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Effect of heavy metal on early life stage of

olive flounder, Paralichthys olivaceus

Kim KwangSub

Department of Fish Pathology, Graduate School

Pukyong National University

Abstract

This study was conducted to investigate effects on the early life stage of
the fertilized egg, embryo and larvae of olive flounder, Paralichthvs olivaceus
exposed copper and chrome for 40hour in egg and 60hour in embryo-larvae
and 20hour in'post-larvae. Copper and chrome concentration were 10, 20, 40
and 80 ug LY 50, 100, 500, 1000 and 2000 yg Lfl, respectively. Fertilized egg
stages, the survival rate, -hatching rate and ~malformation rate was
investigated. For embryo=larvae-and post-larvae stages, the survival rate and
malformation rate were only investigated, -in this test. Short term toxicity
about hatching rate, the survival rate and the malformation rate of olive
flounder, 2. olivaceus fertilized egg and survival rate, malformation rate of /2.
olivaceus embryo-larvae and post-larvae by copper and chrome exposure.

After fertilized egg that expose copper and chrome begins an experiment,
the survival rate looked dwindling tendency before end. In the case of control
group, showed the survival rate of average 86.38% to experiment end, but
significantly decreased in 20, 40 and 80 ug L' in the case of copper exposure.
Fertilized egg that expose to chrome significantly decreased in 500, 1000 and
2000 pg L' than control group. LCs was the copper 44.27 ug L' and the
chrome 1318.73 ug L' in about survival rate of the fertilized egg.



In the case of control group, showed hatching rate of average 89.02% to
experiment end, but significantly decreased in 10, 20, 40 and 80 pug Lt
concentration 1in copper exposure. In the case of chrome exposure,
significantly decreased in all exposure. LCsyp was the copper 33.95 ug L' and
the chrome 905.35 ug L' in about hatching rate of the fertilized egg.
Significantly increased in all concentration in copper exposure than control
group (5.29%) in the malformation rate of fertilized egg that expose copper
and chrome. Significantly increased in all concentration in group’s case which
expose chrome. ECsyp was the copper 37.58 pug L' and the chrome 955.12 1g
L' in about malformation rate of the fertilized egg.

After embryo-larvae that expose copper and chrome begins an experiment,
the survival rate looked dwindling tendency before experiment end. Showed
the survival rate of 89.81% to experiment end in case of group’s control
group that expose .copper, but significantly decreased in 10,20, 40 and 80 ug
L' concentration in the case of copper exposure. Also,. significantly decreased
in all concentration to experiment end in group’s case which expose chrome.
LCs was the copper 37.12 ug L' and the chrome 1129.74 ug I.' in about
survival rate of the embryo-larvae. Showed the malformation rate of 7.62% to
experiment end in case of control group that expose copper in embryo-larvae
the malformation rate that expose copper and chrome, but displayed
significantly increase in all conecentration in the case of exposure. Significantly
increased in all concentration in group’s case which expose chrome. ECs was
the copper 16.79 pug L ' and the chrome 684.48 g L' in about malformation
rate of the embryo-larvae.

After post-larvae that expose copper and chrome begins an experiment, the
survival rate looked dwindling tendency before end. Showed the survival rate
of 99.34% to experiment end in case of group’s control that expose copper,
but significantly decreased in all concentration in the case of exposure, and
significantly decreased in all concentration in case of group’s that expose
chrome. LCsp was the copper 34.81 ug L' and the chrome 980.64 /g L' in
about survival rate of the post-larvae. Showed the malformation rate of 8.91%
to experiment end in case of group’s control that expose copper in
post-larvae’s the malformation rate that expose copper and chrome, but
displayed significantly increase in all concentration in the case of exposure,

and exposure significantly increased in all concentration in chrome exposure

_iv_



group. ECsp was the copper 36.25 pug L' and the chrome 933.59 1Ug L' in

about malformation rate of the post-larvae.
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2 9A, Paralichthys olivaceus o] WA 54 (FF 5. 2003), & %
T s E ol Carassius auratus (goldfish)e] W A= HAlo #3 A
(A 7 1995), 2uiFolA  FEleo] 9k (Wannee ef @/, 2007)
Micropollutants7F ¢k A Z-of v x| = FA G I o] Ak AT (e} KA.
1994), &9 olFol AA g At7F Bol JyYH Ao FEof e
Ta&ol et ARG WAo] g FAT Y AojE o] &3 FE&
AY L vuA wHstE

YR, Paralichthvs olivacedus 7FAF0 5 @X 3] vlgtE3a7]2 $-2

@ FE5 9T, AW AR, A9H g dohny] Astel, ¥ A



sato] B FolAole] AEs AHEe PEaAT




AFT, A A%, 9 dee Pl FUAAG (Fig . TR
=

TASE 7S Tt APl &wteto], 05 tond FEFxel =

B

ol
S5
32
®
4
o
o
Lo

>~

PR e e FE 20 £ 05 CE F459

i, FEE 50 lux, e AdY #F7]e 12413 A dight ¢ 12 hour,

0.
Q
=
o
—
Do
=
o
c
2
(o
fu
BN
1
ol
ol
32
i
>
fukcu)
=
v

F8& sl e Table 1

b

3} 2

Table. 1. Chemical components of seawater used in the copper and

chrome exposure. Values indicate mean = S.E.

Parameter Value
Temperature (C) 20.0 '+ 0.5
pH 81 + 02
Salinity- (%o) 327 £ 04
NO; -N (mg - N L) 12.7 + 14
NO; -N (mg - N L) 14 + 0.2
NH, -N (mg - N L 96 + 0.8
PO,” P (mg-P LY 52 + 0.6
Suspended solids (mg L) 48 £ 04
Dissolved oxygen (mg L) 6.9 + 0.3
COD (mg L) 1.2 + 0.1
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FARY AES

Egg survival rate (%) = 21 x100
0

S1 = Number of live egg

So = Total number of egg

FAw Foh g

Egg hatching rate (%)= H x100

0

H;=Number of embryo-larvae hatched

Ho=Total number of egg

S LR E:
M,
Mo

M;: = Number of egg malformation

Egg malformation rate (%) = %100

My = Total number of egg

FATY A s 5 oF 484 %ko] Ay w3kE w7AA] v 64 7w}
O 2yHdedn. FASGgAEE FEE, 71EES An A (x400)0

E Foto] AAskdu oA dodA V19 sAES AN

2
iy
i,
Y
=
R

>
oX,
e
_E
=

ol A, duto] MaeA Y AL 7Pom Fsgn. e A
2 wERf e FABNA /HL st P, Zhzte] & A o)A E
AAA 71Ee 71F8 i (Fig. 2, 3).
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525 micron —— 525 micron

Fig. 3. 2 olvaceus eggs : 40 hpf exposed to different chrome
concentration.. A: Eggs of control group (normal); B~D : Eggs of

chrome exposure. group.
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93 &7 Wukeel sbelerel gk AL FE& AR
Aokt AAGAE BEET NG ARES AT BP0 A5

FAF PHOT HEFHH

B 5ol o] AEE

Embryo-larvae survival rate (%) = 21 %100
0
S; = Number of live embryo-larvae
So = Total number of embryo-larvae
3-5papol o] 79
Embryo-larvae malformation rate (%) = ﬁl x100
0

M; = Number of embryo-larvae.malformation

My = Total number of embryo-larvae

SEApole] AEEY AFEe WA (40000 AAE AvE Foho]
Azt quAGeNA A ook Musge W, /1P F5Ao]

F 8 myrh FRYAAY, d&el ool A= A, AY F5pAto

-
R

A2

of ula) AAel &2 MAE 7Eer AFAY. T A5 =E 79

ofl
o

Rapdolo A /19 Fastgda, Zztel @ A ol 59K v

71 =3kl (Fig. 4, 5).
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2. 4. F7)1 Ao A9
oA 604 T F71Aol S ol o] FEpato] AP o] dHET
2 Fdd 7y vE H AF R =Fs%th F71AolE 100 mlY

el &7l A7 30mbE Y @A, 3RkE A@skdnh FrAole Rk §

F140 8 TS

Post-larvae survival rate (%) = S, x100

S1 = Number of live post-larvae

So = Total number of post-larvae

T2kl o] T &

Post-larvae malformation rate (%) = Ej) %100
M; = Number of post=larvae malformation

My = Total number of post-larvae

oAb e] AESI AHES WA (40000 AAE WS Fatol

A2t FspApoj o} o] Mo} mert fo gAY A F7]Ao] 9k
Hlaskol s o Aol &2 MAE 7Idoem dFsdn. ek A =

79 FAANNA PS FASAT, 2474 F A ol g 5HHQ

719 & 71=8dv (Fig. 6, 7).
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2. 5. SAEA

telBH = Mean = SE=Z 4Yetuido. A3 A% A= SPSS
version 10 (SPSS, Michigan Avenue, Chicago, IL, USA, 1997)< o] &3}
o] ANOVA testE AHAlstH i, AFF oFH] 1+ Duncan’s multiple

range testE o]&3dto] H e FAAHS AAIAT. LCsy E ECs

Mo

probit analysis= AF-83Fo] 74Fs} 4t}
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47.63, 36.92, 23.23% = o otAl Fastdnh. e AF tg 54 =
A =E+= Table. 39 #Zo] Yegudo. FEE =E3 HAPFNAY
LCs02 3395 pug L' (95% confidence limits Lower : 31.88, Upper

o

361902 YElYY. g A5S =F9 AP FA LCspe 905.35
(95% confidence limits Lower : 727.92, Upper : 1124.39)% v}E}ytc},

1.3 719<&

T2 AF =& AT AIS AT T FE AA 718 E
o] AA F7tst Atk A(Fig. 12, 13). 782t A&7 =% FAH T 79 &
oA thxT (5.29%)°l Ml == 4F
4342, 62.56, 85.90% % frofetA F7tekAth (Fig. 12). A5 =53 1
Y A, =ETE WES Blete] A FE=el A 22k 712, 1840,
32.26, 62.20, 85.85% % frostAl S 7Fekitt (Fig. 13).

T Azl e 58 54 Ee Table 49 #Zo] YEwt. 719
of MAE VPIFsE (ECo)e TS =FF LFN43758 ug L'
(95 % confidence limits Lower : 32.17, Upper : 44.11)= YElsta, 2 &

wE3 aEAME 95512 g LY (95 % confidence limits Lower :

tlo

846.56, Upper : 1080.45) 0. = }E}FGE
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Table. 2. LCs values and 95% confidence limits of copper and chrome

for egg survival of test group.

95% confidence limits

exposure group LCso (g L)

Lower Upper
Copper 4427 39.20 50.36
Chrome 1318.73 1215.40 1439.01

Table. 3. LCs values and 95% confidence limits of copper and chrome

for egg hatch of test group.

959% confidence limits

exposure group LCso (ug LY

Lower Upper
Copper 33.95 31.88 36.19
Chrome 905.35 127,92 1124.39

Table. 4. ECsy values-and 95% confidence limits” of copper and chrome

for egg malformation of test group.

95% confidence limits

exposure group ECs (ug L)

Lower Upper
Copper 37.58 32.17 4411
Chrome 955.12 846.56 1080.45

_20_
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Fig. 8. Survival rate of Paralichths' olivaceus eggs exposed to various
copper concentrations for 40 hours. Alphabet indicates significant

difference from econtrol (P<0.05).
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Fig. 9. Survival rate of Paralichtts' olivaceus eggs exposed to various
chrome concentrations for 40 hours. Alphabet indicates significant

difference from econtrol . (P<0.05).
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Fig. 10. Hatching rate of ZAaralichthys olivaceus eggs exposed to
various copper concentrations for 40 hours. Alphabet indicates

significant difference from control (P<0.05).
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Fig. 11. Hatching rate of ZAaralichthys olivaceus eggs exposed to
various chrome concentrations for 40 hours. Alphabet indicates

significant difference from control (P<0.05).
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Fig. 12. Malformation rate of ZParalichths olivaceus eggs exposed to
various copper concentrations for 40 hours. Alphabet indicates

significant difference from control (P<0.05).
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various chrome concentrations for 40 hours. Alphabet indicates

significant difference from control (P<0.05).
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iAot (Fig. 14). =3 A58 =53 1359 4% AdFa574 A
Sol A ZbZE 8566, 75.63, 60.62, 48.47, 29.01% = FofstA AsHA
ot (Fig. 15). 7= ¢ ZFo e w4 =54 3= Table. 58 o] 4
gtk FEE =F®- 1504 LCxne 37.12 ug L' (95 % confidence
limits Lower : 31.52, Upper : 4391)o]% 1, AF S =E3 1FolA 9
LCso& 1129.74 pg L' (95 % confidence limits Lower : 97859, Upper :

1318.09) °] A .

2.2. 718 &

Teet AFol w2 PHgolE AWE A4 F TR AAA /9
ol B4 27k (Fig. 16, 17) T AFol %z Laigolel 7|
FgolA TeE wEe 1F0 HEEL Be AT EAA 7.62%2] 7]
C g, w379 4% A EmpgrelA zhzh 1358, 60.75,

77.75, 8869, 91.36% = ot TS WERHT (Fig. 16). 252 =
=% O1F5Y A =E5E7v A sEAAOA ZHzE 1149, 32.30, 52.23,
72.01, 90.97%= oA Sk (Fig. 17). 72k A5 Wgh F4
=74 &= Table. 63 o] YEyith. 7IFol WA= ECooe THE =
Z3 a8oA 1679 ug L' (95 % confidence limits Lower : 4.78,
Upper : 28192 UYEWI, AFL =% T1HIAE 68448 pug L' (95
% confidence limits Lower : 547.18, Upper '@ 843.33) . = e}



Table. 5. LCs0 values and 95% confidence limits of copper and chrome

for embryo-larvae of test group.

95% confidence limits

exposure group LCso (g L)

Lower Upper
Copper 37.12 31.52 4391
Chrome 1129.74 978.59 1318.09

Table. 6. ECs values and 95% -confidence limits of copper and chrome

for embryo-larvae malformation of test group.

959% confidence limits

exposure group ECso (ug LY

Lower Upper
Copper 16.79 478 28.19
Chrome 634.48 547.18 843.33
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Fig. 14. Survival rate of 2 olivaceus embryo-larvae exposed to
various copper concentrations during 60 hours. Alphabet indicates

significant difference from control (P<0.05).
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Fig. 15. Survival rate of 2 olivaceus embryo-larvae exposed to

various chrome concentrations during 60 hours. ‘Alphabet

significant difference from control (P<0.05).

_30_

indicates



120

Il Jeju-Do
;{:7 [ Yeosu e f
75 100 1 mm chungnam
B —@— Average
®
IS
]
= 60
S
g
3 40 A
S
>
€ 204
LLl

0 T

0 5 10 20 40 80
Copper concentrations (ug L™)

Fig. 16. Malformation rate of /2 olwaceus embryo-larvae exposed to
various copper concentrations during 60 hours. Alphabet indicates

significant difference from control (P<0.05).
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Fig. 17. Malformation rate of 2 olwaceus embryo-larvae exposed to

various chrome concentrations during 60 hours. ‘Alphabet indicates

significant difference from control (P<0.05).
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Table. 7. LCs values and 95% confidence limits of copper and chrome

for post-larvae of test group.

95% confidence limits

exposure group LCso (g L)

Lower Upper
Copper 34.81 26.35 45.66
Chrome 980.64 814.77 1188.51

Table. 8. ECs values and 95% confidence limits of copper and chrome

for post-larvae malformation of test group.

959% confidence limits

exposure group ECso (ug LY

Lower Upper
Copper 36.25 30.16 43.54
Chrome 933.59 693.24 1258.46
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Fig. 18. Survival rate of /2 olwaceus post-larvae exposed to various
copper concentrations during 20 hours. Alphabet indicates significant

difference from econtrol (P<0.05).
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Fig. 19. Survival rate of /2 olwvaceus post-larvae exposed to various
chrome concentrations during 20 hours. Alphabet indicates significant

difference from econtrol (P<0.05).
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Fig. 20. Malformation rate of /2 | olvaceus post-larvae exposed to
various copper concentrations during 20 hours. ‘Alphabet indicates

significant difference from control (P<0.05).
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