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Aim of doing  mixture experiments 

¸Scientific: analysis of receptor-interactions/ mode of action/ê 

 

¸Economical: Optimization of products (remember the antifoulant  

paints) 

 

¸ (Eco)toxicological hazard and risk assessment: 

¸Risk analysis for a current or an expected situation 

¸Identify most important component in given scenario  

¸Identify most sensitive organ/tissue/endpoint/organism  

¸Define clean-up goals and assess remediation success 

¸Impact assessment of pollution sources 

 

¸Setting of environmental quality standards 
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A field example of mixed exposure: Japan March 2011 

¸Japan has an industrial rich coast 

¸Not only the nuclear power 

plants where hit by the 

earthquake and tsunami in March 

2011 

Affected industrial sites Bird et al 2011 Burning oil refinery and 

bags of fertilizer  
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Overview of different chemicals potentially released from the different affectd industry sites after March 2011 

disaster in Japan. Bird et al 2011 
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Approaches 

¸Direct testing of mixture of concern (quantifying total toxic 

impact) 

 

¸Top-down (mixture Č components): Toxic Identification 

Evaluation (TIE) or  effect direct analysis (ERA) 

 

¸Bottom-up (components Č mixture) 

 

Components Mixture 

Top-down 

Bottom-up 
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Component based approaches 

¸J possible prospective studies 

¸J More general results 

¸L only applicable to mixtures of known composition (scenario 

definition!)  

¸L additional uncertainty  

 

¸General concepts, based on simple general assumptions without 

biological/physiological or pharmacological background!  

 

¸Č 

 

Concentration addition and Independent Action 
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Individual Concentration-Response Curves 

© SCK•CEN 
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¸Mathematically describe the 

dose response relationship: 

most common: logit: 

 

 

 

 

¸ Important to know what is  

best fit!!  
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Component Based approaches 

¸Use dose-response information to predict the effect of a mixture  

 

¸Two basic models underlie all (valid) mixture toxicity work, but 

the models have many names adding to the general confusion: 

 

¸Concentration Addition (CA), also called:  

 Additive Dose Model (ADM), Dose Addition, Loewe Additivity , etc 

 

¸ Independent Action  (IA), also called:  

 Effect Addition, Response Addition, Response Multiplication, Bliss 

Independence, etc 
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Concentration Addition  

¸Theory: If two chemicals have the same site of action/molecular 

target site, they simply act as dilutions of each other. 

¸All chemicals can be óexchangedó into the same ócurrencyó, 

added up and the joint effect calculated from a pre -determined 

dose-response relationship. (Basic theory of Sham Combinations) 

 

1:1 
50% effect 50% effect 

0,5 of the original 

concentration 

= 0.5 of EC50 

0,5 of the original 

concentration 

= 0.5 of EC50 

50% effect EC50! 
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Concentration Addition  

¸General formulation  for n-compound mixture:  

¸Joint effect is equal to sum of the concentrations  of each 

chemical expressed as a fraction of their own individual toxicity 
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Independent Action  

¸Dissimilarly acting chemicals 

 

¸Assumption 1: toxicity each chemical is not influenced by 

presence other chemicals 

¸Assumption 2: all chemicals affect same biological endpoint 

 

Č Same effect via different pathways or different Mode of Action  
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Independent Action  

 

Substance 1:  

50% effect 

Substance 2:  

50% effect 

EMix = E1 + E2 – E1 x E2 

EMix = 0.5 + 0.5 – 0.5 x 0.5 = 0.75 
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Mixture Toxicity Concepts 
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Dissimilarly acting substances: Independent Action 

Similarly acting substances: Concentration Addition 

EMix = Effect of the mixture of n components 

Ei = Effect of substance i, when applied singly 

ci = Concentration of component i in the mixture 

ECxi = Concentration of component i causing 

x% effect when applied alone 

ECxMix = Predicted total concentration of the 

mixture causing x% effect 

pi = relative fraction of component i in the 

mixture 
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Deviations from the models 

¸Synergistic: more toxic than expected 

¸Antagonistic: less toxic than expected 

¸Č òthan expectedó means always that you refer to what you expect!! 

¸Č always synergistic/antagonistic compared to CA or compared to 

IA! 
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Mixtures in field of radioecology 

¸Recent review made by Vanhoudt et al. 2012 
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Results of review of Vanhoudt et al. 2012 

¸After quality control 35 studies Č mostly binary, lab-conducted 

¸Most studies not  designed to test for deviation of CA or IA 

¸Dose-response data over different doses are often lacking 

¸Only one study so far really predicted deviation from CA or IA 

 

Č Divided in positive/negative or no interaction (any result higher 

than when tested only in the presence of the single stressor) 

20 10 

4 
1 

aquatic animals

terrestrial animals

terrestrial plants

aquatic plants 58 26 

16 

positive

negative

no interaction

Distribution of studies 
Interactions found 
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Lemna growth  inhibition  test 

¸ Start rapidly growing healthy plants (9-12 

fronds (3 plants)) 

¸ 7-day test, Static conditions 

¸Continuous light (65 µmol/m2s), 25°C 

¸ At least 3 replicates and 5 concentrations 

plus control  

¸ Validity criteria: doubling time < 2,5 days 

(60h) Č growth rate > 0,275 

 

 

¸U, Cd and U+Cd 

 

 

Frond area 

Number of fronds 
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Single dose-response curves 

100 µM U 80 µM U 60 µM U 200 µM U 

Blanco 40 µM U 20 µM U 10 µM U 

Uranium Cadmium 

EC50 U: 30µM  

EC50 Cd: 5µM 
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Mixtures: experimental design 

Ray design:  

¸1/3Cd/2/ 3U  

¸1/2Cd1/2U  

¸2/3Cd1/3U  
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Mixture results 

¸Only in presence of 

high Cd concentrations 

effect seems less than 

expected 

¸Further analysis is 

needed 

¸Also needed to express 

data not  on nominal 

concentrations but on 

measured available 

concentrations or on 

internal concentrations 
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Conclusions 

¸Mixture toxicity studies can be based on single dose repsonse 

curves of the different components 

 

¸Two general concepts: concentration addition  and independent 

action allow for estimation of mixture response. Interacting 

effects (synergistic/antagonistic) are expressed as deviations from 

these models 

 

¸Within  radioecological research, so far, only a limited  of studies 

mainly on binary mixtures have been performed  and further  

research on this is needed; 

 

¸Based on a Lemna inhibition  test it is suggested that in the 

presence of higher Cd concentration U is less potent  
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