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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, L, 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(&AF--2AA Qh), Trace metal(V] ¥ =-%), Partial extraction method('d 4 A| oF 3=
=), Pollution source(2.371¢), Pollution assessment(L. A= H7})

1. A = Fo =2 dedx] Slth(Lee et al[1998]; Ra et al.[2013]).
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Fig. 1. Map showing sampling locations of surface sediments col-

lected from the Ulsan-Onsan coast.
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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

geo

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

ge0 Class=1 (0<I,<1): unpolluted/moderately polluted
ge0 C1ass=2 (1<I,,,<2): moderately polluted

ae0 Class=4 (3<I,.,<4): strongly polluted

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

ge0 C1ass=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 (ERI)" 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

YZhang and Liu[2002]; ?Muller[1981]; PLong et al.[1998]; “Jiang et al.[2014]
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E, =Tx gb ERI = ZIE 5)
o714 T SAAIS (Hg=40, Cd=30, As=10, Cu, Pb, Ni=5, Cr=2,
Zn=1), Ci= A= W 5349 74 vEgaEe] B, i 7 nEe
%9 WAL, n> FAYE TE YEPATH(Sheykhi and Moore
[2013]).

=4 4 A= Table 29

2
o 55+ Mn>Zn>Pb>Cu>Cr>

Fig. 2011 ‘—“} At mlFaEe]

Li>Cd>Ni>As>Hg 2012111, 2} F4¢ Tk W% A1Z=(CV)= Pb,
Hg, Zn, Cu, Cdo] Z}7} 1.46, 1.28, 1.02, 0.72, 0.66% T 255
(0.03~0.22)°ll H]3l] =A] UERtTE. o= A4 35 A E0llA

Pb, Hg, Zn, Cu, Cd2| ¥7H sEms7} Jud o= =31 S
T ETR= 1914 Bl g8l mjgagel FAH I vk As
Om| S eh(Wang er al.[2014]). ZF S5l tigh S04 B2
2ARAKEA 11~16)°] A 1~7)e]l Hlal Cu, Cd,
oF 2~3ul], Hg ©F 31l], Pb> oF ol 39ka1, 71 &) dHofxl=

N
F‘S
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T N
o
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55, 2 T 9

= R3ItH(Fig. 2).
13, 14)°14] Cu, Pb, Zn®] 5= 4t 236 mg kg, 481 mg kg,
125 mg kg'® A7 5 7P =%, He SIS el 914
3 A 11(1.53 mg kg"elld 718 =7 Yebdt) 231919 Cadiz
Bay % E17]2] Aegean Sea EZ& U Cu, Cd, Pb, Zn%] =& 55+
A i EFdeA], skrMeld oz e wiEE 1914
HEgo] 7w Ao w fjiuo] A veh ks Alo® B
1} QltH(Zhang et al.[2013]). Jones[2007]°] 2]3HHA Cu, Pb, Zn2]
EE FEE Ao §Ego] e 3 gl M4 TR oo
=7 JEREC™ | Choi ef al [2014F A8F HFe =590 AR 07 Q)
slo] A YeRs A o2 Ryt el 24k 15
Cu, Pb, Zn9] =2 F5= 24K T3 vlHES o197 gl Adfe.
EHE FaE LG8 o) =7 veRd FleE i, He
Q57 23Rl fIRIsh ARt iR ZRE mlEE 29E=Ho]

e 8l sl A veht 2o E AHEThRa er al[2014]).
AR2AIRARE EAE U] H|FEE] 5 o]Hel s 3lHellA
AU Ra et al[2014]2] Abms} W PS v, BE FEoA]
T alolE HolA| fgtont s ARME A= vluws| & o, C
Pb, Zn, Hg2 S83E|algd o2 X3¢ Faledel nixlbat goF J
Alglg ol g1 Uikl Zlslwt, Gk =] VERsch
(Table 2).
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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 23.9 12.7 97.1 55.1 273 0.02

Ulsan Bay® 13-385  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)

Miasan 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)

Jinhae 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) . . (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)

Shilwa Lake 13318 0.09-1.40  15-68 38176  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) ®)

DThis study; ?Ra et al.[2014]; PLim et al.[2013]; YCho and Lee[2012]; ¥Ra 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 CH(Table 3). 37+2 X EA] S
(17£1%), As 10~32%(20+6%), Zn 29~88%(54+16%), Li 12~15%  Cu®] 7}/ 5-1e] dhgo] SAMAQF (A 1~7, B3t 66%)°]
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HJ3} 241 U587 11~14, B3t 84%)elx] A1 VFERIAL, Cd,
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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 141~59.43(15.62+18.67)At}. EF 7}
Ax}, A7A U Cr, Ni, As?] EF= iF-2 F3olA 1.5 ©]31e]
#HOR, o] AT ANEH e ARAF Fehtgel o5 =
7} 2853 gl 207 Rt vk, Cu, Cd, Pb, Zn, Mn, Hge-
EF @tol 1.5 ooz vt /1914 ogo] B2 20 = eyttt
(Zhang and Liu[2002])(Fig. 3). 91917 J&S vh= F5U40) o
3+ EF %7} 7]5-& Han et al[2006]01 2JaiA] #AA1E 02 A
3P, Mt AHellA] 1.5~2 Alo](deficiency to mineral
enrichment), Cu, Cd, Pb, Zn< 2~5 A}°](moderate enrichment),
Hg 5~20 Al°](significant enrichment)3Ath. 53], 24k} QR 5
ol 115k 297 139 14014 Pb} He?l it EF= 212} 36(very
high enrichment)¥} 48(extremely high enrichment)Z & A3
Z 94 sF0| 7P = ekt

L., 87F A3, Cr, Ni, As, Li®] 3t 1,,&= 0 ©]3H(unpolluted),
Zn, Mn<> 0~1(unpolluted~moderately polluted), Cu, Cd, Pb<> 1~2
(moderately polluted) 72] 37 Hg:>- 2~3(moderately to strongly polluted)
o] e A7l T Heol A%t 7HE = e thFig. 3).
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Cu Cd Pb Cr Ni As Zn Li Mn Hg

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

FAVA] FAEEAL AR QI A 13, 14014 Pt He(l,,:
4~5, Strongly~very strongly polluted)©] T 7§l n]al i &
O =2 QAEE Hth

= A E A R v n ks W, A7) W et
Ni8] TEEE BE ARA F71F o] $55 H3lal, Cus
A8 F 69%, Cd 25%, Pb& 44%, As= 44%, Zne- 83% 18] L
Hg 63%7F 27155 28I THTable 4). 217155 &8k
¥4 F Cu, Pb, Zn, Hg- 2418} -7 1% 1 (4] 13, 140l &
Y71ES 2931900, Hege 237 el S1x8 34 11ell4 =
WS 2oehs Aas BeItKFig. 2). Pbe] -5 7HAd e
SEREO R ARG oA FTIECA 1) A IE(A 13,
14yS 233819t Cust Znd] FEE Lic® IR 3 doks
7%} vlwsh= 210 R Eof glonk, 7RgAdHe] Lis %7t 33.1 mg
kg! o8k YER} 7RAJRE] Cugt Zn S ML) BARIO)
dloFehy 7= A4 vty 1 Ao, 79 E] Cust Zn
o] FERRO R o] Aol T ES el 2 o® U

¢

5 7L 245 E A o7 dadt) £5E A 5ol m-PEL-QE
021~1.40(B ¢ 0479 W= ¥ E )M m-PEL-Q #ko]
0.11~1.50 AP]R 21%2] AEehs EdS 4o

0|3l tHTable 5).

EC3EH13P) = 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 5.348.0(6.3£0.7), As
8.1~164(122+2.7), Zn 1.1~12.0(3.3£3.3), Hg 61.5~3226.2(939.3£1052.8)
o] M= 7} vkl st AYe)$Isld 4 =+ Hg>Cd>Pb>
Cu>As>Ni>Zn>Cr 20| 1EH(Table 5). E; 37} A1}, A< 7
E U Cr, Ni, As, Zn9] E, 3 25 FAeA low risk(40 ©J3}) &
F2 B3 om, Cud} Pb2 thH-E Al BolA low risk 2.2 U
Epon}, A% o= moderate risk(40~80)% =422 ¥
ZFEE BT CdY} Hg 24k 9K F7(93 11~14)} 4k
ZHEHECIR 1, 2, 404 E; #re] ti= very high risk(160~320)
Tl 2 YEhgit) 53], Hge &8 Aol Al dangerous

risk(320 ©1°d) Q1 S v SAske] AEieisi ol 7Fd

Ao7 7jddel = ¢

EpRtt). 8, Pb, Cu, Zn] 7MHAAEE 5
ABBA (Pb: =099, Cu: ’=0.94, Zn: ’=0.98)= Ho] &

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

9 FE Aol £

A} 2 A}

Ul

AR A AE 5 Pb, Cu, Zn2] i 1914 Gl SJali =

=2 7107 VERITH ERIE 136~3562(939+1053)2) M=, 218+

o

A

H T E [e]
BEIXEAS

} g X8 43 110l 7R =3k, ak-24) <Iqh ul
o A8t 45 9ollA] 71 SESkCH(Table 5). &7H

E.

i

St m-PEL-Q Cu cd Pb Cr Ni As Zn Hg ERI
1 0.35 18 151 17 2.1 6.1 16 2.2 349 561
2 0.40 19 136 18 2.3 6.5 14 2.5 794 992
3 0.31 15 51 17 1.9 5.3 14 1.9 254 360
4 0.42 29 221 22 2.6 6.8 12 3.2 504 801
5 0.28 12 79 16 2.0 5.9 14 1.7 152 283
6 0.27 11 60 15 2.0 5.4 10 1.6 204 309
7 0.27 10 53 16 2.2 5.9 11 1.5 206 305
8 0.22 6 53 13 2.0 54 10 1.2 135 226
9 0.21 4 40 11 2.2 5.8 10 1.1 61 136
10 0.31 10 85 20 2.5 6.7 11 2.0 295 434
11 0.75 29 237 47 2.9 8.0 9 3.9 3226 3562
12 0.40 22 185 25 2.5 6.6 11 2.7 444 699
13 1.23 47 277 178 2.1 5.9 16 11.2 1773 2310
14 1.40 53 286 219 2.3 6.3 16 12.0 2404 2999
15 0.37 17 85 26 2.3 6.5 8 2.0 580 728
16 0.28 10 78 17 2.7 7.3 11 1.6 196 323
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£ 71FE A7 Ao} gl B Aol TR Het 80% oV
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