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Change of Hematological Characteristic and Heavy Metal Concentration on Rockfish (Sebastes schlegeli)
Rearing in the Copper Alloy Mesh by Sung-Jin Yang, Je-Cheon Jun, Jung-Jun Park, Jeong-In Myeong and Yun-
Kyung Shin* (Aquaculture Management Division, Aquaculture Research Institute, NFRDI, Busan 619-902, Korea)

ABSTRACT The effect of substances discharged from copper alloy mesh on the survival rate, growth,
and health status of Sebastes schlegeli was investigated. Survival rate of experimental group was 10%
higher than control group. There was no significant difference in weight gain and SGR between control
group and experiment group (P<0.05). Glucose concentration was lower in the experimental group
than that in the control group. GOT and GPT contents did not show significant difference during experi-
ment except for the early three months of experiment (P<0.05). Ammonia concentration had not sig-
nificantly changed in the experimental group, but it had increased until four months of experiment and
then decreased afterwards in the control group. TCHO had decreased in the experiment group compared
with that of control group. Copper and zinc contents had increased as compared with those in the ini-
tial stage of experiment with no significant difference between experiment group and control group
(P<0.05). Histological analysis for the liver revealed that liver tissues were not particularly different
from those in control group. There were no significant differences in survival rate, growth, and hemato-
logical characteristic between control group and experiment group (P<0.05). Though copper and zinc
were accumulated as compared with those during the initial stage of experiment, the levels were lower
than permissible levels for copper and zinc. As a result, copper alloy mesh would not adversely affect
on the survival rate, growth, and health status of fishes.
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Fig. 1. Survival rate of Sebastes schlegeli (1 year and 2 years old) in
control group (without copper alloy mesh) and treatment group (copper
alloy mesh) for 6 months.

Table 1. Weight gain and specific growth rate of Sebastes schlegeli (1 year old) in control group (without copper alloy mesh) and treatment group

(copper alloy mesh) for 6 months

Duration Initial Final Weight gain (%) Specific growth rate
(months) - - (WG) (SGR)
Weight (g) Length (cm) Weight (g) Length (cm)
Control 6 84.09+18.81 17.55+0.90 157.22+27.61 21.74+1.31 86.97+32.84 0.3154+0.094
Treatment 6 84.09+18.81 17.55+0.90 152.59+29.06 21.32+1.51 81.46+35.63 0.297+0.107
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Fig. 2. Hematological parameters of Sebastes schlegeli (2 years old) in control group (without copper alloy mesh) and treatment group (copper
alloy mesh) for 6 months (data as mean + standard deviation (N=7); significant difference at *P<0.05).
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Fig. 3. Copper accumulation in liver, gill and muscle of Sebastes
schlegeli (2 years old) in control group (without copper alloy mesh)
and treatment group (copper alloy mesh) for 6 months (data as mean
=+ standard deviation (N=7); significant difference at *P <0.05).
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Fig. 4. Zinc accumulation in liver, gill and muscle of Sebastes schlegeli
(2 years old) in control group (without copper alloy mesh) and treat-
ment group (copper alloy mesh) for 6 months (data as mean % standard
deviation (N=7); significant difference at *P <0.05).
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Fig. 5. Histological section of liver in Sebastes schlegeli (2 years old) from control group (without copper alloy mesh) and treatment group (copper
alloy mesh). A: liver from control group after 2 months of rearing. B: liver from treatment group after 2 months of rearing. C: liver from control
group after 6 months of rearing. D: liver from treatment group after 6 months of rearing.
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A). o7l e] F7] Fxl YA dxTet AT BF
Ag WAL Alell vlE] ZA F7Fekar S LA el o 20}
A7t 47 1.23 mg/kgs} 1.05 mgkge =z A7|ZE F
F=7F 7 A vERov oA ol 37 A 9} vl
g pFoR Zhadte 1o Felex Wskel AR A eke]
veldeh A 3L 7A 8 =71 0.09~0.80 mg/kgl
A7} 0.05~0.06 mg/kgl 27l vl #2847 =7

el o (P<0.05) Y A] 717k Fek f-2]3F Zpol7} 1}
EhtA] kekoh(P<0.05) (Fig. 3B). 28 W) Fels=s 1~2
ML7HA) = 0.075 mg/kgsl A& T7} 0.04~0.05 mg/kgsl o
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vl Fola 2ot (P<0.05) AF F8 Al 67HLA
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|

Sai3 JtTel & AIROIRS 534 558 165

2] FEAAE HAREA AT 0.1 mg/LEE AYEEo]
T2 =9 =F Azte] AAeF AEEo] oI
193 21 (Oliva et al., 2009), coho salmon (Fundulus heteroclitus)
2 0.2~0.8mg/Le] F&] oA H AR 22t} (Ortiz
et al., 1999). Small-spotted catshark (Scyliorhimus canicula)2]
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%2 W53 vebdeh AT AE 1Y o F HAbt
Qojupx kol 280l A 7|7k Feb 8375~ 98.75% 2.
=7 Fol7k thA] A T Y 1Y ol Fl=
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2005).
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& WA Heo] e FA% s X
=} (Filho, 1996; Rau et al., 2004; Jos et al., 2005). 78] =
Zof| 8t AAE AT So]EQl Perca fluviatilis (Collvin,
1985)2} ©l &}y o} (Oreochromis mossambicus) (James et al.,
2000)e]] A&t Ao A= o]n] B E n} glow, 3t Fof
(Carassius auratus)®} $AY2] =<l Xiphophorus helleri®] 73
9-(James e al., 2008) +2] ¥=7} 27+ 0.1 mg/Le} 0.12~
0.16 mg/LY = HF2}t AAe] FrHge] folaiA FHast
Act & A7 A A ES HxTo A7 4 86.97
%%} 81.46% = 5238t zpo|7} YehtA] 9k (P<0.05),
SGR| 7ZA$-x= dHlzTFe AT 72 0.315¢} 0.297=
frolgt Aozt vehdA] okob(P<0.05) F&F 7Hregel
Aol FE)9} ofd - FFEY FEHFE vl Aol oF
o] AAgelle s FA 4 Aoz AR

FE5E LA e oA o AE FHo=E
offroll FAE ] A =S A3 HH o|2 <lsl| o F
A A7 e AAE #§A I =He A= FAt




166 IMZI - FAA - SHE - WMl - ARZ

o o] 4= ¢lal(Friberg and Vostal, 1972), o]u]2] A =3
2ol i3t oRoFst AE|F el vk & shiE g Ao
W37} veldl (Hodson et al., 1992; Gamperl et al., 1994,
Shaw et al., 2012).

Glucose:= o1 72] 717+ Aelo] A== AH-¥= (Ito and
Murata, 1990; Van Raaij et al., 1996) o] 77} ~EHAS vt
o ¥F FE|E 7} Z7)8ta 221 HEE-o 2 glucose”}
Z7}8}} (Thomas and Robertson, 1991). 2 3 A3} glucose
Exl gzTedx AF 2hLA el ATl ns 23t
A A vebstort A QA RE ShA hashelet of el
= A A7z B9 E=Tok AT glucose HE7} H]
3 ekl vebon ARTe T el I3 Fhol
£ bR Q9keHP<005), R Ases AxE AL
= 84 Y NH, 525 A T4 67197 267~348 ug
/L2 A3 NA| Al 349 pg/dL e} w53t vt A et
stow] AgTel dz7rh 22 1LA LAl 52l
A =7 dERARE U A] 7|17k M2 n]edt Ao
veht F8F MR ARl wE Aol glon ¥
= 7FreelA fE2EE FEleh ofde] oF F3] Ao
o F-2o] 77 mel| ofedekE 7|A|A] kvt AT

7 &4l GOTS} GPT %Et 2o} AP Fel A =
T NEAA = STVl Ahashe M2 fARE A
o2 Jepyjorm Ad F8 A= zb7 22.75~25.25U/Le}
525~620U/LE A3 /NA] AlEe} 242+ 12.89~15.39 U/L
9} 3.08~4.03U/L A= A yelydct ojzjdt dA a4
7+ Ao = uledal= xmz A 7+ A|xZo] W} FALet
7o %2 &4 Ye ™ (Shich, 1978; Smith and Ramos
1980), S A=Al 5t o] & &AE 7F 23] &4 A 7 7]
5 Ao o8] oo s dFo 7 §E% v} (Takeda et al.,
1964). &= 92 7+ 7)) A&l TCHOE A g FollA 27)
GA7HA) F7Vst b GA] FRAshe vbHel| 27+ 270
A o] F= A& Frtste] A INLARE F= A7HA
A& ol mls) 52~73.6 mg/dL 7}k 23 A eht
32 7hrelael] €8 TCHO 27k vehdAl gleh. A
72 d& 4 GOT¢ GPT 12|31 TCHO ¥=+: W=+
o 2 Aolr oA skos, 3 09 Fet ofd
s} 243 Ak dael AYT e Solak %
o7k hehdAl ghol ARl ALEE EE hReiRe A
& o7 7 Al E HAATIA] e AoR A

22 W FEle} okd FHF2 7k o], 28 £o0= =
A depgton, 7o w3 ofde] EHAaFe] o =7 el
1} Kraemer et al. (2005)2] Ax}e} dxsl5e} 8] 2=
AR F7E 3 T8l A 2L A7, ob ]l A& 374
AR H 2Tl s FoeA =4 debde 22y 2
o] FHE AFe] & “H”V]h °ﬂﬂ Zpe 7} vehtA] ok

43 7o) e AYTG 27 wE SNLA7A 3}

szt Araske 735;‘“’] vehdon, w3k ofd F4%
AT} a7 3 Mz vsd Aoz veht £ AT
A FEleh ofd T= ke AT o dzT
A= vl SaHAl bt sHARE FA R Eel o] As- 374
Zb el A =E2AFE W 2 e —ﬁ—x—"%—* AT
7} 1.8 umol/gol| A 5.0 umol/go. 2 A 2713t 7ol B3|
HzTFo Fg 4952 1.3~20umol/ge 2 AL Zr}s}
#) GRSk (Handy et al., 1999), 7-2] thedks} AL7-2]
wF A 24 (e, 2 28, % W) W) 7 =] 27
AT et ozl vehA) giekord
(Shaw et al., 2012), =3}t yellow perch (Perca flavescens)2)
A 24 9 Tl ol A4 eI ol
w2A7) ARFINT ERt B QT Azl Aol F 1
Ao} (Kraemer et al., 2005). ©]2] 3t X}O]lr_— Al W =3=
Felst ohedel] 1% Aoz B A AET AFE
o AP A Fei ol e AR Aleg TR A4
2 Abelg SRS 2 AT 729} ol e A1)

a2
k

A ghe Ak AR E TFAU] WEoln] zTe) AY
O PU ARE $FE A} e Y7ol 2
29} ohde] FAo] Ak ebto = A Alg
A 5%F Abredels §25E %ﬂol e wu] e
Aoz FAR

o] ol frol QlolA 7 7k A% R A7le] Fel HA
o o)e Fosie, 53 2% o Fas NS oFE

qAshe Azke] Ashe A7) @il v Fesho
(Cinier et al., 1999). 67) 97+ AF$-5F 23| 2ete] 7
= dz2F9 AYPFrt 42 1.07meg/kg3t 1.18 mg/kg o
2 FH=2 FE XgES 3 7l5gutoe =z A}S-3F Atlantic
salmon (Salmo salar)®] 7+ W] 2] % %<l 108~235 mg/kg
(Solberg et al., 2002)3} European sea bass (Dicentrarchus la-
brax)©] 117.09 mg/kg (Cotou et al., 2012)9]] B]3)] wl$&- v
vebront, dubto 2 ARS-sE 9de]9] 4.78 mg/kg (Dean et
al., 2007)3= FAFSHA vebsd). ob7hu|e] T2 F=E o
Z7-¢F AgdFol A 22 0.55 mg/kga}t 0.77 mglkg o 2 F-2]
& Aol7} glglom dwmros AR ddeje] obrbu] v
T2 %= 0.298 mg/kg3}t v]S=3}A| b}E]—VLE}(Dean etal.,
2007). Solberg et al. (2002)-2 72| & At 715w o= A}
83t S. salarg} P.virens®] 73-$% 2% U F2] 2= 474
1.67~2.65mg/kgz} 1.77~2.63 mg/kgoe = Jeh} dlzT+
(S. salar, 1.90 mg/kg; P. virens, 2.91 mg/kg)2} 28k 2}o]7}
ole}ar 3193 o, Cotou et al. (2012)-2 F2] AJE-2] antifoul-
ing paintZ 3 7}FEDol A ARSEF D. labraxe] 45 W
F2 5= 1.55mg/kge 2 1.32mg/kgsl HFxF-2} m—-%?ﬂ-
ol7h gleka shed = A9 Asksh GabshA Lhebgek
T3l ol =w= 289 AL Al Zg A A7) 1.40

mg/kgo 2 0.85mg/kgsl thzFe vls] SosH =4 Y



142mg/kga4— 1.37mg/kgo = H] ?5]-7-]] et __m] gl 7}

Tl A AR dofe] T3 opyin| 9] ot st 7
7+ 4.48 mg/kg3} 159.68 mg/kg (Dean et al., 2007)Q] 7ol B]
3 w9 doh ol 3 FHE2| Aol A, He], 2,
fr& 3 22 3o Ao] WiFo =z k= w (McCarter
and Roch, 1984; Andres et al., 2000), 2 < F2] F2]¢} o}
s o2T AR AL T A o)
v veht 53 JFRRlel g 24 o) A4E 23
4 242 Qe Ao A,

7He 2| 93 A7te BA A A7) 2AEH W3
Z &3 o AFeHE "lmA ]l 7)Fo] (Collvin, 1984),
o FAME FFEE F2 Lol F5H o 7| AAR
o AESH 5 28] vl A Hebdo (Roesija-
di and Robinson, 1994). 3}2ke] 324 A3 A] 7 =39
W3 o] doj}A = =1 (Buckley et al., 1982; Arellano et al.,
1999), 78] %7} 0.1~1mg/Ld 9 S. senegalensis®] 7}t
AlA W3 o] dor}m (Oliva et al., 2009), F. heteroclitus2)
7A9= 0.8mg/Ld w 7+ 2322 W o] o]t} (Oritz et
al., 1999). 2 AFol| A B3t 7heelaelA] 67197 AH%
D AET B 24 AT vl Foldel Tl
el Sl BT TR Aol e T40l 0
2o 42 g Ao oA,

o

SRETE B4 AT PG AT A 52
FYNA B o) FFho] £FoR FEY AT A%

& A7 xel ARl <teddks FA =t Cotou et al.
(2012)2 antifouling paint (Flexgard™ V)2 131 7}52|7
< AX|8F 250L 953 #2] AH 459l European sea bass
(Dicentrarchus labrax)& 483}o] Fgeo] oidt 7] =A
v AR B 23 52 ) 7o) pEE 4847 B
2 70~315ug/Lg o}t 2A17F & = =7} 200 ug/L=
Pastel AW A7k Sab 184~ 187 pelle fA=gche
ket o)W A}4-% biomarker & D. labrax2] hemoglobin
259} lysozyme A == antifouling paintZ 2|3 A3
TF7F ATl vlsl ol w7 weut ¥ dAFelr=
TEE 7HrElEel e Az AT e g A4

o % Aol e astew, 29 24 o) 72
o obdd e WA WA verdch deby B A7l
AR B Aol FRE BEE 3AEA AT

o A& Aoz Ay, o] Uul 7}F&|%e| antifouling
paintE 43 Zo] ohd FIFE AHEsted & A 2bEkal
7] WEoz AR, o2 A7 = 5% (UR30, 25
mm)2.t} antifouling paint 2] & 3 VA& wlollr] 7] &
ZeFo] o vichy 1 ws9lc) (SINTEF, 2005).

2 A7 A% AELEE AT ko e W)
A4 33 ke 2ASE Aol AT} HET 2]

S8 J1F2l U AR0IRS 232 588 167

SR o)} thehia sk =

g AT 7 27 o Teloh ohdl FAFE A =
Aol wls) Zrkstelort BEpsh 5218 Hholrt vehtA
okolowm] ]9 &47|F*] (30 mg/kg, MAFF, 1995; 30 mg/
kg, FAO, 2010; 20 mg/kg, Tirkmen ef al., 2008)¢} o}3<] &
£71%4] (30 mg/kg, FAO, 2010; 50 mg/kg, Turkmen et al.,
2008 Bla) 3 A ekt B ATl A B
Ahelne ool At Azt FeE BAA e 7
o2 A= ¥t

TE= 7hrelel o7h Y

7}
<) \_
g el BelA frEEE -] oRFe] AL AR

A A

g patdetd AP AT “FA W st ut
SFAME A7 (RP-2014-AG-044)2] 2| Lol o3 438
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