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ABSTRACT

Total 20 surface sediments were collected in Anjung bay to investigate the physicochemical environment and
heavy metal contents. The physicochemical investigation ranged from 6.41% to 11.68% (average 9.52 + 1.28%)
for ignition loss (IL), from 17.99 mg/g to 43.84 mg/g (average 27.53 + 6.39 mg/g) for chemical oxygen demand
(COD), and from 0.05 mg/g to 0.61 mg/g (average 0.17 £ 0.14 mg/g) for acid volatile sulfide (AVS) with significant
correlation between water content (W/C) and COD. A contour of spatial distribution indicated higher organic
pollution at the bottom of ascidian, Stylea clava, cultural waters. Most of metals contents was not exceeded the
NOAA's effect range-low (ERL). Estimated enrichment factor (EF) ranging 0.96-1.12 indicated that the sediment
environment of the studied waters was relatively pristine from heavy metal pollution in spite of increased vessel

traffics, so far.

Key words: Anjung Bay, COD, Sediment, Heavy metal, Enrichment factor

A=

2T 459 A 24
7 A AAR A, §57
Asdge 77 A
CEDEEREFEED
ol o] s}agAol AA) 5 e
37) olg53 ek,

(Louma, 1990). w&}A]
FAs= v & o]
ol 37e] w3le] gt A E=

o
VARCE

H LS
o,

3
’

=

Received: December 9, 2014; Revised: December 20, 2014;
Accepted: December 24, 2014

Corresponding author : Woo-Geon Jeong

Tel: +82 (55) 772-9151 e-mail: jwg@gnu.ac.kr
1225-3480/24555

This is an Open Access article distributed under the terms
of the Creative Commons Attribution Non-Commercial
License with permits unrestricted non-commercial use,
distribution, and reproducibility in any medium, provided
the original work is properly cited.

(Forstner, 1981).

= WATF A T H=
ok W&
wE A
45 MAao] =4
=4 Eo] 7k
MEelle sete] #AE o] A&l Aute] a7} Zho}
AaL, wke] BEele & dggsialelA WA A5t
F FAET AZto] o|fA| 2 Qlk Alte] wkew g FollA
v
A= Ao ¥1ET 9l¥ (Kahng et al., 1996; Hong et

al., 2001), A=AE] Aggo] FHT} 45| o} o|2HE

ro,

- 421 -



TH2OFAlIE I = =2 sleat™M = =
OrN O INSAAFNHEL HSEMESO XSS ELN =
128728 N
Hwang-ri 1 2 3 4 Changhoxt
[ ] [ ] [ ] [ ]
Tongyeong-si 5 [3 7 8
[} [ ] [ ] [ )
34°56'
34°56' 9 10 11 12
® ) [ ] [ ]
Deokpo-ri
14
1.3 ° 16
15 L4
17 18 > 20
° ° ol °
- D128°28' Sadeung-myeon

Fig. 1. Location of the study area and sampling stations.

e i EA Y] HA
(Kim and Moon, 1998)
$1.2 AL AL B0 o A5A 2UEDe] 27
ek webd o] e A B e asieel
Aajele] AzHARe Ak oglws Arjsle] sl
AR E AT 7| 2ARE AsteAt s

o

R N
7kt ol dele] A7

e 4

A
A A}

o'
ExY

o,

X
|

ol =13 5]

od

M=

ko] F8 FAs) s AR S
2317] $13ke] 20099 1197 20104 2€ & 207
gl A LAl (Fig. 1. A=AFHE oA
AAelA 33 AL s, oF oF 2
Eelst] 2 N gaker AHd £
F A# A7HA] - 20C ]

=

oJo]

AR E4

U

A

2 o }‘U

1
A pARR 3

=22

12

=7

shvl] QlolA] ik

Za7=F (IL, Ignition loss)

=43}

ol

M o e
Nlo _ll}lt

FEARsE (AVS, Acid
volatile sulfide) |83le] A3k A
o] HAES F3bea A Y 34t 2 mlE Thete] T
Asle d3frass 7RIS o8-8t SAGH AA
%2 3}erAAA Q@ F=F (COD, Chemical oxygen demand)
< FAR 2EE 1SS APREEE R A b
AREE AA44v|Eoe s P3Gt (Ministry of Land,
Transport and Marine Affairs, 2010).

FaEEAs S8k AR B5EAE ARE EEReH
olgsto] sfztolu} A T o|EAE AAFRL, v
b ARE ERkaE Gl ol 2 Azt Az
Algs wApabdel 57 Eafste] Fad Ao 28383
A AxA g 0.5 g gt E3AF (FAF 10 ml,

[e)

A

FG944 5 ml 2 44 10 ml) & 7}8te] DigiPREP
(SCP Science, Quebec, Canada) & ©]£3}e] 130TelA]
&3f8t3ick Al Cd, Cu, Fe, Ni, Pb, Zn & ¥ 77| 455

gz=nl 347 (ICP) = #A439om, 74 2

‘Igr*J‘ =243 2
2H AL 4 A4 3F5AE o] 83l TA35l L, 3
&2 NIST SRM Inorganics in Marine Sediment

(SRM 2702, NIST, USA) & o|-&3}e] 53t whyel whe}
A 313l

H45 del FF5H7] ¥ FEEES FIAE
(enrichment factor; EF) & Ab43lo] Adld o =5 7}
ek FaAest AFA RS A4t HAE YA A
o] =1, dubd o R FF& 2¥ A Adgle e 4
29l Fed] v|& A7 Z2 AT JAHE Uroe
it o] ATellAs H Fe @& o83t of

L lam,
B (C;'/Fe)j[{

olg (C)/Fe)y
%O]tq’ (CL-/FG)M
o W golet. 7+ 547

(Systat Software Inc., Germany)

$} Fe 922] v
4833} Fe HF3=F
Sigmaplot =% 12}

S olgste] ¥,

=

= =
1. 2SHA 29 #7129 £X
ARGl AR Fe CODE 20099 11¥€¢E

17.99-38.79 mglg (I 26.12 + 6.55 mglg) P, 20104
29 19.57-43.84 mg/g (1 28.94 + 6.06 mg/g) °F £
Ab A7 Apole AA] ogi) AHEEE 2AEA 1, 5, 7,
10, 13°] 29.64-43.84 mg/g®] W92 2 AR ]3|
=3t (Fig. 2a), ©] ARES 941 37} AR
ok 54 I Y] dubAcl A4 CODEEE
3] Sl e} o]z} A4 gl F2 AL
wA gk dERkt Zho] defrge]l £4 4 Y
40-50 mg/gol Eatttr R1E| v gt} (Cho et al., 2013;
Choi et al., 2013).

IS 20099 119¥9 6.4-11.7%% #H¢, 20109 29
6.58-11.2%2] #9|g = z}o]7} Qloich AAMzE xAls|
o M% ot FHe] £AAA 5, 9, 139] 10.53-11%= ©}
€ AAEY 27 Yept (Fig. 2b). o33 IL $2& 34
-] kel 3 el aAgubE e} =99k (Kang et al., 2012),
e} ks g u]&3t =50]20t} (Choi et al., 2013).

%

1> 30

H]

- 422 -



Tongy eong-si

14

Deskpori

(b)
Huangei

Tongyeong-si

Tongyeong-si

B

sﬁ
AVS

Fig. 2. Spatial distribution of sedimentary environments in
oyster cultural waters of Anjung Bay: (a) COD, (b) IL and
(c) AvS.
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0.61 mg S/g, 0.55 mg S/g% 7 =9t} (Fig. 2¢). AZZF
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Table 1. Analysis of pearson product moment correlation between sedimentary environments from Anjung Bay

(n =40).
IL AVS COD Al Cd Cu Fe Ni Pb 7n
Wi/C! 0.392 - 0.307 0.542 0.326 0.0335 0.0781 0.0235 0.0521 0.0126 0.0855
p= p= p = p= p= p= p= p = p= p =06
0.0123 0.0539 0.0003 0.0399 0.838 0.632 0.885 0.749 0.939 ’
L 0.0569 0.327 0.0775 0.186 0.0978 0.176 0.202 0.251 0.0872
p= p = p= _ p= p = _ p= p=
0.727 0.0394 0.635 p =025 0.548 0.278 p =021 0.119 0.593
AVS - 0.121 0.158 - 0.079 0.0692 0.17 0.12 0.133 0.0767
p = p= p = p= p = p = p= p=
0.456 0.329 0.628 0.672 0.294 0.462 0.413 0.638
COD 0.0209 0.378 0.086 - 0.055 0.0493 0.0143 0.0897
p= p= p= p= p = p =093 p=
0.898 0.0161 0.598 0.736 0.763 ’ 0.582
Al 0.0379 0.102 0.163 0.057 - 0.0475 0.136
p = p= p= p = p= p=
0.817 0.532 0.314 0.727 0.771 0.403
cd - 0.358 - 0.267 - 0.239 - 0.306 - 0.392
p= p = p = p= p=
0.0234 0.0964 0.138 0.0547 0.0122
Cu 0.654 0.688 0.678 0.794
p < p < p < p <
0.001 0.001 0.001 0.001
Fe 0.946 0.885 0.932
p < p < p <
0.001 0.001 0.001
Ni 0.95 0.906
p < p <
0.001 0.001
Pb 0.863
p <
0.001
"Water content of sediment
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v} 9t} Martin and Meybeck, 1979). ngk 307 v NOAAY A& #E] 7159 7|1&4] o]3}
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(Buchman, 2008; Table 2).
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A7 119014 652 ppm oz 71 =5 YEltn, 2444
16914 215.5 ppmo & 7} WA Ueldt} (Fig. 3d). 22
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ppm o2 7FF A Yelgt} (Fig. 3e). o] dalleke] kAl
ol ket v|sd FEEEYY (Kim et al., 2012).

FZEAEE Zn IFEEE 136.1 + 136.1 ppmE Y
Elgta, ZAAA 11904 2315 ppmo® 7P =& FER
Uehigz, A4 4004 91.5 ppmoE 7P v Yebyt
th. Zn F%+ %A wel NOAA ERL (Effects
Range-Low) & 3|3k 9iAuk ERM  (Effect
Rang-Medium) = A3]3l+= i} (Table 2). B
AL Pbe] HFEEE 29 + 13.9 ppm 2 E UERET, NOAA
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Sageurp )k {Unit: ppm)

Fig. 3. Spatial distribution of heavy metals in oyster cultural bed of Anjung Bay: (a) Al, (b) Cu, (c) Cd, (d) Fe, (e)

Ni, (f) Zn, and (g) Pb, respectively.
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Table 2. NOAA's sediment quality guideline values for ERL and ERM of trace metals (ppm, dry wt.). ERL =
Effects Rang-Low; ERM = Effects Range-Median

Elements Guidelines

ERL ERM

Arsenic 8.9 =0

Cadmium 1.2 9.6
Chromium 81 370
Copper 34 970
Lead 46.7 218
Mercury 0.15 0.71
Nickel 20.9 516

Silver 10 37

Table 3. Calculated enrichment factor (EF) for total heavy metal ions in the sediments of Anjung Bay

Cd

Cu

Ni Pb Zn

Mean
Std.
Min
Max

1.12
0.37
0.43
1.74

1.05
0.32
0.71
1.71

0.96 0.99 1.02
0.21 0.26 0.09
0.71 0.52 0.90
1.49 1.64 1.25
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Fig. 4. Maps of cultural farms for Oyster, Crassostrea gigas
and Ascidian Styela plicata in the studied waters.
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