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Distributions of Organic Matter and Trace Metals in Sediment around a
Tidal-flat Oyster Crassostrea gigas Farming Area on the Taean
Peninsula, Korea

Dong-Woon Hwang*, In-Seok Lee, Minkyu Choi and Hee-Gu Choi

Marine Environment Research Division, National Fisheries Research and Development Institute, Busan 619-705, Korea

We measured the concentrations of various geochemical parameters [grain size, ignition loss (IL), chemical oxygen
demand (COD), acid volatile sulfide (AVS), and trace metals (Fe, Cu, Cd, Pb, Cr, Mn, As, Zn, and Hg)] in the surface
sediments of two intertidal oyster Crassostrea gigas farming areas (Iwon and Mongsan tidal flats) on the Taean Pen-
insula, Korea, to evaluate the pollution level of organic matter and trace metals in sediment. The intertidal sediments
in the study region comprise mostly sand with a mean grain size of 2.5-3.5 @. The concentrations of IL, COD, AVS,
and trace metals in the sediment of two study regions were either similar or lower in oyster farming areas relative
to non-farming areas, apparently due to biological uptake or physical and biological sediment reworking. Based on
the results for the pollution evaluation of organic matter and trace metals derived from sediment quality guidelines,
enrichment factor, and geoaccumulation index, our results suggest that the sediment in these two intertidal oyster
farming regions is not polluted by organic matter and trace metals.
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M OE (Shim et al., 2009). >-2|Lp2toll A= =2 Al Qb Hafqtol A
e AL jle, i o] EAe skl Faftol A= et

Z(Oyster, Crassostrea gigas)& | 25 e vhrko] S gt B8 uh ghahARE Aagh Sab -2 w22 9] jnka)ole %

R AR, R0, A% 5 25 HIEml 11E 2o ok
o] ol A AAH 0.8 du] An|El= thk A3 24k Fof 5F
vrolm], f-2lutetoll A= A 3 F AHARK(SF 390,000)9] oF
72% (2F 280,000%)& AT vhE v a5k AR Eo |t}
(http://www.kosis.kr). QuH& 0.2 -2 Qfto|L} xpza) 7H-2
Z YA E| A& 7| dof| F2lsto] 441 A 0 7 2 F 715 ShA| N
e FAE Foke] AAtEl=tl, Seuete] At = 5
7P =& AAES Bol= =9 F-2 I (Crassostrea gigas)
o]th(Lim et al,, 2012). |5 =2 th2 72 =ofl vlaf
& 4ET ol digh At Wi wioll -2juket ik of
Ut g, S5, 58 & A ohekeh Lol A A= AL ik

HOZ oF 10 m A oA =514 02, AsfiQtof A= Bk, A
A T 22 wejdleo] & Ao A viEA], wnA, 24
4] & TheFRt AR S ol =ol A= AL Ick(Hur etal.,
2008; Lim et al., 2012).

& o]FAol ALY glal oTtAAK(filter feeder)=A 4%
O Alat, viole| £ 9l mjFa< 59 flslEdS sk Al
Well 25, th2 b= vlsf ofit 9 5455 5
o] Hojuf X ef oA At 2 e ¢ B AR 9HE A
= B7Fete A#E o] 8E= AEolth(Lee and Kim, 2000;
Kimbrough et al., 2008). w2bA], 22 2G| oj A A4t
o = e 544 D LAY AAEA W s 2
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UEHE F5to] 914l gk S ghi sl Zlo] FolR
T} 22 8}cKShim et al., 2009). 19604 2]
ohe weh AeflsdTtA o 24 W AFS7ER QIRF A=A A
A5 S5 BAVSES o FUANL, o] 23k 4k 3ket A5}
ol A Aot R & A Ela 9 EA|SH Fo] T2 st
A gto.z felsRA ol Fal JFARL 4712, v
& 57} 28 2% 2 9 BAS| W SUEA A 1A
QS vot U sfololAl shelAle] AeksAE A
S 24 FHoFSHeutrophication), 22 (red-tide), WAt
(hypoxia)®] 343 5 W2 ¢t e wAlEol A5 E
S} QIth(Hwang et al., 2006). £3], §-7]& Y o
< FoEAES A & 2 AlA = 54
o], di4=2] 50| YLslA] ohe- w42 ¢l Wiy
SAF 7 AR sl ol ARl ElFEo] &
Z1 s o] AAShE AR FAAEES] 1A8EHA @
Yoz 2-g-ek 4= qlrt.
AF7HA doliete] kA = FAIRHEo] Eagt Zhak, 7
Rk, AATE 52 | 244
FHAY 5 el Al 7 ES HHL
of thigk T & el W R A " 0= x| A sto] 4
2 9 A A of| itk x]&A Q1 el E sl 9™ (Shim
et al,, 2009), B2 % AMEH W 2o 545 fofelr] fIet
EAEY 241 f7lE E a5d4Y ol it g
T7F Ao A FtH(Yang et al., 1995; Lee and Kim, 2000;
Nobh et al., 2006; Lee et al., 2008; Kim et al., 2012; Woo et al.,
2013). Z1efut, FAIAA T} ikl QlojA] dEefqtel 514
FAofl vl sl A Auk, Asfiete] of 2] Ao A thefRt WRle s
= FAlo] o] Fol AL QlFel e Etstal o5 sl <ol Tt
A= W 71 2 vgas g S0ttt Ate ALY A
ek AAgolth. kA o 7 oA AR = 29 BS T
L 24 o]l o3f) Ff-5h= A 3£ 0] A A u| Al £ F(microphy-
tobenthos)U 715 =8 WolH o & 57| o] A&
FES T Yol YO E Sh= poHA] A SR A= F
715 R ugas] dFs o gol s 7Hsdo] =k A
A A ol A = Rk SAQkel A A B A ) wpA a2
7] AU vEa< e Atolof] A F&5aof QlojA
o] gl2o] B E ltiHwang et al., 2001; Ahn et al., 2006).
wpeba], o] Ato A= Alsietell A A T A o] Zhdgt
shelol Al 2158 W 54 W ANB SAL olssk 7%
w vl Q QS Thelsti) shgon, o) Sl vk
S o] T AN S Aol ol 0.2 AR elo] FAlg 8
QFAA} =2 B 459 Q1% (grain size), 7 E 1 (ignition loss,
IL), 8- Ak~ @ 712F(chemical oxygen demand, COD), A+3]
WA 8}5E(acid volatile sulfide, AVS), 15545 5 A(Fe), &
ZHMn), 0F21(Zn), 7-2I(Cu), 7H=B(Cd), H(Pb), ZEC), ¥]
2(As), 2(Hg) =5 24
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s eQl o] A B ohRbE o] BZof )25k §lom
1990\ 11455 20001 1287k] 38 7HA AR o ofoff &
A-gEeko® AAE o dHERA(F Zol oF 3.0 km)o 9
3 FAE 2 A7 9] Sfiehl T EsE A E Y st e s
Seite] Qe Stolth(Fig. 1A). WA 257 Aol vt
4 sfieto s vy Ao 77k ou A S22 2l
A BEmo s ojshol AAH Ao R vlaglon], W
= Siore o] RE §A%02 EAmE] avi(beach)
o] sl 2IK(Shin etal., 2004). 242 P25 HHd =2
2 G227 4.6 m (24} 6.4 m, 23] 2.8 m)= T 24}
sHgolth 7= AANRFC 2 3|dst YxFe A%, 2
F= 53 e W (Lee et al., 2004), 279 4420222
m/s 24 2527} LA 3 o] th(Shin et al., 2004). T &
O] = A A 25 A A Ftofl fIAISHL Qlof, &
Tl BAR) WA Al FYEE GAH R &
UE= Ho T2 AFa o AlZof X7 EiQta 4o
A AT H7] 2 wjE sl LHEEY A7 AQ 9F
Sk Q).

BAR] A B ohRte o) o] 9123k W4 2] ol kel
e Zuke] QqtZof 9|5l Qlth(Fig. 1B). BAZ2& 7
W e we] Q12 ol Sla= e sl 4 A5,
v, 2 0] Qjakg AqH 0.2 ol WA K oz me Feol
QA3 B A AR 1201t (Choi et al., 2013). 20 AHR 82| Z0]]
FaL Hlokst 2ped Al sfRlo|uf efRbafite & o]Fofx] glo
of, Al el zk ol ] AN Hjoke 2 ol Es) 7l
A T 22 Asdol whE siotE= o) AR ¢lsf Q154
QL Ago] ghEo] A T2 =g st o] &L Qltk. = ¥
cholup shdS Bt B o] glo] Sz e ¥=d
O] FFE A9 Girh A YXRFRA WMLF2E P22}
7FoF 4.0 m o]l vzt ghg ol ], 279 42 2F0.4-0.7
m/s8] Felol FrFe B Wk, e dAYEY
5525 HltKLee and Park, 1991).
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Biokte = A X A EHAE W 718 D viEe
o] A= slolsl] 9Jsto] 20124 3921229 A%A|
LHE o]5slHA o Al(Iwon dyke) oF o] A
W 147 R (FA 1271 B, s 2 A] o 27 ), E R e
SRt g Ak N W 9 7] BR(FA T BA, tEA
o 270 AR)IA B H =2 A sFATH(Fig. 1). 2 ZAollA 1
3|8 AFO R 0-2 cm Abo] 9 3 EJAE TS A Fsto] SA
0| 2] AbA| 2 et 1 = Z 2o & @l W (high density polyethylene
bottle)ol] Eol WA 9 Ws ez dAds SNgh $ o=
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Fig. 1. The map showing the sampling sites of intertidal sediment in the study region (A: Iwon tidal flat, B: Mongsan tidal flat).

(grain size)?} f+7]& 57442 UEti= IL, COD, AVS 4 1]
2F=4(Fe, Cu, Pb, Zn, Cd, Cr, Mn, Hg, As)> Hwang et al.
(2011)0] o183 Th&T} 28 w02 BAjsieic.

U= IAERlEA(H,0,)9F FAHHC)E o8-k f71=3
EAFA(CaCO, )2 AlAS EAES 4 O (0.0625 mm) FEEA]
= 24l AN AlEE AR U oh, 28 o
Az AAAAH, Agd At golgiios S7HE Al
FAE ot} A4, 2eff, AE, JEO S 183t o]
T, B4 &9 542 U= Bt 9% (mean grain size, Mz)
= Folk and Ward (1957)2] AlAFA] o] o]3)] 41519] o.m, |4 4¢
< Folk (1968)¢] wiiof whet 25skoith. ILS E4=9] 3
3} A%0] FAR}o] & o]-&3t A 0.2, COD&= gk
E(KMnO)H o2, AVSE= Al o2 45150 nlg=
49| 9oll= #2(Hg) 524123 B4a2 AH As
2541 7](automatic mercury analyzer, Milestone, DMA-80)
2 2A48AL, 1 9 EE 42 EFAHHNO,HF:HCIO, =
2:2:1)F o3t SHFsH o R EAES 52 = 2% E4it
(HNO,) 4Hi2 fr=de-Eet2nt A4 7](ICP-MS, Per-
kin Elmer, ELAN DRC-e)& =43} t}. o|uf, n]afz<4 B4
Ajze] AlEAS 2hasr] 9lste] 15207) AR At 2
71919191 ¥ 3] (National Research Council Canada, NRCC) At
S} Aol A AlEdle QlEHF5E 4 (certified reference ma-
terial)} A EA8FGITE QS HEEA 2= Hg MESS-3
(marine sediment, NRCC)E, HgS A |3t v]&=<4:-2 PACS-
2 (marine sediment, NRCC)E ©0]&3}¢1.0H, Z} n|gkZ49]
Bt 3482 Fe 116%, Cu 97%, Cd 90%, Pb 96%, Cr 98%,
Mn 118%, As 110%, Zn 93%, Hg 99%%ith. 3+, 2 ¢l5Lof A
COD, AVS, t|ga49] w5 153 (dry weight)S 7]E2
& ol FEche]ofl mhE FAISHA] 2Rl

Xzl 0jggs 2887

HaE ) w4 oo B e 87 5 e b
o} 1] B2 0IE|A] kL F|oA <] FES o] §5to]
2.8 kst Aaketa W, AR bioassay) ol &
sfol BEe] FHIBA o §= W JAFE BrkSH BAEH 7]
. 27 o chope Aol ARkl dhal 2.9 3 1 2
214 B uiske A4 02 ghAlste] 0 de] e THek
ey 719 5 chopabrh(Lee and Lee, 2002). ] 1o 41
ojFolA 7] 2] W2 A= (Loska et al., 1997;
Chen et al., 2007; Hyun et al., 2007; Feng et al., 2011; Hwang
et al., 2013a, 2013b)o]l &3l E| A& LGB 7ol ] AREE
a1 Q&= @ H7]#(sediment quality guidelines; SQGs), 57
“(enrichment factor, EF), 5% A]5*(geoaccumulation index,
1,81 3709 A|esha 7S o] gsted A E &2 vl
Fad LHEE A ETh

2 A71E(SQGs)= °] &3 HAE LH¥H 7= AFei A
A HAE F udes 5529 vl= s 717 (National
Oceanic and Atmospheric Administration, NOAA)o|| 4 1L
Skl Sl EAE 71 5 51917159 ERL (effect range
low) (Buchman, 2008)3} $-2]Lfeke] sfefsabiio] o 2
A SoFE 20 HAR vl 0 vz 5 Felx
(threshold effects level, TEL) Zt(http://www.mof.go.kr) H]
awoto] gotr itk g EFeH = er4olut Bl &= 5 vl
TEO AR M F =S o] 83 n|EEEo] 21 91AQl 2
S4& gofele 7o, 747 oo A (1), )=
B ALbste] EA &S ngas Lade qetsiaint of
o, EF9] 749 gRtA 082 2|7t & 52 s Holal 2 Q9
FFol A2 LFE(AD), Fe 59 55940 BlgtE ol &
5o} AAFsH=t](Hwang et al., 2011; Kim et al., 2012), o] %1

=
=
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oA B RE 2 AL BASHA] 9o} Fe2 23FIA R A}
&oto] WA ()= ¥ EF gk AlAskaiet

(Me/Fe)
EF= —— Obsorved (1)
(Me/Fe)Cmst
Igeo= log, B x5 2

o714, MefFe),, . & ATo1H E2E 5 Feoll Higt 2t

observed — U]
40| SIS, (MefFo), = A7 % Feol et 7} ]
FaEo FeHE Uehdth C 2 A7l W H4E 5 ol
=49 5=, B & v|da42] vi7 5= (background concen-
tration)= LFERAT}. €0k © 2 2|75 5 Feol| thgt 2t ]2}
B9 SO 0| R WA ERE AT FHo] o
HEA| 2 oM 9] A F W2 ndad 525 o835
= 70] 44 oA 0| AIg, Agke] 49 0 GeliE gk}
7417 gk eJsle] 79w H =] Aol Apaolnt e vy
ez AMgstedl ol 5ol Atk whEbAl, of 27t 7 HA|
A A2 Fof vida4e] Bals =g °]-85tH(Fengetal,
2011), o] Aol = SUetE ZFRE FEopAlof 19|
& E L FH7IA U ¢] ALAH=(Chen et al., 2007; Zhang
et al, 2009; Hwang and Kim, 2011; Zhu et al., 2011; Jeon et
al., 2012)°] 2]}l d2] o]-g-=|o]-2Taylor (1964)2} Taylor and
McLennan (1995)0] Ei1gt AA|A] At &5 EHE 5 1]
42| Hats=(Fe 3.5%, Mn 600 mg/kg, Zn 71 mg/kg, Cr
35 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)E A ZF=4 5 Feoll et 2 mlga<:
o mr] 9 AR Agstel dTslel o) Bz oo
52 57lalglc.

A= 9| SAXE

=5 et Eges v
SAIEA S AAIBIAT. 1714, A& Ate] 9] Aol=t 4
ol etk SAA #2942 F2A(P) 0.05 o] 3t
fo=]
AA

2 3¢ om, BAEA-L SPSS 12.0 (SPSS Inc., USA)E o|&
sfol etk
Znt Y o
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NA= 22 0.0%, 97.9-99.4% (H+t 98.6£0.5%), 0.3-1.1%
(B 0.7+0.2%)H 9] CK Table 1). & 7 @ me) 3
0] 90% o] o= Hef7F A e o] ol o, oFAIAL oFA
o] opd sfjfo A o] EAES] 242 FAX LR FO7E A
O] & H ol 2] QSITHP>0.05). AREA 0 & o] Y7 o] FAHH
of mlsf oftt g meleld}t w2 AEAFES e &
A H=HI(P<0.05), o] 22 A= B A=Y Mzo A= &
AR AiLE K ]lth 459 Mzi= o] A ol A= 3.0-3.50
(Bt 3310.1)HYZ AlH A Kfine sand)2} =AIHAK(very
fine sand) Atolell 3itdaF31 AL, FAPH R o A= 2.5-3.00 (H+F
2.8+0.10)89 = S HAKmedium sand)2} Al Al(fine sand)
Atolof sfitste], o] A7 o] FAFAHof| H] s AT A] o= oF
AR EAER o] Fol7l Aoz YT o] o] 4
o] 27U a2 EF0l G A A Bz 1k QHEsf o 9
A5k HhH FAPNHS 2R d4=2] 259 g3k AR

O 72 Hh= Y7} W Wk A1 A 1 whe] ¢ ol 91 grh= A
AS o, AP A EAS skl gl A& Bl
27k mef, AE+HE SRS 7] 2 2 Folk (1968) E-21of| wh
2} E|AE {13 (sedimentary type)2 AFE A1}, o] 174 9|
75 2A] o] 11 Aol Aet oF S H Alfslightly gravelly

sand, (2)S]%13L, 19| o)M= BF AKsand, S)3.2H, &
AR o] A= BE Aol A AKS) AT

7|12 skt

oo

A EAE 2 1LY COD+= 212 0.90-1.96% (Hat
1.27+0.30%), 0.33-1.15 mgO,/g (B 0.63+0.26 mgO,/g)
91 2Irh(Table 1). IL9] 79 24| 9o] IR1 4} A
B FopRe] 16 4%, COD 49 A Zokro] 14~I6 44
© R|oshE T 72k of 1.2%2} oF 0.5 mgO g © vlah
e Rl kAT opaAo] obdl sfelolAl o] 1L}
CODE 72 0.2 §-2]3t 2jo] 2 1o %] AIrH(P>0.05, Fig.
2A). BARY B2 & 2 L3} CODE= 242} 0.87-1.13% (-
1.02+0.09%), 0.10-0.70 mgO,/g (F 0.33+0.19 mgO,/g)
¥ 9] %4eh(Table 1). o] AT} vh7 1A 2 1L2] 749 A
HZ0] MR1 54, COD2] 4$- 50| MR2 A o|ut 2o
o) M5 JHS Al2lat zk2t oF 1.0%8k oF 0.3 mgO/go) ]
253k w2 VR 9L, b4} of4lAo] ok sfele glo]
HE ILi} CODE SAHCR o5 2ol S molx| aokch
(P>0.05, Fig. 2B).

= 0 Afolo] 5|42 % [L} COD 5 o] o] B4}
AR} A H o2 Bokon, 4K o Gol3t 2ol ®
ALHP<0.05, Fig. 3). 0|= o] g7 o] AR o] u]a) AHt)
How At HaE o|2olA Q7] tEel Aow Azte
o utd o2 gEr]9 BARl 712 MY 5480 A
s}ejo] Z1(Horowitz, 1991), S-2]utet AJ3) ek A €4
o] 749 27 B2 o] vla) Al HABA B 7]
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Fig. 2. Comparison of ignition loss (IL), chemical oxygen demand
(COD), and trace metals (Fe, Cu, Cd, Pb, Cr, Mn, As, Zn, and Hg)
in oyster farming area (farm) and reference area (no farm) around
Iwon (A) and Mongsan (B) tidal flats. The concentration units of
IL and Fe, COD, and trace metal are %, mgO,/g, and mg/kg, re-
spectively. The asterisk mark indicates the significant differences
(P<0.05).
EoEF EAS Hol= 2 o8 B lci(Hwang et al., 2010;
Hwang and Koh, 2012; Hwang and Kim, 2013).

AVS= o] A} FAPNH O] = Aol A HEEA] 9heL
o} o] 23t A A = o] Hof| MANEE W B Aol A B
% B glon, Jung etal. (2010)2 AGLaf o] BpAdo] =
AR ool A AR 718 Fgo] Wi 2 2420
ofgt MEA wE3 WEA Aokt dee] SO E3
w1 o] 4SS SA3ka olo] Ak SNl ofat
BokE Aol o] FoIR|A| §F3E7] wiZolekal HArsHt. of
Ao] o] AMHI} FAAE 3 HANIE N B2 23} &
ARRE B AEE 7P A B =R o] FolA QAL A E 9
o2} 272 HAlnh wpehA], ke ol 7 A B 2= ol A
AVS 7} =54

HL AL B AR b A B AR
ek 712

Sheal Aol w379} o] ofg 54

= Ul eRehg o] 2o it Sl ofsl BekEol
AAE A A7) 2] AeR HZHE.
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o

OFA] AHE =

3HH, Atel ol Bt M FA A HAE S
IL, COD, AVS =5 o| 5ol XAt A B[4 EofA] 1
H d-d e} vlasl K (Table 2), A--af St AR
A=E 7H g o] ARl AR (Jung et al,, 2010) ¥
gt v, dpseluct £ RS Hole
A9 gsg~Totedol(Hwang et al., 2010), ZZ~3\d¢1ok
(Hwang et al., 2013b), A'd A5 =43} & (Hwang et al., 2011;
Hwang and Kim, 2011) ¥ &7 Hwang and Koh, 2012)
Hh|2f 2] o1 sl o] W B4 EZH b= Wokth dubdos §
2e Bl Qmel wis welo] glon) YA HHE
U= f7]E gl =2t (Hwang etal., 2010), $17-319 €]
729 ch2 slelo] ula) Faaol £ 2edo) nd Haze
olso 4 §71% Brepol e Jlo2 AzhEr,

[=1g=1

S
0o

o

bl

i

[
o

oL

FLA
a=

|
o] UMY E|A & F v]EFF40 Fe 1.19-2.50% (Bt 1.80+
0.40%), Cu 2.37-5.39 mg/kg (Hat 3.92+0.84 mgkg), Cd
0.015-0.049 mg/kg (4 0.034+0.010 mg/kg), Pb 11.2-22.8
mg/kg (B 17.4+3.6 mgke), Cr 24.1-54.1 mgkg (B
36.8+9.4 mg/kg), Mn 142-427 mg/kg (3« 301 + 74 mg/kg),
As 1.26-6.16 mg/kg (B 4.27 +1.16 mg/kg), Zn 25.5-65.5
mg/kg (B4 41.3 + 11.6 mg/kg), Hg 0.0023-0.0044 mg/kg (2
3t 0.0031+0.0006 mg/kg) R $1%3L(Table 1), Hal-5=5 7|
FO2Fe>Mn>Zn>Cr>Pb>As>Cu>Cd>Hg+2o =2
EZ 5 Ut 2 AR 7tol fARE BHU =S 7H
o= E51al Hegd AlQlgh e v|gasEo] FH1te] 2-3
w9l sr2jo]|E Bt £7], Fe, Cu, Pb, Cr, As, Zn9] ==
£ FAACE [l 2po]F Ho|m(P<0.05, Fig. 2A) ¥4
E|HEo] FAlo] opd i E|HER T Wkt o= A
o] Fo| mEr; 2o gl Ff-E A A u|A| 2R (microphy-
tobenthos)&} 37 53t Bl E2 5 Ao A vgta4S
T & uj e W 59 E|&Eo] A€ H(redeposition)
AV 52 FA W AAEECl 93t alg(bioturbation)
o7 o FEO A HA =] AR H7| gl A
= g7t

A EAE F vEESS Fe 147-1.98% (Bt
1.62+0.15%), Cu 3.41-4.21 mg/kg (F+F 3.71 £0.22 mg/kg),
Cd 0.012-0.034 mg/kg (B4 0.021+0.007 mg/kg), Pb 11.8-
14.2 mg/kg (B 12.8+0.7 mg/kg), Cr 24.8-34.7 mg/kg (2
I+ 27.9+2.9 mg/kg), Mn 262-430 mg/kg (B 300+ 52 mg/
kg), As 3.80-5.07 mg/kg (S« 4.58 +0.36 mg/kg), Zn 28.8-
46.0 mg/kg (B 33.7+5.2 mg/kg), Hg 0.0016-0.0023 mg/
kg (5 0.0020+0.0002 mg/kg) ¢S (Table 1), o] 74
AL PR 2 Hl s = E 7|22 2 Fe > Mn > Zn > Cr >
Pb>As>Cu>Cd>Hg+2 2 =2 5 & YElY Q) 514
Tk, o] A7 I ] AT wEAlo| & Ko A] ¢hgt o, Pb
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= A 2Rt A9 WE nlEaso] FA T A o] ok 3
Afolof| BAH o2 {2Jgt ao] & Kol z] ¢RI P>0.05, Fig.
2B). o= o] Aol H]al} FAPHE 2 2ol F/AdH A8
oJo]aL qko] QFZhof| 2|3t o] 7 Ko 7 s of 91X
sto] G2 s ol 2A 7t 27U sllo] S5l ofRk AR+
(resuspension) I A|5-(reworking) 9] G- ZA W] W&
QI Ao A7)

A Aolof| B A F F v|da< 5%+ Cd, Pb, Cr, Zn, Hg
o] A SAA LR ROl Aol & Holm(P<0.05, Fig. 3) ©]
Ao FAbiE R =T dubE o g At oA EH
=3 EdES vee T2 HYEY Y=ot frlE el 2
Al &t f7]= ol =2 AE A E4- =l A =tHCho
et al., 2001; Shin et al., 2002; Hwang et al., 2010). %4 54
=9 24 9 {715 T FEollA dAgstiixoel vlE F Al
L AL EJAER o] R0l QIA|T o] A o] Fib e H]
o JiA o R =2 f7E S TR AHA EAEE o] F
o] A Qlof o] g3t F ke Afol= E|AE 24 W 75 =
o] Qs Ao = AZET ShA|RE, o] U7 AZofl = H
714 o8 S0 T s Witk ol Ao S E =S}
TEHUA Y A7 g ks AT 1A skaL 9
QI S/ o R L AdEEY FYoll &gt F3F E3 HiA|
ATk whepA], =5 2 A QH o T s R AT
AT 5 o] o] A 9 v|ea< gl o
Ql = 5oto] g4t H]gl o] Yz o A] 1]
L7t =2 Al tisto] iekstA Bid a7k Qlck
afj o o] W = A W EAE S v e
o]l Hare Asfiere] A B A= F vl Bt
w3l HH(Table 2), A7-a S} B3t Bt =

4

ol

o N ool @
o LIS
Ol

X ot

hip
B
~

i
fil

i
1B

ok
(2 of
%,

&

1

H
o
3

c

H

ofr off

1,000

mmm Mongsan T
=3 Iwon

100

H|*
e

HI*

Concentration

0.01 *

ill

IL COD Fe Cu Cd Pb Cr Mn As Zn Hg

0.001

Analytical items

Fig. 3. Comparisons of ignition loss (IL), chemical oxygen de-
mand (COD), and trace metals (Fe, Cu, Cd, Pb, Cr, Mn, As, Zn,
and Hg) in surface sediments of Iwon and Mongsan tidal flats. The
concentration units of IL and Fe, COD, and trace metal are %,
mgO,/g, and mg/kg, respectively. The asterisk mark indicates the
significant differences (P<0.05).

Table 2. The mean grain size (Mz) and the average of ignition loss (IL), chemical oxygen demand (COD), acid volatile sulfide (AVS), and trace metals (Fe, Cu, Pb, Zn, Cd, Cr, Mn,

As, and Hg) in intertidal sediments from the western coast of Korea

28]

Reference

Metals (mg/kg)
Zn Cd Cr Mn As Hg
610

Pb

Cu

Metal (%)
Fe

COD  AVS
(%) (mgO,/g) (mgS/g)

IL
22

Mz
(@)

Region

Kim et al. (2003)

Jung et al. (2010)
Kim et al. (2008)

0.012 Hwang et al. (2010)

47

0.75 27 21 26 85

ND!

3.5
3.9

Saemanguem (inner part)

1.4

2.8
71

Byeonsan peninsula

Julpo bay

52 494 113
448

51

0.10
0.05

15 19 84
25

10

28
23

5.6

70

ND
0.01

8.5

29
45

55

Yeonggwang-Muan coast

Hwang and Koh (2012)
0.009 Hwang et al. (2011)

8.1

5.6
6.9
3.2
53
6.7
3.1

Hampyeong Bay

84 006 63 476 7.1
66 51
74

74
38

22

33

13
22

1

28
26
22
3.5

74 0.04

3.9

Aphae island

Shin et al. (2002)
0.007 Hwang and Kim (2011)
0.013 Hwang et al. (2013b)
0.003 This study

600
416

Mokpo-Wando coast

51

58
58
33

0.06
0.06
0.03

24
24

58 0.05
0.03
ND

3.2
54

Coastal islands of Shinan

58
4.4

669

13

11.9

Mokpo-Haenam coast

301

16

1.7

0.5

1.2

Taean coast (lwon and Mongsan)

'ND, Not detected.




7HA 2~k AA9K(Shin et al., 2002) A A EHE B
g ohjet Aslolnnt £e BFYRE Holt Aa] 53
W] 22 91 Wikl E27H(Kim et al., 2008)2} Q152 Q1 W=
Alol o]aff Bt A Q1 S Hol= Avha QHE5(Kim et al.,
2003), 1] a1 A Q] G~ (Hwang et al., 2010),
&35 SHHwang et al., 2013b), 123l A AR A
of|&J(Hwang et al., 2011; Hwang and Kim, 2011)2] 714 g|
AZE; of 112 o|ste] T = wlj- wedeh duka o At
s S udasY vhe HEEY et =
gk o] glom, Ajsiete] of e W E|2E(Kim et al,
2008; Hwang and Kim, 2011; Hwang et al., 2013b)o]| 4] & 4]
=S HEES s dEY V1= S Abelo 2 49 4
& Helokal Huwgich wheba], At oA @& mlgk
% Fee 2HAY A BAEE o] FolA Qlo] thE A
s Ht 1ot 7| E ol W] Wil Al = Azt
$7l2 U 0j3s ouEE

AHrA oz AQtoA EAEY 7] oH Y A =S
Hhele Ax2E o] A4 S4e IL, COD, AVSE ¥
£30] Ff7|EAx(total organic carbon, TOC), &2 4x(total
nitrogen, TN), Z<](total phosphorus, TP) 5 TFFgt g-=-0]
ek, SHAT, @A) 92l uhetel slof S22 2 9 WS
7127} E sfobad 71geoll o5 3o diat 7120 4%
2o} 91 g wahA, o] Aol oldel S-2luztel B
2 A4tA=(Yoon, 2003; Hyun et al., 2003; Noh et al., 2006;
Hwang et al., 2010; Hwang and Koh, 2012)°] o|-&-3f] £td &
Ho] E|ZE Z COD2} AVS 7|52 o835t ks y g
Ao f71E o 2 A =E 7kt

YoM = A ES] BT E 9ot A=l dF= F
£ 7|E 5 E 24 CODE 20 mgO,/g, AVSE 0.2 mgS/g2 A%
3l 11 3lth(Yokoyama, 2000). ] 7|&5 =5 Atsd o] A
H EJAE 5 CODLFAVSE =9} H i sko] f7]& L9 3st-s
AR A3}, o) AT AR BT 0] 5 F g tfsfol
Qo) 24157 B2 E 09172 R} of 208 I Wp )
oA, o] T BAY 22 ofala 2 BB $718
of thoto] LA A] ko, E[AE F f7]Eo] A4 =]
A A= UHE aFe A the Ao ' Helr

A= F v 2 dH 7= 24 7]5(sediment quality
guidelines; SQGs), 5= 7A|4(enrichment factor, EF), 57|
“*(geoaccumulation index, Igeo)% o]-g5}o] A R Q) HA,
SQGs & o83t Bl &7 LB 7= Ala7HA] -2kt gt
A7 e dEl Aom g A e v HAE S e
FL7t vl NOAAS} f-2|uete] b2t B4l 97|
% 9171521 ERM (effect range median)2} PEL (probable
effects level)2 Z}51A] 9= A&l (Hwang et al., 2006)°] 7]
z5}0] 5}9)7]29] ERL} TEL @uhS v wsto] sropugro

A 2 FAF EAE T 7le W rEeS £ 1021

i, o5 & 2Ite BAE S HgES sEe A E

FFE = T U= Au)gth ERLE vl =
NOAAO|A] v]= A%t B|A & e B 7ol de] o]-&3kaL Q=
HAE 7|Eo 2, A4EE Foll 73 Al Fe 55 Al <Jet
QUAf Fafiet e & o e F 971 ¥4(Cu, Pb, Zn, Cd,
Cr, As, Ni, Hg, Ag)ell tslf 7]=0] 27 =] o] A Qlct. o] Aol
A EA8HA] o2 YA(Ni) T 2(Ag)ye AlLjgh B4 2o oist
ERLZE2 Cu 34 mg/kg, Pb 46.7 mg/kg, Zn 150 mg/kg, Cd 1.2
mg/kg, Cr 81 mg/kg, As 8.2 mg/kg, Hg 0.15 mg/kg ©]t}. o]
7% HES AT Wl B E S vEE S ek Hlas B
H, o] A E I AN K 2= AR o A ERLECE E3tth
(Fig. 4). o]2]et Aih= f-2uete] B2 E 2937} 7]w=wte]
B of| A &= AR A Ui glek 22, f-eluete] s
FAR(AZA] A12013-1862)01 4= NOAAL] E| &= & 457t
7| T Age ARl 871 Yol st V]S AAskel e,
o Aol A AR o2 Niz Al 27k 2 H4=9] TEL g
Cu 20.6 mg/kg, Pb 44.0 mg/kg, Zn 68.4 mg/kg, Cd 0.75 mg/
kg, Cr 116 mg/kg, As 14.5 mg/kg, Hg 0.11 mg/kg ©|t}. o]5
Yol wpet F=rF debd 5 l=Cu®t Znofl JlojAl= H4]
2% Lig 245t0] Qo] 9ahe RATH SR ulud 4
& At ek, A, o] A7 Seluietel HAE 7%
= A33817] o] dof o] FolA Li¢] 4417t §l7] el &
A ZAl= Cult Znoll thet L HB7H= E7Fsshet whetbA, o]
Ao M= o5 vFEESS Al 2%t Pb, Cd, Cr, As, Hgell HisH
ARt L AB7HE AAISHITE T A} o] A} FAPEE 1
I 2= Aol A TELHEoh Wektk(Fig. 4)

E o2 L HH7F R EF= X224 F HEd AdE 7}
XAl Fe, Li 53 22 322381 (45 o] g-sho] A[259] 2 o
4 Abo] 9] Fimn|ef Atal o A o nFE40] FreH| =R E
Arke nEaEe] sS4 = wet LS Brehs ol
oh dubdo s 1.5 g 7o R olHef o e YufA] ¢
& AR E, ol Heh F 7f-oll= -2 Ql9fAQl 2l
o &It @Yo 2 H71gtcH(Zhang and Liu, 2002; Hyun et al.,
2007). SFARE, o] 7] Lol iuks Ik of = A= @
HE A=A Hek AAIgE @ A 7ol = A1 7F 9let. 2|2, Birth
(2003)= o] EF gk= 7 9A = Al 23t 54 & 2o E7)
skelom, 1 Ak 7| 3 A A (D2 EE ALk o
Tl W A E] A& thgt EF AlAF ATHE Table 30 Uet

Ut Cult Hge- o| A7} FAAE o] KL= Aol 4] EF
Zrol 1 X ol @ o] x| 2] ¢k-2 Aefj(no enrichment)E 1
ERf 2L, Cd2 o] 7 o] A7 -S4 16)2 Al @f7h &2
= AN, AL S = Aol A EF gho] 1 Hrf ol 2
ol HA] 2 ~Jeli(no enrichment)S W 1T MnS EF
0] 0.7-1.3 ¥z, o] AZE L FA i A7 FHE(1, 12,
14,16, 17, 19, 1112 A|2|51 cj5iao] A oA 1w} 2
EF 3t Ho] AAA o2 @ JE R ¢ ArEl(no enrichment)
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Fig. 4. The concentrations of trace metals (Fe, Mn, Cu, Pb, Zn, Cd, Cr, As, and Hg) with each station in intertidal sediments of the study
regions. The solid and dotted lines represent the values of effect range low (ERL) in United States and threshold effects level (TEL) in Korea
as the sediment quality guidelines for evaluating the trace metal pollution in sediment, respectively.

2 BT, BN A U AR A HSMAS} M) A
olspel 7o) B2 oAl EF gto] 15ic} ot obz 223 4

]l (minor enrichment) & YEFY It} Zn2 o] (7L w =
oA, FAE ] AR HHEMR2, M2, M4, M5) A 2|
g 2= Aol A EFglol 1.0-1.5A0] &, Pb} Cr o] 78
T FAPAH O] = Aol 4] EF gko] 2+t 1.1-1.99} 1.6-2.2
Ato] 5 Kol oFxt & ¢ ¥l /el (minor enrichment)E LFERH %
o}, i}, As] 29 ol 9] A A HESe) AR
ZAE110~112) A 2)51H EFZL 5.1-6.6 Alo] ¢ 00, ZAAH
9] AL & HHo|| A EFZlo] 5.6-7.6 AFo] S Ko Aegs] A
31 @ FATEl(moderately severe enrichment)& YEFY] T,

o AR B0 viFae 5rg oguHA) e
u] 4:0] == g2 A AeFslsto] Jrsts W o 2 Miiller
(1979)01] ofelf Az A= o, EFe} niR7hA| 2 5 T3A|
2 U0l ©.¢w2 grlsthMiller, 1981). 7 415518 7]%
A A ()25 AlAHE A o Uf A B A S o
3t Igeo AAF AIE Table 49 YEFY At} Fe, Mn, Cu, Pb, Zn,
Cd, Hg& o] 70} ZAH o] mE Ao 4], Cre o] Y7
Hol ol B HHE(IR29} 111)S A|)st =& A7} BAAE
o) BE PRo)A 2 ke vpeRfol I class 0of) S5t
T QP E | 9k8 4=Z(practically unpolluted)?] A 0.2 e}

2 1124

stk 18l Ass BFO] Aol $Ash o] d

Table 3. Classification of enrichment factor (Birth, 2003) and the number of EF for the ratios of trace metals relative to Fe in surface sedi-
ment of Iwon and Mongsan tidal flats and in earth crust reported by Taylor (1964) and Taylor and McLennan (1995)

EF Designation of sediment quality Number of EF
range Mn Cu Pb Zn Cd Cr As Hg
>50 Extremely severe enrichment 0 0 0 0 0 0 0 0
25-50  Very severe enrichment 0 0 0 0 0 0 0 0
10-25  Severe enrichment 0 0 0 0 0 0 0 0
5-10 Moderately severe enrichment 0 0 0 0 0 0 20 0
3-5 Moderate enrichment 0 0 0 0 0 0 2 0
1-3 Minor enrichment 14 0 23 19 2 23 1 0
<1 No enrichment 9 23 0 4 21 0 0 23
Average of EF 1.01 0.31 1.58 1.08 0.60 1.91 5.94 0.07
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Table 4. Classification of geoaccumulation index (Miiller, 1981) and the number of L, for the metal concentrations in intertidal sediment

of Iwon and Mongsan tidal flats

Number of Igeo

geo g0 Designation of sediment quality
range  class Fe Mn Cu Pb 2Zn Cd Cr As Hg
>5 6  Very strongly polluted 0 0 0 0 0 0 0 0 0
4-5 5  Strongly/very strongly polluted 0 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 0 0 0 0
1-2 2 Moderately polluted 0 0 0 0 0 0 0 13 0
0-1 1 Practically unpolluted/moderately polluted 0 0 0 0 0 0 2 9 0
<0 0  Practically unpolluted 23 23 23 23 23 23 19 1 23
Ho A= Igw class 0%, 14, 110, 1112 A| |5t = oFA12}F A Birth G. 2003. A scheme for assessing human impacts on coastal
A1 0.7-0.92.4] L, class 1, 71 9] AAES|A= 1.0-1.5 Alo] aquatic environments using sediments. In: Proceedings of
= ehfo] Igeo class 20| lE¥a}glar, etz oz o olw)z] ok Coastal GIS 2003. Woodcoffe CD and Fumess RA, eds.

2 &7} o 2 FE 4F(moderately polluted)] S7HH|
A Ao R YePF o, FAPIELS M6 A--S ALt e 4
A 1.0-12 A0]2 Liehafol 1, class 26] s} AL, 24

o2 of7h 9 E S0l A0 Rt
olabo] oukie 79 A 2 PR AR 3 9718 W

v W7} Aake ST R, ol AT B
HEo AsZS A QI3 E u]k<:(Fe, Mn, Cu, Pb, Zn, Cr,
Cd, Hg)i} 47]150| tfsto] L f=x] ke Ao tepyit)
Asoll QloPH = THE vl el uls) HriE o R ozt o g
A RGO djere] 4:514] FapAlo] ST el
22 dhwf|af 2 ¢l Yigt 28 (Hwang et al., 2013a) 2 0H= 2
RErt i QAR 2 GG F UF Sl £ of
o Fog gekhc shA o] 49 ol gz
2 A4S 53 SR 4718 9 vjgagel
R 7F5Adol whe- S T 0 e 2 W Qe 4
& FaSHolA A 32 PR o W A
ot BUE S 28] 972 @ ujekd o el
Q) )7} Basi.

o]

Al AL

o
=
A

Lo

o] Q7o) WAL Ul Al EAle] EgE & R4atutet
oA} ATUS A PALE SR o] ERL HYS
AR 2404 9 A TA (RP-2014-ME-038)] #]9lo] o
8 AU,

References

Ahn 1Y, Ji J, Choi H, Pyo SH, Park H and Choi JW. 2006. Spa-
tial variations of heavy metal accumulation in Manila clam
Ruditapes philippinarum from some selected intertidal flat
of Korea. Ocean Polar Res 28, 215-224.

Wollongong University Papers in Center for Maritime Pol-
icy, Australia, 14.

Buchman MF. 2008. NOAA screening quick reference tables,
NOAA OR&R Report 08-1, Seattle WA, Office of response
and restoration division, National Oceanic and Atmospheric
Administration, 34.

Chen CW, Kao CM, Chen CF and Dong CD. 2007. Distribu-
tion and accumulation of heavy metals in the sediments of
Kaohsiung Harbor, Taiwan. Chemosphere 66, 1431-1440.

Choi YS, Park KJ, Yoon SP, Chung SO, An KH and Song JH.
2013. The geochemical characteristics and environmental
factors on the marine shellfish farm in Namhae-po tidal flat
of Taean. Korean J Malacol 29, 51-63.

Feng H, Jiang H, Gao W, Weinstein MP, Zhang Q, Zhang W,
Yu L, Yuan D and Tao J. 2011. Metal contamination in sedi-
ments of the western Bohai Bay and adjacent estuaries, Chi-
na. J Environ Manage 92, 1185-1197.

Folk RL. 1968. Petrology of sedimentary rock, Hemphill Pub-
lishing Co., Austin TX, U.S.A., pp. 170.

Folk RL and Ward WC. 1957. Brazos river bar: A study in the
significance of grain size parameters. J Sed Petol 27, 3-26.

Horowitz AJ. 1991. A primer on sediment trace element chem-
istry. 2" Ed Lewis Publishers Inc., Chelsea MI, USA, 136.

Hur YB, Min KS, Kim TE, Lee SJ and Hur SB. 2008. Larvac
growth and biochemical composition change of the Pacific
oyster, Crassostrea gigas, larvae during artificial seed pro-
duction. J Aquacul 21, 203-212.

Hwang DW, Jin HG, Kim SS, Kim JD, Park JS and Kim SG.
2006. Distribution of organic matters and metallic elements
in the surface sediments of Masan harbor, Korea. J Kor Fish
Soc 39, 106-117.

Hwang DW and Kim PJ. 2013. Evaluation of organic matter
and trace metal contaminations of intertidal sediments from
coastal islands in the southern region of Jelloanam Province.
Kor J Fish Aquat Sci 46, 626-637. http://dx.doi.org/10.5657/



1024 5L - oloIA

KFAS.2013.0626.

Hwang DW, Kim PJ, Jeon SB, and Koh BS. 2013a. Geochemi-
cal characteristics of intertidal sediment in the semi-en-
closed bays of the southern region of Jelloanam Province.
Kor J Fish Aquat Sci 46, 638-648. http://dx.doi.org/10.5657/
KFAS.2013.0638.

Hwang DW, Kim PJ, JungRH, and Yoon SP. 2013b. Distribu-
tions of organic matter and trace metals in intertidal surface
sediment from the Mokpo-Haenam coast. Kor J Fish Aquat
Sci46,454-466. http://dx.doi.org/10.5657/KFAS.2013.0454.

Hwang DW and Kim SG. 2011. Evaluation of heavy metal con-
tamination in intertidal surface sediments of coastal islands
in the western part of Jellanam province using geochemical
assessment techniques. Kor J Fish Aquat Sci 44, 772-784.

Hwang DW and Koh BS. 2012. Sedimentary and benthic en-
vironment characteristics in macroalgal habitats of the in-
tertidal zone in Hampyeong Bay. Kor J Fish Aquat Sci 45,
694-703.

Hwang DW, Park SE, Kim PJ, Koh BS, and Choi HG. 2011.
Assessment of the pollution levels of organic matter and me-
tallic elements in the intertidal surface sediments of Aphae
Island. Kor J Fish Aquat Sci 44, 759-771.

Hwang DW, Ryu SO, Kim SG, Choi OI, Kim SS and Koh BS.
2010. Geochemical characteristics of intertidal surface sedi-
ments along the southwestern coast of Korea. Kor J Fish
Aquat Sci 43, 146-158.

Hwang GS, Shin HS, Kim K, Yeo SK and Kim JS. 2001. Con-
centration and distribution of heavy metals in sediment and
bivalves (Solen Strictus Gould) from tidal flats along the
mid-western coast, Korea. Kor J Env Hlth Soc 27, 25-34.

Hyun S, Lee CH, Lee T and Choi JW. 2007. Anthropogenic con-
tributions to heavy metal distributions in the surface sedi-
ments of Masan Bay, Korea. Mar Pollut Bull 54, 1031-1071.

Hyun S, Lee T, Choi JS, Choi DL and Woo HJ. 2003. Geochem-
ical characteristics and heavy metal pollutions in the surface
sediments of Gwangyang and Yeosu Bay, south coast of Ko-
rea. The Sea-J Kor Soc Oceanogr 8, 380-391.

Jeon SB, Kim PJ, Kim SS, JuJS, Lee YH, Jang DS, Lee JU and
Park SY. 2012. Characteristics of spatial distribution of geo-
chemical components in the surface sediments of the Deu-
kryang Bay. J Kor Soc Environ Anal 15, 203-214.

Jung RH, Hwang DW, Kim YG, Koh BS, Song JH and Choi
HG. 2010. Temporal variations in the sedimentation rate and
benthic environment of intertidal surface sediments around
Byeonsan Peninsula, Korea. Kor J Fish Aquat Sci 43, 723-
734.

Kim JG, You SJ and Ahn WS. 2008. Evaluation of characteris-
tics of particle compostion and pollution of heavy metals for
tidal flat sediments in the Julpo Bay, Korea. J Kor Soc Mar
Environ Safety 14, 247-256.

Kim JG, You SJ, Cho EI and Ahn WS. 2003. Distribution char-
acteristics of heavy metals for tidal flat sediments in the Sae-

L At - AT

mankeum area. J Kor Fish Soc 36, 55-61.

Kim PJ, Shon SG, Park SY, Kim SS, Jang SJ, Jeon SB and Ju
JS. 2012. Biogeochemistry of metal and nonmetal elements
in the surface sediment of the Gamak Bay. J Kor Soc Mar
Environ Safety 18, 67-83.

Kimbrough KL, Johnson WE, Lauenstein GG, Christensen
JD and Apeti DA. 2008. An assessment of two decades of
contaminant monitoring in the nation’s coastal zone. Silver
Spring, MD. NOAA technical memorandum NOS NCCOS
74, 105.

Lee BG and Lee JS. 2002. The foreign and domestic trends on
the evaluation and regulation of heavy metals in the coastal
oceans. In: Proceedings of the Autumn meeting, 2002 of the
Korean Society of Oceanography. Oh IS and Park GR, eds.
Han Yang University, Seoul, Korea, 141-176.

Lee DS, Kim YS, Jeong SY, Kang CK and Lee WJ. 2008. En-
vironmental characteristics and distributions of marine bac-
teria in the surface sediments of Kamak Bay in winter and
summer. J Environ Sci 17, 755-765.

Lee IS and Kim EJ. 2000. Distribution of heavy metals in sedi-
ment, seawater, and oyster (Crassostrea gigas) around Jin-
hae Bay. Korean J Ecol 23, 59-64.

Lee JH, Yu OH, Lee HG and Park JY. 2004. Effect of environ-
mental variables on the inter- and subtidal macrobenthic
communities in the Iwon dike area. J Kor Fish Soc 37, 295-
306.

Lee SD and Park SC. 1991. Sedimentation pattern in a mac-
rotidal bay (Namhaepo Bay), west coast of Korea. J Oceanol
Soc Kor 26, 332-339.

Lim HJ, Back SH, Lim MS, Choi EH and Kim SK. 2012. Regi-
nal variations in Pacific Oyster, Crassostrea gigas, growth
and the number of larvae occurrence and spat settlement
along the west coast, Korea. Korean J Malacol 28, 259-267.

Loska K, Cebula J, Pelczar J, Wiechula D and Kwapulinski
J. 1997. Use of enrichment, and contamination factors to-
gether with geoaccumulation indexes to evaluate the content
of Cd, Cu, and Ni in the Bybnik water reservoir in Poland.
Water Air Soil Pollut 93, 347-365.

Miiller G. 1979. Schwernetalle in den sedimenten des Rheins-
Verderyngen Seit. Umschau 24, 778-783.

Miiller G. 1981. Die schwermetallbelastung der sedimente des
Neckars und seiner Nebenfliisse Eine Bestandasufnahme.
Chemiker Zeitung 105, 157-164.

Noh IH, Yoon YH, Kim DI and Park JS. 2006. The Spatio-tem-
poral distribution of organic matter on the surface sediment
and its orgin in Gamak Bay, Korea. J Kor Soc Mar Environ
Engin 9, 1-13.

Shin DH, Kum BC, Park EY, Lee HI and Oh JK. 2004. Seasonal
sedimentary characteristics and depositional environments
after the construction of seawall on the Iwon macrotidal flat.
J Korean Earth Sci Soc 25, 615-628.

Shin SE, Kang SB, Koh YK, Park BY, Youn ST, Kim JY and



v

H
Na

jatal

Oh KH. 2002. Sedimentary facies and geochemical charac-
teristics of upper intertidal zone, southwestern coast, Korea.
J Korean Earth Sci Soc 23, 722-735.

Shim KB, Ha KS, Yoo HD, Kim JH and Lee TS. 2009. Evalu-
ation of the bacteriological safety for the shellfish growing
area in Jaranman-Saryangdo area, Korea. Kor J Fish Aquat
Sci 42, 442-448.

Taylor SR. 1964. Abundance of chemical elements in the con-
tinental crust: A new table. Geochem Cosmochim Acta 28,
1273-1285.

Taylor SR and McLennan SM. 1995. The geochemical evolu-
tion of the continental crust. Reviews of Geophys 33, 241-
265.

Woo HY, Lim JH, Lee JK, Lee JH, Han KS and Lee TY. 2013.
Characterization and estimation of heavy metal contents of
Tongyong marine products breeding ground sediments. J
Kor Solid Waste Engin Soc 30, 213-219.

Yang HS, Kim SS and Kim GB. 1995. Pollution of heavy metals
and sedimentation rates in sediment cores from the Chinhae
Bay, Korea. J Korean Environ Sci Soc 4, 489-500.

Yokoyama H. 2000. Environmental quality criteria for aquacul-
ture farms in Japanese coastal area — a new policy and its
potential problems. Bul Natl Res Inst Aquacult 29, 123-134.

Yoon YH. 2003. Spatio-temporal distribution of organic matters
in surface sediments and its origin in Deukryang Bay, Ko-
rea. J Environ Sci 12, 735-744.

Zhang J and Liu CL. 2002. Riverine composition and estuarine
geochemistry of particulate metals in China-weathering
features, anthropogenic impact and chemical fluxes. Estuar
Coast Shelf Sci 54, 1051-1070.

Zhang W, Feng H, Chang J, Qu J, Xie H and Yu L. 2009. Heavy
metal contamination in surface sediment of Yangtze River
intertidal zone: An assessment from different indexes. Envi-
ron Pollut 157, 1533-1543.

Zhu L, Xu J, Wang F and Lee B. 2011. An assessment of se-
lected heavy metal contamination in the surface sediments
from the South China Sea before 1998. J Geochem Explor
108, 1-14.

R EEE E

el

ol

=

Rl

1B
=i

K

1025



