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Current environmental regulation
represents a paternalistic policy,
more concerned to avoid false pos-
itives than false negatives, limiting
opportunities for individuals to make
choices between risk-avoidance and
risk-taking alternatives. For exam-
ple, many exposures to magnetic
fields could be reduced at little or no
cost but are not considered seri-
ously, owing to the uncertainty of
risk and the concern to avoid false
positives.

Even though precautionary ap-
proaches that focus on avoiding
false negatives often do not lead to
adverse economic consequences or
irrational choices, such approaches
usually are not taken. The value of
autonomy and the proper role of
governmental paternalism with re-
spect to environmental policy need
to be considered more carefully in
environmental decision making.

The Precautionary Principle and Electric 
and Magnetic Fields

| Dale Jamieson, PhD, and Daniel Wartenberg, PhD

A clear distinction should be made
between what is not found by sci-
ence and what is found to be non-
existent by science. What science
finds to be non-existent, we must
accept as non-existent; but what
science merely does not find is a
completely different matter. . . . 
It is quite clear that there are
many, many mysterious things.

His Holiness the Dalai Lama1

THE PRECAUTIONARY 
principle came to prominence in
Europe in the 1970s, and over
the last 2 decades it has increas-
ingly figured in international law
and policy.2 It is best thought of
as a family of principles rather
than a single principle. Some ver-
sions would appear to virtually
banish technology (e.g., “where
potential adverse effects are not
fully understood, the activities
should not proceed”3), while
other versions border on the triv-
ial (e.g., lack of “full scientific cer-
tainty shall not be used as a rea-
son for postponing cost-effective
measures”4). At its core, the pre-
cautionary principle is related to
the familiar adages “An ounce of
prevention is worth a pound of
cure” and “It is better to be safe
than sorry.”

The precautionary principle
can be contrasted with the “pol-
luter pays” principle. The “pol-

kets play only a small role and
good cost–benefit information is
not available (although people
often will perform cost–benefit
calculations anyway). Even when
costs and benefits can be reliably
computed, there may still be
questions about the distributions
of benefits and costs. 

In any case, it is when condi-
tions 1 and 2 are difficult to sat-
isfy that discussion of the precau-
tionary principle comes into play.
For a wide range of cases, it
seems reasonable to institute the
precautionary principle. When it
is difficult to identify specific
causes and to link them conclu-
sively to specific individual dele-
terious effects, it may be plau-
sible to regulate substances that
may have such effects even if the
relationship has not been proven. 

However, for the precaution-
ary principle to be applicable,
some link must be established
between an exposure and some
possible harm, although it is not
easy to say what threshold of
confidence should be required.
Will a single complaint suffice, a
single case, a single animal study,
a single human study, some com-
bination, or more? Should the
regulatory cost, both in dollars
and to society, be part of the 
decision-making process? In addi-
tion, if one chooses to go for-

luter pays” principle, which is
based on a long and respected
tradition in Anglo-American ju-
risprudence, holds that those
who cause harm to others
through their polluting activities
should pay for setting things
right. For this principle to be ap-
plicable, (1) it must be possible to
identify the polluter, (2) the ef-
fects of the pollution must be re-
versible, and (3) it must be politi-
cally and socially feasible to
compel the polluter to reverse
the effects of the pollution.

Clearly, in many cases of pol-
lution, conditions 1 and 2 are, at
best, difficult to satisfy. In many
cases it is difficult to identify the
polluter, or the sources of pollu-
tion are so widespread that it is
difficult to identify particular
agents as polluters. Also in many
cases, such as those that cause
death or the loss of irreplaceable
ecologic goods, the effects of pol-
lution are not reversible, at least
on human timescales. Although
some economists argue that the
loss of any good can be compen-
sated in monetary terms, this ar-
gument is not widely accepted in
society. 

Another alternative to the pre-
cautionary principle is a cost–
benefit approach. However, in
cases in which the precautionary
principle comes into play, mar-
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ward, one must identify specifi-
cally what to regulate in light of
the scientific uncertainty.

AN EXAMPLE: ELECTRIC
AND MAGNETIC FIELDS

A case in which the precau-
tionary principle has loomed
large is the possible risk of child-
hood leukemia from residential
exposure to electric and mag-
netic fields (EMFs). In 1979,
Wertheimer and Leeper pub-
lished the first modern study of
the health effects from exposure
to EMFs.5 That study showed
that children born in Denver,
Colo, who died of leukemia were
more likely to have lived in
homes that had high EMFs (as
characterized by a wire coding
scheme) than in homes that had
low EMFs. The conclusions of
that study ran counter to current
scientific knowledge, as there is
no generally accepted toxicologic
or physical mechanism by which
nonionizing radiation, such as
that produced by EMFs, causes
cancer.

Several similar studies of EMF
exposure were conducted in the
United States and elsewhere, in-
cluding a replication in Denver.
In general, they produced similar
but weaker results, lending some
credence to the suggested associ-
ation. The most recent reviews
and expert panels have judged
that although the results were
not “consistent and conclusive,”
there is an association between
exposure to EMFs and the occur-
rence of childhood leukemia6–10

and EMFs are a possible human
carcinogen.7 Nonetheless, the
plausibility and existence of the
association continue to be de-
bated in the scientific commu-
nity.11 The questions these stud-
ies raise in the context of the
precautionary principle are what,

if anything, should be done to
limit or prevent exposure and
possibly disease, and what data
would be sufficient to warrant
such actions.

As soon as the early EMF
studies began to accrue, activists
called for changes in the electri-
cal systems in the United States
to limit exposure. Their goal was
to prevent possibly dangerous ex-
posures even at the cost of pre-
venting exposure to a nonhaz-
ardous situation. In the spirit of
the precautionary principle, they
were more concerned with
avoiding false negatives than
false positives.

Those who were more skepti-
cal believed that the data were
not sufficient to force the over-
haul of the electric power deliv-
ery system. They sought to pre-
vent costly exposure reductions,
even if that resulted in putting
some people at unnecessary risk.
They sought to avoid false posi-
tives rather than false negatives.
In part, this position was a re-
sponse to the fact that we all de-
pend so heavily on electrical 
devices day in and day out—ex-
posure is ubiquitous, and discon-
tinuing electrical use is not feasi-
ble. Modifications to appliances,
residential wiring systems, and
electrical power delivery systems
are all possible, but potentially
costly. 

In the face of these considera-
tions, 3 strategies were proposed:
(1) do nothing unless the health
effects data become more consis-
tent; (2) allow individuals to
make personal choices to limit
exposure (“prudent avoid-
ance”12,13); or (3) regulate power
lines and appliances. These
strategies differ markedly in
terms of cost and exposure re-
duction14 as well as in terms of
whether they can be accom-
plished by individuals or must be

implemented by manufacturers
or utilities. 

Further research has shown
that technology offers a wide
range of choices both in terms of
cost and in terms of exposure re-
duction. The simplest solution to
reducing residential exposure is
to increase the minimum dis-
tance of the power line from the
residence, reducing exposure ex-
ponentially as this distance in-
creases. The cost is for the land
and its maintenance only, but it
can be high in more densely pop-
ulated areas.

An alternative solution is to
configure the wires on the poles
in ways that reduce exposure.
This option is less effective but
also less costly. For new lines
being constructed, the additional
costs are minor. For existing
lines, the cost is mainly that of
rehanging the wires. For mul-
tiple-circuit lines (those with 6 or
more wires), specific phasing of
the electric current can markedly
reduce exposure, again at little
cost other than the initial setup
of the wires, although certain
technical issues about power de-
livery also must be addressed.
For subtransmission and distribu-
tion lines (lower voltages), the
lines can be placed underground,
eliminating virtually all residen-
tial exposure. This option has the
interesting trade-off of greater
cost at installation and greater
cost of repair but markedly less
likelihood of accidental or
weather-induced line breakage

than occurs with lines on poles
(i.e., greater reliability); it also has
aesthetic benefits.

For appliances, redesign has
offered some approaches to ex-
posure reduction. Some manufac-
turers have reconfigured the in-
ternal wiring in electric blankets
to reduce exposure (in a manner
similar to rephasing of power
lines), letting the marketplace
guide personal choice and expo-
sure reduction.

Despite the diversity of pre-
cautionary approaches, the pub-
lic policy debate over the possi-

ble effects of exposure to EMFs
has focused on regulatory ex-
tremes: do nothing until the data
are conclusive, or restructure
major portions of the electric
power delivery system. Regula-
tions to limit the rate at which
exposure is increasing by restrict-
ing construction of new power
lines to the lower-exposure con-
figurations met with fierce oppo-
sition in some locations from
people who do not believe that
the association between EMFs
and cancer has been proven and
thus contend that no action
should be taken. 

Since the scientific uncertainty
is unlikely to be resolved in the
foreseeable future, policy deci-
sions must be based on the possi-
bility of risk and the cost and
technology of reducing exposure.
Whether such decisions should
be dictated by personal choice in
the marketplace (what to buy,
which appliances to use) or gov-
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Despite the diversity of precautionary 
approaches, the public policy debate . . . 

has focused on regulatory extremes: 
do nothing until the data are conclusive,

or restructure major portions 
of the electric power delivery system. 
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ernmental regulation (where to
build or whether to modify the
electric power delivery system)
depends in part on how one
views the precautionary principle
and its implications. 

PATERNALISM AND THE
PRECAUTIONARY
PRINCIPLE

No regulatory principle will be
error-free. Most will produce
false positives and false nega-
tives, but each principle will have
a bias about what proportions of
false positives and false negatives
are tolerated. The precautionary
principle is biased in favor of
preventing false negatives. In
contrast, many of our current
regulatory policies are biased in
favor of preventing false posi-
tives. For example, most air and
water emissions from commercial
activities are permitted unless
they are specifically regulated. 

The reason for avoiding false
positives is to avoid panic, anxi-
ety, and negative social and eco-
nomic impacts. Some individuals
have become extremely con-
cerned over high exposures to
EMFs and have paid to have
their homes moved farther from
power lines; some have paid to
have power lines near a school
reconfigured and buried under-
ground to avoid what may be a
nonexistent risk. 

False negatives should be
avoided to prevent unnecessary
disease and potentially harmful
exposures. It is estimated that if
the association between exposure
to EMFs and childhood leukemia
is real, EMFs may be responsible
for between 3% and 11% (de-
pending on assumptions and
models) of all childhood leuke-
mias in the United States, or be-
tween 50 and 250 cases each
year.8,10

In our personal lives, most of
us favor precaution except when
we voluntarily consent to greater
risk. We prefer that our doctors
seek to avoid false negatives
rather than false positives. I can
handle (or not) the anxiety and
panic of false positives. If I am in-
formed of the superset of risks,
then I can decide which risks I
want to take and which to avoid.
If I am informed only of a subset
of risks, then I will be subjected
to risks to which I have not in
any way consented. This suggests
that we favor precautionary ap-
proaches because they respect
our autonomy and enable us to
choose which risks we are willing
to bear. On the other hand, the
bias in favor of avoiding false
positives is paternalistic—it seeks
to protect us from panic and anx-
iety, rather than providing us
with knowledge that we can re-
spond to as we wish. 

It is surprising that so much of
our environmental and public
health regulation is paternalistic
in this way, given that our society
is generally moving away from
paternalistic policies. This trend
is especially striking in medical
practice,15 but it can also be seen
in various other social policy in-
novations, such as proposals to
privatize all or part of Social Se-
curity.

One reason why the precau-
tionary principle has had little ef-
fect in the United States may be
the difficulties, previously noted,
in framing a fully adequate ver-

sion of the principle. Another
reason may be a concern about
the economic consequences of
adopting a precautionary ap-
proach. In a nutshell, the worry
may be that if we give every in-
dividual the information he or
she would need in order to act
autonomously, this would lead to
bad economic consequences for
everyone, since people react irra-
tionally to risk. Here are 3 re-
sponses to this concern. 

First, it is not clear that pre-
cautionary approaches lead to
bad economic consequences for
everyone. Consider, for example,
the resistance to labeling geneti-
cally modified foods. Even if it
were true that consumers would
actively avoid genetically modi-
fied foods, this would not be bad
for everyone. It would be bad for
those farmers and businesses
that rely on producing geneti-
cally modified foods, but it would

be an advantage to those farmers
and businesses involved in pro-
ducing non–genetically modified
foods. And insofar as there are
free markets involved in agricul-
ture, we would expect farmers
and businesses to move in the di-
rection of satisfying consumer
preferences. Indeed, the idea that
consumer preferences are sover-
eign and unchallengeable is at
the heart of free-market econom-
ics. Similarly, many precaution-
ary measures could be taken to
reduce EMF exposure at little or
no cost and with no adverse con-
sequences. 

Second, even if we suppose
that adopting the precautionary
principle would lead consumers
to react irrationally, this is an ar-
gument for educating consumers,
not for depriving them of control
over their own lives. Educating
consumers about risk involves at
least making clear the ubiquity of
the risk (we are all exposed to
EMFs, at home, at work, and
elsewhere) and also making clear
that trade-offs among risks are
unavoidable (few if any of us
would consider living without the
convenience and safety offered
by electricity, even though some
exposures cannot be avoided eas-
ily). For example, there is a great
deal of room for improvement in
how statistical information is rep-
resented.16

Finally, even if precautionary
approaches would lead to bad
collective outcomes and people
were uneducable, there still
would be some reason for favor-
ing precautionary approaches. In
American society, we generally
suppose that people should be
free to make irrational choices,
even ones that damage the pub-
lic good, so long as these choices
do not involve acts of violence.
For example, we allow people to
drive sport utility vehicles despite
the fact that they are major con-
tributors to climate change, and
we allow people to teach their
children that evolution is false.
Limiting one’s EMF exposure,
even if unnecessary, is easy to
accomplish and can be done at
little cost to the individual or so-
ciety.

CONCLUSION

Here we have used EMF pol-
icy as an example of failure to
implement the precautionary
principle even though it could be
done relatively easily and
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Even if we suppose that adopting 
the precautionary principle would lead 

consumers to react irrationally, this is an 
argument for educating consumers,

not for depriving them 
of control over their own lives. 
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cheaply. We have not argued for
any particular EMF policy, nor
have we tried to define and char-
acterize the full array of precau-
tionary approaches. Instead, we
relate the discussion of the pre-
cautionary principle and EMFs
to larger questions about human
agency and public authority. Re-
luctance to regulate on the
grounds of avoiding false posi-
tives that may scare and upset
people is paternalistic. In our
view, concerns about the proper
role of government paternalism
are at the heart of questions
about regulating environmental
and health risks and therefore
should be as central to the dis-
cussion as economic and epide-
miologic data.  
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The precautionary principle asserts that the burden of proof for potentially
harmful actions by industry or government rests on the assurance of safety and
that when there are threats of serious damage, scientific uncertainty must be
resolved in favor of prevention. Yet we in public health are sometimes guilty of
not adhering to this principle.

Examples of actions with unintended negative consequences include the
addition of methyl tert-butyl ether to gasoline in the United States to decrease
air pollution, the drilling of tube wells in Bangladesh to avoid surface water mi-
crobial contamination, and villagewide parenteral antischistosomiasis therapy
in Egypt. Each of these actions had unintended negative consequences. Lessons
include the importance of multidisciplinary approaches to public health and the
value of risk–benefit analysis, of public health surveillance, and of a function-
ing tort system—all of which contribute to effective precautionary approaches.

The Precautionary Principle Also Applies 
to Public Health Actions

| Bernard D. Goldstein, MD

PUBLIC HEALTH ADVOCATES
around the world have increas-
ingly invoked the precautionary
principle as a basis for preventive
actions.1–9 This has been particu-

larly true for environmental and
food safety issues, in which the
precautionary principle has
moved from being a rallying cry
for environmental advocates to a
legal principle embodied in inter-
national treaties.2,6,8–11 Defini-
tional issues have become more
important as the term has made
the transition from a noble goal
to a component of legal require-
ments. For the purposes of this
commentary, a useful definition
is one that is contained in the
1989 Rio Declaration12: “Nations
shall use the precautionary ap-
proach to protect the environ-
ment. Where there are threats of

serious or irreversible damage,
scientific uncertainty shall not be
used to postpone cost-effective
measures to prevent environmen-
tal degradation.”

The upsurge in use of the
term “precautionary principle”
has been relatively sudden. For
example, changes in the ap-
proach to hazardous air pollu-
tants in the 1990 US Clean Air
Act Amendments embody the
precautionary principle. Until
then, control of individual air
pollutants in this category de-
pended on a risk-based approach
in which the burden of proof was
on the US Environmental Protec-


