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Q o
P RE % FAAIOK(1 M HCL) F25 5 o]88to] SAF-24 A B3E A= Ul nase] o1 9 AH 9l
AL H7EITh Z5EAE U v|EE4 3 Cu, Cd, Pb, Zn, Hg?] 553 &4k Ha] 24kadgkol| A 2ul] o)Ak
A Vbt T OF 5 4 AY) CdY) Phe T T 7HEAATES Hat ol 2 72%, 78%E 1414
719 2l F2 FFEE= Ao Z YeRd Ubd | Cr, Li, Ni, Ast 3550l A Het 80% o)A EA)3te] =2 X]'
A% 7198] FFE Wi Zlow vER T S s A E AR slekad 713t vk A3, Cu, P, Zn, Hg®l 5%
kAR A7 Aol |7 FEE 29 oH, Cr, Nid B8 FolM F2715 olaiit). vaE4:2 iOﬂC g
e $I81d-& thaFet A 4(EF, 1, m-PEL-Q, ERDE H7}et A¥}, £4k-2 2 Ak |54 Z Cu, Cd, Pb, Zn,
Hg®l 257} oo, el A4 22 cd} Heel 718 & &43& LFERRtTE.

Abstract — Total acid digestion and 1 M HCI extraction methods were used to investigate the pollution status and

the degree of ecological risk of trace metals in surface sediments from the Ulsan-Onsan coast. Total concentrations
of trace metals (Cu, Cd, Pb, Zn, and Hg) were two-fold higher in surface sediments from Onsan coast than in those
from Ulsan coast. The mean labile fractions of the total concentrations of Cd and Pb were 72% and 78%, respec-
tively, indicating a high contribution from anthropogenic sources, whereas Cr, Li, Ni, and As in the residual frac-
tion exceeded 80%, indicating a high contribution from natural sources. According to the results of assessment of
trace metal pollution using the sediment quality guidelines in Korea, the concentrations of Cu, Pb, Zn, and Hg were
higher than the values of the probable effects level (PEL) at some stations of Onsan coast, and the concentrations
of Cr and Ni were lower than the values of the threshold effects level (TEL). The pollution level and ecological
risk of the trace metals were analyzed using various indexes (EF, I, m-PEL-Q, and ERI). Our results showed that
the degree of pollution by trace metals (Cu, Cd, Pb, Zn, and Hg) on the Ulsan—Onsan coast was high, and Hg and
Cd were the major potential ecological risk factors.

Keywords: Ulsan-Onsan coast(=At-241 ), Trace metal("] =5 <), Partial extraction method(Tt A] &F 5=

=), Pollution source(2-%714), Pollution assessment(2.53 % H7})

1.A 2 X072 AdeA QlthLee et al[1998]; Ra et al.[2013]).
A EAE U LHELS Ao RN AnHE ot f=
Bl ol 1A St SA-24AES 1960 U E FedslE HIlE, O] A 5 vekst AEE 53 1Y% (Guo et al.[2010]),
ATA 2 A= HA Afgeta vdas 5 il S8 & B A= A, 2 9 2& 8o Alsk-3kd e QJEl ohAl
A7 AEE Ik o] 2 Qlate] QI At A EAE Ul viFE  FEoRE 5] dlEAlel 3 X Th(Lee e al.[2008)).
% 99 W AE FEFT0] = Akl TR Aztek dl F & 58], HAE U vEgege g BalEA] g KA R 4
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al. [2013 ). kA A }01]"1 HEEARN HAE T 2 sferdEA
AREE getapr] SeiMe nEase] % 222 2 7| el ot
A7} o9 S a8kt

BAEoA a4l w5 9 AR o84S Thefshr] f1ste]
A3l (total acid digestion), 9145 =& (sequential extraction),
|k =2 (partial extraction) & TFJsh w4 o] o] &5 11
Sl THRauret et al.[1999]; Snape et al.[2004]; Yang et al.[2012]).
Aok 2] S el 3“‘301]*1 A x3 54w W 7HA
-1 (labile fractionyS &4 07 FET 4= 9low AL FEFH o
H]3s)] Ado] H]_ﬁ_x% 7 1:/_}3].—; uﬂ].Eu:] A]—;Hx% o 7 obdsH Hol—lﬁo
CH(Snape et al.[2004]). M&E42] 7RIS T 27 st
A7 Wshs =9 E FElE, 1917 o] B s ﬂoﬂ/ﬂ 7+
0 S5 W AEo8Ado] =4 vERdTE R, AR
n|gago] FEZAR e A AAAR FEE, A4A Fd8telA]
ow fA HL%Q 7Fsde] 7] wie] Azol-gAdel A<l
RS ] o= BHO|TK(Yu er al[2010]; Yuan ef al.[2011]). WEhA
GOk S ER = U] v]FEEE] Q1914 29 W RS
4 AEE vetabr] {13 -89 o s 4 A AtK(Snape er
al.[2004]).

nFaEe] e 9 e S Bk flete] okt

So] BuHo] gkOw(Caeiro ef al.[2005]), IA A7 FH o=
T AWNA {3 RS sEE olgste] HAE Y v
50 AT E FUeks WO =R enrichment factor(EF), geo-
accumulation index(l,,), mean-PEL-quotients(m-PEL-Q), pollution
load index(PLI), ecological risk index(ERI) 5©] $1o™, FHA=
AL F2H B TIPS o] 83t nFEEY] AT ¢
AEEA o]g HE Hrls= W CE enrichment factor(Kepgr),
risk assessment code(RAC) 5] It AlAA= 23] 3=}
A FEET 555 ARl &S o]&3lo] AXAES] 54 v
& % Y5 718K W (acid volatile sulfide and simultaneously
extractable metals, AVS-SEM)°] %/TH(Yang et al.[2012]). ©]&] 3k
WSS HAE U rEgaEe] o5 9 AEflsi s Bk 9
3lo] F-g31A o] &4 11 ItH(Adepoju et al.[2014]; Mashiatullah
et al.[2013]; Sun et al.[2014]).

U AR A E A E W vFEEe] B vEE 3 WA
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Sun et al. [2014]) s OHX] oﬂol °*P-L AFoloke- D}% ?4_%011 H]
aff AhAo® e Q1 s wWild ¥ <l
sto] @ 94o] AlstE]of o whet < A= l%k%%ﬁl o3
A7) s e Qlth(Hwang et al.[2014]; Ra et al.[2

Tt e A EAE Wl e imﬂ ?‘& E—&E*é
L 20.355 Brrstelon, EAEela GOk 58 F3 v
w52 Q1914 o4l = W ABEol 8ol BEE = A

skt

2.1 A2 MF L S 2
AE A= W mdass A flsto] 2014 290 SAR-2AT
ek U 167 “g53ellA AL 7](van Veen grab sampler)s ©]-83
HEZEAE(<2 em)E AFABIAIL(Fig. 1), HAA7H] WERHIH-20°C)
skt Bl A5 AR FE1% F opllo|E B 2ELE (agate mortar)s
AMgate] el siolt. wdskE Alas e Al 239 7
(<63 um) o]g3to] A F F3hE AR ARSISITHMorillo
et al.[2004]).
4% U HgS AlLler nladaro] 744 2 g7

l

3+ 122412 Snape et al.[2004]2] HHH-S wsith A4 F (reket
A Qokabd, 7}%_/HHT,__/] u]%l:{;él\—%zj_ AE 1 g01] 1 M HCI
n i
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Fig. 1. Map showing sampling locations of surface sediments col-
lected from the Ulsan-Onsan coast.
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2% HNO, & 0% FZ3lo] o5 Ao = algint. wgks
9] FEies AFAE ©F 025
Fagollx] A gk WS msitt APHE Bl Fofxl Al
Z U Cu, Cd, Pb, Cr, Ni, Mn, As, Zn, Li®] 35+ 543 =2}
Zn} A g2 7] (Inductively Coupled Plasma Mass Spectrometer,
NexION 300D, PerkinElmer Inc., USA), Hg AF5-2347] (Direct
Mercury Analyzer, DMA-80, Milestone S&T Co., Italy)E ©]&-3}
o FAlEIATt.

AR PRES A 5] MRS 5

Recovery (%)=[(labilet+residual concentration)/total concentration]
*x100 ey

7|4 labile A& Wl v 7HA3EE F5, residual>
AlE W TR 55, total concentration A& W] w]EE4:0)
FTEEE gudit) JASEFEZA(MESS-3)] 35&S B &
EollA] 93~107%2] WAL, A5 U] nEga42] F5e dist
77 RN T Y a2 BE Aol 97~104%9]

Wsigict.

22 0[Z340| QUT U MeERIsHY It
2AE-EALRIRY FH A BoA] T4 QAT EF, 1,2
o131l AHSIsY H7H= Sl SAE AR A NE, me
PEL-Q, ERIS 0} 83121t}. 1213 2} 7)ol ot 75 Table 1
o hehigich.
EFi= 545 v vjsa4o) 7190 gk gust § 9914 o
QET Bk o, HEY 29 Lig ol§3jo] Tt

3 9w v AEIIa %7} 247
o] AlxkslIth(Zhang and Liu[2002]; Han et al.[2006]).

EF = (C!/Li)samp[e/(Ci/Li)backgmund (2)
AN (ClLi) e A5 & Licl thet 2 vla4e] 5=, (C/

Li)yekgromais Licl ThEE 2} m]@ba450] w1 SJu|gitt, 2 A
TollA 7F gl tisk M A 29 JTs
2] ¢kar, Aol A g Al FE|Z EARIAE 71 eke &
TN Ht TR wiEEEE 7Pgskal ARl o (Lim
et al.[2007]; Yuan et al.[2011]; Saleem et al.[2015]), Hg Lim et
al[2012]0] AIATSE vlebel 10 AR 5 1900 o]x1e] A
e Fs AR E o] 83ISIth(Table 2).

L& 8% U vg2s LARE F TR FHEsle] 718t
T WO thgd) ol A (Muller[1981)).

- G
I = log( 56 ) G)
AN iz AR U S 7 nlFREe B, G 7 VIR

&9 WA FEE YUERM, A 1.55 A= & A Zel|x] EA)8t
= ovEEEe) WdsEs BAS] S8 AH-EITHGhani er
al [2013)).

= A E A sl 71 @A a4 A12013-1863 )
% 9702 vlEE<4(As, Cd, Cr, Cu, Hg, Ni, Pb, Zn)ll theix] $-2]
7] (threshold effects level, TEL)Z} 2] 7] (probable effects
level, PEL)C 2 skl gk, 2 AollA= Cugt Zn2 Li ©]
g3lo] QleE BAT gk ol838i8laL, 11 9] »IFEER(Cd, Pb, Cr,
Ni, As, Hgy> A59 555 A A= sje37 153 25 vl
wapleh, g 7} S aol gk A AESHA 9 e
m-PEL-QE o]&-3lo] H7}sk3lar, ALt the3) 2 THLong et
al [1998]).

Table 1. Classification of pollution (EF and I,,) and ecological risk assessments (m-PEL-Q and ERI) indices of trace metals in this study

Index name (type)

Contamination categories (pollution levels)

Enrichment factor (EF)"

0.5<EF<1.5: crustal origin
EF>1.5: non-crustal origin

I, class=0 (I,.,<0): unpolluted

geo geo—

geo geo—

geo

class=1 (0<I,<1): unpolluted/moderately polluted
class=2 (1<I,,<2): moderately polluted

class=4 (3<I,<4): strongly polluted

1
1
Geo-accumulation index (Igeo)z) Iy, class=3 (2<I,<3): moderately to strongly polluted
1
1

geo

class=5 (4<I,<5): strongly to very strongly polluted

I, class=6 (I,.,>5): very strongly polluted

m-PEL-Q<0.1: 8% probability of toxic

Mean-PEL-quotients (m-PEL-Q)”

0.11<m-PEL-Q<1.5: 21% probability of toxic
1.51<m-PEL-Q<2.3: 49% probability of toxic

m-PEL-Q>2.3: 73% probability of toxic

E;<40: low
40<E;<80: moderate

Ecological risk index (ERT)" 80<E<160: high

160<E;<320: very high

E>320: dangerous

ERI<150: low
150<ERI<300: moderate
300<ERI<600: high
600=>ERI: very high

DZhang and Liu[2002]; ?Muller[1981]; *Long et al.[1998]; “Jiang et al.[2014]
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S (C/PEL))
—-PEL-Q =2 4
m - 4
A7 Ce AlE U 549 7 vEESe] 55, PELe 7 V%
=5 °l PEL 71% FE, n v‘%@*?‘%% Froltt.
st S IAIGTE o] g3te] A

o2 olgel Zrl(Hakanson[1980]).

E,:T,xQ,ER]:ZE,- (5)

Y =

o714 TE SAIAIS (Hg=40, Cd=30, As=10, Cu, Pb, Ni=5, Cr=2,
Zn=1), C;= A& U 33 7t ulakléﬂ FE, = ZF v
£9] Wi EEE, > e 5 YERATK(Sheykhi and Moore
[2013]).

AR XS E A E Ul vHEE 4 A= Table 28}
Fig. 20 QoFQit}, n|&Fa<:2] 4t 5= Mn>Zn>Pb>Cu>Cr>
Li>Cd>Ni>As>Hg 0|1, 7t 5ol gt H5A1(CV)= Pb,
Hg, Zn, Cu, Cdo] Z3Z} 1.46, 1.28, 1.02, 0.72, 0.66% L} S5

°
=

(0.03~0.22)ll vl8l A vERskTh. ol=
Pb, Hg, Zn, Cu, Cd®] 3318 sz Atz oz g3, 313 ¥
T Hoh= 194 Tl g3l nEgase] F45 1 lvks s
0| SR (Wang er al.[2014]). ZF 2550l o3t -7+ 2
2ARRAMEH 11~16)0] SARIMCIH 1~7)ell Hl3l Cu,
oF 2~3ul, Hge oF 3ull, Pb> oF sHl| =3k, 71 9]

AR F 2 S WSATHFig. 2). 59, 24K FF ok
13, 14)°14] Cu, Pb, Zn9] F%+= B 236 mg kg', 481 mg kg,
125 mg kg'= 78l T 7P =%haL, HgS 257 Zdirell 14
37974 11(1.53 mg kghellAl 71 7 YeRt. 2912 Cadiz
Bay % E]7]2] Aegean Sea E|2& Ul Cu, Cd, Pb, Znd] & S5+
Ao g, skrxlg]doziy miEd 1914 «
Ao 7 = Ajte® fdElo] A veRh= 2o Ras
v} Q1ThZhang et al.[2013]). Jones[2007]°1l )3} Cu, Pb, Zn2)
E& TEE A §lEFo] 22 It gl A FRE oA
=7 YEREOH | Choi ef al [2014F AuF Fe 80 AREO 2 <l
slo] =) YRR Ao g B uEigit). e 24K 15
Cu, Pb, Zn®] =2 S5 AR T HlE TS st W Meto
2HE] FuE L9EZ o8l = et 3o = shdkEn, Hege
Q& el fIRIeE AfEEteuA =R mjEE e 9=Eo]
7 B frdElo] = Vet o E e th(Ra er al.[2014]).

SAF-ZAIRIRE BAE U] nRe4e] s o)del s el
FHAY Ra er al[2014]19] A29} HTFS o), BE oA
T Afolg Holx] ekgkot =] AME A= vlwEl & o, Cu,
Pb, Zn, Hg S¥2|a S 02 A% FARARE, vk, 3ok,
Alglg el w4 Uikl Aslint, FAvkR) =7 Vel
(Table 2).

OH [eZ] (xﬂ S|

32 RS0 4

= o1
welAJok(1 M HCl) %—%ﬂgs 4% o A S 99
Ve BEE A 5 ] el vl A9l oo
i YR8 FEE s}

=l 7251 (Snape et al.[2004]).
Aol FFE A=A 2 vgaSe Ts kool tig 7k

R0 B FLEFAADS

FH

Cu 36~87%(65+16%), Cd 52~

Table 2. Summary of metal and background (residual fraction) concentrations (mg kg™') in this study and in the literature values from coastal

region in Korea

Cu Cd Pb Cr Ni As Zn Li Mn Hg

Ulsan-Onsan coast) 20-249 0.14-1.02 26-531  54-80 26-38 1021 103-1160  51-75  447-664 0.03-1.53
(92) (0.46) (103) (64) (30) (16) (317) (62) (519) (0.34)

Background” 235 0.11 12.1 56.1 239 12.7 97.1 55.1 273 0.02

Ulsan Bay? 13385 0.09-1.64 18-1088  18-91 7-47 7-34  92-4356 ) ) 0.01-1.01
(96) (0.40) 1) (65) (32) (16) (362) (0.16)

Masan Bay? 22-114  0.01-2.15  29-83 ) 16-47 ] 95-443 ) ) 0.02-0.38
(53) (0.66) (48) (32) 218) (0.11)

Jinha Bay” 18-91  0.20-1.84  10-69 23-82 22-39 8-16 67-352 ) 432-2045 )
(42) (0.57) (29) (58) (34) (10) (125) (766)

Busan coast” (A7) (0.18) (37) (73) (29) (10) (170) . i (0.05)

Gwangyang Bay® 6-34  0.01-027  13-35 18-76 7-35 ) 23-126  24-107  171-1586 )
(18) (0.15) (28) 1) (24) (86) (72) (812)

Shinwa Lake” 13-318  0.09-1.40  15-68  38-176  18-74 57-523 328-1490 )
(76) (0.42) (30) (82) (40) (186) (593)

Youngil Bay 7-192  0.12-450  16-59 11-45 ) 35-380 3-19 ) )
31) (0.75) (35) @7) (132) (8)

DThis study; ?Ra et al.[2014]; PLim et al.[2013]; “Cho and Lee[2012]; YRa et al.[2013]; “Hyun et al.[2003]; ’Kim et al.[2003]; ®Um et

al.[2003]
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Fig. 2. Spatial distribution of total and labile concentrations in surface sediments of the Ulsan-Onsan coast. The dotted and solid lines rep-
resent the values of threshold effects level (TEL) and probable effects level (PEL) in Korea, respectively. Labile concentrations of Cu and
Zn were not corrected for sediment grain size (Li concentration).

Table 3. Comparison of relative percentage (%) for labile and residual fraction in surface sediments of the Ulsan-Onsan coast

Cu Cd Pb Cr Ni As Zn Li Mn
St. labile residual labile residual labile residual labile residual labile residual labile residual labile residual labile residual labile residual

1 69 31 82 18 72 28 13 87 20 80 32 68 59 41 13 87 30 70
2 70 30 81 19 72 28 11 89 19 81 28 72 61 39 13 87 30 70
3 68 32 65 35 72 28 10 90 17 83 26 74 56 44 13 87 36 64
4 79 21 88 12 80 20 11 89 17 83 26 74 71 29 12 88 48 52
5 63 37 71 29 70 30 9 91 17 83 19 81 49 51 13 87 29 71
6 60 40 68 32 74 26 10 90 17 83 21 79 50 50 15 85 41 59
7 53 47 64 36 75 25 8 92 17 83 21 79 46 54 13 87 54 46
8 41 59 63 37 73 27 8 92 19 81 15 85 38 62 14 86 51 49
9 36 64 69 31 68 32 7 93 18 82 19 81 29 71 13 87 47 53
10 45 55 66 34 76 24 8 92 17 83 14 86 41 59 14 86 52 48
11 81 19 85 15 85 15 10 90 16 84 10 90 50 50 13 87 44 56
12 82 18 69 31 79 21 11 89 16 84 12 88 53 47 12 88 41 59
13 87 13 81 19 96 4 12 88 17 83 21 79 87 13 13 87 43 57
14 87 13 82 18 97 3 12 88 15 85 20 80 88 12 14 86 48 52
15 58 42 52 48 82 18 8 92 17 83 14 86 46 54 13 87 52 48
16 58 42 61 39 77 23 8 92 19 81 21 79 40 60 15 85 58 42

88%(72£10%), Pb 68~97%(78+9%), Cr 7~13%(10+2%), Ni 15~20%  (13+1%), Mn 29~58%(44£9%)3A tH(Table 3). 3712 HILEA &

(17£1%), As 10~32%(20+6%), Zn 29~88%(54+16%), Li 12~15%  Cu®] 78422 o] 2AtAt SR 1~7, 1 66%)°l)

Jm
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H]al] 2410 WS 11~14, 34 84%)lM =7 VERaL, Cd,
Pb, Zn2 F & 9olA vlSeet BEE BT o] 2ARIgk] &
Akdte] vlal] T3 sk W ARIAZRE {7152 felo] Bt

£ 3L AR, A O Cut AN f71E 1151
o] & A delA Yov], AR A1 Ralz <)

¢

3 FEoE FHE aHdase] S AP F a5s=S 9
‘g3to] A& YoM 52 =5 YERATKSun ef al[2014]). 7HE-

AJREOA =2 SRS Bl CAEHT 72%)Y Pb(BT 78%)
T3 TR FUEA L S Fo FUC] Gl JoH H 2ol
A A el Ao siAdct ole HHET 5] B3}
&14] gdwstel whet Cd¥ Pbe] sl SO0 S5 SA-2AT
Agkell M2)3laL Qi FAMIEIA FallES o184 S7HAIA
&2 71 Aow FEr), o]s) ﬂ%"xti Cr, Li, Ni&
%u 1 90%, 87%, 83%7} ol 27 EAlste] tf
oﬂ H]EH 0}75] X_]O]U% -qui 3;17.” ZZ4Q]] O}L: :L_/_I':
THE CH(Yuan e al[2011]). 2ol Ra er al.[2014]$} Hwang
41 A s BSEAE U 52 AsY] $5E &
o IR AfEkehaA], 7|1, vEEE S 9
OCQQ o) _147@ J‘:Loﬂ /]6]— 7 OE i_,_o]_oﬂq_ E
s T 5] B 80% ol o] ALl A
4& %EW A2 7)ol fJste] T EAfekaL
FrekElth(Saleem et al. [2015])
Ae Ul 7RO 8 F = Holal QI Cu, Cd,
Tt 7Rl et 7MY s BEsh S sk
B3 oM (Fig. 2), oli= H4= W 1914 2 d&49] 14
3 A AHETH(Yu ef al. [2010]) W, Z g ol 4]
2 T2 EASHR= Cr, Ni, As, Li2 |FE49] 559 o
$lo] A 7FS B H(Table 3). 2QHA D) A4 FEHAAE
FE AR Aol sl 0w s A
7] wiell *ﬁsﬂ%‘éfﬂ & WHE, 1914 S5dAES B
Ao % wEPdsle] 50w 7 EEEE 5 BEel8Ael =
2o A 0113]—(Yang et al[2012)). WA 7Rl A e
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R A o185 - S

F® TASRE Cu, Cd, Pb, Zn-
24 @73uste] uket o1 §40] S ek S0
A4 ) Pl sy eyl sl 1) 3
S5 ol§ 3 0N 7P ol2lel Balnlop FE L 7 o]
e w714 ) HEo)84) el Uit 8¢ e

019 A o7 Ty T;Lﬁ\._gl

i 5

v

!
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¢

pul

?%’
(o}

o
o ofo

JHEN2{old EHIt
nga4e] Q9%E EFS 1,5
= =Y SAE R s
71, m-PEL-Q ERIE ©]&-3fo] 71313t
HEA 449 Lig A8t o7)) nskE<ze) t)$t EFC+E5
HAxp) g2 Cu 0.79~9.49(3.50+2.51), Cd 1.21~8.77(3.83+2.45),
Pb 1.96~39.12(7.63£11.33), Cr 0.87~1.11(1.03£0.06), Ni 0.93~1.19
(1.13£0.07), As 0.64~1.56(1.11£0.30), Zn 0.97~10.69(2.94+3.06),
Mn 1.42~2.09(1.71+021), Hg 1.41~59.43(15.62+18.67)%A t}. EF &7}
A, A5AY Yl Cr, Ni, As®] EF= = F5elA 1.5 o]3ke]

how, o] AT AZEA B ApAA FEE) gal v
7} Z2A8¥ 3 e Ao Vet §Fd, Cu, Cd, Pb, Zn, Mn, Hg

EF #o] 1.5 o0& Yelt} 194 F50] B2 Zo=Z LERgt)
(Zhang and L1u[2002])(F1g 3). 1A kS v F55e o
St EF 87} 7152 Han et al.[2006]] SJ3lA] A1 o= A
F3keh, M tlF J-ellA 1.5~2 Ale](deficiency to mineral
enrichment), Cu, Cd, Pb, Zn<> 2~5 A}o](moderate enrichment),
Hg2 5~20 A}©](significant enrichment)3{th. 53], 24K} k& F
Foll YAIeE 4 137 14914 Pb} Heol 3o EF= 2H2) 36(very
high enrichment)¥} 48(extremely high enrichment)® = 15-3]]<
T U917 F50] 7P = vEbsith

L., 87} A3, Cr, Ni, As, Li®] B I+ 0 ©]Sk(unpolluted),
Zn, Mn< 0~I(unpolluted~moderately polluted), Cu, Cd, Pb-> 1~2
(moderately polluted) “72] 37 Hg2 2~3(moderately to strongly polluted)

o) Az ATsle] % Hedl LUrt 7P 8l VeRdthFig. 3).
7_
6 - .
5 °

g 4]

=

s 3] 9

>82_

-

: e
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22 . . . . . . . . . .
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Fig. 3. Box-and-whisker plots for enrichment factor (on the left) and geo-accumulation index (on the right) of trace metals in surface sed-
iments. plots show median, 10th, 25th, 75th, and 90th percentiles as vertical boxes with error bars. The outliers are shown as ‘@’.
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Table 4. Comparison among trace metal concentrations in the Ulsan-Onsan coast and sediment quality guidelines with percentage of samples

in each guideline

Cu Cd Pb Cr Ni As Zn Li Mn Hg
Metal concentration (mg kg™')
TEL 20.6 0.75 44.0 116 472 14.5 68.4 - - 0.11
PEL 64.4 2.72 119 181 80.5 75.5 157 - - 0.62
Compared with TEL and PEL (% of sample in each guideline)
<TEL 32 75 56 100 100 56 18 - - 37
TEL ~ PEL 58 25 31 0 0 44 71 - - 44
>PEL 11 0 13 0 0 0 12 - - 19

SRR EAEEAYS 2418 QI B34 13, 14)0l4 Pbt Hg(l

geo :

4~5, Strongly~very strongly polluted)©] THE 77l u]3)] dl4

OF &2 9% S RS}

) AR slededr)t v

Ni?] T55t BE AlRddA 7% o5l

'O
e

), A
SES

Tl Wl Crt

B3, Cu:=

NE ZF 69%, Cd 25%, Pb-2 44%, As:= 44%, Znd 83% 18] 1L
B
4% Cu, Pb, Zn, Hg— AN B QM S (83 13, 14)°ﬂA1 #
7S 291903, Hege 93 el ﬂﬂfs} AA 1194 =
]_;g,q SRUNC)

Heg 63%7} 7155

7S 28k 275 H3tKFig, 2). Pbel 4
SO R AR Fo7E
14yS 331}, Cugl Zn2
7153} | wshs 0% o]

kg Ol St LEht 7R3

Z I3 TH(Table 4). 7155

34 1= &W]w

A1 43 vansisle. 2 ok 18

5,132

ojo

2F 34 E) A& %= Pb, Cu, Zn2

o g F-Ee] Aol Ferle=
‘A&E}. %4, Pb, Cu, Zn8] 7H8/37-% hﬁﬂi
A (Pb: =0.99, Cu: 1*=0.94, Zn: *=0.98)5 H.o] &

(84 13,

L.O;EL‘:, Lio=® o]ﬂx—] < 3Ho]:§1,7:]
QoL 7R dER0] Li-s%7} 33.1 mg
FEO Cus} Zn v5E HE Ao
5ol Cugt Zn

Fapsh= Zlo® v

= Apolel £&

oAb S A}

e 2918 gl e T

T By7} 2AEE Ao 7 gkt 22E 224 m-PEL-Q=
021~1.40C3 4 047)°] HZ BE FJHdA m-PEL-Q %ol

0.11~1.50 A2 21%2] A&

F0] % TH(Table 5).

[<JNe)
8 =4g

107 7j9iAdo] o= 4

-

B30 Cu 43~53.1(19.5£14.0), Cd 39.6-286.1(129.9+85.5),
Pb 10.7-218.8(42.3+61.9), Cr 1.9~2.9(2.3+0.3), Ni 5.3+8.0(6.3£0.7), As
8.1~164(12242.7), Zn 1.1~12.0(3.3233), Hg 61.5~3226.2(939.3+1052.8)

o WA 7t v FFEel o A

p—
e

Hg>Cd>Pb>

Cu>As>Ni>Zn>Cr 0] ${CH(Table 5). E, 87} A2k, 7319 =]
= 141 Cr, Ni, As, Zn9] E, 3k B2 Ao low risk(40 ©]8h)

= B30, Cud} Pb tF-E AlZollA] low risk T

Foz 1}

EP;LO , A g ollM+= moderate risk(40~80)F X221 2%

/\PEHE y_oﬂq_ Cdl’l' Hg"—‘ %Bg_ 0]_255 b=
A 1, 2, 4914 E #lel o

FEOE YET 53], Hg—,: 2517}
risk(320 ©]4) 579 AHEL e

(zﬁ A 11~1 4)9]_ ALS}

72 very high risk(160~320)

==
O

|4 dangerous

EAIse] AEslage] 7

=8 7107 VRt ERE= 136~3562(939+1053)2] B2, 93}

)

Table 5. m-PEL-Q, E;, and ERI values of trace metals in surface sediments of the Ulsan-Onsan coast

} Al AR A 1elM 7
ol 91205k A 9914 7Fa WSkTK(Table 5). BXH RESHE

e}
=L,

SAFQA} 910} Hpg

E;

St m-PEL-Q Cu cd Pb Cr Ni As Zn He ERI
1 0.35 18 151 17 2.1 6.1 16 22 349 561
2 0.40 19 136 18 23 6.5 14 25 794 992
3 0.31 15 51 17 1.9 5.3 14 1.9 254 360
4 0.42 29 21 2 26 6.8 12 32 504 801
5 0.28 12 79 16 2.0 5.9 14 1.7 152 283
6 0.27 11 60 15 2.0 54 10 1.6 204 309
7 0.27 10 53 16 22 5.9 B 1.5 206 305
8 0.22 6 53 13 2.0 54 10 12 135 226
9 0.21 4 40 11 22 58 10 11 61 136
10 031 10 85 20 25 6.7 1 2.0 295 434
1 0.75 29 237 47 2.9 8.0 9 3.9 3226 3562
12 0.40 2 185 25 25 6.6 1 2.7 444 699
13 123 47 277 178 2.1 5.9 16 11.2 1773 2310
14 1.40 53 286 219 23 6.3 16 12.0 2404 2999
15 037 17 85 26 23 6.5 8 2.0 580 728
16 0.28 10 78 17 2.7 7.3 1 1.6 196 323




252 A

i)

LAk (I 2, 47t LA YA 11-14) Hell A
very high risk 5702 o]l AA31e} W) KA elsisigol 7k

& stk

Ni>As>Hg 2019131, F7H4] B3 Sakdol Y= 9l 2418k 2
3ol Pb, Hg, Zn, Cu, Cd2] s=7F th& 3ol nlsf 2n) o]
& Stk T ok 5 A A Cud TR ol &
AHAIE A 1~7, T 66%)°ll BI3l] 2AFAMCIA 11~14, HF
84%)lM =7 YR B85 Wl CdCE 72%) PbCHT 78%)
o] T 7RO 2 R EAEe] TR LA 9
S5 Wol ¥h= Z1o & YEREOH, Cr, Li, Nil ZHA (3
90%, 87%, 83%)°lx] A Yeht A)2F 7+4/d37-9] seh4] Fslat
AAAZ 719 Sl Qe Frt 2EEE o7 BT As
£ 71E A7 e} gl 2 Aol TR0 H 80% o1
A/d el Aol Q1914 sHRTR= Ak 7]l o)s)
A A= Z o2 Vel tekel Hrp S o] 48] ETE
A Ul vgaEe] SAEE Frhet A, SARI HE] 2
dAelollA Cu, Cd, Pb, Zn, Hg] L A5E7} =A] Uepton], £3], &
AbgF B Q12 oA Pb} Hg) 2 A%E= thE A ns)
108 o] = 3koh wEFE<e] A9l 52 Hg>Cd>Pb>
Cu>As>Ni>Zn>Cr 202 Hg¥} Cdo] A2k ol Aef7|o|
A Aslide] 71 =2 A0F YERTt

o

fo e

o] A= YA A URBSEL Y ARG Ao
FEFUE @A B A RAF O Sas A sk dE e
o olehr2s AAREEA A=Y o] =S Al AR
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