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10 000 mg/L Cd* 8000 mg/L , Ru ,Riz
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ECSO 5 )a
(D) (S): 1
B
S:i +om (1) ’
A A , I-1~15
AL A A B (ECs0); Anm Zn*t  cd*”
Bm (ECso), 2
S (AD 2 Zn*"
S=1 :AI=(~)-1.0: 72 hpf  , EC50=10.30 mg/L;  Cd>*
S
72 hpf , EC50=7.17
S 1 :AI=S(-1)+1.0 . P »
Al mg/L  Zn Cd 48 hpf
Al 0 7 NG ECs 591.05 mg/L  421.52 mg/L; 72 hpf
, - AI=0 ECso 2241.22 22+5.82 mg/L ,
15 , Zn Cd
Excel 2003 ’ 48 hpf ECso
72 hpf , Zn*  cd*
2 48 hpf ,
2.1
211 zn** cd* 72 hpf ECsp
Zn?  Cd” 7 ( 1 , Zn*" cd*
R1 zZn"MCd' MRS EERIRSEFLANSTNE
Tab. 1 Toxicity of zinc and cadmium on zebrafish embryos in different endpoints
%
; 48 hpf 72 hpf
metal ion (mg.Lil.) ; :
concentrations condensation very low rate of condensation hatchability malformation rate
rate of egg heart rate of egg
0 0 0 0 100 0
4 0 5 5 77.5 7.84
20 0 7.5 52.5 25 5.26
Zn*" 40 5 13.16 67.5 17.5 0
80 10 22.22 80 0 25
160 17.5 24.24 100 0 -
320 37.5 48 100 0 -
0 0 0 0 100 0
4 0 2.5 0 95 2.5
20 0 12.5 0 70 0
cd* 40 5 21.05 7.5 50 13.51
80 7.5 27.03 42.5 27.5 30.43
160 15 29.41 87.5 10 0
320 25 40 100 0
P 10

Note: “~"indicates that the hole 10 eggs have been killed and uncounted number of zebrafish embryos malformations and malformation rate.
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Tab. 2 Linear regression analysis of toxicity of zinc and cadmium on zebrafish embryos
48 hpf 72 hpf
item
metal ion
condensation rhythm condensation incubation deformity
- y=1.445x + y =0.7945x + y=1.9397x + y=-1.7552x + -
probit-concentration on the 0.995 2.7085 2.315 6.7774
regression equation
Zn** (R?) 0.9806 0.9028 0.9714 0.9745 -
correlation coefficient (R?)
ECso/(mg-L™") 591.05* 765.96* 24.22% 10.30* -
(360.71-968.48) (367.89-1594.73) (17.94-32.71) (7.39-14.35)
- y =1.0896x + y=0.6276x + y=4.3019x - y=-1.284x+ -
probit-concentration on the 2.1421 3.4981 1.0742 6.0984
regression equation
Ccd* (R% 0.9892 0.9626 0.9992 0.9639 -
Correlation coefficient (R?)
ECso/(mg-L™") 421.52% 247.22% 25.82% 7.17* -
(166.90-1064.26 ) (110.64-552.39) (20.42-32.65) (4.55-11.29)
L .ok
Note: “—”indicates that this toxicity can not be the end of statistics; means “*” Data obtained through the establishment of the regression
equation by selecting concentration.
> ) 2.2
212 zn®  cd* 221 zn*™  cd*
, Zn2+ C d2+ , Zn2+
Cd** 48 hpf , 48 cd* ,
hpf 72 hpf ECs Zn*,
72 hpf ECs Zn*" Cd** zn* cd® 11 1:2 211
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2+
Cd : 72 hpf , 3
cd** 72 hpf Zn*" Zn** « »
cd** 72 hpf ECs 48 hpf ’ 4
2+ 2+
, Zn Cd 72 hpf CZn® cd* 111,
48 hpf 48 hpf 48 hpf
0.16 -
o 7Zn = Cd 72 hpf y
0.14 | -
Cd 5 33 27
0121 2+ 2+
) Cd , Zn
Z 010t ,. ,.
£ oios | 7 10 3.8 Zn Cd
0.06 | 72 hpf
oo | : ECso 24.34 mg/L,
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Fig. 2 Single toxicities of zinc and cadmium on zebrafish
embryos in different endpoints 48 hpf 48 hpf
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Tab. 3 Joint toxicities of zinc and cadmium on zebrafish embryos in the concentration unit ratio %
72 hpf
2 o Zn*/ cd>/ p
' (mgL™)  (mgL™)
condensation rate of egg very low rate of heart condensation rate of egg hatchability
2 2 0 22.5 0 37.5
4 0 22.5 5 35
11 8 8 2.5 28.20 10 32.5
16 16 5 44.74 55 15
32 32 15 44.12 62.5 5
64 64 47.5 52.38 72.5 0
2 4 0 2.5 7.5 62.5
4 8 0 5 12.5 52.5
1 2 8 16 5 5.26 52.5 47.5
16 32 7.5 10.81 90 10
32 64 30 21.43 92.5 2.5
64 128 57.5 52.94 95 0
4 2 0 22.5 0 37.5
8 4 0 30 0 35
2 1 16 8 2.5 28.20 62.5 15
32 16 5 34.21 67.5 0
64 32 7.5 43.24 75 0
128 64 30 46.43 80 0
control 0 0 0 10 0 80
£ 4 Zn¥F CA¥FEIRE B IR bb T X B D & ARG RO B & B AITEM
Tab. 4 Evaluations of joint toxic effects of zinc and cadmium on zebrafish embryos in the concentration unit ratio
2 O Zn*'/ ECso/(mg-L™) cd*/ ECso/(mg-L™) S Al
outcome measure Zn*"/mixed ECs Cd**/mixed ECs, role type
48hpf
84.0 84.00
+
condensation (51.01-138.32) (51.01-138.32) 0.34 1.93
1:1 74.53 74.53
+
rhythm (37.93-146.45) (37.93-146.45) 0.40 151
72hpt 2434 24.34 195 095 B
. (18.27-32.44) (18.27-32.44) ’ '
condensation
2.68 2.68
+
hatchability (1.77-4.06) (1.77-4.06) 063 0.8
48hpf
56.27 112.54
+
condensation (35.03-90.38) (70.06-180.77) 0.36 1.76
1:2 65.18 130.36
+
thythm (49.93-85.08) (99.86-170.16) 0.61 0.63
72hpf
8.19 16.38
+
condensation (5.29-12.69) (10.57-25.38) 0.97 0.03
5.78 11.56
hatchability (4.48-7.48) (8.95-14.95) 217 117
48hpf
404.75 202.38 116 016 -
condensation (200.03-819.00) (100.1-409.50) ' '
2:1 354.79 177.40 118 018 _
rhythm (154.06-817.08) (77.03-408.54) ’ '
72hpf
447 2.24
+
condensation (1.86-10.77) (0.93-5.38) 0.27 2.69
4.21 2.11
hatchability (2.72-6.53) (1.36-3.27) 0.70 0.42 M

TN cc_3>

5

Note: ““+7”means synergy;

means antagonism.
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72 hpf , mg/L) ,Zn*"  Cd* 48 hpf 48
cd* 37 19 1.6 hpf Zn*"
cd* , Zn*" Ccd** 72 hpf 72 hpf
10.5 11.8 3.0 72 hpf Al 2.69,
72 hpf , Q21
ECso 5.78 11.56 mg/L,
1030  7.17 mg/L , Zn*" ,Zn*"  cd* 1:1
1.8 , cd* 1.6 1:2 2 ,
4 , (1:2)
222 zn* cd*
Zn*"  cd* 2:1 ,
48 hpf 48 hpf Zn*"  cd” 72 hpf ECso
, Al , , 1:1 1:2
Zn**  Cd** 48 hpf 2:1 , )
ECso ( 404.75 mg/L  202.38 mg/L), , Zn*"  cd*
ECsp  591.05 mg/L 48 hpf 48 hpf
421.52 mg/L; Zn*"  Cd*" 48 hpf ECs 72 hpf 72 hpf ,
354.79 mg/L  177.40 mg/L, 5
ECsy ( 765.96 mg/L  247.22 zn*t cd*
%5 zZn*MCdESHHMEILTHHD @ FRNESSE
Tab. 5 Joint toxicities of zinc and cadmium on zebrafish embryos in the toxic unit ratio
48 hpf 72 hpf
n Cd Zn*" ca
/(mg'L™) /(mg'L™) condensation rate very low rate of condensation rate hatchabilit
of egg heart of egg atehabriity
2.422 2.582 0 0 0 82.5
4.844 5.164 2.5 0 10 65
_ 9.688 10.328 5 0 45 50
19.376 20.656 10 11.11 85 12.5
38.752 41.312 12.5 8.57 97.5 7.5
77.504 82.624 333 10 100 3.33
2.422 5.164 0 0 0 76.67
4.844 10.328 0 0 10 53.33
1 2 9.688 20.656 3.33 0 46.67 36.67
19.376 41.312 6.67 10.71 63.33 26.67
38.752 82.624 16.67 8 100 0
77.504 165.248 63.33 9.09 100 0
4.844 2.582 0 0 2.5 87.5
9.688 5.164 0 2.5 20 72.5
) 19.376 10.328 2.5 2.56 60 37.
38.752 20.656 2.5 2.56 92.5 12.5
77.504 41.312 20 3.13 100 0
155.008 82.624 35 15.38 100 0
control 0 0 0 0 0 100
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6 , Zn**
cd* 1:1 Zn*"  cd* 1:2
72 hpf 48 hpf
, Zn*"  cd* 2.3 , Al 1.06; 72 hpf 72 hpf
Zn*"  cd* 48 hpf , Al 0.61
72 hpf 1.58, 48 hpf
48 hpf , Zn*"  Cd*"  ECs 72 hpf ,
262.20 mg/L  297.52 mg/L, ,
ECs 591.05 mg/L  421.52 mg/L, ,

; , 48 Zn*"  cd* 2:1
hpf Al 48 hpf 72 hpf
72 hpf , Zn*"  Cd**  ECs : 72 hpf

10.30 mg/L  7.17 mg/L, ,
ECs 7.5mg/L  8.0mg/L , Cd* , Zn*"  cd*
Zn2+
(1:1) , Zn*t  cd*
£6 zZn¥fCAAESMHBMELLTMHI &MREBMEBESSEERTIN
Tab. 6 Evaluations of joint toxic effects of zinc and cadmium on zebrafish embryos in the toxic unit ratio
2 2 Zn*"/ ECso/(mg-L™") cd*/ ECso/(mg-L™")
Zne Cd outcome Zn*"/mixed ECs, Cd*/mixed ECs, S Al role type
measures
48hpf
262.20 297.52 15 015 -
condensation (207.39-642.42) (114.08-684.86) ' :
) rhythm . ) ) ) )
bl 72hpf
10.56 11.25
condensation (16.87-12.80) (9.28-13.64) 0.87 0.15 *
7.50 8.00
hatchability (5.58-19.56) (5.94-10.76) 184 034 B
48hpf 71.80 153.08
condensation (53.19-96.92) (113.40-206.64) 0.48 1.06 +
2 rhythm B . . ) i}
72hpf
13.02 27.76
condensation (9.97-17.00) (21.26-36.25) 1.61 ~0.61 -
6.54 13.94
hatchability (4.65-9.19) (9.92-19.60) 258 158 B
48hpf
263.23 140.31
condensation (178.25-388.72) (95.01-207.20) 0.78 0.28 "
. rhythm ) ) ) ) )
201 72hpf
13.68 7.29
condensation (10.66-17.56) (5.68-9.36) 0.85 0.18 *
14.80 7.89
hatchability (11.26-19.46) (6.00-10.37) 254 14 B
ceyrn ce_nn

Note: “-”indicates that this toxicity can not be the end of statistics. ““+7”means synergy;

>

means antagonism.
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Individual and joint toxicity of Zn** and Cd** during the early em-
bryonic development of zebrafish (Danio rerio)

LIANG Qiuyan, XIE Yongping, FANG Zhanqiang

Key Laboratory of Ecology and Environmental Science in Guangdong Higher Education,College of Life Science, South China
Normal University, Guangzhou 510631, China

Abstract: We evaluated the individual and joint toxicity of zinc and cadmium during the early embryonic devel-
opment of the zebrafish (Danio rerio). Embryos were exposed to various concentrations of Zn*" and Cd** 24 h
post-fertilization (24 hpf). We monitored the number of embryonic coagulated eggs and the rhythm of the heart at
48 hpf and the number of embryonic coagulated eggs, hatching rate, and malfomation rate at 72 hpf. The effects of
Zn*" and Cd*" differed among the stages of development. In general, Zn*" was more toxic than Cd**. The embryos
were most sensitive to Zn>" and Cd*" toxicity at 72 hpf. Regardless of the ratio of Zn*" and Cd*" during joint ex-
posure (1 : 1,1 : 2 or 2 : 1), the two chemicals tended to act synergistically. However, the joint toxicity was de-
fendant on the endpoints and the ratio of each metal. For example, at equal concentrations of Zn*>" and Cd*" (1 : 1),
the effect tended to be synergistic. However, at a ratio of 1 : 2 (Zn*":Cd*") the effect was synergistic at 48 hpf but
antagonistic at 72 hpf. Furthermore, at a ratio of 2 : 1 (Zn*":Cd*") the effect on egg coagulation was synergistic
whereas the effect on the rate of hatching was antagonistic. Thus, our results suggest that joint toxicity is affected
by both the concentration of each chemical and the exposure time.

Key words: Zn*"; Cd*"; early embryos; joint toxicity; Danio rerio

Corresponding author: FANG Zhanqiang. E-mail: fangzhq@scnu.edu.cn



2 :Zn*"  cd* 293

BRI EEASHIEEFEEAEWMI&EEE(10x10)

1. , 1.5 hpf, ;2. , 3 hpf, ;3. , 8 hpf, ; 4, , 12 hpf, ;5. , 24 hpf,
; 6. , 48 hpf, ;7. , 72 hpf, ¢(Zn*") 20 mg/L; 8. , 72 hpf, ;9.
, 72 hpf, c(Cd*") 0.4 mg/L; 10. , 72 hpf, c(Cd*") 12 mg/L; 11. , 72 hpf, ¢(Cd*) 24 mg/L;
12. , 72 hpf, ¢(Cd*") 0.4 mg/L; 13. , 72 hpf, c(Zn*")  ¢(Cd* 8 mg/L; 14. ,
3 hpf, ; 15. , 24 hpf, c(Zn®") 160 mg/L

Plate I Normal and abnormal zebrafish embry (10x10)
1. Cleavage-stage, 1.5 hpf, distilled water; 2. Blastocyst stage, 3 hpf, distilled water; 3. Gastrula, 8 hpf, distilled water; 4. Somite
stage, 12 hpf, distilled water; 5. Forming period, 24 hpf, distilled water; 6. Normal embryo, 48 hpf, distilled water; 7. Unhatched
embryos, 72 hpf, ¢(Zn*") of 20 mg/L; 8. Normal embryo hatching, 72 hpf, distilled water; 9. Incomplete yolk contravtion, 72 hpf,
c(Cd*") of 0.4 mg/L; 10. Tail shorting, 72 hpf, c(Cd*") of 12 mg/L; 11. Contraction of the tail bending and incomplete yolk, 72 hpf,
c(Cd*") of 24 mg/L; 12. Tail deformity, 72 hpf, c(Cd>") of 0.4 mg/L; 13. Pericardial and yolk edema, 72 hpf, c(Zn>") of 8 mg/L and
c(Cd*") of 8 mg/L; 14. Abnormal egg cleavage, 3 hpf, distilled water; 15. Condensation of the egg, 24 hpf, ¢(Zn>") of 160 mg/L.



