KFAS #=+uaterx
Korean Journal of Fisheries and Aquatic Sciences

gH= 2] 50(5), 567-575, 2017

Original Article

Korean J Fish Aquat Sci 50(5),567-575,2017

Geochemical Characteristics of Surface Sediments and an Evaluation of
Trace Metal Pollution in Gomso Bay, Korea, 2011
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To understand the geochemical characteristics of Gomso Bay, which features extensive Manila clam, we measured
various geochemical parameters, organic matter, and trace metals (Cu, Cd, Pb, Zn, Cr, Hg, As and Fe) of intertidal and
subtidal surface sediments in 2011. The surface sediments consisted of sedimentary facies including gravel (0.21%),
sand (61.1%), silt (32.1%), and clay (6.5%). The chemical oxygen demand (COD) and acid volatile sulfide (AVS)
values in most areas were below sediment quality criteria (COD, 20 mg/g-dry; AVS, 0.2 mg /g-dry). Trace metals in
the surface sediments were below pollution thresholds, except for As (morderately polluted). Sediment quality was
evaluated using the trace metal pollution load index (PLI) and ecological risk index (ERI), which showed that sedi-
ments were generally not polluted and at low risk; however, values along the outer bay were higher. We expect these
results will be valuable for sustainable aquaculture prodution and environmental management in Gomso Bay.
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(pseudo-faeces)o| | 2| =of 2] &0} A A&7 o Gk 717
tH(Danovaro et al., 2004, Choi et al., 2015). w}2kA] B A4 =9
3H $st Y @ 2 mpehA] w5 Ao At Aabd el vk
g opol S vskE sefslo] aH oz YT
)= wtbeto] T aslet, Aalohe 24 k) A7) 2
o| o] FHato] s 7T AAtel Helet S 7HA| AL 9le
|70 E20] vhA2 AIFo] 1990 ] THEA B 71

>

N

2R Al
12 3o

A7} o ZhAY BO2 <18 IRKPA(ISIHR1 aerl
wisto} 544 5412 0) AR el

CtH(Chang et al., 2007, Choi et al., 2013, Park et al., 2015).
SR Aloke] Fobatal 1Akt Afofofl 9IA|RE Hhw| 4] W
THQl 2tk Th T A 0] 80% ool 2t = A E o] Jle
H, S wehgol & el A 545 7HAAL Qltk(Yang and
Kim, 2002; Jeong et al., 2006). &4k #iH vlx|et 5 vjct
A B 7efA Zrsol 27t 9l 2ol A Zds] o] Fojx|aL
Sl -2 tehel o a5 AN 2 2 el oL, AT 2
Sl bl AL glo] Ao A 717 o)
2 3| o] CHMLTM, 2011). FA1kol] $2] gt Het Z2 0k
AL 201040 SAR AL 02 A2 FAo] 5
Som, Usao ol ke A S48 A shepn
3 7-94(Marine Protected Area) 0. 25 A& t}eF/do] -5l
A BRAA7} $- Seon) ARl ol E)T itk
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1 ] Fae] HAEE B4 W 348 97(Chang et
al., 1993; Cho et al., 2001; Shon, 2001; Kim et al., 2006), 27}
o E]2=0] A A §iske} A7) 4] $3t54(Chang and Choi,
1998; Yang and Kim, 2002), A% =|2& o] T4 F55ol
st AL (Park and Lee, 1994; Woo et al., 1995), E|&& 5 1]
A z50] B4 L2(Lee et al., 2012), ZATF s1A 2] o]
A1 2] upR) 2}k A7 AUl (Bacek et al., 2014) 50 QAR 240
o] s wsto] Wzt A= A A o= v|gstr

2 At Sy oA vER A A X FAThE: T
o7 EXghy wsler e A=E Bty flal EA A 54
Y=, 2k, He, M), F71=2(d2a, aeha Akeaat
&, Ak, SR, 4 A) 9 ujga<4(Cu, Cd,
Pb, Zn, Cr, Hg, As, Fe)| 37 s =8 EAS AT

-

o, B3 541 10 m ofstolch, BAuh % sfere] shale] ol
of -7 BHHQL F710] QIHIBHL, FARE QTN £ 40
ki #79] shero= 7ol FUEr(Lee, 2006). AL Wl
d27F A8, 22 k= 670 cm, &%= 132 cmo] il
(KHOA, 2012), 25:9] 942 222(115 cm/sec) Bt} 2
(150 cmisec)7} 4@ HOILHNG, 1981), Fak F-32]
A8 wety) Sk Febr] shget Agnelobr]e] wuk
gro 2 4o} 9IEHNGL, 1981)

Tait 5450 2|5}eH4 eHg E40S utetstr] flske] 2011
| 8t 12l 770 Aol A van Veen grabs: o]-8-8kof 3£
SEAE(0-2 em)Z we=R] oA AR sFAch(Fig. 1). A3
3t Bl A& AlRE g (ignition loss, IL), 3}sF4AAERQ
“F=F(chemical oxygen demand, COD), A+3|4Hd8FsH=(acid
volatile sulfide, AVS), -7 €t4x(total organic carbon, TOC),
<-4 2x(total nitrogen, TN)o]| thsto] f7]&2] A4 2 ¥sk=
A B 9ket ¢ & (grain size), MlEFE4-2 13](8Y) A8
o, 2408 Qlef AIZHA Aokt ofso] ofH ] AHio] E7F
e AR 25 Al Yskar £kl EAE =t IL, COD,
AVS FEL S dRE S HAIF7IEMLIM, 2010)0] whet
HEA514a1, TOCLF TN Hwang et al., (2006), v]sa<4-2
Choi etal. (2015)0] w2} 2Aaholc). 5% QIR LS B3
A= (Mz), 3= (sorting) 2} 2| &=(skewness) S Folk and Ward
(1957)efl wHet Al4FsH e

£3 HA% ) vlgFEo] o9 el slskel 0
7]22](sediment quality guidelines, SQGs), %2 4|4=(enrich-
ment factor, EF), ‘&% *]4*(geo-accumulation index, Igeo)§
AArste] v)skelal, £ 551k Z|4x(pollution load index,
PLI)2} A effsHA 93 2|<=(ecological risk index, ERT)E o]-&
shol E)20 U £84el SJslES Boshelch

BB e)7| 2(SQGs)e EAE U] visasel Siuot 2
33 v|=r 39F] 7] A (national oceanic and atmospheric
administration, NOAA)f| 4] Hi1gt ERL (effect range low)
(Buchman, 2008)7}2} B] w5} T,

#3 HAEY 5AC(ER = A=Y FE2 9HES
Aesto] Fadad] s HAsts WH O R -9 A+
A A= 2t 54582 Fo 22 ver EAsL @

35.6N

W 12645 126.55E

Fig. 1. Study area and sampling stations in Gomso Bay.
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& 9] ko] A2 Fe (Diaz-de Alba et al., 2011; Hwang et al.,
2011)°]4 Al (Bastami et al., 2012; Ra et al., 2013)2] 5 H]
£ o83ttt o] Aol = B4 E F Fes B YR 5fof 4]
()22 EFE A4 th(Sinex and Helz, 1981, Hwang et al.,
2015a).

Enrichment Factor(EF) = _(Me/Fe)obscrvcd
(Me/Fe)

crust

o714 (MelFe) , . = A7 EJAE 5 Feoll thgt 7} 1]
FaEo FrH|, (Me/Fe) =% AlA At &5 A2 =
A& F Feol thet 7} n]skedao] v ou|gict

Muller (1979)7} AR 58 A(1, )= ok 22 21(2)
O & AAbsto] 7 nlgFgdol vigte] B 7T SHoE 29 of
HE AlEstetgict.

metal

B X15

metal

Igw: log2

A7 C_ & ATl H8E F rEaS5 55 B, 2
u| <o) Bleke 1 (background value), 1.5 A]Z17] o] 9]
3 S HA3}7] 9 5to] AFE5FtHZhang and Liu, 2002).

B 450 A A L Q=S B7sl7| flste] A E v|gE
295 = 7$}s51o] Tomlinson et al. (1980)7} A|QFet @ & -3
FAF(PLDE 232 Artst3it.

PLE/ CF,x CF % CF,, % CF X CF, X CF, X CF,_ (3)

714 CR(=C, /B, = Olaka4:0] vhese (B, )l of
3 245 nlgEe) SE(C,, 1S ulsha, Fei A2t
R ZASH na4ol] sl Alelsta & 77 A
o jsto] PLIZ AAH5}sic.

ERI= AR SAA45S ol 83te] nlakado] 4x4HA ol
u) X G et 931 B /1S Hakanson(1980)7H A 2ket
Che T 2 A2} 21(5) 0.2 ARSI

B4 4 334 295 97t 569
Ei= Tmml X __metal . (4)

metal
ERIZZ ;l Ex ............... (5)

71A, B, o A v E S B s =, C = Al W
H4E 5 jede) S, T, S4A4Cr 2, Cd 30, Zn
1,Cu5,Pb5,As 10, Hg 40), ni= E-4 8 nafg<:0] = 750
TH(Lim et al, 2013; Sheyhi and Moore, 2013).

3, AZolA] DR A EEe FRE] v 3
@] S5L2K(Chen et al., 2007; Zhang et al., 2009; Hwang and
Kim, 2011)50] o]-¢5}a1 Q)= Taylor (1964)9} Taylor and
MLennan (1995)0] 2118F AA|A| A9t &8 A9 2] B 4&
= u)FFE49] 5% (Fe 3.5%, Mn 600 mg/kg, Zn 71 mg/kg,
Cr 35 mg/kg, Ni 20 mg/kg, Pb 20 mg/kg, Cu 25 mg/kg, As
1.5 mg/ kg, Cd 0.098 mg/kg, Hg 0.08 mg/kg )& A3t
(Hwang et al., 2015b).
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SheFE L = 21 (gravel) 0-2.55 (F 4t 0.2)%, X.2f(sand) 8.57-
100 (B 61.1)%, A E(silt) 0-80.62 (B 32.1)%, Y E(clay)
0-18.16 (Bt 6.5)%5 KTk A2 vk Q7591 A3 4ol A
O LR, Bells SR 5) Saoll A 100%] ek 3
5 B d=s Hste AR T 7 w2 Ahes
Q) mei v ool 4 Ugko 2 g Fasglon], A
Ugko® 248 7 ekt g 0m A BRsy
2wk

Folk (1968)2] &2} 5] o8l -3t A= Table 19
e glom, A2 efjollx] HEZA] Tkt BA =
2 A E o] Qlek vt 5 B A= AH(sand, S), 2
A E(sandy silt sZ), A E(silt, Z), 2 YA [slightly gravelly
muddy, (g) mS], T= A [slightly gravelly sand, (g) S]] 57}

Table 1. Composition of statisitcal parameters and sediment type in Gomso Bay

) Composition(%) Mean Sorting . Sediment type

station - Skewness  Kurtosis
Gravel Sand Silt Clay (D) (D) (Folk, 1968)

1 0 21.68 64.52 13.8 5.32 2.10 0.59 1.93 sZ
3 0 40.46 50.89 8.65 4,57 1.65 0.53 1.95 sZ
4 2.55 73.02 21.88 2.54 3.63 1.17 0.02 2.67 (g)mS
5 0 100 0 3.41 0.17 0.04 1.02 S
6 0 100 0 3.39 0.17 -0.01 1.02 S
7 0 8.57 80.62 10.81 5.31 1.64 0.40 2.39 Z
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O] E|A/fo g LRE Q) ot Lo A= R E[A o] 94

Faz, vk el A= e A A EE Aol fAsH B A=
O] P Y= 2.80-6.02 (Bt 4.3)0 HIE AEEH=Z=E
JElglon, v WRE s i d et AlgeiAls 4
Heloh A& exAdo] dnty #U37HE Uetl= &
FEE 0.17-2.50 (Bt 1.17)0 H = E2F3H(poorly sorted)
EHEE Bt Y AEE FAY v AL AEE vEr
Y= o == -8.58~0.60 (Bt -0.56) M2 735t 29] fw=(
%o g 293 29A ma))E Ho|w, FE=0.90-2.67 (Ft
1.64) Q= A f2azof vlsf] T o= uf - W3 3 = (very
leptokurtic)E X It} &, thefRt =& 7 B A 222 414
Elo] QlaL vl AR SRS Holal Qirt.

o)/} o] Fatk W9 B A2 At mef ghego] v
< BEE A Qo A 2Py EHEE vHH
A maf gho| F7kshe ke vehdch 2o A Ayt
(Chang et al., 2007)0] E18F FATE FH 27Hd E|4& B
O FAkeE FAS Bt o] gt A2 FATe] F9- U7t
ol 24, 257, ot 3t T2 elovx]Y] G A T
= A0 R Hoju, 53] 277} gt vk |Fof Hefj o] LA
FA O R AR ETh

[0

1o

S~

2712 22 £4

A2 f71% 299 J=E H1e7] 95
of E|2 8 A UTHIL), 35 Ak 87 H(COD), A543
SHEHAVS), SH71EA(TOC), FALTNE 51 & 57
of A A3 2342 Table 20] LSk, Aol IL] 35

A7 -

ofdk

Mo

59 - 284 - YA - PHY

TEZE1.90-7.58 (- 3.72)% HY = gk =< A 204
7P S gk 9520 AA 604 7HE =0kt 8ol 1.9-7.6
(Bt 3.8)%, 12¥0]1+=22-4.7 (H 3.6)% HHE A,
1 3,4, 6014 Hat gk 23s1lch CODO| F i #324=2.17-
13.13 (B 6.33) mg/g-dry weight (©]3} mg/g-dry) H = 8
Yol = 2.17-13.13 (B 5.86) mg/g-dry, 1290]= 4.38-9.15
(B 6.99) mg/g-dry H 2 12%90] §YHT} Ao =
om, ILY} AR 3718 B EAS eyl AVSe)
&£ F3 = not-detected (ND)-0.26 (3t 0.07) mg/g-dry H
9|2 8Yofl= ND-0.21 (83t 0.06) mg/g-dry, 12¥€o]+= 0.01-
0.26 (8=t 0.08) mg/g-dry He| = £AA7]of W 207} ¢l
9t TOC B2 890 1.15-9.15 (F+ 3.91) mg/g-dry, 12
ol 0.8-3.25 (B4t 1.65) mg/g-dry= 8Qo| 129 =t} 2] o]
F e TEE B 3H R T YA =2 FEE
HAA, 9 S} tiF oA Bt it B2 FEE UEhql
o} TN %5 890 0.2-1.25 (F4F 0.54) mg/g-dry, 12€]|
0.1-0.35 (B 0.19) mg/g-dry = 8¥o] 2¥ET} L2 =8
5ol TOCSE AR AdH 232 FFS HAAT, o 2159
AAAHE R o 52 5 ol FH 02 o2 Hx2 EA
< Bolvh F4Te] ERHIT} 7144e] JEFS dot o Fell=
AFd EZEo] EXE L ALl o] 5ol ElHH E&Eo
A g = ALK Ruy et al., 2001; Hwang and Kim, 2011;
Choi et al., 2015)5 53l 129of| AT ZFc oA 9] W &
7= TS 7 AR E B8 Eo] RS R o] Fsto] fAkg
ATHE Ho] 8o TOCLF TN &7kt 4 o & =7 Vet
W7oz gehc

Table 2. The range and average of mean grain size (Mz), ignition loss (IL), chemical oxygen demand (COD), acid volatile sulfide (AVS),
total organic carbon (TOC) and total nitrogen(TN) in sediments from Korean coast

Study Region Mz IL cop AVS TOC ™ CIN Reference
Gomso Bay 2860 1976 22431 ND026 0892 0104125 5893 . .
(Sublittoral zone) (4.3) 3.7) 6.3) (0.07) (3.0) (039)  (7.70) y
31215 04182 ND'-3.30
Deukryang Bay - (5.6) (5.7) (0.36) - - Yoon(2003)
46116 23993 ND-1029 55232 071299 54-10.8
Gamak Bay - (7.1) (30.98)  (1.02)  (10.34)  (1.37) (7.61)  Nohetal. (2006)
. 57129 172558 ND-0.78 12.9276 170-370 55-10.7
Geoje-Hansan Bay - (8.0) (31.4) (0.13) (18.7) (2.43) (7.27) MIFAFF (2008)
. 74133 106-51.9 00830 147494 171774 6096
Jinhae Bay - 9.7) (29.3) (0.66) 27.7) (3.69) (7.66)  MIFAFF (2008)
83106 4488 48278 ND-048 72215 120283 54-85
Goseung-Jaran Bay 9.3) (7.2) (16.8) (0.08) (14.5) (2.03) (7.10) MIFAFF (2009)
. 76101 3163 37224 ND-055 43121 055145 .
Yeoja Bay (8.8) (5.0) (10.4) (0.13) (8.4) (1.09) - Choi et al. (2013)
Gomso Bay 2648 0720 068395 ND-0007 07-23  0.10-035 .
(Tital zone) 4.1) (1.3) 2.3) (0.02) (1.5) (0.22) Choi et al. (2015)

'ND, Not Detected. (), mean value.



20ke] ON H] H 5.75-9.29 (B
<= AAlA 10 o]5te] gro= 1t
Eh B S4EE= 782 T2 AF=Y 7124
of] oJefjA] o]Fol= Ao & et o 4= Qi (Muller, 1977). 4=
SHA] a7 FA Q] AR - ghARE 2/ - ApekaE Hok C/N H|=
Thas =LA, 2l el wha} v] 5=t g5 Hoo] il §lth(Table 2). IL,
COD, AVS, TOC, TN+= si7Alo] EsA| Eskal =
dolioke] Sk, 7t AR -k, Zset, a2/g - &b,
o Zpqte] wha| A 2 Q1 W uka} vl alste] W2 s B E UE
U 2 TH(Table 2).

COD= A AYo|A EHAE 297|EAQ] 20 mg/g-dry
(JFRCA, 1983) o|5}9] 3t AefE H L, AVS= U7+ 4
Y B3 6, 129 A Ty AQlstal EHE 2 H7IA4
0.2 mg/g-dry (JFRCA, 1983)2 27}5}%] QL9It}. 42AH5-4]
o] AT 4= Q= A It Bl Zof| ARk A7 E (S
AR T1A] A 2014-96%, 20144 8 119 Alg8)oflA] TOC
20 mg/g-dry (MOF, 2014)2} FA8=12H4881 29 TOC A4k
2l 26-30 (HaF 28, A|AFE 24H) mg/g-dry (LlansO, 1992) 2
18-38 (4t 30, 57417 mg/g-dry (Komoda, 2012)& Z3}3}
= A9 QIS webA], satte] £5 HAEY ]E 2
FAEE SO R Frlshy, tiFie] A QoA f71= 2
H2 ZFYE A gtor vixet 5 FANES L AAE

=o] A7 Gt HAlE e wAlskl Sle Ao R

54 90 334 09% Bt 571

ARk A|&2 02 ARoke S48 AUl o] dAs =S
A = A A g A A A R G+
(Raetal.,,2013),Ag, Cd, Hg®} 22 n|efg4-2 494t
YA T2 =/go) vl Aete] W s oM AME 2
J3k-S m] zIthRalph and Burchett, 1998).

it 235 HAE T 55U sEot A9 x5
< Fig. 29| Yeiltt. 25 H24E T vgas 4=
= Cu 10.7£4.7 mg/kg-dry, Cd 0.042 £0.022 mg/kg-dry, Pb
16.1 £2.4 mg/kg-dry, Cr 52.2+14.8 mg/kg-dry, As 6.6+3.4
mg/kg-dry, Zn 63.0£15.7 mg/kg-dry, Hg 0.011 +0.005 mg/
kg-dry, Fe 2.92+0.73%= Ltebsith.

HAE F 34 U4 SEE B WS 220 Hgshs 4
BTk 92 A] Thas £ 202 Lehe), o] 2 Tyt
HAE Ul 7l $=2 £E 549 AR HAE W vl
Fod 2 S Ldoty] sl s=AER) 2 A
()& 83t 7ok 23S Table 33 Table 401 et 3L
th EF7F 1.5 vjgbold @ HEf#] o2 AA# Qe =, 1.5 ©]
Aol 019A 9] 2407 H7lE=d|(Zang and Liu, 2002),
A7 W E]ZE2] Cu, Pb, Zn, Cd, HgS B+ EF ko] 1.5
olstE L PHA| g AAA Q] FEE HESHL Y= o=

Table 3. Ratios of trace metals relative to Fe in surface sediments of Gomso Bay and in earth crust reported by Taylor (1964) and Taylor

and McLennan(1995)
Metals/Fex1000 Metals/Fex10000
Cu/Fe Pb/Fe Zn/Fe Cr/Fe As/Fe Cd/Fe Hg/Fe
Gomso Bay 0.36 0.57 2.16 1.78 0.22 0.014 0.004
Earth’s crust 0.71 0.57 2.03 1.00 0.04 0.028 0.023
E.F. 0.50 1.00 1.06 1.78 5.03 0.51 0.16

Table 4. Levels of sediment pollution by geoaccumulation indeX(Igeo ) (Muller, 1979) and the number of Lo class for the concentrations of

trace metals in surface sediments of Gomso Bay

geo

looo |0, Class Designation of sediment quality

Cu Cd Pb Cr As Zn Hg Fe
>5 6 Very strongly polluted 0 0 0 0 0 0 0 0
4-5 5 Strongly/very strongly polluted 0 0 0 0 0 0 0 0
3-4 4 Strongly polluted 0 0 0 0 0 0 0 0
2-3 3 Moderately/strongly polluted 0 0 0 0 1 0 0 0
1-2 2 Moderately polluted 0 0 0 0 4 0 0 0
0-1 1 Practically unpolluted/moderately polluted 0 0 0 3 2 0 0 0
0 0 Practically unpolluted 7 7 7 4 0 7 7 7

Average of | -193 -203 -091 -006 142 -0.79 -3.59 -0.88
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Fig. 2. Concetrations of Trace metals on surface sediment in each station of Gomso Bay. The dotted and solid lines represent the values of
Effect Range Low (ERL) as the sediment quality guidelines.
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Table 5. Classification of PLI and ERI assessment of trace met-
als and PLI and ERI values of trace metal in surface sediments of
Gomso Bay

Index Pollution levels St. PLI ERI
Pollution load”™ 1: polleted 1 052 44.0
index (PLI)" < 1 : no pollution 2 043 456
ERI (Ei) < 100 (30) 3 066 54.1
- low risk ) )
100 (30) < ERI (Ei) < 150 (50)
- moderate risk 4 082 730
Ecoclgical .
o 150 (50) < ERI (Ei) < 200 (100)
?ESE;;;deX : considerable risk 5 069 644

200 (100) < ERI (Ei) < 300 (150) 6

: very high risk

ERI (Ei) 2 300 (150)

: disastrous risk
!Chakravarty and patgiri (2009). 2Zhang et al. (2012).

1.17 125.2

7 096 994

<

LR AT Critk As @] 7-9-oll= EF gfo] 1.5 ooz Q1914
ol 2 H O] FoFS WAL Sl A o= Ui

L, & Blaste] TaA|9] @ 77|l 2-Eel i A
Uk S0l A wFEE LU= SR o2 51, Cr, AsE Al
Q3 YAhEL w0 class7} 05 2o 2 HER] ¢k 42 (practi-
cally unpolluted)©. = H7}= it} Cr2 A4 4, 6, 704 L,
class7} 12 @ FE|A] 9-& 4=Z(practically unpolluted)} 2F7k
2 AH 4ZF(moderately polluted)?] F7HO 2 LEFGTE AsE
L, class7} 32 A 794 2 FE $F(moderately/strongly
polluted)©] © S BT, 1 9] HHoIAE 057 gk 4
Z(practically unpolluted)¥} 2F7F 2 4 %l <=Z=(moderately pol-
luted) 9] F7+0 = LEpyiTh

SR nlEaEol gt HMAAQ L P =E Bk ] flsf =
AFol A= Fes Al &J5kaL 87]19] Y45 o]-§-8to] PLIE At
8}%ITH(Table 5). PLI ZF2 0.43-1.17(F2 0.72)2 1k 9] 20 &
s iAo & A4S Holoh v 9|5 43 62 PLI
2ol 1 oJAFo2 ©0j%l Ao Uehgton, 1 o) PLI 30
e} 2o} 915 7] 9Re A0 HrhE Y.

ERI= 44-125.2 (%3 72.2) #919.0.0], H40H i )20 9
A8k A 6ol A4l 12522 A4 Q1 2 AAFE] 2 (moderate risk)
S 1Y, 1 HHEL 100 o]st2 W2 el (low risk) A
BE WERH 2 eH(Table 5).

B Ao HABe| ujga4e dajore] Saul, shut
TF, ofZpuk, ZhRInbE ey AubA o ' e kS e Qlet
(Choi et al., 2015). B4 = W v]5<% 525 1= NOAAY
A Harsh= B A& 7I=(ERLyS 2835 23, As7h 44 6,7
oA NOAA9] 319|811 7]Q] ERL (As 8.2 mg/kg-dry)y& =
wsppot, 71 9 BE AoA nEeS sk ERL njvt

=]
ol
A
)
o
s
o
_l 0
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o|¢itt. 53] Cda} Hg2 ERL 5% 7|59 1/5 o|5he] wlj-¢- 4
S FEY AR Hol AR Y| 23 EH =9 a5UaE
9] T A FEAA 2 G A Y= A o= AR
(Fig 3). As= A A S A ot} shilet 5o 2R E AMEE =
AHAA QD Q1A FOF AR, J A WA, 2] AR, AR 2
AL S Z3} 7RO 0199l Q10 & Us 4= 9l UulE
o2 QLA et FEd e 2 AR = X4 Foll
O3k 2FA A ¢l g Qlo] FHI5HA Urebutal QIeHMEV 2011;
Kim et al., 2012). =47 2] Y] Ast= Q191221 @ olHT) 2}
A1 XA 9| FFFe W= A o & wekEh

540 L HEE = 77 okt BP0
S5t A3t FARE S ET T oS0l A @ Fgol iAo
B2 =29 e dS S ugt J e E HolA| = ¢St

TRolH AN B AE U e H e WAl B0l o
St A0 2 ks, B A= T |7he] AR A A 2|
o] |3t 5445 WesH Bkt ofeleol ek &4
Tk 5 Aol AQte) X271 FAIAHY Al 2f o e e
£ fleiA= B3 E ols AR A FAIAE =S A4

FEFoll tigh A &A Q1 2AR7} o] Fo

a1, o]of| w2 HAgE Hef A1 g 4=o] D asirt.

B ol 2YAT)le] 4AkaEHI A (R2017055)
o) 107 238 el
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