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Distribution and Contamination Status of Trace Metals in Surface
Sediments of Shellfish Farming Areas in Yeoja and Gangjin Bays, Korea

Minkyu Choi, In-Seok Lee, Hyung-Chul Kim and Dong-Woon Hwang*

Marine Environment Research Division, National Fisheries Research and Development Institute, Busan 46083, Korea

The concentrations of trace metals (As, Cd, Cr, Cu, Fe, Hg, Mn, Pb, and Zn) were determined in 49 surface sediment
samples collected in Yeoja and Gangjin Bays on the south coast of Korea, which contain many shellfish farms, in
order to assess the contamination level and to understand the spatial distribution of trace metals. The average metal
concentrations in the surface sediments of both bays decreased in the order Fe > Mn > Zn > Cr > Pb > Cu > As > Cd
> Hg. There were no differences in metal concentrations between shellfish farms and reference sites. The metal con-
centrations were significantly higher in Gangjin Bay than in Yeoja Bay. Notably, the Cu, Cd, and Hg concentrations
were nearly twice as high in Gangjin Bay as in Yeoja Bay. A multivariate analysis showed a strong correlation among
Fe, Mn, Zn, Pb, and Cr in the sediments of both bays, implying that the metal concentrations in the sediments in the
study area were mainly dependent on natural processes, such as crustal components and diagenesis. Based on the
geoaccumulation index and marine sediment quality guidelines (SQGs), the surface sediments in Yeoja and Gangjin
Bays are not polluted by trace metals.
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=5 NFEES it oA, R 2 SRR 5
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(Cu), °F1(Zn), E(Fe), 7HMn)2 A=2] AW +24] 7|5
2 A w Fof| A= Ho<(essential trace metals) 0 = 7
AU s =EE A w550l Ml 542w
Aol freliet G2 mAlE ol AL = A er &
A et T3t =2(Hg), H(Pb), 7H=4(Cd), Z5(Cr), W&
(As)= SaEo2A ngolete A7 7 ead A5 dlE
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3}th(Dalman et al., 2006; Dean et al., 2007). YHH4 0 2 & A
= W nEas2 Agkel o) x| stekA e skE 4 ke
st 099] SAHE 7|0 Bk BAL 73 glotA 1

sholo] oL ol 4 P F& A ER A8 4 et
(Choi et al., 1999; Lee et al., 2004). w}2}A], E|& 5o 4|45}
= Az}, ol 2 7), iR e S 22 9 7] A, AAAQL E
A 20| nleka<ol thgh U E o] ule- %ﬁo}ﬁ}

AF7HA = BAZolA rlgagel it d452 It
T Edy| s Y (Kim et al., 2005; Hwang et al., 2006, Hyun
et al., 2007), 3 (Hwang et al., 2013b), Z7+fj(Cho et al.,
2001; Hwang et al., 2014a) 5= S o2 W2 AL 417 &
TE| T QIe} W, upx|eh, TukE £ AR A] gjFoFAlo] Ehat
gk ol ol A & F vlEagol et At i vl
gk A7goleh whEbA, o] Aol A= TR Al ol = B A=
T HgESe 2 W e HASgS —ﬂro*om 9l5tof oAbkt
7R A o7 MAsto] B4E & vgas(As, Cd,
Cr, Cu, Fe, Hg, Mn, Pb, Zn)2- £-4 }oq‘:}. oAk} 7k
Sejutete] o3}l At A] s FFAls o m AR o2
e %03 Folc.

Mz H U

R
ARG ES] o] 133 of Ak TEVHESE ofuhe
2 Sl o] gl Wl 20l ko = BF4AS o 54m

YE7]o] 30 km, B4 2ol 22 kmol| G3tch(Fig. 1). o }
Th2 geliobe] ohE vkl Hlel e uf- 2R Bk
of Y12 F& F2E T3l siete] wgho] o] FolA 4
wgho| ulj-- AFHA ot o2hite] S|7HE FAHS = 46571,
7,056 hao|n], =8 ABAEE-e w27l a9ka} Ajareto]a, 1
uk2 o] W3] 3517, 4,712 ha® A FAHE] 9] 67%S 2}
A gHcH(Lee, 2012).

7= AR IR RN et APAAL st
of| oJal} Fejate] Sl Rt A A Q1 iRk o 2 Bl F 3.6
m, 'F5Z0] ¢F 18 km, FA1Z o] ¢F 15 kmel| Detrh(Fig. 1). 7
ZIetolli= 2 16871011 1,028 ha®] o] 10| &]7}=] o] §laL, 4]
o]9L 1 %7 9FA(10971, 623 ha)o] 714+ whar, vFx]2h2774,
202 ha), (257, 147 ha), M32H(77, 55 ha)<=0] it} £3],
7709t 3 - 5,290 hat= 58 sFAATSH(7E o)
2 24 o] Taj=| 1L 9) A4 o|ch(Park et al., 2010).

Suncheon

Y1

- & - L]
oy 4D Y4 Y3 Y2

- evg”
y8'/
N JY12v11y10 YO

Y16 e ¥14%
aY15 %Q Y13

Yeosu

Boseong

Yzoe ° v @ Y7 e
e Y19 ‘“8
'Y21 NCCSOR
= ir24 v23 ‘r’22' q

Y Y29 ‘(28

Goheung

1
127.35E 12745E 127.55E

349N

—348N

. L |
T34
%@ '72? v26 v25

346N

é(b)
Sacheon

Lo 7 g

|- G1 %

3450 N

Namhae

12754 E 127 78E 12802E

Fig. 1. Sampling locations of sediments from (a) Yeoja and (b) Gangjin Bays, Korea. The rectangles indicate reference sites without farming

activities.
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20124 9ol o424k 2970 AA(Y1-Y29), 729k 207] B4
(G1-G20)oll A B A= Al =mE A5 sk ch(Fig. 1). B2 &2 A
U 7](van Veen grab sampler)E o|-8-5}0] 3E3(<4 cm)= 23]
% v12] A4 & polyethylenerjo] o] A-AL Y50
o Hysioich. o] AFAR A -80°ColA FAAxTT &
SehaE A (<63 pm)= AHAste] FabE EA et
AHgShee.

A5 2 n)gF<4-2 Hwang et al. (2010)0] AR Qb4 &
Shom BAsc SAALE HA% oF | g B2 uA
o] Wil E3MHHNO,:HF:HCIO,)S ©]8-3}o] digestiona}%
on, o] ARE 2P S| $HAl7] 4L 2% HAAHHNO, )2 AHE-5)
o] 100 mLZ 483t o8 G A g Zef =} 2 ek A7) (ICP-
MS, Perkin Elmer, ELAN DRC-¢)& =43¢t} 4222 52
Az 528 A eglo] A AL 247 (Milestone,
DMA 802 o]-g:3to] 24k}, B4tze] 24 shn
317] YJste] el5x=E2 (certified reference material) = A]
Hg2 A )3t v)gkZ4-2 PACS-2 (marine sediment, NRCC)
£, Hg2 MESS-3 (marine sediment, NRCC)E Al =2} -2
W02 23/ Bt o, o)) 2} vk 4 o) B 514
22 Cd 89%, Hg 96%, Fe 92%, Mn 87%, Zn 92%, Cr 87%,
Cu 88%, As 98%th. & Aol A nga49] s B4 =
o] A (dry weight)= 7|2 2 Fith
SHEA

[ |

o APk} 7t v)gFE4o] AR H A2 Kolmogorov-
Smirmoffe} Shapiro-Wilk testS ©|-&35}0] 245191, v+
Zsof| T3l s 7ke] Z}o]= Mann-Whitney U testE 0|-85}0]
A5 ST AFHELA (Pearson correlation anal-
ysis)} FAE5-4 (Principal component analysis; PCA)> €1
=28 SPSS software (SPSS 2000)2 o] &-51o] Z=aya}git}.

AR R B A & S vge s (B, 2EWAL T
A4, S = $)E Table 10 LR ITt. oAbeke] 79, &[4
5 3 njga4o] gy EE Fe (3.51%) > Mn (893 mg/kg)
> Zn (137 mg/kg) > Cr (81.0 mg/kg) > Pb (29.2 mg/kg) > Cu
(17.2 mg/kg) > As (7.38 mg/kg) > Cd (0.047 mg/kg) > Hg
(0.016 mgkg) £-0.2 %2 SES ehyolek. Ay 3t
Fe (4.01%) > Mn (1,019 mg/kg) > Zn (157 mg/kg) > Cr (81.9
mg/kg) > Pb (33.2 mg/kg) > Cu (26.8 mg/kg) > As (10.5 mg/
kg) > Cd (0.119 mg/kg) > Hg (0.031 mg/kg) <= 0.2 E|X = %

=9 ngas 2 dd% 791

o vlgEs SRS Lrehio] ofduk 5425} 28 215
& w3}, olo} 2 HAE % gkt BeAHE ol
of Asfjote] FaL-sld AoH(Hwang et al., 2013a), 5733+
(Hwang et al., 2013b), EfjoHeH= 71 (Hwang et al., 2014b)of|

Il

Table 1. Summary of trace metal concentrations in the sediment
from Yeoja and Gangjin Bays, Korea

Concentration Yeoja Bay Gangjin Bay
Metals  (mgikg) (n=29) (n=20)
Fe (%) MeanzSD 3.51+0.70 4.01£0.29
Median 3.53 3.98
Range 2.36-5.29 3.45-4.94
Mn MeanzSD 8931215 10191186
Median 842 983
Range 531-1442 823-1721
Zn MeanSD 137129 157114
Median 136 162
Range 86.1-203 126-170
Cr Mean+SD 81.0£16.4 81.947.3
Median 80.4 83.0
Range 53.2-124 68.7-91.4
Pb MeanSD 29.2+4 4 33.2+2.7
Median 29.7 34.2
Range 20.3-38.6 28.8-40.0
Cu MeanSD 17.243.9 26.8+2.6
Median 17.8 28.1
Range 10.1-25.5 20.8-29.9
As Mean+SD 7.3841.73 10.520.6
Median 7.57 10.4
Range 4.33-12.6 9.60-11.6
Cd Mean+SD 0.047£0.020  0.119+0.031
Median 0.048 0.112
Range 0.017-0.103 0.076-0.197
Hg MeanzSD 0.016+0.004  0.031%0.004
Median 0.016 0.032
Range 0.010-0.026 0.022-0.040

SD : standard deviation.
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A% AR HE QLo Fe, M A 9J3F n]gFa<:9] 2hs
< 2000-20109 = HpAtatehlof| A 33t =72
A HAE eSS 2UEY 4y 5 ke 3
Q1 At EF =04 W E = vgas AR aE 94
SATHNFRDL, 2013). ¥, &4H(Hwang et al., 2014a)3} A|
3}%(Kim et al., 2005) 52 o] Q194 Q1 A o] o 4t
Ho @ Cuo) Y wo Wi oo o] nles: HRafe
(Fe >Mn >Zn > Cu> Cr>Pb>As > Cd > Hg)}+= @3ttt

AR B A E F vgas e Cr AlQsh, ofahuke
o AR FO5HA Bl &3], 7719 =
A& % Cu, Hg, Cd2 ofAEE T} oF 26} =34tt. o]t 2
V= oAk} RNt B Aol A 7] Ea =AREYH(Choi
etal., 20132)2} 2 UR| gty WA 0 2 A oA] B A& 5
a4 vre T2 HAEY o I3 HHo] 9le
H AHA EAEUrE 52 525 Hole Ao ® defA 8l
TH(Cho et al., 2001; Shin et al., 2002; Hwang et al., 2010). 3}
A|F, oA &bk} ZRIREe] F AUt 2AM Ao A AR Bk
E9} 3}skA AkA @ EF(Chemical oxygen demand, COD) =
APA K Choi et al., 2013a)E ©]-8-5Fo] n|Fa< 5= 2k0] A
3 A AR A, AF S W rlRE S-S B Y= (=
0.026-0.350, P=0.014-0.934) Ht}t= 77]
U= COD (1=0.446-0.871, P<0.05)2} ] =&
o dubd o m HE7UEE e EHA 0
Haebo] F 252 o] ufe- FHold A o= A JltH(Horow-
itz, 1991). whepA], A A 21 of 2k} 371t A B A& 5
HgasS BrdE Boks f71E Y 9% 2A HaL
Ue AL & AT

et s F AR F ol A= W ndas w=ol

wo ot S

ob %y

2l
3
ks

[e] =
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E

d
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%

fr
ool

< A E7] Isto] of ARt} AKINE f s oAt S
H|FA el o] B A& Atolof] nlga49] F Aol & A HSk
). ofxpuke] s FoFAl el 9 (Y 1-Y21) v A1 8] 9 (Y22-Y29)
oA vFES TEE WS ol F o Alo]olli= 25t At
0|2 Ko|z| ¢kQka(P>0.05), Ak E3 w7kl 8¢ (Gl-
G12, G15)Z+ v|FA 3] ¢(G13, G14, G16-G20) Ato] o] 3-2]5t
Zol5 HolA| AUTHP>0.05). o] 72 oA 7Rt 3 <

ol o]0} 3 Gl HRFABE] HAR W v
= wisfo] 2 REE 4 0h-S ofulic

gHH, Ate oo BAE 5 nEas 58 ol U
QrollAl B EjAE 5 ngase Bt e e} vlas)
(Table 2), A|3|QFe] el oF 27l B A E(Hwang et al., 2014b),
-l ddor 27 B4 E(Hwang et al., 2013a), 334t &
A =(Hyun et al., 2003)7H= FASHAU 25 =2 450180
o}, alA g, @ 9-2eaelel Al3}E (Kim et al., 2005), ThAkTE
(Hwang et al., 2006), =AM Hwang et al., 2014a) & 4= X C}

L oF 172 of81e] SR 3 5k S0l girt.
SARAS

FAME 0|88 2FH oA

At E A= F uEEE5Y T ARl A 7] Yste] F
AE Y= f71E el s 24 %7] = shANL B A= W
4tetehel e of| whg &2k, Al 5o ek mL wofit
22 Q19142 82l 5 o] 7HA] 8lo] B4 o g AR-g-sto
ZAFs ol et 21 w7 EefAl= A o2 g A Qek(Kim
et al., 2005; Hwang et al., 2010; Kim et al., 2012). 0]&F=<
o] FhEE N of 2t @ P o] S Tetstr] flsl A
w410 go] AREE AL glomn], 53], PCAS}F -2 thiTf 57
A2 BT 22 S iAol A BFehA Ao e 3t
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-
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Table 2. The average concentrations of trace metals (Fe, Cu, Pb, Zn, Cd, Cr, Mn, As, and Hg) in surface sediments in coastal areas of Korea

Mz (%) Metals (mg/kg)
Reference

@ Fe Cu Pb zZn Cd Cr Mn As Hg
Yeoja Bay 88 35 17 29 137 005 81 893 7.4 0.016  This study
Gangjin Bay 87 40 27 33 157 012 82 1019 10.5 0.031 This study
Taean coast 31 17 4 16 38 003 33 301 44 0.003 Hwangetal. (2014b)
Mokpo-Haenam coast 6.7 3.5 13 24 74 006 58 669 58 0.013 Hwangetal. (2013a)
Gamak Bay - 28 28 114 01 78 717 9.8 0.02 Kimetal. (2012)
Shihwa Lake 3.4 207 66 309 05 101 399 123 0.12 Kimetal. (2005)
Gwangyang Bay 3.3 18 28 86 02 51 812 - - Hyunetal (2007)
Masan Bay 4.5 73 74 321 14 79 716 105 0.14 Hwang et al. (2006)
Ulsan Bay 72 33 81 35 189 03 62 499 161 0.11 Hwangetal.(2014a)
Background value 0.08 Taylor (1964)
(continental shelf) 35 25 20 71 0.098 35 600 1.5 Taylor and McLennan (1995)




A B g mlolslr] 98 AM-Ear QlthMorillo et al., 2004;
Buccolieri et al., 2006; Ip et al., 2007; Choi et al., 2013b). £
Aol A= AR E LT PCAS A A5l n]EFg452] 5l
% 542 sjobsiec.

ol pakat ARl A TR vlakEg e AR EAK 0
FOIT AT S B, VI Cdv} He o Craf w2 A S
H SIth(Table 3). o] 22 o Apta} 7 x1qto]| A Cd} Hgd] 5%
w7} Cre] SERES A BRI, 0 QUE TS S 9132
on|gtet. Cr& Fedlt FARE 752 Hol= fa= vt 4
T} 544E 7HA] AL Q= A S & A 9l 3L(Stein, 1991),
] AT M Cre Feot £:2 A4S Hol 1, 219]2/l

L Y-S 7HA]= Cd, Hg, Pb, Cu, Zn I} -2 AHdo] HalE
"} Qlth(Hwang et al., 2006; 2014a). t]sf=<4 AAEHO] AS

O 25 fetsto] FIRET} ARt vl T4 2APA
£ o] flel, AR s 21 & PCAS 435I thFig.
2). PCA A3}, = Q] FAE(PC 13} PC 2) 0.2 o] A1,

o

Eges o

el

s 793

ZAAZATel ti'k PC 13 PC 29] AT E-2 88% (PC 1, 71.3%,

PC 2, 17.0%)Z F 7i2] PC= Foix A7 E & Aisial 9l
it} PC 12 Cr, Fe, Zn, Pb, Mn©.& 74|91, PC 2= Cd,
Hgo & A=At 2H, Cuet As+= PC 13} PC 20f &5 3
= $ch(Fig. 2a). Cd¥F Hg Crat 7 F516HA 2531
a1, o A2 A EAA ket A dA|skgint o2t PCAY]
Aif= v =2 (Fig. 3)9h 2 4AIsteith PC 1
Z0 )2+ AL} SR 5t A1 2] 4428 (diagenesis)
I B e AESE LA (Youn et al., 1999; Balkis
and Cagatay, 2001; Carman et al., 2007), §HH PC 2+= 54 0|
=11, 2194 91 2HA¢d(anthropogenic sources)=r b= 0l&F=
407 A=l Cull As= 8 A|ZHdEo|HA Cu=
2ER0) EahElo] A8 H T Ask 5o}

o
1 O 1
5 Q1912el PYAE ZAsH

of) Zitelo] AHgH
L 4302 A% 9T Hwang
et al, 2010). o} Ahekat 7471k B 42 ) vl o] Sk 4
2Pk SR80 S Aol A2 2l FHPC 1,71.3%) 1

Table 3. Pearson correlation coefficient matrix between trace metals of sediments (n=49)

Fe Mn Zn Cr Pb Cu As Cd
Mn 0.726° -
Zn 0.915 0.704° -
Cr 0.863 0.665 0.880 -
Pb 0.806" 0.691° 0.884 0.760° -
Cu 0.756" 0.606" 0.810° 0.550° 0.834 -
As 0.73% 0.617 0.717 0.522 0.761 0.869° -
Cd 0.446° 0.389° 0.503 0.157 0.564" 0.806" 0.732 -
Hg 0.505 0.426 0.560° 0.205 0.612° 0.891° 0.734° 0.910°
*Correlation is significant at the 0.01 level (two-tailed).
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Fig. 2. Principal component analysis plots for (a) loadings and (b) scores according to composition and concentration of trace metals in sedi-

ments from Yeoja and Gangjin Bays, Korea.
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CdetHgf| & == X UEG1, G2, G3oflA] 2AHE S
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© A& Yu)dtt Frb o 2, ofziutof| A= Y3l A Cdet Hg
o] 7ol 7Md = A 2AFE AL, AP Y3E of Aol A AY
%ﬂ#ﬂﬂ@%%ﬂﬂ%ﬁ@@@EEELHWNW@Mi
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Fig. 3. Spatial distributions of trace metals (Cr, Cu, and Cd) in
sediments from Yeoja and Gangjin Bays, Korea.
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19 lo"—ﬁx]—,—(geoaccumulatlon index, I = A8steiTt

sAAE dpslesl Hag vlgd Seot ogE
GFe sjelo] 4 5 olRF el A1l S LAzt
7 glol Wt S BRI $H O theol 402 A
Agiet,

Igeo = log2 —Bn <15

o714 C& AFAA9] HAE Y nFa59] 5%, B>
2QElA) ke lele] e 1) ujzkade) Aol BrE
A, kA o & 27k 2 v]jekR4o] Byl de] o] &5 1
Qltt. o] ¢17tof| A= Taylor (1964)2} Taylor and McLennan
(1995)°] Hugt AAA th 55 B4 = S vdas Buds=s

o|-g-sto] Alksliet AR I gk Miiller (1981)7F A A2
class 0 (Igcof 0; unpolluted), class 1 (Igco 0-1; from unpolluted
to moderately polluted), class 2 (e 1-2; moderately polluted),
class 3 (Igeo 2-3; from moderately to strongly polluted), class 4
(I, 3-4; strongly polluted), class 5 (I, 4-5; from strongly to
extremely polluted), class 6 (I,,> 5, extremely polluted)2] &
T (class 0-6)2 2.H AEE AlZesto] B7Fsk 3.

oAk} ZHRInh 2t A AR S rjdeS =S 7]
22 AL 3R 23E Fig. 40 depfigleh o&hte]
AL, B= AR of| A Class 091 AE-2 Fe, Cu, Cd, Hg 0|81,
Class 02} Class 10] &7 £A5}= A4E-L Mn, Zn, Pb 0|8l &
], Class 09| 4] Class 2+= Cr, Class 19| 4] Class 37}A] A3}
= A2 Asol Qi AgxInte] A = 4 HolA Class 091
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A2 Mn, Pb, Cdo] 13, = A o] A Class 121 522 7n,
Cro] 1L, Asw= K= Aol A] Class 2] sfidst3iet. whetA
o7t} 732k A Fe, Cu, Cd, Hg, Zn2 H] 2. H=25(Class
0-1)°]%13, Cr, AsE= ST 2 Fd43(Class1-3)Q] Aoz
Z/\PEIO*E} olglgt AWE 2| o7 FAA 9 HA = 5
1., B7F2 e} vjawsf i, Hwang et al. (2014b)o] efQHite=
O] 7N b= oFAIA) B A Eof 4] Ast= Class 0] 4] Class 2, Cr
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et al., 2013a).
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