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Hg* cu®* , 48h ,
, , cr® 48h ,
, 70h ;
) 1 (2) ng+ Cu2+
) ) Cr6+ Zn2+
48—
2.2 72h 72—96h ; (3)
1 2 , 96h
, 4 . Hg**
. : , Cu** Cr® , Zn*
, ng+ Cu2+ Cr6+
, (1) Hg®* 2—5 Zn** 15
cu® 24h 2.3
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5h 15h  22h 10% 20% 96h ,
30%, Zn* 24h (1) cré*-
1 TENERNEIMESESFHPLERENIMSY
Tab.1 Acute toxicity of four heavy metal ions on T. sinensis juveniles
(%) 96h
(mg/L) 24h 48h 72h 96h (mg/L)
0.00 0 0 0 0 —
Zn 60.00 0 0 15 15 [50, 150]
70.00 0 0 20 20
80.00 0 0 20 30
90.00 0 5 30 50
100.00 5 15 45 60
110.00 10 25 60 75
cré* 15.00 0 0 5 20 [10, 45]
20.00 0 0 10 30
25.00 0 0 10 40
30.00 0 0 15 50
35.00 0 0 20 60
40.00 0 0 35 80
45.00 15 20 80 100
cu® 5.00 0 5 5 10 [1,35]
10.00 5 10 10 30
15.00 5 15 25 50
20.00 10 30 50 60
25.00 10 35 60 80
Hg** 2.00 0 0 5 5 [1,15]
4.00 10 20 30 35
6.00 10 30 40 50
8.00 20 40 60 65
10.00 30 50 80 80




748

40

R2 AMECREBETHHREEHERR RRL T RS E

Tab.2 The occurrence time of mortality of T. sinensis juveniles caused by four heavy metal ions in different concentrations

(h)
(mg/L) 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%
Zn?* 80.00 54 72 92 98 102
90.00 50 68 72 82 96
100.00 44 54 58 72 78 94 100
110.00 10 36 49 51 58 72 84 98
cré* 25.00 70 84 87 94 98
30.00 64 70 80 85 9
35.00 58 72 78 82 88 93
40.00 50 64 68 74 76 78 84 96
45.00 21 40 46 58 66 68 70 72 88 94
Cu? 10.00 40 74 88 98 102
15.00 27 58 74 84 96 100
20.00 22 37 46 68 72 92 98
25.00 14 26 36 52 64 70 81 93 100
Hg®* 4.00 20 42 66 98 106
6.00 14 30 46 70 92 104
8.00 8 22 36 48 58 70 100 103
10.00 5 15 22 36 44 52 63 71 98 101
2+ 2+ 2+
Zn D (0.6+0.4) Zn“"-Hg
cré*- zn* zZn*
: Hg2+ , : (5) Zn2+_
cr® zZn* cu®
: (2) crf-cu® : (6) Cu*-Hg*
Cr®  Hg* , cu® Cu** Hg* . Hg*
cr cu® cu® cu** Hg**
, cré* , cu® Hg**
(3) Cr*-Hg* cr® 3
Hg** . Hg* cr®
: Hg?* 3.1
, ; (4) Zn**-Hg*" ,
E (0.8+0.2) , Ccr® zn** Cu** Hg*
R3 AMEEEBEFHPLEEHENBESSE
Tab.3 Joint toxicity of four heavy metal ions to T. sinensis Juveniles
96h (%)
A B C D E F
Cré*-zn* 50 65 55 45 75 50
cré*-cu® 50 80 60 40 30 50
Cr®*-Hg* 50 55 75 35 40 50
Zn?*-Hg** 50 65 60 60 25 50
Zn*-Cu® 50 55 60 65 75 50
Cu**-Hg* 50 45 40 50 55 50
A (0+1.0) ,B (0.2+0.8) ,C (0.4+0.6) (0.6+0.4) ,E (0.8+0.2) ,F (1.0+0)
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Tab.4 The acute toxicity of four heavy metal ions on T. sinensis juveniles in different intervals and doses

0,
t(h) R dtF C e VAC g
Zn% 24 y =0.186x 16.24 0.8218 3 4.61 1.000* 114.19+4.16 — 9.19
48 y=0.1359x 9.998 0.7833 4 7.23 1.000* 110.36%2.73 0.17
72 y = 0.0254x + 2.3186 0.9274 6 51.07 1.000* 105.57+0.47 0.21
96 y =0.0353x + 1.7565 0.9870 6  304.59 1.000* 91.88+0.64 0.61
cr®* 72 y = 0.069x + 2.1257 0.8162 7 22.20 1.000* 41.66%0.70 — 2.89
96 y =0.0626x + 3.191 0.9742 6 60.78 1.000* 28.90+0.50 —
cu® 24 y =0.0288x + 3.036 0.8000 4 8.00 1.000* 68.19+2.27 — 1.64
48 y =0.0652x + 3.048 0.9762 5 122.81 1.000* 29.94+1.94 0.74
72 y=0.1012x + 2.814 0.9816 5 160.29 1.000* 21.61+2.16 0.16
96 y =0.1002x + 3.355 0.9744 5 113.97 1.000* 16.42+2.39 0.10
Hg* 24 y =0.136x + 3.068 0.8996 4 17.93 1.000* 14.20+0.51 — 0.60
48 y =0.1359x + 3.621 0.9967 4 612.92 1.000* 10.15+0.50 0.49
72 y =0.229x + 3.477 0.9753 5 62.02 1.000* 6.65+1.03 0.42
96 y =0.204x + 3.782 0.9987 5 35.73 1.000* 5.98+1.05 0.08
Fo.05(1,3 = 10.13; Fo.05(2,4) = 7.709; Fo.05¢1,5) = 6.608; Foos5(1,6) = 5.987; Foos1,7y = 5.591 * P<0.05
, - 6 , -
, LT (R? 0.9418),
- (Kendall
, 2 r ), LCsp
5 6 5 , ( 6) -
4 LCs ( 4) t
, R F , -
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Tab.5 The relationships in the death cumulative probability and the concentration of heavy metal ions and the experimental time of T.
sinensis juveniles

k df R? R F F
zn?* z7=0.37x +0.26y 0.832 2 22 0.955 Roo1(222) = 0.585 233.062
cro* 7=0.84x + 0.40y 1.295 2 30 0.885 Roo1(230) = 0.514 115.790 Fo.005(2.20) = 6.986
cu?* z=0.72x + 0.23y + 1.805 2 24 0.962 Ro.o1z2.24) = 0.565 306.160 Fo.00s(2,30) = 6.355
Hg?* 7 =0.169x + 0.20y + 2.405 2 25 0.921 Ro.o1z2.25) = 0.555 146.260
z P X Y
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Tab.6 The effect of the median lethal time of the acute toxicity of four heavy metal ions on T. sinensis juveniles

- ) LC50 (mg/L)
R df F r t to.0s
24h 48h 72h 96h

zZn* y= 1.50x +226.0 0.9542
cré* y= 1.68x +143.6 0.9525
cu* y= 2.76x+131.8 0.9418
Hg*" y= 11.0x + 152.0 0.9680

41.67 1.000* 134.67 118.67 102.67 86.67 0.877 tg = 3.182
60.14 1.000* 71.19 56.90 42.62 28.33 3.923 tw) = 12.706
32.39 1.000* 39.06 30.36 21.67 12.97 1.132 t = 3.182
60.20 1.000* 11.64 9.45 7.27 5.09 0.739 t = 3.182

A b~ OB

Fo'05(1,4) = 7709, F0,05(1‘5) =6.608 * P<0.05
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ACUTE TOXIC EFFECTS OF FOUR HEAVY METALS ON TRIONYX SINENSIS
JUVENILES

WANG Zhi-Zheng', LU Gan-Tang!, SHI Jian-Jun?, SHEN Tu-Yan?, MAO Wen-Ju'
(1. Zhejiang Ocean University, Zhoushan, 316004; 2. Fishery Technology Extension Center of Yuyao, Ningbo, 315400)

Abstract  Acute toxicity of Hg®*, Cr®*, Cu®*, and Zn®* and their joint toxicity on 5-day-old Trionyx sinensis juveniles in
water temperature at (27.4+1.3)  were studied. Accumulative nature was revealed. The degree of toxicity was in the
order of Hg**>Cu®*>Cr®*>Zn?" as the mortality occurred, from early to late; and the median lethal concentrations (LCs) at
96h were 5.98, 16.42, 28.90, and 91.88mg/L. The joint toxicity of the four heavy metal ions at 96h was closely related to
ion species and toxicity intensity. Mathematical model and regression equation were built on the death cumulative prob-
ability, the concentration of heavy metal ions, the massive death occurrence time, etc., and are important tools for detecting
and forecasting the toxicity and mass mortality.

Key words Heavy metal ions, Acute toxicity, Joint toxicity, Trionyx sinensis juvenile



