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(TOC), FH A(TN), T 5% (As, Cd, Cr, Cu, Fe, Hg, Mn, Pb, Zn)& ZA}FSISITE. 4214 51 AE F TOCS TN BH-siw 22t 22.7 me/g

34mg/g® ‘FaEfehe] WA A Q] WrET Ut HAE F TS5 A EE 4 (As) 10.5 mgkg, 7= H(Cd) 0.37 mgkg, I F(Cr)
82.9 mg/kg, T-2]1(Cu) 127 mg/kg, H(Fe) 4.19 %, 5-=(Hg) 0.041 mg/kg, & 7H(Mn) 596 mg/kg, = (Pb) 39.5 mgkg, oFA(Zn) 175 mg/kg gom, olF
Cd, Cud s A4 FEal Aty AFEAA R 3] o] Stk HAE 7|ES o] &3 29wt A3, T ol F FAH

T
o4 TOCSt 54 F Cu 57t /18 2oshe 2o vhehgth £9, A4l $34 RS weld o dwateA 5ELys 4 e A9 6
SAFERD Ao DY o FAF HHTol AMYB FAT LAA A JFS B 5 U Fedisastrous risk) ) A 0.2 st
Atk mebd, olF PG HARLS A/1E D AV FHS) 4@ 0 FW FHE nolm Qol, FHY HABFS Adsta HABY
NE W FFE0 FH 099 ot @7 0ARIFS AP FFH whAol Basn

e

HABO : HAE, FU1E, FHE, L9WL R FAY

Abstract @ To understand the status of organic matter and heavy metal pollution in surface sediment of a fish farming area, we have measured the
concentrations of total organic carbon (TOC), total nitrogen (IN), and heavy metals (4s, Cd, Cr, Cu, Fe, Hg, Mn, Pb, and Zn) in surface sediments of
a fish farming area near Tongyoung-Geoje coast. The mean concentrations of TOC and TN were 22.7 mg/g and 3.4 mg/g, respectively, and were much
higher than those in surface sediments of a semi-enclosed bay in the southern coast of Korea. The mean concentrations of As, Cd, Cr, Cu, Fe, Hg, Mn,
Pb, and Zn were 10.5 mg/kg, 0.37 mglkg, 82.9 mg/lkg, 127 mglkg, 4.19%, 0.041 mglkg, 596 mg/kg, 39.5 mg/kg, and 175 mg/kg, respectively, and the
mean concentrations of Cd and Cu were three times higher than those in surface sediments of shellfish farming area in the southeastern coast of Korea.
In addition, the concentrations of TOC and corrected Cu exceeded the values of sediment quality guidelines applied in Korea, and pollution load index
(PLI) and ecological risk index (ERI) showed that the metal concentrations in the sediments of some fish farming area have a strongly negative
ecological impact on benthic organisms, although most metal concentrations did not exceed the sediment quality guidelines. Based on overall assessment
results, the surface sediments of fish farming areas in the study region are polluted with organic matter and some heavy metals. Thus, a comprehensive
management plan is necessary to improve the sedimentary environments, identify primary contamination sources, and reduce the input of pollution load

for organic matter and heavy metals in the sediments of fish farming areas.
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, 2005; Vezzulli et al., 2008;
Cranford et al., 2009; Tomassetti et al., 2009; Silva et al., 2013).

8 YT A8 Pl B ol gl o8t 43 ol
REES 2 UG, FREE G g 34 Fow
948 oddo] Hg A, Foisll me #xs
BRI WA 5 ol RH el 9.¢do] MAste] FHAE
o] AL

ASA 712 HFHALS 238 4= A TH(Lee et al.,
2011; Choi et al., 2017; Hwang et al., 2018). ZL&] 22 2|2 9]

okAlo] o] o] L3} kAR o] ot S FHE T s 7z

J

F2E A HAE U A1ES F55 T Og oo
e E deldt Z a7t dth(Lee et al., 2020).

AF7A gl A FAG TR HAE F f7E R
TaE Ud A5 SIRK(Choi et al., 2017), AA] - A

YHHwang et al, 2015; Choi et al., 2017), ZZ*d%H(Lee et al.,
2017), A& 7H(Hwang et al., 2018), Z15TH(Lee et al., 2020), 7}
THekKim et al, 2012), ©] ZFFHChoi et al, 2013; 2015), ST
010 5 Fa 0 AT A A o

AT7F WA shoh 2, AA Y9
ok Alo] F9J HHH” =] Ao F E]x—l q] +F

o
O}\]
A

(Jeon et al.,
OH}‘ - 1:0- o
ulo] g 3}

% 2 FEE 09 ol A

F HA=l dg A

25} THhel oRRBE Aot slow, 0% A
el A A bRe FHe Ba xvBe BE,
of, aFol 52 7Y Wol FAetA Y= FYAA At
seje) ol AL PoR HAE F H1F L FF
& FEE AT B AneH B ol g5t
29wE B

7] 91&ke] 2014 1027} 2015 42 AukS o] g3l F4-A
Al Atell AbAs] A= 2070 oF FAH(T1~TI0, Gl ~ GlO)

ol 4 2H 7](van Veen grab sampler, H4}: 0.05 m)E E 4 &2
AN 8 ehFig 1). AH T HAE T 12 Sem Wl E _,%‘?}

- 511 -



34°46'N

34°42'N

D

34°38'N
)

=R Ne) - o=
128°22'E 128° 27'E 128 32'E 128° 37" E 128° 42'E
4 .
=)
wn
<
(3]

7] ; Study area ©

A
’ || Fish and shellfish farming area | - 37
4) L 2

Fig. 1. A map showing the study area and sampling locations for analyzing the organic matter and trace metals in surface

sediments from a fish farming area in Tongyoung-Geoje coast of Korea.
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PACS-2(marine sediment, NRC)Z Al 59} &7 S48} o,
7t 559 35S As 118%, Cd 99 %, Cr 97 %, Cu 98 %,
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Fig. 2. Concentrations of total organic carbon (TOC) and total
nitrogen (TN) with each station in surface sediments
from a fish farming area in Tongyoung-Geoje coast of
Korea. The solid line indicates the quality guidelines for
TOC concentration in the sediment of aquaculture zone
suggested by MOF (2017b).
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Fig. 3. Plot of total nitrogen (TN) versus total organic carbon
(TOC) in surface sediments from a fish farming area in

Tongyoung-Geoje coast of Korea.

Al - 7 A YHMIFAFF, 2009), 324 %H(Lee et al., 2017), AF&kqt
(Hwang et al., 2018) Xt} oF 1.2 ~3.11] = 3kTH(Table 1).
offF FAF HAEY frlE 719E& gotrr] $1shd]
TOC®] tha TNS] H|(ON ratio)E Fig. 3o LVFERUIQch Lk
o2 CN U7} 10 o] delH QI o2 HE Fd &
7144 f71Ee]aL, ON H|7F 5-10 Afolo]d de] Ul AE
Aol s AAERE AFTLAE FrIELS o7 gok(Stein,
1991; Hyun et al., 2003; Lee et al., 2020). S<-71A] ¢t o] F
A B AHE F O/N H|E= 598-7.81(B T 6.824042) W=
RE Ao A 510 Alo]E UERN o] 6H°k7l$“é %71%
Alste], o]f 3t A= 5o A ofF
FAHAIL B o|(538] AR, 01 HH*.:i

2 5o 9% Wl Aow Az
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}\o]_
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3283 EFE9 5345 5

TGAA At ol SN BT HAE T FEH v=
£ Fig 4 HENATE F55 S5 As 8.2-14.3 mgkg(*d
¢ 10.5+1.8 mg/kg), Cd 0.09-1.86 mg/kg(H 7 0.37+0.40 mg/kg),
Cr 69.7-94.1 mg/kg(¥ 7 82.9+5.8 mgkg), Cu 39-533 mgke( it
1274116 mg/kg), Fe 3.52-4.70 %( 7+ 4.19+0.31 %), Hg 0.024-0.113
mg/kg(B 7 0.041£0.019 mg/kg), Mn 432-990 mg/kg(%8 i 596+119
mg/kg), Pb 34.2-44.4 mg/kg(T 7 39.5£2.8 mg/kg), Zn 126-261 mgkg
(H 1 175436 mg/kg) WISl As, Cr, Fe, Mn, Pb, Zn 7+ &
AgER F Afolg HolA| g9ko}, Cd, Cu, Hge 2%
HE 50% o] & ztelg Yetdfith a7t A o2 4
nExol TP Alo]o] X3k OV‘XJ(B)J% AAEGEY
5] slrAtolo] F& g Abolol| 912

W9} sHatw
FNEEGL G)olA e s 1 BRI AN
Fle=

T FG-AA At ol FAH HAE s vEE
A A g ek AR(FE F) FAl
A AE A - A AN Hwang et al,, 2015), 124 TH(Lee et

al., 2017), A&9HHwang et al,, 2018)F} X4 ¥
iy FA el B = A WH(Choi et al., 2015)3 X5
TH(Lee et al,, 2020)°l H] 3] As, Cr, Fe, Mn2] 5= H|S51A
U & WkbA | Cd, Cu, Hg, Pb, Zne =9ko™, 53], Cd¥} Cu
= oF 31 o] F& FEE HUTKTable 2). o] = 3| o] F
G BB TEE5 A FHE-S Fe>Mn>Zn>Cu>Cr
>Pb>As>Cd>Hg =02 AFa| Qo AAl - skt 2L
’d9HFe >Mn> Zn>Cr > Cu>Pb> As>Cd > Hg)#} A}ekuk, 7
9k, X FYHFe>Mn>Zn>Cr>Pb>Cu>As>Cd>Hg)o| F
Ae T Tusd AR ofe] ztolE Hoith kA
0% FuH g Hute FAAES] Aol 2 s%
al,

E3] Cux Zn, Fe¥} 7 AELFHALEA o

Rl

Table 1. Range and mean of total organic carbon (TOC) and total nitrogen (TN) concentrations in Korean coastal sediments

Study region TOC (mgly (g Reference
Range Mean Range Mean
Masan Harbor 12.0-32.0 23.0 1.0-2.8 2.0 Hwang et al. (2006)
Hansan-Geoje Bay 12.9-27.6 18.7 1.7-3.7 2.4 MIFAFF (2009)
Yeoja Bay 4.3-12.1 8.4 0.5-1.5 1.1 Choi et al. (2013)
Goseong Bay 14.5-21.9 18.3 2.0-3.0 2.5 Lee et al. (2017)
Jaran Bay 15.1-23.9 17.4 2.0-33 23 Hwang et al. (2018)
Jinju Bay 9.1-15.7 13.3 1.4-24 2.0 Lee et al. (2020)
Tongyoung-Geoje coast (Fish farming area) 11.8-31.8 22.7 1.7-4.7 34 This study
Sediment quality guideline, Korea 20.0 MOF (2017b)
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Fig. 4. Concentrations of heavy metals (As, Cd, Cr, Cu, Fe, Hg, Mn, Pb, and Zn) in surface sediments from a fish farming area in

Tongyoung-Geoje coast of Korea. The circle and straight lines in Figs. H and I represent the concentrations of Cu and Zn

corrected by Li concentrations in surface sediment of each fish farm and the solid lines indicate the quality guidelines of

metal concentrations in Korean coastal sediment suggested by MOF (2018).

Fo] 72 Hmuscle) 2 WHETD] livenoll A ThE FE50|
HE a=7F =2 o2 44 A oK(Tirkmen et al., 2009;

Yilmaz et al., 2010; El-Moselhy et al., 2014; Hwang et al., 2017).

W3} H T Hwang2015)S ZAFA okald <lte] dhab-7
ARE Agbel] AAlEhE ofFe] =AY TEsHSs BT 4
3}, W4 (intesting) ol A As, Cd, Cu, Pb, Zn2] =7} & %%
S (muscle, scale, skin)oll H]& ¥ =5 Hltty B3

vl olth. wpEhA, o]glgt Adte A F71ET nEIA R
=0 Y38 o]F AR o mHE A7)EE

(53 WY Hel(53 AAR) 5

<] Al
A, a8 AR5d0 de o Bed A9S v
3]7] falA e sEE Kol A FHoRe 24
5, WZ 5), Wel(53] AAR), ofF WideE 5 oo
of gk #7441l Fus% A4S & vt Ao
33 E¥E 772 A 585 ¥k
TRAA At oF Y FT HA=Y FUIEHR T

% 0 APUE setals] fiskel 94 2289 374 Bt
MW (SQGs, PLL ER)S B850 0 wS vl ngeh

WA, SQGse] A, F71EL HAE g3 A E A
2] o] %374 7|& = TOC 7]15(20 mg/g, MOF, 2017b)3} 2zt &
214 HA4E F TOC W ws] ®okth 7 Axp, 24}
A 2070 S F 75%20 157) A B A E(TL, T2, T4,
T6-T8, T10, G1-G7, G10)| 4] o134 7|FS 233} th(Fig.
2). o= AT A AFEFE =) FAA G A A
A THMIFAFF, 2009), 127 TH(Lee et al., 2017), A &+7H(Hwang et
al, 2018) E & & 5 TOC 7|5S %= ¥ &(6-25%) Kt
3uf o] ©l wrh meEbA, SF-AA At ofF &2 o

]:E
TEE

o] HAES fr1Ed didl ol e, s 5
&t %“—lﬁﬁ‘z‘,iv} L¥ET Ee Ao g votH )

TS AAHAE g fFFEE F 2 AT
AN SAEA F Nis AQe FaSE 78] tg TEL(As

14.5 mg/kg, Cd 0.75 mg/kg, Cr 116 mg/kg, Cu 20.6 mg/kg, Hg 0.11
mg/kg, Pb 44 mg/kg, Zn 68.4 mg/kg; MOF, 2018)3} 2} o]/ &
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wakelth o 7]14, Cu
% Li %(70.7-95.4 mg/kg, H1t
84.2 mg/kg)i BAs Cu(10.6-104 mgke, H 27.5 mgke)et
Zn(49.3-73.6 mgkg, Bt 57.7mgke) FEE V=9 Bl
stk 2 A}, cus AR 2000 A F 5%l B
FAre] 370 FAHTL T2, Ty AAALE] 87H(GL-GS,
G7, G8, G10) &2 B A& 4] TELS Z 33t thFig. 4H).
a2, Poe AAARMS] GI9F G2, Cde AAIAMS] G39}
G7, HgS At T3, Znd AA| Ak G4 %24 o)A
Z}7y TELS 2398 % 1 9] 44732 TEL "Rko|glom,
53] As, Cr2 A F27gell A TEL mlvho] itk
(Fig. 4). WebA], S Q-AA Ak ol 7 24 FHA=E2 t&
Tasd vlE cudl LYET Fe AoR FeotH Ytk
EG-AA At ol F ¥ HA THE TE(As,
Cd, Cr, Cu, Hg, Pb, Zn)<] Szt

=
2=

O 1 o %
TRt olE % J~°ﬂ gk
gt At HAE T s E % ATE A1) ~0)
| idate] 2+ 47 PLISH ERI %k# ALrselom, 1

TJrE Fig. 50 YR AT

15 143508 2.3) W92 74 FAAER 2 O
X}Ol% BoloH, BE A 1.0& 2Hsto] T5

e 2 9¥ AE(polluted)?] RO = L}E}kkE}(Fig 5a). %2

2

H

mlo
I o2

> 2

o

AR R TS Fv TS5 Aole o, o
e %“—!%*OM A LFAE 7 Fs 2He Cud] 71 =T}
7V A5, B0 % Cd, Hg, Zn®] £O2 %2 7|9EE B

ot FHH o= 7%Xﬂ£(%4‘:3_)9+ SR H250] 3 Alo]
o F& T2 Alolol 9IAF FAFE(GL-GS)AA 2.7 %
o] & PLIE Ho| v g2l vla] HAES S5 2
A7} =Sk vh(Fig. 5a). 3, FQ-AA] At o 7 FAH H
HEL Qs A - AATH1.3-1.8, B 1.6; Hwang et al,

Table 2. Mean concentrations of heavy metals (As, Cd, Cr,

coast,

A - ol 7het -

A4 - vtad - gy

ME

2015)% /g wH(1.4-2.1, H3 1.7; Lee et al, 2017), Apetwt
(1.3-1.8, 3 1.6; Hwang et al., 2018), N FTH1.2-1.7, H 1.5;
Lee et al., 2020) ¥ & E-ollA] A+ PLIFE Bt} 30-60% A%
AL, el A Agke] WAl WiRkQl Thebuk, of =k,
SRk, mobeh, sk Rt B A Eo 4] AR PLI #4(0.6-1.3, 33
iy 1.0; Koo et al., 2019)2.th= °F 3u] o] &3kt
RIE 120-610(E 7 258) W9l 2 PLIS} -AFSHA ZF <
bﬂi & 9% AolE HITHFig 5b). FAEHE o%d%
of dFE F= TuHol UolA tha Aol= o
9] AAH R Mg F S4ATE M Hed Ve%
(B 25%)7F 7P A5, o2 cd(FE A 28.8%), Cu(F
T 162%), As(B 63%)2 o2 £ 7|oxE HAth
_6_7}7@1 oz Eoﬂoﬂo]_o] T59Jr 71 Xﬂ L\l.o] G6 ok/\l;g—oﬂ}q
7} 1207} 14224 A A A E] <k FAH 0 e S
4 U AHl(moderate risk)S! Aoz IFolE| QL FF At
o] T4¢} T7-TIO, 71X1]LJ°] G9 YA 160~ 189 Aol &
Ho] AxAEe Fddt 5440 AH TS = 7 Ue
*JHll (considerable risk)ITF. EF ekl T1, T2, T6}F AAA
ore] Gl, G8, G10 %2148 201279 AFo]l 2 A A &l ufj$-
Aek FAAR A dFS = 7 A= AEl(very high nsk)f”‘
om, 53] SFAr] 138k AAALIE] G2-GS5, G7 FA
2 318-609= A AA A Eo| Al A0 A 033&%
T & JHl(disastrous riskyE LEF AL o] 2k E%-
oﬂo]- o.]E ok)\];{]— E]x—]‘j o] %T;L_/_';: ] EH{;} ERI 73
AT 3 - AATH104-204, H- 142; Hwang et al, 2015), 1L
AJWF(112-239, H 1 157; Lee et al., 2017), AFekRk(101-202, H
146; Hwang et al., 2018), X5%H109-164, 7 139; Lee et al.,
2020) B Z 2ol AR ERIGE Bol 60-90% AL Fa, @
AT AQke] WA A Q1 Wikl Fhubh, o Ank, S8

-y, "1 O 1oy

7_]1—

O

i

[o

ol = m{N

Y

Cu, Fe, Hg, Mn, Pb, and Zn) in surface sediments of the southeastern

Korea. The Cu and Zn concentrations in parenthesis are mean concentrations of Cu and Zn corrected by Li

concentration in the surface sediment of fish farming area around Tongyoung-Geoje coast

Metal (%)

Metal (mg/kg)

Study region Reference

Fe As Cd Cr Cu Hg Mn Pb Zn
Hasan-Geoje Bay 3.4 103 0.12 89 38 0.03 651 30 140  Hwang et al. (2015)
Goseong Bay 44 1.2 0.15 82 38 0.03 1089 27 159  Lee et al. (2017)
Jaran Bay 4.0 9.8 0.15 78 31 0.03 673 40 146  Hwang et al. (2018)
Gangjin Bay 4.0 10.5  0.11 82 27 0.03 1019 33 157  Choi et al. (2015)
Jinju Bay 3.7 1.2 0.10 73 24 0.03 953 34 130 Lee et al., (2020)
Tongyoung-Geoje coast 4.2 10.5  0.37 83 127 0.04 596 39 175  This study
(Fish farming area) (27.5) (57.7)
Background, Korea 74  0.13 46 15 0.02 25 70  Woo et al. (2019)
Threshold effects levels 145 075 116 206  0.11 44 68.4 MOF (2018)
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