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ABSTRACT

To characterize the contamination state of shellfish farming waters around Saryangdo Island, the surface sediment
was evaluated for Acid Volatile Sulfide (AVS), organic matter (ignition loss and chemical oxygen demand), and
heavy metals (Al, Cd, Cu, Fe, Ni, Pb and Zn). AVS was relative low all the sampling sites except station 1 influeced
by low current velocity at open sea, as well as organic matter was the highest at Station 2 influenced from fish
cage. The trace elements (Cd, Cu, Ni, Pb, Zn) showed relatively low level at the narrow channel in Station 3-6, but
the highest at Station 7 near Gumpyeong port in Saryang Island. The concetration of metal was satisfied the
criteria of TEL and PEL in all metal elements. For Igeo, Zn was strongly polluted at all stations, as well as, the
sediments were polluted with excess of 1.0 for PLI. ERI represented realtively low risk at all sampling sites. The
finding indicated that the study waters was relatively low contaminated because of low sedimentation at narrow

channel between Sarayng Islands.
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(Danovaro et al., 2004; Baek et al., 2008; Cho, 2013).
F71EL Y] S AXEE SRSt HskE zeHsia,
3714 welete] FAoE Qg Hlit: #3E A 2
o g 22149l IS e 4 9t} (Cranford et al.,
2009). AEs5H FTE52 A, ARedEAE AA
A4S AYER #8) 3EAR 7 3o (Ruilian et
al., 2008; Billah et al., 2017). UutH o7 FF&42 2] 7he]
ket AL T3 AdA o wEEIE ARk, o
o] AL GL ARA, AL, S5 AEE Wbk

L uT S, =Y 4
7 4 wd, slg, AR, BAF SolA FElE St dd
o] F4lof 28l o]F At} (Jeong et al., 2017). ke T F
48 FEEe SAEEHIEY 2 A =2 F5
zhw]o] Holnks T3 AEFA=HL i AdAez A%}
Hug HAE F24 F55 snv s w2l vl
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Table 1, Sediment quality guideline for threshold effect level (TEL) and Probable effect level (PEL)

(Unit : mg/kg)
cd Cu Ni Pb 7n
Threshold Effect Level
(TEL) 0.75 20.6 47.2 44.0 68.4
Probable Effect 2.72 64.4 80.5 119 157

Level (PEL)

al., 2005). B3 HAF] FA% F24e B A48 54
ol ek $30 2 G510 FANE GFE v)A, A
AR Hol kg Bo SAAERRL o} q1zke] A%

<

o= A7t 3ks w|A 4= 9t} (Zoumis et al., 2001). w
A Fje]A s gkl 5]7‘4‘: 29= HIHE A
T gt v 3AA (EPA) 2 =HA3HA]E (Sediment
quality index) & FASl] H7l8le 9loH (Vlrglnla et
al., 2012), Y& (JFRCA, 2006) le' o] A o377
AARsl] $A) EAEI)FS AHA 5 JJ—E]?)"TI_ ol
B L HAZY 7' 2 Fadel #dt
Ag-=o] A= glon, Al < A=t sfFoFAE]
o (Hwang et al., 2018; Cho et al., 2020), XA} 3FF
Al (Kang et al, 2012; Lee et al., 2017), #lslqt
(Chan-Won and Young-Tack, 1994; Lee and Kim, 2000;
Choi et al., 2017) JFFAs|HolA T2 B} 314
ot 54 AR A HAE o ddFe] gk a7
AZolt}. whetA] o] 04‘7‘{— -"H-?r FAlo)gdo] WAlst
A& 7=
7% 3pglom, ofof u}
7|ZARR AlEstn

ZO
=

=
X3

Sk

oﬂ

oHd
1. ABAH € HFE 4
Ad A o F kg EAE BAHEAN Y FEE5 2
Ad3e gelslr] 93 202049 5¢, 79, 9¢, 11€e] Axt

< o]g3l 107 AR AN o] 7'<H‘471 (Gravity core
sampler) & %3 FA&& AFSI) (Fig. 1). A= A2
A& F A 5 em T 500 ml §-F2] EekiE 4]

91 ALT fASRA AR AR EATA
. guslginh £ ARt 24 2Asieln, 2495

& (Water Content, WC), 77273 (Ignition loss,
IL), 3]&4A3k3}E (Acid Volatile Sulfide, AVS), 3312 Ak

4272 (Chemical Oxygen Demand, COD) ¥ 3% 7
% (Al, Cd, Cu, Fe, Ni, Pb, Zn) = #43}gc}. 58S &

18

ARE 110C Foo] D ayla) AzAA Tz Z459

2 AVSE B4 olgsie] Aot A, ILe
x5 FHA45E 550T 9 FEAg 3 245 FA19 AE ¢
$3}o] AAslgliy, CODE Y 1}/;1'71- o= ﬂz%s}oﬂ\:}

2% (Al, Cd, Cu, Fe, Ni, Pb, Zn) %%aﬂia}i}

o 2002 A TR0 63 o (do) 9 AZ e
T AY HARE ol gsGrh T (B, AA Y Ik
M o gAY PR ST F, fraAGEert
£4847] (ICP-OES) 2 £43)3iel.

2334 2997

A% SHGPY 255 45 YRIPARE oz

g F2]7]% (Threshold effect level, TEL) Z} #g]7]&
(Probable effects level, PEL) & &-83}o] J3dE H7)s}
it} (Table 1). 5% A4 (Geoaccumulation index, Igeo)
= A7 HAE F o= A g vFES w25 A
FEE 09AET ARl e Asisict Miller
and Suess, 1979). 223 M2 ©& A7 TAe= 55
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Fig. 1. A map showing sampling sites for the surface sediments
near Saryang Island,
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Table 2. Criteria of PLI, ERI, and Igeo assessment for trace metals in the sediment

Index

Contamination categories (Pollution levels)

Igeo class = 0 (Igeo value:

= 1 (Igeo value:
2 (Igeo value:
Igeo class = 3 (Igeo value:
Igeo class = 4 (Igeo value:

= 5 (Igeo value:
Igeo class = 6 (Igeo value:

Igeo class

. Igeo class =
Geo-accumulation &

index (Igeo)

Igeo class

< 0): unpolluted

0-1): unpolluted/moderately polluted
1-2): moderately polluted

2-3): moderately to strongly polluted
3-4): strongly polluted

4-5): strongly to very strongly polluted
> B): very strongly polluted

Pollution load index

(PLD) PLI > 1 : polluted, PLI < 1 : no pollution
ERI < 100 : low risk
Ecological risk index 100 = ERI < 150 : mod?rate risk.
(ERD) 150 < ERI < 200 : c0n51de.rable.: risk
200 < ERI < 300 : very high risk
ERI = 300 : disastrous risk

o WA EEE BAS] $3 AFE 165 Fot] FHe
(Stoffers et al., 1986), Igeo@-= A3 2 A= wfeg} =
AR FESle ARSI (Table D). L9IIHAE
(Pollution load index, PLI) + ®7%5ol o3t wjakas
v] 7S o] &3}e] 3} (Tomlinson et al., 1980), 7|3
24 RS FUGE B ATARe] ARHE %
5 99 He "EEE (As = 1.5 mgkg, Cd = 0.098
mg/kg, Cr = 35 mg/kg, Cu = 25 mg/kg, Pb = 20 mg/kg,
Zn = 71 mg/kg) & °]43}%t} (Taylor and McLennan,
1995).

PLI = }/(CF, xCF, x CF, x x CF,)
Cme}al)
CF =
( Bmez‘al

Bmetal = 11] °© I:!é:_'o’] BH%%
Cmetal = °E]‘_|‘L3H°ﬂ ﬂ]—]% "H u]ﬂo:—‘_iLéT_O %—E
n= 49 VTS 3 A%

HAE vgFaSe] g AuSAATE o83k, e
-‘HEH‘:X]T (Ecologlcal risk index, ERDE 3}t
(Hakanson, 1980). 121 w4 EAA+E £ 67
(As = 10, Cd = 30, Cr = 2, Cu—5Pb—5Zn 1) &
o] £3}39t} (Sheykhi and Moore, 2013).

ERI =Y E
i=1
Cmclal
E;' = Tme a '
ta B’mclal

Bmetal = ZJI‘ “]%L:u‘é?vq HH%%:J:
Coata = AT HAZ ) WF25) 5=
Tmelal - ] —/] E/\—] 2]]

_=n kLA o]
n=¥4% H]OE-’II—O T

3. A8

A AR FAES] f71eH vEEESERY A SEy
IBM SPSS statistics (Ver. 23) .2 F-AJ3}gon F Hp
o BAA TS t-test = HAF3ACh

a3 R nF

1. 23 32 #5E 2 #31E
e AAE B S 38.2-61.0% 0% JubA
kel e] & el siEsisity. AAE Hd AVS
0.04-0.20 mg/ge] Welgon, dntrlo g siF A Q2
oA cha gkt (Fig. 2). 1<) G720 A7 104 2 5
ME 2SS 3 H4E 718 0.2 mglge 230
(Yokoyama, 2000), Y™z AA|HE 7154 o]tz e}
e PR Bt} 22 7715 S40] Lolihd el
243 §715L ol e Telun AZ5e] SE4
&5 ansha, Ag A AR 3170l iHE]u% Ak
AT Sl 31611 Fapeart A o)d Fslea
Agete] Files IS AR &

o sl et Bazel 2= 12 9 1l
X

LA 37 A= HfA]e] =2

rlo o

l = iz SE5 dFYE
S ozl £x 9t} (Jeong et al., 2014). :1?4 A3
L v A F£o] wal oA v & A Ho| £
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Fig. 2. The contour plot of the concentration of WC (%) and AVS (mg/g) in the surface sediments from Saryang Island,

Table 3, Comparison of ignition loss (IL) and chemical oxygen demand (COD) in the sediments from Korean coast (range

and mean)
) Range (mean)
Region Reference
IL(%) COD (mg /g)
Saryang Island 5.1-8.0 (6.5) 14.1-26.7 (20.2) This study
Anjung Bay 6.4-11.7 (9.5) 17.9-43.8 (27.5) Jeong et al, 2014
Goeje Bay 7.7~9.9 (9.2) 17.9-26.6 (21.6) Kim et al, 2019
Jaran Bay 4.4-8.8 (7.2) 4.8-27.8 (16.8) MIFAFF, 2009
Jinhae Bay 2.8-10.2 (7.1) 7.9-48.8 (32.9) Choi et al, 2017
< o] SAL Rola girh AE i) FAE 235 93 AA% COD 7|F5% 20
mg/ge 2363t} (Yokoyama, 2000). AR el A%k
2. 23 HAHE9 -?r7l-‘?-§ =4 7ol 7 goldt AR 1914 718 k] vinA =4 o
A= 7] =4 1%}7‘4 °i FA AMAAES] Holdd et o slloe] ek siF kA e e #
o7 gt 74 715 2714 Al o3 Fah vl 23S Ak le} (Table 3). 31 COD+
SR EREREE BRI : Fulghe), oleld Balee o oFhrel PR we edyell Aslew wud,

WAoR et vk F2 AFA WEFAS

s ek, a4 5] 4E4L7) 3.0 meLolslelAE olRt
sl e Aslel, slo] B 4 A Aslels 2oz

28311 (Gray et al., 2002; Vaquer-Sunyer and Duarte,
2008), 2.0 mg/LolstollAl= 2H2b5st o771 slxkettt (Oh
et al., 2013; Jeon et al., 2016). webx A H-7]& dF
& dloe) BALYARD -85k

A7 HF ILS 5.1-8.0% (BT 6.5 = 0.9%) < HAL
o, shgsl 17l 19 ARAA 7V Eskeh BE CODE
14.1-26.7 mglg (B 20.2 + 4.0 mg/g) HAZ 7}572] 2]

A Q1o 1A% A 20141 1 ok, AARAF Sl

20

3. X3 FHAEY FEFS S

FAHe2NY FFEHE F u% o] &
Al F2 ¥ 37
o= °‘Wﬂ ek o]d % ﬂ@%ﬁﬂ FEEe YA
7198 Jehdl= A 27 7831t} (Kang et al., 2012). 5
HAE A7 FF5 S5 Al 182.8-235.8 mgkg (AT
210.6 + 18.4 mg/kg), Cd 0.071-0.206 mg/kg (T 0.154
+ 0.050 mg/kg), Cu 4.9-23.2 mg/kg (BT 84 + 54
mg/kg), Fe 191.1-259.4 mghkg (37 225.0 + 23.4
mg/kg), Ni 6.0-12.9 mg/kg (B 2.7 £ 9.6 mg/kg), Pb
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Fig. 3. The countour plot for the concentrations of IL (%) and COD (mg/g) in the surface sediment form Saryang Island.

Table 4, Comparison of the mean concentration of trace metals (As, Cd, Cr, Cu, Pb and Zn) in the sediments from Korean

coast
Metal (mg/Kg)
Region Reference
As Cd Cr Cu Pb Zn
Saryang-do - 0.15 6.7 4.3 50.7 This study
Korean coast 9.1 0.25 58 37 35 122 Ra et al, 2013
Goeje Bay 4.1 0.2 35.8 28.3 11.7 69.8 Kim et al, 2019
Goseong Bay 17 0.2 88 43 24 142 Kang et al, 2012
Jaran Bay 9.5 0.15 78 31 40 146 Hwang et al, 2018
Jinhae Bay 11.1 0.5 70 57 40 167 Choi et al, 2015
3.2-5.9 (B 4.3 + 0.9 mg/kg), Zn 38.9-60.2 mg/kg (BT (Fig. 5). IgeoE 7|¥2 % F5% 7Y 2955 3718
50.7 + 7.3 mg/kg)?] SISt (Fig. 4). A7 Tl wo] A W, Cde =EE AAdA Class 022 H|edsF

3= Al Fe 31 Add=z 2 xo)7l 9iglAluh Cu, N,
Pb ¥ Zno| ¥¥& WitH 7718 e dlgle Ao
a2 3t} (Sunderland et al., 2006). Cd, Cu, Ni, Pb
4 Zn AA 4, 5, 694 gk, ol AR Adxle] HH
of f&o] wh27] wiEel Ao ghdslch dhtel qld A
A 7oA Pool £33, Cu, Znd w5 oF4 3 o] qlAlet
Aol A AdA e Eokon, Adutp-eio] Aoz
ok AR o] HE 55 sET o kAl
off ulsl oA ez v vepgtt (Table 4).

A

oL

£

12

ol

4. 23 EHAEY FFE& 249 FU}
A HAEF 2E £79 F55 3 ZAA Ao
A #joF3A 71% TELY PEL 7|53 ©)3lz #2=9ich

o wxT
AT

21

(Unpolluted) #2 =] on, Pb2 EF Class 1E 8] 2]
A 7+ 294£22  (From unpolluted to moderately
polluted) Webket. Cust Nit= 217} Class 2°] 80%%F 70%
2 47 Jept 57 294F (Moderate risk) ©.& 7}
U, Zne RE AAANAY ti A 2q9H #F
(Strongly polluted) = UElstt} (Table 5). HA& T54
9] FHAQ 2=E Hkslr] $l3te] PLIgH AA A=l
nzE G H7sl] $13) ERIE T3kglth (Fig. 6). PLI
1.3-2.3 (BT 1.8) & BE AAHNA 1.0& 293}, 24
28] (Polluted) $12m, ERI= 25.3-70.4 (1 51.6) &
T A 2 H¥E (Low risk) & E3Ith
Hwang et al. (2021) & F2 SFA&|ge] o7 k2%
oA vaA o} SAlg FAAI

o e

=
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Fig 4. The contour plot for the mean concentration of trace metal (Al, Cd, Cu, Ni, Fe, Pb, and Zn) in
the surface sediments from Saryang Island,
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Table 5, Evaluation of metal contamination of the surface sediments from Sarayng Island following classification of geoaccumulation

index (Igeo)
Igeo range Igeo class Designation of sediment quality Number 'Of sites
Cd Cu Ni Pb Zn
>5 6 Very strongly polluted
4-5 5 Strongly / very strongly polluted
3-4 4 Strongly polluted 10
2-3 3 Moderately / strongly polluted 8 7
1-2 2 Moderately polluted 2 3 10
0-1 1 Practically unpolluted / moderately polluted
<0 0 Practically unpolluted 10

1280 12'E

128° 14E

128012 128° 11E

Fig. 6. The countour plot for the pollution load index (PLI) and ecological risk index (ERI) in the surface sediment from

Saryang Island,

deligte. o e el
9,] %¥E]:o] é-__. 7}-]\
EEERERCS

A9EF P80l B

ujstez UA o] M-S ol
7k Ae ol £ gl wEhA =
Al o] 2 dEAAETE B ekAlsel sl AL
A Jehd 7L o] st g A3 xolol|A] v]EE Aow
serslt). Hwang et al. (2018) Tr7l°°=‘ 7231 TOCS}
o ABAS Wolt el Ao Busly v
HAE ABAL HolA e;% A_i iﬂ%}ﬂ At 7k o5
okAAko]l By W MAAT Iy Z o] e AT BI
3piet. 8] A7AFelME o] AR Hue F4Rl
Frérell ozt A7 el o3l o] w2 Aew ddwt

ua

}-E\.

o

4

=2
(==

24

2, 9270 5 Aol ARlela g B9 A%E
2 sfele] REHAEE Al 98, B 4718 O

A g = A7), 34 (Al Cd, Cu, Fe, Ni, Pb,
Zn)°] ¥+X 54% 3 *BﬂHsHHWP— *‘*lv}@‘v} AA
g3k 2 f7lE R A A 2 5 3R D
I} 7HRe] ARl ¥ AA 1, 2004 D}* E9A,
eRefj el w3) Fzdt +FE A8tk 5% F Cd, Cu,
Ni, Pb, Znv 313 7 F2elA Adid oz vty Pbe]
Fe Aol AAd A 7ol Hoigks Bgich 25EA

E 392k 715 TELY PELS 2E zAAANA $345
S, AR (IgeO) © Zno] ZE ARl
4301903, PLI 32 2E AAlA 1.0 23}
(P lluted) et A AAA Azl v]xl= 4

AolM 2 HEE (Low risk) & el



Korean J. Malacol. 39(1): 17-27 2023

Table 6. Pearson correlation analysis between the matal concentrantions and sediment properties of the surface sediments
from Saryang Island

wC 1L AVS COD Al Cd Cu Fe Ni Pb
1L 0.944%*
AVS 0.372 0.413
COD  0.856** 0.713*  0.233
Al 0.298 0.147 -0.117 0.595
Cd 0.879** 0.796%**  0.456  0.892**  0.282
Cu 0.550 0.434 0.057 0.481 0.497 0.418
Fe 0.376 0.298  -0.194 0.470  0.755*  0.365 0.554
Ni 0.827**  0.708* 0.125  0.914** 0.487 0.843**  0.339 0.554
Pb -0.254 -0.157 -0.463 -0.310 0.124  -0.497 -0.332 0.138  -0.231
Zn 0.764*  0.664* 0.112  0.909** 0.601 0.780**  0.245 0.579  0.969** -0.076

*p 0,05, *p (0,01 (two-tailed)
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