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Joint toxic effects of carbofuran, Cd and Cu to Vibrio fischeri

QIU Ai—feng'’, WANG Yu-tao?, ZHANG Shu—qiu?®, PENG Qiang—hui®, CHEN Zi-lei*

(1.School of Environmental and Safety Engineering, Changzhou University, Changzhou 213000, China; 2.Institute of Quality Standard and
Testing Technology for Agricultural Products, Shandong Academy of Agricultural Sciences, Jinan 250100, China; 3.Analysis and Testing
Center, Yangtze Delta Region Institute of Tsinghua University, Jiaxing 314006, China )

Abstract: Toxicity tests were conducted to evaluate the 15 min and 30 min acute toxicity effects of single and mixed samples of carbofuran,
cadmium(Cd ) and copper( Cu ) ( carbofuran—Cd and carbofuran—Cu toxicity mixed ratios of 1:1, 1:2 and 2:1, carbofuran—Cd-Cu toxicity
mixed ratios of 1:1:1, 1:1:2, 1:2:1 and 2:1:1) to Vibrio fischeri, and to calculate the median effective concentration (ECs) of the single and
mixed samples. ECs, values of carbofuran, Cd and Cu for 15 min tests are 101.29, 13.11 and 47.06 mg -L', and that for 30 min tests are
107.88, 11.17 and 39.73 mg- L™ respectively. Toxicity unit(TU) method, mixtures toxicity index (MTI) method and additive index ( Al)
method were used to evaluate the joint toxicity of carbofuran, Cd and Cu to Vibrio fischeri. The results show that the joint toxicity of carbo—
furan—Cd, carbofuran—Cu and carbofuran—Cd—Cu are partial additive and synergistic effects, which present that the joint toxicity are higher
than the single toxicity. The joint toxicity of binary and ternary mixtures to Vibrio fischeri depend on the different mixed ratios. Even though
the type are the same, the strength may be different. The evaluation results of TU and MTI method are consistent, while Al method shows
slight different from the other two methods.
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* 1 RERE-CIHRER-Cu HFRRMENBREENE
Table 1 Joint toxicity of carbofuran—Cd and carbofuran—Cu to Vibrio fischert
A H S ﬁ.EEE—Cd | — ﬁ.EEE—Cu |
Barvadn 15 min ECy/mg-L" 30 min ECy/mg-L"  3ZikkEsh 15 min ECs/mg-L" 30 min ECgy/mg-L"
1:1 e 51.74 50.60 AN 18.95 18.21
Cd 6.70 6.55 Cu 8.81 8.46
12 VT 44.97 38.77 TLH B 36.74 28.83
Cd 11.38 10.04 Cu 34.13 26.78
2:1 e 5743 59.28 e 74.45 72.53
Cd 3.72 3.84 Cu 17.29 16.84
®2 ZEH-Cd _TRAGRRBEASHITEMNER
Table 2 Evaluation of joint toxicity of binary mixtures of carbofuran—Cd
TU % AT 3% MTI
A ) A F B a] . Y T Al e ML -
1:1 15 min 2.00 1.02 i Zaghill -0.02 il 0.97 FRAHN
30 min 1.79 1.05 oA -0.05 izl 0.85 FRAHN
1:2 15 min 1.53 1.33 HRA AR -0.33 E=E 0.29 AN
30 min 1.40 1.26 HRA AR -0.26 E=E 0.31 oA
2:1 15 min 1.50 0.85 G| 0.18 Gl 1.40 oG]
30 min 1.62 0.89 ] 0.12 Gl 1.24 oG]
*3 REHE-Cu _TREGRRBRAESHITENER
Table 3 Evaluation of joint toxicity of binary mixtures of carbofuran—Cu
\ ‘ TU 3% AL 3% MTI 3
IR A o W e Al e R
1:1 15 min 1.98 0.37 ZiG| 1.70 Gl 2.46 1 [A]
30 min 1.78 0.38 ZiG| 1.63 Gl 2.68 P [A]
1:2 15 min 1.50 1.09 koA -0.09 izl 0.79 FRAHTN
30 min 1.39 0.94 G| 0.06 Gl 1.19 NG|
2:1 15 min 1.50 1.10 HRA AR -0.10 HR AR 0.76 T HIM
30 min 1.62 1.09 FRAAR N -0.09 FRA AR 0.82 FRAAR AN
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Table 4 Joint toxicity of carbofuran—Cd—Cu to Vibrio fischeri

IRA il AR 15 min ECs(95% & (51X 6] )/mg- L™ 30 min ECx(95%F {5 X [a] )/mg- L™
1:1:1 B A 42.43(39.85~45.29) 37.78(35.80~39.85)
Cd 5.49(5.16~5.86) 4.89(4.64~5.16)
Cu 19.71(18.51~21.04) 17.55(16.63~18.51)
1:1:2 E 25(23.28~26.87) 18.45(17.31~19.60)
cd 3.66(2.85~4.56) 2.38(2.23~2.53)
Cu 23.26(21.65~24.89) 17.15(16.09~18.22)
1:2:1 Y 22.35(20.03~24.77) 16.74(13.67~19.41)
cd 5.80(5.19~6.42) 4.26(3.54~5.00)
Cu 10.40(9.31~11.52) 7.64(6.35~9.02)
2:1:1 T 50.73(47.76~53.83) 42.12(38.90~45.48)
cd 3.27(3.08~3.47) 2.72(2.51~2.93)
Cu 11.78(11.09~12.39) 9.78(9.03~10.56)
#5 BAR-C-Cu ZTREFRBEESTHIENESR
Table 5 Evaluation of joint toxicity of ternary mixtures of carbofuran—Cd-Cu
. X TU ¥ MTI 3
WAILE - P 0 W fEA Al fE Wl e
1:1:1 15min 3.00 1.26 B4 AE N -0.26 TN 0.79 e
30 min 2.78 1.23 B4 AE N -0.23 TN 0.80 T4
1:1:22 15 min 2.06 1.02 H A AR -0.02 HB AR 0.97 A
30 min 1.88 0.81 Byl 0.23 3l 1.33 HpIF]
1:2:1 15 min 1.98 0.88 oG 0.14 31 1.19 isEl
30 min 1.91 0.73 oG 0.37 31 1.49 G
2:1:1 15 min 2.00 1.00 i AE N 0 ey AN 1 i AN
30 min 2.25 0.88 G| 0.14 o 1.16 oG
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