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Preface
This annual book is the third from the MistraPharma research programme,
which since 2008 has contributed knowledge to the increasingly intense
debate on the impact of pharmaceuticals on the aquatic environment. The
challenges are manifold: Which of the 1200 active pharmaceutical ingredients pose the highest risks to the environment? If we cannot do without
them, how can we find solutions so that they do not negatively affect our
aquatic environment? How can the sewage water treatment be improved
without causing a disproportionate increase in energy consumption? How
can the industry contribute so that we, in the future, have more pharmaceuticals on the market that are not harmful to the environment? Should we as
patients be given the opportunity to choose a drug that has been produced
in an environmentally acceptable manner, or should this be decided at the
EU level? How can we reduce the unnecessary use of medicines and how
can we enable doctors to prescribe the pharmaceuticals that have the least
negative impact on the environment?
The questions are many and MistraPharma have a clear and important role
in contributing with scientific data so that the questions can be answered
and the right decisions taken. It is therefore gratifying to see that the scientists are producing knowledge that has already been useful to the end users
(municipalities, industry, the healthcare sector, pharmacies, and trade
associations for e.g. water). One example is the studies from the University
of Gothenburg on the manufacture of pharmaceutical products in India
which have pointed out problems with extremely high levels of pharmaceutical residues, including antibiotics, in the “purified” wastewater from
pharmaceutical production. This knowledge prompted LIF, the researchbased pharmaceutical industry, to court the government with the purpose
to obtain a work towards a solution. An initiative that led the government
to now discuss how Sweden will work to highlight this issue within the EU,
for example through a revision of the EU legislation on Good Manufacturing
Practice (GMP). Such a revision would affect the production also outside the
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EU in an environmentally positive way. Concerned stakeholders are further
discussing how the pharmaceutical reimbursment system can be revised
to better take into account all aspects of sustainable development and thus
promoting the subsidisation to “greener” pharmaceutical products.
To include a communication project in a research programme already
from the start has proved very successful since it contributes to getting
the scientific knowledge to better reach out to all actors in society. A need
which is great especially for decision makers in government offices who are
now working to develop a national pharmaceutical strategy in which one
of five overall goals is to reduce the adverse effects of pharmaceuticals on
the environment. The MistraPharma collaboration between researchers and
stakeholders enables a strong and proactive Swedish undertaking of responsibility concerning pharmaceuticals and the environment. The question is
entirely in line with the government’s work for A Non-toxic Environment,
where pharmaceuticals are an integrated part. I hope and believe that we in
time for the next MistraPharma book have been able to provide answers to
many questions and have come closer to the goal of a sustainable pharmaceutical development, both nationally and internationally.
This book is the result of a collaboration between the MistraPharma
reference group and the communication project and I thank them all for
their valuable work with both the book and the work carried out in 2010.
Have a pleasant reading!

Charlotte Unger
Environmental Director, the Medical Products Agency
Chairman of the MistraPharma board
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Introduction
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The MistraPharma research programme started in January 2008 and its
first phase will be finalised by the end of 2011. The research is performed
in collaboration between six partners: University of Gothenburg, the
Royal Institute of Technology (KTH), Lund University, Umeå University,
Uppsala University, and Stockholm University. The programme is
financed by the Swedish Foundation for Strategic Research (Mistra).
The overall objectives of MistraPharma are to identify human pharmaceuticals that pose a significant risk to organisms in the aquatic environment, to
propose recommendations to improve wastewater treatment technologies,
to suggest strategies for early identification of human pharmaceuticals that
may pose a threat to aquatic species, and to strengthen the network between
scientists and stakeholders in this field.
This is the third annual book by MistraPharma. The purpose of these annual
books is to make information about issues related to pharmaceuticals in the
environment, including the outcomes of MistraPharma research, accessible
to a wider audience.
The first book from MistraPharma was entitled ”A Healthy Future –
Pharmaceuticals in a Sustainable Society“ (2009) and it was produced in
collaboration with Apoteket AB and the Stockholm County Council. The
contents of the book summarised our knowledge of the problems that
11

surround the production and use of pharmaceuticals in relation to a
sustainable development. It included a preface by Margot Wallström (then
the vice-president of the European Commission) and chapter contributions
from a number of distinguished experts in the field.
The second book, “Towards Sustainable Pharmaceuticals in a Healthy Society” (2010) focused on reporting the research performed within the MistraPharma programme during the first two years. It was written by the MistraPharma researchers and contained for instance chapters on bioconcentration
of pharmaceuticals, the frog as a test system for developmental effects, a
presentation of genomics as a research approach, an introduction to wastewater treatment technologies, and an analysis of the Swedish voluntary
information system for environmental effects of pharmaceuticals. The
preface was written by Ethel Forsberg (then the director-general of the
Swedish Chemicals Agency and the Chair of the MistraPharma board)
and Christina Åkerman, director-general of the Swedish Medical Products
Agency contributed a global outlook section.
MistraPharma’s third book, the one that you now hold in your hands,
focuses on the importance of our stakeholders. As described above, an
overall aim of MistraPharma is to strengthen the network between researchers and stakeholders. An important activity towards this aim is frequent
interactions with the programme’s dedicated and knowledgeable reference
group. MistraPharma’s reference group currently consists of 18 representatives from our most important stakeholders, and the members of the reference group continuously provide feed-back to the MistraPharma researchers. This dialogue between the researchers and the stakeholders contributes
to ensure that the work within the programme is relevant and that the
generated knowledge is communicated in a way that is useful to the stakeholders. The dialogue ultimately contributes to the overall aim that the
science generated will come to practical use and benefit society.
With this book MistraPharma wants to highlight the value of collaboration
between scientists and stakeholders in the process towards the environmental quality objective A Non-toxic Environment.
Christina Rudén
Programme director MistraPharma
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MistraPharma - research update

“One of MistraPharma’s overall objectives is to contribute to interactions between
scientists and stakeholders and thereby to the overall work towards a
sustainable use of pharmaceuticals.”
Christina Rudén, MistraPharma

MistraPharma has now been running for three years. The activity in the
programme is high and data are being generated continuously. During
2010, MistraPharma researchers have shown that the synthetic hormone
levonorgestrel is heavily bioconcentrated in fish and disrupts the development of the female reproduction tract in frogs. In addition, the collaboration between scientists and stakeholders is now starting to bear fruit,
through for example environmental standards for procurement of pharmaceuticals.
Our work with identifying pharmaceuticals of environmental concern has
continued during 2010. The MistraPharma prioritisation process uses the
fish plasma model as a starting point. The fish plasma model relies on the
assumption that two species sharing the same drug target, such as a receptor or an enzyme, will require about the same plasma concentrations of a
pharmaceutical to generate a pharmacological response. Comparing the human therapeutic plasma concentration for a particular pharmaceutical to the
measured or estimated steady state level in fish blood plasma thus makes it
possible to estimate the likelihood that the fish is pharmacologically affected
by that drug. The model, in its simplest form, does however not predict if
the pharmacological effect is adverse or not. One strength of this approach
is that we can make an initial estimate of risk for a large number of pharmaceuticals without applying effect assays.
15

The results obtained from applying the theoretical fish plasma model to
800 human pharmaceuticals available on the Swedish market identified 120
pharmaceuticals of special interest for further evaluation. During 2009 and
2010 the results obtained from applying the theoretical fish plasma model
have been followed up by two experimental bioconcentration studies. A
significant finding in the first bioconcentration study was that the synthetic
hormone levonorgestrel bioconcentrated in fish exposed to effluent water
from Swedish wastewater treatment plants (Fick et al, 2010a). The MistraPharma study showed that a water concentration of 1 nanogram levonorgestrel per litre water resulted in a plasma concentration in exposed fish that
was higher than the human therapeutic plasma concentration. Other
researchers have shown that exposure to 0.8 nanogram levonorgestrel per
litre water significantly reduced the fertility of fish (Zeilinger et al, 2009).
The study by Fick and co-workers received a lot of attention when it was
published. The joint Gothenburg-Umeå press release was for instance the
most downloaded news from the University of Gothenburg in 2010.
The analyses of samples from the second bioconcentration study are now
being finalised. Of the 90 pharmaceuticals that have been analysed so far, 67
were detected in the water samples and 15 were detected in the fish plasma.
The analyses of an additional 30 pharmaceutical substances are ongoing.
The MistraPharma selection of pharmaceuticals prioritised for further testing within the programme is to a large extent based on the results of these
two bioconcentration studies.
The results on bioconcentration of levonorgestrel have been followed up by
testing this compound in the frog test system by the MistraPharma team
Bioconcentration is the accumulation of a chemical in the tissues of an organism as a result of direct exposure to the surrounding medium, for instance
water. The bioconcentration factor (BCF) is given by the ratio of the chemical
concentration in an organism to that in the water. The BCF value is typically
derived from controlled laboratory experiments, and it does not include
food web transfer, only absorption from the water via the gills and/or the
skin.
Levonorgestrel is a progestogen, a synthetic hormone that has similar effects
as the steroid hormone progesterone. Progesterone regulates the female
menstrual cycle and pregnancy. Levonorgestrel is present in different types
of human contraceptives.
16

in Uppsala. This study shows that levonorgestrel is a potent and efficient
developmental toxicant in female frogs. Levonorgestrel exposure during
the tadpole stage caused severe effects on the development of the female
reproductive system (Kvarnryd et al, 2011).The exposure interrupted egg
development and caused a complete lack of developed oviducts. As a consequence, the females were sterile. The lowest dose tested in this experiment
is approaching environmentally measured concentrations of levonorgestrel.
Further studies are now in progress to define a no-effect-concentration, and
to relate this to the levonorgestrel concentrations present in effluent wastewater in Sweden.
An additional broad prioritisation approach that the MistraPharma researchers in Umeå and Gothenburg have developed is the predicted critical environmental concentration (CEC). The critical environmental concentration
represents the (theoretical) water concentration that would cause a pharmacological response in exposed fish. A predicted CEC value for a specific
pharmaceutical can thus be directly compared to any measured concentration of that pharmaceutical in surface waters to provide a first estimate of
risk. It can also be used to identify if detection limits applied in field screening campaigns appear to be sufficiently low. In Fick et al (2010b) CEC values
were calculated for 500 pharmaceuticals.
Another question that has been explored, mainly by the MistraPharma
teams at KTH and Stockholm University, is how to facilitate the use of nonstandard ecotoxicity data in environmental risk assessments of pharmaceu17

ticals. In an empirical study, four different evaluation methods, previously
proposed in the scientific literature, were used to evaluate nine non-standard
ecotoxicological studies (Ågerstrand et al, 2011). The different evaluation
methods came to surprisingly divergent results about the reliability of these
studies, and the reliability of the data was generally considered low. A
general conclusion from this investigation is that the reporting of nonstandard studies needs to be significantly improved in order to facilitate
their use in environmental risk assessment.
The MistraPharma database – WikiPharma – has recently been updated. The
update shows that the number of ecotoxicological studies for pharmaceuticals is increasing. One year ago WikiPharma contained data for 130 pharmaceuticals, and the current number is 143. During the same time period the
number of references in the database has increased from 172 to 209. Feedback from researchers and regulators from several countries in Europe and
North America indicate that the database is considered a useful tool in the
work with environmental risk assessments of pharmaceuticals.
Analyses of the data compiled in the WikiPharma database are currently
being performed in collaboration between KTH, Stockholm University and
Gothenburg University, with the aim to compare the sensitivity of standard
and non-standard tests for identifying pharmaceuticals of ecotoxicological
concern. Preliminary results show considerable differences in the sensitivity
between standard and non-standard tests for a significant number of substances. These analyses will now be supplemented with information about
the pharmaceuticals’ pharmacological mode-of-action and an assessment of
whether the observed differences in test sensitivity depend on the relevance
of the measured endpoints in relation to the expected (pharmacological)
effect.
18

The MistraPharma partner at Lund University has, together with co-workers
at the Technical University of Denmark and the team in Umeå, spent
significant efforts to develop procedures for sample preparation and analysis
that would make it possible to conduct experiments with the 120 prioritised
pharmaceuticals at relevant levels. Due to the diverse chemical properties
and the shown interaction with the sludge phase of the 120 pharmaceuticals, the procedures have proven more difficult than anticipated. Therefore,
results have so far been obtained only for a subset of these 120 pharmaceuticals in experiments using two treatment methods, namely sorption of
pharmaceuticals to sludge and powdered activated carbon (PAC), and
oxidative treatment using chlorine dioxide.
The sorption experiments have provided data for 75 pharmaceuticals. Powdered active carbon has been shown to bind many pharmaceuticals already
at small doses. It is foreseen that this technology could be implemented
without reconstruction or expansion of the existing treatment plants and at
a cost similar to the costs associated with ozone treatment.
The experiments with chlorine dioxide treatment have generated data for
53 pharmaceuticals. Widely different doses of chlorine dioxide were needed
to reduce the concentrations of different pharmaceutical substances. This
means that some pharmaceuticals will not be removed even by very high
doses of chlorine dioxide. On the other hand, the concentrations of highly
relevant pharmaceuticals, such as ethinylestradiol and diclofenac, were efficiently reduced already at low doses.
A methodology for testing the ozone treatment technique has been developed. It is used to characterise the required ozone dose for degradation of
pharmaceuticals in the different types of wastewater effluents and water
19

chemistries in Sweden. The study will be concluded by the spring of 2011.
Biological treatment has been evaluated using a small number of pharmaceuticals. The results demonstrate significant differences in the pattern of
biological degradation between activated sludge and biofilm carriers. The
results show that biofilm carriers have an ability to degrade certain pharmaceuticals which activated sludge does not degrade. An upgraded biological
wastewater treatment is thus another interesting treatment method that
should be further explored for a larger number of pharmaceuticals.
During phase 1 of MistraPharma, The Gothenburg and Umeå groups have
shown in a series of papers (Larsson et al, 2007; Fick et al, 2009; Kristiansson et al, 2011) that direct releases of pharmaceuticals from production
sites is the source for the highest levels of pharmaceuticals in the aquatic
environment. Particularly the emissions of antibiotics at production sites in
India have raised serious concerns. The researchers have shown that drugs
intended for the Swedish market are contributing to the pollution problems
in India, thus representing an ethical dilemma. A major risk, as demonstrated in a recent paper from the two groups (Kristiansson et al, 2011) is an
increased development of antibiotic resistance.
This new knowledge has contributed to an increased awareness in Sweden
about environmental issues related to pharmaceuticals. In response to these
findings, the Swedish Government commissioned the Swedish Medical
Products Agency in 2009 to investigate possible measures to reduce environmental pollution from drug manufacturing globally. A major outcome of
this commission was a proposal to expand the concept of Good Manufacturing Process (GMP) to include also environmental aspects.
Other examples of impacts that these data have had is that the Swedish
county councils have recently started to request data on environmental emissions during production as part of their procurement of pharmaceuticals.
Several international pharmaceutical industries have increased their efforts
to improve environmental emission standards at their subcontractors. Moreover, bilateral discussions and agreements on the medical products
agencies level have been held between India and Sweden. The newly
proposed strategy from the Swedish National Board of Health and Welfare
for managing antibiotic resistance furthermore includes specific points on
reducing emissions from drug manufacturing.
This is an illustrative example of the importance of close interactions between scientists and decision-makers. The overarching aim of science is to
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provide accurate new knowledge. A sometimes more implicit aim is that the
generated knowledge should ultimately come to practical use and benefit
society. Along this line, one of MistraPharma’s overall objectives is to contribute to interactions between scientists and stakeholders and thereby to the
overall work towards a sustainable use of pharmaceuticals.

MistraPharma
Christina Rudén, programme director and project leader, KTH
Ingvar Brandt, project leader, Uppsala University
Magnus Breitholtz, project leader, Stockholm University
Jes la Cour Jansen, project leader, Lund University
Joakim Larsson, project leader, University of Gothenburg
Mats Tysklind, project leader, Umeå University
Karin Liljelund, communication manager

References
Fick J, Söderström H, Lindberg RH, Phan C, Tysklind M and Larsson DGJ (2009) Contamination
of surface, ground, and drinking water from pharmaceutical production. Environ Toxicol Chem
28: 2522-2527.
Fick J, Lindberg RH, Parkkonen J, Arvidsson B, Tysklind M and Larsson DGJ (2010a) Therapeutic levels of levonorgestrel detected in blood plasma of fish: results from screening rainbow
trout exposed to treated sewage effluents. Environ Sci Technol 44: 2661-2666.
Fick J, Lindberg RH, Tysklind M and Larsson DGJ (2010b) Predicted critical environmental
concentrations for 500 pharmaceuticals. Regul Toxicol Pharmacol 58: 516-523.
Kristiansson E, Fick J, Janzon A, Grabic R, Rutgersson C, Weijdegård B, Söderström H and Larsson DGJ (2011) Pyrosequencing of antibiotic-contaminated river sediments reveals high levels
of resistance and gene transfer elements. PLoS ONE 6: e17038.
Kvarnryd M, Grabic R, Brandt I and Berg C (2011) Early life progestin exposure causes arrested
oocyte development, oviductal agenesis and sterility in adult Xenopus tropicalis frogs. Aquatic
Toxicology 103: 18-24.
Larsson DGJ, de Pedro C and Paxéus N (2007) Effluent from drug manufacture contains extremely high levels of pharmaceuticals. J Hazard Mater 148: 751-755.
Zeilinger J, Steger-Hartmann T, Maser E, Goller S, Vonk R and Länge R (2009) Effects of synthetic gestagens on fish reproduction. Environ Toxicol Chem 28: 2663-2670.
Ågerstrand M, Breitholtz M and Rudén C (2011) Comparison of four different methods for reliability evaluation of ecotoxicity data - A case study of non-standard test data used in environmental risk assessments of pharmaceutical substances. Environ Sci Eur, in press.

21

2

22

Industry’s efforts towards “greener”
pharmaceuticals

”We are searching for smarter ways to truly identify the molecules that can negatively affect the environment. MistraPharma can contribute with such knowledge.”
Gisela Holm, LIF / AstraZeneca

The pharmaceutical industry can reduce the environmental effects of
pharmaceuticals both by choosing to develop products from molecules
that have minimal environmental impact and by improving the manufacturing process. The pharmaceutical industry in Sweden also has, in
a unique effort, published environmental classifications of their pharmaceuticals on the webpage fass.se. But the lack of ecotoxicity data for
pharmaceuticals is high and companies lack incentives to invest in the
development of “greener” products.
The trade association LIF represents about 75 pharmaceutical companies in
Sweden and promotes “the development, availability and proper use of innovative medicines and vaccines”. A major part of the work is conducted in
specialised committees.
- MistraPharma’s research complements the knowledge we already have,
says Gisela Holm, ecotoxicologist at AstraZeneca and active in LIF’s environmental committee. We see MistraPharma as a chance for us as an industry to get more knowledge about the environmental effects of pharmaceuticals and to learn more about which pharmaceutical groups that could be
harmful.
23

Facts about LIF
• Trade association for the research-based pharmaceutical industry in
Sweden
• About 75 members who represent approximately 80% of the total sales of
pharmaceuticals in Sweden
• Represents members in issues of common concern
• Informs member companies of developments in areas that affect their
business in Sweden

Towards “greener” pharmaceuticals
The pharmaceutical industry has unique opportunities to reduce the impact
of pharmaceuticals, especially in the selection of molecules that are used in
their products. In theory, the industry could select molecules that are both
pharmacologically active and easily degradable in the environment during
the development of new pharmaceuticals. AstraZeneca is one of the companies that have started to work with so-called Green Drug by Design:
- It’s a challenge to develop “greener” drug compounds, Gisela Holm says.
Research is underway to see if it is possible, but even if it succeeds it will
take time to implement.
One area where the efforts for sustainable development have advanced is
the pharmaceutical manufacturing where many companies, including AstraZeneca, are focusing on Green Chemistry. Green Chemistry means that the
chemicals are selected and reactions are optimised to minimise the chemical
waste and the energy consumption during the process. When a pharmaceutical company has decided which molecule to continue to develop into
a pharmaceutical the process of developing the product itself begins. This
means, among other things, toxicological and clinical studies, developing
manufacturing methods and investigation of occupational safety and ecotoxicological risks. As the development progresses it becomes increasingly
difficult to make changes, for example to replace chemicals:
- If a chemical in the production method is changed it often means that new
by-products are formed, says Eva Jakobsson, process chemist at AstraZeneca
Then the project must go back and investigate the effect of this. It is therefore
important that the “green” thinking is present from the beginning.
24

Since 2001 there is a network at AstraZeneca that works to promote and
encourage the use of Green Chemistry in the design of new pharmaceuticals
and in the development of manufacturing methods. The network consists of
chemists and engineers from different sections of the company and people
from AstraZeneca’s environmental department.
- The network provides training programs in Green Chemistry and guidelines to help employees make “green” choices, says Eva Jakobsson. Science
and technology are continually being developed and improved and the
network strives to keep employees updated.
But to promote the development of “greener” pharmaceuticals Gisela Holm
would like to see more incentives from society, for example by the Dental
and Pharmaceutical Benefits Agency (TLV) taking environmental considerations into account when deciding on reimbursements for pharmaceuticals.
- Today, only the lowest price is taken into account and the consumer cannot
make a “green” choice, she says.
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Gisela Holm also says that the frenzy to make pharmaceuticals as cheap
as possible generates an increased risk of adverse environmental impact
in other parts of the world, for example in India where generic production
emits very high levels of pharmaceutical substances (Larsson et al, 2007; Fick
et al, 2009).
- The health perspective also has to be considered since health and environment are closely linked, says Gisela Holm. We must see the big picture and
not let ourselves be hypnotised by low prices.

Voluntary environmental classification of pharmaceuticals
Since 1995, an environmental risk assessment is required in the registration
process for new human products in the EU countries, and in 2006 the guidelines for the assessment were established. The purpose of the environmental
risk assessment is only to provide information, it does not affect whether the
product is approved or not.For those pharmaceutical substances that were
already approved when the guidelines were introduced, an environmental
risk assessment is only required in connection with changes of the market
authorisation. For older substances where no changes in the market authorisation have been undertaken since 2006, there is in general very little or no
environmental information available. In order to carry out an environmental
risk assessment ecotoxicological data are needed:
- Currently an environmental risk assessment is accompanying the registration documentation, but we are looking for smarter ways to truly identify
the molecules that can negatively affect the environment, Gisela Holm says.
MistraPharma can contribute with such knowledge.
26

In 2004, LIF took the initiative to introduce a voluntary environmental
classification of pharmaceutical substances on its website fass.se in order to
provide prescribers and the public with more information about the potential environmental impact of pharmaceuticals. The project, which is run by a
task force, is a co-operation between LIF, the Medical Products Agency, the
Swedish Association of Local Authorities and Regions, Apoteket AB (now
the Swedish Pharmacy Association) and the Stockholm County Council. The
pharmaceutical companies compile data regarding the extent to which the
pharmaceuticals they produce enter Swedish watercourses via consumption (expected concentrations of the substance in the environment, PEC)
and if / how the pharmaceutical may affect aquatic organisms (the highest
concentration of the substance without adverse effects in the environment,
PNEC). The ratio between PEC and PNEC is a measure of the pharmaceutical’s environmental risk. The pharmaceutical companies are responsible for
the environmental information on fass.se, but an independent party, IVL the
Swedish Environmental Research Institute, examines the companies’ environmental data so that they are consistent with the task force’s guidelines.
All ATC codes had been reviewed in the autumn of 2010. The preliminary
results show that the predominant part of the pharmaceuticals pose an
insignificant risk to the environment, around 20 percent have a potential
to bioaccumulate and the main part are not readily degradable. For many
substances, mainly the older ones, no environmental data are available. Following the first review of ATC codes, the amount of sold drug substance is
now updated every third year and new submitted environmental data are
continuously reviewed. Current statistics will be available on LIF’s website.
The environmental classification of pharmaceutical substances on fass.se is a
unique initiative, but much work remains:
27

- We have the important management phase ahead of us. We must ensure
that the system is constantly kept up to date and not forgotten, Gisela Holm
says.
In early 2010, the MistraPharma researchers Marlene Ågerstrand and
Christina Rudén at the Royal Institute of Technology published a review of
the published environmental classifications available at fass.se (Ågerstrand
& Rudén, 2010). They proposed a series of improvements to the system,
including specifications and clarifications of the task force’s guidelines. An
update of the guidelines, where some of the proposals are included, will be
worked out in 2011.

National measures can drive the EU work forward
During 2011 LIF will participate in the process of developing a national
pharmaceutical strategy regarding pharmaceuticals, and to initiate a national project regarding returning unused pharmaceuticals to pharmacies. Gisela
Holm believes that an important way to drive the environmental work is to
use national measures as a complement to the more time-consuming work at
the EU level.
- National decisions, such as changes in the reimbursement system, to
reward pharmaceuticals with a more environmentally sound profile, both
when it comes to applications for new drugs and within the generic substitution system, ought to be easier to implement than decisions that require
changes to the EU legislation, she says.
Gisela Holm believes that the entire pharmaceutical industry will benefit
from the MistraPharma research and thinks it is good that the project is
directed towards the society:
- The information is communicated and does not end up in a desk drawer,
she says. That is not the case for many other research projects. However,
since MistraPharma is a Swedish project, companies that are based here are
closer to the information and can embrace it more easily.
How much of the information from MistraPharma that the companies will
embrace will vary, according to Gisela Holm, but she believes that companies have everything to gain by investing in sustainable pharmaceuticals.
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- The pharmaceutical companies that can make their products “greener” and
communicate their environmental work could enjoy competitive advantages
in the future, even if we are not there yet.

Representation in MistraPharma
The board
Bengt Mattson, head of CSR and Environmental Affairs at Pfizer and chairman of LIF’s environmental committee
The reference group
Gisela Holm, ecotoxicologist at AstraZeneca and member of LIF’s environmental committee
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Strategic work on pharmaceuticals and
the environment

“If we can gain understanding for the message that a good public and animal
health is dependent on a good external environment, and get a continued
generation of knowledge, through for example a phase two of MistraPharma,
I think we have great potential to succeed.”
Charlotte Unger, the Medical Products Agency

The Swedish Medical Products Agency is working both nationally and
internationally to improve the regulatory framework and to set goals
regarding pharmaceuticals and the environment. Environmental demands
on pharmaceutical production, strategies to fight antibiotic resistance,
the government’s national pharmaceutical strategy and EU collaboration
for the Baltic Sea are just some examples. In addition, Sweden is well
equipped to lead international efforts in the area.
- I am absolutely convinced of that, says Charlotte Unger, scientific director
environment at the Medical Products Agency (MPA). If we can just focus
our resources we have every opportunity. We have what is required – a
great interest for our ongoing research and great trust, based on Sweden’s
work with the environmental and pharmaceutical areas, both within the EU
and internationally.
Charlotte Unger is also Chair of the MistraPharma board.
- MistraPharma is important and will yield results that are valuable to
the government in their efforts towards sustainable development in the
pharmaceutical field, in accordance with for example the national
pharmaceutical strategy, she says. We all need more knowledge concerning
31

Facts about the Swedish Medical Products Agency
• Works to promote public and animal health
• Ensures that medicines are safe and efficient, of good quality and used in
a cost-effective manner
• Works to ensure that cosmetic and hygienic products as well as medical
devices are safe
• Provides quality assured and manufacturer-independent information
about medicines to the entire Swedish population
• Responsible for environmental issues related to MPA activities
• Counteracts the misuse of medical products. This includes informing
about and combating the sales of illegal medicines.
• Vision to be a leading force in a joint action for better health
• Leads the collaboration of all key players in the Swedish pharmaceutical
market in a Centre for the Improved Use of Medical Products.
• Responsible for the Swedish Poisons Information Centre and Medicines
Information line, a telephone service for the general public’s questions
about medical products.
active pharmaceutical ingredients. We also need to find the right solution for
a wastewater treatment system that can deal with pharmaceutical residues.
The MPA has a task to coordinate, support and be proactive in environmental issues.
- The challenge is to continuously take on the responsibility. We have
supported other actors to increase the pressure regarding these issues and
now we have to live up to the expectations, Charlotte Unger emphasises.

Government commission on pharmaceuticals and the
environment
In 2009, the MPA was commissioned by the Swedish Government to identify
opportunities to strengthen the environmental demands on the production
of pharmaceutical products and active ingredients, both nationally and
internationally. The issue was to be examined with regards to the possibility
of new legislation, voluntary industry initiatives and/or global initiatives at
the UN level.
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The background to the commission was the 2007 study by MistraPharmaresearcher Joakim Larsson about extremely high emissions of antibiotics and
other pharmaceutical substances from pharmaceutical production in India
(Larsson et al, 2007). It led LIF, the trade association for the research-based
pharmaceutical industry in Sweden, and the Association for Generic Pharmaceuticals (FGL) to propose to the Ministries of the Environment and of
Health and Social affairs that the MPA should undertake an investigation
about the possibility of regulations regarding the release of pharmaceuticals.
The main proposal by the MPA in the commission report the MPA was that
the environmental perspective should be included in the international legislation on Good Manufacturing Practice (GMP). The MPA further presented
seven additional proposals, including that the environmental risk assessment of new pharmaceuticals should be taken into account in the riskbenefit assessment that is made upon approval of a pharmaceutical. This
would mean that a pharmaceutical may be denied approval if the environmental risk exceeds the benefit of a pharmaceutical, which is not possible
with current EU legislation.
- The proposals we presented in the government commission report are
based on knowledge generated by MistraPharma, Charlotte Unger says. In
order to implement the proposals, further knowledge is needed from
MistraPharma.
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In early 2011, the MPA is preparing concrete amendments to the GMP legislation on behalf of the government. It is to be reported by June 30.
In the 2009 report the MPA further recommended that the government
should invest in further research in this area since the knowledge of pharmaceutical effects in the environment is still scarce.
- Without the research there will be no further progress in our work,
Charlotte Unger says. It is essential to our ability to succeed. Considering the
growing interest for these issues both within the EU and at the international
level, the work by MistraPharma becomes even more important. There is
great interest and my impression is that it is appreciated that Sweden takes
the leadership in this issue, which is natural considering the good conditions
we have, including the work by MistraPharma.

Antibiotic resistance an important issue
Another issue that the MPA believes should be raised at all levels is antibiotic resistance. Joakim Larsson recently showed that the emission of
antibiotics in India give rise to increased occurrence of antibiotic resistance
genes in the environment (Kristiansson et al, 2011).
- Today we see that the emissions of large quantities of antibiotics in lowincome countries contribute to an increased risk for the development of
additional resistant strains, Charlotte Unger says. But the significance of
the presence of antibiotic resistance in the external environment is largely
unknown. There is a particular need for studies on how antibiotic-resistant
bacteria and resistance genes can be transferred between the external environment and animals or humans and how it can be prevented.
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In 2010, the National Board of Health and Welfare was commissioned by the
government to compile what is being done in the field of antibiotic resistance and healthcare-related diseases both nationally and internationally.
Within this scope, Charlotte Unger led a working team, in which Joakim
Larsson took part, that focused on antibiotics and the environment.
- The relationship between antibiotic resistance and the environment was
highlighted in the commission, which is important for future work, Charlotte Unger says.
The National Board of Health and Welfare submitted its report to the
government by the end of February 2011. The report contains suggestions
for the development of strategies against antibiotic resistance and healthcare-related infections, and describes goals for the external environment.
Among the goals are that releases to the external environment of antibiotics
and other substances with antimicrobial activity, such as resistant bacteria
and resistance genes, shall not pose risks to humans and animals; that the
knowledge about the presence of resistance genes and antibiotics in the
Swedish environment should be continuously updated; and that the government should contribute to the development of global environmental certification and emission limits for the manufacturing of antibiotics.
- It is incredibly important that MistraPharma, in the next phase, expands
its programme to include the important issue of antibiotic-resistant bacteria,
Charlotte Unger says.
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The national pharmaceutical strategy
In 2009, the Ministry of Health and Social Affairs appointed a so-called
high-level group to investigate the feasibility of a national pharmaceutical
strategy. The MPA Director-General Christina Åkerman has been part of the
high-level group together with representatives from the Ministry of Health
and Social Affairs, the Dental and Pharmaceutical Benefits Agency (TLV),
the National Board of Health and Welfare and the Swedish Association of
Local Authorities and Regions (SKL). A project group with similar representation has retrieved basic information for the high-level group.
The report “National pharmaceutical strategy? - A pilot study” was presented in June 2010. The pilot study suggested the vision “Correct use of pharmaceuticals for the benefit of patients and society” and five long-term goals:
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1. World-class medical results and patient safety in the pharmaceutical area
2. Equality in healthcare
3. Cost-effective use
4. Attractive environment for innovation of products and services
5. Minimal negative environmental impact
Furthermore, the work was organised around a number of strategic focus
areas: patient safety in pharmaceutical use, an end to development or
dissemination of antibiotic resistance, reduced inequalities in pharmaceutical use, sustainable development, and an optimal pricing and prioritisation
model. The work is now continuing to identify which areas of sustainable
development the national strategy should focus on. The strategy will be
presented by the summer of 2011.
As part of the work with a national pharmaceutical strategy, the government
has appointed the MPA to lead the coordination and collaboration between
all parties involved in the pharmaceutical area in Sweden through a Centre
for the Improved Use of Medical Products.

Knowledge and trust makes Sweden an international leader
Within the EU, pharmaceutical issues have so far been handled by the
Directorate General for Enterprise (DG Enterprise), but will from now on
be handled by the Directorate General for Health and Consumer Protection
(DG Sanco), which Charlotte Unger welcomes:
- We hope it will provide an increased understanding that good public
health is dependent on a healthy environment, she says. The challenge for
all of us, regardless of if we work for government agencies, industry, health
care and so on, is to continue to work for cooperation concerning the
environment and pharmaceuticals and the health sector. In Sweden we have
come a long way, which constitutes a good foundation for the continued
work internationally and within EU.
The collaboration between DG Sanco and the Directorate General Environment (DG Env) has been intensified regarding environmental aspects on
pharmaceutical issues. In the next step, the European Commission plans to
invite all the environmental and health ministries within EU to widen the
discussions in the area.
- The credibility increases when more countries are involved in the discussion. Since Sweden has gained so much trust in both the pharmaceutical
37

issue and the environmental management within the EU, I would like us
to use that trust to pursue a sustainable development for pharmaceuticals,
Charlotte Unger says.
In 2009, the EU adopted its Strategy for the Baltic Sea Region. The strategy
aims to stimulate collaboration between the participating countries and
strengthen a sustainable development of the Baltic Sea region. An action
plan with 15 prioritised areas and around 80 projects is associated with the
strategy. One of the projects – ”Make the Baltic Sea Region a Lead in Sustainable Development for Pharmaceuticals” concerns pharmaceuticals. The
project is led by the Swedish MPA and Charlotte Unger. HELCOM (the Helsinki Commission) has also taken initiatives in the area through the
ministerial declaration in Moscow in 2010. As in the Baltic Sea Strategy the
need for a network and environmental monitoring of the presence and
effects of pharmaceuticals are mentioned. The ministerial declaration also
addresses the need for measures against the development of antibioticresistant bacteria from an environmental perspective.
- We will lead a collaboration that combines both initiatives, Charlotte Unger
says. The collaboration will begin in September 2011 and will run for three
years. If we can gain understanding for the message that a good public
and animal health is dependent on a good external environment, and get
a continued generation of knowledge, through for example a phase two of
MistraPharma, I think we have great potential to succeed.
In recent years, the production of pharmaceuticals has been increasingly
moved outside the Swedish borders to countries like China and India. The
MPA is trying to develop partnerships with these countries to exchange
knowledge and raise issues such as sustainable development of pharmaceuticals.
- We work primarily with countries where agreements already exist between
the governments of Sweden and of the countries in question on working
with health issues, Charlotte Unger says. What we are trying to do is to
create new agreements at the agency level that focus on the pharmaceutical
area. During 2010 collaboration was initiated with the medical products
agencies of India, China, Brazil, and the United States. In the autumn of 2011
we will for example conduct follow-up meetings with the aim to conclude
the work on the agreements and start an active collaboration between the
staff of the agencies. A prioritised issue for Sweden in the agreements is
sustainable development, an issue which also motivates a discussion of
MistraPharma’s research results.
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Charlotte Unger believes that it is important that Sweden is a driving force
both in EU and internationally.
- It’s a role we must take on, based on our vast knowledge and the great
trust we have in this area. The trust, together with the knowledge we have
from MistraPharma, gives us a unique position that will support us in a
coordinative, supportive and proactive leadership in this area.
- I think you have to be a bit brave, to challenge previous conceptions when
entering new areas, she continues. The government has pointed out the
direction for us. We have an important role in our mission to act supporting
and promoting and the challenge for us is to take on that role and to
continue to increase our trust.

Representation in MistraPharma
The board
Charlotte Unger, scientific director environment at the Medical Products
Agency, Chair of the MistraPharma board
The reference group
Luisa Becedas, Non-clinical assessor at the Medical Products Agency
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Pharmaceuticals as part of the environmental
quality objective A Non-toxic Environment

”What we especially appreciate with MistraPharma is the attention that they’ve
managed to create around the issue of pharmaceuticals and the environment.”
Nils-Gunnar Lindquist, the Swedish Chemicals Agency

Pharmaceuticals have specific properties, but they are also chemicals. The
Swedish Chemicals Agency is responsible for the environmental quality
objective A Non-toxic Environment and is now working to highlight the
issues surrounding pharmaceuticals in the environment. But in order to
tackle pharmaceuticals in the environment more knowledge, as well as
policy initiatives, are needed.
Urban Boije af Gennäs, investigator at the Swedish Chemicals Agency
(KemI), says that pharmaceuticals and the environment have been part of
the discussion as a potential problem for a long time, but that time may not
have been ready for more concrete initiatives until now.
- Arguments have to be based on knowledge and research. The national
conditions have changed now that the Medical Products Agency has increased its involvement in the issue. It is very important and welcome that
the work is focusing on generating better knowledge while at the same time
considering how the regulatory framework can be developed.
KemI’s Head of Research and Development Nils-Gunnar Lindqvist
emphasises that KemI greatly benefits from the research conducted within
MistraPharma:
- We have already seen exciting results, such as the latest studies from Uppsala University which showed that frogs are very sensitive to progestins in
the environment (Kvarnryd et al, 2011).
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Facts about the Swedish Chemicals Agency (KemI)
• The central authority responsible for chemicals control, gives support to
municipalities and county councils in their chemical control
• Responsible for the environmental quality objective A Non-toxic
Environment
• Limits chemical risks, through for example dialogue with industry
• Participates in EU-wide efforts to assess, classify and label hazardous
chemical substances and preparations, but also works with other
implementations of the existing legislation

Pharmaceuticals within A Non-toxic Environment
In 1999, the Swedish Parliament decided on fifteen national environmental
quality objectives (a sixteenth was added in 2005) to be achieved within one
generation. One of the objectives is A Non-toxic Environment, which had its
wording updated in June 2010 and now reads:
The occurrence of man-made or extracted substances in the environment must not
represent a threat to human health or biological diversity. Concentrations of nonnaturally occurring substances will be close to zero and their impacts on human
health and on ecosystems will be negligible. Concentrations of naturally occurring
substances will be close to background levels.
The Swedish Chemicals Agency, which is the responsible authority for
A Non-toxic Environment, is currently reviewing the clarifications to the
objective and will propose revisions and updates. Milestones and strategies
are linked to each of the environmental quality objectives. These shall be
set by the Swedish All-Party Committee on Environmental Objectives
(Miljömålsberedningen). The committee’s task includes in particular looking
at areas where several goals overlap and opportunities exist for synergies.
In its draft action plan the committee proposes a strategy for A Non-toxic
Environment, including pharmaceuticals and the environment.
- We have provided the Swedish All-Party Committee on Environmental
Objectives with materials of various kinds where we, among other things,
have pointed out that pharmaceuticals in the environment are part of
A Non-toxic Environment, says Urban Boije af Gennäs. By making it clear
that the area is an important part of the environmental quality objective, it
can be given higher priority by both government agencies and industries.
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Politically entrenched goals and strategies may be particularly important in
areas such as pharmaceuticals and the environment, which span over several
authorities’ areas of responsibility. If goals are missing, there is always a risk
that an issue falls between stools and gets low priority. Properly designed,
objectives and strategies increase the incentives for partnerships among
different stakeholders.
Nils-Gunnar Lindquist believes that if we are to achieve the goal of a nontoxic environment, all involved must take their responsibility:
- Although the Medical Products Agency has the responsibility for pharmaceutical products, KemI has an overall responsibility for A Non-toxic Environment. Pharmaceuticals are in a way specific, since they have a mechanism of action in humans and animals, but they are also chemicals like
other substances, he says.
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Both knowledge and political will are needed
Urban Boije af Gennäs describes the lack of knowledge as a limiting factor
for setting targets and for developing concrete action plans. But he stresses
that it is also important that the issue is raised at the political level, not only
within the Ministry of the Environment but also for example the Ministry of
Health and Social Affairs:
- The issue of antibiotic resistance is an example of where more policy
initiatives have been taken than with pharmaceuticals and the environment. Here, Strama, the Strategy Group for Rational Use of Antibiotics and
Reduced Antibiotic Resistance, has played an important role. Strama is an
advisory body, linked to the Swedish Institute for Communicable Disease
Control, which has worked very hard to raise the issue and spread knowledge and commitment. Similar initiatives have so far not existed for pharmaceuticals and the environment in general.
- What we especially appreciate with MistraPharma is the attention that
they’ve managed to create around the issue of pharmaceuticals and the
environment, says Nils-Gunnar Lindquist. As an example we have the
studies by Joakim Larsson where we clearly can see that Sweden’s consumption affects other countries (Larsson et al, 2007; Fick et al, 2009; Kristiansson
et al, 2011). It is valuable for us to participate in the programme and it helps
us in our work.
Both Urban Boije af Gennäs and Nils-Gunnar Lindquist highlight the
Medical Products Agency’s effort to raise questions about pharmaceuticals
and the environment. KemI has been involved in, and contributed to, the
work of the Medical Products Agency, and according to Urban Boije af
Gennäs, KemI can continue to help them:
- We have extensive experience in chemical legislation that could be useful
in the work that has now been initiated concerning pharmaceutical legislation, he says. KemI could play an important role here.
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Representation in MistraPharma
The board
Nina Cromnier, director-general at the Swedish Chemicals Agency
The reference group
Nils-Gunnar Lindquist, head of Research and Development at the Swedish
Chemicals Agency
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The pharmacies’ contribution to a
sustainable use of pharmaceuticals

”MistraPharma has provided us with very valuable research on how
pharmaceuticals affect the environment. It is important work if we are to
influence in a positive direction.”
Cecilia Marlow,
the Swedish Pharmacy Association

Pharmacies provide pharmaceuticals and can therefore affect the use
pattern, and collect the customers’ leftover pharmaceuticals to prevent
them from ending up in the environment. The actors on the new Swedish
pharmacy market would like to be able to offer their customers a more
sustainable selection of pharmaceuticals, but such opportunities are currently limited.
The Swedish Pharmacy Association is newly established, and has during its
first year focused on bringing the good aspects of the old pharmacy market
into the new market.
- An example from the environment area is that we have an adequate system
for collecting leftover pharmaceuticals from the public, says Cecilia Marlow,
chairman of the Swedish Pharmacy Association and CEO of Kronans
Droghandel. We have also approved the Medical Products Agency’s
proposal to tighten the environmental requirements in the manufacturing of
pharmaceutical products and active ingredients.
- The former monopoly was actively involved in the environmental field and
contributed to make Sweden a leading country in this area. Ensuring that the
Swedish pharmacy market will continue to develop these aspects is an
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Facts about the Swedish Pharmacy Association
• Trade association for pharmacy operators on the Swedish market
• 11 member companies operating over 1120 pharmacies
• Represents member companies in contacts with politicians, authorities,
state agencies and other decision makers
• Works with and develops quality aspects and patient safety
important role for the Pharmacy Association, says Inger Näsman, quality
director at Kronans Droghandel and member of the Swedish Pharmacy Association’s Quality Council.
The Swedish Pharmacy Association’s Quality Council deals with environmental matters. For them, MistraPharma’s research has been very helpful
when pursuing issues which aim to minimise the environmental effects of
pharmaceuticals.
- A scientific foundation that generates knowledge is required, Inger Näsman says. The pharmacy association and its members do not have that
competence. MistraPharma is an excellent resource which coordinates various scientific institutions in these matters. To lean against MistraPharma
feels safe also because it is an association of neutral institutions that do not
represent any special interests.
-MistraPharma has provided us with very valuable research on how pharmaceuticals affect the environment, Cecilia Marlow agrees. It is important
work if we are to influence in a positive direction. It is also important that
regulators and authorities provide us, the operators, with the proper conditions so that we can take responsibility when it comes to pharmaceuticals
and the environment.

Working towards a “greener” product range
The Swedish Pharmacy Association and its members are interested in developing the product range in a sustainable direction. Pharmacies have an
obligation to provide all prescribed pharmaceuticals and it is therefore not
possible to change a large share of the product range. Instead of the consumers choosing their products, the Medical Products Agency and the Dental
and Pharmaceutical Benefits Agency (TLV) decides on the product range
and on reimbursements.
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- No aspects of sustainability are taken into account in that decision and the
origin of the pharmaceuticals is classified information, Cecilia Marlow says.
- To increase our influence on the product range, to get the authorities to act
on the basis of sustainability, and to allow the sustainability aspect to affect
our product range is both the greatest challenge and the greatest possibility
in this area, Inger Näsman continues. A possible solution could be a system
where the customer pays for the additional cost for environmentally classified pharmaceuticals.
Apoteket AB is also interested in developing a “green line”.
- An important role for Apoteket AB is to convey information about environmental effects of pharmaceuticals, to convey customer desires about sustainable products to suppliers and authorities, and to develop a “green line”,
says Bo Gunnarsson, Apoteket AB Group Coordination.
- MistraPharma is a source of knowledge for Apoteket AB with regard
to pharmaceuticals and the environment, Bo Gunnarsson continues. This
source of knowledge is particularly important because some pharmaceutical
competence has moved from Apoteket AB to the Medical Products Agency
with the new pharmaceutical market. We have thus become more dependent
on external contacts within the environmental field.
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Conscious selection of suppliers
Apoteket AB has developed a code of conduct that is used in contracts with
suppliers. Through this, pharmaceutical suppliers undertake to consider
environmental aspects of their operations.
- Our main challenge is to get the code of conduct, with its demands on
environmental consideration, fully implemented at our suppliers, with or
without legislation and government action, Bo Gunnarsson says.
Cecilia Marlow also points to the problem that a pharmaceutical’s origin is
classified information under the current legislation:
- We know that the substances in some of the pharmaceuticals we dispatch
today come from factories with unsustainable production. Efforts from both
politicians and authorities are needed for us to consider different perspectives when choosing suppliers. This is an important issue for the whole
health care sector and not just for pharmacies.

Better use of pharmaceuticals saves money and the environment
Although the collection of leftover drugs from the public works well on the
new pharmacy market, there are improvements to make.
- There are reimbursement rules promoting prescriptions for ninety days,
which leads to unnecessary disposal of pharmaceuticals, Cecilia Marlow
says. We also need to get better at explaining to customers why we need to,
for example, hand in drugs that we do not use.
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Uncorrect use of pharmaceuticals is a major problem for society as well as
for humans and the environment. According to Cecilia Marlow, society’s bill
for drug-related health care costs amounts to 10-20 billion Swedish crowns
per year.
- Pharmacies could be a resource by improving adherence and reducing uncorrect use since we are those who actually face the customers in everyday
life, Cecilia Marlow says.
As examples of what could be done Cecilia Marlow mentions starter packages, environmental standards from TLV concerning the manufacturing of
pharmaceuticals and substances, the opportunity to get the same brand of
generic drug for a longer time, and blister packs that are easy to handle.
- The challenge is to get everyone to go that extra mile in order to reach
further, Cecilia Marlow says.

Representation in MistraPharma
The reference group
Inger Näsman, quality director at Kronans Droghandel and a member of the
Swedish Pharmacy Association’s Quality Council
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Environmental considerations in procurement
and prescription of pharmaceuticals

”MistraPharma’s various projects regarding identification of pharmaceuticals in
waters and streams are important for us. Such data are currently not available and
we need them for our future work.”
Lars Lööf, Västmanland County Council

The health services in Sweden can, through the county councils, influence
which pharmaceuticals that are prescribed and thereby which pharmaceutical substances that reach the environment. The Swedish drug and
therapeutics committees establish treatment recommendations for
prescribers and can take the environment effect of a substance into
account in their considerations. The county councils also have several
networks to coordinate their environmental activities.
In Sweden’s 20 county councils there are drug and therapeutics committees
that in cooperation with specialists establish recommendations and so-called
“wise lists”. Both individual drug and therapeutics committees and the network organisation LOK are working with issues regarding environmental
effects from pharmaceuticals and therefore benefit from MistraPharma’s
work:
- MistraPharma’s various projects regarding identification of pharmaceuticals in waters and streams are, together with the approach to identify a
number of high-risk substances based on their chemical and other properties, important for us, says Lars Lööf, deputy chairman of the Västmanland
County Council Drug and Therapeutics Committee. Such data are currently
not available and we need them for our future work.
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Facts about the county councils
• The 20 county councils are responsible for the healthcare in Sweden
• Since 1997, each county council has at least one drug and therapeutics
committee working for “a rational and reliable use of pharmaceuticals”
• The drug and therapeutics committees formulate for example treatment
recommendations and implements them among prescribers and other
health care professionals
• The recommendations of the drug and therapeutics committees are based
on established experience and scientific evidence
• The Swedish drug and therapeutics committees collaborate in the
Swedish Drug and Therapeutics Committees network (LOK)

The county councils’ drug and therapeutics committees
The drug and therapeutics committees disseminate knowledge about the environmental effects of pharmaceuticals in many different contexts, through
their newspapers to prescribers and also to the public. One example is, according to Lars Lööf, the Västmanland County Council’s health information
days held in conjunction with Västerås Municipality:
- There we also address the issue of unnecessary use of pharmaceuticals as
part of our efforts to reduce leftover drugs and cassation, he says. The event
tends to gather around seven to eight hundred people.
The network organisation for the Swedish Drug and Therapeutics Committees (LOK) has had environmental effects of pharmaceuticals on their
agenda for several years, and the MistraPharma programme director Christina Rudén recently presented the latest research results at a LOK meeting.
- MistraPharma creates a network between researchers and other stakeholders in this area, including representatives from the healthcare sector and
county councils, says Lars Lööf. This enables evidence-based and balanced
communication of these issues to the healthcare sector and the public.
Lars Lööf also highlights the Pharmaceutical Book (Läkemedelsboken) as
an example of collaboration between researchers and the health care sector.
The Pharmaceutical Book, which has been published every second year since
1977, is Sweden’s most widely distributed book on the treatment of diseases
and it is aimed primarily at doctors, nurses and pharmacists. Nowadays the
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book is freely available on the web. In the latest edition (2009-2010) a chapter on pharmaceuticals in the environment was included. The chapter was
authored by Åke Wennmalm, Stockholm County Council, and Bo Gunnarsson, Apoteket AB. In the forthcoming book for 2011 Lars Lööf has written
a chapter on pharmaceuticals in the environment together with the MistraPharma researcher Joakim Larsson.
- It is a good example of how researchers and the health care sector can
jointly work on the issue and disseminate information, says Lars Lööf.
During 2011 LOK will, with chairman Stephen Quittenbaum as representative, participate in the further development of the national pharmaceutical
strategy.

Clear visions and established networks
Several county councils have visions and strategies concerning pharmaceuticals and the environment. The Stockholm County Council is one of the
county councils which have worked with this issue for a long time. Their
appealing vision of pharmaceuticals and the environment is “The county
council’s activities do not provide any environmentally harmful pharmaceutical residues to the soil, water or air”. The concrete goal for 2011 is that the
levels of the most environmentally harmful pharmaceuticals in emissions
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from sewage treatment plants or in surface water should be lower than in
2005. Over the years, the Stockholm County Council has worked extensively on education, leftover drugs, “wise lists” and regular sampling of the
aquatic environment.
The Västra Götaland County Council also has a far-reaching vision regarding pharmaceuticals and the environment: “Västra Götaland shall, without
affecting the benefit to patients, minimise the environmental impact of pharmaceuticals”. In 2009, both a strategy and a detailed action plan for how to
reduce the effects of pharmaceuticals on the environment were adopted.
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Both the Västra Götaland and the Stockholm County Councils now include
demands on environmental consideration in production when procuring
pharmaceuticals.
In order to facilitate the exchange of knowledge and experience between the
various county councils, a national network was established in 2009. The
network was initiated by Siv Martini at the Stockholm County Council and
Theres Olsen at the Uppsala County Council.
- The aim is to jointly find practical strategies for continued work on the effects of pharmaceuticals, but also to get inspired, share ideas and make new
contacts, says Siv Martini. We follow MistraPharma’s research with great
interest and are keen to include the latest advances in our information to
physicians and others.
Siv Martini says that she especially looks forward to the ecotoxicological
data based on the substances’ mode of action, for example the cumulative
environmental effects of different pharmaceuticals for cardiovascular disorders.
-With better environmental data we can be tougher in our measures for the
environment. We also think it is extremely important to get unbiased environmental information on pharmaceuticals.
The environmental managers in the Swedish county councils also work
together in a network (Environmental Managers of the County Councils,
LMC), whose purpose is to interact, share experiences and highlight important common issues in relation to authorities in Sweden and Europe.
- Research programs like MistraPharma are incredibly important and exactly
what we need in our work when we, for example, set environmental standards for procurement, says Annika Christensson, environmental manager
at Blekinge County Council and chairman of the LMC.
Annika Christensson says that the county councils have become better at
taking environmental consideration when prescribing, that their cassation
has been reduced and that they now monitor their emissions.
- However there is still an over-prescription and estimates from the Swedish
municipalities and county councils tell us that ten percent of the emergency
admissions at the country’s medical clinics are related to improper use of
pharmaceuticals. So there is room for improvement, she says.
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Environmental classification of pharmaceuticals
With Åke Wennmalm, then the environment director, in the lead, the Stockholm County Council, together with Apoteket AB, developed an environmental classification system for pharmaceuticals in 2003. The system is based
on some of the pharmaceuticals’ properties: persistence (P), bioaccumulation
(B) and (eco)toxicity (T). Each substance is assigned a number from 0 to 3 for
each property, where 3 is the worst. The PBT classification is therefore based
on the intrinsic properties of the substance and not on risk, as opposed to the
environmental classification on fass.se. The PBT classification of pharmaceuticals is available in swedish on the webpage janusinfo.se and is also published annually in printed form along with the environmental information
from LIF (page 26).
The drug and therapeutics committees are considering the environmental
aspects in their recommendations, based on the above environmental classification, when possible.
- In time, the environmental classification may contribute to a shift in what
is being prescribed and consumed towards more environmentally friendly
alternatives, Lars Lööf says. However, not all county councils have come as
far as the Stockholm County Council with regard to taking the environment
into consideration in a structured way.
In order to disseminate knowledge about the environmental classification
many county councils organise regular information meetings and training
courses. It is also discussed how the classification can be used when prescribing and how the results are weighed in the drug and therapeutics committees’ recommendations.
- At the moment we focus on raising the general knowledge, Stephan Quittenbaum says. We are looking forward to more specific knowledge, so we
can start to make a difference.
- Yes, we are preparing the ground to take care of new knowledge from
initiatives like MistraPharma, Lars Lööf says.
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Representation in MistraPharma
The board
Åke Wennmalm, former environmental director of the Stockholm County
Council
The reference group
Annika Christensson, environmental director in the Blekinge County
Council
Lars Lööf, deputy chairman of the Drug and Therapeutics Committee of the
Västmanland County Council
Theres Olsen, project manager at the Environmental and Chemical unit in
the Uppsala County Council
Stephan Quittenbaum, chairman of the Drug and Therapeutics Committee
of the Kronoberg County Council and chairman of the Swedish Drug and
Therapeutics Committees network (LOK)
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Minimising the releases of pharmaceuticals
to Swedish waters

”There is a good spirit of cooperation within MistraPharma and also good relations
within the reference group. It is not difficult for me to pick up the phone and call
anyone in this network.”
Anders Finnson,
the Swedish Water & Wastewater Association

Many pharmaceuticals are persistent and therefore pass largely straight
through the wastewater treatment plants. Research concerning which
pharmaceuticals that need to be removed and what additional technologies that could remove them from the wastewater is underway, but how
much extra energy consumption is acceptable and how much are we
willing to pay for the technology?
Sweden has a good supply of high-quality raw water and the wastewater treatment is perhaps one of the most developed and sustainable in
the world, capable of meeting strict effluent standards. The water works
produce about 1 million cubic meters of drinking water each year and the
wastewater treatment plants treat about 1.5 million cubic meters of wastewater from households and industries. The effluent standards for treated
wastewater are among the most far-reaching in the world.
But despite the high standards, many pharmaceutical substances pass
through the wastewater treatment plants and enter the aquatic environment.
This is because pharmaceuticals are designed to be persistent in order to stay
in the human body long enough to produce an effect.
- We want to help find ways not to get the pharmaceutical residues to the
treatment plants and/or find energy-efficient and affordable wastewater
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Facts about drinking water treatment and wastewater
treatment in Sweden
• Sweden has more than 1750 municipal water works, which together
supply more than 90 percent of the population with clean drinking water
• The municipal water works produce 160 liters of drinking water per
person per day, plus water to industry and services: in total about 1000
million cubic meters per year
• Sweden’s 2000 municipal wastewater treatment plants process almost 1.5
million cubic meters of water per year
• Wastewater treatment includes physical, biological and chemical
techniques
• The total cost for Sweden’s water supply and wastewater treatment is
about 15 billion Swedish crowns per year
treatment solutions, says Anders Finnson, deputy CEO of the trade association the Swedish Water & Wastewater Association (SWWA).

Cooperation and networks
SWWA coordinates collaborations and knowledge-sharing, and supports
technology development and design of new water and wastewater solutions.
Sustainable thinking and high health and environmental standards are part
of the work, which evidently includes the issue of pharmaceuticals.
- We see MistraPharma as an incredibly important link in the work with
pharmaceutical residues and our ambition to maintain a high standard of
wastewater treatment and drinking water production, Anders Finnson says.
A concrete example of the benefits for SWWA of the cooperation with
MistraPharma was when Dagens Nyheter on March 16, 2010, wrote about a
scientific paper published by MistraPharma researchers. The researchers
had shown that several pharmaceutical residues are transferred from water
to fish, and that the concentrations in undiluted wastewater could cause infertility in fish (Fick et al, 2010). The MistraPharma researchers had informed
the board and the reference group of the results before the press release was
issued, which gave SWWA the opportunity to put together an internal press
release to the Swedish water service companies.
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- Our members had SWWA’s press release at half past eight that morning
which meant that they were prepared when the local newspapers began to
call, Anders Finnson says. It’s very good to have the possibility to quickly
prepare and spread new knowledge in order to achieve a better discussion.
- There is a good spirit of cooperation within MistraPharma and also good
relations within the reference group, Anders Finnson says. It is not difficult
for me to pick up the phone and call anyone in this network.
In January of 2011, SWWA organised a one-day seminar together with
MistraPharma in order to point out upstream activities that can be used
already today to reduce the load of pharmaceuticals in the Swedish aquatic
environment. Upstream measures include everything that happens before
the pharmaceuticals end up in the wastewater treatment plants. Issues discussed included the collection of leftover pharmaceuticals on the new Swedish pharmacy market and how environmental considerations can be incorporated in the reimbursements system for pharmaceuticals. Several speakers
emphasised the need for extensive cooperation between various public
bodies and activities, for example between the Ministries of the Environment
and of Health and Social Affairs, and between authorities, county councils,
pharmacies, and trade associations. Those who attended the seminar agreed
that it was time to develop a closer cooperation among them, but that more
knowledge is also needed.
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SWWA also works internationally to disseminate Swedish expertise on water services, for example during meetings within the European Federation of
National Associations of Water and Wastewater Services, EUREAU. Anders
Finnson has described MistraPharma and presented research findings from
the programme at several such meetings.
- We are part of a knowledge process. Thanks to MistraPharma we have
important information on pharmaceuticals and the environment and are
able to exchange information with other countries. Sweden has a high level
of credibility and there is great interest in this area.

The Water Framework Directive
One part of SWWA’s work in Europe concerns the Water Framework Directive, which was adopted by the EU member states in 2000. For Sweden, the
directive resulted in several legislative changes and in the establishment of
five water districts (Bothnian Bay, Bothnian Sea, Northern Baltic Sea, Southern Baltic Sea, and Skagerrak and Kattegat water districts).
In each water district, a river basin district authority is responsible for managing the quality of the aquatic environment. Lennart Sorby, Director at the
Swedish Water Authority of the North Baltic River Basin district, describes
the intentions of the directive:
- Since water often crosses both municipal and state borders, it is essential
that we all work together to enable a good supply of clean water. All European citizens should take better care of the water resources to avoid the risk
of lowered living standards for future generations.
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The Water Framework Directive also includes the establishment of an EUlevel priority list of substances for which maximum levels in the aquatic environment are stated. The priority substances are selected among substances
that pose a significant threat to the aquatic environment. SWWA participates
in the European Commission’s work with the list and has, thanks to MistraPharma, had the opportunity to comment on pharmaceuticals and levels
that may be of interest.
- We can make interesting contributions when we see that the European
Commission has proposed completely different substances and concentration limits, Anders Finnson says. We can create a dialogue about new substances in the Water Framework Directive.
- Sweden has a vision of being progressive in terms of chemicals legislation and the work with chemicals and we now take the next step, Anders
Finnson continues. We get a lot of credibility when we have reliable knowledge early on.

Removal of pharmaceuticals comes at a cost
During 2005-2009 the project “Pharmaceuticals - Presence and effects in the
aquatic environment, preventive measures and possible treatment methods”
was carried out in Stockholm. 96 pharmaceutical substances were analysed
in raw water, drinking water, incoming and outgoing wastewater, and in a
gradient in the Stockholm archipelago where the treated wastewater ends
up. About 75 pharmaceutical substances were found in both incoming and
outgoing wastewater. This implicates that the substances passed through the
wastewater treatment plants, although in most cases the levels were lower
in the effluents. Some substances were found far out in the archipelago,
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while others were almost completely eliminated in the wastewater treatment
plants.
In a subproject, new complementary treatment technologies were tested to
see if they could remove pharmaceutical residues from the wastewater. The
most effective techniques were activated carbon filtration, oxidation with
ozone, and reverse osmosis, which could remove over 95 percent of the residues that remained after the regular treatment steps. Other techniques tested
included UV light in combination with hydrogen peroxide, biofilters, and
nanofiltration. Ecotoxicological tests were performed to ensure that the most
promising treatment technologies did not result in environmentally harmful
byproducts.
Taken together, activated carbon filtration and ozonation were judged to be
the best practices. However, further treatment of the wastewater increases
the energy and resource consumption and thereby entails increased costs.
The project estimated that the total costs for water and wastewater services
in Sweden would increase by 1.2 to 5.7 billion crowns per year with additional treatment steps, which corresponds to an increase of the average
local tariff by 10-40 percent. The energy consumption was also estimated to
increase significantly, between 50 and 200 percent.

Future work
Anders Finnson believes that future measures to reduce the levels of pharmaceuticals in the aquatic environment should not be limited to improved
wastewater treatment alone, given the technical difficulties, the higher
energy consumption and the elevated costs. An increasingly important part
of the work is instead upstream actions such as, for example, sustainable use
of pharmaceuticals.
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- We are engineers, and can probably develop and implement virtually any
technology, but it would be in association with increased energy consumption and at high costs. Is that environmentally, economically and socially acceptable? We feel it is important to create an understanding that we cannot
take care of all substances in the wastewater treatment plants, in many cases
it is instead more energy-efficient and sustainable to address environmental
problems at their source, he says.
Cajsa Wahlberg, environmental chemist at Stockholm Vatten, the Stockholm
Water Company, and project manager for the pharmaceutical project, agrees
that the energy and resource usage for each additional purification step in
the wastewater treatment should be weighed against the benefit that the
further treatment would have before any decisions are taken.
- An important question is therefore which risk pharmaceuticals represent
to the environment. Today there is a lack of knowledge in this area and we
hope MistraPharma will generate this knowledge, she says.

Representation in MistraPharma
The board
Lena Söderberg, CEO of the Swedish Water & Wastewater Association
(SWWA)
The reference group
Berndt Björlenius, research engineer at Stockholm Vatten
Anders Finnson, deputy CEO of SWWA
Nicklas Paxéus, environmental chemist at Gryaab
Lennart Sorby, director at the Swedish Water Authority of the North Baltic
River Basin district
Cajsa Wahlberg, environmental chemist at Stockholm Vatten

Referenser
Fick J, Lindberg RH, Parkkonen J, Arvidsson B, Tysklind M and Larsson DGJ (2010) Therapeutic
levels of levonorgestrel detected in blood plasma of fish: results from screening rainbow trout
exposed to treated sewage effluents. Environ Sci Technol 44: 2661-2666.
Wahlberg C, Björlenius B and Paxéus N (2010) Läkemedelsrester i Stockholms vattenmiljö Förekomst, förebyggande åtgärder och rening av avloppsvatten. Slutrapport. Stockholm Vatten
AB, Stockholm, ISBN: 978-91-633-6642-0.

67

8

68

Monitoring pharmaceuticals
in the environment

”It is valuable to us that MistraPharma develops analytical methods and methods
for measuring the effects of pharmaceuticals, because we don’t have that.”
Britta Hedlund,
Environmental Protection Agency

The Environmental Protection Agency shall ensure that the environmental legislation is implemented in an appropriate and proper manner, for
example by using the best technologies in wastewater treatment plants.
They are also responsible for monitoring the state of the environment.
Therefore, the presence and the concentrations of different pollutants,
including pharmaceuticals, are measured in order to observe changes.
Accurate and timely knowledge is essential for the work.
The Environmental Protection Agency has been tasked to ensure that the
environmental policies are implemented in a proper and effective way, but
also to develop the politics. The vision is “a good environment for humans
and all living things, now and for future generations”. Activities are primarily directed towards authorities, municipalities, businesses and organisations.
- In our role as an authority we provide guidance and report on the state
of the environment, says Britta Hedlund at the Environmental Protection
Agency. It is important to continuously acquire new knowledge. MistraPharma contributes in the field of pharmaceuticals and the environment, an
area where we still lack a lot of information.
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Facts about the Environmental Protection Agency
• The world’s oldest environmental agency
• Mandate to ensure that the environmental policy decisions are
implemented
• Provides guidance, allocates resources to various environmental
initiatives, produces knowledge and reports on the state of the
environment

Environmental monitoring of pharmaceuticals
The Environmental Protection Agency coordinates the national environmental monitoring, where they are responsible for following up the state of our
environment. In the context of environmental monitoring repeated measurements of a number of substances in various places in Sweden is included.
The results provide knowledge about the state and changes in the environment. Screenings are also conducted to identify new substances for monitoring. During screening, one or several substances are measured on one or a
few occasions in different places and in different sources, such as wastewater, air, or fish.
During recent years, the screening has included several pharmaceutical
substances such as hormones, painkillers, antibiotics, antiinflammatory
drugs, sedatives and antidepressants. The work by MistraPharma has
contributed to this:
- This year we have expanded our screening of pharmaceuticals in environmental samples, says Britta Hedlund. MistraPharma’s researchers in
Umeå are, together with IVL the Swedish Environmental Research Institute,
helping us to run a greater number of pharmaceutical compounds using the
analytical methods developed within MistraPharma.
- There are many different substances to keep track of in the wild, it’s not
just pharmaceuticals, Britta Hedlund continues. It’s valuable to us that
MistraPharma develops analytical methods and methods for measuring
the effects of pharmaceuticals, because we don´t have that.
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Knowledge gives the opportunity to make demands
In December 2005, the Swedish Government commissioned the Environmental Protection Agency to investigate what happened to pharmaceuticals
in wastewater treatment plants. The report “The ability of wastewater treatment plants to take care of pharmaceutical residues and other hazardous
substances” was submitted to the government in January 2008. The report
concluded that wastewater treatment plants are not designed to remove
pharmaceutical residues.
- Today’s wastewater treatment plants do not remove all of these substances,
explains Linda Gårdstam at the Environmental Protection Agency who took
part in the working team. Knowledge of the effects on the environment and
the available knowledge on appropriate wastewater treatment plant technology will allow us to apply the legislation even better. Initiatives like MistraPharma are important.
Ultimately Linda Gårdstam would like MistraPharma to contribute to the
implementation of the legislation.
- I work with wastewater treatment plants and need to know which
demands I can put on them. We have a legislation that allows me to require
the best available technology, but then I must also know what the best
available technology is, she says. It is good that MistraPharma sees the full
picture and includes research on wastewater treatment plants.
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- But we do not want to make unnecessary demands, Linda Gårdstam continues. We therefore need to know more about the environmental impact of
both individual substances and possible interactions of different substances.

Global problem - global discussion
The Environmental Protection Agency is using MistraPharma’s research as
a basis for discussions in various working teams, such as when the Water
Framework Directive and the measurement of environmental effects are
discussed.
- An important role for us is to make use of research results and develop the
implementation of the legislation, but also to get more knowledge about the
effects and what we can demand, says Britta Hedlund.
The Environmental Protection Agency was included in the reference group
for the Medical Product Agency’s government commission on the possibility
of tightening environmental standards for production of pharmaceuticals.
One of the major challenges ahead is, according to Linda Gårdstam, to shift
the focus from Sweden to an international perspective.
- It is sometimes difficult for an authority to have this perspective since responsibility tends to stop at the national border, she says. But the problems
we are talking about are global and we have to use the available knowledge
and research to provide international support. We must make use of the
information generated within MistraPharma.

Representation in MistraPharma
The reference group
Linda Gårdstam, senior advisor with responsibility for wastewater
treatment plants
Britta Hedlund, senior advisor with responsibility for environmental
monitoring
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Contributors
Urban Boije af Gennäs

Biologist and Investigator at the Strategies and Incentives Secretariat,
Swedish Chemicals Agency. urban.boije@kemi.se
Urban is currently responsible for the Swedish Chemicals Agency’s
(KemI) work with clarifications to the environmental quality objective
A Non-toxic Environment and serves on the Environmental Protection
Agency’s working group on the government commission on in-depth
evaluation of environmental quality objectives. He was previously
branch head at KemI. Urban has worked with various environmental
issues, including chemicals, at the Ministry of the Environment for
many years. He has also worked on issues related to infectious disease
control, health and environmental health at the Ministry of Health.

Annika Christensson

Environmental Director, Blekinge County Council.
annika.christensson@ltblekinge.se
Annika has worked with environmental issues on the municipal and
state levels. She is a board member of the Swedish Environmental
Management Council, whose main task is to be the government’s expert
authority on environmentally sustainable procurement. Annika is also a
chairman of LMC, the network of Sweden’s county councils’ environmental directors. Member of the MistraPharma reference group.

Anders Finnson

Deputy CEO, the Swedish water & Wastewater Association
(SWWA). anders.finnson@svensktvatten.se
Anders holds a Master of Science in Civil Engineering and a Licentiate
degree in Process Technology for Wastewater Treatment Plants. He has
a background from the Swedish Environmental Protection Agency and
Stockholm Vatten. During the last 10 years, he has worked to prevent
hazardous and persistent chemicals to enter our treatment plants or our
rivers, for example, by pursuing these issues with Swedish authorities
and trade associations, within the European Union and within the European Federation of National Associations of Water and Wastewater
Services, EUREAU.

Bo Gunnarsson

Dr. of Medical Science, Group Coordination, Apoteket AB.
bo.gunnarsson@apoteket.se
Bo also holds a Master of Science in Pharmacy and has since 1971 held
various positions at the Swedish pharmacy market. He has published
several scientific reports in the fields of medicine, pharmacy and the
environment. During the years 1999-2009 he was the environmental
coordinator at Apoteket AB with a focus on pharmaceuticals in the
environment
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Linda Gårdstam

Senior Advisor with responsibility for wastewater treatment plants,
the Swedish Environmental Protection Agency.
linda.gardstam@naturvardsverket.se
Linda is working at the Swedish Environmental Protection Agency
and is responsible for matters relating to sewage treatment plants. This
responsibility includes international affairs, European affairs, licensing, and guidance to regulatory authorities. Research issues and the
development and implementation of environmental policy in this area
are also within the framework of her responsibilities. Linda has worked
with these issues since 2005.

Helene Hagerman

Deputy CEO, Trossa AB. helene.hagerman@trossa.se.
Helene is a biologist specialised in ecotoxicology. She has several years
of experience as a consultant on environment and health, particularly in
procurement, and product evaluations in the pharmaceuticals, cosmetics and food industry. Helene is one of the founders of Trossa AB. She
works in the MistraPharma communication project.

Britta Hedlund

Senior Advisor with responsibility for environmental monitoring,
the Swedish Environmental Protection Agency.
britta.hedlund@naturvardsverket.se
Britta is responsible for the environmental monitoring program related
to health monitoring and some general issues that concerns the monitoring of concentrations of hazardous substances in the environment.
The work includes coordinating the missions that the environmental
monitoring program outsources, contacts with relevant researchers and
research programs, informing about the results, and coordination of for
example the environmental contaminant screening with other Nordic
countries.

Gisela Holm

Ph D, Ecotoxicologist, AstraZeneca. gisela.holm@astrazeneca.com
Gisela is a marine biologist with a focus on ecotoxicology. She works
with environmental risk assessments for pharmaceuticals at AstraZeneca, and environmental issues within the trade association for the
research-based pharmaceutical industry, where she is a member of the
Environmental Committee. Gisela is also working with the distribution
of knowledge on pharmaceuticals in the environment, nationally and
internationally.
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Eva Jakobsson

Associate Professor, Chemist and Researcher, AstraZeneca.
eva.jakobsson@astrazeneca.com
Eva has previously done research on persistent organic pollutants at
the Department of Environmental Chemistry at Stockholm University.
Since 2000, she works with research and development of manufacturing
processes for new pharmaceuticals and also with Green Chemistry at
AstraZeneca. Eva is also working with the distribution of knowledge on
pharmaceuticals in the environment in Sweden.

Nils-Gunnar Lindquist

Veterinarian, Head of Research and Development, the Swedish Chemicals Agency and Adjunct Professor in Applied Toxicology, Faculty of
Pharmacy, Uppsala University. nils-gunnar.lindquist@kemi.se
Responsible for the Swedish Chemicals Agency’s (KemI) research
collaborations. Former Deputy Director-General at KemI, Branch
Head, Unit for Scientific Investigation and Documentation at KemI and
Associate Professor at the former Pharmaceutical Department at the
National Board of Health and Welfare. Nils-Gunnar has worked on assessing risks and hazards of pharmaceuticals and chemicals.

Lars Lööf

Professor, Chief Physician, Västmanland County Council
lars.loof@ltv.se
Lars is deputy chairman of the Drug and Therapeutics Committee
in Västmanland County Council and co-opted member of LOK, the
Swedish Drug and Therapeutics Committees network. Participates in
the Mistra-Pharma reference group since 2 years. Lars is also an adjunct
professor of hepatology at the Centre for Clinical Research in Västerås.

Cecilia Marlow

MBA, President of Kronans Droghandel, Member of the Board of Clas
Ohlson and Hand in Hand Sweden and Chairman of the Swedish
Pharmacy Association. cecilia.marlow@kronansdroghandel.se
Cecilia was recruited to Kronans Droghandel to lead the strategic work
at the prospect of the deregulation of the Swedish pharmacy market
and to build up the central organisation for the future pharmacy operations of the company. Kronans Droghandel acquired 170 pharmacies
and is the third largest pharmacy operator. An important part of the
CSR work within Kronan Droghandel is to work for pharmaceuticals
being manufactured with minimal environmental impact, but also to
improve adherence to the prescriptions that physicians provide.
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Siv Martini

Master of Science in Pharmacy, the Center for Medical Knowledge,
Stockholm County Council. siv.martini@sll.se.
Siv monitors and compiles knowledge about the environmental impact
of pharmaceuticals for distribution to prescribers. She also works with
environmental classification of pharmaceuticals and application of
environmental aspect in the selection to the county council’s lists, the
County Council’s list of recommended pharmaceuticals. Siv initiated,
together with Theres Olsen from Uppsala County Council, the county
councils’ national network for pharmaceuticals and the environment.

Inger Näsman

Quality Director, Kronans Droghandel.
inger.nasman@kronansdroghandel.se
Inger is a member of the Quality Council of the Swedish Pharmacy
Association and contact person for environmental issues. Master of
Science in Pharmacy with experience from pharmacies as well as from
Apoteket AB’s Head Office, the Medical Products Agency and LIF, the
research-based pharmaceutical industry.

Stephan Quittenbaum

Chief Physician at the Medical Clinic, Växjö.
stephan.quittenbaum@ltkronoberg.se
Stephan is clinically active, mainly in internal medicine, diabetes and
renal medicine. He is chairman of the Drug and Therapeutics Committee, Kronoberg County Council and chairman of LOK, the Swedish
Drug and Therapeutics Committees network. As chairman of LOK, he
wants to contribute to that environmental issues are part of their work
and allowed to influence the selection of pharmaceuticals in clinical
practice.

Vendela Roos

Researcher, the Royal Institute of Technology (KTH), Stockholm.
vendela.roos@abe.kth.se
Vendela holds a Ph D in Environmental Toxicology and a degree in
journalism. Her current research in MistraPharma aims to compare
prioritisation methods for pharmaceuticals and to analyse the relative sensitivity of standard and non-standard ecotoxicological tests for
pharmaceuticals. She also works in the MistraPharma communication
project.
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Lennart Sorby

Director, the Swedish Water Authority for the North Baltic River
Basin district, Västmanland County Administrative Board.
lennart.sorby@lansstyrelsen.se.
Head of Unit and responsible for developing goals and measures
for water management in the Northern Baltic Sea Water District (the
Stockholm-Mälaren region), which is the Swedish implementation of
the EU Water Framework Directive. He has worked with various environmental and water issues in county administration boards for over 20
years. Licentiate degree in Geosciences.

Charlotte Unger

Environmental director, the Medical Products Agency.
charlotte.unger@mpa.se
Charlotte holds a Licentiate degree in Medical Science from Karolinska
Institutet. She has worked with environmental issues for over 20 years,
most recently at the Ministry of the Environment and at the Swedish
Representation in Brussels. She has extensive experience working with
international negotiations, including the EU’s new chemical legislation,
REACH. She is responsible for the Medical Products Agency’s strategic
efforts towards a sustainable development, both nationally and internationally. Charlotte is also the chairman of the MistraPharma board.

Cajsa Wahlberg

Environmental Chemist, Stockholm Vatten.
cajsa.wahlberg@stockholmvatten.se
Cajsa works with upstream work, i e measures before wastewater treatment plants, mainly in terms of organic substances and chemicals. She
was the project leader for the Stockholm Vatten project on pharmaceuticals 2005-2010.
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MistraPharma project leaders
Ingvar Brandt

Chair of Environmental Toxicology, Evolutionary Biology Centre,
Uppsala Universiy. ingvar.brandt@ebc.uu.se
Doctor of Veterinary Medicine with a background in pharmacology and
toxicology. Working on mechanisms of enzyme-and receptor-mediated
toxicity of pharmaceuticals and chemicals in vertebrates, particularly
the effects on reproduction, development and the body’s signalling
system.

Magnus Breitholtz

Associate Professor, Department of Applied Environmental Science
(ITM), Stockholm University. magnus.breitholtz@itm.su.se
Magnus’ research is primarily focused on the ecotoxicological effects of
individual chemicals, landfill leachates and sediment on aquatic organisms. A major focus of his research is to improve the tools for environmental risk assessment by developing new testing methods and testing
strategies.

Jes la Cour Jansen

Professor, Department of Chemical Engineering, Lund University.
jes.la_cour_jansen@vateknik.lth.se
Professor at Lund University since 1998. His research focuses on the integration of new processes into municipal wastewater treatment plants.
In recent years the focus has been on biological phosphorus removal,
reduction processes of persistent compounds and optimisation
of biogas production.

Joakim Larsson

Associate Professor at the Sahlgrenska Academy, University of
Gothenburg. joakim.larsson@fysiologi.gu.se
Conducting research on pharmaceuticals in the environment since
1989, now merging toxicogenomics with ecology and pharmacology.
Contributed to identifying ethinylestradiol as a potential environmental
problem in the 1990s. Recently identified production sites as a source of
pharmaceuticals in the environment.
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Christina Rudén

Professor, Royal Institute of Technology (KTH), Stockholm.
cr@infra.kth.se
Toxicologist specialising in regulatory aspects of toxicology, ecotoxicology and risk assessment processes. Especially how scientific data
are created and used in order to carry out risk assessments and how
scientific uncertainty is handled in the process.

Mats Tysklind

Professor in Environmental Chemistry, Umeå University.
mats.tysklind@chem.umu.se
Conducts research on the fate of anthropogenic substances in the
environment. His work includes, among other things, studies of transport and transformation processes and the development of analytical
methods for persistent organic compounds and pharmaceuticals. Links
between the inherent chemical properties and the surrounding environment and biological systems through the development of QSAR models
are of special interest.

Karin Liljelund

karin.liljelund@stellafutura.se
Karin has more than twenty years of experience as an environmental
consultant and as the former Deputy CEO at Goodpoint (previously
Kemi & Miljö). She currently runs her own company, Stella Futura.
Karin was one of the initiators of MistraPharma and is currently project
manager for the communication project.
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The research programme MistraPharma aims to identify and reduce the environmental
risks caused by human pharmaceuticals. An overall goal of MistraPharma is to strengthen
the network between researchers and stakeholders working with related issues and to
maintain a dialogue. The collaboration between scientists and stakeholders enables a
strong and proactive Swedish undertaking of responsibility concerning pharmaceuticals
and the environment.
The third MistraPharma book, the one you now hold in your hands, focuses on the
importance of our stakeholders. Herein, they present their views on how the environmental risks of human pharmaceuticals may be identified and reduced. They also
describe how the knowledge generated within MistraPharma benefits the work in their
respective organisations.
With this book MistraPharma wants to highlight the value of collaboration between
scientists and stakeholders in the process towards a non-toxic environment.
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