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Late Lessons is an European Environment Agency study which attempts to provide guidance to those
involved in future application of the precautionary principle, centred on fourteen case studies of past
practice. These evaluate when early warnings became apparent; the subsequent actions, or inactions,
of the authorities and other stakeholders; ask what were the costs and benefits (not just economic) of
actual or possible actions or inactions; and considers the lessons that might be drawn from each. It
also aims to dispel a number of myths about the Principle: that it is unscientific or irrational; that it
inevitably leads to bans or an end to innovation; or that it is synonymous with conventional risk as-
sessment.

Late Lessons will be published by the EEA in late 2000. The EEA is mandated to produce information
that helps the EU and member states to “frame” and “identify” sound and effective environmental
policies and sustainable development. Late Lessons is intended to complement the recent Communi-
cation from the EU Commission on the Precautionary Principle.

Learning from the Past
The Precautionary Principle, as such, emerged in the last quarter of the twentieth century in relation
to acid rain and the effects of persistent pollutants. Formally it can be traced back to the German
Vorsorgeprinzip, developed between 1970 and 1976. Vorsorge requires that:

n Dangers must be detected early, hence research is essential;

n Where irreversibility is feared there should be action before there is full understanding, i.e. proof
of damage is not required;

n Technical developments to reduce current levels of pollution must be promoted;

n The state must contribute to the development of cleaner process and technologies

But informally it had been applied long before. Outbreaks of cholera were frequent in mid-
nineteenth century London. Dr John Snow, effectively both chief scientist and chief health officer for
one area, mapped the distribution of deaths and noted that they centred on the Broad Street water-
pump. Regarding this as strong evidence that some contagion was involved, in 1854 he removed the
handle of the pump. The level of proof was somewhere between ‘scientific’ suspicion and the civil
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law’s proof on the balance of probabilities. It was much less than criminal law’s proof beyond
reasonable doubt. The epidemic came to an end and we now know that the action was well foun-
ded.

John Snow’s action was an early example of a good public policy decision, where waiting for rigo-
rously scientific proof is not necessarily the best option. He judged that the potential benefits were
high, while the cost of being wrong was small.

Late Lesson’s Case Examples
Late Lessons has at its core fourteen case examples, based on European and North American experi-
ence.

n Antibiotics in animal feed n Great Lakes persistent pollutants

n Asbestos use in general n CFCs and the ozone hole

n Benzene – organic solvent n PCBs – polychlorinated biphenyls

n BSE (mad cow disease) n Radiation – clinical use

n Hormone (DES) infertility treatment n Lead: gasoline anti-knock additive

n Hormone animal growth promoters n MTBE: gasoline anti-knock additive and
oxygenator

n Marine fisheries policy n Smog and acid rain

It then attempts to synthesise broad lessons from this mass of past experience to assist those who are
applying precaution to future issues.

Lessons for the Future?
The EEA book is an on-going project. The lessons that appear to be emerging are outlined below;
these should be regarded as a first glance, rather than the final product! One would expect some
conclusions to be more relevant to contemporary and future issues that others.

Lesson 1: Monitor for Early Warnings

The introduction of novel technologies or products with possible large scale, serious and irreversible
impacts (PLSSIIs) should be monitored, and the results evaluated prior to each step of cautious ex-
pansion. The UK Stewart Committee on mobile phone safety has recently recommended a monito-
ring programme, the cost to be borne by industry and government. However recommendations need
to be acted upon. In 1968 the UK Swann Committee recommended systematic epidemiological mo-
nitoring of potential bacterial resistance resulting from the use of antimicrobial compounds in animal
feed. This could have been expected to result in earlier preventative action, but was never systemati-
cally implemented.

Key uncertainties once identified should be followed up. BSE, mad cow disease, was first identified in
1986 yet experiments were delayed (transmission of sheep scrapie in cattle, prevalence of asympto-
matic but infectious animals), or the results withheld from the wider research community (data and
pathological material).

Once sufficient evidence has amounted to justify a precautionary response action should follow; calls
for ‘further research’ should not be used to delay preventative actions. The case examples (e.g. mari-
ne fisheries. PCBs, Great Lakes) demonstrate that more research can often reveal greater uncertain-
ties and awareness of larger gaps in knowledge than previously believed.



www.land-sbg.gv.at/celltower

153

Lesson 2: Anticipate Real World Conditions

Crucial assumptions often broke down in the real world. It was assumed that MTBE (methyl tert-
butyl ether) would not enter groundwater from gasoline forecourt storage tanks; that PCBs in ‘clo-
sed’ systems such as transformers would stay there; that hormone growth promoters would be used
in the approved manner; asbestos would be handled stringently; slaughters would remove high-risk
tissues from beef (BES), and that fishers would stick to the rules. The case studies illustrate the need
to place greater emphasis on uncertainties and worst case scenarios. Many illustrate that the greatest
problems come not from production but from use or disposal (PCBs, CFCs, asbestos). Given that
such issues are now well established, the failure to anticipate real world condition, or to deal up front
with uncertainties, will increasingly have implications not just for the environment but for producer
liability.

Lesson 3: Distinguish between Risk, Uncertainty and Ignorance

In casual language the precautionary principle is often referred to as a strategy to deal with uncer-
tainty. But ‘uncertainty’ is a collective term that hides important distinctions with different implica-
tions:

§ Risks are where both outcomes and the probabilities of occurrence are relatively well understood.
By the mid 1960s this was true of three major diseases associated with asbestos, while the effect
of acid rain on Scandinavian lakes was clear by the late 1970s. The same can now be said for
CFC-induced ozone breakdown over the coming decades, while the range of skin cancer deaths
can also be predicted with some confidence, dependent on behaviour.

§ Uncertainty as formally restricted here, are situations where we believe we know the potential
outcomes, but have a poor idea of the likelihood of their occurrence. Many of the case examples
involved uncertainty during part of their history. In some cases these uncertainties have been re-
solved, turning them into risks (see above). In others they have not (BSE, MTBE, antimicrobial
and hormone usage in animals, quantifying the impact of fishing), while elsewhere we have been
caught out by ignorance.

§ Ignorance, where we cannot conceive the outcome, is a huge challenge. The cancer causing pro-
perties of asbestos only became apparent years after exposure. Similarly, DES, used as a treat-
ment for infertility, is a non-persistent chemical which had its adverse effect on embryos over a
period of hours or days, but whose consequences were only revealed years later in the off-spring
of treated women after adolescence. When CFCs entered production in the 1930s they did so as
safe, inert, chemicals replacing others with known dangers. In such cases application of the pre-
cautionary principle as often applied (taking account of scientific uncertainties; not waiting for full
scientific proof) would have made no difference at the point of regulatory approval. Indeed, it
may be we cannot know the consequences of full scale development until full scale development
has occurred.

Part of a rational response to limit the consequences of ignorance, as well as those of uncertainty, is
that of exposure based hazard assessment. Rather than rely on an open-ended quests to establish
safety, one can have a presumption against PLSSIIs, which will score highly on potentially ‘impru-
dent’ qualities, such as novelty, ubiquity (persistence, high levels, continuous exposure, and/or wi-
despread geographic coverage) and irreversibility. Other dimension to an appropriate response are
described below.
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Lesson 4: Become Better at Dealing With Blind Spots

Sometimes information is available, but we ignore it. The potential for CFC ozone depletion was
identified in 1970s. Yet the automated analysis of satellite data on ozone continued to reject real low
values as spurious instrument error. When an atmospheric scientist discovered the Antarctic ozone
hole in the 1980s, this too was by chance. Even in research fields which appears to an outsider as
highly coherient, the range of specialisation within them can be so diverse as to hinder effective
communication and comprehension of emerging problems.

Similar points arise from MTBE, a high production volume chemical whose persistence might have
been expected to result in a more precautious response by US regulators. Similarly, chronic problems
arising from asbestos and ionising radiation might have been appreciated sooner had they not in-
itially ‘belonged’ to the field of acute medical specialists.

Lesson 5: Scrutinise and Justify Claimed Costs and Benefits

The supposed benefit of DES, as a treatment to reduce risk of spontaneous abortion, was identified
in 1948. Large scale trials conducted in 1953 contained sufficient information to refute this. But this
was only picked up when the data was re-examined in 1978, after the link between DES and adeno-
carcinoma of the vagina in the teenage daughters of treated women had, by chance, been identified.

Historically, X-rays have been used in circumstances where perceived benefits were outweighed by
the danger, and where alternatives were readily available. These include treatment for fungal skin
infection, cosmetic removal of hair, for fitting children’s shoes, for psychiatric treatment and health
drinks. Even now 20% of clinical X-ray use in the UK is considered unjustified by the regulatory
agency.

Lesson 6: Take Account of Both ‘Lay Knowledge’ & ‘Specialist Expertise’

The problems of benzene, asbestos, and of contaminated land at Love Canal, were apparent to wor-
kers, local doctors and residents before they were accepted by regulators. John Dennis, a New York
journalist, was documenting the harmful effects of X-rays a few years after their discovery in 1895.

But no one source of knowledge is necessarily superior. Some asbestos workers argued against strict
regulation, pointing to the retired workers at the annual Christmas Party – those who had died were
not so obvious. Fishers from fourteenth century England to late twentieth century Canada readily
blamed each other’s techniques for the disappearing fish.

Lesson 7: Take Account of Different Values and Perspectives

Swedish farmers knowledge of alternative animal husbandry techniques lead to their decision to stop
using antimicrobials as growth promoters. But their decision was also based on both their and Swe-
dish consumer values. Values were part of alternative interpretations of the ‘precautionary approach’
in marine fisheries, which has variously been aimed at preventing stocks collapsing altogether
(ICES/EU); trying to maintain them at a level that results in maximum catches for fishers (US, Canada,
FAO); or sustaining them at higher levels to allow for the needs of other species (Greenpeace). The
level of an acceptable impact on other marine species will likely be different between vegetarians and
fishers. Indeed, it would be difficult to argue for any of the case examples that priorities and choices
were not depend on value judgements made at some stage.

Values and perspectives are relevant to all elements of risk assessment/ evaluation, management and
communication, and it is necessary to involve stakeholders in all these dimensions. The case examples
demonstrated the benefits to be gained by openly acknowledging value judgements and assumpti-
ons. This can help rebuild public trust in science, as many of the differences between experts, and
between the public and experts, originate from differences in values an assumptions, rather that in
the science.
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Lesson 8: Broadly Evaluate Alternative Means of Providing Services

In many of the case examples arguments were narrowly based on the proof that a particular substan-
ce or practice was harmful to human health or (more recently) to the environment in general. An
increasing trend is to now place the burden of proof on the proponent, and to broadly evaluate al-
ternative means of providing services against goals such as sustainability and minimum impact.

Thus the Swedish Chemical Law has a dual approach, where scientific suspicion of harm triggers ac-
tion, and proof beyond reasonable doubt of safety is required for authorisation. The Dutch Con-
structive Technology Assessment attempts to incorporate the real-world limitations and fallibility of
individuals and systems. The principle of substitution, now part of OSPAR’s7 Strategy on Hazardous
Substances, and also part of various national policies, requires a comparative assessment of alternati-
ve means of providing services.

All of these aspects are evidence of a shift from what could be characterised as ‘hard facts, soft va-
lues’ towards ‘soft facts, hard values’. In other words there is now an increasing recognition that
facts are rather harder to tie down than once thought, and a recognition that values are important
and have to be explicitly and transparently incorporated into decisions.

Lesson 9: Individual Actions Can Bring Multiple Benefits

The argument between the UK and Scandinavian countries over acid rain was once characterised as a
“million dollar problem with a billion dollar solution” (referring to the effect on fish). But action re-
sulted in multiple benefits including human health, reduction in the erosion of historic monuments
and other buildings, forestry and agriculture and eutrophication (nutrient enrichment). Even in strict
economic terms, and just for human health, it has been established from Europe to Japan that the
delay in introducing measures – caused by a demand for a high level of proof – was extremely costly.

Lesson 10: Avoid Paralysis by Analysis

The Great Lakes case example illustrates the problem of paralysis by analysis. A desire to assess and
prioritise the impact of all activities, and their interactions, on all species can delay justifiable action on
any one. In this case it was argued that action on persistent, toxic and bioaccumulative chemicals,
where the evidence of harmful effects was substantial, was delayed by such an approach.

Lesson 11: Maintain Regulatory Distance from Interested Parties

Benzene was demonstrated to be a bone marrow poison in 1897, yet action was delayed. The po-
tential for respiratory effects of asbestos was known in 1898, but action took many decades with a
continuing legacy. Producers and regulators in the US knew of the effects of PCBs on workers in the
1930s, but action was put off. Scientific committees on hormone growth promoters in the late twen-
tieth century were often heavily reliant on industry data, as was asbestos until the 1960s. For BSE,
concern over the consequences for the industry featured prominently in the UK government’s thin-
king. In such cases regulators came too close to interested parties and to a greater or lesser extent
came to share their values.

Lesson 12: Not Being Precautious is Expensive, as is Over-precaution

In all cases there were significant costs associated with the failure to be precautious, and in some
(e.g. asbestos, BSE) the costs were and/or will be enormous. In others (PCBs,) the costs of environ-
mental clean up and restoration are so large that they will never be attempted. The wider costs are
appreciated by the public but poorly reflected in many formal assessments, contributing to an erosion
in public confidence.
In future the full costs of producing, using and disposing of the products and services of economic
activities need to be included in their market prices in order to maximise economic efficiency, stimu-
                                               
7 Oslo and Paris Convention; the international regulatory body of North East Atlantic governments charged with
the responsiblity for reducing and eliminating pollution and other adverse human impacts on the marine envi-
ronment.
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late innovation and minimise environmental and public health burdens. In other words the widely
accepted ‘polluter pays principle” needs to be more widely implemented.

Of course being too precautious can also be expensive if the costs of preventative action greatly
outweigh the benefits, breaching the proportionality principle. However the case studies generally
indicate that costs were often exaggerated while the benefits (including innovatory stimulus, secon-
dary benefits, and non-economic benefits) were under-estimated.

Summing up
In many of the case examples, and even judged by the standards of the day, it appears that a consi-
derable body of information on adverse effects was either overlooked or discounted. This could often
have justified earlier precautionary action based on scientific evidence or the balance of probabilities,
a la Dr Snow and the Broad Street pump. These errors were made because assessments tended to be
narrowly drawn, had a relaxed attitude to risk and novel developments, and emphasised proof of
harm beyond reasonable doubt. If we can implement strategies that avoid these mistakes, particularly
with regard to PLSSIIs, we will do substantially better in future.

However, the case studies also threw up the issue of ignorance. These are problems of which we
could not conceive (at least in their full range of effects) prior to implementation such as asbestos,
DES and CFCs. In part we can also devise strategies to deal with this, for example an increasingly
stringent requirement to justify actions as they tend towards novelty, ubiquity and/or irreversiblity. A
proactive attitude is beginning to emerge, such as the principle of substitution, that make use of our
innovative abilities to actively devise means of satisfying needs and wants with minimum impact.

But ignorance also warns us that surprises are inevitable and we will always get things wrong. Pre-
caution implies that society has to be engaged in more meaningful participation between stakehol-
ders. Partly this is because the cost of any mistakes may be widespread and unknowable until they
occur; partly because this is democratic and increases the likelihood that decisions are made based on
what is believed to be the common good; partly because it ensures that all claims to knowledge are
assessed; and partly because it is necessary that consent be acquired between those with different
values. And partly it is because there appears to be an increasing prospect that innovations that are
introduced without prior public consent risk rejection. This results in substantial costs for all con-
cerned, as irradiated foods, Brent Spar and genetically modified organisms clearly illustrate.
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Conclusion 1 There is hope!

u In many of the case examples, even judged by the standards of the
day, it appears that a considerable body of information on adverse
effects was either overlooked or discounted

– The available data could often have justified earlier precautionary action
based on scientific evidence or the balance of probabilities, a la Dr Snow
and the Broad Street pump

– These errors were made because assessments tended to be narrowly
drawn, had a relaxed attitude to risk and novel developments, and
emphasised proof of harm beyond reasonable doubt

u If we can implement strategies that avoid these mistakes, particularly
with regard to PLSSIIs, we will do substantially better in future

19

Conclusion 2 Face up to
Ignorance

u However, the case studies also threw up the issue of ignorance.
These are problems of which we could not conceive (at least in their
full range of effects) prior to implementation such as asbestos, DES
and CFCs

– In part we can also devise strategies to deal with this, for example an
increasingly stringent requirement to justify actions as they tend towards
novelty, ubiquity and/or irreversiblity

– A proactive attitude is beginning to emerge, such as the principle of
substitution, that make use of our innovative abilities to actively devise
means of satisfying needs and wants with minimum impact
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Conclusion 3 Involve
stakeholders

u But ignorance means that surprises are inevitable and we will always
get things wrong. Precaution implies meaningful participation between
stakeholders

– because the cost of mistakes may be widespread and unknowable until
they occur

– because this is democratic and increases the likelihood that decisions are
made based on what is believed to be the common good

– because it ensures that all claims to knowledge are assessed and
– because it is necessary that consent be acquired between those with

different values

u There appears to be an increasing prospect that innovations that are
introduced without prior public consent risk rejection

u This results in substantial costs for all concerned, as irradiated foods,
Brent Spar and genetically modified organisms clearly illustrate


