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A message from the 
new Director-General 
Achilleas M'itsos was appointed Director-
General of the Research DG on 13 June 2000. 
Dr Mitsos, whose PhD is in economics, started 
work at the European Commission in 1985, 
where he has held several senior positions. 
Prior to his appointment as director-general, 
he was director of the training and mobility 
of researchers programme for four years. 

The recent decision by the Commission to 
appoint me to the position of Director-General is 
obviously a source of personal satisfaction, but -
more importantly - it also presents me with a 
major challenge for the years to come. 

The size of this challenge can be measured by 
the goals that the Commission has set out in its 
communication Towards a European Research Area, 
which was adopted on 18 January 2000 at the ini­
tiative of Commissioner Philippe Busquin, and 
which has received widespread support from the 
European Parliament and at the Research Council 
held on 15 June 2000. The main objectives are to 
break down the barriers that separate the different 
research policies, to open up instruments and pro­
grammes, to promote exchanges, and to foster 
national initiatives and existing good practices. 

It is on the creation of this European Area that 
the Commission - especially the Research DG -
will be focusing its efforts in future, in coopera­
tion with Member States, the relevant European 
institutions, and the worlds of science and indus­
try. The challenge can be met only by persuading 
as many as possible of those involved in research 
to join us in a collective effort to overcome the 
weaknesses of European research and - even more 
importantly - to take advantage of its strengths. 

An important step in this direction will be 
taken in the next few weeks when the Commis­
sion publishes its strategy for creating the Euro­
pean Research Area and implementing related 
initiatives. The achievements to date of Commu­
nity research initiatives are clear, with cross-bor­
der cooperation between researchers now an 
everyday occurrence thanks to the framework 
programmes. But to this we need to add a more 
strategic dimension which will reinforce the cat­
alytic effect Community activities have on 
research as a whole in Europe. Other aspects of 
the European Research Area will be spelled out 
in the coming months by various Commission 
documents, such as the reports on the relation­
ship between science and society within the 
European Union. I am counting on the goodwill 
and cooperation of everyone who wishes to join 
us in working to construct this common research 
area which Europe so urgently needs. 

Achilleas Mitsos 
Director-General, 
Research DG 

milestone 
If man was looking for an event to mark his entry into the third 
millennium, it seems he has found it. More than advances in space 
or micro-electronics which marked the end of the 20th century, the 
announcement on 26 June of the first complete sequencing of the 
human genome will go down in the annals of history as the first 
step in a radically new era in the destiny of mankind. 

D he final sprint by the scientists 
symbolised the importance of 
this advance and the hopes it 

brings - but it also triggered a sudden 
awareness of new ethical questions that 
must be resolved. Who, what organisa­
tion, will society credit with 'ownership' 
of knowledge of the mechanisms of life? 
That is the essential and urgent debate 
highlighted by the spectacular rivalry 
(see page 4) between the huge interna­
tional public research effort of the 
Human Genome Project (HGP) - in which 
Europe is a very active partner - and the 
privately owned biotechnology giant 
headed by the US scientist Craig Venter. 

What is more, decoding the approxi­
mately 3.2 billion 'nucleotide letters' of 
the human genome - still at the 'draft' 
stage - is just the beginning. The task now 
is to unravel the genuinely useful genetic 
information that is no more than a minute 
fraction of this immense message. This 
will mean identifying tens of thousands of 
genes, the functions of many of which will 
long remain a mystery. 

'Post-genomic' specialists therefore 
have many years of research to look for­

ward to, not just on the human genome 
front, but in all areas of life sciences. It is 
a field in which - thanks in particular to 
the European Union's research strategies 
- European science has some clear 
advantages (see page 6). 

However, there still remains the diff i­
cult marriage between these advances 
and the society within which they are 
taking place. The latest Eurobarometer 
survey (see page 10) shows that while 
citizens have high hopes for certain 
biotechnological developments - such as 
new forms of medical treatment - they 
have serious reservations when it comes 
to other possible applications. 

Hence the need for information, edu­
cation and, above all, a genuine democ­
ratic debate between the scientists, the 
decision-makers and the general public. 
The geneticist Axel Kahn, who chairs the 
scientific group recently charged by the 
European Commission with the task of 
advising it on the life sciences, talks 
about this on page 8, and of the crucial 
importance of this dialogue between 
research and society. 

I 
Q 
Ι ­
α : 



G e n o m e 

Accelerating into a new age 
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The full sequencing of the human genome is being completed - spectacularly -15 years ahead of the initial 
target date. An example of the formidable increase in the speed of modern genome research - due to the 
partnership between basic science and the computer - and of the fierce competition between public and 
private research which helped generate the momentum. This is a competition which also lies at the heart of 
the ethical debate on the Ownership' of mankind's genetic heritage. 

II η the early 1980s when, together 
with a number of other visionary sci­

entists, James Watson, one of the 
researchers who discovered the double 
helix of DNA, launched the age of 'con­
quest' of the human genome, the task 
seemed as vast and difficult as sending a 
manned spaceship to Mars. Even the most 
optimistic believed it would take 20 to 30 
years (until 2010 or 2020) to successfully 
complete the project at a cost of at least 3 
billion euros. 

Yet little by little, the ambitions of these 
pioneers were seen to be an achievable 
challenge. Rapid advances in molecular 
biology over the past two decades - espe­
cially the sequencing technique developed 
in 1977 by the British researcher Frederick 
Sanger, a 1980 Nobel prizewinner - had 
clearly shown the possibilities that would 
be opened up by the identification of 
human genes. At that time, nearly 3 000 of 
them had already been provisionally identi­
fied. Not many perhaps, but a start. 

The birth of HUGO 

Progressively, the idea of decoding all 3 
billion bases strung out along our 23 chro­
mosomes began to look increasingly possi­
ble. Realising the need to pool all public 
research efforts worldwide before embark­
ing on such an enterprise, in 1988, at the 
initiative of British biologist Sydney Bren­
ner, a team of scientists decided to set up 
an international coordinating structure: the 
Human Genome Organisation (HUGO). 

'The challenge now is to identify between 30 000 
and 100 000 genes (the number itself is the 

subject of much discussion) which are In fact just 
5% of the total sequence'. 

Two years later the United States gave 
the sequencing starting signal when it set 
up the famous HGP (Human Genome Pro­
ject), cofinanced by the NIH (National Insti­
tutes of Health) network and the Depart­
ment of Energy. In 1992 the United King­
dom came on board, thanks largely to the 
considerable financial support the Well­
come Trust decided to grant the Sanger 
Research Centre in Cambridge. In the mid-
1990s, France, Germany, Japan and China 
all joined the HGP, that by then had become 
a vast intercontinental consortium under 
the leadership of an American, Francis 
Collins of the NIH. US scientists completed 
55% of the total sequencing, the British 
33%, and France, Germany and Japan 
between them the remaining 12%. 

The outsider 

The initial research stage was laborious. 
Everything had to be organised, in particu­
lar the allocation of tasks and the infinitely 
complex storage of the data obtained. 
Above all, it was vital to boost the speed 
and cut the cost of the decoding methods. 
This was where in 1992 Craig Venter, a bril­
liant NIH biologist, came onto the scene, 
causing quite a surprise by setting up his 
own private research centre and, in 1998, 
founding Celera Genomics. Dr Venter very 
quickly took the stance of a formidable rival 
to the public researchers at the HGP by 
developing his own sequencing technique, 
known as Shotgun. Unlike the HGP method 
of sequencing DNA fragments, arranged in 
advance by the physical mapping of the 
human genome, the Shotgun method per­
mits the random sequencing of unmapped 
fragments. At the end of the process, this 
method requires a vast computing capacity 
(several terabytes - thousand billion bytes -
of RAM) to reconstitute the human genome 
on the basis of these randomly sequenced 
fragments. In short, this Shotgun method 
can be described as quicker and cheaper -
but less systematic. 

It was under the stimulus of this compe­
tition between public and private research 
(Dr Venter keeping up the media interest -
and reassuring his financial backers - with 
regular announcements of his company's 
successes) that genome research moved 
into top gear. 'This race to the finish 
boosted the scientific performances. In 
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The EU chips in 

1993, the HGP's objective was to sequence 

80 million of the 3 billion base pairs of the 

human genome within five years. Today, 

with the automation of sequencing tech­

niques and the extraodinary power of com­

puters with memories of several terabytes 

this same number of base pairs can be 

decoded in a week,' explains Jacques 

Remade, the scientist responsible for 

genomic research at the European Commis­

sion. 

Patenting life? 

But behind this competitive 'sporting sci­

entific spirit' lie the huge ethical implica­

tions and financial stakes of the genomic 

age which are the real reason for this fierce 

rivalry. There are two opposing stances. On 

the one hand are the HGP researchers who 

fear any appropriation of humanity's com­

mon biological heritage and who have con­

sistently made their sequencing results 

available on the Internet within 24 hours of 

obtaining them. On the other is Celera 

Genomics which, while denying any designs 

on monopolising the human genome, has 

never concealed the fact that it had the 

firm intention of reaping the rewards of its 

investments. 

At present, the mobilisation of public 

research and its stupendous effort to cross 

the finishing line at the same time as its pri­

vate competitor has obliged the politicians 

to 'show their hand'. Celebrating the 

announcement at the White House with 

Tony Blair on 26 June, Bill Clinton repeated 

the US wish ­ shared by Europe and most 

other countries ­ for the basic genomic data 

to be a part of man's common heritage. 

It remains to be seen how such state­

ments of principle shape up in the dawning 

'post­genomic' age which, over the coming 

decades, is going to demand even more 

strenuous research efforts than we have 

already seen. The challenge now is to iden­

tify between 30 000 and 100 000 genes 

In addition to the commitment of those individ­

ual Member States involved in the HGP, many 

European genomic research projects have 

received support from the EU over recent years 

(see page 6). The current Quality of Life pro­

gramme attaches great importance to genomic 

research in relation to a number of human com­

plaints (cancer, infectious diseases, inherited 

deafness, autism, muscular dystrophy, etc.). 

Other projects concentrate on the use of 

genomic tools for developing diagnosis and treatment methods. 

The Commission also plans to adapt the Fifth Framework Programme to take account of 

the new prospects opened up by the accelerated rate of progress in sequencing the 

human genome. This autumn, Commissioner Philippe Busquin will be submitting a new 

initiative to the Research Council and European Parliament aimed at increasing the 

capacity for scientific cooperation in the new 'post­genomic' field. 

(the number itself is the subject of much 

discussion) which are in fact just 5% of the 

total sequence. Francis Collins, the director 

of the NIH's National Human Genome 

Research Institute, likens it to finding a 

needle in a haystack but 'even more diffi­

cult ... because at least a needle is different 

from hay, while a gene is a piece of DNA like 

any other.' 

It is as the researchers advance with this 

formidable undertaking ­ and the medical 

discoveries are made ­ that the problem of 

the patenting of life will assume its full sig­

nificance. 

In Europe, European Directive 98/44/EC 

(July 1998) laid the foundations for a gen­

eral rule that a DNA sequence can only be 

patented if its knowledge permits a demon­

strable technological application. Is this 

principle enough? In the spring of this year, 

two MPs, Jean­François Mattéi of France 

and Wolfgang Wodarg of Germany, drew up 

a petition against the directive, signed by 

many prominent European politicians and 

scientists. Present difficulties in transpos­

ing the directive into national legislation ­

especially in France ­ show that the debate 

is far from settled. ■ 

A trip through 

cyberspace 

■* Explore the world of research on the 

human genome at the HUGO/HGP site: 

www.gene.ucl.ac.uk/ 

­» Visit the European centres of excel­

lence involved in the HGP project: 

• Sanger Centre, Cambridge (UK) 

www.sanger.ac.uk/ 

• Max Planck Institute for Molecular 

Genetics, Berlin (D) 

www.mpimg­berlin­dahlem.mpg.de/ 

• The Institute for Molecular 

Biology, lena (D) 

genome.imb­jena.de/ 

• GBF ­ Dept of Genome Analysis, 

Brauschweig (D) 

genome.gbf.de/ 

• Génoscope, Evry (F) 

www.genoscope.fr/ 

• Institute of Molecular Biology Et 

Biotechnology ­ Foundation for 

Research Et Technology Hellas, 

Heraklion (GR) 

www.imbb.forth.gr/ 

% 
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European firsts 
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At the same time as participating very actively in the international Human Genome Project, Europe has 
also been developing its expertise in all areas of genomic research into the living world. Over the past 
decade, European research programmes have supported many projects that have resulted in some 
spectacular firsts' - such as the sequencing of organisms including yeast, the bacteria Bacillus subtil is 
or the plant Arabidopsis thaliana. 

Hecoding the human genome is an 
ambitious undertaking which is con­
stantly drawing on the results of an 

extremely active exploration of the living 
world as a whole, including viruses, bacte­
ria, plants and animals. Take yeast as an 
example. The agri-foodstuffs and pharma­
cological industry is extremely interested in 
the genome of this small, common fungus. 
In April 1996, this was the first eukaryote 
and the most complex organism to be 
fully sequenced, thanks to the combined 
efforts of 100 European laboratories. But 
in addition to the direct industrial interest 
in yeast itself, this decoding revealed the 
underlying unity of life as many of the yeast 
genes were seen to be similar to certain 
human genes implicated in diseases of 
genetic origin. 'These observations opened 
up new avenues of research on diseases as 
varied as colon cancer, amyotrophic lateral 
sclerosis, and breast and ovarian cancer,' 
explains Stéphane Hogan, the information 
officer for the Research DG's Life Sciences 
directorate. 

Intercontinental 
cooperation 

It was then the turn of Bacillussubtilis to 
give up the secrets of its full chain of base 
pairs. Launched at the end of 1989, the pro­
gramme initially brought five European 
partners together, who were later joined by 
a further 23 teams and a consortium of one 
Korean, two US and seven Japanese labora­
tories. Bacillussubtilisis a model for various 

Apartfrom its industrial interest, the decoding of 
all the yeast genomes (1996) highlighted the 

underlying unity of life by revealing similarities 
with, most notably, certain human genes 

involved in genetic diseases. 

infectious agents, such as staphylococci 
and streptococci. Many of this bacteria's 
genes are involved in the production of pro­
teins with antibiotic properties - thereby 
creating the prospect of new treatment 
products and major new markets. 

The sequencing of Arabidopsis thaliana 
genes is now complete, too, and is a major 
first in which European scientists have 
played a leading role. This humble weed 
which is so familiar to researchers was the 
very first plant to reveal all its secrets (see 
box). 'Europe is constantly strengthening its 
position as a leader in the field of plant 
genomics,' stresses Jacques Remade, the 

scientist responsible for Genomic Research 
at the European Commission. 

In search of animal models 

Unravelling the genomic sequence is 
most certainly an important stage in 
enhancing our knowledge of the living 
organism. However, the sequence itself 

only contains the coded information of 
the genes and does not enable us to 
deduce their biological functions. The 
next step is therefore to determine 

the potential function or functions of a 
gene and to identify the malfunctionings 

that could be linked to a genetic disease. 
This means experimenting on model living 
organisms, such as mice, the famous Droso-
phila melanogaster fly, the Caenorhabditis 
elegans worm, or yeast. 

The genomic sequencing of mice is a 
research priority as biologically the mouse 
is similar to man in many respects. More 
than 95% of human genes have an equiva­
lent in mice. By comparing the rodent's 
genome with that of the human being it 
will be possible to identify the 'orthologous' 
genes and, by means of experimentation, to 
eliminate one of those in the mouse in order 
to determine its function. 

En route to 
the post-genomic age 

The European Union's Fifth Framework 
Programme for Research places consider­
able emphasis on post-genomic activities. 
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Fighting Listeria 

Europe clearly had good reasons to support the sequencing of the Listeria genome, a 

bacteria that survives at refrigerator temperatures. It is a subject of less concern to 

our American cousins, who have little liking for cheeses or untreated milk. But now 

it is a job well done! In April, a consortium of ten European research laboratories 

completed the full sequencing of Listeria monocytogenes. The work was coordinated 

by the Institut Pasteur (Paris, France) with both German and Spanish teams working 

on the project. This bacteria poses a very real and serious threat to the food safety of 

many European products, as listeriosis kills between 20% and 30% of people who 

become infected. Among other benefits, the sequencing of Listeria will permit a much 

earlier diagnosis of the disease. 

Info 1 Listeria genome fully sequenced­analysis launched 

1 europa.eu.int/comm/research/press/2000/pr1804en.html 
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Cells infected by listeria moncytogenes. 

In red: bacteria. In green: cellular actin that the 

bacteria polymerises to move intra­ and 

intercellularly. 

Under the six key actions and generic 

research lines of the Quality of Life pro­

gramme, more than 60 projects directly 

aimed at the exploitation of results or new 

fundamental explorations were launched in 

1999 following the first call for proposals. 

With a budget of over 100 million euros, it 

is possible to support research themes 

ranging from the study by genomic meth­

ods of the interaction of bacteria with legu­

minous roots, to the identification of the 

human genes responsible for multifactoral 

diseases (type II diabetes, autism, inherited 

deafness, muscular dystrophy, etc.). ■ 

Contacts Stéphane Hogan, 

information officer for the Quality of 

Life programme 

stephane.hogan@cec.eu.int 

Jacques Remade and Bernard 

Mulligan 

jacques.remacle@cec.eu.int 

bernard.mulligan@cec.eu.int 

scientist, responsible for Genomic 

Research 

Site of the Quality of life programme 

www.cordis.lu/life/ 

The lessons of Arabidopsis 

In December 1999, the sequencing of two Arabidop­

sis thaliana ­ mouse­ear cress ­ chromosomes 

marked a considerable advance in the field of plant 

biology. Initiated in 1996, ata time when just 10% of 

its genome had been explored ­ this research was 

conducted by two networks of European laboratories 

involving some 30 partners in the 10 countries of the 

European Scientists Sequencing Arabidopsis (ESSA) 

project. This consortium is part of the Arabidopsis 

Genome Initiative which includes laboratories in the 

United States and Japan. 

Arabidopsis has the advantage of possessing a very 

short genome (135 million bases compared to 2 bil­

lion for maize) ­ a fact which does not prevent it from 

providing a new basis for studying the genetic make­

up of other cultivated plants. 

However, 40% of the Arabidopsis genes bear no 

resemblance to other genes already identified, and 

their function is not yet known. It is by deactivating 

the plant's genes one by one and observing the 

effects of this change on its development that 

researchers hope one day to identify the role of each 

one of them. The European Union is supporting the 

continuation of this research. 

europa.eu. in t/comm/research/press/1999/pr 1412fr.htm I 



Genome 

t 

The right to information 
Last April, Philippe Busquin, European Commissioner for research, announced the 

establishment of a Biosciences High-Level Group. The Trench geneticist Axel Kahn,(1) 

charged with heading the group, describes the tasks now facing this 'team'of 11 eminent 
scientists. He also speaks about his personal feelings on some of the current major 

debates sparked by advances in our knowledge of the living organism. 

m hat tasks has the Commission 
asked this advisory group on life 

I sciences, which you have agreed 
to head, to undertake? 

Axel Kahn: I should first like to explain 
that it is a committee made up exclusively 
of scientists. In no areas should its work 
interfere with that of other bodies, such as 
the International Bioethics Committee 
chaired by Noëlle Lenoir, whose members 
are drawn from a broad spectrum of society. 
When our life sciences group gives its opin­
ion on interactions between the life sci­
ences and society it will be doing so on 
behalf of scientists. 

We will be mainly concerned with how to 
launch and conduct the public debate on 
the priorities of European research. As sci­
entists and therefore players in science's 
impact on society, we must justify the 
efforts made and remain informed of public 
expectations and concerns. 

We therefore envisage three types of 
activity. The first will start by preparing a 
huge European forum on the life sciences 
and society, planned for November of this 
year. We will interact with all the partners 
concerned - the NGOs, patients' associa­
tions, consumer organisations, etc. The aim 
is to initiate a process designed to really 
open up this essential dialogue. A second 
type of activity will be to respond to mat­
ters referred to us by the European Com­
mission. Finally, we will conduct studies on 
subjects we consider important and these 
initiatives will be the occasion, if necessary, 
to inform the European Commission of 
issues of concern to society. 

^ There can be no compromises when it comes 
to informing the public. What is required is to respect 

their safety and, at the same time, democracy: 
concepts with a different underlying logic. « « 

The European Parliament has just 
approved a law on genetically modified 
organisms which some consider to be too 
easy on producers. What is your reaction 
to the suspicions many people have of 
GMOs? 

It is important to first set out the various 
issues inextricably linked to this question, 
namely the evaluation of the risks of GMOs, 
their economic benefits, their acceptability 
to the general public, and finally the need to 
ensure that people are well informed. There 
can be no compromises when it comes to 
informing the public. What is required is to 
respect their safety and, at the same time, 
democracy: concepts with a different 
underlying logic. If a transgenic plant proves 
dangerous to health, clearly it must be 
banned. But the fact that such a plant may 
be harmless does not in itself make it desir­
able for Europe. At this level it is up to the 
citizen to express his or her views in a demo­
cratically acceptable manner. 

For my part, I would argue unreservedly 
for precaution. But the rigorous application 
of precaution means comparing the respec­
tive risks and benefits of the various proce­
dures on a case-by-case basis. Take resis­
tance to insects, for example, here we must 

assess the relative risk of genetic resistance 
compared to the use of chemical pesticides. 
Respecting the precautionary principle 
means choosing the safest method, 
whether this corresponds to the status quo 
or to the most innovative procedure. 

That said, nobody should be surprised to 
find a general dislike of the genetic modifi­
cation of plants. There is no demand for this 
from the European public; they are dream­
ing of natural food. Proposing transgenic 
plants imposed by the agri-foodstuffs 
multinationals - often initially for such 
unattractive projects as soya cakes pro­
duced by the Americans to feed our cattle -
is obviously not going to be able to satisfy 
consumers whose confidence has been 
shaken by the BSE episode. But the fact that 
one may not like something does not mean 
it is dangerous, in the same way as the 
absence of risk does not necessarily gener­
ate support. 

That is why it is so necessary to distin­
guish between these levels if we are to have 
a more transparent debate. Let me give you 
an example. One of the originators of trans­
genic plants, the Belgian Marc Van Mon­
tagu, who is also a member of our life sci­
ences group, is now concentrating on the 



'When, between the end of the 19th century and World War II, biologists became sociologists or 

philosophers, the result was dramatic - save for a few exceptions. Look at eugenics or certain racist 

theories, for example. ' 

objectives of North­South cooperation. He 

is carrying out molecular biology studies on 

plants which are useful in developing coun­

tries. But in order to develop this scientific 

activity, international solidarity ­ and Euro­

pean solidarity in particular ­ must have the 

means to justify and finance it. 

There is also another debate 

in which transparency is lack­

ing: human genome sequencing. 

How do you view this unbridled 

competition between a private 

US company, Celera Genomics, 

and the HGP public research 

programme? 

By engaging in this race to the 

finish, Celera Genomics ­ and 

remember that this is an Ameri­

can company which has been 

greatly helped by cheerfully dip­

ping into public databanks ­ will 

at the same time certainly have 

given a considerable boost to the 

work of the HGP consortium. The 

two competitors reached the finishing line 

neck and neck. That said, the effectiveness 

of the shotgun sequencing method has yet 

to show its worth at the 'post­genomic' 

stage and the commercial appetites clearly 

advertised by Celera Genomics are more 

open to question. The sequences used in the 

pharmaceutical industry (the coding ele­

ments of genes) represent just 5% of the 

genomic DNA that must be identified from 

among the millions of sequenced frag­

ments. Since 1992, a large part of these 

'useful' sequences have already been 

sequenced by companies such as HGS and 

Incyte in the United States. Then there is 

the unanimous reaction by the interna­

tional scientific community against the pri­

vatisation of this knowledge. 

This competition has, in any event, per­

'Nobody should be surprised to find a general dislike of the genetic 

modification of plants. There is no demand for this from the 

European public; they are dreaming of natural food. ' 

mitted a great leap forward for biology and 

pharmacological research, especially as the 

genome programme does not in the end 

seem to be to the detriment of physiology. 

Genetics has given a fantastic boost to this 

discipline, giving it the opportunity to draw 

up pertinent models. 

In your latest book, 'Et l'Homme dans 

tout ça',
(2)

 you express regret that so few 

scientists are involved in the philosophi­

cal debate on the sciences. 

I would like to see them question their 

practices and reflect on the relationship 

between science and ideology. Biology is at 

a disadvantage in this respect. When, 

between the end of the 19th century and 

World War II, biologists became 

sociologists or philosophers, the 

result was dramatic ­ save for a 

few exceptions. Look at eugenics 

or certain racist theories, for 

example. Because it is working on 

the human being, this discipline 

easily leads to reductionist 

excesses. Also, the biologist bases 

his thinking on Darwinian evolu­

tion, a mechanism with no grand 

design, but based on selection 

within a random diversity. It is 

completely different for physi­

cists who are more inclined to 

metaphysical questioning. Their 

dream is a universal law. This no 

doubt partly explains the greater 

number of physicist philosophers ­ and also 

their present interest in biology. ■ 

(1) Axel Kahn is head of the Research on Genetic 

and Molecular Physiology and Pathology Unit at 

INSERIVI, Paris. 

(2) Axel Kahn, Et l'Homme dans tout ça. Plaidoyer 

pour un humanisme moderne, éditions Nil, Paris, 

2000. 

Info I Biosciences High­Level Group 

I europa.eu.int/comm/research/press/2000/pr2704en.html 
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Public opinion and the life sciences 
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How do Europeans view the life sciences and their applications? What are their fears and hopes in the face of 

the explosion in biotechnologies? What information sources do they trust in this field? Tor the fourth time 

since 1991, an opinion poll on biotechnology has been conducted throughout the European Union. It reveals 

growing scepticism and suspicion. 

II he latest Eurobarometer survey, The 

Europeans and Biotechnology, car­

ried out at the request of the Re­

search Directorate­General, is particularly 

detailed. At the end of 1999, a total of 

16 000 people aged 15 and over were inter­

viewed in all EU countries. Although the 

replies vary depending on the technology in 

question, the country, the socio­cultural 

profiles and gender, the survey also shows a 

common sensibility reflected in two major 

Are biotechnology applications useful? 

shifts since the 1996 survey. There is less 

confidence in the information sources in 

this field (consumer organisations, seen as 

the most credible source six years ago, are 

not spared this general scepticism), and a 

clear loss of enthusiasm when it comes to 

agriculture and transgenic food. Two­thirds 

of those surveyed say they would never buy 

genetically modified fruit, for example, and 

more than half of them would be prepared 

to pay more for 'traditional' products. 

The usefulness of biotechnology in food production does not exceed the 2.5* mark. For other applications, 

opinions are either less categoric (animal cloning, gene transfer), or they are mostly accepted as useful. 

Are they hazardous? 

Are the various biotechnology applications hazardous? The applications all lie between 2.5 (mid-point) 

and 3 (mostly agree). None of them really escapes the criticism of Europeans, even the use of genetic tests 

to detect inherited diseases. 

Detection of inherited diseases 

Human genes in bacteria 

Development of GM bacteria 

Cloning of human tissues 

Gene transfer 

Animal cloning 

Food production 

1 1.5 2 2.5 3 3.5 

■ hazardous ■ useful 

"Fully agree = 4; Mostly agree = 3; Mostly do not agree = 2; Do not agree at all = 1 ; mid­point = 2.5. 

Food and health 

When asked about how they view the 

inherent risks and benefits of various 

biotechnological applications, Europeans 

take a much more positive view of research 

in the field of health than in the field of food 

(see graph). As in the 1996 survey, four 

applications were the subject of more pre­

cise questions: the introduction of human 

genes in bacteria to produce medicines or 

vaccines; the use of genetic tests to detect 

inherited diseases; the use of biotechnology 

in food production; and the genetic modifi­

cation of crops to make them more resistant 

to insects. In three years, the perception 

both of the utility of these developments 

(down by 11 points to 14% compared to 

1996) and of their moral acceptability 

(down by 11 points to 15%) has suffered a 

significant setback. Logically enough, 

advances in these fields are not deemed to 

merit encouragement (down by 12 points to 

16%). 

Mixed feelings 

101 

In another section of the survey people 

were asked what modern technology, 

including genetic engineering, means to 

them. They then had to define their 'feel­

ings' (positive, neutral, negative on a scale 

of 3 to 1) with respect to five principal areas 

of technology. The subject 'scientific 

research ­ health ­ technological develop­

ment' was viewed most favourably (2.32), 

followed by 'the environment' (2.11) and 

'genetically modified food' (1.78). But feel­

ings vary greatly from one country to 

another. Scientific research and health are 

viewed most positively in the Netherlands; 
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Cloning comes first 

Greece is least enthusiastic about GMOs 

(genetically modified organisms); West 

Germany is most environmentally con­

scious. Ethical or philosophical issues 

arouse greatest interest in Luxembourg, 

Sweden and Austria. 

Differences are found in other areas too. 

When asked who they trust to obtain objec­

tive information on biotechnology,'
11

 the 

most trustworthy are deemed to be con­

sumer organisations (26%), the medical 

profession (24%) and environmental pro­

tection organisations (14%). The universi­

ties came in fourth with just 7%. Confi­

dence in the medical profession drops, 

however, with an increase in the respon­

dent's level of education. The 25­39 age 

group places most trust in consumer organ­

isations, whereas environmental protection 

organisations obtain the best scores in Aus­

tria (24%), Ireland (21%) and Luxembourg 

(20%), and the universities are deemed par­

ticularly trustworthy among the Finns 

(19%). 

Could do better 

But do these subjects really interest 

Europeans? Apparently so, as 72% of them 

say they would be willing to spend more 

time finding out about the advantages and 

disadvantages of advances in biotechnol­

ogy. To test their knowledge, each survey is 

accompanied by a 'quiz' in which respon­

dents have to reply 'true' or 'false' to a 

dozen statements on a wide range of sub­

jects, most of which feature in the survey. 

Examples include: 'It is the father's genes 

that determine whether or not a child is a 

girl', and 'Musical abilities are mainly 

learned'. 

The report concludes that during the 

1990s 'the knowledge of Europeans in the 

field of genetics does not seem to have 

increased.' However, the 'true or false' sec­

tion is no doubt more than an indicator of 

knowledge alone. It is also subjective, 

When Europeans are asked what comes to 

mind when they think of biotechnology, 

including genetic engineering, 43% of 

them reply 'the cloning of animals and 

human beings.' This association is made by 

the majority of people aged between 15 

and 54 (47%), and especially among exec­

utives and students. It also 'increases very 

dramatically the more modern biotechnol­

ogy is discussed' (61% of people fre­

quently discuss this subject). 

Europeans also seem to have a certain 

degree of information on a subject which 

commands a lot of media attention. Most 

of the correct replies in the 'quiz' section 

concern the statement 'the cloning of 

human beings produces perfectly identical 

human beings' (almost 20% more correct 

answers in 1999 than in 1996). 

Cloning arouses negative feelings, espe­

cially in France, the United Kingdom and 

Greece, and scores 1.61 (on a range of 1 to 

3 points) at the EU level. This feeling is 

confirmed when Europeans have to assess 

13 statements on a scale of 1 to 5, some 

positive ('animal cloning will benefit a lot 

of people'), some negative ('the idea of 

animal cloning frightens me'), and many of 

them quite subtle. The statement 'even if 

animal cloning has certain benefits, it is 

fundamentally against nature' receives the 

strongest support (4.24). 'Cloning animals 

poses no danger for future generations' 

scores 2.19 ­ a low average, close to 'do 

not agree'. 

On this complex issue, the 'for' and 

'against' vary on the different statements 

according to socio­professional category 

and age. But there is one constant: on 

each occasion women are more reluctant 

than men when it comes to the idea of 

identical reproduction. 

reflecting hope or concern. In 1999, citizens 

seem 'more doubtful about the potential of 

biotechnologies, as more of them believe 

that a person's genes can be changed by 

consuming a genetically modified fruit'. ■ 

(1) The following sources were proposed: the 

press, industry, ethical committees, consumer 

organisations, universities, environmental protec­

tion organisations, government, food safety 

bodies, farmers' associations, religious organisa­

tions, and the medical profession. 

Info The Europeans and biotechnology ­

Eurobarometer 52.1 ­ Report drawn up by 

INRA (Europe) ­ ECOSA for the Research 

Directorate­General and the Education 

and Culture Directorate­General. 

europa.eu.int/comm/research/pdf/ 

eurobarometer­en.pdf 
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Prevent, adapt or suffer? 

Ί 

The risks of climate change are serious. What could they mean for Europe? And how should we respond? By 
analysing the scenarios and likely socio-economic consequences in relation to specific geographic 
characteristics, experts from Acacia are bringing policy-makers, industrialists and social players face-to-face 
with realities that can no longer be ignored - and the changes they will require. 

H ince 1996, even if they 
have no 'conclusive proof 
of the role of the green­

house effect, climatologists from 
the IPCC (Intergovernmental 
Panel on Climate Change) global 
forum have been sounding a dou­
ble alarm: the Earth's climate is 
warming and all the indicators 
'suggest a discernible influence of 
human activities' on this trend. 
Their warnings have been heeded 
and given rise to the first interna­
tional response: the Kyoto agree­
ments under which policies to cut 
CO2 emissions are now starting -
laboriously - to be implemented. 

But apart from this preventive measure, 
three other fundamental questions must be 
answered. If global warming continues 
what scale will it reach in this century? 
What will the environmental and socio­
economic effects be? How can society 
adapt? 

A scientific inventory 

The number of days of exceptional heat recorded in southern Italy 
increased from 52 for the years 1950-1959 to 123 in the decade 1960-
1969,165 in the period 1970-1989, and 230 for the years 1990-1999. 

The first inventory concerns the present 
state of the climate. Europe's average tem­
perature rose by almost one degree during 
the 20th century, with a clear acceleration 
over the past decade. The temperature of 
the surface waters in our seas has in­
creased by several tenths of a degree. Rain­
fall increased by between 10% and 40% in 
northern Europe, while southern Europe 

^ experienced a 20% increase in drought. 
The Acacia'11 project is the biggest-ever Among the most notable indicators of the 

12i 

European attempt to bring combined, inter­
disciplinary, scientific expertise to bear on 
these three questions. Over a three-year 
period it harnessed the knowledge of some 
40 top experts on climatology, the environ­
ment and the human sciences from 12 EU 
countries. 'The aim was to draw up a scien­
tific inventory of the likely scale of climate 
change in Europe over the coming century 
and of the concrete effects of these 
hypotheses for our continent's major 
regions,' explains project coordinator Martin 
Parry, director of the Jackson Environmental 
Institute in Norwich (United Kingdom). 

scale, speed and geographical distribution 
of these trends are the retreating glaciers 
at high altitude and, in Arctic regions, a 
continuing decrease in the thickness of the 
ice cap. 

Scenarios for the century 

How will the 21st century 
evolve? On the basis of the projec­
tions developed by the IPCC2 in 
1999, the Acacia experts drew up 
four detailed climatic scenarios at 
the European regional level for 
temperature increases of between 
O.rC and 0.4"C per decade. 

'Even if such projections incor­
porate uncertainties - in regard 
to greenhouse gas emissions and 
their impact on climate - we have 
sufficient information to show 
that, in the case of the strong 

hypothesis of a 0.4°C increase, seasonal cli­
matic modifications in Europe are likely to 
be very pronounced,' stresses Professor 
Parry. Cold winters will become virtually 
unknown and there will often be a more 
than 90% probability (compared to the pre­
sent 10%) of scorching summers. 

This phenomenon will extend far beyond 
the traditionally warm regions of southern 
Europe and affect not only the Alps and the 
North Sea but also the whole of Scandi­
navia and north-west Russia. The impact on 
the hydrologie cycle will result in an aver­
age increase in winter rainfall of as much as 
4% per decade on the continent as a whole, 
with greater contrasts during the summer 
months, more serious drought throughout 

(1) A concerted action towards a comprehensive climate impact and adaptations assessment for the 
European Union. 
(2) In its Special report on Emission Scenarios, the Intergovernmental Panel on Climate Change (IPCC), 
set up under a UN framework agreement on climate change, has drawn up a series of scenarios 
through to the year 2050, based on differentiated developments in global variables (world population, 
total emissions, CO2 concentrations in the atmosphere, effects of reduction policy, etc.). The IPCC fore­
casts are an accepted authority and serve as a basis for international negotiations under the Kyoto 
agreements. 



Expert more tidal waves, floods, storms, landslides and forest fires, in northern and southern Europe. 

the Mediterranean Basin, and rainfall 
increasing by 2% per decade in the North. 
Although we have no means of forecasting 
with certainty a relationship between 
global warming and an increase in extreme 
atmospheric events, we should be prepared 
for a likely increase in the frequency of nat­
ural disasters including tidal waves, floods, 
storms, landslides and forest fires, in north­
ern and southern Europe. The rise in sea lev­
els, ranging from 13 cm to 68 cm in the 
next 50 years depending on the scenario is 
another worrying possibility (see box Fight­
ing against the sea). 

Organising for the future 

The response of Acacia's researchers to 
these forecasts, and in particular a pro­
nounced warming of Europe's climate, has 
been twofold. They first tried to assess the 
possible impact of changes to the ecosys­
tems on Europe's major sectors of activity 
and regions (see box Who will pay what 
price?). On the basis of this analysis they 
then began to think about how European 
society might develop realistic, pragmatic 
policies to prepare for these changes.'31 

'Some of these could radically change the 
future of Europe a few decades from now. 
We are entering a field not just of scientific 
probabilities but of choices about how soci­
ety is organised,' explains Prof. Parry. 
'Changes to ecosystems and the scale of the 
effects will clearly depend on the measures 
adopted in response. Many of the political 
decisions taken in this decade will serve 
either to alleviate and contain the shock of 
change, or to aggravate the situation still 
further.' 

To construct a framework of analysis for 

this interaction between Europe's future 
socio-political functioning and climate 
change, Acacia adopted four types of soci­
ety scenarios extrapolated from a range of 
conceivable trends. These were: the domi­
nance of 'world markets', the individualist 
response of 'provincial enterprise', 'global 
sustainability', and the triumph of regional 
individuality in the form of'local steward­
ship'. The organisation of society, economic 
growth, the balance between sectors of 
activity and between the regions, techno­
logical dynamism and - ultimately - the 
management of ecosystems, will each 

Fighting 
against the sea 

Sea levels on the coasts of Europe rose by 
between 10 cm and 20 cm during the 20th 
century - and they look set to rise further: 
another 13 cm to 68 cm is forecast by 
2050. In the north, this will be partly off­
set by a rise in the land mass elevation, 
while the south and centre of the conti­
nent will slowly 'subside' (a drop in height 
of 5 cm by 2080). 
The effects for coastal zones will be many: 
shifting of marshland and land liable to 
flooding, coastal erosion, increased floods 
and storm damage, increased salinisation 
and drainage problems. These prospects 
are all the more worrying as one-third of 
Europe's population live within 50 km of 
the sea - and as many as 100% in some 

assume a very different form depending on 
the scenario. 'This socio-political vision is 
very important,' notes the Acacia coordina­
tor. 'It shows that our ability to adapt to 
environmental constraints depends to a sig­
nificant degree on our desire to organise. 

· · · 

(3) These reflections will be the subject of 
conclusions and recommendations in the Acacia 
group's report, Assessment of the potential 
effects of climate change in Europe, to be 
published on completion of the project at the 
end of this year. 

places (in Denmark for example). The 
regions most at risk are those which are 
already below sea level, such as the west 
of the Netherlands and the Po delta. 
The solutions are limited. Defence and 
drainage infrastructures can be strength­
ened, but often it will be necessary to con­
sider transferring activities further inland, 
even if it conflicts with local socio-eco­
nomic development. 
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These scenarios are theoretical, but they 
are necessary to open up a public debate in 
which everybody concerned by climate 
change must consider what the future may 
hold.' 

Act now 

The result of three years of in-depth 
research, Acacia's forecast table is now the 
most comprehensive reference on the sub­
ject and will provide a major European con­
tribution to the IPCC's work. 'This approach 
highlights the crucial role that society must 
in future award to the need for clear­
sighted policies on climate change,' stresses 
Nikolaos Christoforides, the scientist 
responsible for managing climate research 
at the European Commission. 'To date, the 
international community has been thinking 
of how to reduce man's influence on the 
greenhouse effect. Such a policy will only 
bear fruit in the very long term - whereas 
we are in great danger of having to manage 
the impact of climate warming in the rela­
tively short term. So what action can we 
take now? That is the pressing question.' ■ 

Contacts 

ι 1 1 1 ­

Climate warming has already resulted in a 

thinner ice cap in Arctic regions and retreating 

glaciers at high altitude. 

Prof. Martin Parry 

University of East Anglia 

Jackson Environmental Institute 

Norwich (United Kingdom) 

parryml@aol.com 

www.jei.uea.ac.uk/ 

Nikolaos Christoforides 

Research DG 

nikolaos.christoforides@cec.eu.int 

Who will pay what price? 
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The Acacia researchers attempted to 

answer this question in a number of 

detailed studies on changes in water 

resources, the condition of soils, natural 

ecosystems, forests, agriculture and fish­

ing. They analysed the vulnerability of sys­

tems and activities linked to nature, 

whether due to water restrictions, storm 

damage or changes in the distribution of 

plant or animal species (such as crop­rav­

aging insects or fish, which are very sensi­

tive to temperature changes). 

The increase in extreme climatic events 

(scorching heat, storms, floods, etc.) and 

the damage they cause was also consid­

ered. Apart from the natural environment, 

these can affect a wide range of other 

fields, including the insurance sector, 

transport, energy, industry, construction 

and, of course, health. In regard to the lat­

ter, in addition to the increase in victims 

of violent weather and of the food poison­

ing associated with hot weather, there 

could be new risks of epidemic caused by 

movements in disease carriers. Leishmani­

asis, encephalitis and even malaria could 

all appear. Special attention was also paid 

to the vulnerability of coastal areas and 

mountain regions. 

In reality, depending on the degree of 

warming, not all the effects are necessar­

ily negative for everyone. There could be 

'benefits' for northern Europe in particu­

lar. Milder temperatures and a longer 

growth period for plants could prove ben­

eficial for certain northern regions, by 

allowing crops to be grown which were 

previously impossible. They could also 

benefit from a shift in tourist destinations. 

By contrast, the effect will generally be 

very serious for southern countries, mainly 

due to a further aggravation of already 

very acute water­resource problems. The 

pressure on ecosystems is likely to be par­

ticularly high in these regions, with seri­

ous consequences for human endeavour. 
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New composite sets sail 
The thousands of small boatbuilders that flourish along the coasts and waterways of Europe will benefit 

from a clean, high­performance technology for moulding composite materials. An innovation which is sure 

to spread to many other sectors. 

Π 
η April, UK boatbuilder 

Halmatic won the re­

nowned 'JEC Composite 

2000' transport innovation prize 

for the first boats produced using 

low­pressure moulding of contin­

uous glass­fibre­reinforced poly­

propylene mats. The result of a 

European project, Envireomp,'
11 

this new composite offers an 

alternative to traditional mould­

ing techniques for classical glass­

reinforced polyester structures, a 

process which raises important 

problems for the environment 

and health protection in shipyards. 

Avoiding styrene emissions 

In the EU alone, over 300 000 tonnes of 

polyester marine products are made each 

year. The process involves laying down by 

hand layers of glass­fibre matting impreg­

nated with a liquid resin in an open mould. 

Such products contain high levels of 

styrene monomer, a harmful solvent both 

for the environment and for health, and 

require strict measures for ventilation and 

removing emissions from the workplace. 

National regulations have already reduced 

acceptable styrene levels in the workplace 

to typically below 50 ppm in most of 

Europe. Even tougher levels are expected in 

new Commission directives. 

In such a regulatory context causing 

increasing problems in the boat­building 

sector, the objective of the Envirocomp 

research consortium was to develop a tech­

nological alternative able to eliminate this 

solvent problem. The project was led by UK 

composite materials specialist Euro­Pro­

jects, and partners included boatbuilders, 

wind­turbine manufacturers, materials 

suppliers, research institutes and certifica­

tion organisations from Denmark, France, 

Germany and the UK. 

The Envirocomp solution is a thermoplastic process based 

on polypropylene. The process eliminates all the solvent 

pollution problems. 

Using co­mingled glass 
and PP fibres 

'The process eliminates all the 

solvent pollution problems. More­

over, advantages include cleaner 

processing, the ability to recycle 

offcuts and complete mouldings, 

resistance to water and chemical 

attack, and better impact perfor­

mance and delamination resis­

tance than polyester', claims 

Gerry Boyce of Euro­Projects. 

'While material costs are the 

same as polyester, there is much 

less labour involved as it possible 

to achieve the desired thickness 

with one shot.' ■ 

The Envirocomp solution is a thermoplas­

tic process based not on polyester but on 

another polymer: polypropylene (PP). One of 

the partners, the French company Vetrotex, 

developed the Twintex composite, made of 

co­mingled strands of glass and PP fibres. 

The Twintex strands are woven into a fabric 

that is draped into a mould together with 

any cores or inserts and heated to melt the 

PP. A vacuum ensures the glass fibres are 

properly impregnated by the molten ther­

moplastic. 

(1) Research, development and evaluation of 

environmentally friendly advanced thermoplastic 

composites for the manufacture of large surface 

area structures (Ref. BRPR960228) 

Contacts Gerry Boyce 

Euro­Projects ­ Loughborough 

Fax:+44 1332 255987 

g.boyce@europrojects.co.uk 

Frédéric Gouardères 

Research DG 

Fax: +32 2 295 80 46 

frederic.gouarderes@cec.eu.int 

Focused European research 

Polymer composites offer many benefits, including part integration, weight saving, 

safety and durability. Intensive research into material properties, improved production 

technologies and recycling is paying major dividends in automotive, aeronautics, con­

struction and marine applications. Envirocomp is one of numerous examples of projects 

within the Targeted Research Action (TRA) on polymer materials, which consists of clus­

ters of research projects funded by the European Union under the Brite­EuRam and Craft 

programmes. The network involves some 150 research institutions, SMEs (small and 

medium­sized enterprises) and large companies as well as relevant trade associations. 

See: wwwhvr.nl/tra­pm.org/indexl.htm 
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This double­page forum aims to provide a flexible and informal platformfor reports, thoughts, opinions and statistics 

which we believe warrant a wider audience. The forum is designed to be an invitation to discussion and debate, and a 

place for ideas ­ with which we trust our readers will keep us well supplied. 

[Contact: Michel Claessens ­ Fax: +32­2­295.82.20 ­ e­mail: michel.claessens@cec.eu.int] 
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Research-society 
dialogue 

Research should not aim to disseminate its 

results only within the research system. It 

also needs to listen to and draw lessons 

from the experience and concerns of a 

range of social players and protagonists. 

This concern of the Commission is ex­

pressed in a totally new initiative by the 

Research DG: the launch of 12 'dialogue 

workshops', the first of which was held last 

May. These workshops are intended to sen­

sitise researchers to the expectations of the 

different forces in society, of decision­mak­

ers and of citizens' organisations, in the 

light of the major changes facing Europeans 

today: new technologies, changing family 

structures, novel forms of work organisa­

tion, the single currency, the enlargement 

of the Union, etc. 

In order to encourage broad and open dis­

cussion, each of these meetings brings 

together 50 or so participants from differ­

ent disciplines and backgrounds. The first of 

them, which was held in May, looked at 

'Technology, economic integration and 

social cohesion'. Another three workshops 

are to be held this year in Brussels: 'Work 

and welfare' (9­10 November); 'Regional 

dimensions of RTD strategies' (24 Novem­

ber) and 'Employment funding' (6­7 

December). Another eight meetings are 

scheduled in 2001. 

For further information: Angela Liberatore ­

key action: Improving the socio­economic 

knowledge base ­ Research DG 

Fax: +32­2­299 4462 

angela.liberatore@cec.eu.int 

The CRA is 
taking shape 

The Communication on the European 

Research Area was adopted by the Commis­

sion last January. This concept, based on a 

'bottom­up' philosophy, is being developed 

and refined by involving the largest possible 

When it comes to 
numbers 

161 

■ Research ­ In Europe, between 9% and 

19% of government expenditure on 

research goes to fundamental research, 

depending on the country. L'exception 

française ­ France's right to go its own way 

­ holds good here, too, with a figure of no 

less than 26.5%. These figures were pre­

sented to around 200 rectors of European 

universities meeting last June at Trondheim 

(Norway). Most of them expressed concern 

at the 'short­termist' approach of govern­

ments and other public bodies that support 

'pure' research. Whilst overall REtD expen­

diture is rising, it is applied research that is 

getting the additional money. The problem 

is that this shift has taken place without 

public debate,' said Heidi Diggelmann, pres­

ident of the Research Council of the Swiss 

National Fund for Scientific Research. 

■ Green taxes'... ­ In 1995, income from 

environment­related taxes in OECD coun­

tries represented almost 7% of all tax 

income, or around 2.5% of GDP. These 

green taxes are flourishing in Ireland, Ice­

land and Portugal, but much weaker in the 

United States, Japan, Mexico and Poland. 

This said, those countries with the highest 

marks are not necessarily the most virtuous. 

This type of legislation can improve tax­

payer behaviour ... and so drive down tax 

income. 

■... and environmental bills* ­ Making 

good the damage we do to the environment 

is expensive, whether we pay for it through 

taxes or in other ways. The consequences of 

atmospheric emissions such as volatile 

organic compounds, carbon dioxide and 

ammonia are estimated to cost 1% of the 

EU's GDP ­ 58.5 billion euros a year since 

1990. Investment in water collection and 

treatment will have amounted to 0.15% 

over the period 1993­2005. The future bill 

for cleaning contaminated soil (over 

300,000 sites in Western Europe) varies 

from country to country: 3­4% of GDP in 

Sweden and Denmark, 4% in the Nether­

lands and the United Kingdom, and an esti­
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