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Preface
When MistraPharma began in 2008, we knew relatively little about the
potential environmental dangers of pharmaceuticals. Four years later, with
Phase 1 of the programme now complete, both researchers and stakeholders
are much closer to understanding the kinds of substances that might present
risks and, more importantly, how to minimise those risks in practice.
Needless to say, in a complex area such as this, more work remains to be
done. We were especially pleased, therefore, to learn last year that Mistra –
the Swedish Foundation for Strategic Environmental Research – had generously agreed to fund a second phase of the programme from 2012 to 2015.
The purpose of this book, the fourth in an annual series, is to take stock
of the first phase of MistraPharma and to provide an overview of current
knowledge, policy activities and future needs regarding human pharmaceuticals in the aquatic environment.
In the first chapter the Chair of the MistraPharma Board, Charlotte Unger
from the Swedish Medical Products Agency, describes some major policy
and risk management initiatives that are currently ongoing in Sweden and
internationally. Chapter 2 presents a brief overview of current knowledge
concerning the risks associated with emissions of human pharmaceuticals
into the aquatic environment. Chapter 3 summarises the achievements of
MistraPharma so far, and the final chapter highlights future research needs
and outlines our plans to contribute to continued knowledge generation.
I hope you enjoy the book!

Christina Rudén
Programme Director
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1

Sustainable development is gaining
ground both in the EU and globally
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Clean, accessible water for all is an essential part of the world we want to
live in. There is sufficient fresh water on the planet to achieve this dream.
The world’s oceans drive global systems that make the earth habitable
for humankind. Our rainwater, drinking water, weather, climate, coastlines, much of our food, and even the oxygen in the air we breathe are all
ultimately provided and regulated by the sea. Throughout history, oceans
and seas have been vital conduits for trade and transportation. Careful
management of this essential global resource is a key feature of a sustainable future.
Pharmaceuticals are a necessity for people’s health, and healthy people cost
less for society. However, pharmaceutical production may also have a negative impact on health if it results in a shortage of clean drinking water and
an increase in associated deaths and diseases. Water scarcity and poor water
quality negatively impact food security, livelihood choices and educational
opportunities for poor families across the world. Drought afflicts some of
the world’s poorest countries, worsening hunger and malnutrition. By 2050,
at least one in four people is likely to live in a country affected by chronic or
recurring shortages of fresh water.
How can the important connection between health and the environment
better be understood and discussed in a global context? How can we put a
price on clean water and the human right to it?
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Sweden should take the international lead on pharmaceuticals
in the environment
Sweden was an early starter when it comes to sustainable thinking. Back in
the 1960s, the country recognised that the rapid loss of natural resources had
to be confronted, and took a lead in organising the first UN conference on
the environment, held in Stockholm in 1972. Since then, it has continued to
work actively with environmental issues, both nationally and internationally. The overall goal of environmental policy efforts in Sweden is to ensure
that the next generation can take over a society in which the major environmental problems have been solved.
Sweden’s environment policy is based on 16 environmental quality objectives, sanctioned by the government and parliament. These objectives have
to be framed in such a way that they are achievable. This means, for
instance, taking into account the fact that nature is slow to recover. The goals
are due to be reached by 2020 at the latest. Pursuit of this target is at the
heart of government policy on the environment.
To assist the government in its endeavour, a parliamentary committee has
been set up. Its first task was to produce an action plan with a number of
interim targets to form part of a strategy for solving Sweden’s environmental problems within a generation. In the plan, presented in December 2010,
the committee proposed to the government that the goal of a Non-Toxic
Environment (where potential toxins include pharmaceuticals) should be
a priority for this strategy. It also proposed that Sweden should take the
lead internationally on pharmaceuticals and the environment, as it did for
example with the Stockholm Convention on Persistent Organic Pollutants.

Baltic Sea strategy – a way forward
During the Swedish EU presidency in 2009 the Medical Products Agency
(MPA) held a conference on sustainable development for pharmaceuticals.
Political and non-political representatives from both environmental and
pharmaceutical backgrounds were invited. At that time, representation from
the pharmaceutical and human health side was not particularly impressive.
Two years later, in October 2011, the first meeting for the network ‘Make
the Baltic Sea Region a leader in sustainable development for pharmaceuticals’ was convened. Six Baltic countries were represented: Estonia, Poland,
Germany, Finland, Denmark and Sweden. A background document was
prepared summarising current research and the situation in the Baltic states.
11

The outcome of the meeting confirms the impression that not all Baltic countries have had the opportunity to follow developments in this field. Further
cross-border cooperation measures are needed in order to find solutions.
Thus, extending the network and sharing knowledge is an important activity
for the network. It was very encouraging to see both pharmaceutical and
environmental sides equally represented at this meeting.
Environmental problems in the Baltic Sea are particularly serious, and some
researchers warn of an impending ecological collapse. There are several reasons for this. Emissions from agriculture are leading to marine eutrophication, and both industry and waste treatment plants are polluting the sea with
heavy metals, chemicals, household waste and environmental toxins. International cooperation focusing on the Baltic Sea is under way on a number of
different fronts. Sweden is working to persuade the EU and individual countries in the Baltic Sea region to improve the marine environment. The abovementioned network on environmental aspects of pharmaceuticals is part of
the European Union Strategy for the Baltic Sea Region (EUSBSR), agreed by
member states in October 2009 during the Swedish presidency. This strategy
heralds a new joint approach by the Union. Among the key challenges are
environmental sustainability, prosperity, and safety and security.
The overall goal for the network is that the Baltic region should take the lead
in sustainable management of pharmaceuticals in order to reduce both the
impact of pharmaceuticals on the environment and the spread of antibioticresistant bacterial strains. One important step is to develop an EU strategy
for the environmental aspects of pharmaceutical manufacturing and use.
The network could facilitate this process by disseminating knowledge and
creating a platform for further discussions aimed at achieving sustainable
development and saving the Baltic Sea (the overall goal of the EUSBSR).
At the first meeting of the network, a work programme comprising three
areas was agreed:
• Firstly, an inventory of the situation in the Baltic States. This will include a
summary of ongoing activities relating to sustainable management of pharmaceuticals, such as schemes for the disposal of unused pharmaceuticals.
The purpose is to compile best practice examples from different countries.
• Secondly, screening of the amount of pharmaceuticals produced, prescibed
and sold in different Baltic states. How many production sites do we have
in the Baltic Sea area? The next step is to estimate, by means of screening at
production sites and wastewater plants, the amount of active pharmaceutical ingredients (APIs) released into Baltic waters. At present there
12

are no set limits for APIs in the EU, so the results are of great interest in the
context of discussions regarding production in India and China.
• Thirdly, the network could also serve as an advisory body as regards
development of legislation on health and the environment, for example in
the area of water (the Water Framework Directive and the Marine Strategy
Framework Directive).
Among the partners that have expressed an interest in participating in the
network are the Baltic Sea countries, the European Federation of Pharmaceutical Industries and Associations (EFPIA), the Baltic Environment Forum,
the European Generic Medicines Association, the International Society for
Pharmacoepidemiology, Swedish Doctors for the Environment, the Swedish
Environmental Protection Agency and the European Medicines Agency.
13

Global awareness
A significant part of the current manufacture and production of raw materials or intermediate products takes place in low-cost countries, and many
large companies are planning to place even more of their production there.
Emissions from the pharmaceutical industry may reach both ground and
drinking water, with consequences for both health and the environment. For
EU citizens this means that we contribute to pollution in countries outside
the EU when we buy pharmaceuticals produced in an unacceptable way.
It is encouraging to see that general discussions have begun at EU level
regarding improvements to legislation, including consideration of environmental aspects in the production of pharmaceuticals. It is interesting to note
that the prioritisation suggested by the MPA – for example, the focus on
antibiotics and hormone disruptors in the environment – also fits the agenda
of the EU Commission in a broader perspective.
In parallel, discussions are taking place between authorities at the global
level. This work does not always proceed as quickly as one might hope,
but it is also encouraging to see that during the last two years bilateral
agreements have been reached between the Swedish MPA and its sister
authorities in Brazil, China, and India. The agreement covers many areas
of collaboration, such as sustainable development for pharmaceuticals and
antibiotic resistance due to pollution from manufacturing. Countries outside
14

Europe are interested in the Swedish initiative to improve environmental
sustainability in pharmaceuticals manufacturing, including the responsible
handling of pharmaceuticals in importing countries. It is also promising
to see that organisations like the International Society for Pharmaceutical
Engineering and International Pharmaceutical Federation have addressed
environmental aspects of pharmaceuticals manufacturing in recent international conferences.
All of the global initiatives taken by Swedish authorities are strongly linked
to the National Pharmaceutical Strategy approved by the government last
year. The vision of the strategy is that medicines should be used in the
right way for the benefit of both patients and society. One of its five goals
is to ensure minimal negative environmental effects from pharmaceuticals.
Sweden is unique in this respect: by addressing the environmental aspects
of pharmaceuticals, the government has underlined the importance of connecting health and the environment as a starting point in the policy process.
Together with the strong research done through MistraPharma, the responsibility exercised by the pharmaceutical industry and the engagement shown
by healthcare providers and the public, this has put Sweden at the forefront
of global efforts to make pharmaceuticals part of sustainable development.
We all have a responsibility to continue this cross-border collaboration
– both between nations and between disciplines – since this is the key to
successfully meeting the challenge of providing clean drinking water as a
human right for everyone.
15
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State of the art
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2.1 The problem to be addressed
It is probably fair to say that pharmaceuticals, compared for example with
traffic pollution or greenhouse gas emissions, are not at the top of most
people’s list of environmental hazards. And while the environment sometimes makes the headlines on the health pages, it is usually because something environment-related is damaging health, not the other way round.
Nevertheless, the potential for pharmaceuticals to cause harm in the
environment has been recognised by scientists for a decade or more, and
the issue has begun in recent years to impinge on the public consciousness.
Two cases in particular have attracted attention.
First, vultures on the Indian sub-continent have been virtually wiped out
over the past two decades because of exposure to diclofenac, an anti-inflammatory drug and painkiller. Diclofenac has been used in human medicine
since the 1970s, but the problem originated with its veterinary use in India
and Pakistan during the 1990s. Birds that fed on the carcasses of livestock
treated with the drug died from kidney failure, even though they were exposed to amounts much smaller than the recommended dose for mammals.
Secondly, sex changes and infertility have been observed in fish of various
species and in several countries as a result of exposure to ethinylestradiol,
a synthetic hormone used widely in contraceptive pills. Contamination in
18

this case is due to human use. Residues from the drug are excreted into the
sewage system and emerge relatively unscathed from conventional wastewater treatment.
In addition, the MistraPharma programme has added to the evidence on
the risks associated with levonorgestrel, another synthetic hormone used
in contraceptives. Other researchers had already observed sex changes and
infertility in fish as a result of laboratory exposure to levonorgestrel. MistraPharma research has demonstrated similar effects on frogs, and found that
the substance is present in treated wastewater at levels that might threaten
wild fish.
This is perhaps the highest-profile finding of MistraPharma to date (a press
release on the levonorgestrel results was the most downloaded news item
from the University of Gothenburg’s website in 2010). But behind the headlines, Phase 1 of the programme has increased our understanding of the
potential risks in many other ways, as outlined in chapter 3.
Yet despite these efforts, remarkably little is known about the environmental risks of pharmaceuticals or how to reduce them in practice. Researchers
have been aware for some time that hundreds of pharmaceutical substances
are present in the environment. But there are no basic ecotoxicity data for the
majority of these, and the available data in the scientific literature are often
inadequate for risk assessment purposes. Decision-makers thus have little to
go on when it comes to evaluating long-term environmental effects.
This is the fundamental problem that MistraPharma seeks to address. The
programme focuses mainly on cases similar to the ethinylestradiol and
levonorgestrel examples above – that is, involving human pharmaceutical
substances in surface waters.
Generally speaking, the issue is not that pharmaceuticals are pumped into
the environment in quantities large enough to poison wildlife, at least not in
EU waters. Rather, the main concern is that even low concentrations (in the
order of nanograms per litre of water) may have pharmacological effects on
animals, not entirely unrelated to the effects the drugs are designed to have
on humans.
In addition, pharmaceuticals may affect microbial communities in surface
waters, with knock-on effects for the rest of the ecosystem. Antibiotics are of
special concern here, partly because some of the bacteria they target are beneficial, but mostly because emissions may help resistant bacteria to develop.
19

Over the past few years, another worrying aspect of this problem has come
to prominence, namely pollution from pharmaceutical manufacturing plants
in countries such as China and India. Here, the concentration of the substances in question may be as much as a million times that typically found in
treated wastewater. In this case, emissions may pose a more acute threat to
local wildlife, not to mention potential risks for human health worldwide.
Several classes of drug have been found in the scientific literature to warrant
further investigation as regards potential environmental risks:
• Steroid hormones including oestrogens such as ethinylestradiol and some
progestogens such as levonorgestrel. Norethindrone, another progestogen
has also been shown to reduce fertility in fish at concentrations not far
above those found in environmental waters. Synthetic glucocorticoids, a
further type of steroid hormone, have been shown to affect blood sugar
and white blood cells in fish, though at higher concentrations than are
found in the environment.
• Non-steroidal anti-inflammatory drugs including diclofenac and
ketoprofen, also partly to blame for the decline of the vulture population
according to recent studies. Diclofenac is commonly found in treated
wastewater at concentrations of over 1 microgram per litre, and has also
been shown to affect fish.
• Beta blockers, widely used to treat high blood pressure and various heart
conditions. Recent studies suggest that beta blockers pose little threat to
aquatic organisms at concentrations present in the environment, although
earlier reports had raised concerns.
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• Fibrates and statins, widely prescribed to lower cholesterol. Fibrates have
been shown to affect lipid metabolism, reproduction and behaviour in fish
and other organisms, but only at high concentrations. The evidence so far
on statins is limited, although effects on the development of harpacticoid
copepods (see Figure 6, p. 55) have been observed at concentrations somewhat higher than those found in treated wastewater.
• Neuroactive substances, including anti-depressants and anti-epileptic
drugs. Certain anti-depressants such as fluoxetine (the active ingredient
in Prozac) have been shown to affect the behaviour of fish, but only at
concentrations far exceeding environmental levels. Anti-convulsants such
as diazepam (the active ingredient in Valium) have been shown at concentrations around 10 times environmental levels to affect the regulation of
the body clock in zebra fish.
• Antibiotics. There is limited evidence of direct effects on wildlife and
microbial communities. Antibiotics found in eggs and nests have been
linked to reduced fertility of vultures in Spain, although a causal relationship is yet to be established. Antibiotics released from manufacturing
plants have been found in the environment at levels sufficient to kill a
large range of microorganisms. However, the high diversity found within
exposed microbial communities tends to confirm fears that antibiotic
resistance is the principal threat. A key issue for Phase 2 of MistraPharma
will be whether the natural selection of resistance genes is promoted at the
lower concentrations found in treated wastewater.
• Other classes. Chemotherapy drugs have been detected in surface waters
at non-trivial concentrations, but very little evidence on environmental
impact is available.
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Overall, these findings suggest that, while there are many widely prescribed
substances that might in theory entail risks to wildlife, very few are present
in surface waters at a high enough concentration to pose a threat in practice.
However, this is a shaky conclusion for several reasons.
As the case of diclofenac in India shows, unexpected effects can occur at
exposures well below therapeutic levels. Secondly, as noted above, evidence
is severely lacking for some important classes of drugs. And thirdly, while
the concentration of any one substance may be limited, an important caveat
to the findings outlined here is that the impact of mixtures of drugs –
including combinations from the same class with similar modes of operation
– remains to be thoroughly investigated.
The impact of pharmaceuticals on the environment is thus highly uncertain.
It may be that we have already seen the worst of it with the few cases cited
above. Equally, there may be untold horrors simply waiting to emerge. What
does seem clear is that the vast majority of human pharmaceuticals do not
pose a threat. But with over 1,200 approved substances on the Swedish
market, several hundred more worldwide and thousands more at various
stages of development, there are plenty of candidates among which a few
rogues might yet be found.
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2.2 How to address the problem
Broad options
The first part of the problem – identifying the risks, or at least reducing
the degree of uncertainty – is relatively straightforward to approach in
principle. A redoubling of research efforts should serve to fill in the gaps
in the evidence and improve our understanding of risk mechanisms, and
naturally this is one of the main aims of the MistraPharma programme. In
practice, resources are limited, which means to priorities must be set carefully as described in the next chapter.
When it comes to addressing the risks – for new as well as existing drugs –
several broad approaches may be considered, each with their advantages
and drawbacks.
First, the pharmaceutical industry may assume part of the responsibility for
factoring in environmental risks during research and development as well
as manufacturing. The advantage here is that problems may be tackled at
source; ‘greener’ choices early on may obviate the need for corrective action
later. The risk is that the industry may not give sufficient weight to environmental factors as compared with potential health benefits or the marketability of a new drug.
Secondly, regulators may impose tougher standards, making approval of
a drug conditional on a more rigorous environmental risk assessment. As
discussed below, this may be easier said than done, though there is some
scope for improving the accuracy of test procedures without imposing excessive additional costs. However, it would be extremely difficult for regulators
to delay near-certain benefits for human health in order to reduce small and
highly uncertain risks of adverse environmental effects.
Indeed, withholding regulatory approval for a human pharmaceutical on
environmental grounds is not an option under the current EU framework.
The guidelines on environmental risk assessment from the European Medicines Agency go no further than suggesting product labelling to indicate the
potential risks and to encourage appropriate disposal of unused pharmaceuticals. Substances that turn out to be high-risk may, however, be addressed
under other regulations, for example on water quality (as has happened
recently in the cases of diclofenac, estradiol and ethinylestradiol).
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A third broad approach relies on consumer pressure. Large-scale purchasers
of drugs may be more persuasive than local regulators when it comes to
cutting emissions from pharmaceuticals manufacturing abroad. Doctors and
patients can sometimes choose among more or less environmentally friendly
treatments with equivalent health benefits, provided they are aware of the
issue. Experience suggests, however, that large groups of consumers continue to demand treatment (antibiotics to treat minor infections, for example)
even when they are aware of environmental risks (promotion of antibiotic
resistance).
Fourthly, wastewater treatment serves to limit the potential damage from
risky substances already in circulation. This avoids the need for prior
regulatory interference but is also costly and energy-intensive. While most
substances on their own are removable using current techniques, there is no
practical and economical way as yet to remove them all. Thus the first part
of the problem resurfaces: how to identify which, if any, of the hundreds of
substances flowing into the treatment plant entail significant risks.
While progress in all of these areas will help to reduce environmental risks,
there is no escaping the fact that it is practically impossible to eliminate them
altogether. Thus ex post monitoring of pharmaceutical substances in surface
waters and further research to clarify the potential dangers will continue to
be an important part of risk management.
Ex ante regulation and standard tests
Virtually all new drugs in the EU must now undergo an environmental risk
assessment as part of regulatory approval. After an initial screening (see
section 3.3), substances judged likely to find their way into surface waters to
any significant extent are subject to more detailed tests. These are generally
based on a number of standard protocols recommended in guidelines from
international organisations such as the Organisation for Economic Cooperation and Development (OECD).
Under the EU framework, tests are performed on organisms including green
algae, water fleas (Daphnia) and fish, and may last from a few days up to
a month depending on the organism. In essence, the results indicate how
much of a substance must be added to the water to have a clearly observable
adverse effect on the organism, such as failure to reproduce, inhibition of
growth, or – the ultimate ‘endpoint’ in the clinical testing jargon – death. In
addition, non-animal tests of the biodegradability of substances in water and
sediment are performed.
24

These standard tests are well suited to identifying substances that are
directly toxic to wildlife. But they leave important questions unanswered
in the case of pharmaceuticals, where the impact may be much subtler. For
instance:
• What are the effects of long-term exposure at low concentration, including
on fertility and offspring?
• What particular effects might be expected on wildlife given what we
know about the mechanism of action of a substance in humans?
• What effects might a substance have when mixed with a real-world
cocktail of other chemicals and pharmaceuticals?
It is hardly feasible to demand a comprehensive answer to these questions
as a precondition for regulatory approval. Nevertheless, researchers have
identified relevant endpoints that could form the basis of more sensitive and
conclusive tests for pharmaceuticals. Examples include behavioural changes,
observed changes in the development of sex organs, and biochemical indicators such as the presence of certain proteins in the tissues of an organism.
25

Tackling pollution from overseas pharmaceutical manufacturing
Pollution from pharmaceuticals manufacturing in non-EU countries is one
issue that a combination of regulation and consumer pressure may be helping to address, thanks in part to MistraPharma. Several stakeholders in
the programme have recently taken initiatives in this area with the aim of
encouraging overseas authorities, pharmaceutical companies and their subcontractors to tighten lax regulation and reform poor practices at the plants
concerned.
The Swedish Medical Products Agency has proposed that a new EU Regulation should set ceilings for emissions from the manufacture of pharmaceutical substances that may present environmental risks.1 These emissions limits
would then be included in the EU’s Good Manufacturing Practice guidelines, which must be followed for all medicinal products manufactured in or
imported into the EU. The agency also aims to encourage improvements in
local regulations through cooperation with its counterparts in countries such
as China, India and the United States.
In parallel, the Swedish Environmental Management Council, an expert
body on sustainable procurement that serves the government, has developed
new criteria for the public procurement of pharmaceuticals. Sweden’s largest
health authorities (county councils) have already signed up to these, which
means that they will require suppliers to ensure ‘that the use and handling
of active substances … included in the manufacturing process … cause as
little environmental impact as possible.’
LIF, a trade association for the research-based pharmaceutical industry in
Sweden, is developing an environmental classification system for pharmaceuticals that takes into account the risk of emissions during manufacture.
This will build on existing classifications based mainly on data from regulatory environmental risk assessments.
’Platform to enable the initiation of a revision of EU legislation on Good Manufacturing
Practice, GMP, in order for legislation also to comprehend environmental considerations’,
Report from the Medical Products Agency, 16 June 2011.
1
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In addition, MistraPharma researchers have assisted the National Board of
Health and Welfare in elaborating a new national strategy for managing
antibiotic resistance. Antibiotic pollution in the environment, including
emissions from global manufacturing as well as monitoring in the Swedish
environment, is one of the five main areas addressed.
Researchers from the University of Gothenburg have proposed increased
transparency throughout the pharmaceutical manufacturing chain as a way
to cut pollution. Looking at selected pharmaceuticals on the Swedish market,
they found that over 30% originated from Indian manufacturers who send
their waste to a treatment plant linked to high levels of pollution. Making
this information readily available to consumers would help to put pressure
on suppliers to remedy the situation.
Most recently, between August 2011 and February 2012 researchers and
stakeholders from MistraPharma participated in an expert group as part of a
government enquiry on Sweden’s environmental objectives. The group was
asked to propose interim objectives and measures to reduce the environmental risks of pharmaceuticals and provide a basis for government policy on a
non-toxic environment. Among the group’s recommendations:
• Consider taking account of environmental concerns in relation to the
manufacture of pharmaceuticals, in the analysis of risks and benefits as
part of regulatory approval, and in deciding whether drugs should be
available over the counter or on prescription only.
• Work towards improving environmental risk assessments so as to
increase our knowledge of the long-term effects of pharmaceuticals. The
test procedures laid down in the relevant legislation should be developed
to make them better suited to assessing environmental risks.
• Work towards establishing a database of environmental information on
pharmaceuticals, to be compiled by the European Medicines Agency and
made publicly accessible.
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Wastewater treatment
The most common route taken by drug residues into the environment is
via the sewers, and thankfully the journey for many of them is cut short at
conventional sewage treatment plants. However, with pharmaceutical ingredients designed to withstand a trip through the stomach and most often the
liver, it is not surprising that some are stubborn enough to make it through
to the outflow pipe to survive in the in the environment, perhaps for many
years in extreme cases. In fact, MistraPharma research suggests that the
concentration of around 40% of substances remains about the same or even
increases following treatment.
Additional treatments are thus called for to remove persistent substances
that may entail environmental risks. The current consensus among researchers is that no single method can completely remove all potentially problematic substances, but several promising advanced treatment technologies have
been identified, including:
• Sorbents, i.e. substances that adsorb or absorb contaminants from waste
water. Efficiency is limited by the multitude of non-target organic molecules in sewage that are apt to stick to or be sucked up by the sorbent. But
activated carbon (charcoal powder treated to increase its surface area and
porosity) has been shown to remove a broad range of pharmaceuticals, and
without creating by-products.
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• Chemical oxidation processes using ozone, chlorine dioxide, hydrogen
peroxide and/or ultraviolet light. In general, ozonation is currently seen
as the most promising technology, although some of the other tested
methods are more useful in certain cases. All of these processes act as
disinfectants and may therefore help to prevent the spread of antibioticresistant bacteria. There are some concerns, however, over the potential
for toxic by-products.
• Filtration through membranes by reverse osmosis or nanofiltration.
Wastewater is pressurised to force contaminants through extremely fine
membranes (with pores as small as 1 nanometre in diameter). While
effective at removing pharmaceutical residues, this technique is resourceintensive.
• Membrane bioreactors, i.e. a combination of active sludge treatment (in
which effluent is aerated to promote the growth of biomass, which then
consumes organic pollutants) and solid-liquid separation by membrane
filtration. Researchers have found this technique to be more effective than
conventional active sludge treatment.
It is essential of course that these technologies are proven not only in the
laboratory but in the real world, where local conditions (e.g. water temperature) and infrastructure vary considerably and where cost-effectiveness is an
unavoidable constraint.
The potential for by-products of unknown toxicity is a real concern in the
case of treatment processes involving oxidation or biological degradation.
This means that the success of a combination of techniques cannot be judged
simply by comparing the inflow and outflow of the target pharmaceuticals.
Biological effect studies on a range of organisms may also be needed to
ensure that the cure is not worse than the disease. Of the few such studies
undertaken to date, some find that ozonation increases overall toxicity,
others that it reduces it.
Wastewater treatment itself is also subject to environmental policy objectives. In Sweden, these include zero eutrophication, reduced climate impact,
and recovery of 60% of phosphorous compounds for use on productive land
by 2015. Eutrophication – the addition of nutrients to water – is a particular
concern because of the growth of algal bloom and depletion of oxygen in
the Baltic Sea in recent years. The need to limit energy consumption and
to ensure the safety of sewage sludge for spreading on farmland may also
influence the range of treatment options available.
29

2.3 Key challenges
If this round-up of current knowledge on pharmaceuticals in the environment represents the state of the art, then there is clearly both a pressing need
and plenty of scope for further advancements over the next few years. In
particular:
• More ecotoxicity data on potentially risky substances are needed. For example, there are over 20 synthetic progestogens that act in essentially the
same manner as levonorgestrel and may also therefore present risks for
aquatic vertebrates. Yet for the great majority of these, no ecotoxicology
data are available.
• Further research is needed to understand risk mechanisms with a view
both to awareness and to prevention. Why, for example, did levonorgestrel accumulate in fish by much more than expected? Can even low
concentrations of antibiotics in treated wastewater promote resistance?
• Procedures for conducting and reporting non-standard ecotoxicity tests
need to be refined and standardised so that regulators can make full use
of all the available information as part of risk assessment.
• Wastewater treatment operators need practical – i.e. cost-effective, safe
and locally adapted – solutions to the problem of how to remove a range
of potentially hazardous pharmaceutical substances from sewage.
Moreover, it is vital for advances in all these areas to spread far beyond
the research community. Awareness-raising, especially among stakeholders such as regulators, health authorities and industry associations, will be
instrumental in reducing the environmental risks of pharmaceuticals.
The example of actions to tackle pollution from drug manufacturing in
other countries is instructive. As outlined in the previous section, research
funded by MistraPharma has led directly and rapidly to the involvement of
both researchers and stakeholders in several concrete initiatives. Whether
by means of regulation, public procurement criteria or consumer pressure, it
seems likely that these will have some effect in persuading pharmaceutical
suppliers to take the environment into account in the manufacture of their
products.
In sum, therefore, the challenge of identifying and dealing with the risks presented by pharmaceuticals in the environment is a formidable one, and one
that society has only just begun to address. But it is also a challenge that can,
through the concerted actions of scientists and stakeholders, be met.
30
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3

Achievements of
MistraPharma Phase 1
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3.1 Overview of the MistraPharma research strategy
Given the scale of the challenge outlined in the previous chapter, it was
important to design an efficient research strategy for MistraPharma – one
that would allow scientists to focus their attention on a manageable number
of substances thought most likely to entail environmental risks; and one that
would enable stakeholders (including regulators, water companies, health
authorities and the pharmaceutical industry) to make effective and rapid use
of the results.
Central to the whole research strategy was the process of prioritisation
(Figure 1) to identify a limited number of substances demanding further
investigation. This was done in a step-wise manner as follows:
• Several categories of substance were excluded at the outset, in some cases
because they are seen as low-risk (e.g. proteins, vitamins), in others
because particular risk mechanisms warrant separate study (e.g.
antibiotics, where one of the main concerns is promotion of antibiotic
resistance, as addressed in Phase 2 of MistraPharma – see section 4.2).
• Researchers then further narrowed the list down by excluding substances
that seemed less likely, according to the models and experiments outlined
below, to pose risks to aquatic life. In particular, substances not present in
surface waters at anywhere near the concentration that would be required
to cause pharmacological effects in fish were left out.
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• These efforts resulted in a shortlist of around 120, for which analytical
methods to measure concentration in water and tissue samples were then
developed. Priority substances for biological testing on fish and frogs are
also chosen from this list.
Figure 1. Overview of the process of prioritisation.
c. 1,200 approved substances in total on the Swedish market
c. 400 vitamins, minerals, proteins, peptides, and antibiotics
excluded in Phase 1
c. 700 substances less likely to pose risks according
to modelling and experiments
c. 120 substances remain on the
shortlist for further testing

.

30 priority substances
identified for
in-depth
investigation
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It is important to stress that the absence of a substance from the shortlist
does not imply the absence of risk. There is always the possibility that even
trace amounts, especially when mixed with other substances, might have
unexpected environmental effects. But the prioritisation process has enabled
researchers to concentrate scarce resources on the most likely candidates.
The next main objective was to improve techniques for the treatment of
wastewater, which is the most effective means of dealing with pharmaceutical residues once these have entered the sewage system. The ambition in
this area is to develop procedures for testing the shortlist of 120 prioritised
substances in parallel, again with an eye to efficiency and value to users.
More work remains to be done, but evaluations of several advanced treatment technologies for different subsets of the shortlist have yielded promising results, as outlined in section 3.3.
The scientific results of MistraPharma naturally raise the question of what
can or should be done to prevent potentially toxic substances from entering the wastewater system in the first place. Improving strategies for early
identification of risks was the third main objective of Phase 1. Since standard
drug approval procedures seem to be inefficient in capturing environmental
risks (see section 2.2), a key part of the work in this area has been to evaluate
non-standard tests. Here, the question is not only whether valid scientific
tests can be devised, but whether they can gain approval for use within the
regulatory framework.
Stakeholder involvement was the fourth main objective of Phase 1 and has
permeated all aspects of the programme. While it may not be an end in itself,
the involvement of stakeholders is clearly a means to achieving the other
main objectives. Concrete results on wastewater treatment and drug testing
would be of limited value unless they were taken up by treatment plants
and regulators. Water companies have also played a key role in identifying
risks by means of field studies at treatment plants.
The value of stakeholder involvement has also manifested itself in less obvious ways. During Phase 1, for example, it became clear that one of the major
environmental risks from pharmaceuticals arises not only with their use or
disposal in Sweden, but also with their manufacture abroad. One particular
concern is pollution from antibiotics plants and the promotion of multi-resistant bacteria. As noted in section 2.2, this has led MistraPharma stakeholders, including Swedish regulators and health authorities, to look at ways to
tighten emissions standards for drugs procured for the Swedish market.
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3.2 Main scientific findings
The headline result of MistraPharma Phase 1 was without doubt the discovery of high concentrations of levonorgestrel, a synthetic hormone used in
several types of contraceptive, in trout exposed to treated wastewater. The
concentration in the blood plasma of the fish was higher than the therapeutic
level in humans. Other research has shown that exposure to the substance
at concentrations found in (undiluted) treated Swedish wastewater may
halt reproduction in fish. MistraPharma research has further demonstrated
severe effects on the reproductive system in female frogs.
The programme has also confirmed fears relating to the other two substances mentioned at the start of the previous chapter. Ethinylestradiol, another
widespread hormonal ingredient of contraceptive pills already known to
cause sex change and reduced fertility in fish, has been shown to have similar effects in two species of frog when the tadpoles are exposed to concentrations found in the environment. Many of the frogs that developed ovaries
were sterile, while those that remained male had reduced sperm counts.
Diclofenac, the anti-inflammatory drug and painkiller responsible for the
near-extinction of vultures on the Indian subcontinent, is also of concern
for fish. MistraPharma research has revealed the potential for bioconcentration (see Box 1 below) and demonstrated clear pharmacological effects in
fish when the concentration in blood plasma approaches human therapeutic
levels.

37

Behind the headlines, an important part of the scientific achievements of
MistraPharma Phase 1 is the method by which these results were obtained.
Without the modelling and experimental results that allowed researchers to
draw up the shortlist outlined in the previous section, some of the high-risk
substances identified might never have come under the microscope.
But before looking at these results in more detail, it is worth asking why
pharmaceutical residues might be expected to have any effect at all on
aquatic species. After all, the quantities involved are generally far too small
to be directly toxic, and the layperson might be forgiven for thinking that the
physiology of fish and frogs is hardly similar enough to that of humans for
the drugs to have the same effect.
However, one key result from MistraPharma shows that, at least as far as
pharmaceuticals are concerned, we have a great deal in common. It may be
a long way up the family tree, but our shared ancestry with the zebra fish
means that it conserves 86% of the proteins, genes and so forth that human
pharmaceuticals are designed to target. The figures are lower for humbler
organisms such as the water flea (61%) or green algae (35%), but nevertheless explain why even small doses may sometimes have an impact on these.
Figure 2. Green algae, water flea and zebra fish.

Pseudokirchneriella subcapitata
(green algae)

Daphnia magna
(water flea)

Danio rerio (zebra fish)
Note: Three of the standard aquatic species used in ecotoxicity testing.
Source: Illustration by Bengt-Erik Bengtsson.
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Extrapolation between species is fundamental to any environmental risk
assessment since, while only a few species can be tested, the aim is to protect
thousands. The MistraPharma results illustrate the pitfalls as well as the
potential of this approach. In particular, studies based only on algae and
water fleas may underestimate toxicity for vertebrates such as fish and frogs,
which are much more sensitive to many of our medicines.
These findings also lend support to the fish plasma model, one of the main
methods used in MistraPharma to prioritise substances for further investigation. This relies on the similarity between fish and humans and on the
detailed knowledge that we happen to have of the effects of pharmaceuticals
in the latter. The underlying assumption is that the blood level required
to have pharmacological effects in fish is approximately the same as that
required in humans.
For each drug, therefore, the model compares the therapeutic concentration
in human blood plasma with the estimated concentration in the blood
plasma of fish in the wild. The latter estimates are in turn based on bioconcentration factors (see Box 1), and the predicted environmental concentration
of the drug in question (from statistics on usage).
Box 1: Bioconcentration
Bioconcentration is the accumulation of a substance in the tissues of an
organism as a result of direct exposure in a surrounding medium, usually
water. In the case of fish, uptake occurs mainly through the gills.
The bioconcentration factor expresses concentration of the substance in the
organism as a ratio of concentration in the water. In the fish plasma model,
modelled bioconcentration factors based on laboratory experiments with a
limited number of substances are used. But bioconcentration may also be
measured directly for the substances under investigation and at real-world
concentrations, as was done in MistraPharma field studies at Swedish water
treatment plants.
For most substances, the results from field studies were reasonably close
to those of the fish plasma model. However, in a few cases – including
levonorgestrel – bioconcentration factors were significantly higher than the
modelled results. Thus, while the modelling approach is a useful first stage
in risk assessment, there is a chance that some high-risk substances might
slip through the net.
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The output of the fish plasma model is thus a ratio between the estimated
blood concentration of a substance that fish are likely to accumulate in the
environment and the human medical concentration. For the vast majority of
substances the ratio is less than 1:1000, which suggests a low risk of pharmacological effects in fish. But where the ratio is higher, the model serves as a
useful early warning.
The next key step was to develop analytical methods for measuring actual
concentrations of substances flagged by the fish plasma model. Concentration ratios for fish exposed to treated wastewater were then determined in
field studies at five Swedish treatment plants. These studies involve much
less guesswork, since the concentration of a given substance in fish blood is
based on sample analysis rather than estimation. And although drug residues are likely to be less diluted in the vicinity of a treatment plant than in
the wider environment, the conditions are not unrealistic.
The final step in identifying high-risk pharmaceuticals is in-depth laboratory
testing to determine what effects, if any, the substances under investigation
actually have on wildlife. The frog test system at Uppsala University has
been instrumental in achieving some of the results mentioned above. A key
finding here with implications for risk assessment is that some adverse
effects materialise only over the course of a full life cycle. Tadpoles exposed
to levonorgestrel, for example, were apparently healthy at the metamorphosis stage, yet the adult female frogs turned out to be sterile.
Figure 3 shows selected results from the field studies. Levonorgestrel was
the only substance found at a concentration higher than the human therapeutic level. Fifteen other drugs were found at concentrations higher than
the ‘safety factor’ of 1/1000 of the human therapeutic level, intended in an
initial assessment to allow for unknowns such as variation between species.
The results do not imply that the substances in question are dangerous for
wildlife, only that further investigation is warranted.

40

Figure 3. Measured concentration ratios from field studies of fish exposed to treated
wastewater.
Levonorgestrel (contraceptive)
Haloperiodol (anti-psychotic)
Risperidone (anti-psychotic)
Cilazapril (blood/heart)
Verapamil (blood/heart)
safety margin

Ketoprofen (painkiller)
Diltiazem (blood/heart)
Meclozine (motion sickness)
Memantine (Alzheimer's)
Sertraline (antidepresssant)
Diclofenac (painkiller)
Tramadol (painkiller)
Orphenadrine (painkiller)

Ibuprofen (painkiller)
Oxazepam (anti-anxiety)
Naproxen (painkiller)
Carbamazepine (anti-epileptic)
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Source: J. Fick et al. (2010), ‘Therapeutic Levels of Levonorgestrel Detected in Blood
Plasma of Fish: Results from Screening Rainbow Trout Exposed to Treated Sewage
Effluents’, Environmental Science and Technology, Vol. 44, No. 7, pp. 2661–2666.
Note: The concentration ratio is the average blood plasma concentration in trout
exposed to undiluted treated wastewater divided by the known human therapeutic
plasma concentration.
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Researchers also began during Phase 1 to look in detail at how high-risk
substances are taken up by, distributed within and eliminated from the
bodies of exposed organisms. Shedding light on the factors that influence
bioconcentration and the accumulation of drugs in target organs may help to
identify and avoid risks in future.
In some cases, testing of prioritised substances has served to allay fears.
For example, a group of drugs that operate on the central nervous system
and thus have pronounced effects on human behaviour were found, even
at quite high concentrations, to have no evident behavioural effects in fish.
Longer and more refined tests would be required to draw firm conclusions
in this case. Even so, testing for specific effects based on the known impact of
a substance in humans is another promising avenue for risk assessment.
Towards the end of Phase 1, with the prioritisation process largely complete,
researchers at Umeå University cast the net wider again by constructing a
multidimensional chemical map of pharmaceutical substances. This covers
899 drugs indexed by 67 chemical descriptors. The idea is to allow researchers to identify substances that are structurally similar in some respect to
pharmaceuticals of known environmental concern and may therefore
deserve further investigation.

42

3.3 Value to users
It will be clear from the previous section that the overwhelming majority
of the scientific findings from the MistraPharma programme are of direct
relevance for water companies, regulators and others with an interest in the
environmental impact of pharmaceuticals. In addition, Phase 1 has yielded
several concrete results in the areas of testing, water treatment, risk management and communication, thus helping practitioners to address the problems that researchers have pointed out.
One essential area for all aspects of the programme is the analysis of samples
of water, wastewater and blood plasma. A new protocol developed by Umeå
University to detect residues of up to 120 substances using Liquid Chromatography–Mass Spectrometry and Solid Phase Extraction may not have
made many headlines. But this is a considerable achievement in itself, and
one that is key to the efficiency of other parts of the programme, from the
bioconcentration field studies to evaluations of wastewater treatment.
If detecting the residues of 120 substances in a sample of water is difficult,
finding a practical way to remove them all has proved to be even more of a
challenge. Different substances require a range of different techniques, some
of them costly. Moreover, treatment methods need to be tailored to individual plants, as noted in section 2.2. Further operational complications include
the need to verify not only that an undesirable substance has been removed,
but also that its removal has not generated equally undesirable by-products.
Nevertheless, researchers have been able to test all relevant treatment
technologies on different subsets of the 120 shortlisted substances. Addition
of powdered activated carbon and treatment with low-to-moderate doses
of ozone are the most promising so far. Researchers are now able to recommend appropriate doses given a list of desired substances for removal and
taking into account conditions at Swedish treatment plants. The research
confirms previous findings achieved in collaboration with Stockholm Water
Company on a smaller subset of the shortlisted substances.
A further important result from Lund University together with the Technical
University of Denmark is that biofilm carriers – lightweight plastic shapes
coated with microbial slime and suspended in effluent tanks – are an effective and economical means of removing certain high-risk substances, including diclofenac. Diclofenac cannot be removed by traditional methods such as
active sludge treatment (in which effluent is aerated to promote the growth
of biomass, which then consumes organic pollutants), and chemical methods
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such as treatment with chlorine dioxide, while more effective, are liable to
produce side effects.
Researchers from the University of Gothenburg together with Indian
collaborators have analysed samples from three Indian rivers that receive
considerable amounts of untreated sewage. Not surprisingly, while concentrations of hard-to-remove drugs (such as diclofenac) are comparable to
those found in European waters, substances that can easily be broken down
by standard treatment techniques – aspirin, for example – are found at much
higher concentrations. Thus, low-tech solutions should not be overlooked in
addressing pharmaceutical pollution at the international level.
As far as the early identification of risks is concerned, MistraPharma Phase
1 has generated several practical proposals. For example, the concept of
a critical environmental concentration has been put forward as a useful
indicator. Based on similar logic to that behind the fish plasma model, this
gives the concentration of a substance in water that is expected to cause a
pharmacological response in fish. At present, initial screening of substances
under European Medicines Agency guidelines is based on a threshold of
0.01 micrograms per litre of water for all pharmaceuticals – a level that is not
sufficiently protective of wildlife in the case of highly potent substances.3
The WikiPharma database (www.wikipharma.org) has been established as a
freely available tool for use in environmental risk assessments. At the end of
Phase 1 this contained data on the environmental impact of 143 substances
extracted from 212 sources, including results from both standard and more
novel ecotoxicity tests.
An evaluation of the industry-led voluntary system for environmental
information on pharmaceuticals in Sweden4 produced several practical
recommendations. While the system has been highlighted in the scientific
literature as a good practice that could usefully be emulated elsewhere, MistraPharma researchers noted scope for improving the consistency of risk assessments reported by pharmaceutical companies. The use of non-standard
test data might also be promoted where relevant.

By way of comparison, the European Comission has recently proposed a limit for ethinylestradiol of 0.000035 micrograms per litre (annual average in inland surface waters) under water
quality legislation. See section 4.3.
3

The classification is publicly available at www.fass.se.

4
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During Phase 1, MistraPharma has generated a wealth of information on
alternative test methodologies that yield more relevant and sensitive results
for pharmaceuticals than the standard protocols currently preferred for
regulatory risk assessment. For example:
• Research at the University of Gothenburg on the extent to which the biochemical targets of pharmaceuticals are present in different organisms
(see section 3.2) has important implications for the selection of test species.
For instance, the results suggest that environmental risk assessments for
human pharmaceuticals should always include studies of aquatic vertebrates, which is not always the case in non-EU jurisdictions, including the
United States.
• In collaboration with the German Federal Environment Agency, MistraPharma researchers have developed a new set of criteria on how to report
and evaluate ecotoxicity data from the scientific literature.
• Researchers at Stockholm University have developed individual-based
population models to extrapolate the results of standard tests to whole
populations of organisms – an approach that could drastically speed up
the development of new standard tests, which at present may take 10 to
15 years.
• In-depth testing of high-risk substances has generated new knowledge on
biomarkers that might be used in non-standard tests. Researchers at
Uppsala University have, for instance, developed a method to measure
the activity of certain enzymes in fish gill filaments, which may serve
as an indicator of pharmaceutical effects long before any behavioural or
reproductive effects become apparent.
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However, there is a long way to go between the discovery of a scientifically
valid approach and its adoption in risk assessment. Researchers at the Royal
Institute of Technology and Stockholm University have focused on how to
bridge this gap. One key finding is that the reliability of non-standard tests is
compromised by a lack of consistency in how they are reported. Legislative
changes may also be needed to enable regulators to take account of nonstandard methods.
Finally, in this brief review of user-friendliness, Phase 1 of MistraPharma has
seen considerable efforts devoted to the dissemination of the new knowledge attained. One example is the book you are now reading, the fourth in
a series of annual reports that have been widely distributed through MistraPharma’s national and international partnerships. The aim is to reach a
wider group of readers who have an interest in the field but perhaps not the
time or background to stay abreast of the burgeoning academic literature.
Communication is a vital part of efforts to limit the environmental risks of
pharmaceuticals because the success or failure of these efforts will depend
on more than the strictures of regulators or the goodwill of the pharmaceutical industry alone. Broader awareness of the problem – among decisionmakers, among large-scale purchasers of drugs, and not least among doctors
and patients – may well be a precondition for effective action to address it.
It is worth noting too that the communication effort extends far beyond the
borders of Sweden. Curbing pollution from the manufacture of pharmaceuticals will depend on persuading global pharmaceutical companies and
public authorities in countries where manufacturing is outsourced, such
as China and India, to clean up their acts. Even at home, the regulatory
framework for pharmaceuticals is heavily conditioned by EU legislation,
which means that recommendations for improvements in risk management
must reach decision-makers at the European Commission and the European
Medicines Agency if they are to hold any sway.
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3.4 Evaluation
The overall objectives of MistraPharma Phase 1 were as follows:
(1) to identify human pharmaceuticals that pose a significant risk to
organisms in the aquatic environment
(2) to propose recommendations to improve wastewater treatment
technologies
(3) to suggest strategies for early identification of human pharmaceuticals
that may pose a threat to aquatic species
(4) to strengthen the network between scientists and stakeholders in this 		
field.
Not surprisingly, given the scale of the challenge, there remains more to do
in all of these areas, with operational recommendations for improved wastewater treatment perhaps standing out as one where the more optimistic
expectations of stakeholders have yet to be fulfilled.
Nevertheless, it is clear from both the scientific and stakeholder evaluations
carried out on behalf of Mistra that Phase 1 has broadly succeeded in its
aims. Among the highlights from these reports:
• The scientific output of the programme is impressive in terms of both
quantity and quality. It has greatly enhanced our understanding of the
risks linked to pharmaceutical residues in the environment. However, 		
important questions remain to be addressed.
• The programme has established a strong interdisciplinary research
environment and has succeeded in its aim of creating a network between
scientists and stakeholders.
• Stakeholders can already point to several examples where research results
are being put into practice, and they expect further concrete benefits from
the continuation of the programme.
Decision-makers may still feel that there is some way to go before they have
all the information and tools that they need to weigh the environmental risks
of pharmaceuticals against the costs involved in avoiding pollution. But
there can be no doubt that Phase 1 of MistraPharma represents a big step in
the right direction.
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4

Future Challenges
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4.1 Growing demands
As the MistraPharma programme enters a second phase, its raison d’être
appears more compelling than ever. On the one hand, more and better drugs
are being developed and prescribed every year (see Figures 4 and 5). On the
other, increased awareness of environmental risks in general and the potential risks of pharmaceuticals in particular mean that MistraPharma stakeholders will face growing demands to show that their products and services
are safe – for the ecosystem as well as for patients.
Accordingly, the overall aims of MistraPharma have been carried over into
Phase 2, although with some important additions and changes of emphasis
that reflect the progress made and experience gained during Phase 1.
• Antibiotic resistance has been added as a new main area. One of the main
aims here is to improve our understanding of the potential for resistance
to spread under conditions such as those found in Swedish wastewater
treatment facilities.
• Work on the identification of high-risk substances will be refined, in particular through the testing of potential substitutes for high-risk drugs, and
through efforts to improve our understanding of bioconcentration, the
toxicity of mixtures of substances and the persistence of pharmaceuticals
in the environment.
Figure 4. Sales of human medicines in Sweden (defined daily dose per 1,000 inhabitants per day), 2000–2011.
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• Under the heading regulatory risk assessment and management, concrete
improvements to environmental classification systems and to ecotoxicity
tests used as part of environmental risk assessments are to be proposed.
• In wastewater treatment the focus will shift towards evaluating pilot
plants and the feasibility of scaling up promising advanced treatment
technologies to the operational level.
The remainder of this chapter will aim not to describe every detail of the
four-year work programme for Phase 2, but rather to give a flavour of future
challenges by discussing selected issues of significance to both scientists and
stakeholders.
Figure 5. Number of new chemical or biological entities (1991–2010).
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Note: According to nationality of the parent company.
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4.2 Scientific goals
Antibiotic resistance
Most people are familiar with the notion that bacteria exposed to antibiotics
can develop resistance. Less well understood is exactly how this occurs, and
what risks the presence of antibiotic residues in surface waters might present
in a country like Sweden.
Resistance is believed to develop in the first place through natural selection,
whereby a genetic variation in individual bacteria allows them to survive an
attack by an antibiotic and to pass on this trait to descendants of the same
species. But resistance genes can also be transferred between different
species of bacteria, and it is this that presents the main environmental risk.
Most (though not all) of the bacteria found in environmental waters do not
pose a threat to human health, so the direct consequences of their acquiring
resistance would be limited. It is also clear that the growth in resistance
among harmful bacteria in recent years is mainly due to the medical use (or
over-use) of antibiotics, not their release into the environment. Nevertheless,
most of the resistance genes found in human pathogenic bacteria originate
from harmless bacteria in our environment. The risk in future is that more
human pathogens will acquire resistance through contact with resistant
environmental bacteria in surface waters or sewage.
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The promotion of resistance depends on the degree of selection pressure,
which in turn depends largely on the quantity of antibiotic residues in the
environment. Resistance genes are much more likely to be propagated in
heavily contaminated surface waters, such as those nearby overseas
antibiotics manufacturing plants, than in treated wastewater in Sweden.
Pollution from pharmaceuticals manufacturing in non-EU countries is
discussed in chapter 2, and it is worth recalling that efforts to tackle this
problem are relevant to human health worldwide, since resistant bacteria are
no respecters of international boundaries. These efforts will continue as part
of MistraPharma Phase 2. At the same time, the scientific focus has shifted to
understanding the potential risks in a country like Sweden.
One strand of this work involves DNA sequencing of bacteria collected from
effluent and sludge in municipal wastewater treatment plants and other
contaminated environments. The aim here is to shed light on the prevalence
and diversity of resistance genes in these conditions.
The other main strand is to investigate whether real-world concentrations of
residual antibiotics, metals and other anti-bacterial agents generate enough
selection pressure to promote antibiotic resistance in treated wastewater.
Part of this work will also be to study the effectiveness of different wastewater treatment techniques in curbing the spread of resistance genes.
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In-depth investigation of other high-risk substances
If Phase 1 of MistraPharma was characterised by the prioritisation process to
identify high-risk substances, then the dominant scientific theme for Phase 2
is to develop a deeper understanding of the risks uncovered.
One important gap in our knowledge is the nature of bioconcentration, or
how organisms accumulate substances to which they are exposed in water.
In the case of levonorgestrel, the uptake was much higher than expected: the
measured concentration in the blood plasma of fish was up to 12,000 times
the concentration in water. Bioconcentration is therefore a key factor in the
uncertainty surrounding the environmental impact of pharmaceuticals.
Among the techniques to be deployed in Phase 2 is autoradiography, or
X-ray filming of live fish to observe molecular-level changes caused by the
substance under investigation. Studies of this kind may serve to confirm the
hypothesis that certain proteins in fish gills are responsible for the accumulation of sex steroids such as levonorgestrel. This in turn would serve as an
early warning regarding other substances that are apt to bind to the same
proteins.
Researchers also aim to shed more light on how selected substances are
absorbed, distributed, metabolised and excreted by larger fish. Experiments
on how long it takes for pharmaceutical residues to be broken down in surface waters will also serve to refine initial estimates of environmental risk.
Another reason for uncertainty is the lack of full lifecycle analyses in environmental risk assessments. This means that there is little chance of picking
up longer-term effects on exposed organisms, including on fertility and offspring. There are two main ways to address this shortcoming: improve the
standard tests that are performed in regulatory risk assessment, or develop
complementary non-standard tests. MistraPharma Phase 2 will pursue both
avenues, using a draft OECD guideline for a lifecycle test on harpacticoid
copepods (Figure 6) and making further use of the frog test system at
Uppsala University.
The proposed copepod test is significant in that it focuses explicitly on development and reproduction as opposed to immobilisation and mortality. Since
copepods are invertebrates, however, it may not reveal all of the potential
risks of human medicines for our closer vertebrate relations such as frogs
and fish. The frog test system allows researchers to home in on behavioural
changes, sex organ differentiation, expression of marker genes and other
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effects that are clearly demonstrable but not widely applicable enough to
form part of a standard test protocol.
Figure 6. Adult Nitocra spinipes female with egg sac.

Note: One of the species of harpacticoid copepod under consideration for a new lifecycle ecotoxicity test.
Source: Illustration by Göte Göransson.

Phase 2 of MistraPharma will also begin to address other sources of uncertainty that are difficult to resolve by experimental methods alone. One is the
potential for cocktail effects from the mix of substances to which wildlife
are exposed in reality. Similar drugs acting together may be much more
potent than the measured concentration of any one of them implies, while a
blend of different types of drug may have unpredictable effects, as in human
recipients.
The difficulty here lies in the sheer number of combinations – more than a
billion even if attention is restricted to around 30 high-priority substances.
One way forward may be to test a limited number of combinations and then
use statistical methods to extend the results.
It will be apparent from this brief discussion that the methods needed to
deepen our understanding of the environmental risks of pharmaceuticals
are resource-intensive – that is, they are neither cheap nor suitable for the
purpose of routine risk assessment. The question of how to make the results
of this research directly relevant to stakeholders thus remains a crucial one.
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4.3 Practitioners’ needs
The MistraPharma stakeholders
Table 1 provides an overview of the MistraPharma stakeholders and some
of their expectations, as expressed during the preparations for Phase 2 of the
programme.
Table 1. MistraPharma stakeholders.

Organisation

Main role

Swedish agencies
Medical Products Agency (including liaison
with the European Medicines Agency)

Approval, supervision and control of
medicines and medical devices

Environment Protection Agency

Environmental monitoring of contaminants
and their effects

Chemicals Agency

Monitoring of manufacturers and importers
of chemical products

National Food Administration

Ensures food safety and promotes healthy eating habits and fair practices in the food trade

Water and wastewater companies
Water and Wastewater Association
including Stockholm Water and Gryaab
(Gothenburg)

Drinking water and sewerage services

Public health care
County Councils

Main healthcare providers and largest
employers of doctors

Industry
Research-based Pharmaceutical Industry in
Sweden (LIF)

Represents pharmaceutical companies and
compiles the FASS environmental classification

Other stakeholders
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Pharmacy Association

Suppliers of pharmaceuticals to healthcare
providers as well as the public

International Chemical Secretariat
(ChemSec)

Non-profit organisation working towards a
toxic-free environment

Some of these expectations are unlikely to be met by the MistraPharma
programme, at least not in the near future. Researchers have their work
cut out, for example, to study the priority list of pharmaceutical substances
themselves before moving on to metabolites. Nor will Phase 2 look at risks
for food and drinking water, though it should be stressed that, with the
exception of antibiotic resistance, the direct risks for human health from
exposure to pharmaceutical residues in the environment are thought to be
negligible.
Key issues and expectations

Environmental effects of pharmaceuticals in general, including processes behind the
promotion of resistance genes.
Practical tools to aid risk assessment, including e.g. appropriate wastewater treatment versus
upstream measures to reduce the inflow of pharmaceutical substances.
Risks from low-dose endocrine-disrupting substances and antibiotic resistance in the
environment. Proposals for improved wastewater treatment.
Risks of pharmaceuticals and their metabolites reaching food and drinking water.
Appropriate strategies for risk management.

Standard chemical analysis techniques. Recommendations on wastewater treatment
(recovery of energy and sludge for use as fertiliser as well as removal of pharmaceuticals).
Antibiotic resistance.

Environmental risk assessment of old and new drugs. Improved elimination of residues
in wastewater to improve drinking water quality. Antibiotic resistance. Biodegradation of
substances in the environment.

Testing, analysis and stronger tools for risk assessment. Improved wastewater treatment.
Antibiotic resistance.

Accurate information on environmental risks of different pharmaceuticals.
Basis for decision-making on manufacture/prescription of less harmful substances. Better
understanding of risks among decision-makers. Measures to reduce use and emission of
harmful pharmaceuticals.

57

Almost all stakeholders cite greater understanding – whether of the
environmental risks of pharmaceuticals in general or specific aspects such as
antibiotic resistance – as one of the ‘deliverables of particular interest’, which
in itself constitutes a powerful justification for continuing the programme.
But what stakeholders are also looking for is practical tools – including aids
to decision-making and risk management as well as techniques for chemical
analysis and wastewater treatment.
Risk management in practice
A prerequisite for effective risk management is adequate information on
potential hazards and their likelihoods. Previous chapters have touched on
much of the relevant data here, which may include:
• concentration of high-risk substances in surface waters (measured or
estimated on the basis of usage statistics)
• likely persistence (or biodegradability) of substances in the environment
• bioconcentration factors in wildlife (estimated or measured)
• results of ecotoxicity tests conducted as part of regulatory approval
• results of other tests and experiments reported in the scientific literature
• chemical structure, mode of action and biochemical targets of the
substances in question
• expected and observed effects in humans.
Another prerequisite in practice is that the data should be available in a form
that is accessible to relevant decision-makers – ranging in this case from
international regulators to individual doctors and patients. The development of databases such as WikiPharma and the recommendations to refine
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classifications such as FASS (www.fass.se) therefore represent one of the key
contributions of the MistraPharma programme when it comes to actually
reducing risks.
An important question for the future is how to ensure that adequate information is available on new products as soon as they are released. Part of the
answer here lies with the formal environmental risk assessments that must
accompany all applications for a marketing authorisation for human medicines. The MistraPharma results suggest several possible improvements to
the EU regulatory framework in this regard:
• The initial screening that determines whether a more detailed risk
assessment is required should take into account the likely concentration in
surface water required to have a pharmacological effect on aquatic species
(i.e. the ‘critical environmental concentration’ as outlined in section 3.3).
• Biodegradability or persistence of a substance in surface water is another
factor that should be taken into account in an initial risk assessment.
• A substance’s potential for bioaccumulation should be given increased
weight in the risk assessment process, and further tests to evaluate this
potential might be developed.
• There may be scope for introducing new standard test protocols for indepth assessments, for example to take account of lifecycle effects.
• The incorporation of non-standard tests into the process should be
explored. Under present guidelines, these may be used at the discretion of
the applicant; the question is whether they should be encouraged in cases
where standard tests are unlikely to capture some of the potential risks.
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• As noted in chapter 2, the Swedish Medical Products Agency has
proposed emissions standards for the overseas manufacture of pharmaceuticals. Work in this area will continue under MistraPharma Phase 2
with the development of a classification system for an environmentally
sound production chain.
A further issue for regulators is whether and how the monitoring and control of substances identified as high-risk should be enhanced. One item in
the Phase 2 work programme is a comparison with the EU’s REACH legislation on the safe use of chemicals. Under REACH, companies applying for
authorisation to use substances ‘of very high concern’ must demonstrate that
risks are adequately controlled or that the socioeconomic benefits outweigh
the risks. They must also prepare plans for switching to safer substances if
these are available.
High-risk substances may also be subject to EU legislation on water pollution, and indeed the European Commission proposed in January 2012 to add
three pharmaceuticals (diclofenac, ethinylestradiol and estradiol) to the list
of substances to be monitored and controlled in EU waters.
One thing that all of these regulatory approaches have in common is that
they move slowly. Member states will not be bound to meet the new water
pollution standards until 2021. Committee discussions and consultations
on the European Medicines Agency guidelines on environmental risk assessment took more than seven years. The draft OECD guideline for a new
standard test using harpacticoid copepods was proposed by Sweden in 2002;
the latest report from 2011 concludes among other things that further basic
biological knowledge on the candidate species is needed.
A rapid response to emerging problems must rely, therefore, not on regulation but on producer and consumer responsibility – a point that serves to
further underscore the importance of accessible databases and other awareness-raising measures. Information on alternative substances with equivalent clinical benefits is essential here since doctors and patients may often be
able and willing to choose less environmentally risky options. Another item
in the Phase 2 work programme is a report that will advise on environmentally sound substitutions.
An interesting comparison in this regard is the SIN (Substitute It Now!)
list compiled by the International Chemical Secretariat, a MistraPharma
stakeholder. This applies to chemicals falling under the REACH legislation
(from which pharmaceuticals are largely exempt). The idea is to anticipate
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the regulatory process by listing substances as soon as concerns come to
light, and proposing functional substitutes. The list thus serves as a practical
tool for users who wish to reduce their environmental impact before being
required to do so by law.
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Wastewater treatment
Downstream, the focus for Phase 2 will be on refining and scaling up the
sewage treatment techniques explored during Phase 1. The aim is to provide
concrete solutions to the problem of eliminating as many as 120 potentially
risky pharmaceutical substances before wastewater is returned to the environment.
A mobile pilot laboratory will be constructed for on-site testing at three
wastewater treatment plants, and two half-scale treatment operations will
be constructed at one treatment plant. These facilities will enable researchers
and stakeholders to evaluate the likely effectiveness of various techniques at
full scale and in real-world conditions.
Biological tests will be performed to make sure that proposed treatment
processes do not generate toxic by-products. The range of standard tests
used for environmental risk assessments and further tests based on biomarkers in exposed crustaceans and fish will be used to evaluate the outflow from
both pilot and half-scale facilities.
The challenge, which remains an ambitious one, is to identify the best available treatment technology based on a chemical, biological, technical and economic evaluation. According to treatment providers, this will need to take
into account energy recovery (for example, capacity for biofuel production)
and the safety of sludge (or ‘biosolids’) for possible use on agricultural land.
While the latter issue is beyond the scientific remit of MistraPharma, it may
well be a relevant factor in the selection of treatment technologies.
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Communication
As we have seen in previous chapters, communication activities during
MistraPharma Phase 1 have been instrumental in creating a strong network
between scientists and stakeholders and in bringing about some of the concrete achievements of the programme so far. The challenge for Phase 2 will
be to build on this record with the aim of reaching broader groups, as befits
the overall shift of emphasis in the programme towards concrete results.
One group that MistraPharma needs to address is decision-makers, and not
only in Sweden. The EU level – including other member states as well as the
relevant institutions and agencies – is an essential focal point. It may require
a broad and sustained effort to influence the direction of policy here, but it
will be worth it given that this is where most of the relevant legislation and
guidelines are determined.
In addition, there is, or ought to be, a global audience for the fundamental
message about the potential environmental risks posed by certain pharmaceuticals. It is outside Europe where the greatest damage has been and is
likely in future to be done, and where one of the greatest hazards for citizens
of Sweden and elsewhere presents itself – in the form of antibiotic resistance
due to pollution from pharmaceuticals manufacturing.
The other main challenge, also highlighted in the evaluation reports on
Phase 1 of MistraPharma, will be to find more direct ways to engage the
public in these questions. Whether or not a medicine is environmentally
friendly has been a non-issue for most patients until now. Changing that
outlook may be one of the most effective contributions that the programme
can make to reducing the environmental risks for at least some pharmaceuticals.
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4.4 Concluding remarks: the MistraPharma approach
The experience of the MistraPharma programme to date offers a fascinating
case study in how society deals with risk and uncertainty. As so often with
dangers, these were mostly unanticipated. Pharmaceuticals, unlike other
chemicals, are tested extensively to ensure they are safe for human consumption. Nobody expected them to be hazardous to wildlife; indeed, the
great majority are not, and it is only over the last decade or so that concerns
have emerged.
Furthermore, the risk is a classic example of a type that is notoriously hard
to manage. The consequences if things go wrong might be severe, even
devastating, but the probability appears so remote that the risk is all too easy
to neglect, especially in the face of immediate and concrete benefits. Ruling
out the possibility of environmental damage would mean denying patients
access to drugs that, in some cases, they literally cannot do without.
The problem is therefore difficult for ex ante regulation to address, and we
must rely instead on efficient ex post monitoring and close cooperation
between those in a position to identify risks and those in a position to address them. We must rely, in other words, on something much like the
network of scientists and stakeholders that MistraPharma has created. The
progress made over the past four years in reducing uncertainty, identifying
concrete risks and limiting potential damage suggests that this is a model
worth following.
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MistraPharma is a Swedish research programme that aims to identify and reduce the
environmental risks associated with human pharmaceuticals – a subject about which we
knew surprisingly little back in 2008 when the programme began.
This book – the fourth in an annual series – takes stock of the first four years of
MistraPharma. It explains how the programme has contributed to advancing knowledge
and outlines some of the concrete achievements made by both scientists and stakeholders. It also sets out challenges for the future, as MistraPharma embarks on a
second phase from 2012 to 2015.
A key feature of the programme is the network that it has created between scientists
and stakeholders, including regulators, health authorities, water companies and the
pharmaceutical industry. The book describes how this network has been mobilised to
tackle issues such as the spread of antibiotic-resistant bacteria, which should make
interesting reading for all those interested in ensuring a non-toxic environment.
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