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Distributions and Pollution Assessment of Organic Matter and Trace
Metals in Beach Sediments along the Coast of Jeju Island, Korea

Dong-Woon Hwang*, Garam Lee, Minkyu Choi and Jae-Hyun Lim

Marine Environment Research Division, National Institute of Fisheries Science, Busan 46083, Republic of Korea

We measured the concentrations of organic matter (acid volatile sulfide, chemical oxygen demand, and ignition loss)
and trace metals (As, Cd, Cr, Cu, Fe, Hg, Mn, Pb, and Zn) in beach sediments of Jeju Island to evaluate organic mat-
ter and trace metal pollution in the environment. Organic matter concentrations were similar at each station and were
lower than the sediment quality guidelines (SQGs). The trace metal concentrations differed significantly between
stations and decreased in the following order: Fe>Mn>Zn>Cr>As>Cu>Pb>Cd>Hg. In particular the concentrations
of As, Cd, and Zn in the study regions were significantly higher than those in Korean intertidal sediments. Based on
the assessment results for trace metal pollution using SQGs, the enrichment factor, geoaccumulation index, and pol-
lution load index, the beach sediments around Jeju Island were practically unpolluted with Cd, Cr, Cu, Hg, Mn, and
Pb; moderately polluted with Zn; and strongly polluted with As. More intensive monitoring is required to determine
the potential sources and understand the geochemical cycles of organic matter and trace metals in beach sediments

around Jeju Island.
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7|53} o Eo] FASH )l 7|1s 77 & Y v
& -2 e GEAof ot At HL B FAYEf Al Bt of
ek 17ke] Aol Az 3 & = Qo] S8 s
EA F R A= oA gk 1960 o] F A whet
Aol AR ] 37t v EA|, S F| A 2| Al A, B Qe
2 S e 7IRA A Eo] AAEHA 194 71¥9 L EE
Aso] gi7], 3k, A okee B2 AR o2 HAX3E <=1,
i 5-& Bl A&H0R Ao 2 (-1 ok Hyun
et al., 2007; Woo et al,, 2007). ¢Ioto & G9% e HEAE
2 HESAJ o] o R AbollA] JRERof] T2lE o 3
7¥5t & E| A Eo =2 ¥th(Fang and Hong, 1999; Ra et al.,
2013b). o] % E|¥ & f AHs-2kdehy HIStE E¥E 5 3=
FU gl o2 §EE o] HolARES Tl A9 dFEAY]

WER S s EEEA AEAoRE FANES ok o
FHES M= 017t AZIA = 91F$tK(Soares et al.,
1999; Croteau et al., 2005; Lim et al., 2013; Ra et al., 2013a).
webA, ASt A E 5 71E 9 nldasol et B7k= @
T2 Y] L AHE Xt @ H=A o] s e A o m]A|
= S 5ok F-83 O R Q1A oA ih(Yuan et
al., 2012; Ra et al., 2013b; Hwang et al., 2014a). A|F == 3}
AF4d(voleanic island) 0.2 @5Q}, 2 HAT -2 BpAdo] =
& thgAlo) gz o) 2oiA glo] jRro] o] A
/sl AxETE ST S LHdEE ol - A
A o]ti(Hwang et al., 2012; Kim and Kim, 2017). T 41, 3|9+
el 0-3 @ 2719 2g4 gAgE=o 3HkerelH (rock
fragment)© 2 4] 34 ¥]21E0] 2EahT glo] wAlake:
5& AABEETE 240U AJ5kr9] 9] Bl ol o8l ¢ete
2 = (submarine groundwater discharge)%|HA] Z41 o A|
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HAShE 7k, S HEEol AR E= S| R T S/
FFHEFU LdEdES R sathe Ao = dEA o
tH(Ji and Woo, 1995; Wang et al., 2005; Jeong et al., 2012;
Kim et al., 2013).

o|2fgt A5}t HEo] Al A%te wet WA st
S e B3 S THFU LHEEES o
Fog Hel= FH o ® QA HL ok A9
SdrA] FATE SFEAA ] AEA Y SR 2006
| 22570 4(5=HA 0.99 X 105 m2)oll A} 2024d 263745
2] 1.24 % 10° m) 2 2F 20% (=14 7|5 9F 25%) Z71sh et
(KOSIS, 2025). o] 5 §4r2A] FA-E AR, A, 7
AR FO] SR YAl dAste] Ykl 9l
FEALR, o7 iAo ' HAeh= &

HEA o] 8] A A EA] Srokal th o] ke 2 {9
Ao B 1% 9 rHPark, 2002).

FFolle Al W s e R Sde e 9=E
= der et 5% ad T shuthE F2E A 9l
oh A FE O] Q4= 2010 oF 557k ollA] 2024 °F 677F
0.5 OF 23% S7FSHLAL, A I 2010 oF 7587 o]
A1 2024 21,3779 0 & <F 80% 578t THIEIU, 2025;
JTA, 2025). o]t A5=21- & A&QlTHof| oJ3t 217HeHE9]
7= AT W 272 B9 ob et el HA RS
S7HARAL, o] = Qlsl] =W sheA 2o oh A g =
Wprom A AolE] o2 sk s Bl LP=E S0l ke
2 §9l%l Ao = moty] 11 9JtKim et al., 2021; KOSIS,
2025).

AT 2fsie A2 e o Agte = sf-ugh
sto] A8l FA i ES, St Al R 52 F
PH S LT LFd=d5o] sfder o
o= whAud Ao w AZke 4= Qlek T2y, #{F Cha and

il

<
{

T
-

3 e
o Sohila HH PO R YR LTS SuA BIR
of ofaf 32 WAL= SHAl, AR AFE Aoke o
o AAMF] 552 etk stk o|e} fASH &
RH0|Z o] §5to] AFE At SAPAE whE40] o] %2
AFEA S 2ARE AT, W57t 232 S 5t olot
Ak FHA B S clolo] LF AT

© & YEPFTHNIFS, 2019). 0|2 Qlal] A|8l4:, kAR v &4
4 steA g R E Sl SRR S dEER
£ RS 4 LAEAEo] Akl HHEoRA ot
5 At L AE A= A 22 e tHHwang et al.,
2005; JDI, 2008; NIFS, 2019).

1
A e ATAES] 2520l B2 thaol o, 78 o
G} 71 719, Fshe A= Alolo] BA| 52 %al7] 9

sto] TEF S4719 2o FHUCR YeiA ol A
st 3o JYARE B 4712 2 viFFS B 1
T Y= (Hwang and Koh, 2012a; Jeong et al., 2012; Cho and
Kim, 2017; Song, 2021), A% w9 39 4= 5 JU
45 4 f7)& s=53E EA(Kim and Kim, 2017; KIOST,
2020; Kwon et al., 2022), A5} XU oFA12F vl &427] Aot K
FUEL AEEYAEY A Y =2 WA 5 S e Al
of] v x]+= A H(Hwang et al., 2005; Koh et al., 2013; Kwon et
al, 2017), SRR A R 91 ool 2 B Ae] B 54
(Ko, 2019; Kim et al., 2021) So| tjat ure. A7} 2420
2 olzolA Sirf. Tk, $4719 o) 2 FA
Ql At EAE o f7lE H nlasel et A4 AF
stol, BAle] 2.eiAthe Tkt 4 gl AR A7) B
23 4oy,

waba], o] QoA Selitate] Fa dlgte] o aiiol
A ehHto|up AR B2 Eo] =2 FILsto] thE S| 9
ulsl At 0.2 B4 ze] 2 A7} ol 219) A7) |
AU ATE FH EAE F 78 A udas L9EE %
T¥el7] Sl AT SIS mret Bt gl ol B
of 718 W uleE4 BES RS okt A3 o
B ol atel 1 2 QES BlsT,

Mz H L

RS

A= TR O] FAZo] 2]t FHA o] oF 1,830 km?,
siRkAle] Zo|7} 263 kmel SeleollA] 14 2 Mo, 3
=21 SAIHEFO] 74 km, @531 FEUEFO] OF 32 kmE 5
E-AEA RS 7HR WA 9] FEjE st itk(Booh
et al., 2005; Youn and Kim, 2011). 412} Zo}}lof &AkabAL
(shield volcano)Ql gFetiH(Ezo] oF 1,950 m)o] $IA|skal }le
H, ARZ A 02 SAAHS oF 3-5°9] 7]&7]= ufg- et
Sha, BEARIE oF 5-8°0] 71972 4 FelehKang et
al., 2008).

A A2 ofefjol| A FE FAYH w7 E AT A137] 29
ZRIgtat ol % ko2 MEg AltulAe] vlnd B4,
A EZ T12AL T 92 A A7 Eeto] oA SV E
A|47] Eeo| AEA| T7)0f A& SHiF-Ea Ak A
44 AT SHHEESRRL A4 0.2 UeRT, Ao
Wiels 8=, d4lid, defdf 53 22 F499 AE
25 o]F41 QIti(Hamm et al., 2005; Won et al., 2006; Koh
et al,, 2007). o] = ¢lsfj 2| A2 Q1 S s 7159 d3F
& Aol FHoblol o710 gom B g
o] 1,900 mm ©]/Q1 -2utete] B Qb= the-A] Aol ATk,
sao] wrers}A] ool 2ol B 6-890] WA How 7t
A (intermittent stream)©| FAJE o] ATV FFSE FA
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S, 2] 9= ABkR LSl AlskeE FAsk] &
F2 0 2 A A5} F-Z(submarine groundwater discharge)
o] Fej 2 AAdto] &9 EItH(Park et al., 1994; Oh et al., 2006;
Hwang et al., 2012).

NZAE L 2N

AFE Ak oYl HAZ 5 57183 olgkad g U o
& E42 sjersl] 9fsto] 20194 89 A shebHE mhet
Z 1971 32 B A= A5k ckFig. 1). B22-2 5130]
U RJak0] AaRS wot §41719) o Ee] Aare e A
o2 ofAE= 7} Fji o] AbH(swash zone) F-Lof| A vz
AH G Bepae AR ol g5to] H2IskArE 42 F 1
T EZ2|o A9 (high density polyethylene bottle)o]l Hol &2
2 Sefolofo] A5 o] gake] A4 LAfHlE AFUR Lutelel o
A=9] = (grain size), AHFRFAJE3HE(acid volatile sulfide,
AVS), sls-A AkA @ 715 (chemical oxygen demand, COD), 7+
A7k (ignition loss, IL), 1]&F5< 95 [H]4(As), 7F=+(Cd),
=F(Cr), 7-2J(Cu), H(Fe), (Hg), B7HMn), H(Pb), o+
(Zn)|& EA8IAL, vgas L9 % F7to] et s
ol Bl E(Li)= A A5k E8E F 9k, AVS, COD,
L& 34254 A9 71=(MOF, 2018a), 1|34+ Lee et
al. (2020)01 4] AIAIRE B} FARSE thE-0] Wl o= A )
pig

QL 454 B4 oF 100 goll 10% THAIBHA(H,0,)9 0.1
N FAHHCHS H7kste] f71=3 g4k (CaCO,)e Al A%
T 40 (62.5 um) A E ol&sto] FAAAZ 2P AT AHE
UAE TSI o] %, 2/ A YAbs AAAEH o=, AIY
2 dAks 1 L oaA e 9a J73AA s AlAS
3 oF 80 mLE @7 A5 = E4]7](Sedigraph 11T 5120; Mi-
cromeritics, Norcross, GA, USA)= ZA3}9th 4% 23}
SEHECR 1 Q1A= JRe] 27| FA &S -5}
A (gravel), 22 (sand), A E(silt), HE(clay)?] g2 o
W F Folk (1968)9] 4tztho]o]1qo] mAlsto] |45 F-3

359N

34°

125° 126° 1277 1287 129°E

ER

(sedimentary type)™} £ 2 A(sedimentary face)S 1}e}s}4 1,
Folk and Ward (1957)7} A|AIgE AP 2 9] = (mean
grain size, Mz)S A4 31},

AVS= 54] E[AE oF 2 g& olgar Aol WaL st
(H,SO)3 ®tAlA WAsh= alpas AT FIHA|
A BALE A|40] g ZAoHs FAXTY, CODE 54
H8= oF 12 g& A7hSeheo] 9al 0.1 N S &
(KMnO,)} 10% =4 EF(NaOH) T WA A S8 5
10% 2.2 =PI 4% oA EUHEF(NaN,)E gof F
F502 0.1 N E234HEE(Na S0, H0)o R A4shs
SSHAIZ] %, 3J5} AF0] RAAE o] g3t mA o Bajet
et

M4 4] B oF 50 g B0°CoA BAALY &
2217](Planetary Ball Mill, PM400; Retsch GmbH, Haan,
Germany)2 £4151214] 745} 811tk o|F, 4 © (62.5 um)
ZotaE A= A" dAES EeEfsto] Hege Ald E4E
0.1 g& = M| 34 §lo] AHs=2-:-4] 7] (automatic mercu-
ry analyzer, DMA 80; Milestone, Balsamo Milan, Italy)= £
ATt 1 9] vgFE<4(As, Cd, Cr, Cu, Fe, Li, Mn, Pb, Zn)
2 A" H4&= ¢F 0.5 goll g@’ﬂ'(HNO3:HF:HCIO4=2:2:l)%
H7ksto] 130°Coll ) 89417k o) Fhetalel] Ha2e 2
S, 52| awlE 919l o] 33 24 wslsick
7L thZoll 2% FARS o] &8l ZAF A ok wi7hA] bS]
=0 o 7}X](Toyo 5C, 110 mm; Advantec, Tokyo, Japan)& ¢
oo 100 mL B2ATR HEe 5 FEATE=0] A3
H247](ICP-MS, ELAN DRC-¢; Perkin Elmer, Shelton, WA,
USA)Z Z7gstolch. &4 270 Aehd d5 9 4184 ghu
£ Y3l o1 FE2 (certified reference material)S Al =2};
A A sk oH, SRS R = vt =79 E]
Aks} 9174~ (National Research Council Canada)of| 4] |2}t
MESS-32} PACS-2 (marine sediment)& ARE-5}IT}. 2} n|=F
T4:9] Ht 3582 81-106% (As 99%, Cd 102%, Cr 81%,
Cu 90%, Fe 96%, Hg 101%, Li 85%, Mn 100%, Pb 100%, Zn

st17 St16 .
8 .

Fig. 1. A map showing the sampling sites for analyzing organic matter and trace metals in the beach sediment around Jeju Island.
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106%) %915k
0yEs U Tt

sFol A EAE o nldas L oS Briste ARl A=
54 g Qlo] 1Y EAE 7|5 (sediment quality guidelines,
SQGs)#tt H|wskAY, n|ga49] Wi s s of-8ake] A
A5t 2 AR a=(enrichment factor, EF; geoaccumulation index,
L.,; pollution load index, PLI 5)% 2 A5 F7}sl= #|2}st
A i, 211 A2 A Hbioassay) & o131l gl £
S o8 W oS BAASHE BAEHA J 5 chakel
th(Hwang et al., 2011; Woo et al., 2019). A|Fx= F=H Aot 3
8l E|2E % ugas 0 dwe Wb glsk] o ATelA
= 7] U @] A2 (Sundaray et al., 2011; Ra et al.,
2013b; Zhang and Gao, 2015; Zhu et al., 2016; Hwang et al.,
2019, 2023)°]l oJsfj Ap5= ARE-E o] 2 SQGs, &=A5~(EF),
AR, ©ATAFARPL 47H) B L 0§
et

SQGs< o] 83t Bk = el ek B o ghgof st
HE" Al132x0] oA s FAibitoll A et s A g 2&9] v]
Fasol et st 7] 5 o] dAtoll Al AR vl e
7%&(As, Cd, Cr, Cu, Hg, Pb, Zn)o]| tfgt 32]7|=(threshold
effects levels, TEL) H(MOF, 2018b)} H] 18} B &= U] 1]
G4 0 A= B

EF= 2| 713} dAtaf o o |24 5 f 27 l4x(Al, Fe, Li 5)°l
it 7} w|Fa o] Fn] g o] g-sto] Azl et E A&
Z UL S EE Yol = O 2 (Sinex and Helz,
1981; Hwang et al., 2015), ©] 170 A= Fe2 A UAR 3}
o] Th&-0] g Al(1) R e EF 4k Akksto] B7kstoley.

_ (Me/Fe)Sample 1
= (MelFo)cy, @

o71A, (MefFe),, = AF31e10] ¥ 4% Z Feoll that 2
nlekE4 o] S ER 2 ojujahaL, (MefFe),, A= 4|7 % Feol o
3 7} | 4] Sl ofui,

I ATEY BB F vgase] sEet 2} ngas
s = oot gL L9 Friste o R
Miiller (1979)°]) I} A4 b0 WA A2 5E 1 3he
Aitste] H7Fst it

o714, C 2 At H e BHE 5 2 vda5 5%, B,
2 7+ n|2Fa459) w45 (background or reference concen-
tration), 1.5 E420] /]9l 5o A A5t WE 5 AALel
[louf 2R Q1A Q1 kel sl WYst= v &
S HAs7| Y5 A= E UrERdIct

PLI= A8 9] EAE F a4 =9 4 ngda59
A 5=S ol-&sto] AT nFdEHY LH=E THH R
B 7}sh= W O 2 Tomlinson et al. (1980)0] 2J3f) A Al th2-
oA 3) o= Alrke 4= Qi

PLI=" CFl > CFZ > CF3 < x CF“ ............ (3)

o174 CF (=C /B )= 2 vga%2 w75 =(B, )0l et
AT EHAlE F a5 F2(C)Rl, n& 247 1]
FaEe T s ittt o] dtollM = EAT vFEE
T Azbol| A EASHL HEH EAS 7HAAL A= Fet
Li, 5|20 Atal/ehel Aol uhet 5=7t 24| HEksh= Mn
S A|Q15H 77 Y4 (As, Cd, Cr, Cu, Hg, Pb, Zn)ol| tjalod oS-
o] B} A](4)25-E] PLIE AXls 9Tt

PLI="V CF, X CF,, X CF,, % CF, % CF, x CF, xCF,,

M, A4 5 njEE S s v S Wi s Ee ot
o2 Ao R0l @GR o2 sl EA = F vl
74 BEE o] 835 32 AY(continental shale)o]uf A
AIAl A2F 5 vlgase] Bats=s ARE-sl gth(Feng et al,
2011; Zhang and Gao, 2015). ©] ol AAta]o] o] &2
= 3 UEES L997HE SR EF 1, PLI Aol 283t
A2t 5 nEa S 2o 7 nlEaEe] A Al il s e
U 9] WE A2} (Zhang et al., 2009; Chakraborty et al.,
2014; Hwang et al., 2019)0] g ] 0]-8-3}1L ¢l+= Taylor (1964)
2} Taylor and McLennan (1995)0] X 113t AA|A] A9t &5
EAE U nskE49] Hals(As 1.5 mgkg, Cd 0.098 mg/
kg, Cr 35 mg/kg, Cu 25 mg/kg, Fe 3.5%, Hg 0.08 mg/kg, Mn
600 mg/kg, Pb 20 mg/kg, Zn 71 mg/kg)E ©]-&-3}% .

AL

ATt Ak sl B 2=0) B2 ek S4de A ET] 95t
AR HAIT AT, 42, me, A= e e 42
0.0-23.4% (B 3.4+ 6.9%), 75.9-100% (B 93.7 + 6.7%),
0.0-6.8% (B4 2.9+2.0%) M THTable 1). BE o]
A 75.0% o1/e] & Bef Fhde UER LA, U5 A F(Sts.
4 and 13)°]1 4= 20.0% o)/9] = A2 gheo] Ho|7| = 5}
Aok ZF Al A, B, HE+HE oS v e = Folk
(1968)7} AARE A2t o] AR A, Ata ] W B4 =
2 Al(sand, S), G&AAK(gravelly sand, gS), &FS A Al slightly
gravelly sand, (2)S)]¢] & 3719 E]4= o= 75 qlth
(Fig. 2). S |21 20] 7] H25e] 50% o440 2 A7 A
A2 S B2 (9)S, A2 S EH&Fo| -A|5tA ExS)
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GRAVEL

G=gravel

sG=sandy gravel
msG=muddy sandy gravel
mG=muddy gravel
gM=gravelly mud
gmS=gravelly muddy sand
gS=gravelly sand
(g)M=slightly gravelly mud
(g)mS=slighty gravelly muddy sand
(g)S=slightly gravelly sand
=mud

AT

5%
(oM (gms *
Sfﬁfﬁ 7 M ms \‘\

mup ° o 2and T SAND

st17 St.16

St18 .

Fig. 2. The ternary diagram and the spatial distribution of the major sedimentary types for the beach sediment around Jeju Island.

Table 1. Results of sediment texture, mean grain size (Mz), sediment type, and the concentrations of acid volatile sulfide (AVS), chemical
oxygen demand (COD), ignition loss (IL) and trace metal (As, Cd, Cr, Cu, Fe, Hg, Li, Mn, Pb, and Zn) with each station in the beach sedi-
ments around Jeju Island

Station _Sediment texture (%) Mz Sedimenttype* AVS COD L Fe As Cd Cr Cu Hg Li Mn Pb Zn

No.  Gravel Sand Silt+Clay (@) (Folk, 1986) (mgS/g)(mgO,/g) (%) (%) (mg/kg)

1 00 97 03 150 S 0000 98 268 308 82 008 30 96 0004 88 425506 117
2 41 912 47 004  (9)S 0000 97 234 028 47 009 5 07 0001 19 39106 7
3 06 937 57 110 (9)S 0000 105 337 029 52 015 9 12 0002 23 5328 8
4 200 764 36 -0.04 gs 0000 101 300 122 53 008 40 37 0001 20 163 271 39
5 56 928 15 104 gs 0000 109 273 316 127 007 63 98 0002 104 384 862 99
6 00 977 23 027 S NA NA NA 367 95 009 54 144 0002 7.7 438 324 120
7 00 971 29 133 S 0000 104 232 500 291 006 74 117 0012 167 481 6.03 155
8 02 974 24 019 (9)S 0000 95 224 190 134 006 22 45 0005 44 272200 60
9 79 910 11 -013 g NA NA NA 705 42 007 64266 0011 67 1047 342 285
10 17 973 10 020 (9)S 0000 108 217 7.86 36 009 26 222 0018 87 1213 475 280
11 00 94 36 204 S 0000 96 208 170 62 041 52 48 0009 47 225330 49
12 00 932 68 178 S 0000 100 262 168 84 015 70 45 0006 46 212 303 41
13 234 759 07 -038 g 0000 109 218 645 131 0.0 225 280 0008 91 861 323 223
14 00 972 28 185 S 0000 13 253 175 152 015 60 39 0006 67 169 424 42
15 06 90 33 130 (9)S 0000 99 282 078 62 013 34 17 0008 35 104 309 18
16 00 946 54 157 S 0000 106 236 028 49 015 13 08 0008 27 58301 8
17 00 942 58 187 S 0004 101 207 029 42 016 12 08 0003 29 53340 9
18 00 1000 00 162 S 0002 100 242 069 59 014 13 18 0002 36 114 380 22
19 00 990 10 182 S 0000 100 252 487 162 006 29 147 0046 158 580 8.69 206
Min 00 759 00 -0.38 0000 95 207 028 36 006 5 07 0001 19 39106 7
Max 234 1000 68 204 0004 113 337 7.86 29.1 0.16 225 280 0.046 16.7 1,213 869 285
Average 34 937 29 097 0000 103 250 274 93 041 47 87 0008 65 363 398 94
SD 69 67 20 085 0001 05 035 245 63 004 48 88 0010 43 346 197 93

*S, Sand; (g)S, slightly gravelly sand; gS, gravelly sand. **NA, Not analyzed.

ArHFig. 2). T3, HAEY] 2AEAHS HokS o A4slY Hwang et al. (2012)0] A= A AR Z7Hf| E| &S0 A K
2 Sl 3 e] EjAAro & LR QL) o]# gt k= o] o et Bl A= o] FaE et fARsH, o2 T F ASts Sk ] Al
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o] EaE o] QA il ejsfol] ke

Yok B Ame TR s
v} 22 el ek oui o] oS Hol
KX
=

wjo] Ao} uhgdat
= 7 9 st 544
R AR AL =

E| A 50] Mz -0.38-2.04 @ (B 0.97+0.85 Q) MY =,
el (granule)ol| A F-E] 5 AHmedium sand)7HA] TheFs}
o, A7 o] et 47 AHES Alelshd thigol
1.0-2.0 @21 ZHAKcoarse sand)@} ZHAKmedium sand) A}
o]4it}. o] o] A o] Ji and Woo (1995)7} Al 21¢t 3|yl &
5| 2AE AR AT, Mz7F 2 0.4-2.4 O o] B3
Sith= o] A Y] AtA Tt of 2 AR5kl
ENM=Z0 R7|E & & 22 E4

soFellAl 7152 2L 7] ol ket S/d e 5 s ol o
715 ol == Qe 719 sl A T AEETYAE,
25 5 S Eol ofsf AAA A e WS A 71
o2 R4 QltK(Yoon, 2003; Hwang et al., 2013). &4 A
24 AHstiiRol, AT EeAdETY FFLE ofF
Aol AH o2 G o s FET=
U tf RO Al o= AA S 2 3PS T3 R+
L A YA, kSt fEEE 2
%8 7P AekgLt SARFA ME 9| Jae
7199 #71E % 7HsAdo] Wi =t Hwang et al., 2005;
2012). webd, o] ATAE AT Fu HHE F F
71 3t 9 S AR ES] AVS, COD, ILE] 525 Atw oty

A& 2 AVSE 0.000-0.004 mgS/g-dry (B4 0.000+0.001
mgS/g-dry) He| 2 A ®E QoA AEEA] ggker, A
I EA R o] YR HHE(Sts.17 and 18)0 A% of b
L B2 HEE UK Table 1, Fig. 3). G-AFSH 23717} Hwang
etal. (2012)0] oJsf A5t At AR 27l B2 EofAE B
g uf gick o) sl le] Haigo] 2P S HHER

o =2 w05

742 Azo] ok Bl 2ad B4

T E o] Q1AL A o|u whie 5ol Of3f sl 4=-E] A 7 A ol
A Bl egtho] Bhtsto] Alslehg o] Aoz Qe Bl F
St gHAARtol ogk ks AAdo] o] Rl x| k7]
ol Zlog AztE L), o] 4o Hwang et al. (2008)2 2Lt
2F gk AR 27t B A Bl A 24 vt S e =7
A ofliA]of| sl F A= AT 20 em7HA] =42t 3= Abo]
o gt Edmegto] o] Fof kil HustGleh A F71A] 7t
= 0] A At 27k oll A AR B A& F2] AVS =9} H]
Wkl o, A Eh AlEA Y] EAER A H HARE
T(Jungetal., 2010), G=3-F2t AHHwang et al., 2010), €t
o1oH(Hwang et al., 2014b)2] B 25 2 AVS 50} u]2:5} 1,
AT QM (Kim et al., 2003)o|u+ v Hwang and Koh,
2012b), &af=(Hwang et al., 2011), A9t T=A1Z| S (Hwang
and Kim, 2011), &-Z-3'd ¢1ok(Hwang et al., 2013) 2T} Al
3] W 5= % ch(Table 2).

EXE F COD %% IL g2 72 9.5-11.3 mgO,/
gdry (4 103+0.5 mgO,/g-dry)?t 2.07-337% (B¢
2.50+0.35%)H 9=, AVS} nf7 IR 2 FHE o8 AFE
7 qAetel AR 2 Aol & HolA]| AtrhTable 1, Fig. 3). ©]
= A5 B =Y Mz7t Bt 29 9] S FAEE o
FolA Qlof Hlgt f7lE T E Kol Ao Az

]

!

i

dutHor HAE F f7E Thee Y=ok WA A
ol dlon YA EAE Hrh= #HAo] & AlHd
E =S Btk A7 g At
A HAE 59 COD F= % IL bt vlast
o, IL g2 At Ao Heaz 41
WH(Hwang and Koh, 2012b), sl (Hwang et al., 2011), Al
ot = A Z]&(Hwang and Kim, 2011), Z-3E-3j'd 9K Hwang
et al., 2013)Ech= Wi, WAREE (Jung et al., 2010), 535
oF Ao Hwang et al., 2010), EjQFASHHwang et al., 2014b)
o] A& F IL g HIssskAY ot = 8tth(Table 2). 8t

PN
[ed

3@
Lo & o

i)

o
&

Table 2. Comparison of the average concentrations of acid volatile sulfide (AVS), chemical oxygen demand (COD), and ignition loss (IL)
between beach sediment of Jeju Island and intertidal sediment of Korean coasts

Study region Samplingzone Mz (&) AVS (mgS/g) COD (mgO,/g) IL (%) Reference
Saemanguem (inner part) Intertidal zone - 0.75 3.5 2.2  Kimetal. (2003)
Byeonsan peninsula Intertidal zone 2.8 ND* 3.9 14  Jungetal. (2010)
Yeonggwang-Muan coast Intertidal zone 55 ND 8.5 29 Hwangetal. (2010)
Hampyeong Bay Intertidal zone 5.6 0.01 8.1 4.5  Hwang and Koh (2012b)
Aphae island Intertidal zone 6.9 0.04 7.4 3.9 Hwangetal. (2011)
Coastal islands of Shinan Intertidal zone 5.3 0.05 5.8 3.2  Hwang and Kim (2011)
Mokpo-Haenam coast Intertidal zone 6.7 0.03 11.9 54  Hwang et al. (2013)
Taean coast Intertidal zone 3.1 ND 0.5 1.2 Hwang et al. (2014b)
Jeju Island Intertidal zone 1.7 ND 2.1 3.9 Hwangetal (2012)
Jeju Island Swash zone 1.0 0.00 10.3 25  This study

*ND, Not detected.
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Fig. 3. The results of mean grain size (Mz), acid volatile sulfide
(AVS), chemical oxygen demand (COD), and ignition loss (IL) in
the beach sediment with each station around Jeju Island. The solid
and dotted lines represent the sediment quality guidelines for COD
and AVS, respectively.

A9k, COD skt H3x-3
Q)5tH, AlsfAet 21t =
o]l Hwang et al. (2012)0] A|F%= ¢1¢F AF2 71 B2 &9
A B35 S5 R THE oF Sl A -0 e ATk Table 2). 2]
&, AFSEAR ol A Bt Al Y detsfelo s A3
Wote Sa ok A YA AT SAGAAIE Y R 3 e
FSH(COD 7]%) ARE AHEY, 335
7 0.25% 105 m/day¥} 1,856 kg/day, &
197 10° mi/day} 6,442 kg/dayo] 31, E51, GFA 7 tj229]
785 74 B 2ufol 4 32 COD F=& Ktk st3ict
(JSSGP, 2023). T3, Kim and Kim (2017)0] 4|75 25 3%]
O] A W Sl T EERTIES B 7S AR
I}, FAA v E o] O3t 718 S AR HEE A &
71 80| FFE I IS BT Akt A2ofA] st
Aol Al A2l E44 sihE wet 55 A
Sk B AT ARt f71=0] = S Foll sk 4= 9l
o}, b, o] gt dAte oo ElHE F w2 COD 5= F
T/d0] & AP R o] FofA s AAo A BAH Y7
o) Al 71 ool v =& REA 2 A= Agke
B FAE FAR e U sk A e RS, st 5
o3 2 HH Astret 24 QA7 HEsA fr1E FY
o] ZF7Isk7] Wl A o' AYztETh 7 dAQhuir} o5 &
HYEQ FaFs 2Fo)7t Q7] wzol Akd 71 2 ¥l
THS HollA] doz A At ajollA] slia=ot Bl&E 5
TOC, TN, M5 L("C, "N) & 7= 71¢2 oe == 9l
+ ole] QIA=ol thgt 2elA o)A FgHA 9l dAt7F a-E o).
SHH, AVSSF COD+= H4&E W f71& 2d R H4=9 A

Y Ao Hwang et al., 2013)2 Al
A& B Al =11, E35], o]A

o7k - A -

QA

s bk S8 A %R de of§F o] th(Hyun et
al., 2003; Hwang et al., 2013). =Ujol A= “ojzktka|s” A1
Z0 k2 AP E A1 4] o2 7]=(MOF, 2017)° AVSe]|
gt 7] =4k S & 0.5 mgS/g-dry7} A A= o] A 9lew, o] 7|&
& 250 oA AT 2907 8 HAE B AVS 0]
ke ol 83te] 7124kt v mAkES: k3 Slck. SHAIg, of
QoA 29 24P o] 2o1XIA] ghol 89 2t Ao
Q=S Hrhsiolh, B, QoA AN AE
L 7)% ZHO.2 AVSSF COD =2 742H0.2 mgS/g-dry2} 20
mgO,/g-dry= 73}kl 9lth(Yokoyama, 2000). ©]5 7|5
A gsto] sy B AE § 71E LA9EE B A,
AVS®} COD K= 7| u|gto|§l o w(Fig. 3), whehA] ¢l+tsf
A& AR G & T RS G0l AAEHA g
Aoz A7E,

gH20 0jy34 Sk U

o =

Al Aot 8finl EAlE 5 24 vga4o] $ew As 3.6-
29.1 mg/kg (Bt 9.3+6.3 mg/kg), Cd 0.06-0.16 mg/kg (F
2+ 0.11£0.04 mg/kg), Cr 5-225 mg/kg (Bt 47 =48 mg/kg),
Cu 0.7-28.0 mg/kg (1 8.7+ 8.8 mg/kg), Fe 0.28-7.86% (F
7+ 2.74 +2.45%), Hg 0.001-0.046 mg/kg (B 0.008 +0.010
mg/kg), Mn 39-1,213 mgkg (Bt 363 +346 mg/kg), Pb
1.06-8.69 mg/kg (3t 3.98 + 1.97 mg/kg), Zn 7-285 mg/kg (
B4 94+93 mg/kg) S A ThTable 1). 374 0 2 7F A A7)
of & sEAlo] & YERN 1AL, Cu, Fe, Mn, Zno] 5-ARH 5714
ERE Ro|n] AFE BEI} HAZ Ado]A £ FEE
St 71 9] As, Cr, Pb Al 5553} oA % Aok, Cd
A& A, Hge AT J&3} 52 AghoflA & 5%
B Qlth(Fig. 4). T3 AT Shehibs S o= A5
T/0] =& AR A offlol Mt o R J4E 1
= whd BEQfom 4 E Aol TEs) glal 2o}
= ol HESO| Rash= W S A xSo] glal
AT Aol mefjoF HEST Ftal Q= A= thE A
Ast# EAJ-S B elth(Koh et al., 2005; Cho and Kim, 2017).
wabA, o]2 nste] AFE FRANT ARALOR L
o] |35 ], Cu, Fe, Mn, Zn& A|F=5= A R-¢AQH]|A] 57
AQFELE =17, Cd, Hgd Al S 3AQkof| A AlR-¢IQk Tt
ERXCH, As, Cr, Pb2 Al F5 FF- Ak AF-ARE Afo]of 2
FEAo|E HolA] AdTh(Fig. 5).

g, AFE onl BHHE § uEeES v=E A9t
A gk Qb 27 B SN AR EAE Fo 1]
P s vwstgdS o, As, Cd, Zn g7t
SHHwang et al., 2010), ¥3x=(Hwang et al., 2011), Al
oF =AM ¢(Hwang and Kim, 2011), E¢FaAoHHwang et
al., 2014b), 18|31 k= A%K(Hwang et al.,, 2019)Ec} 4
5] =& =5 Kol W, Fe, Cr, Cu, Hg, Mn, Pb-2 H|

1P

Z £4

A

[t rlo
Hm o4r b

e



A 3l E4%

o 712 %

RS L9 Bt

As conc. (mg/kg) ( A) Cd conc. (mg/kg) (B) Cr conc. (mg/kg) (C)
2< ) 0.155 < 80<
@ -0 @ 0125~0.155 @ -3
10~15 0.095~0.125 40~860
. 5~10 (4] 2u.nss~ooss a4 2zo~4a
o <5 ° o <
° ° °
. . .
Cu conc. (mg/kg) (D) Fe conc. (%) ( E) Hg conc. (mg/kg) (F)
.12< . .7,0( 0020 <
@ ¢ @ 50-70 @ o0t5~0020
@ s- @ 30-50 0.010~0015
® 3- @ 10~30 &) @ 0005~0010 &)
°

o

<10

° <0.005,

Mn conc. (mg/kg)

1000 <

@ 700~ 1000

400~ 700
: 100~ 400
°

<100
o

2Zn conc. (mg/kg) (|)
160 <

@ 120~160

80~120
@ %-~80
o <

31

Fig. 4. Spatial distributions of trace metal (As, Cd, Cr, Cu, Fe, Hg, Mn, Pb, and Zn) concentrations in the beach sediment around Jeju Island.

Sy Wokth(Table 3). o]2 <Qlsf Atsfe] ==
% wEFEEL Fe>Mn>Zn>Cr>As>Cu>Pb>Cd>Hg +©

2 Uo ol 2k=aE H9r) o]l: X

=

\__\_]_—

S RELEE

ok elok, ¢

F nERse aRse

(Fe>Mn>Zn>Cr>Pb>Cu>As>Cd>Hg)i} gjotelor B A& &
ZH3 3" (Fe>Mn>Zn>Cr>Pb>As>Cu>Cd>Hg)

RS

o ek Aol siek oJElth A o] 4% % g

Cd, Zn Xﬂ—.—E oHO]—7]_ Uq—g]- ajckal H obeg

EﬂAﬂBﬁﬂZhhaﬂ“ﬁ—ﬂﬂfi&%

&4, Agkol A% AAshs =

2

4@%%qo
Q] 7FsAo] Qi) dutA o g AlFrl &

Table 3. Comparison of the average concentrations of trace metal (As, Cd, Cr, Cu, Fe, Hg, Mn, Pb, and Zn) between beach sediment of Jeju
Island and intertidal sediment of Korean coasts

) . Metal (%) Metal (mg/kg)

Study region Sampling zone Reference
Fe As Cd Cr Cu Hg Mn Pb Zn

Yeonggwang-Muan coast Intertidal zone 23 56 0.05 51 10 0.012 448 25 70 Hwangetal.(2010)
Aphae Island Intertidal zone 28 71 0.06 63 13 0.009 476 22 84 Hwangetal. (2011)
Coastal Island of Shinan Intertidal zone 22 51 0.06 58 11 0.007 416 24 74 Hwangand Kim (2011)
Taean coast Intertidal zone 1.7 44 0.03 33 4 0.003 301 16 38 Hwang etal. (2014b)
Korean coast Intertidal zone - 74 009 - 14 0010 - 24 73 Hwangetal (2019)
Jeju Island Swash zone 2.7 93 011 47 9 0.008 363 4 94 This study
Continental crust in the world Continental 35 1.5 0.098 35 25 0.080 600 20 71 Taylor(1964)
(Background) Shelf

Korean coast (Background)

Sublittoral zone

Threshold effects levels (TEL)

7.4 0.134 46.1 14.7 0.016
14.5 0.75 116 20.6* 0.110

Taylor and McLennan (1995)

- 252 69.8 Woo etal. (2019)
44.0 68.4* MOF (2018b)

*Sediment guidelines values for comparison with copper (Cu) and zinc (Zn) concentrations corrected by Li concentration in sediment.



312 FEE - ol - Hud - YA
25 0.30 150
(A) As (B)Cd (C)Cr
2 2} 0251 120 |
2
= 020}
g st 90 |
= 0.15 f
w10} 60
T 010}
[
g
S 51 — 0t
0 0.00 0
30 80000 0.030
(D) Cu (E) Fe (F)Hg
B 0.025 |
e 60000 |
3
5 20} 0.020 |
£
§ 15f 40000 | 0015 |
B
£ 10t 0.010 |
@
8 20000 |
3 5¢ 0.005
0 0 0.000
1000 10 300
(G) Mn (H)Pb () Zn
2 gl 8l 250 |
2
= 200 -
2 eo0f 6
= 150 |
© 400 4t
c 100 |
@
2
g 2or 2} 2l
0 0
WEST EAST WEST EAST WEST EAST

Fig. 5. Comparison of trace metal concentrations in the beach sediment between eastern and western coasts around Jeju Island.

o

ARl A G 0 B A HAF ZhgeaFo] WL, 449 ot
& o]Fo|A] Qo] x|t At fEo] thE ofH A YHTE
=2 Al EAS 7] AL Ql o (Hwang et al., 2005), Z|
<L Jeong et al. (2020)°] -]t FoFwt <19 RDS % v|af+
4 525 249 3L Zn>Cr>Pb>Cu>As>Cd>Hg <=2 & =
2 s Ho|i, B2 F Zn, Cd 52 % A HH LY
Hol FH R f|F o8 &2 7ol =kl Bargk vl §lth
I3t Hwang and Kim (2011)2} Hwang et al. (2013)2 $H=
FA Qe A EAE W 2 As sof tisto] £H SA4F
O] A|Aetd EAT} s UL & I 2 HE Ast=2] §4,
TR MAehe 2R AF 2 Fakel] 9% 74 Al
ARk HE Qleh wheba], Sho 2 Al A ool A i<, A
=, A5k, RDS 5ol theh vjega42] 5= myEE 9 X3}
oA 245 5 HERt L HUY S AT FHA Q] At
7+ a5}t

of\

034 2= It

0

g EAE F vEgaSY 22 sEe HHES 7Ne R
dol7bs AAE Bk ofuet s For g5 5 o] Holt
= SM A9 FLHA Y AENA Hol=HA U IS =
5= 9lo], A= F el tigt 2 de B7h= sfAyH
Al G iS5 fgt Fagt e R Q1A E AL Itk Cro-
teau et al., 2005; Yuan et al., 2012; Lim et al., 2013; Ra et al.,
2013b). A 2.2780]|A] g3t vl 7ol H A A|H 0.2 E| ]
=5 e LA E Brkshe WS vFst, of ¢t
A<= SQGs, EF, 1, PLI9| 4714] F7HH S ]850 Al
ARE Nl B A= F g ad LA=S A EekTh

WA, SQGse] 7 o] Ao A ARgRE Ul S8 7= 5
HAE nFas o 717158 TEL $=e As 14.5 mg/
kg, Cd 0.75 mg/kg, Cr 116 mg/kg, Cu 20.6 mg/kg, Hg 0.11
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Table 4. Classification of enrichment factor (EF; Birth, 2003) and the number of EF defined as the ratios of trace metals relative to Fe in the
beach sediment around Jeju Island divided by the ratios of trace metals relative to Fe in earth crust reported by Taylor (1964) and Taylor

and McLennan (1995)
. ) ) ) Number of EF

EF range Designation of sediment quality

As Cd Cr Cu Hg Mn Pb Zn
> 50 Extremely severe enrichment 0 0 0 0 0 0 0 0
25-50 Very severe enrichment 4 0 0 0 0 0 0 0
10-25 Severe enrichment 7 4 0 0 0 0 0 0
5-10 Moderately severe enrichment 5 2 0 0 0 0 0 0
3-5 Moderate enrichment 1 2 9 0 0 0 0 0
1-3 Minor enrichment 2 3 6 0 1 3 3 19
<1 No enrichment 0 8 4 19 18 16 16 0
Average of EF 16.4 5.23 243 0.42 0.23 0.82 0.60 1.54

mg/kg, Pb 44.0 mg/kg, Zn 68.4 mg/kg®|cHMOF, 2018b). ¢
714, Cu®t Znd 2= A =29 Li =7} 33.1 mgkge 28
B ST =5 Y HAS] 7ot Hlasthal, Al &
O] Li 5%=7} 33.1 mg/kg olsto] At Y g3t Fr=7t 22
e B Aeolle d=RAglel 7Ies=e A4 Blaske
of gttt I1elal, EAE F ugaSo st o] 7S 24
ShH Al A Aol FA Al e FFol wadE /ol A=
= o)ttt Ata o o] -, A B Aol Lis=7}33.1 mg/
kg ko]l vi(Table 1), 2} vF542] =5 TELY} 24
Hluste] @ Y=E Frletoit oL Aah Al A vl F
A& T Ing AT BRI GAES 2335 771 A4 (Sts.
1,6,7,9,10, 13, 19)o| 4] TEL-Z ¢F 2ujjo] A} 2151111, 71 9]
4352 TELET Wt E3L Ase} Cus HAET BA%
9] 370 AR (AsS] AL Sts. 7, 14, 19; Cu®] H$-Sts. 9, 10, 13),
Cre 5] 1] A4St 13)014 TELE Z3stgo), 1
o ARES TELE T grom, 5], S4o] 743t 43 mlera
%oz Al Cd, Pb, HgZ 2= Aol A TELE T Wttt
ATt Ak iRl BAE F ndas sE 5 o8t ALt
St EF Z3HE Table 4] Y]}, Uuba o & EF=0.5-1.5
ol 739 LAEA] o2 A ARl F =, EF>1.5¢1 Atk ¢l
959l mlekago] o] o3t 9 Qo Brle|E shAlTt
(Zhang and Liu, 2002; Hwang and Kim, 2011), &+ A=
< 0|5 EF = 7 9| = AlEstste] s B 4E 5 nldas
2 A=E H71sFS Th(Birth, 2003; Chen et al., 2007; Hwang et
al,, 2013). o] A Foll A= Alishe 77152 2850 nle
w59 eY=E AuEgton, I A3 Cus e AHlA,
Hg2 5-5%2] ]l (St 16), Mn} Pb2 54 % 17] A4
(St. 3)7 555 271 A (Sts. 16, 17)& A 22k 2= Aol A
EF gfo| 1Xc} Wil s+t EF gho] 22} 0.42, 0.23, 0.82, 0.60
02 Q¢EA] k& Aej(no enrichment)$ith Znd 2E 4
oA EF gro] 1.16-2.09 Y= H+ EF ko] 1.54%111, Cr
L& Bzal Jzo] 47) A7 (Sts. 1,9, 10, 19y A Qg mE A

Aol A EF Zko] 1.15-4.54 91931 H4f BF ko] 2435 Ko
k7t @ A Al (minor enrichment) ¢l 71 2.2 WUEITE 514]
9k Cd2 $8 523} J3&, $A1%9] 87) A (Sts. 1, 5-7, 9,
10, 13, 19)= A )3k 2= Aol 4] EF gho] 1.2-19.9 H 91
I B4t EF gfo] 5.230.2 A3 413 @A Ael(moderately
severe enrichment) Gt} Ast= L5 oA 1.0-41.2 H=
25| 4et @ | AejollAFE wi- Agt 2 A (very se-
vere enrichment)Afo]of] F %] o] Q19137 HF EF o] 16432
kA o 2 At @ Abel|(severe enrichment)l 7 S 2 L}E}
Yt E3], AT EA1Z(Sts. 2, 3)1 E-52(Sts. 14, 16, 17,
18)ell 4] EF ko] 20.0 o)/ o= th2 FH 5ol vlsh A5 =
o g hepie

A ol B2 % njgkad 0918 gaaoz Brks)
fIsto] o] Aol A EAE 959 nEa4 5 Fe AlQlstaL
AR, A3HE Table 51| et Slct. v]#F5< - Cu, Hg,
Pb2 W= G I, #he] 0 e T class7} 00] 1AL,
Cd, Cr, Mn, Zn> 45 JH=[Cde] 79 57) A 5(Sts. 3, 12,
14, 16, 17); Cro] < 77§ AA(Sts. 5-7, 9, 12-14); Mn®] 7
2 27 A (Sts. 9-10); Zn®] A-S 67) AH(Sts. 1, 6,7, 9, 10)]
of| A L Zro] 0.0-2.0 Alo] =2 L, class7} 1 282 lo) g2
o] FAGAA 1, 3t0] 0 BRI class7} 0ol :15E]o]
olo] @ A E|R] ke 422 (practically unpolluted)o] ich. 1]
U, As©] 39 A Sl A 1 0] 0.0-1.0 (Sts. 9, 10, 17)
23040 (St 7) APl R 1 class7} 1 5 42 eliglo
U, 1o AHES L, Zro] 1.0-3.0 Alo]ga =2 L class7}
20| AFE o] o 2 dH
= Upebtth

Al dfinl BAE 5 vlEasel o3t T L9=E
B7rst7] flalf o] Atol A AR rlEFa< 78(As, Cd, Cr,
Cu, Hg, Pb, Zn)} vi 75 =5 o|-§-5ko] WA 4] (4)= e ALt
2k 7+ 4 PLI gk Fig. 60 Yepi it dub4] o & PLIgGE
o] 1.0 P|RE}1 79 Tl thoko] L HE|A] &2 4Hi(no pol-

“==(moderately polluted)?] 22
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Table 5. Classification of geoaccumulation index (Igeo; Miiller, 1981) and the number of L, for the trace metal concentrations in the beach

sediment around Jeju Island

Number of |

geo geo Designation of sediment quality
range class As Cd C Cu Hg Mn Pb Zn
>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 1 0 0 0 0 0 0 0
2-3 3 Moderately/strongly polluted 6 0 0 0 0 0 0 0
1-2 2 Moderately polluted 9 0 1 0 0 0 0 2
0-1 1 Practically unpolluted/moderately polluted 3 5 6 0 0 2 0 4
<0 0 Practically unpolluted 0 14 12 19 19 17 19 13
Average of | 1.79 -054 -074 -3.08 -452 -2.08 -3.04 -1.18
0 Bong et al. (2019)0] AlF= EQfo|A Feid 3bd A2 5
AsEEE HAF A3K32-108, Bt 7.0)5 13 o, AF
o] Y3t B0 o3t ol HHE FAs 0TS @
G - . 2 Ao welth meba, AR il HAE FAso] 0HE
" No Pollution OFAZIA] ATt 1 A5k 5-9] As Feof gt A7}
:::ﬂmﬂﬂﬂﬂ HHHHH Hl_ll‘lﬂﬂ ¢ HITE|A] orol ©gEs| o = AT, ohA Arskeiol, A5

12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

Station number

Fig. 6. The bars showing the PLI values with each station calcu-
lated by using trace metal (As, Cd, Cr, Cu, Hg, Pb, and Zn) con-
centrations in the beach sediment around Jeju Island. The solid
line represents the reference value for evaluating the trace metal
contamination in sediments. PLI, Pollution load index.

lution)E o]m[gtct. PLI At A¥E A EH, 0.13-1.17 (B
7+ 0.58) o gom, AHER As, Cr, Zno] £ 5 ES HY
A2 St 71 B2 Sts. 13, 190])4] 1.0& Z3}810]
294 AHl(polluted), 1 £ HHES PLIF| 1.0 njvtez
n]gkg4o] thate] @ H=A] o2 AFEi(no pollution)Ql 2 0. &
el 53], %2 As 55 Bl A% 9% Sts. 9, 10
< AlQ]shH AL HE SN As7F A vFEE G E
9] 9F30% o4 7] ook A0 R e nlefad Q=] 5
A1 Ao & ahetE| gt

ool 4714 HAE o F7PEH(SQGs, EF, I, PLDS.
2 AHE AFE At 8l HHE F uEEs LEEE F
3lal i, ¥]= Cd, Cr, Cu, Hg, Mn, Pb-- © 9= 2] 912 Alej
Ql A0 YRt oy Zn2 o7 @ A AEi Tt 53], As=
2 njgagol vl Y e] w2 LHEE Belon, o]2 <l
3 ATt oyl Bl 452 AR oA ngaol disf 2
H Ao 2 YepgTh o]eh 2 Aub= A Al At TA|A]
oo A Bl - & 5 v|Rka 4ol et L d% B7H4 i Hwang
etal., 2010, 2013; Hwang and Kim, 2011)%} 3-A}5}ct. o] A o]

o) AH, A Y EYES e 1) FUTEOR QI3 @
HE At FAolu Al st HE whet AlsksllE A
83k SAPAR WES So] FH Uelel FEE THsA
= 2R B3 Al Ajtoll= A, WA, & ik oby
2} Q7S wheh =Rl e durh WAgdstel A i
sl o] & S 2F= the AP EO HITH AsE A 840 R 5
k= 58 7L Qo AU H2 As s =5 Hol7] 2]
(Hwang et al., 2005; Kwon et al., 2017; Ko, 2019), o] 3=
F7H AT B E W As @ HS dod 7Hs A e el
S glck TeE R, AR ookl HAE Fo AsE EFa
nEEE @ Yels Hes] gelr] fldl s, A, A5t
S AAME 5 TR S o njgkade) /)9 U B
A3 QAA R SOl gt F=7H ] A7 Z a stk

Al AL

o] 4=E-e 2025W = F4ARTFS Sabpalel ALY % o
ool B A 9L HE AT(R2025015) Tl 2| 2hel] o)
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