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QT EYAUL) 2.9 WAL 7oL} 9I5}o] TR AR $71% BE B4, v]ekd 4] BUHU BES
7 o A= 2 e A 94 H 7S 51 Th 2 A (Total nitrogen, TN), &-8-7| €t (Total organic carbon, TOC)2} Ak

WA 3151E(Acid volatile sulfide, AVS)-2 42 0] ¢ %3t A A 35-3800| 4] =& 5 =& LE gt Cd, Cr, Ni, Co,
Hg, Zn9] 712 B F/J2 FABFA o H, o2t FE] Cues A4RoA 52 528 UERQch njFa 4 g4 o
A== 524 4(Enrichment Factor, EF) 2 H7}5F 21}, Cdo] RE A - oA 28 & A] &2 AL (No enrichment), Pb,
Cr, Ni, Co, Zn, Hgo] 2F7t @ JAME](Minor enrichment), Cu7} 2F7F~227F @ G ATl (minor-moderate enrichment) 2] 9
T & veblh nlEEasol ot A $Iel ] 52 Lot u| S Alo] o] F4=2 A of| A IR A o 2 AefA of 7
A& Yol e AL & et

We investigated the distribution of organic matter and trace metals in surface sediment from Tonyeong coast. To
determine the status of trace metal pollution, we also conducted an ecological risk assessment. Relatively high
concentration of TN (total nitrogen), TOC (total organic carbon), and AVS (acid volatile sulfide) was found in surface
sediment located in the narrow channel (site 35-38). Spatial distribution of Cd, Cr, Ni, Co, Hg, and Zn in surface
sediment was similar and high Cu concentrations were found in narrow channel. The assessment of heavy metal
pollution was derived using the Enrichment factors (EF). The enrichment factor indicated that Cd was no enrichment
(EF<1), Pb, Cr, Ni, Co, Zn, and Hg were minor enrichment (1<EF<3). Cu was minor-moderate enrichment (1<EF<7)
in all site, respectively. According to the potential ecological risk index, a few site between Mireuk Island and Obi
Island is facing moderately potential ecological risk.
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Fade - HA ) o FHRF R FEHEE A
A o9S dod 7} S Wk oy ek(Singh ez al., 1997), 4
A T A L A& 07 2| H 7] wfigol A=) A4
S0l YIS T, HolAE S B3l AA VI DA R F55 0
YT 711k webA S FE A= W vl Eas S A A
A Y] AHFEE Hrtste THOE o]-8HTHLim ef al., 2013;
l., 2004; Gnandi and Tobschall, 1999).
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(Ko et al.,2010). g3l A8+ FA4lol AAI3 FF«
A& Z3ketal 9lom, 4o 10m PRkl 32o]
5 FAlo] ZojA = sl de EA4S 7
(Park et al., 2000; Jang et al., 2015). (3} 2Jo}22] gj¢to g2
o} vivke] sl Fmdto] A hH g frl T T2 YARF ©
3 FFH ol FHS HOZ YA Utk 53], TINHL =
a4 7HFE kA F M W 1269353 mh)S AFA| 5,
717 -2 AAFE10,618 M/T)S UEFU 2 ) Th(Statistics Korea,
2014). 3FAI g, &4 B5-0] oF3k Ujvke] 79- o2 Al So] B
o] o, AARZ QIS F71E S7F L &) 5ol o) DAy
BAEZ Q% B8 & 2do] AYSIA It Yoon ef al., 2010;
Jung et al., 2007).

AF7HA =) Agkaf o] 2SEAE )
g oA o] s A B ATt o] FAA $oH, 4% vk Al
3% 5 294l Y(Hwang et al., 2015a; Lim et al., 2012; Ra et
al.,20132) 2 3719, A2k} 22 5] 7 Al Y& FAH o=
A7} 3 o)A ¢k VK Choi et al., 2012; Choi et al., 2013), ©]
F FAEG AMBRA Y {715 9 vEFEel g AT B
3k Ao},

upebA] B AFE dallehe] tEA o FFAAQ TFEH G
EZHAE W F22(Total Nitrogen, TN), Z7]€k4&(Total
Organic Carbon, TOC)$} 4F3 84 8H81-5(Acid Volatile Sulfide,
AVS), 1 #3F45(Cu, Cd, Pb, Cr, Ni, Zn, Li, Mn, Hg)& ZA}3E 2}
59} 71E TN A AA] HofZl of 2] W& B-8-3te] AR
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3] 2015\ 49 ol 4771 Aol Al A1 7](van Veen grab sampler) &
o] 83l EFTEHE(<2 cm) S WHE A = AFH A I(Fig 1),
EAAHA] @& E(-20 °C)tith HAEA 5+ 60 °ColA 19
o)’ AxAZ] & olA|o| E B EELE(Agate mortar) 2 235} 519
oh Bl AlgE U E - 238 (<63 um) S o] 851
A4 3 538 AN ERHE AHE-SHATH Tam and Wong, 2000).
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Fig. 1. Location of sampling sites in Tongyeong coast.
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A eS8 ffsf 4k 228 A9k 2. = HNOs (Supra-pure
grade, Merck, Germany), HCIO4 (Supra-pure grade, Merck, Germany)
9! HF (Supra-pure grade, Merck, Germany)< A8} L, Al g ol
AREE = S/ 2559 3] (Direct-Q 3, Millipore, France)
£ o] 83t] 182 ML oY L Z A5t ALR-St T 84
& A)9f© Z = HNO; (Ultra-pure grade, Merck, Germany)2 A&
sth Agd AEHE BE MRS 718715 HNOs
(HNOs:H0=1:1)°ll 6A7t 0] 718 & S/FT= A H39 2, U
W2 227] 952 INHNO; 8- 2443t o] AA A7) & 5
T E A ATt AHESEA

AMS|EbM SE5HE(Acid Volatile Sulfide, AVS), 87|

EtA(Total Organic Carbon, TOC) 2 ZEZ&A(Total

Nitrogen, TN) £

AVSE HFEAZHAE7IEMLTM, 2010)9] A HH
< o83l Aol A S8, TOC 2 TNE AZ3 HAH =
A& 0.3 g2 20 mL 2] vialoll 231 1 N HCI 10 mLE 3 7}3}
of B S AAGT G E S AAT HHES AN
TAS WL FFF10mLE 7t A &S AAA 7= 7
4233 WHESITE 20 mL fr2] vial & 60 °Coll A 24 A1 A8l 5=
I ZRHELE A AT T, 105 °CollA 2417 AZSH A F.9] 3-5mg
< FAuhte)] & & A4EA7)(Carlo Erba Elemental Analyzer

108, CE Instruments, Wigan, UK)Z £-243}% TH Choi et al., 2015a).
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Table 1. Recoveries of trace metal in MESS-3 from National
Research Council of Canada

MESS-3 (mg/kg)

Metals
Certified value ~ Measured value Recoveries (%)
Cu 339+1.6 32.7+1.0 96.7
Cd 0.24 +0.01 0.23+0.01 97.5
Pb 21.1+0.7 21.9+0.11 103.8
Ni 46.9+22 46.7+0.9 99.6
Co 144+2.0 14.7+0.6 101.7
7n 159+38 158+ 1 99.6
Li 73.6£5.2 75.4+£3.2 102.4
Hg 0.091 £ 0.009 0.091 £ 0.003 99.8

ZF (Cd), & (Pb), Z& (Cr), YA (Ni), ZELE (Co), o} (Zn) €]
F L)Y 55 =24 =0 d%E47] (Inductively
Coupled Plasma Mass Spectrometer, NexION 300D, PerkinElmer
Inc., USA)E ©]-§3t] 4319t 72 (Hg)2 w o274 (Gold
amalgam)& ©]-83 42 £47] (Direct Mercury Analyzer-80,
Milestone, Italy)E AH8-3t S35
B S AR SRS ASE] St ®
4 (MESS-3)€ A 59} A A skl £ skl on, 3
U W FFEe] BE 54 96.7~104%= A&
A AT} (Table 1).
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o] A eFAEE Hotel= oty dtA o' HEA 7]
FYLE AL Lig AHE8H, & AT A E Lig o] 838k &3t
Zo] A4FIHA T Yongming ef al., 2006)
(Me/Li) v vea
= (Me/ L)y o M

7141, (Me/Li)psernea = ST E A E-29] 5 Lioll that 2t vl =
49] F5H] & 913, (Me/Li)uckgroma ™ H178 5 5= & Licll th gk
ZFHgFa4o] RS o gith B AFelA i
Cd, Pb, Ni, Co, Zn, Hg- Lim et al.(2012)°] A1 A3+ 19003 o] A
o] whaket W TN 5O AHGEE o]§3t ALt o, Cr

o_:_%‘Cu,
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3} Li& Lim et al.(2007)3} Hyun et al.(2007)] A A 3k 342 o]-&
3}93 t}. Enrichment factor (EF)2] 73-%- Zhang and Liu (2002)°] 2]
s EFgtol 1.5 0|8t 73 2 o] HA| e AA A w54
< oHEtA|RE 158 2 7ol = A9 A o] EAFHE ©
n)gh= 202 YERNN S, B3 Chen er al.(2007)0] 254
EF<12 2 g5 A &2 4 El(no enrichment), EF=1~3-2 ¢F7F 2§
“del(minor enrichment), EF=3~5-2 5+ 25 dell(moderate enrichment),
EF=5~10-2 A3} @ S dell(moderately severe enrichment), EF=10~25

2 A5k 2 9 3 El(severe enrichment), EF=25~50-2 u]-$- 4 $F

4 L

SAdH (Very severe enrichment), EF>502 Zoto] o FEH
(extremely severe enrichment) 2 EFgh< Al E3lste] S =5 3
7¥tAth B AFolA = 99 F 7S ol 88t LA = BIHE

MBS

B2 & 712(SQGs) & o83 Bk s FE 7 E (el Yt
A A 2013-1863)9] AsE A9 $ U R &E(Cu, Cd, Pb,
Cr, Ni, Zn, Hg)°ll t3ll 4 2] 7] 5(Threshold Effects Level, TEL)
3} #2]7]F(Probable Effects Level, PEL) 2.2 YER T & A
T e Cut Zn2 Lig o] 83t YEE B3 g o] &31%
I, 1Y HFFES ASH 25 HAHYE A SFE 7=
215 vl a sk

ERIE Hakanson(1980)°] A|¢HsE Wi o 2 B A& A 7t =
Zo th &k A el S A T E o] &5t A A A E| A ol 1 X)= F el
ek el & B rtehe A 0= ofefj 9} 2t

_|_4

anetal (2)

metal

13 T

ERI= Z‘Ez ’ E= ]1‘r1,etal><
i=1

A7) A, nZ B0l AME-E W T 59 FINE, T SR8AT
(Cu=5, Cd=30, Pb=5, Cr=2, Ni=2, Zn=1, Hg=40), Coerai= S22
MEDE ST Bugt 2 949 WAFEE

[FE===N

metal T

metal UreRi T
(Hakanson, 1980). ERI (E;)Zke] 100 (30)3E.0F W& 7 ko 9jaf
Ad (low risk), 100 (30)-150 (50)°]H 25 23}l d(moderate risk),
150 (50)-200 (100)°]H =2 $]3l4d(considerable risk), 200
(100)-300 (150)°] ¥ w9~ =2 $]3ll 4 (very high risk), 300 (150)
o] /d-& H ko] el (disastrous risk) ] A A A EllA YeRATH
(Zhang et al., 2012).

Znt 9 D3

°7I% HEx EN
T 92 AR o] gidntel] 11851998 )l Al <k 750 &
(2006L4) 2 ok 7| F7}3le 2 9| Buka| 7l ] &
o] FAl 78R THMAFRA, 2008). =3+ 34 71H5F2] 9k o
7ol 93 H o] oJH o ZRE Y] f7]E &3 2 ¢o] $-Eh
webA] B AT A E TEANY LEFEE Lot ] S5 H
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AE U 7718 F4& el = A EJIAVS, TOC, TNE 43t
o], 1 A= Fig, 20 YeERIATh

YA 0 7 oA Aol A= HHE & Fshri o] S
A ET} o) ZA o] 2 Y-S v A]7] Eﬁ%oﬂ A E) 4] AVS
Tt HAE 37 o3t A% 4F o] €53 9ITHLee,
2011) E%ﬂ@%mAvs%E—t—ND 0.51 4mgS/gdrth(Jé“EL
0.11+0.12 mg S/g dry wt) 91 Z ¥k 0 2 9 n| =9l v % A}
o]o] H& 2o 923 A EE‘(S'[SS 38)2] F 7 gko] AA A
o] Hgkoll vlal oF 3.4 =& FE=E YERITHFig. 2). °1&

ol BaL, F& T2 o8] s o] =gho] Hof A4t
A o] 837}~ BAlEFo] ol AT H O Z =2 AVS
Ul Ao 2 e ot g A -2kt s
S 71E = AVSY] 71Eke] mh o] 9lA] fom g gyt
2o} pqkek2] B o] i3 Y o] S A E A E 7]FE(AVS 0.2
mg S/g dry wt, Yokoyama, 2000)< 483t 2 @8-S Hrls)
Aok A3} 870 9] (8, 24,32, 35,36,37,38,47)0) A Y E )
AVS 7]3—3 8= A0R L}F/P)’E}(Fig 2).

SHHE U TOC 59 TN #5& 247} 8.6~15.6 mg Clg
drywt(%‘ﬂ 11.0+ 1.4 mgC/gdrywt), 1.1~2.1 mg N/g dry wt(*d ¥
1.4 +0.2 mg N/g dry wt) " 9] & YERH A ThFig. 2). AVSS frAF
317 LHI =9} n| 25 Alo] o] F4R o) 9|8 A HE(St.35-38)0]
E} ol vl oA 02 w3k o, 47H B oA 15.6 mg Clg
drywt, 2.1 mgN/gdry wt 2.2 7} 52 =& et 479
33& ol st el Aol A A|8) ol A el o 25 H
718 floll s Al d o2 =& e Yehd Zl o2 FrkE o]
ZTHFig. 2). =3 =W o a2 (3l b i-E A1902) 9] o

i
Zo]l %

=
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© Not detected  — —SQGs in japan
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Fig. 2. The concentrations of total nitrogen (TN), total organic carbon
(TOC) and acid volatile sulfide (AVS) in sediments of each station
around the Tongyeong coast. The dotted and solid lines represent the
values of Environmental management guidelines for the marine fish
aquaculture in Japan and Korea, respectively.
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Fig. 3. Comparison of concentrations of AVS, TOC and TN in
sediments from Korean coast(]MFAF F, 2011, Kim and J ang, 2014;

3Choi et al., 2013; *Jung et al., 2012).
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we AAste o FRE YL 7)E S A g8te] L3 dE-S Bt
B, 4770 AA 5 3070 A o] B7E7 (17 10.00 mg C/g
dry wt °]3}; 23: 10.01~17.00 mg C/g dry wt; 33: 17.01~25.00
mg C/g dry wt; 474:25.01 mg C/g dry wt ©]/d) 528 0.2 4] 24|
o7 dAF F7189 Filol e A o7 AH, 53 &
A7 Ao vkE o A o] A5 TOC 571 H w2 A
.2 o= oI thFig. 2).

£ Aol &5 017 AVS, TOC, TN B+

He71EEHY
2 A7 Y nwd A3 AVSE AR JAea A3 S
o)
-
O -

o[n

T 2}242.3, 1.2, 4.1 & 32k LFERASL T, TOCSH TN
= 7 A7TH12.6 mg Clg dry wt, 1.72 mg
wi)y= A 2 3ta T2 A G| vla) F A o2 EA] ERSE

o
A
N/g d
ChFig. 3).

C/N Hl= FH3s)]
o} /N HI7}5 01410 1 Elgsl

A F715, N HIZF10 o] Ao H
g} 10 o)d9] ghs YERd 17,
FTuHAZ AeE Ho, o
10.11)S YERSIE o] & 1128131
AL A 93 U R FAL 10 0549 7k
Ak o3t f71E FEo] F2 o] FoA
2hA] ZAL 2 S A FEEE fU1E
off sfj<gol A2 8 o2 TOC2H TN AVS
UFERS T
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Fig. 4l YERHAT. n&F F5EE Cu 24.7~121.1 mgkg
(37 43 mg/kg), Cd 0.06~0.16 mg/kg(BF 0.09 mgkg), Pb
20.1~68 mg/kg(H 7 28.4 mg/kg), Cr 54.4~87.5 mg/kg(*3 7 78.2
mg/kg) Ni 25~39.9 mg/kg(¥H T 32.9 mg/kg), Co 9.9~15 mg/kg(*3
7 13.5 mg/kg), Zn 89.3~127.2 mgkg(H 109.8 mgkg), Li
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Table 2. Comparison of trace metal concentration (mg/kg) in this study area with those in other sediments in Korea
Cu Cd Pb Cr Ni Co Zn Li Hg
Tonsveons Congl? 27121 006016 20-68 54-87 25-40 10-15  89-127  47-80  0.02-0.03
gyeong 43) (0.09) 28) (78) (33) (13) (110) (54) (0.02)
Background” 24.8 027 30.3 534 353 13.3 120 90.8 0.019
UlsanOnsan Coge® 20249 014-102 26531 54-80 26-38 103-1160 5175 0.03-1.53

92) (0.46) (103) (64) (30) (317) (62) (0.34)
3) - - - - - - - -

Incheon Coast (13) (0.12) (26) (49) (18) (8.0) (63) (0.03)
. 3) = - - = - = = =

Shihwa Lake ©9) (0.42) (54) (87) (38) (13) (233) (0.036)
finhac Bav® 18-91 0.2-3.5 10-69 23-82 22-39 67-352 )

Y 42) (0.6) 29) (58) (4) (125)

. 5) = - = = = =

Hansan Geoje Bay (38) (0.1) (30) (89) (140) (0.03)
6) - - - - - -

Gomso Bay (5.7) (0.03) 3) (44) (60) (0.004)
. 7) = = = = = =

Yeoja Bay 17 (0.05) (29) @1 (137) (0.016)

DThis study; ISun et al.,2015; Ra et al.,2013b; “Cho and Lee, 2012; 5)Hwang, etal., 2015b; 9Choi et al.,2015a;
Choi et al., 2015b; ( )=average value
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Fig. 4. Spatial distribution of total concentrations of trace metals in surface sediments from Tongyeong coast. The dotted and solid lines represent
the values of threshold effects level (TEL) and probable effects level (PEL) in Korea, respectively. Total concentrations of Cu and Zn were
corrected for sediment grain size (Li concentration).
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47.3~95.2 mg/kg(¥3 T 74.5 mg/kg), Hg 0.016~0.028 mg/kg (8
0.022 mgkg) M-S VR 0™, Zn>Cr>Li>Cu>Ni>Pb>Co>Cd>Hg
TOE 52 55 Uit o] 2%k e qhe] sfwk
(Cho and Lee, 2012), SHEA A THHwang ef al., 2015b)3} F+AF3}
Al JEF T
Cd, Cr, Ni, Co, Hg, Zn2]
5+ oL, Pbe] 73§ 53] 4
UER AT B3 Cul
T9lm 2% Abo) o] =2(AH 19~22)9F 2]
TEAA35-39)00A Cu BT &
YeEMI St Cus 745871
*JEM 3t Agste] CuSE 2
SE Yehdh =8 stz A {753 w2 113
U]-(Sun et al.,2014; Morillo et al., 2004). TW&}A Cu?] %
7} %ﬂ] e el o] AN T8 SHY Ao A
=, o] tigt 7} A7} F a5ttt
3 7] o) 7 Aol FE 23 B At
ANA AEH P FEEe] $EE OE aj oA 2A
B L9} ¥l aste] Table 29 YERITH Cul 7% =3l
F ool AFo] 918k FATH(Choi et al., 2015a), S AFTHChoi et
al., 2015b)RT} E& Yelilod, 1 9] 542
FrAREE A g ER AL, QISR s Q@ H 4 2AFASH
(Sun et al., 2015), A AR} A8} 5(Ra et al., 2013b) BT
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(Table2), & A7) 75 ﬁ%a Hgo) 5 v FFE $ES 24
SHAARE, g B0lA] B4 e nTk 33 ol

f#l A= AVS-SEM (acid volatile sulfide and simultaneously
extractable metals) % FAP} B} £ olu]7} 9lo v = o]q tf
g7t AT7t g Ao s AE

=59 Ml ZL HA FE5
ﬂ?"ﬂﬁ AZEHAZ e ol &
“*(Enrichment Factor, EF)E 73}¥ T REAY Y4
Ao A %@—%J EFE 74Fst], Zhang and
Llu(2002)7]' AN 71202 LAES H7HRE A3 A7 AG Y
Cd, Pb, Ni, Co, Zn-< 1.5 H] ‘?J'B. Q19) A gefS Hkx| oF= 2
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Fig. 5. Enrichment factor (EF) value and Box-and-whisker plots for
EF of trace metals (Cu, Pb, Cr, Ni, Co, Zn, and Hg) in surface
sediments collected from Tongyeong coast. In case of Cd, all values
were less than 1.
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Table 3. Percentage of sediment samples from Tongyeong coast with
higher value than each guideline level

Comparison with TEL and PEL

Cu CGd Pb Cr N Zn Hg

TEL 13 0 4 0 0 2
PEL 0 0 0 0 0 0

Tongyeong
. 7
< |
3
R
>
| .
3
Moderate (5 Vi
Considerable
Very high ' ) i
B Disastrous @"D /g
: : @(kme\%EH
128.34 128.37 128.41°E

Fig. 6. Ecological risk index(ERI) in surface sediments from Tongyeong
coast.
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