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Abstract 

Over the past decade, scientists have detected an increasing number of 
pharmaceuticals in surface water and groundwater in urban areas.  The effects of 
these pharmaceuticals on aquatic ecosystems are uncertain, although in some 
cases pharmaceuticals have been linked with effects such as the feminization of 
fish.  As concern exists that pharmaceuticals in natural waters could have subtle, 
long-term effects on the reproduction, development, and/or behaviour of aquatic 
species, the precautionary principle could arguably be applied to induce 
management action to reduce the release of pharmaceuticals to aquatic 
environments.  As part of a larger study on the management of pharmaceuticals 
in the environment, we interviewed 27 experts on pharmaceuticals in the 
environment from the academic, government, and industrial sectors, to ascertain 
their views on the precautionary principle, and its implications for 
pharmaceuticals in the environment.  Most had a favourable opinion of the 
precautionary principle, but many also cautioned that it must be applied in a 
proportional and carefully balanced manner, and that it should include continued 
research.  Based on the results of our interviews, we discuss how the 
precautionary principle can be tailored to the problem of pharmaceuticals in the 
environment, addressing the concerns of scientific and management experts, and 
reducing the levels of pharmaceuticals being discharge to aquatic environments.   
Keywords:  precautionary principle, pharmaceuticals, risk management, 
scientific experts, proportionality, adaptive planning, aquatic environment, 
uncertainty, surface water, interviews. 
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1 Introduction 

The precautionary principle (PP) is a decision making tool meant to guide 
society towards a sustainable future, by protecting human and environmental 
health.  The best known definition is likely the one adopted from the Rio 
Declaration on Environment and Development: “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.” [1, Principle 15].    The precautionary principle is founded on 
several premises, including: 1) prevention of harm is preferable to attempting to 
undo damage once it has occurred, 2) lack of scientific certainty 3) reasonable 
scientific basis suggesting a potential for serious harm, 4) duty to act [2, 3].  
Inherent in the precautionary principle is the concept that deciding to do nothing 
– to maintain the status quo – is a policy decision, and that a decision to do 
nothing should be considered and reviewed as carefully and as skeptically as a 
decision to mitigate risk [4]. 
     The precautionary principle can arguably be applied to the problem of 
pharmaceuticals in the environment, a problem concerning which scientific 
understanding continues to emerge.  Pharmaceuticals, or medications used to 
maintain human and animal health, have been detected at low (µg/L-ng/L) 
concentrations in surface water and groundwater in a number of countries, 
throughout the past decade [5-7].  This paper focuses particularly on human 
pharmaceuticals, which are often detected near urban areas, especially in 
developed countries, where relatively large quantities of pharmaceuticals are 
consumed.  The main route through which human pharmaceuticals enter the 
environment is consumption, followed by excretion, sewage collection, and then 
treatment at a wastewater treatment plant.  Improper disposal of unused 
pharmaceuticals can also lead to their entry into wastewater.  Unfortunately, 
wastewater treatment plants are not designed for the removal of pharmaceuticals, 
and removal rates are therefore low, often near 60%, depending on the 
compound [7].  As a result, residual quantities of pharmaceuticals are discharged 
to surface water as part of treated wastewater effluent. 
     While it is becoming clear that pharmaceuticals are ubiquitous in aquatic 
environments, their effects on aquatic species and ecosystems remain uncertain.  
Many researchers believe that pharmaceuticals could have long-term, subtle, 
detrimental effects on aquatic organisms, due to their bioactive nature [8, 9].  
17α-ethinylestradiol, the active ingredient in the birth control pill, is believed to 
have contributed to fish feminization [10], and the anti-depressant fluoxetine has 
been found in laboratory studies to induce spawning in mussels [11].  However, 
most pharmaceuticals have not been tested on aquatic species, and for those 
which have demonstrated effects in laboratory tests, the question of whether or 
not similar effects would be seen at lower, natural concentrations, remains.  
Assessment of effects on organisms and ecosystems is further complicated by the 
possibility of additive or less than additive effects of mixtures of pharmaceuticals 
and other compounds [12, 13].  Traditional environmental risk assessments are 
generally ill-suited to pharmaceuticals, as they rely predominantly on acute tests, 
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whereas pharmaceuticals in the environment are only expected to have subtle, 
chronic effects [9]. 
     In order to successfully integrate science into management, scientific experts 
are increasingly expected to work together with managers and to play a role in 
environmental decision making [14].  The purpose of our study was to assess the 
views and concerns of experts regarding the precautionary principle and its 
application to pharmaceuticals in the environment.  Based on these, we discuss 
how the precautionary principle can be tailored to pharmaceuticals in the 
environment while meeting the needs of experts. 

2 Research methods 

As part of a larger study on the management of pharmaceuticals in the 
environment, 27 scientific experts from universities, governments of all levels, 
and industry, from Canada, the U.S., and Europe, were interviewed.  The 
interviewees were mainly selected based on their contribution to the literature on 
pharmaceuticals in the environment and their participation in meetings and 
conferences on pharmaceuticals in the environment, although some were also 
chosen based on personal referral from other interviewees or contacts.  
Interviews were conducted in person whenever possible, with telephone 
interviews and e-mail questionnaires/interviews being used otherwise.  
Interviewees were asked two questions related directly to the precautionary 
principle, on which we report here: 1)  Do you support the use of the 
precautionary principle in environmental decision making?  Why or why not?, 
and 2)  What do you think the precautionary principle means for pharmaceuticals 
in the environment?  

3 Results 

3.1 Concerns about the precautionary principle (Table 1) 

In general, there was support for the precautionary principle among the experts 
interviewed, with 63% expressing a positive view of the principle, including 
90% of European interviewees, 50% of Canadian interviewees, and 40% of 
interviewees from the U.S. However, several experts, including those who were 
in favor of the precautionary principle, expressed concerns about it.  Their 
concerns mainly fell into 4 categories (Table 1):  
1) Proportionality.  The experts emphasized that precautionary action should be 
of a reasonable scale, proportional to the risk presented by pharmaceuticals in the 
environment (or other substances).  Several experts stated that they felt the 
banning of pharmaceuticals because of environmental impacts was neither 
reasonable nor appropriate.  The concern was raised that the precautionary 
principle had the potential to impede the development of technologies, such as 
pharmaceuticals, which might be beneficial to human health and well-being. A 
U.S. expert from the government sector believed the precautionary principle 
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would require a goal of zero concentration to be set for pharmaceuticals in 
aquatic environments; the expert felt this was an unreasonable goal. 
2)  Definition.  Several experts expressed concern about the lack of a clear 
definition for the precautionary principle.  Perhaps not surprisingly, however, 
those who did discuss defining the precautionary principle did not agree on how 
it should be defined .The main concern regarding the definition was that a lack of 
definition would open the principle up to inappropriate use. 
3)  Socioeconomic Balance.  The proper distribution of resources was of concern 
to several experts; financial concerns were the main reason cited by those who 
did not support the precautionary principle.   Several interviewees emphasized 
that the risks of pharmaceuticals in the environment had to be balanced against 
other risks, including the risks incurred by taking precautionary action. There 
needed to be a prioritization of risks, as allocating funds to address the problem 
of pharmaceuticals in the environment would mean that the funds would not be 
available to address other problems.   Several experts were concerned that the 
precautionary principle would not allow for such prioritization, and would lead 
to improper allocation of funds and unnecessary expenditures.   
4) Sufficient scientific evidence to invoke the precautionary principle.  A number 
of experts wondered about the level of scientific evidence required to invoke the 
precautionary principle.  A European government expert pointed out that it is 
often only in hindsight that it becomes clear that management action should have 
been taken at a certain point; it is difficult to ascertain, as evidence of an 
environmental concern emerges, when the appropriate time is to engage in 
mitigative action 
     In addition to these four theme areas, individual interviewees raised several 
other concerns.  A European industry expert who supported the precautionary 
principle made the case that it should be applied adaptively, with regulations and 
management strategies being adjusted to newly acquired information.  A 
European university expert made the case that precautionary management 
needed to include disclosure of information to stakeholders, including the public, 
so that they could decide for themselves what sort of action to take.  A second 
European industry expert emphasized the importance of societal debate 
concerning environmental problems, and expressed his concern that the 
precautionary principle did not allow for such debate. 

3.2 Implications of the precautionary principle for the management of 
pharmaceuticals in the environment 

Sixteen of the twenty-seven experts believed that applying the precautionary 
principle to pharmaceuticals in the environment required the implementation of 
management actions beyond research or risk assessment; however not all of them 
indicated which management strategies might be considered.  Seven of the 
experts believed that the principle meant increased research into the problem of 
pharmaceuticals in the environment.   Many researchers also felt that the 
precautionary principle meant pharmaceuticals should undergo environmental 
assessments, despite the current difficulties in applying traditional environmental 
assessment methods to pharmaceuticals.  Environmental assessment regulations 
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for human pharmaceuticals exist in the US [15] and are under development in the 
EU and Canada [16, 17].   Those experts who did suggest specific management 
strategies as a result of applying the precautionary principle to human 
pharmaceuticals in the environment, favored,  in particular, enhancement of 
sewage treatment technology; reduction of pharmaceutical over-use; 
development of ‘green’ (i.e. biodegradable, less toxic) pharmaceuticals; and 
environmental labeling of pharmaceuticals, although other management 
strategies were also suggested.  Two experts listed negative implications, related 
to their concerns in Section 3.1: increased costs and difficulties in developing 
and marketing pharmaceuticals, and an artificial goal of zero concentration being 
set for pharmaceuticals in water. 

4 Discussion 

4.1 Defined or flexible precautionary principle? 

While some experts were concerned that the lack of universal definition of the 
precautionary principle would lead to its being used inappropriately, we suggest 
that the flexible nature of the precautionary principle holds great potential, as it 
allows the Principle to be tailored to specific problems [18], such as the problem 
of human pharmaceuticals in the environment.  Rather than resulting in its 
inappropriate use, the ‘fuzzy’ nature of the precautionary principle makes 
capable of being shaped by stakeholders, including scientific experts, so as to 
become most appropriate to a particular environmental problem.  Thus the 
precautionary principle can be thought of as a source of both guidance and 
dialogue for environmental problems, rather than an artificially restrictive 
dictum. 

4.2 Point of invocation of the precautionary principle 

Among the main concerns of the expert interviewees was the question of the 
level of scientific evidence of harm required for the precautionary principle to be 
invoked.  This question has also been the subject of discussion in the academic 
literature on the precautionary principle [19-21].  For example, Müller-Herold et 
al. [21] propose a scientific screening system for chemicals, through which the 
more persistent, bioaccumulative and toxic substances would be selected for 
precautionary management action, including banning.  This approach is not well 
suited to pharmaceuticals in the environment, however, because pharmaceuticals 
are ‘pseudo-persistent’, being ubiquitous in aquatic environments due to constant 
release, rather than inherent persistence.  Also, many of the subtle effects which 
pharmaceuticals may have on aquatic organisms are not linked to traditional 
toxicity or bioaccumulation [13, 22]. Furthermore, requiring a scientifically 
measurable and quantifiable basis for invoking the precautionary principle is 
somewhat paradoxical, as the precautionary principle is meant to address 
situations in which scientific measurements and quantification are lacking [18].   
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     Perhaps these difficulties in defining a point at which the precautionary 
principle is invoked should suggest that a clear ‘point of precautionary action’ is 
illusory, and furthermore, unnecessary.   As Rogers [19] points out , an as the 
comments of our experts imply, it is mainly the nature of the action resulting 
from application of the precautionary principle that leads to controversy.   We 
suggest, therefore, that the discussion should focus on the nature of the 
precautionary action called for as the understanding of the problem of 
pharmaceuticals in the environment emerges, rather than on trying to identify a 
point at which the precautionary principle should be invoked.  

4.3 Precautionary action: proportionality and balance 

Proportionality of precautionary action to the risk presented by pharmaceuticals 
in the environment, and the balancing of the various costs of management action 
against benefits, were among the main concerns of the experts in our study. 
Proportionality is also one of the criteria emphasized by governments advocating 
the use of the precautionary principle; discussion papers on the precautionary 
principle produced by the European Commission and the Canadian Government 
both stress the need for proportionality of risk management based on the 
precautionary principle [23, 24].  What might proportionality mean for 
pharmaceuticals in the environment? 
     The concept of proportionality recognizes, as many of our experts underlined, 
that management action carries with it a cost, whether social, economic, or in the 
form of an increase in a different risk (or a combination of these).   Therefore, 
precautionary actions with minimal costs – social, economic, and risk related  – 
which at the same time meet the risk management goals, should be chosen.  Risk 
management goals include a level of protection of the environment, but they may 
also incorporate elements which lead society broadly towards sustainability: for 
example, environmental stewardship, and environmental awareness.   For human 
pharmaceuticals contaminating the environment, banning is not a proportional 
response.  The costs in terms of human quality of life are too high, as there may 
be patients for whom only the medication in question can alleviate their 
symptoms.  Instead, a more proportional and reasonable management strategy 
would be the labeling of the pharmaceutical as harmful to the environment, so 
that doctors can choose other medications when possible; or the listing of the 
medication as a last option drug.  Pharmaceutical returns programs for unused 
medications could reduce the release of pharmaceuticals to the environment, 
while increasing consumers’ awareness of the impacts they, as individuals, have 
on the environment. Having a goal of zero concentration for pharmaceuticals in 
the environment is neither proportional, nor is it achievable.  In fact, the 
European Commission’s discussion paper on the precautionary principle 
specifically states that zero concentration for environmental contaminants should 
not be a precautionary management goal [23].  Instead, an attempt should be 
made to reduce pharmaceutical concentrations in aquatic environments to being 
as low as reasonably practical. 
     Proportionality may also mean that upgrading all wastewater treatment plants 
to include enhanced treatment methods, such as ozonation or membrane 
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filtration, is not a good management option at this time.  Firstly, this option 
would be extremely expensive [25], and would divert resources from other areas.  
Secondly, a European industry expert raised the point that upgrading wastewater 
treatment facilities would lead to greater energy use.  Although water quality 
would be enhanced, the release of carbon dioxide to the atmosphere would be 
increased; both environmental compartments must be considered.  Therefore, it 
may be more reasonable to target urban areas which release the greatest loads of 
pharmaceuticals to the environment, and areas where there is little dilution of 
wastewater, for enhanced wastewater treatment technology.  Areas with other 
water quality problems resulting from the discharge of wastewater, which could 
be partly remediated by implementing enhanced treatment methods, should also 
be targeted.  Monitoring of the quality of surface waters and wastewater 
treatment plant influents and effluents can be used to determine which areas are 
best suited for investments in enhanced wastewater treatment technology. 

4.4 Precautionary action: adaptivity and research 

Adaptive planning theory suggests that environmental management strategies 
should be flexible, account for uncertainty, and that the results of research and 
monitoring should be the basis for modification of management strategies [26, 
27].  Ensuring that precautionary action adheres to the theory of adaptive 
planning may help to address the concerns of experts who emphasize the need 
for management action to be driven by continuing research.  For pharmaceuticals 
in the environment, adaptivity may mean implementing management options 
such as pharmaceutical returns programs, pharmaceutical labeling, and education 
programs in the immediate future, while the effects of pharmaceuticals in the 
environment are still highly uncertain. These management strategies are easy to 
modify, if research indicates that environmental contamination by 
pharmaceuticals is either of greater or lesser concern than our current 
understanding suggests.  If further evidence emerges that pharmaceuticals have 
detrimental effects on aquatic ecosystems, more permanent and more effective 
management options, such as advanced wastewater treatment technology, should 
be implemented in addition to existing strategies.  Continuing research is 
essential to ensure that optimal precautionary management action is 
implemented.   

4.5 Informing stakeholders and communicating risk 

Several interviewees alluded to the importance of informing stakeholders such as 
the public about pharmaceuticals in the environment, and of having broad 
discussions of the issue.  Informing and listening to stakeholders is an important 
component of the precautionary principle [28, 29], and the public should 
certainly be made aware of this environmental concern.  Suggestions that the 
public need not be informed about the issue of pharmaceuticals in the 
environment due to the high degree of scientific uncertainty surrounding it [30] 
are misguided.  Such secrecy will only increase mistrust of scientists and 
governments by the public [31, 32]. 
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5 Conclusions 

The experts we interviewed regarding the application of the precautionary 
principle to pharmaceuticals in the environment were generally supportive of the 
precautionary principle.  Their main concerns were the degree of evidence 
required to invoke the precautionary principle; the need for precautionary action 
to be proportional to the risk presented by pharmaceuticals in the environment; 
accounting for all costs, financial and otherwise, of precautionary action; and the 
lack of a universal definition of the precautionary principle.  The need for 
adaptive management, and for communication with stakeholders, was also 
highlighted.  We suggest that the lack of definition of the precautionary principle 
is an advantage, allowing it to be tailored to specific situations like 
pharmaceuticals in the environment, and that rather than defining a specific point 
at which the precautionary principle is invoked, the discussion should focus on 
the types of precautionary action which suite the needs of scientific experts and 
managers.   
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