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Abstract — The new passive sampler called “artificial mussel (AM)” offers a potential device to study the spatio-
temporal changes of metal concentrations in different marine environment worldwide. The purpose of this study is
to characterize metal (Cd, Cr, Cu, Zn, Pb) accumulation on the AM and transplanted mussel (Mytilus edulis) at 5
sites of Lake Shihwa. Both the AMs and mussels showed increasing concentrations of all five metals during the 12
weeks exposure period. Higher concentrations of Zn were showed in both the AMs and Mytilus edulis relative to
other metals. The AMs accumulated higher concentrations of Cd, Cr and Zn, but they presented lower levels of Cu
and Pb than Mytilus edulis. The correlations for Cd, Cu and Pb were statistically significant between the AMs and
Mytilus edulis, indicating that the accumulation patterns for those metals were similar. However, no similarities for
Cr and Zn were observed between two monitoring devices across all of the sites in Shihwa Lake. According to
relationship for metal concentrations between dissolve phase in seawater and both the AMs and Mytilus edulis, the
AMs for Cd, Cu and Zn represent more metal contamination than Mytilus edulis. Our results indicated that the
AMs give a better resolution to reveal the spatial differences in dissolved metal concentration. This study suggests
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that the AMs can provide a time-integrated estimate of metal pollution in marine environments as well as freshwa-

ter environments of Korea.
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Goldberg et al.[1978]; Lauenstein e al.[1990]; [2002]; O’Connor
[2002]; Phillips[1978]; Richardson ez al.[1994]). = #1Z 21 Mussel
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Fig. 1. A schematic view showing the design of artificial mussel
(AM) structure (Wu et al.[2007]).
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Fig. 2. Map of study sites deploying Mytilus edulis and artificial mussels (AMs) of Shihwa Lake, Korea.
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Table 1. Comparison of the analytical results of Mussel tissue SRM 2976 (National Institute of Standard and Technology of USA; N=20) and
nearshore seawater for trace metals CASS-5 (National Research Council of Canada; N=5) with certified values

Metals Certified values Measured values Recoveries (%)
SRM 2976 (ug/g)
Cd 0.82+0.16 0.82 £ 0.02 100.0
Cr 0.50+0.16 0.50 £ 0.03 99.1
Cu 4.02+0.33 3.87+0.14 96.2
Pb 1.19+0.18 1.17£0.06 98.6
Zn 137+ 13 133+6 96.7
CASS-5(ug/L)
Cd 0.0215 +0.0018 0.0207 £ 0.0016 96.3
Cu 0.380 = 0.028 0.400 + 0.055 105.4
Pb 0.011 £ 0.002 0.010 + 0.002 94.2
Zn 0.719 £ 0.068 0.723 +0.046 100.5

Technology, USA)E A15.9} st o= #4313 0 Hagk
of] Tt B|Z+E(%)2 96.7(Zn)~100.0(Cd)= w5 S5 3 A3}=
SITH(Table 1).
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analysis of variance; ANOVA)S AAI8ISITE BE SAREAS SPSS
(version 18.0, Chicago, USA)E- &3l =a=| 31t}

Mo
=
£

i

3. 44t H E9f

3.1 Al E BF5 55 54

FrA|el o whl AmtE sHe QIFsh A1dA 5 st
T TS 259 e AR ow W 9l A 164
Yl CdZ 1.33 pg/gellA 4571415 2.73 png/g 0 & 557t 57t
o §F o]Fofl= 458} AR = E BAATHFig. 3). AM
Sl vlslA =l T7F 2 A o1t o)) AlRto] sk
= &2 0% rF FrkekaL St 9 Wl Cre 127 SRt
0.30 pg/eelAl 3.01 pg/go = 108 =7 7180, AM Ul Cr
& 27N F7) 1 F IS s RE A8kl ASITh(Fig.
3). Cds} Cr BE ZARA]ZIOA S3to] AMel| vl8l & 55F

IEEET
A 2 o o >
i B
o

Ho Cus AMS 557 3R 2 5554 BAth
T U Cu 1277H4 53] w7t S7kste] Z71el vis) 7.500
w7l Z7FskA T AM Ul CuE X7) 093 pgigol A 85 &
34.36 ng/gC = 454l F5t SRS 1275l oftE 7hAEtar 9l
Atk F3 Ul Pbi= WMEH A7 Wt wRe S7F 2 tEA
Yebtowt 7] 057 pg/gelAl 125 3 2.84 ng/g© 2 5H) w57}
7Vt 18u AM Wl Pb 0.35 pg/gell A 257k uE 2 Z0
2 3t rreelem o)% st s sk ek S
W Zni= %71 95.9 pug/eelA 47714 186.7 pg/gS = M| 557t 57}
3 5] Znshs Al A3 EAS BT AM U] Znis BE AR
71elM AEH 0 R FErt 57T 1250l 195.4 pg/gl & 7]
3.91 pg/gell B3l 500 5527t S7F8ISATE. ZnS] 73-%-, 477 23
I AMO| 22 S7HES Bl oL o]F AMO] w5 Al S
W 39> 7hAeklth(Fig. 3).

Algh 2vke slB.e} QIR AR 2004 &3

CIEY 125 3 343 pge®) S JeR) AHE 1
g Bt #& Cd 555E YRt AM Ul Cd ©]
7t whet A|&H 07 Frt FFeI oM, TR St
Ao, 127 - 040 pg/g®] FE= AR 101419 127
9} vlwshA 40%el E3ITHFig. 4). 35 W Cre 477FA+=
9] S71Fo] Al o] % A% w0 S7HE Ko, AM
477 STV o1 e w28 fAIska lch A 20
M 125 F Crsies 029 pg/ge= B3 19] 0.25 pg/gell visl oF
7 =0T Fig. 4). 83 13 VR IHE BE ZAR7]A 25U
o] cdg} Cr 557t AMell H]3)] 58k}, Cull A9, 2704 857}
A= AMo] Z3to] HlF| AtdoR w2 FEE B o 12579
= &) AMO] Hl8] =2 FE Hola oItk Egelrs 2
oA 4 Alo] ekt 7hAad RS A|9)skars JWHA 07 Akl w)
2} Cu 557t 2718900, AMS 2770t 343] F57) S7F
ot § S7RES fHashe 54 Rolvh 3l Pbis 447
w129] Z7)Eo) AgLovt o|E FA3] Zrse] 1250l 2.47 pg/
g %71(0.57 pg/g)ell BIal 4.3u) w57 F71skelth 18 AM

%0
Q

=

@

o
Ir off & ~

off Hi S ofN



Artificial musseks ©]-83t fEjue}l AW THE 2%

Cd concentration (ug/g)

Cu concentration (ug/g)

300 -
250
o
(o))
= 200 -
c
S
£ 150 -
&
2
S 100
(8]
N
50 -
09 . .

ﬂu.,
k1
re

T 135

Cr concentration (ug/g)
N
-

4 -
2 ?
c
K]
g 2 I\
c
8 1
c
9]
(8] X
o 11
o !
0 T T T T T T
0 2 4 6 8 10 12

T T T T

6 8 10 12

Time (weeks)

Fig. 3. Temporal patterns of metal accumulation (mean+SEM) in the transplanted Mytilus edulis (closed circle) and artificial mussels (open
circle) deployed in SH-1 of Shihwa Lake. All concentrations are presented as mg/g dry mass for transplanted mussel and mg/g Chelex for

the AMs.
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Fig. 4. Temporal patterns of metal accumulation (mean+SEM) in the transplanted Mytilus edulis (closed circle) and artificial mussels (open
circle) deployed in SH-2 of Shihwa Lake. All concentrations are presented as mg/g dry mass for transplanted mussel and mg/g Chelex for

the AMs.
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Fig. 6. Temporal patterns of metal accumulation (mean+SEM) in the transplanted Mytilus edulis (closed circle) and artificial mussels (open
circle) deployed in SH-4 of Shihwa Lake. All concentrations are presented as mg/g dry mass for transplanted mussel and mg/g Chelex for

the AMs.

& &FTHE s R
STk 1ev AM W Cr 477 s S71 F o] %
SHaL I3 Cuiz F8F AM B oA A RE F7teol] et A
W g7t S7keks A% Belon, ¥ AU9) Cu st AM
of njal o}tk E9keh. B3 Wl Poi= 477K S7F Fo] Agpont o
T & FHoR FLUF ST 127 1.63 ng/g©® 271 0.57 ng/g
off W]l oF 3vf =& FE BIATE 12t AM2 25747 Pbe)
EEF 02 IR F o)F AT F=E sk 3t

Zn® 739, TR AM B ARl w} gt A& 0% )

F71I901} 47 oI F 73] S7H

EAE

3l 9ot 127379] F57) 209 pg/gC® 38 189.3 ng/g(125)°l
v&) m¢- W FE5S Bk

AME] A=A
Cr’, Cu*, Pb*, Zn*9] AHfrol& Fe| Wl o}t HiE
(complexes)&. F7} 7F&stH, o5 Tu daw tf-2 AE]
ol gAY =4S Ul A% H S th(lyer and Sarin[1992];
Phillips and Rainbow[1993]). Polyacrylamide gelS 35+ 545 o]
22 Chelex-100 resin S&3h= 540 2 QIst], A3}s U= 3

F F9 FF4(Cd, Cr, Cu, Pb, Zn)°] 125712 01248 7|3t %

semi-permeable polyacrylamide gel=> Cd*',



Artificial musseks ©]-83t fEjue}l AW THE 2%

Cd concentration (ug/g)
N

Cu concentration (ug/g)

ﬂu.,
k1
re

T 139

Cr concentration (ug/g)
o

0.5 A

Pb concentration (ug/g)
5

0.0 4 , , . . . :
0 2 4 6 8 10 12
300 -
250 -
R
2
S 200
c
S
2
8 150 -
c
[0}
e
S 100
(8]
N
50 A
—O— —O

Time (weeks)
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the AMs.

QF H73] AM Y| S3 5= 3S Holal QIUThFig. 3~Fig. 7).
Agks A 164 AM E3 W] S s v ARl HFSH
Ekor Fe| S7REE A ZhakE) LPE} xth. Cde} Cr &

ZAF A A E3F 4 571 AMO]| B =& ARE Ho|3

AT}, Cul B4, 29931 v gl A3} iﬂ}Edb‘Oﬂ U 4
1914 AM W] 2 o2 557} 371510} PR S BuE
o131 Yo, Lol WOl W= F o) FEr} AME Z3)

HI et i& r1

SFiL 9191, Pbi= 44 9 o] 2JA17bel wje} Aol glovt o}
e e NECERCE PR o E L e S
o]7] okttt o] F 27191 457k = AMo] &3t uls)
Ao 52 FEE BYloy olFel: %ZZL W Pb =7}t 282
E A veRa A%t Zng] A9, 29l 7k 44 1
«l OV A 27)(~47)5 ALlskals Fo] AMe vlEl] =2 F

B3Itk e 45 o felliz 3l Zn w7t Hl ol 71



140

Metal concentration (ug/g)

Fig. 8. Spatial patterns of metal accumulation (mean+SEM) in the transplanted Mytilus edulis and artificial mussels at 5 sites of Shihwa

o
s

S
L

w
L

N
s

o
I

w
L

-
L

30 1

25

20

15

10 A

w
L

300 -

200 -

100 4

Mytilus edulis
Cd
a a a
j—I—I—I—[
SH-1 SH-2 SH-3 SH-4 SH-5
Cr
b
ab
a
a
a
SH-1 SH-2 SH-3 SH-4 SH-5
Cu
[
b
ab
a a
SH-1 SH-2 SH-3 SH-4 SH-5
Pb
b
b
ab
a a
SH-1 SH-2 SH-3 SH-4 SH-5
Zn
a a

=

SH-1 SH-2 SH-3 SH-4 SH-5

Sampling sites

Sampling sites

Lake after 12 weeks. Bars with the same letter are statistically indifferent (one-way ANOVA and Tukey tests).

124 - o175 - Rudolf S.S Wu
Artificial mussels
1.5 4 cd
12 b
0.9
0.6 a a a
a
0.3
0.0 T T T - -
SH-1 SH-2 SH-3 SH-4 SH-5
0.4 - Cr
c
03 | bc
02 | ab ab
a
0.1
0.0 . . T T T
SH-1 SH-2 SH-3 SH-4 SH-5
- b
40 l Cu
30 4
20 A
10 a
| m : : :
0 T T r . -
SH-1 SH-2 SH-3 SH-4 SH-5
20 4
b Pb
151 ab ab ab
a
1.0 1
0.5
0.0 T T : v v
SH-1  SH2 SH3  SH4  SH-5
300 - Zn
b
200 4
100 -
a
a
Rl
0 . . . . .
SH-1 SH-2 SH-3 SH-4 SH-5



Artificial mussets o838t 2Lz} A9k

SkA] kAl QUSITE. olefgh A= &, WlE o} FellA ] A4
o} FAFSFS ™ (Wu ef al[2007]), 15 S Al 2% Zn
7} o S oo R SR ApAA o R W1
= ok

Z Z1E]

A=)
ZA83} o

3.2. X[Q0f E BEE =5 54

127 o2 & Ao WE S AM Y] T84 S5 ]I
= Fig. 8ol VERITE £ Ul €, FA 2004 343 pg/g© = #
YeEs Baom A 104 2.82 pg/g® 2 ArF s Yepio
L, AR BAIRA 0= {25k Aol & KolA] ¢kith AM Wl Cd
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Table 2. Correlation factor among heavy metals of the artificial mussel (AM) and Mytilus edulis (ME) in the present study by Pearson’s

correlation analysis

Cd oy Cd Cr am Cr Cu oy Cu g Pb sum Pb Zn zy Zn g
Cd su -
Cd e 0.577" -
Cr am 0.088 -0.063 -
Cr e 0.929" 0.715" 0.098 -
Cu zy 0.751" 0.186 0.054 0.646" -
Cu e 0.939" 0.529 0.111 0.933" 0.790" -
Pb uu 0.437° 0.592™ 0.407 0.533° 0.305 0.445 -
Pb g 0.892 0.757" 0.086 0.983™ 0.608" 0.913" 0.512° -
Zn zyq 0.891" 0.267 0.112 0.770" 0.923" 0.906" 0.328 0.727" -
Zn g 0.426 0.909" -0.089 0.600" 0.098 0.398 0.489" 0.642 0.113 -

*Correlation is significant at the 0.05 level (2-tailed)
“Correlation is significant at the 0.01 level (2-tailed)
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Table 3. Mean of dissolved metal concentrations in seawater of Shihwa Lake, Korea (N=5). Superscripts with the same letter are statistically

indifferent (one-way ANOVA and Tukey tests)

Sites Cd (pg/g) Cu (pg/g) Pb (ng/g) Zn (pglg)

SH-1 0.080+0.017° 5.12+1.47° 0.13+0.05° 17.2042.58°
SH-2 0.06120.007° 2.27+0.35% 0.06+0.01° 6.37£1.05°
SH-3 0.052+0.005° 1.42+0.22° 0.04+0.01° 5.11£2.03°
SH-4 0.043+0.002° 0.91£0.16 0.05+0.01° 1.62+0.34°
SH-5 0.044+0.002° 0.96+0.13° 0.04+0.01° 1.63+0.42°

Wok, Cd= A7 1914 0.080 pg/LY] HsEs HAEE
E H AA 40 vl8) 1.8 B2 FEE Helou, BAEH o=
Fro3t Xoli= QISit). Cu= 434 10014 527 pg/ld] HisEs th
A= freld seAlolE H3lthp<0.01). 85t 5 8 Cu
ST FdE R A5 w7t AHashs 3Rl . 54
(e}

= BYlTh o]y gk FHAR] T 54 T AM Y CuelM =

Yeltom, slg F2l $<5 Cuel E5 AMel| S5V whi
O ke 85 Pb A e T A9 vV E 29
Aol Q183 A 1014 0.13 pg/Le] Ahses By o), x|
W §-9]3F xjo|= 1K Table 3). Zn= Cug} "2 54 19]
1720 pg/Le] == vk A g 752 seAlol7t Qe
702 ERATH(p<0.01). Fig. oM 8l 5 8 S5 3%

4 40
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Fig. 9. Correlation of metals (Cd, Cu, Pb and Zn) for 5 sites between the mean of dissolved concentrations in seawater and both the artificial
mussel and Mytilus edulis concentrations collected at 12 weeks. The r values were classified as follows: 0.60-1.0=strong correlation, 0.50-
0.59=moderate, 0.40-0.49=weak, 0.00-0.39=no association.
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