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e =AY A BH B0 $35 FE B E Hels] 938 407) ETEHFES AF e 5 e -
Fa%(Al, Fe, Li, Cu, Pb, Zn, As, Co, Cr, Hg)S 43130t Y5+ -0.37~6.650 H9= ¥HH o= Wz} zloH
Aol HojAFE 223} 9ct. 57849 Fek 3 0.07~1.18% HYE 2 Zo) ¥izlE Belon, 11 BHL 0.45%
2 Ao QA% ¢k HAH 5o v @A3] ). FFE5 FFL T AAHFE FO 7|FERT 3 78|
I B¥E F7HE 0 2 M3y} & F45(Cr, Zn, Cu, Li, Fe, Hg, AT} H) W3 ZH& F4(Pb, As, CA)C & TEHcH A
2] AAEL HHEY YR T} A5 T PHAS ZH= dbd TR ek 2 54 R38R 0] J3ks uty
319 AT EE 7|E0 = 3 35 558 Foksp] H3 A33ARNY FHNETA 3 ATAH ) vl dE
S FeIgoH, 1 8% 55 A5E R ka0 g Uhe 718w AR AlgolM T 58 Ph, Cd B As FF
o] EQI=|3ir}.

Abstract — In order to understand the distribution of sediments and the content of heavy metals on the seabed of
Shinan Island, 40 surface sediments were collected and analyzed. The analysis was conducted on particle size,
organic carbon, and some heavy metals (Al, Fe, Li, Cu, Pb, Zn, As, Co, Cr, and Hg). The grain size of the sedi-
ment changed greatly from -0.4@ to 6.70, and as the distance from the island increased, sediments with coarse par-
ticles were distributed. The content of total organic carbon also changed significantly, ranging from 0.07% to
1.18%, and the average was 0.45%, which was significantly lower than that of sediments adjacent to the land coast.
The content of heavy metals was lower than the domestic standards TEL for marine sediment, and their distribu-
tion was grouped into spatially varying metals (Cr, Zn, Cu, Li, Fe, Hg, Al) and relatively small metals (Pb, As, Cd).
The former showed a relationship with the grain size distribution of sediments, while the latter reflected the influ-
ence of certain geochemical components such as carbonate. In order to understand heavy metal enrichment based
on the background concentration, the background concentration of the research area was estimated by linear
regression analysis and cumulative frequency curve. As a result, the concentration level was generally lower than
the background concentration, and some samples showed somewhat higher Pb, Cd, and As contents.

Keywords: Sediments(¥| % &), Grain size(Y &), Total organic carbon(F+7]1%¥2>), Heavy metals(F 5%),
Background concentration(¥] 73 -5-%)
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FHIEE AgEe] Agkel e fARIE 7479k FRIE 95171 ©]
Folx AHAQ) the sk R s|gkae] Fro) Aslar B35k,
BEFA oF 15m 2] F=x4 M3l ¥4 #70]t}(Shinangun
[2021]). AT} A Aol 4291 ZEHE AlQ)shd Hol &
W 27 7o) wieds) gl o, 8A19] o Fzko =AM S
o] &3h= iRk Q7] &FH o R FTIskA St o] A
A o] Foj7 WA, F9 9 A8w 74, 744 9 g <5t F
ATFE SiQk A, Agkeka) Bl 7 S AEE-S BURlo] 715
A9 F&3 A $792 89S 281l ITHChang et al.[2007];
Ryu et al.[2009]; Hwang et al.[2010]).

AZHAZ | 23t B|A HHEL] 29 WFo)n F2 FAA
Q) AT 2] £ 2449 B4 TN FA71A0 o
AFE 9k St (Horowitz[1991]). 72 B A1 3}e]| 2J5t o] v]
33 2 vl Agkalg ) HRE A7 FE FESE T
o= FAlNA FF, T I3 23T A FYULLERE o]
E9 GRS F37, gelgho 24 Q%] x| i A7z
9934 F5HY S o-F 3 Y TH(Youn et al[1999]; Cho et al.
[2000]; Hyun et al.[2003]; Song et al[2011]; Jeon et al.[2012];
Hwang et al.[2013a]; Cho and Cho[2015]; Choi et al.[2015]).
a8y HE BN F3%5 299 7152 EAE 9] gy
gl opeg}l =] zlo] ufjFol ZYA] BA2) &4Jo] 34 o]
A2 TR 5 AES vebdth(Horowitz[1991]; Song
and Choi[2017]). Z2]§ 718l 249 222 whisl] M=
A3 HHE FLE FHF 7)|EE A8 o] Foln F
ke o=

HAES T34 298 WP % 71E# F, EEsEY
AL bz oz FAHEQ 7|9 §A) ¢A2 F3, el 2
A3t Ml 3 2)Zbe] K Turekian and Wedepohl[1961]; Martin
and Whitfield[1983]), 21913 &&o] vl 41933} o)A HAEo]
Zh= g, el BEA 40 oig Adelel 2438180 18
U HAA)9) vl FEE HYES] T4 HYFH) ke =
e wet FAF o= ApA3E 59& s 7R 189S

= 53 A9 F€3F 7S FL8E Hevll 3 AE
7+ A o5kt 123 92 Q8 Al AT Wl R 26 oigt
AMEE H2E AA ST ) ThSiegel[1995]; Matschullat ef al.
[2000]; Newman and Watling[2007]; Lim et al[2007]; Teng et al.
[2009]; Song et al.[2014]; Cho and Cho[2015]; Song and Choi
[2017]; Joe et al.[2018]).

Akl HHES T4 2 HAATE T ANEHE i EEE
292 F5& A2 9 F3] PE )T 7 U= G=2E AT
& Zlolt. 7AYol B3 FAF 71ES vkAEy] Y8 2 A
T= A EF 2o EFQ BEA S5 vjotele] AP 3)H
AT FARIET A 93 BAAR PHoR nFEEE A
3l3, ol 28 % T4 LAEE wdsisit

-RAA - =94

2=z A U

AFAY AR ARRE B U F-ERE FHdg2 vEE 4
Hig 7|F0=2 173~374cm 227} PSHE 23 HFI 0
Z B4 20~-30me] 39} 23| WE R o] F)A Qi
AEFE BE, Y[+ 235 WEeE RS oF 220~230 cm/
sec?] 52 H)1w3 7}elA EECHKHOA2019]). ©] siellA 5
HE FF& QT8 98 GEo=E F 4072 EZHHEL A
Fsom, s 2 35 EAE ST AEE Rl 54 A
e} Az, ¥4 5 2 FHo Do HE F1EchFig. 1).

HAES U Ingram[1971]8] EFU=RAH wel 40 B
o} 23 AR AXANAZR, 40 B} AT AELS Stokes H
e 3t A9y WP o T R4S YER U 2=
7t g8 F7| WEN) 2 RE] Folk and Ward[1957]2) ® o2 51
Rt FH71E(TOC)E HAHE AlF IM @4 Wol 571
A5 AAT F, 1& ALIeA LAsh= olilsteiE 533
= f71€9AaE47](SHIMADZU; SSM-5000)% #4331t} gt
ZHE(CaC0,)9] T3 1A TH7|EAEE ©2F4]7](SSM-5000)
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Fig. 1. Map showing the sampling stations of study area.
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Z A% F ga izt e vlE gl A= 53 Gravel s
B9 F34E NEE EPAHHNO+HF+HCIO )02 #3), 83 D= toudy gl

msG = muddy sandy gravel
mG = muddy gravel

M = gravelly mud

gmS = gravelly muddy sand

3 gS AxFPEA]7)(AAS, Perkin Elmer Model-PinAAcle

900)2 =331tk 339 1070(Al, Fe, Li, Cu, Pb, Zn, Cr, As, i
Cd, Hg) $%& EFE2 NRC(National Research Council of $ @3 g gyt
Canada)?] PACS-2n=2)8 A 2.9} FAlo] EAale] 24308 A% Y E sl
saom, 289 S5EATILHE 94(Cuy-110%(Cr) WSS 1 o P
il=8
kT
3. 439 & / gl gns \s
5% L]
31 9 2 9IS F O .
r 55 91

HHE UEE AEY FPo| WYy Fay} $As kew g Mud Y e Samd Rt Sand

7k 27} ThFig. 2). ZRAE F A29) TS A 486% Sand

G 3.9%), ZUE 2.6~100%(CE T 55.9%)F F F+2] o)

£2

AR oF 60%E FAISHATT. 85% o do] HAZ B AR(S), iy
ARKgS), A AAK(2)S) B AEAAKZS) E A Aol Holzl gs“:::vnzm
Aol A3 T, YRS o] 85% olel A (Z), AdA \\1\ C=
E(s2), A (M) HHAFE F2 A5 7he ol Exa) \;“w B
AckFig. 3). T, Ado) 30% o1 T M 2HY VA &
3(msG), A2 sG) FARE 52210] 2L 2ol BEghd. s e

HIEYEE -037-6.6502] W2 =2 Wslr) viw3 Fick sC M o
BHEAE 60 ol AY HARL HF-ExES] JRggo .
27 wain], $=4lo] PolA|e SE|elo 2 s 2R 7 10% -
g Bl AN O E ToX] B0 2 H HHEL ) LB [ Ve 2\
270 o139 2R F A7}t S AT AR G ESly e CAY o apesinrae Silt
al[1983]) 7R 9] BHQE X =(Fig. 4) )14 7% ZF  Fig. 3. Folk’s ternary diagram showing the grain size composition
o] Q3ke wrdg Ao wuPt) of surface sediments of the study area.

TOCE 0.07~1.18% HAZE B 045%(x0.33%)°l vl3l g2
W37}t o, Rl -AgE X e vl UEAdEo] FHF A (Cho and Cho[2015]; Lee et al.[2017]; Hwang et al.[2021]). ¥
Aol 0.5% ol & el diAlz 5880 =l 2 wiEo® AdEFES] f718 §HE U 9ok SA2HE )
3 BEAE BRATHR™=0.70, p<0.01). BATHF 045% = =4 79, a2 A, Q17185 <)% J3-E ukd gk (Horowitz
o] Y%, 337e] Y, TIAWLL Y% FEel MBEH= 2 gholth  [1991]; Mayer[1994]; Ganeshram et al[1999]). Z12]u; 2]} 4
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Fig. 2. Grain size composition, mean-grain size (Mz) and total organic carbon (TOC) content of each sediment sample.
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Fig. 4. Mean grain size (Mz) distribution of surface sediment sam-
ples.

¥ =4 87, 33 A%, WS vIES niekt slEE 52
718 o] W2 B A7XH == A0 S| e} Hg
E} <Agke9 o] E4 873} u]wElch(Table 1).

=93t - oA - A - =94

32 EXEC| 234 &F

AT oM FES T Pool AsE AlQ)EHH, EF XG4 v)
3 @A8) W9k (Table 1), Zn Ant =Fo)3c}. A S=F WA
F(0/%)S Cr(83%), Zn(71%), Cu(65%), Li(56%), Fe(52%),
Hg(49%), Al(40%), Cd(27%), As(18%), Pb(13%) 2% 39, &
3] Y=g} FAFE Hole 355(Cr, Zn, Cu, Li, Fe, Hg, Alpll
A 40% oP3e E v w3 W3} Fitt. Tas A4S ¢ EE e
Q= B9} vlsslA AdkE o2 X8 AfARe] $AE A
TFAHe] FFoA ggo] 3 A% oJ) W3k Z Yol = 7
S B, difRe) 544 o] HHES g 93 23
He 2oz NPt 3, Pb L Ast 400 °]5ke] 23 HF
AN E AAF 0= v)53 52 FE UEROH, Cde w2
EREE 39K(12.9~78.6%)S L3P 28 HH BN H)2F
T gkl fAIHUY

HFEQ) T34 Uk JEH AL FERAT FH, A
BZRBLE W {718 A8, del2ndgd 53 22 Apk 53
318k 9919 FaE Y= 7hE el Nty E 9] e 4
A E Z=rhSalomons and Forstner{1984]; Klamer ef al.[1990];
Horowitz[1991]). ©]2]§t Y% &3 A= A7X HEHEA
= EQI=Y Al Fe, Li, Cu, Zn, Cr & Hg 52 =7} AlE 32
= gdo] SURBHNFig. 5). ¥H] Pb I AstE= HHUE 4.00
£ 71F0 = ZHAES} AlgA R )7 1.0~1.1 HIZ §)
o wE zlo)7t AL glor, 4 ¥ HE LA Cd T
As AAY FyEt o F S, Y5 A3 JF mae] 4
S8 359 o] AR Jaix 28] ok ) A
g HoFEh % B9t HA 80 F55 SAFHE dv e
ZHAANA S-AT B RS AAT TS A bt 9le
), 53] Cd EAM]E SALFEFR] FF 70.6%(48~90%) =

Table 1. Heavy metal content in coastal sediments of Korea including the study area

Mz TOC Al Fe Li Cu Pb Zn Cd As Cr Hg

@) (%) (%) (%) (mgke)(mgke)(mng/kg) (mgke) (mg/kg) (mg/kg) (mg/kg) (ng/ke)
Yeonggwang-Muan® (n=30) 5.5 - 52 23 - 10 25 70 0.05 5.6 51 10
Muan bay” (n=42) > S 75 33 6 15 22 71 001 71 62 30
Youngsan estuary” (n=40) 9.1 - 83 4.1 - 23 28 96 - - 77 -
Mokpo-Haenam coast” (n=50) 6.7 - 8.7 35 - 13 24 73 006 5.8 58 13
Aphae Island® (n=30) 6.9 - - 238 - 13 22 g4 006 7.1 63 10
Doam bay” (n=44) 61 08 72 34 » 12 28 74 . - 32 s
Deukryang bay* (n=19) 6.1 . - 38 6 15 27 9% 010 - 7% 15
Yeoja bay” (n=29) 8.8 - - 835 - 17 29 137  0.05 74 81 16
Coastal Islands of Shinan'”(n=72) 53 - - 238 - 11 24 74 006 51 58 10
Hauido” (n=50) 6.1 - 7.3 3.1 61 15 24 9 004 66 64 24
Southwestern coast'" (n=30) - - - 2.8 - 19 33 86 - - 67 -
Tongyoung-Geoje coast' (n=20) S 2.27 = 42 e 127 39 175 037 105 83 40
Goseong Bay'! (n=17) 91 183 - 44 - 38 27 159 015 112 82 30
Jinju Bay' (n=21) s 13 » & 24 34 130 010 112 73 30
This study” (n=40) 3.7 045 35 1.7 43 9 26 42 003 72 49 10

UThis study; “Hwang et al.[2010]; Cho[2021]; *Cho and Park[1998]; *Hwang et al.[2013b]; “Hwang et al.[2011]; "Cho and Cho[2015];
¥Jeon et al.[2012]; "'Choi et al.[2015]; ""Hwang and Kim[2011]; '"Jeon and Cho[2002]; “'Hwang et al.[2021]; "'Lee ef al.[2017]; "Lee

et al.[2020].



Agk =M EH 20 FES AT R EX 391

. & ; ]
g £ g1 &
< 4 o Rl < vl -] e
= i ] Qg o ﬁ 1 o e%° o
(=] o
< 29 o oo 14 ) ° 3&!8

0 ———— 0 —T—Tr—r——T—T——T

90 a 20 ®
_—— &y =y 8o
-db‘fﬁﬂ | 898 g 15 s 3
=1 o en (=]

&, | H E 10 o : °
=30 ° = 0%*®
-] g, 5 o

o © o &) ° %ﬁg L

0 0

36 100 1 "
—_ ] 9 = 30 i

i
“";;’30 =1 o aou e S8 ?.‘.‘?- 60 ] 0900
324— o °F E® g, 40: a 0000 o
el o =] o=
A 18 . N 20 A o g

12 5 07 —r—r -

120 0.06
s =005 o o

90 4 ] ]

g s (.'Fc‘o go.m @ 06 ° “ ‘3%
£800 o S00 ] ©oqne® HF
U 30 °g° O 0.02 o °8

0 e 3 % T T | 0.01 = T

- 20 -

10 4 &
T ° e 16 - %
‘g 8 1 o c:oE . %% ‘-§ s o &
£6] oot% o, L
\:; 8 o S &0 0P 6 ®
< 4 s g a0

5 o 4 o ° 28l o

2 0 2 4 6 8 2 0 2 4 6 8
Mean grain size (phi) Mean grain size (phi)

Fig. 5. Relationship between the content of metals and mean grain
size of sediments.

ZFAJBFATH Cho[2021]). 5 Ta53 @At 2] #/d2 AlIEA
23} gRo] Zhe F3E 9ol B 9k} X 8kgo v ERE &
Utk CdE B3 Pb, Mn, Co 52 Zrgolu} X e &
Ao YA o7 A9 F 9l o (Kitano ef al.[1980]; Pedersen
and Price[1982]; Billon et al[2002]; Wang et al.[2010]), ©]2X]$ke]]
&gt EA 7Fs/30] ¥ HAHES o] SAFHE Ao E &
Q1 ¥l ChZhang et al[1988]; Cho et al[1994]; Cho[2021]). w}e}A] £
ATeIA Cde o) F2 B 5} B-de] 9l Ao
Zhdl=

3.3 Z35°0| sk M43 H Et

5459 A93 WA EEE 7] F3le) FAd % AA
714 E29] v sEEA HHES T8 B8 AR 2 F
=2 e T2y 54 HAA)9 55 Ao e 32
Bl A f7)8, Bl T okt 5138 240 <)% At
2@ de] A= EAFcHMatschullat ef a.[2000]). Wb L
A A9 MiEEEE 87 A7) S g FA4 9918
Q1 2¢32] F3o| HjA|=lofof Fhk. T gk} s At Eo)
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= A7AY HREL 9 26 ¥eH, A7y BEEMY
w5 §2 teiveEl eSS AR AT, Ax,
7]%: Cu 20.6 mgkg, Pb 44.0 mg/kg, Zn 684 mgkg, Cd 0.75 mgkg,
As 14.5 mg/kg, Hg 0.11 mg/kg, Cr 116 mg/kg) ©J51= H]25] §
I3 712g TEFFL oo B AP e A8 3922 (linear
regression analysis)¥} 72 ¥1% 3} 4 (cumulative frequency curve)
o &3t o AFXH HiFFEE =&t

AYIALYLE REYFE B UYIE C, B BA =
Cy=aC\+h=RE] Q& W02 SHuiea HEJFEC] A7)
ZFo81}. B Aol A& IS8 REYFE0E AL Fe, L,
Cs 50| A|AI=e] YohKlamer ef al.[1990]; Luoma[1990]; Summer
et al.[1996]; Lim et al.[2007]; Cho and Cho[2015]; Woo et al.
[2019]). & AP iASE AHS 9% BEY TS 0Z 3
IS 2 F4 79 A L FENS 783k A A
I, AL B8l diEEe] dE AEsislon, @53
thall 95% Al 77 Holdt AR EL o] x| Z X sth(Fig.
6, Table 2). &, REJS43) F4J0] & Pb, As Y Cd= A1
AN E B8 A A Al

FANIEIA ] 23 9L Q19 25T} TA) ¢k d o
A HAT] 2GS ABEE TATEE WA e E HE
Fa&Te] Aege] B NYF B0 xR 5 &, B 47
2] Pb, As, Cd® Z-90l= v s=2] F4ke] 7Fsslch(Matschullat
et al.[2000]; Teng et al.[2009]). MlAEE 8 FAETS) W3
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Table 2. Calculated baseline concentrations (mg/kg) based on linear regression equation and cumulative frequency curve in the sediments of

study area
linear regre;ss:on analysis cumulative frequency curves baseline Reference
Formula r Mean Range Mean Range value
Cu 3.5xAl1-3.8 0.79 9.1 1.5~21.0 8.9 1.8~18.5 9.0
Pb - - - - 25.6 15.9~32.2 25.6
Zn 19.8xAl—26.8 0.88 433 1.8~107.8 425 6.6~90.1 42.9
Cd - - - - 0.032 0.014~0.049 0.032 This study
As - - - - T2 3.0~9.4 72
Hg 2.7xA1-0.2 0.71 9.2 3.6~17.8 9.3 4.3~17.1 93
Cr 26.4xAl +39.7 0.84 55.1 5.9~135.1 495 32~108.7 51.5
Cu 4.2xFe -2.6 0.94 11.9 6.7~17.2 11.6 6.8~16.4 11.8
Pb 5.2xFe + 8.6 0.89 26.6 20.2~33.1 26.9 18.3~35.5 26.8 Cho and Cho
Zn 23.4xFe —6.8 0.88 74.9 45.6~104 782 46.6~109.8 76.6 [2015]
Cr 14.9xFe+9.3 0.77 61.2 42.6~79.7 522 31.5~73.0 56.7
Cu 3.4xAl-6.2 0.77 14.9
Pb 2.0xA1-123 0.46 25.0
Zn 15.6xA1—-25.2 0.80 71.3
cd 0.020%Al - 0.005 0.48 0.131 “’["2‘3‘;;3""
As 0.8xA1+2.7 0.51 7.5
Hg 3.1xAl-4.5 0.65 14.7
Cr 9.3xAl— 109 0.83 46.5
Cu 4.8xAl - 193 0.77 1.0~30.0 11.6 ]
Zn 19.7xA1-71.9 0.91 9.8~121 56.4 L’[g‘ogf_;f
Cr 142xA1-41.9 0.90 9.0~89.0 50.7
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Fig. 7. The frequency (bar) and cumulative frequency curve of some
heavy metals. Linear regressions were performed on cumulative fre-
quency with p<0.05 and R>>0.9.

7 glo] FAlel 77k FEIZ(R™>0.9, p<0.05) B F55EE =48
7| = A0= 58 F AtkFig. 7).

2] T 2hio) F{E A8 Kolmogorov-Smirnov 7732 3l
ATEEE 1319 21 (2-tailed p>0.05), F4H 2+ F52] w7

T Table 20 Lokttt ¥ol AA P HAHE WA EE
Lim et al.[2007], Cho and Cho[2015] & Woo et al.[2019]2] A}
ATl vepd ZA 9 i 538 172 SHE vk
ATAHe] Pb H Ast= EF A9 7 ¥]&EH 2 Cdi= Woo et
al.[2019] A7} 47% oVde] 2 Ze)7} 3 Holr}. 1 9] Cu, Zn,
Cr, Hge ¥ X193 10~20% M2 2012 B3}

AP MASEE o g AK BFEY £35%5 5382 T
$ AE Fig. 8ol AAEINLE FHE)E HEY A2 gigh A
F52] 92H)E w7 EEe) d4n|9) vug Aoes dntEos
I 87} 158 298 3¢ 2902 58 H(Zhang e
a1[2002]) T3] vepd vle} o] Cu, Zn, Cr ¥ Hg®] 55H]
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Fig. 8. Box plot showing enrichment factors for heavy metals in
study area.
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