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Combined toxicity of pesticide and heavy metal to Daphnia magna
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Abstract: Pesticides and heavy metals are two common types of pollutants in aquatic environment. The
combined pollution is noteworthy because they posed a serious threat to aqua ecology and living
environment for human. Herein, the acute toxicities of 3 common pesticides (chlorpyrifos, triazophos
and fipronil) and 2 common heavy metals (Pb and Cd) to Daphnia magna were evaluated. Their
combined toxicities were also studied using five-factor quadratic general rotary unitized design. The
48 h-ECs values of chlorpyrifos, triazophos, fipronil, Pb*" and Cd** to D. magna were 6.30, 7.27, 2.17,
45491 and 1 175.74 nug/L, respectively. The contribution of these five pollutions to combined
toxicological effects following the order: Cd** > triazophos > fipronil > chlorpyrifos > Pb*. Combined
effects of five pollutants was observed on the survival of D. magna. Moreover, the maximum theoretical

synergy appears when chlorpyrifos was 0.811 pg/L, triazophos concentration was 17.22 ng/L, fipronil
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was 5.65 pg/L, Pb* was 83.75 pg/L and Cd* was 3 793.15 ug/L. The data of this study can provide

support for the risk assessment of composite pollutants.

Keywords: Daphnia magna; chlorpyrifos; triazophos; fipronil; heavy metal; composite pollutants;

combined toxicity; quadratic general rotary unitized design
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Table 2  Five factors with five levels quadratic ratation combitination genernal design

E TR BESLA =M UG WmET meET
i Factor coding value chlorpyrifos triazophos fipronil Pb** Cd*

o X X X3 X4 X5 X X, X3 X4 Xs
1 1 1 1 1 1 0.812 0.935 0.451 2.826 3.278
2 1 1 1 -1 -1 0.812 0.935 0.451 2.224 2.676
3 1 1 -1 1 -1 0.812 0.935 -0.151 2.826 2.676
4 1 1 -1 -1 1 0.812 0.935 —0.151 2224 3.278
5 1 -1 1 1 -1 0.812 0.333 0.451 2.826 2.676
6 1 -1 1 -1 1 0.812 0.333 0.451 2224 3.278
7 1 -1 -1 1 1 0.812 0.333 —0.151 2.826 3.278
8 1 -1 -1 -1 -1 0.812 0.333 -0.151 2.224 2.676
9 -1 1 1 1 -1 0.210 0.935 0.451 2.826 2.676
10 -1 1 1 -1 1 0.210 0.935 0.451 2224 3.278
11 -1 1 -1 1 1 0.210 0.935 -0.151 2.826 3.278
12 -1 1 -1 -1 -1 0.210 0.935 —-0.151 2224 2.676
13 -1 -1 1 1 1 0.210 0.333 0.451 2.826 3.278
14 -1 -1 1 -1 -1 0.210 0.333 0.451 2.224 2.676
15 -1 -1 -1 1 -1 0.210 0.333 -0.151 2.826 2.676
16 -1 -1 -1 -1 1 0.210 0.333 —0.151 2224 3.278
17 -2 0 0 0 0 —0.091 0.634 0.150 2.525 2.977
18 2 0 0 0 0 1.113 0.634 0.150 2.525 2.977
19 0 -2 0 0 0 0.511 0.032 0.150 2.525 2.977
20 0 2 0 0 0 0.511 1.236 0.150 2.525 2.977
21 0 0 -2 0 0 0.511 0.634 -0.452 2.525 2.977
22 0 0 2 0 0 0.511 0.634 0.752 2.525 2.977
23 0 0 0 -2 0 0.511 0.634 0.150 1.923 2.977
24 0 0 0 2 0 0.511 0.634 0.150 3.127 2.977
25 0 0 0 0 -2 0.511 0.634 0.150 2.525 2.375
26 0 0 0 0 2 0.511 0.634 0.150 2.525 3.579
27 0 0 0 0 0 0.511 0.634 0.150 2.525 2.977
28 0 0 0 0 0 0.511 0.634 0.150 2.525 2.977
29 0 0 0 0 0 0.511 0.634 0.150 2.525 2.977
30 0 0 0 0 0 0.511 0.634 0.150 2.525 2.977
31 0 0 0 0 0 0.511 0.634 0.150 2.525 2.977
32 0 0 0 0 0 0.511 0.634 0.150 2.525 2.977
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Table 4 The interaction between chlorpyrifos (x;) and Cd** (xs)

T Cd™ (x5)

FMEANAE

Toxicity level ) -15 -1 0.5 0 0.5 1 15 2
2 5.870 6.027 6.183 6.340 6.496 6.652 6.809 6.965 7.121
1.5 4.582 5.002 5421 5.840 6.260 6.679 7.098 7517 7.937
1 3295 3.977 4659 5341 6.024 6.706 7388 8.070 8.753
0.5 2.007 2.952 3.897 4.842 5.787 6.733 7.678 8.623 9.568
chlorii:yﬁrief%i ) 0 0.719 1.927 3.135 4343 5.551 6.759 7.967 9.176 10.384
-05 ~0.569 0.902 2373 3.844 5315 6.786 8257 9.728 11.199
-1 -1.857  -0.123 1.611 3345 5.079 6.813 8.547 10.281 12.015
-15 -3.145  -1.148 0.849 2.846 4.843 6.840 8.837 10.833 12.830
-2 4433 2173 0.087 2.347 4.606 6.866 9.126 11.386 13.646
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Table 5 Factors frequency distributing of 2 156 schemes
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