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Outline
Co-occurrence of chemicals in the environmental is reality
Multiple exposure is probable
Combined effects happen
Assessment of mixture toxicity requires explicit concepts
Additive combined effects are predictable
Synergism is not predictable
Risk assessment may account for mixtures
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Co-occurrence of chemicals in the environment is reality
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An example depicting 
the GC-MS Scan of an 
organic extract from a 
riverine sediment 
shows:
Analytics typically finds 
multiple mixtures of 
chemicals in 
environmental samples
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Co-occurrence of chemicals in the environment is reality

Mixtures of POPs
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Multiple exposure is probable

Bioavailability?
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Multiple exposure is probable

Bioavailability?

WHO-coordinated surveys of human milk for POPs:
e.g. Environ Res 99 (2005) 285
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Combined effects from mixture exposure?
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Combined effects happen
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E.G.: Expected effects by chlorobenzene 
& observed effects from a multiple contaminated aquifer
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Combined effects happen
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Combined effects happen

And for POPs?

=> Yes, in principle

Gregorszczuk et al. 2008. Steroid secretion following exposure of ovarian 
follicular cells to three different natural mixtures of persistent organic 
pollutants (POPs). Repro. Tox. 25:58-66.

Chu et al. 2008. Toxicological effects of in utero and lactational exposure of rats 
to a mixture of environmental conataminants detected in Canadian arctic 
populations. J Toxicol Environ Health A 71:93-108

Desaulniers et al. 2005. Effects of postnatal exposure to a mixture of 
polychlorinated biphenyls, p,p‘-dichlororphenyldichloroethene in prepubertal 
and adult female Sprague-Dawley rats. Int J Toxicol 24:111-127.
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Combined effects: 
Can they be predicted and assessed ?
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Assessment of mixture toxicity requires explicit concepts
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Assessment of mixture toxicity requires explicit concepts
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Synergism?

Altenburger, Nendza, Schuurmann

 

ETC 2003 22:1900

c1/ECx,1 + c2/ECx,2 = 1

E(c1,2) = E(c1) + E(c2) 
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Assessment of mixture toxicity requires explicit concepts

Naunyn- 
Schmiedebergs 
Arch Exp Pathol 
Pharmakol 114: 
313, 1926

Historical exkursion
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Isobolographics

Assessment of mixture toxicity requires explicit concepts
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Assessment of mixture toxicity requires explicit concepts

Ann Appl 
Biol 26: 585
1939

Modell of Independent Action/Response Addition
)()()()()( 21212,1 cEcEcEcEcE −+=
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Assessment of mixture toxicity requires explicit concepts

Distinction between mode of action 
and effect type may be helpful
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Assessment of mixture toxicity requires explicit concepts

Black box

Input Input

Output

versus
Quantitative prediction
of combined effects
is possible
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Additive combined effects are predictable
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Additive combined effects are predictable

Walter et al. 2002
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Additive combined effects are predictable
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Altenburger & Greco, IEAM online
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Additive combined effects are predictable

Phenanthrene 2-Phenyl-naphthaleneAnthracene

Prometryn

N-Phenyl-ß-naphthylamine Methyl parathion

Fluoranthene

Benzo[ghi]fluoranthene

Pyrene Benzo[a]anthracene

=> Mixture of specifically 
& unspecifically acting 
substances:

Do they all contribute 
equally to a combined 
effect?

Analysis of potentially biologically active substances: Sediment contaminants
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Additive combined effects are predictable

Altenburger et al. ES&T , 2004
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Synergism is not predictable (quantitatively)

Pattern of combined effects (EC50) for 137 binary mixtures of 
pesticides and surfactants
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Altenburger et al. 1996 Food Chem Toxicol

=> but synergism seems to be rare
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Risk assessment may account for mixtures

Based on
Exposure (e.g. EU drinking water directive parameter
77);
Effects (e.g. waste water regulation, TEF)
Hazards and Risks (e.g. HI, …)
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Risk assessment may account for mixtures
augmentation additivity antagonism

coalism additivism antergism

enhancement independence depotentiation

potentiation indifference desensitation

sensitation non-interaction infraadditivity

superadditivity summation negative synergism

supraadditivism zero-interaction non-interaction

synergism potentiation

synergy subadditivity

zero-interaction

no addition
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Risk assessment may account for mixtures

Thank you for your attention !
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