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The survival rate, respiration and heavy metal accumulation of
abalone (Haliotis discus hannai) rearing in the different copper
alloy composition

Yun-Kyung Shin, Je-Cheon Jun, Jeong-In Myeong and Sung-Jin Yang

Aquaculture Management Division, Aquaculture Research Institute, NFRDI, Busan 619-902, Korea

ABSTRACT

In order to investigate the effects of copper alloy on abalone physiology, we studied survival rate, respiration,
excretion rate, and heavy metal accumulation in each organ of adults and spats. The survival rate of spats and
adults showed 27-60% and 63-83% respectively, higher survival rate in adults. In particular, 100% of copper panel
led to lowest survival rate and there was no sharp distinction according to copper alloy composition. The
respiration rate and excretion rate of ammonia nitrogen was 1.81 mg O,/g D.W./h and 0.43 mg NH4-N/g D.W./h
respectively at 100% of copper panel. In other words, there was a high significant difference at the level, but no
significant difference at other test levels (P < 0.05). The atomic ratio (0: N) hit the lowest at the 100% of copper
panel showing 3.79 and no significant differences were seen among other test groups with 6.57- 7.18 of a very low
range. This means that the species might have undergone nutritional stress. In case of copper accumulation, the
100% copper panel group showed the highest level in hepatopancreas and muscle showing 6.91 mg/kg and 1.60
mg/kg respectively but the rest of groups showed similar levels. Zinc accumulation raised at Cu-Zn alloy panel had
high significance showing 18.50 mg/kg and 1.10 mg/kg in hepatopancreas and muscle respectively (P < 0.05). To
sum up, a cage net made of 100% pure copper is expected to have a negative effect on abalone in light of survival
rate, heavy metal accumulation, and atomic ratio (0: N). Moreover, given that the substratum used for the high
adhesive species and nutritious stress that is represented through the atomic ratio need to be considered, the
copper alloy net is thought not to be suitable for abalone aquaculture.
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Syl F3 okl 9L (Haliotis
discuss hannai) 2% 20009t 24t A 715 FA7E
o] EAA oz wE|wA e Akl F53A =l A
= = 7 gEe e AR kgl T3 F5 5
shto]s (MOF, 2013) 3 SFo 2R o] 4v] Z712 ol
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ol $24 BEoT A% 0T gk AT H A% )
A St 27k glem eleis s fsleg 4717 19
= pAo] ST F %k 0L F 4 glo] A T FALF
A3ERe AT WP A slal e olg
o Bedo] ¥7 91 olek. slel $AL FEsh) 4 =
Foh hE oz 12 A BEE o2 AT
WAL lomz, A4t A% S HAast & 4 9t A

Eo) o] 8= glow 1 F 53 7HElY (copper
alloy mesh) ©] 2= 3t}

TEFHE 78 (Cu) °l o} (Zn) o] &= x4l ¥
% el 35w A a2ES Hwek, Aol Heju
el 2t kA AEe] EEely 2R A4 59
NS £Y 4 9J°n (Huguenin and Ansuimi, 1975), L
w7 2R BEn e 39 A4 27 SR T
A FAA (structural integrity) ¥ ¢HgAdo] oy
(Tsukrov et al., 2011), & &2 A oo F3pr} )
t} Miles et al., 1998). T3t 22| |7} 4l3}7} =o]
%3 cupric ion (Cu®) ° g3l BE ¥2F (biofouling) %A
of vl FapAolojA F2F Qe AAN =& A vldS
A7 4= glrp= A o] 9l (Efird and Anderson, 1975;
Powell and Stillman, 2009).

TS 2 33 24w} 2 WA ARt o=
m 2] F9elA] WEEE cupric ion (Cu™) kol AAA<l
J3Fg v)A)7] Wil (SINTEF, 2005) 7Fredez #ghst
T ARE SR et Aol Hold Fi3ae 3kt
2/l disiAe A7 w2 d77F H oAt (Sneddon
and Kirkwood, 1989; Mansfeld et al., 1994; Bakos and
Szabé, 2008; Drach et al., 2013), o]2}gt E372] 38 x
go] Aol mAE Al gt A7 wnig Aol F
oA wEE Ty ofd o] &2 4 34 djellA mRe
E A 2, ZF 28 YEF 53 2o] e FAE
o] AAAQl g7l Hedk B4 G50l (Watanabe et
al., 1997; Lorentzen et al., 1998; Canli and Atli, 2003),
Azo] 28 o] Fxol xE2EH A7l FefE Lo
71™ (Kirchgessner and Schwarz, 1986; Furness and

s A
=]
=]
=
A

AN W )
y

Table 1. Chemical composition of copper alloy

A
Jd
U

ki

Rainbow, 1990; Kirk and Lewis, 1993), &% 4] #A&%
7} HBIEAE 23 2 A AERAALY] FAE

o

gho} webA A SS SlsiA AAIEQ] et ole) 5
e A Ues ey ofde] AR gl vAE 9
ol izt AEHE A7) 4ol

webA 2 AT sk At T3 e Al
& 9 AESE 2 dFEA FE A4S 2EE 55
o FudE ¥ FxolA 14797 AR SPAES o
oz Asliel o] AEE, 5F % WAE el V)b
F54 FAE5S 2Kt

Mz 3 oY

1. A8 R A9z

2 Ao A= BWAE (Haliotis discus hannai) 2
Azl (2 74.97 + 4.66 mm, 2= 50.64 + 3.18 mm A
% 49.01 + 11.26 g) & 23 (23 31.34 + 2.61 mm, Z
Z:20.90 + 1.55 mm A% 3.85 + 0.84 g) = AAEE &
o] kel A Feiste] AFA 2R A} dFUL €

AN F L@t 773 ANAE AAEste] Ade ARSIt
100% 2]t dubd o g ARS-E T Q= 3}43F x40] Z47f o}
£ 4 T5 (Table 1) 8 8=% (30 cm X 30 cm X 0.2
cm) & 0.2 ton F3ef Ax|ste] PVC Aejel] F2A71 51
A5e] Agufjet A& 27} 30mte] ] 83glen dExTe
PVC b4z (0.2 ton) o 30m}e] ~&slgic) Ad 717k
147%0]9lom 2] IpEE 19 4834 FA 2R A5
ek oz AAEEsEAA gk A ohAnt
(Laminaria japonica) & "Y 13] 53] FF3t5oH, o}
Alek ) e ol o] Fie 47 1.29 + 0.42 mg/kg?
0.09 + 0.03 mg/kg °]3lvh. AR Fet 222 A 2

& A,

2.3

Ad AE] A R BT A A gt o] gl A
5 A9AQl AFS Tleke] g F5] £ENES0)
ANAE AR st AgAAles il 24 ¢

No. Alloys Alloy composition (%)

1 Cu Cu 100%

2 Cu-Zn Cu 64%+Zn 36%

3 Cu-Zn-Mn Cu 62%+Zn 36%+Mn 2%

4 Cu-Zn-Ni Cu 63.4%+Zn 36%+Ni 0.6%

5 Cu-Zn-Mn-Ni Cu 61.4%+Zn 36%+Mn 2%+Ni 0.6%
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1814 selste] Ashst Aslel 4 AL 2asho] AA)
AGFol i AEET WAL

547 3 24 0 25 5982 240 e 48
F2 A 9] ARTAA BPAE NS TR svhe)
o AAele] 45T A9 2he] Felsh ol S A
Sk, AN ARE 24T AT 5 2447 A4 A
71 % A& 100 mg% 60% HNO; (JUNSEI) 10 mLE ¥1
Microwave Accelerated Reaction System (MARS, CEM)
= AHEste] fhAls] g3 Az S Alse 34 SRl
100 Akl A= Ame] e ofd FEE AAS
(atomic absorption spectrometer, novAA®300) & =43}
A1 o]u9] standard curve: standard £ (AnApure

™) & Apgete] FEg.

4 ZF R WAE

35E2 Shin et al. (2011) < el wet A3 YE2]
FEol| o3k AxauFS A TASGT Ak s

A¥ Fr oA AET FHAE AE 9 04 LY
respirometer chamber 49| A& A -T g2A40] HfolE
AE55Z577] (Orbis 3600, Switzerland) =
Ao, Prlobde WSS ALesvg
respirometer chamberol|A £ 2 mLE A3l
phenol-hypochlorite (Solorzano, 1969) ¥H-& o|g3}e] ¥
Helgich, ON A|E Asavl &) erfolis WaEe
el Falglon, WA O/N = (mg Oy/h/16) / (mg
NH4-N/h/14) (Widdows and Johnson, 1988) °l| 2l At
shsiek

5. 5A ¢

2E A8 A= One-way ANOVA testE AA)slg o,
H 7+ 594 (P < 0.05) 2 Duncan test (Duncan,
1955) & AA3E. A ¥4 SPSS program (ver
170) & AHastel E4srk

2

1. 5385 38 2o & AEE

100% T2l shet 2Ajo] thE 4FFo] gEde] £
Fol| A 1479 Tk AR B g A)sle} Qo] AEE
< Fig. 1o vepdlct. x99] 4§ A3 2094714+ dlx=T
o} 571 Agel| o] A2 2 Aolr} YeRtA] goke
o AFT7 7ke] AEEE 80.00-86.67%% ¥]5:5H YERT)
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3 309A) -8 PEE0] 86.67%1] Cu-Zn-Mn-Ni 3HF%

AlLfgt A ghelA= AEEC]  70.00-80.00%F
90.00%9) thxTo vl =LA FolHom o] F 100% T8
o] AJEE0] 70.00%% 7HF wteh Cu-Zn-Mn-Ni 353

o >

o,

& AslF eA QT AEEL A% Fasie] A% 90
AR o= AEE°] 60.00%% HFT2} Cu-Zn-Mn-Ni =3

of vlal] 10% FJrh 100% T, Cu-Zn TE3 282
Cu-Zn-Ni g3er= 11094 50% o]5te] AEES 2
oy dxz7E 3 A AdTelAe Ad T8 A7
50% ool AEES Btk AY F8 A AEES AT
Z 100% T-2|7o] 26.6%% 71 Woko Cu-Zn-Mn-Ni &
=] 60.0%% 7 =9kt (Fig. 1A).

Ao} 9= A 20979 AEES BT AFTlA
86.67-100%% 80.00-86.67%2] A|=fjo] n]af &7 vepgo
v A3 304A7IA = AEE<] 86.67%3] 100% T-E]FHE Al
9J&F Y 2] AT A= 96.67-100.00% % thzT-9} w]ss}
A AL SHAZE AEA otk Cu-Zn-Mn  Fa3d)
Cu-Zn-Mn-Ni 3ol & o] Folx Fx7} A<l WA
ool Ad £7 o= 47 80.00%2) 83.33%% 86.87%9]
xT-o} AEEo] vl Yelgey CuZn a3t
Cu-Zn-Ni 539 729+ 77 8047 1002A47H A& A&
£0] 80%= A Yeptou Alte] AdE AYEEo] Al
Fasle] A8 F8 Alole 47 73.33%2) 66.67%% VFER:
th 100% T-Ej3h AR 2097 e AR F AEE0] 7}
7 A Jelgren] AE 717F Wy AEse] Ao E U
veht A¥ FE Ad® 63.33%F 7P worth (Fig. 1B).

2. 23 FF5 57

77) O get 249 o] & oA A S
Eo] 257 7M1 W 729} okl g%+ Table 29} 39 1
eiQie}h 25 Ul 78] 55 100% -2l A 1.60 mgrkg
°02 71 A Jelton (P < 0.05), Cu-Zn-Mn-Ni &2
o] 0.36 mg/kge® 71 wokon thx1al 0.37 mgkgd
5 rogk Aol 7h vehA] ekgket (P < 0.05). Cu-Zn =%
7 Cu-Zn-Nig] 32 Z47F 0.54 mg/kgZ 0.58 mglkg >
2 AZ FoE Aolr) 15y 0.42 mg/kgd]l Cu-Zn-Mn
ek Zobs o3kl =4 vttt (P < 0.05). ZHIE W
T2 FEE 100% T-2%, Cu-Zn-Ni, Cu-Zn, Cu-Zn-Mn,
Cu-Zn-Mn-Ni 7% o7 ko 100% T2l
6.91 mgkgo# 7F 91, Cu-Zn-Ni-Mn &FFo| 0.46
mgkg ® 714 okt} (P < 0.05).

5 Y ol F5+= CuZn F§EHA 1.10 mgkgo =
71 =9keH (P < 0.05), YA AFTE 0.563 mg/kgsl o
F7ol| wlste] folEA =A vEREANE <k 0.70-0.88
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Table 2. Copper accumulation in hepatopancreas and muscle of the abalone Haliotis discuss hannai
(adult) in control group (without copper alloy) and treatment group (copper alloy) for 147 days

Copper concentration (mg/kg)

Treatment
hepatopancreas muscle

Initial 0.47 + 0.08¢ 0.34 + 0.06°
Control 0.49 + 0.05¢ 0.37 + 0.09°
Cu 6.91 + 0.75° 1.6 + 0.11°
Cu-Zn 1.23 + 0.43™ 0.54 £ 0.07°
Cu-Zn-Mn 0.59 = 0.09 0.42 + 0.04"
Cu-Zn-Ni 1.33 + 0.49° 0.58 + 0.16"
Cu-Zn-Mn-Ni 0.46 + 0.07¢ 0.36 + 0.08°

Values in the same column not sharing a common superscript mean significantly different (P < 0.05)

Table 3. Zinc accumulation in hepatopancreas and muscle of the abalone Haliotis discuss hannai
(adult) in control group (without copper alloy) and treatment group (copper alloy) for 147 days

Zinc concentration (mg/kg)

Treatment
hepatopancreas muscle

Initial 4.80 + 1.13¢ 0.46 + 0.04°
Control 5.79 + 1.17¢ 0.53 £ 0.04°
Cu 5.60 + 1.04¢ 0.79 + 0.08
Cu-Zn 18.50 + 1.21° 1.10 + 0.45%
Cu-Zn-Mn 13.41 + 2.54° 0.88 + 0.45"
Cu-Zn-Ni 9.30 = 2.09° 0.70 + 0.17*
Cu-Zn-Mn-Ni 11.44 + 3.35™ 0.74 + 0.11™

Values in the same column not sharing a common superscript mean significantly different (P < 0.05)

mg/kgo 2 A= B3 Yehd A7k 2§k Aol
YehdA] ekt (P < 0.05). 7HIA W o} %= Cu-Zn
FFooA 18.50 mgkg o & 7 =9k, 100% -] THol| Al
5.60 mg/kg2 Z 71 WA JeRter, 579 mgkgsl Hx
T2k gk ate) 7}k velA] ekgke} (P < 0.05). Y A] A
7= Cu-Zn-Mn, Cu-Zn-Ni-Mn, Cu-Zn-Ni 3% &0 2
) Yebtew (P < 0.05), o] we] 5 W= 9.30-13.41
mg/kg °]3ch

.EF R WMAE

A T8 A ST FAE A6l 25F, dEdol v
AE 222 ON AW Fig. 2 o Yepdligleh 2553
FRYolAAs viAdEL 100% TEHe)A 247 1.81 mg Oyfg
D.W./h¢} 0.43 mg NH4-N/g DW./h=E 74 =9w (P <

0.05), YA AZFo| A o3k 2fe] 7} velgA] ekgke
(P < 0.05), I 88+ 558 v Eo] 44 0.98-1.27 mg
0./g D.W./h¢} 0.12-0.17 mg NH,-N/g D.W./h& vepyict
(Fig. 2B,C). O:N A= 100% T-|Fol|A 3.79%8 7}
Forn, ywx] AFTE 6.57-7.182 MR wogt zo)r}
vehta] ekokel (P < 0.05) (Fig. 2A).
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Fig. 1. Survival rate of the abalone Haliotis discuss hannai
(Juvenile and Adult) in control group (without copper
alloy) and treatment group (copper alloy) for 147 days.

A el Hh s e ol ofl olsle] ol
A48 WHgeRA Just drhed 0 Y e S0
2 % glek g Sl #4 (Sn) & WIS 1-3%s] B2
Mn) & HEeRA FGT9] Ars Feg 70 &
FolE (AD, A (Fo), U (N 51 2o Arhgenn 7

o Bt ozt Fig o] AglE o] WEEE

A e 2% o]l 93 anti-fouling ©] J&& 3= oA
& Qlok st EEe FEE5E 2 el uet e
o] AeelAl o2 d3Fs 7124 = olwje] e F3
=9 e A wet okl yehEz (SINTEF,
2005) F3= Zhredel Addt S3s 242 Ut

ofel Ak Azl SAo] flofok gk,

Felsh ol e ABAL FAY FAE A B VAL
2 Pl slmAlopds] AAe) Aagig 28] 53 QA

1
=Y AAFeA= Fag 24+ 4
Falchuk, 1993; Viant et al., 2002). 2%
T8 5+ 0.5-6.0 pg/l AZARE 9JF-9] f3lez g
F U FEEsE S7ke M A=A o
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Fig. 2. O:N ratio, Oxygen consumption and ammonia
excretion rate of the abalone Haliotis discuss hannai
(adult) in different copper alloy composition. Different
letters on the bar mean significantly difference (P <0.05)

(Harrison, 1982).

TFee] 96417 Fete WHERAAEE (LCs) & it
(Anadara granosa) Z+ 3 (Meretrix casta) ©] 27} 60
pg/llL8t 72 pg/l, (Kumaraguru and Ramamoorthi,
1978), red abalone (Haliotis rufescens) ©] 65 rg/L
Martin et al., 1977) & YePgen 3t 5= (Mactra
venriformis) < 457t T wASA Ad A 0.025¢
0.050 mg/Le 7S AFdES 27 80%%} 65% S, 0.10
mg/Lo| A= 354 2% s|Algltta 3} (Shin et al., 2013)
Foll we 79 ArksEe kst vkt

& ATellA oo A9 A¥ 10987k = A AFTelA
o] AEEX vt 1 F AR Fashs A de] ek
o Ad 20947 = AdTe] AEEL 80.00-86.67%F
15530 YebgAlRt 2 o] % djx7-9} Cu-Zn-Mn-Ni 33
= Al YA AT sabge] A Ytk Ad F

o7
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F Al AEEL Cu-Zn-Mn-Ni 5] 60.00%Z 7 =3+
o 72 g2 % CuZn-Mn, CuZn-Ni, Cu-Zn £°]gloH
100% T-2lgto] 26.67%= 71 @A Yelsich Adsiel AS
AE 60UR7IA ] AEEL 83.33-96.67% % ¥]5:35}17] LE}
wout 1 o]Fel= 100% T-E#¥ Cu-Zn-Ni Fa3he] A&
& A% et g8 A3l viE W Yebsith Al
Z8 2] AEEL Cu-Zn-Mn-Ni &F3o] 83.33%% 71 &
O 1 th2o® CuZn-Mn Fo] 80.00%% =9row
100% F-2|o] 63.33%= 714 2 Yepge}

Aufje] A9 A 27)oll= AEEo| vSEARE A} 7
sto] zsfje} w|gt A ko] Yeytod Ad FRE VES
297} 40.00-73.33%  FAag A Als] A
16.67-36.67T%% AYE& 7ra o] WA Yeh zlo]E X3l
o} o] A7} Aol wls) 2] Wgde] o =] e 3
3w Grosell et al. (2007) & Aukgo 3 7ke Folz|gls
717} 245 Feel gk WAe] o =vh 2asigich

292} sl 5 100% T-2]stellA o] AEgo] 7P wof
ThrEld AgEe ATt 2559 ol 100% T2
= o2 el s WelpAdo] ®ojAlng FHo] e o
3 AbglE= Axot 27] widel SRS XAl sis)
= TE7F & 31wl wabEe] = etk Akasl
t} (SINTEF, 2005). x|31¢] A9+ Cu-Zn-Mn-Ni 3=
A9 gk v R] Aglte] 9= dlAHEe] 40.00-73.33% % =
Al vebt ARk Asle] 9+ Cu-Zn-Ni #a3= Aefg u
w %] A# oA 2] BEEo] 73.33-83.33%F =7 e} 3
= 2 FAEe] AEsde] A B ol 2eE A
g5k ok, Cu-Zn-Ni 353e] A5 Ao ALso]
66.6T%E W ol Iw W T3 = Nigl 54 die®
FZ5™ Paul and Davies (1986) + scallops (Pecten
Maximus) A A 78] AE9] anti-foulantE 23 137
oA 3154 HAHEe] 25% AERH A Cu-Ni (90:10) &
- 315 abel] B wAbgvka ste] & A Aol ARk
Al Yyt

EE B o] oA 1244 S F Yang et al. (2014) 9] 4
Tl A ARl FEle} ofado] FARQl T HelA FA
B ARE Arp A5 ool BF SAEigich ol ofF
FAE T A5 B el njsh o] ZHe 3]
Aol glo] FulA o] Falsl=d] AL 7 Fo] 1o e
Hol&g Aolu} 2 AEH Ao oJs A} =) vehd 2
] 2 AelA daro] obd FUg AR ¥

A Al AEE] A ol e Bul
ol A AR B Ee] w2 dlAF (el FEENE O
2 7140 BAe whE daletar 5 weba whek Eaf

= 9% ¢ 1Y AR Ale A5 3 ks

MEzSe 0}

3

e o W P

Jd
U

of ol dfafiA wA

THE W
anti-foulant *2]& 3 =
7} wig- Ao 3 24 we} e
SINTEF (2005) ¢ ¥io wjzd g2 e
CA70600 (90% Cu, 10% Ni) + 0.02-0.002 mm/year,
30™ (64% Cu-Zn brass alloy, 0.6%Sn, 0.3% Ni) =
0.005 mm/year, Welded Seawire™ (97% Cu, 3%
Silicon) + 0.05-0.025 mm/year® 3}3 Aol we} th24
el olejel e Ralxs aEwe] £ YA 4
2 AAA Q] FA] Bk ol FEEE FEle AR el
Al A= 7127] el A 2eE 287t Qi

2 dTellA 22 f Feje olad FAE 5o s 7t
Aol A=A epgon], Feel njs) ofde] FAe] ¢
A Je o2 97 A9l dA3Rleh (Davies and
Paul, 1986; Sivaperumal et al., 2007). 72 5%+= 100%
T 57 M 25 27 1.60 mgkgd 6.91
mgkgo & 7P =7 Yeld (P < 0.05) th2 A3 u)s)
729 27} 282 A$ 63.75-77.50%, 7+ A3 A=
68.51-93.34% ¢ =7 Uiyttt ol FElol oY 4E A
7Fozx T WA daAe] ksl vl d=
A A5 7] FA 27} 100% el B3l 453] v} Aks}
o] FE=E T8 ool A7) wiEelH, wehA 100% T2
IEYE W A9 WA BAERE olE) AL AE A
FA5E o oF FI FAYF 2 Aoz st
Cu-Zn-Mn-Ni &Z#E Al<Jdt Ymx] A&Fo = Fele]
SAFL AGA AF 2719tz vls) old St
velgew (P < 0.05), F45 = Axs g5 W 79 vE
o] =25 F Ao YEyith

ofd FE& CuZn Faae] 53 71l 47 1.10
mg/kg¥} 18.50 mgkgl ® 7P =4 Yepdth (P < 0.05).
U] gl Me 259 A5 $4%F] 0.70-0.88 mg/kg
o2 Fogt Ao|7b vehdA] oksta, 1] A= 100%
Felgo A 5.60 mgkgl® 7 WAl Jepton (P <
0.05) U] AdFol| A= 9.30-13.41 mgkg e ® Yelytc}.
100% T-2J3te] 75 ofde] 3w A] 7] wiel] 24| ]
obd w7t 7P WA velgkoy ymA] dgelM e
ol Hl&o] 36%= AR 24 ] FAHE AxE v
velkem CuZn Fa3teld 7P =4 eyt @ <
0.05). ol = vl&el v = WrAdd WrlAdel we
apolz Holm vhE A4t HrF = vz el wls
Cu-Zn 2] HaAo] Adjao g vo} Aksle|= olelo]
9] cko] o] W] wWiEoz FE5Ech

AE ARE AHEe 35EY RES T 559

_1
J

=
°©
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Fu wxof et geksiAl Yele, Brown et al. (2004)
o ojulshiel Ag Fesh e vF ool 450 B %
=2 A & A 2FES i ES S AAaE 2R O
¥t Al Ao} el slgih & Aol 27
v 72 FAF] 7 =30 100% Tl A AR B
A5 3FEI} grvobda widEe] 47 1.81 mg Olg
D.W./h¢} 0.43 mg NH,-N/g D.W./hZE ©f& A3 u]s}
0% $-2J3}A] =4 JEl} (P < 0.05). Shin et al. (2013)

2 M. veneriformis2] 7% 78 %7} 0.1 mg/LY w] 35

Fo] 75% 7} FHAdcla 31993, mussle (Mytilus edulis)
& Felso] 6e Aranlg Wk veba gerhy o
o] (Wilson and McMahon, 1981), & 59} 2}o]|S gl A|
7} Vosloo et al. (2012) < brown mussel (Perna perna)
o A% 24 ) 2] FAg0) 7V 349 875 ugll % 50
rg/lLe] 72 sEeA Ataan e} hEyolAla iRk
5918 2707} et 2 AT fARM ek,

Ak o] A 7oA 2B 2ol gk A b
59 AUALL R i dedted AR SR ofd
gestaat 22 duA FA A Fa diabr)Ae] e
DEXE R (Bayne et al., 1985). O:N x| & it o)
FolA] QYA 2EA ARZA o437 gem ON €
Apale] Frofgk Ahae Ae] FolE Aol vk AEHAS W
grtiar & 4 7} 9tk P. Perna (Vosloo et al., 2012) 2 7
$ 25 A7 72 557} 2494% ON QA st
ghrvjols W @ felgion & dpoldE 24 o
72 57} 14 B9k 100% FEIROIA ART A%
9] O:N %JJ}HV} 3.79% thE ARl vl oA i
JeREE (P < 005), ol wpdske felaA B

el 4 29T it o A A2
oI o7 4 g o] 72 ol 2ol 100% FelHAA 5

Ao AT #2594 slor 5o 7ol Fael oo A5
A% e AR A go] 2715t ofo] wel Aol
S31E SA%e] 34 fs] Zsl Al iAo g
& AHgetglr] wlEel ON el frolgt 74t Uehgeh
15 5 oleh B3 L}um ABFANE 100% T2 2ol
wsl ON A7} I3 23 (P < 0.05) 7 8]

7} 6.57-7.18%. w5 GA] Uelskom Shin et al. (2012) &
7A7kgk Aele] FEe] O:N 1A= oF 10-30 A=k
5—]_0% L}.ﬂz] /“34?‘01]/‘1.1_ 011_ ‘o/] o:]o]:x—] /\Eg-]]/k_‘?—_ Hl
Aoz Yeht EukAEe] A9 100% T2 e 280
ul§- vlagAoln o FuE FAE 4 ZeE Alsd

r

n rlo

43} ANE F3sle] Bel 100% Tejwoly e, ok
YA w7k g FAE E3Fute] & fxof A ASAZ] EHF
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O

AL AZEL A A 27-60%F WS wrm Ao
735 63-83%% IRt} wA vEpkon SR e,
244 24EF 183 O:N 40 E 28sbd 100% T-2l5

whe] 82 AN Al B ReA At otders 7]1A
Aoz FZFw E3 Uz FFEE O:N A of|A e}

e b AEeas RAge) AR ¥ /)4
o B A Teske W FYPITATE 1URR
AL 93l 7l EAE Adslx] e Aow AlgE)

ol A AR wlAE A g 248 9
s st 2o the 5% R BEIL B pxolA A
T EUASS ddez Aeist Aee] AeE, £F 9 A
£ 2213 19 594 2AEL 2L A2 A9
sk A7} 27k 27-60% <k 63-83%% 37 O = ek
o @7 246 ule AEES] TG Aolx ehlA o
U 2F4 =45 181 gokdel 2EHA 22 usid &
T A e AT ThreEAE A X e
2 AtEsr

o]  ddve  FRAER fabEATe A9
(RP-2014-AQ-138) °ll 2J& $=3= 5k
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