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B AelrE A7 G AT S oR slel FAlOl sl B SR BB SE4 2 E Wket
Sk, siAlell FE= HEa ol vehhs a2 AR F37E G ARAcks wheh frlEls ol FElekA b
bttt 3t A9 o] f3d2t S SR 52 (chlorophyll a) w7t 34| Rk 315 S2(WQL: Water
Quality Index)& &% H581999] 3 (&7 ey AlLlsta & FxelA 15l sidshe, 25 H4E2] &
=% (Cr, Ni, Cu, Zn, As, Cd, Hg, Pb) 5 5+= = aj27153) vludle Wl 52)7]5=(TEL) olst= '147}5]3}1@.%;
AT (), 2-BH-3FAIG(PLI), VA=A (ERDE ©]8-310] B8 &S] T34 oA U SJslws B7ist 4
7, o] Ao AR G TA P FE FEOE GTE AR s AT 23 HAE 7

F% 09 Al s o2 e,

Abstract — The characteristics of the seawater environment and the degree of heavy metal pollution of surface sed-
iments in the western region of Youngheung Island in Gyeonggi Bay were investigated during summer and winter
seasons. During the summer season, water masses with high temperature and low salinity that appear in the north-
eastern area of the island were found to be heading towards the south alongside the western coast. With the inflow
of these water masses, the concentrations of dissolved inorganic nutrients and chlorophyll a increased. The quality
of seawater (WQI: Water Quality Index) was excellent (I grade: very good) at every station except for one station
(II grade: good, during the winter season) in the northeastern area of the island. The heavy metal concentrations
(Cr, Ni, Cu, Zn, As, Cd, Hg, and Pb) of surface sediments were below than lower criteria (TEL: Threshold Effects
Level) in Korean sediment quality guidelines. The heavy metal pollution degree and ecological risk assessment of
sediments by using geo-accumulation index (l,,), pollution load index (PLI), and ecological risk index (ERI)
showed no significant impact on benthic organisms. This study shows that the seawater quality and the heavy
metal of surface sediments in the western region of Youngheung Island are good condition.

Keywords: Youngheung Island(% 3~ %), Water quality(5=3), Surface sediment(3%5 % 4 &), Heavy metal(5 =
27), Pollution(2-%)
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N8l A7l AT e 2l FRUEAL ALl Yo, %
A A We Qo] wraeka itk AIAXBE T, WA -HF
ko B Sl ke 28R oldl] fus mrg} 71 Fo| YA

o] 21thH(Incheon Metropolitan City[2013]). G2
olo]i= x|t & )& okrlo] WA wekslar 9,1%‘/]'
o] 1l & slEuba o] oJeko g 317 ¢l 1l AJEA
Elual Qok(Kim et al[2013]). B8t H55% 7 km A
7F 9IRS Qlo) AskE ZEPRAl KR W R
4 29 Edel 990l v e slod, e
tow 7, skl 5= T frEd L=
7HA] JEFE wA = FloR A A 9}‘:}‘(Klm et al.[2005]).
ABtE= 1985 @4est AlEo] gy ol whet Alsts WA
FAPE 1994 &5 Hl ot 12 FUEA ZEH diatE ioﬂ
=40 ) oR o] ofshE gt ofof 1996\ A|3kE
DHFE WP ] Al o, Ak FE A 2004 —&,—*P—E—

=27 = ST E e

lq
m
N
2:3

(E ol F

<
(-

o

=2

> By 2

ot - % rE
g

it
) of
ol
-

N
=0
o

4
12 re

r13
o
0]0{!
kit

7Rt A3, A3k U= sl “‘E°ﬂ oI5t 9] sfjeje] el v

2= ke vnlsh, Algks U5 o153 AF 29l o8l &
o] ‘%}Eu ol ZAow ekt E‘r(Ra et al.[2013]).
FEE Agdtolli= s art 19994 2HaEe] 2004

Ldfﬂl 1, 2717t E3Eem, @A 65717 7Fsgol™, uid 54

9] Q=S uliEsar itk 2004~2005'3 P2 FH sfollA
°§%—§P%‘%@i 2l 3 AHEA 9 R A mE=r
1~457] 7FgAlell A A 23 2 1°0c9] Hol FP9= 75
O F 70 km, F5 22 5.1 kmo |9, ol FAFEAE 23.7 km™]
710 2 YERFTHKOEN[2006])(Fig. 1).

Kang et al.[2016]2 9% BFal 2] 3o ZAdelA AA]
ol el viet A5 AAISIeH, Kang er al. [2017]° K
TE e RS AR A A S AL
o O%HPEBH“ Al 9w B B7HE TSI AEliE
A|qellA viAet AL AEA 02 ekl §lom, 8%
FAE v}, = FAL Rk o} thalwt 5] s|xRe] ek
= ﬂlﬂti Frastal ‘E]-(NFRDI[2009]) ol el v

¢

[ed

_4

K510l 2011dl0] E¥Igch, Alske Zeluise] Sodo] el AL €9 TS 918 Q7o) WalE T glon, HAe] AHel
HIEA] A8l 2l&oll M= AlFAIES] A7 st ool wet sl ¢ J—% ﬂJr‘lhfFEﬂ ofego] 9lom, “% TR 3|l sljeFs
o) 7 B0l U5 Gl 4 20 olAbTBae er alf2017)).  ZPMSH WM 8 FAVRE AR e oS- 358 A0]THKim o
NEkE 2L 71 W Algkg -9 slele] 8¢ % al[2013]; Ongjin-gun[2008]; Ongjin-gun[2015)).
N
iy
W E
P :
S S-Ref

- o ——

Fig. 1. A map showing the sampling locations around Youngheung Island. The solid lines indicate the annual maximum excess temperature
(°C) extent of hot waste water discharged from the thermoelectric power plant (TPP) in surface layer (KOEN[2006]).



248 ATL o8- S - AER)

2 AT GFE AReLE T Shlsh Bl sHop
87 F0 QAFES) BE 548 sjelshy 85 1 9 E5 9
Be) 3% 9nE Yhsud dvh

2. X2 2 Hi

2.1 AL

VTE T el sl E s diashs 72 kel

EAS @Aiﬂ QN3l SNFBE T A9 o] 155 0] 43 }0%
2017 72 EHANS 2018 1é(o7il)°ﬂ Zkzt 18] dEAF 9 A
55 AFA EHT Al = 1671 AAeA 24 AEeE o] &
alo] AjF eIl on, B35 HAEAHE 2 cm) AlEE 207 FA oA
van Veen 1S 0|83t AFsIIck(Fig. 1).

2.2 _E'_Aﬂg-tl-l

3} GE-E CTD(SBE 19plus V2, Sea-Bird Electronics, USA)S

ol g3t FG3IAT, FAClFE(pH)= AGA] 712271 HHAYEHA]
U= Al 7 B2 5 pH meter(Orion Star A329, Thermo
Scientific, USA)= @7gollx S48t sl & A (DOY=
FEY o EIMEF A om SHsIl o, R AE
30 cm WA AF(Secchi disk)yS ©]-838F] S5

94 UANO,, NOy, PO, Si(OH),) #4123 SJ8A si= Algxe
GF/F oJHA = oj#st & o] 75 35 100 mLE AFH ko] #4
A7) BE Basialth FREINH,) SHS 218 A5 ol
IgelM ] e 9E Haslel| HlsiA AAAE aFA] 92 AE Fslo
SA W Basiolth. JUdd wEE UAAEREA7](QuAAtro,
Seal Analytical GmbH, Germany)g o] g-3lo] F-AI5kIT}

34~ % chlorophyll a &-%=5= 315 173817] el 330 pm mesh=
FEZFAES AASH T membrane 9134 (373 0.45 um)E ©]
g3l oakstal A= 90% oHEC R FETE F FF A
(10-AU, Turner Designs, USA)Z S35},

¥Z HHE U % Ingram[1971]2] EFEUEEA W wle}

At 2% H4= AlsE IsA(H,0,)8 AHHCHS
olg3to] f71E7 'MIIE AATE & FAAI- ] <3l 24527}
ARz EEsIGltt. 40 olate] ZHA AlEE sieve shakers: ©|
g3to] At F R (10 1) A BEES TSI, 40
oPde] A EAELS oF 2 o5 F3F T AFE47] (Sedigraph
I 5120, Micromeritics, USA)E ©]&3}] 57313t}

T H4E T FHEATOC)E THAAxE AEE 2is)
sk oks 1M @Ako = Ax2]st & CHN analyzer(Thermo FLASH
2000 Series, Thermo Scientific, USAYE ]3] 74315},

= Q;ﬂ‘j W 559 5 _l,ﬂ_klg ﬂ-xlﬂ;] }\]JEJ_ °k .2 goﬂ
EEAHHNO,:HF:HCIO, = 2:2:1)& 7}8to] 9h:13] 71 a3k o}
& - 723k, 1% HNO; &40 =% A83) 3tict. thEsl&
3l Dozl & F Cr, Ni, Cu, Zn, As, Cd, Pb, Li®] $5+=
CAFEERA0E AR 7] (ICP-MS, NexION 300D, PerkinElmer

Inc., USAYE ©]8318l1, Hell v vdshd AlEE AA4Y §
o] AF4=2-417](Direct Mercury Analyzer, DMA-80, Milestone
S&T Co., Italy)E ©]8-3to] A8l FARES] 2S5
R3] SJ8iA A5EE22] MESS-4(marine sediment reference
material, National Research Council Canada)s A 5.2} 3 4
st 2k 94 3488 Cr, Ni, Cu, Zn, As, Cd, Hg, Pb, Licll
&l A Z12); 3t 84+4%, 92+3%, 89£4%, 87£2%, 96=3%, 90£4%,
97+3%, 93+3%, 85+4%9|t}.

4 oo By}
“Ye)7 ]“} sl 54 71l AN
5ewo® Jﬂ7]—o]—°ﬂD]-(T7d_Lﬂ7]. &

: a
7144 (DIN) ¥, % §55%7]1(DIP) F5).

5 HAES v55 29% k= EFAUAKEF: enrichment
factor, 1,.,,: geo-accumulation index)®} 2 17} % #|<=(PLI: pollution
load index)E ©] 831311, T2 e8I F7l= =l dleF
7@ FAHTE 4] 2018-105) 2 AY el Al 9] Bl A1 5=(ERI:
ecological risk index)s &-83}3itt.

EF= B4 Ul 25949 7197 Q1904 e d=E Hrlshe=
UHoE HE o]-g-3tof ot} ol At
(Zhang and Liu[2002]).

o 'E]__l_\_ Llal

EF = (Ci/Li)sample/(Ci/Li)background (1)

(C/LD)gmpe= A& % Lioll thdh 2 55449
Li)hackgroundi= Liol] ok 2 55e4e .
ol tist M7= Woo er al[2019]°1] <J8iA 9= #|A]
Lio = 3EF3HE b 1ok H 2= T4 w5 =(Cr: 46.1
mg kg, Ni: 20 mg kg', Cu: 14.7 mg kg, Zn: 69.8 mg kg, As
7.4 mg kg', Cd: 0.134 mg kg, Hg: 0.0159 mg kg, Pb: 252 mg kg')&
SEEEES

L. 9482 W 555 955 T

o ch(Muller[1981]).

THAR 28to] B7kehs

L., = log(C/1.5C,) Q)

.{1\.‘/] rc

7y FZ1 Ak
o, 7

A714 Ciz Al %é% 7t & TEEe
A EE YERW, 5 1.5v A= tE Z]ﬂoﬂ/ﬂ EAs= 5
250 AT EE 1Y) Y8l AR ITHGhani et al.[2013]).

FAE U Tkl dist dAAQ LH9EE Hrkeb] fl&l PLI
S o] g8l o thao] 2 (3)°0.& Akt Tomlinson et
al.[1980]).

PLI= ?/(CF,x CF,x CFyx - x CF,) 3)

0%7]}\_1 CF(Cmctal/Bmcla])— ay % —J_‘/] HHﬁ (Bmctal)oﬂ EH?Y]— }\]
520 FHE TR (Cpu) W, 0 AR F 55 ek},

7} F4A40] BAAIS (toxic coefficient)S ©]8-510] EZE U]

i=1
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¢
B
12
1o
n
He,
EKl
of
k\l

= o RO tigh AXAEL] SRS ERIHOE B7F (At 2.59+0.44°C) ISR SA| KT} ShAlol] Bt oF oul] k)
11 th(Hakanson[19801]). (Table 1, Fig. 2). %5 -2 M1} SA 22} 29.35~31.22C8+

30.58+0.50), 31.61~31.74(H T 31.70+0.04)2] M)A Wl

It

o]

B T F @ Sonet A0 B oF 112 59
\ o) B PIS A ShIe] BEE Sl Lieh
ERE 2 ) meAge st 955 H Qlakg b RIS opgol 5

_1:'1_
gah e TH(Figs. 2, 3). 9

o714 CF= 2 (3)9] CF9F 53, Ty 2T 2558 54 29.81)°] vlal 5% H J
A, n FAE T AR gtk AulEAATE 9] Gio] AduFoRE B ghs Hol T SO ENE 95
AFEE AL Q1 8F(Cr: 2, Ni: 5, Cu: 5, Zn: 1, As: 10, Cd: 30, Hg:  %1°] l& Z o7 sated), FA o= shalol vlsl 47 d8e
40, Pb: 5)°] T340l tiaiA 2 8-8k90HKoo ef al[2019]; Lim W3} o, JEmo] Bga ezt el drFos

et al.[2013]; Sheykhi and Moore[2013]). S YERATHFigs. 4, 5). sl 2558 A5 T5ollA &
23} B Aol wig- FF 3 30 AT (P=0.7)E Kol v,
3. 21 g nat FAlOlE AR Gte] W Aof FElg A S HolA] o

SCH(Figs. 4, 5).
3.1 oY=t QIX[e| Bx A Aol Z52] pHS) DO S5 ZH} 8.03~8.10(8 1 8.07+
% F ez A ALelA sl ALl 0.02)8}F 7.24~7.71 mg L' (Bt 7.48+0.14 mg L) Heloln, 3=
¥ 2 7HY 21.29~23.85°CCET 22.85+0.74°C), 1.60~3.46°C <%} H| 18] AF5=ellA] pHS}F DO T Gvd £2 2 4

Table 1. Maximum, minimum, and average contents of temperature, salinity, pH, DO, DIN, DIP, Si(OH),, and chlorophyll a in surface seawater of
Youngheung Island. Seawater samples were not collected at stations 1, 3, 7, and 9

Sampling St.  Depth Temperature (°C)  Salinity pH DO(mgL") DIN(ugL') DIP(ugL") Si(OH),(ugL") Chla(ugL™)
Jul. 2017 1-19 Surface 21.29-23.85  29.35-31.22 8.03-8.10 7.24-7.71 105-208 18.6-23.6 238-504 0.95-1.82
(n=15) (22.85:0.74)  (30.58+0.50) (8.07+£0.02) (7.48+0.14)  (145+27)  (212%13)  (357473)  (1.27+029)
Bottom 20.96-22.87  30.68-31.33  8.05-8.12 7.28-7.78 97-151 16.7-21.1 213-367 0.86-1.26
(21912057) (31.05:0.19) (8.09£0.02) (7.53£0.13)  (122£18)  (I8.6£1.4)  (295451)  (1.07+0.13)
Ref.  Surface 23.85 29.81 8.05 6.96 246 27.8 528 2.16
Bottom 23.14 30.49 8.06 7.11 182 21.7 419 1.22
Jan. 2018 1-19 Surface 1.60-3.46 31.61-31.74 8.12-8.18  10.47-11.20 127-340 29.2-32.6 390-439 0.68-0.93
(n=15) (2.59£0.44)  (31.70:0.04) (8.17£0.02) (10.874025) (177%67)  (30.5£1.0)  (405£12)  (0.79+0.07)
Bottom 1.29-3.04 31.20-31.99 8.08-8.18  10.68-11.17  141-1696 25.0-31.0 361-432 0.64-1.05
(2.41+£049)  (31.69+0.16) (8.16+0.03) (10.95+0.14) (279£394)  (28.9+1.4) (401£15) (0.88+0.11)
Ref.  Surface 0.37 31.43 8.12 12.01 410 353 449 1.07
Bottom 0.27 31.32 8.15 11.7 490 33.8 446 1.01
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Fig. 2. The horizontal distributions of seasurface temperature around Youngheung Island during (a) summer and (b) winter seasons, respectively.
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Fig. 3. The horizontal distributions of seasurface salinity around Youngheung Island during (a) summer and (b) winter seasons, respectively.
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Fig. 4. Plots of salinity versus environmental parameters (temperature, pH, DO, DIN, Si(OH),, and chlorophyll ) in surface and bottom

seawater around Youngheung Island during summer season.
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Fig. 5. Plots of salinity versus environmental parameters (temperature, pH, DO, DIN, Si(OH),, and chlorophyll a) in surface and bottom

seawater around Youngheung Island during winter season.
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AET -olg S -Hl

G=gravel

sG=sandy gravel
msG=muddy sandy gravel
mG=muddy gravel

9]

S=sand
cS=clayey sand

. Winter gM=gravelly mud mS=muddy sand
gmS=gravelly muddy sand zS=silty sand
gS=gravelly sand sC=sandy clay
(g)M=slightly gravelly mud sM=sandy mud
(g)mS=slighty gravelly muddy sand sZ=sandy silt

5 (g)S=slightly gravelly sand C=clay
% M=mud M=mud
% sM=sandy mud Z=silt

X mS=muddy sand 50%

30%

S=sand

sC sM sZ
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oo1% /M 7 / ¢ / M z \
1:9 55 9:1 2:1 1:2
MUD Mud:Sand SAND CLAY SILT

Fig. 6. The ternary diagrams showing the major sediment type of surface sediments around Youngheung Island.

2}o) = Ho x| ¢kkom | Kim e al[2013]°] 2J&) 2011d] T =
TR S elA] ZAREE AT 0.26%)9) AT

35 534 22 54 U Mei S =)

T HA=Y T sE5E S48 flste] skl sAl 2
7k ZAVE AAfEIglom, 355 B8] Cr N, Cu, Zn, As, Cd, Hg, Pb
o 217 3.01~62.91 mg kg, 1.20~25.24 mg kg, 0.74~17.16 mg

kg, 5.41~79.96 mg kg, 3.23~9.62 mg kg, 0.01~0.18 mg kg™,
18.7~36.1 mg kg, 0.001~0.019 mg kg ¥ ] tH(Table 3). 3142}
Al 1% BAES 5% B S5 Zn@EH: 46.6 mg kg,
FA: 41.6 mg kg"el 714 =0, HgEHl: 0.009 mg ke, SAI:
0.008 mg kgl 7P vttt Fudd et s A0l w8l st
Al ZFeA =2 57 WPk O UK(Table 3), A4 0= F-2] 3 2}
ol SIATH(P<0.05).

Table 2. Pearson correlation matrix among mean grain size (Mz), TOC, and heavy metals

Summer Mz TOC Cr Ni Cu Zn As Cd Hg Pb Li

Mz 1

TOC 384 1

Cr 753" 539" 1

Ni 733" 476 986" 1

Cu 685" 420 .966" 987" 1

Zn .685™ 395 .955™ 942" 952" 1

As .660" .370 811%° .864" .854" 761" 1

Cd 418 .194 .585™ 557 592" .602" .370 1

Hg 553" 255 .834" .846" .900" 916" 661" 574" 1

Pb -.082 .026 197 .169 233 301 -.037 214 337 1

Li 709" 479" .985™ .990" 987" 955" .844™ 5717 861" .260 1
Winter Mz TOC Cr Ni Cu Zn As Cd Hg Pb Li

Mz 1

TOC 623" 1

Cr 670" 821" 1

Ni 761" 818" .949" 1

Cu 763" 834" 929" 975" 1

Zn 720 636 827" 862" 872" 1

As 663" 698" .830™ 897" .859™ 678" 1

Cd .349 5817 17 723" 752" 680" .640™ 1

Hg 692" 673" 720 836" .845™ .853" 723" .538" 1

Pb .505° 497" .509° .589" .596™ .560" 449° 477 662" 1

Li 755" 7617 926" 969" 970" 871" 877" 745" 857" .549" 1

*: p<0.05, **: p<0.01
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Table 3. Comparison of trace metal concentrations (range and average) between this study area and other coastal region sediments of Korea

(unit : mg kg™")
Study area Cr Ni Cu Zn As Cd Hg Pb Li
UleanOnsan conet) 3480 2638 20249 103-1160 1021 0.141.02 003153  26-531 51-75
(64) (30) 92) 317) (16) (0.46) (0.34) (103) (62)
Masan Bav? ] 27-34 2076 118327 ] 0.1-1.1 ] 34-76 ]
Y 31) (46) (200) (0.6) (50)
Jiohae Bav® 2382 2239 18-91 67352 816  020-1.84 ] 10-69 ]
Y (58) (34) 42) (125) (10) (0.57) 29)
Cwanvang By 1876 7.35 6-34 23126 ) 0.01-0.27 ) 13-35 24-107
gyang Bay 1) 4) (18) (86) (0.15) (28) (72)
. 38-176 18-74 13318 57-523 0.09-1.40 15-68
5) . - -
Shihwa Lake (82) (40) (76) (186) (0.42) (30)
60-74 1317 81-104 6680  0.03-005 001-002 2027
*.6) -
Southwestern FRPA (70) (15) (99) 715) (0.04) (0.01) (25)
Onginaun? 22.7-93.7 34213 34138 2777 0.028-0.101 0.006-0.014 15.6-26.1
ngjin-gun -
(58.9) (103) 82) (4.4) (0055  (0.008)  (193)
This study 6.78-6291 3982524 154-17.16 871-7996 407962 0.02-0.13 0.002-0.019 19.33-36.14 5.82-51.68
(summerseason)  (3643)  (1442)  (887)  (4655)  (637) 007) (0009 (2384  (2873)
This study 3.01-5688 1202317 0.74-1467 541-6594 323842  001-0.18 0.001-0.018 18.73-32.31 4.59-47.05
(winter season) (3331) (1194  (7.03) (4164 (579 006)  (0.008)  (23.89)  (2450)

YSun et al.[2015]; PSun et al.[2014]; ?Cho and Lee[2012]; “Hyun et al.[2003]; *Kim et al.[2003]; “Koo et al.[2019]; "Kim et al.[2013]

*FRPA: Fisheries Resource Protection Area

B A5 9Jime} 94 S AR 7] 918iA SPSS(ver. 21)E
©]-83}] Pearson "JIHT-AS AAISISITH(Table 2). 3HAloll= 13
A= =S} Cr, Ni, Li 4 Alolol] AT (ry7F 0.7 o) o=
A7) =& Ao 2 Ve FAlo= Ni, Cu, Zn, Lie]
BAG 0.7 0122 YePdth(Table 2). B1ZE-2] 9E$} TOC &
== ARl Blsl AN AiE o2 A (1=0.623, p<0.01)7}
= YeRko ™, F253 TOC s5210] AT oA SAlol =2
73S HSITH(Table 2). ZAMAZ19}F T4 YA0EE A= UE oF
& HOA|RE & A ellA] 3 TEEY AT
I T2 Q5 98 Jgke b HFE tH(Zhang and
Gao[2015]; Sun et al.[2018]).

2 AT GellA A T
A7 @A 2A] 2018-10
)9} vl A3, B2 ZEAP A3
e JFo] s A
Fig. 7). Kim et al. [2013]f 2011%101]
oF# s elM XF HAE F S
ZE A NOAASA ;qu,}_
ERL(Effects Range Low) ©]3}2 ‘/PE}M#L}
o)A Cr %7} ERL(Cr: 81 mg kg)ys %
o} 28y = F£2715(Cr: 116 mg kg") Hohs W& 570
Stk v BAE F Fa50] 295 e R oelA
ZAFE Aol w3 e GrEolv, WA At AR E
T4 1% HAE F o5 59 vusiAE ARV B
0] tH(Table 3).

EFZ 194 e9LE

)\01—

= p=
33 14@
1 70
=20
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\lf}/ll

32

= FEA FAVIEG

) oI5k Lebsie)

-

7@40

b BN

~

B7FeE 23k, Ass} Po2 Al9)

B2 sHlel Al Hd 1.5 o8k X|ZhEd =
slakgo] o8l w7k 2AEE T A4
G th(Zhang and Liu[2002]). As?} Pbe L4
02 e} o5 A A] H] 2]z~
UEREO ) (Tables 4, 5), 3HA12} A 2%
B vl 918 AHE34 10, 11, 12, 13, 17, 18)°1A
/\hﬂ] 1 og _‘I__Q %)\—_E_ y_o:h:]_

wo THE o]83le] BAEY Tu% L9EE WUle 4, Cr,
Cu, Zn, As, Cd, Hg, Pb atA|8} BA1] B A elA 0 o5t
(unpolluted)= YEFHTHFig. 8)(Muller[1981], Sun et al.[2015]).

=4 4 AINCr, Ni, Cu, Zn, As, Cd, Hg, Pb)E ©]&5}]
PLIE {%E 713k A3}, sHAlell= 84 7(PLL: 1.02), sAlol= 4
7 14(PLIL: 1.03), 87 19(PLL: 1.01)= Al9)st & AHolA 1 1)
TH(no pollution)®.Z 1/HE‘P/LEHTables 4, 5).

A9 SACl B35 HAE F ERIE= 242 23.3~1043(F ¢
60.3), 17.0~96.8C31 53.9)2] WML om, th=-2] A HlA 100
mRko 2 AX A S & 7FsA ol W A EI St low
risk)(Tables 4, 5). 3ol L3 A 72 19)04 A A=
A= AL HEE = 5 = HW1(100 < ERI < 150, moderate risk)=
e 54592 Aod 7oleE AT ESkE W shAle} EA
D5 Heol 71957 WGl Bt 32.9%, FAI: B 34.7%) 7V 2
O 2 eI th 0 & CdEHl: B 27.7%, SAI: H1 24.7%),
As(BHA: B 16.0%, F71: 15.6%), Pb(3HAl: B 9.5%, SA:
10.9%) 201912, Cr, Ni, Cy, Zng] 7101 == FF 5% 2] it
wEbr] FEE AT ellM ZAKE Hl A2 A=z
A A E mA] =

o{m A
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Fig. 7. Temporal and spatial variations of trace metals in surface sediments around Youngheung Island. The solid lines represent the value
of threshold effects level (TEL) in Korean sediment quality guidelines. Cu and Zn concentrations were corrected for sediment grain size
(Li concentration).
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Table 4. Enrichment factor (EF), pollution load index (PLI), and ecological risk index (ERI) of heavy metals for surface sediments around

Youngheung Island during summer season

Enrichment factor (EF)
St Cr Ni Cu Zn As Cd Hg Pb PLI ERI
1 0.97 0.89 0.81 1.19 1.07 0.87 0.98 2.73 0.52 53.1
2 1.19 1.22 1.06 1.11 1.55 0.83 0.77 1.32 0.58 54.0
3 1.13 1.06 1.03 0.95 1.07 0.82 1.07 0.92 0.89 94.8
4 1.21 1.02 0.83 0.87 1.22 0.49 0.80 1.00 0.68 64.5
5 1.34 1.16 0.82 0.96 0.93 0.37 0.67 1.15 0.58 49.3
6 1.19 1.05 0.87 0.87 1.22 0.57 0.61 0.93 0.84 74.7
7 1.15 1.06 0.99 0.97 1.10 0.61 1.02 0.88 1.02 104.3
8 1.27 1.09 0.89 0.89 1.07 0.66 0.51 0.94 0.80 69.2
9 1.49 1.15 0.92 1.36 1.25 0.86 0.62 1.53 0.60 51.3
10 0.96 1.20 0.62 1.08 3.77 0.79 0.54 421 0.22 233
11 0.84 1.04 0.55 1.45 3.13 2.09 0.56 4.52 0.23 28.6
12 1.30 1.15 0.90 1.76 1.89 1.56 1.16 222 0.50 53.7
13 1.10 2.37 1.24 0.93 5.84 2.20 1.28 6.02 0.25 30.3
14 1.24 1.09 0.94 0.91 0.98 0.83 0.63 0.93 0.88 81.9
15 1.25 1.07 0.97 0.96 1.04 0.67 1.04 1.02 0.91 92.4
16 1.26 1.06 0.93 1.06 1.21 1.04 0.93 1.94 0.57 56.9
17 1.20 1.15 0.59 1.09 2.44 0.72 0.73 4.14 0.25 24.2
18 0.99 1.19 0.83 0.77 2.75 2.87 0.57 4.35 0.26 35.0
19 1.11 1.05 0.99 0.97 0.95 0.91 1.10 0.98 0.95 103.7
Ref. 1.38 1.07 0.87 1.08 1.09 2.05 0.66 1.39 0.70 81.8

Table 5. Enrichment factor (EF), pollution load index (PLI), and ecological risk index (ERI) of heavy metals for surface sediments around

Youngheung Island during winter season

Enrichment factor (EF)

St. - PLI ERI
Cr Ni Cu Zn As Cd Hg Pb

1 2.47 1.01 0.95 1.16 1.57 1.00 0.75 2.32 0.49 39.1
2 1.20 1.03 0.89 1.00 1.11 1.73 0.80 1.29 0.86 88.9
3 0.88 0.69 0.62 0.74 1.07 0.56 0.91 1.16 0.59 58.0
4 1.28 1.10 0.92 0.96 1.33 0.61 0.62 1.27 0.75 59.1
5 1.45 1.31 0.89 0.83 1.44 0.68 1.27 1.19 0.79 76.9
6 1.24 1.07 0.80 0.94 1.22 0.85 0.95 1.08 0.91 85.0
7 1.31 1.06 0.84 1.72 1.39 0.64 0.73 1.67 0.54 413
8 1.40 1.14 0.87 1.00 1.24 0.71 0.59 1.27 0.74 57.6
9 1.32 1.14 0.87 1.04 1.25 0.77 0.68 1.44 0.70 57.2
10 1.44 1.16 0.90 1.28 1.94 0.90 1.00 2.84 0.53 45.9
11 1.40 1.14 0.99 1.21 2.57 1.72 0.83 3.11 0.43 41.1
12 1.46 1.23 0.74 0.85 1.61 0.83 0.69 2.40 0.44 36.6
13 1.52 0.73 0.44 0.52 3.31 0.48 1.07 5.52 0.17 19.0
14 1.14 1.07 0.93 0.88 1.05 0.68 1.02 0.96 1.03 96.8
15 1.27 1.07 0.84 1.72 1.20 0.87 1.02 2.24 0.57 49.2
16 1.20 1.00 0.60 1.34 1.58 0.53 1.00 2.11 0.46 40.4
17 0.86 0.53 0.32 1.53 3.82 0.99 0.45 5.65 0.17 19.3
18 0.62 0.57 1.66 2.72 4.14 0.89 1.08 7.07 0.17 17.0
19 1.15 1.13 0.98 0.95 0.94 0.65 1.16 1.29 1.01 94.9
Ref. 1.34 1.07 0.87 1.12 0.92 0.90 0.74 1.10 0.89 76.0

.24 B shelel M e A S} ebtom, JEw AReele ek

FUSE o] FEPI vhepdeh. e AGY Sale) £

QTR Aol A3 E3 B4R AYEE W] @GR FROZ chlorophyll a = G4 A vehe,

SleliA siAleh SAll AFEARE SIS siAlell 98 S wEPA sl i At AlskE W, Q1A fIjko 2
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