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Executive summary

Executive summary

he progress made by medical science during the last century and its positive impact on
society are well knowrMedicinal products are an impt@ant element of the medical practice
and their beneficial effects (and sigdfects) on human and veterinary health are widely
acknowledged. However, the area where we lack a global viemdsrstandingwhat happens when
these medicinal products are disarged into the environment, either through consumption or as
unused or expired products. Residues of various types of medicinal products (hormonesarzcer,
antidepressants, antibiotics, etc.) have been detected in various environmental compartisers,
as surface water, groundwater, soil, air, and biota. Such widespread occurrence obviously begs the
guestion whethera concentration of medicinal products in the environment peserisk for exposed
biota or humans.

Recent pharmacovigilance legislation the EU acknowledges that the pollution of waters and soils
with pharmaceutical residues is an emerging environmental is3ire European Commission was
asked to deliver a report on the scale of the issue, the causes, and possible policy optiongatemiti
such impacts. More recentlyn the framework of the adoption of the Directive regarding priority
substances in the field of water policthe Commission has been asked develop instead of the
report, a strategic approach to pollution of water bjparmaceutical substances by the end of 2015.

This study, together with other relevant studies and reports, will provide the basis to develop that
strategic approachThe studycovers both human and veterinary medicinal products but personal
care productsre excluded.

What is the scale of the issue?

During the last two decades, there has been an increasing trend in the R&D investments, industrial
production, sale, and consumption of medicinal products in the EU. The EU market has grown from
EUR 48 billionin 1990 to EUR 172 billion in 2007 and is expected to reach EUR 242 hillion iim 2014.
terms of market presence,raund threethousand active pharmaceuticals ingredients (APIs) are
currently authorised on the EU market as a whole, even if the APIs ag#tbsat national level var
significantly.

For human medicinal productdhe European UnionEU) is the second biggest consumer in the
world (24% of the world total) after the United States of America. Consumption of human and
veterinary medicines is quitbeterogeneous across the EU Member States, for example, it ranges
from 50 to 150 g/capita/year in the case of human medicinal products. Such heterogeneity is also
reflected by the nature of the associated waste streams, whiaty strongly in terms of quatities

and/or quality, and pose a significant challenge for storage, collection and disposal of
pharmaceutical waste. Moreover, in the majority of EU Member States, a large share of unused
human medicinal products (50% on average) is not collected andesBbh Member States do not
implement takeback schemes.
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Executive summary

How do medicinal products enter the
environment?

The key steps (froman environmental perspective) in the life cycle of a medicinal product are
manufacturing, consumptiorandwaste management. Contamation pathways along the life cycle
depend upon the lifecycle step during which the emissions occur the EU, the contribution of
manufacturing facilities to emissions of medicinal products and/or their residgegenerally
considered as negligibJeeven though pollution downstreamof manufacturing plants has been
sporadically observed while monitoring specific sitegy(the Rhine, Lake Leman).

The onsumption phase is considered t® the biggest contributorto the emissions of medicinal
products nto the environment, notably through excretions and incorrect disposal of unused
medicines through sinks and toilet8etween 30 and 90% dhe orally administered dose is
generally excreted as activaibstancen the urine of animals and humankloweverthe nature and
amount of medicinal residues mainly depend on the volumes and nature of the administered
substances, their modes of administration, and metabolisation ratdedicinal products can also
directly enter the environment through feed surplus, tably in the case of aquaculture:racent
survey measuredp to 2.2 ug of teflubenzuron / kg of dry weight sediment coming from a marine
fish farm in ScotlandOnce in wastewater, treatment can partly eliminate or removedicinal
productresidues, but sme tracesare still detectable in effluents as well as in the receiving surface
and groundwatersThe residues remaining after wastewater treatment depend on the composition
of the medicinal product, wastewater treatment process, and initial concentrationthe influent.

For example]buprofen which is present in significant amounits wastewater influentsis reduced

by 60 to 96%, whileCarbamazepineremoval rates are much lower. As foardfills accepting
medicinal products, sewage sludge can produeachates containingconcentrations similato or
even higher than those found in wastewater treatment plantuefhts.

How do medicinal products behave in the
environment?

Once in the environment, medicinal products are transformed and transferred andifigrent
compartments depending on the nature of the compounds and the characteristics of the host
compartment. There existvoluntary initiatives for monitoring environmental concentrations of
medicinal products in some Member States, particularly in #tpiatic environment. Tase data
suggest thatseveralmedicinal products are detectable in the environmeatdtheir concentration
depends on the geographical location, season, local administration practices, and specific
environmental factors (T, humidjt etc.).The detected concentrations could be in the rangesob

ng/L levels to more than several pg/L.

Medicinal products can degrade biotically or abiotically in soils and water, a process that in general
reduces their potency, even if some degradatiproducts might be persistent and thus of concern.
For instance, ecording to a monitoring campaign performed in France, the molecules most
frequently found in freshwaters ar€arbamazepine (an angpileptic medicinal product) and its
main metabolite, ail Oxazepam (an anxiolytic) which is both a parent product and a metabolite of

b I o Intelligence
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Executive summary

another pharmaceuticalBenzodiazepine)Highly lipidsoluble medicinal products may also have
the ability toaccumulatein the fat tissues of animals and can be thus introduiced the food chain
(e.g.Ethynilestradiolcould be a potential candidate for bioaccumulation in higher predators).

What kind of hazards and risks do they represent
for ecosystems?

The mechanisms of transformations and transfer in the environment leatthéoexposure of biota

and constitute a potential risk for ecosystems. Although the scientific assessment of
ecotoxicological effects of medicinal products on organisms is less developed compared to
pesticides for example, it is becoming increasingly clsat some medicinal products, in particular
anti-parasiticides, antmycotics, antibiotics and (xeno)estrogens, pose environmental risks in
specific exposure scenariosxdmples of ecotoxicological effects of medicinal products include the
contraceptive Ethinylestradio| which impairs the reproduction of exposed fish populatiptise
effects of various antibiotics on environmental bacteria and algdke impacts of the
Benzodiazepine anxiolytic drugOoxazepam on European perch; and the effects of the -anti
parasiticide Ivermectin on dung fauna.The decline of vulture populations on the Indian sub
continent due to poisoning with Diclofenac, a nsteroidal painkiller, is a good example of how
unexpected exposure pathwaysfeeding on carcassegcan lead to sesre ecotoxicological effects.

For a range ofother pharmaceuticals, environmental risks can be rather negligible, due to low
environmental persistence and ecotoxicity of the compounds. In some cases, the data from human
toxicology studies might help tgrovide readacrossinformation on the potential effects on
vertebrates, but many ecotoxicological modes of action are specificthaghotential environmental
effects cannotherefore alwayde extrapolated fromhuman studies.

What are the potential impacts on human
beings?

For humans, the possible impacts are less clear than for the environment, but there are concerns
notably regarding certain type of molecules, even if to date there is no clear evidence oftsimart
health effects on humans. Antibioticsnt-parasiticides, antmycotics and antcancer medicinal
products are pharmaceutical groups that are especially intended to Kill their target organism or
target cells and mighproveto be the most importanppharmaceuticacompounds affecting human
health via environmental exposuteChronic lowlevel exposure to medicinal products can occur
through drinking water and through residues in leaf crops, root crops, fishery products, dairy
products, and meat. The legislation in place for all veterinary medigomaducts defines some
Maximum Residudimits (MRL) forfood of animal origin However, to date ndegal limit exists for
human medicinal products potentially present in animal derived foed).(due to bioaccumulation
from contaminated soil) since thisathway of exposure imssumed as negligible although the
pathway iscurrently not well characterised.
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Which factors influence the presence of
medicinal products in the environment?

Several factors can influence the quantity andmpositionof the emissios to the environment,
and/or the exposure levels of different ecosystems/human populations, thus finally determining the
associated impacts. These factors can beaddgislative or noregislative nature and influence the
emissions during one or more lifgycle steps.

Legislative factors

P Environmental Risk Assessment in the Market Authorisation (MA) process

One of the key legislative factors influencing the presence of the medicinal products in the
environment is the current framework for Environmental Ri&ssessment (ERAVhich is a part of

the Market Authorisation process. For veterinary medicinal products, an ERA is required for all types
of MA applications, including for new medicinal products, generics, variations and extenaimhss

taken into acount in a riskoenefit analysis in view of the authorisatioRor several yearsan ERA

has alsdeen required for a large number of human medicinal products on the market, but the ERA
resultsin this specific caseannotlead to denying an authorisatioreven ifsome Risk Mitigation
Measures(RMM) can be requiredvhen considered necessarin practice, there is a lack of ERA
results for most human medicinal products currently consumed, as numerous active pharmaceutical
ingredients contained in such medicl products were authorised prior to 30 October 2088jch is

when a proper ERA became an obligation for human medicinal products. The potential risks that
Ol 1 A6 DPEAOI AAAOGOEAATI O 1T AU bi 6GA O1I OEA AT GEOI T 1/
assesed at all. In addition, inthe current ERA process, which is organised in three phases, not all
medicinal products undergo a thorough environmental risk assessm&nte the assessment of
products fulfilling specific criteria stop after the first phagd?ls are often common among different
medicinal products. However, since ERA informatiobudt up on finished medicinal products and
deemed confidential, data cannot be reused from one dossier to another, even if the concerned
medicinal products contai the same APIl. This means that ERA results for the same active
ingredient may be based on different endpoints depending on the concerned stakeholders, and may
therefore differ from one product to another. Due to this approach, the subsequent ERA is sed ba
onthereal! 0) 60 O1T1 O0i A0 AI EOOAA ET OEA AT OGEOITI AT O A
Similarly to ERA, a number of regulatory frameworks for chemicals comiaksed and used in
Europe, include an assessment for Persistence, Bioaccumulation and Toxicity (PBT) potential.
Regarding veterinary medicinal products, no specific guidance is available on how to include this
PBT assessment in the riddenefit analysisor on which risk management measures would be
needed in order to grant the MA. As for human medicinal products, similarly to the rest of ERA
results, the output of the PBT assessment have up to now no consequences on MA, since it is not
considered in theisk benefit analysidHowever, risk management measures can be adoptedthis
respect wherconsidered necessary.
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Four procedures exist for the MA process: the three first procedures are Community procedures
(centralised, decentralised and mutual recodait procedures), and the fourth is the national
procedure which applies when the MA application is limited to the territory of one MS.

Under the centralised procedure, only the Committee in charge of the evaluation of veterinary
medicinal products (CVMP)as a member appointed specifically due to his expertise on
environmental risk assessment, while the one dedicated to human medicinal products (CHMP) does
not necessarily include an environmental expert.

In the decentralised and mutual recognition procedsrhe level of ERA expertise and therefore the
level at which an ERA is analysed depends in practicthe considered MS and is therefore very
heterogeneous. This might lead in certain cases to parallel procedures for the same product
followed in different (critical versus less critical) countries.

As reported by some MS, when looking at the output of the evaluation process, the ERA for human
medicinal products is often incomplete or altogether absent fraome MA applicatiors. In these
cases, the MAI®EAOA £l OA 1T EOAT-I KOAA QRIAC xAIOEI EO®IT OO OO
not mandatory, since these results are not considered for thebiskefit analysis and thus have no
weight to obtain a MA.

When, based on the ERA results, a risk to the envinemt exists (whether for human or veterinary
medicinal products), Risk Mitigation Measures (RMM) are recommended. In the case of veterinary
medicinal productsinformation on potential environmental impacts must be taken into account in
the pharmacovigilase system. Howevercompliance with RMMherefore has only a voluntary
character and their implementation imot systematicallyverified nor followedup on. Nonetheless,

a Member State may suspend the use at a national level of a medicinal product faanhom
veterinary use, if urgent action is essential to protect human health or the environment.

Finally, environmental datasets produced in the context of ERA are often not publicdy leastnot

easily, available. The level of accessibility might vatgpending on the considered M®ut it is
generally limited to risk assessors only and confidentiality reasons are invoked to justify the absence
of publicly available datasetsr their partial publication. When published, the quantity and quality of
disdosed information vary depending on the type of procedure followed and on which MS was
responsiblefor the evaluation (Reference Member State).

Other legislation

Apart from the MA framework, a number of legislative texts could be relevant to addressgbe of
medicinal products in the environment at EU level. These include REACH, the Industrial Emissions
Directive (IED), and the Water Framework Directive, among others.

Medicinal products are for the most part exempted from REACH requirements. Thehasever,

not exempted from the REACH provisiorsgardingrestrictions on the manufacturing, placing on

the market and use of certain dangerous substances and preparations. However, Annex XVII to
REACH does not currently impose restrictions regarding acfitarmaceutical ingredients. There

are derogations for medicinal products from certain restrictions applicable to the use and placing on
the market of carcinogenic, mutagenic and reprotoxic (CMR) substances as substances or in
mixtures for supply to the gneral public; but restrictions could target certain active pharmaceutical
ingredients,or the manufacturing process itself. gotential gap therefore lies in the fact that the EU
legislation on medicinal products does not cover all lifecycle stages optbducts (in particular
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manufacturing and formulation), but at the same time medicinal products are exempted from many
Titles under REACH.

The Industrial Emissions Directive (IED) applies to the medicinal products manufacturing sites, as
well as to the #es of intensive rearing of poultry and pigdowever, even if APIs could fall within
certain groups of water pollutants listed in Annex II, the IED does not yet include any active
pharmaceutcal ingredients in the list of polluting substances, and therefdoes not set emission

limit values nor require their monitoring.

EU legislation does not address the issue of soil contaminatibimerefore,the issue of a soil
contamination bymedicinal productdgs notlegallycovered at EU level. hE majority of he existing

MS national soil legislatiodoes not cover this specific isseéher. Similarly, there is no obligation

to monitor or regulate medicinal product residues present in sewage sludge originating from water
treatment plants. This issue is howeviaken into account sporadically by the national legislation:
the use ofsludge in agriculture is for instance restricted in Bavaria loddrheinWestphaligo take

into account the environmental risks posed by the presence of pharmaceutical residues.

As for the aquatic compartment, the Commission proposed (in 2012) the inclusion of three active
pharmaceutical ingredients (E2, EE2 and Diclofenac) in the list of priority substamoks the
Water Framework Directive. The Commission also proposed a widtimechanism for gathering
monitoring data to support future reviews of the list. Thdoptedcompromise text places the three
active pharmaceutical ingredients on the first watch list. Member States will be obliged to monitor
substances on the watch listt deast annually at a limited number of representative monitoring
stations for up to four years. Member Statesay also identifyand monitor medicinal products as
specific pollutans pursuant toexistingprovisions of the Water Framework Directive (Anndk)V

EU food legislation requires the monitoring of veterinary medicinal products residues in foodstuffs
of animal origin, but does not refer to medicinal products for human use. As a consequence, EU food
legislation does not address the issue of indirék@nsfer to humans of residues of medicinal
products for human use, which may be present and have accumulated in the natural environment
andmay be transferred to food animalscluding fish However, tirther studies would be needed to

fully characterisehis possible exposure pathway in order to evaluate its significance.

Non-legislative factors

One of the major factors is the overconsumption of medicinal produstsch canoccurat the time
of purchase and/or during the administration of a mediciA&hough the use of medicinal products
to meet needs for medication is hardly questionable, inappropriate and excessive consumption

i ECEO AA AO OEA 1T OECET 1T &£ O1TTAAARAOOAOU Ai EOOEI
consumption beyond actual needs, @ easy grasp but it is difficult to assess the scale of this
PEATTTATTT E1T DOAAOEAAh CEOAT OEA OOAEAAOEOEOU

prescriptions, doctors are competent for assessing these needs for each patient. However, in
practice, the OTC status and number of medical habits and soe@onomic factors might favour
the overconsumption of medicinal products.

Regarding the strategiedor administering medicinal productsthe non-optimal targeting of
symptoms(i.e. non optimally tageting the localisation of pain/injurygan increase the amount of
APIs administred.

1Y
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As for waste managementyhen a separate waste stream for medicinal products exidte low
performance of collecting unused medicinal products (as reported in some &8l the
heterogeinity in EU take back schemesfficiencyis a key factomand could be further considered
Moreover,most currenturbanwastewatertreatment plants cannot guarantee complete elimination
of exceted medicinal products.

What are the major uncertainties?

The issues presented in the previous sections, in partidhkascale of the problem, environmental
behaviour and impacts, are subject to uncertainties as the research in this field has been limited to
some specific medicinal products amsldifficult to generalise. These uncertaintieare related to
availability of data concerning the quantity andature of medicinal productsreaching the
environment fromthe different stagesof the life cycle,their behaviour in the environment, the full
characterisation of possible exposure routes for humaml thus to the scientific knowledge
necessary for a proper risk evaluation.

Regarding the characterisation of the life cycle, it is worth noticing that the available data on EU
consumption is relavely scattered. Also, sales data is often confidential &rid particularly difficult

to obtain data on medicinal products sold over the counter (OTC) ortiwgainternet. Similarly,
detailed knowledge regarding théate of uncollectedunused medicinabroducts, andregarding
other practices, notably concerninthe administration and the collection of unusecketerinary
products, is currently missing.

A largeamount of information is now available, notably concerning the monitoringertain active
substances isurface andgroundwater used for the production of drinking watger but the available

data are not centralised and not in a standardised format. Environmental concentrations are scarce
or missing for some environmental compartments, notalfty biota in the food web and marine
ecosystems. Information is scarce on the environmental occurrence and fate of metabolites and
transformation products due to knowledge gaps their behaviourin the environment and/or
detection issues.

The information r@arding the environmental impacts is not sufficient for the majority of medicinal
products currently on the European markem, part because of the insufficient publically available
data on the ecotoxicology of many pharmaceuticals, and often deduced femnacute ecotoxicity

data collected from a very limited number of freshwater species. It should also be pointed out that
the knowledge on environmental occurrence is equally limited for many pharmaceuticals, making a
sound and transparent environmentakki assessment almost impossible in many cases. In order to
gain a better understanding of the environmental hazards of pharmaceuticals, their
ecotoxicologically relevant modes of action need to be better identified and clearly differentiated
from the modesof action that are relevant in a human pharmacological and toxicological context
(although, of course, there might be overlaps for certain groups of compounds). In particular,
possible effects in an ecological context, i.e. on a stgrganism level, waant more attention.

The environmental exposure of humans to medicinal product residues is a fact, and occurs through
several pathways. However, the information on exposthieough the environment is very sparse
with the exception of certain residues whitfave often been detected at very low levels which are
without concern for humans, as far as can be determined on the basis of current know!&birgt.
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of these exposure pathways are probably not very important but some pathways, such as dairy
products, sill need to be fully characterisednd bng-term effects cannot be ruled out especially

with regard to more vulnerable populationt addition to this uncertainty, there is growing concern

that combined exposure to chemical mixtures, including medicirradpicts from different sources,

may have adverse effects on human health, even if each individual substance is below its own risk
limit, and experts regard the predominant chemidal-chemical approach currently used in risk
assessment as insufficient taqtect against the risks of combination effects.

What are the possible solutions to mitigate the
Issue and reduce uncertainties?

To tackle the issues highlighted in the report, a numbepos$siblesolutions have been identified,
both legislative and no#egislative. However, no impact assessment of these options is made, as
this is beyond the scope of this study. The effectiveness of the proposed solutions to cope with the
environmental impact of medicinal products would need to be further assessedghin dif their
impacts on the use of medicinal products and the protection of public health.

The key steps of legislative actions concerout are not limited tag the strengtheningof the ERA in
the framework of MA. Major noiegislative solutions focus orconsumption and waste
management steps of the life cycle. The proposed solutioray help in reducing the uncertainties
and to mitigate the issue, but will need a detailed evaluation in ordeastgess their relativeveight
anddevelopan action plan givig priority to the most appropriate ones.

Legislative solutions

Based on our preliminary analysis of solutiortse ERA frameworlcould benefitfrom a change in
scope,notably byfocusng on APIs rather thafinal products This willallow for an evaluatin of the

real burden of active substances present in the environmefien coming from different medicinal
products. In the case in which excipients present hazardous characteristics, considexftienfull
product could be considereds well The adion limit and endpoint could be updated, taking into
account metabolites at early stages and requiring a PBT assessment for all pharmaceuticals, which
would need to bemore consistent with other frameworls of internationally recognised PBT
evaluation franeworks. The results of the ERA assessmehtAPIscould then be fed into a
monograph system similar to what already exisainder REACHand the biocides and plant
protection products legislationleading toa dedicated centralisedhternet database. This Wihelp in
improving the availability and the comparability of results. ERA data for human medicinal products
could then be considered fdahe risk/benefit analysighus having a more important role ithe MA
process Finally, the implementation and thefficiency of existing RMMs could be verified and
ameliorated when necessary.

The ERA procedure could also equally target «old» pharmaceuticals through a «catghing
procedure. This could be done after a prioritisation of substances to as$ess potertial
environmental risks If the process of ERA will be modified, the associated guidelines could of
course be reviewed in line with the modifications.
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It couldalsobe consideredo amend EU medicines legislation so that monitoring data (particularly
for water, obtained pursuant to the Water Framework Directive) could be used for-masket
evaluation of authorisations, which could lead to possible revision of RMM or even MA withdrawal.
The Water Framework Directive could also seteefacilitate the expicit consideration ofERA
results for active pharmaceutical ingredients in the assessment of substances to be added to the
priority substances list or watch list. It could be used to include provisions requiring Member States
to make publicly available a@heasily accessible (e.g. through a dedicated database such as the
European Pollutant Release and Transfer Register) water monitoring data regarding substances
listed in the priority substances list and watch list regarding pharmaceutical substances. Water
monitoring data for priority substances and substances on the watch list communicated by water
authorities could then also be taken into account during the evaluation of MA applications and for
post-reassessment of MA.

Tailored legislative tools could asbe implemented to limit emissions in the environmebhy
establishing a specific label for green pharmaby, imposing more stringent requirements for

AT EOGEIT O OEI O ObPi 666h AT A OATETAET C 1 AOQGEITAI
pharmaceuti@al wastes as hazardous waste, when appropriate, under entry 07 05 13* (solid wastes
containing dangerous substances).

Non-legislative solutions

In addition to the legislative solution proposed above, a number of-legiislative actiondave been
initially identified as a possiblsupport in the mitigation of medicinal products presence in the
environment, trough the establishment of an EU egharmacovigilance framework. Some of
these nonlegislative actions are directly linked to the revision of the ER#nework and would help

its implementation, for instanceby encouraging the recruitment of personnel withn eco
toxicology background in regulatory agencies or developing European guidelines for the
implementation of harmonised approaches for the envimental classification of medicinal
products in MS. In parallel, training sections could be organised for medical doctors in order to
increaseawareness 0D the various environmental issues related to prescription strategies. The
adequacy of packaging siz€&l AT 1T 00i A0OOGS 1T AAAOG AT A Al AOI 060 DO/
andthere could be aeedfor systematic reporting of internet and OTC saleBake-back schemes

for unused medicinal products represent one of the simplest way to reduce inputs of platrtical
products into the environmenMajor improvementsin waste management couldhen be focused

on the improvement of collection schemes for unused human and veterinary medicines, as well as
on tracking their efficiency. Finally, more efforts are nesllito improve and harmonise monitoring
and prioritisation strategies. Research initiatives could then focus on prioritising medicinal products
based on publicly available, high quality data on chronic ecotoxigibych are still scarce or even
absent fora broad range of human and veterinary medicinal products. Knowledge on the ecotoxicity
of medicinal products to terrestrial and marine organisms is even more limited.development of
methods to assess ecological and health effects of medicinal produai$ably due to chronic
exposure at low doses, and to mixtures of chemicaifl helpcomplementthe current guidance on

how to perform the risk assessmentfor humans and the environment.
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Chapter 1:  Introduction

A pharmaceutical medicinal product also referred to as anedicine or medication, can be
generallydefined as any chemical substaneer product comprising suchintended for use in the
medical diagnosis, cure, treatment, or prevention of diseasEhree thousand active
pharmaceutical ingredients (APIs) are currently authorised on the EU market (Touraud, 2011),
amongst about 4000 worldwide, with an overatbtnsumptionof about 100 000 tons or morvery
year(KNAPPE 2008.

Medicinal productSare, by their verynature, biologically highly active and they are consumed in
high amounts, which might pose an issue in terms of quantity and quality of emissions during their
life cycle.The presence of medicinal products in the environment is a dlpbamergingissue
(Boxall, 2012) (Larsson, 2007) (Babic, 2007) (Li, Z®@280) (Cui, 2006) (Bisarya, 199B)edicinal
productsresidues of various categories (hormones, agdhcer, antidepressants, antibiotics, etc.)
have been detcted in all environmental compartmentsuch assurfae water, groundwater, soil,

air, biota and inwastewater(sewage),(Heberer, 2002) (Kimmerer, 200H4lling-Sgrensen, 1998)
(Touraud, 2011 K@mmerer, 2008) (Williams, 2005) (Ternes, 2001) (Buerge, 280&)ncentrations
ranging from subng/L levels to pg/L. Such widespread occurrence obviously begs the question
whether these concentrations ofmedicinal productdan the environmentmight pose a risk fothe
exposed biota or hunas.

Recent pharmacovigilance legislation in the EU acknowledfes the pollution of waters and soils

with pharmaceutical residues is an emerging environmental i8slitbe European Commission was
asked to deliver a report on the scale of the issue, the causes, and pgsslicleoptions to mitigate

such impacts. More recently, in the framework of the adoption of the Directive regarding priority
substances in the field of water policy, the Commission has been asked to develop, instead of the
report, a strategic approach tpollution of water by pharmaceutical substances by the end of 2015
This study contracted by the EAHC to BIO Intelligence Service is intended to suphbert
Commissionn producing thereport.

1.1 Objectives

The main goals of the study are to:

B Providean asgssment of the scale and trends of the emerging issue related to the
presence of medicinal products (human and veterinaiy) the environment and
their possible impacts;

B Analyse the legislative and nedlegislative factorgpossibly influencing the issuég.
if and eventually how efficiently the environmental and health issues related to the

! Including the active pharmaceutical ingredient, as well as adjuvant substances, metabolites and transformation products

% personal care products are not in the scope of the study
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presence of medicinal products in the environment deekled by the current
legislation and current practices; and

® |dentify policy options to improve the current &mework and discuss their
feasibility.

1.2 Report structure

In addition to this introductory chapter, the report is structured in eight chapt@ie chapters 2 to

6 provide a picture of the scale of the issue of the presence of medicinal products in the
environment; the causes are presented in Chapters 7 and 8, wbitntial solutions are discussed in
Chapter 9 A brief descriptiorof each chapter ipresentedbelow.

P Chapter 2:Medicinal productsz A life cycle pespective
It provides key facts and figures on medicinal produifescycle
P Chapter 3:How do medicinal products enter the environment?

This chapterpresentsthe scale of the issues in terms of quality and quantity of active
substances entering into the environment, followirdjfferent pathways, from cradle to
grave

P Chapter 4:Which molecules are found in the environment and how do they behave?

This chapter describeghat once in he environment, medicinal products are not
homogenously distributedlIt also explains how théehaviourof these products depends
uponthe environmentalcompartment andthe medicinal molecule.

P Chapter 5: Environmental hazards

This chapteridentifies the potential impacts ofthe releaseof medicinal productson the
environment.

P Chapter 6: Human exposure through the environment and possible impacts
This chapteranalyseghe impacts on human health through environmental exposure.
P Chapter 7 and Chapter 8: Facts of influence

The presence of medicinal products in the environment can be influenced by a number of
factors. - legislative, technical, administrative, et@hese arediscussed in this chapter and
illustrated through seven case studiesThe cases studiem detail arepresented in the
annexes.

P Chapter 9: Possible solutions

This chapter focusesn possible solutionswhich could be of legislative or ndegislative
nature, and might target different causes, stakeholders,-tifecle steps, etc.

»  ANNEX 1: Usge of medicinal products in aquaculture cases of Norway and the UK
This annex describes aquaculture practices.

P> ANNEX 2: Examples of monitoring data in the environment
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This annexpresents some results of monitoring in different environmental compartmen
and EU countries.
> ANNEX 3: case studies on specific medicinal products

This annex presents 8 case studies of pharmaceuticals, discussing the current scientific
knowledge and the specificities of the procedure for the market authorisation.
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Chapter 2.  Medicinal products 9 A life cycle

perspective

Thischapter presentskey definitions and background information on the life cycle of medicinal
products, which are essential for understanding their eorimental implications.

2.1 Key definitions

AEEO OADPI OO0 OOAO Oi AAEAET Al POT AGAOOS6 AO OEA CAI
are administered to human and/or animals. The Directive 2001/831Efthes human medicinal
products as:

O!'T U Oddr @@nbihafion of substances presented as having properties for treating or
preventing disease in human beings; or any substance or combination of substances which may be
used in or administered to human beings either with a view to restoring, comeatiodifying
physiological functions by exerting a pharmacological, immunological or metabolic action, or to

i AEET ¢ A T AAEAAT AEACI 1T OEO86

Similarly, the Directive 2001/82/E@rovides adefinition of veterinary medicinal products:

OrT U OBOAOOA&ALf dulBtande présénted for treating or preventing disease in

animals, or any substance or combination of substances which may be administered to animals with

a view to making a medical diagnosis or to restoring, correcting or modifying phydiotagicat

ET ATEI AT O EO 1 EEAXxEOA AT 1 OEAAOAA A OAOGAOET AOU i
Following are some other important definitions used in this report:

B Active Pharmaceutical Ingredients (API) are the substances in medicinal
productswhich are pharmaceutically #ue.

B Metabolites are the products resulting from structural changes that medicinal
products may undergo within the body or on the skin of humans and animals.
Metabolites may be formed by biological and/or nbiological processes. They
may also result frm the activity of metabolic pathways of humans and treated
animals, as well as from changes performed by other organisms living within or
on the body of humans and treated animals, and from #otic processes
occurring there (Kimmerer, 2009).

® Directive2001/83/E®f The European Parliament And Bhe Council of 6 Novemb&001 on the Community code relating t
pharmaceuticals for human use

“Directive 2001/82/EC of The European Parliament Afitihe Council of 6 November 2001 on the Community code relating
veterinary pharmaceuticals
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B Transformation products are additional molecules formed after the excretion of
parent compounds and metabolites in the environment.

® Pro-drug® is a medication that is administered as an inactive (or less than fully
active) chemical derivative that is subsequently werted to an active
pharmacological agent in the body, often through normal metabolic processes. A
prodrug serves as a type pfecursoto the intended medicinal products.

2.2 Overview of the life -cycle of medicinal
products

The basic life cycle of a medicin@oduct consists of several stages as illustrateHigurel.

R&D and Manufacturing

Storage Transport

Distribution

Possibleeleases to

Storage the environment

Transport

Consumption

Manufacturingvast@

Storage Transport

” H , Waste management

Figurel: Life-cycle steps

These stageswhich apply to both human and veterinary medicirsge explicated below.

2.3 Production

The production of medicinal products can be divided into three sibhges:

1. Research and development (R&D) of Active Pharmaceutical Ingredients (API);

2. Synthesis of the APIs, from organic and natural substances: this stage may combine
several processes using technolegiof high added value such as fermentation,
extraction, chemical synthesis, etc.; and

3. Formulation of the final medicinal product: mixing of APIs with excipients to produce
various dosage forms (such as tablets, pastilles, spray, syrup, or patch) aesl. tast

® Pro-drug could be explained eittt2 OT AAO OAAOEOA ET COAAEAT 606 10 O AGAAI |1 EOAS
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The biological and pharmaceutical functions and properties of the molecules are explored and
determined at the R&D stagedn average, only one or two of every 10 000 substances initially
developed would successfully pass all the stages to become nablee medicinal products
(EFPIA, 2012)The development of new molecules includes preclinical studies (proof of
pharmacological activity and toxicity studies in animals) and clinical studies (tolerance and
toxicity studies in several healthy volunteersfieficy studies among several tens of patients and
finally benefits/risk balancestudies among several hundreds of patientsipeveloping a new
medicine takes some 12 to 14 years on average (EFPIA, @d2e?2).
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0 5 years 10 years 15 years 20 years SPC
Patent expiry  (supplementary

10 years of research protection certificate)
max. + 5 years
2 1o 3 years of administrative
procedures

Source:World Health Organisation, 2006, The pharmaceutical industry in Europe, key data, PowerPoint
Figure 2: Route from discovery to consumer acce§s

R&Dis mostly performed in developed countries, such as the United Stal@san, Germany,
Switzerland, UK, Francand Sweden. Yet, the AsiBacific region has recently increased its R&D
activities, especially in generitdVhereas R&D is mostly performed in developed countries, most
APIs manufacturing takes place in emerginguotries, predominantly in Central and South
America as well as in the AsiRacific region, which is set to become the global API production
hub (Weinmann, 2005)This is where most of the pollution related to the manufacture of active
molecules will occur.

2.4 Consumption

Human and veterinary edicinal products are consumed for preventive, diagnostic, niatmil
and/or treatment purposesOf 4000 APIs available in the world (KNAPPE, 200&)0® are
currently authorised on the EU market (Touraud, 2011). Heweaccording to the variety of
pharmaceutical authorisation procedures at national level, the available estimations show that

® Implications of RegulationFinal report. Available at:
http://ec.europa.eu/enterprise/sectors/healthcare/files/docs/vol_1_welfare_implications_of_regulation_en.pdf

"Generic: Drug product that is comparable brand /reference listed drug product in dosage form, strength, route of administration,
quality and performance characteristics
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the number of APIsvaries in different MS For example only 850APIs are authorisedh the
Netherlands (Derksen, 2004) whileDR0 APIs are authorised in the UK (Ashton, 201®842in
Germany (Pfluger, 2011) and@0 in France (ANSM, 2012)

2.4.1 Consumption of human medicinal products

Medicines consumption varies greatly between countries but leads to an average of 15 grams of
APIsper capita per year at global level. The annual worldwide consumption of APIs is estimated
at 100000 tonnes at least (KNAPPE, 2008). Regarding human medicinal prdit)
consumption of medicine accounter 24% of the world total, ranked second afteretiunited
States (55%), the third place occupied by Japan (14%) (Académie Nationale de Pharmacie, 2008).
Consumption of human medicinal products in EU is heterogeneous and varies between 50 and
150 g APls/capitalyear. France and Germany share equally alotthirds of this consumption
although the German population is 258tgherthan the French (80 millions inhabitants versus 65
millions); followed by the UK, Italy and Spain (about esewenth each) (KNAPPE, 2008)
although English and Iltaliapopulation ae similar (about 60 millions inhabitants) but more
important than the Spanish one (45 millions inhabitantgyancehas the highestper capita
consumptionof human medicinal products, followed by Germany, Sp&lK, and Italy.

Efforts have been made in thecent past to produce datasets comparing the consumption of
human medicinal products consumption by active molecule in different countries, such as the
2008 KNAPPE project (KNAPPE, 2008) covering France, Germany, Poland, Spain and the UK, or
the EuropeanSurveillance of Antimicrobial Consumption (ESA@pject covering antibiotics
consumption throughout the EUThe latterpublishes the volumes of antibiotic use in ambulatory

care settings, expresseid Defined Daily Dose (DDD) per 1000 inhabitants per fta the years

2003 up to 200, for each Member State. The following tabl&aplel) presentsa compilationof

data from various sources on theonsumption of various medicinal products for humans
following the therapeutic class and the MS

Several scientific publications (Coetsier, 2009) (Le Pen, 2007) (Sabbanag@0fficial reports

(Clerc, 2006) have estimated total European consumption of human medicine between 750 and
1500 standard unit¥capita/year SUcapita/year), detailing eacimedicinal productA AOACT OU8 O
consumption per Member State. For example, ahyipertension medicinal products and
analgesics are the most consumed (about SR capita/year each), followed by psychoactive
medicinal products (308U), anticholesterol or diabetes medicinal products (about 150 SU) and

finally antibiotics (80 SU). France is the Member State with the highest consumption of all these
categories of human medicinal products, except hypertension medicinal products famhwhe

UK has the highest consumption.

8ESAC project: app.esac.ua.ac.be/public/ and ESAC database : www.esac.ua.ac.be/main.aspx?c=*ESAC2&n=50039

The standard unifSU)corresponds to the smallest common dose of a medicine, for all dosage forms (for example 1 pill, 1 tablet, 1
dose-measuring spoonetc). The consumption assessment in units (i.e number of box) leads to an overestimation of French
consumption regardig other European countries; since packaging are different following EU states (more pill per box in Germany or
UK for example).

bi o';:suiagw
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Table 1: Consumption data of various classes of human medicinal products

Therapeutic class of
human medicinal productd

Number of standard
units’/capitalyear (in 2006)
(Coetsier, 2009)

DDD™/ 1000 inhabitants / day
(year of data)

DE| ES| IT | UK| FR EL FR PT SK IT BE PL ES Fl Sl NO UK SE DE DK AT NL
Non narcotic antipyretic 11 | 14 100 80 124
analgesics 50 | 76 | 23 7 6 (2007) (2007) (2007)
(Lasinskas, 2009)
i- 14 1 11| 11
Anti-— all g2 | 1°
hypertensi 4 8 8 0
on [-blockers | 39 | 12 | 17 | 24 | 23
medicinal
IECand | o1 | 36| 49 | 34 | 39
products sartans
Antidepres 72 27 67 58 66 43 55 61 74 42 78
) sant 50 (2003) | (2003) (2003) (2003) | (2003) | (2003) | (2003) | (2003) [ (2003) | (2003) | (2003) 40
17 21| 14 | 2 2
Psychoacti (OECD, 8 9 (2003) (2003)
(‘j’_e_ | 201%)
medieinal s dative | 5 | 36 | 22 | 6 | 40
products A
i 11| 15| 10| 17| 13
epileptic
. . 17
Anti-asthmatic 56 | 70 | 18 5 78
Anti-cholesterol medicinal 21| 23| 18 | 32 | a2 92 90 97 110 74 91 74 104 121 71 62 99 89
products(OECD, 2014) (2003) | (2003) | (2003) (2003) (2003) | (2003) | (2003) | (2003) | (2003) | (2003) | (2003) | (2003) (2003)
Anti-diabetes medicinal 25 | 30| 28 | 28 | 36 66 69 50 55 62 80 54 47 70 50 79 44 66
products(OECD, 2014) (2003) | (2003) | (2003) (2003) (2003) | (2003) | (2003) | (2003) | (2003) [ (2003) | (2003) | (2003) (2003)
Antibiotics (ESAC, 2006)| 8 18| 14 19| 22 32 28 27 27 26 24 21 20 19 17 16 15 15 14 14 13 10
(2003) | (2003) | (2003) | (2003) | (2003) | (2003) | (2003) | (2003) | (2003) | (2003) | (2003) | (2003) | (2003) | (2003) | (2003) | (2003) | (2003)
e —
nti-ulcerous medicinal 121 20| 16| 19 | 22
products

®Dpefined daily dose (DDD) is the assumed average maintenance dose per day for a drug used for its main indication in adults
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Chapter 2: M edicinal products - A Life Cycle perspective

The consumption omedicinal productdi.e. consumed volumesjaries considerably from one
country to another (Verbrugh, 2003) (Goossens, 2005) (Schustery 200§ - ET EOOT OA AA |
2010) although these numbers should be interpreted with care as the quality of reporting varies
across different source$:or instance, analgesics are consumed at a total rate of more ttg002
tonnes/year in the EBergmann 2011) However, the French ingest 47 gramsRaracetamol

each year (60% of analgesics sold molecules)/cafftdAPPE, 2008nstead of 16 grams for
English people or even 4 grams for Italian or German pe(gdelezky, 2008)Another example is
antibiotics consumption in ambulatory care, i.e. outside the hospital, which is also extremely
heterogeneous in the EU: countries in the South and East of Europe have the highest
consumption, whereas consumption is much lower in the Northern coun{&3AC, 2006 )-or
example, the French consume about 30 daily doses of antibiotd@Jinhabitantsday
compared to only 10 for the Netherlands; or 6.5 g/capita/year of amoxicillin (antibioticdmdistr

in France) compared to 24 g/capita/year in Germany or theK(GACE, 2007 onsumption
trends (increase, decrease or stapcan also vary considerably from one classh&fdicinal
products to another.An overall decrease in antibiotic use was observed in Europe in 2011,
especially in Estonia, Slovenia, Portugal,afice, Hungary, and Slovakia, whereas EU
consumption of antidiabetic products increased by 75% between 2000 and 2009 (OECD, 2011b)
There are even more drastic differences, e.g. in consumption of slimming preparations (which
have much more problematic prapties thanParacetamofrom ERA point of view).

In addition to studies focusing on the main APRlas opposed towvhole medicinal products
consumption at Member State level (MEDICAM, 200He KNAPPE projectKNAPPE, 2008)
providesa comprehensive oveigw at EU level foveterinary and humam\PIs It reportsannual
consumption levels exceeding 50 tonmgsarlike the analgesi®aracetamoland Diclofenag the
antibiotic Sulphamethoxazole orAmoxicillin, the antiepileptic Carbamazepine oWalproic acid
and the psychoactivéorazepam, as well as the artiabeticMetformine or the antihypertensive
Metoprolol (GACE, 2007/Mowever, the inbrmation is more scattered fasther molecules, and it
is even more difficult to have data amedicinal productssold owr the counter (OTC) ovia
Internet™.

The common use of human medicinal products can be totally disrupted in case of epidemic or
pandemic situation. Indeed, the medicinéatment of humansn epidemic/pandemic situations
has similar character with magseatment in veterinary medicine.

2.4.2 Consumption of veterinary medicinal products

Veterinary medicinal products are used smaller quantities than human medicinal products.
Veterinary medicinal products are extensively used in farming for therapeuticraetdphylactic
purposes(which represent more than 95% of the use of medicines in the rearing of piglets and
turkey, more than 70% of the use of medicines for pigs and poultry and 30% of the use of
medicines for bovine) (Kools, 2008k0me commonly usedtreatment practices such as
campaign treatnent of all animals in the farrmeed veryhigh quantities ofveterinarymedicinal

"For example, the consumption data from Germany, Poland, Spain and the UK (England and Wales) do not inchddeg®TC
although detailed data exist for France (KNAPPE, 2008).
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products.For example, ift 000 cows or 10 000 pigs or 1WI0 poultry are treatedhrough feed,
the quantities ofthe used preparatn of veterinary medicinal products the campaign may be
remarkably high The types of medicinal products useaid prescribing patterns (dosage, length
of treatment periods and formulation) may vary significantly for the various speaoiekfferent
courtries, as for antimicrobials (EMA, 2010 Germany for instange98 % of the antibiotic APIs
in veterinary medicineare usedor treating pigs and poultry, while the remaining 2 &e spread
among other species (GACE, 200If).Belgium on the other handcattle farmingis a major
consumer of antimicrobials. There is no overall EU picture regarding these figures.

The quantities of veterinary medicinesconsumed in the Elare also significant In 2009,
approximately 2300 tonnes/year of veterinary APIs weol in CZ, DK, FI, FR, NL, NO, &t

the UK, although decreasing trends for the sales of antimicrobials were recently observed in
these countries ¢ 8.2% mg/PCY from 2005 to 2009} (Figure3). This decrease as mainly

due to a decrease in the sales of tetracyclines.
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Source: EMA (2012) Second ESVAC report

Figure 3: Salesof veterinary antimicrobial agents (expressed in mg per population correction
unit (mg/PCU)"™

It is possible to deduce the consumption quantities from 8&tistics (for example, in Germany

in 2006 the veterinary medicine consumption was about 700 tonnes/year (GACE, 2007),
accounting for 10% of the total consumption of medicinal products which exceeded 7 000
tons/year.Some competent authorities provide dailed statistical analysis (available for instance

for Denmark® and Franc€. Quantitative data on consumption could also be gathered from

2pCU: mg active substance per ‘population correction unit, i.e.per estimatdivégveight of the populations of food producing

animals.

3|n particular the subclasses of tetracyclines (for their efficient, low cost and wide spectrum (Académie nationale de Pharmacie,
2008)), sulfonamides and macrolides (KNAPPE, 2008).

“Detailed hformation on the sales in the eight countries is available from the national reports in AnngMAf2012), Second

ESVAC report.

®*Data for number of slaughter pigs were updated for the PCU for Norway for-2009, due to errors in the original datdales data

for 20052009 were obtained before the ESVAC protocol and harmonised collection of data were implemented. Data for 2010 should
not be used to evaluate development in the sales from 2009 to 2010.

®Available at : www.ssi.dk/Sundhedsdataogit/Désemidling/Laegemiddelstatistikker.aspx

For instance, itChevance, 2008
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scientific publication¥. For example, in 200é France, the amount of antibiotics sold for
veterinary purposesTetracyclire essentially) was much higher than in other EU countries, and
would be equivalent to the amounts sold for human consumption, which is in general not the
case for other countries (Chevance, 2008). Indeed, abd@01tonnes/year of APIs (of antibiot
veterinary medicinal products) were used in France in 2006 versus 670 tonnes/year for Germany
and Spain, about 400 tonnes/year for UK (Veterinary Medecine Directorate, 2011), lItaly,
Netherlands and Poland, and less than 100 tonnes/year for the otf@ATE, 2007)

Since 2010the European Surveillance of Veterinary Antimicrobial Consumption (ESVAC) project
also collects information across the European Union (EU), but specifically on antimicrobial
medicines.Data for 2010 (EMA, 2010) show the heterogénén veterinarymedicinal products
consumption among MSexcluding Germany), with an apparent-8fld difference in sales of
antimicrobials (antibiotics are part of the antimicrobial therapeutic slasn mg/PCU, between

the mostand leastselling countres (EMA, 2013Jigure4).

300 Others*
Pleuromutilins
250 Polymyxins

Aminoglycosides

200 Fluoroquinolones
Lincosamides
150

B Macrolides

B Trimethoprim

ma/PCU

100

Sulfonamides

Penicillins
50

W Tetracyclines

T EYY¥SETYXrTYEEL YL FEEECSE
= =
£ 22 8385 858825 ¢c3302a°g 3
:E’agglgecmgﬂjgot>mgm
‘:8GJQJLL.ILLLL:‘HH Emzog U]E
EﬁD I 5 £ a um v
£ @ o
o
9 = £
c
Y =}

Figure4 : Sales for foodproducing species, including horses, of the various veterinary
antimicrobial classes for 2010 (in mg/PCU, by country) (EMA, 2012)

Others: cephalosprins, other quinolones and other antibacterials (classified as such IATI@Vvetsystem).
In 2010, Spain and France had the highest total antimicrobial sales forgomtlicing animals
(respectively 1746 tonnes and 997 tonnes), butRgure4 shows that, when considering the
animal population of each country, Hungary and Spain had the highest antimicrobial sales per
food-producing animal (respectively 268 mg/PCU and 241 mg/PQurall, in the 19MS,
tetracydines, penicillins and sulfonamides were the masid antimicrobial classes, accounting
for 39%, 23% and 11% of the total sales in mg/PCU, respectiizdya are also available for

®For example, Dutch figures for veterinary medicinal products can be found on the website of research institutes such as
www.maran.wur.nl/UK/ (funded by industry and government).
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Chapter 2: M edicinal products - A Life Cycle perspective

another veterinary products classparasiticides and nosteroidal antiphlogistics® with a
consumption of 28 tonnes/year in France or Spain, and less than 10 tonnes/year in th18ther

In general, the range of molecules available for human medication is much broader than the
range of molecules &l forveterinary purposeskFor instance, in Germany, about 2% only of all
types of medicinal products sold could be intended for use in animals (EMA, 2012).

A growing segment of the veterinary products market is the companion animals, or its

contrast with farming animals onélhe 4% growth observed for the global market of veterinary

DOl ABGAOO AAOxAAT woow AT A woodny xAO [ AETT U AOA
(+8% alone). In 2011, the companion animals segment stands for 38% of the global veterinary
saleg® (onlyin France, almost 11 million cats'¢hnk in Europe) and 7.7 million dog&®(@nk in

Europe) are registered).

Antibiotics account for a large part of the veterinary market. In France, lamgde animal
farming uses 180 tonnes/year of antibiotics awpared to 28 tonnes/year of parasiticides and 0.7
tonnes/year of hormonesAntibacterial substances are also utilised in aquaculture production
with the purpose of prevention (prophylactic) artceatment (therapeutic use) of bacterial
diseases (Lupin, 20R3rhe compoundautilised in aquaculture are of the same type utilised to
treat bacterial diseases in humans Europe, only 14 medicinal products are authorised and
approved for aquaculture (Rodgers, 2009), including seven antimicrobial/antibiotic medlici
products six microbiocides/ antiparasitic medicinal compounds and one anaesthetic. Annex 1
presents the dosage and quantities of medicinal products used in salmon aquaculture.

The antiparasitic medicinal products represent the most important parthef tnarket. Only 2%

of the veterinary antibiotics sold are for companion animal only, as the large majisrifor
farming animals (93%{)Chevance2008).About 5 to7% of veterinary antibiotics can be used for
either companion or farming animals. For ewple, pets dedicated sales represent 0.07% of
French tetracyclines annual sales (0.05 tons), 4.7% of-laetamines sales (5.3 tons), 1.5% of
sulfamides sales (3tdns) and 1.9% of macrolides sales (2 tons). Nevertheless, 63% of
cephalosporin market isetlicated to pets, and 100% furans market too. Moreover, the quantity

of antibiotic sales for pets is increasing in France (+31% between 2000 and 2006, from 14.6 to
19.1 tons) whereathose for farming animas is decreasing-8% for the same period, from 82

from 1167 tons). About 20 tons of antibiotic (tons of active substance) were sold for cats in France
in 2006 and 31 tons for dogs. For comparison, among the 447 tons of veterinary antibiotics sold in
the United Kingdom, 35 tons (8%) were dedicated tong@anion animals (cats, dogandhorses)

but only 11 tons for dogs and 2 tons for cats (Veterinary Medecine Directorate, 2011).

2.4.3 0Overall market trends

Industrial productiorandsales in the market lead to that overall medicinal products consumption
has inceased in the EU over the past two decades (EFPIA, 20h2Ye is also an increasing
trends in R&D investmenfThe EU medicinal products market has risen from EUR 48 billion in

®These active ingredients have broad effect specificity and are not metabolised by the organism, both properties with eginégh d
of environmental relevance.
“www.merciesmedicamentsveterinaires.com/enjeux.php?id_menu=56
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1990 to EUR 172 billion in 2007 and is expected to amount EUR 242 billiddigLEEM, 2011)
(GlaxoSmithKline, 2009)For example, in 2006, the Frenapent EUR 547 for their medicinal
products per capita (LEEM, 2011) compared to EUR 467 in 2002 or only EUR 95 in 1980
(Académie Nationale de Pharmacie, 2008). An annual growth of tiérket of +3.9% between

2008 and 2013 (ECORYS, 2007) or betweéfarid +4% between 2011 and 2015 is forecasted at
world level (IMsHealth, 2012). However, this growth tid is slowing down in the EU. In terms of
value of salesgrowth in 2008 was negate (0.4 %) for the first time in many yeafdVS Health,

2012) InFrance a small growth of +0.5% was observed in 2011 according to ANSM and a decline
(-1%) is expected between 2011 and 2015. Indeed, future changes in demographics and lifestyles
are likdy to influence pharmaceutical trends, especially of some molecules: antibiotic
consumption is decreasing whereas adtabetic medicinal products and those for cardiovascular
diseases are expected to see the fastest growth (Pharmaceutical Drug Manufg@06) as the
fraction of diabetic people, and so prescription of these medicinal products, is increasing in EU
(Filion, 2009).

In parallel, accordingly to industrial position papers, different regions of the world will
increasingly influence consumptiommends by changing supply and demand patterns. A shift is
notably expected in the Asi®acific market because of the rising income and the development of
health insurance schemes.

2.5 Waste management

Medical waste includes unused medicinal products (humanveterinary) and contaminated
materials (e.g. packaging) and liquids (Castensson, 2@@8erated during manufacturing and
administration The excretin issue is not addressed hereid considered as emissionssulting
from the consumption stagandwill be addressed i€@hapter 3 section3.2

Medical waste stream is very heterogeneous in terms of quantities and/or quality, which poses a
significant challenge fomvaste storage, collection, and disposal (NRDC, 2009) (Bound, 2005).
Depending on the type of waste stream, it can be discharged in landfills, incinerated, or treated in
water treatment plants, with a large share of medical waste being sent for incinerdiA,
2010).

According tothe European Federation of Pharmaceutical Industries and AssociatigRr®l14,
unused medicinal products destined for humans represent 3 to 8% of the medicinal products
sold®™. Other estimations from KNAPPE are more pessimistithva proportion of medicinal
products sold unused from 5% in Sweden (APOTETEK, 2006) to 50% in France (Grasm@005)
UK (Bound, 2005). The START project assessed a global amoum06fténnes/year of unused
medicinal products in Germany (START, 2008¢cording to the results of the KNAPPE project,
the human medicinaproducts that predominate (in terms of the numbers of packs) among those
that are left overare medicinal products for cardiovascular disease, asthma, the nervous system
and the gastreintestinal tract (KNAPPE, 2008).

L presentation given by Micle Murray, representative of pharmaceutical industries, during the Workshop on the presence of
medicinal products in the environment organised in Brussels by BIOIS on behalf of EAHC, on September 19, 2012.
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EU medicinal legislation has required takack schemes for unused and expired human

i AAEAET Al DPOT AOGAOO OET AA woodl | $EOAAOEOA WYool 1
systems are in place for human medicinal A OO OEAO AOA O1 O6OAA T O EA
127b).Most of the 28 countries interviewed in the EEA survey reported or estimated the amount

of collected unused medicinal products between 10 and 100 tonnes/year/million capita (EEA,
2010).The collection founused medicinal products from households is estimated to range from

0.19 tonnes/year/million capita in Croatia to 237 tonnes/year/million capita in Switzerland
(Sadezky, 2008). This programme is very effective in Swedérere 74% of the Swedish public

disposed their unused medications (5% of sales) by returning them to pharmacies in 2006
(APOTETEK, 2006Nevertheless, in the majority of EMember Sates, a big share of unused

medicinal products (from 50% up to 90%) are not collected or returned torpheies (EEA,

2010) for example, in France only 6% of medicinal products sold (10% of unused medicinal

products) are reurned(Académie Nationale de Pharmacie, 2008)
2.6 Chapter summary

2.6.1 Key messages

E Depending on the lifecycle stage considered, many countri@®rldwide are
concerned by the risk of release of medicinal products in the environment,
notably, most APIs manufacturing takes place in developing countries,
predominantly inthe AsiaPacific region as well as Central and South America .

B About 3000 AH are currently authorised on the EU market as a whole, however
the APIs authorised varies significantly across MS.

¥ Industrial production and sales in the market lead to that overall medicinal
products consumption has increased in the EU over the pastseades. The EU
medicinal products market has risen from EUR 48 billion in 1990 to EUR 172
billion in 2007 and is expected to amount EUR 242 billion in 2014

¥ In general, the molecules used in human medicinal products are much more
diverse than those used wreterinary medicine (for both pets and fogatoducing
animals). For instance, in Germany, about 2% only oftygdes of medicinal
products soldareintended for use in animals.

B Regarding human medicinal products, EU is the second biggest consumer in the
world (24%) after the United States (55%). However, human medicine
consumptionin the EUis heterogeneousand it varies between 50 and 150
g/capita/year across MS.

B Several scientific publications and official reports have estimated EU
consumption of human rmdicinal products, detailing in some cases the
consumption of medicinal products categories per MS. Amntpertension
medicinal products and analgesics are the most consumed (about 500
SU/capita/year each), followed by psychoactive medicinal products &O)

Intelligence
Service

42| Study on the risks of environmental effects of medicinal products b| o



Chapter 2: M edicinal products - A Life Cycle perspective

anti-cholesterol or diabetes medicinal products (about 150 SU) and finally
antibiotics (80 SU). France is the Member State with the highest consumption of
all these categories of human medicinal products, except hypertension medicinal
products for wheth the UK has the highest consumption. However, the available
data is very limited and scattered. More difficult is to have data on medicinal
products sold over the counter (OTC) or via the Internet. Moreover, the quality of
reporting considerably variesdm a MS to another.

B The consumption of veterinary medicinal productsingportantin the EUwhen
compared to the rest of the worldveterinary medicinal products are extensively
used in farming for therapeutic and metaphylactic purposes (which represent
more than 95% of the use of medicines in the rearing of piglets and turkey, more
than 70% of the use of medicines for pigs and poultry and 30% of the use of
medicines for bovine)The companion animals segment, which stood for 38% of
the global veterinary ales in 2011represents a significant share of the market
Market data, deduced from MS statistics, show the heterogeneity in veterinary
medicinal products consumption among EU countries. For instance, about 1 190
tonnes/year of antibiotics were used imalRce in 2006 versus 670 tonnes/year for
Germany and Spain, about 400 tonnes/year for UK, Italy, Netherlands and
Poland, and less than 100 tonnes/year for the others. Quality and quantity of
available data also varies among different MS making a proper paoison
difficult.

B Some veterinary treatment practices, such as campaign treatment, use very
significant quantities of veterinary medicinal products, and the resulting
«emissior» may create ahot-spot» as contaminated manure.

B Estimations regarding unusednedicinal products are very heterogeneous
depending on the considered EU country and source of information. According to
the EEA, in the majority of MS, a large share of unused medicinal products (50%)
is not collected and some MS do not yet have implensehtake back schemes.

B The medical waste stream is very heterogeneous in terms of quantities and
guality, which poses a significant challenge for waste storage, collection and
disposal. Depending on the type of waste streamjsidischarged in landfills,
incinerated, or treated in water treatment plants, with a large share of medical
waste being sent for incineration

2.6.2Knowledge gaps

B Systematic and comprehensive reporting on consumption of OTC medicinal
products in general and of medicinal products sold rmtarnet isdoes not exist

® Detailed market data per API or single products is not systematically avajlable
least not publicly

E There is no ywstematic and comprehensive reporting of veterinary medicinal
productsgoing to the waste stream

bi o';:suiagw
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B Systematic anl comprehensive reporting of human medicinal produgtsing to
the waste streams not done notably regarding the unused medicinal products
pathways when not collected is missing, even if the difficulty in having this
information is acknowledged.

B Thre isno quantitative information on the efficiency othe existing collection
schemesof unused medicinal products
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Chapter 3:  How do medicinal products enter the

environment?

The original substance®f medicinal productsas well as their residues (includind\ctive
Pharmaceutical Ingredientsmetabolite$?, transformation products) may be emitted into the
environment during thé& life cycle (Holm, 1995)HallingSgrensen, 1998)Various scientific
monitoring and related publicationgSadezky, 2008) Schliisener, 2008suggest that such
emissions occur idifferent parts of the world, including thEUMS.

The relative importance of the sources and contamination pathways along the life cycle of
medicinal productsdiffers dependingon whether veterinary or human medicinal productsre
consideredand whether both point sources (like pharmaceutical factories or waste treatment
plants) and diffuse sourcese taken into account

Both human and veterinary medicinal products can be reledasech the manufacturing stage,
e.g. through leakages or manufacturing waste.

After consumption, lmman medicinal products are generally excretad a mixture of parent
compounds and metabolites (both biological active and inactisayl emitted to the sewage
system. The compounds may then be released to surface waters or enter terrestrial systems
through sewage effluent and/or sludgevhen usedor irrigation or as a fertiliser to agricultural
land (Kinney, 2006)Veterinary medicinal products are releasato as parent compounds and
metabolitesto the environment either directly, from use in aquaculture and treatment of pasture
animals, or indirectly during the land application of manure and slurry from livestock facilities
(Boxall, 2003).

Disposal of unusgé medicines may also represent emission sources of pharmaceutical
compounds to the environment (Fick, 2009).

3.1 Emissions from manufacturing

In the EU and in North Americthe direct contribution from production facilitie® emissions of
medicinal productsand/or their residues have been considered negligible sadaording to the
European Environment Agencydespite manufacturing facilities being known to produce
substantial amounts of wasfé (EEA, 2010) The assumption that, with the exception of
accidental releases, the production of medicinal products plays a minor role in their discharge
into the environment (GACE, 2007), is generally based on the high economic value of the active
substances (Heberer, 2002) (Kuimmerer, 2009) (EFPIA, 2HERPIA estims that only 2% of

the total emissions of medicinal products to the environment occur because of pharmaceutical

22\ metabolite is an intermediate product of theetabolisation of a medicine.
%|n theUS, the amount of waste generated per kg of active ingredient produced can range from 200 to 30 000 kg (NRDC, 2009).
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Chapter 3 : How do medicinal products enter the environment?

productior’. However, the empirical evidence underlying these assumptions and estimations is
not explicitly illustrated or presented. Moreovea,recent study showed that the discharges of a
pharmaceutical manufacture could have adverse effects on the fish living downstoéanriver
(Sanchez, 2011Presently a systematic monitoring of emissions during manufacturing at EU
level is missing anthus the amount of API releases from production facilities is largely unknown
(APOTETEK, 2006). Moreover, possible pollution downstream from manufacturing plants has
been observed in the EU and other parts of the world while monitoring specific siteshawis

Al OAAAU AAAT 11T1TEOIOAA ET OTT A 1 AT OEAAOOOET ¢
2008a) (ntably in India) and in Europ®&@in, RhingSacher, 2008)Lac Leman (Bernard, 2007),
Loire (Togola, 2011), Norway (Thomas, 2008)). Releases dumagufacturing in norREU
countries, even if not directly linked with environmental effects on the EU territory, might be of
relevance for the EUIn a globalised worldEU citizens can be affected by the antimicrobial
resistance developed in populations fraitmose countries notably in the case of antibiotic¥he
treatment of manufacturing emissionis discussed in sectidh3

3.2 Emissions from consumption

Of the different steps of the life cycle, the consumption stagehe mostimportant contributor

to the emissions of medicinal products into the environment (GACE, 2(Bdhwarzenbach,
2007)(Bound, 2005).It may sometimes be difficult to attribute human or veterinary origins to
the residues detected in the environme(EEA, 210) (KNAPPE, 2008)ecause some medicinal
products can be used in both humans and animals, according to either product usage
specifications oinappropriateuse® (e.g. products for human use specifically which end up being
used for animals).

The consumgion step contributes to the emission of medicinal products into the environment
mainly through human and farm animal excretiGh§GACE, 2007) (EEA, 2010) (Haya, 2000)
(Hecktoen, 1995]fBoxall, 2004) which are continually released in raw sewage or soérffmals)

via urine and/or faecés Figure5 presents a schematic diagram of the known contamination
pathways related to the use phase for both human and veterinary medicinal products. Although
excretion is the main pathways tdhé¢ environment for both human and veterinary products,
significant quantities of human or pet medicinal products dermally applied, such as gels
containing antiinflammatories, can be washed off the skin during showering/bathing.

* presentation given by Michael Murray, representative of pharmaceutical industries, during the Méprks the presence of
medicinal products in the environment organised in Brussels by BIOIS on behalf of EAHC, on September 19, 2012.

30me medicinal products are used for both humans and animals.

% Excretions are addressed here, in the consumption sectimd not in the enaf-life section which focuses on the issue of medical
waste and unused products.

" ppproximately 4562 percent of the drug ciprofloxacin is excreted in human urine, while anoth2bX&rcent is excreted in the
faeces (NRDC, 2009).
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Figure5: Emission pathways related to the usephase of medicinal products

The nature and amount of medicinal residues released after consumption mainly depend on the
volumes and nature of the administered substances, the modes of administfitamd the

metabolismrates’® (GACE, 2007)

3.2.1Excretions of animals and humans

Between 30 and 90% of an orally administered dose is generally excreted as an active substance
(Rang, 1999)in the urine of animals (Alcock, 1999and humans(Holtz, 2006) Significant
amourts can also be excreted in faedep to 75% in animal faecggHallingSgrensen, 1998)

> Animal excretions

For example,sheep excrete nearly 21% of an oral doseQuxdytetracycline, and young bulls
excrete about 1775% of Chlortetracycline (Montforts, 1999. The contribution of animal
excretions to the environmental load of medicinal products has been studied (see for instance
the investigation of the presence dfermectir®in dung(Lumaret, 1993Fernadez, 2009) This

®The oral route is by far the predominant administration mode, both for humans and animals (in particular through medésirial fe
large-scale breeding) (Académie nationale de Pharmacie, 2008). Other routes include parenteral route, and to a lesser exten
mammary route and external routes.

®|n practice, the excretion rate of active substances (percentage of substance excreted once administered) may be usdditt® calc
emissionsand then the predicted concentration of pharmaceutical in the environmerg.(done in sewers for amoxicillin,
acetylsalicylic acid, diclofenac, paracetamol, atenolol, furosemide, dipyridamole, erythromycin and Ibuprofen) (Achil@gys, 20

¥ Compounds used to reduce the impact of Lyme disease on human health by reducinggigiations in the environment.

/b
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IS an important contamination pathwain the case of the rese of organic waste, notably in
agriculture, as detailed in the next section.

For the specific case of veterinary medicines for pets, there is no study quantifying the
environmental emissions of medicinal products administered gets, nor establishing the
impacts of these emissior(®oxdl, 2003). Nevertheless, based on dosage, pharmacokinetic data
and excretion rates, it might be possible to roughly estimate the release of those compounds in
the environment. For example, he vetainary medicinal productsfor companion animals
Medetomiding is excreted in urine in three day80-75% of a single dose 80ug/kg) (Salonen,
1989).Another example is pyrethrins and pyrethroids, whigte used in numerous formulations
(0.2-1% in shampo0).8-6% in collar, 50% in solution, and 012 in aerosol) used for the control

of insect pests on dog and cats. About-1@% of an oral dose are absorbed and metabolised.
Their lipophilicity triggers long elimination halives (about 10h) but almost alf an oral dose of
pyrethroids is excreted as metabolites in the urine and faeces within a few Hmygever, the
amount of treated animals and their mean weight would need to be known to extrapolate the
amount of compound released in the environment.

Human excretions

A study(Lienert, 2007analysed the excretion pathways of 212 human active pharmaceutical
ingredients (APIs), equalling 1,409 products. On average, 64%7%) of each API was excreted
via human urine, and 35% {26%) via human faeceddowewer, regarding human medicinal
products, the quality and quantity of excreted molecules is highly varidblarine, 42% (+28%)

of each API was excreted as metabolites but there was a significant variability depending on the
API. For example80-90% of tie antibioticAmoxicillin is released in the parent form, while only
3% ofCarbamazepine is excreted unchang@denert, 2007)45-62% ofCiprofloxacin is excreted

in human urine, while another 1% is excreted in the faeces (Golet, 2008 excretion ates

of the API EE2 or its conjugate are extremely high at 85%, the majority (50 to 90%) being
excreted in conjugated form together with urine (Ranney, 1977).

Releases of excretions into the sewage system undergo wastewater treatment. This aspect is
discused in sectiors.3

3.2.2Case of aquaculture

In most European countriedisheries in open waters is supported by a large industry producing
fish in aquaculture to provide sufficient quantity for the fish food mark&dbstantial anounts of
medicine can enter the environment direct{6ACE, 200#hrough food/feed surplus notably in
aguaculture, where the breeding and keeping of commercial and ornamental fish produces direct
discharges of medicinal products and feed additives inte #yuatic environment, through their
supply in the watefCabello, 2006)Prophylactic use of veterinary medicinal products has been
particularly developed in aquaculture, notably antibiotics, to forestall bacterial infections
resulting from the high densy of fishes, the difficulty in isolating sick animals and the absence of
sanitary barrierdNaylor, 2005)As in other animal production sectors, antibacterial substances
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are utilised in aquaculture production with the purpose of prevention (prophylaci)
treatment (therapeutic use) of bacterial diseases (Lupin, 20@8Y)ibacterial have beentilised

as growth factors in European aquaculture for many years, even if this ikegal practice The
compounds utilised in aguaculture are of the same typ#ised to treat bacterial diseases in
humans.

In Europe, only 14 medicinal products are authorised and approved for aquaculture (Rodgers,
2009), including 7 antimicrobial/antibiotic medicinal product@\moxicillin, Horfenicol,
Humequine, Oxolinic acil, Oxytetracycline, Sarafloxacin and Sulfadiazinetrimethoprim), 6
microbiocides/ antiparasitic medicinal compounds (Azamethiph&sopnopol, Cypermethrin,
Emamectin Benzoate, hydrogen peroxide andeflubenzuron) and one anaesthetic (Tricaine
Methane Sulphonate). For example, Azamethiphos is amganophosphate insecticide (and the
active ingredient in the formulation Salmosan) used in the sea lice treatment (Haya, 2000).
Annex 1 presents the dosage and quantities of medicinal products used in salmon aquecultu
(representing 90% of aquaculture production) in Norway and WKose countries arthe major
European producers of salmon (and among the 3 major world producers with ,Ghith)
respectively 51000 tons (49% of world production) and 1d@0 tons (14%f world production)

of salmon production in 2003 (Burridge, 2008).

Releases are particularly substantial from the breeding of shrimps and sal@igmificant
emissions of medicinal products were detected in salmon and shrimps farming in N¢Gvaye,
199). Moreover, a recent survey (SEPA, 2013) meastiredccurrence of medicinal products in
the sediments of Scottish marine fish farms. Although the concentrations were often below the
limit of detection, they measured up to 2.2 ug ©éflubenzuron / kg bdry weight sediment, 22

ug of emamectin / kg of dry weight sediment, 0.3 pdoafitamethrin / kg of dry weight sediment,
and 0.15 pg o€ypermethrin / kg of dry weight sediment.

3.2.30ther emissions

Non-negligible quantities of human or pet medicinal prodsctlermally applied, such as gels
containing antiinflammatories, can be washed off the skin duringowering/bathing. For
example,only 2% of a dermal dose of pyrethrins apgrethroidsare absorbed and metabolised
(Boxall, 2003)

To a lesser extent, emigms of medicinal products can also result from their volatilisation or
from the airborne transport of dust from animal she@SACE, 2007 although the significance of
such releases into the atmosphere is stiiknown (other routes, e.g. sweating, are esidered
negligible).

3.3 Emissions due to disposal and waste treatment

This section focuses othe emissionsfrom the disposal of medical waste (including e.g.
contaminated packaging and unused medicines) and from the treatment of sewage and solid
waste, incuding waste streams from the manufacturing stage to the consumption stage (e.qg.
excretions).

Intelligence
Service

50| Study on the risks of environmental effects of medicinal products b| o



Chapter 3 : How do medicinal products enter the environment?

Different facilities (households, hospitals, health care centres, manufacturing facilities, waste
treatment plants, etc.) contribute to the occurrence of medicipabducts in waste streams that
need to be treated, although there is little information about their respective contributions and
the available information generally covers only a part of the process or specific active substances.

In particular, hospitakeffluents can contribute to a variable, buton-negligible share of the
medicines released in the environment through urban effluents. In the EU, hospitals contribution
to medicinal productsenvironmental load is estimated at about 10% of urban effluents
(Kimmerer, 2009) However, this share can be higher, as shown for instance in Denmark, where
it is estimated that 24% of the total antibiotic load in the Capital Region originates from
hospitals. This figureisesto 43% if norproblematic penicillins are idregarded. For hospital
specific substances such as cytostatics, endocrine therapy or contrast media it is shown that
hospitals are the overall biggest sources -@@+b) while for pain Kkillers or blood pressure
medicine they are smaller contributot's

3.3.1Disposal

Medical waste (including contaminated packaging and unused medicines, from all stages of the
life cycle) is usually disposed off directly in the bin (solid waste), thus joining municipal waste, in
the drains (sinks or toilets) for liquids, thus joigimxcretions in the sewage network, or is
collected through collection schemes.

Improper disposal of medicinal products has been identified as a potential major source of
pollution, especially for medicines with high usage like Diclofenac, inli@act Assessment to

the proposal for revised WFD and EQSD directives (6019/12 ADD 2; dated 2 February 2012)
4EAOAR EO EO QGdeéhldier Afi tytdal AOmg@dsé ok dickfdnac can pollute up

to 5 million litres of water, with concentratiorabove the Environmental Quality Standards, i.e. a

OEi DOT PAO AEODPT OA1 1T &£ O1 O0AA %nw Al OI A AA A OE
single bliste of pills for one menstrual cycle with the most common dose of 30 microgrammes

has the potential to pollute to concentrations above the EQS 24 million litres of water, equivalent

entire discharge volume into wastewater has been estimated to be about 86 tonnes per year for
European hospitals (Houeto, 2002).

Many studies have assessed the fate of unused medicinal prodoctietermine the share
discarded dow the drain or toilets, out in trash or collected. An estimation concerning unused
medicinal products states that on average in Europe probably 50% of the sold medicinal products
are unused (EEA, 2010 the UK, Bound and Voulvoulis showed in 2005 thaia 80% of them

are not collected although a more recent study however shows that only 20% of the individuals
surveyed stated that they would throw away unused medicines through household waste (York
Health Consortium and University of Load, 2010). Amogst uncollected unused medicines,
63% would end up in the bin and 12% in sinks or toilets in théBdknd, 2005)In Germany, the

*Figures based on a comment from a representative of Denmark, in the context of the present study.
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share of unused medicines being discarded into the drain would reach(83%RT, 2006]This
behaviour leads to an amount @64 tonnes of APIs flushed away every year in Germany
according to START or 770 tonnes/year of unused medicinal products/year exposed in sewage
(Gotz, 2007)

3.3.2Treatment

Medicinal products may be indirectly released into the environment from waste treatment
facilities (EFPIA, 2012ncluding incinerators, landfill sites or wastewater treatment plants
because of the waste treatment shortcomings, which in general does not specifically target
medicinal products. Medicinal products are widely detected in sewagatment plants of
several countries following excretions or direct disposal through the sink and t¢B&t&C, 2003)
(Holm, 1995) (Maurer, 200@yieno, 2007)In some cases, wastewater treatments can eliminate
or remove a substantial amount of medicinaioducts residues, but there may still be significant
concentrations of medicinal products in STEP effluents discharged into surface water bodies.

The percentage of medicinal product residues remaining in wastewater treatment very much
depends on the suiances considered and thechnology implemented (Igos, 2012) (Loos,
2012) as well as initial concentrations in the influents. For exantiplgrofenwhich is present in
significant amounts wastewater influents is destroyed at rates of 60 to 96% (B&t5), like
Paracetamol® and codeine, while&Carbamazepine is at rates of biodegradation of less than 10
30% (Joss, 2005) ameta-blockers are still significantly present in wastewater outlets. Jelic et al.
(2012) compare concentrations of a number of noéul products in wastewater influents and
effluents, thus assessirngeatment efficiency.

Different removal rates can be observed for various substances undergoing the same treatment.
Those results highlight notable differences in the effectiveness ofagge treatment depending

on the molecule. For instance, Okuda et al (Okuda, 2008) showed that the total concentration of
individualmedicinal productsn the influent was efficiently removed by 80% during a biological
treatment, but removal efficiencies ofarbamazepine and crotamiton were less than 30t

the other hand, some treatments present similar rates of removal. FP6 Neptune ptbggcws

for example that membrane bioreactor, biofilter and conventional plant present a comparable
removal for most RIs, and that these compounds are only partially removedlso shows that
treatments involving sorption to sludge is generally relevant for few compoth(isg. for
selected antibiotics such as Ciprofloxacin or Moxacin and for some steroid estroge(Loos,
2012) and that treatment involving degradation often achieves only partial removal.

Different removal rates can also be observed between different treatments for the same mix of
medicinal products The total concentration of the individuahedicnal productsin the effluent

*More expensive than conventional water treatment, advanced water treatment enable to increase the elimination/remoxa of d
residues from the STEP effluents.

®nterview with Ake Wennmalmprofessor and former environmental director for Stockholm County Council, carried out in the
context of the present study.

* Neptune workshop: Technical Solutions for Nutrient and Micriig@antsRemoval in WWTPs

UniversitéLaval, Québec, March 2%, 2010www.eu-neptune.org/Worksop/index_EN

*Mass balance calculations to estimate the fate of contaminants during wastewater treatment, including sorption to sludgsishow
that usually less tha 2% of the total mass load of pharmaceuticals is removed by sorption. For most pharmaceuticals (including
Carbamazepine, Sulfamethoxazole, and Trimethoprim) adsorption to sludge is negligitds, 2012).
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from CAS (conventional activated sludge (CAS)) process was 1.5 times higher than that from BNR
(process biological nutrient removal) (Okuda, 2008). Funthere, the total concentration of the
individual medicinal productsin the discharge from WWTPs applying ozonation following
activated sludge process was reduced to less than 20%. Ozonation process followed by biological
activated carbon process could efficiently reduce all the residugdiicinal productselow their
quantificaion limits. Disinfection with ozone may have an added benefit of removing PPCPs and
other micro-contaminantsfrom the wastewater.

Beyond the type of treatment or combination of treatments (conventional or advanced), the
conditions of treatments influencéhe removal rate. In the case of secondary treatments for
instance, poor removals are observed in WWTPs with HRTs (hydraulic retention time) <15 h.
Sludge retention time(SRT) does notseem to affecthe removalrate. Redox conditions selected

for BNR (Bilogical nutrient removal (BNR) with filtration and UV disinfection) may affect
removals of some PPCPBurthermore, season has an impact on removals of some PPCPs:
treatment in summer increased removals for some PPCPs.

Differences between sewage treatmemants and active substances are to be expected, and
chemical fate models can be used to estimate the transformation reactions and the partitioning
behaviour of medicinal products and personal care products (PPCPs) in sewage treatment plants
(STPs).Modeling provides both qualitative and quantitative estimates for PPCP removal
(Adams, 2008)In the specificcase of epidemic or pandemic situati®however,the massive
administration of medicinal products may have a different behaviour in sewage treatntent t

ET 11700 Al OEOOAOEITh AT A OAOGOI O ET EECEAO OAIl A/
When a substance is not detected in STEP effluents, it does not necessarily mean it has actually
been eliminated. Some substances may be degraded trdaasformation products that are not
monitored. For instanceconcentrations of guanyuirea (the metabolite oMetformin) are often

higher than concentrations dfletformin itself®. Other substances may adsorb to sewage sludge
(e.g. antibiotics), of which subsequent use soil causes further risks of emissions into the
terrestrial and aquatic compartmeni@oxall, 20@) (Boxall, 2006) (Boxall, 2007®epending on

the disposal/reuse practices of sludge in tMS, possible emissions into the environment
through these pathvays may be more or less significant. For example, in the case offiling

of waste containing medicinal products, sewage sludge may be the origin of emissions having
similar or even higher concentration of contaminants than those found in wastewag@trtrent

plant sewage (BLAC, 2003dlling-Serensen, 1998Maurer, 2007) (Vieno, 2007)

A number of MShave made significant progress in the development of advanced treatment
techniques, e.g. Switzerland, Germany and Swetlen

In addition to questioning wstewater treatment efficacy, releases of medicinal products in the
natural environment could also be due to sewage overflow caused by local conditions (e.g. rain
events) (Rodriguez del Rey, 2012).

As for solid waste, despite the numerous efforts underwayfihd alternatives to incineration
(Smith, 2002pt the international level, incineration can still be perceived as a more effective and
environmentally sound way to handle environmental pollution from medicinal products than

*®Comment from a representative from NRIVM.
¥Comment from a representative from Sweden.
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land-filling (Eckel, 1993) @®im,1995) (Ahel, 2001Repending on the nature of the packaging and
the pharmaceutical product, as well as the technology used, medicinal products waste may either
enter the highcalorific or mediumcalorific waste fraction intended for incineration (efgblet
packaging), or the fraction intended for laffdling (e.g. glass bottles), or the effluent from the
mechanicalbiological treatment plan.

In theory, emissions into the environment from incineration aseprioriconsidered negligible
because of te environmental legislation regulating the treatment of incinerator smoke
(Académie Nationale de Médecine, 2008). However, in practice, official quantification or
estimation of these emissions is lacking and only partial studies exist about gaseous emiskio
cytostatic medicinal products after incineration or -@acineration in hospital conditions
(Académie Nationale de Médecine, 2008), which are sometimes contradictory. Some tests
showed that almost the totality of anticancer medicinal products contaating municipal waste
could be eliminated through their incineration at 850°C for 2.2 seconds (Bisson, 1996). They
therefore questioned the relevance dNorld Health Organisation (WHQJuidelines which
promote the incineration of antcancer medicinal pragcts beyond D00°C to 1 200 °C.
However, these tests where shown not to guarantee the elimination of specifically concentrated
cytostatic products (e.g. in the case of unused medicinal products) (ADEME, 2004). Furthermore,
other tests showed that anttancer medicinal products incineration did not modify mutagenic
and genotoxic properties of the incineration residues (ADEME, 2004).

As for landfilling, examples exist where landfills accepting sewage sludge cangqadéaching
carrying high concentrationsf medicinal products, similar or even higher than those found in
wastewater treatment plant influents (more than several mg{BLAC, 2003). Over a period,
researchers Holm et al. found antibiotics and barbiturates (from 0.7 ppm up to 18 ppm) in a 45
yearold Danish landfilljalling-Sgrensen, 1998) andfills without leachate collection (e.g. from
household waste) may therefore represent locally significant sources of pharmaceutical
discharges into the environment (GACE, 200iere have been no studigs investigate what
happens to medicinal products in mechanitablogical treatment plants.

The potential environmental pollutiorby the waste from the manufacturing of medicinal
products is an issue in the context of globalisation, since waste from niealicproducts
manufacturing can be treated in other countriekdkemedelsverket 2009) which do not
necessarily run appropriate disposal facilities. This globalisation issue, which adds complexity to
the evaluation, needs also to be considered, since évant directly linked to impacts on the EU

OAOOEOI OUh EO ET O1 1 OAO %5 AAOEOEOUBO AT OEOITTI1 AT C

3.3.3Reuse of organic wastdrom sewage sludge and
manure

The reuse of sludge and/or manurehich may becontaminated byhuman and veterinary
medicinal pralucts, may also be a source of emissialging the consumption phasef the life

cycle. The hydrophilic nature of some compounds can lead to transfers of active molecules from
soils to surface water or groundwate$o far, sewage sludge has been contan@thmore by the
human medicinal productsompared to theveterinaryones However,sewage treatment plants
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might start using manure as an extra source of nutrients in their sewage, which means that also
veterinary medicinal products might reach the enviroant through this route.

Statistics onsewagesludge production ardor MS are presented imTable2. The highest sludge
production was observed in Germany, UK, Spain, France, Italy and Poland. These countries
contribute to approximately 70% of total sludge produced in EU. The smallest sludge producer in
EU is Malta. It should be mentioned that Poland, Hungary and Czech Republic contribute to more
than 70% of produced sludge in thew Member States

Using untreated organic waste dertiliser might also contribute to the presence of medicinal
products in ground water and in the ecosystefnstudy (Kumara, 2005) showed that antibiotics

in manure could be taken up by plants when they are fedidl with animal raw manures
containing antibiotics. The three crops (corn, onion, cabbage) absorfbtbrtetracycline (217

ng/g freshweight), but notTylosin. Compostinghe organic waste generally lowers the medicinal
products level by between 50 to 90% from the original concentration. Cessiah (2011) even
show that less than 7% of the amount of tetracyclines, sulfonamides and macrolides initially
present in manure could remain after composting period. Only a very few very persistent
medicinal products survive the composting process. leaample, the antibiotic substance
Sulfamethazine was shown to resist degradation (0% reduction) in several composting processes
(Dolliver, 2008), wherea&hlortetracycline level is reduced by 99% klomensin andTylosin

level reduction ranged from 54 to P6 following the composting treatment. Key factors of
influence include the consumed volume of the specific medicinal product, its metabolised
fraction, the use rate of manure and sewage sludge, biodegradation and the absorption rate of
the specific medicial product in the sludge.

Some medicinal products(e.g. propranolol hydrochloridg can inhibit the anaerobic digestion
performed during biogas production through blockitigE A OT T O @dityE@din@dlakisa,
2008) However, the use of the sludge preatments prior to the anaerobic digestion process
led to higher biogas productions and organic matter removal efficiencies in both mesophilic and
thermophilic conditions (Carballa, 2006).

Trends in disposal and/or reuse of organic waste allow providingtarp of emissions through
these contamination pathwaysKlessidis 2012).A decline in landfill im common trend for all

MS, which will lower the amount of medicinal products able to leach to ground water. AMiBw
such as France and Malta will havergmasing agriculture use of sewage sludge and thus probably
an increasing amount of medicinal produdtsground water Countries such as Austria, Portugal,
Slovakia, Hungary, Belgium, Latvia, Denmark, Ireland and Luxembourg will have increasing
incineration of activated sludge and therefore fewer medicinal products will probably reach the
ground water.
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Table 2: Sewage sludge production% of reuse, compost and landilling and trends in the
period of 2000 to 2009 (Kelessidis, 201Furostat™®)

EU15 9806 21.9 40
Austria 254 (2006) 30.8 (2006) 17 21 6 4 5 5 -
Belgium 103 (2004) 10.8 (2004) 14 27 0 3 0 -19 $
Denmark 140 (2007) 26.0 (2007) 59 19 4 -1 0 4 -
Finland 148 (2005) 28.2 (2005) 3 97 0 -9 17 -6 $
France 1059 (2004) 17.0 (2004) 48 24 8 -3 20 -16 $
Germany 2170 (2005) 26.3 (2005) 28 18 3 -4 -8 -6 $
Greece 115 (2005) 10.5 (2005) 1 36 17 -2 -1 -56 $
Ireland 60 (2005) 14.6 (2005) 70 25 5 28 0 -44 $)
Italy 1053 (2005) 18.1 (2005) 22 20 41 -4 -10 12 -
Luxembourg 14 (2003) 27.8 (2003) 56 34 0 -15 22 -18 $
Netherlands 348 (2005) 22.0 (2005) 0 12 4 0 2 -14 $
Portugal 189 (2007) 18 (2007) 85 8 7 71 0 =77 #)
Spain 1121 (2005) 26.0 (2005) 62 16 18 11 0 2 #
Sweden 210 (2005) 23.3 (2005) 24 34 1 8 2 -12 -
UK 1771 (2005) 29.5 (2005) 69 10 6 13 1 -3 #
EU12 1151 115 17
Bulgaria 42 (2005) 5.4 (2005) 37 28 36 36 0 -72 #)
Cyprus 7 (2005) 11.1(2005) 50 38 0 50 38 -100 $
Czech 172 (2005) 16.8 (2005) 48 32 12 -28 31 -9 $
Republic
Estonia 29 (2005) 22.1 (2005) 0 79 21 -10 74 4 $
Hungary 184 (2004) 18.2 (2004) 58 10 29 31 -20 -16 #
Latvia 27 (2005) 12.5 (2005) 41 10 0 13 4 -38 #)
Lithuania 66 (2005) 19.1 (2005) 32 8 10 23 9 -78 #)
Malta 0.1 (2005) 0.1 (2005) 0 0 100 0 0 0
Poland 486 (2005) 12.7 (2005) 21 0 0 8 -3 -28 $
Romania 68 (2005) 3.1 (2005) 0 20 73 0 20 -27 $
Slovakia 56 (2005) 10.5 (2005) 0 68 23 -63 67 -1 $
Slovenia 14 (2005) 6.8 (2005) 1 0 19 -3 -11 -67 $
EU27 10957 17.7 37
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composting is often included in agricultural utilisation and vice versa.
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Chapter 3 : How do medicinal products enter the environment?

Some countries such as Sweden, Czech Republic, Lithuania, Poland, Romania, Slovenia, and UK
will increase the amount of composting of activated sludge, which will lower the amount of
medicinal pralucts in sludge significantly.

3.4

Chapter summary

3.4.1Key messages

.
b I O Intelligence
Service

In the EU, the contribution of manufacturinfigcilitiesto emissions of medicinal
products and/or their residue$s generally considered negligible. However,
possible pollution downstream from nmafacturing plants has been observed in
the EU while monitoring specific sites.o@paredto the consumption stage,
pollution at this staganay be considered more localised and occasional.

The consumption of both veterinary and human medicinal productsificantly
contributes to the emission of medicinal products through excretions, either
entering directly the environment (diffuse contamination) and/or released into
the sewage network (point source pollutiankxcretions are the major known
contamination pathway. Veterinary nedicinal products can also enter directly
the environment through food/feed surplus, notably in aquaculture.

Releases of medical productsalso occur through the incorrect disposal of
unused medicines through the sinks and toilefdthough contamination does
not seem to reach the same extent as pollution from excretions, it is not
negligible and a large share can be avoidable.

Wastewater treatments can eliminate or remove a substantial amount of
medicinal product residues, but themaay still be detectable residual emissions
of some medicinal products.

Some substances tend to adsorb to sewage sludge, of which subsequent use for
soil amendment results in further risks of emissions into the environment. More
precisely, the risk concas the persistent medicinal products that resist
biodegradation during the aerobic or anaerobic treatments of the sludge. The
hydrophilic nature of some compounds can lead to transfers of active molecules
from soils to surface water or groundwater by thegmomenon of mobility.

The reuse of organic waste, througludge andnanurespreading contaminated
by human and veterinarynedicinal products, may also be a source of emissions.

Composting the organic waste lowers generally the medicinal products leyel
between 50 to 90% from the original concentration.

Landfills accepting sewage sludge can produce leaching carrying significant
concentrations of medicinal products, similar or even higher than those found in
wastewater treatment plant inflows.

/b
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3.4.2Knowledge gaps

B There is a need to improve monitoring strategies to characterise the emissions of

medicinal products from different facilities (households, hospitals, health care
centres, wastewater treatment plants, incineration facilities, manufacturing sites,
etc.) and centralise the information in a standardised format. This is a
prerequisite to be able to compare and analyse information related to the
emission of medicinal products in the environment, and ultimately assess
whether there is or not an acceptablisk for the environment.

To date, significant amount of work has been made in the EU about the removal
and degradation of medicinal products at wastewater treatment plants, through
practical experience and modelling. However, knowledge is still scarcadiega

the benefits of additional treatment steps, in particular relatively to their
additional costs.

There is a need to better consider, model and quantify the potential release from
different veterinary practices (stocking, application form, manure, carsing,
etc.).
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Chapter 4.  Which molecules are found in the

environment and how do they behave?

Medicinal product residues of various categories (hormones, agdncer, antidepressants,
antibiotics, etc.) have been detestl in all environmental compartmentsncluding sewage water,
surface water, groundwater, soil, air and biota (Heberer, 2002) (Kimmerer, 2009) (Kimmerer, 2008)
(Halling-Sgrensen, 1998) (Touraud, 2011) (Willimas, 2005) (Buerge, 2006) (Ternes, I2@fihha

data on soil, air, biota are still scarce. The detected concentrations are in the rasge-of/L levels

to more thanthe pg/L level, see reviews and compilations (Bergmann, 2011) (Debska, 2004) (Kinney,
2006) (Segura, 2009) (Jurado, 20123fdworth, 2A.2) (Loos, 2010Nevertheless, the monitoring of
such molecules in the environment is limited by a metrological ldizkitations in the routine
analytical methods availableBox 1 highlights key publications related to the prexsce, fate and
behaviour of medicinal products in the environment.

Box 1: Key publications including monitoring data of medicinal products in the environment

Oldenkamp R, Huijbregts MAJ, Hollander A, Vesporten A, Goossens H, Rajg20¥3) Spatially explici
prioritisation of human antibiotics and antineoplastics in Eurofgavironment Internationgbl: 1326.

Hughes SR, Kay P, Brown LE. (2013) Global Synthesis and Critical Evaluation of Pharmaceutical D
Collected from RiveBystems Environmental Science and Technald@61-677

Fick J, Séderstrom H, Lindberg RH, Phan C, Tysklind M, Larssor{2lld8) Contamination of surface,
ground and drinking water from pharmaceutical productidnviron Toxicol Che@8:25222527.

ter LaakTL, van der Aa M, Houtman CJ, Stoks PG, van Wezel AP. (2010) Relating environmental
concentrations of medicinal products to consumption: A mass balance approach for the river Rhine.
Environment internationaB6: 403-409.

German Advisory Council dhe Environment (GACE}2007) Medicinal products in the environment:
Presents p.15 the Maximum pharmaceutical concentrations in bank filtrate, surface waters and sewage
treatment plant effluent; p.17 the maximum concentration levels of various antitsatieasured in
agricultural (top) soils fertilised with conventional organic fertilisers.

Zuccato E, Castiglioni S, Fanelli R. (2005) Identification of the medicinal products for human use

AT 1T OAT ET AOGET ¢ OEA ) O AourBafdi Ha2aNiGMateEals 12230%20D Thisi AT Oh
publication indicates the medicinal products concentration found in water and sediments in Italy for 10
medicinal products of interest.

Ségura P, Francois M, Gagnon C, Sauvé S. (Re@gw of the occurrence of antifectives in contaminated
wastewaters and natural and drinking wateEnvironmental health perspectivdd 767584.

KNAPPE project (2008Knowledge and Need Assessment on Pharmaceutical Produdswronmental
Waters. Final report, available at:
environmentahealthcollaborative.org/images/KNAPPE_REPORT_FINAL.pdf

Loos R, Negrdo De Carvalhp®mero S, Conduto ADS, Ghiani M, Lettieri T, Locoro G, Paracchini B, Ta
S, Gawlik B, Blaha L, Jarosova B, Voorspoels S, Schwesig D, Haglund P, Fick J, GansEl) (R@ie)
Monitoring Survey ortWastewaterTreatment Plant Effluents . JRC Scientific and Policy Reports.
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Several research papers show that the active pharmaceutical ingredients detected in the
environment include medicinal products put on the market sevatatades ago (GACE, 2007)
(Ronnefahrt 2002)(see also the Annex), but also newer medicines are detedtedably a recent
paper (Hughes, 2013)ighlights the dataset collected from river systemst global level. For
instance, he synthetic oestrogen 1y-Ethinylestradiol (EE2) is one of the few medicinal product
substances for which significant extents of absorption to sludge have been documented (Ternes,
2002) (Caldwell, 2010)EE2 has been detected in sewage treatment planiuefits in low
nanogramper-litre (ng/l) levels and occasionally also in surface waters and drinking water in e.g. the
United States, UK, Canada, Braaild Germany.

It has to be noted that even if concentrations found in the environment are at geneoallyelvels,
medicinal products are developed to be highly potent substances and thus concentration levels on
its own are not the precise indication of the associated riskdeed, this risk is a combination
between a hazard and an exposure, sad@épends o the nature of the substance (toxicity of
compound, toxicity of metabolites, degradability, etcthe duration of exposure and other exposure
characteristics (media physichemical properties, etc.)

While some information exists on active substantedess information is available on the
environmental occurrence and fate of their metabolites and transformation products due to
knowledge gaps on their behaviour (egersistence, degradation and reactivation behaviomrthe
environment(GACE, 2007and/or detection issues.

The environmental concentrations of medicinal products are variable, both geographically and
seasonally due to local practice¥ystavna 2012)and envionmental factors €.g. dilution rate,

i171 AAOI A6O AAEEFET EOU Al O AE AEfedadkol1d (KNAPRE eioA T OO
(Ternes, 2001)in the Netherlands for example, the environmental loadaflofenac andbuprofen

has been found tde 10 times higher in winter than in summ@&IWA, 2010)

The majority ofconcentration data concemthe aquatic environmentindeed, nearly no data in air
are availabldbecause concentrations in air are considered negligible. There is an increasingimo
of terrestrial data but there are morechnical difficultiesto detect medicinal products in soils and
sediments than in agueous medi@ACE, 2007)

A relatively large number of data are available concerning drinking w@aess Box 2).
Box 2: Key publications including monitoring data of medicinal products in drinking water

ANSES (2011) National analysis campaign on drug residues in water intended for human consumptic
www.anses.fr/en/content/nationaknalysiscampaigndrug-resdueswater-resultsline-expectations

Vulliet E, CrerDlivé G GrenierLoustalot MF. (2009) Occurrence of medicinal products and hormones i
drinking water treated from surface waterEnvironmental Chemistry Lette®s103114.

Fick J, Soéderstrom H, Lindbg RH, Phan C, Tysklind M, Larsson J@B09) Contamination of surface,
ground and drinking water from pharmaceutical productidnviron Toxicol Che28:25222527.

Mompelat S, Le Bot B, Thomas O (2009) Occurrence and fate of pharmaceutical productsfmodbicts,
from resource to drinking wateEnviron Int35803814.

% Because btheir large use, identified hazard or their use as marker substances for the discharge of pharmaceuticals into the
environment
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World Health Organisation (2011) Medicinal products in Drinking water.
www.who.int/water_sanitation_health/publications/2011/medicinal products_20110601.pdf

Ségura P, Francois M, Gagn6n Sauvé S. (200Review of the occurrence of artifectives in
contaminated wastewaters and natural and drinking wateEsvironmental health perspectiydd67%
84.

Touraud E, Roig B, Sumpter JP, Coetsier, C. (2011) Drug residues and endocririerdigmugrinking

water: Risk for humansihternational Journal of Hygiene and Environmental Heilidr, 43741.

Mompelat et al. (2009performed a systematic review on the occurrencenoédicinal productsn
drinking water. In doingo, 17 pharmaceuticaroducts and 5 byroducts have been found between
1.4 and P50 ng/L With highest concentrations for iodinated contrast media, diatrizoate and the
metabolite AMDOPH) (Perez, 2007) (Heberer, 20Bddersen, 2002)The molecules most often
detected in @rmany, France, Finland areon-steroidal antiinflammatory medicinal products
(NSAIDs) and to a slight extent amgbnvulsants. Likewise, ANSES (in Frang®)estigated the
presence of these substances in water intended for human consumption and laurcheational
campaign to measure 45 pharmaceutical substances of human or veterinary origin, or their
metabolites, in surface and groundwater (ANSES, 20The molecules most frequently found
included Carbamazepine (an angépileptic medicinal product) anits main metabolite, as well as
oxazepam (an anxiolytic) which is both a parent product and a benzodiazepine metabolite.

In Sweden, a monitoring programme has been performed on 101 medicinal products on more than
100 samples. The sampling programme wasufsed on diffuse emissions from urban areas reflected

in samples from wastewater treatment plants (WWTPSs) and their receiving waters, biota samples
(perch) from two background lakes and drinking water from two cities. Of the 101 medicinal
products included 92 were detected in the WWH influent of at least one WWTiR levels that
ranged from low ng/L up to 540 g/L, withnaedian concentration of 53 ng/LSixty-six medicinal
products were detected in the surface water samples in the range from low ng/L aBtoC 1 ,
Twenty-three medicinal products were detected in seven biota (perch) samples. Low levels (low
ng/L range) of 26 medicinal products were detected in drinking water sangplek, 2009)

Vulliet et al. (2009) analysed the presence of medicinaldpcts including hormones in French
drinking waters: 27 of the 51 target compounds were detected at least once in surface waters, which
are sources of drinking water. The highest concentration was observe@di@cetamol71ng/L) but
concentrations rargl exceeded 50 ng/L. As for the frequen@arbamazepine and atenolol were
present in more than 30% of the samples. Progestagens and androgens seemed to be the more
resistant to drinking water treatments.

Beyond the dilution inherent to the natural envirorent, the low detected concentrations can be
explained by the dilution that occurs in sewage networks (e.g. a dilution by at least a factor of 100 of
hospital wastewater by municipal wastewater as been reported (Kimmerer, 2010)) and by the
elimination/removal of substances during water treatments process (Heberer, 2002) (GACE, 2007).
Higher concentrations of medicinal products have however been observed, for example in rivers
downstream wastewater treatment plantdn Norway, the input from a local manufacer was

much higher for a certain antibiotic than inputs originating from hospitals and the general public
(Thomas, 2008)

Medicinal products can be transferred from one environmental compartment to another, for
example from wastewater to sludge or sedsmts, or from soils to water bodiesThis transfer
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dependson various factors (e.g. nature of the molecule, polarity, absorption behaviour, type of
sediment, pH, content of organic substance, water saturation and aerobic properiessann,
2003) and pocesses including extent of degradation, partitioning and characteristics of the
receiving environmentFor somemedicinal products sorption coefficients for soils and sediments
are highly variable and, differently from other chemicals, depend on ratimepH and ionic strength
than on soil carbon content (Boxall, 2002)he sorption rate also influences the rate of
transportation, thus norsorptive medicinal products (e.g. sulphonamides) are quickly transported
to surface water and groundwater while soie substance are much slower transportadoften-
Lutzhef , 1999)

Medicinal products can degrade biotically or abiotically in soils and water, a process that will in
general reduce their potency, even if some degradation products are also hazarétaligngd-
Sgrensen, 2002)Degradation rate might be significantly affected by environmental factors such as
temperature, pH, and soil type (notably on sorption) and the nature of the considered compound.
For instance, when considering veterinary medicinal prod, some molecules rapidly degrade (e.g.
Tylosin Diazinon) while other are moderately (e.gvermectin or highly persistent (e.g.
Sarafloxacin).

The distribution to biota and accumulation throughout the food chain is poorly understood, in
particular be&ause of the lack of adapted modé&lsIndeed,many medicinal products are polar
compounds and ionise/dissociate more than well studied environmental xenobibticaddition to

be less lipophilit, which make the existing bioaccumulation models inapprofritor modelling the
fate of medicinal products through the trophic chain.

Thus, there is a lack of knowledge and experimental evidence, which does not permit conclusions on
bioaccumulation mechanisms.

The available data regarding the bioaccumulation oddiitinal products mainly concerns the ability

to bio-concentrate of hormones and a reduced number of specific medicinal products in fish plasma,
adipose and muscles. It has to be noted that irtée variations have been observed suggesting
that chemical characteristics of effluents and/or recipient waters strongly affect the
uptake/bioconcentration of medicinal products in fish. Fick et al. (2010) measured plasma
concentration of 25 medicinal products in rainbow trout exposed for 14 days to sewage ¢ffinen
Sweden and found thatevonorgestrel concentration exceeded the human therapeutic plasma
level. Brown et al. (2007) reported the uptake of NSAIDs @anhfibrozil into rainbow trout blood
plasma through sewage effluents exposures:ARsari et al. (200) have detectedthynylestradiol

EEZ2 in wild fish collected downstream of Canadian municipal effluents at average concentration of
1.5 ng/g. EE2 could be a potential candidate for bioaccumulation in higher predators, especially
bottom feeding fishesMore generally, LIF, initiator of the Sweden environmental classification of
medicinal products, highlights the potential of highly lipsbluble medicinal products to
bioaccumulate in the fat tissue of animals and bioaccumulate throughout the food web2@18).

“|dentified as one of the main research needs at ECETOC workshops (www.ecetoc.org/werkgbots)
“IForeign to the body ofo living organisms.
“’Having an affinity for lipids
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4.1 Chapter summary

4.1.1 Key messages

® Medicinal product residues of varioigpes have been detected or estimated in all
environmental compartments, and mostly in aqueous mediacluding drinking
water.

B SeveralEU Members States hawsluntary initiativesof monitoring environmental
concentrations of medicinal products in aquatic environment and/or in wastewater
and drinking water.

B Active pharmaceutical ingredients are present in the environment at concentrations
ranging ngtt CT1 8 4EA AT OEOIT1 AT OAI  Ai 1 AAT OOAOGET 1
variable, both geographically and seasonally due to local practices
environmental factors.

® Medicinal products could be detected in drinking waters, usually at low
concentrations (ng/L range). The molecules most often detected in Germany,
France, Finland are nesteroidal antiinflammatory medicinal products (NSAIDs).
Progestagens and androgengemed to be the more resistant to drinking water
treatments.

® TheAPlsdetected in the environment include medicinal products put on the market
several decades ago as well as maedicines

¥ Medicinal products can be transferred froome environmental compaiment to
another, depending on various factors and processes. Their mobility in sall,
determined by their affinity to the organic particles (Koc), namely influences their
transfer into aguatic compartments, through drainage waters (for substances with
low Koc) or through their association with eroded soil or sediment particles iroffin
waters (for substances with high Koc).

® Medicinal products can degrade biotically or abiotically in soils and water, a process
that will in general reduce their potency, avéf some degradation products are also
hazardous.

¥ Highly lipidsolublemedicinal productsnay have the ability to bioaccumulate in the
fat tissue of animals. The presence of medicinal products was detected in fish
species (rainbow trout, wild fish) exped to sewage effluents. Some substances,
such as EE2, could be potential candidates for bioaccumulation in higher predators.

4.1.2Knowledge gaps

® More data are required to assess the concentrations and fate of medicinal products
in the environment (surface andrgund water as well as in soil and biota) and in
drinking water, notablyfor veterinary medicinal productsThe existing data should
be collected and a rather harma®d approach / strategy to measure and collect
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data are urgently needed. Moreover, afteatmonisation, there will be also a need
to analyseall the data collected.

Scarce information is available on the environmental occurrence and fate of
medicinal products metabolites and transformation products due to knowledge gaps
on their behaviour in tb environment, and/or detection issues. There is both a need
to develop (i) more sensitive analytical methofis detection of metabolites in the
environment; and (ii) other methods for increasing the knowledge on the fate of
medicinal products and metabibés in the environment.

Knowledge is scarce on the medicinal products distributiom biota and
accumulation throughout the food web.

The knowledge on biodegradation in manure and slurry is limited sonallnumber
of medicinal products, and often restted to the dossiers.

The absorption of pharmaceutical products in wastewater treatment plants solids
needs further study, in order to understand if they can be released back into the
environment.
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The whole range of standard and\ahced ecotoxicological techniques may be applied to medicinal
products to describe their modes and mechanisms of action in-tanget organisms These
techniques can be usetb identify suitable ecotoxicological endpoints on the molecular, individual,
population and ecological level of biological complexity, to understand their transformation in
exposed organisms, and finally to quantify ecotoxicological thresholds (NOECs, NOELs, PNECS)
using ecotoxicological data from various levels of biological comiplefor compilations see recent
reviews, special issues and books (Henderson, 2009) (Brooks, 2012) (Brausch, 20a«($tasl,

2012) (Huerta, 2012) (Knacker, 2010).

The widespread occurrence ofedicinal productsn the environment (see chapter 4) dbusly begs

the question whether realistic concentrations might pose a risk for exposed biota. The decline of
vulture populations on the Indian sutpntinent due to poisoning wittDicloflenag a nonsteroidal
painkiller, is probably the most prominent cagskemonstrating that the exposure tanedicinal
products can lead to severe ecotoxicological effects. The birds were exposed by feeding on
carcasses that originate from cattle previously treated wibiclofenac and then died of kidney
failure Risebrough, 204) (Oaks, 2004)t has to be noted however that this exposure pathway has
to be considered as a specific example, which will be highly improbable in Europe.

Other examples of ecotoxicological effects a@hedicinal productsat environmentally realistic
concentrations include the contraceptivEthinylestradiol(EE2) which impairs the reproduction of
exposed fish populations (Nash, 2004) (Jobling, 2q8grregaard, 2008)the antimycotic agent
Clotrimazolé® which affects algal communities at picomolar aemtrations Porsbring, 2009:
OSPAR 2013jhe effects of various antibiotics on environmental bacteria and al@@&esche, 2010)
(Halling-Sgrensen, 2000) (Hallin8grensen, 2002)the impacts of theBenzodiazepine anxiolytic
drug Oxazepam on European pédrc(Brodin, 2013)and the effects of the anparasiticide
Ivermectin on dung fauna (Liebig, 2010). In Swedeneasured surface water concentrations of
medicinal products were evaluated in 2010 by comparing them to critical environmental
concentrations, . the water concentration that is expected to cause a pharmacological effect in
fish. This evaluation showed that fivaedicinal productdn these samples are expected to cause a
pharmacological response in fish exposed to these waters (Fick, 2011).

On the other hand, in a number of other ecotoxicological studies it was concluded that clear
ecotoxic effects of the investigatethedicinal productsare only to be expected at concentrations
well above environmentally realistic levels. Hence, in several stuthescurrent risk to the
environment has been assessed as minor or negligible (Miege, 2006) (Wilson, 2004) or limited to
certain situations (Lienert, 2007b) (Brain, 2006).

*The OSPAR repoihdicates an inhibition of algal 14@emethylase already at environmental concentrat®iThe

OSPAR report states thahts point would merit to be studied in more detail with realipat of single tests species for

example. Before that, this result cannbeOOA A O1 AAiI AOI AGA OEA 0. w# AOO EO OET Oi A
evaluation
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These seemingly contradictory findings reflect the complexity of the issue, whigkes it hard to

identify general rules or overarching patterns. Inste@E A B O1 Addidihal pfodHctsd the

AT Geoi 11 AT 66 AAAT I T OAO ET O A OAOEAO 1T &£ EECEI
bioassays and endpoints used for the ecotokigpcal hazard characterisation, different exposure
pathways and concentrations, enormously different characteristics of the assessedicinal
products(in particular their ecotoxicological modes and mechanisms of action and environmental

fate) and the lak of publicly available ecotoxicological data even if compounds have been on the
market for several years (Carlsson, 2006) (Crane, 20@efLauridsen, 2000),as an
environmental risk assessment was not mandatory during the market authorisation pratese

time. Even if chronic studies have been performed e.g. during the market authorisation of new
drugs, the results are often confined to the authorisation dossiers, i.e. the information is not
available for independent review or a metamalysis. Thisesembles the preREACH situation for

industrial chemicals which were divided into s A1 1 AA OAGEOOET ¢ AEAI EAAI 06
XiAaXh &£ O xEEAE 11 OEOE AOOAOOI ATO xAO OANOEOAA
was mandatory).

The complexity of the issue and the need for specific, dagease judgements is highlighted by the

recent analysis by Bergmann et al. (2011), who calculated risk quotients, JVIEIIEC ratios) for

medicinal productdor the aquatic environment. The riskugtient range from almost 1000 for EE2

to less than 0.00001 fdzyclophosphamid, an anttancer drug, i.e. the values span over 9 orders of
magnitude Figure 6). That assessment factors of up to had to be used indicatedd

enormous uncertainty and data gaps in the data on environmental hazards, which were often
limited to one value on the acute toxicity to one species (16 out of 70 sathbpmpounds).
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Figure6: Risk quotients in Germany for aange of medicinal products (Bergmann, 2011)

This obviously calls for solid prioritisation strategies (Roos, 2012) (Besse, 2010) which are currently
limited by the insufficient availability of higlquality data on the chronic ecotoxicity ehedicinal

bi O's”e‘fva%g‘“
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products, which has been repeatedly emphasised as a major gap by several authors (Crane, 2006)
(StuerLauridsen, 2000) (Carlsson, 2006) (Bergmann, 2011).

Similarly, data on the occurrence ofedicinal productsn the environment are scattered and usually
limited to specific case studies, often driven by specific academic research profeotgine
chemical monitoring programs organised WS authorities usually do not consider pharmaceutical
substances, or are limited to only a very few representatiWsgotiations on the recent proposal
AOT T OEA %001 PAAT #7111 EOOETT O ETAI OAA - OEOAA
Ethinylestradiol, 17fEstradiol) in the list of priority pollutants under the Water Framework Directive
led, in April 2013to a provisimal agreement to put them instead on a "watch list", with the aim of
gathering monitoring data "for the specific purpose of facilitating the determination of appropriate
measures to address the risk posed by those substandktie text is finally agreedipon, MS will

be obliged to monitor the threemedicinal productsat least annually at a limited number of
representative monitoring stations for up to four years, but no restrictions will be put in place.
Environmental quality standards could still be $et the substances during the next review of the
priority substances litENVI, 2012).

Medicinal productsare by their very nature biologically highly active chemicals. Antibiotics,-anti
parasiticides, antimycotics and a large proportion of antancerdrugs are intended to kill their
target organism or target cells. From an ecotoxicological perspective, these compounds hence
closely resemble pesticides and biocides. In fact, imidazoles are for example simultaneously used as
medicinal products (anti-myccatics) and as plant protection products (fungicides). Moreover,
Medetomidine, a veterinary sedative, as well lasrmectin(Pinoro, 2011)an antiparasiticide, are
currently evaluated as antifouling biocides, the corresponding dossier for medetomidine
(Sekctope®) has recently been submitted to the competent authority in the UK.

Other pharmaceutical groupssuch as hormones, antidepressants or painkillerg intended to
exert a specific effect in their target organism (human or animal), without exerting lethal
effects. Because of this, and because of their interaction with-gjyothetic pathways, especially
humanmedicinal product$ave generally only a low acute (eco)toxicity: acute EC50 or NOEC values
in standard shorterm bioassays are often in ¢hmg/l range, i.e. far above environmentally realistic
concentrations. However, a sensible environmental hazard assessment has to not only consider
specific mechanisms, such as e.g. endocrine disruption, but also other subtléetiah effects,
caused bya chronic (lifelong) exposure of target as well as ntarget organisms, which might not

be included within the tested species. In addition, although there are still substantial knowledge
gaps to be filled in, research over the last decade has startgatdduce high quality data on the
chronic ecotoxicology of both human as well as veterinamgdicinal products Recent reviews and
data compilations can be found (Himmerer, 2008) (Santos, 2010) (Daughton, (Byausch, 2012)
(Molander, 2009).Still onlyvery limited data is available about the potential environmental hazard
of medicinal productsto marine life, terrestrial and sediment dwelling organisms as well as in
ecological contexts.
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5.1 Using modes of action to assess the
environmental hazard of medicin  al products

Since EU legislation omedicinal productE T O E Amedicndl piddddtsare put on the market

only after extensive scrutiny of their modes and mechanisms of action on their intended molecular
targets and target organisms, as well as totamical side effects. Consequently it has been
frequently suggested to leverage this knowledge also for ranking and prioritisation as well as
environmental hazard and risk assessment rokdicinal productsand for the development of
appropriate bieanalytical tools (Fent, 2006) (Escher, 2005) (Owen, 2007) (Runnalls, 2007) (Christen,
2010) (Brooks, 2009). For example, acknowledging the specific bacteriostatic or bactericidal mode
of action™ of antibiotics helps to focus environmental assessments using enmiemtal bacteria or
procaryotic algae as the most sensitive ntarget species, a strategy that is already suggested in
the current EU guidelines on the environmental risk assessmemhedicinal products The most
prominent example of molecular receptoithat are highly conserved in structure and function
across species are perhaps the sex steroid receptors, which are the receptors for e.g. EE2 in humans
but at the same time also drive environmental impacts, e.g. on fish populat{dtesh, 2004)
(Jobling,2003)(Bjerregaard, 2008)

Consequently, Huggett et al. (2003) suggested a prioritisation scheme for assessing the impact of
human medicinal productdo fish based on a comparison between the expected concentrations in
the blood plasma of fish (as a resof an exposure via the environment), and human therapeutic
plasma concentrationsSchreiber, 2011)Such an approach depends on two critical assumptions
whose validity has not been finally assessed for rmetlicinal products(i) the therapeutic mode of
action in humans is responsible for the toxicity in fish, (ii) the sensitivity of human and fish are highly
correlated, i.e. similar blood plasma concentrations in humans, respectively fish, lead to similar
concentrations at the target sites in both orgams.

The approach by Huggett et al., as well as similar raebss approaches, assumes a receptor in the
environmentally exposed notarget organism that is largely homologous to the receptor in the
target organism (i.e. humans) which is why the apprach has been developed for teleost species
only. The original drug target receptor might not be present in an exposedtaayet species, if it
belongs to a more distant genus, e.g. bacteria, plants or invertebrate spediedicinal products

will therefore often have multiple mechanisms of action in the environment, depending on the
considered species. EE2, for example, is obviously a highly specific oestrogen in fish, but was
classified as a mere baseline toxicant of low toxicity in algae (Brooks, 280@)ever, it would fall

too short to conclude from the fact that a given target receptor is not present, that a certain
pharmaceutical in general does only have a low toxicity, i.e. does not bind to any other receptor. For
example, the betablockerProprandol is 100 times more toxic to algae than expected from a simple
baseline toxicity model (Escher, 2005b), although the intended molecular drug target (the
adrenergic receptor) is not present in plants.

Even if the target receptor is present, its biologiGahction can be vastly different from the function
in the original target organism. The veterinary drigA AAOT | EAET Ah &I 0 AGAI E

“**the mode of action is the mechanism by which a pharmacologically active substanceqa®dn effect on a living organism or in a
biochemical system
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adrenoceptor agonist that is used for sedating animals. However, activation of this receptor also
affects fish pigmatation (Lennquist, 201Q0)Medetomidine also binds specifically to the invertebrate
counterpart of the adrenoceptor, the scalled octopamine receptor (Lind, 2010), causing increased
swimming activity in barnacle larvae and consequently inhibiting theitliag on surfaces already at
nanomolar concentrations{ahlstrom, 2000)

Another example for a potential receptor that is conserved across a broad range of species, but
exerts different physiological functions is the HMGDA reductase (the molecular targef e.g.
statins, a class of lipitbwering medicinal product}, which is the rateontrolling enzyme of
cholesterol formation in mammals, but regulates egg production in the paraSithistosoma
mansoniVandewaa, 198%nd juvenile hormone production invertebrates Debernard, 1994)

In summary, reaehcross approaches that leverage the existing knowledge on modes of action from
human pharmacology and toxicology might currently be most promising for assessing the fish
toxicity of medicinal productghat are intended to act on specific receptors in humans, see also the
coworkers (Ross, 2012). Such approaches might be more limitedhéaticinal productsthat are
intended to act on other species (e.g. antibiotics and anticotics). A particular problem might be

the risk of falsenegatives: a compound that, by virtue of its intended use and/or because of existing
knowledge on its mode of action, is likely to inéet specifically with relevant biological processes in

the environment, can be easily flagged as a potential environmental hazard by-aeads
approaches. However, it cannot be easily concluded that a compound that does not possess such
warning signalss environmentally benign.

In order to inform the environmental risk assessmentaddicinal productsthe ecotoxicologically
relevant modes of action need to be considered in a systematic and unbiased manner. Such an
approach has been outlined by Escheidato-workers) (Escher, 2005), but seems currently limited

to investigations on photosynthesis, estrogeaceptor activation, general reactive toxicity and
baseline toxicity. Additional ecotoxicological important modes of action include for example (but
arenot limited to) the inhibition of nitrification, interactions with chemical sensing (kairomones) and
effects on the invertebrate hormone system (ecdysone, crustecdysone system).

5.2 Individual vs. population - and ecosystem -level
effects

The pharmacological ah toxicological impact of an exposure toedicinal productsis typically

evaluated on the level of individual human beings and human populations during drug development

and postmarketing studies. Environmental hazards are usually described on the lepepotations

(using assays such as e.g. the inhibition of daphnia reproduction according to OECD test guideline

211). However, possibkcosysterdevelconsequences are to be evaluated during an environmental

risk assessment, which is often achieved byngsissessment factorsThis implies that distinctions

such as the ones put forward by Christen andwawrkers (Christen, 2010) who grouped affected
PEUOGEI 1T CEAAl PDPAOExAUO ET O OEI bl OOAT 06 | Ascs A
Ei BT O Qg difdets on the central nervous system, blood pressure) need critical reflection, as

AO1 AGETTETIC 1T &£ OEA OIETT O Ei bi OOAT 66 DPAOExAUO i
ecological fitness of the affected species.
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Similar to other chemicalsstudies that investigate the effects ahedicinal productson biological
communities (biocoenoses) or under field conditions are comparatively rare, in particular because
such studies are hardly ever required during the initial environmental risk assessmné are often
prohibitively expensive. Recently a range of studies has been published that used natural microbial
communities to study the effects ahedicinal productsin particular antibiotic§Halling-Sarensen,
2002) (Lawrence, 200%Backhaus, 2093(Verma, 2007) (Liu, 2011).

Microcosms that are more complexere used in the study by Richards andveorkers (Richards,
2004) on the effects of the serotonine-tptake inhibitor Fluoxetine the painkillerlbuprofenand

the antibiotic Ciprofloxacin. Reslts show thatmedicinal productscan have ecological effects well
below the equivalent pharmacologically active concentrations in mammals. lvermectin, a commonly
used veterinary antparasiticide was also evaluated in a microcosm study (Brinke, 2010),
demonstrating that the compound might put exposed ecological communities especially in
sediments at risk (realistic worst case risk quotier#6). A broad overview of the use of microcosms
for improving the risk assessment for veterinangdicinal productsvas provided in 2005 by van den
Brink and his colleagues (Brinke, 2010).

Munoz and ceworkers (Munoz, 2009) used e@pidemiological studies in the Llobregat river basin
in order to analyse the environmental consequences of pharmaceutical exposure invthieranent
and suggest combining such approaches with laboratbaged communitylevel studies in order to
improve risk assessment.

5.3 Mixture of medicinal products

Medicinal productgio not occur as isolated, pure substances in an environmental compartment. A

a broad range of different substances is used simultaneously in human and veterinary medicine in
any given areamedicinal productsare present as muktomponent mixtures in the environment.
Furthermore, most medicinal productswill either be transformd by physical and chemical
processes in the environment and/or taken up by some organism and subsequenty bio
transformed. From an environmental perspective, even individudicinal productsultimately

have to be regarded as a muttomponent chemical miture (parent compound plus degradation
products and metabolites).

In view of the widespread occurrence ahedicinal productsin all major environmental
compartments and their inherent high biological activity, it is not surprising that stakeholders from
government, industry and academia rank those compounds among the top 5 surface and
groundwater contaminants that need additional management in théS and EuropeDoerr-
MacEwen, 2006)Mixture effects have been named by the interviewees as one of the majoces

of uncertainty, hampering appropriate management strategies. It has even been suggested by
O'Brien and D. Dietrich(Brien, 2004) that the issue is so complex that it might be more
economical to simply modernise existing sewage treatment plantsrolento prevent the entry of
pharmaceutical mixtures into the environment in the first place.

i O;;E‘J:%g“
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Not only is the occurrence as mutomponent mixtures typical for the environmental exposure
situation ofmedicinal products Two characteristics also make th@iint toxic effects a major issue
for hazard and risk assessment (Kortenkamp, 2009):
1) the ecotoxicity of a mixture is almost always higher than the effects of its individual
components; and
2) a mixture can have a considerable ecotoxicity, even if all comptnare present only in low
concentrations that do not provoke significant toxic effects if acting singly on the exposed
organisms.

Backhaus et al. (2011) demonstrated for example mixture effects exceeding 50%, respectively 15%
inhibition, although the indvidual medicinal products(10 quinolone antibiotics in one case, 14
dissimilarly actingmedicinal productsn the other case) were present only at low, individually not
significantly toxic concentrations. Significant mixture effects from leffect indivdual
concentrations (EC50) were also observed in a study by Fent ambidaers (Fent, 2006b) for a
mixture of Gmetidine, Fenofibrate, Furosemide andPhenazone. A mixture ofHuoxetine and
clofibric acid killed more than 50% of a watiga ©aphnig popuation after an exposure of 6 days,
although the components were present at concentrations that did not provoke significant effects
individually (Flaherty, 2005)In the same study, a significant shift in sex ratio was observed after an
exposure to a threeomponent mixture of erythromycin, triclosan and trimethoprimagain at a
mixture concentration at which all components were present at concentrations that did not provoke
significant individual effects.

Current empirical knowledge unanimously shows tiia toxicity of mixtures that are composed of
medicinal productsfor which a similar mode or mechanism of action has been described in the
target organisms can be predicted by applying the Concentration Addition (CA) concept
(Kortenkamp, 2009)(Lawrence, 2005). Examples an be foundfor a mixture of 10 quinolone
antibiotics (Backhaus, 1999)for mixtures of the antinflammatory drugsDiclofenac, Ibuprofen
Naproxen andAcetylsalicylic acid in a study with daphnids and al¢@&uvers, 2003xs well as fo
mixtures of the RBblockers Propranolol, atenolol andMetoproplol (Cleuvers, 2005)n addition,
studies with binary mixtures of selective serotonin-uptake inhibitors Citalopram, Fluoxeting
Fuvoxamine, Paroxetine andSertraline did not find any sigridant deviations from CAexpected
mixture toxicities in studies with algae and daphnids (Christensen, 2007). Estrogenic mixture effects
of Furosemide and 17&stradiol as well afurosemide andPhenazone followed CAxpectations
closely in a study by Femind workers, employing the yeast estrogen screen (Fent, 2006b). Finally,
even investigations in muHlspecies tests show a similar pattern: in tests with sewage sludge
bacteria, the toxicity of a binary mixture of the two quinolone antibiotics oxolinicd aand
flumequine followed the predictions made by CA (Christensen, 2006), and the effects of-a five
compound mixtures of antibiotics followed the @#ediction in studies with natural planktonic
bacterial communitiegBrosche, 2010)

Comparatively, aly few studies with mixtures of dissimilamedicinal productshave been
documented in the scientific literature. The results from acbdnpound mixture indicated that the
competing concept of Independent Action (IA) provided a good prediction of the experirfignta
observed toxicity, while CA slightly overestimated to observed mixture toxi@gckhaus, 2000)An

algal toxicity study(with the five dissimilar medicinal productsPropranolol, Sulfamethoxazole,
Ethinylestradiol(EE2) Diclofenac,lbuprofenand theherbicideDiuron) resulted in a mixture toxicity

that followed IA expectations in the lower tested concentration range and CA in the region of higher
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concentrations (Fent, 2006)This was explained by the fact that four of the components
(Sulfamethoxazole, EE2, Diclofenac, Ibuprofer) were classified as acting primarily as baseline
toxicants in algae and hence sharing an identical mode of action, despite their different chemical
classes.

However, medicinal products have a multitude of possible modes of agctioin different
environmental organisms anthere iscurrently a lack of understanding of the toxiceinetic as well

as toxikodynamic interactions between mostedicinal productsand environmental organisms.
Hence a modeof-action driven selection betweentC AT A )1 AO OOEA AAOOS6 DPOA,
seem feasiblenow. It might hence be more productive, to base at least an initial assessment on the
application of CA only. This, however, is only justifiable, if on average only minor errors are to be
expeded when the concept is used for mixtures that are not composed entirely of similarly acting
compounds. It has been proven that relevant differences between botlamd CA predictions may
occur only when the mixture contains a considerably large nhumienigture components that all

have rather steep or flat concentratiaresponse relationshiportenkamp, 2009) (Backhaus, 2012)
Consequently, in all available studies that comparatively assessed both predictions, only minor
differences in terms of EC5@ues between the CAand |Apredicted concentratiorresponse
curves have been observed, with CA typically predicting slightly higher toxicities. This argues for the
notion that CA might be applied in a first tier risk assessmenneficinal productswhidc is also in

line with e.g. the recent outline for mixture risk assessment for human health as suggested by the
WHO (Meek, 2011).

This is further supported by the available empirical evidence, which indicates that mixture toxicities
much higher than predied by CAz i.e. synergisms, which would be most problematic from an
environmental risk assessment perspectzeccur only rarely. The ratio between ¢hedicted and
observed effect concentrations (e.g. EG&8lues) is usually lower than a factor of fingth the vast
majority of studies showing a clearly lower ratio. Taken together, all this implies that especially CA
might be a valuable tool for the predictive hazard and risk assessment of pharmaceutical mixtures
(Kortenkamp, 2009) (Backhaus, 201Pawrence, 2005).

It should be finally pointed out, that the problem of joint effects from mugtimponent chemical
mixtures in the environment is not restricted tmedicinal productsonly. Typical mixtures in the
environment also contain a multitude of chemals from other regulatory areas, e.g. industrial
chemicals, pesticides and biocides. The issue has therefore been analysed from a broader
perspective(Kortenkamp, 2009) (SCHER, 20Bhd has recently also begun to lead to regulatory
action (COM, 2012). Thenvironment Council of the European Union published its conclusions on
the issue of chemical mixtures, with a particular focus on endocrine disrupters on tHeoP2
December 2010. This document calls for more research in the area as well as more delihée o
legislative aspects concerning this issue, and in particular, how this can be considered in future
legislation through the application of the precautionary princiile

In view of the complexity of environmental exposures to chemicals, it is hardjyrising that a
recent survey byUK NIEHS (Boxall, 2012) identified the question of the relative importance of
medicinal productsn comparison to other chemicals and nehemical stressors as the number one
open questions with respect tmedicinal produts in the environment.

45www.consilium.europa.eu/homepage/showfocus?lang=en&focus|D=65453
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5.4 Chapter summary

5.4.1Key messages

Although the scientific assessment of ecotoxic effects of human and veterimagicinal products

on organisms in the environment is still less developed than e.g. for pesticides, it becomes
increasingly clear that somemedicinal products in particular antparasiticides, antmycotics,
antibiotics and (xeno)estrogens, pose environmental risks in certain exposure scenarios. For other
medicinal products environmental risks can be rather negligible, due low environmental
persistence and ecotoxicity of the compounds. However, the situation is far from being clear for the
majority of medicinal productsurrently on the European market. This is a consequence of the still
insufficient publically availablerfowledge on the ecotoxicology of manyedicinal productsoften
deduced from few acute ecotoxicity data collected from a very limited number of freshwater
species. It should also be pointed out here, that the knowledge on environmental occurrences is
equaly limited for manymedicinal products making a sound and transparent environmental risk
assessment almost impossible in many cases. In order to gain a better understanding of the
environmental hazards ofmedicinal products their ecotoxicologically releant modes of action
need to be better identified and clearly differentiated from the modes of action that are relevant in a
human pharmacological and toxicological context (although, of course, there might be overlaps for
certain groups of compounds). Irapicular, possible effects in an ecological context, i.e. on a super
organism level, warrant more attention.

5.4.2 Knowledge gaps

® Publically available, high quality data on chronic ecotoxicity are still scarce or even
absent for a broad range of human and vetary medicinal products

® Knowledge on the ecotoxicity ofnedicinal productsto terrestrial and marine
organisms is even more limited.

® Data from human toxicology studies might help to readross to potential effects
on environmental vertebrates (e.g. mbst species). Similarly, data on antimicrobial
efficacy can be employed for getting a first idea on potential effects on
environmental microbes. However, reaitross and extrapolation approaches for
other medicinal productsand/or environmental organismare largely missing, or
might even be impossible due to ecotoxicological modes of action that are not
relevant in human studies.

® Possible mixture effects ofmedicinal productsare not considered during the
regulatory environmental risk assessment in curr&w guideline documents.
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Chapter 6: Human exposure through the

environment and possible impacts

6.1 Human exposure through the environment

The detection of low levels of medicinal products in rivers and streams, drinking water, a
groundwater has raised questions as to whether these levels may have consequences to human
health. Humans are unintentionally exposed ¥ery low concentrations ofmedicinal products via

daily intakes of drinkig water, leaf crops, root crops, fishesaiy products, and meafHalling-
Sgrensen, 1998)

Figure7shows the most important human exposure routes.

Pharmaceuticals present in the environment

/ 2

Uptake of pharma- Pharmaceu-
ceuticals from food y ticals in soil
(!eaf crops, root crops, Pharma- Pharmaceuticals in and water
fisherie p_roducts, ceuticals in drinking water as a con_sumed
meat , dairy products drinking water result of discharge accndeptally.
used as food) as a result of to surface waters :ft'i'ncm;i:fn
leaching to of treated and wat e? swal’-
groundwater. untreated waste lowed during
water open water
¥ — swimming

HUMAN EXPOSURE /

Figure 7: Human exposure routes tomedicinal products

Depending on the different use rates ofganic fertilisers such as manure or sewage sludge and of
treated surface water as drinking water, the potential exposuréhomans tomedicinal products
may vary among EU countriefOrganic fertilisers transportnedicinal products to foodand
medicinalproducts in surface waters may end up in fish and drinking water.

Furthermore, the indirect environmental exposure of antibiotics and medicinal products having anti
bacterial, antiviral or disinfectant properties may create antimicrobial or avitial resgstance in
human gut flora leading to less effective antibiotics or avitel medicinal products in the future.

The biggest issue is the transport and spread of resistance around the globe from human to human.
If a person from Europe is exposed to an biatiic compound ira third country this person will take

back the resistance genes in infected bacteria to Europe and be able to spread the bacteria (resistant
genes) to other individuals here. Today it may take humans more than 1 year to lose resigtance
bacteria again. Therefore, the possibility to spread them to vulnerable individuals during this period
is high. It is important to realise that incorrect application of antibiotics or-aiml pharmaceutica
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is a global problem that can affect vulradle individuals many thousands of miles awayminor
exposure pathway might result from recreational activities (e.g. open water swimming, or children
eating contaminated sojl

6.1.1 Exposure through the consumption of plant based
products

Humans may be exm®d to contaminants from sludge or manure through eating crops cultivated
on soil where sludge or manure has been applied, if contaminants absairbettie soil are
transferred in plant roots, leaves, etc. The exposure of humans from jglanved food mateials

has been estimated using consumption data from a national dietary suridgrkost, 1997)
combined with estimated or measured plant concentrations of medicinal products for different
model plants(Boxall, 2008)Boxall and ceworkers (2008¥tudied the potential for a representative
range of veterinary medicinal products to be taken up from soil by plants (lettuce and carrots) and to
assess the potential significance of this route of exposure.

Comparison of the actual calculated daily intakes f@terinary medicinal productswith the
corresponding acceptable daily intake (ADIgjigure 8) suggests that for the study compounds
exposure of consumers to veterinary medicinal produntsoils via plants is likelp tbe considerably
below the ADI and that thedirect risk to human health is thus probably lowrhe most
bioaccumulative compoundgénsecticide) Levamisole (insecticide) antrimethoprim (antiinfective
drug) via nongreen food only accounted for less thal0% of the ADIs. This simplistic risk
assessment is very conservative, because it assumes that all plant material consumed in the diet is
derived from crops grown with manure containing veterinary medicinal products. The study has
focused exclusively ongpent medicinal products and on singseibstance exposures. It is likely that
many of the study compounds will have degraded in the soil or in the plant into transformation
products.

100.00% -

10.00%

1.00% -+

0.10% ~

Proportion of ADI (%)

Solid bars represent exposure via-ga@en vegetables, and hatcheddaepresent exposure via green vegetgBlesall,
2008)

Figure 8: Potential contribution of veterinary medicinal products in vegetable material to the
acceptable daily intake (ADI)
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6.1.2 Exposure through water consumption

Humans may b exposed to contaminants dissolveddninking water (Schricks, 20109r adsorbed

to particles.As @ncentration levels of medicinal products in drinking water produced from surface
water are generally higher than in drinking water produced from groundew@Debroux, 2012
Stuart, 2012) it can be discussed whether exposure is higher via the drinking water produced from
surface sources. Higher levels of concentrations in surface water does not necessarily result in a
higher level of human exposure to magihal products in countries using predominantly surface
water, since the actual exposure will mostly depend on the quality of drinking water treatriérmet
environmental occurrence of medinal products in surface watéave been evaluated and generally
found to be low if the wastevater is treated before release to the environmerds alarge
proportion of the contaminants may be removed during filtration processes in drinking water
treatment plantsFor exampleSanderson (2011) collected data showing &asnounts of medicinal
products in surface waters in the nanm microgram per litre rangehut onlyin the nanogram per

litre range and in drinking wateMNo difference between surface and groundwater sources were
reported in terms of human health risks.

The human health risks of trace amounts of medicinal products in drinking wadee been
evaluatedin a report editedby the World Health Organisation (WHO, 204%%s well as ira few
countries such as in the Uihd the Netherdnds (Boxall et al., 201 Boxall, 2012bSchricks, 2010
Versteegh 2007) All reports concludethat, based on available evaluationsthe majority of
compounds a substantial margin of safety exists between the maximum concentration in drinking
water and the concentrations likelottrigger adverse effects, anithen that adverse health effects
from targeted medicinal products occurring in European water are not expectéudividually pose
any appreciable risks to human healtHowever, although peliminaryscreening level asses@ants
suggest the exposure to be lowhey are often based on the use of proxy indicators such as the
lowest therapeutic doses as points of departure for the risk assessment (e.g. in Boxall et al., 2011),
which does not reflect the specificities of pharmaceutical exposures through drinking water. Therefore,
uncertainties remain, in particulavith regards to the particularly active nature of the molecule,
concerningmixture effects, chronic longerm effects at low doses and sensitive spbpulations
Theseaspectsshould be investigated further to verifwhether the current exposure leadto a
significant risk.

6.1.3 Direct soil ingestion

The calculated concentrations of contaminants (medicinal products) in soil or soil products after
sludge or manure applicatioare the basis for assessing the importance of the different routas
exposing medicinal products indirectly to humairs unanticipated ways It is well known that
children may ingest particles at playgrounds thatre previously sludge amended. The higst
concentrations of contaminants are found d¢ime soil surface due to the use of sludgentaining soll
mixtures for private gardens. In an epidemiologic study, 90% of the children ingested less than 0.2 g
soil per dayCalabrese, 1989)his amount ofoil has been used by several investigations e.g. SFT

46 analysing risk assessment for drinking water in the UK, the United States and Australia
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to establish quality classes for soil in kindergartens and playing grounds for children in Norway
(Alexander, 2006)

Halling-Sgrensen and cworkers calculated thdaumanhealth risk for intake ofmedidnal products
via soil(Halling-Sgrensen, 2002b)Calculations showed that humangould need to consume 200 g
to 1 kg soil in order to be exposed to one adult Daily Defined Dose (DDD) ofatieinal product
The defined daily dose ofraedicinal producisthe assumed average maintenance dose per day for
apharmaceutical productised for its main indication in adults

As stated by Alexandg006) it was anticipated that it was not possible to eat more than 10 ggam

of soil per day. Thus, it is not posiglfor either children or adults to be exposed to a whole DDD

ITA AAU OEA OITEI8 /1 OEA 1T OEAO E Atedidnal frélucE O AE £/
OOAE AO EIT OiIT1TAOh AT OEAEIT OEAO AT A AATIAAiGht | AAEAE
therefore be proposed and applied to protect vulnerable groups of the human populdfiowever,

introduction of such a principle is not easy because management twolenot beendevelopedfor

avoiding exposure of human® important pharmaceuttal products.Some groups (e.g. children)

have for different reasons enhanced sensitivity towards medicinal products such as antibiotics.
Humans developing allefgsto antibacterialagents or other pharmaceutical producteay suffer

from being exposed t@evenvery small doses of medicinal products. The evaluation of human health

risk for micrepollutants was based on an exposure scenario where a 10 kg child accidentally ingests

200 mg faeces/day. This dose of faeces will not lead to an exposure levet thighel/16 of the total

daily intake (TDI) for any of the micimollutants evaluated.

Contaminated soil ingestion in farmed animals can also be a potential exposure exes,if the
current knowledge relates principally to metalébrahams, 2003; Waegeers, 2008) Italian has
been working on the relevance of the data to the ingestion of other contaminants, including
pharmaceuticals, and their possible appearance in milk and meat, taking account of the
concentrations of these contaminants in topsoil antements including sewage sludgfe

6.1.4 Exposure through the consumption ofmeat, dairy and
fishery products

Medicinal products can bioaccumulate in cattle anf fish, either through direct exposure for
therapeutic purposes (use as growth promoter may still ocautrib an illegal practice in the EU) or
through the presence of pharmaceutical residues in the environment (e.g. in surface water for fish).
Humans can then be exposed to the contaminants through the consumption of meat, dairy and
fishery products.

FAO, VHO, the International Office of Epizootics (OIE) and a number of national governments have
lately raised the issue of irresponsible use of antibiotics in all production sectors, including fish
industries, with particular concern for the potential riskspioblic health. Many governments around

the world have introduced, changed or tightened national regulatioetated to the use of
veterinary medicines, and in particular aftibiotics. In order to protect the health of consumer of
foodstuff of animal orign, the EU legislation now foresees that foodstuff obtained from animals

“"personnal communication G.Bramiaill
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treated with veterinary products must not contain residues of the medicine or its metabolite which
might constitute a hazard health for the consumer, and Maximum Residue Levels (MBissket in

this respect.In Europe, there igherefore a comprehensive control ofesidues of veterinary
pharmaceuticals inproducts issued from farming anéquaculture, and most production is
considered of high quality, not containing antibacterial agenwvhich are the most used in animals,
over the MRL levelsihile the level of antibiotic residue is low in most cases, this kind of low and
constant exposure can lead to antibiotic resistance in both the animals fed the antibiotics and the
humans who cosume the food. EU (Eudralex, 2005), CVMP/VICH (EMA, 2013) (EMA, 2011)
EECEI ECEOAA OEAO AiTOOIEITC E&iITAO AT 1 OAET ET ¢ ATl OF
own intestinal bacteria and could contribute directly to the bacteria in the bdyeeloming resistant

to later antibiotic treatment. The riskfor resistance and @Gfact disturbances are among the
parameters considered when setting MRLs for antibacterial substances.

However, environmental exposure to medicinal contaminants (human or riedey) of animals is
not considered within the MRL regulationThis pathway of exposure is currently poorly
characterised. Additional research into deriving methods for assesfirge pathways andbetter
guantifying MRL for alnedical products as web isuggested to be initiated.

Furthermore, despite MRLs, uncertainties regarding the exposure of humans through the
consumption of food arises from the multiple sources of exposiitee exposure to contaminants
through consumption of meat dairy and fishemgroducts has been estimated using food
consumption data from the dietary survey®nductedin different MS. For organic contaminants,

the model given in TGD may be used for biotransfer into food products such as meat, milk and fat.
However, unfortunately dta are scarce so it dfficult at present to perform a complete calculation

for any medicinal producti.e; data characterising the transfer of medicinal products in the food
chain) In order b estimate the total daily intake of medicinal products, tkentent in drinking
water and food from all possible exposure routes should be combined. To estimate a total average
intake of a contaminant from all sources, the average intakes from the different food groups should
be aggregated. At present, this is impsible for medicinal products because existing data do not
allow such calculations due to incompleteness of data for most medicinal products.

6.2 Hazard potential of some categories of
medicinal products

The human medicinal products recognised as potentiavieonmental and food hazards are
primarily medicinal products used in high volumes amgdicinal productgroups with special
properties such as hormones, anticancer medicinal products, pain killers, and antibacterial medicinal
products (Halling-Sgrensen,1998) (Jgrgensen 2000) High volumes of humamedicinal products
include groups such as neteroid anttinflammatory medicinal products, betdlockers and lipid
lowering agents.
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Hormones are substances involved in cell signalling in humans. They &etied at low
concentrations (ng/l level) and as medicipabducts;they are used as natural, nature identical and
synthetic substances. As contaminants in the ecosystem, hormones have already been shown to
disrupt biological signal pathway®aston, 199).

Anticancermedicinal productsare optimally designed to kill/inhibit malignant tumour cells at doses
that allow enough unaffected cells in critical tissues with high cell proliferation rates to survive so
that recovery can occur. Different substancegps with specific mechanisms of actions are used in
anticancer chemotherapy; howevemnost are generally genotoxicmutagenic and reprotoxic
already at relatively low concentrationé. few new classes of antancer drugs such as the tyrosine
kinase inhbitors and monoclonal antibodies are not genotoxfn unintended human exposure of
anticancer medicinal products via drinking water (which are detected in drinking water) or food
could be problematic.

Antibacterial medicinal products are compousidhat kill or inhibit the growth of bacteria.
Antibacterial medicinal products comprise aufth group of importance due to their potential for
resistance development caused by selection for resistant bacteria. Several studies suggest a link
between antibacterialise and antibacteriatesistant infectiongSmith, 1999) The development of
antibacterial resistance is usually favoured by -$abibitory concentrations of thesemedicinal
products For instance, the numbers of antibacterial resistant microorganismarmpges taken from

the outlet of fish farms under treatment and the presence of resistant bacteria treated with pig
manure are increased and there is evidence that the antibacterial resistance from agriculture can be
transferred to humangBoxall, 2008)

6.2.1 Antimicrobial resistance (AMR)

The increasing resistance to antimicrobial medicinal products represents one of the major emerging
threats to human healthWithout any doubt, the development of AMR liy farthe largest riskfor
humansof having medicinal pralucts residuesn the environment AMR is a major European and
global societal problem, involving many different sectors e.g. medicine, veterinary medicine, animal
husbandry, agriculture, environment and trade. It cannot be successfully tackled throulgieidp
sectoral efforts. Food and direct contact with animals may serve as a vehicle for the transmission of
AMR from animals to humangmphasising the link between human and veterinary medicine in line
xEOE OEA O/ 1 A®(AAI OE6 ET EOEAOEOA

The fact that reistance may spread from country to country when people and animals travel or
when food, feed and other possible vehicles of AMR are traded, stresses the need for coordinated
efforts across borders.

To address this, a holistic approach risquired in linex EOE OEA O/ T A (AAiI OE®S
Commission proposes to put in place g&ar Action Plan to fight against AMR based on 12 key
actions (COM, 2011)The 12 key actions are shownBox 3. SeveralMS have been preactive in

carrying out actions related to those considered at EU level. These actiodSaevel and the

8 \www.one-health.eu
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experience gained from it shouloe the basis of the practical development and implementation of
this Action Plan.

Box 3: EU action plan agast the rising threats from Antimicrobial Resistance

Action n° 1: Strengthen the promotion of the appropriate use of antimicrobials ik all

Action n°® 2: Strengthen the regulatory framework on veterinary medicinal products and on medic
feed.

Action n°® 3: Introduce recommendations for prudent use in veterinary medicine, including foibov
reports.

Action n° 4: Strengthen infection prewion and control in healthcare settings.

Action n° 5: Introduce a legal tool to enhance prevention and control of infections in animals in the
Animal Health Law.

Action n°® 6: Promote, in a staged approach, unprecedented collaborative research andoplenent
efforts to bring new antimicrobials to patients.

Action n° 7: Promote efforts to analyse the need for new antibiotics into veterinary medicine

Action n°® 8: Develop and/or strengthen multilateral and bilateral commitments for the prevention
control of AMR in all sectors.

Action n° 9: Strengthen surveillance systems on AMR and antimicrobial consumption in human medic
Action n° 10: Strengthen surveillance systems on AMR and antimicrobial consumption in animal medi
Action n° 11: Reinforcenal co-ordinate research efforts.

Action n° 12: Survey and comparative effectiveness research.

6.2.2 Background knowledge for AMR development

It is important to stress that there needs to be a certain minimum concentration of antibacterial
drugs present before any effect ohacterial growth iobservedand therefore any selection pressure
for resistance is present.

The most important location for the developmenf antibacterial resistance is probably in the gut of

humans or animalsreceiving antibacterialmedicinal producttherapy. Resistant bacteria and

resistance genes that have developed due to presence of antibacterial medicinal products in the gut

will be excreted together with the faeces. When that faeces becomes part the wastewater sludge,
resistant bacteria and resiance genes may reach arable land if the sludge is used as soll
conditioner. Such resistance may tspread further, either vertically or by horizontal spread of

genetic elements to other bacteria. A second wayough probably less importanthan the one

described above, is resistant development due to a selection pressure of dissolved antibacterial
medicinal productresidues in sewage wateand hotspots (e.g. certain departments in hospitgls
OUPEAAIT U ET OEA ytcri AiT1AAT OOAGETT 1 AOAI 8 4ET O
that favours resistance development in the sewage treatment plant (STP). Again, the sludge may
contain, as above, genetic elements that can be transfeatd later stage to other bacteria. Finally,

a third way that may impose a selection pressure can happen in the soil compartment itself due to
antibacterial medicinal productOAOEAOA 111 AAOI AO j OUPEAAIT T U EIT O
transported with sludge to the topsoil and desorb from the waste to the soil compartment.
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Theoretically, they can exert a selection pressure to existing soil bacteria, which may develop
resistance. These genetic elements may again be transferred to other soil bactéigis likely a
less important way of inducing resistant elements into the soil compartment.

It is important to realise that there is aabundanceof naturally occurring resistant bacteria in the
environment even without any prior contact with antibactdrirugs.

As concluded in the Action Plaagainst the rising threats from Antimicrobial Resistan@OM,
2011)the development of resistance, the pressure to reduce the use of antimicrobials as well as the
weak market incentives and increasing difficultycacost to develop new effective antibiotidsave
discouraged investment in this area with the consequence that only a few new antibiotics are
currently under development.

Increasing global trade and travel favours the spread of antimicrobial resistagtveebn countries

and continents. Therefore, antimicrobial resistance igjlabal public health concerteading to
increased number of suboptimal treatments and treatment failures of bacterial diseases. The
emergence and spread of antibacterial resistana® @omplex processes. They are driven by
numerous interconnected factors. Selective pressure from exposure to antibacterial medicinal
products, which causes the emergence of resistant bacteria that may become predoimiriiain

the population, is considedethe most important factor.

Several different mechanisms are involved in the development of resistance to antibacterial
medicinal products. The scientific world is still struggling to understand the mechanism of
transporting resistance via the environmetd humans. Field information related to the spreading

of genetic material from biosolids into sad still very limited. Demoling & BaattDgemoling,2008)
reported that no longterm persistence of bacterial pollutiemduced community tolerance was
obsewved inTylosinpolluted soil.Exposure to antibacteriainedicinal productamay cause intrinsic
processes or mutations in bacterial DNA (e.g. chromosome, plasmigdulting in reduced
susceptibility or resistance to one or more antibacterial medicinal pobd(Lipsitch, 2002)
Furthermore, acquisition of resistance by bacteria through uptake of new genetic elements through
horizontal gene transfer coding for resistance is another mechan(sipsitch, 2002) Resistance
genes may be acquired by uptake of mecof DNA originating from the chromosome of other
bacteria or by acquiring mobile genetic elements such as plasmids or transp@3anis, 1994)This
increases the occurrence of resistance genes associated with transferable genetic elements, and
may entdl further dissemination of resistance genes to other bacterial speligssitch, 2002)
Various studies have reported the presence of mrd8istant bacteria both in untreated and treated
sludge(Boczek 2007)Ferreira da Silva, 20Q7)

Box4 providessome examples of the resistance phenomenon.

Box 4: Examples of the resistance phenomenon

Antibacterial medicinal products can be found with increasing frequency in wastewater and sewage s
and in parallé an increased level and frequency of resistant bacteria in the environment has been obs
(Reinthaler, 2003) Combined effects of different antibacteriahedicinal productsthat were higher than
predicted based on the assumption of concentration aduitwere shown.

In a study on the occurrence @&. coliin sewage and sludge, it was shown that microorganisms v
resistances to antibacterial medicinal products accumulated in the sly@RgEnthaler, 2003)E. colistrains
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were found which were resistanto 16 out of 24 tested antibacteriainedicinal products(penicillins,
cephalosporins, aminoglycosides, quinolones, and others); the highest resistance rate (up to 57%) wa
for tetracycline.

Although treatment of sludge reduces the number of bacterincluding the resistant ones, it will not entire
eliminate all such bacteria. If inadequately treated sludge is used as fertiliser, agricultural products u
food or animal feed may be contaminate(Ensink, 2007) (Heaton, 2008) (Keraita, 2008nd such
phenomena have been the sources of several outbreaks of enteropathogenic infe¢itieason, 2008)

Proven spread of enteropathogenic pathogens may be regarded aasindication on spread of othel
enterobacteria(Hgiby, 1995)and these may carrgesistance genes.

Bacterial DNA that contains resistance genes can be released to soil from microorganisms after treatrr
sludge. Bacterial DNA may persist in soils for weeks and mor{fPisard, 1992) (Recorbet, 199
(Romanowsk 1991)ut the biologtal activity of DNA released into natural soils has been demonstratec
bacterial DNA for limited period&Nielsen, 1997)

The stability of DNA in soils is dependent upon several factors like soil type, its composition and pore
temperature, soilmoisture, aeration, concentration of in/organic nutrients and salts, pH, bacterial act
and density, extracellular enzymatic activity, and soil interaction with mesacrofauna and florgNielsen,
197b)

The transfer of bacterial DNA to environmenta® £ A/ Bact€ria ha been demonstrated in severe
studies mostly in laboratory modelsyften by means ofin irtroduction of antibacteriamedicinal products in
concentration ata much higher level (mg/kg DW soil) thalmat found in natural soil eritonments (Nielsen,
1997c) (Nielsen, 2000) (Smalla, 2000)

Transferto soil bacteria of antibacterial resistance genes from manure used as datitih has also beer
confirmed (Heuer, 2007) (Binh, 2008and again this has been demonstrated only at thg/kg DW manure
of an antibacterialmedicinal products The frequency of suctransfers dependson several factors like the
number of bacterial species capable of transferring genes, factors that regulate their host range, the 1
and availability of trasferred DNA, the transfer efficiaes, and the selective pressure acting on the bacte
transformation. Sengelgv(2003)reported that resistance tdetracycline, macrolides an8treptomycin was
measured for a period of 8 months in soil bacteria obtairieom farmland treated with pig manure slurry
The control soil was not amended with animal manure. The occurrence of tetracy@sistant bacteria was
elevated after spread of pig manure slurry but declined throughout the sampling period to a

corresponding to the control soilA higher load of pig manure slurry yielded higher occurrence of tetracyc
resistance after spreading; however, tAetracycline resistance declined to normal occurrence defined
the Tetracycline resistance occurrence the control soil. Results obtained indicate thdtetracycline
resistance levels in soil are temporarily influenced by the addition of pig manure slurry and that incr
amountsmay result in increased levels of resistance for a shqréeiod.

A secondfield study in southerrDenmarkconsistently reported that the level of aerobic antibiotic resista
bacteria in the soil over time and soil fauna community was assessed in relation to application of nr
containing antibacterial medicinal products toehagricultural fieldgHallingSorensen, 2005)

The level of both CT-Cand TYLresistant bacteria was affected in the soil by amendment of manure,
declined during the study to the same levelthat observed at the beginning.
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6.3 Risk analysis

Studies hae shown that medicinal products amespeciallypresent in water bodies. Due to the
observed concentrations, risks are more related to possible cumulative effects oftémnyg low-
dose exposures thato acute health effect§Daughton, 1999)

There is cumently a lack of guidance on how the risk assessnfenthumans of the presence of
medicinal products in the environment may be conducted. However, several authors have evaluated
the risk of indirect environmental exposure to medicinal products.

Human pharnacology andoxicology data of human Activ®harmaceutical Ingredients have been
used for developing acceptable daily intakes (ADIs) which are believed to be without
pharmacological, Threshold of Toxicological Concern (TTC) and toxicological effect anumin
therapeutic dose (MTD) which were used as reference exposure concentrations to be compared to
the modelled or measured real exposure through the environment. A report edited by the World
Health Organisation(WHO, 2011)analysing risk assessment forinking water inthe UK, the
United States and Australia, concludes that appreciable adverse health impacts to humans are very
unlikely from exposure to the trace concentrationsro&dicinal products that could potentially be
found in drinking water. Theiridings from these three case studies are in line with the evidence
published in other countries. For instance, a study conducted in Gerauathylata reported in table

2 found that the margin between indirect daily exposure via drinking water and dadyagheutic

dose was at least three orders of magnitude, concluding that exposure to medicinal products via
drinking water is not a major health concefWebb, 2003)Previous studies have come to the same
conclusion for exposure afhedicinal products such as neuromedicinal products (Bercu, 2008),
cytotoxic medicinal products and iodinated contrast media, water or from fish consumption
(Cunningham, 2009)

However, uncertainties and particular concerns still ex#atst, in the majority of cases, the taeted
population consists of healthy adults exposed through drinking water. Thus, the risk evaluation
would need to be specifically normalised applying wezate scenarios for stiopulations (e.qg.
children, pregnant women and foetus, allergic people).

Moreover, the real exposure is to a mixture of medicinal products in trace amounts and not only
through drinking water. Thus, the total burden of exposure could be better evaluated once more
information on food chain transfersould be produced

Occurrence dbmultiple medicinal products in water or in combination with other groups of organic

or inorganic molecules at low concentrations has been reported in several studies. Consideration of
their interactions becomes important, as it constitutes a significancertainty. On 31 May 2012,

the Commission reported to the Council in@smmunication from the Commission on Combination
effects of Chemicals (Chemical mixturd€OM, 2012)In this report, the Commission engaged to
launch a new process to ensure thieks associated with chemical mixtures are properly understood
and assessed. The report states that EU laws set strict limits for the amounts of particular chemicals
allowed in food, water, ajrand manufatured products, but that the potentially toxic fefcts of

these chenicals in combination are rarely examined.

Under the new approach, the Commission will identify priority mixtures to be assessed, and ensure
that the different strands of EU legislation deliver consistent risk assessments for suchypriori
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mixtures. The Commission will also tackle some of the data and knowledge gaps to improve
understanding of the mixtures to which people and the environment are exposed.

A particularfocus is suggestetb be placedon endocrine disrupter€COM, 2012)These substances

act like hormones and disturb the normal functioning of the endocrine system. The endocrine
system is a network of glands and hormones that regulate many of the body's functions, including
growth, development and maturation. Endocrine disreps are suspected of interfering with the
production and performance of hormones. Such effects have already been seen in animals,
impairing reproduction, development or immunity.

Due to lack of understanding about (1) actual composition of pharmaceuticalures and (2)
toxicity of medicinal products at low concentration levels in mixtwi¢gh other medicinal products,

it becomes difficult to predict bodily responses these mixtures On the other handit is not
possible toevaluatewhether mixtures of nedicinal productscan be more toxic than mixtures of
other active organic substanceA.mixture of many medicinal products at therapeutic dose is known
from the medical worldo often create side effects in humankKumar and XagorarakKR000)used
information about Carbamazepine Meprobamate, andPhenytoin to understand their interaction
with each other using a pair of two active pharmaceutical ingredients (APIs) and qualitatively
discussed the potential effect of simultaneous presence of different APthoédh this approach
appears to serve the purpose of understanding the interactive effect of APIs, it does not help in
getting quantitative risk estimates.

Studies have generally discussed different assumptions followingUB€EPA guideline for health

risk assessment of chemical mixtures. Further, due to the present use of consideration of different
uncertainty factors (Ufs) for estimation of HBLs and its subjectivity, the current QPhRA
methodology overestimates risk estimates and is expected to compendatethe effect of
simplified assumptiorof no mixture effect on risk estimates.

Due to the potential additive, antagonistic, or synergistic nature of medicinal products, any
comprehensive risk assessment method addressing the issue of mixture effectpdsted to be
complicated. Generally, the additive effect due to different medicinal products is expected if
medicinal products act through the same mechanism. In case of different mechanisms Cleuvers and
co-workers reported certain mixtures of medial products to be highereven at concentrations at
which the single substance showed no or only very slight effects (Cleuvers, 2005) (Cleuver,
2003)Further, these effects could be concentratiolependent as Pomati et a(2008) observed
during their toxicity study using 13medicinal products Although most of these studies have
assessed toxicity using aquatic indicator species or -spacific tests, findings of these studies
provide human health perspectives about effects due to presence of different medliginducts at
different levels. So in general, more toxicological work is required to study interactive effects of
different medicinal products and other chemicals present in water on different human health
relevant endpoints.
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6.4 Chapter summary

6.4.1 Key messages

¥ Antibiotics, antiparasiticides, antinycotics and antcancer medicinal products are
pharmaceutical groups that argpecificallyintended to kill their target organissor
target cells and may, via environmental exposurebe the most important
compounds affecting human health

® Chronic lowlevel exposure to medicinal products exists fible public through
drinking water and through residues in leaf crops, root crops gefiglproducts dairy
products, and meat.Most of these exposure pathways are probabipt very
important but some pathways such as dairy products still need to be fully
characterisedand the uncertainties below, for example regarding possible-teng
effects, should be borne in mind.

® |n dairy products produced in Europe, only very lowmaantrations of veterinary
antibiotics are found. Similar results are found for levels of antibiotic residues in
drinking water and fish species. Fbuman medicinal productsiot regulated by a
maximum residue level (MRL), information is very sparse ondues with the
excepion of the presence of residues in drinking watfiihe levels of residues in
drinking water are very low and without concern for humaas far as can be
determined on the basis of current knowledge.

® Countries using surface water forqauction of drinking water tend to have higher
concentrations of pharmaceutical residues in their drinking wattesin countries
only using ground water, because the latter may be less directly exposed to
medicinal products.

B To date there are no shoterm effects observed on humans. However, the risks of
long-term exposure of active pharmaceutical ingredients remain poorly understood.
Longterm effects cannot be ruled out witlsurrent knowledge especially with
regard to vulnerable humans

" It seems thatthere is a stabilised problem witlish imported for food from certain
countries outside Europend containing antibacterial agents exceeding the MRL
levels applied in Europehe US and Australia.

® There is growing concern that combined exposure (mixtures)chemicals from
different sources used for example in agriculture and industry may have adverse
effects on human health, even if each individual substance is below its own risk limit.
Experts regard the predominant chemieby-chemical approach in riskssessment
as insufficient to protect against the risks of combination effects. Medicinal products
including antibacterial agents are often part of the chemical mixtute which
humans are exposedA few medicinal productsuch as selective serotonin rewgie
inhibitors (SSRI)and some anticancer agents possess side effects affecting
endocrine disruptive activity.
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® The development of antimicrobial resistance (AMR) created by antibacterial agents

is a global problem and presents one of the major emergingdts to human health
today. Currentknowledge of solutionsto minimise the risks of AMRemains
incomplete. In November 2012, the EU presented an acfpten against the rising
threats from AMR based on 12 key actions.

6.4.2 Knowledge gaps

B Generally, there is fack of data showing mixture effects of medicinal produbts

themselves and in combination with other relevant organic pollutants e.g. endocrine
disruptors. Under a new approach, the Commission will identify priority mixtures to
be assessedand ensure hat the different strands of EU legislation deliver
consistent risk assessments for such priority mixtures. The Commission will also
tackle some of the data and knowledge gaps to improve understanding of the
mixtures to which people and the environment aggposed. Such futuraction is
important to get an overview of the impact of human exposure on medicinal
products.

Experts regard the predominant chemiehy-chemical approach in risk assessment
as insufficient to protect against the risks of combinatieffects (mixtures). The
conclusions therefore call for more research in the aregpecially in mixtures
involving participation of endocrine disruptors.

Future research investigations should target data collection from vulnerable human
groups. The possibl additive or synergistic effects of mixtures would be beneficial
for an accurate exposure assessment to determine whether there are any potential
risks to human health.

Even though que a lot of data exist on levels of medicinal products in drinking
water, studies should be carried oufor providing standardised sampling and
analysis protocols to support monitoring studies.

As such, future research looking into cesffective methods to prioritise medicinal
products within the context of an overall riskssessment will benefit our
appreciation of low levels of medicinal products in drinking water from a human
health perspective. Research initiatives should focus on the current lack of guidance
on how to perform the risk assessmeftr humans Methods shold be developed

for calculating safe levels ofnon-antibacterial agentmedicinal productswhile
including specific vulnerable groups. Furthermotbe derivation otosteffective
methods to prioritise medicinal products will benetif a better appreciation ofthe
impacts oflow levelshuman exposure troughdrinking water.

Implement the research initiatives launched in November 2012 by the EU presenting
an action against the rising threats from AMR based on 12 key actions.
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Chapter 7.  Non legislative factors of influence

Non-legislative factors of influence may contribute to the presence of medicinal products in the
environment and the associated impacts, including practices along the life cycle, communication
issues regarding hte possible impacts of medicinal products on human health and the
environment, and scientific knowledge gaps of various natures.

7.1 Sustainable production

R&D and manufacturing of medicinal products is a key stage, where are defined the properties of
the molecules later placed on the market. In addition to the mode of action and efficiency for
target organisms, these properties include characteristics relevant to the occurrence and
possible impacts on the environment, e.g. persistence in environmental compartsn
bioaccumulation and ecotoxicity/toxicity of original, metabolised and/or transformation
products for nortarget organisms.

Pharmaceutical industry works towards the development of human and veterinary medicinal
products that are the most efficient @sible in detecting, preventing and/or treating diseases
while minimising side effects for target and naarget organisms. As highlighted by the
European Federation of Pharmaceutical industries (EFPIA), research and development strategies
are focussed oefficacy, safety and qualify.

It is often argued that developing greener medicinal proddt{&immerer, 2010Ji.e. efficient

medicinal products with a more environmentalfsiendly profile compared to conventional

medicinal products)raises great techimial and economic challenges in addition to timing

concerns, which would explain why this option is much less considered by the industry, at least in

the shortterm. 4 EA AT 1T AADO 1T £ OCOAAT AARAOGECTi 6 AAAOG Ali bl
reduces the numbeof candidates with satisfactory properties from a therapeutic point of view.

The currently available predictive tools may not be good enough yet to be used for developing

greener molecules in earlypedicinal productdevelopment.Moreover, the current phanacology

model impedes even more green design initiatives, in particular because of the increased
externalsation of research and the increased pressure to find new candidates (Snape, 2012)
&OOOEAOI T OAh OEA 1 AOEAOET C | /et @@enAnliifrom FUAEAET Al
consumeré®, who also might not be ready to support associated costs. In the EU, there are not

any regulatory incentives to develop active substances with greener characteristics either
(Kimmerer, 2010)

“9Based on an interview with EFPIA conducted by BIOIS for the present study.
 OAAT PEAOI AAU EAOG AAAT AAEET AA AO OOEA AAOGECT 1 £ PEAOI AAAOGEAAI
generation of hazardous subdtaA A O A1 11 ¢ OEA xET 1T A 1 EAA AUAI A6 j %%!' h woXxoqs
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"AAAOOA 1T &£ OEAOA AEAEZEAOI OEAOh DEAOI AAAOOGEAAI
sustainable manufacturing practices, with limited &sions, without modifying the formulation

of medicinal products. Anastas & Warner (Anastas, 1998) highlights the 12 green chemistry
principles. Good Manufacturing Practices (GMP) requires containment measures for few high

risk medicinal products (includin cytotoxic medicinal products). However, for the large

majority of medicinal products, green chemistry remains a voluntary practice.

7.2 Tackling overconsumption

Although disease pressures can differ from a country to another, it is very unlikely that the
diEEAOAT O O1T ARAAOG & O 1 AAEAAOGEIT o6 Agbl AET ET Ol
medicinal products nor the variations observed in the EU. Beyond the need for medication,
consumption levels of medicinal products can be explained by increased accessdioation

(e.g. availability of supply, ovahe-counter sales and price); cultural acceptance of medication;
relationships between consumers, pharmacists, and doctersg stimulation of consumption

(e.g. marketing strategies, reimbursement schemes). peat of its activities of surveillance,
ESAC set up a database on seeimbnomic determinants related to antibiotic use, including
diverse categories of variables related to burden of disease, culture and perception of illness,
demographic factors, educain and knowledge, healthcare system and seempnomic
factors™.

Although the use of medicinal products to meet needs for medication is hardly questionable,
inappropriate and excessive consumption might be at the origin of unnecessary emissions. The
conce® T &£ O OAOAT T OOI POET 1 6h EB8AgOrdleiNatori @OET T A
Médecins, 2012)is an easy grasp but it is difficult &ssess the scale of this phenomenon in
DOAAOEAAh CEOAT OEA OOAEAAOEOEOU ipfescripioAsD) EO O
doctors are competent for assessing these needs for each patient. However, in practice, a
number of medical habitsthe OTC statusand socieeconomic factors might favour the

overconsumption of medicinal products.

7.2.10verconsumption in the cotext of OTCs or
medicinal productsunder prescriptions
In the EU, ovetthe-counter medication is readily available, relatively inexpensive and can be
I AOAET AA xEOET OO0 bOil £ZAOOET T A1 AAOGEAA OEAO x1 Ol
consumption. 1 is common for people to sethedicate when having mild pain and headaches,

Y1 DPEAOI AAAOOEAAT ETAOOOOEAOR OCOAAT AEAI EOOOUG ET OAlI &RAI OAAAO
pOi AOAOO AT A OCOAAT DBEAOI A A gradabfe Erll Gorddavirdhmebidtier@lh substricds Aurhnie@A AET AA
2010).

*?Based on information provided by a AEMP§éncia Espafiola de Medicamentos y Productos Sanitani@pain) representative in

OEA NOAOOGEI 11 AEOAO Al AAT OAGAA AU ")/)3 ET OEA Ai10AgO 1 £ OEA OOA
*www.esacua.ac.be/main.aspx?c=*ESAC2&n=50205

bi o';:suiagm

Study on the risks of envirmmental effects of medicinal producty 91



Chapter 7: Non llegislative factors of influence

colds and allergy symptoms, and gastiritestinal upset, although these practices importantly
vary from a country to another. Some medicinal products can be sold over the connseme
countries with or without the supervision of a pharmacistwhereas a prescription would be
needed elsewhere (Kiimmerer, 2009) (EEA, 2010) (Académie Nationale de Pharmacie, 2008).

OTC medicinal products may then represent a considerable share eftatal quantity of
medicinal products used (NRDC, 2009) and favour @egrsumption (Roig, 2010). For example,
OTClbuprofenor Paracetamolare likely to represent a higher share than prescribed ones. Sales
of OTC medicinal products are however diffictdt estimate since they are not systematically
recorded: consumption data from Germany, Poland, Spain and the UK (England and Wales) do
not include OT@nedicinal products, whereas detailed data exist in France (KNAPPE, 2008). For
example, French consumptioof Paracetamolincluding OTC sales amounts to about 47.1 g per
capita per year whereas figures are significantly lower in Germany, Spain and UK, where
consumption figures amount to about 4.5, 3.6 and 15.7 g respectively (Roig, 2010)

Prescriptions can auribute to control the delivery of medicinal products with significant and
potentially hazardous effects, such as antibiotics, antidepressants and hormones.- Over
prescribing has however been reported in a numbemMs. For example, a survey of general
practitioners in the UK found that more than 80 percent of practitioners -sejforted over
prescribing antidepressants to their patients In France, 30% to 70% of medicinal products
delivered under prescriptions could have been prescribed in eXt88s5,2005)

Reimbursement schemes afiedicinal productsare an essential part of health care systems,
which do not necessarily increase the consumption of medicinal products sdmad2009).
However, undesirable side effects can occur whemealicinal productioses its reimbursement
status. Kanavo$2001) showed that its prescription sales often fall, since doctors may replace it
with cheaper alternatives in order to reduce the costs paid by patients. Industries may
consequently try to have it reclassified as @1 C medicinal product in the case of prescription
only medicine, so that consumer could buy it on their oWwever, industry would then need to
assure the authorities that the medicine to be reclassified is safe to be sold over the counter
without professional input. The opportunity for sethedication could then increase
consumption, following the mechanisms described above.

Beyond the actual need for medication, demand for medicinal products can be stimulated
through marketing strategies. Because inration has been losing momentum in the last ten
years, because market authorisations are increasingly controlled and because of increasing
competition from generics, pharmaceutical industries tend to invest increasingly in marketing
activities (Ordre Natioal des Médecins, 2012). Physicians and patients are confronted every day
to advertisements for medicinal products, tailored to spbpulations, seasonal diseases and
discomfort. Direct marketing through flyers, ads on TVs or newspapers astbre marketng

are part of marketing strategies of pharmaceutical companits.the European Union (EU),
advertising of prescriptioronly medicines directly to patients and consumers is forbidden by law.
However, advertising may still occur towards professionals tigfotactical sponsorshipdirect

mail, conventionor hospital displays and service items such as educational films, medical

**|n the UK and in France for instance, some OTC products are only available in pharmacies.
**BBC communication cited in (NRDC, 2009)
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illustrations and photographs (Khosla, 201RY. raising awareness of physicians and patients for
medicinal products, these practiseare likely to stimulate consumption through prescriptidhs

or selfmedication. As patients pay for an increasing share of their health care costs and tend to
buy product brands they trustRonnlund 2010),they are increasingly targeted by marketing
strategies. Marketing towards insurance companies also contribute to promoting new medicinal
products e.g. through their inclusion in reimbursement schemes.

It is interesting to note that the EU pharmaceutical sector experienced an increase in marketing
and sdes expenses over the past decades. These activities have become a major cost item in the
expenditures of pharmaceutical industri@€CORYS, 2009). This is in line with practices observed

in the US".

7.2.2Unused medicinal products

This section is based on stedi focused on human medicines. dises of unused veterinary
medicinal productsare similarfrom a qualitative perspective, but not enough data is available.

Treatment interruptions provide a first explanation of this phenomenon, resulting from a change
dueto intolerance to the initial medicine (side effects), from voluntary discontinuafland to a

least extent from death of patienfAcadémie Nationale de Pharmacie, 2008) this latter case,

the apparent oversupply is largely unavoidabfe In England foexample, Bound and Voulvoulis
(2005) showed that less than 53% of patients completed their treatment. Pxescribing and

easy access to medicinal products are also possible factors: IGAS (2005) showed that part of the
medicinal products distributed antkft over in France was due to ovprescriptions; while a

study from theUSshowed that overall OTC medicinal products are likely to go more unused than
prescribed one¥. The relative influence of each of these factors would gain in being better
characerised.

Another reason underlying the generation of unused medicinal products is the difficulty in the
AOOOAT O OUOOAI O OAEIT O OEA AAI EOGAOU 1T &£ | AAEA
industrialisation of the pharmaceutical sector, thize ofmedicinal productgpackages (Gauthier,

2011) is increasingly standardised, with fixed volumes or number of pills. This may result in extra

AAl EOAOUR xEOE 1 AAEAET Al DPOT AGAOO 0OOODPI 6O AAEI
outdated andmust be discarded. The adjustment of medication, in particular for some specific
population groups such as children, the elderly and for some severe illnesses such as cancer and
transplants, is now increasingly promoted in health strategy (Gauthier, 2011)

Significant shares of unused medicines detained by individuals and pharmacies could be avoided.
A UK study showed thathis avoidable share may account fapproximately 50% of unused

*®As a result of marketing strategies, physicians can prescribe new, higher costatieds when generics or lower priced brand

drugs are available.

*In 2008, a new study by two York University researchers, based on 2004 IMS health data estimai&ptaemaceutical industry

spends almost twice as much on promotion as itdoeson i@sk& AT A AAOAI i i AT Oh Ai 1 OOAOU OI OEA E
*%|n the UK, a study (YHEC, 2010) revealed that in many instances, unused medicines were those prescribeetéomsbort

intermittent disorders, with a discontinuation of treatmentstaf the disappearance of symptoms.

*For instance, in the UK, over 60 per cent of strong analgesic and approaching 80 per cent of wound dressing returns rtestly repo

because of patient deathv(HEC, 2010).

®pata from an unused medication collectionggram in California also suggested that 52 percent of etexcounter (OTC)

pharmaceuticals are discarded unused, compared to 45 percent of prescription pharmaceuticals.
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medicines detained by individuals and between 50 to 70% of thosermetuito pharmacies
(YHEC, 2010).

7.2.3Strategies for administering pharmaceuticals

Compared with targeted therapies, prophylactic and empiric administration of human and
veterinary medicinal products may favour oveonsumption of medicinal products (KNAPPE,
2008). No specific data could be found in the EU, but globally, Bowler (2005) showed that the
increasing prevalence of MRSA (methiciliesistant Staphylococcus aureudrives changes to
empirical and prophylactic regimens in favour of much greater usglyafopeptides. Calculations
made in a hospital suggested that this shift in therapy would increase the total antibiotic budget
by 100% (WHO, 2005).

Prophylactic use of veterinary medicinal products has been particularly developed in aquaculture,
notably antibiotics, to forestall bacterial infections resulting from the high density of fishes, the
difficulty in isolating sick animals and the absence of sanitary barriers (Naylor, 2005). Significant
emissions of medicinal products were detected e.g. in salrand shrimps farming in Norway
(Grave, 1999). Antibiotics, in addition to be at the amigf bacterial resistancesée gction6.2.1)

are often designed to be persistent in the environment, to ensure that tleeyain stable in the
aguatic compartment, exerting their selective pressure for long periods (EMA, 2010).

The mode of administration (e.g. bolus, injection, dermal) and precautionary practices during
administration, may also influence the emissions in #rvironment. For humans, the external
application of veterinary or human medicinal products through ointments or patches for example
might favour unnecessary emissions, through the releasemefdicinal productsurplus in the
environment, while injections rad bolus limit the direct environmental contamination by
favouring the uptake by the organisms. Injections however have the inconveniendeate
sharpmedical wasteafter use.

7.3 Effectiveness of the waste management
practices

7.3.1Collection schemes for unuseanedicinal products
and awareness raising
Takeback schemes usually concern only medicinal products for human use, and natsednor

expired veterinarymedicinal products, which arasually collected together with other type of
veterinary waste or diredy disposed of in municipal waste stre&m

®'The French authorities indicated that in the case of veterinary medicinal prodihets;ircuit is less formalised than with human
pharmaceuticals, and includes veterinarians and professional livestock farmers. Information provithesl french authoritiesn a
NOAOOET 11 AEOA Al AAT OAOAA AU ")/ Yiod foriHe présEnfstudyl T OAZO 1T £ A OOAEAET T AAOC
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In the case of human medicines, the absence of collection schemes for human medicinal
products in certain countri€$ (Académie Nationale de Pharmacie, 2008) (Niquille, 2083s

not fully explain the low performace in collecting unused medicinal products at EU lesek (
section3.3.).

Collection schemes had been established in 20 European countries in®*20@gadémie
Nationale de Pharmacie, 2008ncluding Sweden in 1970 with Aeket (APOTETEK, 2006),
France with the Cyclamed Progr&f{1993), Portugal with the Valormed Progr&hi2001), Spain
with the SIGRE systertEEA, 2010§2003) or Hungary with RECYCLOME[R005).However,
there is no harmonised take back system imposed atéudl. As a result, take back schemes are
uneven from one MS to another.

Gaps in collection statistics can be explaitgd
B heterogeneity of collection coordination in MS, which might be:

O at MS, regional (e.g. agreement between the federation of
pharmaces and the region in Belgiumlpcal level (e.gtake back
and disposal of medicinal products are fundadd coordinatedby
citiesin the Netherlands);and

O managed by governmenbwned companies (e.g. Apoteket AB in
Sweden), environmental nonrprofit organisation (e.g. SIGRE in
Spairt” and CYCLAMED in France) initiated and/or funded by the
industry orindustrialstakeholders (e.g. Valormed in Portugal, former
VFW/Remedica in Germaffy®.

¥ heterogeneity inimplementation of collection schemes bgharmacists:there is
no harmonised EU legal obligatiaand the participation i®n avoluntary basdan
mostMS (EEA, 2010) (Roig, 2010).

B Jack of awareness of consumepgpbably due to insufficientommunication(i.e.
advertising collection schemes, labelling) despiteesfriendly website&’ and
communication campaignsThe latterare generally intermittent, with a limited
efficiency’™

®2For instancen Germany, the existing takback scheme was abandoned in 2009, because of an amendment to a Gernéh law
and there is no takdvack scheme in The Netherlands. In this latter case, most unused medicinal prodecttaned to pharmacies
disposed of via the collection system for household chemicals or as common household waste, in which case it will beth¢asera
it is prohibited to dispose of domestic waste in landfills). Source: Based on information pdovida representative from RIVM , in a
NOAOOGEI 11 AEOA Al AAT OAOGAA AU ")/)3 ET OEA Ai11O0AgO 1T &£ OEA OOAEAEII
3 austria, Belgium, Czech Republic, Denmark, Estonia, Finland, France, Germany, Hungary, Ireland, Italyial, iNetherlands,
Poland, Portugal, Slovakia, Spain, Sweden, United Kingdom.

& www.cyclamed.org

% www.valormed.pt

e \www.recyclomed.hu

*”Funded by the pharmaceutical industry and operational in 20000 pharmacies in Spain.

8\FW / Remedicaaghered320 industialsandproposed a free takdack service to 15 500 pharmaciisvas abandoned in June
2009 following a national law on packaging, which recommended discarding pharmaceuticals directly into municipal waste.

% |nformation collected from: www.cyclamed.gfcircuit/etranger

For instance, website of SIGRE initiative: www.memoriasigre.es/2011/

"Based on an interview with EFPIA conducted by BIOIS for the present study.

y
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B insufficient structuring of the sector in the case of veterinary medicinal products,
where the collection of unused medicines remainsrminformal and is mostly
organised by veterinaries and professional breeders.

E much fewer information is availde for the collection schess and relatie
efficiency of unused veterinary medicinal productghich are mostly collected
with household waster which can be disposed of directly by the Vet

7.3.2Containment of run-off in farms and urban areas

Run-off water from fams or impervious urban areas can be contantdakby large quantities of
pollutants, including medicinal products (Sinclair, 2007). Faonurban areas are not necessarily
designed to contain rwoff. Hence, wastewater is not always discharged into the sewage
network and can end up infiltrating the soil and the groundwater, leading to environmental
contamination.

A number of best practice allow mitigating this issue. For instance, farmers must comply with
the posttreatment withdrawal periods specified on the product labellitig.compliance with
Article 11 of Directive 2009/128/EC on sustainable use of pesticid®S slall also ensrto put

in place appropriate measures to protect aquatic environment and drinking water, including
measures to minimise the risk of effte pollution caused by runff. At farm level, those
measures reducing ruoff water can positively contain such patgal source ofmedicinal
contamination.

7.3.3Inefficiencies of treatment/elimination processes

As pinpointed in sectio3.3the waste treatment of medicinal products is not always optimal or
adapted due to some shittomings existence in the efficiency of current disposal processes.

P Wastewater treatments

Current municipal sewage treatment plants cannot guarantee a complete elimination of
medicinal products (Miege, 2009Réemtsma 2006) (KNAPPE, 2008). Efficiencyf treatment
mainly depends on:

B type of treatment technologies chosen which allows eliminating (degradation) or
removing active pharmaceutical ingredients to a certain extent (B 5)
(biological technologies: conventional actited sludge, membrane bio reactor,
bio film systems; separation technologies: nafilbration, reverse osmosis,
activated carbon, sand filtration; or oxidative technologies: ozonation, ultra violet
light and hydrogen peroxide (UV/H202).

B nature of the subsnces to be treated, which influences the degradation or
sorption rate: polar compounds are mainly eliminated in biological treatment,
while hydrophobic compounds are rather removed through adsorption on

"www.wastebook.org/clinical.htm
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sewage sludge (Carballa, 2003). Treatment cannot dadibrated for each
therapeutic group since even within the same group, degradation rates would not
be the same depending on the specific chemical structures of the molecules
treated.

high concentration of medicinal products in sewage. This can be bedhese is

no pretreatment of effluents from hospital or farms, where large quantities of
pollutants are generated, before their discharge in municipal sewage. In this
context, the Netherlands and Germany tested the collection and treatment of
wastewater fom hospital before their discharge in municipal networks, which
appeared to give significant results (KNAPPE, 2008).

Box 5: Efficiency of various treatment technologies

As treatment must take place at existing facilities with veryfatient processes and capacity to remo\
medicinal products today, the methods needs to be taifoade to almost each individual plant or group
plants with similar process schemes. Each technology has its advantages and shortcomings; the
including the production of norwanted transformation products, increased sludge handling, and increa
use of chemicals and costs associated with implementation (EEA, 2010).

Amongst advanced technologies, ozonation and activated carbon show the most promisgutse The
efficiency of these treatments depends mainly on the treatment capacities (e.g. MIRE1/h for ozonation
compared to 01 n/h for UV/H202) as well as sludge and hydraulic retention times (ebgh @or ozonation
compared to 18 h for UV/H2Q). In 2003, POSEIDON project showed that the ozonation technol
performed effective oxidation/degradation of three major endocrine disrupters {@thnylestradiol, 17b
estradiol and estrone). It was then predicted that ozonation would drastically redzstrogenic effects or
fish caused by discharging treated municipal wastewater into rivers and streams. It could also be pre
that the potential for the formation of resistant bacterial strains would be lowered significantly beci
antibiotics wereno longer detected in the ozonated wastewat@arballa, 2003)In line with these results, .
Swedish study showed that additional treatment with active carbon or low dose ozone (5 mg/l) v
decrease the risk of detrimental ecotoxicological effects ie tieceiving waters of Henriksdal treatment plai
(Bjorlenius, 2012) These results are also in line with thosetwb pilot trials supported by the FOEM

Switzerland®which showed that a broad spectrum of organic trace substances could be eliminatééo)>
with ozonation and activated carbon.

Additional treatments are expensive compared with present technologies and require more energy, wt
in some cases, a simple sand filtration may present a good-lgestfit ratio in removing e.g. toxic ani
endoaine disrupting effects in cases of low dilution of effluent (Stalter, 20I0)e same Swedish stud
shows that additional treatment for APIs would require #-0.3 kWh/ni of energy. The estimation o
additional costs widely varies between studies. Theg hardly comparable since they very much depend
the initial infrastructure, type of treatmentMS conditions, etc. In the frame of MistraPharma project, it w
estimated that introducing an extra step in the purification process of water in Swedendwnaotease the
cost for treatment of wastewater by %000 %(Ruden, 2009) According to the aforementioned Swedis
study, total costs (investment, running and capital costs) for additional treatment under Swedish cond
would range from 0.% 0.6 Q¥ fThe Swiss study estimates additional costs betweeh0% compared to
existing conventional treatment, which would correspond to 15 to 24 Swiss Francs per inhabitant per ye

"www.bafu.admin.ch/gewaesserschutz/03716/11218/112@&%imtml?lang=en

f
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Moreover, sewage leakages and overflows due to extreme climatic eveiotsns) or insufficient
treatment capacity may impede the efficient treatment of wastewater before its discharge in the
environment.

P Incineration and landHilling

Medicalwasteare in principlecollected by thededicatedcollection schemes established in nos
MS. If this is not the case, solid waste contaminatednhgdicinal productds generally disposed

of with municipal waste, since moshedicinal productsare not considered hazardous waste
(except cytotoxic and cytostatic drudd. Two options are possiél incineration andandfilling.

Both options have their shortcomings in the elimination of medicinal products, as highlighted in
section3.3when describing the contamination pathways. For example, although incineration is
increasingly promoted to eliminatanedicinal productsresidues contained in contaminated
waste, the relevance of inteational guidelines regarding the incineration of hazardous
medicinal products is still debated, in particular in terms of temperature ofnhgration. For
example, WHO guidelines suggest the incineration of anatihcer medicinal products beyond 1
000 °C to R00°C. Some tests contest these temperatures, by showing that almost the totality
of anticancer APIs contaminating municipal waste ¢eneliminated through their incineration at
850°C for 2.2 second8isson, 1996)Other tests show that incineration of artancer medicinal
products do not modify mutagenic and genotoxic properties of the incineration residues
(ADEME, 2004)

7.3.4Valorisation of sludge and manure

The agricultural valorisation of sludge and manure, which may contain human and veterinary
products, through land application as fertiliser is increasingly observéd3fi. As in the case of
Finland, this could be due to the increasemanure production along with the increasing size of
dairy cattle farms (UusiKamppéd, 2008) Land application of manure and/or sludge is a
widespread practice since nearly 100% biosolids are reused in Finland and more than 87% in
Luxembourg, Cyprus anBortugal®. These practices favour the release of medicinal products in
the soil and their leaching to groundwater later on, since, as shown in se8t®rmedicinal
products can b present in significant concentrations in farm animal excretions and sewage
sludge. Compaosting however allows reducing the concentrations on medicinal products.

7.4 Awareness of potential impacts of medicinal
products

Practices described above show that thessible impacts for human health and the environment
of the presence of medicinal products in the environment are perceived differently depending on
countries and on stakeholders.

"Nomenclature in Commission Decision 2000/532/EC, n° 18 01 08, 18 02 07 and 20 01 31.

1 OAOOGEAXx xEOE "AT O (AT EIC 31 OATOATR ET OEA Ail OAgO i &£ OEA AgDPAC
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4EA 11T x 1TAOGAT 1T &£ CAT AOAT bDOAI E Arén@entallindpacts &A1 OE
medicinal products is mostly due to the difficulty to appreciate these impacts and to
communicate on this issue. Although representatives of the health sector often acknowledge
possible impacts of medicinal products on the environniénthese possible impacts are not
necessarily considered in light of the benefits of medicinal products for human and/or animal
health. Environmentalists rather invoke the precautionary principle to pay more attention to the
issue of medicinal products, iparticular in third countries and in view of future medication
challenges posed by increasing and aging population. These different perspectives significantly
influence the efforts of the research community understand possible risks posed by medicinal
products and the willingness of stakeholders in  developing  concrete
preventive/mitigation/remediation actions.

A number of operational levels for communication have been identified, targeting different
group of stakeholders and comprising EU and governmentthorities, pharmaceutical
producers, doctors, veterinary and other healthreprofessionals pharmacological committees,
patients and water authorities (EEA, 2010he success of initiatives such as Cyclamed in France
or the environmental classificain of medicinal products in Sweden, which both required the
collaboration of various stakeholders, show that overall communication could be improved to
achieve a better awareness of actual and possible issues cefatemedicinal products. The
classificaton of medicinal products was developed in Sweden through a joint initiative of the
Stockholm County Council, the statewned pharmacy chain Apoteket and the Swedish
Pharmaceutical Industry Association. This classification and especially the editing of
corresponding booklet aimed at helping professionals responsible for prescriptions select the
most environment friendly treatment amongst treatments of similar efficiency.

Overall, awarenessaising campaign had also proven to be efficient, e.g. to improvkectibn of
unused medicinal products provided they are sustained and target various stakehokkes (
section7.3.).

Possible environmental effectsfanedicinal products still seeranderestimated during future

AT AOI 008 AAOAAOETT AT A OOAETEI ¢C8 &1 O AgAIi Pl Anh

ET DPEAOI AATi1iTcu xTOIA AA TACIECEAI A AOOEIT ¢ Al

informed on specific medicinal products later on and throughout their calseindustriairelated
counsellors (Ordre National des Médecins, 2012).

®Based on the analysis FOAEAET | AAOOS OADPI EAO O NOAOOEiI 11 AEOAOG Al AAT OA
OOAEAEIT 1 AAOOGS AT 1 AT OO AOOEI ¢ OEA 71 OEOEI B 11 OEA DPOAOAT AA
BIOIS on behalf of EAHC, on Septieen 19, 2012.
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7.5 Lack of Knowledge

7.5.1Monitoring strategies, analytical methods and
indicators to measure the presence of medicinal
products in the environment

Although monitoring strategies and analytat methods have been remarkably improved in the
last ten years, the detection of medicinal products in the environment can be limited by the:

E heterogeneity in the selection of substances targeted Because of their
significant number, not all the medicinalproducts, metabolites and
transformation products possibly released into the environment can be
monitored and choices need to be made based on prioritisation strategies.
Several strategies of prioritisation exist, based on hazard or exposure approach,
which have been applied differently depending on countries, in Europe and
elsewheré’. What approaches should be used to prioritise PPCPs for research on
environmental and human health exposure and effects is still one if the Top 20
questions raised during the ) %( 38 ET OAOT ACEIT T Al AT 1 00I
According to one of the academic participants, the fact that the pharmaceutical
sector, which detains the most accurate information on the types of substances
and quantities produced throughout the year,rist necessarily associated to the
choice of substances to be monitored may significantly limit its relevdhdeo
date there is no systematic coordination of the prioritisation approaches for
medicinal products monitoring at the European leVelsubstances being
monitored when judged necessary by stakehold8rsAn exception at the EU
level concerns the Water Framework Directive, which proposed to include three
medicinal products in its priority list (as mentioned in sect®8.5, which would
involve their mandatory monitoring.

B difficulty in monitoring certain compartments : extensive monitoring exists for
surface water, groundwater, drinking water, and sewage but very few data exist
on soils, sludge and sediments (see Chapt&/Hich molecules are found in the
environment and how do they behavg?Beyond the lack of adapted methods
(see below), the main reason for little monitoring in these compartments pointed
out by two academic intervieweéSis that, unlike water, the risk of exposure is
often considered negligible, since possibilities of direct intake are limited.
However, sludge could be contaminated through the adsorption of molecules in
wastewater treament infrastructures, sorption being the main removal

"nterview with Prof. Alistair Boxall from the University of York. Information confirmed by existing literature, e.g. ineRndificthe
work of Besse et al. (2008), which establishes a preliminary classification based on the assessxeoswfee in thd)Swith the
work of US EPA (ToxServices LLC, 2008)

®Information based on the interview with Dr. Bryan Brooks for the present study.

" As highlighted by the UBA representative during an interview and confirmed by NIEHS.

8 Based on an intefew with EFPIA conducted by BIOIS for the present study.
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mechanismgKNAPPE, 2008and may be at the origin for bioaccumulation in
the food chain, when reused for agricultural purposes.

B heterogeneity of sampling protocols: depending on the choice of locat, and
the number of samples, etc., monitoring data can be more or less representative
of the actual presence of medicinal products in the environment. Although
monitoring is now carried out on a regular basis, with much improved techniques,
the reliabilty of the data obtained can still be questionéd

E Jow environmental concentrations of medicinal products which can be below
standard detection levels and do not allow guantification.

B cost of monitoring campans.

It also has to be noted that the indicators routinely used to monitor water quality in hospitals or
manufacturing outlets (e.g. organic matter, concentration in oxygen) do not generally consider
specific contamination by medicinal products.

Furthermore, monitoring of pharmaceutical contamination generalldoes not permit
determining:

B the origins of emissions, e.g. from hospitals vs. households: some medicinal
products can be used in both environments and excretions are released through
common sewagenetworks. Even in cases where emissions from hospitals could
be distinguished from those from households, the increase in ambulatory
treatment would make it difficult to attribute emissions to hospital or household
medication.

B the stage of the life cyclat which they were released: due to the different
registration situations in various countries, with deviating and/or overlapping use
in human and veterinary medicine, no pharmaceutical compounds are in general
fully attributable to veteinary purposes onl(KNAPPE, 2008)

7.5.2Limitations in hazard and risk assessment
approaches

Concerns have been raised over whether traditional indicators (e.g. survival, growth,
reproduction) can or not:

® reflect the multiple and complex possible modes of action of medicimatlpcts
(genetic, molecular, etc.). In this context, the experience from risk assessment of
I OEAO PI AT O DPOi OGAAOEIT BOT AOAOO 1T O AET AEAA
OPAAEZEA 11T AA T £ AAOETT06h OEIi xO OEAO EAO A
from the mode of action (see sectidnl);

E identify subtle nonlethal and ecologically important effects of a chronic
exposure of target as well as ndarget organisms (Brooks, 2005) (Kimmerer,
2009)(KNAPPE, 2008).
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In otherwords, some researchers conveyed serious concerns about whether standard tests and
endpoints (notably described in the risk assessment guidelin8ection8.1.2 allow looking at

the right responses in the right organisfiollowing chronic exposure to medicinal products.
The effect of the norsteroidal antiinflammatory compoundpDiclofenac, on vulture populations
(Oakes, 2004) provides an illustration of an endpoint that would not have been predicted from
standard studies, &cause chronic toxicity from lonaterm exposure would not be considered.
Same concerns exist for antibiotics and antincerous medication.

In this context, the relevance of the PNEC/PEC ratio used to characterise the environmental risk
is debated within he scientific community (see sectio.1.2 which discuss the scientific
robustness of the PNEC/PEC rgtio

51 OEI OEA T EA WYooddO0h AAOA DOI AOGAOGETT AT A AT 11
substances in the abiotic eironment, primarily levels in water. Still very few studies
documented exposure and tissue concentrations. Interest in studying toxicological and eco
toxicological profiles of medicinal products and their likely impacts on the environment (flora,
fauna) and human health via the environment was only raised recently, following the discovery of
the effects oflvermectinon dung fauna (Madsen, 1990). According to a Defra representative,
datasets were produced in this context, both for human and veterinary oiedl products,
mostly through testing focusing on acute and hence shierm effect$?. However, scientists and
industries still have to cope with scientific, technical and economic challéfigssociated with

the assessment of environmental and health iagts of chronic exposure to medicinal products

at low concentrations, in particular in the case of mixtures, as experienced by representatives
from an environmental authority and a national medicine ageficfThe understanding of the
environmental and humamxposure to medicinal products is still low, especially regarding birds,
mammals and amphibians. In particular, there is still an undeveloped understanding of
bioavailability”® (today there is no welestablished models for calculating the bioaccumulation

the food chain ofmedicinal productsand mixtures ofmedicinal productsresidue&®) and little
consideration of the impact of the variability of environmental conditions on exposure. The
difficulty to produce chronic and epidemiologic dapartly explairs the scarce datasets available

in the literature and ultimately the difficulty to reach clear conclusions on the potential risks of a
chronic exposure to medicinal products for human health, as notices a representative of
environment ministry’. Current ER provides information only on a few species during short
term chronic studies. Furthermore, it provides information only on the active substance
concerned by the Marketing Authorisation Application. In case of a combined product,

8 |nterviews with Dr. Bryan Brooks from Baylor University and Dr. Benoit Roig (coordinator of the KNAPPE project) carried out b

BIOIS for the present study.

#|ntervention from Defra during the Woskop on the presence of medicinal products in the environment organised in Brussels by

BIOIS on behalf of EAHC, on September 19, 2012.

8 According to an interview with Novartis, the average cost for the industry for carrying out ecotoxicological stutgeefo

substance according to the Guideline on Environmental Risk Assessment would approximate 300.000 EUR. This informatioh could n

be retrieved in publications.

#Based on information provided ke Bundesamt fiir Verbraucherschutz und Lebensmittelsitieit and the Romanianational

i AKREAET A ACAT AU ET NOAOOEiI 11 AEOAO Al AAT OAGAA AU ")/)3 ET OEA Ail O/
%|nformation based on the interview with Dr. Bryan Brooks for the present study.

% |nterview withProf. Alistair Boxall from the University of York. Information confirmed by existing literature, e.g. in France with the

work of Besse et al. (2008), which establish a preliminary classification based on the assessment of exposug&itththe work

of US EPA (ToxServices LLC, 2008)

8"Based on information provided ke Federal Agency foPharmaceuticalend Health Products in Belgium (FAMPH) in a

NOAOOET 11 AEOA Al AAT OAOAA AU ")/ )3 ET OEA AiT10A@O 1T £ A OOAEAEIIT AAOC

Intelligence
Service

102| Study on the risks of environmental effects of medicinal products b| o



Chapter 7: Non llegislative factors of influence

representative of the &deral Agency foMedicinal producteand Health Products from Belgium
highlights thatall substances are studied separaf€lyCurrent methods do not allow assessing
the impacts of mixtures on the environmentub stakeholders highlighted that a large
overestimation (worst case) is often used in the calculated 18%e\dodelling is increasingly used

to cope with the lack of experimental data and assess the exposure, hazards and risks posed by
medicinal products guch as Huggett Model for toxicological data (Roos, 2012)). In particular,
pharmacological data can be useful to estimate the biological effects on aquatic organisms but
the access to such data remains limited and the relevance of such data for envircadment
considerations remains to be confirmédNAPPE, 2008)Literature pinpoints the shortcomings

of these models (e.g.in the case of Huggett Modgtlfreiber, 201)) When data is available, the
lack of homogeneous and standardised methodology to produgaraducible data also impact

the reliability of the data published, so that several academics recognise considering current data
on medicinal products with great cdie

These overall knowledge gaps, highlighted in NIEHS (Boxall, 2012), prevent from reatddng
conclusions on the environmental and human exposure to medicinal products and related
effects.

7.5.3Accessibility of data and transparency

Beyond the lack of data and limited knowledge highlighted in seclidh? the redricted access

to production, marketing and disposal data as well as existing (eco)toxicological data is also a
AAAOT O ET £ OAT AET ¢ OE AcChéptei 2aid8haggehAs O 1 AOAT h AO
Several reasons may explain the limited availability of data and the associated lack of
transparency, including:

B Confidentiality policies: In the context of the marketing authorisation
application, pharmaceutical companies arequired to produce and report data
related to the possible impacts of medicinal products on human health and the
environment and significant datasets have been produced. However, on the
request of pharmaceutical companies, assessment data are often pwblic
available in EPARSs or national assessment reports only in the form of summaries,
with limited information 6ee &ctions8.1.2and8.2.4regarding the availability of
ERA data). Only medicinal pdacts agencies or other competent authorities in
charge of these dossiers have access to the information. Confidentiality reasons
are partly motivated by the significant costs of testing substances and producing
data and thus industries want to keep intttual properties of irhouse
produced data. However, some exceptions exist: sometimes the industry agrees
to release the data communicated to public authorities, and information

s suggested by a representative of thanish Pharmaceuticals Agency in the context of the present study.
8 Based on information collected from interviews with scientific experts, carried out in the context of the present study.

bi o';:suiagw
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considered not confidential can be published on companies or public autAd@itd
websites®. See for instance the UK and ES official websites:

0 www.vmd.defra.gov.uk/ProductinformationDatabase/Search.aspx
O www.aemps.gob.es/laAEMPS/portada/home.htm

B However, the level of information available in these websitekdterogeneous
and ony in few cases include information related to the ERA.

B Marketing strategies of consultancy organisations gathering data: a number of
datasets on pharmaceutical market exist that are not freely available.

B |Lack of comparable data in particular for veteriary medicinal products: despite
antibiotics for veterinary use have been largely studied and substantial
improvements have been made since 2010 through the European Surveillance of
Veterinary AntimicrobidaConsumption(ESVAQ project, experience illustras
the difficulties in standardising the presentation of data so that it can be
compared or assimilated. This lack of comparability is also observed regarding
data on the occurrence of medicinal products in the environment. These data are
available in theEU but databases are unsystematic, mostly infrequent and often
represent specific local situations (which are not necessarily representative of
wider regional concentration$). ESVAC is currently collecting detailed and
standardised data for 2011 followgra call for data sent to 27 European countries.
The Agency is also planning the collection of consumption data by spécies
Differences in inclusion criteria and conversion factors used for veterinary
antimicrobial are however likely tomake comparability difficult between
European and national reports (EMA, 2012).

® Fragmentation of responsibilities and low coordination of stakeholders
production, collection and publication of data are performed by various (public or
private) organisations depending on tt@ OACA 1T £ OEA [ AAEAET Al
cycle. For example, medicinal products agencies are not in charge of the fate and
behaviour of medicinal products in the environment. This is more likely to be the
responsibility of environmental agencies. Howeverg#ie organisations do not
systematically monitor these substances in the environment. Furthermore, data
are produced and collected at various scales, following various formats, which
impedes their centralisation. For example, controls related with environtak
impacts are not under the legal and technical competencies of the federal
government, which grant marketing authorisations, but under the competencies
of the regional administrations.

% |nformation based orthe practical experience of stakeholders in the field, providedhayinstitute for the State Control of

veterinary biologicals and pharmaceuticals in Czech Republic and the Pharmaceuticals and Healthcare products Regulatpin Agenc
the UK, during inteviews carried out by BIOIS for the present study.

! Interview with IFAH, following the Workshop on the presence of medicinal products in the environment organised in Brussels by
BIOIS on behalf of EAHC, on September 19, 2012.

*?Based on an interview withFP1A conducted by BIOIS for the present study.
%\www.ema.europa.eu/ema/index.jsp?curl=pages/regulation/document_listing/document_listing_000302.jsp
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7.5.4Knowledge consolidation

The research area related to medicinal puots is very fragmented. There is no clear European
mechanism that aims to(i) identify key questions and (ii) develgp common efforts and
coordinatedresearch strategies in the field of medicinal products and environment. There is a
need for datasets athte global/European level, with a balanced contribution from the private and
public sectors. The development of European projects and international conferences appear to
be a promising step towards a better coordination of efforts and the development ofnoom
strategies.

7.6  Chapter summary

7.6.1Key messages

E Timing concerns, current costs, market demand as well as scientific and technical
challenges are often evoked as obstacles to the development of efficient
medicinal products with an environmentally friendly pilef Hence,
pharmaceutical industries rather develop sustainable manufacturing practices on
a voluntary basis.

® Beyond the need for medication, a number of factors may favour EU
overconsumption (purchase and/or administration):

O OTC medication is readily aNable to consumers, relatively
inexpensive and can be obtained without professional advice
although in some countries (e.g. UK) OTC are classified as classified
as "Pharmacy" only and can only be sold under the supervision of a
pharmacist;

O prescriptions generally allow controlling the delivery of some
medicinal products but oveprescription practices have been
reported in a number di1S;

O non negligible to large amounts (up to 50% in some MS) of
purchased medicinal products end up unused/outdated becanfse
treatment interruptions (mostly due to intolerance to the initial
medicine and voluntary discontinuation) and difficulties to tailor
delivery (standard packaging).

O pharmaceutical industries tend to increasingly invest in marketing
activities to face d)OAAOET ¢ ET 11T OAQGET 180 111 AT 0601 h
i ACOEAO AOOET OEOAOQETT O AT A ET AOAAOGET ¢ CAIl
O reimbursement practices may favour demand and opeescriptions
of medicinal products.

bi o';:suiagm
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O

strategies of administration (e.g. prophylactic vs. therapeutic
administration; empiric vs. targeted therapies; bolus, injection,
dermal) and precautionary practices during administration influence
the amount of medicinal products used that is released into the
environment.

B Waste managemenpractices could be more effient:

O

Low performance in collecting unused medicinal products in some
MS can be explained by the heterogeneity in implementation of
collection schemes and the lack of awareness of consumers.

Farms or urban areas are not necessarily designed to contahoffun

Current municipal STP cannot guarantee a complete elimination of
medicinal products: wastewater treatment efficiency depends on the
type of technologies, the nature of substances to be treated, the
concentration of medicinal products, as well as siskf sewage
leakages and overflows.

The absence of separate collection between pharmaceutical waste
and municipal solid waste does not allow deciding on a disposal
option that would be the most appropriate for pharmaceutical waste
(e.g. incineration or ladfilling in a hazardous waste landfill).
Therefore, so far, the choice of incineration landfilling seems to
depend on multiple soci@conomic factors, including the presence
of existing infrastructures, the capacity required and cultural
preferences.

The agricultural valorisation of sludge and manure through land
application for fertilisation purposes is increasingly observed in at
least half of the MS.

m4EA 1T x 1 AOAI I £ CAT AOAI DOAI EA
environmental impacts of medioal products is mostly due to the difficulty to

appreciate these impacts and to communicate on this issue, despite successful

60

awarenessgraising campaigns and collaborative initiatives such as Cyclamed.

7.6.2Knowledge gaps

B Knowledge gaps were identified in prewis sections. Most can be explained by
the following factors:

B Although monitoring strategies and analytical methods have been remarkably
improved in the last ten years, the detection of medicinal products in the
environment can be limited by:

O

O

the heterogereity in the selection of substances targeted,

monitoring gaps for certain compartments,
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O “heterogeneity of sampling protocols,
O low environmental concentrations of medicinal products, and
O cost of monitoring campaigns.
E |tis still debated whether currenbdicators of hazards and risk can or not:

O reflect the multiple and complex possible modes of action of
medicinal products (genetic, molecular, etc.).

O identify subtle nonlethal and ecologically important effects of a
chronic exposure of target as well agmtarget organisms.

B Several factors may explain the limited availability of data and the associated lack
of transparency: confidentiality policies, marketing strategies, lack of comparable
data, as well as fragmentation of responsibilities along withwa émordination of
stakeholders.

E Despite the development of European projects and international conferences,
there is no clear European mechanism that aims to identify key questiamd
develop common efforts and coordinated research strategies in thed fief
medicinal products and environment.
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Chapter 8:  Legislative factors of influence

The EU approach for the evaluation and control of risks to the environment from human and
veterinary medicines during their life cycle (that is, from production to -efidife) requres the
review of a large number of legislative instruments which, apart from EU specific legislation on
EU medicinal products, do not usually focus on or refer to medicinal products.

In this respect, the presemhapterwill focus on the following legiation:

B EU legislation regarding marketing authorisation of medicinal products for
human and veterinary use, and in particular:

O Directive 2001/82/EC of the European Parliament and of the Council
of 6 November 2001 on the Community code relating to vetaiyna
medicinal products, as amended,;

O Directive 2001/83/EC of the European Parliament and of the Council
of 6 November 2001 on the Community code relating to medicinal
products for human use, as amended; and

B Regulation (EC) No 726/2004 of the European Pa#ia@nand of the
Council of 31 March 2004 laying down Community procedures for
the authorisation and supervision of medicinal products for human
and veterinary use and establishing a European Medicines Agency,
as amended.

B Regulation (EC) No 1907/2006 of tBaropean Parliament and of the Council of
18December 2006 concerning the Registration, Evaluation, Authorisation and
Restriction of Chemicals (REACH), as amended,;

B Good Manufacturing Practice

B Commission Directive 2003/94/EC of 8 October 2003 laying down
the principles and guidelines of food manufacturing practice in
respect of medicinal products for human use and investigational
medicinal products for human use; and

O Commission Directive 91/412/EEC of 23 July 1991 laying down the
principles and guidelines ofjood manufacturing practice for
veterinary medicinal products.

B Directive 2010/75/EU of the European Parliament and of the Council of 24
November 2010 on industrial emissions (integrated pollution prevention and
control);

B Council Directive 86/278/EEC of 1ine 1986 on the protection of the
environment, and in particular of the soil, when sewage sludge is used in
agriculture;

B Water legislation, in particular:
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o Directive 2000/60/EC of the European Parliament and of the Council
of 23 October 2000 establishirgframework for Community action
in the field of water policy (Water Framework Directive);

O Directive 2006/118/EC of the European Parliament and of the
Council of 12 December 2006 on the protection of groundwater
against pollution and deterioration;

O Directive 2008/105/EC of the European Parliament and of the
Council of 16 December 2008 on environmental quality standards in
the field of water policy;

O Directive 2013/39/E0f the European Parliament and of the Council
of 12 August 203 amending Directives 20080/EC and
2008/105/EC as regards priority substances in the field of water
policy;

O Directive 2008/56/EC of the European Parliament and of the Council
of 17 June 2008 establishing a framework for community action in
the field of marine environmental policy(Marine Strategy
Framework Directive);

B Council Directive 98/83/EC of 3 November 1998 on the quality of
water intended for human consumption;

O Commission Directive 2003/40/EC of 16 May 2003 establishing the
list, concentration limits and labelling requiremen for the
constituentsof natural mineral waters and the conditions for using
ozone-enriched air for the treatment of natural mineral waters and
spring waters; and

B Council Directive 91/271/EEC of 21 May 1991 concerning urban
wastewater treatment.

E Directive 2008/98/EC of the European Parliament and of the Council of 19
November 2008 on waste (Waste Framework Directive);

B Food legislation, in particular:

O Council Directive 96/23/EC of 29 April 1996 on measures to monitor
certain substances and residues theraoflive animals and animal
products;

0O Regulation (EC) No 470/2009 of the European Parliament and of the
Council of 6 May 2009 laying down Community procedures for the
establishment of residue limits of pharmacologically active
substances in food stuffs ahimal origin; and

O Commission Regulation (EU) No 37/2010 of 22 December 2009 on
pharmacologically active substances and their classification
regarding maximum residue limits in foodstuffs of animal origin.

110] Study on the risks of environmental effects of medicinal products 4
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Each of the sections and suisections below will frst provide an overview of the relevant
pieces of legislation, before analysing them in the light of the potential environmental
impacts and effects of medicinal products and discussing how these issues or, or not, taken
into account.

Some of the finding in section8.1 are based on case studies of seven active pharmaceutical
ingredients. The case studies are included in Annex 3 to the present study. However, common
findings drawn from these case studies are included in se@id, and illustrate the conclusions

of section8.1 The structure of sectio.2will therefore different from that of other sections.

8.1 EU legislation regarding marketi ng
authorisation of medicinal products for human
and veterinary use

The marketing authorisation process for medicinal products is governed by Directives
2001/82/E€& for veterinary use and 2001/83/EC for human®ysand by Regulation 2004/726
laying down Cenmunity procedures for both types of medicinal produsas amended.

Producers of medicinal products must obtain a marketing authorisation (MA) before they are
permitted to place a product on the EU market. The MA process may follow different procedures,
namely one of the procedures established by the European Union (centralised, decentralised or
mutual recognition procedures) or a national procedure, when the application concerns only one
MS. In most cases, the MA application must include an EnvironmdRitk Assessment (ERA). An
ERA must be presented in the MA dossier for both human and veterinary medicines, but its
weight and impact in the risk/benefit analysis differ depending on the type of medicinal products.

Special rules exist for the authorisati of medicinal products for paediatric use, orphan
medicinal products, traditional herbal medicinal products, vaccines and clinical trials, which are
outside the scope of this section. There are special provisions regarding e.g. advanced therapy
medicinal products (in the case of medicinal products for human use) or human or veterinary
medicinal products containing genetically modified organisms. However, these special provisions
will not be addressed in this chapter, as it will focus on the general agplcable to medicinal
products.

Some of the findings of the present section are illustrated and highlighted by the results of case
studies carried out for seven active pharmaceutical ingredients: four used in veterinary medicinal
products (vermectin Tylosin, Tetracycline andDoramectin) and three used in medicinal
products for human use (ethinylestradidliuoxetineand 5 Fluorouracil)The specifics of the case

*Directive 2001/82/EC of the European Parliament and of the Council of 6 November 2001 on the Commeenisatat to
veterinary pharmaceuticals.

®Directive 2001/83/EC of the European Parliament and of the Council of 6 November 2001 on the Community code relating to
pharmaceuticals for human use.

% Regulation (EC) No 726/2004 of the European Parliamenbéttie Council of 31 March 2004 laying down Community procedures
for the authorisation and supervision of pharmaceuticals for human and veterinary use and establishing a European Medicines
Agency.
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studies are included in Annex 3, whereas conclusions and common findings are included in
sedion 8.2 of this chapter).

8.1.1 Marketing authorisation (MA) process

P Content of MA application

EU directives regarding the MA process for medicinal products for both human and veterinary
use are clear as to what the MA applicatiomghcontain: these provisions are included in Article

8 and Annex | of Directive 2001/83/EC (medicinal products for human use) and in Article 12 and
Annex | of Directive 2001/82/EC (veterinary medicinal products).

P Existing procedures

Four procedures exigor the MA process: the three first procedures are Community procedures
(centralised, decentralised and mutual recognition procedures), and the fourth is the national
procedure which applies when the MA application is limited to the territory of/d&e

Pusuant to EU legistion (see ection 8.1.2 below), environmental risks are included in the
risk/benefit analysis for veterinary medicinal products, but not for medicinal products for human
use. Consequently, a MA may be refdsen environmental grounds only for veterinary medicinal
products.

> Centralised procedure

This procedure came into operation in 1995, following tbgislation creating theEuropean
Agency for the Evaluation of Medicinal Producis 1993 (EMEA, now the Eyrean Medicines
AgencyzEMAz since Regulation 2004/726)his procedurds compulsory for certain medicinal
products listed in the Annex to Regulation 726/2804nd optional for any other products
containing new active substances not authorised in the @amity before 20 May 2004 (when
Regulation 726/2004 entered into force) or for products which constitute a significant
therapeutic, scientific or technical innovation or for which a Community authorisation is in the
interest of patients or animal health @ommunity level’.

The MA application is submitted to the EMA and assessed by the Committee for Medicinal
Products for Human Use (CHMP) or the Committee for Medicinal Products for Veterinary Use
(CVMP) depending on the use of the medicinal product for WwkidMA is required. The CHMP

and CVMP are part of EMA (pursuant to Articles 5 and 30 of Regulation (EC) No 726/2004). They
are responsible for drawing up the opinion of the EMMAhe CHMP or CMVP appoints one of its
members as rapporteur and one as-@pporteur'® (EMA, 2012b) (EMA, 200Figure9 below

"Products derived from biotechnology, orphan medicinabgucts, veterinary medicinal products intended primarily for use as
performance enhancers in order to promote growth or to increase yields from treated animals, and medicinal products foruseman
which contain an active substance authorised in the Comityuafter 20 May 2004 and are intended for the treatment of AIDS,
cancer, neurodegenerative disorders or diabetes.

% See Article 3(1) and (2) of Regulation (EC) No 726/2004, supra.

®Articles 5 and 30 of Regulation (EC) 726/2004, supra.

1% gee Article 62 oRegulation (EC) 726/2004, supra.
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gives an overview of the MA application process under the centralised procedure (reference to
CHMP is also applicable to CVMP)

Figure9: The centralisal procedure for approving medicinal products in the European
Community. Grey arrows indicate information flows (Phillips, 2011)

The composition of the CHMP and the CVMP is also important as only the CVMP has a member
appointed specifically due to his expise on environmental risk assessment. Indeed, the CVMP

is composed of members nominated for each of theM3, and for Iceland and Norway, and of

up to 5 ceopted members who provide additional expertise in a particular scientific area. The
CVMP thus incldes an environmental risk assessor among theseopied members® and

other environmental experts in its working party on environmental risk assessment. The CHMP is
composed of the same number of members, who are chosen in the same way. However, none of
the CHMP capted members is an environmental risk asse$$oiThe rapporteur, whether
nominated by the CVMBr the CHMPmust be supported by a team of national experts in the
different areas of the assessmélt However, ot all MS have experts with enougfERA

M3 AA 4EOIA )) #EADPOAO Xx j & O EOI AT 1 AAEAET Al DPOT AOAadddh AT A 4 EOQI
examination of applicationg! OOET OEOAQEIT 1 686 1T £ 2ACOI AGET T | w#q ¢WwWarwoodi h OODOAS
92The wrrent CVMP environmental risk assessor is Mr. Boris Kolar (he wasted in December 2007), who is the Head of Centre

for risk assessment and laboratory for ecotoxicology, Institute for Public Health (Slovenian competent authority). A cdiaptete

-0 I ATAAOO EO AOAEIT AAT A 11 %-18680 xAAOEOA(
www.ema.europa.eu/ema/index.jsp?curl=pages/contacts/2010/02/people_listing_000003.jsp&mid=WC0b01ac0580028e0f
% AT i Dl AOGA 1 EOCO T £ #(-0 1A AAOO EO AOGAEI AAT A 11T %-180 xAAOEOA(

www.ema.europa.eu/ema/index.jsp?curl=g@s/contacts/2010/02/people_listing_000002.jsp&mid=WC0b01ac0580028c7c
1EMA intervention during the Workshop on the presence of medicinal products in the environment organised in Brussels by BIOIS
on behalf of EAHC, on September 19, 2012. Information 8asethe practical experience of EMA representatives in the field.
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