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ABSTRACT
Most life science research entails dual-use complexity and may be misused
for harmful purposes, e.g. biological weapons. The Precautionary Principle
applies to special problems characterized by complexity in the relationship
between human activities and their consequences. This article examines
whether the principle, so far mainly used in environmental and public health
issues, is applicable and suitable to the field of dual-use life science
research. Four central elements of the principle are examined: threat,
uncertainty, prescription and action. Although charges against the principle
exist – for example that it stifles scientific development, lacks practical
applicability and is poorly defined and vague – the analysis concludes that
a Precautionary Principle is applicable to the field. Certain factors such
as credibility of the threat, availability of information, clear prescriptive
demands on responsibility and directives on how to act, determine the
suitability and success of a Precautionary Principle. Moreover, policy-
makers and researchers share a responsibility for providing and seeking
information about potential sources of harm. A central conclusion is that the
principle is meaningful and useful if applied as a context-dependent moral
principle and allowed flexibility in its practical use. The principle may then
inspire awareness-raising and the establishment of practical routines which
appropriately reflect the fact that life science research may be misused for
harmful purposes.

INTRODUCTION

In the wake of terrorist attacks and increased interna-
tional concern about so-called ‘weapons of mass destruc-
tion’,1 demands have emerged that the life sciences take
responsibility for potential misuses of scientific research

for biological weapon purposes. Consequently, it has
been proposed that life scientists should be obliged to
become aware of the potential security implications of
their research and should take moral responsibility for
choices and actions (or inactions) that may cause harm.2

1 Weapons of mass destruction (or WMDs) cover nuclear, chemical,
biological and radiological weapons. The term WMD is contested with
regards to the capacity of chemical and biological weapons to invoke
mass destruction and some prefer to call it disruption. See for example

J.P. Zanders. 2003. Weapons of Mass Disruption? SIPRI Yearbook
2003: Armaments, Disarmament and International Security. Oxford:
Oxford University Press: 683–690.
2 F. Kuhlau et al. Taking Due Care: Moral Obligations in Dual Use
Research. Bioethics 2008; 22: 477–487.
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This issue concerns both policy makers within the secu-
rity community and life scientists within the scientific
community. How this policy-science relationship devel-
ops will influence both the way responsibility is distrib-
uted, in terms of who is to provide or retrieve information
about risks of harm, and how that should be done.

Much life science research has dual use complexity,
which in this article refers to its potential to be used for
both harmful and beneficial purposes. Traditionally the
term ‘dual use’ has referred to technologies that can have
both civil and military applications. It has multiple
dimensions, however, and may involve a wide range of
equipment, technologies and biological material that
could be misused for biological weapons purposes; it may
also involve the generation or dissemination of scientific
knowledge that could be misapplied for such purposes.3

This complexity is inherent in the life sciences. Taking
measures to avoid the consequences of accidental as
well as deliberate releases of disease can therefore be
considered part of the professional responsibility of life
scientists.

The Precautionary Principle (the PP) constitutes a
principle for decision-making and applies to cases where
serious adverse effects can occur with an unknown prob-
ability.4 This principle has previously not been exten-
sively discussed in relation to dual use and life scientists’
responsibility to prevent potentially harmful applications
of their work. The aim of this article is therefore to
explore the conditions for applying the PP and to ques-
tion whether and how these conditions correlate with the
assumption that researchers are responsible for potential
misuses of life science research. Some charges against the
PP will also be addressed to evaluate its strengths and
weaknesses and, finally, a PP for dual use research in the
life sciences will be suggested.

THE PRECAUTIONARY PRINCIPLE AND
CONDITIONS FOR ITS APPLICATION

The Precautionary Principle has its roots in the 1970s
environmental movement and is frequently referred to
regarding issues of environmental and health policies.
However, there is no consensus on the formulation or
exact meaning of the PP and the principle has over the

years been applied to a wide range of contexts.5 One oft
quoted formulation of the principle was introduced at the
Wingspread Conference in 1998 stating that: ‘Where an
activity raises threats of harm to the environment or
human health, precautionary measures should be taken
even if some cause and effect relationships are not fully
established scientifically’.6 Another PP is expressed in the
1992 Rio Declaration: ‘Where there are threats of serious
or irreversible damage, lack of full scientific certainty
shall not be used as a reason for postponing cost-effective
measures to prevent environmental degradation.’7

The PP is applicable to a special class of problems
characterized by complexity in the relationship between
human activities and their consequences. It also applies
under scientific uncertainty concerning hazards and
risks.8 Scientific research on biological material and tech-
nology intended for misapplication is hence not part of a
precautionary approach due to the deliberation to cause
harm. If all information is available about the threat, the
PP is not useful.9 Complexity, however, exist between
peacefully intended life science research and its misappli-
cation for weapon purposes, where the cause and effect
evidence arguably is weak. The actual misapplication
may be considered beyond the control of the researchers.
Moreover, much of the biological material that can be
misused is available in nature, so although the link
between biological material, technology and knowledge
and a biological weapon is obvious, the source for the
weapon is not.

From a policy perspective,10 the evidence needed for
making a decision varies and can be based on criteria
that are insufficient in comparison to established scien-
tific criteria. The possibility to warrant and implement
precaution despite the lack of a clear causal link is an
important PP characteristic. This use of the PP alleviates

3 R.M. Atlas & M.R. Dando. The Dual-use Dilemma for the Life
Sciences: Perspectives, Conundrums, and Global Solutions. Biosecur
Bioterror 2006; 4: 276–286: 276.
4 United Nations Educational, Scientific and Cultural Organization
(UNESCO), World Commission on the Ethics of Scientific Knowledge
and Technology (COMEST). 2005. The Precautionary Principle. Paris:
UNESCO: 30. Available at: http://unesdoc.unesco.org/images/0013/
001395/139578e.pdf [Accessed 29 Oct 2008].

5 M. Feintuck. Precautionary maybe, but what’s the principle? The
Precautionary Principle, the Regulation of Risk, and the Public
Domain. J law Soc 2005; 32: 371–398: 375; P. Sandin. Dimensions of the
Precautionary Principle. Hum Ecol Risk Assess 1999; 5: 889–907: 889.
6 The Wingspread Conference Centre. 1998. Wingspread Statement on

the Precautionary Principle. Racine: Wisconsin, 23–25 January. Avail-
able at: http://www.gdrc.org/u-gov/precaution-3.html [Accessed 7 Oct
2008].
7 The United Nations Conference on Environment and Development.

1992. Rio Declaration on Environment and Development. Rio de Janeiro:
Brazil, 3–14 June. Available at: http://www.unep.org/Documents.
multilingual/Default.asp?DocumentID=78&ArticleID=1163 [Accessed
6 Oct 2008].
8 United Nations Educational, Scientific and Cultural Organization

(UNESCO), World Commission on the Ethics of Scientific Knowledge
and Technology (COMEST), op. cit. note 4, p. 25.
9 M. Peterson. The Precautionary Principle is Incoherent. Risk Anal

2006; 26: 595–601: 596.
10 The remainder of this article will explore the Precautionary Principle
from scientists’ perspective and not as a formalized principle for policy-
making.
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the burden of evidence and supports those wishing to
regulate an action although normal scientific standards
for establishing causal connections between the activity
and the harm are not met. Even weak probabilities are,
accordingly, believed to warrant regulation of an activ-
ity.11 Such ‘burden-removing’12 reasoning might leave sci-
entists vulnerable to the whims of policy-makers that are
influenced by the current social, economic and security
environments. Still, it cannot be a task for scientists to
instruct policy-makers about the level of evidence they
should require before acting. However, scientists can
affect decisions by explaining what biological material
and technologies can and cannot do.13 Ideally, policy
makers acknowledge the scientific judgment when eva-
luating the evidence.

To which extent, then, can life scientists be assumed to
have a moral responsibility to avoid potential undesirable
outcomes? According to Manson, the PP can be called a
‘burden-adding’ principle, meaning that those desiring to
act must show that the activity does not lead to harm and
if they cannot do so with a high degree of certainty they
should not be permitted to act.14 This statement is not
unproblematic and further elaboration is needed on what
is meant by ‘show’ and what type of ‘action’ may be
required from scientists to avoid potentially harmful out-
comes. One way to describe this is to consider these con-
cepts in terms of a ‘burden of proof’ and a ‘burden of
action’. This means that scientists have a responsibility to
both establish justified belief that their research is harm-
less (by for example illustrating that security information
has been retrieved and considered) and to take active
measures to circumvent a potential harm. Thus, the realm
of responsibility entails both aspects of justification and
action. Precautionary actions associated with the dual
use research process may, for example, include reporting
concerns to relevant authorities or the public, considering
potential security implications associated with one’s
research and not sharing or publishing sensitive informa-
tion without discrimination.15

Dimensions of the Precautionary Principle

The formulations of PPs vary. Sandin has identified four
main conceptual dimensions, which commonly occur in

different versions of the PP: threat, uncertainty, prescrip-
tion and action.16 The threat and uncertainty elements
together indicate when precautionary measures are appli-
cable. The type of action and the way in which the action
is prescribed are stated in the elements of action and
prescription.17 Sandin also expresses this in an if-clause:
‘if there is (1) a threat, which is (2) uncertain, then some
kind of (3) action is (4) mandatory’.18 He also differenti-
ates between this prescriptive version and an argumenta-
tive version of the PP. The argumentative version (such as
the PP expressed in the previously mentioned Rio Decla-
ration) is not a principle for decisions but a principle for
what arguments are valid.19

We will focus on the prescriptive version in the remain-
der of the discussion by using Sandin’s prescriptive
if-model to determine whether elements of the PP can be
considered consistent with those appearing in discussions
on responsibility for life scientists to prevent misuses
of research. Consider this statement from the World
Medical Association: ‘All who participate in biomedical
research have a moral and ethical obligation to consider
the implications of possible malicious use of their find-
ings.’20 This can be translated into a prescription (obliga-
tion) to act (consider implications) concerning uncertain
(possible) threats (malicious use of findings). Given these
conditions, the statement appears to express a precau-
tionary principle. The mandatory prescription together
with the phrase ‘possible malicious use’ expresses a rela-
tively great level of uncertainty, hence, a ‘strong’ PP.
It should also be mentioned that the statement does
not explicitly address scientific uncertainty. However,
because this issue transcends science it can be argued that
the word ‘possible’ is sufficient to indicate an element of
uncertainty. There is nevertheless one important objec-
tion to the WMA statement as a PP: to consider implica-
tions cannot be considered sufficient enough to constitute
a precautious action. To consider implications is arguably
included in all decision principles and not unique for the
PP.

Another proposed obligation states that:

11 N.A. Manson. The Precautionary Principle, the Catastrophe Argu-
ment, and Pascal’s Wager, J Univ Aberdeen Centre for Philosophy Tech-
nology, & Society 1999; 4, 1: 12–16: 12.
12 The concepts of ‘burden-removing’ and ‘burden-adding’ principles
can be found in: N.A. Manson. The Precautionary Principle, the Catas-
trophe Argument, and Pascal’s Wager, J Univ Aberdeen Centre for
Philosophy Technology, & Society 1999; 4, 1: 12–16.
13 S-O. Hansson. Regulating BFRs – From Science to Policy. Chemo-
sphere 2008; 73: 144–147: 147.
14 Manson, op. cit. note 11.
15 Kuhlau, op. cit. note 2.

16 P. Sandin. Dimensions of the Precautionary Principle. Hum Ecol
Risk Assess 1999; 5: 889–907: 890–891; P. Sandin. A paradox out of
context: Harris and Holm on the precautionary principle. Camb Q
Healthc Ethic 2006; 15: 175–183: 178.
17 P. Sandin. A paradox out of context: Harris and Holm on the pre-
cautionary principle. Camb Q Healthc Ethic 2006; 15: 175–183: 178.
18 P. Sandin. Dimensions of the Precautionary Principle. Hum Ecol
Risk Assess 1999; 5: 889: 890–891.
19 Sandin, op. cit. note 17, pp. 177–178.
20 World Medical Association (WMA). 2002. The WMA Declaration of
Washington Biological Weapons. (Initiated in 2001 and adopted in 2002
by the General Assembly). Washington: WMA. Available at: http://
www.wma.net/e/policy/b1.htm [Accessed 17 Nov 2008].
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All persons and institutions engaged in any aspect of
the life sciences must [. . .] seek to restrict dissemination
of dual-use information and knowledge to those who
need to know in cases where there are reasonable
grounds to believe that the information or knowledge
could be readily misused through bioterrorism or bio-
warfare. [Italics added]21

This obligation more specifically expresses the act
element and still entails the elements of threat, uncer-
tainty and prescription. The discussion will now explore
the characteristics of threat and uncertainty, which deter-
mine when precautionary measures are applicable.

The complexity of a threat

The threat-element of the PP is complex and challenging,
particularly when applied to the issue of dual use life
science research. Firstly, it begs the question of what
constitutes a threat and how, and by whom it is defined.
Secondly, how does one distinguish between credible and
non-credible threats? Without understanding the prob-
ability for misuse or the expected magnitude of the con-
sequences, it is difficult to determine if a threat is credible.
Thirdly, once a threat has been defined and deemed cred-
ible, where is the line to be drawn between precaution and
prevention?

What is a threat?

The evaluation of a threat is based on a combination of
past experiences, present circumstances, and anticipa-
tions of the future.22 Although the historical record is
limited regarding attempted and successful uses of bio-
logical weapons, the perception of a current and future
threat remains. The perception of a bioterrorist threat
is largely a reaction to the September 11 attacks in the
US in 2001 and the subsequent mailing of anthrax-
contaminated letters. These events increased the Western
world’s sense of vulnerability.23 Threats are broadly
defined by these perceived vulnerabilities, which are con-
nected to the essence of the threat, i.e. a widespread
abhorrence and fear of infectious diseases and concerns
about societies’ capacity to respond. How a threat is
perceived alters policy behaviour and determines the

threat’s place and priority on the security agenda. Sus-
taining security is central to a state because its very exist-
ence depends on it. Resources are therefore rapidly
mobilized to prevent, handle or remedy the consequences
of a perceived threat.24 This explains the urgency asso-
ciated with the biological weapons’ threat and why
demands have emerged for increased scientific responsi-
bility to participate in preventive activities.

The threat is in this discussion identified as the poten-
tial misuse of life science research by actors (individuals
or states) that deliberately aim to cause harm through the
spread of disease. Can scientists be required to protect
access to biological material, technology and information
based on the credibility of that threat? One can argue that
former (and currently suspected) offensive state biologi-
cal weapon programmes and cases of attempted and suc-
cessful uses of biological agents, by individuals or groups,
do give the threat certain credibility.25 However, uncer-
tainty prevails concerning the link between legitimate sci-
entific research and the threat. Stated bluntly; there may
be a credible biological weapon’s threat but why should
that concern an individual microbiologist at a university?
Not only does the threat therefore have to be generally
credible, it specifically has to be credible to the actors who
are asked to be cautious. This link between the scientist
and the threat may be considered insufficient. However, it
can be argued that the strength of the PP is that it offers
a possible reply to demands on a clear link because it
allows this uncertainty.

21 M.A. Somerville & M.R. Atlas. Ethics: A Weapon to Counter Bio-
terrorism. Science 2005; 307: 1881–1882: 1881.
22 B. Buzan, O. Waever & J. de Wilde. 1995. Environmental, Economic
and Societal Security. Copenhagen: Centre for Peace and Conflict
Research: 1.
23 J.P. Zanders. 2003. Weapons of mass disruption? SIPRI Yearbook
2003: Armaments, Disarmament and International Security. Oxford:
Oxford University Press: 683–690: 688.

24 Buzan, Waever & de Wilde, op. cit. note 22.
25 Examples include the uncovering of Iraq’s biological weapon pro-
gramme and revelations about the massive offensive biological weapon
programme of the Soviet Union. In order to prevent the spread of
biological weapons from countries where they previously existed and to
prevent terrorists or states from acquiring biological materials and
know-how, so-called threat reduction activities have been undertaken.
They include eliminating biological weapon-relevant equipment and
infrastructure and redirecting the efforts of former weapon scientists to
peaceful activities to avoid so called ‘brain-drain’. The most cited cases
of successful and attempted events include the Rajneesh using salmo-
nella on food in Dalles, Oregon in 1984, the Japanese group Aum
Shinrikyo which unsuccessfully attempted to produce and disseminate
anthrax and botulinum toxin in 1990–94, the unsuccessful efforts by
al-Qaida to obtain anthrax and prepare a facility in which to do micro-
biological work in 1999 and 2001. In 2001, a perpetrator succeeded in
distributing high-quality dry powder anthrax spores via letters in the
US. After seven years of speculations the Federal Bureau of Investiga-
tion (FBI) announced in August 2008 that a research microbiologist,
Bruce Ivins, working at the US Army Medical Research Institute for
Infectious Diseases for more than 28 years was solely responsible for the
attacks. See M. Leitenberg. 2004. The Problem of Biological Weapons.
Stockholm, Sweden: Swedish National Defence College and Federal
Bureau of Investigation (FBI). 2008. Anthrax Investigation: Closing a
Chapter. Washington: FBI. Available at: http://www.fbi.gov/page2/
august08/amerithrax080608a.html [Accessed 17 Nov 2008].
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Credible threats

Critics claim that the credibility of a threat must be
included in the definition and application of the PP.
Without it, the threat is nothing more than an excuse for
scaring people with worst-case scenarios.26 In order for a
‘burden of proof’-reasoning to be realistic, some justifi-
cation for believing that there is a potential threat is
necessary. Identifying different levels of risks could be
part of this justification and make the threat more distin-
guishable and, hence, credible.

Certain criteria for what makes the threat of misuse
credible therefore need to be established, particularly as
life scientists themselves lack information about the secu-
rity environment, which limits their ability to conduct
risk assessments independently. The responsibility of sci-
entists to be precautious needs to be informed not only by
the scientists own judgements on risks but also by risk-
assessments performed by authorities in the security com-
munity. For example; there are obvious risks connected
to research experiments that render a pathogen more
deadly or transmissible, resistant to existing vaccines or
therapeutic drugs or capable of evading diagnostic or
detection techniques.27 These would be research areas
with potential for misuse for weapon purposes, which
arguably require precaution. Other examples can be
found in a list of high-priority diseases and agents pro-
vided by the US Centers for Disease Control and Preven-
tion. This list includes organisms that pose a risk to
national security because they can easily be disseminated
or transmitted from person to person, result in high mor-
tality rates, and might cause public panic and social dis-
ruption.28 This is information that could be considered to
help distinguishing what research poses more or less
threats of harm.

Precaution or prevention

In the current debate the word prevention is almost
exclusively used when referring to life scientists’ respon-
sibility to assist in preventing proliferation and misuse of
biological weapons. The connection is strong between
precaution and prevention: without the notion that
harm might be prevented it would be meaningless to
speak of precaution. However, a distinction between
them may still be useful to facilitate for scientists to
understand the quest for scientific responsibility. Precau-
tion admits a level of uncertainty concerning the actual
likelihood of an event and the nature of the threat,
which requires a more general approach. Prevention, on
the other hand, implies that information and knowledge
exists about an anticipated threat and that a more spe-
cific approach to circumvent the threat is possible. We
therefore believe that the term precaution more accu-
rately describes what is required from life scientists than
does the term prevention.

Uncertainty

Another characteristic of the PP concerns scientific uncer-
tainty when identifying and assessing hazards and risks.
This is closely related to the lack of information about the
threat. A fundamental message of the PP is that ‘on some
occasions, measures against a possible hazard should be
taken even if the available evidence does not suffice to
treat the existence of that hazard as a scientific fact’.29 It
is therefore considered a strategy to supplement other
traditional risk-assessment strategies, requiring exten-
sive scientific evidence, by providing a way to handle
large-scale scientific uncertainty and ignorance.30 The
uncertainty dimension in Sandin’s model states how
(scientifically) plausible a threat must be to trigger pre-
caution. The greater the uncertainty allowed, i.e. the less
plausible the threat has to be, the stronger the principle.31

The uncertainty element complicates decision-making on
deliberate releases of disease because risks of harmfully
intended applications are more or less unknown and
therefore largely unforeseeable. Any system for assessing
security risks and making rational choices therefore has
to include strategies for uncertainty. However, not all
agree that the PP is a valuable strategy.

26 D.B. Resnik. Is the Precautionary Principle Unscientific? Stud. Hist
Phi. Bio. & Biomed Sci 2003; 34: 329–344: 336; C.F. Cranor. Learning
From the Law to Address Uncertainty in the Precautionary Principle.
Sci Eng Ethics 2001; 7: 313–326: 318.
27 For more examples of research of concern see: National Science
Advisory Board for Biosecurity (NSABB). 2007. Proposed Framework
for the Oversight of Dual Use Life Science Research: Strategies for
Minimizing the Potential Misuse of Research Information. Bethesda,
MD: NSABB: 16–22. Available at: http://oba.od.nih.gov/biosecurity/
biosecurity_documents.html [Accessed 24 March 2009]; Committee on
Research Standards and Practices to Prevent the Destructive Applica-
tions of Biotechnology. 2004. Biotechnology in an age of Bioterrorism.
Washington, DC: National Academies Press: 5.
28 US Department of Health and Human Services, Centers for Disease
Control and Prevention. Bioterrorism Agents/Diseases. Available at:
http://www.bt.cdc.gov/agent/agentlist-category.asp#a [Accessed 7 Oct
2008].

29 P. Sandin, et al. Five Charges Against the Precautionary Principle. J
Risk Res 2002; 5: 287–299: 288.
30 P. Grandjean. Implications of the Precautionary Principle for
Primary Prevention and Research, Annu. Rev Public Health 2004; 25:
199–223: 199; United Nations Educational, Scientific and Cultural
Organization (UNESCO), World Commission on the Ethics of Scien-
tific Knowledge and Technology (COMEST) op. cit. note 4, p. 49.
31 Sandin, op. cit. note 19, p. 893.
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THREE OBJECTIONS TO THE
PRECAUTIONARY PRINCIPLE

This section will discuss three objections to the PP,
namely: that the principle stifles scientific development;
that it lacks practical applicability; and that it is ill-
defined and therefore lacks substance and meaning. This
critique will be explored in relation to potential implica-
tions when applying a PP for dual use research in the life
sciences.

The Precautionary Principle stifles scientific
development

One central criticism against the PP is that it hampers the
development of scientific research.32 A similar critique is
found in discussions on the responsibility of life scientists
for potential security implications associated with their
research. The basic assumption is that security concerns
may lead to an extensively risk-aversive approach where
moral anxiety and fear of making the wrong decision may
hamper the development of important public health
research. Reversely, an overly risk-prone approach
among scientists may have severe effects on human secu-
rity, should dangerous biological material, technology
and knowledge be more readily available for misuse.
Decision-making and risk assessments under circum-
stances of uncertain probabilities and outcomes are dif-
ficult and most discussions of the PP assume that it aims
at moving in the direction of a more risk-aversive
behaviour.33

The critique against the PP is that given a strong inter-
pretation it will prohibit every action (and inaction) and
therefore offer no action guidance at all. Holm and
Harris argue that as a principle of rational choice, the
PP leaves us paralysed. It will inevitably instruct us not
to proceed because there is a threat of harm that cannot
be conclusively ruled out. The PP will therefore block
the development of technology in case of any theoretical
possibility of harm.34 Proponents of the PP on the other
hand claim that such an absolutist interpretation is mis-
construed and that precautionary measures are not
required when there is no particular evidence of the pres-
ence of a possible hazard, but rather when there is a lack
of conclusive scientific evidence.35 This means that some
degree of evidence is required to trigger precaution. This

option for a scenario interprets the PP as ‘decision-
making based on qualitative information’, which has
been suggested as more realistic, thus allowing for some
level of ability to judge the possibility and seriousness of
a threat.36 This is coherent with the position we have
taken in previous discussions on responsibility in the life
sciences where harmful implications should at least be
reasonable to foresee.37 Consider for example the previ-
ously mentioned duty which states that life scientists
must seek to restrict dissemination of dual-use informa-
tion and knowledge to those who need to know, in cases
where there are reasonable grounds to believe that the
information or knowledge could be readily misused
through bioterrorism or biowarfare.38 This ‘softer’ ver-
sion where some information about a plausible threat
is allowed, i.e. entails some degree of evidence for rea-
sonableness, would in our view be necessary when apply-
ing a PP to the field.

Although the argument that the PP hampers research is
compelling, it is not necessarily a question of either or.
Precaution does not have to be absolute, meaning that
certain areas within the life sciences may require more or
less precaution. A cautious and responsible behaviour
furthermore does not have to lead to laws and regula-
tions, but can inspire to establish voluntary codes of
conduct to raise awareness about potential dual use risks.
The PP may slow the scientific process down, but this
need not obstruct new developments and technology.39 It
can moreover be argued that when the PP does ‘hamper’
research it should do so because it is morally justified.
The strength of the PP, in our view, is that it inspires to
reflect upon science’s role in society and how scientific
developments should be directed and justified by
informed choices and decisions.

The Precautionary Principle lacks practical
applicability

The prescriptive element expresses a request that life
scientists engage to act against potential misuses of
biological material, technology and knowledge for
biological weapon purposes. Prescription is a prerequi-
site for action and may be more or less stringent
depending on its formulation. The strength of the pre-
scription can in other words range from encouragement
to a full-fledged duty to act. The prescribed act is what
determines the practical application of the PP. This act
can be general and provide little guidance on what to
do, or be more specific in describing the act. However, a

32 C.R. Sunstein. The Paralyzing Principle: Does the PP Point Us in
Any Helpful Direction? Regulation 2002/2003; 24: 32–37; S. Holm & J.
Harris. Precautionary Principle Stifles discovery. Nature 1999; 400: 398.
33 S-O. Hansson. Adjusting Scientific Practices to the Precautionary
Principle. Hum Ecol Risk Assess 1999; 5: 909–921: 909.
34 Holm & Harris, op. cit. note 32.
35 Sandin, et al., op. cit. note 29, p. 291.

36 Peterson, op. cit. note 9, pp. 596–597.
37 Kuhlau, op. cit. note 2, pp. 481–482.
38 Somerville & Atlas, op. cit. note 21, pp. 1881–1882.
39 Grandjean, op. cit. note 30, p. 209.
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more specific description does not necessarily mean that
it is easier to perform. Consider two proposed obliga-
tions for life scientists. The first, mentioned above, pre-
scribes scientists to ‘consider negative consequences’40

and the other to ‘call to the attention of the public or
relevant authorities misuses of micro-biology [. . .]’41

The first example is, as previously discussed, too general
to satisfy the requirements of what constitutes a precau-
tious action under the prescriptive element. However,
although the latter duty is more specific and appears
easier to apply, it de facto requires the additional im-
plementation of structures for identifying suspicious
research and for raising concerns.

A general critique against the PP is that while the moral
underpinnings and aims are admirable, poor guidance is
provided on their operationalization. Without a practical
component, the PP will merely serve as an abstract norm,
which arguably few will be able practically to interpret
and adhere to. This renders it rather toothless as a pre-
scriptive and action-guiding principle. However, this is
not unique for the PP but true of many moral principles.
It may also be regarded as an advantage that the principle
permits flexibility in interpretation and application. An
overly narrow definition runs the risk of becoming a
static directive, not provoking reflection outside of that
rule. The awareness-raising effect and norm-setting
behaviour can be considered valuable in and of them-
selves. The PP therefore has the potential to become more
precise and practical through interpretation, elaboration
and experience.42

The Precautionary Principle is poorly defined
and vague

The PP is often criticized for being poorly defined and
vague. Even proponents of the PP recognize that its
unclear definition is a problem, e.g. in terms of substance
and usefulness.43 However, the fact that many existing
principles are vague does not necessarily imply that a PP
must be poorly defined in the field of dual use. It is
possible to formulate a PP in a more precise and instruc-
tive manner, without losing the flexibility it needs to
inspire continuous individual practical elaboration and
reflection. We argue that formulated properly the PP
might spur awareness among scientists of the need to
reflect upon their work systematically and proactively,
also in light of external concerns. The substance and
meaning of the PP thus depends on how it is interpreted
and applied. This is of still greater concern when promot-

ing the PP as a basis for policy-making or as a legal
principle where the content needs to be clearer. In terms
of our discussion of the PP as a principle for moral guid-
ance to responsible research conduct, the vagueness is less
of a problem.

The vagueness of many PPs of course also depends on
the nature of the uncertain and poorly defined threats
in question. Considering the difficulty to determine the
credibility of the threat and probability of potential
misuse, one might argue that researchers cannot possibly
assess risks and therefore cannot be responsible for un-
expected applications of their research. In this sense,
researchers would be relieved of responsibility to be cau-
tious altogether. The PP can take responsibility further
by what some call culpable ignorance. What is blamewor-
thy is not ignorance itself, but the lack of effort to reduce
it.44 This implies that researchers are responsible for being
aware of security related concerns and for seeking knowl-
edge about them. Awareness includes reflection on for
example risks associated with biological material and the
ease with which it can be shared. It also includes consid-
ering one’s role as a scientist in relation to existing guide-
lines and regulations. Awareness therefore entails a
continuous process of reviewing one’s work in a wider
context. In the field of dual use a PP needs to convey to
researchers that they are part of a larger society and that
they have a responsibility to reflect upon their work in
light of external processes, such as existing concerns
about security threats.

CONCLUSION: A PRECAUTIONARY
PRINCIPLE FOR DUAL USE RESEARCH
IN THE LIFE SCIENCES

The Precautionary Principle is contested. Its opponents
claim, among other things, that it hampers scientific
research and development, and that it is impractical, ill
defined and lacking in substance. Defenders of the PP
interpret it in less absolute terms and focus on its
strengths in dealing with distant and uncertain threats
and harms. This article has made clear that the main
conditions of the PP (threat, uncertainty, prescription
and act) are present in formulations of proposed obliga-
tions for life scientists, requiring them to consider poten-
tial misuses of their research. It is therefore reasonable to
state that some form of PP is already expressed in discus-
sions on the life sciences’ responsibility, although perhaps
not recognized as such.

40 World Medical Association (WMA), op. cit. note 20.
41 American Society for Microbiology (AMS). 2005. Code of Ethics: 2.
42 Sandin, et al., op. cit. note 29, p. 296.
43 Ibid: 289.

44 United Nations Educational, Scientific and Cultural Organization
(UNESCO), World Commission on the Ethics of Scientific Knowledge
and Technology (COMEST), op. cit. note 4, p. 18.
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This article moreover found that it is not merely the
responsibility of policy-makers to provide information to
prove that a threat is credible and that precaution is
warranted. It is also a responsibility of the scientific com-
munity and its individual participants to retrieve and act
on such information and to prove that their research is
harmless in relation to the conceived threat. Two con-
cepts help us distinguish between different types of
responsibility determining precaution; the ‘burden of
proof’ and the ‘burden of action’. The first falls within the
context of justification and can be tied to the elements of
threat and uncertainty, while the latter falls under the
context of application and is tied to the elements of pre-
scription and act.

This article concludes that a PP is applicable and may
have a role to play in the area of dual use life science
research. For the field we therefore propose the following
formulation of a PP:

When and where serious and credible concern exists
that legitimately intended biological material, technol-
ogy or knowledge in the life sciences pose threats of
harm to human health and security, the scientific com-
munity is obliged to develop, implement and adhere to
precautious measures to meet the concern.

The suitability and success of a PP in the field of life
science dual use research would undeniably depend upon
factors that justify the application of a PP. These include
the credibility of the threat as well as the availability of
evidence and qualitative information to enable some
degree of possibility to foresee potential harmful out-
comes. How the PP is subsequently applied depends upon
factors determining action. They include both a clear
prescription of the level of responsibility required and
directives on how to act to prevent harm.

Whilst the elements of prescription and act are most
decisive of the successful implementation of a PP, it is not
feasible to specify each desired action in the formulation
of the principle. The PP is meaningful and useful if
applied as a moral principle and allowed flexibility for
elaboration of its practical use in the scientific work envi-
ronment. Still, it needs to be sufficiently specific to give
some practical guidance. This balance between flexibility
and specificity is important. The aim is twofold: to avoid
overly specific actions that risk being perceived as irrel-
evant by individual scientists; and to avoid overly vague
directives on actions, that are impossible to transform
into practical use. Our suggested ‘action’ is intentionally
unspecific but arguably specific enough to inspire the
practical development and implementation of precau-
tionary measures. Moreover, a PP is not a self-contained
principle but needs input from other relevant principles,
codes and guidelines. Its success is also determined by

structural factors such as well-functioning systems for
reporting concerns, protection of ‘whistle-blowers’, peer-
review systems and easy access to information from
authorities in the security domain and other relevant
areas.

Another important question is to what extent respon-
sibility lies with the individual researcher or with the
scientific community. Who is obliged to provide justifica-
tion and who must act? The answer is that this is context
dependent. In certain circumstances individual responsi-
bility is prompted, for example, to raise concern about a
fellow researcher’s intent with his or her research project.
In other cases the community is better suited to take
responsibility, for example, when considering research
of dual use concern in peer review systems before
publication.

Finally, precaution need not imply an absolute prin-
ciple but can inspire to different degrees of precaution,
depending on the perceived need for it. At the low pre-
caution end, where most scientists would find themselves,
the principle will serve as an awareness raising mechanism
informing the scientist about external concerns regarding
biological weapons. At the high end of precaution, a small
number of scientists working on dangerous biological
material or technologies have a greater responsibility to
be cautious. The usefulness and reasonableness of the PP
thus depend on how it is interpreted and applied. In our
interpretation it serves as a moral principle inspiring to
raise awareness and establish practical routines that
appropriately reflect that life science research may be
misused for weapon purposes. Whether or not one agrees
on the value of a PP, it serves an important purpose for at
least attempting to deal with issues where uncertainty
about serious threats and risks exist and the only other
option is to keep one’s fingers crossed and hope that
concerns and fears do not materialize.
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