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In the near future, nature reserves in the Nether-
lands will total more than a half million hectares. 
The government is converting farmland and 
river forelands into natural habitat. This sounds 
like music to conservationists’ ears, but there is 
a catch. New nature reserves are burdened with 
a hidden environmental legacy. “We often fi nd 
heavy metals, pesticides and veterinary medicines 
in former agricultural areas,” says Jack Faber, 
project leader at the research institute Alterra, part 
of Wageningen UR. “In river forelands, we fi nd 
PAHs, heavy metals, PCBs, and a list that reads 
like a chemical company’s catalogue. A tremen-
dous number of contaminants are circulating in 
the environment, and more are being introduced 
every day.”
In addition, not much is known about the risk 
these components pose to the environment, not 
to mention whether the risks are great enough to 
require measures. As a result, managers of new 
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The knock-on effects of environmental toxins
nature reserves do not know when they should 
take measures. Faber and his co-workers have 
developed a new model that should help these 
managers establish priorities. 

Cadmium accumulates 
in the  tern’s system, 
affecting its reproduction later in life.
Photo by Ronny Hullegie
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Harmful effects
The research is part of NoMiracle, an integrated EU 
project involving 38 European partners. NoMira-
cle stands for ‘Novel Methods for Integrated Risk 
Assessment of CumuLative stressors in Europe’. 
All participating projects in NoMiracle revolve 
around the same problem, which toxicologists, 
ecologists and public health experts in practice run 
into time and again: how dangerous are harmful 
chemicals in the environment in reality? Toxicology 
often does not know the answer. “Toxicologists test 
different doses of a single chemical on a laboratory 
animal, often a mouse or a Japanese quail,” says 
Faber. “Then they study the effects. But in nature, 
you are dealing with other organisms. We don’t 
know whether, for example, badgers and god-
wits react the same as laboratory animals under 
controlled conditions. We can’t experimentally 
expose rare species. They are protected.” “The gap 
in knowledge represents an international problem 
in nature conservation,” says Faber. In his project, 
Faber is researching why one species reacts more 
severely to a contaminant than another species. 
“It’s not so much the laboratory determined toxi-
cological sensitivity that predicts the sensitivity 
of an individual species, but rather the overall 
ecological vulnerability,” says Faber. “Once you 
know which frog species is the most vulnerable, 
then you also know which frog species you should 
protect fi rst.” 

Food choice
Faber has therefore developed a model that says 
something about the vulnerability of species to 
harmful chemicals. The project leader and his 
team have built a database based on the work of 
biologists who have recorded data on species in 
the wild. “We restricted ourselves to six common 
chemicals.” The analysis published in the report 
Ecological Vulnerability in Wildlife shows, for ex-
ample, that the common tern (front page) is relative-
ly vulnerable to cadmium. This is because this spe-
cies sits high up in the food chain, has a long life 
and produces relatively few young. Consequently, 
cadmium, a poison ous metal that accumulates 
easily in aquatic food chains, has the opportunity 
to accumulate in the common tern, affecting the 
bird’s reproduction later in life. Other species that 

consume lots of energy, and therefore require lots 
of food, are also vulnerable to cadmium, accord-
ing to the model. 

Stress factors
Faber and his colleagues are not the only research-
ers at Wageningen UR participating in the Euro-
pean megaproject NoMiracle. Jan Kammenga and 
his colleagues at Wageningen University’s Labora-
tory of Nematology are working on research that 
should bring ecology and toxicology closer togeth-
er. Kammenga studies the effects of combinations 
of stress factors in nematodes at the genetic level. 
In Kammenga’s experimental setup, a contami-
nant is considered to be one of these stress factors. 
“We would like to know if harmful chemicals 
are always harmful to the same degree,” he says. 
“Whether a compound is more or less harmful 
to soil life can depend on the humidity or the 
temperature. That’s why we expose nematodes to 
a contaminant, but at the same time other stress 
factors as well. We then measure how the genes 
react using DNA chips.” Wageningen nematolo-
gists are quickly closing gaps in basic science with 
this research. “Conditions are continually chang-
ing in the environment. We often don’t know what 
effect varying temperatures and humidities have 
on organisms at a molecular level. Only when 
we know more, can we say something about  the 
interaction with harmful compounds.”

Health risks
“NoMiracle is intended to translate toxicological 
knowledge into the complex reality. Not only that it 
is impor tant  to protect nature, but also to gain a bet-
ter insight into the health risks people are exposed 
to”, says Hans Løkke, coordinator of NoMiracle.  
There is a large amount of uncertainty in current 
models. Not only is little known about the role of 
ecology and the interaction with other stressors, but 
the knowledge about the  toxi co logy of chemical 
mixtures is also in its infancy. Løkke hopes that these 
knowledge gaps will be fi lled by NoMiracle within 
the fi ve year the project is running.  “The NoMiracle 
approach is working,” he says. This sort of complex 
questions can only be solved by large-scale efforts.
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