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2002
( 2010)
( 2009) (
2010) « o ( 2010)
Cu*™ Zn*™" Pb*"3
(LCs0)
1
1.1
2013 5
(HCG)
1000—2000 IU/kg
1/2 48 h
3:1
5—10 min
(21.0£0.5)C
35¢(
32) 5—10 min
(21.0+0.5)C 32
1.2
CUSO4'5H20 (
) ZnSO,; (CH3;COO),Pb-3H,0 (
)
100 mg/L( )
(GE)) 0 mg/L

Rl BEEZRBETRERE

Tab.1 The concentrations of the heavy metal ions

Metal ions Concentration(mg/L)
cu* 0 002 004 008 0.16
Zn** 0 02 04 08 1.6
Pb** 0 02 04 08 1.6
1.3
500 ml
100
3 (21.0+0.5)C
1 12h
50% 4 h
24 48 72h
1000 ml
100
3 1
12h
50% 96 h 24 h
(GB17378.7, 1998)
24 48 72h (LCs0) SC=48 h
LCs0x0.3/(24 h LCs, /48h LCs)
( 2009)
1.4
SPSS 17.0
ANOVA Duncan
+ (Mean+SE)
(P=0.05)
2
2.1
3



5 :Cu* Zn® PbY (Epinephelus septemfasciatus) 117

(3.33£3.36)%

Cu2+
LV S 0.02 mg/L 41 h
0.16 mg/L 64 h 20 h Cu*
(D 0.02 mg/L
0.02 mg/L
(71.03£7.04)%  (25.56+
1.93)% 0.16 mg/L (7.84+
4.18)% (55.56£9.62)%
0.16 mg/L
48 h
Zn2+
22 1.6 mg/L
Cu®* zZn* Pb*" 3 60 h 0.2 mg/L
2 2 1.6 mg/L
(21.0+0.5)°C 36 h (17.21£9.76)%  (40.95+2.07)%
(85.22+1.93)% 24 h

1
Fig.1 The early normal and abnormal development of Epinephelus septemfasciatus

2. 3. 4. 5. 6. 7. 8.
9. 10. L 11. 12. 13.
S 14. A% 15. L

1. Normal embryo body; 2. Optic capsule, brain vesicle is normal; 3. Normal hatching embryo; 4. Normal larvae; 5. Normal spine;
6. The embryonic body hyperplasia; 7. The embryonic body deformity; 8. Optic capsule deformity; 9. Body twisted, couldn’t be
hatched; 10. L-spine, the film is abnormal; 11. Yolk sac enlargement; 12. Caudal bending; 13. Body S-bended; 14.V-shaped spine;
15. Dead larvae, L-shaped, black body
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Tab.2 Effects of Cu?*, Zn*", and Pb*" on the embryos of E. septemfasciatus

Survival rate (%)

Heavy metals Concentration Hatching time Hatching rate Abnormality rate

Y (mg/L) (h) (%) (%) 24h 48h
Control 0 36 85.22+1.93° 3.33+£3.36° 91.014£2.95°  88.9443.22°
Cu* 0.02 41 71.03+7.04% 25.56+1.93° 83.48+2.62*  65.78+2.15°
0.04 46 53.7243.62° 40.00+6.67¢ 50.54+4.10°  34.10+3.80°
0.08 58 29.16+8.67° 64.44+1.19¢ 18.7242.37° 8.15+0.69¢
0.16 64 7.84+4.18¢ 55.56+9.62¢ 7.68+1.299 0.00+0.00°
Zn** 0.2 41 74.2642.13% 17.78+1.92° 85.70+0.82°  74.22+3.10°
0.4 46 59.97+3.07° 25.55+5.09" 63.9842.66°  51.64+7.29°
0.8 54 43.8443.62° 39.28+2.34° 19.16+£3.05°  10.76x1.41¢
1.6 60 17.21£9.76¢ 40.95+2.07¢ 7.99+1.10¢ 0.00+0.00°
Pb** 0.2 38 77.4245.84% 11.11£1.92° 88.67+2.50°  80.22+1.32°
0.4 41 65.46+6.63° 15.56+1.93% 74.49+5.31°  58.57+7.28°
0.8 44 49.83+2.78° 26.67+6.67° 48.06 £2.44°  33.27+3.51°
1.6 46 30.70+2.31¢ 43.33£5.06° 26.36+1.82¢  20.95+4.84¢

(P=<0.05)

Note: Cross-group comparisons; the significant difference is represented by the different letters (P=0.05)

£3 Cu*

Pb ¥ £ H AR & (F &N
Tab.3 Effects of Cu**, Zn**, and Pb>" on the larvae of E. septemfasciatus

Concentration Survival rate (%)
Heavy metals (mg/L) 48 h Abnormality rate (%)

Control 0 99.00+1.00* 98.33+1.53% 97.66%1.15% 2.22+1.92°
Cu* 0.02 86.67+2.31° 78.67+4.04° 75.67+4.04° 23.20+8.97°
0.04 76.33+1.53° 69.67+1.53% 60.33%5.51° 30.00+8.82°

0.08 59.67+4.04¢ 47.00+5.57¢ 33.67+3.21¢ 40.00+8.82"

0.16 40.00+5.29° 30.67+4.16° 23.00+3.61° 55.33+1.77°

Zn>* 0.2 94.3340.58 *° 91.33+0.58% 88.33+1.15° 21.1145.09°
0.4 90.33+0.58" 83.67+2.89° 75.00+1.00° 32.22+7.70%

0.8 80.33+0.58° 68.33+3.21¢ 54.00+4.00¢ 38.89+5.09°

1.6 66.00+5.20¢ 54.00+4.58¢ 44.00+£2.00° 43.33+6.67°

Pb** 0.2 92.33+2.08° 89.00+1.00° 88.33+1.15° 22.44+5.09°
0.4 88.67+1.53° 79.00+1.73° 75.00+1.00° 31.11£1.92%

0.8 76.67+0.58° 64.67+3.51¢ 54.00+4.00% 37.78+1.92°

1.6 58.33+1.53¢ 43.33+3.21°¢ 44.00+2.00° 48.89+1.92¢

(P=0.05)

Note: Cross-group comparisons at the same time point; the significant difference is represented by the different letters (P=0.05)

(7.99£1.10)%

Pb>*

0.2 mg/L

1.6 mg/L

48 h

2+
Cu

46 h

24 48 h

N
7n®

(20.95+4.84)%

Zn2+ > Pb2+

1.6 mg/L

48 h

N
Cu? Zn**

Cu2+ >
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2.3 (44.00+£2.00)% (44.00+2.00)% (55.33+
cut 7o Pb 3 1.77)% (43.33+6.67)% (48.89+1.92)%
3 3 (97.66+1.15)% (2.22+1.92)% (P=0.05)
3 (LCso)
4 4 Cu** Zn*" Pb*"
72 h 3 0.009 0.288  0.192 mg/L
(P=0.05) 3
(23.00+3.61)%- Cu*" >Pb*" >Zn*"
F4 VBFER LC, EMREIRE
Tab.4 The LCsyand safety concentration of newly-hatched larvae
LCsp (mg/L) 1
Heavy metals 24 h 48 h 72 h Safe concentration (mg/L) Fishery standard (mg/L)
Cu? 0.119 0.075 0.055 0.009 =0.01
Zn** 2.493 1.814 1.120 0.288 =0.10
Pb** 1.963 1.350 0.760 0.192 =0.05
3 (2006)
Cu>Hg>Cd>Zn>Pb (2007)
3.1 @ﬁ Cu2>CdE>7n2 >
Pb*>Cr®" (2009) 3
Cu2+>zn2+>Pb2+
3
(2007)
fifg
Cd2+
( 2006) Cu®" Hg* Cd** Pb*"
4
( 2006) ( 2008)
’ 3.3
3.2
(LCso)
3
3 Cu*>Pb*>Zn*" cu*
Cu2+>Zn2+>Pb2+

1) GB/T 11607-89,
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(0.01 mg/L) Pb*"  zn*
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3 , 1999, 18(2): 186-190, T001
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( 2009) ,2010, 31(1): 25-33
2+ 2+ 2+ 2+ > > > -
Cu™>Hg">Zn">Pb™" ( ,2012, 33(1): 79-85
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, 1994, 16(1): 11-19
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The toxic effects of Cu®", Zn>*, and Pb** on the embryos and larvae of
Epinephelus septemfasciatus

KONG Xiangdi'?, CHEN Chao” , LI Yanlu?, JIA Ruijin'?, YU Huanhuan'?,

ZHAI Jieming’, LIU Jiangchun’

(1. College of Fisheries and Life Sciences, Shanghai Ocean University, Shanghai 201306; 2. Key Laboratory of Sustainable
Development of Marine Fisheries, Ministry of Agriculture, Yellow Sea Fisheries Research Institute, Chinese Academy of Fishery
Sciences, Qingdao 266071; 3. Laizhou Mingbo Fisheries Limited Company, Yantai 261418)

Abstract The current study investigated the toxic effects of Cu®", Zn>*, and Pb>" on the embryos and
larvae of Epinephelus septemfasciatus. The results indicated that as the three heavy metals ion levels
increased the fertilized egg hatching speed and the hatching rate gradually declined while the
malformation rate gradually increased. The malformation of the embryos and larvae included bended tail
sprouts, incomplete hatching, the “L”, “S” and “V”-shaped vertebrate of newly-hatched larvae and
comma-shaped un-expanded tail deformity. Based on the comprehensive hatching rate, hatching rate and
malformation rate, the toxicity to the embryonic development of these heavy metal ions were: Cu®* > Zn*" >
Pb>". The newly-hatched larvae toxicity test cycle was 96 h. The survival rate of the larvae gradually
reduced with the increased time. The increased concentrations of these heavy metal ions dramatically
decreased the survival rate while increased the number of deformity. Based on the time period of the half
lethal concentration (LCs) and the safety concentration, the toxicity of three heavy metal ions on the
newly-hatched larvae were: Cu®* > Pb*" > Zn?". These results may contribute to the formulation of new fishery
water quality standard and parameters of water environment monitoring and provide important scientific basis
for E. septemfasciatus breeding of heavy metal monitoring and management.
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