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Preface

Preface

An investment in knowledge pays the best interest
— Benjamin Franklin 'The Way to Wealth' (1758).

There is something profoundly wrong with the
way we are living today. There are corrosive
pathologies of inequality all around us — be they
access to a safe environment, healthcare, education
or clean water. These are reinforced by short-term
political actions and a socially divisive language
based on the adulation of wealth. A progressive
response will require not only greater knowledge
about the state of the planet and its resources, but
also an awareness that many aspects will remain
unknown. We will need a more ethical form of
public decision-making based on a language in
which our moral instincts and concerns can be
better expressed. These are the overall aims of
Volume 2 of Late lessons from early warnings.

Volume 1 of Late lessons from early warnings

was published at a time when the world was
experiencing an economic slowdown, China had
joined the World Trade Organization and western
Europe was still a 15-member Union. Global grain
production had declined for the third time in four
years due mainly to droughts in North America
and Australia, and the world saw major recalls

of contaminated meat, foot and mouth disease

and bovine spongiform encephalopathy (mad

cow disease). Global temperatures continued to
climb and many bird populations were in decline,
but the United States of America had rejected the
Kyoto Protocol. We were seeing ourselves through
the lens of the first human genome sequence, yet
we were trying to manage chemicals known to

be harmful to humans and ecosystems, through
international conventions and treaties such as the
Basel Convention to deal with toxic waste dumping
in the developing world; the OSPAR/HELCOM
Conventions to reduce the discharges, emissions and
the loss of hazardous substances into the sea and
the Montreal Protocol, to phase out ozone-depleting
substances. The destruction of the World Trade
Center had just happened.

Since then, we have witnessed a period of
extraordinary hubris. Most visibly, the financial

profligacy of the first decade of the century led
inexorably to the crises of 2007-2009 whereby

the major components of the international
financial system were weakened to the extreme by
indebtedness, mispriced products, lax monetary
policies and mis-engineered protection against
risks and uncertainty. The world experienced
more not less volatility. Political systems became
silted up by vested interests and a determination
by citizens to protect assets accumulated in

easier times, and beneath it all lay a deeper
environmental crisis epitomised by climate change
and biodiversity loss.

There was also a collapse of trust, not only in
financial institutions but in big companies, as
they abandoned staff, pensions and health care
schemes. Recent evidence from social psychology
has shown that despite rising levels of education
and innovation in products and services, people
trust only those they know and not strangers. As
Stephen Green said in Good value: reflections on
money, morality, and an uncertain world in 2009:

'There has been a massive breakdown of trust:
trust in the financial system, trust in bankers,
trust in business and business leaders, trust
in politicians, trust in the media, trust in the
whole process of globalisation — all have
been severely damaged, in rich countries and
poor countries alike'.

The scientific elites have also been slowly losing
public support. This is in part because of the
growing number of instances of misplaced
certainty about the absence of harm, which has
delayed preventive actions to reduce risks to
human health, despite evidence to the contrary.

Suddenly, our problems have grown into what
Charles W. Churchman in 1967 termed wicked
problems — difficult or impossible to solve because
of incomplete, contradictory and changing
requirements, difficult to recognize, resistant

to resolution because of the complexity of their
interdependencies and needing to be tackled not
by one but via many forms of social power. Solving

Late lessons from early warnings: science, precaution, innovation
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them requires a new combination of hierarchical
power, solidarity and individualism.

What could this mean, for example, for the
100 thousand chemicals currently in commercial use?

To begin with we have more conventions and
treaties in place than a decade ago: the 2004
Rotterdam Convention on the Prior Informed
Consent (PIC) Procedure covering international
trade of 24 pesticides, four severely hazardous
pesticide formulations and 11 industrial chemicals;
the 2004 Stockholm Convention on Persistent
Organic Pollutants to protect human health and the
environment from substances which are highly toxic,
persistent, bio-accumulative and move long distances
in the environment, such as DDT, PCBs, various
industrial chemicals, and a set of unintentional
chemical by-products such as dioxin. But these
conventions only address the top-down hierarchical
approach to power.

At the same time Europe has put in place
legislation to achieve a global regulatory influence
including the EU Cosmetic Directive banning the
use of chemicals known or strongly suspected

of being carcinogens, reproductive toxins, or
mutagens causing cancer, mutation or birth defects;
the EU Restriction of Hazardous Substances
Directive, which restricts the use of hazardous
materials in the manufacture of various types

of electronic and electrical equipment including
lead, mercury, cadmium, hexavalent chromium,
the flame retardents polybrominated biphenyls
and polybrominated diphenyl ethers, and which
encourages the substitution to safe/or safer
alternatives in the electric and electronic equipment
industry; the closely linked 2006 EU Waste
Electrical and Electronic Equipment Directive for
collection, recycling and recovery of electrical
goods; the 2006 Strategic Approach to International
Chemicals Management (SAICM); and the 2007

EU Registration, Evaluation and Authorisation of
Chemicals, widely known as REACH, to assign
greater responsibility to industry to manage

the risks from chemicals and to provide safety
information on substances. The effects of these
regulatory tools are described in different chapters,
but once again point to the main economic actors
rather than communities or individuals.

One thing that has become clearer over the past
decade is that certain chemical substances are
highly stable in nature and can have long-lasting
and wide ranging effects before being broken
down into a harmless form. The risk of a stable
compound is that it can be bio-accumulated in

fatty tissues at concentrations many times higher
than in the surrounding environment. Predators,
such as polar bears, fish and seals, are known

to bio-magnify certain chemicals in even higher
concentrations with devastating consequences

for both humans and ecosystems. So exposure to
toxic chemicals and certain foodstuffs are at risk of
causing harm, especially to vulnerable groups such
as foetuses in the womb or during childhood when
the endocrine system is being actively built. Even
with small dose exposures, the consequences can
in some instances be devastating with problems
ranging from cancer, serious impacts on human
development, chronic diseases and learning
disabilities. Here the power to act could be more
properly set by well-informed individuals and
communities.

The relationship between knowledge and power
lies at the heart of Volume 2. In many chapters,
the implicit links between the sources of scientific
knowledge about pollutants, changes in the
environment and new technologies, and strong
vested interests, both economic and paradigmatic,
are exposed. A number of authors also explore

in greater depth, the short-sightedness of
regulatory science and its role in the identification,
evaluation and governance of natural resources,
physical and chemical hazards. By creating a
better understanding of these normally invisible
aspects, it is hoped that this volume will enable
communities and people to become more effective
stakeholders and participants in the governance of
innovation and economic activities in relation to
the associated risks to humans and the planet.

Much of what we are able to learn from the
histories of past environmental and public health
mistakes is also directly applicable to the better
regulation and governance of global institutions
and financial and economic risks. Robin G.
Collingwood argued in his Autobiography (1939),
that:

'History can offer something altogether
different from [scientific] rules, namely
insight. The true function of insight is to
inform people about the present...we study
history in order to see more clearly into the
situation in which we are called upon to act...
the plane on which, ultimately, all problems
arise is the plane of 'real' life: that to which
they are referred for their solution is history.’

In this volume, we go further. Whilst still drawing
lessons from such widely accepted tragedies
as leaded petrol, mercury poisoning in Japan's

Late lessons from early warnings: science, precaution, innovation
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Minamata Bay and older pesticides which sterilised
many men who used it, we have ventured into the
uncertainties of potential yet contested harm, from
genetically modified products; nanotechnologies;
chemicals such as Bisphenol A; new pesticides
and mobile phones. There is also an examination
of the 80 or so potential 'false positives' where
there had been indications of harm but where it
was subsequently claimed that there were in fact
no risks to prevent: these cases too can provide
information that can help to improve future
decision-making about innovation and emerging
technologies.

A major part of effective decision-making lies in
the way issues are framed. In the case of climate
change, the first order question is whether it is
worth worrying about at all. US Vice President

Al Gore chose to make the question a matter of
choice between believers and sceptics. However,
problems arose when the public was asked to
make a scientific decision when too few people had
the qualifications to make any kind of reasoned
judgement. They were in fact asked to make a false
choice. Instead the question should have been
framed around which areas should people and
governments make decisions and which should be
delegated to experts.

In the end there are few certain and enduring
truths in the ecological and biological sciences, nor
in the economics, psychologies, sociologies and
politics that we use to govern them. One, however,

comes from the work of Elinor Ostrom, a late and
widely missed colleague, who showed from her
work on managing fisheries and ecosystems that
complex problems can be solved if communication
is transparent and open, visions are shared, trust is
high and communities are activated to work from
the bottom-up as well as from the top down.

As we navigate the Anthropocene, the epoch
named in recognition of our impact on the

planet, we will need to encourage more people to
become involved in solving the wicked problems
of our times. Whether through gathering local
information or becoming more aware of the

many uncertainties and unpredictabilities in our
surroundings, the power structures of knowledge
will need to change. And if we are to respond more
responsibly to the early warning signals of change,
we will need to re-design our style of governance
to one which reflects a future defined by the local
and specific rather than only the global and the
average. We hope that Volume 2 of Late lessons from
early warnings with its many lessons and insights
can help us all meet such a challenge.

Professor Jacqueline McGlade,
Executive Director

Late lessons from early warnings: science, precaution, innovation



1 Introduction

Introduction

Why further late lessons from early
warnings?

The 2013 Late lessons from early warnings report is
the second of its type produced by the European
Environment Agency (EEA) in collaboration with a

broad range of external authors and peer reviewers.

Volume 1 of Late lessons from early warnings: the
precautionary principle 1896-2000 published in 2001,
looked at the history of a selection of occupational,
public health and environmental hazards and
asked whether we could have been better at taking
action early enough to prevent harm. Twelve key
lessons for better decision-making were drawn
from cases where public policy was formulated
against a background of scientific uncertainty and
'surprises’ — and where clear evidence of hazards
to people and the environment was often ignored
(see box on page 11).

The 14 case studies and 12 key lessons from the 2001
report remain highly pertinent today, and underline
four main reasons for a second report. The first
relates to expanding the late lessons approach to
consider long-known, important additional issues
with broad societal implications such as lead in
petrol, mercury, environmental tobacco smoke and
DDT, as well as issues from which lessons have
emerged more recently such as the effects of the
contraceptive pill on feminisation of fish and the
impacts of insecticides on honeybees.

The second concerns filling an acknowledged

gap in the 2001 report, by analysing the issue of
false positives where government regulation was
undertaken based on precaution but later turned
out to be unnecessary. Most of the cases examined
in the Late lessons from early warnings reports are
'false negatives' — instances where early warnings
existed but no preventive actions were taken.

The third reason is to address the rapid emergence
of new society-wide challenges such as radiation
from mobile phones, genetically-modified
products, nanotechnologies and invasive alien
species as well as if, how and where precautionary
actions can play a role.

The final reason relates to how precautionary
approaches can help manage the fast-changing,
multiple, systemic challenges the world faces
today, what new insights can be drawn in this
context and how these can underpin opportunities
for sustainable innovations and, supported

by information technologies, greater public
participation in their selection.

Overall approach

As for Volume 1, the approach in Volume 2 has
been to include a wide range of relevant case
studies produced by external authors along with
chapters written by members of the report's
editorial team (see acknowledgements section
for details). The relevant topics for case study
treatment were selected on the basis of advice
from the editor, in collaboration with the editorial
team and an advisory board, members of the
EEA Scientific Committee and the Collegium
Ramazzini (%).

The chapters in Volume 2 are grouped into

five parts: A. Lessons from health hazards;

B. Emerging lessons from ecosystems; C. Emerging
issues; D. Costs, justice and innovation; and

E. Implications for science and governance.

The chapters have been written by authors

who, to varying degrees, have had substantial
involvement in the subject area being addressed.
Indeed they would not have been approached if

(*) The Collegium Ramazzini is an independent, international academy founded in 1982 by Irving J. Selikoff, Cesare Maltoni and other
eminent scientists. Its mission is to advance the study of occupational and environmental health issues and to be a bridge between
the world of scientific discovery and the social and political centers, which must act on the discoveries of science to protect public

health.
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they had not already extensively studied the case
that they were asked to write about. All of them, as
respected experts in their fields and in line with their
professional scientific training, were expected to be
as objective as possible in answering the questions
put to them by EEA. To support this, and to develop
consistency between chapters, the authors were
provided with seven structuring questions to be
followed when building their chapter.

The case studies have been peer-reviewed by
recognised experts in the respective fields who gave
of their time freely and provided their feedback
within a set of editorial guidelines provided by the
EEA.

Scope

The report has been designed, structured and
written in order to, inter alia, help politicians,
policymakers and the public to:

i understand better the ways in which scientific
knowledge is financed, created, evaluated,
ignored, used and misused in taking timely and
precautionary decisions about how to reduce
harms, whilst stimulating benign innovations
and generating useful employment;

ii learn from some very expensive 'mistakes’
in the past so as to help societies make fewer
mistakes now, and in the future, especially with
some of the relatively new, largely unknown,
yet already widespread technologies like
nanotechnology and mobile phones;

iii be aware of less visible, important factors such
as the skewed ways in which the costs of actions
and inactions for hazardous technologies
have been estimated, and the role that some
businesses have played in ignoring early
warnings and in manufacturing doubt about the
science supporting such warnings;

iv consider how the law, or administrative
arrangements, could be better used to deliver
justice, to those people (and ecosystems) that
have been, or could be, harmed by poorly
designed, or badly deployed, innovations;

v explore how best to engage the public in
helping to make strategic choices over
innovations, and their technological and
social pathways, as well as their involvement
in ecosystems management and in long term
monitoring through citizen science.

Part A of the report commences with an analysis
of 'false positives' showing that these are few and
far between as compared to false negatives and
that carefully designed precautionary actions can
stimulate innovation, even if the risk turns out

not to be real or as serious as initially feared. The
remaining nine chapters address false negatives —
lead in petrol, perchlorethylene contaminated water,
Minamata disease, occupational beryllium disease,
environmental tobacco smoke, vinyl chloride,
dibromochloropropane (DBCP), Bisphenol A and
dichlorodiphenyltrichlorethane (DDT) — from
which three common themes emerge: there was
more than sufficient evidence for much earlier
action; slow and sometimes obstructive behaviour
by businesses whose products endangered
workers, the public and the environment; and the
value of independent scientific research and risk
assessments.

Part B focuses on emerging lessons from the
degradation of natural systems and their wider
implications for society — booster biocides, the pill
and the feminisation of fish, climate change, floods,
insecticides and honeybees as well as ecosystem
resilience more broadly. It considers, like its
predecessor, the issues of scientific evidence as the
basis for action/inaction, the multiple, often complex
factors and feedback loops in play, many of which
are not fully understood, as well as the interfaces
between science, policy and society and how all
actors can move together towards necessary actions
in the context of heightened systemic risks, and
substantial unknowns.

Part C analyses some newly emerging and
large-scale products, technologies and trends, which
potentially offer many benefits but also potentially
much harm to people and ecosystems and thereby
ultimately economic development. Cases addressed
include the Chernobyl and Fukushima nuclear
accidents; genetically modified agricultural crops
and agroecology; the growing threat of invasive
alien species; mobile phones and the risk of brain
tumours; and nanotechnologies. There is often little
science, and very little direct hindsight, to assist in
the management of these emerging technologies but
the lessons from the historical case studies need to
be applied if hazards are to be avoided.

The evidence from the chapters in Part C is that,
by and large, societies are not making the most
use of the costly lessons that can be gleaned
from their histories. A key question is how

this can be improved given the many reasons
identified from the case studies why taking
actions have been delayed including: the novel

Late lessons from early warnings: science, precaution, innovation
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and challenging nature of the issues themselves;
poorly or inconsistently evaluated information;
strong opposition by the corporate and scientific
establishments of the day; and the tendency by

the decision making institutions, practices and
cultures to favour the status quo and the short
term perspective. This section also illustrates the
value of bottom up as well as top down approaches
to innovations in ensuring that the directions of
technological pathways, the equitable distributions
of benefits, costs and knowledge ownership, and
the diversity of locally sensitive technological
options are relevant to the food, energy and
ecosystems crises.

The historical chapters illustrate numerous harms
which for the most part have been caused by
irresponsible corporations. This fact, coupled
with shortcomings in how decisions are made by
governments on when to act on early warnings,
and in the law when it comes to compensating
victims of harm, are analysed in three chapters

in Part D of the report. Each chapter analyses the
reasons behind prevailing practice and then goes
on to offer insights, for example, on how cost

Twelve late lessons

calculation methods can be improved; on how
insurance schemes could be used to compensate
future victims of harm; and on the reasons why
businesses frequently ignore early warnings.

The cases in Parts A-D form the basis for
considering in Part E the governance implications
for science, public policy and public engagement,
and how current practices could be improved

to enable society to maximise the benefits of
innovations while minimising harms. The main
insights are that science could be more relevant for
precautionary decision-making; that the wider use
of the precautionary principle can avert harm and
stimulate innovation; and that the late lessons of
history and precautionary approaches are highly
pertinent to today's multiple and inter-connected
crises — such as those arising from finance,
economics, the use of ecosystems, climate change,
and the use and supply of energy and food.

Finally, many of the historical and recent case
studies illustrate the value of engaging the public
in broadening the knowledge base and stimulating
robust innovations.

Based on the case studies of Volume 1 of Late lessons from early warnings (EEA, 2001), twelve key lessons

for better decision-making were drawn:

1 Acknowledge and respond to ignorance, as well as uncertainty and risk, in technology appraisal and public policymaking

2 Provide adequate long-term environmental and health monitoring and research into early warnings

3 Identify and work to reduce 'blind spots' and gaps in scientific knowledge

4 Identify and reduce interdisciplinary obstacles to learning

5 Ensure that real world conditions are adequately accounted for in regulatory appraisal

6 Systematically scrutinise the claimed justifications and benefits alongside the potential risks

7 Evaluate a range of alternative options for meeting needs alongside the option under appraisal, and promote more robust,
diverse and adaptable technologies so as to minimise the costs of surprises and maximise the benefits of innovation

8 Ensure use of 'lay' and local knowledge, as well as relevant specialist expertise in the appraisal

9 Take full account of the assumptions and values of different social groups

10 Maintain the regulatory independence of interested parties while retaining an inclusive approach to information and opinion

gathering

11 Identify and reduce institutional obstacles to learning and action

12 Avoid 'paralysis by analysis' by acting to reduce potential harm when there are reasonable grounds for concern

Source: EEA, 2001, Late lessons from early warnings: the precautionary principle 1986-2000, Environmental issues report

No 22, European Environment Agency.
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2 The precautionary principle and false
alarms — lessons learned

Steffen Foss Hansen and Joel A. Tickner

Most of the cases examined in the Late lessons
from early warnings reports are 'false negatives'

— instances where early warnings existed but

no preventive actions were taken. In debates
surrounding the precautionary principle it is
often claimed that widespread application of the
principle will lead to a large number of regulatory
false positives — over-regulation of minor risks
and regulation of non-existent risks, often due to
unwarranted public 'fears'. Understanding and
learning from past false positives as well as false
negatives is essential for improving decision-making
about public health and the environment.

This chapter reviews incidents of 'false positives',
where government regulation was undertaken based
on precaution but later turned out to be unnecessary.
In total 88 cases were identified to be alleged false
positives, however, following a detailed analysis
most of them turned out to be either real risks, or
cases where 'the jury is still out', or unregulated
alarms, or risk-risk trade-offs, rather than false
positives.

The analysis revealed four regulatory false
positives: US swine flu, saccharin, food irradiation,
and Southern leaf corn blight. Numerous important
lessons can be learned from each, although there
are few parallels between them in terms of when
and why each risk was falsely believed to be real.
This is a lesson in itself: each risk is unique, as

is the science and politics behind it and hence a
flexible approach is therefore needed, adapted

to the nature of the problem. The costs of the

false positives identified were mainly economic,
although the actions taken to address swine flu

in 1976 did lead to some unintended deaths and
human suffering, and diverted resources from
other potentially serious health risks. Determining
the net costs of mistaken regulatory action,
however, requires a complete assessment of the
impacts of the regulation, including the costs and
benefits of using alternative technologies and
approaches.

Overall, the analysis shows that fear of false
positives is misplaced and should not be a rationale
for avoiding precautionary actions where warranted.
False positives are few and far between as

compared to false negatives and carefully designed
precautionary actions can stimulate innovation, even
if the risk turns out not to be real or as serious as
initially feared. There is a need for new approaches
to characterising and preventing complex risks

that move debate from the 'problem’ sphere to the
'solutions' sphere. By learning from the lessons in
this chapter, more effective preventive decisions can
be made in the future.

The scarcity of genuine false positives compared

to the large number of 'mistaken false positives'
could partly be the result of a deliberate strategy

in risk communication. Several references and
leaked documents have shown that some regulated
parties have consciously recruited reputable
scientists, media experts and politicians to call on

if their products are linked to a possible hazard.
Manufacturing doubt, disregarding scientific
evidence of risks and claiming over-regulation
appear to be a deliberate strategy for some industry
groups and think tanks to undermine precautionary
decision-making.
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3 Lead in petrol 'makes the mind give

way

Herbert Needleman and David Gee

This chapter addresses the widespread use of
lead in petrol. It focuses on the period 1925-2005,
when leaded petrol was first widely marketed in
the US and then spread to the rest of the world
before being gradually phased out from the 1970s.
In Europe, the Aarhus Protocol (www.unece.org/
env/pp/treatytext.html) initiated the phase-out of
leaded petrol in the period 1998-2005.

The neurotoxic effects of lead were recognised as

far back as Roman times. And in 1925, at the 'one
day trial' of leaded petrol in the US, many experts
warned of the likely health impacts of adding lead
to petrol. Yet, despite the availability of an equally
effective alcohol additive which was assessed

by experts to be cleaner, the leaded route to fuel
efficiency was chosen in the US and then exported to
the rest of the world.

For several decades after the introduction of leaded
petrol, virtually no independent research was
carried out and the main source of information was
industry and industry-sponsored researchers. Not
until the 1960s and 1970s did independent scientists
from outside this group show, for example, that

body burdens of lead arising from human activities
were not 'normal’, as industry claimed, but were

hundreds of times higher than before the industrial
revolution and were therefore likely to be harmful.

At its peak in the mid-1970s, leaded petrol released
about 200 000 tonnes of lead into the atmosphere
annually in both the US and Europe. Following

the subsequent phase-out, blood lead levels in
children (the most sensitive group exposed) quickly
fell, in line with the decrease in air concentrations.
The lessons nevertheless remain relevant globally
today. Although nearly all countries worldwide
had phased out leaded petrol by 2012, lead
concentrations in soils and sediments remain high.
Meanwhile, electronic wastes containing lead and
other contaminants also cause elevated blood lead
levels.

Supplementary panel texts focus on the events
leading up to the US choice of leaded petrol as

the primary fuel source in 1925 and more recent
accounts of EU policymaking on lead in petrol and
the road to phase-outs in Germany and the United
Kingdom.

Late lessons from early warnings: science, precaution, innovation
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4 Too much to swallow: PCE
contamination of mains water

David Ozonoff

PCE (perchlorethylene, also known as 'perc' or
tetrachloroethylene), was used in the production of
plastic linings for drinking water distribution pipes
in the late 1960s and 1970s. This new and relatively
untested type of distribution pipe was used in over
700 miles of New England's water distribution
systems. Not until 1976 was it discovered that

PCE had been leaching into the water from the
pipe lining, causing widespread contamination of
water supplies that still today require continuous
remediation.

Before the pipes were put into production there
was a substantial amount of scientific information
available about the potential hazards of PCE. This
did not include current concerns about PCE's
carcinogenicity, teratogenicity and other health
consequences of relatively low-level exposure
upper most among today's concerns, but many
early warnings suggested the need for caution in
introducing PCE-based mains pipe linings.

PCE had been used to treat hookworm and data

on side effects were in the literature, while later

a variety of occupational users were studied,
including aircraft workers, small companies in
countries where biological monitoring was required,
and dry-cleaning firms. Several environmental
studies were also conducted to see if drinking

water contaminated with PCE or its close relative,
TCE (trichloroethylene), was associated with

cancer. Results were mixed and the chemical
industry consistently denied that PCE was a human
carcinogen.

This case study explores the early (pre 1970)
history researching the toxicity of the chemical. It
also focuses on the failure of one manufacturer,
Johns-Manville Corporation, to recognise the
warning signals about using a suspected toxic
substance. It examines why a new product was
deployed without thought to the public health
consequences and why evidence of the potential
hazard was ignored.

The science has not been hidden. It has been
ineffective in guiding and catalysing action.
Whether the problem is a failed duty of care or
a lack of clarity about what evidence will trigger
action, the contemporary argument over how to
interpret the scientific evidence is irresolvable
within science itself. There are no overarching
criteria from the philosophy of science that can
dictate a solution.

This chapter also includes two supplementary texts.
A panel that analyses the differences between the
conclusions of risk assessments based on the same
data, focusing in particular on assessments of PCE
and TCE. A further panel describes the opportunities
to switch to wet-cleaning technologies to reduce the
current use of PCE in dry cleaning.
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5 Minamata disease: a challenge for
democracy and justice

Takashi Yorifuji, Toshihide Tsuda and Masazumi Harada

Minamata disease, which can induce lethal or
severely debilitating mental and physical effects,
was caused by methylmercury-contaminated
effluent released into Minamata Bay by Chisso,
Japan's largest chemical manufacturer. It resulted

in widespread suffering among those who
unknowingly ate the contaminated fish. This chapter
documents the story in three phases.

The disease first came to prominence in the 1950s.
It was officially identified in 1956 and attributed to
factory effluent but the government took no action
to stop contamination or prohibit fish consumption.
Chisso knew it was discharging methylmercury
and could have known that it was the likely active
factor but it chose not to collaborate and actively
hindered research. The government concurred,
prioritising industrial growth over public health.

In 1968 Chisso stopped using the process that
caused methylmercury pollution and the Japanese
government then conceded that methylmercury was
the etiologic agent of Minamata disease.

The second part of the story addresses the discovery
that methylmercury is transferred across the
placenta to affect the development of unborn
children, resulting in serious mental and physical
problems in later life. Experts missed this at first
because of a medical consensus that such transfer
across the placenta was impossible.

The third phase focuses on the battle for
compensation. Initially, Chisso gave token

'sympathy money' under very limited criteria. In
1971 the Japanese government adopted a more
generous approach but after claims and costs soared
a more restrictive definition was introduced in
1977, justified by controversial 'expert opinions'.
Legal victories for the victims subsequently made
the government's position untenable and a political
solution was reached in 1995-1996. In 2003, the
‘expert opinions' were shown to be flawed and the
Supreme Court declared the definition invalid in
2004.

In September 2011 there were 2 273 officially
recognised patients. Still, the continuing failure

to investigate which areas and communities were
affected means that the financial settlement's
geographic and temporal scope is still not properly
determined. Alongside deep-seated issues with
respect to transparency in decision-making and
information sharing, this indicates that Japan

still faces a fundamental democratic deficit in its
handling of manmade disasters.

This chapter is followed by three short updates

on the effects of mercury poisoning since

Minamata; on attempts to contain it, including

the 2009 global agreement to phase mercury out

of economic activity; and on the need for better
information about contaminant exposures to

enable policymakers to make informed choices that
balance the benefits of fish consumption against the
assumed adverse effects of low-level methylmercury
exposures.

Late lessons from early warnings: science, precaution, innovation
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6 Beryllium's '‘public

David Michaels and Celeste Monforton

relations problem’

Scores of workers employed in nuclear weapons
production have been diagnosed with chronic
beryllium disease (CBD), a progressive and
irreversible inflammatory lung disease. This chapter
presents a history of knowledge and public policy
about preventing beryllium-related disease, focusing
primarily on the United States beryllium industry's
role in shaping US regulatory policy.

Over several decades increasingly compelling
evidence accumulated that CBD was associated
with beryllium exposure at levels below the existing
regulatory standard. The beryllium industry had a
strong financial incentive to challenge the data and
decided to be proactive in shaping interpretation

of scientific literature on beryllium's health effects.
It hired public relations and 'product defence'
consulting firms to refute evidence that the standard
was inadequate. When the scientific evidence
became so great that it was no longer credible to
deny that workers developed CBD at permitted
exposure levels, the beryllium industry responded
with a new rationale to delay promulgation of a
new, more protective exposure limit.

This case study underscores the importance of
considering the hazards from toxic materials

throughout the entire product life cycle. While
primary producers of beryllium products may be
able to control exposures in their own facilities, it is
unlikely that many secondary users and recyclers
have the expertise, resources and knowledge
necessary to prevent beryllium disease in exposed
workers and residents in nearby communities.

The primary lessons of this chapter are widely
applicable to many environmental health
controversies. In particular, it illustrates the practice
of 'manufacturing uncertainty' — a strategy used
by some polluters and manufacturers of hazardous
products to prevent or delay regulation or victim
compensation.

This chapter is followed by an analysis of the
rationale for corporate behaviour in the regulation
of beryllium. It is argued that the availability of
occasional and limited opportunities for companies
to change course without suffering onerous
consequences would encourage them to rethink their
position and create an obligation on shareholders

to take the responsible course. Although this may
be perceived as letting them 'get away with it', the
end result may be better public policy and corporate
responsibility.

Late lessons from early warnings: science, precaution, innovation



Part A — Summary

7 Tobacco industry manipulation of

research

Lisa A. Bero

This chapter differs in some ways from the others
in Volume 2 of Late lessons from early warnings. The
history of 'second hand’, 'passive’ or 'environmental
tobacco smoke' (ETS), to which non-smokers are

exposed overlaps with the history of active smoking.

Those affected include the partners and children of
smokers, and the bartenders and other workers who
have to work in smoky environments.

The focus in this chapter is on the strategies used
by the tobacco industry to deny, downplay, distort
and dismiss the growing evidence that, like active
smoking, ETS causes lung cancer and other effects
in non-smokers. It does not address the history

of scientific knowledge about tobacco and how it
was used or not used to reduce lung cancer and
other harmful effects of tobacco smoke. There is
much literature on this and a table at the end of the
chapter summarises the main dates in the evolution
of knowledge in this area.

The chapter concentrates on the 'argumentation’
that was used to accept, or reject, the growing
scientific evidence of harm. Who generated

and financed the science used to refute data on
adverse health effects? What were the motivations?

What kind of science and information, tools and
assumptions were used to refute data on the
adverse health of tobacco?

The release of millions of internal tobacco industry
documents due to law suits in the US has given
insights into the inner workings of the tobacco
industry and revealed their previously hidden
involvement in manipulating research. However,
this insight is not available for most corporate
sectors. The chapter discusses the possibilities of 'full
disclosure' of funding sources and special interests
in research and risk assessment in order to secure
independence and prevent bias towards particular
viewpoints.

While smoking bans are now being introduced
in more and more countries, other industries

are drawing inspiration from tobacco company
strategies, seeking to maintain doubt about
harm in order to keep hazardous products in the
marketplace.

The chapter also includes a summary of the tobacco
industry's role in shaping risk assessment in the US
and Europe to serve its own interests.

Late lessons from early warnings: science, precaution, innovation
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8 Vinyl chloride: a saga of secrecy

Morando Soffritti, Jennifer Beth Sass, Barry Castleman and David Gee

This chapter is about how early warnings in the
1950s and 1960s concerning the short-term harm of
vinyl chloride (VC) to the skin and bones of workers,
and to the livers of laboratory animals, were initially
hidden from other workers and regulators. This

was despite some early misgivings by company
experts whose advice was initially ignored by their
employers. This pattern was repeated when the
later, more devastating news of a rare liver cancer

in workers was revealed by long-term animal
studies and by an attentive and concerned company
physician.

Unlike many other histories, however, this story
features a very prompt response from the global
chemical industry to the publication of the liver
cancer evidence, a response that included funding
cancer testing and later compliance with a large
reduction in the permissible exposure limits. The
case also provides early evidence of reproductive
effects of vinyl chloride monomer (VCM).

Other features of this story presage the later and
common responses of the corporate world to
heightened public awareness and pressure from
non-governmental organisations (NGOs) and trade
unions, including greatly exaggerated estimates of

the likely costs of complying with tighter pollution
controls; a frequent mismatch between the position
of the trade association and that of many, more
progressive companies within the association; but
also some relatively quick corporate responses to
public, NGO and regulatory pressure.

The chapter also features two legal aspects, which,
though more common in the US, are also valuable
for Europeans. First, the potentially positive role that
judicial review of regulatory proposals can play in
providing a societal judgement about the behaviour
of corporations. This can embrace not just moral
judgements but also judgements about the state of
the science and what society should do with it.

Second, the role that document discovery in
legal compensation cases can play in revealing
the real and until then secret activities of
corporations. Any proposals to promote justice
for victims of environmental and health harms
via no fault administrative arrangements need
to be accompanied by other measures to extract
information about corporate behaviour.

The chapter is followed by a panel analysing the
value of animal testing for identifying carcinogens.
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9 The pesticide DBCP and male infertility

Eula Bingham and Celeste Monforton

Dibromochloropropane (DBCP) is a pesticide used
against nematodes (roundworms or threadworms)
that damage pineapples, bananas and other tropical
fruits. It was introduced into US agriculture

in 1955 and approved for use as a fumigant in

1964. By 1961 laboratory experiments had shown
that it made the testicles of rodents shrink and
significantly reduced the quantity and quality of
sperm. Nonetheless, the compound was widely
marketed and became a commercial success.

In 1977, workers at a production plant became
worried that they were unable to father children.
An emergency study by a US government agency
discovered that in many cases the workers were
suffering from deficient or absent sperm. While
controls were improved at US facilities, the product
continued to be marketed and sprayed in Latin
America, the Philippines, some African countries,
and elsewhere.

By the 1990s, tens of thousands of plantation
workers in these countries had allegedly suffered
adverse reproductive effects from DBCP use.

The story continues today with contentious
legal claims for compensation, contamination of
drinking water and industry attempts to prevent
a Swedish documentary on the issue from being
screened.

This chapter looks at the knowledge available
about the hazards and the actions taken, or not
taken, to avert them. The DBCP story is significant
as it is the first clear example of reproductive
damage to workers who manufactured and used a
synthetic chemical. This is one of many examples
supporting the growing concerns about increasing
rates of reproductive and developmental disease,
and about the endocrine disrupting chemicals that
seem to be playing a role in these disorders.

Protecting production workers, users, consumers
and the environment from chemicals that may
damage reproduction demands closer integration
of scientific disciplines, as well as government
action. The lessons of DBCP may help in
ensuring timely protection from harm, based on
precautionary approaches to scientific evidence.
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10 Bisphenol A: contested science,
divergent safety evaluations

Andreas Gies and Ana M. Soto

Bisphenol A (BPA) is currently one of the world's
best-selling chemicals and primarily used to make
polycarbonate plastics. It is widely used in common
products such as baby bottles, household electronics,
medical devices and coatings on food containers. BPA
is known to mimic the female hormone oestrogen and
has been found to leach from the materials where it is
used.

Studies have suggested that even exposure to low
doses of BPA may cause endocrine disrupting
effects. As with other hormones, it appears that an
organism is most sensitive during development but
that effects are often not observed until much later
in the lifecycle. This means that at the time when the
effects become detectable, the chemical exposure has
vanished. This makes it extremely difficult to link
exposure to effects in humans.

This chapter maps some of the findings in studies of
rodents and humans. It also discusses the challenges
of evaluating scientific findings in a field where
industry-sponsored studies and independent
scientific research seem to deviate strongly. The
authors offer suggestions for ways to uncouple
financial interests from scientific research and testing.

A widely used and dispersed industrial chemical
like Bisphenol A is a controversial example

of an endocrine disrupting substance that

has implications for policymakers. Different
approaches to risk assessment for BPA by US and
European authorities are presented. It throws light
on the ways in which similar evidence is evaluated
differently in different risk assessments and
presents challenges for applying the precautionary
principle.

The intense discussion and scientific work on BPA
have slowly contributed to a process of improving
test strategies. While traditional toxicology has
relied on a monotonic increasing dose-response
relationship as evidence that the effect is caused by
the test agent, studies on BPA and other endocrine
disruptor chemicals (EDCs) have demonstrated the
limitations of this approach and adjustments have
been made in some cases.

It has also been widely accepted that effects
cannot be predicted by simply thinking of BPA as
a weak oestrogen and extrapolating from what is
observed for more potent endogenous oestrogens.
This lesson is particularly evident in the intense
pharmaceutical interest in selective oestrogen
response modifiers (SERMs).

The chapter is followed by a panel analysing the
value of animal testing for identifying carcinogens.
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11 DDT: fifty years since Silent Spring

Henk Bouwman, Riana Bornman, Henk van den Berg and Henrik Kylin

'There was a strange stillness. The birds for example
— where had they gone? Many people spoke about
them, puzzled and disturbed. The feeding stations
in the backyards were deserted. The few birds seen
anywhere were moribund: they trembled violently
and could not fly. It was a spring without voices

... only silence lay over the fields and woods and
marsh.'

The book Silent Spring by Rachel Carson is mainly
about the impacts of chemicals (in particular
dichlorodiphenyltrichlorethane also known as DDT)
on the environment and human health. Indeed, the
close association between humans and birds remains
very apt. Representing the only two warm-blooded
groups of life on Earth, mammals and birds share
the same environments and threats.

Carson's claim that she lived in 'an era dominated
by industry, in which the right to make a dollar at
whatever cost is seldom challenged' still resonates
strongly with the problems that societies face all
over the world. One chapter heading, 'The obligation
to endure’, derived from the French biologist and
philosopher Jean Rostand's famous observation that,
'the obligation to endure gives us the right to know".
United States President John F. Kennedy responded
to the challenge posed by Carson by investigating
DDT, leading to its complete ban in the US. The

ban was followed by a range of institutions and
regulations concerned with environmental issues in

the US and elsewhere, driven by public demand for
knowledge and protection.

DDT was the primary tool used in the first global
malaria eradication programme during the 1950s
and 1960s. The insecticide is sprayed on the inner
walls and ceilings of houses. Malaria has been
successfully eliminated from many regions but
remains endemic in large parts of the world.
DDT remains one of the 12 insecticides — and
the only organochlorine compound — currently
recommended by the World Health Organization
(WHO), and under the Stockholm Convention
on Persistent Organic Pollutants, countries may
continue to use DDT. Global annual use of DDT
for disease vector control is estimated at more than
5 000 tonnes.

It is clear that the social conscience awakened by
Rachel Carson 50 years ago gave momentum to a
groundswell of actions and interventions that are
slowly but steadily making inroads at myriad levels.
Chapter 17 of her book, 'The other road' reminds the
reader of the opportunities that should have been
seized much earlier. With more than 10 % of bird
species worldwide now threatened in one way or
another, it is clear that we missed early warnings

or failed to act on them. Will we continue to miss
signposts to 'other roads'? Are our obligations to
endure met by our rights to know? As Carson said
50 years ago: 'The choice, after all, is ours to make.'
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12 Booster biocide antifoulants: is history

repeating itself?

Andrew R. G. Price and James W. Readman

Tributyltin (TBT) was widely used as an effective
antifouling agent in paints for ships and boats until
the European Community restricted its use in 1989
because of its proven harm to the environment
and shellfisheries. Thereafter, booster biocides
were introduced to enhance the performance of
antifouling paints. They were believed to be less
damaging to aquatic life than TBT. Subsequently,
however, it has been established that booster
biocides can also create significant environmental
risks.

This chapter outlines the background to booster
biocide use, the early warnings about their potential
physiological and ecological impacts on non-target
species, and the actions taken in response. The
science that set some alarm bells ringing is described,
along with lessons that could influence the future of
an industry still searching for less environmentally
invasive solutions.

Booster biocide antifouling agents threaten a variety
of habitats — from coral reefs and seagrass beds

to open moorings — within the EU and globally.
Their primarily herbicidal properties mean that
coral zooxanthellae, phytoplankton and periphyton
are particularly vulnerable. Compared to TBT, an
antifouling agent with a quite specific action, booster

biocides have more broad-spectrum impacts. The
wider ecological effect of shifting to booster biocides
remain poorly understood but of considerable
concern because they may affect the base of marine
food chains.

From a toxicological viewpoint, booster

biocides do not threaten to have endocrine
disrupting properties similar to TBTs. At current
environmental concentrations, however, some

can damage primary producers and some are
persistent. While legislation has been introduced
to control their use, the rigour of regulations varies
between countries. These geographical disparities
need to be addressed, and future biocidal products
and novel approaches to antifouling should be
better appraised.

For policymakers, the challenge is to protect
non-target biological communities from selective
change resulting from booster biocide use.
Persistence, bioaccumulative and toxic (PBT) criteria
can be used to evaluate the relative potential impact
from the available biocides, and consequently

target appropriate legislation. Nevertheless,

lateral thinking, aiming to identify novel materials
and strategies to address antifouling, could pay
dividends in the future.
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13 Ethinyl oestradiol in the aquatic

environment

Susan Jobling and Richard Owen

Many decades of research have shown that when
released to the environment, a group of hormones
known as oestrogens, both synthetic and naturally
occurring, can have serious impacts on wildlife. This
includes the development of intersex characteristics
in male fish, which diminishes fertility and
fecundity. Although often sublethal, such impacts
may be permanent and irreversible.

This chapter describes the scientific evidence

and regulatory debates concerning one of these
oestrogens, ethinyloestradiol (EE2), an active
ingredient in the birth control pill. First developed
in 1938, it is released to the aquatic environment
via wastewater treatment plants. Although it is
now clear that wildlife species are exposed to and
impacted by a cocktail of endocrine disrupting
chemicals, there is also reasonable scientific certainty
that EE2 plays a significant role, and at vanishingly
low levels in the environment.

In 2004 the Environment Agency of England and
Wales accepted this, judging the evidence sufficient
to warrant consideration of risk management.

In 2012, nearly 75 years after its synthesis, the

European Commission proposed to regulate EE2

as a EU-wide 'priority substance' under the Water
Framework Directive (the primary legislation for
protecting and conserving European water bodies).
This proposal was subsequently amended, delaying
any decision on a regulatory 'environmental quality
standard' until at least 2016.

This is in part because control of EE2 will come

at a significant price. Complying with proposed
regulatory limits in the environment means
removing very low (part per trillion) levels of EE2
from wastewater effluents at considerable expense.

Is this a price we are willing to pay? Or will the
price of precautionary action be simply too high

— a pill too bitter to swallow? To what extent is
society, which has enjoyed decades of flexible
fertility and will also ultimately pay for the control
and management of its unintended consequences,
involved in this decision? And what could this mean
for the many thousands of other pharmaceuticals
that ubiquitously infiltrate our environment and
which could have sublethal effects on aquatic
animals at similarly low levels?
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14 Climate change: science and the
precautionary principle

Hartmut Grassl and Bert Metz

The first scientifically credible early warning

about the possible dangers of climate change

due to carbon dioxide (CO,) emissions from
burning fossil fuels came in 1897. While the basic
physical principles of global warming are simple,
however, the more detailed science of climate
change is exceedingly complicated. Even now,
more than a hundred years since the first early
warning, many important details of climate change
cannot be predicted with certainty. It is therefore
unsurprising that the science of climate change and
questions about the true value of burning fossil
fuels have fostered sustained scientific and political
controversy.

When the first volume of Late lessons from early
warnings was drafted there appeared to be too
much legitimate controversy about climate change
for the issue to be included. A case study could
have led to arguments that distracted attention
from the valuable and robust lessons from more
established issues such as asbestos, polychlorinated
biphenyls (PCBs), chlorofluorocarbons (CFCs) and
the ozone-hole, X-rays and acid rain. This decision
was taken despite the then widespread acceptance
that 'the balance of evidence suggests a discernible
human influence on global climate' (Contribution of
Working Group I to the Second Assessment Report of
the Intergovernmental Panel on Climate Change, IPCC,
1995).

Over a decade later and after two more reviews by
the Intergovernmental Panel on Climate Change
(IPCC) of a much greater volume of climate change
science it seemed appropriate to include climate
change in this volume, despite some continuing
controversy. The evidence that human activities

are having a dangerous impact on the climate has
strengthened since 1995. By 2007, the IPCC was able
to conclude with 'very high confidence that the global
net effect of human activities since 1750 has been

one of warming'. Given the size and irreversibility
(on human time scales) of many of the harmful effects
of human-induced climate change, there is an urgent
need for action to reduce CO, emissions and other
greenhouse gases. Some contrarian views persist,
however, as the authors illustrate.

This chapter summarises the history of growing
knowledge about human-induced climate

change and of the main actions, or inactions that
accompanied it. Like many other chapters, it
reflects the lifelong commitment of both authors

to trying to understand and mitigate the effects of
human-induced climate change. It concludes with
some lessons and insights that are relevant to many
other environmental and health issues.

Also included is a panel text describing how the
IPCC's approach to assessing uncertainty evolved
between its first to its fifth assessment reports.
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15 Floods: lessons about early warning

systems

Zbigniew W. Kundzewicz

Floods are an increasingly acute problem. Intense
precipitation has become more frequent and more
intense, growing manmade pressure has increased
the magnitude of floods that result from any level
of precipitation, and flawed decisions about the
location of human infrastructure have increased the
flood loss potential.

Unlike most other case studies presented in this
report, this chapter focuses on flooding as a
phenomenon and the requirements for effective
early warning systems, rather than addressing
a particular event and the lessons that can be
learned.

Flooding cannot be wholly prevented. The
occurrence of a flood need not be considered a
'failure’ and, conversely, minimisation of losses
may constitute a 'success'. There are lessons to
be learned from every flood and it is important
to use them in preparing for the next flood. Once
we accept that no flood protection measures can
guarantee complete safety, a general change of
paradigm is needed to reduce human vulnerability
to floods. The attitude of 'living with floods' and
accommodating them in planning seems more
sustainable than hopelessly striving to eradicate
them.

Flood forecasting and warning systems fail because
links in the chain perform poorly or fail completely.
A single weak point in a system that otherwise
contains excellent components may render the
overall system performance unsatisfactory.

A successful system requires sufficient integration
of components and collaboration and coordination
between multiple institutions.

The chapter deals primarily with the challenges of
fluvial (river) floods. It is complemented by three
short supplementary texts. The first highlights

the complex, dynamic and diverse ecosystems of
river floodplains, which are often degraded during
construction of flood defences. Despite their huge
economic value, near-natural floodplains are
among the most threatened ecosystems globally.

The second discusses uncertainties in anticipating
rainfall patterns and intensity, and their
relationship to flood levels during extreme flows.
Such uncertainties present challenges for scientists
and decision-makers alike.

The third addresses the increasing risks of coastal
flooding due to factors such as climate change and
sea-level rise, and reviews European experience
with precautionary action.
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16 Seed-dressing systemic insecticides and

honeybees

Laura Maxim and Jeroen van der Sluijs

In 1994 French beekeepers began to report alarming
signs. During summer, many honeybees did not
return to the hives. Honeybees gathered close
together in small groups on the ground or hovered,
disoriented, in front of the hive and displayed
abnormal foraging behaviour. These signs were
accompanied by winter losses.

Evidence pointed to Bayer's seed-dressing systemic
insecticide Gaucho®, which contains the active
substance imidacloprid. This chapter presents

the historical evolution of evidence on the risks

of Gaucho® to honeybees in sunflower and maize
seed-dressing in France, and analyses the actions in
response to the accumulating evidence regarding
these risks.

The social processes that ultimately lead to
application of the precautionary principle for
the ban of Gaucho® in sunflower and maize
seed-dressing are described, with a focus on the
ways in which scientific findings were used by
stakeholders and decision-makers to influence
policy during the controversy.

Public scientists were in a difficult position in this
case. The results of their work were central to a

social debate with high economic and political
stakes. In certain cases their work was not judged
according to its scientific merit but based on
whether or not it supported the positions of some
stakeholders. This situation tested the ability and
courage of researchers to withstand pressure and
continue working on imidacloprid.

Other European countries also suspended
neonicotinoid seed-dressing insecticides. Evidence
of the toxicity of neonicotinoids present in the dust
emitted during sowing of coated seeds supported
such decisions. Most important, the French case
highlighted the major weaknesses of regulatory
risk assessment and marketing authorisation of
pesticides, and particularly neonicotinoids. These
insights were recently confirmed by work by the
European Food Safety Authority.

From this case study eight lessons are drawn about
governance of controversies related to chemical
risks. The study is followed by two additional
texts. A first panel presents Bayer Crop Science's
comments on the analysis in this chapter. A second
contains the authors' response to the Bayer
comments.
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17 Ecosystems and managing the
dynamics of change

Jacqueline McGlade and Sybille van den Hove

A decade after Rachel Carson's Silent Spring was
published, describing the toxic legacy of the
twentieth century, Annie Dillard in her Pulitzer
prize winning book Pilgrim at Tinker Creek,
opened up a different way of looking at the
world. It presaged a twenty first century in which
the global economy would be based on a more
thorough understanding of nature, its functioning
and material wealth. Wholly descriptive, yet
increasingly relevant, her book captured the very
essence of what this chapter is about: that amongst
the observations which routinely help to predict
the evolution of the natural world are the seeds of
surprise — surprise of the unusual and surprise
as a portent of future change. Our systemic failure
to anticipate such surprises forms the core of this
chapter. A series of case studies from fisheries,
forests, savannah and aquatic systems are used to
underline how early warnings about changes in
these natural systems emerged but were not used.

The chapter highlights how the division of
knowledge into political, disciplinary and
geographic silos has led to the 'recurring
nightmares' of short-term interests outcompeting

long-term vision; situations where competition
replaces co-operation; fragmentation of values

and interest; fragmentation of authority and
responsibility; and fragmentation of information
and knowledge leading to inadequate solutions

or even additional problems. In addition, the

lack of institutional fit has often confounded the
effectiveness of the stewardship of ecosystem
services, and led to unexpected surprises, excessive
rent seeking and high transaction costs.

Using counterfactual thinking (i.e. the dependence
of whether, when and how one event occurs on
whether, when and how another event occurs and the
possible alteration of events), built around the four
interconnected concepts of planetary boundaries,
tipping points, panarchy and resilience, the chapter
provides an analytical lens through which to
explore why many of the warning signals were

not seen. The chapter concludes by suggesting
why ecosystems are likely to be even more at risk
in the future and why we will need to observe

and interpret the dynamics of both nature and
institutions ever more closely if we are to avoid
sudden irreversible ecological changes.
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18 Late lessons from Chernobyl, early
warnings from Fukushima

Paul Dorfman, Aleksandra Fucic and Stephen Thomas

The nuclear accident at Fukushima in Japan occurred
almost exactly 25 years after the Chernobyl nuclear
accident in 1986. Analysis of each provides valuable
late and early lessons that could prove helpful to
decision-makers and the public as plans are made

to meet the energy demands of the coming decades
while responding to the growing environmental costs
of climate change and the need to ensure energy
security in a politically unstable world.

This chapter explores some key aspects of the
Chernobyl and Fukushima accidents, the radiation
releases, their effects and their implications for
any construction of new nuclear plants in Europe.
There are also lessons to be learned about nuclear
construction costs, liabilities, future investments
and risk assessment of foreseeable and unexpected
events that affect people and the environment.

Since health consequences may start to arise from
the Fukushima accident and be documented over
the next 540 years, a key lesson to be learned
concerns the multifactorial nature of the event. In
planning future radiation protection, preventive
measures and bio-monitoring of exposed
populations, it will be of great importance to
integrate the available data on both cancer and
non-cancer diseases following overexposure to
ionising radiation; adopt a complex approach to
interpreting data, considering the impacts of age,

gender and geographical dispersion of affected
individuals; and integrate the evaluation of latency
periods between exposure and disease diagnosis
development for each cancer type.

Given the degree of uncertainty and complexity
attached to even the most tightly framed and
rigorous nuclear risk assessment, attempts to
weight the magnitude of accident by the expected
probability of occurrence have proven problematic,
since these essentially theoretical calculations

can only be based on sets of pre-conditioning
assumptions. This is not an arcane philosophical
point but rather a very practical issue with
significant implications for the proper management
of nuclear risk. With its failure to plan for the
cascade of unexpected beyond design-base
accidents, the regulatory emphasis on risk-based
probabilistic assessment has proven very limited.
An urgent reappraisal of this approach and its
real-life application seems overdue.

Whatever one's view of the risks and benefits of
nuclear energy, it is clear that the possibility of
catastrophic accidents and consequent economic
liabilities must be factored into the policy and
regulatory decision-making process. In the context
of current collective knowledge on nuclear risks,
planned pan-European liability regimes will need
significant re-evaluation.
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19 Hungry for innovation: from GM crops

to agroecology

David A. Quist, Jack A. Heinemann, Anne I. Myhr, Iulie Aslaksen and Silvio Funtowicz

Innovation's potential to deliver food security

and solve other agriculture-related problems is
high on the agenda of virtually all nations. This
chapter looks at two different examples of food and
agricultural innovation: genetically modified (GM)
crops and agroecological methods, which illustrate
how different innovation strategies affect future
agricultural and social options.

GM crops are well suited to high-input
monoculture agricultural systems that are highly
productive but largely unsustainable in their
reliance on external, non-renewable inputs.
Intellectual property rights granted for GM crops
often close down, rather than open up further
innovation potential, and stifle investment into a
broader diversity of innovations allowing a greater
distribution of their benefits.

Science-based agroecological methods are
participatory in nature and designed to fit within
the dynamics underpinning the multifunctional
role of agriculture in producing food, enhancing
biodiversity and ecoystem services, and providing
security to communities. They are better suited to
agricultural systems that aim to deliver sustainable
food security than high external input approaches.
They do, however, require a broader range of
incentives and supportive frameworks to succeed.
Both approaches raise the issue of the governance

of innovation within agriculture and more generally
within societies.

The chapter explores the consequences of a
'top-down transfer of technology' approach

in addressing the needs of poor farmers. Here
innovation is often framed in terms of economic
growth in a competitive global economy, a focus
that may conflict with efforts to reduce or reverse
environmental damage caused by existing models
of agriculture, or even deter investment into socially
responsible innovation.

Another option explored is a 'bottom-up' approach,
using and building upon resources already
available: local people, their knowledge, needs,
aspirations and indigenous natural resources. The
bottom-up approach may also involve the public
as a key actor in decisions about the design of food
systems, particularly as it relates to food quality,
health, and social and environmental sustainability.

Options are presented for how best to answer
consumer calls for food quality, sustainability and
social equity in a wide sense, while responding to
health and environmental concerns and securing
livelihoods in local small-scale agriculture. If we

fail to address the governance of innovation in

food, fibre and fuel production now, then current
indications are that we will design agriculture to fail.
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20 Invasive alien species: a growing but

neglected threat?

Sarah Brunel, Eladio Fernandez-Galiano, Piero Genovesi, Vernon H. Heywood, Christoph Kueffer and

David M. Richardson

Biological invasions are one of the five major causes
of biodiversity loss as global human travel and
trade have moved, and continue to move, thousands
of species between and across continents. Some
species of alien origin have a high probability of
unrestrained growth which can ultimately lead to
environmental damage.

An alien species — animal, plant or microorganism
— is one that has been introduced, as a result of
human activity, either accidentally or deliberately,
to an area it could not have reached on its own.

A common definition of the term 'invasive'

focuses on its (negative) impact, while other
definitions consider only rate of spread and exclude
considerations of impact.

Despite the growing amount of legislation being
adopted at the global scale, biological invasions
continue to grow at a rapid rate, with no indication
yet of any saturation effect. Decision-making in this
area is very challenging. The overall complexity

of the problem, its interdisciplinarity, the scientific
uncertainties and the large number of stakeholders
that need to be informed and involved, together
demand governance actions that are difficult to see
emerging at the regional scale (as in the EU), let
alone globally.

It is widely agreed that preventing biological
invasions or tackling them at a very early stage

is the most efficient and cost-effective approach.
Harmless species can be confused with harmful
invasive species, however, leading to a waste of
resources. Even more seriously, harmful invaders
can be mistaken for innocuous species — so-called
‘invaders in disguise’ — and no appropriate action
may be taken to counter the threats they pose.

Even with a very good risk assessment system, new
outbreaks of invasive alien species could still occur,
necessitating a system of rapid early warning

and effective eradication response. The decision

on where to draw the line on the acceptable
environmental risks versus the introduction of

new species or new communities that may carry
invasive alien species then becomes a value
judgement.

There is lively debate within the scientific
community regarding the most appropriate
strategies for managing invasive alien species.
Governments and institutions charged with making
decisions have access to considerable knowledge
on the topic, but the lack of rules of interactions
between multiple parties regularly thwarts effective
decision-making.
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21 Mobile phones and brain tumour risk:
early warnings, early actions?

Lennart Hardell, Michael Carlberg and David Gee

In 2011 the World Health Organization's
International Agency for Research on Cancer (IARC)
categorised the radiation fields from mobile phones
and other devices that emit similar non-ionizing
electromagnetic fields (EMFs), as a Group 2B

i.e. 'possible’ human carcinogen. Nine years earlier
IARC gave the same classification to the magnetic
fields from overhead electric power lines.

The IARC decision on mobile phones was
principally based on two sets of case-control human
studies of possible links between mobile phone use
and brain tumours: the IARC Interphone study

and the Hardell group studies from Sweden. Both
provided complementary and generally mutually
supportive results. This chapter gives an account

of the studies by these two groups — and others
coming to different conclusions — as well as reviews
and discussions leading up to the IARC decision

in 2011. The chapter also describes how different
groups have interpreted the authoritative IARC
evaluation very differently.

There are by now several meta-analyses and reviews
on mobile phones and brain tumours, which
describe the challenges of doing epidemiology on
this issue, the methodological limitations of the
major studies published so far and the difficulties of
interpreting their results.

It has been suggested that national incidence data
on brain tumours could be used to qualify or
disqualify the association between mobile phones
and brain tumours observed in the case-control
studies. However, in addition to methodological
shortcomings, there might be other factors that
influence the overall incidence rate such as changes

in exposure to other risk factors for brain tumours
that are unknown in descriptive studies. Cancer
incidence depends on initiation, promotion and
progression of the disease. As the mechanism for
radiofrequency electromagnetic fields carcinogenesis
is unclear, it supports the view that descriptive data
on brain tumour incidence is of limited value.

The chapter points to mobile phone industry inertia
in considering the various studies and taking the
IARC carcinogenic classification into account and

a failings from the media in providing the public
with robust and consistent information on potential
health risks. The IARC carcinogenic classification
also appears not to have had any significant impact
on governments' perceptions of their responsibilities
to protect public health from this widespread source
of radiation.

The benefits of mobile telecommunications are
many but such benefits need to be accompanied

by consideration of the possibility of widespread
harms. Precautionary actions now to reduce head
exposures would limit the size and seriousness of
any brain tumour risk that may exist. Reducing
exposures may also help to reduce the other possible
harms that are not considered in this case study.

Evidence is increasing that workers with heavy
long-term use of wireless phones who develop
glioma or acoustic neuroma should be compensated.
The first case in the world was established on

12 October 2012. The Italian Supreme Court affirmed
a previous ruling that the Insurance Body for Work
(INAIL) must grant worker's compensation to a
businessman who had used wireless phones for

12 years and developed a neuroma in the brain.
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22 Nanotechnology — early lessons from

early warnings

Steffen Foss Hansen, Andrew Maynard, Anders Baun, Joel A. Tickner and Diana M. Bowman

Nanotechnology is the latest in a long series of
technologies heralded as ushering in a new era of
technology-driven prosperity. Current and future
applications of nanotechnology are expected to lead
to substantial societal and environmental benefits,
increasing economic development and employment,
generating better materials at lower environmental
costs, and offering new ways to diagnose and treat
medical conditions. Nevertheless, as new materials
based on nanoscale engineering move from the lab
to the marketplace, have we learnt the lessons of
past ‘'wonder technologies' or are we destined to
repeat past mistakes?

This chapter first introduces nanotechnology,
clarifies the terminology of nanomaterials and
describes current uses of these unique materials.
Some of the early warning signs of possible adverse
impacts of some nanomaterials are summarised,
along with regulatory responses of some
governments. Inspired by the EEA's first volume

of Late lessons from early warnings, the chapter looks
critically at what lessons can already be learned,
notwithstanding nanotechnology's immaturity.

Nanotechnology development has occurred in

the absence of clear design rules for chemists and
materials developers on how to integrate health,
safety and environmental concerns into design.
The emerging area of 'green nanotechnology' offers
promise for the future with its focus on preventive
design. To gain traction, however, it is important
that research on the sustainability of materials

is funded at levels significant enough to identify
early warnings, and that regulatory systems
provide incentives for safer and sustainable
materials.

Political decision-makers have yet to address many
of the shortcomings in legislation, research and
development, and limitations in risk assessment,
management and governance of nanotechnologies
and other emerging technologies. As a result,
there remains a developmental environment that
hinders the adoption of precautionary yet socially
and economically responsive strategies in the field
of nanotechnology. If left unresolved, this could
hamper society's ability to ensure responsible
development of nanotechnologies.
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23 Understanding and accounting for the

costs of inaction

Mikael Skou Andersen and David Owain Clubb

In political decision-making processes, the burden
of proof is often distributed such that policymakers
only respond to early warning signals from
environmental hazards once the costs of inaction
have been estimated.

This chapter revisits some key environmental issues
for which estimates of costs of inaction have been
carefully developed over many years of research.
The aim is to consider the methodological challenges
involved in producing estimates that are credible
and appropriate rather than present specific
estimates for these costs.

The case studies also provide insights into how
early warning signals might provide a basis

for estimating the costs of inaction, when the
science base is less consolidated. For example,

the case of nitrates in drinking water illustrates
that a precautionary approach to the costs of
inaction is quite conceivable. The phase-out of
ozone-depleting substances, where early-warning
scientists successfully alerted the world to the
damaging effects of chlorofluorocarbons (CFCs),
provides another important case because additional
impacts for global warming actually cause the
costs of inaction to be considerably higher than

initially believed. This is a reminder that figures
for the costs of inaction have often been grossly
underestimated.

Finally, in the case of air pollution, making use of
different estimates for mortality risk avoidance will
help decision-makers to see that there are higher-
and lower-bound estimates for the costs of inaction.
Even if the lower-bound estimates are perhaps too
conservative, with a bias towards health effects, they
will in many situations encourage more rather than
less abatement effort. Reducing emission loads will
also tend to bring relief for the intangible assets of
biodiversity and nature.

Making the best use of environmental science and
modelling helps to make environmental protection
and precaution a priority. Producing cost estimates
should not be left to economists alone, but should
rather be seen as a starting point for a broader
discussion, featuring also the relevant expertise

in health, ecology, demography, modelling and
science. Well researched estimates, based on
interdisciplinary collaboration, can strengthen
some of those scattered and diffuse interests, which
during the ordinary processes of policy-making
have difficulty making their voices heard.
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24 Protecting early warners and late

victims

Carl Cranor

Many Late lessons from early warnings chapters
provide examples of early warning scientists who
were harassed for bringing inconvenient truths
about impending harm to the attention of the

public and regulators. There is also some evidence
that young scientists are being discouraged from
entering controversial fields for fear of such
harassment. In addition, where warnings have been
ignored and damage has ensued, it has often proven
difficult in the past to achieve prompt and fair
compensation for the victims. Some ideas for reform,
building on some current institutional models are
explored here.

This chapter first explores the idea of extending
whistleblowing laws to help encourage and protect
early-warning scientists and others who identify
evidence of impending harm. Complementary
measures, such as greater involvement of
professional societies and the use of recognition
awards, as for example in Germany, could also be
helpful.

Next, the chapter explores improved mechanisms
for compensating victims of pollution and
contamination. The chapter on the Minamata Bay
disaster provides an extreme example of long
delays in getting adequate compensation for the
victims of methylmercury poisoning. It was almost
fifty years, between 1956 and 2004, before the

victims attained equitable levels of compensation
and legal recognition of responsibility. Other case
studies illustrate similar examples of long delays in
receiving adequate compensation.

Options are examined for providing justice to any
future victims of those emerging technologies

such as nanotechnology, genetically modified

crops and mobile phone use, which currently can
provide broad public benefits but potentially at a
cost to small groups of victims. The potential for
widespread exposure and uncertain science could
justify 'no-fault' administrative schemes that provide
more efficient and equitable redress in situations
where the benefit of scientific doubt would be

given to victims. The use of anticipatory assurance
bonds to help minimise and meet the costs of future
environmental damage from large scale technologies
is also explored.

A supplementary panel text describes cases of
asbestos and mesothelioma, where the senior

courts in the United Kingdom have developed
innovative ways of dealing with both joint and
several liability, and the foreseeability of subsequent
asbestos cancers, after the initial recognition of

the respiratory disease, asbestosis. Such legal
developments in the field of personal injury could
illustrate the future direction of long-tail liability in
both environmental damage and personal injury.
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25 Why did business not react with
precaution to early warnings?

Marc Le Menestrel and Julian Rode

In the past, companies have frequently neglected
early warning signals about potential hazards for
human health or the environment associated with
their products or operations. This chapter reviews
and analyses relevant interdisciplinary literature
and prominent case studies — in particular those
documented in both volumes of Late lessons from
early warnings — and identifies main factors
responsible for the disregard of early warning
signals.

The chapter shows how economic motives often
drive non-precautionary business decisions. In
virtually all reviewed cases it was perceived to

be profitable for industries to continue using
potentially harmful products or operations.
However, decisions are also influenced by a complex
mix of epistemological, regulatory, cultural and
psychological aspects. For instance, characteristics of
the research environment and the regulatory context
can provide business actors with opportunities

to enter into 'political actions' to deny or even
suppress early warning signals. Also, business
decision-makers face psychological barriers to
awareness and acceptance of the conflicts of values
and interests entailed by early warning signals.
Cultural business context may further contribute to
the denial of conflicts of values.

The chapter concludes with a set of reflections
on how to support more precautionary business
decision making. A prominent policy response to
the conflicting interests of business and society

is introducing regulations that attempt to steer
business rationality towards internalising external
effects. Innovative solutions such as assurance
bonding should be considered.

There is a need to better understand and expose
why business actors do not respond voluntarily to
early warning signals with precautionary actions.
Blaming business, in particular with hindsight,
tends to be common reaction that may not always
be constructive. It often misses the complex or
even contradictory set of motives and drivers that
business actors face.

Public institutions could support progressive
business by analysing and publically disclosing

the dilemmas and temptations entailed by early
warning signals, for example for different industries
and for the specific societal and regulatory context
of decisions. Rigorous and explicit exposition of

the dilemmas will create further incentives for
responsible actors to share and communicate their
precautionary responses.

An additional reflection centres on the role of
political actions of business actors, in particular
those actions aimed at suppressing early warning
signals. Regulatory efforts that make the political
actions of business more transparent can help

to sustain a sound balance of power, thereby
maintaining our ability to benefit from early
warning signals and reducing the likelihood of
health and environmental hazards.
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26 Science for precautionary

decision-making

Philippe Grandjean

The goals of academic researchers may differ

from those of regulatory agencies responsible for
protecting the environment. Thus, research must
take into account issues such as feasibility, merit and
institutional agendas, which may lead to inflexibility
and inertia.

Alarge proportion of academic research on
environmental hazards therefore seems to focus

on a small number of well studied environmental
chemicals, such as metals. Research on
environmental hazards should therefore to a greater
extent consider poorly known problems, especially
the potential hazards about which new information
is in particular need.

Misinterpretation may occur when results
published in scientific journals are expressed in
hedged language. For example, a study that fails to
document with statistical significance the presence
of a hazard is often said to be negative, and the
results may be misinterpreted as evidence that

a hazard is absent. Such erroneous conclusions

are inspired by science traditions, which demand
meticulous and repeated examination before a
hypothesis can be said to be substantiated.

For prioritising needs for action, research

should instead focus on identifying the possible
magnitude of potential hazards. Research is always
affected by uncertainties and many of them can
blur a real association between an environmental
hazard and its adverse effects, thereby resulting
in an underestimated risk. Environmental health
research therefore needs to address the following
question: are we sufficiently confident that this
exposure to a potential hazard leads to adverse
effects serious enough to initiate transparent and
democratic procedures to decide on appropriate
intervention?

The choice of research topics must consider
societal needs for information on poorly known
and potentially dangerous risks. The research
should be complementary and extend current
knowledge, rather than being repetitive for
verification purposes, as required by the
traditional science paradigm. Research findings
should be openly available and reported so that
they inform judgments concerning the possible
magnitude of suspected environmental hazards,
thereby facilitating precautionary and timely
decision-making.
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27 More or less precaution?

David Gee

Despite its presence in a growing body of EU and
national legislation and case law, the application

of the precautionary principle has been strongly
opposed by vested interests who perceive short term
economic costs from its use. There is also intellectual
resistance from scientists who fail to acknowledge
that scientific ignorance and uncertainty, are
excessively attached to conventional scientific
paradigms, and who wait for very high strengths

of evidence before accepting causal links between
exposure to stressors and harm.

The chapter focuses on some of the key issues that
are relevant to a more common understanding of the
precautionary principle and to its wider application.
These include different and confusing definitions of
the precautionary principle and of related concepts
such as prevention, risk, uncertainty, variability and
ignorance; common myths about the meaning of the
precautionary principle; different approaches to the
handling of scientific complexity and uncertainty;
and the use of different strengths of evidence for
different purposes.

The context for applying the precautionary
principle also involves considering the 'knowledge
to ignorance' ratio for the agent in focus: the
precautionary principle is particularly relevant
where the ratio of knowledge to ignorance is low, as
with emerging technologies.

A working definition of the precautionary principle
is presented that aims to overcome some of the

difficulties with other definitions, such as their use
of triple negatives; a failure to address the context

of use of the precautionary principle; no reference

to the need for case specific strengths of evidence to
justify precaution; and overly narrow interpretations
of the pros and cons of action or inaction.

The chapter also points to the need for greater
public engagement in the process of framing and
decision-making about both upstream innovations
and their downstream hazards, including the
specification of the 'high level of protection' required
by the EU treaty. A precautionary and participatory
framework for risk analysis is proposed, along with
some 'criteria for action' to complement criteria for
causation.

The capacity to foresee and forestall disasters,
especially when such action is opposed by powerful
economic and political interests, appears to be
limited, as the case studies in Late lesson from early
warnings illustrate. The chapter argues that with
more humility in the face of uncertainty, ignorance
and complexity, and wider public engagement,
societies could heed the lessons of past experience
and use the precautionary principle, to anticipate
and minimise many future hazards, whilst
stimulating innovation. Such an approach would
also encourage more participatory risk analysis;
more realistic and transparent systems science;
and more socially relevant and diverse innovations
designed to meet the needs of people and
ecosystems.
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28 In conclusion

The first volume of Late lessons from early warnings
highlighted the difficulties of balancing precaution
with technological innovation and ended with a call
to action for policymakers. How much progress has
been made since then?

First, there is growing evidence that precautionary
measures do not stifle innovation, but instead can
encourage it, in particular when supported by smart
regulation or well-designed tax changes. Not only
has the body of knowledge become richer since
2001, but also the number of stakeholders involved
in decision-making has become larger and more
diverse. There has also been increasing attention
to communicating scientific uncertainty, especially
in the fields of climate change, food safety, and
emerging risks.

However, there has been less progress in other areas:

for example, many of the political and scientific
'bureaucratic silos' still remain, despite frequent
calls for policy integration and inter-departmental
coordination. This has led to the unintended
destruction of stocks of natural capital in some

parts of the world and in other instances, the

global spread of technologies, despite warnings of
impending hazards. The result has been widespread
damage, with most polluters still not paying the full
costs of pollution.

Yet, more encouragingly, new transformative
approaches are emerging to manage the systemic
and interconnected challenges the world faces

e.g. economic/financial, climate/energy, ecosystems/
food. These relate, inter alia, to the increasing use
of digital communications and networking by
consumers, citizens and shareholders to demand
and foster increased participation, more social
responsibility, greater levels of accountability and
higher transparency, especially in determining
future pathways for energy and food production.
There is a greater understanding of the complexity
of the environment, of scientific ignorance

and uncertainties, the irreversibility of many
harmful impacts and on the broader risks to

the long term interests of society if political and
financial institutions remain unchanged. Also

some corporations are fundamentally embracing
sustainable development objectives in their business
models and activities.

The case studies across both volumes of Late lessons
from early warnings cover a diverse range of chemical
and technological innovations, and highlight a
number of systemic problems. These include a lack
of institutional and other mechanisms to respond

to early warning signals; a lack of ways to correct
market failures either caused by misleading market
prices or where costs and risks to society and nature
are not properly internalised; and the fact that key
decisions on innovation pathways are made by those
with vested interests and/or by a limited number of
people on behalf of many. The insights and lessons
drawn from the case histories certainly provide the
seeds for some of the answers. They also provide
knowledge for a series of key actions that are
outlined below.

Of course, many questions remain. For example:
how can the precautionary principle be used
further to support decision-making in the face

of uncertainties and the inevitable surprises that
come from complex systems?; how can societies
avoid a lack of 'perfect’' knowledge being used as
a justification for inaction in the face of "plausible’
evidence of serious harm?; how can conflicting
interests be balanced during the phases of
development and use?; and how can the benefits
of products and technologies be more equitably
distributed?

Reduce delays between early warnings
and actions

The majority of the case studies in Late lessons

from early warnings Volumes 1 and 2 illustrate

that if the precautionary principle had been
applied on the basis of early warnings, justified

by 'reasonable grounds for concern' many lives
would have been saved and much damage to
ecosystems avoided. It is therefore very important
that large scale emerging technologies, such as
biotechnologies, nanotechnologies and information
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and communication technologies, apply the
precautionary principle based on the experiences and
lessons learned from these and other case studies.

Precautionary actions can be seen to stimulate rather
than hinder innovation; they certainly do not lead to
excessive false alarms. As the analysis in Volume 2
shows, of 88 cases of claimed 'false positives', where
hazards were wrongly regulated as potential risks,
only four were genuine false alarms. The frequency
and scale of harm from the mainly 'false negative'
case studies indicate that shifting public policy
towards avoiding harm, even at the cost of some
false alarms, would seem to be worthwhile, given the
asymmetrical costs of being wrong in terms of acting
or not acting based on credible early warnings.

However, the speed and scale of today's
technological innovations can inhibit timely action.
This is often because by the time clear evidence

of harm has been established, the technology

has been modified, thereby allowing claims of
safety to be subsequently re-asserted. Even where
the technological change has been marginal, the
large, often global, scale of investment can lead to
widespread technological lock-in, which is then
difficult and expensive to alter.

These features of current technological innovation
strengthen the case for taking early warning signals
more seriously and acting on lower strengths

of evidence than those normally used to reach
'scientific causality'. Most of the historical case
studies show that by the time such strong evidence
of causality becomes available, the harm to people
and ecosystems has become more diverse and
widespread than when first identified, and may
even have been caused by much lower exposures
than those initially considered dangerous.

The case studies have also shown that there are
many barriers to precautionary action, including;:
the short-term nature of most political and financial
horizons; the existence of technological monopolies;
the conservative nature of the sciences involved,
including the separate 'silos' within which they
operate; the power of some stakeholders; and the
cultural and institutional circumstances of public
policymaking that often favour the status quo.

Acknowledge complexity when dealing
with multiple effects and thresholds

Increasing scientific knowledge has shown that the
causal links between stressors and harm are more
complex than was previously thought and this has

practical consequences for minimising harm. Much
of the harm described in Volumes 1 and 2, such

as cancers or species decline, is caused by several
co-causal factors acting either independently or
together. For example, the reduction of intelligence
in children can be linked to lead in petrol, mercury
and polychlorinated biphenyls (PCBs) as well as

to socio-economic factors; bee colony collapse can
be linked to viruses, climate change and nicotinoid
pesticides; and climate change itself is caused

by many complex and inter-linked chemical and
physical processes.

In some cases, such as foetal or fish exposures,

it is the timing of the exposure to a stressor that
causes the harm, not necessarily the amount; the
harm may also be caused or exacerbated by other
stressors acting in a particular timed sequence. In
other cases, such as radiation and some chemicals
such as bisphenol A (BPA), low exposures can be
more harmful than high exposures; and in others,
such as asbestos with tobacco, and some endocrine
disrupting substances, the harmful effects of
mixtures can be greater than from each separate
stressor. There are also varying susceptibilities

to the same stressors in different people, species
and ecosystems, depending on pre-existing stress
levels, genetics and epigenetics. This variation can
lead to differences in thresholds or tipping point
exposures, above which harm becomes apparent in
some exposed groups or ecosystems but not others.
Indeed there are some harmful effects which occur
only at the level of the system, such as a bee colony,
which cannot be predicted from analysing a single
part of the system, such as an individual bee.

Our increased knowledge of complex biological

and ecological systems has also revealed that

certain harmful substances, such as polychlorinated
biphenyls (PCBs) and dichlorodiphenyltrichlorethane
(DDT) can move around the world via a range of
biogeochemical and physical processes and then
accumulate in organisms and ecosystems many
thousands of kilometres away.

The practical implications of these observations

are threefold. First, it is very difficult to establish
very strong evidence that a single substance or
stressor 'causes' harm to justify timely actions to
avoid harm; in many cases only reasonable evidence
of co-causality will be available. Second, a lack

of consistency between research results is not a
strong reason for dismissing possible causal links:
inconsistency is to be expected from complexity.
Third, while reducing harmful exposure to one
co-causal factor may not necessarily lead to a large
reduction in the overall harm caused by many other
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factors, in some cases the removal of just one link
in the chain of multi-causality could reduce much
harm.

A more holistic and multi-disciplinary systems
science is needed to analyse and manage the causal
complexity of the systems in which we live.

Rethink and enrich environment and
health research

Environment and health research overly focuses
on well-known rather than unknown hazards at
the expense of emerging issues and their potential
impacts. For example the ten most well-known
substances, such as lead and mercury, account for
about half of all articles on chemical substances
published in the main environmental journals
over the last decade. Over the past decade,

public research funding in the European Union

on nanotechnology, biotechnology as well as
Information and Communications Technology
(ICT) is heavily biased towards product
development with about 1 % being spent on

their potential hazards. A more equal division of
funding between known and emerging issues, and
between products and their hazards, would enrich
science and help avoid future harm to people and
ecosystems and to the long term economic success
of those technologies.

Funding more holistic systems science would

also help achieve a greater integration among

the different branches of science and counteract
problems such as: peer review predominantly within
and not across disciplines; short-term interests
outcompeting long-term vision; competition
replacing cooperation because of conflicts of interest;
contradictions amongst paradigms; fragmentation
of values and authority; as well as fragmentation

of information and knowledge. These can all

lead to inferior solutions and provide increased
opportunities for those with vested interests to
manufacture doubt.

Scientific methods can also be improved. For
example, much higher strengths of evidence are
required overall before causality is accepted,
compared to the evidence being used to assert
safety. The assertion that there is no evidence of
harm is then often assumed to be evidence of no
harm, even though the relevant research is missing.
Historically there has been an over-reliance on the
statistical significance of point estimates compared
to confidence limits based on multiple sampling.
There has also been a bias towards using models

that grossly simplify reality rather than using
long-term observations and trend data of biological
and ecological systems. These approaches have
sometimes led to the production of false positives.
More importantly the governance of scientific
ignorance and unknown unknowns has been
neglected.

Finally, many case studies highlight the problems
faced by early warning scientists who have been
harassed for their pioneering work, including bans
on speaking out or publishing, loss of funding,
legal or other threats, and demotion. One obvious
conclusion is that scientists in these situations
should receive better protection either via an
extension of 'whistle blowing' and discrimination
laws, or by independent acknowledgement of the
value of their work.

Improve the quality and value of risk
assessments

The majority of the case studies in Late lessons

from early warnings indicate that risk assessment
approaches need to better embrace the realities

of causal and systems complexity (rather than

use a narrow conception of 'risk') with the
inevitable features of ignorance, indeterminacy
and contingency. In a number of case studies, for
example BPA, where low doses are more harmful
than high doses, or tributyltin antifoulants (TBT)
and synthetic oestrogen diethylstilboestrol (DES)
where the timing of the dose is what makes it
harmful, simplistic assumptions are inadequate.
Variability in exposures and varying susceptibilities
in populations and species exposed also need to be
more realistically factored into risk assessments.

This is equally true for technological risk
assessments. As the Fukushima Investigation
Committee concluded in 2011:

"...the accidents present us with crucial lessons
on how we should be prepared for 'incidents
beyond assumptions'. With its failure to plan
for the cascade effects beyond design—base
accidents 'the regulatory emphasis on risk
based probabilistic risk assessment has proven
very limited'.

In other words, narrow risk assessment approaches
are now outstripped by the realities which they
cannot address, recognise and communicate. Too
often this contributes to the effective denial of those
risks that do not fit the risk assessment frame. It

is therefore urgent that risk assessment practices
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be transformed to make them broader-based,
more inclusive, transparent and accountable.
There should also be more communication on the
diversity of scientific views, especially on emerging
issues where ignorance and uncertainties are high
and genuine differences of scientific interpretations
are likely, desirable, and defensible. In this sense,
recognising the pedigree of knowledge, i.e. the
consistency of views amongst peers and the level
of convergence coming from different branches of
research, is essential for effective decision making
and action to support the wellbeing of people and
the environment.

The case studies show that evaluations of evidence
in risk assessments can be improved by including
a wide range of stakeholders when framing the
risks and options agenda; broadening the scope and
membership of evaluation committees; increasing
the transparency of committee approaches and
methods, particularly in identifying uncertainties
and ignorance; and ensuring their independence
from undue influence through using appropriate
funding sources and applying robust policies on
conflicts of interest.

Public confidence would be increased if all the
evidence used in risk assessments was made
publicly accessible and open to independent
verification, including data submitted by industries
to authorities.

As experiences from mercury, nuclear accidents,
leaded petrol, mobile phones, BPA, and bees
show, there can be a significant divergence in the
evaluations of the same, or very similar, scientific
evidence by different risk assessment committees.
In such instances, differences in the choice of
paradigm, assumptions, criteria for accepting
evidence, weights placed on different types of
evidence, and how uncertainties were handled, all
need to be explained. Risk assessors and decision
makers also need to be aware that complexity and
uncertainty have sometimes been misused to shift
the focus away from precautionary actions by
‘'manufacturing doubt' and by waiting for 'sound
science’ approaches that were originally developed
by the tobacco industry to delay action.

Foster cooperation between business,
government and citizens

Policy formulation should start from a broad
concept of technological innovation to include
non-technological, social, institutional,
organisational and behavioural innovation. In

this framework, governments have at least three
roles: providing direction by putting in place smart
regulations and consistent market signals; ensuring
that the distributional consequences of innovations
are balanced between risks and rewards across
society, fostering a diversity of innovations so that
the wider interests of society; and take precedence
over narrower interests.

Numerous case studies show that decisions to act
without precaution often come from businesses.
There are, however, several impediments to
businesses acting in a precautionary manner,
including a focus on short-term economic value

for shareholders alongside psychological factors
that lead to a so-called 'ethical blindness' or a
'self-serving bias' whereby people largely interpret
ambiguous situations in their own interests.
Governments and businesses could collaborate more
with citizens on publicly disclosing the potential
value conflicts entailed in acting on early warning
signals. A culture of transparency can in turn
promote positive business attitudes and innovations.

Involving the public can also help in choosing
between those innovation pathways to the future; on
prioritising relevant public research; on providing
data and information in support of monitoring and
early warnings; improving risk assessments; on
striking appropriate trade-offs between innovations
and plausible health and environmental harms; and,
making decisions about risk-risk trade-offs.

Correcting market failures using the
polluter pays and prevention principles

When evidence of initial harm emerges, the costs
should be internalised retroactively into the prices
of polluting products, via taxes and charges, in
line with the polluter pays principle and emerging
practice across the world. The revenues could then
be devoted partly to stimulating research into less
hazardous alternatives, and partly to reform tax
systems by reducing taxes and charges on 'societal
goods' like employment.

The pollution taxes/charges would rise or fall in line
with new scientific knowledge about increasing/
decreasing harm, and this would help to level the
playing field for less-polluting alternative products.
Tax shifts from employment to pollution and the
inefficient use of resources can bring multiple
benefits such as increased employment, a stimulus
to innovation, a more stable tax base in the light of
expected demographic changes, and a more efficient
tax collection system.
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More broadly, firms and governments need to extend
their economic accounting systems to incorporate the
full impacts of their activities on people's health and
on ecosystems. Governments need to anticipate this
in their policies, by providing the right blend of fiscal
instruments to both protect the public and ensure that
firms internalise the true costs of potential harm.

A number of case studies also demonstrate the
long time lags between evidence of harm and the
additional injustice and time of forcing victims

to pursue their cases through civil compensation
claims. Prompt and anticipatory no-fault
compensation schemes and assurance bonds, could
be set up and financed in advance of potential
harm by the industries that are producing novel
and large-scale technologies, thereby helping to
offset any potential market failure. Such schemes
can also be designed to increase the incentives for
innovating companies to carry out more a priori
research into the identification and elimination of
hazards.

Governance of innovation and innovation
in governance

The Late lessons from early warnings reports
demonstrate the complexities of developing not
only the right kind of science and knowledge but
also handling the interactions between the many
actors and institutions involved — governments,
policymakers, businesses, entrepreneurs, scientists,
civil society representatives, citizens and the media.

Alongside many other analyses produced across
the world today, the reports also stress the need to

act to transform our ways of thinking and of doing,
and urgently so in the face of unprecedented global
changes, challenges and opportunities. Many lessons
have been learnt, yet have not been acted upon. Any
calls for action will need to reflect on today's global
socio-economic setting and support, among other
things, the drive to:

* rebalance the prioritisation of economic and
financial capital over social, human and natural
capitals through the broader application of the
policy principles of precaution, prevention and
polluter-pays, and environmental accounting;

* broaden the nature of evidence and public
engagement in choices about key innovation
pathways by directing scientific efforts more
towards dealing with complex, systemic
challenges and unknowns and complementing
this with professional, lay, local and traditional
knowledge; and,

* build greater adaptability and resilience in
governance systems to deal with multiple
systemic threats and surprises, through
strengthening institutional structures and
deploying information technologies in support
of the concept of responsible information and
dialogues.

The governance of innovation will remain at the
level of good intentions unless it is translated
into innovations in science practices, institutional
arrangements and public engagements as well as
transformations in prevailing business attitudes,
practice and influence. These are the tasks that lie
ahead.
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In memory of Masazumi Harada,

1935-2012

Masazumi Harada, a physician involved for
many years in the study of the mercury poisoning
Minamata disease, died in June 2012 of acute
myelocytic leukemia at his home in Kumamoto
City. He was 77.

Harada conducted medical examinations on the
disease's sufferers for the first time in the summer
of 1961 in Minamata city in Kumamoto Prefecture
while he was a student at Kumamoto University's
graduate school.

Shocked by their miserable lives, Harada devoted
himself to the study of the disease from that time.
Harada published a thesis on congenital Minamata
disease in 1964. The work had a significant impact
as it disproved the conventional belief at the

time that the placenta does not pass poisons. He
received an award from the Japanese Society of
Psychiatry and Neurology for the thesis in 1965.

He then established the Open Research Center
for Minamata Studies at the university in 2005,
becoming the center's head. He continued to

lead the disease's research from non-medical
perspectives as well. Harada visited Brazil, China
and native Indian communities in Canada to
discover those suspected of suffering from the
disease.

Author of many books, Harada wrote 'Minamata
Byo' (Minamata Disease), which raised awareness
on the issue around the world.

Dr. Masazumi Harada first came to
Asubpeeschoseewagong (Grassy Narrows) and
Wabaseemoong (White Dog) First Nations in
Canada in the early 1970s. Harada's death comes
at the end of River Run 2012, five days of actions
by members and supporters of Grassy Narrows in
Toronto, who are seeking to have Minamata disease
recognized in Canada and Ontario. Harada's final
report for the Grassy Narrows community was
released on 4 June 2012 after 30 years of research,
showing mercury deposited in the river by the
Dryden paper mill in the 1970s is impacting those
who were not yet born when the dumping ceased.
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In memory of Poul Harremoeés,

1934-2003

Poul Harremoés was a key player in environmental
issues in Denmark and internationally for more than
30 years until his death, at 69, in 2003. In that time,
those who worked closely with him benefited from
a continuous, almost daily flow of excellent ideas for
new research projects.

He was a member of the Danish Pollution Council,
which prepared the first framework national law
on environmental protection and advised on the
establishment of a Ministry of Environment from

1971. He was a key participant in numerous settings,
including the first Scientific Committee of the
European Environment Agency from 1995.

He had a civil engineering degree from the Technical
University of Denmark. He specialised early on in
geo-technics and constructed dams on the Faroe
Islands. While teaching geo-technics he wrote a
textbook that was used for more than 40 years.
However, he was able to quickly change his research
direction and develop new areas of excellence. So,
for example, he got a grant to study at Berkeley,
California, from where he received a M.Sc. degree in
environmental engineering.

In 1972, he became professor in environmental
engineering at the Technical University of Denmark
where he originally worked with wastewater
discharge to the sea and the biological processes of
wastewater treatment. He became a world leading
scientist in the theories of biofilms for removal

of organics and nitrogen from wastewater before
turning to sewer design and modelling. In 2000, Poul
was awarded the Heineken prize for Environmental
Sciences for his contributions to the theory of

biofilm kinetics in relation to biological waste water
treatment and for his successful organisation of the
international scientific community in water pollution
research and control.

As a result of his work with sewers and storm water
he went into the area of risk analysis and the role of
the precautionary principle. In a short time he became
an international expert in this field and was highly
demanded for lectures in all parts of the world. A key
outcome of his interest was his contributions as
chairman of the editorial team for the first volume of
Late lessons from early warnings published in 2001.
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Lessons from health hazards | The precautionary principle and false alarms — lessons learned

2 The precautionary principle and false
alarms — lessons learned

Steffen Foss Hansen and Joel A. Tickner

Most of the cases examined in the Late lessons from early warnings reports are 'false negatives'
— instances where early warnings existed but no preventive actions were taken. In debates
surrounding the precautionary principle it is often claimed that widespread application of the
principle will lead to a large number of regulatory false positives — over-regulation of minor
risks and regulation of non-existent risks, often due to unwarranted public 'fears'. Understanding
and learning from past false positives as well as false negatives is essential for improving
decision-making about public health and the environment.

This chapter reviews incidents of 'false positives', where government regulation was undertaken
based on precaution but later turned out to be unnecessary. In total 88 cases were identified

to be alleged false positives, however, following a detailed analysis most of them turned out

to be either real risks, or cases where 'the jury is still out', or unregulated alarms, or risk-risk
trade-offs, rather than false positives.

The analysis revealed four regulatory false positives: US swine flu, saccharin, food irradiation,
and Southern leaf corn blight. Numerous important lessons can be learned from each, although
there are few parallels between them in terms of when and why each risk was falsely believed to
be real. This is a lesson in itself: each risk is unique, as is the science and politics behind it and
hence a flexible approach is therefore needed, adapted to the nature of the problem. The costs of
the false positives identified were mainly economic, although the actions taken to address swine

flu in 1976 did lead to some unintended deaths and human suffering, and diverted resources
from other potentially serious health risks. Determining the net costs of mistaken regulatory
action, however, requires a complete assessment of the impacts of the regulation, including the
costs and benefits of using alternative technologies and approaches.

Overall, the analysis shows that fear of false positives is misplaced and should not be a rationale
for avoiding precautionary actions where warranted. False positives are few and far between

as compared to false negatives and carefully designed precautionary actions can stimulate
innovation, even if the risk turns out not to be real or as serious as initially feared. There is a
need for new approaches to characterising and preventing complex risks that move debate from
the 'problem' sphere to the 'solutions' sphere. By learning from the lessons in this chapter, more
effective preventive decisions can be made in the future.

The scarcity of genuine false positives compared to the large number of 'mistaken false positives'
could partly be the result of a deliberate strategy in risk communication. Several references

and leaked documents have shown that some regulated parties have consciously recruited
reputable scientists, media experts and politicians to call on if their products are linked to a
possible hazard. Manufacturing doubt, disregarding scientific evidence of risks and claiming
over-regulation appear to be a deliberate strategy for some industry groups and think tanks to
undermine precautionary decision-making.
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In debates surrounding the precautionary principle
it is often claimed that widespread application

of the principle will lead to a large number of
regulatory false positives — over-regulation of
minor risks and regulation of non-existent risks,
often due to unwarranted public 'fears'. Critics of
the precautionary principle argue that this means
losing economic, environmental and human

health benefits associated with the over-regulated
activities (Smith, 1997 and 2000; Within Worldwide,
2000; Bate, 2001; Bergkamp, 2002; Sunstein, 2002;
Graham, 2004). The literature is replete with case
studies in which researchers claim excessive or
unnecessary environmental and health regulation
(see for instance Claus and Bolander, 1977; Whelan,
1985 and 1993; Bast et al., 1994; Wildavsky, 1995;
Lieberman and Kwon, 1998; Sanera and Shaw, 1999;
Bailey, 2002).

The case studies in the first volume of Late lessons
from early warnings (EEA, 2001) were all false
negatives, where early warnings existed but no
preventive action was taken. In preparing the first
volume, the editorial team queried the existence of

'false positives' and invited industry representatives

to submit examples of instances where action was
taken on the basis of a precautionary approach that
turned out to be unnecessary. No suitable examples
emerged and the false positive were therefore not
addressed. To address this shortfall, the present
chapter contains a thorough review of the issue.

2.1 'False alarms’, 'regulatory abuse’'
and 'regulatory false positives'

The terminology regarding false positives varies.
Lieberman and Kwon (1998) call their cases of
overreaction 'unfounded health scares', whereas
others use terms like 'environmental hoaxes and
myths' (Martin, 1990), 'eco-myths' (Bailey, 2002),
‘regulatory abuse' (Cohen and Giovanetti, 1999)
and 'false alarms' (Mazur, 2004). Each of these
researchers uses a different set of criteria — often
not clearly outlined — to define when such cases of
overreaction have occurred.

Most often, the authors cited above have included
any case where concerns were raised over the
safety of an activity, and where they deem that
these concerns were later shown to be unfounded.
The mere fact that concerns were raised does not,
however, imply that regulatory measures were
taken. The present analysis focuses on the extent to
which applying the precautionary principle leads
to over-regulation and it is therefore important that

regulatory measures were actually taken to mitigate

the suspected risk as a result of public and scientific
concerns. Clearly, concerns raised by the media or
public entities can lead to changes in markets or
companies ceasing activities because of concerns
over, for example, liability. The present chapter
focuses, however, on false positives in terms of
government regulation.

Similarly, for a case to be classified as a 'false
positive', scientific evidence must exist showing
that a perceived risk is actually non-existent and
this evidence must be generally accepted in the
scientific and regulatory communities. Using the
Intergovernmental Panel on Climate Change (IPCC)
sliding scale for assessing the state of knowledge

on climate change (Moss and Schneider, 2000;

Table 2.1), we argue that there should at least be a
'high confidence' (67-95 %) in the scientific evidence
indicating no harm before a case can reasonably be
claimed to be a false positive. This is consistent with
the strength of evidence often sought in regulatory
policy before preventive actions are taken, and

with the classification systems of international
bodies. For example, the International Agency for
Research on Cancer requires that strict criteria be
applied in concluding that there is no evidence of
carcinogenicity as it is often difficult to rule out the
possibility of effects.

For the purpose of this analysis, regulatory false
positives are defined as:

'Cases where (i) regulatory authorities
suspected that an activity posed a risk,

and acted upon this suspected risk by
implementing measures aimed at mitigating
this risk, and (ii) that there is at least 'high
confidence' in the scientific evidence that later
became available indicating that the activity
regulated did not pose the risk originally
suspected' (Hansen et al., 2007a).

Thus, in the absence of preventive regulatory
(mandated) action and high confidence in the
scientific evidence about an activity's risk, a case

Table 2.1 IPCC scale for assessing the state
of knowledge
95-100 % Very high confidence
67-95 % High confidence
33-67 % Medium confidence
5-33 % Low confidence
0-5 % Very low confidence

Source: Moss and Schneider, 2000.
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cannot be considered a regulatory false positive.
All types of regulatory measures — including
bans, labelling requirements and restrictions —
fall under the definition of preventive measures.
Contrastingly, decisions to study a suspected risk
further or non-regulatory actions (e.g. including a
substance on a list of chemicals of concern) are not
considered regulatory measures for the purposes
of this chapter, although some might consider
government agency programmes or statements to
be de facto regulation.

2.2 Identifying regulatory false
positives

In order to identify regulatory false positives, we
followed a two-step approach.

First, we conducted a detailed literature review

to identify examples of regulatory false positives

in the environmental and human health fields.

The search terms used included 'false positives',
'over-regulation’, 'health scares' and 'false alarms'.
The review involved detailed literature searches and
cross-referencing, and scrutiny of relevant websites.
We also interviewed experts from academia,
industry, non-governmental organisations and
independent think tanks. Based on the review, we
compiled a list of 88 case studies that claimed to be
regulatory false positives (listed in full in Table 2.3
at the end of this chapter). A limited number of
references provided the majority of these cases
(Mazur, 2004; Wildavsky, 1995; Lieberman and
Kwon, 1998; Milloy, 2001).

In the second part of the study, we analysed the
literature on each of these examples to determine
whether the case could indeed be considered a
regulatory false positive. This was assessed based
on the definition of a regulatory false positive
elaborated in the previous section and current
scientific knowledge. The analysis of the literature
on each of the examples was performed as follows:

1. first, scientific opinions and reviews conducted
by international consensus panels or bodies
such as the World Health Organization (WHO),
the United Nations Environment Programme
(UNEP), European Commission Scientific
Committees, and the IPCC, were consulted;

2. if no recent international reviews were available,
we consulted up-to-date, recent reviews
conducted by national governmental institutions
such as the US Food and Drug Administration
(FDA), and national environmental protection

agencies such as the US National Academy of
Sciences or Britain's Royal Society;

3. in cases where neither international nor national
reviews were available, we performed literature
reviews of peer-reviewed journals.

When reviewing the cases, emphasis was first placed
on whether the conclusions reached in the scientific
literature and by the different scientific panels and
agencies were in conflict. Differing conclusions by
various scientific panels, agencies, and scientists
would tend to lead to dismissing the case as a false
positive, whereas consistent conclusions would tend
to lead to accepting the case. In cases of conflicting
conclusions between different scientific panels,
agencies and scientists, however, we investigated the
scientific literature to identify possible explanations
for those differing viewpoints. If a reasonable
explanation was identified to support the claim that
a case was a false positive and the explanation was
found to be scientifically valid by most scientists
(some dissenting scientific views were accepted) in
the field, the case was accepted as an authentic false
positive.

For each case, we investigated what regulatory
action had been taken to mitigate the risk in
question, when and why, in order to determine
whether the action taken could be considered to be
unnecessary or disproportionate. In the event that
a case was not considered to be a false positive,
which occurred frequently, the reason for this was
identified.

2.3 Mistaken false positives

Following a detailed analysis of each of the 88 cases,
we developed a series of 'categories' of mistaken
false positives including: real risks; 'the jury is still
out’; unregulated alarms; 'too narrow a definition

of risk'’; and risk-risk trade-offs. The criteria used to
assign cases to each category are set out in Table 2.2,
and Hansen et al. (2007a) present additional
examples that illustrate the key characteristics of
each category.

Figure 2.1 presents the distribution of cases in
categories of false positives and mistaken false
positives.

A detailed written analysis of each case is beyond
the scope of this chapter. For a rationale for the
categorisation of the cases into false positive and
mistaken false positive categories, see Hansen
(2004). Below, the categories are summarised.
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Table 2.2 Categories of mistaken false positives and criteria for inclusion

Criterion 1 Criterion 2 Criterion 3 Conclusion
Real risks Hazard and exposure
'The jury is still out' Uncertain hazard or uncertain exposure or disputed evidence

R . Not a

Unregulated alarms Alarm raised and no action taken false positive
'"Too narrow a definition of risk' Other hazard and exposure
Risk-risk trade-offs Target risk and countervailing risk  and action taken

Figure 2.1 Distribution of 88 proclaimed false positives
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2.3.1 Real risks

In about one third of the 88 cases proclaimed to

be false positives, scientific evidence is available
indicating that the activity in question posed a real
risk. In these cases, a lack of regulatory intervention
could have (and in some cases has) led to adverse
effects on human health or the environment.

An example of such a case is acid rain. When
exposed to bright sunshine, human emissions

of sulphur dioxide and nitrogen oxides can be
converted into sulfate and nitrate molecules. These
particles can then interact with water vapour to form
sulphuric or nitric acids, which return to Earth in
rain, snow or fog. Concern was raised in the 1980s
that acid rain might injure human health and the
environment but according to Bast et al. (1994) and
Wildavsky (1995) acid rain poses little or no threat to
forests, crops, human health or lakes in America.

In response to the claims about damage caused by
acid rain, the US Congress authorised a ten-year
research effort called the National Acid Precipitation

'Too narrow a
definition of risk'

T T 1
Risk-risk False positives
tradeoffs

Assessment Program (NAPAP) (Bast et al., 1994).
NAPAP acts as a coordinating office between six
federal agencies including the National Oceanic
and Atmospheric Administration (NOAA), the
Environmental Protection Agency (EPA), and the
National Aeronautics and Space Administration
(NASA) (NAPAP, 2011).

In 1996 NAPAP published an integrated assessment
of costs, benefits and effectiveness of acid rain
controls. NAPAP found that, although most forest
ecosystems were not then known to be adversely
impacted by acid deposition, sulphur and nitrogen
deposition had caused adverse impacts on certain
highly sensitive forest ecosystems, especially
high-elevation spruce-fir forests in the eastern
United States. These adverse effects might develop
in more forests if deposition levels were not reduced
(NAPAP, 1996). Because acid deposition has had
adverse impacts on certain highly sensitive forest
ecosystems in the eastern United States, this case

is considered a real risk. See Semb (2001) for a
discussion of sulphur dioxide and acid rain in the
European context.
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2.3.2  'The jury is still out’

In another third of the 88 cases, there is not a 'high
confidence' in the scientific evidence of no harm from
the activity in question. These could be categorised
as cases for which 'the jury is still out' — instances
where the scientific data are uncertain or disputed
and no final conclusion has yet been reached.

In these cases, lack of evidence of harm has

been misinterpreted as evidence of safety. This
may be due to numerous factors, including the
length of time the hazard has been studied, clear
disagreements in the scientific literature, or limited
human studies. For example, for the International
Agency for Research on Cancer (IARC) to classify a
chemical as 'probably not carcinogenic to humans',
there is a need for 'strong evidence that it does not
cause cancer in humans'. Only one substance has
been listed as such.

An example of a case where 'the jury is still out'

is the health risks of mobile phones (see also
Chapter 21). Lieberman and Kwon (1998) argue
that there is no evidence of serious health effects
from routine use of cellular phones. Graham (2004)
also mentions cell phones and brain cancer as a
scare where qualified scientists did not replicate
early studies suggesting danger. Several reviews

of the scientific literature have been conducted by
both international and national bodies such as the
UK's Independent Expert Group on Mobile Phones
(IEGMP, 2000), the British Medical Association
(BMA, 2001), the Health Council of the Netherlands
(2002), the Swedish Radiation Protection Authority's
Independent Expert Group on Electromagnetic
Fields (2003), the UK's National Radiological
Protection Board (NRPB, 2003), Sweden's Research
Council for Worklife and Social Science (FAS,
2003), WHO (2004) and the Scientific Committee
on Emerging and Newly Identified Health Risks
(SCENIHR, 2009). Although most reviews conclude
that cellular phones probably do not constitute

a health hazard after less than ten years of use,
many still advise a 'precautionary approach' and
recommend further research into the long-term
effects on health because of the prolonged latency
period of many chronic diseases (SCENIHR, 2009;
WHO, 2010a and 2010b). A recent book compiling
the scientific evidence on cell phone health risks
(Davis, 2010), found that the there is strong enough
evidence on health risks to warrant immediate
action to redesign cell phones to make them safer.

According to the IEGMP (2000), the US FDA (cited
in US GAQ, 2001), the Danish Health Agency
(2000), the Royal Society of Canada (RSC, 1999) and

SCENIHR (2009), there is not enough information
to conclude that cellular phones are without risk
after long-term use (more than 10 years), although
research to date does not show that mobile phones
have adverse effects after short-term use (less than
10 years).

Several factors make it difficult to draw definitive
conclusions from existing studies (US GAO, 2001;
SCENIHR, 2009). Existing epidemiological studies
on the health effects of radiofrequency in general
have focused on short-term exposure of the entire
body, not long-term exposure to the head. No
studies on mobile and cordless phone use among
children and adolescents have been completed

so far. Additionally, most research has been
conducted on the use of analogue phones instead
of digital phones, which have become the standard
technology. Finally, most research investigates the
health effects at different frequencies than those
used in mobile phones, and it is not clear how
impacts from one frequency on the radiofrequency
spectrum relate to other frequencies (US GAO,
2001; SCENIHR, 2009).

Studies on animal and human cells and tissues
have shown that radiofrequency emissions can
produce measurable responses, although it is

not known whether or not these responses are
harmful (Bast et al., 1994; RSC, 1999; ICNIRP,
2001). IEGMP (2000) found evidence to suggest
that radiofrequency radiation might influence
the ion channels and other membrane proteins of
neurons in the brain under normal conditions but
the significance of such effects for human health
is uncertain. According to the US FDA (cited in
US GAO, 2001), one type of test known as the
micronucleus assay has shown changes in the
genetic material, which is a common precursor to
cancer. The US FDA therefore calls for additional
research into the safety of mobile phones
emissions. Numerous national and international
research projects have been initiated across the
globe to study the health risks (BMA, 2004).

The IARC has an electromagnetic field (EMF) project
under way to coordinate and stimulate research

and scientific discussion that can provide the basis
for its reviews. IARC (2008) has established a series
of multinational case-control studies (known as

the Interphone study) that will potentially deliver
more conclusive data on the possible health effects
of mobile phones than previous research. Several
studies from the Interphone study have been
published (IARC, 2008) and a majority of these have
found no association between cellular phone use and
the risk of brain cancer. A number of small, long-term
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studies did, however, find a slightly increased risk
for certain types of brain tumours after long-term use
of cellular phones (Lonn et al., 2004 and 2005; Hours
et al., 2007; Klaeboe et al., 2007). After pooling data
from Nordic countries and the United Kingdom,
Lahkola et al. (2007) and Schoemaker et al. (2005)
reported finding a significant increased risk of glioma
on the side of the head where the tumour developed
after at least 10 years of using cellular phones (IARC,
2008). See Chapter 21 on mobile phone use and

brain tumour risk for an updated evaluation of this
evidence.

There are a number of reasons why this case

falls into the category 'the jury is still out'". First,
several factors make it hard to evaluate existing
epidemiological studies, as previously noted.
Second, although the significance for human
health is unknown, different effects on cells and
tissues have been observed when exposed to
radiofrequency radiation. Third, there is a vast
amount of research currently under way as a result
of lingering scientific concerns and uncertainties.

2.3.3 Unregulated alarms

In a number of cases, a given substance, technology
or procedure was proclaimed to be a risk but no
regulatory action was ever taken to mitigate it.
Concerns could be raised as a result of a scientific
study (which later turns out to be a scientific

false positive) or public or political concern.

Since the cases have not been regulated, they are
not considered false positives from a regulatory
point of view. Examples of cases that fall into this
category include the claimed links between coffee
and pancreatic cancer, between fluoridated water
and associated health effects, and between the
measles-mumps-rubella (MMR) vaccine and autism.

There has been great public concern about the safety
of the measles-mumps-rubella (MMR) vaccine since
Wakefield et al. (1998) published a small study in The
Lancet suggesting an association between the vaccine
and bowel problems and autism in 12 children. In the
study, parents or doctors recalled that the first signs of
autism had started within two weeks after the MMR
vaccination and the researchers wondered whether
these two were connected. They never claimed,
however, to have conclusively demonstrated this
association (IOM, 2001a). The culprit was suspected
to be a vaccine preservative known as thimerosal,
which contains mercury (Fields, 2004).

According to Bate (2001), this research made
some pressure groups argue that a precautionary

approach should be taken and that the vaccines
should be withdrawn, which could lead to

new disease outbreaks with severe public

health consequences. According to Bate (2001)
‘Precautionary vaccination propaganda that results
in individual and government action harms,

and sometimes even Kkills, children.' Guldberg
(2000) calls this case an obvious example of
scare-mongering and argues that damage has been
done because many parents decided not to take the
one-in-a-million chance of a serious reaction to the
vaccine. According to Guldberg (2000) this led to
falling vaccination rates in the United Kingdom,
which could lead to a measles epidemic. Marchant
(2003) also mentions the MMR vaccine as a case in
which excessive precaution was taken.

Extensive efforts have been made to confirm the
findings of Wakefield et al. (1998). A number of
small studies have supported the results, whereas

a series of large-scale studies have found no
association between MMR vaccines and autism

(e.g. Taylor et al., 1999; Meldgaard Madsen et al.,
2002; DeStefano et al., 2004; Smeeth et al., 2004;
Hornig et al., 2008). A number of literature reviews
have also been published that have all concluded
that the epidemiological evidence does not support
the hypothesis of an association between the MMR
vaccine and autism. These reviews further conclude
that the epidemiological studies that do support an
association have significant flaws in their design that
limit the validity of their conclusions (CSM, 1999;
I0M, 2001a, 2001b and 2004; WHO, 2003a; Parker
et al., 2004). In 2004, 10 of the 12 authors of the
original article by Wakefield et al. (1998) retracted
their support for the findings in the study (Murch
et al., 2004).

Despite the public concern about MMR vaccine and
actions by many advocacy groups and parents, no
regulatory action was ever taken to stop parents
from getting their children MMR vaccinated. On
the contrary, health agencies all over the world
strongly recommended MMR vaccines at the time
concerns were raised and still do (NACI, 2003;
CDC, 2004; UK Department of Health, 2004, WHO,
2001 and 2003b). Therefore, this case falls into the
‘unregulated alarm' category.

It is correct that the controversy about the safety
of MMR vaccines led to decreasing numbers of
children being vaccinated in the United Kingdom
but according to the UK Department of Health
(2003) the numbers are increasing again. There has
been an outbreak of mumps in England and Wales
but the agency has emphasised that this outbreak
could not be attributed to the drop in MMR
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vaccinations caused by fears of a link to autism. The
outbreak was actually largely due to young adults
that missed out on the MMR programme, which
began in 1988 (see Medical News Today, 2004).

2.3.4 ’'Too narrow a definition of risk’

Some cases proclaimed as false positives focus
only on one aspect of the potential risks from a
hazard. This can happen, for example, when only
the human health effects of a particular hazard
are examined and not the known environmental
effects. Another example could be claims that a
given substance is a false positive because it has
been shown not to cause one type of cancer, when
there is documented evidence that it increases the
risk of other kinds of cancer. Examples of cases in
this category include the links between hair dyes
and certain cancers, and between second-hand
smoke and breast cancer.

Nuclear power is another example, with some
authors arguing that precautionary decisions to
halt nuclear plant construction were not justified
by the risks to those living near plants or the risks

of accidents at the plants. For example, Graham
(2004) notes that on the basis of precautionary
considerations there has been a de facto

moratorium (') on the construction of new nuclear
power plants in the US since the 1979 Three Mile
Island incident. As a consequence, he argues that the
US has become deeply dependent on fossil fuels for
energy and 'mow precaution is being invoked as a
reason to enact stricter rules on use of fossil fuels'.

Bast et al. (1994) have further argued that the public
is overly fearful of nuclear power and has been since
the Three Mile Island incident. They further argue
that low doses of radiation are not harmful and

that nuclear power is a safe and clean technology,
although they admit that accidents can happen.
More recently, some have argued that nuclear
power poses no risk of cancer based on a 2011

UK Committee on Medical Aspects of Radiation in
the Environment (COMARE) 30 year study which
found no increased risk of leukemia among children
in the proximity of nuclear power plants in the
United Kingdom (Ross, 2011; COMRE, 2011).

In fact, concerns about at least two other types
of issues need to be considered in discussions

(*) Since the moratorium has only been de facto, this case can also be discounted as a regulatory false positive because it constitutes

an 'unregulated alarm'.
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about risks from nuclear plants: the cost of
nuclear-generated electricity and radioactive

waste. Before considering them, however, it is
worth asking whether the risks to those living near
nuclear plants are, indeed, insufficient to justify a
precautionary moratorium. There is little doubt, for
example, that a major reactor accident could release
large amounts of radiation into the environment, as
was demonstrated during the nuclear disasters at
Chernobyl, Ukraine, in 1986 and more recently at
Fukushima, Japan, in 2011. Dispute seems to centre
on the likelihood of such an event and there seems
to be a significant disagreement between expert
and lay perceptions of risk.

In 1975, the Rasmussen report assessed reactor
safety in US commercial nuclear power plants. It
found that the probability of having an accident
like the Three Mile Island is anywhere from 1 in
250 to 1 in 25 000 reactor-years. These estimates
did not take (among other factors) the possibility
of human errors into consideration. US Nuclear
Regulatory Commission data indicate that there is
a 50 % chance of another accident occurring equal
in size to Three Mile Island or larger (Shrader-
Frechette, 1993).

These findings suggest that a precautionary
moratorium on plant construction based on
concerns about accidents and radiation leaks alone
might not have been irrational. As noted, however,
other factors played a role, including concerns
about financial risks. Orders to construct nuclear
plants had begun to decline sharply even before
the Three Mile Island accident. By September
1974, 57 of 191 nuclear plants under construction,
under licensing review, on order, or announced

by utilities had been delayed by a year or more
and a few had been cancelled altogether. Fourteen
months later, 122 of the 191 projects had been
deferred and nine had been cancelled. Between
1975 and 1978, US utilities ordered only 11 nuclear
units. Utilities cut back on both coal and nuclear
projects, but the blow fell disproportionately on
builders of nuclear units because of higher capital
costs (Walker, 2004). This was only partly due to
public opposition.

The energy crisis of the early seventies sharply
and quickly drove up the price of oil and other
fuels that utilities purchased to run their plants.
This again drained their financial resources.
Adding to this, the serious problem of inflation
greatly increased the cost of borrowing money

for plant construction. An economic slump and
increasing unemployment also curtailed demand
for electricity, which grew at a substantially slower

rate than experts had anticipated (Walker, 2004).
As Giere (1991) states 'The accidents at Three Mile
Island and Chernobyl dramatised the dangers

of nuclear power, but the immediate cause of

the demise of the nuclear power industry in the
United States has been economic'. Supporting
Giere's statement, the costs of nuclear-generated
electricity quadrupled in the 1980s alone, and
2001 data from the US Department of Energy
show that nuclear fission is more expensive per
kilowatt-hour than coal, natural gas, wind, and
solar thermal (Shrader-Frechette, 1993). According
to Shrader-Frechette (2003) this is just another
reason that no new nuclear plant has been ordered
since the seventies.

In addition to accidents, radiation leaks and doubts
about the financial viability of nuclear power,
concerns also focused on the risks associated with
radioactive waste produced as a by-product of
power generation. During the 1980s radioactive
waste doubled and there is still controversy
surrounding how to deal with it. Although
large-scale nuclear accidents might be rare, several
accidents have occurred at nuclear storage facilities
causing the death of hundreds of people. Clean-ups
will cost hundreds of billions of dollars (Shrader-
Frechette, 1993).

The example of nuclear power demonstrates that
in assessing whether a decision is based on a false
perception of risk, it is essential to examine all

the factors motivating that decision. In this case,
claims that the US moratorium represents (de facto)
over-regulation based on disproportionate fears
about accidents and radiation leaks do not bear up
to scrutiny.

2.3.5 Risk-risk trade-offs

Risk-risk trade-offs can be defined as cases

where efforts to combat a 'target risk' of concern
unintentionally create 'countervailing risks'

(also known as 'side-effects' or 'unintended
consequences') (Graham and Wiener, 1995).
Addressing risk-risk trade-offs (ensuring that
regulatory actions do not create new risks) is an
important concern in regulatory policy and several
authors have written about this subject (see Tickner
and Gouveia-Vigeant, 2005). The situation differs,
however, from precautionary over-regulation.

One example of such a case is the use of nitrites
in meat preservation. Nitrites have been used to
cure meat, such as bacon, ham, hot dogs and other
sausages, for several centuries. Besides enhancing
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colour and flavour, nitrites inhibit the growth of
Clostridium botulinum and other toxins. Clostridium
botulinum causes botulism, a rare but often fatal
form of food poisoning (McCutcheon, 1984). Since
1899 there have been only seven outbreaks of
botulism poisoning in commercially cured meat
products in the US and Canada, resulting in nine
deaths. The excellent safety record of cured meat
has been largely attributed to the use of nitrites
(Pierson and Smoot, 1982).

In the late 1970s there was a discussion about
whether or not to ban nitrites in the US. Concerns
were raised after scientists found that nitrites
react in the body with other food agents to form
nitrosamines, which are known carcinogens
(IPCS, 1978). Since attempts to discover a single
alternative preservative with all the properties of
nitrites have been unsuccessful, banning nitrites
could result in a risk-risk trade-off between the
risk of nitrosamine-induced cancers and increased
risk of botulism. This argument was used by the
US Food and Drug Administration (FDA) and the
US Department of Agriculture (USDA) and as a
result nitrites were not banned (Wildavsky, 1995;
Lieberman and Kwon, 1998).

Lieberman and Kwon (1998) have described the
arguments against nitrites as one of the 'greatest
unfounded health scares of recent times' fuelled by
application of the precautionary principle. But the
fact that a ban on nitrites could itself have created
certain risks is not evidence that concerns about
nitrites were unfounded. Indeed, the measured
response of government and the food industry
that ensued looks like smart management of risks,
rather than over-regulation.

In 1978 the USDA required that the level of nitrite
be reduced and that nitrite be used in combination
with sodium ascorbate or erythorbate. Sodium
ascorbate (vitamin C) or erythorbate (chemically
similar to vitamin C) block or inhibit the formation
of nitrosamines from nitrite (Institute of Food
Technologists, 1998). The USDA took forceful
steps to ensure that bacon was in compliance

with the new regulations and began an extensive
three-phase monitoring programme. The

intent of the programme was not to stop bacon
production but rather to produce bacon according
to the new requirements. Plants in violation

of the requirements were allowed to correct

their procedures to reduce nitrosamines, and
USDA offered technical assistance to plants with
potential problems. The food industry responded
by tightening its own quality control and nearly
all bacon was free from confirmable levels of

nitrosamines within one year of the start of the
three-phase monitoring programme (McCutcheon,
1984).

Beyond bacon, the food industry generally

made substantial changes to the cured meat
manufacturing process. It stopped using sodium
nitrate in major meat processes; it reduced the use
of nitrite in the processing of cured meats; and it
increased the use of ascorbate and erythorbate in
the curing process. As a result, the food industry
was able to eliminate the addition of nitrite to
foods, reducing residual nitrite levels in cured
meat products five-fold without compromising
antibotulinal effects. Today the average level of
residual nitrite is one-fifth of the amount present
20 years ago (Institute of Food Technologists,
1998). Indeed, there is a growing market for
non-preserved meats due to concerns about the
health implications of nitrites and antibiotics in
traditional processed meats with no known safety
implications to date.

2.4 Identified false positives

Of 88 cases of alleged over-regulation, only four
cases fulfilled the definition of a regulatory false
positive (Hansen et al., 2007a). These are the cases of:

¢ Southern corn leaf blight: the US Department
of Agriculture decision in 1971 to plant more
corn in the mistaken anticipation that Southern
corn leaf blight would return and destroy a large
part of the harvest (Lawless, 1977; Mazur, 2004;
Hansen 2004);

* saccharin: the 1977 decision requiring saccharin
to be labelled in the US because it was believed
to be a human carcinogen;

e swine flu: the US Department of Health,
Education, and Welfare decision in 1976 to mass
immunise the entire American population in the
mistaken anticipation of a return of swine flu
(US GAO, 1977; Neustadt and Fineberg, 1978);

¢ food irradiation impacts on consumer health:
the reluctance of the US Food and Drug
Administration to allow food irradiation that
could help reduce a large number of food
pathogens and increase shelf life (WHO, 1981;
1999; SCF, 2003).

The latter two cases are presented below in greater
detail. An in-depth analysis of the first two cases can
be found in Hansen (2004). In the discussion that
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follows, however, all four cases are referred to in
drawing policy relevant lessons for decision-makers.

Each case was analysed in order to understand:

¢ when and why precautionary regulatory action
was taken;

¢ when and why it was realised that this
precautionary action was unnecessary;

¢ what the resulting cost and benefits were.

These factors are emphasised differently in each

of the cases, as each has a unique historical and
scientific basis. Literature is very scarce on Southern
corn leaf blight, which makes it impossible to
analyse and answer all of the questions in depth.

2.5 Swine flu

In late January 1976, twelve soldiers at Fort Dix in
New Jersey became sick with an upper respiratory
infection. One of the soldiers died after participating
in a forced march. The cause of the infection was

-
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a new strain of the flu virus dubbed 'swine flu/,
which was antigenetically similar to the Spanish flu
that had caused 40-50 million deaths worldwide in
1918-1919 (US GAO, 1977; Potter, 1998; Reid et al.,
1999). Influenza epidemics result in about three

to five million cases of severe illness annually and
about 250 000 to 500 000 deaths, primarily among
the elderly (WHO, 2010c).

US President Ford decided to immunise the entire
American population against swine flu, dedicating
USD 135 million to the production of vaccines

(US GAOQ, 1977). The immunisation programme
suffered a number of setbacks in the implementation
phase, however, and only 40 million Americans (out
of 200 million) were inoculated. The widespread
swine flu outbreak feared by decision-makers never
occurred. On this basis, the mass immunisation
program appears to have been unnecessary.

2.5.1 Responses to early warnings

The initial outbreak at Fort Dix was taken very
seriously by the Center for Disease Control (CDC)
and other agencies for a number of reasons. Among
them:

* Scientists had observed that when a new strain
of the flu emerged, it would typically appear in
low levels towards the end of a flu season — just
as swine flu did at Fort Dix — and then return in
epidemic proportions the following flu season.

* Ahypothesis at the time suggested that major
flu epidemics took place at regular intervals of
eleven years. Because the US had experienced
epidemics in 1946, 1957 and 1968, it seemed
plausible that a new one would occur in 1977.

* Another theory suggested that virulent flu
strains recycled themselves at intervals of sixty
or seventy years. Almost sixty years had elapsed
since the Spanish flu epidemic of 1918-1919 and
it seemed reasonable that the swine flu virus was
in the process of re-emerging.

¢ Anew strain of flu virus had never before
appeared without it leading to a major epidemic
(Boftey, 1976; Colin, 1976, USDHEW, 1976;
Neustadt and Fineberg, 1978; Wecht, 1979;
Silverstein, 1978; Bernstein, 1985).

Knowing this, government officials held a series
of emergency meetings and decided that the CDC
should begin preparing to produce large amounts
of swine flu antibodies. Special attention was
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paid to informing the public to prevent the media
portraying the Fort Dix outbreak as a 'gloom and
doom' scenario (Neustadt and Fineberg, 1978;
Silverstein, 1978).

Little new information on the Fort Dix outbreak
was available when the CDC's Advisory Committee
on Immunization Practices (ACIP) held its annual
meeting in March, 1976 to review the vaccine
recommendations for the next flu season. Most of
the participants were in favour of recommending
mass production of swine flu vaccine and
inoculation of the American population as soon as
possible.

One member of ACIP suggested producing the
vaccine and then stockpiling it until a clearer

signal of a flu pandemic emerged. According to the
records, he felt that one should always be careful
about putting foreign material into the human body,
especially when the number of bodies approached
200 million (Neustadt and Fineberg, 197§;
Silverstein, 1978). According to the minutes of the
meeting, the possibility of stockpiling vaccines was
never really discussed. According to some experts
(Wecht, 1979), however, the option was discussed
by Dr Sencer, Director of the CDC, and a few other
committee members during one of the breaks of the
meeting. They did not consider the option viable
due to the amount of time required to distribute and
administer the vaccines. Too many people could

get sick and perhaps die in the time it would take
for the vaccine to find its way through the delivery
pipeline. The basis for not discussing this option
openly during the ACIP meeting was later attributed
by some to Dr Sencer's eagerness to act immediately
(US GAO, 1977; Neustadt and Fineberg, 1978;
Silverstein, 1978; Bernstein, 1985).

Based on the ACIP recommendations, Dr Sencer
prepared a memorandum presenting the pros and
cons of four courses of action:

1. No action: leave it to private drug manufacturers
to produce vaccines in response to their
estimates of demand, and let consumers
make their own decisions on whether to get
vaccinated.

2. Minimum response: the federal government
would advise the drug industry to produce
sufficient vaccine to immunise the general
population and would undertake a public
awareness programme.

3. Government programme: the federal government
would advise vaccine manufacturers to embark

on full scale production with the expectation of a
federal government purchase of up to 200 million
doses. The health authorities would carry out

an immunisation programme designed to reach
100 % of the population.

4. Combined approach: the federal government
would advise vaccine manufacturers to
embark on full-scale production and purchase
200 million doses. However, they would leave
it to state health agencies to develop plans for
immunisation (USDHEW, 1976).

The memorandum recommended the 'combined
approach' for a number of reasons. Previous
experiences with widespread flu pandemics in
1957 and 1968 indicated that the vaccine should be
produced, distributed and administered as fast as
possible. In 1957 the flu outbreak came earlier than
expected and only about a quarter of the vaccine
doses were administered before massive outbreaks
occurred, and ultimately only about half of the
doses were administrated. Efforts to contain the flu
pandemic of 1968 were hampered by the fact that
it was realised too late that a new strain of flu had
appeared, rendering vaccines in use ineffective.

A combined approach was considered be the only
way to immunise the whole population successfully
before the next flu season. Furthermore full public
funding was the only means of ensuring the
availability of vaccines to all citizens. The cost of
approximately USD 135 million would be small in
comparison with the human and economic costs

of past pandemics (USDHEW, 1976; Wade, 1976;
Neustadt and Fineberg, 1978; Dowdle, 1997). The
1957 and 1968 pandemics caused about 45 and

50 million cases of influenza and resulted in the loss
of about 70 000 and 33 000 lives, respectively. The
total economic cost due to death and disease, health
care costs and loss of productivity was USD 7 billion
in 1957 and USD 3.9 billion in 1968 (US GAO, 1977;
Silverstein, 1978; Bernstein, 1985).

The White House Office of Management and Budget
(OMB) prepared a briefing paper for President

Ford. It raised three main questions, relating to

the probability that swine flu would reappear, the
seriousness of the epidemic should it come, and
whether the scientific community fully agreed

with the recommendation made in Dr Sencer's
memorandum (Neustadt and Fineberg, 1978;
Silverstein, 1978).

Before announcing his decision on 24 March,
President Ford requested a meeting with the nation's
top influenza and public health experts. Many of
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the scientists at the meeting thought that the vaccine
was safe, that there was little to lose and that it was
'better to be safe than sorry' (Neustadt and Fineberg,
1978). Consequently, the experts voted unanimously
in favour of proceeding with the immunisation
campaign. Immediately after the meeting,

President Ford requested Congress to appropriate
USD 135 million for producing vaccines to inoculate
the entire US population (US GAO, 1977; Neustadt
and Fineberg, 1978; Bernstein, 1985). Later the
President stated:

T think you ought to gamble on the side of
caution. I would rather be ahead of the curve
than behind it' (Neustadt and Fineberg, 1978).

Congress approved the funds with little debate, and
the final bill was signed some four months after the
initial outbreak of swine flu at Fort Dix (Neustadt
and Fineberg, 1978; Silverstein, 1978; Reitze, 1986).

There are some indications that the consultation
process leading up to President Ford's decision did
not give proper attention to alternative options and
dissenting opinions. Many of the scientists consulted
by President Ford noted that the discussions felt

pro forma and that President Ford seemed already

to have reached a decision (Boffey, 1976; Silverstein,
1978).

There was little doubt that Congress would
respond positively to the President's request to
appropriate money for producing vaccines in

the face of unknown dangers (Silverstein, 1978).
However, Bernstein (1985) argues that the hearings
in Congress were carefully staged and that dissent
was excluded. Only a few voices questioned the
programme during hearings in the House of
Representatives. For instance consumer advocate
Ralph Nader's Health Research Group claimed that
everyone was being overly alarmist, and hinted

at some sort of federal-scientific plot to waste
taxpayers' money. Democratic congressmen Henry
Waxman of California and Andrew Maguire of New
Jersey also spoke critically, implying that a potential
'rip-off' might be in the making, giving huge profits
to the vaccine manufacturers (Silverstein, 1978;
Garrett, 1994).

Two studies had also become available, indicating
that the swine flu virus was not as virulent as

had been feared. In England, Beare and Craig
(1976) had injected six volunteers with the virus
and only four had developed minor symptoms.
They concluded that the virus was not especially
contagious, a pandemic was very unlikely, and
mass immunisation was unnecessary.

These results were supported by a study in the
US on monkeys, which suggested that the virus
would cause only a 'mild disease’ (Silverstein,
1981; Neustadt and Fineberg, 1978; Edsall, 1979).
According to Medical World News (1977), the
results of the British study were known to the
programme scientists, and according to Dr Sencer
the programme was reconsidered three times: after
the field trials; just before the President's push

for money; and finally when the programme was
suspended (Neustadt and Fineberg, 1978).

2.5.2 Evidence of a false positive

Although the mass immunization programme got
off to a good start, the programme soon ran into

a series of setbacks that delayed the inoculation
process. Eventually, concerns over a possible link
between the swine flu vaccination and an outbreak
of a rare neurological disease, Guillain-Barré
Syndrome (GBS), led the CDC to suspend the
programme after only a fraction of the vaccine

had been administered. By mid-December 1976,

the CDC had received reports of 107 cases of GBS,
including six deaths. The evidence indicated that the
incidence of the disease was higher in the part of the
population that had received the swine flu vaccine
(one case in 100 000-200 000) compared to those
who had not (one case in more than a million). An
option was left open to resume immunisation if
the swine flu pandemic in fact occurred in the US
but swine flu did not reappear anywhere in the
world during the winter of 1976-1977. The media's
verdict on the swine flu immunisation programme
was harsh, and allegations of incompetence and
mismanagement of public funds were common
(Neustadt and Fineberg, 1978; Silverstein, 1978;
Dowdle, 1997; Reitze, 1986).

2.5.3 Costs and benefits

Besides the non-monetary costs in life and

personal injuries due to the vaccine's side effects,
the US Department of Health, Education and
Welfare spent over USD 100 million on the mass
immunisation programme, and state and local
agencies are estimated to have spent USD 24 million
(US GAO, 1977; Silverstein, 1978). In addition to
these direct costs, the federal government had to
pay settlements and legal fees related to the over
4100 lawsuits that followed in the wake of the
immunisation programme. Most of these lawsuits
either alleged that the swine flu vaccine had caused
GBS, or that it was responsible for various other
illnesses including rheumatoid arthritis and multiple
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sclerosis. The indemnities paid by the government
totalled USD 83 million which, when added to the
administrative and legal costs associated with the
law suits, probably equalled the USD 100 million
spent directly on the immunisation programme
(Kurland et al., 1984; Reitze, 1986; Christoffel and
Teret, 1991).

On a positive note, much was learned about the
preparation, standardisation and administration
of vaccines, as well as adverse reactions, whole
and split vaccines and the adjustment of dosage
according to age. Besides these benefits, some of
the more puzzling findings from previous vaccine
studies were clarified (Dowdle, 1997). After the
events of 1976, research was initiated on the
causes and possible treatment of GBS in medical
institutions throughout the US (Silverstein, 1978),
and a nationwide disease surveillance system was
established (Neustadt and Fineberg, 1978).

2.6 Food irradiation and consumer
health

Food irradiation was first applied on strawberries
in Sweden in 1916 and the first patents were taken
on this technology in 1921 in the US. Three kinds
of radiation are typically used to sterilise food:
gamma rays, X-rays and electron beams. And there
are three main purposes for irradiating food: killing
insects and other pests in grain, fruit, and spices;
delaying ripening of fruit and vegetables; and
reducing bacterial contamination of meat, chicken,
seafood and spices (SOU, 1983; MAFF, 1986; WHO,
1981, 1999; SCF, 2003).

Gamma irradiation uses radioactive elements,
whereas X-rays and electronic beams use ordinary
electricity. However, all three perform a similar
function (Environmental Nutrition, 2000; Pothisiri
et al., 1991; WHO, 1993). Over the years, the FDA
has issued a number of clearances to use this
technology on food but in the late 1960s concerns
were raised about the safety of food irradiation
and no additional approvals were given for the
next twenty years. At the beginning of the 1980s,
the FDA authorised irradiation for several different
kinds of foods, despite consumer reluctance to

buy irradiated food (Meeker-Lowry and Ferrara,
1996; Adams, 2000). Consumer resistance is seen by
many as the main reason why food irradiation is
not widely applied (Thorne et al., 1991).

The failure of regulatory agencies to approve and
accept food irradiation, despite evidence of its
safety for consumers, constitutes a false positive.

Similar evidence of safety was not identified for
either the potential risks to worker health and
safety from irradiating food, or the potential
increased threat of terrorism that could follow from
implementing large-scale food irradiation. Since
these concerns cannot be ruled out, the perspective
of this case is limited to consumer health.

2.6.1 Responses to early warnings

Serious progress in developing food irradiation
technology first began in the 1950s when President
Eisenhower announced his 'Atoms for Peace'
programme, and extensive research and funding
went into food irradiation from the US Department
of Defence. Irradiation was approved for use

in inhibiting potato sprouting and disinfecting
wheat in 1963. Irradiation of can-packed bacon
was approved in 1963 but this permission was
subsequently withdrawn in 1968, after a review of
the research found adverse effects in animals fed
irradiated food, such as fewer surviving offspring
(Webb et al., 1987).

2.6.2 Evidence of a false positive

Several international and national committees have
evaluated the safety and 'wholesomeness' of food
irradiation since the beginning of the 1980s, and all
have concluded that irradiated foods are safe for
consumers (SOU, 1983; MAFF, 1986; WHO, 1981,
1999; SCEF, 1998, 2003; US FDA, 1986; NFA, 1986).
However, this has not led to a general acceptance
of food irradiation, and a variety of concerns have
been raised through the years.

One of these concerns is about so-called radiolytic
products, which form in irradiated food. Some

of these radiolytic products are unique for
irradiation (SOU, 1983; US FDA, 1986). Opponents
of food irradiation argue that some of these
chemical changes are known to be mutagenic and
carcinogenic, and that free radicals — believed

to be cancer promoters — are produced during
irradiation (Webb et al., 1987; Public Citizen and
Grace, 2002; Epstein, 2002).

Numerous toxicity studies have been performed
on a range of animals, using a wide variety of
different kinds of irradiated food, and examining
different doses and endpoints. According to the
World Health Organization, these studies have not
provided evidence of harmful effects (WHO, 1981,
1994 and 1999). A number of highly controversial
studies have indicated changes in the number
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of polyploid cells in rats, monkeys and even
malnourished Indian children fed freshly irradiated
wheat (US FDA, 1986; WHO, 1994; Thayer, 1990;
Vijayalaxmi and Rao, 1976; Bhaskaram and
Sadasivan, 1975; Vijaylaxmi, 1975 and 1978). The
WHO (1994) states, however, that 'No effects were
seen showing any consistent pattern or trend,

and the studies were overwhelmingly negative
indicating that the consumption of irradiated food
... had no toxicological effect'.

The WHO (1981, 1994 and 1999) and a British
Government Advisory Committee on Irradiated
and Novel Foods (MAFF, 1986) concluded that
virtually all the radiolytic products found in both
low- and high-dose irradiated food were either
naturally present in food or produced in thermally
processed food. In the US, radiation doses of up to
1 kilogray (kGy) have been approved on the basis
that the concentration of radiolytic products is too
small to be of toxicological significance (US FDA,
1986).

Others have argued, however, that irradiated

food has never been rigorously tested (Bloomfield
and Webb, 1990). It was originally thought that

the radiolytic compounds could and should be
tested according to the accepted protocols for food
additives. This would require, however, that all

of the chemicals be identified, isolated and fed
separately to laboratory animals. Because of the
difficulties of isolating and purifying the numerous
radiolytic products, this approach is simply
impossible (Bloomfield and Webb, 1990; WHO,
1994). Attempts to apply a safety margin by giving
animals food irradiated at high radiation doses
were also unsuccessful because the animals simply
refused to eat the unpalatable food (US FDA, 1986;
Bloomfield and Webb, 1990). Because of these
problems testing has been done without safety
margins, which may miss underlying or long-term
safety hazards, according to Webb et al. (1987).

Concerns have also been raised that food
irradiation could benefit irradiation-resistant
bacteria, which would then grow exponentially
after the food has been irradiated. It has been
argued that the consequences of this are unknown
(Murray, 1990; Tritsch, 2000). However, the WHO
(1981, 1994 and 1999), MAFF (1986) and the
Scientific Committee on Food (SCF) (2003) have
all found no evidence of selective destruction

and potential development of mutations. On the
contrary both the WHO (1994) and the SCF (2003)
state that irradiation has been found to cause loss
of virulence and infectivity, as mutants are usually
less competitive and less adapted.

Discussion about the safety of food irradiation

has focused in particular on the chemical class of
cyclobutanones and the question of whether or not
they are carcinogens (Public Citizen and Grace,
2002; Epstein, 2002). Cyclobutanones are created
only when fat-containing food is radiated (Delincée
and Pool-Zobel, 1998; Delincée et al., 2002). Reports
by both the FDA and the WHO have been criticised
heavily for ignoring the issue of cyclobutanones
(Public Citizen and Grace, 2002; Epstein, 2002).
Concern was originally raised after studies by
Delincée and Pool-Zobel (1999) and Delincée et al.
(1999) found that 2-Dodecylcyclobutanone (DCB)
was genotoxic. The identity and purity of the
compound had not been verified prior to the studies,
however, which the authors argue cast doubts on the
results originally obtained (Delincée and Pool-Zobel,
1998).

A further concern relates to reducing the nutritional
value of foods. Irradiation treatment does not
significantly alter the nutrient value and digestibility
of fatty acids and macronutrients, such as proteins,
fats and carbohydrates (MAFF, 1986; WHO, 1981,
1999; Bloomfield and Webb, 1990) but loss of
micronutrients does increase with radiation doses.
The rate of loss differs substantially depending on
the food and nutrients. Therefore these losses must
be assessed for each food and for each vitamin
specifically. According to the WHO (1981), thiamine
(B1) is the only vitamin that should be considered
in terms of dietary intake because it is radiation
sensitive and the main sources of thiamine in

the diet (e.g. pork) are candidates for high-dose
irradiation.

In 1981, the World Health Organization (WHO)
conducted a review of the studies performed with
doses below 10 kGy and found that irradiated
food has been conclusively demonstrated to

be safe from the standpoint of toxicological,
nutritional or microbiological risks to human
health. This document has later been described

as the culmination and turning point in the
scientific evaluation of the safety of irradiated
foods (WHO, 1993; 1994; Urbain, 1993). Following
this report, the FDA began a systematic review of
the over 400 toxicological studies on mice, rats,
dogs, pigs and monkeys available up to 1982.
Only five studies were considered to have been
properly conducted in accordance with 1980
toxicological standards and were able to stand
alone in support of safety (US FDA, 1986, WHO,
1994). Despite several years of consumer reluctance
to eat irradiated food, the FDA decided to allow
irradiation of spices and seasonings in 1983 while
requiring that irradiated whole foods be labelled
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as such. Since then the FDA has further allowed
irradiation of fruits, vegetables, pork, poultry, red
meat and eggs (Meeker-Lowry and Ferrara, 1996;
Webb et al., 1987; US FDA, 1997; USDA, 1999a,
1999b; Epstein and Hauter, 2001).

2.6.3 Costs and benefits

Complete estimates of cost and benefits of irradiated
food are not available. The costs of food-borne
diseases in health and economic terms, and the
potential role of food irradiation in reducing those
costs, are not well documented (WHO, 1993). Robert
and Murrell (1993) estimated that the economic losses
in the US from food-borne pathogenic diseases are up
to USD 5.3 billion annually. A number of factors affect
these cost estimates, however, such as the number of
estimated cases and estimated deaths, the severity

of the illness and the type of food-borne disease
(Todd, 1993). Cost-benefit estimates done by the US
Department of Agriculture indicate that the benefits
would be likely to exceed costs by a ratio of 2.2-2.8

to 1 and that the irradiation of just 10 % of poultry
production would produce annual savings in the US
of up to USD 50 million (WHO, 1993).

Several cost-benefit analyses have assessed the
feasibility of using irradiation in developing
countries. Most have indicated large potential
benefits, especially with regard to increased shelf
life and reduced post-harvest losses (Griinewald,
1973; Al-Bachir et al., 1993; Kahn, 1993; Moretti,
1993; Neketsia-Tabire et al., 1993). A number of
challenges would have to be addressed, however,
before developing countries can benefit from food
irradiation. For the technology to be used efficiently
requires, for instance, that the necessary infrastructure
be established (WHO, 1993; Hackwood, 1991).

One of the frequently cited benefits of food irradiation
is that it reduces the use of chemicals, for example

use of ethylene dibromide in controlling insects and
mould infestation in grain (WHO, 1993; Griinewald,
1973; Piccioni, 1987). The plausibility of this argument
is, however, unclear (Webb et al., 1987; EC, 2002a and
2002b; Piccioni, 1987).

Nestlé (2007) has voiced concerns that extensive
irradiation could reduce attention to the sources

of pathogenic contamination of food and primary
prevention. On the other hand, it could be argued
that public reluctance to accept food irradiation
may actually focus greater attention on improved
sanitation in manufacturing and food preparation.
It is unclear, however, whether or not this has been
the case.

2.7 Discussion

This chapter aims to identify false positives and
investigate lessons that could be learned to improve
future decision-making — to minimise both false
positives and false negatives. In this final section,
we discuss the results of our analysis, focusing on:

1. when and why precautionary regulatory action
was taken;

2. when and why it was realised that this
precautionary action was unnecessary;

3. the resulting cost and benefits.

Finally, we discuss what lessons can be learned
about false positives, why we were only able
to identify four false positives, and the policy
implications of our analysis.

2.7.1 False positives and early warnings

There are few parallels between the four cases in
terms of when and why each perceived risk was
falsely believed to be real. This is a lesson in itself:
each risk is unique, as is the science and politics
behind it. A flexible approach to science and policy
is therefore needed, adapted to the nature of the
problem.

In the swine flu case, concern was mainly raised
because an 'early warning' of an outbreak fitted
perfectly into three widely held theories about
influenza cycles. Perhaps too much faith was placed
on the ability of science to foresee the impending
outbreak in this case. Even with hindsight, however,
it is not at all obvious that the decision to mass
immunise the American population was the wrong
decision or an over-reaction considering the scientific
understanding at the time and the stakes involved.
Much contemporary scientific knowledge indicated
that swine flu could return and had it done so it
could potentially have killed millions. Even with

the benefit of current knowledge, the science behind
predicting flu epidemics remains very uncertain. One
lesson from this case could be the need to be open

to dissenting opinions and to discuss their validity
before making decisions. Swine flu did not return
and this was recognised almost immediately after the
flu season, reducing the negative impact of this false
positive.

In the case of saccharin, concern was triggered by
new scientific knowledge indicating that saccharin
causes bladder cancer in rats. There is now a general
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scientific consensus that saccharin does not have
the same effect on humans, although some minority
opinions still exist. While it proved unnecessary,

it would be wrong to say that the decision to label
saccharin as a cause of cancer in laboratory animals
was unjustified at the time preventive action was
taken. For instance there is no way decision-makers
could have known that rats would be the only
species in which saccharin causes bladder cancer.
Nor could they have known that scientific evidence
would emerge indicating that the mechanisms by
which it operates in rats appear to be irrelevant

in humans. Only the often slow evolution of our
scientific understanding gave decision-makers
reasons to eliminate the labelling requirements for
saccharin.

In both of these cases, it was virtually impossible for
scientists, regulatory agencies or decision-makers to
know or foresee that the potential risk was not real.
The mechanism by which saccharin causes cancer in
rats is so specific to this one laboratory animal that no
one could have known that it would be irrelevant for
humans; even today these mechanisms are disputed.
Similarly, no one could know whether the swine flu
would reappear or was smouldering in sub-clinical
form in the public and would return in epidemic
proportions when the flu season began.

The situation was similar with respect to Southern
corn leaf blight (SCLB). In that case, the USDA
correctly anticipated that the SCLB would return but
could not have anticipated that it would not have the
same devastating effect as the year before, probably
due to a change in weather conditions.

Food irradiation stands out because the publication
of a WHO review of existing literature in 1981
created a general consensus regarding the safety

of the technology. Even before that, the WHO and
others had endorsed and used food irradiation

and there had been general consensus about its
safety for some time. Nevertheless, the decision to
withdraw permission to irradiate can-packed bacon
seems completely reasonable in view of the fact that
studies had found adverse effects in animals fed
irradiated food. At that time there was a serious need
for scientific studies investigating the safety of food
irradiation.

It is also noteworthy that the false positive of

food irradiation had little impact on consumers
because alternatives were available to achieve the
same outcome, such as improved sanitation in the
manufacturing processes and good hygiene. Hence
it seems that the availability of alternatives can
minimise the total impact of a false positive.

2.7.2  The costs of false positives

The costs of the false positives identified were
mainly economic, although the actions taken to
address swine flu did lead to some unintended
deaths and human suffering, and diverted
resources from other potentially serious health
risks. Clearly, however, determining the net costs
of mistaken regulatory action requires a complete
assessment of the positive and negative impacts of
the regulation, including the costs and benefits of
using alternative technologies and approaches.

The case of irradiation illustrates this point. There
is no doubt that society could benefit substantially
from preventing the numbers of food-borne
illnesses but it is not obvious that food irradiation
is the right answer. An alternative could be
improving animal welfare to reduce pathogenic
contamination, improving sanitation and
conditions in manufacturing processes, and good
hygiene (which manufacturers and governments
should already be enforcing). Indeed, food
irradiation provides an obvious opportunity to
cover bad practices. Poor hygiene practices in food
production have been widely documented (Webb
et al., 1987; Bloomfield and Webb, 1990; Epstein
and Hauter, 2001). And since existing regulations
and requirements should guarantee that the
public receives safe food even without the use of
irradiation, the public would have no immediate
benefit from food irradiation but would suffer
the adverse health impacts if any existed (Tritsch,
2000; Begley and Roberts, 2002). Addressing the
root causes of pathogenic contamination in food
supply would probably lead to more sustainable
prevention actions.

2.7.3 The precautionary principle, science and
technological innovation

Opponents of the precautionary principle often argue
that the principle stifles technological innovation

(e.g. Wildavsky, 1995; Mazur, 2004). It appears,
however, that the four false positives identified
actually sparked innovation within industry and
within government.

Innovation experts have noted that regulation

may result in technological innovation because
stringent regulations indirectly cause dramatic
changes in technology and often allow new firms or
entrants, thereby displacing dominant technologies
(Ashford et al., 1985; Ashford, 1993; Porter, 1991).
This phenomenon can be observed in the case of
saccharin, whose existence was a major deterrent to
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the development of other, more costly non-caloric
sweeteners.

The mistaken actions to address swine flu likewise
resulted in an unprecedented nationwide disease
surveillance programme and the government learned
how to mobilise resources quickly in the face of an
apparent public health threat (Reitze, 1986). Such
knowledge is particularly important in the context of
new concerns related to bioterrorism.

In all the four cases, regulatory action indirectly
sparked a large amount of research in previously
unexplored fields of science. Saccharin and food
irradiation are often mentioned as being some of
the most tested hazards ever, and the swine flu case
generated new and far better understanding of GBS
— a disease that was previously little understood.
The SCLB case sparked research concerning gene
diversity and gene vulnerability.

Hrudey and Leiss (2003) state that:

'If a hazard is important enough to invoke
precaution as a justification to prioritise action,
it must also be important enough to understand
better'.

This definitely seems to have been the case in these
four cases.

2.74 Why so few false positives?

Given the vast amount of literature raising concerns
that precautionary and preventive policies lead

to false positives, it is surprising that so few were
identified.

Clearly, interpreting scientific literature includes some
level of subjectivity. Employing the definitions used
in this study, different researchers might come up
with slightly different categorisations of the 88 cases
reviewed and the number of false positives could
differ from analysis to analysis. But other studies
might also adopt different definitions. For example,
some analysts might argue that the concept of a

false positive includes situations where an agency
conducts a high-profile investigation, makes a public
statement or runs an advocacy campaign and this
results in concerns that lead to unnecessary actions.

Analysts may also vary in their interpretation of
the difference between categories such as 'the jury
is still out' and 'false positive', as well as in terms
of the types of evidence they review and how they
value uncertainties. The science informs decisions

about whether a risk is real or not (does it cross some
threshold of 'acceptable risk'?). But these are partly
policy judgements, based on considerations such as
levels of uncertainty and the economic consequences
of acting or not acting.

Similarly, the question of whether a regulation is
excessive to address a certain risk is a controversial
and highly subjective question and difficult to
characterise. For example, in current science-policy
debates some scientists argue that precautionary
regulation of phthalates in children's products or
bisphenol-A (BPA) in items that come into contact
with food may represent 'over-regulation’ based on
current understanding. Assessing politically defined
'safe’ levels of exposure is incredibly complex given
the subtle nature of many product-based exposures,
lack of understanding of cumulative and interactive
exposures, limited information about exposure
pathways and human epidemiological data, and
inadequate understanding about critical windows
of vulnerability. Given significant uncertainties in
such cases, a qualitative synthesis that considers the
totality of the evidence of potential exposure (from
body burden studies), hazard information, and
information on potentially safer alternatives, may
be the soundest approach to science for addressing
complex risks and sufficient to spur innovation in
safer materials (Sarewitz, et al., 2010).

To address concerns about subjectivity, we have
attempted in this chapter to make our categorisation
and evaluation as transparent as possible so that
other researchers can repeat the analysis with these
or other cases. Given the large number of cases
examined, however, we feel confident in our core
findings: that many of the cases identified as false
positives are in fact 'mistaken false positives' and
that the number of genuine regulatory false positives
identified in the literature is small. Cox (2007) and
Hansen et al. (2007b) discuss this issue in more
detail. In examining the regulatory landscape, the
analysis also suggests that common concerns about
over-regulation are not justified, based on empirical
evidence. As such, a more nuanced approach to
policy analysis is needed.

The scarcity of genuine false positives compared

to the large number of 'mistaken false positives'
could also be the result of a deliberate strategy in
risk communication. Several references and leaked
documents (e.g. Martin, 2003) have shown that
some regulated parties have consciously recruited
reputable scientists, media experts and politicians

to call on if their products are linked to a possible
hazard. As an automatic response or first barrier of
defence, these experts are then sent to different news
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sources to denounce any risk or to manufacture
uncertainty about the risk, regardless of whether the
risk is real or not (Barnes and Bero, 1998; Rampton
and Stauber, 2001; Michaels, 2005). Manufacturing
doubt, disregarding scientific evidence of risks and
claiming over-regulation appear to be a deliberate
strategy for some industry groups and think tanks to
undermine precautionary decision-making.

A complementary explanation could be that current
decision-making processes in public health and
environmental regulation have focused on minimising
false positives, which increases the probability of

false negatives. Shrader-Frechette (1991) argues that
this preference for false negatives arises because it
appears to be more consistent with scientific practice.
Furthermore, many risk assessments and impact
analyses are conducted by those with a vested

interest in a particular technology. In such cases,
Shrader-Frechette argues that assessors typically
underestimate risk probabilities at least in part because
it is difficult to identify all hazards and because
unidentified risks are usually assumed to be zero.

According to Ozonoff and Boden (1987), institutional
reasons also explain why agencies tend to favour not
responding to identified effects. First, acknowledging
an effect means that the public would expect the
agency to do something and might even accuse the
agency of not doing enough about the situation in
the first place. Second, the solutions to the problem
often conflict with other interests, such as economic
development. Third, agencies know that affected
industries may challenge the agency, accusing it of
creating hysteria or negatively impacting business
(Ozonoff and Boden, 1987).

In addition to the scientific and political reasons
limiting false positives, several aspects of legal

and regulatory decision-making in the US and EU,
such as judicial review or cost-benefit analysis,
greatly influence the steps that agencies must

fulfil before taking precautionary actions and how
much precaution can be applied. The slow pace

of the regulatory process often precludes swift
precautionary action on uncertain hazards, unless
they pose imminent risks of severe harm. The pace
is determined both by regulatory requirements

and, especially in the US, by court interpretations of
federal policies. The regulatory process has become
more rigid and burdensome since the 1970s, leading
to the 'ossification’ of rule-making (McGarity, 1990).

While avoiding false positives is important,

we believe that too little attention is being

paid to avoiding false negatives in regulatory
decision-making. Decision-makers often worry about

taking too much precaution but seem to lack similar
concerns about not taking enough. This tendency
has developed despite evidence that the costs of
not taking precautionary action are substantial —
both economically and socially (e.g. EEA, 2001) and
despite the many identified benefits of preventive
regulation with regards to health, safety and

the environment (Ashford, 1993; Ackerman and
Heinzerling, 2004). Furthermore, compared to false
negatives, the impact of false positives may be more
short term (over-regulation can be quickly caught)
and affect a relatively small number of actors.

A decision to act on limited knowledge about a
hazard may ultimately turn out to have been due to

a false positive. But if it spurs innovations, stimulates
new economic forces, and raises awareness about
sustainability then it may still be judged to have been
worthwhile. As a result, there is a need to develop
more nuanced policy analysis methods that give equal
weight to avoiding both false negatives and false
positives. Combining a more precautionary approach
with proper assessment of impacts and alternatives in
a more flexible management process could minimise
the number of false positives and negatives and
maximise society's benefits from false positives.

2.7.5 Lessons learned

Understanding and learning from past mistakes is
essential for improving decision-making about public
health and the environment. Numerous important
lessons can be learned from each of the false positives
identified. Some are specific to the case and cannot
easily be transferred to other risk situations. The focus
here is on experience that is applicable to other cases
and can be generalised. These lessons are important
to avoid both false positives and false negatives.

Lesson 1: the cases of swine flu and saccharin

show how important it is to be open and honest
about disagreement and not suggest that there is
consensus when there is not. Even though scientists
and others might think that reaching consensus is

a goal in itself, disagreement can help provide the
decision-maker with a broad picture of alternative
explanations of the science, what is at stake and
which options and alternatives are available before
making a decision.

Lesson 2: following on the previous lesson, it is
important to be transparent about what is known or
not known and about uncertainties and make sure
that these are apparent in communication between
scientists, regulatory authorities, politicians and

the public. Alternative courses of action should be
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considered with an open mind and limits should not
be placed on the range of alternatives in advance.

Lesson 3: the cases of food irradiation and saccharin
indicate that the availability of options minimises
the total impact of false positives. An alternatives
assessment that considers the pros and cons of other
courses of action (including no action) is critical to
avoid risk-risk trade-offs. To reduce the potential
negative impact of committing false positives,
adequate resources should be made available to
consider alternative courses of action. In conducting
assessments attention must be paid to defining 'safer’
alternatives.

Lesson 4: particular care is needed when
introducing a new substance or technology at

a large scale because of the risk of ‘unknown
unknowns'. In two of the four cases (swine flu

and Southern leaf corn blight), the precautionary
action initially taken had unintended consequences
because of events that could not have been
anticipated and had severe consequences because of
its widespread application.

Lesson 5: initiating and funding research to
increase understanding and reduce uncertainties
should supplement other risk-reducing regulatory
measures and not be seen as a regulatory measure
in itself. In none of the cases could more scientific
research have prevented the false positives from
happening; indeed, in some of the cases too

much trust was put on the capability of science to
demonstrate effects.

Lesson 6: precautionary actions (both necessary

and unnecessary) can lead to innovation in science,
policy and technology. Decision-makers should take
this into consideration when they consider regulating
a potentially harmful technology and choose
regulatory measures that can spark innovation even if
the precautionary action proves unnecessary.

Lesson 7: it is necessary to be flexible in
decision-making processes. The decision-making
process should be designed with re-evaluation as

a key component, so that decisions can be altered
in the light of new knowledge. It is also important
that the regulators are prepared to alter their initial
decisions about risks.

In conclusion, the analysis has shown that fear of
false positives should not be a rationale for avoiding
precautionary actions where warranted. False
positives are few and far between as compared to
false negatives and carefully designed precautionary
actions can stimulate innovation, even if the risk turns
out not to be real or as serious as initially feared.
Overall, the analysis has demonstrated the need for
new approaches to characterising and preventing
complex risks that move debate from the 'problem’
sphere to the 'solutions' sphere (Sarewitz, et al., 2010).
By learning from the lessons above, more effective
preventive decisions can be made in the future.

Table 2.3 Overview — the 88 case studies claimed to be regulatory false positives
Subject Risk category

1 Acid rain (Bast et al., 1994, Wildavsky, 1995) Real risk

2 Acrylamide (Lo6fstedt, 2003) 'The jury is still out’
3 Aflatoxins (Majone, 2002) Real risk

4 Agent Orange (Milloy, 2001) Real risk

5 Air pollution in the USA (Whelan, 1993) Real risk

6 Alar (Fumento, 1990; Wildavsky, 1995; Lieberman and Kwon, 1998) Risk-risk trade-off
7 Amalgam dental fillings (Lieberman and Kwon, 1998) Unregulated alarm
8 Antibiotics cause breast cancer (Kava et al., 2004) 'The jury is still out’
9 Asbestos in hair dryers (Lieberman and Kwon, 1998) Unregulated alarm

10 Asbestos in schools (Lieberman and Kwon, 1998) Real risk

11 BAM (From, 2004) 'The jury is still out’
12 Ban of Coca Cola (Whelan, 1999) 'The jury is still out'
13 Bendectin (Marchant, 2003) Unregulated alarm
14 Benzene in Perrier Water (Lieberman and Kwon, 1998) Real risk

15 Bovine Somatotropin (bST) (Lieberman and Kwon, 1998) 'The jury is still out’
16 Breast implants (Fumento, 1996; Milloy, 2001) 'The jury is still out’
17 BSE and vCID (Adams, 2000) 'The jury is still out'
18 Busy streets and childhood cancer (Milloy, 2001) 'The jury is still out’
19 Cellular phones (Lieberman and Kwon, 1998; Graham, 2004) 'The jury is still out'
20 Cheeseburgers and Cardiovascular Disease (Kava et al., 2004) Too narrow a definition of risk
21 Chemical Mace (Mazur, 2004) Unregulated alarm
22 Chemicals in cosmetics (Kava et al., 2004) 'The jury is still out'
23 Chlormequat and Cerone (IMV, 2003) 'The jury is still out’
24 Coffee and pancreatic cancer (Lieberman and Kwon, 1998) Unregulated alarm
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Table 2.3 Overview — the 88 case studies claimed to be regulatory false positives (cont.)

25 Cyclamates (Lieberman and Kwon, 1998) 'The jury is still out'
26 DDT and malaria (Wildavsky, 1995; Lieberman and Kwon, 1998) Real risk

27 DEHP (Milloy, 2001) 'The jury is still out'
28 DES in Beef (Lieberman and Kwon, 1998) Real risk

29 Destruction of the ozone layer (Bast et al., 1994) Real risk

30 Dioxin (Gough, 1994) Real risk

31 Electric Blankets (Lieberman and Kwon, 1998) 'The jury is still out'
32 Electromagnetic fields (Lieberman and Kwon, 1998) 'The jury is still out’
33 Endocrine disrupting chemicals (Maxeiner and Miersch, 1998) 'The jury is still out'
34 Ethylene dibromide (Lieberman and Kwon, 1998) Risk-risk trade-off
35 Fen-Phen and heart value disease (Milloy, 2001) Real risk

36 Fluoridated water (Lieberman and Kwon, 1998) Unregulated alarm
37 Food irradiation (Lieberman and Kwon, 1998) False positive

38 Formaldehyde (Maxeiner and Miersch, 1998) Real risk

39 Functional food (Marchant and Mossman, 2002) 'The jury is still out'

40 Genetically Modified Organisms (Miller and Conko, 2001)

'The jury is still out’

41 Global warming (Bast et al., 1994; Wildavsky, 1995)

Real risk

42 Hair dyes and cancer (Lieberman and Kwon, 1998) Too narrow a definition of risk
43 Homocysteine causing Atheroschlerosis (Milloy, 2001) Real risk

44 Hormone replacement therapy and breast cancer (Milloy, 2001) Real risk

45 Hypoxia: dead zones in the Gulf of Mexico (Avery, 1999) Real risk

46 Laundry detergents (Mazur, 2004) Unregulated alarm

47 Love Canal (Wildavsky, 1995; Lieberman and Kwon, 1998) Real risk

48 4-MBC in sun-lotion (Politiken, 2001) Risk-risk trade-off

49 Mercury in fish (Mazur, 2004) Real risk

50 MMR vaccines (Bate, 2001) 'The jury is still out'

51 Monarch butterfly and Bt corn (Marchant, 2003) 'The jury is still out'

52 Monosodium Glutamate (MSG) (Mazur, 2004) Real risk

53 Nightlights and leukemia (Kava et al., 2004) 'The jury is still out’

54 Nitrilotriacetic acid in detergents (Mazur, 2004) Risk-risk trade-off

55 Nitrites (Sodium Nitrite) (Lieberman and Kwon, 1998) Risk-risk trade-off

56 Nuclear power (Bast et al., 1994; Graham, 2004) Too narrow a definition of risk
57 Oral contraceptive pill scare (Adams, 2000) Real risk

58 Perce in a Harlem School (Lieberman and Kwon, 1998) 'The jury is still out'

59 Pesticides (Whelan, 1993)

Real risk

60 Phenolphthalein (Milloy, 2001)

'The jury is still out’

61 Polybrominated biphenyls (Whelan, 1993)

'The jury is still out’

62 Polychlorinated biphenyls (Whelan, 1993) Real risk

63 PVC blood bags and cancer (Milloy, 2001) 'The jury is still out'
64 Radon gas in houses poses a health risk (Miloy, 2001) Real risk

65 Red Dye Number 2 (Lieberman and Kwon, 1998) 'The jury is still out’
66 Saccharin (Lieberman and Kwon, 1998) False positive

67 Second hand smoke and breast cancer (Milloy, 2001) Too narrow a definition of risk
68 Second hand smoke and lung cancer (Matthews, 2000) Real risk

69 Second hand smoke causing hearing problems (Milloy, 2001) 'The jury is still out’
70 Soda causes esophageal cancer (Kava et al., 2004) 'The jury is still out'
71 Spermicides and birth defects (Mills, 1993) Unregulated alarm
72 Superfund's abandoned hazardous waste sites (Milloy, 2001) Real risk

73 2,4,5-T (Lieberman and Kwon, 1998)

'The jury is still out’

74 Taconite pollution (Mazur, 2004)

Too narrow a definition of risk

75 Teflon causes health problems in humans (Kava et al., 2004) 'The jury is still out'
76 The 'Cranberry Scare' of 1959 (Wildavsky, 1995; Lieberman and Kwon, 1998; Mazur, 'The jury is still out'
2004)

77 The baby bottle scare (Kamrin, 2004)

'The jury is still out'

78 The Dalkon Shield (Milloy, 2001)

Unregulated alarm

79 The Peruvian outbreak of cholera (Bate 2001; Milloy, 2001)

'The jury is still out'

80 The Southern leaf corn blight (Lawless, 1977) False positive

81 The swine flu (Marchant, 2003) False positive

82 Three Mile Island (Lieberman and Kwon, 1998; Graham, 2004) Too narrow a definition of risk
83 Times beach, Missouri (Wildavsky, 1995; Lieberman and Kwon, 1998) Real risk

84 Toxins in breast milk causing harm to babies (Ross, 2004) Risk-risk trade-off

85 Trichloroethylene (TCE) (Jaeger and Weiss, 1994) Real risk

86 Tris (Lieberman and Kwon, 1998) Unregulated alarm

87 Video display terminals (Lieberman and Kwon, 1998) Too narrow a definition of risk
88 Water contamination in Sydney (Clancy, 2000) Real risk

Late lessons from early warnings: science, precaution, innovation



Lessons from health hazards | The precautionary principle and false alarms — lessons learned

References

Ackerman, F. and Heinzerling, L., 2004, Priceless, The
New Press, New York.

Adams P, 2000, 'Where's the beef? An update on
meat irradiation in the USA', Radiation Physics and
Chemistry, (57) 231-233.

Al-Bachir, M., El Den Sharabi, N. and Ayman
Midani, M., 1993, Economic feasibility study of onion
and potato irradiation in the Syrian Arab Republic,
Proceedings of an International Symposium

on Cost-Benefit Aspects of Food Irradiation
Processing, Jointly Organized by the International
Atomic Energy Agency, the Food and Agriculture
Organization of the United Nations and the World
Health Organization and Held in Aix-En-Provence,
1-5 March 1993. Vienna: International Atomic
Energy Agency, 159-163.

Ashford, N.A., 1993, 'Understanding technological
responses of industrial firms to environmental
problems: Implications for government policy’,

in: Fisher, K., Schot, J.: Environmental Strategies for
Industry: International Perspectives on Research Needs
and Policy Implications, Island Press, pp. 277-307.

Ashford, N.A., Ayers, C. and Stone, R.F., 1985, 'Using
regulation to change the market for innovation',
Harvard Environmental Law Review, (9) 419-466.

Avery, D., 1999, 'Hypoxia: The dead zone lives in
Big Government and Bad Science Ten Case Studies'
in: Cohen, B.R., Giovanetti, T.A. (eds), Regulatory
Abuse, Institute for Policy Innovation and Lexington
Institute, 9-10.

Bailey, R. (ed.), 2002, Global Warming and Other
Eco-Myths, Prima Publishing, Roseville, California.

Barnes, D.E. and Bero, L.A., 1998, 'Why review
articles on the health effects of passive smoking
reach different conclusions', Journal of the American
Medical Association, (279/19), 1 566-1 570.

Bast, ]J.L., Hill, PJ. and Rue, R.C., 1994, Eco-sanity
A Common-Sense Guide to Environmentalism, Madison
Books, Maryland.

Bate, R., 2001, How Precaution Kills: The Demise of
DDT and the Resurgence of Malaria, PRI Luncheon
Speech, 25 September 2001 (http://www.
pacificresearch.org/press/how-precaution-kills-
the-demise-of-ddt-and-the-resurgence-of-malaria)
accessed 10 October 2011.

Beare, A.S. and Craig J.W., 1976, 'Virulence for man
of a human influenza — a virus antigenically similar
to 'classical' swine viruses', The Lancet, II: 4.

Begley, S. and Roberts, E., 2002, 'Dishing up gamma
rays', Newsweek, 27 January, p. 119.

Bergkamp, L., 2002, Understanding the Precautionary
Principle, Hunton & Williams, Brussels.

Bernstein, B.J., 1985, 'The swine flu immunization
program', Medical Heritage, (1) 236-266.

Bhaskaram, C. and Sadasivan, G., 1975, 'Effects of
feeding irradiated wheat to malnourished children’,
American Journal of Nutrition, (28) 130-135.

Bloomfield, L. and Webb, T., 1990, 'Food Irradiation:
A public health issue?’, Journal of Nutritional
Medicine, (1) 75-81.

BMA, 2004, Mobile phones & health — an update June
2004, British Medical Association.

BMA, 2001. Mobile Phones and Health — An Interim
Report, British Medical Association Science
Department and the Board of Science and Education
(http://bma.eu/images/Mobilephones_tcm?27-20881.
pdf) accessed 10 October 2011.

Boffey, P, 1976, 'The anatomy of a decision: How the
nation declared war on the swine flu', Science, (192)
636-641.

CDC, 2004, FAQs (frequently asked questions) about
MMR Vaccine & Autism (Measles, Mumps, and
Rubella), Center for Disease Control (http://www.
cdc.gov/vaccines/vpd-vac/combo-vaccines/mmrv/
vacopt-fags-hcp.htm) accessed 10 October 2011.

Christoffel, T. and Teret, S.P., 1991, 'Epidemiology
and the Law: Courts and Confidence Intervals',
American Journal of Public Health, (81) 1 661-1 666.

Clancy, J.L., 2000, 'Sydney's 1998 water quality
crisis', American Water Works Association, (92) 55-66.

Claus, G. and Bolander, K., 1977, Ecological Sanity,
David McKay Company, Inc., New York.

Cohen, B.R. and Giovanetti, T.A., 1999, Big
Government and Bad Science Ten Case Studies in
Regulatory Abuse, Institute for Policy Innovation and
Lexington Institute.

Colin, N., 1976, 'Behind the politics of influenza’,
Nature, (260) 381-382.

Late lessons from early warnings: science, precaution, innovation

69


http://www.pacificresearch.org/press/how-precaution-kills-the-demise-of-ddt-and-the-resurgence-of-malaria
http://www.pacificresearch.org/press/how-precaution-kills-the-demise-of-ddt-and-the-resurgence-of-malaria
http://www.pacificresearch.org/press/how-precaution-kills-the-demise-of-ddt-and-the-resurgence-of-malaria
http://bma.eu/images/Mobilephones_tcm27-20881.pdf
http://bma.eu/images/Mobilephones_tcm27-20881.pdf
http://www.cdc.gov/vaccines/vpd-vac/combo-vaccines/mmrv/vacopt-faqs-hcp.htm
http://www.cdc.gov/vaccines/vpd-vac/combo-vaccines/mmrv/vacopt-faqs-hcp.htm
http://www.cdc.gov/vaccines/vpd-vac/combo-vaccines/mmrv/vacopt-faqs-hcp.htm

70

Lessons from health hazards | The precautionary principle and false alarms — lessons learned

COMARE, 2011, Fourteenth report — Further
consideration of the incidence of childhood leukaemia
around nuclear power plants in Great Britain,
Committee on Medical Aspects of Radiation in
the Environment, UK Health Protection Agency,
London.

Cox, L.A. Jr., 2007, Regulatory False Positives: True,
False, or Uncertain?', Risk Analysis, (27/5) 1 083-1 086.

CSM, 1999, Report of the working party on MMR
vaccine (http://briandeer.com/wakefield/csm-report.
htm) accessed 10 October 2011.

Danish Health Agency, 2000, Notat om mulige
sundhedsrisici ved brug af mobiltelefoner [In Danish],
Sundhedsstyrelsen ].nr./314-6-1999.

Davis, D., 2010, Disconnect, Dutton, New York.

Delincée, H., Pool-Zobel, B.L. and Rechkemmer, G.,
1999, 'Genotoxicity of 2-dodecylcyclobutanone' in:
Knorr M., Ehlermann D.A.E. and Delincée, H. (eds),
Report by the Bundesforschungsanstalt fiir Erndhrung,
BFE-R-99-01, Karlsruhe Bundesforschungsanstalt
fiir Erndhrung, (translated from German by Public
Citizen, Washington, D.C. February 2001), 1999.

Delincée, H. and Pool-Zobel, B.L., 1998, 'Genotoxic
properties of 2-Dodecylcyclobutanone, a compound
formed on irradiation of food containing fat',
Radiation Physics and Chemistry, (52) 39—-42.

Delincée, H., Soika, C., Horvatovieh, P,
Rechkemmer, G. and Marchioni, E., 2002,
'Genotoxicity of 2-alkylcyclobutanoes, markers
for an irradiation treatment in fat-containing
food — Part I: Cyto- and genotoxic potential of
2-tetradecylcyclobutanones', Radiation Physics and
Chemistry, (63) 431-435.

DeStefano, F., Bhasin, T.K., Thompson, WW.,
Yeargin-Allsopp, M. and Boyle, C., 2004, 'Age at
first measles-mumps-rubella vaccination in children
with autism and School-Matched Control Subjects:
A Population-Based Study in Metropolitan Atlanta’,
Pediatrics, (113/2) 259-266.

Dowdle, W.R., 1997, 'The 1976 experience', The
Journal of Infectious Diseases, (176/1) 69-72.

EC, 2002a, Communication from the Commission

on Foods and Food Ingredients Authoriszed for
treatment with Ionising Radiation in the Community
(2001/C 241/03). Official Journal of the European
Communities C 241/6-11, 2002. Consultation

Paper Subject: Irradiated food and food ingredients —

Commission proposal for completion of the positive list of
foodstuffs authorised for treatment with ionising radiation,
2004 (http://ec.europa.eu/food/fs/sfp/fi01_en.html)
accessed 10 October 2011.

EC, 2002b, Report from the Commission on Food
Irradiation for the period September 2000 to
December 2001. COM (2002) 549 final (2002/ C255/02).
Official Journal of the European Communities C
255/2. 23.10.2002.

Edsall, G., 1979, 'Letter to the editor re: The Swine
Flu affair decision-making on a slippery disease’,
American Journal of Epidemiology, (110) 522-524.

EEA, 2001, Late lessons from early warnings: the
precautionary principle 1986-2000, Environmental
issues report No 22, European Environment Agency.

Environmental Nutrition, 2000, 'Electronic irradiation
offers food safety without environmental risk’,
Environmental Nutrition, (23) 7.

Epstein, S. and Hauter, W., 2001, Preventing
pathogenic food poisoning: Sanitation, Not
Irradiation’, Environmental and Occupational Health
Policy, (31) 187-192.

Epstein S., 2002, Food irradiation threatens public health,
National Security Musings, March 11. The Resource
Institute for Low Entropy Systems (http://www.riles.
org/musings37.htm) accessed 10 October 2011.

FAS, 2003, Forskning Eloverkinslighet och andra Effeckter
av Eletromagnitiska Filt (in Swedish), Forskningsradet
for Arbeitsliv och Socialvetenskab.

Fields, H., 2004, Autistic kids. Vaccines with mercury are
not shown to cause autism (http://www.usnews.com/
usnews/health/briefs/childrenshealth/hb040907d.htm)
accessed 10 October 2011.

From, L., 2004, 'Drikkevand bedre end hidtil antaget'
(in Danish), Morgenavisen Jyllands-Posten, 30 July: 1, 3.

Fumento, M., 1990, 'The Politics of Cancer Testing’,
American Spectator, (23) 18-24.

Fumento, M. 1996, Silicone Breast Implants: Why Science
has been ignored, American Council on Science and
Health, New York.

Garrett, L., 1994, A world out of balance, Farra, Strauss
and Giroux, New York.

Giere, R.N., 1991, 'Knowledge, values, and
technological decisions: A decision theoretic

Late lessons from early warnings: science, precaution, innovation


http://briandeer.com/wakefield/csm-report.htm
http://briandeer.com/wakefield/csm-report.htm
http://ec.europa.eu/food/fs/sfp/fi01_en.html
http://www.riles.org/musings37.htm
http://www.riles.org/musings37.htm
http://www.usnews.com/usnews/health/briefs/childrenshealth/hb040907d.htm
http://www.usnews.com/usnews/health/briefs/childrenshealth/hb040907d.htm

Lessons from health hazards | The precautionary principle and false alarms — lessons learned

approach’ in: Mayo, D.G. and Hollander, R.D. (eds),
Acceptable Evidence, Oxford University Press, 183-203.

Gough, M., 1994, 'Dioxin: Perception, estimates
and measures' in: Foster, K. R., Bernstein, D. E. and
Huber, P. W. (eds) Phantom Risk, The MIT Press,
249-278.

Graham, ].D., 2004, The Perils of the Precautionary
Principle: Lessons from the American and European
Experience, Heritage Lecture #818 January 15, The
Heritage Foundation.

Graham, J.D. and Wiener, J.B., 1995, Risk vs. Risk,
Harvard University Press, Cambridge, MA.

Griinewald, T., 1973, Experience in irradiating
potatoes, Proceedings of a Panel to consider the
application of food irradiation in developing
countries organized by the Joint FAO/IAEA
Division of Atomic Energy in food and agriculture
and held in Bombay. 18-22 November 1972. Vienna:
International Atomic Energy Agency, 1973, 7-12.

Guldberg, H., 2000, 'Child protection and the
precautionary principle’ in: Morris, J. (ed.),
Rethinking Risk and the Precautionary Principle,
Butterworth-Heinemann, 127-139.

Hackwood, S., 1991, 'An introduction to the
irradiation processing of foods' in: Thorne, S.: Food
Irradiation, Elsevier Applied Science, v—viii.

Hansen, S.F., 2004, The Precautionary Principle and
Unnecessary Precautionary Action, Master Thesis,
Roskilde University, Denmark (http://rudar.ruc.dk/
bitstream/1800/505/1/The_Precautionary_Principle.
pdf), accessed 10 October 2011.

Hansen, S.F., Krayer von Krauss, M.P. and Tickner,
J.A., 2007a, 'Categorizing Mistaken False Positives in
Regulation of Human and Environmental Health',
Risk Analysis, (27/1) 255-269.

Hansen, S.F., Krayer von Krauss, M.P, Tickner, J.A.,,
2007b, Response to 'Regulatory False Positives: True,
False, or Uncertain?', Risk Analysis, (27/5) 1 087-1 089.

Health Council of the Netherlands, 2002, Mobile
telephones: an evaluation of health effects.

Hornig, M., Briese, T., Buie, T., Bauman, M.L.,
Lauwers, G., Siemetzki, U., Hummel, K., Rota,
P.A., Bellini, W.J., O'Leary, ].J., Sheils, O., Alden,
E., Pickering, L. and Lipkin, W.L., 2008, 'Lack
of Association between Measles Virus Vaccine
and Autism with Enteropathy: A Case-Control

Study', PLoS ONE, (3/9) 3140, doi:10.1371/journal.
pone.0003140.

Hours, M., Bernard, M., Montestrucq, L., Arslan, M.,
Bergeret, A., Deltour, 1., Cardis, E., 2007, 'Cell Phones
and Risk of brain and acoustic nerve tumours: the
French INTERPHONE case-control study’, Rev
Epidemiol Sante Publique, (55/5) 321-332.

Hrudey, S.E. and Leiss, W., 2003, 'Risk management
and precaution: Insight on the cautious use of
evidence', Environmental Health Perspectives, (111)
1577-1 581.

IARC, 2008, INTERPHONE Study, Latest Results
Update-8 October 2008, International Agency for
Research on Cancer, Lyon, France (http://www.iarc.
fr/en/research-groups/RAD/Interphone8oct08.pdf)
accessed 10 October 2011.

ICNIRP, 2001, 'Review of the Epidemiological
Literature on EMF and Health', Environmental Health
Perspectives, (109/6) 911-933.

IEGMP, 2000, Mobile Phones and Health, Independent
Expert Group on Mobile Phones, Chilton, National
Radiological Protection Board, United Kingdom.

Institute of Food Technologists, 1998, How and why
to use sodium nitrite and nitrate, document number:
121012637 (http://www.askthemeatman.com/how_
and_why_to_use_sodium_nitrite.htm) accessed

10 October 2011.

IOM, 2004, Immunization Safety Review: Vaccines and
Autism, Immunization Safety Review Committee,
National Academy of Sciences, Washington, D.C.

I0OM, 2001a, Immunization Safety Review: Measles-
Mumps-Rubella Vaccine and Autism, National
Academy Sciences, Washington, D.C.

IOM, 2001b, Immunization Safety Review: Thimerosal
— Containing Vaccines and Neurodevelopmental
Disorders, Inmunization Safety Review Committee,
National Academy of Sciences, Washington, D.C.

IPCS, 1978, Nitrates, nitrites and N-nitroso compounds,
Environmental Health Criteria 5, World Health
Organization, Geneva.

IMV, 2003, Forsigtighedsprincippet i Praksis (in
Danish), Instituttet for Miljovurdering, Copenhagen,
Denmark.

Jaeger, R.J. and Weiss, A.L., 1994, 'Trichloroethylene:
Toxicology and epidemiology: A critical review of

Late lessons from early warnings: science, precaution, innovation

71


http://rudar.ruc.dk/bitstream/1800/505/1/The_Precautionary_Principle.pdf
http://rudar.ruc.dk/bitstream/1800/505/1/The_Precautionary_Principle.pdf
http://rudar.ruc.dk/bitstream/1800/505/1/The_Precautionary_Principle.pdf
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hours%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bernard%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Montestrucq%20L%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Arslan%20M%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Bergeret%20A%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Deltour%20I%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Cardis%20E%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed/17851009
http://www.ncbi.nlm.nih.gov/pubmed/17851009
http://www.iarc.fr/en/research-groups/RAD/Interphone8oct08.pdf
http://www.iarc.fr/en/research-groups/RAD/Interphone8oct08.pdf
http://www.askthemeatman.com/how_and_why_to_use_sodium_nitrite.htm
http://www.askthemeatman.com/how_and_why_to_use_sodium_nitrite.htm

72

Lessons from health hazards | The precautionary principle and false alarms — lessons learned

the literature' in: Foster, K.R., Bernstein, D.E., Huber,
P. W. (eds), Phantom Risk, The MIT Press, 229-248.

Kamrin, M.A., 2004, 'Bisphenol A: A scientific
evaluation', Medscape General Medicine, 6(3), 7.

Kava, R., Stimola, A., Weiser, R. and Mills, L.,
2004, The Top Ten Unfounded Health Scares of 2004.
American Council on Science and Health (http://
acsh.org/healthissues/newsID.1007/healthissue_
detail.asp) accessed 10 October 2011.

Khan, I., 1993, Techno-economic evaluation of

food irradiation in Pakistan, Proceedings of an
International Symposium on Cost-Benefit Aspects

of Food Irradiation Processing, Jointly Organized by
the International Atomic Energy Agency, the Food
and Agriculture Organization of the United Nations
and the World Health Organization and Held in Aix-
En-Provence, 1-5 March 1993. International Atomic
Energy Agency, Vienna, 155-158.

Klaeboe, L., Blaasaas, K.G. and Tynes, T., 2007, 'Use
of mobile phones in Norway and risk of intracranial
tumours', Eur | Cancer Prev., (16/2) 158-164.

Kurland, L.T., Molgaard, C.A., Kurland, E.M.,
Erdtmann, C., Frederick, J., Stebbing, C. and George,
E.T., 1984, Lack of association of swine flu vaccine and
rheumatoid arthritis, Mayo Clinic proceedings, (59)
816-821.

Lahkola, A., Auvinen, A., Raitanen, J., Schoemaker,
M.]., Christensen, H.C., Feychting, M., Johansen, C.,
Klaeboe, L., Lonn, S., Swerdlow, A.J., Tynes, T. and
Salminen, T., 2007, 'Mobile phone use and risk of
glioma in 5 North European countries', Int | Cancer,
(120/8) 1 769-1 775.

Lawless, E.W., 1977, Technology and Social Shock,
Rutgers University Press, New Brunswick/New
Jersey.

Lieberman, A.]. and Kwon, S.C., 1998, Facts Versus
Fears: A Review of the Greatest Unfounded Health Scares
of Recent Times, American Council on Science and
Health, New York.

Lofstedt, R., 2003, 'Science communication and
the Swedish acrylamide "alarm", Journal of health
communication, (8) 407-432.

Lonn, S., Ahlbom, A., Hall, P. and Feychting, M.,
2004, 'Mobile phone use and the risk of acoustic
neuroma', Epidemiology, (15) 653-659.

Lonn, S., Ahlbom, A., Hall, P. and Feychting, M.,
2005, 'Swedish Interphone Study Group. Long-term
mobile phone use and brain tumor risk', Am |
Epidemiol, (161/6) 526-535.

MAFE, 1986, Report on The Safety and Wholesomeness
of Irradiated Foods, Ministry of Agriculture, Fisheries
and Food, Advisory Committee on Irradiated and
Novel Foods, Department of Health and Social
Security, Ministry of Agriculture, Fisheries and Food
Scottish Home and Health, Department Welsh Office
Department of Health and Social Services, Northern
Ireland.

Majone, G., 2002, 'What price safety? The
precautionary principle and its policy implications’,
JCMS, (40) 89-109.

Marchant, G.E., 2003, 'From general policy to
legal rule: Aspirations and limitations of the
precautionary principle', Environmental Health
Perspectives, (111) 1 799-1 803.

Marchant, G.E. and Mossman, K.L., 2002, Arbitrary
and Capricious the Precautionary Principle in European
Union Courts, AEI Press, Washington, D.C.

Martin, C., 2003, 'Chemical industry told to get
tough, Lobbyist's memo advises hardball tactics for
fighting tighter California regulations', San Francisco
Chronicle, 21 November 2003.

Martin, N.S., 1990, Environmental myths and hoaxes
the evidence of guilt is insufficient, speech delivered
to B'nai B'rith Hillel Foundation, Houston, Texas,
24 January 1990.

Mazur, A., 2004, True Warnings and False Alarms

— Evaluating Fears about Health Risks of Technology,
1948-1971, Resources for the Future, Washington,
D.C.

1\__/Iaxeiner, D. and Miersch, M., 1998, Lexikon Der
Oko-Irrtiimer (in German), Eichborn GmbH & Co.
Verlag KG, Frankfurt am Main.

McCutcheon, J.W., 1984, 'Nitrosamines in bacon:
a case study of balancing risks', Public Health Rep,
(99/4) 360-364.

McGarity, T.O., 1990, 'Public participation in risk
regulation’, Risk 11 (Spring) (http://law.unh.edu/risk/
voll/spring/mcgarity.htm) accessed 10 October 2011.

Medical News Today, 2004, Mumps outbreak in
England and Wales worst in a decade (http://www.

Late lessons from early warnings: science, precaution, innovation


http://acsh.org/healthissues/newsID.1007/healthissue_detail.asp
http://acsh.org/healthissues/newsID.1007/healthissue_detail.asp
http://acsh.org/healthissues/newsID.1007/healthissue_detail.asp
http://law.unh.edu/risk/vol1/spring/mcgarity.htm
http://law.unh.edu/risk/vol1/spring/mcgarity.htm
http://www.medicalnewstoday.com/articles/11613.php

Lessons from health hazards | The precautionary principle and false alarms — lessons learned

medicalnewstoday.com/articles/11613.php) accessed
10 October 2011.

Medical World News, 1977, Lessons of the swine flu
debacle, 7 March 1977.

Meeker-Lowry, S. and Ferrara, J., 1996, Meat
monopolies dirty meat and the false promises of irradiation,
Food & Water. Inc.

Meldgaard Madsen, K.M., Hviid, A., Vestergaard,
M., Schendel, D., Wohlfahrt, J., Thorsen, P, Olsen,
J. and Melbye, M., 2002, 'A Population-Based Study
of Measles, Mumps, and Rubella Vaccination and
Autism', New England Journal of Medicine, (347/19)
1477-1 482.

Michaels, D., 2005, 'Doubit is their product', Scientific
American, (292/6) 96-101.

Miller, H. I. and Conko, G., 2001, 'Genetically
modified fear and the international regulation of
biotechnology' in: Morris, J. (ed.), Rethinking Risk and
the Precautionary Principle, Butterworth-Heinemann,
84-104.

Milloy, 2001, Junk Science Judo, Cato Institute,
Washington, D.C.

Mills, J.L., 1993, 'Spermicides and birth defects'
in: Foster, K.R., Bernstein, D.E., Huber, PW. (eds),
Phantom Risk, The MIT Press, 87-100.

Moretti, R.H., 1993, Cost-benefit of poultry irradiation in
Brazil, Proceedings of an International Symposium on
Cost-benefit Aspects of Food Irradiation Processing,
Jointly Organized by the International Atomic Energy
Agency, the Food and Agriculture Organization of the
United Nations and the World Health Organization
and Held in Aix-En-Provence, 1-5 March 1993.
International Atomic Energy Agency, Vienna,
291-300.

Moss, R.H. and Schneider, S.H., 2000, Uncertainties
in the IPCC TAR: Recommendations to lead authors
for more consistent assessment and reporting, in:
Pachauri, R., Taniguchi, T. and Tanaka, K. (eds),
Guidance Papers on Crossing Issues of the Third
Assessment Report of the IPCC (pp. 33-51), Global
Industrial and Social Progress Research Institute,
Tokyo.

Murch, S.H., Anthony, A., Casson, D.H., Malik,

M., Berelowitz, M., Dhillon, A.P.,, Thomson, M. A.,
Valentine, A., Davies, S.E. and Walker-Smith, J.A.,
2004, 'Retraction of an interpretation’, The Lancet, (363)
750.

Murray, D. R., 1990, Biology of Food Irradiation, John
Wiley & Sons Inc., New York.

NACI, 2003, An Advisory Committee Statement (ACS)
Statement on Thimerosal, Canada Communicable
Disease Report 29: ACS-1.

NAPAP, 2011, National Acid Precipitation
Assessment Program, noaaresearch (http://ny.cf.

er.usgs.gov/napap/about.html) accessed 10 October
2011.

NAPAP, 1996, Biennial Report to Congress: An
Integrated Assessment National Science and
Technology Council Committee on Environment
and Natural Resources, National Acid Precipitation
Assessment Program (http://ny.cf.er.usgs.gov/napap/
Information/NAPAP%201996%20Assessment.pdf)
accessed 10 October 2011.

NAS, 1978, Saccharin: Technical Assessment of Risks
and Benefits, Report No. 1., National Acadamy Press,
Washington, DC.

Nestle, M., 2007, Food politics: how the food industry
influences nutrition, and health — Revised and expanded
edition, University of California Press, Los Angeles.

Neustadt, R.E. and Fineberg, H.V., 1978, The Swine
Flu affair. Decision-Making on a Slippery Disease, US
Department of Health, Education and Welfare,
Washington D.C.

NFA, National Food Agency, 1986, Irradiation of Food
— The Translation of a Report by a Danish Working
Group, National Food Agency, Seborg.

Nketsia-Tabiri, ]., Alhassan, R., Emi-Reynolds, G.

and Sefa-Dedeh, S., 1993, Potential contributions of
food irradiation in post-harvest management in Ghana,
Proceedings of an International Symposium on
Cost-Benefit Aspects of Food Irradiation Processing,
Jointly Organized by the International Atomic Energy
Agency, the Food and Agriculture Organization of the
United Nations and the World Health Organization
and Held in Aix-En-Provence, 1-5 March 1993,
International Atomic Energy Agency, Vienna,
175-189.

NRPB, 2003, Health effects from radiofrequency
electromagnetic fields: Report of an independent

Advisory Group on Non-ionising Radiation,

Doc NRPB, 14 (2), 5-177 (http://www.hpa.
org.uk/web/HPAweb&HPAwebStandard/
HPAweb_C/1254510602951) accessed 10 October 2011.

Late lessons from early warnings: science, precaution, innovation

73


http://www.medicalnewstoday.com/articles/11613.php
http://ny.cf.er.usgs.gov/napap/about.html
http://ny.cf.er.usgs.gov/napap/about.html
ttp://ny.cf.er.usgs.gov/napap/Information/NAPAP%201996%20Assessment.pdf
ttp://ny.cf.er.usgs.gov/napap/Information/NAPAP%201996%20Assessment.pdf
http://www.hpa.org.uk/web/HPAweb&HPAwebStandard/HPAweb_C/1254510602951
http://www.hpa.org.uk/web/HPAweb&HPAwebStandard/HPAweb_C/1254510602951
http://www.hpa.org.uk/web/HPAweb&HPAwebStandard/HPAweb_C/1254510602951

74

Lessons from health hazards | The precautionary principle and false alarms — lessons learned

Ozonoff, D., Boden, L.I,, 1987, 'Truth and
consequences: Health agency responses to
environmental health problems', Science, Technology
and Human Values, (12) 70-77.

Parker, S.K., Schwartz, B., Todd, J. and Pickering,
L.K., 'Thimerosal-Containing Vaccines and Autistic
Spectrum Disorder: A Critical Review of Published
Original Data', Pediatrics. September 2004, (114/3)
793-804.

Piccioni, R., 1987, Potential Health Hazards of Food
Irradiation, Verbatim Excerpts from Expert Testimony,
US Congressional Hearings into Food Irradiation,
House Committee on Energy and Commerce
Subcommittee on Health and the Environment, June
19 1987 (http://www.ccnr.org/food_irradiation.html)
accessed 10 October 2011.

Pierson, M. . and Smoot, L.A., 1982, 'Nitrite,

nitrite alternatives, and the control of Clostridium
botulinum in cured meats', Critical Review Food Science
and Nutrition, (17) 141-87.

Politiken, 2001, 'Olivenolie-Fadevaredirektorat
overreagerer' (in Danish), Politiken, 27 August 2001.

Porter, M. E., 1991, 'America's Green Strategy’,
Scientific American, (168).

Pothisiri, P.,, Kiatsurayanont, P. and Banditsing, C.,
1991, 'The impact of irradiated food on developing
countries', in Thorne, S. (ed.): Food Irradiation, Elsevier
Applied Science, 261-283.

Potter, C., 1998, 'Chronicle of influenza pandemics’,
in: Nicholson, K.G., Webster, R.G. and Hay, A ]. (eds),
Textbook of Influenza, Blackwell Science Ltd., Oxford,
252-265.

Public Citizen and Grace, 2002, Bad Taste, Public
Citizen and Grace, Washington D.C./New York
(http://www.citizen.org/documents/BadTaste.pdf)
accessed 10 October 2011.

RAJ, 2000, 'Facts versus fictions: the use and abuse
of subjectivity in scientific research’ in: Morris, J.
(ed.), Rethinking Risk and the Precautionary Principle,
Butterworth-Heinemann, 229-247.

Rampton, S. and Stauber, J., 2001, Trust us. We're
experts!, Jeremy P. Tarcher/Putnam, Penguin Putnam
Inc., New York.

Reid, A., Fanning, T.G., Hultin, J.V. and Taubenberger,
J.K., 1999, Origin and evolution of the 1918 'Spanish’

influenza virus hemagglutinin gene, Proceedings of the
National Academy of Sciences, (96) 1 651-1 656.

Reitze Jr., A.W., 1986, 'Federal compensation
for vaccination induced injuries', Boston College
Environmental Affairs Law Review, (13) 169-214.

Roberts, T. and Murrell, K.D., 1993, Economic Losses
Caused by Food-Borne Parasitic Diseases, Proceedings of
an International Symposium on Cost-Benefit Aspects
of Food Irradiation Processing, Jointly Organized by
the International Atomic Energy Agency, the Food
and Agriculture Organization of the United Nations
and the World Health Organization and Held in
Aix-En-Provence, 1-5 March 1993, International
Atomic Energy Agency, Vienna, 51-75.

Ross, G., 2004, 'A needless worry concerning breast
milk', Wall Street Journal, February 2.

RSC, 1999, A Review of the Potential Health Risks of
Radiofrequency Fields from Wireless Telecommunication
Devices, an Expert Panel Report prepared at the
request of the Royal Society of Canada for Health
Canada Ottawa, Ontario (http://www.rsc.ca/
documents/RFreport-en.pdf) accessed 10 October
2011.

Sanera, M. and Shaw ].S., 1999. Facts, Not Fear,
Regnery Publishing, Inc., Washington DC.

Sarewitz, D., Kriebel, D., Clapp, R., Crumbley,

C., Hoppin, P, Jacobs, M. and Tickner, J., 2010,

The Sustainable Solutions Agenda, The Consortium
for Science, Policy and Outcomes, Arizona State
University and Lowell Center for Sustainable
Production, University of Massachusetts Lowell
(http://www.sustainableproduction.org/downloads/
SSABooklet.pdf) accessed 10 October 2011.

SCENIHR, 2009, Health Effects of Exposure to EMF,
Scientific Committee on Emerging and Newly
Identified Health Risks., European Commission
Health & Consumer Protection DG (http://ec.europa.
eu/health/ph_risk/committees/04_scenihr/docs/
scenihr_o_022.pdf) accessed 10 October 2011.

SCEF, 1998, Opinion of the Scientific Committee on Food
on the irradiation of eight foodstuffs (expressed on
17.09.1998), Scientific Committee on Food, European
Commission, Brussels (http://ec.europa.eu/food/fs/sc/
scf/out15_en.html) accessed on 10 October 2011.

SCEF, 2003, Revision of the Opinion of the Scientific
Committee on Food on the irradiation (expressed
on 4 April 2003), Scientific Committee on Food,
European Commission, Brussels.

Late lessons from early warnings: science, precaution, innovation


http://www.ccnr.org/food_irradiation.html
http://www.citizen.org/documents/BadTaste.pdf
http://www.rsc.ca/documents/RFreport-en.pdf
http://www.rsc.ca/documents/RFreport-en.pdf
http://www.sustainableproduction.org/downloads/SSABooklet.pdf
http://www.sustainableproduction.org/downloads/SSABooklet.pdf
http://ec.europa.eu/health/ph_risk/committees/04_scenihr/docs/scenihr_o_022.pdf
http://ec.europa.eu/health/ph_risk/committees/04_scenihr/docs/scenihr_o_022.pdf
http://ec.europa.eu/health/ph_risk/committees/04_scenihr/docs/scenihr_o_022.pdf
http://ec.europa.eu/food/fs/sc/scf/out15_en.html
http://ec.europa.eu/food/fs/sc/scf/out15_en.html

Lessons from health hazards | The precautionary principle and false alarms — lessons learned

Schoemaker, M.]., Swerdlow, A.]., Ahlbom, A.,
Auvinen, A., Blaasaas, K.G., Cardis, E., Collatz
Christensen. H., Feychting, M., Hepworth, S.J.,
Johansen, C., Klaeboe, L., Lonn, S., McKinney, P.A.,
Muir, K., Raitanen, J., Salminen, T., Thomsen, J. and
Tynes, T., 2005, 'Mobile phone use and risk of acoustic
neuroma: Results of the Interphone case-control
study in five North European countries', British
Journal of Cancer, (93/7) 842-848.

Semb, A., 2001, 'Sulphur dioxide: from protection
of human lungs to remote lake restoration’, in: Late
lessons from early warnings: the precautionary principle
1986-2000. Environmental issues report No 22,
European Environmental Agency.

Shrader-Frechette, K.S., 2003, Notre Dame philosophical
reviews 2003.04.09.

Shrader-Frechette, K.S., 1993, Burying Uncertainty,
University of California Press, London.

Shrader-Frechette, K.S., 1991, Risk and Rationality,
University of California Press Ltd., Berkeley.

Silverstein, A.M., 1978, Pure Politics and Impure Science:
The Swine Flu affair, The Johns Hopkins University
Press, Baltimore and London.

Smeeth, L., Cook, C., Fombonne, E., Heavey, L.,
Rodrigues, L.C., Smith, P.G. and Hall, A.J., 2004,
'MMR vaccination and pervasive developmental
disorders: a case-control study', The Lancet, (364)
963-969.

Smith, F.B., 2000, 'Only one side of the risk equation’
in: The Precautionary Principle: Agriculture and
Biotechnology, A Capitol Hill Briefing Sponsored

by International Consumers for Civil Society
Wednesday, September 27, 2000, 311 Canon House
Office Building, Capitol Hill.

Smith Jr., F.L., 1997, 'Caution: Precautionary principle
ahead', Requlation, (56).

SOU, 1983, Bestriling av livsmedel? Rapport fram
en expertkommitté (in Swedish), Statens Offentlige
Utredningar 1983, 26.

Sunstein, C.R., 2002, 'The Paralyzing Principle’,
Reason, Winter: 32-37.

Swedish Radiation Protection Authority's
Independent Expert Group on Electromagnetic Fields,
2003, Recent research on mobile telephony and cancer

and other selected biological effects: First annual report

from SSI's Independent Expert Group on Electromagnetic
Fields, Staten stralingskyddsintitut, Stockholm.

Taylor, B., Miller, E., Farrington, C.P. and Petropoulos,
M.C,, 1999, 'Autism and measles, mumps, and rubella
vaccine: no epidemiological evidence for a causal
association', The Lancet, (353) 2 026-2 029.

Thayer, D.W., 1990, 'Food irradiated: Benefits and
concerns', Journal of Food Quality, (13) 147-169.

Thorne, S., 1991, Food Irradiation, Elsevier Applied
Science, 1991, v—viii.

Tickner, ]J.A. and Gouveia-Vigeant, T., 2005, The 1991
cholera epidemic in Peru: Lessons learned from a false
false-positive, Risk Analysis.

Todd, E.C.D., 1993, Social and Economic Impact of
Bacterial Food-Borne Diseases and its Reduction by Food
Irradiation and other Processes, Proceedings of an
International Symposium on Cost-Benefit Aspects

of Food Irradiation Processing, Jointly Organized by
the International Atomic Energy Agency, the Food
and Agriculture Organization of the United Nations
and the World Health Organization and Held in Aix-
En-Provence, 1-5 March 1993. International Atomic
Energy Agency, Vienna, 19—-49.

Tritsch G.L. 2000, 'Food irradiation', Nutrition, (16)
698-701.

UK Department of Health, 2003, Minister notes
promising signs of increasing MMR uptake, Friday

26 September, Reference number: 2003/0356 (http://
www.highbeam.com/doc/1G1-108207226.html)
accessed 10 October 2011.

UK Department of Health, 2004, MMR the facts
(http://www.dh.gov.uk/prod_consum_dh/groups/
dh_digitalassets/documents/digitalasset/dh_105189.
pdf) accessed 10 October 2011.

USDA, 1999a, Food Ingredients and Sources of Radiation
Listed or Approved for Use in the Production of Meat

and Poultry Products; Final Rule, US Department of
Agriculture, Federal Register 1999; (64) 72 167-72 194.

USDA, 1999b, USDA Approves Irradiation of Meat to
Help Improve Food Safety, Release No. 0486.99, US
Department of Agriculture (http://www.usda.gov/
news/releases/1999/12/0486) accessed 10 October
2011.

USDHEW, 1976, Rationale for Swine Flu Mass
Immunizations in 1976', Journal of the Medical
Association of Georgia Public, (65) 341-344.

Late lessons from early warnings: science, precaution, innovation

75


http://www.highbeam.com/doc/1G1-108207226.html
http://www.highbeam.com/doc/1G1-108207226.html
http://www.dh.gov.uk/prod_consum_dh/groups/dh_digitalassets/documents/digitalasset/dh_105189.pdf
http://www.dh.gov.uk/prod_consum_dh/groups/dh_digitalassets/documents/digitalasset/dh_105189.pdf
http://www.dh.gov.uk/prod_consum_dh/groups/dh_digitalassets/documents/digitalasset/dh_105189.pdf
http://www.usda.gov/news/releases/1999/12/0486
http://www.usda.gov/news/releases/1999/12/0486

76

Lessons from health hazards | The precautionary principle and false alarms — lessons learned

US FDA, 1997, Irradiation in the Production,
Processing and Handling of Food; Final rule, US Food
and Drug Administration, Federal Register 1997;
(62) 64 107-64 121.

US FDA, 1986, Irradiation in the Production,
Processing and Handling of Food; Final rule, US Food
and Drug Administration, Federal Register 1986;
(51) 13 375-13 399.

US GAOQO, 2001, Telecommunications Research

and Regulatory Efforts on Mobile Phones Health
Issues, US General Accounting Office, GAO-01-545,
Washington, D.C.

US GAO, 1977, The Swine Flu Program: An
Unprecedented Venture In Preventive Medicine, United
States General Accounting Office, report to the
Congress By the Comptroller General of the United
States, Department of Health, Education and
Welfare, Washington D.C.

Urbain, W.M., 1993, 'Economic Aspects of Food
Irradiation’, in: Proceedings of an International
Symposium on Cost-Benefit Aspects of Food Irradiation
Processing, Jointly Organized by the International
Atomic Energy Agency, the Food and Agriculture
Organization of the United Nations and the World
Health Organization and Held in Aix-En-Provence,
1-5 March 1993, International Atomic Energy
Agency, Vienna, 1-16.

Vijayalaxmi and Rao, K.V,, 1976, 'Dominant
lethal mutations in rats fed on irradiated wheat',
International Journal of Radiation Biology, (29) 93-98.

Vijayalaxmi, 1975, 'Cytogenetic studies in rats fed
irradiated wheat', International Journal of Radiation
Biology, (7) 283-285.

Vijayalaxmi, 1978, 'Cytogenetic studies in monkeys
fed irradiated wheat', Toxicology, (9) 181-184.

Wade, N., 1976, 'Swine flu campaign faulted yet
principals would do it again', Science, (202) 849,
851-852.

Wakefield, A.J., Murch, S.H., Anthony, A., Linnell,
J., Casson, D.M., Malik, M., Berelowitz, M., Dhillon,
A.P, Thomson, M.A., Harvey, P, Valentine, A.,
Davies, S.E. and Walker-Smith, J.A., 1998, 'lleal
lumphoid-nodular hyperplasia, non-specific colitis,
and pervasive developmental disorder in children',
The Lancet, (351) 637-641.

Walker, S.]., 2004, Three Mile Island, University of
California Press, Berkeley.

Webb, T., Lang, T. and Tucker, K., 1987, Food
Irradiation Who Want 1t?, Thorsons Publishers. Inc.,
Northamptonshire.

Wecht, C.H., 1979, 'Liability for vaccine-related
injuries: Public health considerations and some
reflections on the swine flu experience’, in: Wecht,
C. H., Legal Medicine Annual: Nineteen Seventy-Eight,
Appleton-Century-Crofts, New York, 227-244.

Whelan, E.M., 1999, Why Belgium waffles about the
safety of coke, FSNET.

Whelan, E.M., 1993, Toxic Terror, 2nd ed. Buffalo,
Prometheus Books, New York.

Whelan, E.M., 1985, Toxic Terror, Jameson Books,
Ottawa/Illinois.

Wildavsky, A., 1995, But Is It True? A Citizen's Guide
to Environmental Health and Safety Issues, Harvard
University Press, Cambridge/London.

Within Worldwide, 2000, 'The Precautionary
Principle, Throwing science out with the bath
water, a special report prepared in cooperation
with Nichols-Dezenhall', Within Worldwide,
1-8 February.

WHO, World Health Organization, 2010a, What are
the health risks associated with mobile phones and their
base stations? (http://www.who.int/features/qa/30/
en/) accessed 10 October 2011.

WHO, World Health Organization, 2010b,
Electromagnetic fields and public health: mobile
telephones and their base stations (http://www.who.
int/mediacentre/factsheets/fs193/en/index.html)
accessed on 10 October 2011.

WHO, World Health Organization, 2010c, Influenza
(Seasonal).

WHO, World Health Organization, 2004, Summary
of health effects: What happens when you are exposed
to electromagnetic fields? (http://www.who.int/peh-
emf/about/WhatisEMF/en/index1.html) accessed
10 October 2011.

WHO, World Health Organization, 2003a,

'Global Advisory Committee on Vaccine Safety
16-17 December 2002 meeting MMR and

autism; Oculorespiratory syndrome; Hepatitis B
vaccination and leukaemia', Weekly Epidemiological
Record, (78) 17-24.

Late lessons from early warnings: science, precaution, innovation


http://www.who.int/features/qa/30/en/
http://www.who.int/features/qa/30/en/
http://www.who.int/mediacentre/factsheets/fs193/en/index.html
http://www.who.int/mediacentre/factsheets/fs193/en/index.html
http://www.who.int/peh-emf/about/WhatisEMF/en/index1.html
http://www.who.int/peh-emf/about/WhatisEMF/en/index1.html

Lessons from health hazards | The precautionary principle and false alarms — lessons learned

WHO, 2003b, MMR and Autism, World Health
Organization (http://www.who.int/vaccine_safety/
topics/mmr/mmr_autism/en/) accessed 10 October
2011.

WHO, 2001, 'Recent Concerns regarding MMR
vaccine', World Health Organization, Statement
WHO/02 25 January 2001 (http://www.who.int/inf-
pr-2001/en/state2001-02.html) accessed 10 October
2009.

WHO, 1999, High-dose Irradiation: Wholesomeness of
Food Irradiated with doses above 10 kGy, World Health
Organization, WHO Technical Report Series 890,
Report of a Joint FAO/IAEA/WHO Study Group,
World Health Organization, Geneva.

WHO, 1994, Safety and nutritional adequacy of
irradiated food, World Health Organization, Geneva.

WHO, 1993, 'Report and Recommendations of the
Working Group', in: Proceedings of an International
Symposium on Cost-Benefit Aspects of Food Irradiation
Processing, Jointly Organized by the International
Atomic Energy Agency, the Food and Agriculture
Organization of the United Nations and the World
Health Organization and Held in Aix-En-Provence,
1-5 March 1993, International Atomic Energy
Agency, Vienna, 477-489.

WHO, 1981, Wholesomeness of Irradiated Food, Report
of a Joint FAO/IAEA/WHO Expert Committee.
WHO Technical Report Series, No. 659, World
Health Organization, Geneva.

Late lessons from early warnings: science, precaution, innovation

77


http://www.who.int/vaccine_safety/topics/mmr/mmr_autism/en/
http://www.who.int/vaccine_safety/topics/mmr/mmr_autism/en/
http://www.who.int/inf-pr-2001/en/state2001-02.html
http://www.who.int/inf-pr-2001/en/state2001-02.html

Lessons from health hazards | Lead in petrol 'makes the mind give way'

3 Lead in petrol 'makes the mind give
way'

Herbert Needleman and David Gee (})

This chapter addresses the widespread use of lead in petrol. It focuses on the period 1925-2005,
when leaded petrol was first widely marketed in the US and then spread to the rest of the world
before being gradually phased out from the 1970s. In Europe, the Aarhus Protocol (UNECE,
1998) initiated the phase-out of leaded petrol in the period 1998-2005.

The neurotoxic effects of lead were recognised as far back as Roman times. And in 1925, at the
'one day trial' of leaded petrol in the US, many experts warned of the likely health impacts of
adding lead to petrol. Yet, despite the availability of an equally effective alcohol additive which
was assessed by experts to be cleaner, the leaded route to fuel efficiency was chosen in the US
and then exported to the rest of the world.

For several decades after the introduction of leaded petrol, virtually no independent research was
carried out and the main source of information was industry and industry-sponsored researchers.
Not until the 1960s and 1970s did independent scientists from outside this group show, for
example, that body burdens of lead arising from human activities were not 'normal’, as industry
claimed, but were hundreds of times higher than before the industrial revolution and were
therefore likely to be harmful.

At its peak in the mid-1970s, leaded petrol released about 200 000 tonnes of lead into the
atmosphere annually in both the US and Europe. Following the subsequent phase-out, blood
lead levels in children (the most sensitive group exposed) quickly fell, in line with the decrease
in air concentrations. The lessons nevertheless remain relevant globally today. Although nearly
all countries worldwide had phased out leaded petrol by 2012, lead concentrations in soils and
sediments remain high. Meanwhile, electronic wastes containing lead and other contaminants
also cause elevated blood lead levels.

Supplementary panel texts focus on the events leading up to the US choice of leaded petrol as
the primary fuel source in 1925 and more recent accounts of EU policymaking on lead in petrol
and the road to phase-outs in Germany and the United Kingdom.

(*) Authors would like to thank Gerald Markowitz and David Rosner for their detailed history of the leaded petrol story in Deceit and
denial: the deadly politics of industrial pollution.
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Dr Yandell Henderson, Professor of Physiology at
Yale, told the conference that lead was as serious
a public health menace as infectious diseases.

He foresaw that:

'conditions will grow worse so gradually, and
the development of lead poisoning will come
on so insidiously ... that leaded petrol will be
in nearly universal use ... before the public
and the government awakens to the situation'
(USPHS, 1925).

3.1 Introduction

There were 50-70 years between Henderson's
prescient early warning about the long-term,
low-level poisoning from leaded petrol, when it was
introduced in 1925, and its phase out in the US and
then Europe in the 1970s and mid-1980s. This long
history is rich in lessons about the science, economics,

Box 3.1 Children and lead: health impacts

and politics of identifying and controlling the hazards
of toxic substances.

The focus of this chapter is lead in petrol and its
damage to children (Box 3.1). However, the even
longer histories of lead in pots and paints weave in
and out of the leaded petrol saga, both complicating
the search for the causes of lead poisoning in
children, and creating a ubiquitous stock of lead in
people and their environments that persists today
in soils, sediments, plants, house dust and old paint.
Such exposures affect adults too and recent research
emphasises the increasing evidence linking lead
with hypertension, heart disease and kidney disease
(Navas-Acien et al., 2007; EFSA, 2010).

Most of Europe and North America now has lead free
petrol but the lessons from this chapter are relevant
for controlling most toxic chemicals. They may

also be useful for the millions of people, including
children, who are still exposed to leaded petrol or

At high levels of chronic exposure, lead attacks the brain and central nervous system, causing coma,
convulsions and even death. Children who survive acute lead poisoning are typically left with grossly
obvious mental retardation and behavioural disruption. At lower levels of exposure that cause no obvious
symptoms and that were previously considered safe, lead is now known to produce a spectrum of harm
involving diminished cognition, shortened attention span, disruptive behaviour, dyslexia, attention deficit
disorder, hypertension, renal impairment, immunotoxicity and toxicity to the reproductive organs. For the
most part, these effects are permanent and largely untreatable.

The major sources of children's exposure to lead are:

e lead from active industries, such as mining (especially in soils);

e |ead-based paints and pigments;
e lead solder in food cans;
e ceramic glazes;

e drinking-water systems with lead solder and lead pipes;
e lead in products, such as herbal and traditional medicines, folk remedies, cosmetics and toys;
e |ead released by incineration of lead-containing waste;

e lead in electronic waste (e-waste);
e |ead in the food chain, via contaminated soil;

e |ead contamination as a legacy of historical contamination from former mining and industrial sites.

Acute lead poisoning still occurs today and is most common among children in low-income countries and
marginalised populations or in children living on lead-polluted sites of old lead factories or mines.

Recent research indicates that lead is associated with neurobehavioural damage at concentrations in the
blood of 5 pg/dl and even lower. There appears to be no threshold level below which lead causes no injury

to the developing human brain (see Box 3.11).

The biology of childhood lead poisoning is similar everywhere and the results of lead studies in one country

are largely relevant to children in other countries.

Source: WHO, 2010.
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Box 3.2 Ancient lead poisoning

Analysis of the Greenland ice core covering the period from 3 000 to 500 years ago — the Greek, Roman,
Medieval and Renaissance eras — shows that from about 500 B.C. to 300 A.D. lead was present at
concentrations four times greater than natural values. Greek and Roman lead mining and smelting clearly
polluted the northern hemisphere long before the industrial revolution, which initiated the modern era of lead
poisoning from about from 1750 onwards. Cumulative lead fallout to the Greenland ice sheet during those
eight centuries was as high as 15 % of that caused by use of lead alkyl additives in petrol since the 1930s.

Source: Hong, Candelone et al., 1994.

other sources of lead, such as from old lead works,
paint and toys, in many countries of the world.

3.2 Lead toxicity: some early warnings
The neurotoxic properties of lead were first noted
during the first century AD by Dioscerides, a
physician in Nero's army. In his book Materia Medica
he observed that 'Lead makes the mind give way'.
Exposure came from the leaded glaze on pots and
from using lead in winemaking to counteracted

the harsh acidity of the grapes (lead plates were
dipped into the wine during fermentation and the
lead acetate, which is also called 'sugar of lead’,
sweetened the taste). Centuries later, toddlers

who chewed the leaded paint on cradles, beds and
verandas found that it tasted like lemon drops.

Lead continued to be used in wine-making and
epidemics of lead colic were common in Europe and
the Americas. One of the earliest public health laws
in the US was passed in 1723 to protect rum drinkers
from what was called 'the dry gripes'. The law
banned the use of leaden 'worms' (condensing coils)
in the distilling process. A penalty of 100 pounds
was imposed on law breakers, half being distributed
to the poor and half to the person who informed

the authorities about the breach of law. This was an
early attempt to reward and protect 'whistleblowers'
— an issue taken up in Chapter 24.

In early-18th century England, a severe outbreak

of colic was reported each autumn in Devon. The
disease was strictly limited to particular areas while
neighbouring shires escaped. The physician Sir

George Baker identified the source of the epidemic
as the leaden keys in the millstones used in pressing
cider apples. His paper to the Royal College of
Physicians showed that Devonshire cider contained
lead (Baker, 1768). Rather than receiving praise for
his incisive work, Baker was condemned by the
clergy, by mill owners and by fellow physicians:
cider was Devon's main export.

Baker suffered the fate of many 'early warning'
scientists whose inconvenient truths are not
welcomed by supporters of the status quo (?).

During his European travels, Benjamin Franklin had
also noted how long it took for "useful truths' about
health hazards to be acted on (Box 3.3).

The UK pottery manufacturer, Josiah Wedgewood,
also experienced the long delay between 'useful
truths' and regulatory actions. He was sufficiently
moved by accidents and lead poisoning in

his factories, and concerned about the unfair
competition that arose from other, less scrupulous,
employers, that he asked the British government
to extend the recent Factories Act of 1833 from

the textiles industries to the potteries industries

so that he could share a 'level playing field' with
his competitors. Opposition from other pottery
manufacturers meant, however, that Wedgewood
had to wait some 30 years before legal controls on
lead were established in the Potteries Regulations of
1867.

These early warnings about occupational and
consumer lead toxicity largely went unheeded. The
use of lead for pots, paints, pipes and toys greatly

(?) Such 'shooting the messenger' is well illustrated by Ibsen's play 'An enemy of the people'. The play chronicles the gradual downfall
of the town physician who discovers pollution in the river caused by the local leather factory: a discovery that is initially welcomed
by the mayor, the media and the public, but then rejected, as the economic implications for local industry begin to emerge. Many
public health advocates in similar circumstances to Baker have taken comfort from Ibsen's play, such as Dr Hosakowa of the Chisso
Company Japan, which polluted Minimata Bay with mercury. He, like Ibsen's Doctor Stockmann, was told to suppress his early
discovery that sewage from Chisso caused the mercury poisoning (see Chapter 5 on the Minamata disaster).
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Box 3.3 The 'useful truths' about lead poisoning in French painters, potters and plumbers

In 1818, Benjamin Franklin, while ambassador to France, described the 'dangles' of wrist drop, and the
'dry gripes' of stomach aches in painters, potters and plumbers who were widely known to suffer from lead
poisoning. But he also observed two other trades that suffered similarly but seemed not to be obviously
exposed to lead: stonecutters and soldiers. Pursuing this puzzle, he found that the stonecutters used lead
to set metal rails in stone, and that soldiers found part time employment as painters' assistants. This
provided an early example of the value of detailed job and life exposure histories in identifying occupational
and environmental hazards.

Franklin concluded: 'this mischievous effect from lead is at least 60 years old; and you will observe with
concern how long a useful truth may be known and exist, before it is generally received and practiced on'
(Franklin, 1818).

expanded in the 19th and 20th centuries (Hunter, intervention of disease of organs, such as the
1975), accompanied by widespread lead poisoning kidney or nervous system' (Oliver, 1911).
that could sometimes take years to appear:

This 'insidious’' nature of lead poisoning would

'"Lead poisoning develops insidiously' often later be noted by some of the medical experts who
years after the exposure, deranging the assessed the likely risks from lead in petrol when
functions and structure of the cells, 'so that it was introduced in the 1920s. Children were

life is gradually brought to a close by the particularly at risk (Box 3.4).

Box 3.4 The early poisoning of children by leaded paint, and current poisoning from paint and
battery plants in Asia

Children face increased risk of lead poisoning compared to adults because they can be exposed during
pregnancy; they take in more food, drink and air relative to their weight; they have more hands-to-mouth
activity; and they are more likely to have nutritional deficiencies that can increase lead absorption (WHO,
2010).

In 1892 an Australian doctor observed the link between the lead-based paints used on porches, verandas,
and window frames, and lead poisoning in 10 children who chewed the flakes of paint and swallowed the
dust and chips on the floor where they crawled and played (Gibson, 1904).

In 1914 in the US, the first childhood lead poisoning case was reported with a death from lead poisoning in
a child who had chewed lead paint from his crib railings (Thomas and Blackfan, 1914).

By 1925 there was much scientific evidence in the US, Europe and elsewhere showing that infants and
children were poisoned by lead in the paint that they found in their daily environments. But their eventual
protection from this source of lead came via regulations to protect painters, which led to the widespread
banning of lead in paint in Europe and Australia between 1909 and the 1930s.

The US, however, only banned leaded paint for interior surfaces in 1971. As a result, government
authorities are still dealing with the legacy of lead poisoning in the poorer areas of the US where the
housing remediation costs, and associated legal cases over who is to pay remediation, still consume much
time and money.

Meanwhile, there is still widespread exposure of children to leaded paint in many regions, particularly,
developing countries. A survey of 10 countries in Asia, Africa, South America and eastern Europe found
much leaded paint on sale, some with lead levels ranging from 4 000 to nearly 40 000 parts per million
(ppm), compared to the US recommended limit of 90 ppm (UNEP/WHO, 2010). Moreover, China has
reported many serious childhood lead poisoning incidents in recent years.
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3.3 Lead in petrol 1922-1925: the
early warnings of hazards to the

public
3.3.1 Origins of lead in petrol

Until 1925, the principal source of toxic lead for

the public was household paint. This changed
dramatically when General Motors, in second place
behind Ford Motors in car sales, sought to compete
with its new higher performance Cadillac. The new
GM engine had a severe engine 'knock' that arose
from the premature ignition of the petrol, meaning
that GM needed to find an anti-knock additive for
the petrol. Their chief chemist, Thomas Midgely,
who later invented the CFC chemicals that created
the hole in the ozone layer, (see EEA, 2001, Ch. 7
on halocarbons), found an old German patent for
tetraethyl lead (TEL) and discovered that it could be
used in petrol to control the engine knock.

Alternatives to petroleum-based fuel, such as
ethanol, were available. They were likely to be
much less profitable, however, especially given the
family and financial links between GM, the chemical
company, DuPont, and Standard Oil. Pierre Dupont
was chair of the GM Board, his brother Irene ran
DuPont, both had close links with Standard Oil,

and in 1924 the three companies created the Ethyl
Corporation of America to produce TEL.

It was made clear at the outset that the word 'lead’
was not to be used in the company name or sales
literature: the little known term, 'ethyl’' was used
instead so as not to alarm the public.

This was an early example of the censoring of
sensitive words from the discussion of hazards, a
practice repeated in the other Late lessons from early
warnings case studies, for example asbestos (EEA,
2001). For example, the word 'cancer’ in the early
studies of asbestos workers was initially replaced by
the less well known terms, '‘tumour' or 'malignancy’,
at the request of asbestos manufacturers.

3.3.2 Early warnings of risk and 'authoritative
assertions’ of safety

During World War I, TEL was evaluated for possible
use as a battlefield weapon. Mansfield Clark, a

professor of chemistry familiar with this work,
warned the US Public Health Service (PHS) in 1922
about the 'serious menace to the public health' that
would arise from the use of TEL in petrol because
‘on busy thoroughfares it is highly probable that the
lead oxide dust will remain in the lower stratum.’
(Mansfield Clark, 1922)

The Surgeon General of the US Public Health
Service, Huge Cummings, responded some months
later by writing to Pierre Dupont, Chair of the
Board of GM, asking if the public health effects

of TEL had been taken into account, 'since lead
poisoning in human beings is of the cumulative type
resulting frequently from the daily intake of minute
quantities.' (Needleman, 1997)

Thomas Midgely replied by saying that GM had given
the question 'very serious consideration ... although
no actual experimental data has been taken'. However,
they were confident that 'the average street will
probably be so free from lead that it will be impossible
to detect it or its absorption.' (Midgely, 1922)

Midgely's response has parallels in other Late lessons
from early warnings case studies, including those
addressing asbestos, CFCs and BSE in Volume 1
(EEA, 2001). In response to early warnings about
public health hazards, interested parties often

make 'authoritative assertions' about the absence

of risk despite having little or no data to support
their claims. 'No evidence of harm' is thereby
mischaracterised as 'evidence of no harm. This
approach to early warnings of potential harm is still
common (°).

In order to provide some evidence to back up their
assertions of safety, GM paid the US government's
Bureau of Mines to conduct some animal
experiments, but within tight reporting constraints
imposed by the Ethyl Corporation. These conditions
included the replacement of the word 'lead’ by
‘ethyl', even in internal correspondence, and the
submission of draft reports to the Ethyl Corporation
for their 'comments, criticism and approval' before
publication. The chief chemist in the Bureau of Mines
‘raised his concerns about this censorship but was
assured by his director that ... it would not be so
bad if the word lead were omitted as this term is apt
to prejudice somewhat against its use' (Needleman,
1997).

(®) For example, there are no studies in children of the potential head cancer hazard of using mobile phones: the early suspicions
of risk have come from studies in adults only. Yet it is widely asserted that there are no risks to children from the use of mobile
phones. In 2007, 2009 and 2011 the EEA issued 'early warnings' about the potential hazard of head cancers from mobile phones,

particularly in younger people. See Chapter 21 on mobile phones.
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Such contractual gagging had already been
condemned as unprofessional by Yandell
Henderson, Professor of Physiology at Yale, who
had turned down an invitation by GM to study
TEL two years earlier. He was now asked by the
Bureau of Mines to join their investigation but he
declined, saying that it was 'extremely unfortunate'
that the work was being funded by GM as there
was an 'urgent need for an absolutely unbiased
investigation'. He was prepared to investigate the
hazards but only 'on the assumption that so terrible
a poison as TEL should not be generally introduced
until absolute proof was available that no danger to
the public would be involved'. Soon after, his long
standing contract with the Bureau of Mines was
terminated, as well as his contract with Standard
Oil: an early example of the harassment of 'early
warning' scientists which is repeated in this and
other chapters.

Henderson was later to testify against the use of
TEL in petrol at its 'one day trial' in 1925 (discussed
below).

By 1925 industrial production of TEL had been
under way for nearly two years but within months
it had caused the dramatic deaths of a dozen or so
workers and mental illness in many others (Box 3.5).

The news media ran dramatic headlines about

the TEL deaths: 'Mad gas claims third victim' and
'Bar Ethyl gas as fifth victim dies' appeared above
pictures of workers being taken away in straitjackets.

New York State then banned the sale of leaded
petrol. This put pressure on the PHS and the TEL
industry to somehow demonstrate that though
workers may be at risk, partly because of their

‘carelessness’, or because they 'worked too hard', as
the factory management claimed, the public would
not be at risk from TEL in their car fuel.

Standard Oil had already confidently asserted
that no 'perils existed in the use of this gas in
automobiles', even though no evidence had been
gathered to support that view.

The day after the fifth employee at their TEL plant
died, Standard Oil's assertions regarding the safety
of TEL received support from the Bureau of Mines,
which published a report showing that animal
studies indicated no risks to the public from TEL.

On 1 November 1924, The New York Times (1924)
ran the headline: 'No peril to public after long
experiments with motor exhausts'.

However, the Bureau of Mines report was heavily
criticised. It was labelled as 'inadequate’ by Cecil
Drinker, editor of the Journal of Industrial Hygiene,
David Edsall, Dean of Harvard Medical School, and
others, including the Surgeon General (Drinker,
1925). They considered that the number of animals
used was too small and the duration of exposure
was too short to draw reliable conclusions about
safety. These are still features of some current
toxicology that can result in underestimation of
hazards (see Chapter 26 on science for precautionay
decision-making).

Some public health specialists supported the Bureau
of Mines and the Ethyl Corporation, but again with
confident assertions rather than robust evidence.

For example, Dr Emery Hayhurst of the Ohio
Department of Health provided an unsigned

Box 3.5 TEL workers die in the 'house of butterflies'

On Thursday 26 October 1924, Ernest Oelgert, a TEL worker at Standard Oil's Bayway labs in New Jersey,
began hallucinating and then became extremely paranoid, running round the plant saying that 'three were
coming at me'. By Saturday he had to be forcibly constrained and taken to the nearest mental hospital

where he died the next day.

Over the next five days, four other TEL workers from the plant died and another 35 showed severe
neurological symptoms of lead poisoning. At the other two TEL workplaces, the DuPont plant at Deepwater,
New Jersey, and GM's research lab in Dayton, Ohio, at least six other workers had died.

Despite their declared difficulties in getting the facts out of the companies and the hospitals, The New York
Times journalists uncovered more than 300 cases of lead poisoning at the Deepwater plant. Workers called
that TEL plant 'the house of butterflies' as they frequently had hallucinations about insects during their

bouts of lead poisoning.
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editorial in the American Journal of Public Health,
stating that 'observational evidence' and other
reports from around the country have 'corroborated
the statement of complete safety so far as the public
health has been concerned' (Ethyl Gasoline, 1925).
Few people knew that, at that time, he was also

a paid consultant to the Ethyl Corporation and
advisor to the Bureau of Mines (Hayhurst, 1924).

These 'authoritative assurances' failed to quell
public and scientific concern. The Surgeon General
responded to requests for action from public health
experts, who felt that both the public's health and
the probity of the PHS were at risk from the TEL
issue. He organised a high level conference of all
the key actors, stating that leaded petrol 'is a public
health question of extreme seriousness ... if this
product is actually causing slow poisoning and
serious effects of a cumulative nature' (New York
World, 1925).

The conference took place in Washington on 24 May
1925.

3.4 'Progress’' or precaution?

3.4.1 The ‘one day trial’ of the 'gift of God’

Every major stakeholder was represented at the
meeting. Industry opened the debate by making
four main points: leaded petrol was essential to

the industrial progress of America; all innovation
entails risks; the deaths and disabilities caused by
TEL in the manufacturing plants were due to the
carelessness of the men in not taking precautions;
and there was no risk to the public from the different
exposure conditions in the streets, compared to the
factories.

No 'innovation' other than TEL was discussed at the
meeting, despite the declared intention of the Surgeon
General to spend two or three days discussing
alternatives to TEL. The toxicologist Robert Kehoe
spoke first for industry, citing lack of evidence of risks
to the public; he was followed by eight other industry
representatives who took up the morning session.

The public health representatives used the afternoon
to try to shift the burden of proof back to their
opponents, arguing that industry needed to show
that TEL was safe for the public, rather than public
health scientists needing to show that it was
dangerous.

Dr Yandell Henderson, Professor of Physiology at
Yale, told the conference that lead was as serious

a public health menace as infectious diseases.

He foresaw that 'conditions will grow worse so
gradually, and the development of lead poisoning
will come on so insidiously ... that leaded petrol
will be in nearly universal use ... before the public
and the government awakens to the situation’
(USPHS, 1925). His claims proved to be prescient.

Dr David Edsall, Dean of Harvard Medical School,
also dismissed the view of industry that 'nobody
has shown any symptoms of lead poisoning'.

He went on to say that: 'I cannot escape feeling
that a hazard is perfectly clearly shown ... here
today, and that it appears to be a hazard of public
moment, and that the only way it could be said it
is a safe thing to continue with this hazard would
be after very careful and prolonged and devoted
study.' This did not happen until the 1970s.

Edsall was followed by Dr Touart, who had
treated many of the workers. He too emphasised
the central issue of the burden and strength of
evidence: 'It seems to me that ... this ethyl gas is
under suspicion and therefore should be withheld
from public consumption until it is conclusively
shown that it is not poisonous.'

Haven Emerson, Professor of Public Health at
Columbia University, observed that industry's

use of deaths as an indicator of hazard was
unsound: information about functional and mental
disabilities of those that did not die would also be
needed.

However, industry was supported by some of the
other public health scientists at the meeting. They
observed that, while there was solid and direct
evidence of industrial benefits from TEL, evidence
on health risks to the public was not available. This
asymmetry between short-term economic benefits
and long-term health hazards is another continuing
problem.

Dr Hayhurst of the Ohio Department of Health
said that 27 months of public use of leaded petrol
'should have sufficed to bring out some mishaps
and poisonings suspected to have been caused by
TEL'". It had not, so he was prepared to declare that
leaded petrol was safe.

His position was based on two weak assumptions:
that existing statistics, collected for other purposes,
provided reliable evidence of safety from a new
technology; and that a short, two-year-period after
first exposure would be enough to uncover any
new hazards. These assumptions are still common
in debates on current health hazards.
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Some public health experts who supported
industry at the meeting had earlier expressed their
concerns about the health risks, but only in private.
Hayhurst, for example, despite being a consultant
for the Ethyl Corporation, had written to the PHS
a week before the May meeting expressing the
concerns that he shared with some of the PHS
scientists, such as Dr Thompson, who had declared
that 'lead has no business in the human body ...
everyone agrees lead is an undesirable hazard and
the only way to control it is to stop its use by the
general public'.

However, Hayhurst continued his letter by noting
that his scientific judgement was influenced by
political and economic factors. 'Personally, I can
quite agree with Dr Thompson's wholesome point
of view but, still, I am afraid human progress
cannot go on under such restrictions ... if we are
to survive among the nations. Dr Thompson's
arguments might also be applied to the thousand
and one other poisons and hazards which
characterise our modern civilisation' (Hayhurst,
1925).

The country's foremost authority on lead, Alice
Hamilton, told the May meeting that there was

no way to know how to regulate leaded petrol so
that it would be safe. "You may control conditions
within a factory ... but how can you control the
whole country?' She later spelled out the dangers
further, noting that even under the strictest factory
conditions the use of lead resulted in poisoning,
sooner or later (Hamilton, 1925).

The meeting seemed to be going the way of
precaution and public health until Frank Howard,
first President of the Ethyl Corporation, concluded
the industry view: 'You have only one problem’,

he told the health scientists, 'is this a public health
hazard?' Industry, he said, had other problems such
as ensuring that automobiles and oil played a key
role in the industrial progress of the nation. 'Our
continued development of motor fuels is essential
in our civilisation'. The development of TEL after

a decade of research was an 'apparent gift of God'.
What is our duty under these circumstances, he
asked, 'should we say no: we will not use a material
(that is) a certain means of saving petrol? Because
some animals die and some do not die in some
experiments, shall we give this thing up entirely?'

In a couple of rhetorical sentences he put the
burden of proof back onto the public health
scientists to prove that TEL was dangerous. He had
also put them on the defensive by making them
appear to be reactionaries who were retarding

human progress and technological innovation on
the unproven grounds that there could be public
hazards.

The meeting ended after less than seven hours.
The Ethyl Corporation announced that there
would be a temporary ban on leaded petrol

sales until a 'blue ribbon committee' of top-level
scientists set up by the PHS after the meeting had
studied the issue.

After the meeting Alice Hamilton thought that
the direct involvement of the top scientists and
decision-makers from industry and government
would produce the right results, especially if
there was 'a blaze of publicity turned on their
deliberations'.

3.4.2 Blue ribbon committee findings

This perceived victory of objective science over
short-term economic and political interests was
short lived. The scientific review committee

was under great time pressure to produce its
report, so a very limited, seven month, study

of 252 garage and filling station attendants,
chauffeurs and factory workers was conducted.
The committee concluded that 'at present there are
no good grounds for prohibiting the use of ethyl
gasoline [petrol] ... provided that its distribution
and use are controlled by proper regulations'.

A recommendation from committee member
Winslow to continue the search for alternatives
was omitted from the final committee report.

The report included clear caveats, however, stating
that:

'Owing to the incompleteness of the data,
it is not possible to say definitely whether
exposure to lead dust increases in garages
when tetraethyl lead is used. It is very
desirable that these investigations be
continued ... It remains possible that if the
use of leaded petrol becomes widespread,
conditions may arise very different from
those studied by us which would render its
use more of a hazard than would appear to
be the case from this investigation. Longer
exposure may show that even such slight
storage of lead as was observed in these
studies may lead eventually in susceptible
individuals to recognizable lead poisoning
or chronic degenerative disease of obvious
character ... The committee feels this
investigation must not be allowed to lapse.’'
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Panel 3.1 A road not taken: the alcohol alternative to lead in 1925
Bill Kovarik

The US Geological Service (USGS) and the US navy performed over 2 000 tests on alcohol and petrol
engines in 1907 and 1908 and concluded that: 'In regard to general cleanliness, such as absence of smoke
and disagreeable odors, alcohol has many advantages over gasoline or kerosene as a fuel. The exhaust from
an alcohol engine is never clouded with a black or grayish smoke.'

USGS continued the comparative tests and later noted that alcohol was 'a more ideal fuel than gasoline' with
better efficiency despite the high cost'. Others were also experimenting (see Box 1.6).

GM was also interested in long-term security of fuel supplies, as is apparent in an unpublished du Pont study
drafted by a member of the firm's legal staff. According to the study (Wescott, 1936):

'...An important special motive for this research [into ethyl alcohol] was General Motors' desire to fortify
itself against the exhaustion or prohibitive cost of the gasoline supply, which was then believed to be
impending in about twenty-five years; the thought being that the high compression motors, which
should be that time have been brought into general use if knocking could be overcome, could more
advantageously be switched to [ethyl] alcohol.’

The DuPont conclusion is supported by internal memos sent by Midgley. Alcohol was the 'most direct route
... for converting energy from its source, the sun, into a material that is suitable for a fuel...' he said in one
internal memo.

To promote alcohol-blended fuels among automotive and chemical engineers in October 1921, Midgley
drove a high compression ratio car from Dayton to an October 1921 Society of Automotive Engineers (SAE)
meeting in Indianapolis using a 30 % alcohol blend in petrol. 'Alcohol has tremendous advantages and minor
disadvantages,' Midgley told fellow SAE members in a discussion. Advantages included 'clean burning and
freedom from any carbon deposit... [and] tremendously high compression under which alcohol will operate
without knocking... Because of the possible high compression, the available horsepower is much greater with
alcohol than with gasoline.'

'From our cellulose waste products on the farm such as straw, corn-stalks, corn cobs and all similar sorts
of material we throw away, we can get, by present known methods, enough alcohol to run our automotive
equipment in the United States,' he said. The catch was that it would cost two dollars per gallon. However,
other alternatives looked even more problematic — oil shale would not work and benzene from coal would
only bring in about 20 % of the total fuel need (Midgley, 1921).

Despite their enthusiastic support for alcohol as a 'fuel of the future', Midgley and his boss, Charles Kettering,
categorically denied the existence of alternatives to TEL once they had begun to invest in TEL production
facilities:

'So far as science knows at the present time, tetraethyl lead is the only material available which can
bring about these [antiknock] results, which are of vital importance to the continued economic use by
the general public of all automotive equipment, and unless a grave and inescapable hazard exists in the
manufacture of tetraethyl lead, its abandonment cannot be justified' (The New York Times, 7 April 1925).

Information about alternatives could have emerged with more social and scientific force at this critical
moment in the history of TEL (#). For example, it was widely thought that the May 1925 conference would
last several days in order to discuss alternatives to TEL: the Surgeon General had declared his intention to do
so at the opening of the May conference.

A report published but not released by the US Department of Commerce a few days before the May
conference showed that alternative antiknock additives (mostly ethyl alcohol blends in petrol) were being

() 'Ethyl leaded gasoline crashed through the modest defenses of the American public health system of the 1920s not only through
brute force of industry's political influence over government but also due to the disorganized information resources available to
public health advocates', particularly regarding the potential for alternatives to TEL (Kovarik, 2003).
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Panel 3.1 A road not taken: the alcohol alternative to lead in 1925 (cont.)

used routinely in two dozen other industrial nations. And anyone familiar with the Midgley papers and
statements of 1921 and 1922 would see that by 1925 he was contradicting his own published research.

Information about alternatives did not emerge from the 'one day trial' of TEL in 1925, however, except in
a few statements by public health scientists and hints in the media. No record of any dissent exists, even
though the industry was now flatly contradicting its own previous research and statements on the alcohol
alternative.

In 1933 the US Defence Agency and US navy conducted tests on alternative fuels and found that Ethyl
leaded petrol and 20 % ethyl alcohol blends in petrol were almost exactly equivalent in terms of brake
horsepower and useful compression ratios. This report was never published.

Other potential substitutes for tetraethyl lead known to Kettering and the US automotive industry were
based on the I.G. Farben/BASF Fischer-Tropsche and Bergius processes for making synthetic fuels from
coal. This was seen as such serious competition to TEL that Standard Oil entered into a 'full marriage'
agreement with Farben in which Standard agreed to stay out of the world chemical business and Farben
agreed to stay out of the world fuel business — no matter how World War II progressed (Davis, 2007).

The wide variety of alternatives and substitutes known in the 1920s and 1930s were forgotten by the
1960s. Histories of the oil industry omitted any mention of alternatives.

In 1974, when Thomas Reed of MIT began his ground-breaking investigation of alcohol fuel as an
alternative to petrol in the wake of the Arab oil embargo, he was unaware of any other similar work before
him. It was as if, having found in TEL the one solution to the engine knock problem, no other solution —
and no other history — was necessary.

Defeating the alcohol competition to leaded petrol

By the mid-1930s, Ethyl leaded petrol succeeded beyond all expectations. Public health crusaders who
found this troubling still spoke out in political forums but competitors were not allowed to criticise leaded
petrol in the commercial marketplace. In a restraining order forbidding such criticism, the Federal Trade
Commission told competitors to stop criticising Ethyl petrol since it 'is entirely safe to the health of
[motorists] and to the public in general when used as a motor fuel, and is not a narcotic in its effect,

a poisonous dope, or dangerous to the life or health of a customer, purchaser, user or the general public.’
(US FTC 1936)

During the 1930s, the few attempts to promote alcohol petrol were met by fierce and unfair competition
from the Ethyl company, which led to an anti-trust case against Ethyl Corporation in 1937. By then Ethyl
leaded petrol was used in 70 % or more of American petrol (90 % according to Ethyl's advertising) and in
all but one major brand — Sunoco. Dealers who cut prices or who used alcohol or benzene in other fuels
were not allowed to wholesale Ethyl's lead additive.

'It seems clear that the Ethyl Gasoline Corporation has exercised its dominant control over the use of Ethyl
fluid substantially to restrain competition by regulating the ability of jobbers to buy and sell petrol treated
with ethyl fluid and by requiring jobbers and dealers to maintain certain prices and marketing policies’,

a 1937 Department of Justice memo said. Ethyl lost the suit at the Federal District Court level in 1938 and
at the Supreme Court in 1940. The company was ordered to make the product available to any customer
who met minimum technical criteria.

Many scientists, businessmen and farmers believed that making fuel from corn and cornstalks would help
put people back to work and ease the severe problems of the Depression. This movement for alcohol fuels
became part of a broader campaign for industrial uses for farm crops to help fight the Depression. The
'farm chemurgy' movement, as it was called, with alcohol fuel as a controversial centrepiece, had grown
into an unprecedented mixture of agronomy, chemistry and prairie populism. Many felt that the time had
come to compete directly with the oil industry. 'Try a tankfull — you'll be thankful,' the Agrol brochures
said. The blend was sold to initial enthusiasm at 2 000 service stations. Although Agrol sold for the same
price as its 'main competitor’, leaded petrol, it cost wholesalers and retailers an extra penny to handle it
and this cut into their profit. By 1939, the Agrol plant had closed (Hale, 1934; Kovarik, 2003 and 2005).
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Box 3.6 Early London buses experiment with alcohol fuels

In 1919 the London General Omnibus Co. also compared petrol with blends of ethyl alcohol and benzene.
Mileage was about the same, with petrol slightly ahead. 'In all other respects the [alcohol] fuel compared
favourably with petrol, and exhibited the characteristics of other alcohol mixtures in respect of flexibility,
absence of knocking and cleanliness' (although it would later emerge that benzene is a dangerous

carcinogen.)

The bus experiment also showed that a large-scale switch from petroleum was technically feasible and
needed in any case to increase security of fuel Contentsies. 'We are fast squandering the oil that has
been stored in the fuel beds, and it seems so far as our present knowledge takes us that it is to the fuels
experimented with that we must turn for our salvation,' concluded the omnibus company engineer.

The Committee recognised the limitations of its
small, interim and retrospective study and strongly
urged the PHS to obtain funds from Congress for
long-term prospective studies that could follow the
history of leaded petrol and its consequences that
were not now foreseen'. However, the PHS never
undertook such research. For the next 40 years all
studies of TEL were conducted and funded by the
Ethyl Corporation and GM (Markowitz and Rosner,
2002).

Shortly after the Surgeon General's committee had
declared that TEL was safe for general use, in 1926,
the Public Health Service recommended that the
allowable concentration of TEL be set at 3 cc per
gallon. Ethyl quickly agreed to comply, relieving

the government of any pressure to introduce the
regulations on lead in petrol that had been called for
by the expert committee.

For the next 35 years lead toxicity as a public health
issue virtually disappeared from sight, while at the
peak of TEL production some 250 000 tonnes of lead
were released into the air in the United States every
year.

3.5 Lead contamination is 'normal and

safe'

After the Surgeon General's report of 1926 had
given the go ahead to industry, Robert Kehoe, the
toxicologist from the University of Cincinnati, who
had claimed the safety of TEL at the 1925 meeting,
was cultivated by the TEL industry as the dominant
authority on lead. C. F. Kettering established a
laboratory in Cincinnati with an initial gift of

USD 130 000 from Ethyl, E. I. DuPont and General
Motors. He had initially asked Kehoe to study the
worker deaths at the Ethyl plant in Dayton and now
he asked him to direct the Kettering laboratory.

Kehoe later also became a corporate officer at GM
and a consultant to DuPont.

Data on the health effects of TEL were sparse, and
the only source of funding for research came from
industry sources. The strong recommendation
from the Surgeon General's 1926 report that there
should be publicly funded research on TEL was not
implemented.

Kehoe's early studies compared lead concentrations
in workers in direct contact with TEL with men

in the same plant but who had other jobs. He
designated this second group as 'unexposed'
controls. When he found lead in the excreta of his
so-called unexposed group, he concluded that

as lead was naturally present in all the workers

it could not be very harmful to them. The mere
presence of lead in workers, he argued, could not
be an indicator of poisoning.

This view had been vigorously attacked by David
Edsall, Yandell Henderson and others at the
Surgeon General's 1925 meeting. They had argued
that, as potentially all workers in the Dayton plant
were exposed to TEL fumes, any comparison of
workers within the plant would be of little value
as exposed controls would mask the full effects of
lead.

Kehoe eventually came to see the merit in his
critics' assertions: clearly he had chosen the wrong
control group. To answer his critics he searched for
an unexposed group in a remote farming village
outside Mexico City, far removed from industry or
urban pollution. There he sampled food, utensils
and the excreta of the residents, which he found
also contained lead.

This observation of 'natural’ lead levels in Mexican
farmers became the nucleus of Kehoe's position
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throughout his career. From this observation

he concluded that lead in petrol presented no
danger to the public, making the same mistake in
argumentation that he had made with the Dayton
workers. He assumed that general lead contamination
was ‘normal’ and therefore natural' and harmless at
those low' levels. It was not until the geologist Clair
Patterson questioned this view some 30 years later
that this argumentation was successfully challenged:
normal’ lead exposures in the 20th century were far
from matural' (Patterson, 1965).

The Second World War years saw the economics
and politics of TEL plumbing new depths. The
Ethyl Corporation and Standard Oil had continued
to develop their business links with Hitler's
Germany which they had begun in the 1930s
when Ethyl formed the German company Ethyl
Gemeinschaft and Standard Oil linked up with the
largest German company, I.G. Farben, one of the
main corporate supporters of Hitler. This enabled
them to provide the German war machine with
the technical ability to improve the fuel efficiency
of their tanks, lorries and planes by using leaded
petrol (Box 3.7).

Industry control of both the economic and public
agenda seemed complete by the 1950s but a new
perspective was emerging from well outside the
TEL community, which would soon seriously
challenge industry's virtual dominance of this
intellectual terrain.

Is 'normal’ lead contamination really 'harmless’?
In 1965, Kehoe's monopoly on lead data was
threatened by a geochemist from outside the public
health debates. Clair Patterson was a research
associate in geology at the California Institute of
Technology. His measurements of the isotopic
ratios of certain minerals convinced him that the
long-held consensus of geologists that the age of

Box 3.7 TEL and 'treason’' in Germany

the Earth was 3 billion years old was wildly wrong.
Patterson's studies placed the age of the earth at

4.5 billion years, a serious challenge to the orthodox
scientific view.

His findings were fiercely rejected by believers

in the conventional paradigm but they were
eventually confirmed, his sceptics refuted, and the
geology textbooks revised.

Patterson uncovered the errors in the conventional
geological view by employing extraordinary
measures to avoid contamination while collecting
and analysing his specimens. As a result his
measurements were much more accurate than
those of earlier workers.

Many scientists would have treated the
contamination of his reagents as a technical
annoyance to be overcome and then forgotten.

To Patterson it was not a nuisance but a clear
indication of lead contamination from human
activities, which needed to be further investigated.
From the depths of the Pacific Ocean he brought
tuna to the surface with extreme care to avoid
contamination. He studied pre-iron age mummies
that had been buried in sandy soil and he sampled
cores from the Greenland ice pack. By slicing

the ice cores he was able to date the specimen
precisely and show the time course of lead in the
atmosphere.

Patterson and his colleagues showed that
technological activity had raised modern human
body lead burdens to levels that were some

600 times higher than that of our pre-industrial
ancestors.

In 1965, in response to an invitation by the editor of
the Archives of Environmental Health, he submitted a
long article entitled 'Contaminated and natural lead

In March 1942, Thurman Arnold, a US Assistant Attorney General, told a Senate Committee investigating
war profiteering that without the leaded petrol from Ethyl, the Nazis could not have flown their planes or
fuelled their land vehicles so efficiently. The Chairman of the Committee, Harry Truman, called the alliance
between some American companies and I.G. Farben 'treason'.

A German memo found after the war supported his view: 'It need not be especially mentioned that without
TEL the present methods of warfare would be impossible. The fact that since the beginning of the war

we could produce TEL is entirely due to the circumstances that shortly before the war the Americans had
provided us with the production plans complete with their know how. It was moreover the first time that
the Americans had decided to give a licence on this process to a foreign country ... and this only on our
urgent request to Standard Oil to fulfil our wish' (Davis, 2007).
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environments of man'. Kehoe was asked to review
the manuscript and to decide whether it should be
published. Kehoe argued for the paper's publication
so that Patterson could be offered up for demolition.
'T should let the man, with his obvious faults, speak in
such a way as to display these faults.'

He went on: 'The inferences as to the natural human
body burden of lead are, I think, remarkably naive.
It is an example of how wrong one can be in his
biological postulates and conclusions, when he steps
into this field, of which he is woefully ignorant,

and so lacking in any concept of the depth of his
ignorance that he is not even cautious in drawing
sweeping conclusions. This bespeaks the brash young
man, or perhaps the not so young [Patterson was 43
at the time] passionate supporter of a cause. In either
case, hardly the mark of the critical investigator.

It must be faced and demolished, and therefore,

I welcome its 'public appearance'.' (Kehoe, 1965).

Patterson's Archives of Environmental Health paper
fundamentally altered the vocabulary of the debate
over the health effects of lead. He recognised that
because a certain level of lead was commonplace it
did not mean it was without harm. He argued that
the term 'normal’ should be replaced by 'typical.
'Natural' should be reserved for those concentrations
of lead that existed in the body or environment before
contamination by human activities.

It also showed that the so-called 'unexposed' subjects
in Kehoe's studies of the Dayton plant workers, or
his Mexican farmers, were contaminated by lead,
and this lack of a truly unexposed part of the study
population would dilute or hide risks of exposure.
This dilution of risks by background contamination
is now a much more common problem for public
health, given the widespread exposures of most
people to low levels of chemicals and radiations.

The Archives of Environmental Health paper released
a fusillade of angry responses from orthodox
toxicologists. Their fury focused on Patterson for
his hubris in stepping outside his field to talk about
people instead of rocks, but they also attacked the
editor of the Archives journal. This is another example
of 'shooting the messenger' which pervades this and
most other 'Late Lessons' stories, from John Snow
and cholera in 1864 (EEA, 2001) to those current
scientists who publish warnings of hazards about
climate change, genetically modified organisms and
electromagnetic fields.

The controversy over Patterson's paper crystallised
the opposing views held by him and Kehoe. Those
who adhered to Kehoe believed that lead poisoning

occurred only at high doses with obvious signs of
severe illness. Patterson clearly spelled out the other
position: elevated levels of lead found in all humans
were associated with sometimes silent disturbances in
body chemistry. Perhaps, Patterson argued, everyone
was poisoned to some extent.

For the TEL industry, however, much more than
professional reputation were at stake. A group from
Ethyl Corporation visited Patterson and tried, in his
words, to 'buy me out through research support that
would yield results favourable to their cause.' He
refused to cooperate (Patterson, 1992).

Following the meeting with Ethyl, his longstanding
contract with the Public Health Service was not
renewed, and his substantial contract with the
American Petroleum Institute was terminated.
Members of the Board of Trustees at California
Institute of Technology visited the chairman of

his department asking that he be fired. Patterson
responded with a lecture in which he predicted that
future scientists would show that Ethyl's activities
were poisoning both the environment and people,
and that their operations would eventually be shut
down.

Publicly vilified and professionally threatened,
Patterson would eventually be recognised by

the scientific establishment for his extraordinary
contributions to science. He would win the
Goldschmidt Medal, the equivalent of the Nobel
Prize in geochemistry, be elected to the National
Academy of Sciences, and have both a mountain peak
in Antarctica and a large asteroid named after him.
He also provided the main character for a Saul Bellow
novel (Box 3.8).

3.6 1966: US Congress asks awkward

questions

In 1966, Senator Edward Muskie, Chairman of the
Senate Subcommittee on Air and Water Pollution,
presided over hearings on the future Clean Air Act
of 1970. He gave considerable attention to the status
of lead in the air and in petrol. The Surgeon General,
William Stewart, one of the first to testify, gave
testimony that revealed the government's concern,
perhaps for the first time, about the effects of lead

at low doses, particularly in children and pregnant
women:

'Existing evidence suggests that certain
groups in the population may be particularly
susceptible to lead injury. Children and
pregnant women constitute two of the most
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Box 3.8 Saul Bellow and 'zones of incomprehension' in scientists

In The Dean's December, Saul Bellow described Professor Sam Beech, a character easily recognisable as
Clair Patterson, his friend. 'These scientists were diapered babies when they went public with a cause. But
Beech somehow inspired respect ... He had authoritatively dated the age of the earth, had analysed the

rocks brought back from the moon.'

Bellow describes Beech's theories about the relationship between lead and social disorder and the

chilly reception they received from the orthodoxy. 'Here science, which itself was designed for deeper
realisation, experienced a singular failure. The genius of these evils was their ability to create zones of
incomprehension. It was because they were so fully apparent that you couldn't see them' (Bellow, 1982).

important of such groups. Some studies
have suggested an association between
lead exposure and the occurrence of mental
retardation among children' (Needleman,
2000).

Once again Kehoe was the industry's principal
witness. Two years earlier he had said that enough
was known about TEL toxicity to allow the amount
of TEL to be increased without risk, noting: 'that no
other hygienic problem in the field of air pollution
has been investigated so intensively, over such a
prolonged period of time, and with such positive
results'. When Muskie pointed out that the Public
Health Service and others disagreed with Kehoe and
that many felt that there were unanswered questions
and a need for more research, Kehoe responded:

'Twould simply say that in developing
information on this subject, I have had a
greater responsibility than any other persons
in this country. The evidence at the present
time is better than it has been at any time
that this is not a present hazard' (Needleman,
1998).

However, Muskie pressed on: 'would it be desirable
if a substitute for lead in petrol could be found?'
Kehoe replied: 'There is no evidence that this (TEL)
has introduced a danger in the field of public health
... I may say the work of the Kettering Laboratory ...
has established that ... lead is an inevitable element
in the surface of the earth, in its vegetation, in its
animal life, and that there is no way in which man
has ever been able to escape the absorption of lead
while living on this planet'.

One week later Clair Patterson testified. He began
by attacking the belief that natural lead cycling and
human activity contributed about the same amount
of lead to the environment. About 10 thousand
tonnes of lead were naturally recycled each year, he
said, while millions of tonnes were emitted due to

industrial and transport emissions. Large numbers
of people are sickened, he believed, as a result of this
unnatural load, and the brain is the most significant
target. Patterson attacked the PHS for relying on
industry data:

'It is not just a mistake for public health
agencies to cooperate and collaborate with
industries in investigating and deciding
whether public health is endangered; it is a
direct abrogation and violation of the duties
and responsibilities of those public health
organisations. In the past, these bodies have
acted as though their own activities and
those of the lead industries in health matters
were science, and they could be considered
objectively in that sense. Whether the best
interests of public health have been served
by having public health agencies work
jointly with representatives of the lead alkyl
industries in evaluating the hazards of lead
alkyl to public health is a question to be asked
and answered.'

Industry had traditionally measured the prevalence
of lead toxicity by counting deaths, or at least severe
damage to the brain. Muskie raised the question

of a larger pool of unrecognised toxic illness, an
issue that had been first raised at the one day trial

of leaded petrol in 1925 (Needleman, 2000): 'Ts it
conceivable that there is something different in the
deleterious effects on health from low-level exposure
than from more concentrated exposure leading to
classical lead poisoning?'

Patterson replied: 'when you expose an organism

to a toxic substance it responds in a continuum, to
continuously changing levels of exposure to this
toxic substance. There is no abrupt change between
a response and no response. Classical poisoning is
just one extreme of a whole continuum of responses
of an organism, human organism, to this toxic
metal.'
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Muskie's inquiry marked the government's shift
away from complacency about the hazards of lead.
His Senate hearings established a new premise: that
lead poisoning was not only a disease of workers;

it could be an insidious, silent danger to the public.
The notion that lead poisoning was an all-or-nothing
phenomenon was discredited and replaced by
degrees of disease spanning across a biological
continuum of 'effects' to 'adverse effects'. The issue
still dominates current discussions about chemicals,
radiation and other public health hazards, where
early 'effects' are often dismissed as having no
biological or ecological significance.

3.7 Lead in petrol poisons catalytic

converters — so it's got to go

In 1962 GM sold Ethyl and in 1970 GM announced
that it would begin installing catalytic converters in
its new models in order to comply with the Clean
Air Act of 1970. As a result, GM stated, it would

be necessary to phase out lead in petrol as it was
poisonous for the platinum in the catalytic converter.
Apparently, poisoning a technology was more
important than poisoning people.

To Ethyl's management this was a betrayal and

they resolved to fight the growing environmental
movement in the United States. They argued that

it was fully justified to speak out for this additive,
which had saved billions of dollars for the American
economy and helped make the modern automobile
possible. To combat lead regulation, it formed a
defence team and called it, with unconscious irony,
the 'Ethyl Air Conservation Group'. The Group

was staffed with Ethyl officials and members of the
Hunton and Williams law firm. Lawrence Blanchard,
a partner in Hunton and Williams and board member
of Ethyl, headed the group.

EPA medical officers continued to push for a

separate health standard, fearing that if a substitute
for platinum were discovered sometime in the

future, lead would return to fuel. In 1973, aware that
200 000 tonnes of lead were emitted from the exhausts
of American cars each year, the EPA promulgated a
regulation phasing down lead content in all petrol. Its
target was to reduce lead in petrol to 0.5 g/gal within
five years (Schoenbrod, 1980).

The TEL industry responded by skilfully exploiting
the growing national anxiety about fuel supplies
caused by the spike in the price of oil, which had
reached unprecedented levels by 1973. The EPA
estimated that the oil penalty from phasing out lead
was 30 000 barrels per day. Industry's calculations

were different: on 2 December 1973 a full page
advertisement appeared in The New York Times
showing an oil barrel bearing an American flag
pouring oil down a manhole. Its headline proclaimed
that removing lead from petrol would have the effect
of dumping one million barrels of oil a day.

On 6 December 1973, however, the EPA released the
final regulations requiring a phased reduction of

lead in petrol to protect health. Ethyl Corporation
and DuPont sued in court, arguing that removing
lead would cost an enormous amount of money and
crude oil resources; that no one had been poisoned by
lead in air; and that any effects in humans reported

at low doses of lead were not adverse health effects.
The court agreed with industry, setting aside the
regulations as 'arbitrary and capricious'.

On appeal, the earlier judgement was overturned
and the EPA regulations upheld. The court stated
that 'the regulatory action under this precautionary
statute [the Clean Air Act] should precede, and
hopefully prevent, the perceived harm.' Furthermore,
'in making his policy judgment by assessing risks
the Administrator is not required to limit his
consideration to the danger presented by lead
additives 'in and of themselves'. He may consider
the cumulative impact of lead additives with other
sources of human exposure to lead' (Ethyl Corp. v
Environmental Protection Agency, 1976).

Ethyl, PPG Industries, DuPont, NALCO Chemical
and the National Petroleum Refiners Association then
appealed to the Supreme Court, where they lost.

3.8 Public funding to study lead

poisoning in children

In 1970, the US Surgeon General had called for early
identification of children with 'undue' lead exposure.
His statement avoided the loaded term "poisoning’
but indicated that this was probably more lead

than a child should have. For the first time since
1925 significant research funds were allocated from
Federal sources to study the health impacts of lead
on children. The industrial monopoly on scientific
data was drawing to an end.

Professor Herb Needleman was one of the public
health scientists who used the recently released
public funds to research the low-dose effects of lead
on children's IQ. His seminal paper on the subject
(Needleman et al., 1979) showed that the higher the
lead content, the greater the negative impact on 1Q.
His work shifted another paradigm by focusing not
on the flow of blood through the body but on the
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Box 3.9

Lead in petrol: 'it's all about economics...'

Late one night after a long day's work on the issue of lead in petrol, Herb Needleman and others from the
EPA expert committee had dinner at the home of an EPA staffer. After dinner and a liberal amount of red
wine, Needleman asked Jacobs from DuPont why, with its wealth of excellent research chemists, it had not
developed a safer petrol additive to replace TEL. In Needleman's words:

'Jacobs, who had matched my intake, told me that their economists had modelled the future sales of leaded
gasoline and projected that the consumption of gasoline would soon level off, and perhaps decline. Given
such a projection, the company would not invest USD 100 million in research and development funds. I
learned a valuable lesson that night: the entire debate about scientific studies, about the health risks for
children, was merely a shadow play. The real decision had been made by DuPont's economists. Their plan
was clear: don't budge on TEL and seek medical and environmental arguments to support the choice'

(Needleman, 2000).

stocks of lead in the bones. His innovation was to
analyse 'milk' teeth from more than 2 000 infants
and to correlate their lead content with their later
development in terms of intelligence and behaviour.

He observed that the average IQ of this group of
children fell by 5 points, a shift that was dismissed
by industry as 'small' and insignificant. This view
ignored the effect on very large groups of children
who were at both ends of the normal distribution
of IQ, i.e. those either severely handicapped or
exceptionally gifted, whose numbers would be
doubled and halved respectively (Bellinger and
Bellinger, 2006) (°).

Industry responded to this dramatic observation
with unprecedented opposition, resorting eventually
to a character assassination of Needleman.

Needleman later followed up the 1943 Byers
discovery of the chronic anti-social behaviour

of children who had 'recovered' from acute lead
poisoning, confirming the association between
childhood lead poisoning and anti-social adolescent
behaviour (Needleman, 1996). Studies have further
confirmed the link between lead and anti-social
behaviour (WHO, 2010).

3.9 1977-1995: the phase down of
lead in petrol

The EPA published its Air quality criteria for lead
in December 1977, which stated that lead in air
and in dust was a significant source of human

exposure to lead, and that brain damage could
occur in individuals with no acute symptoms of
lead poisoning. The Air Office of EPA used the new
criteria document to determine a standard for lead
concentrations in air.

With the new standard in place and the gradual
retirement of old cars that ran on leaded fuel, air
lead levels began to fall. In 1977 air concentrations
in Philadelphia ranged between 1.3 and 1.6 ug/m?,
whereas by 1980 the concentrations were between
0.3 and 0.4 ug/m* (Needleman, 2000). Similar trends
were observed in most major cities.

Between 1976 and 1980, the amount of lead
consumed in petrol production dropped by 50 %
and the blood lead level of the average American
dropped by 37 %. Furthermore, in its second volume
of the Air quality criteria for lead the EPA concluded
that, contrary to the claims of the industry, the
relationship between petrol production and air lead
levels was causal. It noted that between 1975 and
1984 the lead consumed in petrol had decreased

73 %, while the corresponding composite maximum
quarterly average of ambient air lead had decreased
by 71 % (USEPA, 1986).

In the 1970s the toxic threshold for lead in blood
was defined as 60 pg/dl. The reduction of blood lead
levels gradually allowed comparisons with children
whose background blood lead levels were 1ug/dl or
less. As a result, effects of lead on children's IQ have
been found at levels below 10 pg/dl, with most of
the cognitive impairment seeming to occur at blood
lead levels as low as 5 pg/dl (Lanphear et al., 2000).

(®) Chapter 23 on costs of inaction provides an illustration of this effect in Figure 23.1.
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Box 3.10 Lead levels in blood decline

The phasing-out of leaded petrol between 1976 and 1995 was associated with a more than 90 % reduction
in the mean blood lead concentration (Annest et al., 1983; CDC, 1997; Jones et al., 2009). The percentage
of children in the United States aged between one and five with blood lead levels greater than or equal to
10 pg/dl declined from 77.8 % in the late 1970s to 4.4 % in the early 1990s, and the average lead level of
a child in the United States declined to 1.9 ug/dl between 1999 and 2002 (CDC, 2005). At the same time,
lead was eliminated from solder used in food cans and new residential paint products (President's Task
Force, 2000). An estimated gain of 5-6 points in mean population IQ score was associated with the decline
in mean blood lead concentrations, and this gain in IQ has been calculated to yield an annual economic
benefit of between USD 100 billion and USD 300 billion in each birth cohort on the US (Grosse et al., 2002).

Similar reports of success in reducing the harm from lead in children level were achieved in Europe and
elsewhere as they began to phase out lead in petrol.

In a number of rapidly industrialising countries, too, including China, El Salvador, India, Mexico and
Thailand, declines in blood lead levels have followed the removal of lead from petrol (OECD, 1999; Mathee
et al., 2006; He et al., 2009). Worldwide, unleaded petrol now accounts for an estimated 99 % of total

sales.

Source: WHO, 2010.

Box 3.11 Continuous reductions in the 'safe’' level of lead 1960-2010

In the 1960s, an elevated paediatric lead level was defined by the United States Department of Health and
Human Services Centers for Disease Control and Prevention (CDC) as a concentration in whole blood of

60 ug/dl.

In the 1970s, the level was reduced to 40 ug/dl, and then to 30 pg/dl. In the 1980s, it was reduced to
25 pg/dl. Most recently, in the early 1990s, the CDC reduced the blood lead level of concern to 10 ug/dl,
the level that remains in place today (Surkan et al., 2007).

An international pooled analysis of data from seven cohorts showed an increase in blood lead level from
less than 1 pg/dl to 10 pg/dl was associated with a six IQ point decrement, which is considerably greater
than the decrement associated with an increase in blood lead level from 10 ug/dl to 20 ug/dl. (Lanphear

et al., 2005).

In 2004, 16 % of all children worldwide were estimated to have levels above 10 ug/dl (WHO, 2010).

In 2010 the European Food Standards Agency withdrew its support for a provisional tolerable weekly intake
guideline value on the grounds that it was inadequate to protect against IQ loss (EFSA, 2010).

3.10 The pros and cons of leaded petrol

Leaded petrol was finally completely phased out
in the US in 1995, seventy years since the 'one day
trial’ in 1925.

The benefit of taking lead out of petrol exceeded
the predictions of even the most convinced lead
advocates. Lead levels in children's and adults'
blood continued to drop in direct relationship
to the reduction in lead in petrol. The average
American child's blood lead level in 1976 was

13.7 pg/dl. In 1991 it was 3.2 pg/dl and in 2000 it
was 2.0 pg/dl (WHO, 2010).

The health and other costs of lead damaged
workers, child bearing women and children

to the taxpayer, the Health service and to the
economy have been huge and have persisted

for decades after the leaded petrol phase out, as
contamination persists in soils and dusts (Mielke,
2010). This damage to health has also had large
economic consequences as outlined in Box 23.1 in
Chapter 23.
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Panel 3.2 EU policymaking on lead in petrol — a brief summary
Nigel Haigh (®)

EU policymaking on leaded petrol emerged mainly from the activities of the UK and Germany. In 1971, the
UK government received advice from its Chief Medical Officer that air lead levels should not be allowed to
increase above current levels. The government responded by deciding on a phased three-stage reduction in
petrol's lead content, from 0.84 to 0.4 g/l to be achieved in 1976. This phase down was then delayed and the
deadline postponed until required by the subsequent EC directive. In the same year the German government
decided to reduce lead levels but chose a faster programme, which was implemented as planned: 0.4 g/l in
1972 and 0.15 g/l in 1976.

In both countries this in initial action arose in response to scientific advice, without much public pressure.
The more leisurely approach of the UK government was possibly linked to the fact that the largest European
plant then manufacturing lead additives for petrol was in the United Kingdom.

In 1971 the UK was not yet a member of the EC and it was Germany's unilateral decision that resulted

in the EC Commission establishing two committees in 1971 to study the health and technical aspects of
lead pollution from motor vehicles. The memorandum concluded that although there was no immediate
danger to public health, it was desirable to prevent an increased lead pollution in air. Increasing car use and
cross-border sales of petrol by oil refiners therefore warranted EC-wide limits on lead in petrol.

On 10 November 1975, at the European Parliament, the rapporteur of the Environment Committee said
that the proposed second stage reduction of lead to 0.15 g/| for regular grade had met with insurmountable
opposition in the Committee because it would have required industry to make substantial investments and
increased petrol consumption. Since these objections could not be refuted, the Committee preferred to
require the Commission to postpone the introduction of the second stage. The Committee did, however,
approve the first stage limit of 0.4 g/I.

All subsequent discussion in the Council — where decisions then had to be taken unanimously — was
coloured by the existing German limit of 0.15 g/I. Directive 78/611 therefore had to allow Member States to
introduce national limits of 0.15 g/I but its main provision was an upper limit of 0.4 g/I.

This example shows how in favourable circumstances a determined Member State can lead its peers despite
considerable opposition and scientific uncertainty. In doing so, Germany ensured that higher environmental
standards were achieved more quickly than if the Member States had proceeded at their own pace.

In the United Kingdom in 1981, following the report of a scientific committee on lead and health, chaired

by Professor Lowther (Lowther, 1980), and of a government working party on lead in petrol (WOPLIP)

(UK Department of Transport, 1979), the government decided to require petrol's lead content to be limited to
0.15 g/I, the lowest level that could be required under the Directive. It did not propose lead-free petrol. This
recommendation followed a major battle within government: the health and environment ministries were
defeated on the second point by transport, energy and the treasury.

Then there was a dramatic change in policy. In April 1983 the Royal Commission on Environmental Pollution
(1983) recommended that the government initiate negotiations with the European Commission and

other Member States to secure removal of the lower limit of lead in petrol in Directive 78/611 so that at
the earliest practicable date all new cars should be required to run on lead-free petrol. The Government
immediately accepted this recommendation.

Between these two decisions in the UK (1981 and 1983) there was an extraordinary public campaign. A new
organisation called CLEAR (campaign for lead-free air), supported by a millionaire, provided very effective
political lobbying and also publicity for the scientific information. It is possible that the Royal Commission
only decided to look at the issue of lead because of the campaign, although that is not the view of its
Chairman (Richard Southwood). What can be said with some certainty is that the government only endorsed
the Commission's conclusions so quickly (within half an hour of publication) because of the campaign and
because of an imminent general election.

(5) This panel is based on extracts from Haigh (1998).
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Panel 3.2 EU policymaking on lead in petrol — a brief summary (cont.)

When the first approaches were made to the European Commission in April 1983 the reaction was negative
but the coincidence that changed the debate was the concern in Germany about forest die-back, partly
caused by air pollution. Germany realised that to achieve its objective of significant NO, reductions from
cars, catalytic converters would be required. Since lead poisons catalytic converters, it would have to be
removed. Germany, together with the Netherlands and Denmark, then supported the UK initiative and
Directive 85/210 was adopted.

The catalysts for action in the United Kingdom and Germany were similar, but public conscience was
excited by two quite different issues: public health and death of forests. It is pure chance that they came
together at the same time and if either had been missing it is quite possible that the directive would not
have been agreed, or not agreed so quickly. If we are tempted to speculate further, what would have
happened if someone had invented a lead tolerant catalytic converter?

Science plays a unique and essential role in informing the public and influencing and guiding public opinion
which is a major determinant of policy. But science itself does not always reach the public at a specific
point in time when a specific decision is called for. Since we cannot yet claim that there is a European
public, but only a collection of national and regional publics, the way the policy debate develops under the
pressure of public opinion, more or less informed by science, is very likely to differ between countries.
European policymaking is very much about reconciling these differences.

Figure 3.1 Key events which help to explain reduction in lead levels in petrol in Germany, the
United Kingdom and the EU
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Source: Reprinted with permission from Haigh, 1998.
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Panel 3.3 Lead in petrol: a reflection on the German experience
Hans von Storch et al. (7)

Environmental matters in the early 1970s featured strongly in German politics (Peters, 1980), and
Germany was the first European country to impose restrictions on the lead content in petrol. From 1972,
German production and importation of petrol with more than 0.4 g Pb/I was prohibited (down from the
usual 0.6 g Pb/l), and from 1976 the stricter limit of 0.15 g Pb/1 was imposed. A preliminary analysis

of newspaper coverage found that the health dangers of leaded petrol entered the German press in the
1960s. Comparable British articles at that time focused on urban smog.

Unleaded petrol (0.013 g Pb/1) was introduced in Germany in October 1984. Prohibiting the sale of
leaded petrol in Germany was not an option because the European Union did not then allow such trade
restrictions among its members. Instead, Germany introduced tax incentives for unleaded petrol in
1984, and in 1985 its availability at all German gas stations became mandatory. Enhanced tax incentives
in 1986 made German unleaded petrol cheaper than the leaded variety, and its market share increased
steadily.

In 1985, the EU mandated that by October 1989 super unleaded petrol had to be available for sale in
all member states, alongside the leaded variety (Council Directive 85/210/EEC). In addition, member
states were asked to adopt a 0.15 g Pb/1 limit voluntarily. Unleaded petrol was defined as containing
no more than 0.013 g Pb/1. In 1987, Directive 87/416/EEC emphasised the importance of the
availability of unleaded petrol for sale in every country. All Member States were then allowed to prohibit
national production and sales of leaded 92-octane petrol because of damage to public health and the
environment.

According to Léfgren and Hammar (2000), by 1995, unleaded petrol had conquered over 80 % of the
market in Germany, Sweden, Finland, Denmark, the Netherlands and Austria, but less than 30 % in
France, Greece and Portugal. Higher leaded petrol prices and the widespread adoption of cars using
leadaverse catalysts were the two most important factors in reducing the market share of leaded petrol.
Léfgren and Hammar also note the importance of effectively informing the public that unleaded petrol
can safely be used with non-catalyst cars.

Road lead emissions totalled an estimated 31 000 metric tonnes in 1955 in Europe and this nearly
quadrupled to 119 000 in 1975 with increasing car use. While road transport and petrol consumption
continued to rise, subsequent petrol lead content regulations nearly halved road lead emissions to
62 000 tonnes in 1985. As unleaded petrol conquered increasingly higher market shares, road lead
emissions dropped further to 42 000 tonnes in 1990 and to 19 500 in 1995.

Overall, favourable terms of competition were experienced by producers of cars with high technical
standards, who had already gathered experience with catalyst systems on the US market (Hagner,
2000).

Blood levels in Germany with and without the reduction of lead in petrol

In the 1970s, lead in blood (PbB) values were reaching a level that health officials considered potentially
harmful for foetuses and small children. To estimate how PbB levels may have developed if regulations of
the use of lead in petrol had been implemented differently a model based on lead emissions was applied.
In the case of no or delayed regulations, the model estimates that PbB levels well beyond the critical
level would have emerged. Thus, the regulation instituted in Germany since the 1970s has reduced
health hazards significantly.

The macroeconomic costs of the regulation seem to have been insignificant in spite of concerns that they
would be substantial (Hagner, 2000). In fact, the case of leaded petrol demonstrated the limited utility
of purportedly objective cost-benefit analyses, as the costs claimed at the time of the regulations turned
out to be significantly biased, due to the vested interests that supported the analyses.

(?) Adapted from von Storch et al. (2003) with permission from authors.
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Panel 3.3 Lead in petrol: a reflection on the German experience (cont.)

Figure 3.2 Scenarios for mean PbB (ug L-1), as derived by the Miinster model
(M, orange, continuous) and for the Germany model (G, blue, dashed)

Mean lead concentration in blood (ug L-1)
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Scenario 1 presents an evolution without regulation (i.e. continuing use of 0.6 g/l lead in petrol in Germany, upper
curves).

In scenario 2 no unleaded petrol has been introduced in Germany in 1985 (middle curves).

In scenario 3, the regulation was instituted in Germany already in 1961 (lower curves). The reconstructed lead levels
in blood are also given as open (Germany model) and full circles (Minster model).

Source: Helmholtz-Zentrum Geestacht Centre for Material and Coastal Research

The conclusion of a successful regulation in terms of limiting risks for human health should not downplay
the consequences of the introduction of tetraethyl lead as an anti-knock additive in petrol, in particular
since alternatives were known and available already in the 1920s and 1930s (Kitmann, 2000). Heavy
metals such as lead pose a large-scale and long-term environmental problem as reduced emissions have
limited influence on accumulations in the soil, which will remain for centuries. The strategy of protecting

the environment from persistent substances must be based on continuous assessment and precautionary
principles (Johansson et al., 2001).
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Panel 3.4 The UK experience — expert risk assessments and public campaigns
Erik Millstone

In the United Kingdom, a committee examined the possible dangers of TEL use and submitted their
report to the Minister of Health in 1930 (Departmental Committee on Ethyl Petrol, 1930). The committee
received advice from several experts, including Dr Kehoe and US Surgeon General Cummings.

Cummings had moved from initial concern to the enthusiastic promotion of TEL writing dozens of letters
touting Ethyl leaded petrol to public health leaders around the world. The fact that Cummings reported
to Treasury Secretary Andrew Mellon, whose Gulf Oil Co. had exclusive contracts to distribute Ethyl
petrol in the south-eastern US, may have had something to do with his enthusiasm.

The committee concluded that 'the widespread use of Ethyl petrol as a motor fuel for motor vehicles
would not, in our opinion, increase the proportion of particulate lead in the atmosphere of our streets
to such an extent as to constitute a risk even to the health of that part of the population which is most
exposed — namely, police officers on traffic control duty and drivers of motor and other vehicles'.

Given the assurances from this report, TEL readily came into use in the UK and the rest of Europe.

By the late 1970s there was evidence of high levels of lead exposure in Britain and strengthening
evidence of the toxicity of lead, even at low levels of exposure. The UK government responded by
establishing a committee of enquiry. The Lawther report (as it came to be known) reported in 1980 that:
'We have not been able to come to clear conclusions concerning the effects of small amounts of lead

on the intelligence, behaviour and performance of children' (Lawther, 1980). That statement was highly
controversial. It was subsequently repudiated by several members of the committee for having been
overly timid and was criticised by other lead experts (Rutter, 1983; Bryce-Smith and Stephens, 1980).
Despite downplaying the dangers of lead in petrol, Lawther nevertheless advised the government and
industry to reduce emissions of lead into the atmosphere progressively, without explaining why that
advice was provided.

The government subsequently tried to represent the report as if it had proved that children's blood lead
levels were entirely harmless. And British Petroleum and Associated Octel, which produced leaded petrol,
continued to downplay the toxicity of TEL and atmospheric lead pollution, and the British government
resisted efforts to reduce the lead concentration in petrol.

In general, scientists adopted a very cautious approach. For example, a report under the auspices of
the Medical Research Council concluded that: 'While the observed statistical associations detailed in this
review are consistent with the hypothesis that low-level lead exposure has a small negative effect on
the performance of children in ability and attainment tests, the limitations of epidemiological studies on
drawing causal inferences are such that it is not possible to conclude that exposure to lead at current
urban levels is definitely harmful' (MRC Advisory Group on Lead, 1988).

That approach was marginally modified after the Royal Commission on Environmental Pollution pointed
out in 1983 that: 'We are not aware of any other toxin which is so widely distributed in human and
animal populations and which is also so universally present at levels that exceed even one tenth of that
at which clinical signs and symptoms occur' (RCEP, 1983).

The Lawther committee had recommended that if a child was found to have a blood lead level (or PbB)
above 35 pg/dl then steps should be taken to ascertain the source of exposure, and to reduce them
(Lawther, 1980). By then, however, evidence of adverse effects below that level was available implying
a maximum blood lead target significantly below 35 pg/dL (Chishold, 1976; Needleman, 1979). The
Lawther report also neglected to recommend the establishment of a screening programme to identify
children with elevated blood lead levels. The committee did, however, recommend that 'There should
be a programme for the detection of lead in paint coatings accessible to children in areas where a high
incidence of old lead paint surfaces may be suspected, such as old inner city residential areas.' That
recommendation was sensible but 30 years later has not yet been properly implemented.
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Panel 3.4 The UK experience — expert risk assessments and public campaigns (cont.)

When in 1980, the Lawther Committee recommended that, where a child was found to have a PbB level
above 35 pg/dL, an investigation should be conducted to identify and reduce their sources of exposure,

it was merely reiterating a policy to which the British government and all other EEC Member States had
already agreed three years previously. In 1981 the Department of Health went marginally further when it
advised that any child with a PbB over 30 pg/dL should be followed up (Quinn and Sherlock, 1990).

In 1982 the UK government shifted its position and set a maximum figure or 'action level' for lead in the
blood (PbB) at 25 pg/dL. When it did so, that decision was made by reference to the results of a blood lead
survey rather than toxicological considerations. Surveillance work had indicated that the vast majority of
the population then had PbB levels below 25 ug/dL, and therefore endorsing that figure as an 'action level'
necessitated no further remedial action. This exemplifies the British government's practice of not setting
lead targets until they had already been met.

Throughout the 1980s evidence that lead exerted adverse neurotoxic effects on children at ever lower
levels of exposure continued to emerge, especially in the US, Greece and Australia. In the UK an influential
pressure group, CLEAR, pressed the government to ensure that the use of lead as a petrol additive was
ended. The response of the British authorities to those pressures was the classic tactic of establishing yet
another investigative committee, this time under the auspices of the Medical Research Council (MRC).

The question posed by the UK government to the MRC panel was: 'does the evidence on childhood
neurotoxicity prove that levels of lead in British children are doing them obvious harm?' Implicitly, it set a
particularly high evidential bar: indicative evidence short of proof would be insufficient. It did not ask: in
which physiological system(s), and at which lowest level of exposure, are adverse effects detectable? If it
had asked a question of that sort, a rather different answer would have been obtained. The government
proposed only to act in the face of compelling evidence rather than, for example, the balance of
probabilities.

Eventually, the MRC committee produced two reports. The first one sat resolutely on the fence; it just
listed several of the important studies, emphasised their methodological limitations and suggested that if
lead was having an adverse neurological effect on British children, the effect was a small one (MRC, 1984).

By 1988, several further studies had emerged, and the second report (MRC, 1988) focused on those
recent studies. The committee emphasised many of the methodological limitations of the studies but
acknowledged that in the intervening four years the evidence had strengthened. It accepted that 'low level
lead exposure has a small negative effect on the performance of children in ability and attainment tests’,
and so concluded that 'it would be prudent to continue to reduce the environmental lead to which children
are exposed.' That final remark was an acknowledgement that the levels of lead to which British children
were then being exposed were unacceptably high, although it was couched in language designed not to
provoke public anxiety.

In 1987 the United Kingdom eventually started to facilitate the increasing use of unleaded petrol after

a preferential tax rate on unleaded fuel was introduced. That policy was adopted to facilitate the use

of catalytic converters in motor vehicle exhaust systems rather than in response to evidence of lead's
neurotoxicity. Curiously, official efforts to monitor childhood blood lead levels in British children then came
to an end, so detailed evidence indicating the beneficial effects of phasing out leaded petrol in the UK have
been only fragmentarily documented. It remains difficult, moreover, to estimate the proportion of children
in the United Kingdom with elevated blood lead levels.

When the preferential tax change was introduced in 1987, the UK was one of the last industrialised
countries to embrace unleaded petrol. It has been difficult to establish the extent to which the slow
pace of change could be attributed to the fact that one of the world's main producers of lead tetra-ethyl
(Associated Octel) was located in the UK. Nonetheless, it is noteworthy that in the summer of 2010 two
former senior executives of Octel were convicted of having bribed government officials in Indonesia and
Iraqg to continue allowing the use of tetra ethyl lead as a fuel additive in those countries (Leigh et al.,
2010).
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Of course, leaded petrol also brought many
benefits. It improved the energy and fuel efficiency
of cars and other vehicles, provided thousands

of jobs and generated much profit for the lead,

oil and car industries of America, Europe and
elsewhere. These benefits could, however, have
been attained by alternative uses of the economic
capital involved. Indeed, a 10-year phase out of
leaded petrol at any time since 1925 would have
encouraged innovators to develop less hazardous
and perhaps more efficient fuel additives and
engine designs. Since the early 1900s, such
innovations have been widely recognised as a
useful defence against high oil prices and insecure
oil supplies.

3.11 European reflections on phasing
out leaded petrol

Campaigns to take lead out of petrol in other
countries went through similar phases and
arguments. Panel 3.1 and Panel 3.3 provide
European reflections on lead in petrol, focusing on
the EU, Germany and the United Kingdom.

In Europe the legacy of leaded petrol and other
sources of lead, such as old mines and lead shot,
that can contaminate the food chain via soils and
water still pose a threat to the neurodevelopmental
health of some children in Europe (EFSA,

2010), as well as to wildlife (Mateo et al., 2007;
Rodriguez-Estival et al., 2012).

Meanwhile, lead in electronic waste is an emerging
hazard for children in poor countries in Asia and
Africa, where waste from rich countries is dumped
(Box 3.12) .

3.12 Some late but contemporary
lessons

The lessons from the story of leaded petrol are
divided into two groups: lessons from the science
and lessons from the influence of society on

the science. In addition there are some lessons
concerning some of the main arguments about the
epidemiology that are relevant to many current
controversies and which are therefore discussed
in Chapter 26 on science for precautionary
decision-making.

3.12.1 Some general lessons from the science

1. Much of the early evidence on lead poisoning
came from the high exposures of fit, adult,
usually male workers. Such findings were widely
seen as irrelevant to the much lower exposures of
the public to lead in petrol. However, the public
can be more vulnerable to low doses of poisons
because of sub-groups who are more sensitive to
toxicants than workers, such as children, infants,
foetuses, the elderly, the sick, pregnant women
and the immuno-compromised. In addition, the
public are often exposed for up to 24 hours a day
and from multiple sources of the same poison via
several routes e.g. ingestion and skin absorption
from food, water, dust and consumer products,
as well as via the inhalation of polluted air. Great
care must therefore be taken in assuming that
evidence from highly exposed occupational
groups, or from low exposures to average
populations, is not relevant to sensitive public
groups.

2. Much reliance was initially placed on evidence
from mortality, or from short-term (acute)
poisoning. This can be a poor guide to

Box 3.12 Lead in electronic waste: an emerging hazard

With the global proliferation of computers, cellular telephones and other electronic equipment — as well as
rapid cycles of replacement and obsolescence of these instruments — an enormous amount of electronic
waste is now generated each year worldwide. Much of this waste — or electronic material near the end of
its useful life — is shipped to low-income countries where large numbers of workers in both the formal and
informal sectors separate lead, mercury and other metals from the waste for recovery and recycling. In
the informal sector, much of the work is performed by children. Elevated lead levels in dust and blood have
been reported in the communities and the children performing this work (Xia Huo et al., 2007). In 2004,
16 % of all children worldwide were estimated to have levels above 10 pg/dl (WHO, 2010).

In 2010 the European Food Standards Agency withdrew its support for a provisional tolerable weekly intake
guideline value on the grounds that it was inadequate to protect against IQ loss (EFSA, 2010).
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long-term (chronic) effects on morbidity such as
neurological or reproductive damage.

Key assumptions that are critical to outcomes of
harm or its absence were confidently asserted
rather than demonstrated. For example, the initial
assumption from the lead industry, in reply to the
US Surgeon General's query about possible health
hazards from leaded petrol, was to state that there
were none, 'although no actual experimental

data has been taken'. This was an early example
of assuming that 'no evidence of harm' is the
same as 'evidence of no harm' when no relevant
research is available to support that assumption.
This is a still a common mistake in public health.

Another key assumption was that the intake of
lead into the body was counteracted by excretion,
which was sufficient to achieve a harmless
physiological balance, whereby no, or only
minimal accumulation of lead in the body would
take place. This assumption was not supported
by actual evidence of the absence of lead
accumulation.

Early studies of workers and Mexican
farmers did not serve as unexposed control
groups as they too were contaminated with
lead. When "unexposed' control groups are
also contaminated then true risks will be
underestimated.

The first study of consumer risks from lead in
petrol was too small and short term to detect
effects other than acute and gross ones and it
was not followed up by the publicly funded
longterm monitoring that its authors strongly
recommended.

Experimental studies in animals documented
adverse effects of lead from environmentally
relevant concentrations but this evidence was
frequently ignored or regarded as irrelevant for
humans.

Extensive scientific debates, sometimes focusing
on diversionary details, or based on the potential
for exploiting or even manufacturing scientific
doubt helped to maintain the impression that
the adverse health effects of environmental

lead pollution were unproven. It is often more
convenient for a hazardous industry to debate
the science than to discuss options for reducing
hazards.

It was assumed that there was a threshold
between biological effects and 'adverse'

effects. This is still a dominant assumption

in conventional toxicology despite the
accumulating evidence that biological effects
can be critical steps on the way to adverse
effects, as Patterson pointed out in the 1960s.
There is usually a biological continuum and
not a discrete change. This means that action to
avoid significant biological 'effects' will often
be needed if we are to prevent, as opposed to
merely observe, 'adverse effects'.

3.12.2 The influence of society on science

1.

For several decades after the introduction

of leaded petrol in the 1920s, virtually no
independent research was carried out, and the
main source of information was industry and
industry-sponsored researchers. It took more
independent scientists from outside this group,
such as Patterson in the 1960s and Needleman
in the 1970s to show, for example, that 'typical’
body burdens of lead arising from human
activities were not 'normal’, as industry claimed,
but were hundreds of times higher than before
the industrial revolution, and were therefore
likely to be harmful, especially to the brains of
children.

There is a need for sufficient incentives and
funds for independent long-term prospective
monitoring of potential health hazards when
new technologies are introduced.

The established and specific technical and
economic benefits from leaded petrol, which
largely accrued to particular and powerful
minorities, were contrasted to the unproven,
more general and future health threats to the
public. This was an unequal contest, which even
influenced many public health specialists, who
allowed their appreciation of 'the gift from God',
as the car industry described leaded petrol, to
override their scientific concerns about health
effects.

Public health is well served when scientists who
discover hazards, especially when funded by
the public, play an active role in disseminating
both their results and their implications for
precautionary or preventive action. Alice
Hamilton, Yandell Henderson, Craig Patterson
and Herbert Needleman played this role in the
US leaded petrol story.

Each wave of 'early warning' scientists in the
leaded patrol saga, from Yandall Henderson in
the 1920s, to Byers in the 1940s, Patterson in the
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1960s and Needleman in the 1980s, had either Chapter 24 on protecting early warners and late
their funding withdrawn, their jobs threatened victims.
or their characters assassinated. They share
such experiences with other 'early warning' 6. The concrete record of decision-making by
scientists. Such scientists need more support industries, scientists and governments need
from society via recognition for their work, to be made publicly available if history is to
help with their defence and legal protection stand a reasonable chance of being understood
against discrimination. This issue is picked up in and providing relevant lessons for the future.
Table 3.1 Key dates
Year Event

2nd century BC

First published record of occupational lead poisoning by Nicander.

The count of Wirttemberg bans lead addition to wine based on Eberhard Gockel's study of lead poisoning in the city of

1695 Uim.

1892 First report of poisoning cases in children from old lead paint.

1920 Leaded paint is banned in Australia and later in Europe.

1921 The octane-boosting property of tetraethyl (TEL) lead is discovered.

1921-1923 Ethanol-based alternative additives are considered by Du Pont and GM but rejected as less profitable than TEL, which
goes into production.

1923-1924 Deaths of TEL workers lead to its temporary suspension.

1925 The 'one day trial' of TEL leads to its approval by an expert committee but only under careful monitoring and
regulations, which do not take place.

1930-1960s Kehoe and the TEL industry dominate the research field for next 50-60 years asserting that widespread human lead
exposures are 'natural' and therefore safe — and that only acute, clinical effects are serious.

1943 Byers and Lord report chronic brain damage and anti-social behaviour in lead-poisoned children

1965 Patterson reports that current lead exposures are 100 times higher than natural levels and dismisses Kehoes'
argument that 'normal’ is 'natural'.

1966 Senator Muskie and US Congress start asking questions about leaded petrol and Patterson asserts the likelihood of no
safe threshold with a continuum between effects and adverse effects.

1970 US Clean Air Act comes into force. GM announces the phase out of leaded petrol as it poisons the catalytic converters
needed to secure the Act's targets for NO, ,SO, and other air pollutants.

1971 UK and Germany begin to reduce permitted levels of lead in petrol.

1973 The US EPA introduces regulations to reduce lead in petrol but is opposed in the courts by industry.

1976 The EPA wins the court case on appeal.

1977 The EPA recognises the existence of subclinical lead poisoning due to environmental lead exposure.

1979 Needleman and colleagues report dose-related mental deficits in children with background lead exposures.

1983 A European Commission study with lead isotopes in northern Italy demonstrates that petrol additives cause substantial
human exposures.

1984 Germany introduces low-lead petrol and other countries follow.

1985 A European Commission directive requires Member States to make unleaded petrol available and lowers the limits of
lead permissible in petrol.

1995-2000 Virtually all western Europe only uses lead-free petrol.

2012 Nearly all countries worldwide have phased out leaded petrol. Legacy lead persists in water and soils threatening the

neurodevelopmental health of some children.
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This usually only occurs many years after the
relevant events and then only via legal cases for
compensation.
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4 Too much to swallow: PCE
contamination of mains water

David Ozonoff

PCE (perchlorethylene, also known as 'perc' or tetrachloroethylene), was used in the production
of plastic linings for drinking water distribution pipes in the late 1960s and 1970s. This new and
relatively untested type of distribution pipe was used in over 700 miles of New England's water

distribution systems. Not until 1976 was it discovered that PCE had been leaching into the water
from the pipe lining, causing widespread contamination of water supplies that still today require
continuous remediation.

Before the pipes were put into production there was a substantial amount of scientific information
available about the potential hazards of PCE. This did not include current concerns about PCE's
carcinogenicity, teratogenicity and other health consequences of relatively low-level exposure
upper most among today's concerns, but many early warnings suggested the need for caution in
introducing PCE-based mains pipe linings.

PCE had been used to treat hookworm and data on side effects were in the literature, while
later a variety of occupational users were studied, including aircraft workers, small companies

in countries where biological monitoring was required, and dry-cleaning firms. Several
environmental studies were also conducted to see if drinking water contaminated with PCE or its
close relative, TCE (trichloroethylene), was associated with cancer. Results were mixed and the
chemical industry consistently denied that PCE was a human carcinogen.

This case study explores the early (pre 1970) history researching the toxicity of the chemical.
It also focuses on the failure of one manufacturer, Johns-Manville Corporation, to recognise the
warning signals about using a suspected toxic substance. It examines why a new product was
deployed without thought to the public health consequences and why evidence of the potential
hazard was ignored.

The science has not been hidden. It has been ineffective in guiding and catalysing action.
Whether the problem is a failed duty of care or a lack of clarity about what evidence will trigger
action, the contemporary argument over how to interpret the scientific evidence is irresolvable
within science itself. There are no overarching criteria from the philosophy of science that can
dictate a solution.

This chapter also includes two supplementary texts. A panel that analyses the differences
between the conclusions of risk assessments based on the same data, focusing in particular
on assessments of PCE and TCE. A further panel describes the opportunities to switch to
wet-cleaning technologies to reduce the current use of PCE in dry cleaning.
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Institutions, large and small, make decisions every
day where a conscious application of foresight could
prevent a later hazard. Yet such foresight — based
on existing information — is often absent.

The present chapter illustrates this with a case
study on the use of a now ubiquitous chlorinated
ethylene, PCE (perchlorethylene, also known as
"perc' or tetrachloroethylene), to produce plastic
linings for drinking water distribution pipes in the
late 1960s and early 1970s. Those years represented
a strategic and historical turning point in awareness
of the importance of environmental carcinogens
and teratogens (substances causing embryo
malformations).

Some public water supplies are still today
contaminated with PCE and require continuous
remediation. The use of PCE to apply plastic

lining to water pipes occurred when there was
already considerable scientific information about
the potential hazards it posed. Admittedly, this
understanding did not include current concerns
about PCE's carcinogenicity, teratogenicity, and
other health consequences of exposure to relatively
low levels of PCE via various exposure routes,
including water mains, whose public health
implications remain unresolved. Nevertheless,
certain clear early warnings suggested the need for
caution in introducing PCE-lined drinking water
pipe linings. And the lessons from this early period
remain applicable to the situation today.

4.1 PCE linings in water mains

A new and relatively untested type of distribution
pipe, installed in the years 1969-1979, is now known
to have caused widespread PCE contamination of
water supplies in the US state of Massachusetts
(Demond, 1982; MDEE, 1982; Larsen et al., 1983).

Efforts to develop and market the new pipe began
in the early 1960s when Providence, Rhode Island,
Water Supply Board officials sought to replace cast
iron mains in low-flow areas that were troubled
with colour and taste problems. The Johns-Manville
Corporation, a manufacturer of asbestos cement
water mains, experimented with clear plastic linings
of various kinds. To apply the lining, the plastic

was dissolved in PCE and the resulting slurry used
to paint the inside of the pipe. The first trial of
plastic-lined pipes in 1966 produced water with a
slight chemical taste and odour, whose origin was
not revealed by routine water quality tests like pH,
alkalinity and hardness. In early 1968 Johns-Manville
delivered a pipe with the new type of clear lining

to the Providence Water Supply Board for testing.

It was immediately apparent that air trapped in the
pipe took on a chemical odour of slight to moderate
intensity, described as similar to chloroform and
strongly resembling a commercial dry-cleaning fluid
used at a local cleaning plant. Conventional water
tests revealed no taste or odour, although the air in
the pipe still had a chloroform-like smell.

Further testing showed that under static conditions
the lining material continued to contribute a very
slight odour even after substantial volumes of

water had run through the pipe. Consequently

a Johns-Manville representative visited the
Providence Water Supply Board, accompanied by
two representatives of the company, and they were
shown first hand that the water retained a slight
odour of chloroform. At a subsequent visit to inspect
water samples at a 277-foot pipe with an eight-inch
diameter that had been installed the previous
month, neither the company representatives

nor the water supply chemist detected a similar
odour. Explaining the discrepancy, company
representatives argued that the pipe with the odour
had been kept covered in brown paper and therefore
not 'cured’ completely.

There is no indication that the taste and odour
incident prompted Johns-Manville to investigate
the curing process to evaluate whether PCE
remained in the liner and potentially contaminated
drinking water. Nor is there any record that tests
other than routine water quality measures, which
did not indicate the nature or amount of organic
contaminants, were ever done on samples from the
newly developed lined pipe. Not until 1976, when
over 700 miles of this pipe had been installed in
New England water distribution systems, was it
accidentally discovered that PCE had been leaching
from the pipe lining into the water.

4.2 Foreseeable harm?

The use of PCE in water mains is a classic case

of deploying a new product without considering
the public health consequences. In the ensuing
battle over who should pay for the damage,
Johns-Manville Corporation argued that it did not
and could not have known that PCE was a chemical
of public health concern, whose presence in drinking
water was certainly inappropriate and probably
harmful. Much work after 1970 has revealed
potential adverse effects from environmental

and occupational exposure to PCE, including
various cancers, birth defects and autoimmune
disease. But could this have been foreseen? If
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it was unforeseeable, what factors made it so?
Alternatively, if it was foreseeable, what factors
prevented adequate foresight?

4.2.1 Aninsight from the early history of PCE

Before examining these questions, the early history
of chlorinated hydrocarbons provides at least one
lesson involving PCE. Michael Faraday, now best
known for his work on electricity but also a great
chemist (Williams, 1965) created hexachloroethane,
C,Cl,, the first chlorinated hydrocarbon to be
synthesised. Heating the mixture produced another
gas, perchloroethylene, C,Cl, (PCE).

Faraday was attracted to chlorine chemistry because
of a philosophical dispute between his mentor, Sir
Humphrey Davy, and Antoine Lavoisier, centred on
reconciling the mechanical character of Newtonian
mechanics with the notion of free will. Davy and
Faraday were Kantians and deeply religious, and
the philosophical stakes were extremely high. This
resulted in intense disputes with other founders of
modern chemistry, including Jons Jacob Berzelius
and John Dalton (Sharlin, 1966).

For the purposes of the present study, the key point
to note from this early period in PCE's history is

the way that non-scientific concerns can distort
scientific disputes. Ideology can make it impossible
for protagonists to reverse a course of action or alter
a position. But other interests, such as money, market
share and reputation, can have similar effects.

PCE's infancy was thus characterised by dispute
and doubt. Of course, disputes and doubts

are normal in science, particularly when the
consequences matter. But this has two corollaries.
The first is that a scientific finding may become

the subject of dispute and doubt (whether real

or manufactured to prevent action) because the
outcome matters to someone with the means to
challenge the finding and delay action. Conversely,
the second corollary is that, if nobody cares or
nobody with means cares, there will be little
pressure to challenge a scientific finding or explore
an issue in greater detail. Results of potentially
great significance in other contexts may fail to
influence the public health landscape.

4.3 PCE and the chlorinated ethylenes

PCE is one of a closely related group of chemicals
called chlorinated ethylenes. All the chlorinated
ethylenes are built on a common chemical backbone,

which consists of two carbon atoms connected by a
double-bond. This leaves room or 'slots' for four more
atoms, two on each carbon atom. When all slots are
occupied by hydrogen atoms, we have the parent
hydrocarbon, ethylene. As shown in Figure 4.1,
successively replacing each hydrogen atom with a
chlorine atom generates vinyl chloride (a known
human carcinogen), dichloroethylene (DCE),
trichloroethylene (TCE) and tetrachloroethylene
(PCE).

All of these chemicals are used by the chemical
industry as 'feedstocks' (i.e. the basic ingredients) for
plastics or other chemicals. Several are commonly
used as solvents for degreasing (i.e. cleaning) metal
parts or in the dry-cleaning industry.

The chlorinated ethylenes trichloroethylene (TCE)
and perchloroethylene (PCE) were among the
highest production volume chlorinated solvents
in the twentieth century, used for everything from
dry cleaning, metal degreasing and printing to
medical applications such as anaesthetics (TCE) or
to kill parasitic worms (PCE). These medical and
pharmaceutical uses date back almost a century. The
familiarity and benefits of these substances should
have alerted us to the fact that exposure to these
chemicals has biological effects that could also be
harmful.

Using PCE to apply plastic resin to the interior of
water mains is thus just one of many applications.

Figure 4.1 Chemical structure of chlorinated

ethylenes
H H cl H
\C_C \C_C/
H/ N\ H H/ \H
Ethylene Vinyl chloride
Cl H H Cl H H
N N N
Cl / \ H CI/ \H Cl / \CI
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Cl Cl Cl Cl
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But the use of PCE in close connection with drinking
water occurred at a time when problems could have
been foreseen. The early warnings are outlined briefly
below.

4.4 Discovery of PCE's toxic effects

Despite PCE's current importance, for more than

a hundred years after its discovery by Faraday it
saw no significant commercial use. There was little
literature about PCE or knowledge of its toxic effects
until the 1920s when it was proposed as a treatment
for hookworm — parasites of the small intestine that
cause severe anaemia. In the nineteenth and early
twentieth centuries, hookworm disease affected the
health and vitality of millions of rural poor in the
United States and elsewhere, stunting children's
growth and robbing communities of productivity.
Resulting economic losses were substantial
(Rosenau, 1935). In the first decade of the twentieth
century the Rockefeller Foundation undertook a
massive campaign against hookworm disease in
the southern regions of the United States using the
relatively toxic medicine, thymol. Because thymol
had frequent side effects, there was a continuing
search for a better agent. One of the first shown to
be effective was carbon tetrachloride (CCl,), but
this was less than ideal, leading to the trial of other
similar compounds, including PCE.

The introduction of PCE as an anthelmintic
(anti-parasite medication) by Hall and Shillinger

in 1925 began a process of toxicological evaluation
of PCE that has continued to the present day. As
new uses for PCE were found in 1934 (dry cleaning)
and 1939 (degreasing metals), further studies were
undertaken to investigate the effects of PCE on those
exposed to the chemical in these new applications.

This pre-carcinogen literature can conveniently

be divided into two phases: in the first, from 1925
until approximately 1940, the main interest was in
assessing the side effects of a medicine taken by
mouth for hookworm disease. In the second phase,
from 1940 to 1970 up to the point where PCE-lined
pipes were installed, the effects of inhaling PCE
from use as a dry-cleaning fluid or degreasing agent
were the principal focus of concern.

4.4.1 Phase I: 1925-1940 (PCE use in treating
hookworm disease)

When Hall and Shillinger introduced PCE as a
treatment for hookworm disease in 1925 they first
tested the substance on dogs: "The question as to

the safety of the drug is naturally one of major
importance ..." (Hall and Shillinger, 1925). Three

of the 55 dogs tested died, even though they had
received what were believed to be therapeutic doses.
None of the dogs that died received the largest
doses and as a result Hall and Shillinger became the
first of many to comment on potentially significant
differences in individual susceptibility.

To test PCE's effects on humans, one of the
researchers took a 1 cc (one fifth of a teaspoon)
capsule of PCE after breakfast. That night he
experienced prompt and complete relaxation of the
muscles with slight cerebral discomfort. He had

an unusual dream involving levitation, which he
believed was due to the effects of the drug.

The dog experiments, self-medication and PCE's
chemical structure suggested to Hall and Shillinger
that the drug's safety was comparable to carbon
tetrachloride (useful in addressing hookworm disease
but with known toxicity to the liver), causing lesions
similar to those of chloroform. They recommended
that PCE be tested under hospital conditions to
ascertain its possible value in treating hookworm
patients, with due attention to contraindications
such as acute or chronic alcoholism, liver disease,
infections or other debilitating diseases.

From this modest beginning the use of PCE for
hookworm disease gradually increased. Additional
studies suggested that PCE, even in relatively small
quantities, could have harmful effects on animals
and people. But because of its effectiveness as an
anthelmintic, PCE's popularity continued to grow
and was the subject of several articles (Manson,
1934; AMA Council on Pharmacy and Chemistry,
1936; Wright et al., 1937; Fernando et al., 1939). Thus,
while PCE became a commonly used drug, it was
not a completely safe one and untoward side effects
continued to be reported. These included a paper by
Sandground (1941) on two cases of unconsciousness
following a normal therapeutic dose. He concluded
that:

‘While for want of a better drug [these

cases] should not discourage the use of
tetrachlorethylene [PCE], they illustrate the
truth of a remark which the late Dr Maurice
Hall made to me, to the effect that one cannot
assume that any anthelmintic is entirely safe
for human use until there are reliable reports
on at least a million treatments without any
untoward effects.'

The number of other severe side effects from using
PCE as a drug is difficult to estimate, although the
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question was being considered at the time that the
PCE-lined pipes were installed (Bwibo, 1969).

Throughout its use over several decades, PCE
tended to produce serious detrimental effects on a
small percentage of those treated. As with the earlier
dog experiments, the effects were not necessarily
related to the dosage. The toxicological picture

that emerges from this early literature is evidence
of pathologic changes in animals at therapeutic
doses, together with reported side-effects in
humans, some of which were extremely serious

or fatal at doses as small as half a teaspoon

(2-3 cc). PCE's potentially lethal side-effects

were tolerated because hookworm disease was

a major public health problem. There remained
uncertainties about the degree of absorption of the
drug in humans and the individual variation in
susceptibility to its effects. But there was a balance
to be struck in terms of achieving public health
goals — a balance not found in newer uses.

4.4.2 Phase II: 1940-1970 (PCE in degreasing
operations and other industrial uses)

The initial information on PCE's adverse effects
came from its therapeutic uses and was sufficient to
arouse concern. Subsequent modes of PCE exposure
were primarily by inhalation and skin absorption
rather than ingestion. Investigators soon began to
look more closely at inhalation in particular and for
the next three decades much of the study of PCE
toxicology involved exposure of human volunteers
and animals to PCE via the air. Chronic exposure
now joined acute effects as a concern. It is significant
that the discipline of epidemiology — the systematic
evaluation of the incidence, distribution and possible
control of diseases and other factors relating to
health — was still primitive and did not enter into
most decisions.

In a general review of dangerous gases and
vapours, Zernik (1933) noted that Lamson et al.
(1929) had produced an optimistic assessment of
PCE's risks but contrasted a report by Beyer and
Gerbis (1932) of stomach and liver disease ending
in death after chronic inhalation of a solution
containing PCE as the main ingredient. The extent
to which other ingredients might have been
responsible for this fatal case was not clear but the
potential hazard of PCE exposure appeared evident
to the authors.

Dr Alice Hamilton, an industrial health pioneer,
was among the first to focus on the new uses of
PCE. Writing in The New England Journal of Medicine

in 1936, Hamilton cautioned that data on PCE's
effects on animals might be difficult to apply to
human exposures. Humans tended to have more
liver damage and less kidney damage than animals
exposed to the same substances, she observed.
Hamilton also emphasised the differences between
acute clinical poisonings and chronic industrial
exposures, citing lead and benzene as striking
examples of the greater damage that can be caused by
low, chronic exposures compared to large, acute ones.

In the discussion that followed her paper, a
Massachusetts physician bemoaned the fact that
manufacturers were marketing products under trade
names, with little information for physicians about
the effects of the chemicals. On this point, Hamilton
(1936) had observed that:

'This, in my opinion, is a problem for the
general practitioner since the use of these
solvents in industry is increasing by leaps

and bounds each day. I have seen many
individuals, both male and female, who in

my opinion were suffering from conditions
brought about by prolonged exposure or
exposure under definite circumstances to some
of these solvents.'

The importance of low-level chronic exposures
was emphasised again in a general review of the
pathology of exposure to new volatile solvents,
published the following year (St George, 1937).
St George noted that slow, chronic intoxications
were difficult to recognise and he suggested

that chemicals could be broken down into other
compounds or retained in the body. Outlining
the available information on the toxicity of PCE,
he described it as a 'relatively new solvent' and
listed its symptoms on inhalation as nausea,
giddiness and vomiting with mucous membrane
irritation, headache and drowsiness. Echoing the
Massachusetts physician, St George (1937) made a
special point about warnings:

"The danger of these solvents should be
explained to every worker and they should
be instructed in the preventive measures that
have been instituted. When these products
are marketed for household use under trade
names, etc., detailed instructions should be
stated on each container, and it is especially
important to state that the product must
only be employed in a room with at least one
window wide open.'

One of the first to turn his attention directly to
PCE as an industrial poison was Carpenter (1937).
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He exposed albino rats and human volunteers

to PCE vapours at a variety of concentrations. In
the rat experiments no pathology was evident at

70 parts per million (ppm) over a 10-week period,
but at the next highest level, 230 ppm, there was
evidence of congestion, light granular swelling

of the kidneys and minimal changes in the liver.
Carpenter also exposed himself and his colleagues
to PCE concentrations of 500, 1 000, 2 000 and

5000 ppm. All of them could smell PCE at 50 ppm
in air and this odour threshold was reported by
many subsequent studies, citing Carpenter. After
some hours of exposure, subjects noticed increased
salivation, irritation of the eyes, and tightness in

the frontal sinuses. One became slightly nauseated
at an exposure of 500 ppm for two hours, while
higher levels caused more marked effects of central
nervous system depression and mucous membrane
irritation. At the highest levels, exposure could only
be endured for a few minutes. Carpenter concluded
that a safe concentration for continuous daily
exposure probably lay somewhere between 100 ppm
and 500 ppm, but he stated a more precise statement
would require additional human experience with
exposures within this range.

In the 1940s, despite much discussion about the
hazards of chlorinated solvent use, little original
work was done, perhaps because of the war effort
and the pressures of industrial production. However,
several general reviews (e.g. Lehmann and Flury,
1943; Sappington, 1943) recounted information
regarding the use of PCE as a drug and the findings
of Carpenter (1937) and Barrett et al. (1939).

Morse and Goldberg (1943) affirmed that:

'Nevertheless, both solvents are regarded

as toxic. There is only one published

medical research with which we are familiar
[Carpenter] ... This investigation by no means
clarified the toxicity of perchlorethylene. It
stated that 50 ppm produced a definite odour
and concluded that a concentration between
100 to 500 ppm is considered safe for daily
exposures not in excess of 40 hours per week.
This range of 100 to 500 ppm is in need of
extensive study'.

They concluded that complaints of headache, nausea
and dizziness were common among degreaser
operators even when concentrations were well
within the generally accepted toxic limit.

Many writers were alarmed by the lack of hard data
and the misperception that PCE was non-toxic based
on its therapeutic use. For example, in his 1949

textbook on industrial toxicology Fairhall noted that
PCE should not be regarded as harmless; indeed,
that under certain conditions it was even more toxic
than carbon tetrachloride, which was recognised as a
serious industrial hazard. Like other authors before
him Fairhall called attention to the phenomenon of
varying individual susceptibility.

In 1952 a major manufacturer of PCE for degreasing
use, the Dow Chemical Company, began to publish
reports on the chemical's toxicity. Rowe et al. (1952)
assessed the toxicity of PCE vapour to laboratory
animals and its effects on human volunteers, with
attention primarily focusing on acute effects. Based
on this analysis, Rowe et al. argued that exposure
should be limited to an average of 100 ppm and
should not exceed 200 ppm. They identified
irritation of the eyes and central nervous system
depression as the prime toxic effects, and considered
serious organic injury to be unlikely.

The following year, however, Coler and Rosmiller
(1953) reported the effects of PCE exposure

and toxicity at a small pump-manufacturing
company where parts covered with grease were
cleaned with a solvent that consisted of 99 %
PCE. A physician who examined a 35-year-old
worker with severe stomach bleeding found

that he also suffered from severe cirrhosis of the
liver and ruptured oesophageal varicose veins.
Two of the patient's co-workers complained of
malaise, dizziness, light-headedness, headache and
irritation of the nose. All three had been exposed
to PCE. Worksite exposure measurements showed
levels of 200-400 ppm. Subsequent interviews
with other workers revealed similar complaints,
including tiredness, and feelings of intoxication
and hangovers. A few workers reported passing
out after exposure but said that they recovered
quickly. One worker reported that his eyes 'did
not coordinate'. Staggering, stomach aches and
slowed ability to think and remember were
among the many complaints. Three of seven
workers tested had abnormal liver function. The
authors concluded that the liver toxicity of PCE
should be investigated more thoroughly rather
than disregarded. Thus, contemporary clinical
observations contradicted the Dow studies.

Coler and Rossmiller's concern was echoed by
Lob (1957) in an article entitled, 'The dangers of
perchlorethylene'. Lob noted that a toxic industrial
chemical is often considered harmless until
experience shows the opposite. He then reviewed
the animal literature on PCE, remarking that
experience was meagre and that the conditions in
which investigations had been conducted were
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quite varied, meaning that definitive conclusions
could not be drawn. He also cited the example
of TCE as evidence that the results from animal
experimentation could not always be transferred
easily to humans.

Lob reviewed clinical experience with PCE,
pointing out that it was also scant but identifying
ten additional cases of PCE poisoning. One was a
fatal case, two more were cases of severe chronic
poisoning with damage to the autonomic nervous
system, and seven cases were less serious, involving
symptoms of fatigue, dizziness, vertigo, headache,
nausea and vomiting, anorexia, insomnia, irritability
and light cough. The latter symptoms disappeared
when the workers were removed from exposure.

Meanwhile, experimental toxicology continued

to address PCE (Friberg et al., 1953) but new
techniques in animal experimentation were
beginning to show inconsistent effects. An
investigation attempting to rank chlorinated
hydrocarbons according to their liver-damaging
potential (Plaa et al., 1958) revealed no correlation
between the dose that caused liver damage and the
lethal dose in acute exposure experiments.

These concerns spurred further activity in the 1960s
on the part of the manufacturer, Dow Chemical
Company. In a series of reports, researchers from
Dow studied the absorption and excretion of PCE

in the body (Stewart et al., 1961a and 1961b; Irish,
1962; Rowe et al., 1963; Stewart et al., 1963; Stewart
and Dodd, 1964; Stewart et al., 1965; Stewart and
Erley, 1965; Gehring, 1968; Stewart, 1969). Using

gas chromatography with infrared spectroscopy

or electron capture detection, these researchers
discovered that excretion of PCE from the body took
an extended time, suggesting that PCE accumulated
with chronic exposure. The Dow researchers

noted that acute exposure to PCE might, in fact,

be a chronic exposure from the body's standpoint
because of the slow excretion rate. In studying an
accidental over-exposure, they discovered that liver
function tests may not become abnormal until two to
three weeks after exposure.

The Dow researchers also noted that the mistaken
perception that PCE was relatively non-toxic
encouraged careless use, which could result in
poisoning (Irish, 1962). The Dow reports culminated
in a human exposure experiment (Stewart et al.,
1970), which found an unexpected prevalence

of light-headedness and abnormal neurological
results (based on a modified Romberg test) at the
lowest exposure levels. The Dow authors could not
interpret this unanticipated finding.

Finally, Smyth and his colleagues (1969) added

a new and disturbing dimension when they
investigated the toxicity of 27 industrial chemicals
given to rats in all possible pairs. Using death as
the endpoint, they found that most combinations
showed no tendency to produce lethal effects in
excess of what would be expected from the additive
effects of each component separately. Of the nine
combinations that did deviate significantly from
this pattern, four of them contained PCE, making
it the chemical most often associated with causing
a net effect greater than the sum of the effects of its
separate components. This strongly suggested that
PCE could have a potentiating effect on the toxicity
of other chemicals (and vice versa).

4.4.3 The view from 1970

The 1960s closed with continued reports of
poisoning from PCE at the workplace, usually
involving central nervous system depression and
concomitant liver damage. There was uncertainty
as to the threshold at which such damage first
occurred, with some writers considering PCE to

be more dangerous than conventionally believed.
During that decade there were significant advances
in the measurement of PCE and one of its leading
manufacturers, Dow Chemical, performed

in-house research that was published in the open
scientific literature. It was known that individual
susceptibility to the effects of PCE varied widely and
that the chemical was excreted very slowly from the
body, often concentrating there and resulting in a
chronic, low-level internal exposure. The suspicion
was also raised that PCE could act together with
other chemicals to produce a synergistic effect of
unknown magnitude.

4.5 Implications for PCE use in water

supply infrastructure

What did all the evidence imply for water suppliers
contemplating using a product containing PCE?

Leaving aside the acute and chronic effects, there
was a potential aesthetic concern. In 1968 the
United States Public Health Service Drinking Water
Standards stipulated that 'drinking water should
contain no impurity which would cause offence to
the sense of sight, taste, or smell'. This was done

to prevent consumers from seeking alternative but
less safe sources of water. Public health experts
might have worried that the new pipes could cause
a health problem on that basis alone, as a chemical
odour was an initial concern.
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A review of the medical literature would have
added to their unease. It showed that there was
considerable individual variation in responses to
the chemical, both in the therapeutic environment
and in the workplace. Some variation was thought
to be inherent and some due to wide variation

in the health, diets and exposures of the general
population. All these factors were known to affect
the potential toxicity. The fact that extremely serious
and sometimes fatal side effects were tolerated in
mass treatment of a population for a serious disease
such as hookworm would probably have been of
little relevance to water managers who had no
interest in purveying an anthelmintic drug through
the water mains.

Experimental work and occupational experience
had already shown PCE to be excreted from the
body very slowly. Like a bathtub in which the
amount flowing from the tap is greater than that
draining out, it was plausible that PCE could
accumulate from constant daily exposure until it
reached the point where it caused toxic effects in
some consumers. Using data from Stewart et al.
(1965) an elimination rate constant of approximately
25 % (through the lungs) per day can be estimated.
Regardless of the level of exposure, after about two
weeks (four to five half-lives of 2.5 days each) the
level of PCE in the body would have built up to the
point where the amount eliminated from the body
would be roughly equal to the amount ingested.
The final level of PCE would depend on the amount
ingested each day.

The maximum level of PCE in water is 100-150 ppm,
as determined by its solubility. No measurements

of PCE appear to have been made at the time the
pipes were installed but assuming a worst case
concentration of 125 ppm and the ingestion of

2 litres of water per day implies a constant body
burden of approximately 1 gram of PCE. That is
close to the dose used to treat hookworm, which
had caused serious side effects in some people. For
lower exposure, there could plausibly be concern
about an 'internal' exposure to levels which would
be about four times the daily ingested dose. Concern
about such chronic exposures runs through the
literature on chlorinated hydrocarbon solvents from
Hamilton's 1936 paper onwards.

Public health experts might have been troubled

by the emerging literature on the inconsistencies
between the animal and human data, as well as
inconsistencies in the animal data itself. They might
also have been concerned about the possibility that
exposures to other chemicals might heighten the
toxicity of PCE synergistically.

Public health experts would have been unlikely
to view the presence of any PCE in their water
favourably unless it was unavoidable. This is not
merely a statement based on hindsight. Public
health and water managers of that era had been
concerned for some time with contamination of
groundwater from surface disposal of hazardous
wastes like PCE, and the unusual mode of
contamination in this case was irrelevant. The
environmental historian Craig Colten (1991) has
shown that by the early 1950s, 'governmental
agencies, professional organisations and
industry-trade associations, drawing on three
decades of experience, all publicly recognised the
hazards posed by the surface disposal of liquid
wastes... By the 1940s, it had become apparent
that simply protecting a well was insufficient.
Public-health officials began to take stronger action
to alter industrial waste-disposal practices and
thereby prevent the introduction of contaminants
into the ground.’

Other historians of waste disposal have come to the
same conclusion: the propensity of wastes, including
chlorinated solvents, to contaminate groundwater
was generally understood in the 1940s-1960s

and measures were advocated to prevent it. Put
another way, it was understood that contamination
of drinking water with chlorinated solvents was a
threat to the quality of the water (Amter and Ross,
2001). The fact that in this case the solvent entered
the water from the pipe lining rather than land
disposal was irrelevant.

4.5.1 Why did Johns-Manville fail to foresee the

potential harm?

Johns-Manville Corporation (the pipe manufacturer)
may only have recognised the potential harm of
PCE with the benefit of hindsight'. But the question
remains as to why the risks were not recognised
earlier.

In the best interpretation, it could be argued that
Johns-Manville was never aware of the problem of
PCE contamination. Yet, while it is possible that no
one in this large industrial concern bothered to think
about or investigate the medical literature on PCE, it
is quite clear they could have done so. At that point
they would have had several options, including
redesigning the product, alerting water managers to
the potential for contamination from an insufficiently
‘cured’ product, or continuing to act as if it was not

a problem. The company did not even consider or
worry about the possibility of insufficient curing, and
once the problem was detected, it denied that there
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were any health hazards — a necessary position if it
were to avoid paying damages for a faulty product.

What is the lesson here? Although there is abundant
evidence that Johns-Manville wilfully disregarded
and concealed scientific evidence with respect to its
principal asbestos products (Ozonoff, 1988), there

is no such evidence in relation to PCE. Assuming
that knowledge was not hidden, the proposition
that Johns-Manville was merely indifferent to these
dangers is a plausible explanation for its action;
there are many similar examples involving other
companies in this period.

The lack of epidemiological evidence would not have
been a reason to delay action. Epidemiology was in its

infancy and the requirement that even well accepted
findings be reconfirmed with epidemiological
studies was not yet the norm. The available evidence
mainly circulated in the restricted arena of medical
specialist literature and the ignorance of most treating
physicians and workers about what materials they
were being exposed to further served to keep the
problem of solvent toxicity off the agenda. This also
prevented workers, their unions and their advocates
from entering into the conversation about solvent
toxicity. If occupational exposures were not on the
table, water contamination was also unlikely to be
well recognised in this period.

1970 also marked a turning point in the US from
minimal federal engagement in workplace and

Panel 4.1 Differences between risk assessments drawn from the same basic data

Christina Rudén

Trichloroethylene, TCE, a relative of PCE, is widely used as a raw material for chemical synthesis, as a
solvent for cleaning metal parts and in dry cleaning. A review of 29 TCE carcinogenicity risk assessments
conducted between 1973 and 1997 (Rudén, 2002) explored how differences in the selection, interpretation
and weighting of primary data affected their differing conclusions.

Classification of TCE risk in risk assessment reports 1973 and 1997

Conclusions of risk assessments: carcinogenicity, epidemiology, human cancer risk

No evidence indicating
carcinogenicity:

human risk not plausible

Plausible evidence
of carcinogenicity in
animals:

human risk not plausible
(animal data not
considered relevant for
humans)

Plausible evidence
of carcinogenicity in
animals:

plausible human risk
(based on animal data)

Plausible evidence
of carcinogenicity
in animals and in

epidemiology:

plausible human risk
(based on a combination
of animal and
epidemiological data)

Total number 6
of assessments
1973-1997

10

4

Assessments 1
conducted
1995-1996

Note:
unexposed people.

'Plausible epidemiological evidence' means that people exposed to TCE have greater prevalence of cancer compared to

'Plausible evidence for carcinogenicity in animals' means that animals exposed to TCE in laboratory experiments have
an increased incidence of cancer compared to unexposed animals.

Eight of the 10 evaluations that identified a risk for animals but not for humans were conducted by
international organisations or industry. Contrastingly, eight of the nine assessments that concluded a
human risk based on animal evidence were conducted by government or academic authors. Rudén (2002)
observed that this may reflect more risk-averse assessment policies applied by government agencies

and academia, and a tendency for industry to apply less precautionary criteria. These wide variations in
conclusions continued even within a narrower period, such as 1995-1996, when the evaluating bodies
were working from the same available body of knowledge.

Similarly, as shown in the table below, different risk assessors have reached varying conclusions about PCE.
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Panel 4.1 Differences between risk assessments drawn from the same basic data (cont.)

Conclusions on the carcinogenicity of PCE

ECETOC (1999) IARC (1995b) ACGIH (1993) MAK (1992)
Conclusions on PCE Plausible evidence Plausible evidence Plausible evidence Plausible evidence
carcinogenicity of carcinogenicity in of carcinogenicity of carcinogenicity in of carcinogenicity in
animals: in animals and in animals: animals:
human risk not epidemiology: human risk not plausible human risk
plausible plausible human plausible (animal data (based on animal
risk (based on a not considered relevant data)

combination of animal for humans)
and epidemiological
data)

One important reason why risk assessors differ in their conclusions concerning the size and even the
nature of risk is that scientific knowledge increases over time. As risk assessments are updated to include
new data the conclusions may change. This is a time-dependent and natural part of the scientific and
regulatory process. However, risk assessors may also select different sets of data to support their risk
assessments and may interpret key studies in different ways.

An example of this is the interpretation of PCE epidemiology (Rudén, 2006). PCE epidemiology was
considered positive in the risk assessment performed by IARC in 1995 and negative in the ECETOC
assessment from 1999. The IARC conclusion on epidemiology is based on findings of elevated relative
risk of non-Hodgkin's lymphoma (NHL) in three epidemiological studies: Blair et al. (1990), Spirtas

et al. (1991) and Anttila et al. (1995). Contrastingly, ECETOC acknowledged the increased incidence of
non-Hodgkin's lymphoma in Spirtas et al. (1991) but assigned little weight to the data since the study
was initiated because of a priori concerns about lymphatic cancers. ECETOC described the excess of
non-Hodgkin's lymphoma in the Anttila study as not statistically significant. Regarding the Blair study
ECETOC stated that it did 'not provide results for NHL as a cause of death'. Furthermore, ECETOC
concluded that there was 'no excess of deaths due to lymphosarcoma or reticulosarcoma in the Ruder
study (1994) and no excess of deaths due to other lymphatic or hematopoietic cancers'. ECETOC
concluded that 'available epidemiological studies were either negative or were not sufficient to provide
evidence of a relationship between exposure to [tetra] and cancer in humans'. The varying interpretations
in the ECETOC and IARC studies are set out in the table below, which is adapted from Rudén (2006).

Interpretation of four epidemiological studies regarding non-Hodgkin's lymphoma by
ECETOC (1999) and IARC (1995b)

ECETOC 1999 IARC 1995
Anttila et al., 1995 Negative (*) Positive
Ruder et al., 1994 Negative Data on non-Hodgkin's lymphoma not reported
Spirtas et al., 1991 Positive (**) Positive
Blair et al., 1990 Negative Positive
(*) ECETOC described this study as positive on p. 143 (‘Anttila et al. reported an excess of NHL..."), and as

negative on p.136 ('Increased risks...but none was significant').

(**) Not considered a key study by ECETOC since it was initiated due to a priori concerns about lymphatic cancers.

Various case studies in the first volume of Late lessons from early warnings (EEA, 2001) emphasise that
such differences are not uncommon in risk assessments. Indeed, as EEA (2008) indicate, this variance in
interpretations is attracting increasing attention from regulators and policymakers.

Evidently, evaluators must communicate better about the approach they use to evaluate the strength

of evidence and scientific uncertainties. Different evaluators must also employ clear and consistent
terminology. This will help minimise the concerns that arise among risk managers and stakeholders
when different experts derive different conclusions from the 'same' body of scientific knowledge, or when
conclusions and uncertainties are communicated using unclear or inconsistent terminology.
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environmental concerns to a prominent role. With the
new attention after 1970 came new concerns about
contaminating water.

The scientific information on PCE never figured

in the water mains product design. It was ignored
or invisible. This suggests that the principal

reason that Johns-Manville did not care enough

to examine thoroughly the risks of using PCE was
that nobody made them care. Industrial firms are
not people but they nevertheless have interests and
intentions, which are rarely related to public health
and environmental concerns. The job of a company
is to make money for its owners. For Johns-
Manville, PCE water mains represented a means

of generating profits, with the actual nature of the
product having secondary importance. In order

for public health concerns to be brought to the
forefront, additional mechanisms are needed, most
notably criminal and civil liability, both of which
rely on state enforcement of legal rules. Other
mechanisms are possible, such as moral pressure
and voluntary industry standards, but they must
all pass the acid test: are they sufficient to make the
company care?
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Once a problem has risen to the level where it can
no longer be ignored (and the ability to ignore a
problem depends on contextual factors such as
the state of knowledge, power relations, economic
considerations and political arrangements), much
will depend upon a company's assessment of what
is at stake. High stakes mean the deployment

of considerable resources — resources more

at the disposal of large corporations. In such
circumstances, uncertainty favours the side of
inaction.

4.6 The view from 2012

The period before 1970 had revealed the outline

of acute reactions to PCE, and established concern
about chronic and delayed effects. Not long after
the Massachusetts pipes were installed, an entirely
new dimension of PCE toxicology became apparent,
concerning carcinogenicity, teratogenicity and other
health effects.

In the early 1970s it was discovered that the first
member of the chlorinated ethylene series, vinyl
chloride monomer, was a human carcinogen (see
Chapter 8 on vinyl chloride). This immediately
raised the question as to whether other high-
volume chlorinated ethylenes, primarily
trichloroethylene (TCE) and PCE, might also be
carcinogens. By this time PCE was widely used
in the dry-cleaning industry, exposing workers
and patrons of dry cleaners, and often producing
groundwater contamination from improper
disposal of spent solvent from the numerous small
firms using it.

Because of this heightened suspicion, both TCE

and PCE were tested in animal bioassays for
carcinogenicity beginning in the mid-1970s (for
PCE see NCI, 1977; Mennear et al., 1986). Both

were found to be animal carcinogens, although

by this time the methodology and validity of
animal bioassays had become a matter of dispute
and no finding went unchallenged. Attempts at
epidemiological verification of PCE's carcinogenicity
were difficult because of the long latency for cancer,
lack of exposure information and low statistical
power of most studies.

A variety of occupational groups were studied,
including aircraft workers, small companies

in countries where biological monitoring was
required, and dry-cleaning firms. Several
environmental studies were also conducted to
see if TCE/PCE-contaminated drinking water was
associated with cancer. Results were mixed and

Late lessons from early warnings: science, precaution, innovation



Lessons from health hazards | Too much to swallow: PCE contamination of mains water

Panel 4.2 Wet-cleaning technology eliminates PCE use in dry cleaning
Joy Onasch

Massachusetts has designated PCE as a higher hazard substance under the Toxics Use Reduction Act but
further policy measures could help phase out the solvent, including by encouraging a shift away from dry
cleaning to wet-cleaning technologies. This shift could be further supported by a more comprehensive
assistance programme helping convert facilities to professional wet cleaning. As outlined below, the
electricity and gas savings involved mean that partnerships with utility companies could help create a
programme with additional depth.

Able to dissolve most organic materials, PCE is the most widely used dry-cleaning solvent in the US.
The US Environmental Protection Agency estimates that some 85 % of cleaners use PCE as their
primary solvent. PCE is also a major contributor to contamination at dry-cleaning facilities, mainly due
to past unsafe handling practices. PCE is reported to be the chemical most widely found in groundwater
contamination at Superfund sites (TURI, 2007), dry cleaning being one of the main sources.

The concept of wet cleaning in the professional garment care industry has existed for several decades.
However, it is only in the last 10 years or so that technology has advanced such that 100 % of garments
can be cleaned using the wet-cleaning system. In 1997, Keoleian et al. recommended in the Journal

of Cleaner Production that larger cleaners could consider operating mixed mode facilities using both
dry-cleaning and wet-cleaning equipment.

Today over 150 dedicated wet cleaners operate in California, a state where PCE is being phased out
through regulations. California Air Resources Board amendments will over time phase out the use of PCE
dry-cleaning machines and related equipment by 1 January 2023. Still, the shift to wet cleaning from
solvent-based cleaning has been slow, especially where regulations phasing out solvent use do not exist.
Sinsheimer et al. concluded in the Journal of the Air and Waste Management Association in 2007 that
cleaners they studied in California that switched to professional wet cleaning were able to maintain their
level of service and customer base while lowering operating costs. They also found that the cleaners were
able to transition to professional wet cleaning without great difficulty and were highly satisfied with the
new technology (Sinsheimer et al., 2007).

Onasch (2011) studied a dry cleaning shop in Bellingham, Massachusetts, showing that by becoming a
dedicated wet cleaner electricity and natural gas use were reduced by as much as 20 % and even water
use was reduced. For this facility, equipment costs were reduced by USD 500 over 12 months, performance
costs (claims) were reduced by USD 1 000 over 12 months, operational costs (mainly due to costs of
detergents) increased by USD 1 069 over 12 months and costs associated with resource use (calculated
using normalised rates) were reduced by USD 2 318 over 12 months. Together, savings totalled USD 2 749
over the 12 months of the study. To replace its

solvent machine, the facility spent approximately

USD 12 000 (in actual costs, but not factoring in : /

discounts and grant monies received). This implies — -
that the firm would have realised a return on the ' A, A

i ”I.

investment in just under 4.5 years. il Ji

i

¥

With appropriate training and practice the
personnel at this facility were able to master
difficult garments and even boasted that wet
cleaning resulted in 'whiter' whites and brighter
colours than had been possible via dry cleaning.

Time spent cleaning garments was difficult to
quantify but with proper training and practice
total cleaning time could be reduced due to less
pre-spotting, the ability to simultaneously wash and dry in separate machines (unlike the all-in-one
traditional dry-cleaning machines) and mastery of the finishing equipment. Indirect benefits of improved
air quality, reduced liability, elimination of regulatory oversight, and environmentally friendly niche
marketing should all also factor into the analysis of the professional wet-cleaning system.

Photo: © istockphoto/Frances Twitty
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the chemical industry consistently denied that PCE
was a human carcinogen. In each of the individual
studies it was possible to find limitations or
alternative explanations for positive results (and
for negative ones). With each new iteration, new
arguments were spun out, sometimes involving
epidemiology, later involving sophisticated
toxicological arguments as to why PCE could be

a carcinogen in rodents but not a carcinogen in
humans. In this setting it is not surprising that
scientists could look at exactly the same set of data
and come to opposing conclusions.

Christina Rudén's panel on inconsistencies between
risk assessments of TCE and PCE drawn from the
same basic data (Panel 4.1) explores these issues

in more detail. Taken as a whole, however, the
literature shows a clear and consistent progression
towards increasing concern about the carcinogenic
effects of PCE. According to Karstadt (1998):

‘Trichloroethylene and tetrachloroethylene have
been reviewed by IARC panels several times:
three times (volumes 20, supplement 7, and
volume 63) for tetrachloroethylene, four times
(volumes 11, 20, supplement 7, and volume 63)
for trichloroethylene. Until the consensus
meeting that resulted in volume 63 (published
1995) animal evidence for the two chemicals
was evaluated as limited and human evidence
as inadequate; both evaluations were raised in
volume 63, to sufficient in animals and limited
in humans. The IARC reviews of those two
chemicals clearly show the gradual accretion of
human evidence over the years as well as the
development of definitive animal data.'

Throughout this period PCE has been on the radar
screen of the occupational health and environmental
scientific communities, unlike the period before
1970. As a result, fairly strict community drinking
water standards have been established, although
occupational standards have lagged behind.

This inconsistency may partly result from the
combination of a weak labour movement and some
highly publicised environmental cases involving
childhood cancer (e.g. Lagakos et al., 1986).

The problem is no longer invisibility and neglect,
but intense scrutiny. The chemical industry has

been active and aggressive in countering new
information through the strategy of artificially and
purposefully creating doubt and uncertainty in
the minds of decision-makers. With this chemical
now on the cusp of being declared a confirmed
human carcinogen in some major national markets,
the industry is essentially buying extra time (and
creating continuing exposure and disease) by

this strategy. Thus 40 years after the hard lesson

of the water mains in Massachusetts, a sound
precautionary strategy for continued exposure to
PCE has still not been initiated.

The means used to avoid or promote action today
are different from those of 1970, employing many
sophisticated means to create doubt and increase
uncertainty about the true value of a regulatory
action. The 1970 context was simpler. Evidence
was available and not acted on for reasons not
complicated by complex regulations, the potential
of lawsuits or the activities of environmental or
activist organisations. Information about effects
and exposure was restricted or non-existent and
available primarily to scientists. The industry felt
no special need to consult it (although they had
contributed to it) and apparently did not. It was of
no interest to them.

During both periods the lesson of this small but
revealing case study seems clear. Mechanisms
are needed to force the production, sharing

and publication of information about exposure
and effects; normative and legal requirements
concerning the duty of care of employers and
manufacturers are also required. Alternatives
are available, as Joy Onasch's description of
wet-cleaning technologies (Panel 4.2) illustrates.

Today, continued argument over how to interpret
the scientific evidence is irresolvable within science
itself because the same evidence can be interpreted
differently and there are no overarching criteria from
the philosophy of science that can force a solution.

Whether the problem is a failed duty of care or

a lack of clarity about what evidence will trigger
action, the history of PCE will continue in the
future as it has in the past. The science has not
been hidden. It has been ineffective in guiding and
catalysing action.
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Table 4.1 Early warnings and actions
1860 PCE synthesised
1920s-1960s PCE used in the treatment of hookworm
1925 First toxicological evaluation of PCE
1925-1940 Clinical and toxicological evaluation of therapeutic use identified a variety of problems and recognised that the
responses of different subjects varied
1940-1970 New uses prompt consideration of inhalation dangers; chronic effects studied (central nervous system depression)

and new analytical methods brought into play (gas chromatography)

1970-present

Discovery that vinyl chloride is a carcinogen prompts controversy and large literature with competing accounts of
PCE's carcinogenicity

Environmental and occupational standards were promulgated, generating controversy couched in scientific terms.
PCE figures in lawsuits

Today PCE is regulated in the environmental and occupational environments but controversy continues over where to set
standards and whether PCE has caused harm in many legal cases
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5 Minamata disease: a challenge for
democracy and justice

Takashi Yorifuji, Toshihide Tsuda and Masazumi Harada (*)

Minamata disease, which can induce lethal or severely debilitating mental and physical effects,
was caused by methylmercury-contaminated effluent released into Minamata Bay by Chisso,
Japan's largest chemical manufacturer. It resulted in widespread suffering among those who
unknowingly ate the contaminated fish. This chapter documents the story in three phases.

The disease first came to prominence in the 1950s. It was officially identified in 1956 and
attributed to factory effluent but the government took no action to stop contamination or prohibit
fish consumption. Chisso knew it was discharging methylmercury and could have known that it
was the likely active factor but it chose not to collaborate and actively hindered research. The
government concurred, prioritising industrial growth over public health. In 1968 Chisso stopped
using the process that caused methylmercury pollution and the Japanese government then
conceded that methylmercury was the etiologic agent of Minamata disease.

The second part of the story addresses the discovery that methylmercury is transferred across
the placenta to affect the development of unborn children, resulting in serious mental and
physical problems in later life. Experts missed this at first because of a medical consensus that
such transfer across the placenta was impossible.

The third phase focuses on the battle for compensation. Initially, Chisso gave token 'sympathy
money' under very limited criteria. In 1971 the Japanese government adopted a more generous
approach but after claims and costs soared a more restrictive definition was introduced in 1977,
justified by controversial 'expert opinions'. Legal victories for the victims subsequently made the
government's position untenable and a political solution was reached in 1995-1996. In 2003, the
'expert opinions' were shown to be flawed and the Supreme Court declared the definition invalid
in 2004.

In September 2011 there were 2 273 officially recognised patients. Still, the continuing failure
to investigate which areas and communities were affected means that the financial settlement's
geographic and temporal scope is still not properly determined. Alongside deep-seated issues
with respect to transparency in decision-making and information sharing, this indicates that
Japan still faces a fundamental democratic deficit in its handling of manmade disasters.

This chapter is followed by three short updates on the effects of mercury poisoning since
Minamata; on attempts to contain it, including the 2009 global agreement to phase mercury
out of economic activity; and on the need for better information about contaminant exposures
to enable policymakers to make informed choices that balance the benefits of fish consumption
against the assumed adverse effects of low-level methylmercury exposures.

(*) Authors would like to thank Nobuo Miyazawa, Yoichi Tani, Saori Kashima and Sachiko Inoue for helping to prepare the manuscript.
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5.1 Introduction

The Minamata disease story is one of blinkered
awareness by industry and government, of
inaction, refusal to take evidence seriously,
insistence on high levels of proof before addressing
the problem, and delay, delay, delay.

In 1972 scientists, politicians and the public

were shocked by the presence of two Minamata
disease patients on the platform at the first global
environmental conference, held in Stockholm —
the United Nations Conference on the Human
Environment (Harada, 2004). They were halting
and unsteady, they struggled to speak. They had
been poisoned by mercury in their environment.

It took a further thirty-eight years for the first
session of an Intergovernmental Negotiating
Committee, also held in Stockholm, in June
2010, to start developing a global legally binding
instrument on mercury pollution prevention,
following the elaboration of a legally binding
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instrument on mercury at the United Nations
Environment Programme (UNEP) Governing
Council in February 2009.

At the Intergovernmental Negotiating Committee's
opening session, the representative of Japan
reported that his government wished to host the
conference at which the global mercury agreement
would be agreed (UNEP, 2010). He proposed that
it be called the 'Minamata Convention', indicating
the international community's resolve to ensure
that the human health and environmental disaster
caused by methylmercury in the Bay of Minamata
would never be repeated (UNEP, 2010). He also
reported that the Japanese government would
contribute all it had learnt about reducing the risk
of mercury (METI, 2010).

Despite the Japanese government's apparent
determination, many problems remain unresolved
in Japan. Key aspects of the disaster are unknown,
such as the number of Minamata disease sufferers
and exposed residents, and the area and duration
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In 1972 United Nations Conference on the Human Environment in Stockholm focused on the Minamata disease. (From the

left) Dr Noboru Ogino, Mr Tsuginori Hamamoto, Dr Masazumi Harada, Ms Fujie Sakamoto (Shinobu's mother), Ms Shinobu
Sakamoto, unknown person, and Dr Soubei Togo. Mr Hamamoto and Ms Shinobu Sakamoto are Minamata disease patients.
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of exposure. There is not even a consensus on the
definition of Minamata disease (Ekino et al., 2007),
making it hard to count the number of Minamata
disease patients and determine who qualifies

for compensation. Indeed, the diagnostic criteria
that the Government has consistently used to
certify Minamata Disease were judged medically
invalid by the Japanese Society of Psychiatry

and Neurology (JSPN) in 1998 (JSPN, 1998) and
declared invalid by the Supreme Court in 2004
(McCurry, 2006). Nevertheless, the government has
not changed the criteria.

The criteria currently being used to diagnose
Minamata disease are too strict, meaning that
even patients with the related neurological
symptoms lack government accreditation. And
without government recognition of a Minamata
disease diagnosis, a patient will not be properly
compensated. Consequently, in September

2011 although 2 273 individuals were officially
recognised as Minamata Disease patients
(Minamata Disease Museum, 2010), several
tens of thousands have neurological symptoms
characteristic of methylmercury poisoning but
remain formally unrecognised as Minamata disease
patients (McCurry, 2006; Watts, 2001; Sankei
Shinbun, 2011; Yorifuji et al., 2013).

Given this continuing conflict and suffering,
Masazumi Harada (), has observed that when the
government of Japan expressed a desire to share
its experience and expertise, and to name the new
global convention on mercury phase-out after
Minamata, it should not merely report its technical
success in controlling mercury pollution. It should
also 'report to the world that there still remain
unsolved problems in Minamata. Not only cases
of success but also cases of failure can be valuable
lessons for the world' (Kumamoto Nichinichi
Shinbun, 2010b).

In this chapter, the history of Minamata disease is
presented chronologically, broadly separating the
discussion into three parts: the period before 1968;
specific issues associated with congenital Minamata
disease; and the period after 1968. The chapter
concludes with the lessons that can be drawn from
the history of Minamata disease.

5.2 Minamata disease in the period up

to 1968

5.2.1 Early warnings and signs of Minamata
disease: from wildlife to children

"Don’t think of labourers as humans; treat them as
cattle and horses’

This quote is widely attributed to the Chisso
factory founder Shitagau Noguchi, suggestive of
past attitudes towards workers, residents and the
environment in Minamata (Miyazawa, 1996).

Minamata is the south-western part of Kumamoto
Prefecture in Japan, facing Shiranui Sea (Map 5.1),
1 000 km from Tokyo. In 1908, the Nihon Carbide
factory was established in Minamata. Later

that year it merged with Sogi Electric to form
Nihon Chisso Hiryo Kabushiki Gaisha (Japan
Nitrogenous Fertilisers). The firm initially used
carbide to produce ammonia for fertilisers but,
having purchased a German patent for producing
ammonia without carbide in 1921, it began using
carbide and acetylene (derived from carbide) to
manufacture a wider range of organic synthetic
compounds.

One such compound was acetaldehyde. The factory
began producing it in 1932 from acetylene gas, using
mercury as a catalyst. The process was developed
by Hikoshichi Hashimoto, who later became factory
manager and served as Minamata's mayor (°).

It is now understood that the effluent from the
acetaldehyde production contained methylmercury
and this caused Minamata disease. In fact, Vogt
and Nieuwland had already shown in 1921 that
organic mercury was synthesised in producing
acetaldehyde (Ishihara, 2002). In the 1930s, Zangger
(1930) and Koelsch (1937) reported on intoxication
due to occupational exposure to organic mercury
or methylmercury (short-chain organic mercury)
(Ishihara, 2002). A researcher at Chisso factory
demonstrated in 1951 that organic mercury is
synthesised in the production of acetaldehyde
(Arima, 1979) but it is not clear whether the Chisso
factory was aware of the toxic effects at that time.

(?) Masazumi Harada, co-author of the present chapter, started researching Minamata disease in 1961 and went to Stockholm with the

Minamata patients in 1972.

(®) He seems to have played a similar role as that of Peter Stockmann, the mayor in Ibsen's play 'An enemy of the people', where he
opposed taking action on the public health doctor's report on pollution of the town's spa baths and in favour of suppressing the
report. The Chisso doctor Hosokawa, whose report on Minamata disease in the Chisso factory cats was also suppressed, drew some

comfort from reading 'An enemy of the people.'
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Map 5.1 Map of Shiranui Sea region
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The factory's knowledge of the Zangger study (1930)
was considered at the Minamata Disease Trial in 1987
(Hashimoto, 2000) but the findings were inconclusive.

The Chisso factory's acetaldehyde production initially
peaked at 9 159 tonnes in 1940, a level not matched
after the war until 1955. By 1960, however, it had
quintupled to 45 200 tonnes (Figure 5.1), making

up 40 % of Japan's total output (Arima, 1979).

In 1951, to increase production of acetaldehyde,

the factory changed the oxidiser of acetaldehyde
production from manganese to iron (Miyazawa,
1996). This production change and related technical
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improvement are considered to have increased
methylmercury waste from the factory (Miyazawa,
1996). Nishimura and Okamoto (2001) estimate a
more than eight-fold increase from 1951 to 1959.

In 1952, the factory succeeded in producing octanol
from acetaldehyde (Miyazawa, 1996). Japan had
previously relied on imports of octanol, an important
ingredient in plastics. As a result, the factory
increased production of acetaldehyde and by 1959,
the factory accounted for 85 % of Japan's octanol
output (Hashimoto, 2000). As a consequence the
methylmercury waste from the factory also increased.
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The economic significance of this production was
considerable. Japan had recorded a trade deficit
since the end of the Second World War (Ministry

of Finance, 2011) and plastic products were key
Japanese exports at that time helping to reduce its
deficit. As the most advanced chemical company
during those decades, the Chisso factory clearly had
an important economic role.

Minamata city grew with the factory, 'reaching a
population of 20 000 in 1921, 30 000 in 1941, 40 000
in 1948, and a peak of 50 000 in 1956' (George, 2001).
The factory was a main employer in the city: at least
3 811 of Minamata's 19 819 workers were employed
at the factory in 1960 (Ui, 1968). In addition, the
factory not only paid half of the local taxes in
Minamata but also provided public facilities,

such as a factory hospital (Ui, 1968). Hikoshichi
Hashimoto, who developed the method to produce
acetaldehyde, went on to serve four terms as
Minamata's mayor (1950-1958 and 1962-1970) after
managing the factory during the Second World War
(George, 2001). In these circumstances, Minamata
was known as Chisso's 'castle town' (after the capital

cities of the feudal lords who controlled much of the
lives of its citizens) (Harada, 2004).

The first hints of what was to become Minamata
disease may be apparent in reports of the factory's
impact on the local fishery (Harada, 2004). Around
1925-1926, the company began to receive requests
for compensation from the fishing cooperative. On
the condition that no further complaints would ever
be lodged, Chisso paid a small amount of 'sympathy
money'. The issue of fishery damage arose again in
1943 due to carbide residue from acetylene production
and another compensation contract was concluded.
And after the war the issue of fishery damage
resurfaced in 1949 but compensation negotiations
reached no conclusion and the issues faded.

The fishermen knew that it had become more difficult
to catch fish; that barnacles did not attach themselves
to boats moored near the factory waste outfall; and
that fish could not live in water from the outfall.

But, the factory would not listen to them, replying
that these facts were 'not scientific, not supported by
data' (Harada, 2004), although the fishing cooperative

Figure 5.1 Acetaldehyde production at the Chisso factory (line) and methylmercury
concentrations in the umbilical cords of residents around the Shiranui Sea (dots)
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'What has methylmercury in umbilical cords told us? — Minamata disease', Copyright (2009), with permission from Elsevier.
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collected and showed detailed data of the fishery
damage (described below). In addition, neither the
company nor the government assisted in identifying
an appropriate scientific protocol for researching the
fishermen's significant concerns.

From around 1950, strange phenomena started
occurring around Minamata Bay (Harada, 2005).
Fishermen witnessed huge numbers of fish rising to
the surface and swimming around as though they
were crazy. Sea birds that had become unable to fly
were seen crouching on the shores of the bay. Oysters
and cockles were washed up onto the beach rotting
with their shells open, emitting a horrible stench.
During this period, according to the data collected by
the fishing cooperative, total fish catch of 459 225 kg
on average in the period 1950-1953 dropped to

172 305 kg in 1955 and 95 599 kg in 1956 (Harada,
2004).

In 1952, fishermen requested Kumamoto Prefecture
to address the situation. The Fisheries Division

at Kumamoto Prefecture asked the factory about

the discharge treatment and the factory submitted
documentation, which reported that mercury

was used in the process of producing acetic acid

(a substance produced after acetaldehyde) (Chisso
factory, 1996). Reiji Miyoshi at the Fisheries Division
inspected the factory five months later and reported
that the discharge should be analysed (Miyazawa,
1996). However, Kumamoto Prefecture did not
conduct a further survey of the fishery damage or

the discharge and the fishery damage continued.
Moreover, neither Kumamoto Prefecture nor

any other group (including the research group

at Kumamoto University) ever used the factory
documentation indicating mercury use to identify the
etiologic agent for Minamata disease or its production
mechanism.

Around 1953, local cats, which ate great quantities of
fish, began exhibiting strange behaviour: drooling and
staggering about, undergoing convulsions or running
in circles as though they were mad, or leaping up
into the air and charging forward (Harada, 2004).
Eventually, fishermen had no more cats. In August,
1954, a local newspaper reported that fishermen in a
village (Modo) were annoyed by the increase in mice
due to the annihilation of cats (Kumamoto Nichinichi
Shinbun, 1954). These strange occurrences were

an omen of what would happen next to humans.
Watching the 'dancing cats', people began to feel
uneasy. Indeed, a few patients with neurological
symptoms of unknown origin were detected during
this period and a subsequent study revealed that the
first patient was traced back to 1942 (Nishigaki and
Harada, 1975).

Cats eating great quantities of fish from the polluted Minamata
Bay went mad and died after strange dancing and convulsions.

Photo: © istockphoto/Taner Yildirim

On 21 April 1956, a paediatrician at Chisso
Hospital, Kaneki Noda, examined a girl aged five
years and 11 months. The girl had difficulty in
walking and speaking; she appeared to be in a
drunken state, unsteady on her feet and slurring
her words. She was hospitalised two days later.
On the same day, her sister, aged two years and
11 months, developed the same symptoms and
she was hospitalised on 29 April. Subsequently,
Dr Noda learned of other patients with similar
symptoms in the neighbourhood. He officially
notified the Minamata Public Health Centre on
1 May 1956 (Harada, 1995 and 2004; Miyazawa,
1996).

Hasuo Ito, the Director of the Public Health Centre,
interviewed the children's mother in detail about
the disease. He then made a report to the Health
Department at Kumamoto Prefecture (Ito, 1996).
Anewspaper in Kyushu Area, the south-western
area of Japan, reported the disease on the 8 May
(Miyazawa, 1996). On 28 May, the Minamata
Doctors Association, the Public Health Centre,
Chisso Hospital, the municipal hospital, and

the city government established the Minamata
Strange Disease Countermeasures Committee
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(Harada, 2004). Subsequently, doctors including
Dr Noda and Hajime Hosokawa, the Director of
Chisso Hospital, identified numerous new cases.
According to the report of Dr Hosokawa, 30 cases
including 11 deaths were identified by 29 August
(Hosokawa, 1996).

The first official patients lived in a secluded spot
at the end of a tiny inlet off Minamata Bay, where
five or six families huddled together on the narrow
strand. They were so close to the sea that they
could have cast a fishing line from the windows

at high tide. They were people who lived as one
with nature. Because the outbreak of the disease
was spontaneous and occurred among neighbours,
the doctors at the factory and officials at the Public
Health Centre suspected that they were dealing
with a contagious disease and moved the patients
to an isolation ward. Officials from the Public
Health Centre went to the patients' homes and
made a show of spraying them with disinfectant.

Transferring the patients to an isolation ward may
have indicated an intention on the part of doctors
and the city — out of good will or for political
reasons — to mitigate the residents' anxiety and
to exempt the patients from medical expenses.
The patients hated it, however, and it fostered
discrimination against them. They were shunned
by other community members and experienced
years of discrimination (Harada, 2004).

This was the beginning of Minamata disease.

5.2.2 The cause: fish and shellfish contaminated by
factory discharge (1956-1957)

In response to the request of the Minamata Strange
Disease Countermeasures Committee, Kumamoto
University School of Medicine established

a research group including various medical
departments on 24 August 1956 (MDRG, 1966).

In the epidemiological section, Shoji Kitamura
and his group conducted both descriptive and
analytic epidemiological studies (Kitamura et al.,
1957). In the descriptive study, the time sequence
of cases was evaluated on a spot map, which
indicated that the disease was not contagious. The
analytical study revealed a relationship between
the family occupation (fishing) and the disease,
and a dose-response relationship between eating
fish caught in Minamata Bay and the disease.
Prof. Kitamura concluded that the disease could
be induced by continuous exposure to a common
factor, which seemed to be contaminated fish in
Minamata Bay.

On 3 November 1956, the Research Group on
Minamata Disease reported that the disease was
not contagious but rather a food poisoning incident
resulting from intake of fish contaminated by a
heavy metal in Minamata Bay. It also reported

that the factory's effluent was considered the

cause of contamination (Kumamoto University,
1956). Furthermore, in the second debrief

session on 26 February 1957, the Research Group
recommended prohibiting fishing or applying the
Food Sanitation Act (Miyazawa, 1996). The Act could
be used to take actions against food poisoning, such
as prohibiting the sale or distribution of food. An
individual disobeying such a prohibition could face
criminal punishment.

In November 1956, the Scientific Research Team

of the Ministry of Health and Welfare of Japan
(MHW]) started an epidemiological investigation
in Minamata (Matsuda et al., 1996). In March 1957,
they demonstrated a relationship between the family
occupation (fishing) and the disease, consistent
with the Kumamoto University Research Group's
epidemiological study. Moreover, they showed that
families living closer to Minamata harbour, where
factory effluent was discharged, were affected more
than families living further away. For example,

all seven families in the Tsukinoura area included
at least one patient, while 33 % (7/24) of families
included a patient in the Yudo area. Noting that

sea water and mud in Minamata Bay was strongly
affected by the factory effluent, the Research Team
inferred that fish caught in Minamata Bay were
contaminated by the effluent. They concluded that
the disease could be induced by contaminated

fish in Minamata Bay and that the factory and its
effluent should be fully investigated to elucidate the
disease's mechanism.

In response to these findings, the local government
of Kumamoto Prefecture considered applying the
Food Sanitation Act in March 1957 (Kumamoto
Prefecture, 1996b) because Shizuoka Prefecture

had used the Act to address an episode of shellfish
food poisoning in 1950 (Shizuoka Prefecture,

1996). The local government had the authority to
decide whether to apply the Act but asked for an
opinion from the national government on 16 August
(Kumamoto Prefecture, 1996a). On 11 September
1957, Masayoshi Yamaguchi, the Chief of the

Public Health Bureau of MHW] replied to the local
government as follows (bold added) (MHW]J, 1996a):

I. 'We recommend that you should continue
your policy of warning against the ingestion
of fish and shellfish caught in a specified area
of Minamata Bay because it may lead to the
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occurrence of the unknown disease of the central
nervous system.'

II. 'There was no clear evidence that all fish and
all shellfish are poisoned in the specified area in
Minamata Bay. Therefore, we have decided that
it is impossible to apply Provision 4-2 of the Food
Sanitation Act to all the fish and shellfish to be
caught in that area.'

Japan's Food Sanitation Act provides that a

local government's public health centre must
investigate food poisoning outbreaks in detail and
take measures in response. When a cause (e.g. an
institution or food) is identified, the exposed area
and residents must be investigated and the sale or
distribution of the cause prohibited. In Minamata,
despite the risk outlined in paragraph I of the
reply, consumption of contaminated fish was not
prohibited based on the reasoning in paragraph II.
Although the Minamata Public Health Centre, like
the Minamata Strange Disease Countermeasures
Committee, identified severely affected patients
from the start of its work, it did not further
investigate the area and the exposed residents
epidemiologically. Residents continued to eat
contaminated fish without effective information.

In 1990, the government of Japan asserted

that another reason it did not apply the Food
Sanitation Act in 1957 was that the etiological

agent (methylmercury) had not been identified in
1957 (Environment Agency et al., 1999). While the
etiologic agent may not have been clearly identified
in 1957, however, the cause/transmission (ingesting
fish caught in Minamata Bay) was identified in 1956.
Indeed, fish in Minamata Bay were recognised as
food causing Minamata disease even in records

of food poisoning published by MHW] in 1956
(Department of Environmental Sanitation, 1957).

It is perhaps surprising that the governments of
Shizuoka and Kumamoto Prefectures responded
differently to their respective food poisoning
episodes, although each had the same strength of
evidence that shellfish or fish were contaminated
with an unknown etiologic agent. Shizuoka
Prefecture decided itself to apply the Food
Sanitation Act, while Kumamoto Prefecture asked
MHW]J and finally did not apply the Act. Miyazawa
(1996) has argued that Kumamoto Prefecture's
response reflected the Prefecture's concern about the
compensation claims that Chisso factory would have
faced if the Act had been invoked.

The early epidemiological studies identified the
causes of the health impacts but concentrated solely

on severely affected patients and did not investigate
the health status of residents in affected areas, as
required by the Act. This caused serious problems
later. Since the government undertook no effective
countermeasure, subsequent research sought to
discover the etiologic agent or its mechanism of
production in university laboratory settings rather
than using epidemiological studies to find moderate
cases or investigate health in local settings. During
this period, local residents were almost unaware

of the finding that the fish and shellfish were
contaminated. Although some residents probably
knew of the contamination from newspapers and
their own experiences, poor fishermen in particular
could not stop fishing, as this was their only means of
survival.

Whereas affected fishermen lacked political power
locally and nationally, Chisso factory was supported
by the local government and Ministry of International
Trade and Industry of Japan (MITI]) at that time.
Subsequent events clearly indicate that Chisso

factory had considerable influence in Japanese
industry and society. The Chief of the Department

of Environmental Health who recommended not
invoking the act in his reply to local government in
1957 had taken measures beyond the law to address

a polio outbreak in the 1950s, importing vaccine

from Russia. When a lawyer later asked him why

he had avoided prohibiting fish consumption in the
Minamata disease outbreak in accordance with the
Food Sanitation Act despite taking measures beyond
the law in the polio outbreak, he replied 'Chisso never
existed behind the polio outbreak'.

In the late-1950s, the officers of MITIJ sent weekly
demands to the Water Quality Maintenance Section
of the Economic Planning Agency of Japan (EPAJ)
that wastewater bans should never be implemented.
The MITI]J officers urged their counterparts to 'stick

it out' and 'offer opposition to the ban/, stressing that
Tapanese economic growth would never be realised if
such a big industry, Chisso, were stopped. Never stop
it!'" (Hashimoto, 2000).

5.2.3 Organic mercury theory (1958-1959)

With neither the factory not the Government taking
appropriate measures to control the outbreak,
exposure continued and spread. Following a
research meeting on 15 February 1958, Masayoshi
Yamaguchi, Chief of the Public Health Bureau

of MHW] reported to other ministries and local
governments on 7 July 1958 that: 'Minamata disease
was caused by intake of contaminated fish and
shellfish. The discharge from Minamata factory
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(Chisso factory) affected Minamata Bay. The same
chemical toxicant (which the discharge of which
affected the bay) was considered to poison the fish
and shellfish' (MHW], 1996b).

Alocal newspaper reported the news, describing it
as the first MHW] statement to mention the factory
as a cause (Kumamoto Nichinichi Shinbun, 1958).
Yamaguchi, who made the statement, explained later
in court that MHW] had reported to Kumamoto
Prefecture because it expected the Prefecture to

take control measures based on the Food Sanitation
Act (Miyazawa, 1996). However, the Act was not
invoked.

Following the MHW] statement the factory

took steps to dilute the discharge containing
methylmercury. In September 1958 it changed

the drainage route of acetaldehyde production
from Minamata Bay to Minamata River (Harada,
1995 and 2004; Miyazawa, 1996), where some
effluents (such as phosphoric acid effluent, carbide
residue) were already discharged (Nishimura and
Okamoto, 2001). Several other factors probably also
influenced the factory's decision to act (Miyazawa,
1996): the factory had learned of Kumamoto
University's focus on mercury; high mercury
concentrations had been detected in shellfish in
Minamata Bay; the factory wanted to increase
acetaldehyde production; and everyone knew that
residents continued to eat fish.

Hajime Hosokawa, Director of Chisso hospital,
objected to the plan. He also noted that 'if patients
were detected in the area around the Minamata
River, it would prove that the discharge was

the cause' (Miyazawa, 1996). However, the plan
was executed — without the knowledge of local
residents. Exposure subsequently spread not only in
Minamata Bay but along the entire coast of Shiranui
Sea. Fish and cats began to die in other villages
(Harada, 1995). And from 1959 onwards, patients
with similar neurological symptoms were identified
among the residents of other villages around the
Shiranui Sea (Kumamoto Nichinichi Shinbun, 1959;
Ninomiya et al., 1995; Yorifuji et al., 2008).

Meanwhile, researchers at Kumamoto University's
School of Medicine continued their efforts to find
the etiologic agent of Minamata Disease and its
biological mechanism of action. This was not easy
because the Research Group knew nothing about the
interior of Chisso factory (Harada, 2005): what was
produced, how it was produced, what substances
were used and which processes. At that time the
Research Group received no assistance from the
engineers at Chisso factory or even from the organic

chemistry sector of Kumamoto University's School
of Engineering.

The Research Group identified various possible
etiologic agents — manganese, thallium and
selenium — but when fed to cats these substances
did not produce effects comparable to organic
mercury (Takeuchi et al., 1960). Although mercury
was the first etiologic agent considered, Shoji
Kitamura of the Research Group has recollected
with regret that 'Mercury was taken off the list on
the assumption that such an expensive material
would never be thrown away in the sea' (Harada,
2004).

Douglas McAlpine, a British neurologist, visited
Minamata on 13 and 14 March 1958. He examined
15 Minamata disease patients and made a very
valuable observation, noting that symptoms such as
constriction of the visual field, impaired hearing and
ataxia closely resembled those of methylmercury
poisoning reported by Hunter et al. (1940).

McAlpine reported his observations in the journal
Lancet in September 1958 (McAlpine and Araki,
1958). In his paper, he pointed out that the disease
was caused by eating fish caught in Minamata Bay
as well as the toxic action of a chemical compound
contained in the effluent from Chisso factory
(McAlpine and Araki, 1958). Moreover, he listed
methylmercury as one of the metals which could
induce Minamata disease. This was the first time
that methylmercury was identified as a potential
etiologic agent. McAlpine's observations were
important but before he could report them to a
Japanese Society of Neurology Conference he was
stopped by a professor of Kumamoto University
on the grounds that too many theories would be
confusing (Harada, 2004).

Meanwhile, another researcher, Tadao Takeuchi,
also suspected that the etiological agent was organic
mercury since he also saw similarities to so-called
Hunter-Russell syndrome (Hunter et al., 1940;
Hunter and Russell, 1954). Takeuchi et al. (1960)
extracted significant levels of mercury (not organic
mercury) from patients' organs at autopsy and

also succeeded in inducing similar neurological
symptoms in cats by feeding them organic mercury.

Shoji Kitamura and his Research Group likewise
extracted large quantities of mercury from mud
and shellfish in Minamata Bay (Kitamura et al.,
1960b), and noted that concentrations decreased
as the distance from the factory increased. They
extracted mercury from experimentally affected
cats at autopsy and ascertained that mercury levels
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increased in shellfish bred in the bay, demonstrating
that mercury was accumulating internally (Kitamura
et al., 1960b). On 22 July 1959, researchers finally
concluded that the etiological agent was mercury
based on the clinical characteristics and animal
experiments (Kumamoto Nichinichi Shinbun, 1959;
Kumamoto University, 1996).

During this period, researchers at Kumamoto
University School of Medicine suspected that the
mercury concentrations were a byproduct of vinyl
chloride production. This is because when they
had asked the factory in 1957, the factory had only
mentioned vinyl chloride among organic synthetic
compounds that the factory produced, and mercuric
chloride was actually used as a catalyst in the
production process (Miyazawa, 1996). In addition,
they noticed that vinyl chloride output growth
paralleled the increase in patients (Takeuchi et al.,
1960). Although focusing on the vinyl chloride
process, the Kumamoto University Research Group
was unable to show how inorganic mercury in the
waste from producing vinyl chloride changed to
organic mercury.

Leonard Kurland of the National Institute of Health
(NIH) in the US visited Minamata in September 1958
and examined patients. In a subsequent article, he
supported the Kumamoto University's conclusion
that the etiologic agent was organic mercury in
World Neurology and also focused on vinyl chloride
production (Kurland et al., 1960). However, a local
newspaper, the 'Minamata Times', published by
Masao Shino, a Minamata citizen, already noted on
10 December 1959 that mercuric salt was used as a
catalyst in producing acetaldehyde and suspected the
relationship between the acetaldehyde production
and the disease (Minamata Times, 1996). This
information must have been leaked from workers
inside the factory.

On 7 October 1959, Hajime Hosokawa, Director of
Chisso Hospital, succeeded in inducing Minamata
disease in a cat, labelled number 400, which had been
given waste water from acetaldehyde production
daily for 78 days (Harada, 2004). This important
finding, which was not made public, clearly shows
that the waste from acetaldehyde production actually
contained organic mercury. If the Kumamoto
University Research Group had known of this finding
it could have made great process. Instead, when Dr
Hosokawa reported the cat number 400 result to the
factory, the findings were kept secret and the factory
prohibited further studies (Miyazawa, 1996). When
allowed to restart experiments in 1960, Hosokawa
found that cats given waste water from acetaldehyde
production also manifested disease. However, he

resigned from the factory in April 1962, without being
able to make the results public.

Later in 1962, Jun Ui, a postgraduate engineering
student, and Shisei Kuwabara, a photographer, visited
a doctor at the Chisso factory (Mishima, 1992) and
found a note concerning the results of the experiments
on cats. Kuhabara photographed this evidence when
the doctor was out of the room. They subsequently
showed the photograph to Dr Hosokawa who
acknowledged its authenticity. Ui later related these
facts along with other details about Minamata disease
in the monthly magazine Goka and the information
played an important role in the first Minamata
disease lawsuit (Tomita, 1965). Despite suffering

from lung cancer, Dr Hosokawa testified in the first
Minamata disease lawsuit in 1970 from his hospital
bed, making two key points (Mishima, 1992): first, cat
number 400 had definitely demonstrated symptoms
of Minamata disease; second, his recommendation
that the factory waste should not be shifted from
Minamata Bay to the mouth of the Minamata River
had been ignored. He died later that year.

Wastewater containing methylmercury from Chisso factory was
led directly into Minamata Bay.

Photo: By Eugene Smith © Aileen M. Smith
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Based on the Kumamoto University Research
Group's July 1959 report, organic mercury was
recognised as the etiological agent by the Minamata
Food Poisoning Committee organised by MHW] on
12 November 1959 (MFPC, 1996). However, there
was no mention of the source of the contamination,
Chisso factory. Indeed, before the Committee
announced that organic mercury was an etiologic
agent, the section chief of the MHW] Environmental
Sanitation Department told the Committee's
representative not to conclude that the factory was
a cause because it was not 'scientifically’ proved
(Miyazawa, 1996). And after the Committee had
reported its opinion to the Minister of Health and
Welfare, it was suddenly dissolved. No official
reason was ever given.

An inter-ministerial meeting was held on the day
before the Minamata Food Poisoning Committee's
announcement. There, an MITIJ representative
told researchers and other officers that: 'No similar
patients have been observed around chemical
factories with the same system as Chisso. If the
operation by Chisso were causal, we would find
such patients around those factories. Furthermore,
the mercury used in the Chisso factory as a catalyst
is inorganic. The causative agent that you have
identified is organic mercury. No means by which
inorganic mercury could be converted to organic
mercury has been identified. We cannot accept

the explanation that waste water from Chisso
contains the etiologic agent of Minamata disease'
(Hashimoto, 2000).

In September 1959, Chisso factory likewise refuted
the organic mercury theory based on the absence

of similar disease at other factories; difficulties
explaining the abrupt increase in patients since 1954
and uncertainty regarding the organic chemical
reaction mechanism (Minamata factory, 1996). This
was despite the fact that a factory researcher had
already demonstrated that organic mercury was
synthesised in the production of acetaldehyde in
1951 (Arima, 1979).

The factory also claimed that it was difficult to trust
the Kumamoto University Research Group because
it had considered other theories (manganese,
thallium or selenium) before identifying organic
mercury (Minamata factory, 1996). In line with
Chisso's counterargument, Raisaku Kiyoura, a
professor at Tokyo Institute of Technology, claimed
that mercury concentrations in Minamata Bay were
not higher than those in other areas (Harada, 2004).
Furthermore, Takeji Ohshima, the Executive Director
of the Japanese Association of Chemical Industries,
suggested that the cause might be explosives

dumped into Minamata Bay by the Japanese military
(Harada, 2004).

The debate suggests that Chisso factory intentionally,
although inconsistently, used reductionist
argumentation to postpone action. On one hand,
despite the abundance of evidence that had already
existed since 1956, Chisso factory contended that the
only way to prove causality between its production
processes and the organic mercury concentrations
was to demonstrate, via a reductionist approach,

the chemical mechanism linking the two. On the
other, it criticised the researchers at Kumamoto
University for applying a reductionist approach by
considering other possible metals first. In addition,
the consistency argument (relating to the absence of
similar disease in other areas and abrupt increases
in patient numbers) was also intentionally used to
postpone action.

Recent analysis provides the following explanations
for the absence of similar disease near comparable
factories. First, the factor's output of acetaldehyde was
the highest in Japan at that time, accounting for one
third or a quarter of national production (Hashimoto,
2000). Second, methylmercury by-product per unit

of acetaldehyde production was higher than at

other factories due to technical improvements to
increase acetaldehyde production (Hashimoto, 2000;
Miyazawa, 1996). Third, the factory's proximity to

the sea meant that the chloride ion concentration

of industrial water was high, which changed the
methylmercury byproduct to volatile methylmercuric
chloride (Hashimoto, 2000; Nishimura and Okamoto,
2001). It was then discharged when the acetaldehyde
was purified by distillation.

Organic mercury represented the most credible
explanation but was resisted by Chisso, the chemical
industry and the MITI]. The MIT]] therefore ordered
Chisso to return the drainage outfall of acetaldehyde
production to Minamata Bay (from the Minamata
River) and to install wastewater treatment equipment
within the year (Harada, 2004). The factory therefore
established a purifying system for the contaminated
water in December 1959 (Arima, 1979; Harada, 2004).

Most residents believed that the discharge of the
etiological agent would soon cease. However, the
system installed, as should have been known by
Chisso at the time of installation, was completely
ineffective at removing methylmercury (Irukayama,
1969). It was installed only to give the appearance of
action by the company and researchers at Kumamoto
University were deceived by being given a fake
sample from Chisso factory (Miyazawa, 1996).
Unsurprisingly, mercury concentration in fish and
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shellfish in Minamata Bay failed to decline after the
system was installed (Irukayama, 1969). To make
matters worse, the effluents also continued to be
discharged into Shiranui Sea (Irukayama, 1969). As a
result, residents not only in Minamata Bay but also in
the other villages around Shiranui Sea continued to
be exposed.

5.2.4 Detecting the organic mercury production
process and social recognition of Minamata
disease (1960-1963)

Although researchers were now satisfied that
organic mercury was the etiologic agent of Minamata
disease, no steps were taken to control the poisoning.
Researchers concentrated on identifying organic
mercury in organisms or finding the mechanism

by which it was produced. On 14 February 1960,
Makio Uchida, a professor at Kumamoto University,
extracted organic mercury in a shellfish in Minamata
Bay (Harada, 2004; Uchida et al., 1960). Subsequently,
researchers at Kumamoto University made further
important findings: confirming that short-chain
organic mercury was toxic, extracting methylmercury
sulfide from shellfish, and inducing Minamata
disease in cats and mice using the substance (Harada,
2004; Sebe et al., 1961; Uchida et al., 1960).

In February 1960, the Minamata Disease General
Investigation Committee was established to replace
the dissolved MHW] committee and research
Minamata disease (MDGIC, 1996). Many of the
discussions in the Committee centred on possible
objections to the organic mercury theory and served
only to obscure the theory (George, 2001). Its last
meeting was held in March 1961. Finally, in March
1962, Fisheries Agency abandoned research regarding
Minamata disease (Arima, 1979). After that, no
research activities were conducted by government
agencies until 1968.

In April 1960, the Minamata Disease Research
Council, known as the "Tamiya Committee’,

was established (Miyazawa, 1996). Its chair was
Takeo Tamiya, President of the Japanese Medical
Association, and all members were from universities
in Tokyo. Primarily sponsored by the Chisso factory,
the Tamiya Committee attempted to obscure the
organic mercury theory. The Committee wished to
involve Kumamoto University but Kansuke Sera,
Dean of Kumamoto University School of Medicine,
refused the request (George, 2001), which was a
remarkable and noteworthy act.

Researchers on the supposedly 'authoritative' Tamiya
Committee disputed Kumamoto University's organic
mercury theory by arguing that other factors were
responsible (Harada, 2004). On 13 April 1960, Raisaku
Kiyoura published a newspaper article promoting
his theory that a group of organic chemicals called
amines were responsible (*). He claimed that amines,
not mercury, were detected in shellfish that caused
Minamata disease in cats. Any detailed examination
would have demonstrated the dubious medical
validity of that counter-theory but the mass media
were enthusiastic (Harada, 2004).

The next year, Kikuji Tokita, a professor of Toho
University, proposed that eating rotten fish was the
cause and the etiologic agent was again suggested to
be amines. However, people in Minamata, despite
their poverty, were able to eat as much fresh fish as
they wanted. Anyone who visited Minamata and
observed the life of its people would understand
immediately that his theory was wrong. In his
paper, the name of Chisso factory, Takeji Ohshima
(who had suggested that dumped munitions were
responsible) and Raisaku Kiyoura were listed in

the acknowledgments. George (2001) notes the
emphasis placed on the 'line of attack-that scientists
from the "centre" could be trusted over those from
"hick" universities on the periphery'. Importantly, all
researchers recognised that fish were a cause.

During this period, researchers at the Department
of Internal Medicine at Kumamoto University
School of Medicine conducted a large investigation
to locate unidentified Minamata disease sufferers
and determine whether Minamata disease occurred
in a chronic form and, if so, what its diagnostic
features were (Tokuomi et al., 1962). They

targeted 1 831 residents in affected areas, of whom
1152 (62.9 %) participated, and used a questionnaire
to identify participants who needed further physical
examination. The study identified 131 participants
with neurological signs similar to Minamata disease
(Kumamoto Nichinichi Shinbun, 1962), although
only 24 of these had severe symptoms. Finally, the
Screening Council for Minamata Disease Patients
(described below) recognised two of cases as having
Minamata disease (Miyazawa, 1996 and 2007).

Although this investigation could be seen as an
important step towards fully describing Minamata
disease (e.g. the nature, threshold, frequency and
severity of symptoms; the scale of poisoning;

and the prognosis) in practice the investigation
could not go far beyond the boundaries of earlier

(*) An amine is any derivative of ammonia in which one or more hydrogen atoms are replaced by alkyl or aryl groups.

Late lessons from early warnings: science, precaution, innovation

135



136

Lessons from health hazards | Minamata disease: a challenge for democracy and justice

epidemiological studies. This is probably because
researchers at Kumamoto University, keen to protect
the organic mercury theory from a steady flow of
criticism at that time, focused on the typical and
severe cases of organic mercury (Hunter-Russell
syndrome) (Miyazawa, 2007), even though this was
contrary to the primary object of their investigation.
They did not use non-exposed areas as controls to
compare prevalence and they did not follow up
with the 131 participants identified as having similar
symptoms to Minamata disease. Finally, when
publishing their findings in March 1962 (Tokuomi

et al., 1962), the researchers gave the impression

that Minamata disease was no longer a problem,
observing that 'Minamata disease seems to have
terminated at last.'

Meanwhile, in 1960 the Kumamoto Prefecture
Institute for Health Research investigated the
mercury concentration in hair samples from

1 645 healthy fishermen from around Shiranui

Sea (Doi and Matsushima, 1996; Matsushima and
Mizoguchi, 1996). It was the first large survey using
hair samples. The distribution of a high concentration
(0-920 ppm) of mercury among the hair samples
indicated that the contamination had spread
throughout entire Shiranui Sea. The mercury content
in Minamata was the highest (a median of 30 ppm)
but the mercury content in Goshonoura (median
21.5 ppm) on the other side of the Shiranui Sea was
also about 10 times higher than that of residents

in the non-exposed city of Kumamoto (median

2.1 ppm) (Doi and Matsushima, 1996; Matsushima
and Mizoguchi, 1996; Ninomiya et al., 2005). Among
199 residents examined in Minamata, 61 residents
(30.7 %) had hair mercury concentration greater than
50 ppm, while even in Goshonoura 153 residents
(13.2 %) among 1 160 examined had those levels of
mercury.

Two other investigations were conducted up to

1962 (Doi et al., 1996). Although the investigators
claimed that further follow-up studies were needed
because the contamination source was not removed
and the mercury concentration in hair samples was
high, Kumamoto Prefecture decided to stop the
investigation in 1962 (Miyazawa, 1996). Furthermore,
the health status of the fishermen who provided hair
samples was never followed up and the fishermen
were never informed of the mercury concentration
results.

After Masachika Kutsuna replaced Kansuke Sera as
Dean in April 1961, Kumamoto University School of
Medicine adopted a conciliatory attitude to Chisso
factory (Miyazawa, 1996). It joined the Tamiya
Committee and began to receive research funding

from Chisso factory and the Tamiya Committee.
Indeed, when Kumamoto University published a
volume of their research reports in 1966, Chisso
factory was listed in the acknowledgments (MDRG,
1966). From that time, Minamata disease became a
sensitive problem in Kumamoto University. When

a local news paper reported that Prof. Irukayama
extracted methylmercury chloride from the sludge
of the factory (Kumamoto Nichinichi Shinbun,

1963), Dean Kutsuna reprimanded him and called
Chisso factory to apologise for the news (Miyazawa,
1996). Later on, an instruction was handed down in
the School of Medicine: 'you can do experimental
research about Minamata disease but do not conduct
clinical research.' It was said that clinical research

is not research but rather work conducted by social
activist or Prefecture Government' (Harada, 2004)
because if researchers included human beings, they
naturally became involved in various social problems
surrounding Minamata disease.

Finally in 1962, Katsuro Irukayama, a professor at
Kumamoto University School of Medicine succeeded
in extracting methylmercury chloride from the
sludge of the acetaldehyde production process in the
factory (Irukayama et al., 1962). Although it was not
disclosed, Chisso factory laboratory also extracted
methylmercury chloride from the sludge (Miyazawa,
1996). This showed that methylmercury was a
by-product of acetaldehyde production and present
in discharges from the factory. However, the Food
Sanitation Act was not applied as a result of these
findings, nor was the factory regulated in any other
manner.

Important scientific findings continued. In addition
to the success extracting methylmercury chloride
from the sludge of the factory, in 1962 an unusual
occurrence of cerebral palsy infants was diagnosed
as resulting from methylmercury intoxication during
fetal life (Harada, 2004). However, the public's
attention began to shift away from Minamata Disease.
Chisso factory paid 'mimaikin' ('sympathy money")
to patients in 1959 meaning that many, including
researchers, believed that the issue was settled.
Furthermore, from 1962 to 1963, there was a big
dispute at Chisso over workers' pay (Harada, 2004).
The issue of Minamata disease began to be forgotten
except among sufferers and their families.

5.2.5 Niigata Minamata disease and proof of the
causal relationship (1964-1968)

Although the source of contamination, the causal
food, the etiologic agent and the process creating the
methylmercury had all been identied, the government
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did not regulate fish consumption or factory waste
at Chisso. In January 1965, similar methylmercury
food poisoning occurred in Niigata, causing 'Niigata
Minamata disease' (Niigata Prefecture, 2007; Saito,
2009). The factory responsible (Showa Denko)
operated in the same way as Chisso in Minamata,
with methylmercury being discharged during
acetaldehyde production. Although the damage was
less than Minamata, over 1 500 individuals (Niigata
Prefecture, 2007) were needlessly affected. Once
more, cats started dancing and dying from madness
in Niigata as a harbinger to the human consequences
that were to follow (Harada, 2004).

From the beginning, MITIJ and Chisso had disputed
that the factory was the cause of Minamata disease.
A compelling argument, in their eyes, had been

the observation that 'No similar patients have been
observed around other production plants with the
same system as Chisso. If the operation by Chisso
was causal, we would find such patients around
these other factories' (Hashimoto, 2000). At that
time, Chisso was by far the largest producer of
acetaldehyde, and Showa Denko was the second
most important (Harada, 2004). The appearance of
Minamata disease in the vicinity of Showa Denko
was a powerful refutation of their argument.

A legal case relating to Niigata Minamata disease
went on trial in 1967 and on 26 September 1968
the government of Japan finally agreed that there
was the causal relationship between wastewater
from Chisso (and Showa Denko) and Minamata
disease (MHW], 1996¢). By then, however, this
admission was immaterial as acetaldehyde was no
longer necessary and production had stopped by
May 1968 (Arima, 1979). Twelve years had passed
since the institution and food contaminant had
been identified. In total, 488 tonnes of mercury
were discharged into the sea from 1932 to 1968
(Miyazawa, 1996).

5.3 Congenital Minamata disease:
intrauterine methylmercury
poisoning

Minamata disease can be considered a typical
example of industrial pollution (Ui, 1968) for
several reasons. First is the manner of the outbreak.
Minamata disease is a form of food poisoning (and
indeed carried through the food chain) as a result
of environmental pollution. Second, it is a classic
example of how decisions supposedly based on
factual judgements were influenced by political,
financial, legal and even psychological factors (such
as hierarchies within society, within and between

scientific disciplines and between different wings of
government, and supposed 'loss of face' in admitting
error). Corruption also played a role.

However there is another reason why it will long be
remembered: the discovery of congenital Minamata
disease. Before congenital Minamata disease was
proven, it was believed that the womb protected
the foetus from poisons. This was the first clear-cut
case of chemical poisoning transmitted through the
placenta to the foetus. A paragraph from Harada
(2005) conveys the normal attitudes towards
congenital Minamata disease at that time (1961):

When conducting a survey in the area of
frequent outbreak of Minamata disease,

I came upon two brothers on a veranda. Their
symptoms were exactly the same; so I assumed
that they must both have Minamata disease.
However, their mother said, 'The 9 year-old
contracted Minamata disease when he was

3 years and 6 months, but the 5 year-old has
cerebral palsy.' 'Why?' I asked, to which she
responded, 'The younger one has never eaten
fish; he was born this way, so it's not Minamata
disease.' I was convinced right away. This is
because we used to believe at that time that the
placenta would not let poisons pass though.
Then the mother added, 'That's what doctors
say. Both my husband and this older child got
Minamata disease. My husband died in 1954.

I ate the same fish. At the time the younger
boy was inside of me. I think the reason I have
few symptoms of the disease is because this
child absorbed all the mercury that I ate." At
the time I thought this was just the fancy of

an amateur who knew nothing about medical
science. But time proved that she was correct.
Her words were prophetic in speaking of the
suffering of the foetus because after that time
we had many experiences of congenital cases.

Many infants born after 1955 showed symptoms
resembling those of cerebral palsy in the affected
areas (Kitamura et al., 1959 and 1960a). Shoji
Kitamura mentioned in 1959, 'It is possible that the
substance causing the poisoning was transferred to
the infants through the placenta or mother's milk,
producing symptoms similar to those of Minamata
disease' (Kitamura et al., 1959). Careful clinical and
epidemiological studies were conducted (Harada,
1978). All the patients displayed similar symptoms
(Harada, 2005) including mental retardation,
disturbed coordination, deformities of limbs, poor
reflexes, poor nutrition, and impaired growth. Most
were hyperactive, suffered from muscular spasms
and uncontrollable slow writhing, had squints,
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One of the symptoms of Minamata disease is deformed limbs.

Photo: By Eugene Smith © Aileen M. Smith

produced excess saliva resulting in drooling, and
were subject to sudden mood changes.

Epidemiologically, the patients were coincident

with Minamata disease both in timing and location
(Harada, 1964). Their mothers consumed a large
amount of fish and exhibited mild symptoms of
Minamata disease. Furthermore, 13 infants (6.9 %)
among 188 infants born during the period 1955-1958
suffered from severe cerebral-palsy-like symptoms in
the three most heavily contaminated areas (Harada,
1964). Since the overall incidence of cerebral palsy in
Japan was 0.2-0.6 % at that time, this clearly showed
that this incidence of cerebral-palsy-like infants
(congenital Minamata disease patients) was very high
(Harada, 1964).

Despite these clinical and epidemiological features,

it took a long time for congenital Minamata disease

to be accepted as a fact. Mothers of children seeking
assistance with medical costs were told that they
would only be helped once some children had died,
had been autopsied, and the nature of the illness had
been confirmed (Harada, 2004). Finally, two autopsies
of infants confirmed methylmercury intoxication
during foetal life. Then, in December 1962, 17 patients
were officially diagnosed with congenital Minamata
disease (Miyazawa, 1996). Later research revealed that
the disease existed in a broader region, and 66 cases
including 13 deaths were identified by Harada (2005
and 2007). However, no other epidemiological studies

to investigate the existence of congenital Minamata
disease have ever been conducted.

One reason why it took five to eight years to confirm
congenital Minamata disease is that researchers had
never previously seen a case of poisoning through
the placenta (Harada, 2005). In addition, researchers
who became convinced that the disease was being
transferred from mother to foetus were told (for
example by the Screening Council for Minamata
Disease Patients and city officials) that they had

no proof (Harada, 2005). Because organic mercury
was only recognised as the etiologic agent in 1959,
mercury levels in hair or umbilical cord blood were
not previously measured at birth. However, in 1968
Masazumi Harada realised that the Japanese tradition
of preserving the umbilical cord might make it
possible to measure methylmercury concentrations
in preserved umbilical cords as an indicator of
foetal exposure. He collected umbilical cords among
the residents around Shiranui Sea and was able to
demonstrate a correlation between acetaldehyde
production in Chisso factory and the concentration
of methylmercury in umbilical cords (Figure 5.1)
(Nishigaki and Harada, 1975; Yorifuji et al., 2009a).
This supported the hypothesis that methylmercury
affected foetuses in the uterus via the placenta.

A continuing problem relating to intrauterine
exposure to methylmercury is the effects of low

to moderate exposure (Harada and Tajiri, 2009),

i.e. exposure that is below the level that produces

the full effects but is nevertheless debilitating. While
symptoms of congenital Minamata disease can be
similar to cerebral palsy, some individuals exposed

to a high umbilical cord mercury level did not show
exactly these symptoms — and were therefore
disregarded — despite showing other mental
disabilities, behavioural anomalies or other cerebral
dysfunctions. They were missed because of the failure
to implement proactive epidemiological investigation
targeting residents exposed to methylmercury via the
uterus.

It is well established that methylmercury
concentrations in congenital Minamata disease and
Minamata disease patients are higher than in healthy
individuals. But we now know that methylmercury
concentrations in other mentally retarded groups
are also higher than in healthy people (Harada et al.,
1999). Further investigation of mental retardation
cases revealed clumsiness in finger movement

and other light motor dysfunctions. The on-going
developments regarding the effects of low to
moderate exposure among residents underline the
continuing failure to investigate the consequences
of Minamata thoroughly. Further follow-up
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studies are needed targeting congenital Minamata
disease patients and more moderate exposure to
methylmercury in the uterus. Nothing can reverse the
history of exposure but much could and should be
done to mitigate and learn from its effects.

5.4 Chaos implementing the Minamata
disease accreditation system (1968
to present)

After the Japanese government accepted the causal
relationship between Chisso factory and Minamata
disease in 1968, attention shifted to the 'accreditation’
of the disease in individual patients, in order to
determine compensation claims. The payment of
compensation can be grouped into four phases. First,
Chisso paid 'sympathy money' without accepting
responsibility. Second, 1971 witnessed an early
application of the precautionary principle, when
accreditation criteria were relaxed and applications
for compensation soared. Third, the government
introduced far harsher accreditation criteria in 1977.
Fourth, a period of "political settlements' took place
from 1995/96 until the present, with the government
and Chisso factory attempting to settle the conflict
by paying lump sums (not as compensation) without
changing the strict criteria or recognising affected
individuals as official patients.

All of this was done without formally defining
Minamata disease and legal cases still continue
because the geographic and temporal boundaries for
claimants still lack an agreed evidential basis.

5.4.1 Accreditation system

As of 2012, the Minamata disease accreditation
system remains based on Japan's Pollution-Related
Health Damage Compensation Act. This involves
passive assessment based on applications by patients
to become accredited (Minamata Disease Museum,
2007; Ministry of Environment, 2006), rather than
the active surveillance system based on the Food
Sanitation Act, described earlier.

The Judgment Committee for Minamata Disease
Accreditation (an advisory body to the Governor of
the Prefecture) determines whether 'the applicant is
a Minamata disease patient' based on the results of
a medical examination (Minamata Disease Museum,
2007; Ministry of Environment, 2006). Committee
meetings are held in the cities of Kumamoto and
Kagoshima, nearly 70 km from Minamata, and
committee members do not directly examine the
applicants, regardless of their proximity. The

Committee consists largely of neurologists, with a
few pathologists, ophthalmologists (eye disorder
experts) or otolaryngologists (ear and throat
experts). Having considered a case, the Committee
makes an assessment by unanimous decision and
submits it to the Governor of the Prefecture. If the
judgment is positive then the Governor accredits
the applicant as an officially recognised Minamata
disease patient. Compensation is not available
without accreditation, which can take a long time.
For example one patient accreditation took 25 years
(Miyazawa, 1996), imposing a significant burden on
the applicant.

The Environmental Agency of Japan (EA]), a
predecessor of the Ministry of Environment of
Japan, determined the official position that patients
with a "probability of 50 % or more' of having the
disease are to be accredited as Minamata disease
patients (Ministry of Environment, 2006). As such,

a quantitative approach is supposed to be applied. In
practice, however, the Committee for Accreditation
uses a qualitative diagnostic method, based on
whether the symptoms match those documented for
the 'Hunter-Russell' syndrome.

As described below, the criteria for accreditation have
been revised several times since their introduction

in 1959 (Yorifuji et al., in press), with profound
implications for those affected by Minamata disease.

5.4.2 History of the accreditation system

Prior to 1969, the initial disease accreditation
system, the 'Screening Council for Minamata
Disease Patients', was used to identify patients

who deserved low 'mimaikin’ ('sympathy money"’)
payments from Chisso factory (Harada, 2004;
Minamata Disease Museum, 2007). This was not
considered compensation, nor was it done based on
any law because Chisso factory insisted that it was
not proven that it was the cause of Minamata disease
(Miyazawa, 2007).

The settlements, in effect decided by Chisso factory,
were very small. A death resulted in a lump sum
payment of JPY 300 000 (about EUR 2 900 today)
while affected adults received JPY 100 000 (about
EUR 960) annually and children JPY 30 000 (about
EUR 290) annually (Minamata Disease Museum,
2007). The contract provided that 'the patients
relinquish their claim to further compensation even
if it is decided in the future that Minamata disease
is caused by Chisso's effluents’ (Harada, 2004). In its
judgement at the First Minamata Disease Lawsuit
in 1973, the court nullified these agreements as a
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breach of the common good (Minamata Disease
Museum, 2007).

By 1969, eighty-nine Minamata disease patients,
excluding those with congenital Minamata disease,
had been accredited through this system (Minamata
Disease Museum, 2007). At that time, patients
suffered not only from the disease itself but also
faced discrimination from Minamata citizens in
part because accredited patients could obtain
compensation money. This climate in Minamata
deterred residents from seeking accreditation.
Instead, some sought to hide their neurological
symptoms (Miyazawa, 2007).

In the 1960s, large-scale incidences of health effects
from environmental pollution were identified
elsewhere in Japan, for example, methylmercury
poisoning in Niigata (Niigata Prefecture, 2007),

air pollution in urban areas (Yoshida et al., 1966),
cadmium poisoning in Toyama (Osawa et al.,

2001), and arsenic poisoning in Miyazaki (Tsuchiya,
1977). This lead to a change in the public mood.
The Japanese government was forced to take

active measures to prevent further cases, and

make better provision for patient support and
compensation. In 1969, the Act on Special Measures
for Pollution-Related Health Damage Relief (later
changed to the Pollution-Related Health Damage
Compensation Act) was created. It came into effect the
following year (Minamata Disease Museum, 2007).
Subsequently, the EA]J was established in July 1971.

As a result of the Act, the Screening Council

for Minamata Disease Patients was replaced

by the Judgment Committee for Minamata

Disease Accreditation (hereafter, 'Committee for
Accreditation') at the end of 1969 and this continues
to be the responsible body (Minamata Disease
Museum, 2007).

On 7 August, 1971, the 'Administrative Vice Director
of the EAJ Notice' was published, marking the first
real policy change since 1956 (JSPN, 1997). This
Notice specified that if it appeared 'clear that a
patient had been affected by the consumption of

fish and shellfish containing organic mercury, the
cause of [his/her neurological signs (characteristic

of methylmercury poisoning)] should be presumed
to be Minamata disease, even if other causes were
conceivable' (George, 2001). The approach reflected
the usual thinking with respect to food poisoning
and was not dissimilar to the precautionary principle
concept, as developed in Europe in the following
decade. The Notice listed neurological signs such

as constriction of the visual field, ataxia (loss of
bodily coordination), hearing loss and paresthesia

(a disabling tingling sensation, 'pins and needles',
on both sides of the body) and did not require
combinations of these neurological signs for
Minamata disease to be confirmed.

On 20 March 1973, the Kumamoto District Court
ordered Chisso factory to pay compensation to
Minamata disease patients engaged in a lawsuit
against the company (Minamata Disease Museum,
2007). The patients then signed a compensation
agreement with Chisso (Minamata Disease Museum,
2007). This resulted in dramatic increase of the
number of accreditation applications.

Meanwhile, in 1971, the Department of
Neuropsychiatry at Kumamoto University School

of Medicine undertook the first and largest
cross-sectional population-based investigation to
evaluate the prevalence of neurological signs of
Minamata disease among local residents (Tatetsu

et al., 1972). Leonard Kurland had first suggested this
study to the Japanese Society of Neurology but the
proposal was rejected and the Department of Internal
Medicine therefore did not cooperate in the study.

In the study, three areas were selected for
investigation in Kumamoto Prefecture:

Minamata (a high-exposure area), Goshonoura

(a medium-exposure area) and Ariake

(a low-exposure, reference area). The findings
demonstrated the severe effects of methylmercury
on residents in Minamata and even in Goshonoura.
It provoked debate about the "Third Minamata
disease' (following those experienced in Minamata
and Niigata) since even in the reference area there
were residents with neurological signs of Minamata
disease (Miyazawa, 1996), although the prevalence
was not so high.

The analysis was highly plausible because the
Ariake and Minamata areas are connected by sea
(Map 5.1) and fishermen often went to the Shiranui
Sea to catch fish. Unfortunately, the findings were
made public before the investigation was complete
and created a sensation. People stopped buying
fish or shellfish caught in Ariake area, causing
Ariake's fishermen to protest against the Prefecture
and Kumamoto University. A doctor at Kyushu
University diagnosed those with neurological
symptoms in Ariake as not having the disease,
which caused distrust of Kumamoto University
researchers. These pressures meant that the
research was terminated after only two thirds of the
programme had been completed.

Recent publications in international journals (Yorifuji
et al., 2008, 2009b, 2010, 2011 and in press) have
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shown, however, that even the incomplete findings
of the Kumamoto University investigation were
valuable and should have been more fully utilised.
They fill out the details of Minamata disease: the
kinds of symptoms, their frequency and thresholds
and the types of residents affected. Unfortunately,
this information has never been used for diagnosis
or compensation from the 1970s to the present.

The third change in EAJ policy came in 1977

when, following the sensational news of the 'Third
Minamata disease', and also a dramatic increase

of accreditation applications, the "precautionary’
approach of the 1971 EAJ Notice, based on the
notion of food poisoning, was reversed. A new

and more rigid set of accreditation criteria

for Minamata disease the '1977 criteria' were
established (Minamata Disease Museum, 2007;
Ministry of Environment, 2006; Yorifuji et al., in
press) and remain in force today. Subsequently,
there was a rise in the number of patients who had
methylmercury-related symptoms but were not
formally accredited. This is because the 1977 Criteria
once more require a combination of neurological
signs (Minamata Disease Medical Research Group,
1995, JSPN, 1997). They also provide that in addition
to taking into account a person's exposure history,
paraesthesia would now be regarded as a necessary
but insufficient criterion for accreditation. Unlike the
1971 Criteria, the occurrence of paraesthesia 'alone’
would not result in accreditation.

In 1978, it was decided that Kumamoto Prefecture
should issue debt to support Chisso factory

in paying compensation money (Ministry of
Environment, 2006). This meant that the authorities
now had a potential conflict of interest between their
duty to the patients and their financial situation. It
became increasingly apparent that the accreditation
system was an important defensive barrier —

not only for Chisso but also for the government
(Miyazawa, 2007).

The 1977 Criteria became a continuing source of
dispute. In August 1985 the Fukuoka High Court
decided that the criteria for accreditation should
be relaxed again, allowing more people to qualify
(Minamata Disease Museum, 2007). In response,
in October 1985, the EA] summoned eight
medical specialists to reconsider the 1977 Criteria
(Miyazawa, 2007). Their 'expert opinion' stated
that the Criteria remained 'valid' and once more
asserted that it was not certain that paraesthesia
occurred in isolation in Minamata disease and
should not, therefore, be used to accredit patients
(JSPN, 1997). Only neurologists were present at the
meeting, which was both closed and brief (seven

hours). The meeting minutes were not published
and no medical evidence was given in public to
support their conclusion. It seems inconceivable
that they would not have been aware of the
prominent research of Bakir et al. (1973), which
provides evidence that paresthesia can occur in
isolation following methylmercury exposure (JSPN,
1999).

By the early 1990s many accreditation applications
(including new applicants and those who had
reapplied) and lawsuits remained outstanding, in
part because the 1977 Criteria were strict. Indeed,
of the 944 patients who satisfied the diagnostic
criteria and should have been accredited according
to the 1977 Criteria, only 205 patients were in fact
accredited by 1981 (Miyai, 1997). Even by 1992, only
about one third of the qualified applicants had been
accredited (316/944) (Miyai, 1999).

The EA]J therefore asked the Japanese Central
Council for Environmental Pollution Control, an
advisory body to the EAJ Director, to consider

the issue in 1991 (Ministry of Environment, 2006).
A 14 member Minamata disease working group
was set up, comprising nine members with medical
backgrounds and five with legal expertise. Based
on the working group's advice, the Council stated
that its accreditation of Minamata disease was

in accordance with the 1985 'expert opinion' and
proposed a medical care project to support exposed
residents who had signs of the disease but were not
accredited as Minamata disease patients.

In 1995-1996, under a condition that there was

no liability on government, a reconciliation (the
so-called 'first political solution') was reached
based on the Central Council's recognition

and the medical care project. According to the
reconciliation, instead of issuing further Minamata
disease accreditation, Chisso would make a lump
sum payment to patients with methylmercury-
related symptoms living in the exposed areas but
these patients must withdraw any legal action

or claim against Chisso (McCurry, 2006). In this
reconciliation, about 10 000 patients received lump
sum payments of JPY 2.6 million (about EUR 25 000
today) as relief money (not compensation) because
neither the government nor Chisso admitted
liability and they were not formally recognised

as 'Minamata disease patients' (Miyazawa, 2007).
Accordingly, this situation could be considered

as repeating the 'mimaikin’ ('sympathy money")
payments in 1959. The number of accreditation
applicants fell to zero but one legal action
continued in Osaka, where some residents born in
Minamata had previously moved.
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By this time the Japanese Society of Psychiatry and
Neurology (JSPN) — an independent academic
society consisting mainly of psychiatrists and
neurologists — was becoming increasingly involved.
In 1998, it examined whether the medical specialists
in the EAJ commission in 1975 had used any

medical evidence when creating the 1977 Criteria.

It concluded that they did not. Moreover, the JSPN
judged the 1977 criteria to be medically invalid

based on an evaluation of the data gathered in the
Kumamoto University study of 1971 (JSPN, 1998).
Subsequently, in a 1999 review, JSPN strongly
criticised the 1985 'expert opinion/, stating that

there was no scientific evidence for the 1985 'expert
opinion'; that the 'experts' were selected to justify the
1977 Criteria and the position of the EAJ; and that the
'experts’ were guilty of pandering to the government's
desires (JSPN, 1999).

Throughout the history of Minamata disease, key
decisions have been characterised by very little
transparency and much secrecy, making it hard

to evaluate their reasoning. In 2003, after the first
political settlement, JSPN (2003) analysed the
minutes of the Central Committee working group's
discussions in 1991, which were disclosed under

the Access to Government Information Act (°). It
concluded that the working group members did

not have the medical evidence to support the 1977
criteria; that the 1985 'expert opinion' was not a
medical assessment but a government opinion; and
that the meeting minutes made it evident that the
working group's discussion had been conducted with
the sole aim of producing an opinion that complied
with the EAJ's view. These facts had, until then, been
hidden from the public.

In October 2004, the Japanese Supreme Court decided
on the case involving Osaka residents, confirming

the liability of the national and Kumamoto Prefecture
governments for damage caused by methylmercury
poisoning in the Minamata area (McCurry, 2006;
Minamata Disease Museum, 2007; Nagashima, 2005).
Like the Fukuoka High Court in its 1985 decision,

the Japanese Supreme Court also ruled that the

1977 criteria should be relaxed (McCurry, 2006;
Nagashima, 2005). Remarkably, the EA]J has still not
changed its attitude on the criteria. As a result of the
Court's ruling, the number of accreditation applicants
began to grow again, exceeding 6 000 by 2008 and

8 000 in 2010) (Minamata Disease Museum, 2010).

In 2009, an Act on Special Measures (the so-called
'second political solution') was passed without

changing the strict 1977 criteria. It was determined
that Chisso should pay lump sums of JPY 2.1 million
(about EUR 20 000) to patients who at least have
paresthesia and who had lived in defined affected
areas for at least one year during a defined period of
time (Kumamoto Prefecture, 2010). Similar to the first
reconciliation in 1995-1996, the lump sum money is
not compensation but relief money because neither
the government nor Chisso admits liability and the
patients are not formally recognised as 'Minamata
disease patients'.

It is expected that most of the applicants involved

in litigation will withdraw their actions. Residents
who have never applied for compensation but have
neurological symptoms are also able to apply for
lump sums. However, the outcome is perplexing.
While 2 273 patients were officially recognised as
Minamata disease patients in the affected prefectures,
there are also at least several tens of thousands

of exposed patients with neurological signs
characteristic of methylmercury poisoning who have
not been formally recognised as Minamata disease
patients and not properly compensated.

Despite the enactment of the Act on Special Measures,
several lawsuits are still under way because the Act
defined the affected area and time period without
investigating or defining evidential criteria. It is
known that exposed residents with neurological
signs characteristic of methylmercury poisoning are
observed in areas other than those defined in the
Act (Kumamoto Nichinichi Shinbun, 2010a). The
approach used in the Act has shortcomings. First, it
is inappropriate to define 'areas' based on the notion
of food poisoning; instead, exposed persons with
relevant symptoms should be counted as patients.
Furthermore, the problem will persist because
individuals who were exposed in the uterus but
were not severely enough affected to be recognised
as 'congenital' Minamata disease patients are not
covered by the Act.

5.4.3 Criminal charges

One criminal case was put forward against
Chisso in 1975 although a number of civil trials
were raised against the factory. The report by
Hunter et al. (1940) was the best known in Japan,
although the danger of using organic mercury

in the production had been common knowledge
long before 7 May 1932, when Chisso began to
discharge effluents containing organic mercury

(°) The Aarhus Convention and 'right to know' laws have made public access to data and decision-making an issue of critical

importance.
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into Minamata Bay (Iriguchi 2012). However, the
accused stressed that toxicity of methylmercury
was not well known before 1956 when the first
patient was notified by the Minamata Public Health
Center. In 1979, the Kumamoto District Court
sentenced the ex-president and the ex-factory-head
to two years in prison with three years suspension
of sentence. The Japanese Supreme Court accepted
the court's ruling as final in 1988.

5.5 What are the lessons of the
Minamata disease story?

5.5.1 Medical, scientific and public health lessons

Respond to the signals of sentinel wildlife

As aresult of the pollution route, at Minamata harm
to wildlife was observed before human harm. Fish
and cats died strangely before the first patients were
observed in Minamata and surrounding areas, and
the same pattern occurred at Niigata. Subsequently,
those who lived and worked close to nature and
who ate the local fish were the first to suffer from
pollution. The earliest cases identified lived close
enough to the sea that they could fish from their
windows. They were people who lived at one with
nature.

This suggests that, as a general rule, when wildlife
impacts are observed we should ensure that we
understand the epidemiology, identify the source
of the problem and take action to prevent human
suffering. Minamata showed that effective action
(preventing the discharge of pollution) was
possible even before the first patients were notified.
Early actions are justified by our responsibility to
protect the environment — but they can also avoid
subsequent harm to humans.

Prevention is possible and essential

As Hajime Hosokawa (Director of Chisso hospital)
pointed out "prevention is far more important than
relief.' (Harada, 2004). It was already known in

1921 that organic mercury was synthesised in the
production of acetaldehyde (Ishihara, 2002; Vogt
and Nieuwland, 1921). And a researcher at Chisso
factory had demonstrated that organic mercury

was synthesised in the production of acetaldehyde
in 1951 (Arima, 1979). Furthermore, intoxication
due to occupational exposure to organic mercury
was reported in the 1930s in Europe (Ishihara, 2002;
Koelsch, 1937; Zangger, 1930). While these reports
were published in Europe, especially in Germany
(where Chisso had strong links since the 1920s), this
is no excuse for a diligent company to be unaware of
such important risks. Prevention was possible before

the hideous consequences were first identified in
1956.

Early epidemiological studies are valuable

Early epidemiological studies, 'good enough' for
their purpose can play a key role in preventing and
minimising future harm. The Kumamoto University
research group's early study in 1956 demonstrated
that eating fish caught in Minamata Bay was a cause
of harm and this conclusion has never changed.
Minamata is a classic example of how spurious
demands for more precision with respect to the cause
of harm resulted in unnecessary delay and continuing
exposure (‘analysis by paralysis'). It was three years
before the etiologic agent was found and six years
before the mechanism by which methylmercury

was produced was (re)discovered. As an important
principle, this shows that prompt countermeasures
should be conducted when the cause is identified and
should not be postponed until an etiological agent or
the biological mechanism of action is identified.

In-depth epidemiological studies are also valuable
While early epidemiological studies should have been
heeded, far more could have been done to reduce
harm if there had been more early epidemiological
effort focusing on the features of the disease (such as
the threshold, frequency and severity of symptoms;
the scale of poisoning; and the prognosis). The first
systematic epidemiological study of the features

of the disease was not conducted until 1971. An
investigation by the Department of Internal Medicine
in 1960 only focused on the severest cases and

did not follow up with the participants. Similarly

the Kumamoto Prefecture Institute for Health
Research's investigation of mercury concentrations in
1 645 healthy fishermen in 1960 was not able to follow
up the participants. Follow-up studies would have
revealed the developments of neurological symptoms
or the dose-response relationship between exposure
and symptoms.

Instead, the initial emphasis was placed on clinical
manifestation (Hunter-Russell syndrome) and
became bogged down in legal dispute about what
was and was not Minamata disease. However, after
organic mercury or fish was identified as a cause,
causal criteria (i.e. cause and disease) should have
been used in subsequent epidemiological studies.
They should also have been used from the outset
to certify patients and determine entitlement to
compensation.

Demands for excessive levels of scientific proof can
exacerbate harm

The history of Minamata disease provides many
examples of spurious obstacles and inappropriate
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burdens of proof, which prevented speedy and
effective action. The demand for high levels of
scientific proof (i.e. 'clear evidence' or 'beyond the
reasonable doubt') was used as spurious cover,
allowing Chisso to delay the search for what
turned out to be a simple alternative production
technology that avoided methylmercury pollution.
Epidemiology demonstrated that poisoning was
caused by contaminated fish and the factory
discharge in 1956. This was unintentionally
confirmed when the drainage route was altered

in 1958 causing new victims in the new discharge
area. There was a tendency for many stakeholders
to accept that high evidential burden was required
to justify taking preventative action.

Be wary of deliberately manufactured doubt
Regulators (and others) should be attuned to
'manufacturing of doubt' by those with sufficient
means and an incentive to maintain the status

quo. At various points, alternative explanations
arose for the harm, such as metals, dumped
explosives or amines in rotten fish and these were
exploited to the full by Chisso and its supporters in
government.

Of course, a plurality of viewpoints is essential for
scientific analysis. Indeed, during the early stages
of the disaster various metals were considered as
possible causes but these were dropped when the
evidence did not stand up to scrutiny. Ironically,
this openness to consider alternative explanations
was then used by Chisso to criticise the researchers
when they concluded that methymercury was the
likely cause.

Several characteristics distinguish those
manufacturing doubt, often by proxy, from

those promoting genuine open debate. Often
they demand high levels of proof for results that
demand action from the vested interest but accept
low levels of proof (or standards of analysis) for
their alternative hypothesis, which may be the
object of criticism from scientific peers. They also
fail to consider the pros and cons of alternative
courses of action judged from the perspective

of society as a whole and that of the wider
environment.

Look beneath the tip of the iceberg

Throughout the history of Minamata disease,
researchers have consistently discovered more
subtle effects, at lower exposure concentrations.

However neurologists, who occupied a dominant
position in the process (°), became fixated on
qualitative diagnostic method and a set of symptoms
(Hunter-Russell syndrome), which were used to
determine the disease's presence. This insistence
restricted greater understanding of the disease in all
its manifestations.

The legalistic approach to accreditation and
compensation compounded the problems,
encouraging constant premature attempts to define
formally what Minamata disease is and is not.

A number of scientists involved in the compensation
process ended up having their reputations damaged
by defending rigid criteria that became increasingly
indefensible as time progressed.

Congenital Minamata disease

The uterus is part of the environment: to pollute
the exterior environment is to pollute the uterus
and thereby to pollute future life (Harada, 2005).
Contrary to previous assumptions, we now know
that the biological barrier of the uterus (and also
the blood brain barrier) cannot be assumed to
prevent the transfer of substances not found in the
natural world or high exposure to substances that
are naturally of low concentrations. The former are
synthetic chemical compounds created by man.
The latter are things we dig up from the earth,
concentrate, process and use in great quantities.

On a practical note, the Minamata disaster has
demonstrated the utility of umbilical cords for
assessing pollution and shows that simple methods
of preservation of biological tissue are sufficient to
capture the disease's history (Miller, 1976).

5.5.2 Social lessons

A narrow focus on economic growth subverts
society’s wellbeing

The economic and political power of one factory or
stakeholder can dominate public health interests

in a context that is strongly oriented to promoting
economic growth. In this case, the factory was
Chisso, which had a great influence in Japanese
industry and society in the late 1950s and 1960s.
Economic growth was the top priority in Chisso and
in Japanese society more broadly.

It is noteworthy that after years of scientific
evidence of harm to humans, it was only when the

(°) The excessive dominance of one discipline in a multidisciplinary dispute was noted in Late lessons from early warnings Volume 1

(EEA, 2001).
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production process was no longer needed that the
factory changed its processes and the government
altered its stance regarding the harm. In Minamata,
acetaldehyde production became unnecessary

and stopped on 18 May 1968. Only after this date
did the Japanese government officially accept

the causal relationship between wastewater from
Chisso factory and Minamata disease.

Discrimination perpetuates harm

The Minamata story reveals discrimination in
various forms. There was discrimination against
the fishermen of South Kyushu, who were poor
and situated far from Tokyo, the geographical
and political centre of Japan. It is notable that
when the discharge from paper manufacturing in
Tokyo caused fishery damage in 1958, the Tokyo
metropolitan government halted the factory's
production (Hashimoto, 2000).

Furthermore, when the disease occurred it was
initially considered infectious. Patients were
shunned and avoided by other community
members and experienced years of discrimination.
Fear of this actually prevented patients from
coming forward. They also experienced
discrimination after they obtained compensation
money.

Don’t 'shoot the messenger’ who brings
‘inconvenient truths’

After the Minamata Food Poisoning Committee
published its organic mercury theory, the
Committee was suddenly dissolved without stated
reason. With hindsight, it is evident that their
conclusions were not welcome to the authorities.
Indeed, researchers at Kumamoto University were
criticised as being a 'hick' university by the 'centre'
after they proposed the organic mercury theory.

Stakeholders can supress science

Science can be absorbed and suppressed by

the stakeholders such as industries and public
authorities. Hajime Hosokawa, Director of Chisso
hospital, demonstrated that giving a cat wastewater
from acetaldehyde production induced Minamata
disease. These results were suppressed by the
factory. Later, Kumamoto University School of
Medicine, which had initially analysed organic
mercury as a cause of Minamata disease, joined the
(pro-industry, later discredited) Tamiya Committee
and began to receive research funds from Chisso
factory and the Tamiya Committee. From that time,

Minamata disease became a sensitive research issue
at Kumamoto University.

Similarly, the Japanese Central Council in 1991
(JSPN, 2003) was not neutral and its discussions were
directed towards complying with the EAJ's views.
This fact was hidden from the public. Furthermore,
JSPN also pointed out that biased distribution of
public research funding played an important role in
e.g. controlling researchers (JSPN, 2000).

Information must be transparent and broadly
communicated

It is important to be transparent with information
and to communicate it widely so that events are not
repeated elsewhere. With better management of
information, Niigata Minamata disease could have
been avoided altogether.

While transparency and communications have
improved in many advanced industrial economies,
the translocation of manufacturing capacity
elsewhere means that the consequences of product
manufacture may no longer be transparent to
consumers in advanced economies. Moreover, there
are cases where information is not communicated
to the public. Indeed, in Minamata, none of the
information generated was publicly communicated
to residents during the contamination period.

5.5.3 Inter-disciplinary lessons

Value of lay and local knowledge

Lay and local knowledge should not be ignored.
The fishermen knew that that fish could not live in
water from the outfall from Chisso factory before
Minamata disease occurred. Minamata citizens
knew that mercuric salt was used to produce
acetaldehyde in 1959. Finally, as described in the
conversation between Masazumi Harada and the
mother of congenital Minamata disease patient,
the mother had deduced that neurological signs
observed in her son were due to Minamata disease,
at a time when this was assumed to be impossible
by experts. The value of lay and local knowledge
is one of the "Twelve late lessons' of Volume 1
(EEA, 2001) ().

Interdisciplinary barriers and the absence of open
discussion augment harm

In the Minamata case, a lack of open discussion
delayed preventive actions, obscured the features

(7) See also the report from EEA workshop on Lay, local traditional knowledge and citizen science, June 2011 (http://lltk.ew.eea.

europa.eu/about/lltk-and-citizen-science-meeting-report.pdf).
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of the disease and postponed its resolution.
Researchers at Kumamoto University did not know
what was produced at the factory, how it was
produced, or what substances were used in which
processes. The Research Group did not receive
assistance from the engineers at Chisso factory,

or from the organic chemistry sector of School

of Engineering at Kumamoto University. Even
within medicine, epidemiology was considered an
inferior discipline and neurologists did not apply
epidemiological thinking in certifying patients.
Among the universities, it was said that scientists
from the 'centre' could be trusted over those from
'hick’ universities on the periphery.

The Japanese medical community misunderstood or
was unfamiliar with the Food Sanitation Act, which
must have bolstered the government's position.
According to the Food Sanitation Act, doctors who
recognise food poisoning must notify the local
health centre, which must investigate the problem.
No doctors (both clinicians and researchers) notified
this outbreak as food poisoning in Kumamoto
Prefecture. Instead, they continued to search for the
etiologic agents. Had doctors treated and identified
this as food poisoning, the government would have
had difficulty not applying the Act.

Even the ministry responsible for health policy was
unfamiliar with the Act. In 1990, the MHW] argued
that the government did not apply the Act because
the etiological agent (methylmercury) had not been

identified in 1957. In fact, the Act should have been
applied when cause/transmission was identified.
The different approach employed in the food
poisoning case in Shizuoka in 1950 suggests that not
applying the Act in Minamata was a political choice.

Finally, there was little direct discussion between
stakeholders. In Japan, even in 2010, policymaking
decisions do not involve stakeholders such

as patients' organisations. However, EAJ and

the exposed patients do share some common
perspectives and conclusions regarding Minamata
disease. The protracted legal action might have
been shortened via direct dialogue between EA]
and the exposed patients. The fact that experts at
the university, the health centre and Chisso were
not willing to hear and consider the opinions of

lay and local people are symptoms of the same
problem. Recently, there are some measures toward
Minamata's regeneration, such as making Minamata
city a model city for the environment, facilitating
waste reduction and recycling etc. (Minamata
Disease Museum, 2007). In particular, the word
‘Moyainaoshi' (the re-establishment of emotional
ties or reconciliation) is often used to strengthen
interpersonal ties so that citizens can speak up in
public about Minamata disease issues. Despite such
efforts, there is still little discussion about how to
support patients, investigating the exposed patients
etc. to solve the real problem of Minamata disease.
It can be said that Japan still faces a problem of
democracy (George, 2001).

Table 5.1 Early warnings and actions

1908 The Nihon Carbide factory was established in Minamata

1921 Methylmercury synthesised during acetaldehyde production in Germany

1921 The Chisso factory in Minamata Bay bought German patent and began using carbide and acetylene to manufacture a
wide range of chemicals

1925-1926 The company began to receive requests for compensation from the fishing cooperative. On the condition that no
further complaints would ever be lodged, Chisso paid a small amount of 'sympathy money'

1932 The Chisso factory in Minamata began to produce acetaldehyde from acetylene gas, using mercury as a catalyst

1930-1937 Mercury poisoning in German factories using acetaldehyde

1943 The issue of fishery damage arose again due to carbide residue from acetylene production and another compensation
contract was concluded

1949 More fishery damage negotiations failed. Chisso said the catch data were 'not scientific'

1950 Fishermen around Minamata Bay witnessed huge numbers of fish rising to the surface and swimming around as
though crazy. Sea birds were unable to fly. Oysters and cockles were washed up onto the beach rotting with their
shells open. Barnacles did not attach themselves to boats fishing near factory outlet

1951 Chisso increased production of acetaldehyde and related methylmercury pollution from the factory

1952 Upon request from local fishermen, the Fisheries Division of the Kumamoto Prefecture inspected the factory and
Chisso documents about mercury use and discharge. As a result they reported that the discharge should be analysed.
Kumamoto Prefecture and Chisso failed to do this and fishery damage continued

1953 Local cats, which ate great quantities of fish, went mad and died after strange dancing and convulsions

1956 1 May: First official notification of strange disease to the Minamata Public Health Centre.

28 May: Minamata Strange Disease Countermeasures Committee was organised by Chisso Hospital, local doctors and
Minamata Public Health Centre. 30 cases including 11 deaths were identified. Kumamoto University Research Group
reported that the disease was not contagious (as was claimed at first) but rather a food poisoning from eating fish
contaminated by a heavy metal in Minamata Bay
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Table 5.1

Early warnings and actions (cont.)

1957

Kumamoto University Research Group recommended prohibiting fishing under the Food Sanitation Act. Japanese
Ministry of Health and Welfare Research Group from Tokyo confirms local conclusions and recommends full
investigation of Chisso effluents. In response to these findings, the local government of Kumamoto Prefecture
considered applying the Food Sanitation Act in March 1957, although the Chief of the Public Health Bureau of the
Ministry of Health and Welfare of Japan replied to the local government that it is impossible to apply the Food
Sanitation Act. Then, the local government abandoned the application

1958

Chisso changed the drainage route of acetaldehyde production from Minamata Bay to Minamata River

1958

UK neurologist Douglas McAlpine examined 15 Minamata disease patients and reported his observations in The
Lancet, listing methylmercury as one of the metals which could induce Minamata disease. This was the first time in
a scientific paper that methylmercury was identified as possible cause. McAlpine was prevented from presenting his
findings to the Japanese Society of Neurology

1959

On 7 October 1959, Chisso Hospital director Hajime Hosokawa fed factory effluent to cats and induced Minamata
disease but this was suppressed until a compensation case in 1970

1959

Organic mercury was recognised as the etiological agent by the Minamata Food Poisoning Committee organised by
the Ministry of Health and Welfare of Japan on 12 November 1959. However, there was no mention of the source of
the contamination, Chisso factory. Indeed, the section chief of the Ministry of Health and Welfare's Environmental
Sanitation Department asks for Chisso effluent case to be removed from report as it was not 'scientifically’ proven.
After the Committee had reported its opinion to the Minister of Health and Welfare, it was suddenly dissolved

1959

In December 1959, Chisso factory established an ineffective purifying system for the contaminated water

1960

Kumamoto Prefecture Institute for Health Research investigated the mercury concentration in hair samples from
1 645 healthy fishermen from around Shiranui Sea. Results indicated that the contamination had spread throughout
the entire Shiranui Sea

1962

An unusual occurrence of cerebral palsy infants was officially recognised as congenital Minamata Disease.
Professor Katsuro Irukayama succeeded in extracting methylmercury chloride from the sludge of the acetaldehyde
production process in the factory but the Fisheries Agency abandoned research on Minamata disease. No research
activities were conducted by government agencies until 1968

1965

Methylmercury food poisoning occurred in Niigata, causing 'Niigata Minamata disease'. The factory responsible
(Showa Denko) operated in the same way as Chisso in Minamata

1968

In May, Chisso stopped its acetaldehyde production for commercial reasons. In total, 488 tonnes of mercury were
discharged into the sea from 1932 to 1968.

After that, on 26 September, Japan's government accepts causal link between wastewater from Chisso (and Showa
Denko) and Minamata disease

1969-

Government compensation arrangements applied 'chaotically’.
Private compensation cases for Minamata victims begin

1971

On 7 August, 1971, the 'Administrative Vice Director of the EAJ Notice' was published, marking the first real policy
change since 1956.

The Department of Neuropsychiatry at Kumamoto University School of Medicine undertook the first and largest
cross-sectional population-based investigation to evaluate the prevalence of neurological signs of Minamata disease
among local residents

1972

The United Nations Conference on the Human Environment was held in Stockholm. Two Minamata disease patients
attended and created much public awareness

1973

Kumamoto District Court ordered Chisso factory to pay compensation to Minamata disease patients engaged in a
lawsuit against the company

1975

From 1968, Masazumi Harada collected umbilical cords (traditionally preserved in Japan) from residents around
Shiranui Sea and demonstrated a link between acetaldehyde production in Chisso factory and methylmercury;
supporting the hypothesis that methylmercury could affect foetuses

1977

A new and more rigid set of government accreditation criteria for Minamata disease required a combination of
neurological signs: the '1977 criteria'. These remain in force today. Subsequently, there was a rise in the number of
patients who had methylmercury-related symptoms but were not formally accredited

1978

Kumamoto local government issues debt to help Chisso pay compensation

1995-1996

In the 'first political solution' the government and Chisso factory attempted to settle the conflict by paying lump
sums (not as compensation) in 10 000 cases without changing the strict criteria or recognising affected individuals as
official patients

2004

The Japanese Supreme Court confirmed the liability of the national and Kumamoto Prefecture governments for
damage caused by methylmercury poisoning in the Minamata area. The court also ruled that the 1977 criteria should
be relaxed

2009

The Act on Special Measures (the so-called 'second political solution') was passed without changing the strict 1977
criteria. Chisso to pay lump sums to patients, not as compensation but relief money because neither the government
nor Chisso admits liability and the patients are not formally recognised as 'Minamata disease patients'

2009-

UNEP initiates a global mercury phase-out and works to develop a global legally binding instrument on mercury,
planned for signature in Japan in 2013

2013-

Private law suits still continue
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From Minamata to Global Health Risk
Philippe Grandjean (%) (°)

While the Minamata incident was being elucidated,
other methylmercury poisonings occurred elsewhere
due to extensive use of mercury fungicides

and improper labelling. Treated seed grain was
mistakenly used for bread-making, and the most
serious poisoning incident happened in Iraq during
a famine in 1970-1971 (Bakir et al., 1973). A widely
cited report on 93 poisoned Iraqi adults reported
that facial paraesthesia was the earliest clinical sign
of poisoning and showed a clear dose-dependence
(Bakir et al., 1973). However, the study was

small in comparison with the officially recorded

6 500 hospitalisations, of whom 459 died (Bakir

et al., 1973), and the amount of treated grain used
(100 000 tonnes) would suggest that many more
may have been poisoned. The first author of the
science report, Farhan Bakir, was later recognised
as Saddam Hussein's personal physician, then in
exile along with at least one other Iraqi co-author
(Giles, 2003; Hightower, 2009). As no useful
dose-response data were available from Minamata,
the Iraqi data were used for many years as the
main documentation for risk assessment. Given

the history of the poisonings, one can assume that
methylmercury toxicity was at least not exaggerated
(Grandjean et al., 2010).

Attention turned to neurotoxicity during brain
development as a result of an experimental study:
rats exposed during early development showed
adverse effects that were not apparent at first, but
later became obvious as deranged behaviour in the
mature animals (Spyker et al., 1972). This report
clearly supported the Minamata evidence as well
as a Swedish report 20 years earlier that described
mental retardation in two children exposed to
methylmercury from treated grain (Engleson and
Herner, 1952).

There was another surprise when Swedish
researchers examined the chemical fate of mercury
in a simple aquarium: methylmercury was

formed from inorganic mercury compounds in

the aquarium sediment. None was formed after
prior autoclaving of the sediment, suggesting that
microorganisms played a role (Jensen and Jernelov,
1967). Although these processes were of little

significance in Minamata, where methylmercury

was formed in the acetaldehyde plant (Grandjean

et al., 2010), methylation of mercury suddenly
became a world-wide problem. Widespread use of
methylmercury for seed dressing or as a fungicide

in paper mills was already known to cause local
pollution of waterways and coastal waters. Now

it turned out that any release of mercury could

be converted into the dangerous methylmercury
molecule. Studies in North America verified that
bio-accumulation took place, with the highest
concentrations at the top of the food chains (Fimreite,
1974). Although the first studies were contradicted
and explained away, methylmercury contamination
of fish emerged as a worldwide concern. Many rivers
and lakes were already so polluted with mercury that
fish advisories against eating sports fish were issued,
especially in countries like Canada, Sweden and the
US Adpvisories against eating locally caught fish now
affect over 16 million lake acres and 1.3 million river
miles in the US (US EPA, 2007).

Mercury must always have been a natural
component of life on the planet, but pollution has
released large amounts to the biosphere. Mercury
analyses of preserved hair, teeth, and feathers from
Arctic indicator species show that current levels are
about ten times those in pre-industrial times (Dietz
et al., 2009).

After the discovery that exposures to lead at levels
considered to be 'low' could cause damage to brain
development (Needleman et al., 1979), researchers
suspected that methylmercury might have similar
effects and may not be safe at common levels

of exposure. Some of the most highly exposed
populations were indigenous groups. In Canada, a
study of 234 Cree children showed abnormal tendon
reflexes with increased mercury concentrations

in maternal hair which reflected exposure during
pregnancy (McKeown-Eyssen et al., 1983). Soon
after, a larger study from New Zealand showed
that increased levels of mercury in mothers' hair
during pregnancy were associated with delayed
brain development of their children (Kjellstrém

et al., 1986; Kjellstrom et al., 1989). The results

were published after peer review by the Swedish
Environmental Protection Agency, but were ignored
for formal reasons by other regulatory authorities,
allegedly because the reports had not appeared in a
peer-reviewed scientific journal.

(8) This work was funded, in part, by the NIH, National Institute for Environmental Health Sciences (ES09797).
(°) Competing interests declaration: Philippe Grandjean has provided paid expert testimony on mercury toxicology for the
US Department of Justice in a legal case concerning environmental pollution from coal-fired power plants.
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Two large prospective studies were then initiated in
the mid-1980s. The largest consisted of 1 000 children
from the Faroe Islands and concluded that

low-level methylmercury exposure during prenatal
development was associated with deficits in several
brain functions at school age; clear deficits were
apparent well below a previously proposed safe level
of 10 ug/g for mercury concentration in maternal
hair (Grandjean et al., 1997). On the other hand,
largely non-positive findings were initially reported
in children from a similar study in the Seychelles
(Myers et al., 2003), and the apparent disagreement
was perceived as a controversy and fuelled a debate
on uncertainty (Grandjean, 1999), with resonance in
trade journals, internet sites, commercial campaigns,
and even an editorial in the Wall Street Journal.
Additional longitudinal data later appeared from
Japan, Poland and the US in support of the Faroes
conclusions (Jedrychowski et al., 2006; Lederman

et al., 2008; Murata et al., 2006; Oken et al., 2008).
Although less weighty, several cross-sectional studies
also supported the existence of low-level exposure
neurotoxicity (Grandjean et al., 2005).

The reasons for the apparent lack of mercury effects
in the Seychelles could be that beneficial nutrients

in fish might obliterate or dampen the mercury
toxicity (Clarkson and Strain, 2003). New research
from the Seychelles has recently shown that cognitive
development in children was associated neither

with maternal fish intake nor with methylmercury
exposure, when each of them was considered
separately. If maternal fish intake and mercury were
included in the statistical analysis at the same time,
then fish intake was clearly beneficial, while mercury
had negative effects (Strain et al., 2008). Also, in the
Faroes, the mercury toxicity became more prominent
after adjustment for the beneficial effects of fish intake
during pregnancy (Budtz-Jorgensen et al., 2007).

Because of the apparent disagreement between the
two major studies and the public health implications
of mercury, the US White House in 1998 called for
an international workshop with 30 invited experts,
who were asked to critically examine the scientific
evidence. They emphasised a variety of possible
uncertainties. The conclusions stated that 'there are
inadequate data ... to draw meaningful conclusions
at this time' (NIEHS, 1998). Despite the possibility
that subclinical toxicity could easily be missed

and underestimated, the workshop experts were
quite optimistic: 'Measurement error can impact
significantly on both the estimated levels of effect
and the decision on the level of exposure at which
an effect is detected because of the potential for
misclassification. However, the data presented in the
workshop suggest that the precision of measurements

of methylmercury in hair or cord blood is very good.'
The experts recommended further research.

At the request of the US Congress, a new expert
panel was then convened by the National Research
Council (NRC, 2000) to determine whether an
exposure limit of 0.1 pg/kg bodyweight per day was
appropriate, as proposed by the US EPA on the basis
of the data from Iraq. The committee supported

the US EPA limit, but recommended that it should
be based on the data from the Faroes study (which
agreed with the overall evidence including New
Zealand and Seychelles).

This recommendation would seem justified and
appropriate, but may not be sufficiently protective.
First, the exposure limit should address the problem
that mercury toxicity may be masked by increased
intake of essential nutrients from seafood that
promote brain development (Budtz-Jorgensen

et al., 2007). If this adjustment is not made, mercury
would seem less toxic than it really is. Second, all
the calculations have assumed that the mercury
exposures are precise, but any imprecision in
exposure assessments will result in misclassification
and a likely underestimate of the real mercury
toxicity. If this factor is taken into account, the
exposure limit should be decreased by about 50 %
(Grandjean and Budtz-Jorgensen, 2007).

Thus, the first likely cases of developmental
methylmercury poisoning were already described

in 1952 and subsequently reported from Minamata;
replication in laboratory animals was published in
1972; and the first prospective population study of
prenatal methylmercury toxicity due to contaminated
seafood in humans was published in 1986. However,
scientific consensus on prenatal vulnerability was
hampered by focusing on scientific details rather
than public health implications, and international
agreement on the need for protection against prenatal
exposures was only reached in 2002, i.e. 50 years

after the first medical report that methylmercury can
damage brain development.

Environmental methylation of mercury in sediment
was discovered accidentally, since systematic

studies of mercury's environmental fate were not
conducted, and initial studies focused on total
mercury concentration, not on the methylmercury
compound responsible for brain toxicity. Recognition
of contamination of food chains and environmental
bioaccumulation of methylmercury was therefore
also delayed by several decades.

Following the publication of new data on the adverse
effects of low-level exposures to methylmercury,
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Important early warnings of methylmercury toxicity

1952 First report on developmental methylmercury neurotoxicity in two infants

1960 Mental retardation in Minamata associated with maternal seafood diet

1955-1972 Poisoning epidemics from use of methylmercury-treated seed grain for baking and cooking

1967 Demonstration of mercury methylation in sediments

1972 Experimental study of delayed effects due to developmental neurotoxicity

1978 Exposure limit based on toxicity in adults

1986 First epidemiology report on adverse effects in children related to maternal fish intake during pregnancy in
New Zealand

1997 Confirmation from the Faroe Islands on adverse effects in children from methylmercury in maternal seafood
intake during pregnancy

1998 White House workshop of 30 scientists identifies uncertainties in evidence

2000 US National Research Council supports exposure limit based on Faroes data

2004 European Food Safety Authority recommends that exposures be minimised

regulatory agencies requested scientific scrutiny.
Expert committees emphasised uncertainties and
weaknesses in the available data. Less attention

was paid to the question of what could have been
known, given the research methods and possibilities,
and whether developmental neurotoxicity at low
doses could be ruled out. The reports also generally
ignored that the imprecision of the measurements
most likely resulted in an underestimate of the true
effects. Instead, more research was recommended.
The insistence on solid evidence promoted by
polluters and regulatory agencies therefore agreed
with a desire among researchers to expand scientific
activities in this area. However, the wish to obtain

a more complete proof had the untoward effect of
delaying corrective action.

In a commentary on the regulatory delays

in dealing with methylmercury poisoning in
Minamata, Professor Jun Ui wrote (quoted from
D'Itri and D'Itri, 1978): 'It might be a coincidence,
but a strange, parallel relationship was observed
between the actual symptoms of Minamata Disease
and the reactions of these formal organizations.

A constriction of the visual field was common
among all organizations. Ataxia, a loss of
coordination between various parts of the body,
was often exhibited in contradictions between the
measures taken by various parts of the government.
There was also a loss of sensation as the appeal

of the victims went unheard and there was little
effort to grasp the situation as a whole. Many
organizations also reacted with spasmic convulsions
when they faced the problem. This was followed
by mental retardation and forgetfulness.' It seems
that memory loss, narrow-mindedness, and lack

of coordination also affected the planning and

the interpretation of environmental research on
methylmercury in a more general sense.
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