtHLee e al.[2003]; NIFS[2017]).

Bkl s =2 ek wiT FAlolgle] = st 9l
o, olof 7pHE BA RIS Q] tigfELe] PG o =R E] {7
Fol A& 07 F9u= A e FAR ATy ol gk (Lee ef
al.[2003]; Noh[2003]; Yeosu City[2018]). TF2 A Ax}E ¥,
o5 F71=2] U 7HE kAo AXTERe] F 24 W
TR GEE vA Ak u] A sl 1 A gko] Aol
gt Zlo] X ¥ v} 3lth(Jang and Shin[2016]).

o]gl% 7l Uit e o v A Aehs ARIEREE ddFo
ofd EgtA o7 2gslo], ZAZIHE huigt EAulvla]| e
M f71ES] e o7t dehh=s Ao ® sk, et
= O TAER AR PE -l F® 23S fleikE,
e dde] eRlss ZAMPZIER Fsto] 3 A e
a7} Stk 5, Wakag ] BAY 7S A7 elA, okl
A el W MAkages] wd My sjodo] wE, 45k &
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e

U

AN OF U 0AA NEEFAE F4S AsHe D2
4 Qo] oh AR, HAH H71% A Y okEHE el WA
253E AEAY) L, SEFGYRS) AT APAT)E A
o] 7xeto]  FsAe] itk o] $1g W oz HAE )
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AA, FA T5 T HAE A, Ee8EA 55 5 v
(NIFS[2017]). B3t, dljFpAt s o ge] 84S R W /)xst
A =G AR Ao ® oS skl 9o, VI
ol 75 o HEBN A 2 oV A7go] Thsstal o dAl AlEE
FHE = IS 435k ATHMOF[2017]). o]l Z7]1& ¢l =

UE RS &3l 715 o149 o] o)l digt F2A A8 2 o
e Eeke

olgfgt A& AEZNE 12F niel Zo] 47152 4]
gk e E A o2 A Gk Eargio] KE Tk, FYP
7} ol w2 1, AR, u]-8-& dnlshA| k. gk
7o) 1A A Q] FAQl WAk o] X&) WS oju
o} B Rakag 7t 7 7kl B s 7 124 A Al
Al 2 AT TS Bl ojsl e AMEE AR, AXA
AE EF3F AVS, TOC, CODE RiAtaa=3)7) vhlelie A
$=(GA2, =0.696, p<0.05), 35| Z(GA3, *=0.696, p<0.05),
B 9k Z(GA4, P=0.695, p<0.05)°14 F-2)3t A
YERRITHINIES[2017]). o) WAy W €249 {7150 9
&) A ENA wato] dolytar, 7 o}EhS sfjAdkA] Sk=thd
A e AL oFdERe- wipd W 21072 IEIThNIFS[2017]).
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