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Mechanism of toxicity

Risk AssessmentHazard identification

Exposure

To detect To understand
To predict
and prevent
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1960 1970 1980 1990 2000

Milligram (10-3 g) Nanogram (10-9 g)Microgram (10-6 g) Picogram (10-12 g) Femtogram (10-15 g)

Analytical
Chemistry

Toxicology

Attogram (10-18 g)

LO(A)ELs
NO(A)ELs

Progress Analytical Chemistry versus Toxicology

Milligram (10-3 g)

Analytical
Chemistry

Microgram (10-6 g)Milligram (10-3 g)

Analytical
Chemistry
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“the dose 
makes 

the posion”

Paracelsus (1493-1541)

“Finding trace levels of any chemical in humans 
and wildlife does not automatically imply a risk”
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The precautionary principle
and

three major questions

• “Not enough information about the mechanism of action”

• “Little bits of nothing causing something”

• “Mixtures can cause synergistic effects”
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“Not enough information 
about the mechanism of action”

• Present in vitro techniques identify most if not all relevant 
mechanisms of action to determine a possible human hazard

• With all novel biochemical and molecular techniques a repetition of 
adverse health situations (e.g. PCBs, DTT) as in the 60’s and 70’s 
is unlikely

• Novel in vitro techniques combined toxicokinetic modelling and 
QSAR is capable of identifying possible health risks within orders of 
magnitude

• The need for in vivo (animal) experiments is largely overestimated 
and already existing in vitro data are presently inadequately used in 
the risk assessment and legislation
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“Little bits of nothing causing something”

• Correct for groups of compounds with similar mechanism of actions
– Endocrine disruptors with estrogen receptor

– Pesticides with acetylcholinesterase

– Dioxin and PCBs with arylhydrocarbon receptor

• Very little or no scientific evidence that a background exposure 
with no overt toxicity these different groups of compounds will 
significantly interact with each other and cause a higher risk

• If in doubt, modern in vitro techniques can nowadays be used to 
determine such a mixture interaction. The use of in vivo 
experiments for this reason is not practical anyway, due to the large 
number of possible combinations at different dose levels  
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“Mixtures can cause synergistic effects”

• The majority of mixture experiments with compounds acting through 
similar receptor support additivity

• Any deviations from additivity are usually smaller than the 
uncertainties caused by differences between species and 
individuals

• “Real” synergistic effects at low and background exposure levels 
are rare and scientific literature does not justify a possible fear for 
such a mixture effect

• Antagonistic effects in mixtures at low levels are much more 
common but rarely addressed, possible because this is not 
politically correct?
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Some concluding thoughts of an academic toxicologist:

• Regulatory authorities, NGO’s and industry handle dose response 
relationships of toxicants sometimes rather sloppy if it is politically 
or economically useful.

• Prejudice within groups of toxicologists from individual 
organizations towards toxicologists from “opposite sites” tend to 
cloud objective risk assessment often without looking objectively at 
the available and discussed data

• The precautionary principle as often advocated by NGO’s is more 
used to scare the public and gain new memberships, than based 
on sound science related to actual dose effect relationships.


