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Toxicity assessment of metal-ions binary mixtures: 
new computational approach for calculation 

toxicity indexes 
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1. Introduction 

Assessing the toxicity of mixtures is crucial these days, as large amounts of innovative 
Advanced Nanomaterials (AdvNMs) and Multicomponent Nanomaterials (MCNMs) are 
being produced and released into the natural environment. While laboratory mixtures 
consist of known ingredients and concentrations, environmental mixtures are complex 
and mainly multi-component, often with unknown proportions. This fact creates an 
additional issue: the exact concentrations of the mixture components are unknown. To 
resolve this problem, we propose a new combined approach to calculate the 
concentrations of mixture components in a theoretical mixture that causes an EC50 
effect. Based on this approach and a dataset containing nanomaterials-ions mixtures, 
we calculate several types of mixture toxicity indices: Sum of Toxic Units (STU), Additivity 
Index (AI), Mixture Toxicity Index (MTI), and Model Deviation Ratio (MDR). 

2. New approach for calculate toxicity indexes 

In our work, we propose a computational approach to support the prediction of the joint 
effects of AdvNMs and MCNMs at the early design phase, prior to synthesis. To address 
the lack of knowledge about the concentrations of individual components in EC50 
mixture samples, we utilized the known concentrations of the individual components in 
the binary mixtures used to determine the EC50 dose and effect (e.g., immobilization). 
Based on these parameters, two dose-response curves were obtained for each 
component of the binary mixture. The individual concentration in the mixture samples 
was used as the dose, while the response of the binary mixture was used as the response. 
Using these curves, we determined the concentrations of the mixture components 
necessary for calculating mixture toxicity indexes in the next step. The calculations were 
performed using a combined Python and R script with the 'drc' package.  
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Figure 1 Graphical explanation of two DRC curves method 

3. Mixture toxicity indexes calculation 

Based on the compositions of binary mixtures of nanoparticles with metal ions available 
in the literature, the developed approach was utilized to obtain the values necessary for 
calculating toxicity indices. Four toxicity indices were calculated: Sum of Toxic Units 
(STU), Additivity Index (AI), Mixture Toxicity Index (MTI), and Model Deviation Ratio (MDR) 
to assess modes of action (additivity, synergism, and antagonism) for specific samples. 
In the next step, the indices were compared and displayed graphically. 

4. Conclusions  

As a result, we obtained a set of 17 binary mixtures of nanoparticles (NPs) and metal ions, 
characterized by four toxicity indices: Sum of Toxic Units (STU), Additivity Index (AI), 
Mixture Toxicity Index (MTI), and Model Deviation Ratio (MDR). Primarily, the binary 
mixtures of nanoparticles with ions exhibited an antagonistic effect, but in four analyses, 
the effect was synergistic. The effects of toxicity as characterized by these indices were 
also compared. In 11 of the 17 samples, different types of indices yielded the same toxicity 
results. 

 

Figure 2 Joint toxicity effect indicate by 4 types of toxicity indexes (STU, AI, MTI, MDR) 

5. References 

C. Ritz, F. Baty, J. C. Streibig, and D. Gerhard, “Dose-Response Analysis Using R,” PLoS 
ONE, vol. 10, no. 12, p. e0146021, 2015, doi: 10.1371/journal.pone.0146021. 

 



MaterialsWeek 2024 Book of Abstracts S04_P11 

 

J. B. Sprague, “Lethal Concentrations of Copper and Zinc for Young Atlantic Salmon,” J. 
Fish. Board Can., vol. 21, no. 1, pp. 17–26, 1964, doi: 10.1139/f64-003. 

R. Altenburger, M. Nendza, and G. Schüürmann, “Mixture toxicity and its modeling by 
quantitative structure‐activity relationships,” Environ. Toxicol. Chem., vol. 22, no. 8, pp. 
1900–1915, 2003, doi: 10.1897/01-386. 

H. Könemann, “Quantitative structure-activity relationships in fish toxicity studies Part 1: 
Relationship for 50 industrial pollutants,” Toxicology, vol. 19, no. 3, pp. 209–221, 1981, doi: 
10.1016/0300-483x(81)90130-x. 

J. B. Belden, R. J. Gilliom, and M. J. Lydy, “How well can we predict the toxicity of pesticide 
mixtures to aquatic life?,” Integr. Environ. Assess. Manag., vol. 3, no. 3, pp. 364–372, 2007, 

doi: 10.1002/ieam.5630030307. 

 


