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Evaluation of Organic Matter and Trace Metal Contamination
in Surface Sediments around the Geum River Estuary using
Sediment Quality Guidelines

Dong-Woon Hwang®, In-Seok Lee, Minkyu Choi, Sook-Yang Kim and Hee-Gu Choi

Marine Environment Research Division, National Fisheries Research & Development Institute, Busan 619-705, Korea

We evaluated contamination with organic matter and trace metals by analyzing grain size, ignition loss (IL), chemical oxygen de-
mand (COD), acid volatile sulfide (AVS), and trace metals (Al, Fe, Cu, Pb, Zn, Cd, Ni, Cr, Mn, Hg, and As) in surface sediments
at 28 stations around the Geum River estuary in July 2008. The surface sediments in the estuary were mainly composed of coarse
sediment (sand and muddy sand), with mean grain size (Mz) ranging between 2-4 @. The high concentrations of IL, COD, and
trace metals were mainly found at stations in front of the Gusan outer port and industrial complex, and near the Seocheon coast with
relatively fine sediments. In addition, the concentrations of IL and all trace metals, except Pb and As, showed good positive cor-

relations with Mz, indicating that the concentrations of organic matter and trace metals were mainly dependent on sediment grain
size. The concentrations of COD, AVS, and trace metals in most sediments did not exceed the sediment quality guideline (SQGs).
Although the sediments in the study region are not polluted with organic matter and trace metals, there are many point sources of
pollutants, such as Gusan port and industrial complex, Janghang refinery, and a thermoelectric power plant around the Geum River
estuary. Thus, the management of coastal environments through periodic monitoring of organic matter and trace metals is required

in the future.

Key words: Sediment, Organic matter, Trace metal, Contamination, Sediment quality guidelines, Geum River estuary
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(Yang et al., 1999).
ST A RS 22 54719
WA 7|9, 2ut W EAuby, 5ol 3

1 237} debk(Seo and Park, 2007). $HTE AJsfjete]
<, At wet e, S, WA, B, QAR S 2
730l AISHIL QUL o] & 2|9 9] st B & Eol| QlojA] 7
BHEE {QE= RREE o] - 5T AR o
A3l QJth(Park and Khim, 1990). ©]2{3t 752 Z3f &
71 FREAY Bis ot EHES SRS
3o F FFS E 4= k. B3] v E S WA 02 A]
3121719 Fa-Ed 3 T 7ol A BittE o)Edhs 53t ol
7HA] E2-3kehH g Bistol| b2 3gat Al AT S AA 2
TH o & st B4 Fof JAHT). whekA|, st B A EF HwF
TE2 LYY nekg4 09 Frof el AR R AR 5

Qlth(Bruland et al., 1974; Forstner and Wittman, 1979).
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PJ sofl Y17t 37 f-Euete] stfrtel &6k
ozl 4‘1}00}1%% Z7F 3t Tl Eol] ghte Al F5
H°3‘°ﬂ o] A E2 Fudts T3 shdSol shutol
T‘/}(Chm et al., 1995a). 3}A|9k, W WAISH= 7Tl £429]
3l -] 1S 5] Slstel 19889 At 877
Ak elElol 3YE AT oA EARIE ke
7 sEE(4 0] : 1,841 m)o] A= R 3(Yang et al., 1999;
Seo and Park, 2007), - Q1< sl Soll Ajetah THA AR, w4
Aofa v AR A8 5 i ) Sok v Akl
SR QAU 3 F0] AthRyu et al., 2006). E3E, H-5o]
A3 ko 2 AR A, 2Arel o] fiAIst o)
©.vi(Shin et al., 2006), U 2 1|2} Q1L A o= Zeto] 2]
of vl 9 A B4, BUHE AL AN BE TR, 2HA S
2% QA5 0] SolA 1 Qe ol et B Fuel o)
2 QA2 sttt Taiste) oy
u 4] 9918 715A17] T 27} S1e S ek 2l o]
o] BAtE]o] EHE 9o ooz 7}_«/&40] wr}, B3], 27
S A - AT Q1 S o= 1936 HE] 500]E Eot Al
5ol ARE FFA A7} 91A]5kaL 9o (Kim and Chon,
1993), Az ol A S mla<5o0] X0y #HlE F
stof HjEE o] = Bk ot EjA T Yo ® 28-S
WA et

AF7HA |7 sk QI s oAl nlgFa4o] Agkst
A S olsfst] ffste] 5 54 EH(Kim and
Chon, 1993), 314> 9 5147]9 2352 (Lee, 1992; Choi,
1993a; Ra, 1993; Choi et al., 1995a, 1996; Kim, 2002; Youn,
2013), s} E|AE(Choi et al.,, 1996; Hwang et al., 2001;
Kang, 2009; Park, 2013), 3+ E|4=(Chi et al., 2000; Seo
and Park, 2007)% v|ga< B EA] W SAM] A1) AR
of tijs}ol 429l eA77L Ao A gk, L), 37 B
2wt ob7|Y ReB AT op) HAEE vgaso] A%
of cifek Q17 1ol o] o)A AT AE-S Fol U Ele vl
o\:l—ﬂ—‘] FFE = o]“?_ﬂzq\:!z D] FaEog Erd o
FHIFS mhotal 2= 9l oG o2 uju|st AlA o)t}

ueba], o] Atol e e HAES nldese] X
54 9 LGRS Tofstr] fisto] shtHoll A tE T4t
& ubp Ql2a|el s ok HABE At} HAEE
P4 5w} 0|50 B JFS F 2 gt ol A3kl
20l RQIE(E, 2, SEPA Ak A P, AR e

= Tl -
A

O\l

i

EI
o)

ATA) el BT E HE FURO FHPE A
o} ATHE A1) AR 0] 9135t ek(Fig. 1). 4L
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Fig. 1. A map showing the study area and the sampling stations
for analyzing the trace metals in the surface sediment around
Geum River estuary.

urelz|ol Mok Fotol | FAA) % A% 412 km,
Z0] 2k 9,900 km?o]| E5h= & 7o th(Yang et al., 1999). 31H
o AE FEES °F 6.4 X 10° m'yearo]] 9o FHHE FHA]
o] T d8et TH =AY Aoz A o] 5L qlrt
(Yang and Kim, 1990; Kim et al., 1998). =3}, 7= 53 5)
= 5859 oF2 A7 9F 1.0-1.5 % 10° m*/yearo]|
]—D}(Chm 1993b; Choi et al., 1995b). 732 d}F-2of AA
g S-S 2759 e R a0l B e
SO AIZHA M3k} o9 23, sHA|of| A o2 S EE
Homo) EES ST ANZ olat 5} 7|8 1 Fao
5—4 WSt FARRIR AR E S-SR a2 B F o]
FAIRE g o & vHH A A RI7ER] AEEe) 9 -E3kS ¢
3l 714191 &= o] o] Fof 2| 3L ItK(Choi, 1993b; Choi et al.,
1995b; Shin et al., 2006).
27y s BAsl 23 W A EA] o) 7| 018k 2 AIEAfo|
o1 thettel, 72 §3 o] Halo] At oz 2409
gFo] 2 A5t 3o o] t}(Shin et al., 2006, Seo and Park, 2007).
o] aj&fo] Al YxFF2 H}%‘—T—ii AR 7L
2 B42271 43 m (h27] 5.7 m, A2%7] 2.8 m)EA th=
A} 3H4-& H2ltk(Choi et al., 1989; Lee, 1992). o2 213} 7
2 924 PHEY B REEUY| SHYHYE 2 o
s 8o wetshin, 4 §E ol AL Al7lol Ay £t
*(turbidity maximum)7} /g = th(Choi et al., 1996). 24 2]



932 JES

HPES: B A W] A8t 27642 2 misec o] 4ol
thH(Choi, 1993b).

A 24 N ol shediel diati 2AASl His
AF7F sl 37 B el 4YRY Bt
20| g g oFEE| o] sjofo g §-2lEItiChoi, 1993b). E
3, ARG AR Q13 AR Ado] A 245
A R oz §e Ao s 9lom 53], Akelgt
o R 9 A clok AL 20089 Aot £ HEA o]
(coastal wetland protected area) S 2 | o] AR oA 2|4
2ol a7} o] Fy R a1 Q) th(http:/www.tidalflat.go.kr). 4
o AALZ F2 AdgEz|or] o] M S|t S 2
YAZ oA lom Lo o] M/ &4 e 575 whet
S| Barskal Qltk(Choi et al., 1996).

ook

NELTE QYT

S35t B A EE vgaEe H254 2 L HdSS ot
517] 915ke] 2008'd 7€ = HAkatel Y B 185 E o8-t
SO A HE] FAMR]E HPEE A - Dl AN QI 7t
2] & 2878 Aol A Y 7](van Veen grab sampler)= FZ
(0-2 cm) B2 =5 A FIokAck(Fig. 1). HF3E Alms vle] 4
A2 g 19w Z2) o g @9 (high density polyethylene bottle)
of Hol Ys/deE AHARE 2Hlsto] )%= (grain size)2t 7
&7 (ignition loss, IL), 3F8+2] Ak4 @ F1eF(chemical oxygen
demand, COD), A+3]¥-4d 352 (acid volatile sulfide, AVS) 2
u|2FF4x(Al, Fe, Cu, Pb, Zn, Cd, Ni, Cr, Mn, Hg, and As)<
Hwang et al. (2011)°] AAIgF 5UgHHH o = FA5HGT &
A& 7heks] ek, Y= Ingram (1971)9] & e
=4 W ol wheh f71E SAMES AAT EXES 403
TAZ EAAE oto] A AHA BAES Bt o
ZHA B &2 Ag7]|(Ro-tap sieve shaker, Fritsch, Model-
Analysette 3)5 ©]-8-5t0] 71 4|4 (dry sieving)<, AIHA
A 1ulgH o s Hetks FAE 745t EdE 24
S o213l Folk and Ward (1957)2] AAHA 02 Hitw
(mean grain size, Mz)E 751521 Folk (1968)2] Aztx}3t
£ o]&sto] EALS BRI ILS EHEY] 33} Ay
o] FARto| &, COD= ¥7he|d 2PdhibdE(KMnO,)H,
AVSE= 33k A o2 BA St a4 §4
2 58712 5 A E ALY A(D <63 pm)E ©]-8-5t
of A& Tzt EAES I45to] EFAHHNO,:HF:HCIO,
=2:2:1) o] &3t HES o &2 EHES Saofgh o 2%
ZAHHNO,) S &2 483t & 25 At nEa42 524
slZetZn) AekE A 7] (ICP-MS, Perkin Elmer, Model-Elan
9000)= w4155t 4=22] 9oz s AUXTL EHE AR
2 A 422554 7](Mercury analyzer, Milestone, Model
DMA-80)2 ZA53ict. ofl, n|ga< AHm o] A=<
B3| 9ot R4S AR} 3 481, Q1S

A% 2

B
ok

S|

=52 (certified reference material)2+= MESS-3 (marine
sediment, NRC)E ©|-83l3ltt. 2 vjefg52] gl+a2 Al
97%, Fe 104%, Cu 105%, Pb 105%, Zn 94%, Cd 104%, Ni
106%, Cr 98%, Mn 99%, Hg 100%, As 106%=A] 90-110%
Apo] Wl gick.

=t

zZ4 I.I:I_I EE

= rul
57 E%Z0 X4 U BE

A= Y= EA5H oA B AR Bo] ube,
A T e sl - ek SR SIS WYk §
83k AAto|m(Lee et al., 2004), E|& =% 7= V=5
9] FERIEE ZA-SH= Q2l5of shyto|ti(Cho et al., 2001;
Hwang and Kim, 2011) . wh2}A], s}t 2 7ho| 73E-0] G-&11}
ZA o) I 4= 152 Witol ofFt EejakelA] s et ol
FAsA stk slodolA] §718 9 lekF 4] SERE
2912 BrAe] SN L Foluch HARe] Ry 9 B
=5 sjoig Bavt g,

el HAEE A7, 2a), A, HE deke 717 00-
3.0% (B2 0.3 +0.8%), 21.5-98.9% (B3 7.3 +23.5%), 0.4-
59.7% (Bt 143+ 16.1%), 0.6-25.7% (Bt 8.1 +7.7%) ]
Sk, A2 Aok Q12 St 103 FSHE A7E] St 120]
A} o 39%0] 23 1el B o) FHoIAE eRA] 2ite.
W], Aot HEe) Hepe] 50% oS mel wAtelat 4kl
B 9] St 6-8, Aok Q2] St. 103} A eletae St
26 4& Aole 7o) wE AHeIN Bk of 70% o)k
271 B S Yehiolch 2 4 B8 24872
2 Folk (1968)2] Alzt#}3tol :AISH A} & 8719] HA = &
% (sedimentary type) o= ZFE ek Ao HAE &
E2 AW R, St 8 S APAAE (sandy silt, sZ), St. 62} St.26
2 AFAY(sandy mud, sM), St. 72} St. 10 2 2F A Y [slightly
gravely mud, (g)M], St. 52} St.16 2 2FH A A slightly grav-
elly sand, (g)S], St. 12} St. 12+= 2F LA Alslightly gravelly
muddy sand, (g)mS], St. 142} St. 19= AEZAKsilty sand,
7S), St. 2, 4, 15, 18, 24, 25, 27 U2 AHmuddy sand, mS)%
I 228 YA 52 B Alsand, S) EJAER o] Fo]A
UANEHFig. 2). 3= F1o AHE2 Y7E e AR B4
E(mS), vt WA ol HETF - A B4 =(29),
TARFATA] B s o o] AR EolA= AFEAE(S)o] &
AIsHA REsto] ZdbA o = 232 o] AL Al Zo] sl
WA E2she A o= UehTh sEAIRE, AR R AR A
O} = RA Ao 9] 2] AR FollA= thE st Ee] A
Aoz Qe YA A E[sZ, sM, (gM]o] BE3}3} o]=
S-S A WARITA] BE£0 & RR oA efsjoos
=FA AR = QIste] of s 270 o] A ] At
oz AHA EAzo] A vl Aoz AZbE

o
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Fig. 2. The sedimentary type of surface sediment around Geum
River estuary (Abbreviations: sZ - sandy silt; ()M - slightly grav-
elly mud; sM - sandy mud; S - sand; zS - silty sand; mS — muddy
sand; (g)S — slightly gravelly sand; (g)mS - slightly gravelly
muddy sand).

o] & o|| Choi et al. (2002)& 27 3H1-% A Ao W2 3485
of Mgtz Qlef -] St. 53} St. 9 Afojoll A F=3} s
7F R S A% 4E HekE Kol Hadidol B/ uaL st
%21, Choi et al. (1995b) 3F1 7L H|4fjo] & A oL ]
of g xHo R Wsto] g7 sl Aol vitkEo R
St AlEE e AE5AQl EZo] dojd A
o2 Huskget §AE9] Mze 1.7-7.00 (B 3.6+ 1.40)
Moo, HESL HEo| ofvfo] &3k wakeda Ablth
A ¥, A Ao AR HHE AlQlshd HiF-Ee] 2-40
2 FHAHmedium sand)?} Al AKvery fine sand) Ato]

TH(Fig. 3).
517 ENEE RIS By U 2usE

;A HHeT wled> HESA
87 AHLFo] shfolrt. A7E
542 mersly| flste] 235 B 4=F ILeFgE Fig. 300 LE
Ylch E2% % IL2 0.8-54% (B 1.9+1.1%) M He
o] A4 1okl St. 260 A 71AF =1 AFa) A2 4 9F20) St. 3
of| A 7H3} wEokth. AREAH 0 2 tjiRo] 2.0% o|ake] W IL
TEE Blo AR HES HE 3Rfo] 2 w49
I} AR TEHA] QF 2RO St 6-8, THokE 112 St. 10,
A F0] St 15, A% $19HE2] St. 26 oA 3.0% o422

10 8
== Mz

. 8 +IL6
A =
N X
= 4 Z

4

2 2

0

NN
o

o

COD (mg02-dry)
3 @

o o

Station Number

Fig. 3. Mean grain size (Mz) and the concentrations of ignition
loss (IL), chemical oxygen demand (COD), and acid volatile sul-
fide (AVS) in surface sediment of the study region. The solid and
dotted lines represent the guideline values of COD and AVS ap-
plied in Japan, respectively, for evaluating the sediment pollution.

£ G5l Ha] 2 5 =2 Her). ol ATsiel) =y
of B w9} ILE) 35 Afolo] F2 o] HTH(r=0.95)
Helek Aol vlFol & tl(Fig 4), HHEE §71% ¥
o
=]

off o mo Lt

o] Yol WAZ o] glom o]Fof ofsf faeitol &
A= A o2 7

B4 &5 CODLAVS = A 75 28 9 A4 =5 3
7Foh= 71 o2 A de o]-§-F o)A £L2H(Yoon, 2000; Hyun
etal., 2003, 2004), o] AP = EHESE §7]8 092 F7}
5}7] 915to] CODLFAVS 55 o]-8-5k3ict A4 COD
S}AVS 5 e= 747F 1.2-13.0 mgO,/g-dry (Bt 4.4 £3.3mgO,/
g-dry), =4%-0.70 mgS/g-dry (=t 0.006 +0.049 mgS/g-dry)
9] th(Fig. 3). CODY] 7% AFe] 3} 9F220] St. 6ol A 714
=31 IR St. 5ol A] 71 ke ARbA O & L Fhgo] =9k
G AR $FE0 St 1, AR At AR TR 9% =R 10
St. 6-8, 7HOF®= 91:12] St. 10, A& F12] St. 15, AP eHA] vpz
9] St. 183 St. 24, A7 AEZE9] St. 26 of| 4] 7.0 mgO,/g-dry
olgog thE AHHEol Bl COD F&=7t &34tk AVSe] 7
folli= 74 =& COD 58 B AW 4|3} 90 St. 60]]
A 7P e AAIEA] 9FEo] AR AR S Al gt A 1
< Aol AEHA AU 0.005 mgS/g-dry o]she] W &
=5 YR eItk

g, vt sy 7|es E4EW CODLE AVSe]l
gk 7|0l §lof o] Ao M= Ateld o EAEF 7=
oY A=E uotsly] flote] Y29 HAE 7|ES 853
o} YA ARYES] HSE flate] A&l F3E F= 7]
5 EE2A CODFAVSe] tiste] 217} 20 mgO,/g-dryt 0.2
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Fig. 4. Plots of mean grain size (Mz) versus ignition loss (IL) and trace metals (Al, Fe, Cu, Pb, Zn, Cd, Ni, Cr, Mn, Hg, and As) in surface

sediment around Geum River estuary.

mgS/g-dryE 3| &1 3lth(Yokoyama, 2000). ] 7]+
2851 i, AU E[AE 5 CODE 2 FHolA
U0 EjA e 7]EH e wokow o] oA 1/30]st
O -2 5 0| Itk AVS 3 AR §19] St 23
ARRI T} ARJEER] QF& =2 9] St 6-70| A L] E|FHE 7]
2 2ok AR UehtoLt ool FelA 1/500]
5ke] W2 g d HATh E3, A9 IL, COD,
AVS 555 o] 12| gl AT}o ] s Kl(Table 1), A7
o oIt HAMIFE (Jung et al., 2010)2} Alwa- QF%(Kim et
al., 2003) 21| EJ&Eol4 4% IL, COD, AVS FEkHr}
+ BISSEAY thas gt o ), eyl thsE el kel £
AFeH(Park et al., 1995)7} ulAFaH(Hwang et al., 2006), Z12] 1L
FAZEo] EHl w4 Q] ekl S&FTH(Yoon, 2003),
oA H(Hue et al., 2000), 7F4HNoh et al., 2006), $HE1t
(Hwang and Koh, 2012) Eth= WSkt whebA, a9l
TS EA =S f7l=ol tiste] ST v e ¢lo] 113y

5|7 e Ao A7k,

i)
1%

b7 it

ol 5 H&es 4 U vFges 5E Fig 5o UE
HAE: B8 =S vdase SR0E(ADS 44-9.5% (Bt

6.4+ 1.4%), H(Fe) 1.7-5.1% (F4F 2.7+0.9%), B7HMn)
-2 260-1,020 mg/kg (Ht 467+ 167 mg/kg), 0+ (Zn)e 23-
106 mg/kg (F+ 49+26 mgkg), ZE(Cr)2 21.6-89.2 mg/
kg ((Ft 45.1£9.1 mgkg), UZANiy 7.8-41.4 mg/kg(B+t
16.5+9.1 mg/kg), 72](Cu)i= 2.8-24.7 mg/kg (B 9.5+ 7.3
mg/kg), ' (Pb)-> 19.7-32.8 mg/kg (Bt 26.5 +3.4 mg/kg), H]
Z(As)E 3.4-12.4 mgkg (4t 7.3 £2.9 mgkg), 7F=5(Cd)
2 0.06-0.28 mg/kg (H+at 0.12+0.05 mg/kg), +2(Hg)>
0.003-0.048 mg/kg (B 0.013 +0.011 mg/kg) W om &
F5EE 7|20 8 Al>Fe>Mn>Zn>Cr>Pb>Ni>Cu>
As>Cd>Hg -0 & 52 55 Yet otk IL3}E FAH|
Ao BE u|EgE&Eo] ddHor HEeL AE o] &9

W& R H JHobe QI A A

9 ket ARt

ote] AR FHE A th2 AHEC B3l 2v) o] w2 5=
£ W YrKFig. 6). 3|, Pbt AsE A £J3t HE n|gkZF 450

Mz} -2 9] A4S B HTHr=0.55-0.91; Fig. 4). A
o2 AgslolA] A BE F4 AL FEE F2 A B
ot a8y RO G 27 W 02 AelA glon]
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Fig. 5. The concentrations of trace metals with each station in the surface sediment of the study region. The solid and dotted lines represent
the values of effect range low (ERL) in the United States and threshold effects level (TEL) in Korea, respectively, as the sediment quality
guidelines for evaluating trace metals pollution in sediment

Table 1. The content of ignition loss (IL) and the concentrations of chemical oxygen demand and acid volatile sulfide (AVS) in surface
sediment around Geum River estuary. The parenthesis represents the average of each paramenter in surface sediment

Study region Sampling zone ((l,}; ) (m ggc?gl;:) dry) (m g'g\//gs dry) Reference
2
Coastal sea of Korea  Sublittoral zone 1.4-10.8 (6.7) 3.2-21.7 (12.4) ND*-1.12(0.24)  Kang et al. (1993)

Pusan Harbor
Masan Harbor
Deukryang Bay
Yeoja Bay

Gamak Bay
Hampyeong Bay
Byeonsan Peninsula
Saemanguem (inner)

Geum River Estuary

Sublittoral zone
Sublittoral zone
Sublittoral zone
Sublittoral zone
Sublittoral zone
Intertidal zone
Intertidal zone
Intertidal zone

Sublittoral zone

6.3-18.5 (12.1)
7.2-14.3 (11.2)
3.1-21.5 (5.6)
6.2-12.2 (8.9)
46-11.6 (7.1)
1.6-9.0 (4.5)
0.2-2.8 (1.4)
0.5-5.8 (2.2)
0.8-5.4 (1.9)

5.1-43.7 (17.5)
11.3-29.9 (19.6)
0.4-18.2 (5.7)
5.5-29.7 (13.2)
2.3-99.3 (31.0)
1.1-14.4 (8.1)
0.2-18.5 (3.9)
1.0-10.8 (3.5)
1.2-13.0 (4.4)

0.06-4.37 (1.18)
0.20-4.47 (1.83)
ND-3.30 (0.36)
0.02-0.10 (0.05)
ND-10.3 (1.02)
ND-0.15 (0.01)
ND

0.10-1.56 (0.75)
ND-0.70 (0.01)

Park et al. (1995)
Hwang et al. (2006)
Yoon (2003)

Hue et al. (2000)

Noh et al. (2006)
Hwnag and Koh (2012)
Jung et al. (2010)

Kim et al. (2003)

This study

*ND : Not detected.
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Fig. 6. The horizontal distributions of trace metal (Al, Fe, Mn, Zn, Cr, Pb, Ni, Cu, As, Cd, and Hg) concentrations in surface sediment

around Guem River estuary.

(Cho and Park, 1998; Cho et al., 2001; Hwang et al., 2010), ©|
o]l Choi et al. (1996)2> =7} 3H4 B4 &% vldw< Tol
B e UAg HHo] 9oL, o 5453 g Pb2 29 A
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4 e
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St s Bl gl Aoz AZkET. G, AT

AU El X =5 v 5= ol&] Choi et al. (1995a)

BoE5245 v)gkE4: 55(A19.7%, Fe, 5.2%,

Mn 6,700 mg/kg, Cu 54 mg/kg, Pb 79 mg/kg, Zn 327 mg/kg,
Cd 0.85 mg/kg, Cr 98 mg/kg, Ni 58 mg/kg) =t} 3kt
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Table 2. The mean grain size (Mz) and the average concentrations of trace metals (Al, Fe, Cu, Pb, Zn, Cd, Cr, Mn, As, and Hg) in coastal

sediment of Korea

Study Region Mz Metals (%) Metals (mg/kg) Reference
@ A Fe Cu Pb Zn Cd Cr Mn As Hg
Kyounggi Bay 44 62 24 25 - 92 - 70 532 - - Leeetal. (1998)
Saemanguem (inner part) - 714 27 21 26 85 - 47 610 - - Kimet al. (2003)
Julpo Bay 71 76 28 15 19 84 010 52 494 113 Kim et al. (2008)
Hampyeong Bay - 6.1 22 12 20 45 - 34 321 - - Youn et al. (1999)
Yeonggwang-Muan coast 55 52 23 10 25 70 005 51 448 56 0.01 Hwangetal (2010)
Mokpo-Wando coast 32 63 26 22 33 66 - 51 600 - - Shinetal. (2002)
Youngsan River Estuary 91 83 41 23 28 96 - 77 673 - - Cho and Park (1998)
Nakdong River Estuary 42 64 19 94 27 31 - 17 320 - - Kim et al. (2000)
Geum River Estuary 37 113 34 10 28 48 - 41 540 - - Seo and Park (2007)
36 64 27 95 27 49 012 45 467 7.3 0.01 Thisstudy

2000; Hong et al., 2007). 0|50l A] A|F71A] St <19k E] 4]
=9 2dB 7t lojA FEATet FHATE o83 W
A7} A8 =] 0 A £k ™ (Shin et al., 2002; Hyun et al., 2003;
Hwang et al., 2006; Hyun et al., 2007; Lee et al., 2008; Jeon et
al., 2012; Kim et al., 2012), ¥+ AJAEL n)=t o713
(National Oceanic and Atmospheric Administration, NOAA)

oA Yish= EHE 7|2 o] g3t £ 9S Hrle| e 5
S tHKim et al., 2008; Hwang et al., 2010; Hwang and Kim,
2011). o] 1 52t Lalujele) AR 0 dRIL Thols)]
913t A= 7]Eo] AR Eof QAT ¢heh7| wimel Tt

2 0H°***PT°1W SeuEte] AFEA 4 =TS
ol o) S 98 VY G I A
A3} ch(http://www.mof.go k). OiZ] ko= Hee 2
71} 2 o] 7|4 nlEaES Cuet Znd EAES L1
g ol gofo] S S AT s Arstel 7|
H| 3 A AISH k. e, o] A7) A9 B2E 7]
28 AA)7] o] Hof ZA} o]2o|A Lie] BRI} g1
tjzoll @A 2A = AFel W B4 EF Cull Zno] 2 HE7}
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S 5 E 7} B Ao A AISHE AAALE U -85t Rl
o A= G Fix) Polry] Slste] ]2 T ¢
E90| o] &35 & u]= NOAA2] E|AE 17|42l ERL (effect
range low) Zf(Buchman, 2008)3} 2|10 | Akt 4] 47
Sk | E9| n|gfas 2A7|EF F97]F(threshold effects
level, TEL) gt &7 o]&sto] n|gFa4o] e fdst= A
ot

WA, o5 NOAASIA |22 % H] 4§31 ERLE
A|ZH 2% FRalA EAsl= Al Fel A 2l3t & 97)]

ol tiste] 71 &= (Cu 34 mg/kg, Pb 46.7 mg/ke,

Zn 150 mg/kg, Cd 1.2 mg/kg, Cr 81 mg/kg, Ni 20.9 mg/kg,
As 8.2 mg/kg, Hg 0.15 mg/kg, Ag 1.0 mg/kg)E A|AlskaL Q)
th ol B e vIdes $57F ol ERLEtE 23918 7
Q- MAAYEo| oF Bk 2 7lsAl o] 9122 oju|Fit). uleA,

ol 7IEgt A AUl E A =T l%‘%‘é SEeF Hlus) 2
H(Fig. 5), Cr 7ioke Q122 St. 1032 42 k2] St. 26 9
A, Ni At A ] b5 =2 529 St. 6-8, 7HoF
T Q9] St. 10, A7 AEE] St. 263} St. 27914, Ast= A
Wedol| A 5Le] AR} Ato] 9] St. 2-5, AL ARYEEA] 9FEo)]
St. 8, FAF AFITHR] B2 0] St 229} St. 24, A ¢1eke] St.
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7il EAsH= Al Fes Al 9|7t & 8709 nlga<ol Histo] 7]
5 %(Cu 20.6 mg/kg, Pb 44.0 mg/kg, Zn 68.4 mg/kg, Cd
0.75 mg/kg, Cr 116 mg/kg, Ni47.2 mg/kg, As 14.5 mg/kg, Hg
0.11 mg/kg)E AAISFAL i chhttp:/www.mof.go.kr). ©] TEL
7|&482 ul= NOAA 2] ERLELe] vl8l Cu, Pb, Zn, Cd, Hg2
2| 9AsH 73k B, Cr, Ni, As= 2kslE 42300, o]
a3 }__L]—o}-}; U]%i:%é‘\_-% %l—_"?rsl— QPH‘:' ] HX—D(—]O] }\HEHO?i
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