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Preamble

Pharmaceuticals in the environment represent an emerging environmental issue, and
recently a great interest has developed in the scientific community regarding the presence of
drugs in the environment. During the last 5 years, several research projects dealing with both
human and veterinary drugs have been funded by the European Commission/DG RTD
(Eravmis, Poseidon, Rempharmawater) or by other national bodies in Europe to fill the gap of
information on the occurrence, fate, effects in ecosystems, and removal techniques of human
and veterinary drugs. In close collaboration with this Pharma-cluster, the organisation of a
conference dealing with the environmental issues of the pharmaceuticals has been proposed.

This conference, completely devoted to the problem of pharmaceuticals in the
environment aimed to present to the widest public (scientists, water utilities, industrials and
regulators) recent results available about the occurrence, fate, effect and risk management of
veterinary and human medicines. This issue is of community wide interest. Comprising
presentations of the research performed during European and national projects, as well as on-
going works, the conference provided a forum to discuss and identify key issues relating to
pharmaceuticals in the environment at the European level. The conference also aimed to
promote the development of a network for future research and collaborations.

ENVIRPHARMA, organised by CEMAGREF along with the co-ordinators of the
three ongoing European projects, was held at the Ecole Normale Supérieure (ENS) in Lyon,
France from April 14 to April 16, 2003.

Four main objectives were mainly pursued :

» From the three European (Eravmis, Poseidon, Rempharmawater) and national
research projects, to define a state of the art profile,

» To transfer to end-users and to interested parties the available information dealing
with veterinary and human pharmaceuticals in the environment,

> To identify the future needs and gaps for research investigations,

» To discuss the aims for an European research network focusing on the
environmental risk management of these substances.

At least to provide a forum to allow exchanges between scientists, end —user and

regulators working in this field.

From the acceptance of the project the persons who agreed to participate to the
committee have been contacted. The final list of the people involved in the committee is
displayed below:

Pr. Andreozzi Roberto, University of Naples (I)

Dr. Boxall, Alistair, Cransfield University, UK

Dr.Garric Jeanne, Cemagref, Lyon (F)

Dr. Grein Kornelian, EMEA, London (UK)

Mrs.Haavisto Kirsi, European Commission, Community research, (Bruxelles (B),

Pr. alling-Serenson Bent, Royal Danish School for Pharmacy, DK

Dr. Janex Marie-Laure, CIRSEE, Suez Environnement Local Services —Pdle Qualité Eau,
Pans, {F)

Dr. Knacker Thomas, ECT Ecotoxicology, Flérsheim (G)

Dr. McHenery John G, Schering-Plough Animal Health, (representing FEDESA), (UK)
Dr. Ronnefahrt Ines, Federal Environment agency , Berlin (G)

Mme Sibenaler Claire, LEEM (Les Entreprises des médicaments), Paris (F)

Dr. Ternes Thomas, German Federal Institute of hydrology (BfG), Koblenz (G)
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Envirpharma Conference was organised in five sessions and held over three days in
April 2003, Five sessions were organised and devoted to the following aspects:

1) Occurrence and fate of human and veterinary pharmaceuticals in the environment
2) Effects of pharmaceuticals in the environment

3) Environmental risk assessment for human and veterinary medicines

4) Risk management for human and veterinary medicines

5) Future research.

The last Y2 days (Theme V, Future research) was partly devoted to a large discussion
involving all the participants, aiming to summarise the main results of the conference and to
discuss their contribution for the environmental risk assessment and management of the
human and veterinary pharmaceuticals. The discussion was started by summary papers
prepared by the Chairmen of the four sessions of the Conference.
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Introduction

For several years scientists, industries and regulators have been aware of the
dispersion of human and veterinarian pharmaceuticals and Personal Care Products in aquatic
and terrestrial environments. Even if these substances contribute to the well-being and to
human health, nothing assures us that their dispersion under different forms is harmless for
the environment and for humans in the years to come. Also at several international
conferences, the issues of pharmaceutical substances and, on a wider scale, hygiene products
present in the aquatic and terrestrial ecosystems as well as in groundwater sources have
become the objects of discussion by the scientific community.

With Envirpharma, the scientific committee wished to enlarge the field of discussion
and the audience by associating the presentation of experimental data, such as those obtained
from the on-going European projects (Eravmis, Poseidon and Rempharmawater) and national
projects focusing on this subject. In addition, they wanted to combine the talks pertaining to
developing approaches and to assessment and management of the risks linked to the diffusion
of these substances into the environment. Envirpharma was also an opportunity to gather
different points of views from scientists, the industry and regulators.

Envirpharma took place from 14 to 16 April 2003 in Lyon. 184 participants attended
the conference (19 countries: European and North American).

Themes I and Il were dedicated to the presentations of scientific results obtained from
EU funded projects as well from national programs.

Themes Il and IV were balanced between the communication of scientific results
from research projects in the field of risk management and the presentation and discussion
about the on-going ERA regulations at an international level.

In theme V, three new research programs were presented and the chairpersons of the
previous themes summarised the results obtained during the conference which was followed
by a general discussion on future research.

The oral presentations and posters presented during the entire conference provided a
noteworthy overview of the most recent issues related to pharmaceuticals in the environment.

Theme I “Occurrence and fate of human an veterinary pharmaceuticals in the
environment”,

(17 oral presentations and 20 posters )

Theme II “Effects of pharmaceuticals in the environment”.

(10 oral presentations and 14 posters)

Theme III “Environmental risk assessment for human and veterinary medicines”.

(8 oral presentations and 6 posters )

Theme IV “Risk management for human and veterinary medicines”.

(9 oral presentations and 2 posters)

At last, a final session (Theme V) was devoted to a general discussion between all the
participants about the available results and the “Future research”.

This session was introduced by 3 oral presentations, one to present the EU granted research
projects’ dealing with the environmental issues of pharmaceuticals and the developed
clustering strategy, two others about on going research projects in Canada and an innovative

! in the framework of the 5™ Research Program
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management strategy for the residues of medicinal products developed by the Stockholm
County Council in Sweden.

All the authorised oral and poster presentations are available on the conference web site:
www envirpharma.org
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Summaries of conference themes

Theme I “Occurrence and fate of human an veterinary pharmaceuticals in the

environment”,

From all the results presented during Envirpharma and obtained from several national

monitoring programs {Kolpin et a/, Zuccato et al, and Sacher et al.), it is now well established that
a great number of pharmaceuticals belonging to various therapeutic classes, including
hormones, and several other personal care products (e.g. musk fragrances and contrast media)
are widely present in our aquatic and terrestrial environments simultaneously with other types
of organic compounds, such as pesticides, plasticizers, fire retardants, etc.
The detection of these compounds at the environmental concentrations (parts per billion
(ppb)) need powerful analytical tools such as (high performance liquid chromatography/
electrospray ionisation/ mass spectrometry-mass spectrometry (HPLC/ESI/MS-MS) or gas
chromatography-mass spectrometry (GC-MS). Rapid methodologies are also being explored,
for example radio immunoassay (RIA) (Ingerslev ef al.). A variety of methods are available
to analyse pharmaceuticals in different matrixes (wastewater, soils, particles, slurry). The
occurrence and the concentrations vary according to the considered pharmaceuticals and the
terrestrial (intensive farming, breeding area) or the aquatic receiving system (surface water,
ground water, urban area, water flow....). Furthermore, the occurrence of pharmaceuticals
with the same therapeutic use and the concentration measured in STP effluent will depend on
the local prescription habits.

The results confirm also, for aquatic systems, that the principle sources contaminated
by human pharmaceuticals (HP) are sewage treatment plants (STPs) and their effluents,
(where some HPs are excreted largely un-metabolised), and, for soils, it is the spreading of
liquid manure or dung containing residues of veterinary medicines. Hospital effluent can be
a central source of these compounds such as antibiotic and anticancer drugs. Even some
drugs are removed during bank filtration, some other polar compounds can contaminate
drinking water supply, in spite of bank-filtration pre-treatment near urban areas (Heberer ef
al). The range of the measured concentrations vary also with the monitored receiving system
in several orders of magnitude, from less than ng/L to pg/L in some receiving surface waters,
and less than 10pg/l in STP effluents.

Due to the low capacity of STPs to efficiently remove and degrade some human

pharmaceuticals, they have become a main focal point in numerous studies. An important
research effort has been carried out to study the fate of pharmaceuticals in these systems
(Siegnest et al., Alder et al., Paxeus et al). The main results show that the removal efficiency
is depending on the drugs (which can be adsorbed on cell surfaces or absorbed if
hydrophobic) and their susceptibility to aerobic and anaerobic degradation. In addition,
biodegradation of the compounds will depend on the characteristics and the operating
conditions of the treatment plant.
For example in most studied cases, neutral substances such as Carbamazepine or Diazepam
do not show any rates of removal while some basic drugs, such as basic 3-blockers, show low
removal rates, and acidic compounds (like Diclofenac, Bezafibrate and Ibuprofen) are most
efficiently removed. On the contrary it seems that the removal of natural or synthetic
estrogens is more than 80%, and less than 5% of steroid estrogens are detected in the final
sludge.
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Oxidation processes have been demonstrated to be useful tools both to improve the
removal of drugs in STPs effluents and to ensure the quality of water supply. It seems that
ozonation reduces significantly estrogenic activity (YES assay) of STP effluent (Ternes ef
al). The efficiency of such processes on drug removal depends on the conditions of
treatment. An advanced oxidation process leads to substantial removal whatever the drug
studied. However, when degradation products are formed no information is available about
their fate and effects. _

Other post treatment steps, such as polishing lagoons, gravel filters, and infiltration
ponds have been shown to efficiently remove drugs before release into receiving aquatic
ecosystems, but again they will depend on the compounds and the treatment conditions
(Kreuzinger et al). ‘

Few data are available about the persistence of the pharmaceuticals in the aquatic
environment, in particular in sediment compartments. Works, based on laboratory degradation
tests in water-sediment systems, showed that some drugs can persist a long time in water and
sediment (>100 days). Such degradation tests along with metabolic ones have been
recommended to be a part of a process of registration, as presented in the standard procedures
(OECD No. 308) (Rombke et al.).

As for veterinary medicines (eg antibiotics), their distribution into the environment
arises by way of unne and faeces excretions of treated animals or in manure used as fertiliser.
Field and lysimeter studies have assessed the potential for these excreted substances to be
released to soils and subsequently be transported to surfacewaters and groundwaters. (Kay et
al., Blackwell ef al)). Use and validation of model of transport to groundwater was discussed
(Montforts et al).

The effects of environmental factors (pH, temperature, light) on the transformation of
antibiotics in soil interstitial water was investigated in laboratory experiments (Jacobsen ef al.,
Soeborg et al).

After manure application, antibiotic residues (such as oxytetracycline and
sulfachloropynidazine) can be found in sandy soil after several months (half-time lives can
vary in the range of two orders of magnitude (1-100 days)). However no residues were
detected in leachates under natural rainfall conditions, due to degradation in slurry. This may
be an important process, when investigating products, for studying risk mitigation measures,
sorption or degradation on soils. Nonetheless, based on field studies, it appears that
compounds with high sorption coefficients may still reach surface waters from soil drainage.
Further more, soil tillage can significantly reduce this transport of residues to surface waters.

Conclusions

There is now a general recognition that pharmaceuticals are present in STP effluents
and surface waters, and to a lesser extent ground water at low concentrations (waste water less
50 pg/l, STP less 10 pg/l, Surface water less Lig/l). These monitoring data must be use now
more effectively. _

But knowledge about the exposure concentrations is very different when one considers
not only freshwater but also other media, as marine water, soil, air, biota or sediment, where
no data have been provided. On the same manner, few data are still available about the
concentrations and the persistence of human and veterinary pharmaceutical in the manure or
sludge before and after application on the soils, nor about its consequences on the soil
microflora and their transfer towards soils and crops. As analytical tools are now functioning
the possibility to include these compounds in monitoring programs could be assessed.

Knowledge about the fate of pharmaceuticals either in STPs or in the environment
(water, soil, sediment) remains rather sketchy. It has been showed highly dependant on the
physico-chemical charactenistics of the pharmaceuticals (degradation, adsorption) and the
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STPs functioning. Consequently the models of fate and transport must be more widely
validated.

Main gaps and areas for future research development highlighted :

¢ The persistence and the role of human and veterinary pharmaceuticals in STPS and in
soil contamination.

» The persistence and the presence of these compounds in the estuarine and marine
waters and brackish waters, and more generally the environmental half-lives of these
compounds.

o The level of the sediment contamination in the receiving freshwater or estuarine
ecosystems.

» The fate of metabolites in STPs, in particular the sorption models for non —
hydrophobic compounds, and the biodegradability of the pharmaceuticals.

¢ Even if no acute effect on ecosystems can be suspected due to drugs from STP treated
effluent, other subtle effects raise questions on the development of antibiotic
resistance in soil, due to sludge spreading for instance.

¢ The identification of fate and effects of the degradation products, even if oxidation
processes are efficient in decreasing the amount of drugs in treated effluents.

« Efforts to validate the transport and fate models (scenario selection, benchmark
definitions, quality of the field data).
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Theme II “Effects of pharmaceuticals in the environment”.

Effects of some pharmaceuticals have been considered on freshwater, sediment
(benthic) and soil organisms (including micro-organisms found in soils and in activated
sludge), and on micro-organisms found in soils and in activated sludge, using standard tools
(Ferran et al)) or more sophisticated systems such as microcosms (Solomon et al). Efforts
have been made to develop new approaches which target specific concerns and reproduce
exposure conditions {Doncel ef al). Few results were available focusing on mixture effects
(Solomon et al.), model development and interpretation (Altenburger ef al)). Generally, only
exposure to single pharmaceuticals is considered without taking into account the exposure to
metabolites. However, a study of the toxicity of corticosteroid degradation products indicates
that some derivative compounds could exert higher toxicity than their parent compounds
(Isidori et al ).

The results presented indicate that acute effects on freshwater organisms are unlikely
at the concentrations measured in surface water, nor in treated effluent, but the acute/chronic
ratio can be very high (> 1000), and a long term effect cannot be excluded at environmental
concentrations. Chronic effects must be considered to assess the potential no effect
concentration (PNEC).

Plant and algae (such as blue-green algae) seem sensitive to antibiotics, and effects are
measured using physiological or metabolic endpoints. On the contrary, reproduction of
freshwater micro-crustaceans seem to be the most sensitive endpoints for testing other types
of pharmaceuticals. Few results are available for pharmaceutical toxicity on sediment
organisms using bioassays, such as 28 day tests on chironomids and oligochetae (Nentwig ef
al). As for aquatic organisms, Carbamazepine is toxic at concentrations close to the
environmental level, when reproduction endpoints are measured.

Evidence has been shown that the use of acute data only can lead to an inaccurate
classification of the pharmaceutical environmental risk, in the framework of the current
environmental risk assessment (ERA) guidelines. Several works have been carried out to
study toxicity of pharmaceuticals on microbial activities, in STP sludge {Stamataletou ez al.),
on microbial resistance and plants (Halling-Serensen et al, Schmitt ef a/). Furthermore
studies were carned out on the effects of antibiotics (chlorotetracycline, tylosin, and
sulfanilamid) and their by-products (Halling-Serensen et al)), which, in general, showed no
apparent impact on the micro-organisms. Specific multi-species soil systems and tiered
approaches have been developed to assess fate and effect of pharmaceuticals in soils. These
laboratory studies integrate toxicity studies with fate processes {including dissipation and
leaching) to measure effects on soils organisms (e.g. plants and earthworms) and aquatic
organisms, using various species and endpoints.

Concerning the effects in activated sludge, only high concentrations (~10mg/l) of the tested
pharmaceuticals {mainly antibiotics or biocides like triclosan) seem to significantly affect the
biological sludge processes (nitrification, anaerobic digestion).

For soil organisms, some other veterinary pharmaceuticals most often used are anti-
parasiticides that can affect non target terrestrial insects such as dung beetles or diptera. They
are released in dung of treated cattle, reducing insect activity or increasing larvae mortality.
Such effects on non target organisms can have consequences on the ecosystem structure, by
decreasing food resources, and on ecosystem function (i.e. dung degradation) (Lumaret et al.).
From other studies, even if a significant reduction of a few species was observed, it appears
that the community of soil fauna was generally unaffected by the application of manure
containing antibacterial agents such as chlortetracycline (CTC), tylosin, sulphanilamide and
some of degradation products. A study of a possible contamination on crops (grain of spring
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barley, Hordeum vulgare) has showed that only very low contents of CTC (<1 ug/kg dw) was
measured 1n grains.

As for microbiological effects, amendments of manure affected the level of antibacterial agent
resistance. But finally (after 150 days of exposure) resistance levels were within the same
range as those observed at the beginning. Even more, antibacterial agent application did not
increase the level of resistance above the resistance measured with manure application alone.
Nevertheless no data are available about gene transfer to environmental relevant bacteria and
resistance in anaerobic bacteria. Furthermore, these antibacterial agents have been tested to
assess the effects on the soil microbial community by studying several bacterial physiological
processes (PICT methodology, Blank 1988). Effects on soil micro-organisms has been
detected for a few mg/kg of exposure.

Conclusions

A tool box, from single species to multispecies approach can be used to assess the
hazard of phammaceuticals, but few examples concern environmentally relevant
concentrations. Evidence is now existing that short term acute tests are not suitable to predict
the effect of such compounds and that the effect profile of these compounds is more than
LC50/1000. The non biocidal pharmaceuticals show low acute toxicity but sometimes a very
high acute chronic ratio with specific effect on very specific endpoints and ecological
receptors. Consequently, endpoints, species and exposure duration must be carefully selected.

Acute effect can be observed with biocidal pharmaceuticals, and effects on
biodiversity are particularly relevant for highly selective drugs.

Several pharmaceuticals with the same mechanism of action are expected in municipal
STP and will be released simultaneously, but even if concepts and models are available to
assess combined effects of pharmaceuticals few results are still available, in particular about
long term effects at environmentally relevant concentrations.

Main gaps and areas for future research development highlighted :

« Development of endpoints based on the mode of action of pharmaceuticals is
necessary in order to improve the long term risk assessment of pharmaceuticals.

» Filling gaps on and developing the application for mixture toxicity studies.
« Assessment of the toxic effects of co-exposure on parent and metabolite compounds.

» Selection of endpoints, species and the duration of tests depending on the
pharmaceutical’s mode of action and use.

+ Improving knowledge on the effects of human and veterinary antibiotics in water and
soil, on gene resistant transfer, and alteration of microbial communities.
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Theme ITI “Environmental risk assessment for human and veterinary

medicines”,

EU guidelines for ERA of veterinary (Hoogland et al, De Knecht ef al., Koschorreck
et al) and human (Kolossa-Gehring ef al.) pharmaceutical products are under discussion. On
the same principles as for other chemical compounds (pesticides, biocides ...) these ERA
procedures are based on the calculation of PNEC, potential exposure concentration (PEC),
and a risk quotient calculation.

Parts of these guidelines (Exposure assessment or Effect Assessment) are now
available and discussed. The environmental risk of new veterinary pharmaceuticals is
assessed in the frame of marketing authorisations. A twod phased note for guidance for the
ERA has been released by the European Medicines Evaluation Agency (EMEA, London)
(EMEA/CVMP/055/96). The phase I of this guidance document has been replaced in 2001 by
a VICH (Intermational Co-operation on Harmonisation of Technical Requirements for
Registration of Veterinary Products) Guideline. A VICH phase I guideline is under
development. Several questions have been raised about trigger values, methodologies and
criteria to be used to achieve phase II, and the harmonisation of the procedures. A case study
(Sulfachloropyridazine) was described (Boxhall et al.).

In the case of human pharmaceutical products, a guidance concept has not yet been
finalised in Europe. A guidance document for the ERA of new products, is currently being
developed by an EU expert group based on a two phased approach. Phase I consists of a PEC
calculation with a trigger value of 0.01ug/l (surface water) for Phase II evaluation. Earlier
drafts of the note for Guidance were only based on acute data, excluding sub-lethal and
chronic effects and does not take into account specific biological activities (endocrine
disruption, genotoxicity) (Knacker ef al)). The new draft developed by the EU expert group
relies on risk assessment approaches known from the technical guidance draft (TGD) for new
and existing chemicals.

Considering existing knowledge on pharmaceuticals, the integration of toxicological
data available to predict effects in fish or modes of actions in ERA procedures have been
proposed (Murray-Smith ef al., Hartmann et al. ).

Conclusions

ERA for pharmaceuticals is based on fate and effect assessment for environmental
compartments to which the compounds is released followed by a risk characterisation and if
necessary by a risk mitigation. In first step PEC is determined and compared with a trigger
value. Nevertheless, some gaps are existing which prevent to develop satisfactory ERA, as the
lack of long term effect data, the lack of information on the degradation in STP or the
adsorption on manure and transfer toward soil. More, current ERA does not provide guideline
about how to integrate the releases of compound with multiple intended uses.

Some new approaches seemed particularly relevant for the pharmaceuticals hazard
assessment, as the use of information on their mode of action or the available toxicological
data on mammals to predict fish ecotoxicology. But information on the usefulness of these
approaches for ERA are still necessary.

Questions are raising about the pertinence to harmonise the risk assessment procedures
for pesticides, biocides, industrial chemicals and pharmaceuticals.



