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Predicting the Time—dependent Toxicities of Three Triazine Herbicide
Mixtures to V. ginghaiensis sp. Q67 Using the Extended Concentration
Addition Model

Wang, Mengchao Liu, Shushen* Chen, Fu

(Key Laboratory of Yangtze River Water Environment, Ministry of Education, College of Environmental Science and
Engineering, Tongji University, Shanghai 200092)

Abstract The concentration addition (CA) model is a common model for the evaluation and prediction of mixture toxicity
and has been widely used in many mixture systems such as drug combination and pesticide mixtures. However, it is neces-
sary to extend the CA so that it is applicable in the mixture systems including components with different effects in different
times. In this paper, three triazine herbicides, metribuzin (MET), simetryn (SIM) and hexazinone (HEX), which have differ-
ent characteristics of the time-dependent toxicity, were selected as mixture components and their binary mixtures were de-
signed by using the direct equipartition ray design (EquRay). Taking V. ginghaiensis sp.-Q67 as test organism and 96-well
microplate as exposure experiment carrier, the luminescence inhibition toxicities of three triazine herbicides and their binary
mixtures were determined at six different time points (0.25, 2, 4, 8, 12 and 16 h). The fluctuation tendency of the lumines-
cence inhibition toxicity varying with time was analyzed. The results show that the inhibition toxicities of three triazine her-
bicides to V. ginghaiensis sp.-Q67 have different characteristics of the time-dependent toxicity, i.e., the toxicity of MET ap-
parently increases over time, while that of SIM is basically a constant in the range of testing time, but that of HEX first in-
creases with time at the beginning stage and then is basically unchanged. Also, the toxicities of the binary mixtures consisting
of three herbicides depend on not only the composition of the mixtures but also the concentration ratio of various compo-
nents. The toxicity of binary mixture consisting of MET and HEX gradually increases over time, and that of binary
MET-SIM mixture at first decreases and then slowly increases, while the toxicity change is not significant in the SIM-HEX
mixture system. Moreover, all the toxicities of binary mixtures can be effectively predicted by the CA model which had been
extended by regarding the concentration of no-effect component as infinity, being additive, not synergistic or antagonistic.
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Figure 1 Mixture system in concentration space
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Table 1 Concentration ratios (p;) of various components and the con-
centrations of stocks for nine mixture rays

No. Mixture ray pil% Stock/(molL ")

MET SIM HEX

1 MET-SIM-R1 83.87 16.13 2.67E-03
2 MET-SIM-R2 6342  36.58 2.40E-03
3 MET-SIM-R3 36.62 63.38 2.12E-03
4 MET-HEX-R1 65.98 34.02 3.75E-03
5 MET-HEX-R2 39.27 60.73 4.81E-03
6 MET-HEX-R3 17.73 82.27 6.23E-03
7 SIM-HEX-R1 78.18  21.82 2.20E-03
8 SIM-HEX-R2 54.43  45.58 2.83E-03
9 SIM-HEX-R3 2847 71.53 4.12E-03
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Figure 2 Plot of toxicity (pEC,) of three triazine herbicides versus time where m and e refer to pECsy and pECy, respectively
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