Study on the environmentalrisks of medicinal
products

FINAL REPORT

Executive Agency for Health and Consumers
12 December 2013

bi ”,‘



Document information

CLIENT

CONTRACT NUMBER
REPORT TITLE

NAME OF THE STUDY

PROJECT TEAM

DATE

AUTHORS

KEY CONTACTS

DISCLAIMER

Please cite this publication as:

Executive Agency for Health and Consumers
2011 61 03

Final Repar

Study on the environmental risks of medicinal product
BIO Intelligence Service

12 December 2013

Mr. Shailendra Mudgal, BIO Intelligence Service

Ms. Arianna De Toni, BIO Intelligence Service

Ms. Sarah Lockwood, BIO Intelligence Service

Ms. Katherine Salés, BIO Intelligence Service
Mr.Thomas Backhaus, University of Gotebargnainly
Chapter 5

Mr. Bent Halling Sorensen, University of Copenhagen

Arianna De Toni
arianna.detoni@bioiscom

Or

Shailendra Mudgal
sm@biois.com

The project team does not accept any liability for a
direct or indirect damage resulting from the use of tt
report or its content.This report contains the results ¢
research by the authors arid not to be perceived as th
opinion of the European Commission.

BIO Intelligence Service (2018fudy on the environmental risks of medicinal produdtsal Report

prepared forExecutive Agency for Health and Consurme

Photo creditcover @ Per Ola Wiberg
©BIO Intelligence

2] Study on the risks of environmental effects of medicinal products

Service

2011

NnIh

bio

Intelligence
Service



Table of Contents

DOCUMENT INFORMATION 2
TABLE OF CONTENTS 3
LIST OF TABLES 8
LIST OF FIGURES 9
LIST OF ACRONYMS 10
EXECUTIVE SUMMARY 18
What is the scale of the issue? 18
How do medicinal produc  ts enter the environment? 19
How do medicinal products behave in the environment? 19
What kind of hazards and risks do they repres  ent for ecosystems? 20
What are the potential impacts on human beings? 20
Which factors influence the presence of medicinal produc ts in the environment? 21

Legislative factors 21

Non -legislative factors 23
What are the major uncertainties? 24
What are the possible solutions to mitigate the issue and reduce uncertainties? 25

Legislative solutions 25

Non -legislative solutions 26
CHAPTER 1: INTRODUCTION 28
1.1 Objectives 28
1.2 Report structure 29
CHAPTER 2: MEDICINAL PRODUCTS A LIFE CYCLE PERSPHG/E 32
2.1 Key definitions 32
2.2 Overview of the life -cycle of medicinal products 33
2.3 Production 33
2.4 Consumption 34

2.4.1 Consumption of human medicinal products 35

2.4.2 Consumption of veterinary medicinal products 37

Intelligence
Service

bl\c‘)”‘ Study on the risks of environmental effects of medicinal products |3



2.4.3 Overall market trends 40

2.5 Waste management 41
2.6 Chapter summary 42
2.6.1 Key messages 42
2.6.2 Knowledge gaps 43
CHAPTER 3: HOW DO MEDICINAL PRCDUCTS ENTER THE ER@ONMENT? 46
3.1 Emissions from manufacturing 46
3.2 Emissions from consumption 47
3.2.1 Excretions of animals and humans 48
3.2.2 Case of aquaculture 49
3.2.3 Other emissions 50
3.3 Emissions due to disposal and waste treatment 50
3.3.1 Disposal 51
3.3.2 Treatment 52
3.3.3 Reuse of organic waste from sewage sludge and manure 54
3.4 Chapter summary 57
3.4.1 Key messages 57
3.4.2 Knowledge gaps 58
CHAPTER 4: WHICH MOLECULES AREOUND IN THE ENVIRONIENT AND HOW DO
THEY BEHAVE? 60
4.1 Chapter summary 64
4.1.1 Key messages 64
4.1.2 Knowledge gaps 64
CHAPTER 5: ENVIRONMENTAL HAZARBS 66
5.1 Using modes of action to assess the environmental hazard of medicinal products
69
5.2 Individual vs. population - and ecosystem -level effects 70
5.3 Mixture of medicinal products 71
5.4 Chapter summary 74
5.4.1 Key messages 74
5.4.2 Knowledge gaps 74

CHAPTER 6: HUMAN EXPOSURE THRGE&H THE ENVIRONMENT ND POSSIBLE

IMPACTS 76
6.1 Human exposure through the environment 76
6.1.1 Exposure through the consumption of plant based products e

Intelligence
Service

4] Study on the risks of environmental effects of medicinal products b I\(‘)’ ’



6.1.2 Exposure through water consumption

6.1.3 Direct soil ingestion

6.1.4 Exposure through the co nsumption of meat, dairy and fishery products
6.2 Hazard potential of some categories of medicinal products

6.2.1 Antimicrob ial resistance (AMR)

6.2.2 Background knowledge for AMR development

6.3 Risk analysis

6.4 Chapter summary
6.4.1 Key messages
6.4.2 Knowledge gaps
CHAPTER 7: NON LEGISLATIVE FAGDRS OF INFLUENCE

7.1 Sustainable production

7.2 Tackling overco nsumption
7.2.1 Overconsumption in the context of OTCs or medicinal products under prescriptions
7.2.2 Unused medicinal prod ucts
7.2.3 Strategies for administering pharmaceuticals
7.3 Effectiveness of the waste management practices
7.3.1 Collection schemes for unused medicinal products and awareness raising
7.3.2 Containment of run -off in farms and urban areas
7.3.3 Inefficiencies of treatment/elimination processes
7.3.4 Valorisation of sludge and manure

7.4 Awareness of potential impacts of medicinal products

7.5 Lack of Knowledge

7.5.1 Monitoring strategies, analytical methods and indicators to measure the presence of

medicinal products in the environment
7.5.2 Limitations in hazard and risk assessment approaches
7.5.3 Accessibility of data and transparency
7.5.4 Knowledge consolidation

7.6 Chapter summary

7.6.1 Key messages

7.6.2 Knowledge gaps
CHAPTER 8: LEGISLATIVE FACTORSF INFLUENCE

8.1 EU legislation regarding marketing authorisation of medicinal products for human

and veterinary use
8.1.1 Marketing authorisation (MA) process

8.1.2 Environmental risk assessment (ERA)

b A “" Study on the risks of environmental effects of medicinal products

I o Intelligence
Service

78
78
79
80
81
82
85

87
87
88

90

90

91
91
93
94

94
94
96
96
98

98
100

100
101
103
105
105
105
106

109

111
112

116

|5



8.1.3 Risk Mitigation Measures (RMM) and pharmacovigilance 134

8.1.4 Comparison of EU legislation on MA process for medicinal products for human and veterinary

use 137
8.1.5 Section Summary 139
8.2 Common findings of case studies 143
8.2.1 General aspects 144
8.2.2 Requirement of an ERA for generics 145
8.2.3 Evaluation of the ERA 145
8.2.4 Availability of ERA results 147

8.3 Other EU legislation relevant to the issue of medicinal residues in the environment

149
8.3.1 Good Manufacturing Practices 149
8.3.2 REACH 150
8.3.3 Monitoring and controls under the Industrial Emissions Directi  ve (IED) 151
8.3.4 Monitoring and controls in agriculture and farming under the Sewage Sludge Directive 153
8.3.5 Water legislatio n 154
8.3.6 Disposal under the Waste Framework Directive 158
8.3.7 Food legislation 160
8.3.8 Lack of EU sail legislation 161
8.4 Section summary 162
8.4.1 Good Manufacturing Practices (GMP) 162
8.4.2 REACH 162
8.4.3 Monitoring and controls under the Industrial Emissions Directive (IED) 162
8.4.4 Monitoring and controls in agriculture and farming under the Sewage Sludge Directive 163
8.4.5 Water legislation 163
8.4.6 Disposal under the Waste Framework Directive 165
8.4.7 Food legislation 165
8.4.8 Lack of EU soil legislation 165
CHAPTER 9: POSSIBLE SOLUTIONS 167
9.1 Non-legislative solutions 167
9.1.1 Developing the concept of green medicinal products and adapting packaging size to
influence consumption 168
9.1.2 Developing and harmonising the implementation of collection s chemes for unused medicinal
products 171
9.1.3 Developing source separation measures and wastewater treatments 173
9.1.4 Actively involving public society and professionals through information and education 176
9.1.5 Prioritising and monitoring active substances and/or environmental compartments of concern
179

6| Study on the risks of environmental effects of medicinal products b I\(‘DI‘!
Service



9.1.6 Consolidating existing knowledge, ensuring reporting transparency and facilitating access to

information 180
9.1.7 Improving governan ce and building an eco  -pharmacovigilance network 183
9.1.8 Implementing economic instruments 184
9.1.9 Developing the knowledge ba  se through fostering research activities 185
9.1.10 Summary of non -legislative actions and prioritisation 188

9.2 Legislative solu tions 193
9.2.1 EU legislation regarding marketing authorisation of medicinal products for human and

veterinary use 193
9.2.2 Othe r EU legislation relevant to the issue of medicinal residues in the environment 202
9.2.3 Summary of legislative actions and possible prioritisation 215

REFERENCES 223

ANNEX 1: USAGE OF MBICINAL PRODUCTS INAQUACULTURES CASES OF NORWAY

AND THE UK 249

ANNEX 2: EXAMPLES OF MONIDRING DATA IN THE ENIRONMENT 253

ANNEX 3: CASE STUDI& ON SPECIFIC MEDIQVAL PRODUCTS 255

Doramectin 255

Ethinylestradiol 259

Fluorouracil 268

Fluoxetine 274

Ivermectin 278

Tetracyclin 293

Tylosin 305

Intelligence
Service

bl\c‘)"‘ Study on the risks of environmental effects of medicinal products |7



List of Tables

Table 1: Consumption data of various classes of human medicinal products.............cccccevvee.. 36

Table 2:Sewage sludge productiofp of reuse, compdsand landfilling and trends in the period of

2000 to 2009 (Kelessidis, 2012; EUIOSTAL).........uutiiiiiiiiiiimee et e e e e e s s mmnnneeee e 56
Table 3: Comparative table of EU legislation on MA process for HMP and.VMR.................. 138
Table 4: Actions focused on the production and packaging of medicinal products................ 171
Table 5: Actions focused on the collection of unused mediCines..............cccovvimmeeeivciieninenn. 173
Table 6: Actions focused on wastewater ManagemMEeNL............ccoovvviiiiiimmeeeccciiiniirrrrreeeeeeeeee o 175
Table 7: Actions focused on information and eduCAtION...............cooiivieimmeieeeiiiiee e 178
Table 8: Actions focused on prioritisation and MONITOLING.........cvvvvvieeiiiimr e 180
Table 9: Actions focused on transparency and access to information.............ccccccceeeeeeeeenn. 182

Table 10: Actions focused on governance and the development of arpleaonacovigilance

PEEWOTK ...ttt e e ettt e e ettt e 422ttt e e e et e oo e b b e et e e e 184
Table 11: Actions focused on fiINANCIAl INCEBEIV...........ccoiiiiiiiiiiii e e 185
Table 12: Actions focused 0N research actiVItieS.............ccuvveiiiieeriiieciie e e 188
Table 13: Summary and prioritisation of rtEgislative actionsS............ccvvveeeviiiimmeeee e, 189
Table 14: Summary of actions related to the MA procedure..............ccccvvvvimmevviiiieeeeeeeeeeeeenn. 197
Table 15: Summary of actions related t0 ERA..........ooiiiiii e 200
Table 16: Summary of actions related to RMM and pharmacovigilance..............c.cccccoemnneee. 202
Table 17: Summary of actions related to the manufacturing of medicinal products.............. 205
Table 18: Summary of actions related to the disposal of medicinal products....................... 208
Table 19: Summary of actions related to monitoriagd CONrol..............cooviiiiiiiiimmriiiieeeeeee 213
Table 20: Summary of actions related to food legislation.............ceeeeviiiiiaeei i, 215

Table 21 Nonexhaustive list of oral contraceptiveontaining EE2 and corresponding procedures
for Marketing authOriSAtIONS..........cooiiiiiiiie e e e 264

Table 22 results of ecotoxicological studies oAFJ (Straub, 2010)............ccccvvvvviiiiiimmieieeeee. 269

Table 23 examples of procedural aspects for a pexhaustive list of medicines containing
FIUOTOUIACIL ... e e et e e e e e e e e e e e s bt bbb eeeeeaaaaaaees 271

Table 24: Soil parameters, sorption/desorption properties arnghaic carbon normalised adsorption
coefficients of lvermectin for five different soils, adapted from (Liebig, 201Q)................ 282

Table 25: Aquatic shottierm effect studies, adapted from (Liebig, 2010..........cccccovivviiiiiimnnnns 284

Intelligence
Service

8| Study on the risks of environmental effects of medicinal products b| O,



Table 26: Terrestrial effect studies with soil and dung organisms, adapted from (Liebig,.2028%

Table 27: Environmentabocentrations of tetracyclines in natural waters and wastewaters (in ng/L,
from (SEQUITA, 2009).....ceeeeeiiiiiieie ettt e et e e s e r e e e e e e eee s 293

Table 28Concentrations of Chlortetracycline, Oxytetracycline and Tetracycline in.solil........ 294

Table 29: Examples of medicinal products containing tetracyclines and corresponding procedures

....................................................................................................................................... 301
List of Figures
Figure 1: Lifecycle steps 33
Figure 2: Route from discovery to consumer access 34

Figure 3: Sales of veterinary antenbbial agents (expressed in mg per population correction unit

(mg/PCU)) 38
Figure 4 Sales for foodproducing species, including horses, of the various veterinary antimicrobial
classes for 200 (in mg/PCU, by country) (EMA, 2012) 39

Figure 5: Emission pathways related to the ydease of medicinal products 48

Figure 6Risk quotients in Germany for a range of medicinal products (Bergmann, 2011). 67
Figure 7Human exposure routes to medicinal products 76

Figure 8: Potential contribution of veterinary medicinal products in vegetable material to the
acceptable daily intake (ADI) 77

Figure 9: The centralised procedure for approving meditjproducts in the European Community.
Grey arrows indicate information flows (Phillips, 2011) 113

Figure 10: Phase | Decision Tree for veterinary medicinal products VICH GL6 (EMA, 2000120

Figure 11: Scheme of the tiered approach of the EMA for environmental risk assessment for
medicinal products for human use (Garalan, 2009) 123

Figure 12: Environmental risk assessment of veterinary medicinal proguadégision tree Phase I
(adapted from CVMP guidelines (EMA, 2007)) 125

Figure 13: Ecopharmaesiewardship approaches & opportunities to develop new generation of
green and sustainable pharmaceutical products 170

Figure 14 : (left) Chemical structure of lvermectin; (right) physicochemical piiepeof Ivermectin,
adapted from (Liebig, 2010). 278

Figure 15: Speciesensitivity distribution for tetracyclines in the aquatic environment 297

Intelligence
Service

bl O” Study on the risks of environmental effects of medicinal products |9



List of Acron yms

ADI
ADRs
AEMPS
AMDOPH
AMR
ANMV

ANSM

ANSES

API
AQUAREF

ATC
BAT
BREF

CA
CESPharm

CHMP

CMR
CcMS
COM
CPMP
CTC
CVMP

CYTOTHREAT

10| Study on the risks of environmental effects of medicinal products bl é’ ’

Acceptable Daily Intake

Adverse Drug Reactions

Spanish Agency of Medicines and Medical Devices
Drug metabolite

Antimicrobial Resistance

FrenchNational Agency of Veterinary Pharmaceuticadgénce Nationale
du Médcament Vétérinairg

FrenchNational Agency of Pharmaceuticals Safefygence Nationale de
Sécurité du Médicamentt des Produits de Sané

FrenchNational Agency ofood environment and work SafetyAgence
nationalede sécurité sanitairde 8 A1 Ei AT OAOET T h AA
travail)

Active Pharmaceutical Ingredients

FranchNational Laboratory for the Monitoring of Aquatic Environme
(Laboratoire National de Référence pour la Surveillance des Mil
Aquatique$y

Anatomical Therapeutic Chemical Classification System
Best Available Techniques

BAT Reference Documenin the context of the Industrial Emissior
Directive

Concentration Addition

French Committee for the Social and Health Education &tench
Pharmaceutical sector#(I | EQOT A8 AOAAOEI T 3.
Pharmacie Francaiy

Committee for Medicinal Products for Human Us& the context of
centralised EU market authorisation
Carcinogenic, Mutagenic and Reprotoxic

Concerned Member States

Communication of the Commission
EuropeanCommittee for Proprietary Medicinal Products
Chlortetracycline

Committee for Medicinal Products for Veterinary Usa the context of
centralised EU market auth@@ation

Fate and effects of cytostatic pharmaceuticals in the environment i

Intelligence
Service



DDD
DNA
DOXI
DS
DRSP
DT50
DWEL
EAHC
E-PRTR
EC
ECHA
EC10
EC50
E2
EE2
EEA
EFPIA
EICs
EMA
EMEA
EP
EPAR
EPC
EPR
EQSD
ERA
ERAPharm
ESAC
ESVAC
EU
EVRA

117
i O

identification of biomarkers for an improved risk assessment

environmental exposure

Defined Daily Dose

Deoxyribonucleic Acid

Doxycyclinehyclate

Dry Solid

Drospirenone

Degradation and Transformation or dissipation héilfes
Drinking Water Equivalent Levels

Executive Agency for Health and Consumers
European Pollutant Release and Transfer Register
European @Gmmission

European Chemical Agency

10% Effect Concentration

50% Effect Concentration

Betaestradiol

Alphaethinylestradiol

European Environment Agency

European Federation of Pharmaceutical industries and Assocktion

Environmental Introduction Concentrations

European Medicines Agengiormerly EMEA)

European Agency for the Evaluation of Medicinal Products
European Parliament

European Public Assessment Report

European Patent Conventio

Extended Producer Responsibility

Environmental Quality Standards Directiy2008/105/EL
Environmental Risk Assessment

Environmental Risk Assessment of Pharmaceuticals
European Surveillance of Antimicrobial Consumption
European Surveillance of Veterinary Antimicrobial Consumption
European Union

Birth control Patch

Study on the risks of environmental effects of medicinal products |11



FAO

FASS
FOEN
GABA
GOW
GMP
GREATER

GWD

HBL

HC5
HMG-COA
HMP

1A

ICHE

IED
IGAS

IMI

IMS Health
IPPC

ISO

IUPAC
JRC
KNAPPE

Koc
LIF

LLT
LowW
LOEC

12| Study on the risks of environmental effects of medicinal products

Foodand Agriculture Organization (dhe United Nations)

Swedishenvironmental classification of pharmaceuticals
FederalOffice for the Environmenin Switzerland

g-aminobutyric acid

General precautionary value égundheitlicher Orientierungswert)
Good Manufacturing Practice

GeographyReferenced Regional Exposure Assessment Tool for Euroj
Rives

Groundwater Directivé2006/118/EL

Health-Based Limit

Hazardous Concentration for 5% of the species
3-hydroxy-3-methyl-glutaryl-CoA reductaser HMGCR
Human Medicinal Products

Independent Actiorof Pharmaceuticals

Classified facilitiefor environmental protection Ifistallatiors Classés
Pour la Protection de I'Environnement

Industrial Emissions Directi@010/75/EU)

General Direction for the Inspection of Social Affairsfection Générale
des Afhires Sociales

Innovative Medicines Initiative

Intercontinental Marketing Serviceldealth

Integrated Pollution Prevention and Contr(the IPPC Directive
International Orgarsation for Standardiation

International Unon of Pure and Applied Chemistry

Joint Research Centi&f the EU

Knowledge and Need Assessment on Pharmaceutical Product
Environmental Waters

Soil Organic CarboiWater Partitioning Coefficient

Swedish Association of the Pharmacesdl Industry (de forskande
lakemedelsforetagen lank till startsidan)

Type of MedDRAMedical Dictionary for Regulatory Activitigoding
European List of Waste

Lowest Observed Effect Concentration

1Y
J o) [o LIS



LC

LC50
MA

MEC
MedDRA PT
MHRA
MPC
MRL
MRSA
MS
MSFD
MFSU
MTD
NGO
NIEHS
NOEC
NORMAN

NSAID
OECD
OMS
OSPAR

OoTC
PAA
PAR
PBT
PCU
PEC/PNEC

PEC
PHARMAS

117
i O

Life Cycle

50% Lethal Cocentration

Marketing Authorisationof medicinal products

Measured Environmental Concentration

Medical Dictionary for Regulatory Activities

UKMedicines and Healthcare products Regulatory Agency
Maximum Permissible Concentratis

Maximum Residues Levels
Methicillin-ResistantStaphylococcus Aureus

Member Stateof European Union

Marine Strategy Framework Directiy@008/56/EE
Manufacture, Formulation, Supply and UseEmedicinal products
Minimum Therapeutic Dose

Non-Governmental Oganisation

UKNational Institute of Environmental Health Sciences

No Observed Effect Concentration

Network Of Reference Laboratories for Monitoring of Emergi
Environmental Pollutants

Non-Steroidal Antiinflammatory Drug
Organisation for Economic Coperation and Development
Organisation Mondiale de la Santé (WHO)

Convention for the Protection of the Marine Environment of the Ner
East Atlantic

Used to define mdicinal products sol@®ver The Counter
PublicAdministration Actin EU

Public Assessment Reports

Persistence, Bioaccumulation and Toxicity

Population correction Unit

Risk Quotient between Predicted Environmental Concentrath and
Predicted NonrEffect Concentration

Predicted Environmental Concentration

Ecological and humarhealth risk assessment of antibiotics and an
cancer drugs found in the environment

Study on the risks of environmental effects of medicinal products |13



PhATE

PL

PNEC
POSEIDON

PP
PROTECT

QPhRA
R&D
REACH

REMPHARMAWATER

RIWA
RMM
RMS
RNA
RQ
RSDE
SCOPUS

SIGRE
SPC
SSRI
START

STEP

STP
SU
TDI
TGD

14| Study on the risks of environmental effects of medicinal products

Pharmaceutical Assessment and. Transport Evabraiodel
Package Leaflet
Predicted NeEffect Concentration

Assessment of Technologies for the Removal of Pharmaceuticals
Personal Care Products in Sewage and Kirg Water Facilities tc
Improve the Indirect Potable Water Reuse

Polypropylene

The PharmaceepidemiologicalResearch on Outcomes of Therapeuti
by a Europeai©onsortium

Quantitative Pharmaceutical Risk Assessment
Research and Delopment

EU Regulation orRegistration, Evaluation, Authorisation and Restrictit
of Chemicalg1907/2006)

Ecotoxicological assessments and removal technologies
pharmaceuticals in wastewaters

Dutch Association of River i&r Supply Companies
Risk Mitigation Measures

Reference Member State

Ribonucleic Acid

Risk Quotient

Researching dangerous substances for water

The world's largest abstract and citation database of pemrewed
literature

Spanish pharmaceutical collection scheme
Summary of Product Characteristics
Selective Serotonin Reuptake Inhibitor

Pharmaceuticals for Human Use: Options of Action for Reducing
Contamination of Water Bodies.

Wastevater treatment plant 3 OAOQET 1 A %bOOA
Usée3(WWTP)

Sewage Treatment Plant
Standard Units
Total Daily Intakeof a substance

Technical Guidance Document

1Y
J o) [o LIS


http://www.poseidon.geo.uni-mainz.de/the_project.htm

TOC Total Organic Carbon

TTC Threshold of Toxicological Concern

TYL Tylosin

UFs Uncertainty Factors

UNECE United Nations Economic Commission for Europe

US EPA United States Environmental Protection Agency

uv Ultraviolet

UWWTD UrbanWastewaterTreatment Directivg(91/271/EEC

VICH International Cooperation on Harmonisati of Technical Requirement

for Registration of Veterinary Products

VMP Veterinary Medicinal Products

VMD Veterinary Medicines Directorate
WHO World Health Organiation

WISE Water Information System for Europe
WTW Water Treatment Work

WWTP Wastewder Treatment Plants

N,
b I OImcH[gcnce
Service

Study on the risks of environmental effects of medicinal products |15



16| Study on the risks of environmental effects of medicinal products b i‘(‘)ﬂ!gem
Service



Medicinal products

This page is left intentionally blank.

I Ic‘)l"‘ Study on the risks of environmental effects of medicinal produ| 17
ntelligence
Service



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.

b I o Intelligence
Service

Study on the risks of environmental effects of medicinal produ| 21



Executive summary

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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