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Joint acute toxicities of five herbicides to zebrafish

SHEN Yan,HUANG Xueping, LIU Xiaomin,ZHOU Fengyan,ZHANG Yong

(Institute of Plant Protection and Agro—Products Safety, Anhui Academy of Agricultural Sciences, Hefei
230031, China)

Abstract: [ Objective |In order to explore the combined toxicity of mixed herbicides on zebrafish.this study
investigates acute joint toxicities of metamifop, penoxsulam, propanil, pyrazosulfuron and cyhalofop—butyl to
zebrafish. Method | On the basis of single toxicity test, the combined acute toxicities of binary and multivariate
herbicides were tested according to 96 h—LC,, values (toxicity rate=1:1).[ Result] The results showed that the
96 h-LC,, values of metamifop, Penoxsulam, propanil, Pyrazosulfuron and cyhalofop—butyl for zebrafish were

1.048,10.00, 4.440, 10.00 and 3.819 mg/L, respectively.The combined effects of binary herbicides (cyhalofop—
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butyl + penoxsulam, cyhalofop—butyl + metamifop, cyhalofop—butyl + propanil, metamifop + penoxsulam)and the
ternary herbicides (penoxsulam + pyrazosulfuron + cyhalofop—butyl, metamifop + propanil + cyhalofop—butyl)
on zebrafish showed an antagonistic effect. The combined effects of binary herbicides (cyhalofop—butyl +
pyrazosulfuron, pyrazosulfuron + penoxsulam, metamifop + propanil) on zebrafish showed an additive effect at
24 h and synergistic effects were observed at 48,72, and 96 h.[ Conclusion | The research and production or the
application of compound herbicides should prioritize the combination of herbicides with antagonistic effect
toxicity. These results can provide data support for ecological risk assessment of herbicides combined exposure
in aquatic environment.

Keywords: herbicides ; combined pollution ; zebrafish ; joint toxicity ; environmental risk assessment
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Tab.3 The joint toxicity of mixed herbicides to zebrafish
» ‘ 95% B AFIX I8l # A7 Al 5 e AN %4
BRI A BB Y - . R y
[R5 LCSO/ (mg-L ) Toxicity - (AD) BAVEH
Herbicides Exposure . ) TERZH(S)
) Herbicide  (mg-L™) 95% confidence regression R” values Additive  Interaction
group time um
interval equation index
IR A i+ TEMABEECRE 0791 0.569~1.256  Y=0.326+3.197X  0.968 A
PR 24 1.294 -0.294 i
LI T 7.545  5.429~11.987 Y=-2.804+3.195Y  0.968
Metamifop+ .
MEWREE G 0.655  0.457~1.068 Y=0.503+2.744X  0.946
penoxsulam 48 1.127 -0.127  #EbifEH
TR 6252 4.358~10.190 Y=-2.183+2.743X 0.945
WEMSEER I 0.575  0.405~0.867 Y=0.710+2.954X  0.928
7 ‘ 1.060 -0.060  FHEHFUEH]
TSR 5483 3.864~8.274  Y=-2.182+2.953X 0.928
BEMRRERRE  0.541  0.383~0.793 Y=0.819+3.073X  0.996
9% 1.033 -0.033  FHFUEM
TSR 5163 3.654~7.565  Y=-2.190+3.072X  0.996
PRSP WEMEBERCN: 0726 0.486~1.369  Y=0.328+2.359X 0912 ‘
S 24 1.049 -0.049  EBL/EA
Hop 3.076  2.058~5.798  Y=-1.151+2.358X 0.912
Metamifop+ o
) TEMREERENE  0.543  0.359~0.897 ¥=0.633+2.386X  0.923
propanil 48 0.844 0.185  PHFEIfEM
[ 2299  1.519~3.799  Y=-0.863+2.386X 0.923
WEMSEERE  0.511  0.319~0.887 Y=0.622+2.132X  0.897
72 0.922 0.085  PHFEMEH
gl 2163  1.351~3.756  Y=-0.714+2.133X  0.896
BEMRBEE R 0476 0.300~0.781 Y=0.723+2.244X  0.967
96 0.908 0.101  WrFfEH
Ep 2016  1.269~3307  Y=-0.683+2.244X 0.967
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Metamifop+ I
FEMSEER N 0957  0.686~1.720  Y=-0.061+3.197X 0.854
cyhalofop—butyl 48 1.593 -0.593  FEPifEH
IR g 3.487  2.499~6.278  Y=-1.733+3.195X 0.854
BEMSEER T 0.822  0.601~1.304  ¥=-0.293+3.447X 0.892
72 ) 1.492 -0.492  FEHUEH]
IR g 2995  2.190~4.753  Y=—1.641+3.445X 0.893
BEMREERRE  0.723  0.536~1.049 Y=0.531+3.771X  0.994
9% 1.380 -0.380  FHHUIEH]
TR R 2.634  1.952~3.824  Y=-3.165+3.416X 0.994
U e+ TR 5615 3812-8917  Y=-1.94742.598X  0.997 \
s 24 1.123 -0.123  FEbufEH
B I e i 5.615 3.812~8917  Y=-1.947+2.598X 0.997
Penoxsulam+ .
FHEMBEN: 3969  2.497~6.117  Y=—1.440+2.405X 0914
pyrazosulfuron— 48 ‘ 0.794 0.260  BHELEH]
ethyl W P i 3.969  2.497~6.117  Y=-1.440+2.405X 0914
TLEMEEI: 3518 2.215~5.182  Y=—1.419+2.598X 0.997
72 0.704 0.421  PrFEMEH
% i 3518 2215~5.182  Y=-1.419+2.598X 0.997
TEMEEIM: 3206 1.776~4.930  Y=-1.131+2.234X  0.956
9 0.641 0.560  WrFlfEMA
b s i e 3206  1.776~4.930  Y=—-1.13142.234X  0.956
U e+ TR 12413 8.670~34.835 Y=-3.51943217X  0.890 \
SR 24 2334 -1.334  FEBifEA
" IR i 4741  3311~13310 Y=-2.174+3.216X 0.890
Penoxsulam+ »
FHEBEEN 10372 7.540~19.380  Y=-3.622+3.566X  0.982
cyhalofop—butyl 48 A 2.014 -1.014  #EbifEm
IR g 3.961  2.879~7.402  Y=-2.131+3.565X 0.982
TLEMEEI:  9.131  6.543~16.410 Y=-3.069+3.195X 0.855
7 1.798 -0.798  FEHUIEH
IR e 3.487  2.499~6268  Y=-1.733+3.195X 0.854
TSI 8440  6.143~13.740 Y=-3.165+3.416X 0.909
9% 1.688 -0.688  FHHUIE]
IR i 3223  2.346~5.246  Y=-1.737+3.417X 0.908
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X 95% EAF XA/ 1A AL
BruAlAe  REMEA . . e N
o B LG,/ (mg-1L7") Toxicity . (AD) BAYEH
Herbicides Exposure o ) YERZFI(S)
Herbicide  (mg+L™") 95% confidence regression R° values Additive  Interaction
group time Sum
interval equation index
AR+ IR Ay 3022 2290-4.183  Y=-2.119+4411X 0897 ‘
Propanil+ 24 i 1.143 -0.143  f5PUEH
R g 2599  1.969~3.598  Y=-1.830+4.411X 0.896
cyhalofop=butyl
freit 2713 1.966~4.047  Y=-1.418+3.270X 0.918
48 A 1.081 -0.081  EHUIEM
R TR 2334 1.691~3.482  Y=-1.203+3.269X 0.916
g 2557  1.860~3.715  Y=-1.376+3.374X 0.932
7 1.110 -0.110  F5PUfEH
SRS 2200  1.599~3.195  Y=-1.155+3.373X  0.930
B 2388  1.767~3.345  Y=-1.414+3.738X  0.909
96 1.076 -0.076  FEHIEH
R TG 2054  1.520~2.877 Y=-1.169+3.738X  0.907
M R+ MEWEIAEE 6928 4.636~13.06  Y=—1.982+2.358X 0.912 R
157 4 i 24 1.303 -0.303 P
. R TR 2,646  1.770~4.987  Y=-0.996+2.358X 0.911
Pyrazosulfuron—
I 1 i 4.841  3.221~7.643  Y=-1.710+2.497X 0.971
ethyl+cyhalofop— 48 0.940 0.064  PrEIVEH
butyl SRS 1.849  1.230~2.919  Y=-0.666+2.497X 0.971
T 5 i o 4229  2762~6.496  Y=—-1.570+2.508X 0.912
7 7 0.833 0.201  HHFMEM]
R g 1.615  1.055~2.481  Y=-0.522+2.507X 0.911
I o i 3.734  2.383~5.572  Y=-1.466+2.561X 0.955
96 0.747 0.339  {pFEIfEH
R TR 1426  0.910~2.128  Y=-0.395+2.561X 0.954
TR+ HRBERE 7029 5.121-1048  Y=-2.916+3.443X  0.990
i s N
B e+ 24 L el e 7.029  5.121~1048  Y=-2.916+3.443X  0.990 2.024 -1.024 5Bt
IR g .
SR B g 2.684  1.956~4.002  Y=-1.477+3.444X  0.990
Penoxsulam+
pyrazosulfuron— FHEMEE 6290 4.418~9.865  Y=-2.289+2.866X 0.961
ethyl+cyhalofop— 48 I s i o2 6.290  4.418~9.865  Y=-2.289+2.866X 0.961 1.850 -0.850  FHEHLAEM
butyl SURETE 2402 1.687-3.768  Y=—1.091+2.866X  0.960
FHAE R 5615 3.812~8.917  Y=-1.947+2.598X  0.997
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Fig.1  The joint toxicity of mixed herbicides to zebrafish
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