
�

 
KK NNAAPPPPEE  

Knowledge and Need Assessment on Pharmaceutical Products in 
Environmental Waters 

 
 
 
 
Contract n° 036864 
 
Operative commencement date of the project: Februar y 1st 2007 
Final date of the project: July 2008 

 

Deliverable number : D6.3: “International Conference Proceedings” 

 
The deliverable authors are responsible for the content 
 

 
AUTHORS: Benoit ROIG 

AFFILIATION: ARMINES - Ecole des Mines d’Alès 

ADDRESS:  Boulevard Saint-Michel, 60 F-75272 Paris Cedex 06, France. 

TEL.: +33-4.66.78.27.70 

EMAIL: Benoit.roig@ema.fr  

FURTHER AUTHORS:  

Document Information 

DOCUMENT TYPE Pdf Document 

DOCUMENT NAME: International conference proceedings 

REVISION:  

REV.DATE:   

CLASSIFICATION: Public 

STATUS:  

 

�6�L�[�W�K�6�L�[�W�K�6�L�[�W�K�6�L�[�W�K
�)�U�D�P�H�Z�R�U�N�)�U�D�P�H�Z�R�U�N�)�U�D�P�H�Z�R�U�N�)�U�D�P�H�Z�R�U�N
�3�U�R�J�U�D�P�P�H�3�U�R�J�U�D�P�P�H�3�U�R�J�U�D�P�P�H�3�U�R�J�U�D�P�P�H

�6�L�[�W�K�6�L�[�W�K�6�L�[�W�K�6�L�[�W�K
�)�U�D�P�H�Z�R�U�N�)�U�D�P�H�Z�R�U�N�)�U�D�P�H�Z�R�U�N�)�U�D�P�H�Z�R�U�N
�3�U�R�J�U�D�P�P�H�3�U�R�J�U�D�P�P�H�3�U�R�J�U�D�P�P�H�3�U�R�J�U�D�P�P�H



�

� ���������	��� � ���� � 

�

������
���	��	������	��
� ������
���� � ����������	���	���
�

�
�

���	
����
�����
��	
	��	 �
� �

�
�
�
�
�
�
�

�������������	��������
�

�������� !"�#�$%��
#���	����
�
�
�

��� 


 ��� ��� 			 


 			 ��� ��� 			 ��� ��� 


 


 ��� 			 			 ��� ������ ��� ��� ���
�
�
�
�
�
�
�

Funded by DG Research
Contract n°036864

Funded by DG Research
Contract n°036864

PHARMACEUTICAL PRODUCTS 
IN THE ENVIRONMENT :

TRENDS TOWARD LOWERING 
OCCURRENCE AND IMPACT



�

PHARMACEUTICAL PRODUCTS IN THE ENVIRONMENT: 
Trends toward lowering occurrence and impact 

19 – 20 February 2008, Hotel ATRIA, Nîmes, France 
 
 
 
Dear Delegate, 
 
 
Welcome to the Pharmaceutical Products in the Environment conference. We do hope that you 
find the meeting both interesting and informative. Please read the following notes to ensure that 
you get most out of this meeting. 
 
REGISTRATION DESK – the conference staff at the registration desk is happy to deal with any 
queries you may have. If we receive any message for you, they will be announced at the break of 
each session and can be picked up from the desk. 
 
QUESTIONS – you are encouraged to ask questions at the end of each presentation. Please wait 
for the microphone to reach you and state your name and company before asking your question. 
Written questions may also be handed to the staff that will pass them on to the Chairman. 
 
DOCUMENTATION – abstracts of notes which have been given to us are included. 
 
PERSONAL BELONGINGS – please keep your valuable and working material with you at all 
times. We would advice to keep your notes with you, as they cannot be replaced if lost. We regret 
that neither Knappe organiser nor the ATRIA Hotel can be held responsible for any loss or 
damage to you property. 
 
MOBILE PHONE – Please ensure your mobile phone is switched off for the duration of the 
conference. They not only distract other delegates when they ring, they also interfere with the 
equipment. 
 
VEGETARIAN AND SPECIAL MEALS – please let the staff at the registration desk know of 
any special dietary requirements as soon as possible. 
 
Should have any other questions or problems, please don’t hesitate to contact me or any other 
staff member. 
 
Yours sincerely 
 
Benoit Roig 
KNAPPE Coordinator 
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United States Environmental Protection Agency. Research on Pharmaceutical and 
Personal Care Products (Susan Glassmeyer)  
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Transformation products in the environment: how can we assess the risk? (Alistair 
Boxall) .  

Measurements and removal options of pharmaceuticals in European WWTPs: 
outcome of the EU project KNAPPE. (Thomas Ternes)   

Occurrence and fate of PPs and by-products from resource to tap water (Olivier 
Thomas)   

Fate of Macrolide Antibiotics Used in Human Medicine in Natural Surface Waters 
(Serge Chiron)  

Improvement of ecotoxicity tests to evaluate relevance of membrane 
bioreactorprocess (MBR) for treatment of hospital water waste contaminated by 
cyclophosphamide (Annie Pfohl-Leszkowicz))  

Advanced Liquid Chromatography-Mass Spectrometry methods applied in studies of 
biodegradation pathways of pharmaceuticals: membrane bioreactor (MBR) vs. 
conventional activated (CA) sewage sludge (Jelena Radjenovic)  

Metabolites and Transformation Products of Pharmaceuticals in the Environment 
(Klaus Kümmerer) 
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Pharmaceutical management through environmental product labelling in Sweden 
(Ake Wennmalm) 

Ecopharmacostewardship – An EFPIA Perspective (David Taylor) 
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Unused Prescription drugs (Bo Gunnarsson) 

Evaluation of the Swedish environmental information and classification scheme of 
pharmaceuticals (Marlene Ågerstrand) 

Precautionary and Integrated Risk Management for Pharmaceuticals in the Water 
Cycle (Florian Keil)   
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Prioritization and risk assessment of the pharmaceuticals for human use (Ettore 
Zuccato) 

Development of an International Priority List of Pharmaceuticals relevant for the 
Water Cycle (Margreet Mons) 

Experiences gained through the environmental risk assessment program for human 
pharmaceuticals in Sweden at www.fass.se (Andreas Woldegiorgis) 

Environmental assessment of Norwegian priority pharmaceuticals based on the 
EMEA guideline (Merete Grung) 

Assessment of daphnia chronic ecotoxicity data for a wide selection of human 
Pharmaceuticals (Jim J Ryan) 

Experiences with the EMEA Environmental Risk Assessment Guideline for a New 
and Novel Human Pharmaceutical (Keith Silverman) 
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The Environmental Impact of Pharmaceuticals: From the Problem to the Solution - 
Green Pharmacy (Klaus Kümmerer) 

Pilot-scale study on the removal of pharmaceuticals by LECA based SSF-
constructed wetlands (Ana Dordio) 

Green chemistry at Pfizer (Peter J Dunn) 
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Prioritization of the Pharmaceuticals Detected in River Water in Japan Based on 
Algal Growth Inhibition Test (A. Fukunaga) 

Modelling the occurrence and reactivity of hydroxyl radicals in surface waters. 
Implications for the fate of pharmaceuticals (D. Vione) 

Occurrence and fate of antibiotics in Wastewater treatment facilities (F. Tamtam) 

Development of Extraction Method of Pharmaceuticals and Their Occurrences 
found in Japanese Wastewater Treatment Plants (T. Okuda) 

Determination of pharmaceutical compounds in hospital effluents and their  
contribution to wastewater treatments works (K. Langford) 

Environmental risk assessment of fluoxetine – A case study with a human 
Pharmaceutical (A. Küster) 

Degradation characteristics of PPCPs with O3 and O3 based AOPs (I. Kim) 

Occurrence of antibiotics and antibiotic-resistant bacteria, and determination of 
criterial concentrations of antibiotics (M. Hamaguchi)  
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Performance of a membrane bioreactor for cyclophosphamide removal in 
wastewater (L. F Delgado) 
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Manufacturing facilities as a source of residues of pharmaceuticals in the 
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Advanced oxidation of diclofenac in the aquatic environment (E. Felis) 

Maximum concentrations for xenobiotic contaminants in drinking water (M. Mons) 

Unused prescription drugs (B. Gunnarsson) 

Occurrence of selected Human pharmaceutical in small Mediterranean River 
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Occurrence of pharmaceutical compounds and metabolites in hydrological systems 
of Loire Brittany Basin: Surface, coastal and ground waters contamination (A. 
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Study on occurrence of selected human and veterinary pharmaceuticals in ground, 

54 
 

55 
 

57 

58 
 

59 
 

60 
 

62 

64 
 

65 
 

67 
 

70 
 

71 
 

72 

74 

75 

76 
 

78 
 
 

79 
 

82 
 

83 



�

surface and drinking water: development of an analytical method (H. Kadar) 

Environmental risk assessment program for human pharmaceuticals in Sweden at 
www.fass.se. Conclusions drawn at half time (A. Woldegiorgis) 

QSAR as a tool to assess aquatic eco toxicity of human pharmaceuticals – validation 
of a QSAR-model using a test set from www.fass.se (A. Woldegiorgis) 

Initial survey of unused and expired medicines take back schemes in the European 
Union (D. Taylor, M. Poulmaire) 

Implementation of an original methodology to prioritize human pharmaceuticals in 
French surface waters (J.P. Besse) 

Pharmaceutical products in treated wastewater: Measured vs predicted 
concentration in a French south eastern conventional biological treatment plant (C. 
Coetsier) 

 

84 
 

85 
 

86 
 

87 
 

88 

�
�����
����
���������� � � � � � � � � � �� �
�
 



��

 

Pharmaceutical Products in the Environment: Trends Toward 
Lowering Occurrence and Impact 

19-20 February, 2008, Hotel Atria Nîmes, France 
 
 

CONFERENCE PROGRAM 
 
 
Conference Day One: Tuesday 19 February 2008 
 
08.30 Registration 
 
08.55  Chairman’s welcome and opening remarks 
 
09.00 United States Environmental Protection Agency. Research on Pharmaceutical and 
Personal Care Products 
Dr. Susan Glassmeyer, United States Environmental Protection Agency, Office of Research and 
Development, National Exposure Research Laboratory, Cincinnati, USA 
 

 

Session 1: Pharmaceuticals degradation and by products 
 

 
09.40 Transformation products in the environment: how can we assess the risk ? 
Dr. Alistair Boxall, EcoChemistry Team, York University/CSL, UK 
 
10.20 Measurements and removal options of pharmaceuticals in European WWTPs - 
outcome of the EU project KNAPPE.  
Thomas Ternes, German Federal Institute of Hydrology, Koblenz, Germany 
 
10.45  Occurrence and fate of PPs and by-products from resource to tap water 
Olivier Thomas, Laboratoire d’analyse, Ecole des Hautes Etudes en Santé Publique (EHESP), 
Rennes, France. 
 
11.10  Morning coffee and Poster session 
 
11.40   Fate of Macrolide Antibiotics Used in Human Medicine in Natural Surface Waters 
Serge Chiron, Laboratoire Chimie de Provence, Université de Provence, Marseille, France 
 
12.05 Improvement of ecotoxicity tests to evaluate relevance of membrane bioreactor process 
(MBR) for treatment of hospital water waste contaminated by cyclophosphamide 
Annie Pfohl-Leszkowicz, Laboratoire de génie chimique, UMR CNRS/INPT/UPS 5503, 
department BioSyM  F 31106 Toulouse, France 
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12.35 Advanced Liquid Chromatography-Mass Spectrometry methods applied in studies of 
biodegradation pathways of pharmaceuticals: membrane bioreactor (MBR) vs. conventional 
activated (CA) sewage sludge 
Jelena Radjenovic, Continental Waters and Soils Quality Unit Department of Environmental 
Chemistry Institute of Chemical and Environmental research of Barcelona (IIQAB) Spanish 
Council for Scientific Research (CSIC) 
 
13.00  Metabolites and Transformation Products of Pharmaceuticals in the Environment 
Pr. Klaus Kümmerer, Department of Environmental Health Sciences, University Medical Centre 
Freiburg   
 
 
13.25 Lunch 
 
 
 

 

Session 2: Environmental stewardship for  
pharmaceuticals: a practical approach 

 
 
15.00  Pharmaceutical management through environmental product labelling in Sweden 
Pr. Ake Wennmalm, Environmental Director, Stockholm County Council, Sweden 
 
15.25 Ecopharmacostewardship – An EFPIA Perspective 
David Taylor, Chairman EFPIA Environment, Health & Safety Working Group and Director 
Environment & Sustainability, AstraZeneca 
 
15.50 Unused Prescription drugs 
Bo Gunnarsson, Apoteket AB, Sweden and Matilda Persson, The Swedish Association of the 
Pharmaceutical Industry (LIF), Sweden 
 
16.15 Afternoon coffee and Poster Session 
 
16.40 Evaluation of the Swedish environmental information and classification scheme of 
pharmaceuticals 
Marlene Ågerstrand, Dept. of Philosophy, Royal Institute of Technology, Teknikringen, 
Stockholm, Sweden 
 
17.05 Precautionary and Integrated Risk Management for Pharmaceuticals in the Water 
Cycle 
Dr. Florian Keil , Institute for Social-Ecological Research ISOE GmbH, Germany 
 
 
17.45 Closing remarks from the chairperson  
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18.00 End of day one  
 
20.00 Knappe friendly dinner 
 
 
 S 
 
Conference Day Two:  Wednesday 20 February 2008 
 
09.00 Poster session 
 

 

Session 3: Regulatory perspectives: toward environmental priority 
lists of pharmaceuticals 

 
 
09.40 Prioritization and risk assessment of the pharmaceuticals for human use 
Dr. Ettore Zuccato, Food Toxicology Laboratory, Department of Environmental Health 
Sciences, "Mario Negri" Institute for Pharmacological Research, Milan, Italy 
 
10.20 Development of an International Priority List of Pharmaceuticals relevant for the 
Water Cycle 
Margreet Mons, Kiwa Water Research, Nieuwegein, The Netherlands 
 
10.45  Experiences gained through the environmental risk assessment program for human 
pharmaceuticals in Sweden at www.fass.se 
Dr. Andreas Woldegiorgis, Analysis group, IVL Swedish Environmental Research Institute Ltd 
 
11.10  Morning coffee and Poster session 
 
11.40   Environmental assessment of Norwegian priority pharmaceuticals based on the EMEA 
guideline 
Merete Grung, NIVA (Norwegian Institute for Water Research), Oslo, Norway 
 
12.05 Assessment of daphnia chronic ecotoxicity data for a wide selection of human 
pharmaceuticals 
Dr Jim J Ryan, GlaxoSmithKline, Corporate Environment, Health & Safety, Ware Research & 
Development Site, UK 
 
12.30 Experiences with the EMEA Environmental Risk Assessment Guideline for a New and 
Novel Human Pharmaceutical 
Dr. Keith Silverman, Director, Risk Assessment, Global Safety & the Environment, 
Merck & Co., Inc., Whitehouse Station, USA 
 
13.00 Lunch 
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Session 4: Trends in industrial practices and environmental 
management 

 
 
14.30  The Environmental Impact of Pharmaceuticals: From the Problem to the Solution - 
Green Pharmacy 
Pr. Klaus Kümmerer, Department of Environmental Health Sciences, University 
Medical Centre, Freiburg, Germany 
 
15.10 Pilot-scale study on the removal of pharmaceuticals by LECA based SSF-constructed 
wetlands 
Ana Dordio, Department of Chemistry, University of Évora, Portugal 
 
15.35  Green chemistry at Pfizer 
Peter J Dunn , Pfizer, United Kingdom 
 
16.00 Green Chemistry to Improve Environmental Credentials of Pharmaceuticals 
Simon Breeden, Green Chemistry Centre of Excellence, University of York, UK 
 
16.30 Strategy for modelling pharmaceuticals fluxes in hospital wastewaters 
Yves Levi, Université Paris Sud 11, Faculté de Pharmacie, Laboratoire Santé Publique- 
Environnement, Chatenay-Malabry, France 
 
 
16.55 General discussion 
 
 
17.20  Chairman’s closing remarks 
 
 
17.30 End of conference 
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SSppeeaakkeerrss  sshhoorrtt  bbiiooggrraapphhyy  
  

Marlene Ågerstrand, PhD-student at The Department of Philosophy, Royal Institute of 

Technology, Stockholm, Sweden. My background includes a master’s degree in Biology with 

focus on systems ecology and environmental pollution. My main research interest is within 

ecotoxicology and risk assessment, concentrating on interpretation and evaluation of scientific 

data for risk assessment purposes. I am currently participating in a two-year project that aims at 

evaluating the Swedish environmental information and classification scheme of pharmaceuticals. 

 

Alistair Boxall is joint leader of the EcoChemistry Research Group – a joint initiative between 

the University of York and the Defra Central Science Laboratory. The group specialises in the 

fate, effects and risk assessment of chemicals in the environment. With a broad-based training in 

environmental chemistry and toxicology from Leicester Polytechnic and the University of 

Sheffield, Alistair had previously worked at the Water Research Centre, Liverpool John Moores 

University and Cranfield University. 

He has particular interests in the fate, behaviour and effects of emerging environmental 

contaminants (nanoparticles, pharmaceuticals and degradates) and co-ordinates a large number of 

research projects in this area. He regularly works for a number of national and international 

organisations including the UK Environment Agency, the UK Department for Environment, 

Food and Rural Affairs, The Health and Safety Executive, The European Commission, the 

American Water Works Research Foundation and chemical manufacturers.  

He was co-ordinator of the EC-funded project ERAVMIS (Environmental Risk Assessment of 

Veterinary Medicines in Slurry) and work programme leader for the ERAPHARM project 

(Environmental Risk Assessment of Pharmaceuticals). He has ongoing collaborations with 

groups in Europe (including Copenhagen University, EAWAG, University of Ljubljiana, ECT), 

N. America (including Agriculture and Agri-Food Canada, Trent University, University of 

Guelph, University of Missouri and the USGS) and Australasia (LandCare New Zealand). 

Alistair is a member of the UK Government Veterinary Products Committee, an ad hoc member 

of the European Food Safety Authority Working Group on Risk Assessment of Feed Additives 

and a member of the UK Government Nanotechnology Research Co-ordination Group Exposure 
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Taskforce. Alistair has acted as a project advisor for the EC, AwwaRF (USA), MISTRA 

(Sweden), Ludwig Boltzmann Gesellschaft (Austria) and the Deutsche Forschungsgemeinschaft 

(Germany). 

 

Simon Breeden graduated with a BSc (Hons) degree in Chemistry from the University of 

Manchester Institute of Science and Technology (UMIST) in 1992. He received his PhD in 1995 

for his work on an anti-cancer drug: paclitaxel. He remained at UMIST for his first post-doctoral 

research appointment involving the synthesis of a pseudopeptide for cancer research.  In 1996 

Simon undertook a two-year postdoctoral position at the University of Bristol, where he 

investigated the design and synthesis of novel opioids. He then moved to the University of 

Warwick, where he developed highly effective ligands for catalytic asymmetric synthesis. In 

1999 he was awarded a lectureship in Organic Chemistry at the National University of Ireland, 

Galway, where in addition to his academic duties he continued his research into asymmetric 

synthesis. Simon was appointed a Senior Research Fellow at the Greenchemistry Centre of 

Excellence in January 2004. Since his appointment he has been involved in a number of 

industrial projects, in which his research has brought significant improvements to existing 

industrial processes.  Simon has an extensive knowledge of synthetic organic chemistry and was 

awarded the Chartered Chemist distinction by the Royal Society of Chemistry. Through his 

consultancy work to pharmaceutical and chemical companies in the UK and Ireland he has 

developed an understanding of the challenges and limitations of commercialising lab-scale 

syntheses. 

 

Serge Chiron obtained his Ph.D degree (1995) in Chemistry from the University of Barcelona. 

He has been a permanent Lecturer at the Environmental Chemistry Laboratory of the University 

of Marseille since 2000. His research interests include analytical methods for the trace 

determination of emergent contaminants in complex environmental matrices and the fate of polar 

organic contaminants in the environment and under advanced oxidation processes. 

 

Ana Dordio is a Chemical Engineer and has a Master degree in Biotechnology. She works as a 

teaching assistant in University of Evora, Portugal, were she has been teaching in the fields of 
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biotechnology and of environmental chemistry. At University of Evora she is also finishing her 

Ph.D. in Chemistry. Her research interests are essentially focused in the field of Environmental 

biotechnology. In particular, she has been studying the application of Constructed Wetlands 

Systems for the removal of pharmaceutical residues from wastewaters. 

 

Peter Dunn completed his PhD with Professor Charles Rees at Imperial College (1984-1987). He 

undertook post doctoral research studies with Professor Albert Eschenmoser (Zurich, 1987-1988) 

and with Professor Henry Rapoport (University of California Berkeley, 1988-1989). From 1989-

2005 he worked in Chemical R and D at Pfizer, UK and during this time was the inventor of the 

commercial processes to make five drugs including ViagraTM and EnablexTM   In 2006, he took up 

his current role as the Global Green Chemistry Leader for Pfizer. 

 

Susan Glassmeyer Susan T. Glassmeyer is a Research Chemist in the USEPA’s Office of 

Research and Development, National Exposure Research Laboratory, Microbiological and 

Chemical Exposure Assessment Research Division in Cincinnati, Ohio.  She received a BS in 

Chemistry from Xavier University in Ohio, and an MSES and PhD in Environmental Science 

from Indiana University’s School of Public and Environmental Affairs.  Her research is focused 

in two areas: the assessment of pharmaceuticals and other emerging contaminants as indicators of 

human fecal contamination, and the analysis of microorganisms, including Cryptosporidium 

parvum, Giardia lamblia, and enterococci, by mass spectrometry.  

 

Merete Grung received her PhD in bio-organic chemistry in 1993 (Norwegian Technical 

University, Trondheim). She worked for seven years with the National Institute for Forensic 

Toxicology, before joining NIVA (Norwegian Institute for Water Research) in 2001. She has 

broad experience with different analytical techniques, and analysis of industrial and 

environmental chemicals. Her research with NIVA has focused on occurrence and effects of 

pollutants and compounds of environmental concern. 
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Bo Gunnarsson obtained a Master of Science in Pharmacy in 1971 and a Doctorate of Medical 

Sciences in 1981. He published about 50 scientific papers regarding medical and pharmaceutical 

subjects. Between 1971 and 1977 he remained in different positions in the Pharmacy Service 

Organisation in the County Council of Stockholm to reach the head of the Pharmacy Service 

Organisation in the County Council of Stockholm between 1977 and 1985. From 1985, he moved 

to Apoteket AB (National Corporation of Swedish Pharmacies) where he becomes head of 

Environmental Department in since 1999.  

 

Florian Keil. Born 1969 in Hamburg, studies of physics, mathematics and philosophy at 

Hamburg University. PhD in experimental particle physics at Heidelberg University (2001) on 

phenomena of the strong interaction and mathematical modelling. Since 2003 senior researcher at 

Institute for Social-Ecological Research (ISOE) in Frankfurt/Main. Founded in 1988 as an 

independent, non-profit research institute the ISOE is a pioneer in the field of social-ecological 

research in Germany.  The core profile of ISOE is its ability to combine approaches to 

environmental research drawn from the social sciences with those from the natural and 

engineering sciences in a setting that fosters stakeholder participation. Florian Keil is a team 

member of ISOE’s Water and Social-Ecological Planning research department. His expertise lies 

in water research, social-ecological risk research and integrated modelling. His current research 

focus is the development of participative risk assessment procedures and precautionary 

management strategies. Florian Keil coordinates the joint projects “Management Strategies for 

Pharmaceuticals in Drinking Water (start)” funded by the German Ministry for Education and 

Research (BMBF) and “Integrated Analysis of Mobile, Organic Foreign Substances in Rivers 

(INTAFERE)” supported by the Hessen State Ministry of Higher Education, Research and the 

Arts (HMWK). 

 

Klaus Kümmerer is Professor of Environmental Chemistry and Environmental Hygiene at the 

University of Freiburg, Germany. He received his doctorate from the University of Tübingen in 

1990, and already during his undergraduate days he was dedicated to environmental research. 

Since 1995, he has been researching on input, occurrence, fate and effects of pharmaceuticals in 

the aquatic environment, and he has become one of the leading researchers in the field. 
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After more than 150 mostly peer reviewed publications, books and book contributions, Prof. 

Kümmerer should be viewed as a European authority in the field of ecotoxicology of 

pharmaceuticals. He is also the editor of an extensive book on the topic: "Pharmaceuticals in the 

Environment. Sources, Fate, Effects and Risks", originally published in 2001 and with a second 

edition published in 2005 and the third one is in the making. Furthermore, he is member of 

several national and international scientific boards (the German Research Council, Federal 

Ministry of Research and Education, German Environmental Foundation, EU, …) and of a 

number of journals' editorial boards. 

Prof. Kümmerer has more than one research interest. He has been working on-and published 

papers within-numerous fields of science. Apart from drug ecotoxicology, these include 

analytical chemistry, pollution analysis, life cycle assessments, environmental management and 

auditing for hospitals, sustainable chemistry, and time and ecology. 

 

Margreet Mons is a scientific researcher in the department of Chemical Water Quality and 

Health at Kiwa Water Research in Nieuwegein, The Netherlands. This is the research institute of 

the Dutch drinking water companies. Margreet has a background in environmental health science 

and her research interests focus on the relation between human health and environmental factors. 

At Kiwa Water Research she has been working on several topics relating to drinking water and 

health such as health effects of asbestos in drinking water, pharmaceuticals, essential minerals 

and emerging substances. Other topics Margreet has been working on are quality and monitoring 

of domestic water systems, consumption of drinking water and reasons and criteria for softening 

and conditioning. She is involved in several EU-projects and has provided technical assistance to 

the desk officer Drinking Water of the European Commission (2001-2003). Margreet has 

received her degree in environmental health science at the University of Maastricht.  

 

Matilda Persson obtained a Master of Science in Pharmacy in 2006. She is currently pharmacist 

at the Swedish Association of the Pharmaceutical Industry (LIF) where she is working with the 

website Fass.se <http://www.fass.se> (the Swedish medical prescription guide) mainly with 

environmental classification of pharmaceuticals and other environmental issues for 

pharmaceutical industry. 
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Annie Pfohl-Leszkowicz, Professor of Toxicology and Food Safety at the National High School 

of Agriculture of Toulouse (France), received a diploma in Pharmacy (1976), a Master of 

Toxicology (1979), a PhD in toxicology (1981) and a Doctorat of Sciences (1985). She is 

member of AFSSA (French Agency for Food Safety); of EFSA (European Food Safety Agency) 

and of AFSSET (French agency of environmental safety). She is author of 190 international 

scientific publications. Her researches focused on relation between food contaminants and cancer 

(natural toxins such mycotoxins, phycotoxins, aristolochic acid, but also environmental pollutants 

such polycyclic aromatic hydrocarbons, water contaminants) and human health (mainly 

nephrotoxicity and cancers development…). She develops biomarkers and is a specialist of DNA 

adducts detection by 32 P-post-labelling method. 

 

Jelena Radjenovic received her Diploma in Biochemical Engineering and Biotechnology from 

the Faculty of Technology and Metallurgy, University of Belgrade, Serbia. Since January 2005 

she has been working on a Ph.D. at the Department of Environmental Chemistry (IIQAB) that is 

part of the Spanish Council for Scientific Research (CSIC) in Barcelona.  

Her research is focused on the analysis pharmaceuticals in conventional and advanced 

wastewater and drinking water treatment, in particular application of membrane bioreactor 

technology (MBR) and high-pressure driven membranes (nanofiltration and reverse osmosis). It 

also encompasses biotransformation and biodegradation processes that pharmaceutically active 

compounds undergo during wastewater treatments, and their photodegradation products formed 

during advanced oxidation processes (AOPs) applied in drinking water treatment. 

 

Jim J Ryan is a principal scientist within the Product Environmental Risk Assessment group 

which is responsible for development of environmental risk assessments for pharmaceutical and 

consumer healthcare products and oversight of environmental hazard programs in GSK R&D and 
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and Dentistry of New Jersey.  

 

David Taylor is a professional chemist with a PhD in marine chemistry.  He is a Fellow of the 
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professor at the University of Liverpool. 
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focused on the analysis and fate of organic pollutants, such as pharmaceuticals and personal care 
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For nearly a decade, scientists in the United States Environmental Protection Agency (USEPA) 
have been investigating the implications of pharmaceuticals and personal care products (PPCPs) 
as environmental contaminants. The scope of research has included development of analytical 
methods for monitoring PPCPs in waters, sediments, sewage sludge, and tissues; examining their 
impact on aquatic ecosystems; investigating the significance of drug disposal; and analyzing 
treatment technologies to minimize the release of PPCPs into the environment and their 
“recycling” in drinking water.  At last count, there were over 50 projects being conducted by the 
USEPA’s Office of Research and Development, USEPA’s Office of Water, USEPA’s Regional 
laboratories, and/or sponsored through the USEPA Science to Achieve Results (STAR) Grant 
program. 
 
In addition to the research programs, the USEPA has been working to expand its collaborations 
with other Federal Agencies in the United States and the international scientific community.  The 
Pharmaceuticals in the Environment (PiE) Interagency Workgroup was created to prioritize the 
research needed to assess the human and ecological impacts of environmental exposure to 
pharmaceuticals and recommend areas of collaboration between Agencies.  The USEPA is also a 
partner in the Global Water Research Coalition, a collaboration of 14 drinking water and 
wastewater research organizations.  Through these endeavors, the Agency is working to 
maximize research impact while minimizing duplication of efforts. 
 
This presentation will summarize the major research activities from the USEPA’s Office of 
Research and Development. 
 
Although this work was reviewed by EPA and approved for publication, it may not necessarily 
reflect official Agency policy. 
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Transformation products in the environment: how can we assess the risk? 

Dr. Alistair Boxall 

 EcoChemistry Team, York University/CSL, UK 
 

During their use and subsequent release to the environment, synthetic chemicals (pesticides, 

pharmaceuticals, biocides and industrials) may be transformed by a variety of processes. 

Consequently, the environment may be exposed to a mixture of the synthetic chemical itself 

(‘parent’ compound) and any resulting transformation products.  

 

Recent advances in analytical methodology have allowed for increased research on the 

environmental occurrence of transformation products. Research on pesticides has shown that 

transformation products can be found in surface water, groundwater, precipitation, air, and 

sediment. Although most studies have been on pesticides, transformation products from other 

chemical classes (e.g. pharmaceuticals and detergents) have also been found in the environment. 

In many cases, transformation products are detected as often or more frequently than the parent 

compound.  

 

In this paper we will bring together these available data to address three questions: 1) What is the 

environmental behaviour of transformation products compared to the parent compounds? 2) What 

are their effects on organisms? and 3) How can we identify substances of potential concern? 

Finally, gaps in the current knowledge will be identified and recommendations made on future 

research requirements. Potential strategies for assessing the risks of pharmaceutical 

transformation products will be presented. 
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Measurements and removal options of pharmaceuticals in European WWTPs 

- outcome of the EU project KNAPPE. 

Alexa Sadezky, Dirk Löffler and Thomas Ternes 

German Federal Institute of Hydrology, Koblenz, Germany 
 

For more than a decade the presence of pharmaceutical products, metabolites and their 

environmental transformation products in various aqueous matrices has been intensively 

investigated within numerous studies. The data was used to determine the exposure with 

pharmaceutical residues, their mass fluxes during water treatment, transport processes, and the 

environmental behaviour. The aim of workpackage 1 in the Knappe project was the compilation 

of these measurements and their interconnection to gain further insight regarding the general 

exposure situation and data gaps in the current knowledge. For that a great many of research 

articles, reports and further scientific literature was reviewed, regarding measurements of 

pharmaceutical residues in aqueous environmental compartments. This resulted in a list of more 

than 170 references, of which all individual measurements were transferred into a data 

compilation according to the environmental compartment measured. This compilation includes 

58600 data points for 181 compounds which were determined in samples from 24 countries. The 

data points comprise about 5200 measurements of raw sewage, 16700 data points for treated 

waste water, 26200 for surface water, 1700 for bank filtrate, 6650 for ground water, 1300 for tap 

water and 750 for marine water. The compilation was used to propose and verify pharmaceutical 

residues as indicator substances for several purposes. Several substances could be proposed as 

indicators, e.g. carbamazepine, erythromycin and iopamidol for the share of treated wastewater in 

surface waters and paracetamol and ibuprofen for input of widely untreated sewage, with respect 

to the removal organic trace pollutants. Additionally, consumption data for England and Wales, 

France, Germany, Poland and Spain was used for a correlation of environmental concentrations 

and consumption patterns and thus MEC/PEC ratios. For some compounds enormous differences 

exist between the consumption patterns in different countries. For example, the annual per capita 

consumption of paracetamol in France is 5-10-fold higher than in other European countries.   
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Occurrence and fate of pharmaceutical products and by products from 

resource to tap water 

Sophie Mompelat, Barbara Le Bot, Michel Clément, Olivier Thomas 

Ecole des Hautes Études en Santé Publique, Rennes, France 
 
 
Among all emerging substances in water, pharmaceuticals products and residues are a lot of 

concern. Decreasing with the respective concentrations of PPs, the number of studies on water 

resources and drinking water are less numerous than for wastewaters and discharges in surface 

water. This review deals with i) water resources (surface or groundwater), focusing on 

characteristics, occurrence and fate of numerous PPS studied, with a special consideration on 

climate change consequences, ii) water treatment for the production of drinking water, with a 

screening of each treatment step or process efficiency and iii) drinking water for which very few 

works are known especially when chlorination is used for disinfection. Through this review, it 

appears that the trend in organic matter increase in surface water and its consequence on water 

treatment efficiency and on drinking water quality with disinfection by products increase need to 

be considered with respect to the potential presence of ultra-traces of pharmaceuticals residues.  
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Fate of macrolide antibiotics used in human medicine in natural surface 

waters. 
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2Dipartimento di Chimica Analitica, Università di Torino, Via P. Giuria 5, 10125 Torino (Italy). 
 

During a pilot survey of different classes of antibiotics (fluoroquinolones, sulfonamides, 

tetracyclines and macrolides) at the outlet of several wastewater treatment plants (WWTPs) in the 

area of Marseille (France), macrolides (MLs) and more particularly clarithromycin and 

erythromycin-H2O were found to be the most frequently detected compounds at concentration 

levels above those of carbamazepine, a common contaminant of domestic wastewaters (1). MLs 

are the second most important antibacterial agent group used in human medicine after the � -

lactam one, with a total amount used annually averaging 100 tonnes in France. However, little is 

known on the fate of MLs in receiving surface waters and this will be the contribution of this 

work, taking into account mainly abiotic degradation pathways since MLs residues have been 

found quite resistant to biodegradation. This includes photodegradation and sorption as well as 

degradation on mineral surfaces, addressing both kinetic aspects and the identification of the 

major degradation products. The selected macrolides were erythromycin A, roxithromycin and 

clarithromycin. 

Investigated MLs do not exhibit any chromophoric functional groups and do not absorb light at �  

> 290 nm, restricting any direct photochemistry. However, the photochemical fate of MLs in 

surface water is strongly determined by their speciation and it has been observed that MLs 

undergo electronic interactions with metals of transition such iron, manganese and copper. Only 

species of the Fe(III)-MLs complex which allowed direct photolysis were relevant for the 

photochemical degradation in surface waters. In presence of iron, predicted MLs haft lives in 

sunlit natural water during the summer season ranged from 1.8 h for erythromycin A to 9.2 h for 

clarithromycin. Hydroxyl radicals, singlet oxygen and other photooxidants generated from nitrate 

/ nitrite ions and from excited chromophores present in natural waters seemed to have only a 

limited impact on the overall degradation of investigated MLs in surface waters. Coordination 

between the two carbonyl groups of MLs and a metal ion with unfilled d orbit such as iron 
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probably occurred. Such a bond facilitated nucleophilic attack and the cleavage (hydrolysis) of 

the lactone ring or internal dehydration reactions. Both reaction pathways appeared to be strongly 

enhanced in presence of light. 

Since MLs carry a positive charge throughout the environmentally relevant pH range, their 

sorption onto the sediment mineral fraction was investigated. Reference data was obtained by 

model studies with clay (bentonite), iron hydrous oxide (HFO) and manganese oxide (MnO2). 

Sorption coefficients (Kd) were found to range between 50 and 200 L/kg, according to the 

sorbent. Sorption of MLs mainly proceeded via chemical mechanisms such as cationic exchange 

and/or complexation rather than physical mechanism such as Van der Walls forces and hydrogen 

bondings. In presence of humic acids (10 mg/L), increased desorption of MLs was observed with 

respect to 0.01 M CaCl2 solutions. This phenomenon has an important implication in the 

environment because it suggests that sediment bound MLs can be mobilized in presence of 

dissolved organic matter. At pH 5, the erythromycin A sorbed on clay or iron / manganese oxide 

was almost completely degraded after 24 h of equilibration. Roxithromycin and clarithromycin 

were found to be stable in the presence of clay while both compounds were completely degraded 

after 7 d of equilibration in presence of iron hydrous or manganese oxides. Major degradation 

pathways involved the cleavage of the lactone function and/or the cleavage of the neutral sugar of 

the MLs as primary reactions. Mineral catalysed hydrolysis was suggested to be the main 

mechanism responsible for the degradation of MLs in sediments. The environmental significance 

of the described processes will be highlighted by discussing field data collected from a small 

Mediterranean river. 

 
 
 
1. Juliana Feitosa-Felizzola, Brice Temime and Serge Chiron, J. Chromatogr.A, 2007, 1164, 95-104. 
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During the last ten years, the growing use of antineoplastic drugs in cancer therapy is an 

emerging issue in environmental research. Cytostatics belong to the CMR (carcinogenic, 

mutagenic and reprotoxic) drugs. They usually enter the hospital effluents partially transformed 

or even unchanged via urine and faeces of patients under medical treatment. As hospital effluents 

reach the municipal sewer network generally without any preliminary treatment, hospitals may 

represent an incontestable release source of anticancer agents. The occurrence of pharmaceutical 

compounds in wastewater treatment plants is reported in several studies (Heberer, 2002 ; Zucato 

et al., 2005; Mahnik et al, 2007). They can reach drinking water. Their presence in the 

environment could affect human health, but also the animal or the plants notably in the aquatic 

environment. The primary aim of this research was to validate biomarkers relevant to follow the 

toxic effect of cyclophosphamide (CPA) and its metabolites  in the sewer system of the hospital 

in-patient treatment and to provide a better understanding of their fate in wastewater and their 

elimination by activated sludge. We have chosen as model the alkylating antineoplastic drug 

Cyclophosphamide (CPA) which is one of the oldest known cytostatics and is one of the most 

frequently used agents in cancer chemotherapy. This compound is carcinogenic, mutagenic and 

embyrotoxic.  

Several bioassays have been optimised for this purpose: (i) growth inhibition of the aquatic plant 

Lemna minor (ii) growth inhibition of the algae Chlorella vulgaris (iii) cellular viability of 

human liver cell and renal cell (iv) genotoxicity evaluation by determination of DNA adduct (by 

postlabelling and HPLC) in cell culture and in vivo (brachydanio rerio). At low doses the main 

cytotoxic metabolites (acrolein, nor-nitrogen mustard and phosphoramid mustard) of CPA induce 
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proliferation of human cells. All these metabolites and CPA induce comet. Phosphoramide 

mustard damages DNA more than the other compounds. Acrolein formed deoxyguanine adduct 

detectable by postlabelling and by HPLC.  

CPA and their metabolites were continuously added to sludge of the bioreactor equipped with a 

ceramic tubular Membralox®. Preliminary results indicate that water collected after passing 

through the membrane of the bioreactor is highly genotoxic (increase of cell proliferation, 

formation of DNA adduct, positive Comet Assay). The metabolites found in water have been 

analysed by GC/ms. Elimination of the toxic compounds is not enough, and/or some new 

compounds have been generated into the bioreactor.  
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(MBR) vs. conventional activated (CA) sewage sludge 
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Little is known about the extent of environmental occurrence and ultimate fate of pharmaceutical 
residues. Their continuous input into the environment maintains their concentrations relatively 
constant, even for the non-persistent drugs. This raises many questions on the effect that 
pharmaceutically active compounds might have on the aquatic life and potentially humans, 
through drinking water supplies. 

To date, risk assessment studies of pharmaceutical residues have considered only the 
parent compound, disregarding their degradation products that are expected to be more polar and 
thus more persistent in the environment. Moreover, these metabolites may have their own 
biological activity that can contribute to the overall hazardousness of a compound. Information 
on the potential adverse health effect of drugs in aqueous environmental media is still lacking [1]. 
It is of crucial interest for a comprehensive study of the behaviour and ecotoxicity of drugs in the 
environment to identify their transformation and degradation products, both from photolysis and 
biological degradation processes.  
 
The most efficient way to deal with the environmental presence of these potentially persistent 
pollutants is to reduce their emissions from a source, i.e. wastewater treatment plant (WWTP). In 
order to ensure compliance with future discharge requirements, an upgrading of existing WWTPs 
and implementation of new technologies is brought up as a next step in the improvement of 
wastewater treatment. In the last ten to fifteen years the implementation of membranes in 
wastewater reclamation has gained a lot of interest. Membrane bioreactor (MBR) technology has 
become technically and economically feasible alternative for water and wastewater treatment, 
especially because of high solids retention times (SRTs) achieved within compact reactor 
volumes (up to 20 mg L-1). Due to high biomass concentration the degradation rate is higher, and 
also specialists are grown for problematic compounds. Another advantage of membrane 
treatment is separation of suspended solids by membranes, so there are no limitations by settling 
characteristics of sludge. Besides the high quality of the final effluent, MBR seems to be also an 
efficient barrier for the passage of micropollutants. Furthermore, several investigations on the 
performance of MBR have proved it to be very efficient in removing various therapeutic classes 
of pharmaceuticals [2-4].  
 
The biodegradation studies were performed with ß-blocker atenolol and hypoglycemic agent 
glibenclamide. Atenolol, 4-[2-hydroxy-3-[(1-methyl) amino] propoxy]-benzenacetamide, is one 
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of the most commonly prescribed cardioselective ß-adrenergic blockers, used in antihypertensive, 
antianginal and antiarrhythmic treatment. After human consumption, it is excreted meagerly as an 
unchanged compound (90%) [6]. Glibenclamide, also known as glyburide, is an anti-diabetic 
drug, used in the treatment of type II diabetes. It is extensively metabolized, mainly by 
hydroxylation of a cyclohexyl moiety of the molecule, whereas its excretion rates as a parent 
compound are rather low, 35% and 42% in urine and faeces, respectively [7]. Due to the 
widespread use of these drugs in clinical practice, they are ubiquitously found in the 
environment, whereas WWTPs are its major sources [2, 8, 9]. As far as their environmental 
hazardousness is considered, the toxicity of atenolol as individual compound was found to be 
negligible [10]. However, it is suspected that mixtures of ß-blockers are concentration additive, 
since they all have the same mode of toxic action in the aquatic environment [11]. Furthermore, 
the ecotoxicological impact of a mixture of pharmaceuticals belonging to therapeutically different 
classes and with different modes of action could be substantially stronger than the predicted one. 
With these facts in view, if during wastewater treatment stable metabolites of microbial 
degradation were formed, their potential toxicity would have to be addressed as well.  Due to 
their often increased polarity and thus persistency compared to the original compound, qualitative 
and quantitative analysis of biodegradation products is indispensable for a complete risk 
assessment study of pharmaceutical residues. 

In a previous study conducted at WWTP Rubí [2], atenolol was attenuated in an MBR by 
around 65%, while in CAS it was not eliminated at all. This was presumed to be due to better 
degradability of atenolol in MBR sludge. On the other side, laboratory-scale MBR did not show 
any enhancement in the elimination of glibenclamide compared to CAS (i.e., 47% removal in 
MBR vs. 45% in CAS treatment) [2]. In order to investigate possible differences in 
biodegradation profiles and forming of metabolites between MBR and conventional activated 
(CA) sludge, these two types of sewage sludge were used in the experiments [12]. For the 
screening and structural elucidation of atenolol and its possible metabolites quadrupole-time of 
flight (QqToF) instrument was employed, and products of microbial degradation of atenolol and 
glibenclamide were identified. Moreover, a next-generation time-of-flight (ToF) mass 
spectrometer with an improved sensitivity was employed in the analysis of real wastewater 
samples. In order to gain more structural information on these compounds a hybrid quadrupole-
linear ion trap (QqLIT) instrument with MS3 capability was used, revealing characteristic 
fragmentation patterns.  
 
The experiments performed with atenolol showed clear evidence that sludge proceeding from an 
MBR was more capable in degrading both parent compound and its microbial product, probably 
due to greater sludge age, smaller floc size and higher suspended solids (SS) concentration. On 
the other hand, biodegradation of a parent compound by CA sludge was significantly slower, 
while the metabolite did not degrade at all over 28 days trials. In the case of glibenclamide, 
microbial metabolite turned out to be a dead-end product in both MBR and CA sludge 
experiments. Moreover, deterioration in the removal of a parent compound by MBR sludge was 
seen, since only 50 % of glibenclamide was degraded. This could be an indication of the 
importance of aeration, especially in the case of long-age sludge such as the one formed in an 
MBR. Also, growth and metabolism of microbial population might be subjected to subtle changes 
in their environment. The consequences of microbial succession (i.e. selection and development 
of sequential microbial populations) are changes such are decreases in available nutrients, 
alterations in pH or redox potential, disappearance of oxygen, to name just a few. Thus, initial 
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microbial population may become self-limiting and growth of other microorganisms can be 
favoured, which emerge as a new dominant population. 
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In recent years it has been learned that not only the APIs are of importance but also molecules 
resulting from these by structural change within the human body and within the body of treated 
animals. Naming and meaning of “metabolite” in publications is somewhat confusing. Some 
authors mean compounds which result from biochemical transformations of the parent 
compound. Others mean products of biotic and/or non biotic transformation in sewage treatment 
or the environment. Therefore, I recommend using the term “metabolite” for the molecules 
resulting from changes of the chemical structure within the human body. Products resulting from 
the change of the molecular structure after excretion, i.e. in the environment should be named 
“transformation product” including biotic and non biotic processes in technical facilities such as 
sewage treatment and drinking water treatment. Such processes can be specified for example as 
photo transformation product or transformation product resulting from hydrolysis or oxidation 
etc.  

Many pharmaceuticals undergo a structural change in the body of humans and animals, 
respectively. This could be by micro-organisms in the gut or by enzymes of human metabolism. 
The result of such a process is metabolites. Some drugs are largely metabolised before they are 
excreted, while others are only moderately or poorly metabolised and others yet again, such as 
contrast media, are excreted completely intact. The resulting metabolites differ in both 
pharmacological and toxicological properties compared to their parent drugs. Pharmaceuticals 
may be administered orally or intravenously, depending on the compound itself and the medical 
circumstances. This also has an impact on their metabolism that is their structural change within 
the body of the target organism (e.g. within humans in case of pharmaceuticals administered to 
humans). Metabolism may lower activity and/or enhance water solubility. However, metabolism 
is frequently incomplete.  
Additional molecules may be formed after excretion of parent compounds and metabolites into 
the environment. Transformation processes can be such as hydrolysis and photo-oxidation or 
biotic ones.  
 

Many pharmaceuticals are bio-transformed by organisms such as bacteria and fungi in the 
environment. As by metabolism the chemical structure of the active molecules is changed by 
biotransformation, biodegradation, and non biotic transformation that in turn often results in a 
change in their physico-chemical and pharmaceutical properties. Normally it is assumed that 
metabolism of APIs leads to decreased toxicity. In some cases however metabolism leads to more 
active compounds (e.g. In the case of pro-drugs). Sulfatation as a general metabolism pathway 
can also lead indirectly to mutagenicity. bio-transformation and other transformation processes 
may lower activity or enhance water solubility. Transformation products were detected in 
degradability testing and in the aquatic environment. 
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Pharmaceutical management through environmental product labelling in 

Sweden 

Åke Wennmalm 

Stockholm County Council, Stockholm, Sweden 

 
The new EU directives on medicinal products 
 
In 2001 the European Commission launched proposals to change the directives on evaluation and 
authorisation of medicinal products within the community. The proposals contained limited 
measures to guarantee protection of the aquatic environment. Apoteket AB (owner of all 
pharmacy shops in Sweden) and Stockholm County Council (SCC, provider of public health care 
in the greater Stockholm region) then jointly opened up to influence the European Parliament to 
include more environmental cautiousness in the proposals. After some lobbying the EU bodies 
agreed to include a number of the environmental amendments in the directive. The final text of 
the new legislation, taken in March 2004, included the following new paragraphs of 
environmental concern: 
 

1.  Risks related to use of the medicinal product: 
 — Any risk relating to the quality, safety or efficacy of the medicinal product as regards   
     patients' health or public health; 
 — Any risk of undesirable effects on the environment. 
 

2. Evaluation of the potential environmental risks posed by the medicinal product. This 
impact should be assessed and, on a case-by-case basis, specific arrangements to limit it 
should be envisaged. 

 
3. Specific precautions relating to the disposal of unused medicinal products or waste derived 
from medicinal products, where appropriate, as well as reference to any appropriate collection 
system in place. 

 
4. Member States should ensure that appropriate collection systems are in place for medicinal 
products that are unused or have expired. 

 
Hazard classification of human medicines (the Stockholm model) 
The idea behind a classification system was to allow more environmentally friendly drug 
management decisions on several levels: (i) the drug producer in the developing process of new 
drugs, (ii) the doctor when prescribing drugs, and (iii) the patient/customer when buying and 
using drugs. 
In the 2003 procurement process of human pharmaceutical products to the public health care in 
Stockholm, SCC asked the drug producers to deliver data on the environmental hazard of the 
products they offered. The data required concerned persistence, potential to bioaccumulation, and 
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ecotoxicity (PBT, evaluated according to the OECD guidelines) of the products. These data were 
used to rate the hazard of the medicines on a non-linear scale from 0 to 9, where rating 0 implied 
that the product is readily biodegradable, lacks potential to bioaccumulation, and has a low 
toxicity, and rating 9 implied that the product is not readily biodegradable, has potential to 
bioaccumulation, and has a very high toxicity.  
 
Risk and hazard classification - The Swedish initiative 
After the hazard classification system had been in use for some time, the Swedish Association of 
the Pharmaceutical Industry (LIF) invited a number of stakeholders in the Swedish health care 
system (including Apoteket AB and SCC) to jointly develop a classification system also 
including assessment of risk. Such a system was agreed upon in 2005. This system includes risk 
and hazard classification, and is presented on three different levels of complexity: for patients 
(risk classification), for prescribers (risk and hazard classification), and for specialists (complete 
accounting of all environmental data available for the product). 
The risk classification is based on exposure (predicted environmental concentration, PEC) in 
relation to toxicity (predicted no effect concentration, PNEC). The calculations are mainly in 
accordance with the EMEA guidelines for tier A. Depending on the PEC/PNEC ratio the 
environmental risk connected to use of the pharmaceutical is classified as insignificant 
(ratio<0.1), low (ratio 0.1-1), moderate (ratio 1-10) or high (ratio >10).  
The hazard is characterized according to the PBT of the substance. Toxicity should, if possible, 
be presented as no observed effect concentration (NOEC) on each of three different trophic 
levels, usually fish, daphnia and algae. If chronic data are not available, acute data may be used, 
together with a higher assessment factor. If the substance fulfils the EU criteria for PBT and/or 
vPvB (very persistent, very bioaccumulating) the compound should be regarded as a PBT/vPvB 
substance.  
 To date, about 40 % of the pharmaceutical substances on the Swedish market have been 
classified, constituting about 65 % of the sales volume of pharmaceutical products. All 
substances are expected to be classified in 2010. Information on the classification system and on 
classified substances is given on www.fass.se and on www.janusinfo.se. 
More and better data are needed before adequate risk and hazard assessments can be made for the 
entire range of drugs. The market turnover of substances will serve as the primary basis for better 
environmental assessments in the future. Hopefully, the producers will also deliver more detailed 
data on patient metabolism of drugs and assessment of the environmental effects of the 
metabolites.  
 
Pharmaceuticals in drinking water and surface water in Stockholm 
Follow-up of pharmaceutical residue levels in regional water sources has been performed 
annually since 2002. Currently, more that 80 substances from several ATC groups are analyzed. 
During the period 2002-2004 effluent samples from sewage treatment plants (STP) and their 
recipients were taken. Starting 2005 drinking water samples have been analysed as well. In  STP 
effluents substances belonging to ATC groups C, J, M, and N have been detected, usually in 
levels up to 1.5 µg/l. In recipient and drinking water samples the levels usually not exceed 5 ng/l. 
SCC has proclaimed as an environmental objective that the concentrations of pharmaceuticals in 
the drinking water and in the effluents from the sewage treatment plants should be lower by the 
end of 2011, in comparison to 2005. Whether this target is possible to reach only by improved 
pharmacological management in the health care system is still an open question. It may well be 
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necessary to install additional cleaning procedures (ozonisation, UV treatment and active carbon 
filters) both in water and sewer treatment plants to fulfil this objective.  
 
General comments 
The development of the classification system can be regarded as successful example of 
collaboration between different stakeholders in the health care system. Data delivered by the 
producers are reviewed by external expertise, and presented transparently to prescribers and 
patients. In SCC the environmental data are used in the selection process for recommended drugs, 
exerting second priority (together with drug cost) after the primary priority medical efficacy. 
Doctors and health care staff are regularly informed about the impact of medicines on the 
environment. Expired or unused drugs are received by Apoteket´s pharmacy shops, and the 
tonnage of disposed pharmaceuticals returned is continuously monitored.  
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Ecopharmacostewardship – An EFPIA Perspective 

David Taylor 

 
Chairman: EFPIA Environment, Health & Safety Working Group and Director Environment & Sustainability, 

AstraZeneca 
 

The discovery of residues of pharmaceuticals in the aquatic environment in the late 1990’s 

stimulated a lot of immediate activity.  More extensive surveys have now been undertaken 

looking for a widening range of pharmaceuticals in both water samples and effluents.  

Environmental Risk Assessment methods have been revised in the European Union and 

substantial research continues both in industry and academia. 

 

There is now a broad consensus to which the majority of academics and regulators subscribe that, 

although a wide range of pharmaceutical residues can be detected in the aquatic environment at 

levels < 1-10 µg l –1, these pose no significant threat to humans and are very unlikely to cause any 

acute effects on the environment.  All the current regulatory reviews of the PiE issue have come 

to this conclusion. There is still some uncertainty about the potential for long term effects to 

occur in the environment particularly for some ‘atypical’ substances and research work continues 

to investigate this issue. 

 

Although monitoring continues, and there is further development of risk assessment 

methodologies there is now an increasing focus on longer term management of any potential 

issues and the term ‘ecopharmacostewardship’ has been coined to describe this activity. 

 

This presentation will discuss how some of the life-cycle challenges this poses for the research 

based pharmaceutical industry are being addressed.  These range from product discovery and 

design, through sustainable manufacturing to eventual disposal of unused medicines.  
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Unused prescription drugs 

Bo Gunnarssona, Matilda Perssonb  

a Apoteket AB, Sweden 
b The Swedish Association of the Pharmaceutical Industry (LIF), Sweden 
 

Unused prescription drugs can pose a security risk for particularly children or addicts; and they 
can pose an environmental risk if they are not disposed of properly through correct destruction. 
The general recommendation in Sweden is to return the unused medicines to the pharmacy. 

The Swedish Association of the Pharmaceutical Industry (LIF) has together with the 
Swedish retail chain Apoteket AB on several occasions over the years 2001 to 2007 carried out 
campaigns in media, at pharmacies and at clinics to raise the general public’s awareness of how 
to dispose of unused medicines. 

Furthermore, Apoteket AB and LIF conducted surveys in 2001, 2004 and 2007 to 
investigate the level of knowledge in the general public on this issue: 
 
Aim 
The aim of the surveys was to map the knowledge of, and also attitude to, appropriate handling of 
unused medicines. Furthermore the aim was to get a view of to what extent the information 
campaigns had raised the knowledge and changed the behaviour among the general public. 
 
Method 
The target group for the surveys was the general public over the age of 15. The surveys were 
conducted via telephone interviews with 1000 responders nationwide. The responders were asked 
several questions about their handling of unused medicines - how they thought they were 
supposed to dispose of them, the reasons why they did or did not dispose of them in an 
appropriate way and if they understood the risk for environmental impact of medicines. 
 
Results 
The result from the survey in 2007 shows, inter alia:  

- 75 % said that one or several persons in their family had gotten prescription medicines 
in the last year 

- 30 % of those states that there are residual medicines after use 
- 85 % knows that you are supposed to return unused medicines to the pharmacy 
- 43 % did in fact return the medicines to the pharmacy 
- 50 % states that they returned the unused medicines for environmental reasons 
- 42 % states that they worry for the environmental impact of medicines. 

 
Conclusions 
(1) �An increasing number of the Swedish people do return unused medicines to the pharmacy for 
correct disposal. (2) �Environmental concerns are getting more important than security concerns as 
a reason for returning unused medicines to the pharmacy. (3) An increasing fraction is worried 
about the environmental impact of pharmaceuticals. 
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Evaluation of the Swedish environmental information and classification 

scheme of pharmaceuticals 

Marlene Ågerstrand, Misse Wester, and Christina Rudén 

Dept. of Philosophy, Royal Institute of Technology, Teknikringen 78 B, 100 44 Stockholm, Sweden 

 

The Swedish Association of the Pharmaceutical Industry has in collaboration with the Swedish 

Medical Products Agency and several other Swedish stakeholders launched a voluntary 

environmental information and classification scheme of pharmaceuticals (www.fass.se). The 

system utilizes data delivered by the respective pharmaceutical producers to yield a risk 

assessment and a classification of the ecotoxicity of their products. The system went into 

operation in October 2005, and is intended to include all registered pharmaceuticals on the 

Swedish market by the end of the year 2010. The data from this classification have the potential 

to be a very influential source of knowledge for assessment of pharmaceutical effects in the 

environment. 

 

This classification scheme is unique in its kind. The aim of this study is to understand more about 

the driving forces behind industry taking voluntary, regulatory actions. Therefore, a questionnaire 

has been sent to all the key actors within organizations and participating industries involved in 

the development of the system (n=30) and answers have been received from a majority of these 

actors (n=22) The data is now being analyzed and will form a comprehensive description of the 

motivations, expectations and intentions underlying the development and implementation of this 

initiative. The overall purpose of this study is to generate knowledge about how incentives are 

created for voluntary risk management systems aiming at contributing to a sustainable use of 

pharmaceuticals and other chemical compounds. 

 

This study is the first part of an ongoing project that will evaluate the Swedish environmental 

information and classification scheme of pharmaceuticals. This includes its scientific basis, actual 

workings, and efficiency towards the aim to reduce environmental risk. 
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Precautionary and Integrated Risk Management for  

Pharmaceuticals in the Water Cycle  

Florian Keil 

 Institute for Social-Ecological Research (ISOE), Hamburger Allee 45, 60486 Frankfurt/Main, Germany, 
keil@isoe.de 

 

The environmental relevance of pharmaceuticals is to be considered as established. During the 
past 20 years a huge amount of data has been collected demonstrating the widespread occurrence 
of a variety of active drug ingredients in the aquatic environment and sporadically even in 
drinking water. Moreover, there is growing evidence that specific substances have adverse 
impacts on aquatic organisms both on the individual and the population level. Although non-
knowledge and uncertainties about negative effects are still high it is justified to state that in 
terms of the precautionary principle there is sufficient knowledge available for moving from a 
problem to a solution perspective.  

 

However, systematic investigations on possible options for reducing the occurrence of 
pharmaceuticals in the water cycle are so far lacking. The German start project (www.start-
project.de) aims at closing this gap. Considering the full life cycle of a pharmaceutical product 
the project investigated three basic areas where problem solutions can apply: drug development, 
drug use and emission management.  

 

The primary goal of drug development is the optimisation of the efficacy of a substance and the 
minimisation of undesirable side effects. The mostly implicit assumption is that the applicability 
of an active agent requires its overall stability. Consequently most pharmaceuticals are relatively 
badly biodegradable. However, looking more closely at the factor stability principally shows that 
targeted molecular design allows to both optimising the efficacy of an active agent in humans and 
its degradability in the environment early in the development process (see Klaus Kümmerer’s 
presentation). We discuss how the implementation of such an innovation strategy for 
pharmaceutical industry can be fostered. 

 

Different factors like demographic development in industrialised countries towards an ever older 
society make a significant increase in drug consumption likely in the years to come. The problem 
of pharmaceuticals in the water cycle thus rather aggravates than mitigates in the future. Unlike 
with other products, however, environmental aspects currently do not play a role in prescription, 
purchase, use and disposal of drugs. Nevertheless it stands to reason to e.g. choose the drug with 
the better biodegradability when therapeutically equivalent alternatives are available. We 
elaborate on options that allow making the use of drugs more environmentally aware without 
compromising quality in prevention and therapy. The rationale of this strategy is to create 
synergies with already desirable reforms in health care. 
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Even if “green drugs” become available and the environmental sensitivity of drug use grows 
technical means for managing emissions of pharmaceuticals into the water cycle will remain 
indispensable. On the basis of an assessment of existing and innovative procedures for sewage 
treatment we argue that decentralised or semi-centralised sanitary concepts for e.g. development, 
commercial and industry areas are at the core of a sustainable emission management strategy. 
The implementation of such a strategy yet requires combining it with solutions for the recycling 
of scarce resources like phosphorous or potassium. 

 

The start project operated on the assumption that an efficient problem solution is impossible 
when efforts are focussed on one of the above mentioned basic areas alone. Instead we argue for 
an integrated approach that allows different actors of the three areas a joint risk management 
based on shared stewardships. The guiding theme of this approach is to frame precautionary 
action such that it promotes social and technical innovation. The presentation concludes with first 
results on an integrated risk management strategy for pharmaceuticals in the water cycle. The 
project closely cooperates with experts from pharmaceuticals industry, health care, water. 
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Prioritization and risk assessment of the pharmaceuticals for human use 

Dr. Ettore Zuccato 

Department of Environmental Health Sciences, Mario Negri Institute for Pharmacological Research, via La Masa 
19, 20156 Milan, Italy. 
 
 
The term “pharmaceuticals” covers a complex class of widely used compounds. Thousands of 

different active molecules are currently used in the world to treat or to prevent diseases, with 

hundreds of new molecules synthesized every year to replace obsolete compounds. Once 

administered, pharmaceuticals can be excreted as the parent compound or active metabolites, and 

can reach the environment to variable extents. The amounts reaching surface water depend on 

several factors, some theoretically predictable, like metabolism and degradation, some 

unpredictable, such as improper disposal.  

 

Monitoring environmental contamination by pharmaceuticals is advisable for several reasons, 

including reliable assessment of risks for the environment and, through the food chain, for man. 

However, blanket monitoring is difficult because of the excessive number of pharmaceuticals and 

metabolites, with different chemical structures and physico-chemical properties. It is therefore 

best to focus on the molecules of concern for the environment. The tendency is to establish 

priorities so as to restrict monitoring and risk assessment to a limited number of hazardous 

molecules, but proposals on how to do this selection are scarce. Pharmaceuticals are usually 

ranked according to tonnage, though some molecules with low sales volumes but high biological 

activity and toxicity are included (hormones, anticancer drugs). Here we propose an approach 

based on two steps to identify molecules of concern for the environment in Italy. The first step is 

to pre-select the pharmaceuticals according to prescription or to biological activity, and the 

second is to refine the list by measuring them in STPs and in surface water. Lastly we propose a 

method to assess the risk of mixture of pharmaceuticals at real environmental concentrations by 

using cell cultures.  
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Development of an International Priority List of Pharmaceuticals relevant for 

the Water Cycle 

P. de Voogt1, F. Sacher2, M.-L. Janex-Habibi3, L. Puijker1, M.N. Mons1  

on behalf of the Global Water Research Coalition. 

1 Kiwa Water Research (Nieuwegein, NL) 
2 DVGW-Technologiezentrum Wasser (Karlsruhe, G)  
3 Suez Environnement (Paris, F) 
 

Numerous studies have shown that a wide variety of pharmaceuticals (PhACs) are present in 

wastewater effluents, surface waters, and ground waters. The large number of compounds 

reported makes it difficult to evaluate the impact of all PhACs on the water cycle. The Global 

Water Research Coalition identified that the first step of the research agenda should be to 

consolidate a list of compounds that can be used to judge risks for the water cycle. The objective 

of this desk study was to develop a list of representative priority PhACs that can be used for 

further studies on analytical methods, occurrence, treatability, and potential risks associated with 

exposure to PhACs in the water supply. Major existing prioritization efforts in USA, Europe, 

Australia and East Asia were identified and criteria used in those prioritization exercises 

evaluated. A total of 25 reports were used which had the prioritization of PhACs as key subject. 

The number of appearances of PhACs in the 25 base documents was scored. In total 17 different 

criteria were identified. These were subjected to expert judgement and evaluation. Seven criteria 

were regarded as being of special relevance and selected for drawing up a priority list. The 

number of criteria relevant for a chemical was scored, and a ranking based on number of fulfilled 

criteria was made. This led to a classification into three categories of 10 (high), 18 (medium) and 

16 (low) priority PhACs. 
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Experiences gained through the environmental risk assessment program for 

human pharmaceuticals in Sweden at www.fass.se. 

A. Woldegiorgis 

Swedish Environmental Research Institute Ltd, box 210 60, 100 31 Stockholm, Sweden 

 

Over the last two years a process of environmental risk assessment of all human pharmaceuticals 
sold in Sweden has taken place. Even though the process is still ongoing and all ATC-groups 
have not yet been subject of environmental risk assessment, some valuable experiences have been 
gained. 
The basis of the risk- and hazard classification scheme at fass.se is the PEC/PNEC-equation 
governing the risk phrase associated with the pharmaceutical. The hazard part of the 
classification includes eco-toxicity, persistence (biodegradation rate) and the potential to 
bioaccumulate. The fass.se-guideline is written in order to enable the companies to also display 
data not retrieved according to standard protocols. 
 
In the first rounds of risk classification of pharmaceuticals submitted by pharmaceutical 
companies subject to scientific assessment by IVL, the work was mainly focused on checking 
that chosen risk- and hazard phrases were fully supported by the submitted data. 
However, over the course of practice, the companies have gained more insights into the fass.se-
system and the submitted risk- and hazard classifications can now be rather complex issues 
including modeling of STP-removal, QSAR-models for prediction of eco-toxicity and 
persistence, read-across- maneuvers from structural analogues, and also lately, the use of species 
sensitivity distributions (SSDs). 
 
When dealing with predicted environmental concentrations, it is of importance that occasionally 
also measure the typical concentrations of pharmaceutical residues in Swedish samples in order 
to safeguard that the PEC-equation does not under estimate the concentrations under typical 
Swedish conditions. 
IVL has on behalf of the Swedish EPA performed extensive screening studies of a number of 
pharmaceuticals in the Swedish environment including substances high volume sales substances 
of the ATC-groups JO1 (antibiotics), G03 (hormones), M01 (NSAIDs), N01 (Anesthetics), N02 
(Analgetics), N04BC (Dopaminergic agonists), N05 (anti-psychotics, dibenzoxazepines, 
benzodiazepines and sedatives) and N06 (SSRIs). 
 
Comparisons between PECs and MECs (measured environmental concentrations) indicate that 
the PEC-equation used in the fass.se-system is mostly in accordance with the precautionary 
principle. 
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Environmental assessment of Norwegian priority pharmaceuticals based on 

the EMEA guideline  

Merete Grung1*, Torsten Källqvist1, Solveig Sakshaug2, Svetlana Skurtveit2, Katherine Langford1 

and Kevin V. Thomas1 

1NIVA (Norwegian Institute for Water Research), Gaustadalléen 21, N-0349 Oslo, Norway 
2Norwegian Institute of Public Health, PO box 4404 Nydalen, N-0403 Oslo, Norway 
*e-mail: mgr@niva.no 

 
Introduction 
The sales and use of pharmaceuticals have gradually increased over time worldwide. In Norway 
the annual growth measured in number of defined daily doses (DDDs) has varied from 1% to 8% 
in the period 1993-2006. Pharmaceuticals over the past years have become an increasing point of 
environmental concern. In Norway, little work has been performed on neither the occurrence of 
pharmaceuticals in the environment nor the environmental risk associated with their occurrence 
in the aquatic environment, but the Norwegian Pollution Control Authority has performed a 
preliminary prioritisation of pharmaceutical compounds to be further investigated. Since Norway 
has excellent sources regarding the volume of pharmaceuticals sales, we wanted to compare the 
PEC estimation according to EMEA guidelines (2006 version) and a conventional model based 
on wholesales figures on pharmaceuticals. The main objective of this study was to assess the 
environmental risk associated with 11 selected pharmaceutical compounds. The risk quotients 
were obtained based on existing environmental data from the literature, as well as toxicity studies 
reported in this study. 
 
Materials and Methods 
Cefuroxime, ciprofloxacin, cyclophosphamide, diclofenac, ethinylestradiol, ibuprofen, 
metoprolol, paracetamol, sulfamethoxazole, tetracycline and trimethoprim were selected for 
assessment by the Norwegian Pollution Control Authority. Predicted environmental 
concentrations (PECs) were calculated according to both the EMEA guideline and a conventional 
model for comparison. Information about extent of drug use was retrieved from the Drug 
Wholesale Statistics Database available at the the Norwegian Institute of Public Health. This 
database includes the total sales of pharmaceuticals in Norway from all wholesalers in Norway to 
pharmacies, hospitals and non-pharmacy outlets. Data on wholesales of pharmaceuticals were 
retrieved for the year 2005.Available acute and chronic toxicity data were collected from the 
literature, although no data were available for cyclophosphamide. The effect of 
cyclophosphamide on growth inhibition on P. subcapitata was carried out according to the 
Organization for Economic Cooperation and Development Test Guideline 201 (OECD, 2006). 
The effect of cyclophosphamide on the parthogenetic reproduction of D. magna was investigated 
according to the OECD Test Guideline 211 (OECD, 1998). In both systems, five levels of 
cyclophosphamide were tested (nominal concentrations: 10; 18; 32; 56 and 100 mg/L). 
 
Results and Discussion 
Toxicity tests showed cyclophosphamide to have relatively low acute toxicity with an EC50 for 
P. subcapitata > 100 mg/L and a D. magna reproduction NOEC of 56 mg/L. These and the 
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literature data were used to derive predicted no effect concentrations (PNEC). Risk quotients 
greater than 1 were obtained for ciprofloxacin, diclofenac, ethinylestradiol, sulfamethoxazole and 
tetracycline according to the EMEA guideline. Measured environmental concentrations (MECs) 
confirmed that the release of ciprofloxacin from wastewater treatment works may potentially be 
of environmental concern in Norway. 
 
Table 1: Calculated risk quotients based on PEC estimations by EMEA and a conventional model 
and refined by adsorption to particles and biodegradation. 
 

EMEA PEC/PNEC 
Conventional 
PEC/PNEC 

  

Lowest 
NOEC/EC50 

(mg/L) 
AF 

PNEC 
µg/L 

min max min max 

Cefuroxime 91 1000 91 0.36 0.49 0.00024 0.00033 

Ciprofloxacin 0.005 1000 0.005 1401 1401 52 52 
Cyclophosphamide 56 50 1120 0.0022 0.0022 2.4E-07 2.4E-07 

Diclofenac 0.001 10 0.1 0.51 5.7 0.34 3.8 
Ethinylestradiol 1.00E-06 10 0.0001 1.3 1.6 4.3 5.4 
Ibuprofen 1 50 20 0.056 0.50 0.039 0.35 

Metoprolol  3.1 100 31 0.029 0.032 0.051 0.057 

Paracetamol 9.2 1000 9.2 0.016 0.70 0.048 2.0 

Sulfamethoxazole 0.0059 50 0.118 97 101 0.57 0.59 

Tetracycline 0.09 1000 0.09 8.7 23 0.57 1.5 
Trimethoprim 16 1000 16 0.14 0.15 0.010 0.010 

AF: Assessment Factor. 
 
Conclusions 
• PECs calculated according to the EMEA guidelines are conservative and precautionary, even 

following refinement. The absence of good, reliable and consistent fate data makes PEC 
refinement difficult. This is very important when the resultant risk quotient is ~1. It may be 
more suitable in Norway to use a more specific approach due to the availability of data 
regarding sales and use of pharmaceuticals 

• MECs will always provide better estimates for the calculation of environmental occurrence and 
therefore we recommend the use of MECs, where possible in pharmaceutical ERA. 

• The major weakness in any ERA of pharmaceutical is the PNEC. PNECs based on mortality, 
even when exposure is chronic, may not be sufficient to protect the aquatic environment. 
Exposure in the environment is likely to be chronic and the effects sub-lethal. We recommend 
that better strategies are developed to deal with this. 

• Basic ecotoxicity data are not available for many pharmaceuticals (e.g. cyclophosphamide). 
The use of basic D. magna and algae data provide data for simple ERA but are not sufficient for 
safe-guarding against long-term sub-lethal effects since at present the effects are not known.  

• Based on the EMEA guidelines, ciprofloxacin, diclofenac, ethinylestradiol, sulfamethoxazole 
and tetracycline has a risk coefficient >1. For ciprofloxacin the maximal quasi-MEC was larger 
than the PNEC, and therefore this compound may pose a threat to the aquatic environment. 
Ciprofloxacin should therefore be monitored in the future. 
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Assessment of daphnia chronic ecotoxicity data for a wide selection of human 

pharmaceuticals  

Dr Jim J Ryan1, and Dr Robert E Hannah2 

1GlaxoSmithKline, Corporate Environment, Health & Safety, Ware Research & Development Site, UK. 
2GlaxoSmithKline, Corporate Environment, Health & Safety, Franklin Plaza, Philadelphia, US. 
 

GlaxoSmithKline as part of an overall material hazard assessment strategy has been routinely 

developing ecotoxicity and environmental fate data on pharmaceuticals, isolated intermediates 

and key starting materials.  As part of an initiative to improve environmental hazard assessments 

with respect to chronic exposures, GSK has been applying chronic ceriodaphnia ecotoxicity 

screening assays to a variety of active pharmaceuticals across a range of therapeutic classes 

representing various modes-of-action. Ecotoxicological data will be presented and discussed and 

acute-to-chronic (ACR) ratios will be evaluated in accordance with criteria established in the 

European Technical Guidance (TGD) document. 

 

Dr Jim J Ryan  
Principal Scientist 
Corporate Environment, Health & Safety 
GlaxoSmithKline Research & Development Site 
Park Road 
Ware SG12 0DP 
UK 
jim.j.ryan@gsk.com 
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Experiences with the EMEA Environmental Risk Assessment Guideline for a 

New and Novel Human Pharmaceutical 

Keith Silverman 

Director, Risk Assessment, Global Safety & the Environment, Merck & Co., Inc., Whitehouse Station, NJ, USA 
 

This presentation will share the environmental risk assessment performed as part 

of the marketing authorization application for the approval of a human pharmaceutical 

with a novel mechanism of action that is first in class to meet an unmet medical need.  

The assessment was carried out according to EMEA's new Guideline on the 

Environmental Risk Assessment of Medicinal Products for Human Use.  The initial 

assessment indicated that the predicted environmental concentration of the drug substance 

necessitated a Phase 2 – Tier A assessment.  This case study will discuss the 

environmental testing strategy, share the details and results of the environmental fate and 

effects testing, and summarize the environmental profile of a new and novel drug 

substance.  The presentation will also include a discussion of the lessons learned during 

the preparation of the assessment and during the submission process.   

 

 

 

Note: 'the trademark entity' of the company is Merck Sharp & Dohme (MSD), we are not allowed to used 

Merck 
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The Environmental Impact of Pharmaceuticals: 

From the Problem to the Solution - Green Pharmacy 

Klaus Kümmerer 
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Presence of pharmaceuticals in the environment is confirmed world wide. It has been learned that 

risk assessment for active pharmaceutical ingredients (APIs) in the environment is sometimes 

tricky and time consuming, costly and may not prevent damage in the environment. Furthermore, 

not only the API itself but metabolites and transformation product may be of relevance. Up to 

now risk management focuses mainly on the handling of APIs and technical measures for input 

prevention i.e. advanced sewage treatment. These are subject to several restrictions and are not 

sustainable for manifold reasons. Going back to the ultimate source i.e. the API itself means to 

take into account the full life cycle of APIs. This will lead to a different understanding of the full 

functionality necessary for a API. This approach includes environmental aspects along the full 

life cycle of an API. Examples are presented to underline the feasibility and the potential of the 

approach for greening pharmacy. 
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In recent years, the occurrence and fate of pharmaceutically active compounds (PhACs) in the 

aquatic environment has been recognized as one of the emerging issues in environmental 

chemistry. Some compounds are just resistant to degradation in the sewage treatment plants 

(STPs) while others, although suffering partial degradation, still end up in receiving water bodies 

due to the large inputs received in STPs [1]. Clofibric acid (a metabolite from a series of widely 

used blood lipids lowering agents), ibuprofen (an anti-inflamatory non-prescription drug) and 

carbamazepine (an anticonvulsant and mood stabilizing drug) are some of the most frequently 

found PhACs in environmental monitoring studies [1]. Wastewater treatment by sub-surface flow 

constructed wetland systems (SSF-CWs) is a low-cost technology that has shown some capacity 

for removal of several organic xenobiotic pollutants, but fewer studies exist on pharmaceuticals 

behavior. 

 

The aim of the present work was to evaluate the efficiency of a pilot SSF-CW assembled with 

the plants cattail (Typha spp.) and a clay material (LECA 2/4) as support matrix, for the removal 

of three pharmaceuticals, namely ibuprofen (IB), carbamazepine (CB) and clofibric acid (CA), 

from contaminated wastewaters. 

 

Four beds were planted with pre-grown cattails (density of 80 plants/m2) and four were left 

unplanted to be used as controls. Experiments were conducted both in batch and in continuous 

mode with a flooding rate of 100%. Pharmaceutical concentrations were quantified by HPLC 

with UV detection at 210 nm (CB), 222 nm (IB) and 230 nm (CA). Solid phase extraction was 

used for sample pre-concentration whenever the measured pharmaceutical concentrations fell 

under the limit of quantification of the analytical method. The physico-chemical characterization 

of the support matrix material, LECA, involved the determination of properties such as pH, point 
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of zero charge, electrical conductivity, apparent porosity, bulk density and hydraulic 

conductivity. In order to shed some light on the tolerance mechanisms developed by Typha spp. 

in the presence of these pharmaceuticals, biochemical and physiological parameters were 

evaluated. 

 

Typha spp. showed good tolerance to the presence of CA, CB and IB concentrations of 1 mg 

L-1, which is a value much higher than those usually reported in wastewaters. LECA alone was 

able to remove about 90% of the initial amounts of CB and IB in solution, and 50% of CA. IB 

was very susceptible to microbial degradation and up to 80% of the initial concentration could be 

removed by the microbial population present in the wastewater used. 

Overall, the CWS shows a higher removal performance for CA, CB and IB than any of its 

individual components (plants, support matrix, microorganisms) considered separately. CA 

proved to be the most resilient compound, which comes in agreement with other published data. 

However, this system enabled the removal of substantially higher amounts of CA than has 

previously been reported in other studies. 

The use of systems of this kind for the removal of pharmaceuticals from wastewaters seems 

like a promising alternative to the less efficient processes of conventional wastewater treatment.  

 
 
Reference 

[1] Fent, K., Weston, A.N., Caminada, D. (2006) Ecotoxicology of human pharmaceuticals. Aquatic Toxic. 76 
(2):122-159. 
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This talk will cover three sections (i) The work to introduce Green Chemistry into Pfizer 

medicinal chemistry (ii) The process development of the pregabalin process (iii) The work of the 

Pharmaceutical Roundtable to inform and influence the Green Chemistry Research Agenda. 

 

(i) Green Chemistry for Medicinal Chemistry - This will cover our internal Green Chemistry 

education program for our medicinal chemists including the development of our solvent selection 

and reagent selection tools. Finally results will be disclosed showing how we have been able to 

change patterns in reagent and solvent selection over nearly 2000 synthetic chemists.1 

(ii) Process Development of the Pregabalin Process – Pregabalin (LyricaTM) is a new drug 

(launched in 2005) for the treatment of Pain. This section will include the discovery of the key 

biotransformation reaction and the redesign of the synthesis so every reaction is performed in 

water. 

(iii) Informing and Influencing the Green Chemistry Research Agenda – Pfizer is a member 

of the American Chemical Society Green Chemistry Institute Pharmaceutical Roundtable. This 

group of companies has agreed and published2 a list of key green chemistry research areas from a 

pharmaceutical perspective and in the last 2 years has issued 4 research grants to support 

researchers working in these areas. The author will go through how the key research area list was 

agreed and how the research grant program is operated. 

 

References 

1. Peter J. Dunn and David A. Perry et al., Green Chemistry, 2008, 10, 31-36. 

2. Peter J. Dunn et al., Green Chemistry, 2007, 9, 411-420. 
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Pharmaceutical manufacturing is often a complex, multi-step process involving an enormous 

range of chemistries and process development issues. Tight deadlines and stringent regulatory 

requirements can act as a barrier to process optimisation, particularly from an 

environmental/green chemistry perspective. Although process chemists have been at the forefront 

of clean synthesis development, the incorporation of the principles of green chemistry across the 

supply chain has been patchy and often carried out retrospectively. 

In this presentation I will outline the environmental issues around pharmaceutical manufacture, 

use and disposal, as well as the drivers for change in this life cycle. I will then look at the 

methods for measuring environmental credentials and identifying problem areas (hot-spots) as 

well as solutions to those issues e.g. renewable resources, bio-derived solvents, clean synthesis 

techniques etc. Finally I will look at applying these principles across the supply chain and the 

timescale for change. 
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Strategy for modelling pharmaceuticals fluxes in hospital wastewaters 
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Introduction 

Pharmaceuticals residues in the water environment are now arousing worldwide interest. Also in 

Japan, the number of the studies regarding this issue has been increasing during the past few 

years. However, information of occurrence in the water environment and ecological effects is still 

sparse. Thus, the risk associated with the pharmaceuticals in the water environment has been 

hardly evaluated. The primary objective of this study is to evaluate the risk of the 

pharmaceuticals in Japanese water environment and develop a priority list of pharmaceuticals to 

be further investigated. To this end, algal growth inhibition tests of selected pharmaceuticals were 

conducted and the results of the tests and their occurrence were used for prioritization of the 

pharmaceuticals. 

 

Methodology and Results  

The risk of each pharmaceutical in river water was evaluated by a PEC/PNEC ratio called a 

hazard quotient (HQ). Here PEC was the maximum concentration of reported values in Japanese 

water environment. Each PNEC was calculated from the observed values of NOEC examined by 

algal growth inhibition tests using green algae,  Pseudokirchneriella subcapitata, considering an 

assessment factor of 100. These tests were conducted in a microplate for simplicity handling and 

ecotoxicity values of 70 pharmaceuticals, including antibiotics NSAIDs, arrhythmic agents etc, 

were estimated by the test. 

This study can conclude that particularly chlortetracycline (antibiotic), triclosan (bactericide), 

clarithromycin (antibiotic), and ketoprofen (NSAID) have higher priority for the future 

monitoring and reduction in the water environment in Japan from the viewpoint of protection of 

aquatic organisms. 
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The radical · OH is the most reactive species in surface waters, where it can be involved into the 
degradation of refractory organic pollutants, among which are many pharmaceutical products.1 
Hydroxyl radicals in surface waters are mainly generated by photochemical processes, most 
notably the photolysis of nitrate and nitrite and the irradiation of dissolved organic matter 
(DOM). The pathway of · OH generation by DOM is still poorly understood, but reasonable 
hypotheses are the oxidation of water by excited triplet states (DOM*), and photo-Fenton or 
Fenton-like processes involving Fe species that can undergo complexation by DOM. Many 
dissolved species in surface waters can consume · OH, and undergo transformation as a 
consequence. The main · OH scavenger in natural freshwater systems is usually DOM itself, but 
bicarbonate and carbonate would also play a significant role.2 Nitrite can also scavenge · OH and, 
although its overall importance as a scavenger is usually minor, such a process can be a 
significant source of · NO2 in surface waters. Nitrogen dioxide is environmentally significant 
because it is involved into the generation of toxic nitroaromatic compounds.3 

The generation and fast consumption of · OH in surface waters results in the rapid 
establishment of a steady-state concentration, which is a key factor in determining the 
transformation kinetics of dissolved organic compounds. The main obstacle to the modeling of 
the steady-state [· OH] has been the difficulty of quantifying the contribution of DOM as · OH 
source and scavenger. Such a result could recently be achieved, by correlating the Non-Purgeable 
Organic Carbon (NPOC) as a measure of DOM with the generation rate of · OH unaccounted for 
by nitrate and nitrite, and with the · OH scavenging rate constant unaccounted for by bicarbonate 
and carbonate.4 It was thus possible to model the steady-state [· OH] as a function of [NO3

- ], 
[NO2

- ], NPOC, [HCO3
- ] and [CO3

2- ]. Unfortunately in many cases all the cited parameters are 
not available for surface water bodies, most notably the concentration of nitrite. For this reason, 
by exploiting the observed correlation between [NO3

- ] and [NO2
- ], and between [HCO3

- ], 
[CO3

2- ], inorganic carbon (IC) and pH, it was possible to obtain a simplified model based solely 
on the values of [NO3

- ], NPOC and IC. Albeit simplified, such a model is able to foresee 
sufficiently well the experimentally determined values of [· OH].5 

From the steady-state [· OH] and the second-order rate constant for reaction with the hydroxyl 
radical, the degradation kinetics of a given compound can be foreseen in surface water.6 The 
model can be refined to take into account seasonal and water-column effects.7 The role of the 
hydroxyl radicals in the environmental persistence of water-dissolved compounds, such as 
pharmaceutical products,1,8 can thus be quantitatively assessed based on the composition of water 
and the second-order rate constant for reaction with · OH. 
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It is similarly possible to model the steady-state [ · NO2] in surface waters. Nitrogen dioxide is 
mainly formed upon nitrate photolysis and nitrite photooxidation, and would mainly be consumed 
by hydrolysis. Accordingly, the modeling of [· NO2] is based on the values of [NO3

- ], [NO2
- ], and 

[ · OH].9 With such a model it has been possible to foresee the nitration kinetics of 2,4-
dichlorophenol into 2,4-dichloro-6-nitrophenol in the paddy fields of the Rhône delta.10 

It would be extremely interesting to model in a similar way the reaction kinetics that involve 
the excited triplet states of DOM (DOM*) in surface waters. These reactions occur via electron or 
hydrogen transfer and are very likely to play a substantial role in the environmental fate of many 
organic pollutants,11including most notably the pharmaceutical products.12 
 
 
1) M. W. Lam, C. J. Young, S. A. Mabury, Environ. Sci. Technol. 2005, 39, 513-522. 
2) P. Boule, D. W. Bahnemann, P. K. J. Robertson (Eds.), The Handbook of Environmental Chemistry Vol. 2M, 

Springer, Berlin, 2005. 
3) D. Vione, V. Maurino, C. Minero, E. Pelizzetti, Environ. Sci. Technol. 2005, 39, 7921-7931. 
4) D. Vione, G. Falletti, V. Maurino, C. Minero, E. Pelizzetti, M. Malandrino, R. Ajassa, R. I. Olariu, C. Arsene, 

Environ. Sci. Technol. 2006, 40, 3775-3781. 
5) C. Minero, V. Lauri, V. Maurino, E. Pelizzetti, D. Vione, Ann. Chim. (Rome) 2007, 97, 685-698. 
6) P. L. Brezonik, J. Fulkerson-Brekken, Environ. Sci. Technol. 1998, 32, 3004-3010. 
7) D. Vione, C. Minero, V. Maurino, E. Pelizzetti, Ann. Chim. (Rome) 2007, 97, 699-711. 
8) M. W. Lam, K. Tantuco, S. A. Mabury, Environ. Sci. Technol. 2003, 37, 899-907. 
9) C. Minero, S. Chiron, G. Falletti, V. Maurino, E. Pelizzetti, R. Ajassa, M. E. Carlotti, D. Vione, Aquat. Sci. 

2007, 69, 71-85. 
10) S. Chiron, C. Minero, D. Vione, Environ. Sci. Technol. 2007, 41, 3127-3133. 
11) S. Canonica, T. Kohn, M. Mac, F. J. Real, J. Wirz, U. Von Gunten, Environ. Sci. Technol 2005, 39, 9182-9188. 
12) M. W. Lam, S. A. Mabury, Aquat. Sci. 2005, 67, 177-188. 
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The fate and effects of antibiotics are emerging issues since trace levels have been detected in 

environmental samples. Wastewater treatment plants (WWTP), which are considered to be a 

point source of human use antibiotics to surface water, are increasingly studied. 

Concentrations of 17 antibiotics, including quinolones and sulfonamides, were measured in raw 

water, at different stages of the treatment process, final effluent and receiving water. Results 

revealed an occurrence of several antibacterial compounds at concentration ranging between 0.1 

µg/L to 5 µg/L. Norfloxacin, ofloxacin, flumequine and sulfamethoxazole were among the most 

frequently detected compounds. 

Different removal rate were observed and might be due to antibiotics physical and chemical 

properties. The fluoroquinolones group showed high removal rates in the WWTP compare to 

other antibiotic groups with more hydrophilic properties such as sulfonamides. Considering that 

sorption to sludge is the main route of dissipation of antibiotics, agricultural land enrichment by 

cause a risk of contamination of soil and groundwater and may be an important introduction 

pathway of antibiotics into the environment. 

 

Analysis of the receiving stream showed evidences of a long-distance transport especially for the 

most hydrophilic compounds such as sulfamethoxazole. Analysis of sediments showed 

occurrence of antibiotics; that could lead to a re-suspension of antibiotics during rain events. 

These results indicate that antibiotics inputs from waste water treatment plants discharge is not 

completely dissipated into the stream.  Sorption to particles (settling) and photodegradation are 

probably the main processes leading to a decrease of antibiotic contamination of surface waters.  

More studies need to be performed on the fate of these compounds and their degradation products 

in order to assess the effects of this long-term exposure on the environment balance. 
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Pharmaceuticals have recently raised great concern as emerging contaminants in the 
aquatic environment. The effectiveness of wastewater treatment plant (WWTP) for removal of 
pharmaceuticals should be realized and should be strengthened if necessary. Though the fates of 
limited soluble pharmaceuticals in WWTPs have been studied, those including particulate 
pharmaceuticals are still limited. Mechanism of reduction of pharmaceuticals due to degradation 
and sorption on/to sludge in WWTPs would become more understandable when their occurrence 
on particulate as well as soluble phase could be measured. Further, measurement of content of 
pharmaceuticals in sludge in WWTPs would be inevitable if risk of pharmaceuticals would be 
discussed when the sludge is utilized for agriculture.  

To end the objective of this study is to develop analytical method for 62 pharmaceuticals 
in sludge and discuss their fate in WWTPs based on their occurrence of soluble and particulate 
phases in wastewater and sludge. The target pharmaceuticals were selected including antibiotics, 
non-steroidal anti-inflammatory drugs, and antiarrhythmics frequently found in Japan.  

Solvents (methanol, water, their mixtures, etc.) for extraction of the pharmaceuticals in 
sludge were selected based on a recovery of each pharmaceutical spiked to the sludge in both 
supersonic extraction method and pressurized liquid extraction method. The 30 pharmaceuticals 
in the extracts were simultaneously measured with LC/MS/MS by the methods based on our 
previous study. As the results, though optimum extraction solvents differed depending on the 
pharmaceuticals, using pressurized liquid extraction method with pure water at pH 2.0, with 
methanol at pH 4.0, and supersonic extraction method with mixture of pure water and methanol 
(9:1) is the optimum method. 

The results obtained in the survey in the WWTPs indicated that levofloxacin and 
mefenamic acid were found to be in both solid and particulate phases, which resulted in relatively 
high solid-water distribution coefficients, while the others were more in soluble phase. Then, the 
ratios of the fluxes of the pharmaceuticals in both the phases eliminated in the WWTPs to those 
in untreated wastewater were defined elimination ratios in this study and estimated from the 
occurrences and the water and solid mass balances in the WWTPs. As the results theophylline 
and acetaminophen were easily eliminated by biological treatment process, while levofloxacin 
was less. The characteristics of their elimination in the WWTPs were found to be categorized 
based on above the elimination ratios. The contents of the pharmaceuticals in both primary and 
excess sludge were also identified in this study, which would be valuable for risk assessment of 
sludge applied to agriculture. 



�	�

Determination of pharmaceutical compounds in hospital effluents and their 

contribution to wastewater treatments works 
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The occurrence of pharmaceutical compounds was quantitatively determined in effluents from 

two major Oslo city hospitals, Rikshospitalet and Ullevål, along with influent, sludge and final 

effluent from the citys VEAS wastewater treatment works. Ullevål University Hospital is the 

largest hospital in Norway and is located in central Oslo. It has more than 8 600 employees with a 

total of 1 200 beds. Ullevål admits some 45 000 patients per year and its outpatient clinics have 

about 400 000 consultations per year. 28 000 patients are admitted annually to Rikshospitalet as 

inpatients. In addition 17 000 patients p.a. are given day-treatment, and there are approximately 

130 000 outpatient consultations. 

 

Composite hospital effluents were collected over a twelve week period and analysed for a range 

of approximately 30 human pharmaceutical compounds including analgesics, antibiotics, anti-

inflammatories, anti-coagulants, anti-diabetics, psychiatrics, lipid regulators, beta-blockers and 

stimulants. Effluents were showed to contain paracetamol, metoprolol, diclofenac, ibuprofen, 

amongst others. Composite influent, sludge and effluent samples were collected from VEAS 

WTW over a seven week period. The percentage of pharmaceuticals entering the works from the 

hospitals was <10% for all of the selected compounds. VEAS sludge samples contained a 

different profile of substances reflecting their physico-chemical properties. The final effluent 

from VEAS WTW contained reduced concentrations of many pharmaceuticals, including 

paracetamol and ibuprofen. For other compounds, such as metoprolol and diclofenac, there were 

often higher concentrations in the effluent than the influent. These effluent concentrations 

represent median inputs varying from low g day–1 (e.g. paracetamol and ibuprofen) to nearly 200 

g day–1 (e.g. metoprolol) into Oslofjord.  
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The antidepressant fluoxetine has been on the market for more than 20 years. It is among the top-

selling pharmaceuticals in some industrialised countries and has been detected frequently in 

surface waters and municipal effluents (Kolpin et al. 2002, Metcalfe et al. 2003a,b). Fluoxetine is 

a selective serotonin reuptake inhibitor (SSRIs) used for the treatment of clinical depression, 

obsessive-compulsive disorder, and bulimia in humans. It acts on the central nervous system by 

strongly and selectively inhibiting a carrier protein for the neurotransmitter serotonin, thereby 

causing an increase in serotonin levels at postsynaptic receptor sites. It has been shown to 

negatively affect non target organisms such as crustaceans, bivalves and fish. The market share of 

serotonin reuptake inhibitors is increasing, while information on potential environmental risks is 

sparse. Therefore, fluoxetine was chosen as a case study compound within the EU-project 

ERAPharm (STREP-project in the 6th Framework Programme of the European Union). We 

conducted an exemplary risk assessment for fluoxetine following the European guideline for the 

environmental risk assessment (ERA) of human pharmaceuticals (EMEA/CHMP/SWP/4447/00-

2006). Additional effect data, including non-standard test species as well as non-standard test 

endpoints, literature data, and alternative approaches to estimate environmental fate and exposure 

were used in view of how such data can be used to improve the ERA. Effect studies with the 

antidepressant drug fluoxetine and its metabolite norfluoxetine (20% of the administered drug is 

excreted as norfluoxetine, Lienert et al. 2007) were performed applying standard toxicity test 

methods. The range of the refined PECSW values for fluoxetine from worst-case to best-case 
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scenarios was very broad due to considerable uncertainty in input parameters, particularly 

regarding sorption and degradability in sewage treatment plants. Using a set of aquatic chronic 

toxicity tests conducted according to OECD guidelines, a PNEC of 0.02 µg/L was derived. Due 

to the broad range of PECSW values the PEC to PNEC ratios were below but also above the 

critical value of 1, where values above 1 indicate a potential environmental risk according to the 

guideline and call for risk management measures.  

Conclusively, the human pharmaceutical fluoxetine represents an interesting case study 

compound due to its fate-relevant cationic nature that is typical for most pharmaceuticals. The 

derived PEC/PNEC ratio was either below or above the critical value of 1 depending on input 

parameters needed for calculation. To unravel the risk potential of fluoxetine the variability of 

input parameters, e.g. KOC, for the environmental risk assessment should be discussed and 

accompanied by tailored studies.  
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Introduction 
There is a little information on the degradation of PPCPs (Pharmaceuticals and Personal Care 
Products) by O3 based processes, despite it has been known that PPCPs could be degraded 
effectively by physicochemical treatment processes. The purpose of this study is to investigate 
the effectiveness for PPCPs removal of O3 and O3 based processes.  
 
Methods and materials 
30 PPCPs were selected based on consumption and environmental relevance. The PPCPs 
investigated consisted mainly of analgesics, antiarrhythmia agents, antibiotics and brondiodilators 
that are frequently found in Japan. Antiitch drug, anticonvulsant, antineoplastic agent, insect 
repellent, carbadox (antiparasitic agent) intermediate and NMDA(N-methyl d-aspartate) receptor 
antagonist were also included. Tested water of which the initial concentrations ranged from 8m/L 
to 137m/L was prepared by spiking the 30 PPCPs into pure water. O3 feed rate was 0.6mg/L/min 
in all the experiments and the intensity of applied UV lamp was 0.384 mW/cm2 during O3/UV 
process. For O3/H2O2 process, initial 
H2O2 concentration was 2.3mg/L. The 
concentrations of 30 PPCPs were 
measured simultaneously with 
LC/MS/MS.  
1. Results and discussion 
The effectiveness for PPCPs 

degradation of O3, O3/UV and 
O3/H2O2 processes was compared 
using tested water spiked with the 30 
PPCPs. Table 1 shows degradation 
rates of 9 antibiotics and 10 analgesics 
for individual processes of the 
reaction time for 10 min. As for the 
antibiotics, although sulfadimethoxine 
and clarithromycin were degraded less 
than 90% and there were some unclear 
data, good degradation rates were 
acquired irrespective of applied 
processes, indicating that the 
antibiotics will be degraded easily 
with O3 based processes. However, 
further investigation using different 
class of antibiotics is needed because 

No. Name of PPCP Use O3 O3/UV O3/H2O2

1 Sulfamethoxazole 99.6 > 94.8 > 92.5
2 Sulfadimidine > 99.5 > 97.8 > 99.4
3 Sulfadimethoxine > 99.5 > 97.9 > 83.8
4 Sulfamonomethoxine > 99.4 > 98.7 > 98.4
5 Tetracycline > 99.1 > 99.7 > 93.7
6 Oxytetracycline > 98.8 > 98.6 > 96.9
7 Ceftiofur > 98.6 Not clear Not clear
8 Clarithromycin > 83.4 > 90.0 > 96.2
9 Chlorotetracycline Not clear > 99.1 Not clear
10 Diclofenac > 99.8 > 98.6 > 98.6
11 Indomethacin > 99.6 > 98.7 > 97.7
12 Acetaminophen 99.5 > 97.0 > 99.4
13 Naproxen 99.4 > 92.9 > 99.0
14 Isopropylantipyrine > 99.1 > 99.3 > 99.2
15 Mefenamic acid > 96.6 Not clear > 94.3
16 Antipyrine 89.3 > 95.6 > 98.6
17 Fenoprofen 84.8 > 96.8 93.2
18 Ethenzamide 78.0 94.7 88.0
19 Ketoprofen 77.7 > 99.1 88.5

Antibiotics

Analgesic

 

Table 1 Degradation rates of antibiotics and analgesics 

No. Name of PPCP Use O3 O3/UV O3/H2O2

1 Theophylline Bronchodilator 99.6 > 97.6 > 99.2
2 Ifenprodil NMDA receptor antagonist > 99.2 > 99.2 > 99.0
3 Carbamazepine Anticonvulsant 98.7 > 97.5 > 99.0
4 Propranolol Antiarrhythmic agents > 97.3 > 97.0 > 99.4
5 Crotamiton Anti-itch drug 94.3 > 97.6 99.2
6 Clenbuterol Bronchodilator 91.1 > 95.3 > 97.4
7 Metoprolol Antiarrhythmic agents 80.7 94.8 > 90.5
8 DEET Insect repellents 75.7 > 94.0 86.2
9 Disopyramide Antiarrhythmic agents > 71.5 99.0 > 82.4
10 2-QCA Carbadox intermediate 71.0 86.9 > 81.4
11 Cyclophosphamide Antineoplastic agents 44.2 > 63.2 > 61.3  

Table 2 Degradation rates of other PPCPs 
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most of the antibiotics investigated in this study consisted of sulfonamides and tetracyclines. 6 
analgesics including diclofenac and indomethacin were degraded more than 96.6% with only O3 
process and by the combination of UV with O3 process, degradation rates of other 4 analgesics 
such as antipyrine, fenoprofen, ethenzamide and ketoprofen also increased to more than at least 
94.7%, thanks to OH radicals formed from O3 degradation with UV irradiation. O3/H2O2 process 
slightly improved the degradation rates comparing to O3 process and, however, ethenzamide and 
ketoprofen still showed the degradation rates of less than 90%. While for O3 and O3/H2O2 
processes, O3 molecules and OH radicals contribute to the degradation, direct UV photolysis will 
be also involved in degrading the PPCPs for O3/UV process. This will explain why O3/UV 
process showed better the degradation rates than O3/H2O2 process, although OH radicals 
formation efficiency will be different according to UV intensity and H2O2 concentration during 
O3 process. The degradation rates of the other PPCPs including bronchodilator and 
antiarrhythmic agent than the antibiotics and the analgesics were shown in Table 2. Despite O3 
treatment for 10 min, metoprolol, DEET, disopyramide, 2-QCA and cyclophosphamide showed 
comparatively low degradation rates ranging from 44.2% to 80.7% and, especially, it was 
observed that 2-QCA and cyclophosphamide were considerably resistant even for O3/UV and 
O3/H2O2 processes.  
Fig. 1 shows profile of dissolved ozone and consumed ozone amount during individual 

processes. Dissolved ozone concentration during O3 and O3/H2O2 processes started increasing 
little by little from 5 min after the reactions began, where initial concentrations of the 19 and 25 
PPCPs were degraded more than 50% for O3 and O3/H2O2 processes, respectively. For O3 
process, dissolved ozone increased continuously with reaction time and its concentration reached 
to about 0.13mg/L at 15 min when most of the PPCPs were degraded more than 90%. In contrast 
to this, dissolved ozone concentration were maintained in the range of 0 to 0.15mg/L even for 
O3/UV and O3/H2O2 processes during 30 min, due to continuous O3 consumption by UV and 
H2O2, respectively. In particular, for O3/UV process, it was observed that dissolved ozone 
concentration was much higher than for O3 and O3/H2O2 processes. This may be because excess 
O3 was introduced to the reactor and not degraded efficiently by UV.  
O3 consumption amounts were almost the same as about 3.7mg/L in all the processes until 10 

min after the reaction, while the effectiveness of the PPCPs degradation was highest in O3/UV 
process, especially for the PPCPs degraded slowly by only O3. Although initial cost and running 
cost will increase by the addition of UV or H2O2 during O3 process, their application should be 
considered if the PPCPs reacting slowly with O3 needs to be removed from water. This will be 
useful for reducing contact time required for effective removal of the PPCPs. More studies on the 
energy consumption of O3 based processes are being done for the feasibility of individual 
processes.  
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Fig. 1 Profile of dissolved ozone and consumed ozone amount with time 
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The first purpose of this study is to examine the occurrence of antibiotics and antibiotic-resistant 

bacteria in the Yodo River Basin in Japan. The occurrence of several antibiotics was examined by 

analysis of UPLC-MS/MS, and that of antibiotic-resistant bacteria was examined by the agar 

dilution method with Pseudomonas aeruginosa (P. aeruginosa). The second purpose is to 

determine the concentration in which resistant bacteria are more advantageous than sensitive 

bacteria. In order to determine the reference concentrations, a growth test, an ATP sensitivity test 

(under examination,) and data analysis of the occurrence of antibiotic-resistant bacteria and the 

detected concentrations of antibiotics were carried out. The third purpose is to compare actual 

concentrations detected in the water environment with the reference concentrations and reveal 

whether the water environment is selective for resistant bacteria or for sensitive bacteria. 

As a result, including discharges from wastewater treatment plants, some antibiotics 

were found out up to several dozens ng/L order, and antibiotic-resistant and P. aeruginosa were 

found out from 0% to 19.2% (84.5% when including intermediate resistant P. aeruginosa) for 

tetracycline, and 0% to 23.1% (80.8% as well) for levofloxacin.  

The growth test showed that although sensitive P. aeruginosa grew faster than resistant 

P. aeruginosa in the absence of antibiotics, resistant P. aeruginosa grew faster in the 

concentration of 0.25 mg/L. The detected concentrations and the reference concentrations implies 

that the detected concentrations were enough low to be advantageous for resistant bacteria. There 

were no clear correlation between the concentrations and the percentages of resistant P. 

aeruginosa (detailed analysis are to be carried.) 
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Pharmaceutically active substances are a class of new, so-called “emerging” contaminants that 

have raised concern in the last years. Sewage treatment plants (STP) are major contributors to 

their presence in the environment, since sewage waters gather the residues present in the excreta, 

those coming from disposal of unused or expired drugs and pharmaceutical discharges [1]. Some 

of these compounds show low removal during sewage treatment processes, and therefore, are 

able to reach surface as well as ground and drinking waters [2].  

 

A large number of analytical methodologies have been developed for the determination of 

pharmaceutical residues in both surface and wastewaters. However, the vast majority of them are 

focused on the analysis of specific therapeutic classes. Nowadays, the general trend is the 

development of multi-residue methods, which are found to be a more efficient alternative to the 

previously developed individual methods, and they are becoming the preferred and required tools 

against single group analysis, as they provide wider knowledge about occurrence of contaminants 

in the aquatic media, necessary for further study of their removal, partition and ultimate fate in 

the environment [3]. In such methodologies, LC-MS/MS is indicated as the technique of choice 

due to its versatility, specificity and selectivity. LC-MS/MS techniques such as triple quadrupoles 

(QqQ) and ion traps (IT) are in common use. More recent approaches in LC-MS/MS are linear 

ion traps (LIT), new generation triple quadrupoles, and hybrid instruments, such as quadrupole-

time of flight (QqTOF) and quadrupole-linear ion trap (qLIT) that are gaining widespread 

acceptance in several application areas. These instruments offer advantages such as high scanning 

speeds, accurate mass measurement (QqTOF), and increased sensitivity (LIT, new generation 

triple quadrupoles). At the same time, recently introduced improvements in the LC side, like the 

use of ultra performance liquid chromatography (UPLC) or rapid resolution liquid 
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chromatography (RRLC) makes this technology more attractive and powerful when combined 

with tandem MS[4].  

 

LC-MS/MS triple quadrupoles (QqQ) have been mostly applied to the determination of target 

analytes, using the selected reaction monitoring mode (SRM) and reaching typically ng L-1 

detection limits. On the other hand, the application of hybrid QqTOF MS technique to 

environmental analysis allows the unequivocal confirmation of pharmaceuticals detected. The 

elimination of false positives and avoiding interpretation ambiguities is due to its unique 

characteristic of generating full scan product ion spectra with exact masses. The unique feature of 

QqLIT is that the same mass analyser Q3 can be run in two different modes, retaining the 

classical triple quadrupole scan functions such as MRM, product ion, neutral loss and precursor 

ion while providing access to sensitive ion trap experiments; also the resolution and accuracy are 

higher and these peculiarities improves the ion select.  

Even though the numerous advantages offered by LC-MS/MS techniques, they present an 

important problem concerning quantitative analysis and main source of pitfalls is the existence of 

matrix effects in general, and the ion suppression phenomenon, which may severely influence 

sensitivity, linearity, accuracy, and precision of quantitative analysis. The most often applied 

approach, to compensate such effects, consists of the use of suitable calibration, such as external 

calibration using matrix-matched samples, standard addition or internal standard calibration using 

structurally similar unlabelled pharmaceuticals or isotopically labelled standards [5, 6]. 
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Introduction  
The occurrence of pharmaceutical compounds in wastewater treatment plants is reported in 
several studies. Some pharmaceuticals are not completely eliminated in the municipal STPs and 
are discharged as contaminants into receiving waters. Residues of cytostatic drugs may occur in 
hospital sewage at concentrations up to the low µg/L-level [1]. The alkylating antineoplastic drug 
Cyclophosphamide (CP) is one of the oldest known cytostatics and is one of the most frequently 
used agents in cancer chemotherapy [2]. Due to its high pharmacological potency, 
cyclophosphamide exhibit carcinogenic, mutagenic or embryo toxic properties [1], mostly under 
its metabolized forms (phosphoramide mustard, Acrolein and nitrogen mustard). The application 
of membrane bioreactor technology is investigated here with the aim of evaluating its potential 
for cytostatic drug bioremoval. Removal of cyclophosphamide and metabolites in a MBR and 
their effects on the membrane fouling, particle size distribution, COD and total nitrogen removal 
efficiency were studied.  
 
Material and Methods  
Two identical lab-scale crossflow MBR reactors were run in parallel. One of the MBR served as 
a control (MBR2-Control ), whereas Cyclophosphamide (5µg/L) and its main metabolites 
(Acrolein 2250 ng/l, Phosphoramide Mustard 8880 ng/L, 4-ketocyclophosphamide (KetoCP) 580 
ng/L, Nitrogen Mustard 517 ng/L) were continuously added to the other (MBR1-CP). Each 
reactor was inoculated with activated sludge from a municipal sewage treatment plant (dry 
weight, 3g/L).  
 
Raw water was composed of domestic water (9,75L/day) and Viandox® (0,25 L/day). Inlet COD 
was 2300 mg/L. The operating conditions were: working volume 20L, HRT=48 H, SRT=50 days, 
temperature 25-32°C and pH 7-8. The membrane modules were ceramic tubular Membralox® 
with 0.0055 m2 of surface area and pore size 0.2 µm (Pall Exekia, France). Treatment was 
operated in aerobic/anoxic conditions. The chemical composition of soluble EPS (exopolymeric 
substances), was analyzed for proteins, humic substances and carbohydrates. Proteins and humic 
substances were measured by the modified Lowry method with bovine serum albumin (BSA) and 
humic acid as standard. Carbohydrates were determined according to the anthrone method with 
glucose as standard. Microbial floc size was measured using Mastersizer (Malvern, U.K). The 
analysis of cyclophosphamide and 4-Ketocyclophosphamide was performed by HPLC/MS/MS 
after lyophilisation. The analysis of other metabolites is under investigation. 
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Results 
The experiments were performed during 160 days. The three major changes were: Day 21-first 
day of addition of CP and its mean metabolites in MBR1-CP; Day 65-increasing crossflow 
velocity from 4 to 5 m/s for both reactors; Day 114-change of membranes.  
The degradation of CP started from the beginning of experiment. Transformation of CP into 
metabolite (4-ketoCP) is visible from changes in the (4-ketoCP) concentrations, the removal 
efficiency of (4-ketoCP) decreased from day 35 to day 66. At steady-state conditions, the 
pharmaceuticals removal efficiencies remained quite stable, 75% for CP and 80% for (4-KetoCP) 
as reported in Figure 1.  
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    Figure 1. Removal of CP and 4-KetoCP                     Figure 2. TMP evolution. 
 
The removal efficiencies (COD and TN) were almost identical in both MBRs, indicating that 
addition of pharmaceuticals has negligible effect on the efficiency of the treatment performance. 
The differences in the MLSS concentrations between the MBR2-control  and MBR1-CP reactor 
appeared more obvious after increasing crossflow velocity to 5m/s. The soluble EPS 
concentration was greater in the MBR1-CP than in the MBR2-control . The toxic level of CP 
and metabolites in the influent could have induced the micro-organisms to secrete more EPS for 
their protection. Dealing with particle size, after the velocity increase, the fraction of smaller 
particles in the range of 0.3-3µm in the MBR1-CP reactor was relatively greater than that in the 
MBR2-Control reactor. Accumulations of EPS and the small particles formation caused an 
increased in the filtration resistance of the membrane. Fouling was then faster in MBR 1 (Fig. 2). 
 
Conclusion 
Cyclophosphamide and its metabolites toxicity do not alter COD and total nitrogen removal 
efficiency of MBRs. However, it induces a modification of the biological suspended solids and so 
a modification on the membrane fouling. The cyclophosphamide and 4-Ketocyclophosphamide 
removals of 75% were achieved under studied operating conditions. This range of performance, 
and the apparent toxicity of such an effluent (presented by V. Faucet-Marquis, Knappe), implies 
the use of a tertiary treatment of the permeate, nanofiltration (or reverse osmosis) is now under 
study. 
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The presence of pharmaceutically active compounds (PACs) in the environment is of growing 

concern due to their adverse effects on aquatic life and human health. Estrogen hormones are 

widely used as growth promoters in livestock and also created synthetically for human medical 

use such as hormone replacement therapy. In this study, municipal wastewater and biosolids, 

surface water, animal manure, and mushroom compost were analyzed for the presence of 

estrogen hormones. Wastewater effluent and final dewatered sludge were collected from a local 

municipal wastewater treatment plant. Surface water was collected from 21 streams located in 

Eastern Pennsylvania. Animal waste (chicken and cow manure) was collected from a local 

animal feeding operation plant and mushroom compost from a local mushroom farm. The 

presence of several estrogen hormones was examined. 17b-estradiol, 17� -dihydroequilin, 17� -

ethinyl estradiol, estriol and estrone were detected in the sampled wastewater effluents. The 

concentration of the detected estrogen hormones ranged from 0.5 to 50 ng/L. All 21 surface water 

streams showed the presence of at least one estrogen hormone. Estrone and estriol were detected 

in more than 80% of the sampling sites. The most frequently detected hormone was estrone, with 

concentrations ranging from 0.6 to 2.6 ng/L. The concentration of ethinyl-estradiol detected was 

about 30 times greater than the 0.1 ng/l reported to cause feminization of fish. 17� -estradiol, 17� -

estradiol, 17� -dihydroequilin, and estrone were detected in the sampled dewatered sludge and 

animal wastes at concentrations ranging from 6 to 462 ng/g dry solid. 17� -estradiol, 17� -

estradiol, and estrone were also detected in mushroom compost samples at concentrations ranging 

from 4 to 28 ng/g dry solid. Solid wastes being reported as important point source estrogen 

pollution, their use in irrigation of crops can influence both surface and ground waters due the 

leaching of estrogen hormones. The results of this study show that better treatment technologies 

need to be developed in order to prevent estrogen pollution into the aquatic environment.  
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There are three main routes by which pharmaceuticals can enter the environment: a) in effluents 
discharged by manufacturing facilities, b) from the disposal of unused medicines and c) via the 
excretion products of those patients undergoing treatment. It is generally considered that the first 
two routes make a relatively small contribution to the residues of pharmaceuticals that can be 
seen in the environment, compared to patient excretion which is considered to be the dominant 
source [1].  

Although they make only a small contribution, inputs from unused medicines or 
manufacturing effluents confer no direct benefit to the patient and they should be minimized as 
far as is practicable, taking into account risks to the environment and human health. 

Unused medicines should be returned to collection systems for destruction, or, where such 
schemes are not in place, they should be disposed in the normal household waste after taking 
appropriate precautions to prevent misuse [2]. Unused medicines should not be flushed into the 
drainage system. 

Recent work by Larsson et al. (2007) [3] has shown that one effluent sample entering the 
environment, taken from a common treatment facility serving a group of generic pharmaceutical 
manufacturing plants in India, contained some active pharmaceutical ingredients at 
concentrations up to 30 mg l-1. However this should not be seen as typical of the operations of a 
major pharmaceutical company such as AstraZeneca.    
 
This presentation displays recent information on emissions of active pharmaceutical ingredients 
and their potential environmental impact from a major AstraZeneca manufacturing facility at 
Södertälje, in Sweden. Concentrations of 10 active pharmaceutical ingredients were measured in 
samples of the final effluent discharge to the environment from the site treatment plant. Three 
24hr composite samples, collected over a 12 week period were evaluated. The maximum 
concentrations found ranged from <0.05 to 30 µg l-1 depending on the substance. Calculated 
PEC/PNEC ratios in the receiving water were <0.01 for all the substances measured. 
In addition to these analytical measurements the three samples were also tested for direct 
biological impact using standard techniques to assess impact on algal biomass and growth rate 
and on growth rate and reproduction of Daphnia magna. No chronic toxicity was observed in any 
of the samples at concentrations up to and including 10% v/v (the maximum concentration tested). 
 
Reference 
[1] UK or Swedish Government PiE Review] 
[2] FDA Guidance Document] 
[3] Larsson et.al. (2007)Effluent from drug manufactures contains extremely high levels of pharmaceuticals. J. Haz. 
Mat. 
 
 



���

Advanced oxidation of diclofenac in the aquatic environment 

Ewa Felis*, Jaros
aw Wiszniowski and Korneliusz Miksch 

Silesian University of Technology, Environmental Biotechnology Departament, Akademicka 2, 44 – 100 Gliwice, 
Poland.  * ewa.felis@polsl.pl 
 

Most of applied drugs are not completely metabolized in the human body and they are introduced 

with urine and feaces into the sewage system. Finally, due to their incomplete removal during the 

conventional wastewater treatment process (CWTP), they can be released into the receiving 

water. Diclofenac is one of the medicaments frequently detected in surface water. Its 

concentration in the municipal wastewater exceeded level of few µg/L. Diclofenac (2-[2',6'-

(dichlorophenyl)amino]phenylacetic acid) belongs to the group of analgesic agents and is 

classified as non-steroidal anti-inflammatory drug. It is often used to treat inflammatory and 

painful diseases of rheumatic and non-rheumatic origin. Only in Poland the annual consumption 

of this drug amounted to 3.7 tones. According to Clara et al. (2005) the elimination of diclofenac 

in CWTP ranges from 20 to 80%. Thus, advanced oxidation processes (AOPs) can be a 

significant method in total removing of this compound from the aquatic environment. 

The present study addresses the problem of diclofenac removal in various aquatic samples using 

advanced oxidation processes. The experiments were performed in distilled water and in 

biologically treated wastewater. The following AOPs were applied: Fenton’s reagent, UV- and 

UV/H2O2- processes. The concentration of diclofenac in distilled water corresponded to the 

concentration of this drug in human urine (ca. 20 mg/L). The real wastewater samples contained 

diclofenac concentrations ranged from 630 – 790 ng/L. The photodegradation of diclofenac was 

carried out in the reactor UVI LabP400 (from Vita Tech, Germany) equipped with a medium – 

pressure Hg – vapor lamp (400 W). The average path length of light through the solution was 

equal to 5 mm. In the Fenton’s reaction the different ratio of H2O2/Fe2+ (0.3/1.0, 0.6/1.0 and 

1.2/1.0) were used. The pH was adjusted to 3.0 in the Fentons reaction and to 7.0 in the UV and 

UV/H2O2 – processes. The pseudo first order rate constants for diclofenac photodegradation were 

determined (Table 1.). 
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Table 1. Pseudo first order rate constants of diclofenac photodegradation 

Matrix Process k, min.-1 R2 

Water UV 0.449 0.984 

Water UV/H2O2 0.716 0.986 

Wastewater UV 1.694 0.995 

Wastewater UV/H2O2 1.780 0.910 

  

Irrespective of H2O2/Fe2+ ratio used in the Fenton’s system, above 90% of diclofenac disappeared 

within 1 minutes of the process. However, the diclofenac mineralization (measured as TOC 

removal) strictly depended on the amount of H2O2 applied in the Fenton’s reaction. Diclofenac 

was rapidly degraded by direct photolysis (UV) and in UV/H2O2 process both in distilled water 

and in wastewater samples. After 10 minutes of diclofenac direct photolysis in the water, the 

concentration of this drug was below detection limit, whereas a similar effect after 5 minutes of 

UV/H2O2 process was obtained. The results proved that advanced oxidation processes are 

effective in diclofenac removal from aquatic samples. 

 

 

Reference:  
Clara, M., Strenn, B., Gans, O., Martinez, E., Kreuzinger, N., and  Kroiss, H. (2005) Removal of selected 
pharmaceuticals, fragrances and endocrine disrupting compounds in a membrane bioreactor and conventional 
wastewater treatment plants. Water Research 39 (19), 4797-4807 
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In Europe drinking water quality has to fulfill the requirements as laid down in the EU Drinking 

Water Directive (98/83/EC). As a result of ongoing pollution and improving analytical techniques 

more and more emerging substances are found in drinking water sources, and incidentally in 

drinking water as well. Pharmaceuticals are one example of such substances. Although the 

concentrations of these substances in drinking water usually do not have adverse health effects, 

their presence is still unwanted because of customer perception. To keep the customer’s 

confidence it is therefore necessary to have a clear and consistent approach on how to handle 

these emerging substances. Current analytical techniques are that well that it will be impossible to 

demand complete absence of the substance. Nevertheless, boundaries are needed. Therefore 

target values for xenobiotic contaminants in drinking water have been derived in the Netherlands. 

These target values can be applied to all substances, are based on human toxicological principles 

and go beyond health-based regulatory requirements. The basis of these target values is formed 

by the Toxicological Threshold of Concern (TTC), as derived for food by ILSI (2005). 

Translation of the TTC-principle to drinking water results in a target value of 0.01 µg/l for 

genotoxic compounds and 0.1 µg/l for non-genotoxic compounds. Target values derived for the 

total of genotoxic and non-genotoxic compounds are 0.05 µg/l and 1 µg/l respectively.  

These target values can be applied as reference point on the horizon and can give guidance when 

developing company strategies on future treatment processes or on research plans. They may also 

provide a useful tool for NGOs in substantiating their lobby towards industry or government with 

respect to contaminants in water that need further attention and reduction of emissions. And, of 

course, they may provide focus for governmental organizations on actions that need to be taken 

to reduce the pressure on drinking water sources 
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Unused prescription drugs 

Bo Gunnarssona, Matilda Perssonb  
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b The Swedish Association of the Pharmaceutical Industry (LIF), Sweden 
 

 Unused prescription drugs can pose a security risk for particularly children or addicts; and 
they can pose an environmental risk if they are not disposed of properly through correct 
destruction. The general recommendation in Sweden is to return the unused medicines to the 
pharmacy. 

The Swedish Association of the Pharmaceutical Industry (LIF) has together with the 
Swedish retail chain Apoteket AB on several occasions over the years 2001 to 2007 carried out 
campaigns in media, at pharmacies and at clinics to raise the general public’s awareness of how 
to dispose of unused medicines. 

Furthermore, Apoteket AB and LIF conducted surveys in 2001, 2004 and 2007 to 
investigate the level of knowledge in the general public on this issue: 
 
Aim 
The aim of the surveys was to map the knowledge of, and also attitude to, appropriate handling of 
unused medicines. Furthermore the aim was to get a view of to what extent the information 
campaigns had raised the knowledge and changed the behaviour among the general public. 
 
Method 
The target group for the surveys was the general public over the age of 15. The surveys were 
conducted via telephone interviews with 1000 responders nationwide. The responders were asked 
several questions about their handling of unused medicines - how they thought they were 
supposed to dispose of them, the reasons why they did or did not dispose of them in an 
appropriate way and if they understood the risk for environmental impact of medicines. 
 
Results 
The result from the survey in 2007 shows, inter alia:  

- 75 % said that one or several persons in their family had gotten prescription medicines 
in the last year 

- 30 % of those states that there are residual medicines after use 
- 85 % knows that you are supposed to return unused medicines to the pharmacy 
- 43 % did in fact return the medicines to the pharmacy 
- 50 % states that they returned the unused medicines for environmental reasons 
- 42 % states that they worry for the environmental impact of medicines. 

 
Conclusions 
(1) �An increasing number of the Swedish people do return unused medicines to the pharmacy for 
correct disposal. (2) �Environmental concerns are getting more important than security concerns as 
a reason for returning unused medicines to the pharmacy. (3) An increasing fraction is worried 
about the environmental impact of pharmaceuticals. 
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Juliana Feitosa-Felizzola and Serge Chiron 

Laboratoire Chimie de Provence, Université de Provence, 3 place Victor Hugo 13331 Marseille cedex 3 (France). 
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Occurrence of pharmaceuticals in surface waters should vary at a regional scale following 

different economic and climatic particularities. In this respect, Mediterranean river watersheds 

are singular because (i) as a result of internal migrations in Europe, urbanization has been 

steadily growing since the last 20 years, (ii) river water flows heavily fluctuate along the year and 

municipal wastewater effluents may account for the majority of the river flows during the 

summer season and (iii) with a rather low industrial rate, agricultural activities and the tourism 

industry are crucial for the regional economy. Unlike pesticides, little data is available on the 

concentration levels of pharmaceuticals in French Mediterranean Rivers. Consequently, the 

overriding objective of this work has been to provide measured environmental concentrations for 

environmental risk assessment of selected pharmaceuticals by conducting, since 2003, a sampling 

programme in the catchment area of the Arc river basin located near the city of Aix en Provence. 

Four sampling sites were selected upstream and downstream of the outlets of two sewage 

treatment plants. The objective was to assess the contribution of urban centres to concentrations 

of pharmaceuticals in the river Arc under varying flow conditions. The selected compounds were 

analgesics (ibuprofen and diclofenac), lipid regulators (gemfibrozil and bezafibrate), an 

antiepileptic agent (carbamazepine), a �  blocker agent (propranolol) and several antibiotics of 

different classes (clarithromycin, azithromycin, erythromycin-H2O, tetracycline, oxytetracycline, 

sulfamethoxazole, trimethoprim, sulfamethazine, sulfapyridine, ofloxacin and ciprofloxacin). 

Chemical analysis were carried out by liquid chromatography coupled to tandem mass 

spectrometry (LC-MS/MS) using an electrospray interface and after a preconcentration step 

including either an off-line (1) or an on-line (2) solid phase extraction step using HLB Oasis 

sorbent. Limits of detection were in the 1-50 ng/L range while quantification was performed by 

means of the surrogate internal standard introduction method using deuterated labelled 

compounds. Positive findings were confirmed either according to the EU criteria based on the use 

of identification points (IPs) or comparing the unknown spectra with the MS/MS product ion 
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mass spectrometric libraries. The general pattern of contamination by pharmaceuticals confirmed 

that there were peaks of pharmaceutical pollution in correspondence to inputs from WWTPs. 

Interestingly, pharmaceutical loads in the Arc River could be regarded as significant as the 

pesticide ones. However, pesticide pollution occurred through a high pollution peak in spring 

while pharmaceuticals were continuously infused into the river via WWTPs effluents. In 

receiving surface water, the most ubiquitous compounds were the lipid regulator bezafibrate, the 

antiepileptic agent carbamazepine, the antibiotic clarithromycin, a degradation product of 

erythromycin A (erythromycin-H2O) and less frequently, the � -blocker propranolol. During the 

summer season, concentrations of the detected chemicals occurred at levels very close to those 

found in WWTP effluents due to the very low dilution rate in receiving surface waters. During 

the other seasons, concentrations ranging from low ng/L to 200 ng/L were recorded. 
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About 4000 medical compounds are being used in the drugs applied today. Due to their 

relative polarity, persistence and water solubility, most drugs and metabolites are able to pass 
through the sewage treatment plant (STP) and may be present in the aquatic compartment 
(surface, coastal and ground waters).  
The occurrence and implications of pharmaceutical products in the environment is an emerging 
concern, and in France only few data are available. In collaboration with the Loire-Brittany 
Water Agency, a first and limited in number of samples screening was performed in Loire 
Brittany basin (north west part of France) by determining occurrence in selected rivers, ground 
waters and estuaries.  
The rivers, differing from their size and flow rate were located downstream the STP of seven 
cities differing by inhabitant numbers, hospital capacities and agriculture and farming activities. 
The seven STP were all very recent and using the same activated sludge process (95-98% 
efficiency).  

Thirty pharmaceuticals compounds included nine analgesics, seven psychiatric drugs, six 
lipid regulating agents, three B-blockers, one antiepileptic, two antibiotics, one antifungal and 
one diuretic were selected according to i) French annual prescription quantities, ii) effects 
doses/concentrations, iii) pharmacokinetic behavior. Among this targeted compounds, seven 
pharmaceutical metabolites have been considered and researched in all samples. 
Results shown a global contamination of the Loire Brittany basin with measured concentrations 
ranged between some ng/L in groundwaters and several µg/L in surface or coastal waters. These 
values are in agreements with the average values measured in other studies. Nevertheless some 
stations (Bay of Morlaix) present high contents largely  
the top of those are awaited, which can present an environmental risk to take into account. On the 
level of groundwaters, the presence of pharmaceutical substances raises the question in terms of 
potabilisation treatments and potential existence of a sanitary risk. 
Among the most frequently detected compounds, metabolites (especially oxazepam) are present 
at no negligible concentrations that highlight the need of more information concerning these 
degradation products in terms of occurrence in aquatic systems, fate and toxicity. 
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Introduction  
In the last few years a large number of pharmaceutical residues and endocrine disruptors have 
been described in aquatic eco-systems and drinking water. This kind of pollutants can enter the 
water environment through direct discharge from a point source, from the diffuse contributions of 
several small point sources or from larger non-point sources. Until today a large number of 
pharmaceuticals, as well as their metabolites, have been detected in sewage effluents, surface 
water, groundwater and drinking water around the world. Effluents from conventional municipal 
wastewater treatment plants (WWTP) are today considered as one of the main entrance point of 
pharmaceutical residues (PRs) and endocrine disrupting chemicals (EDCs) into the aquatic 
environment, as the current treatment processes are unable to act as a reliable barrier to some of 
these compounds (Castillo et al. 2006; Heberer 2002). This is due to the fact that their main 
objective is to remove BOD, nutrients and suspended solids as well as wastewater constituents 
associated with particulate material. The objectives of this work were first to develop several 
methods of analysis allowing the quantification of pharmaceuticals (antibiotics and others) and 
hormones in water and second its application to estrogens in wastewater as well as sludge 
samples and the determination of a biological effect of treated and postreated urban wastewaters.  
  
Description of the study  
This paper presents the developed LC-MS/MS technique for analysis of antibiotics and 
pharmaceutical products, the monitoring of ethynilestradiol in a full scale WWTP (biological 
aerated filter, BAF) and the determination of a biological effect. The choice of these molecules 
lies in the fact that the antibiotics can have a negative effect on the microbial activity in the 
biological reactors and, in the case of the ethynilestradiol, because this molecule is also 
synthetically produced pharmaceuticals that are intended to be highly hormonally active.  
 
Results  
Analytical protocol. All compounds are extracted by Solid Phase Extraction (SPE) prior to 
analysis by Liquid Chromatography coupled with tandem mass spectrometry (LC-MS-MS). The 
four groups of antibiotics analyzed are: sulfonamides, diaminopyridine, tetracyclines and 
macrolides and the four groups of pharmaceutical products are: analgesics/anti-inflammatories, 
anti-epileptic, lipid regulators and beta-blockers. The difficulty of the analytical development is 
the wide range of chemical properties of these compounds. Moreover tetracyclines and 
macrolides are known to be very difficult to analyze so three different methods have been 
developed. Linearity, specificity and evaluation of recoveries are determined before to analyse 
real water samples. Good linearity and recoveries have been obtained and the limits of 
quantification determined to 10 or 25 ng/L, depending on compounds.  
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Performances of wastewater treatment plants. The WWTP studied exhibits a good treatment 
performance, corresponding to the regulation. Neither influent nor effluent is free from 
antibiotics. Table 1 provides an illustration of the plant performance during the sampling period, 
summarizing the classical parameters COD, TSS and ammonia-nitrogen, some operational 
parameters of the WWTP and the ethynilestradiol concentration in the inlet and outlet of the 
sewage treatment system.  

Table 1. Process and nominal operational characteristics for the selected wastewater treatment 
plants  

Parameters 
(compound)  

April 2005  August 2005  December 2006  August 
2007  

 Influent  Effluent  Influent  Effluent  Influent  Effluent  Influent  Effluent  
COD (mg/L)  840  36  750  30  1006  35  1086  < 30  
TSS (mg/L)  250  < 10  550  < 10  470  < 10  350  < 10  
pH (u pH)  8.1  8.6  6.9  6.9  7.75  8.2  7.55  8.35  
Q (m3/d)  35705  35705  26892  26892  40346  40346  36348  36348  

System TRH 
(h)  

-  5.8  -  6.5  -  5.1  -  5.7  

Aerated cells 
TRH (h)  

-  3.6  -  4.8  -  3.2  -  3.6  

Ethinylestradiol 
(ng/L)  

2.1  1.2  2.9  1.23  1.2  0.7  1.2  < 0.4  

 
System TRH is calculated for the total of aerated and non-aerated (anoxic) basins  

Biomonitoring. Because of the variety of chemical properties in PRs and EDCs groups, 
analytical methods are not always available for all of them. The biomonitoring in the control 
strategies for chemical pollution present several advantages over chemical monitoring. These 
methods measure effects in which the bioavailability of the compounds of interest is integrated 
with the concentration of the compounds and their intrinsic toxicity. They contain as well 
compounds and metabolites not identified by the chemistry that the molecules known present in 
weak quantity. Moreover most biological measurements form the only way of integrating the 
effects on a large number of individual and interactive processes. However, it’s often difficult to 
relate the observed effects to specific pollution. In view of the present oriented pollution 
abatement and reveal chemical specific problems and to get closer to natural conditions of 
exposure and be able to detect and identify the real impact on aquatic ecosystems, an approach on 
in-vivo biological models was investigated. Preliminary tests for determination of the whole 
estrogenic and genotoxic effects on organisms were carried out on the samples from 2007. The 
results show a clear improvement of the bioquality of the outlet of the WWTP compared to the 
influents.  
 
Conclusion  
Although the amount of data is limited, the results demonstrate the good performance of the 

Biostyr
® 

process for the removal of antibiotics, ethynilestradiol and others toxics compounds.  
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Combination of biological and chemical techniques could be used to increase the accuracy in the 
evaluation of the WWTP performances, especially when metabolic interactions are required. 
Hence, one perspective for future work is the continuation of in-vivo biological tests to evaluate 
the EDCs’ elimination in WWTP.  
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Antibiotics are released in large quantities in hospital effluent and reach municipal sewage 

water. Bioassays to measure effects of these compounds could be used to point out problems 

and to prioritize further research. In this way bioassays could help in a cost effective way to 

evaluate measures which can be taken to reduce environmental effects of these compounds. 

   A standard concentration procedure with XAD4/8 was used to eliminate abiotic factors like 

pH and ammonia and oxygen in field samples. Concentrated samples were tested in different 

dilutions for five standard acute bioassays and two antibiotic sensitive bioassays. A hospital 

effluent sample was tested and appeared to be highly toxic for all these bioassays. The 

detection range of the most sensitive antibiotic bioassay (Waterscan-multibacterial test, 

Rikilt©) was individually tested for six different antibiotic groups and evaluated. In effluent 

samples taken from five different wastewater treatment plants (WWTP) this bioassay was 

applied and compared with standard bioassays (Microtox, PAM test, Algae growth test, 

Daphnia magnaacute, ER-calux). The waterscan test appeared to be the most sensitive test for 

antibiotics. Results stress the view that in these effluents focus should be given to the group 

of macrolids/ ß-lactam and sulfonamids. For tetracylines and aminoglycosids no special 

attention is required. Benefits and limitations will be discussed in more detail. 
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The presence of pharmaceuticals in water is an issue presenting an increasing attention in 

France. Indeed, many studies report contamination with a significant number of drugs and 

metabolites in ground and surface water. Unfortunately, their impacts on the environment and 

for health remain insufficiently appreciated.  

 

Firstly, our study consists in developing a multiresidue method in order to monitor 40 human 

and veterinary drugs in ground, surface and drinking waters. This method will be validated in 

accordance with the French Standard XPT-90210. Pharmaceuticals checked for, belong to a 

broad range of therapeutic classes: antibiotics, anti-inflammatories, anti-cancer compounds... 

They are extracted from waters using solid phase extraction. After concentration, the extract 

is analyzed by high performance liquid chromatography with electrospray ionization-tandem 

mass spectrometry. For each compound two mass transitions are monitored.  

 

In a second part of the study, a survey led throughout the Country, will give an overview of 

potential water contamination in France. These results will then be considered to evaluate and 

to possibly highlight the consequences of such a pollution. 
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 Over the last two years a process of environmental risk assessment of all human 

pharmaceuticals sold in Sweden has taken place. Even though the process is still ongoing and 

all ATC-groups have not yet been subject of environmental risk assessment, some valuable 

experiences have been gained. 

The basis of the risk- and hazard classification scheme at fass.se is the PEC/PNEC-

equation governing the risk phrase associated with the pharmaceutical. The hazard part of the 

classification includes eco-toxicity, persistence (biodegradation rate) and the potential to 

bioaccumulate. The fass.se-guideline is written in order to enable the companies to also 

display data not retrieved according to standard protocols. 

Enough pharmaceuticals have now been subjected to the reviewed risk classification, 

and enough data has now been reviewed, in order to draw some conclusions on the risks and 

environmental hazards associated with human pharmaceuticals in Sweden. 

A vast majority of the pharmaceuticals sold in Sweden do not pose any imminent 

environmental risk to the Swedish environment, at current sales volumes. Furthermore, only a 

limited fraction of the pharmaceuticals proved to have bioaccumulative properties. 

Comparisons between PECs and MECs (measured environmental concentrations) 

indicate that the PEC-equation used in the fass.se-system is mostly in accordance with the 

precautionary principle. Thus, the PEC/PNEC-based risk assessment does, in most cases, not 

under estimate the environmental risks associated with a certain drug. 
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 Over the last two years a process of environmental risk assessment of all human 

pharmaceuticals sold in Sweden has taken place. Even though the process is still ongoing and 

all ATC-groups have not yet been subject of environmental risk assessment, the fass.se 

system has gathered large amounts of eco toxicological data on the effects of pharmaceuticals 

on aquatic species. 

In the context of environmental risk assessment of pharmaceuticals, it is very 

attractive to utilize various QSAR-models in order to assess the eco toxicity of a drug, when 

experimental data are not available. However, these QSAR-models are often designed and 

developed in order to asses “ordinary” industrial organic compounds. However, 

pharmaceuticals differ from other classes of organic compounds in such a way that they 

possess a specific receptor interaction and thus a specific toxicological mode of action. 

This poster shows that it is very difficult to develop a QSAR-model to predict the eco 

toxicity of pharmaceuticals. The main problem to be solved resides in the fact that a good 

QSAR-models for human pharmaceuticals needs to be developed with a training set also 

including molecules spanning the very same toxicological modes of action as 

pharmaceuticals have. 

Another, possibly more complicating issue, is that the most relevant eco toxicological 

data for human pharmaceuticals are the chronic toxicity endpoints covering for instance the 

toxicity towards aquatic species in the early life stages, whereas QSAR-models most often 

deal with acute toxicity. 

In this validation attempt, the QSAR-model ECOSAR (EPA) has been validated for a 

number of human pharmaceuticals where experimental eco toxicity was available at 

www.fass.se. 

The results indicate that QSAR to predict the toxicity of pharmaceuticals should be used with 

some caution since the model errors could sometimes be unacceptably large. 
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Unused & Expired medicines can arise for a number of reasons, and although they are not 

thought to represent the dominant source for environmental residues of human 

pharmaceuticals their inappropriate disposal can make a contribution to environmental 

concentrations. Although they make only a small contribution, inputs from unused & expired 

medicines confer no direct benefit to the patient and they should be minimised as far as is 

practicable, taking into account risks to the environment and human health.  

  

Unused & expired medicines should be returned to collection systems for destruction, or, 

where such schemes are not in place, they should be disposed in the normal household waste 

after taking appropriate precautions to prevent misuse. They should never be flushed into the 

drainage system. 

  

Under the provisions of current European Union (EU) legislation1, all EU Member States 

must establish collection schemes to recover and safely dispose of unused & expired 

medicines. The European Federation of Pharmaceutical Industry Associations (EFPIA) 

carried out a survey of the Member States in 2007 using a questionnaire approach to provide 

information on the performance of these schemes. 
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Human pharmaceuticals are widely used and can reach surface waters, where they have the 

potential to exert biological effects on aquatic non-target organisms. Due to the high number 

of pharmaceutical drugs used in human medicine, it is necessary to select the pharmaceuticals 

to search for, prior to implementing any extensive environmental risk assessment (ERA). In 

order to define such a selection, we developed an original prioritization methodology and 

applied it to the French situation. A preliminary classification based on the assessment of the 

exposure is implemented using two main parameters: consumption amounts of 

pharmaceuticals and human metabolism data. The preliminary classification is then reviewed 

on a case-by-case hypothesis basis using available biological data: ecotoxicological, 

pharmacological (mechanism of action (MoA), enzyme modulation, adverse effects) and 

physicochemical data (logKow). Here, we present the methodology and discuss its relevance, 

benefits and limits. 
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Pharmaceutical products (PPs) contaminate surface and groundwater through direct runoff or 

discharge of treated sewage where they are not completely eliminated. They can be still 

biologically active in waterways and could impact aquatic ecosystems. Moreover, some 

compounds have been found in drinking water. At a time when water resources become 

impoverished, it becomes necessary to keep water supplies under surveillance and to preserve 

them from contamination by PPs. In the frame of environmental risk assessment, it is 

necessary to evaluate the discharge of pharmaceutical (PPs) in surface water through sewage 

treatment plant.  

In this context, sampling campaigns have been carried out to measure a set of 11 PPs among 

different therapeutic classes (antidepressants, antibiotics, analgesics and anti-inflammatory, 

lipid regulators, b-blockers and anti-cancer drugs) in the effluent of Alès wastewater 

conventional biological treatment plant. This STP is characterized by physico-chemical and 

activated sludge treatment processes, low capacity, and the presence of hospital and industrial 

wastes in urban wastewater. PPs were monitored in water samples by LC-MS/MS. Among all 

analysed PPs, 9 were detected in the studied effluent. For each of them, the measured 

concentration will be compared to a predicted concentration in wastewater treatment plant 

effluent, on the basis of EMEA procedure.  
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