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Executive summary  

he progress made by medical science during the last century and its positive impact on 

society are well known. Medicinal products are an important element of the medical practice 

and their beneficial effects (and side-effects) on human and veterinary health are widely 

acknowledged. However, the area where we lack a global view is understanding what happens when 

these medicinal products are discharged into the environment, either through consumption or as 

unused or expired products. Residues of various types of medicinal products (hormones, anti-cancer, 

antidepressants, antibiotics, etc.) have been detected in various environmental compartments, such 

as surface water, groundwater, soil, air, and biota. Such widespread occurrence obviously begs the 

question whether a concentration of medicinal products in the environment poses a risk for exposed 

biota or humans. 

Recent pharmacovigilance legislation in the EU acknowledges that the pollution of waters and soils 

with pharmaceutical residues is an emerging environmental issue. The European Commission was 

asked to deliver a report on the scale of the issue, the causes, and possible policy options to mitigate 

such impacts. More recently, in the framework of the adoption of the Directive regarding priority 

substances in the field of water policy, the Commission has been asked to develop, instead of the 

report, a strategic approach to pollution of water by pharmaceutical substances by the end of 2015.  

This study, together with other relevant studies and reports, will provide the basis to develop that 

strategic approach. The study covers both human and veterinary medicinal products but personal 

care products are excluded. 

What is the scale of the issue?  

During the last two decades, there has been an increasing trend in the R&D investments, industrial 

production, sale, and consumption of medicinal products in the EU. The EU market has grown from 

EUR 48 billion in 1990 to EUR 172 billion in 2007 and is expected to reach EUR 242 billion in 2014. In 

terms of market presence, around three thousand active pharmaceuticals ingredients (APIs) are 

currently authorised on the EU market as a whole, even if the APIs authorised at national level vary 

significantly.  

For human medicinal products, the European Union (EU) is the second biggest consumer in the 

world (24% of the world total) after the United States of America. Consumption of human and 

veterinary medicines is quite heterogeneous across the EU Member States, for example, it ranges 

from 50 to 150 g/capita/year in the case of human medicinal products. Such heterogeneity is also 

reflected by the nature of the associated waste streams, which vary strongly in terms of quantities 

and/or quality, and pose a significant challenge for storage, collection and disposal of 

pharmaceutical waste. Moreover, in the majority of EU Member States, a large share of unused 

human medicinal products (50% on average) is not collected and some EU Member States do not 

implement take-back schemes.  

T 
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How do  medicinal products enter the 

environment?  

The key steps (from an environmental perspective) in the life cycle of a medicinal product are 

manufacturing, consumption and waste management. Contamination pathways along the life cycle 

depend upon the life-cycle step during which the emissions occur. In the EU, the contribution of 

manufacturing facilities to emissions of medicinal products and/or their residues is generally 

considered as negligible, even though pollution downstream of manufacturing plants has been 

sporadically observed while monitoring specific sites (e.g. the Rhine, Lake Leman).  

The consumption phase is considered to be the biggest contributor to the emissions of medicinal 

products into the environment, notably through excretions and incorrect disposal of unused 

medicines through sinks and toilets. Between 30 and 90% of the orally administered dose is 

generally excreted as active substance in the urine of animals and humans. However, the nature and 

amount of medicinal residues mainly depend on the volumes and nature of the administered 

substances, their modes of administration, and metabolisation rates. Medicinal products can also 

directly enter the environment through feed surplus, notably in the case of aquaculture: a recent 

survey measured up to 2.2 µg of teflubenzuron / kg of dry weight sediment coming from a marine 

fish farm in Scotland. Once in wastewater, treatment can partly eliminate or remove medicinal 

product residues, but some traces are still detectable in effluents as well as in the receiving surface 

and groundwaters. The residues remaining after wastewater treatment depend on the composition 

of the medicinal product, wastewater treatment process, and initial concentrations in the influent. 

For example, Ibuprofen, which is present in significant amounts in wastewater influents, is reduced 

by 60 to 96%, while Carbamazepine removal rates are much lower. As for landfills accepting 

medicinal products, sewage sludge can produce leachates containing concentrations similar to or 

even higher than those found in wastewater treatment plant influents.   

How do medicinal products behave in the 

environment?  

Once in the environment, medicinal products are transformed and transferred among different 

compartments, depending on the nature of the compounds and the characteristics of the host 

compartment. There exist voluntary initiatives for monitoring environmental concentrations of 

medicinal products in some Member States, particularly in the aquatic environment. These data 

suggest that several medicinal products are detectable in the environment, and their concentration 

depends on the geographical location, season, local administration practices, and specific 

environmental factors (T, humidity, etc.). The detected concentrations could be in the range of sub-

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

Medicinal products can degrade biotically or abiotically in soils and water, a process that in general 

reduces their potency, even if some degradation products might be persistent and thus of concern. 

For instance, according to a monitoring campaign performed in France, the molecules most 

frequently found in freshwaters are Carbamazepine (an anti-epileptic medicinal product) and its 

main metabolite, and Oxazepam (an anxiolytic) which is both a parent product and a metabolite of 
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another pharmaceutical (Benzodiazepine). Highly lipid-soluble medicinal products may also have 

the ability to accumulate in the fat tissues of animals and can be thus introduced into the food chain 

(e.g. Ethynilestradiol could be a potential candidate for bioaccumulation in higher predators).  

What kind of hazards and risks do they represent 

for ecosystems?  

The mechanisms of transformations and transfer in the environment lead to the exposure of biota 

and constitute a potential risk for ecosystems. Although the scientific assessment of 

ecotoxicological effects of medicinal products on organisms is less developed compared to 

pesticides for example, it is becoming increasingly clear that some medicinal products, in particular 

anti-parasiticides, anti-mycotics, antibiotics and (xeno)estrogens, pose environmental risks in 

specific exposure scenarios. Examples of ecotoxicological effects of medicinal products include the 

contraceptive Ethinylestradiol, which impairs the reproduction of exposed fish populations; the 

effects of various antibiotics on environmental bacteria and algae; the impacts of the 

Benzodiazepine anxiolytic drug Oxazepam on European perch; and the effects of the anti-

parasiticide Ivermectin on dung fauna. The decline of vulture populations on the Indian sub-

continent due to poisoning with Diclofenac, a non-steroidal painkiller, is a good example of how 

unexpected exposure pathways ɀ feeding on carcasses ɀ can lead to severe ecotoxicological effects. 

For a range of other pharmaceuticals, environmental risks can be rather negligible, due to low 

environmental persistence and ecotoxicity of the compounds. In some cases, the data from human 

toxicology studies might help to provide read-across information on the potential effects on 

vertebrates, but many ecotoxicological modes of action are specific and the potential environmental 

effects cannot therefore always be extrapolated from human studies. 

What are the potential impacts on human 

beings?  

For humans, the possible impacts are less clear than for the environment, but there are concerns 

notably regarding certain type of molecules, even if to date there is no clear evidence of short-term 

health effects on humans. Antibiotics, anti-parasiticides, anti-mycotics and anti-cancer medicinal 

products are pharmaceutical groups that are especially intended to kill their target organism or 

target cells and might prove to be the most important pharmaceutical compounds affecting human 

health via environmental exposure. Chronic low-level exposure to medicinal products can occur 

through drinking water and through residues in leaf crops, root crops, fishery products, dairy 

products, and meat. The legislation in place for all veterinary medicinal products defines some 

Maximum Residue limits (MRL) for food of animal origin. However, to date no legal limit exists for 

human medicinal products potentially present in animal derived food (e.g. due to bioaccumulation 

from contaminated soil) since this pathway of exposure is assumed as negligible although the 

pathway is currently not well characterised.  
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Which factors influence the presence of 

medicinal products in the environment?  

Several factors can influence the quantity and composition of the emissions to the environment, 

and/or the exposure levels of different ecosystems/human populations, thus finally determining the 

associated impacts. These factors can be of a legislative or non-legislative nature and influence the 

emissions during one or more life-cycle steps. 

Legislative factors 

 Environmental Risk Assessment in the Market Authorisation (MA) process 

One of the key legislative factors influencing the presence of the medicinal products in the 

environment is the current framework for Environmental Risk Assessment (ERA), which is a part of 

the Market Authorisation process. For veterinary medicinal products, an ERA is required for all types 

of MA applications, including for new medicinal products, generics, variations and extensions, and is 

taken into account in a risk-benefit analysis in view of the authorisation. For several years, an ERA 

has also been required for a large number of human medicinal products on the market, but the ERA 

results in this specific case cannot lead to denying an authorisation, even if some Risk Mitigation 

Measures (RMM) can be required when considered necessary. In practice, there is a lack of ERA 

results for most human medicinal products currently consumed, as numerous active pharmaceutical 

ingredients contained in such medicinal products were authorised prior to 30 October 2005, which is 

when a proper ERA became an obligation for human medicinal products. The potential risks that 

ȬÏÌÄȭ ÐÈÁÒÍÁÃÅÕÔÉÃÁÌÓ ÍÁÙ ÐÏÓÅ ÔÏ ÔÈÅ ÅÎÖÉÒÏÎÍÅÎÔ ÁÒÅ ÔÈÅÒÅÆÏÒÅ ÎÏÔ ÐÒÏÐÅÒÌÙ ÁÓÓÅÓÓÅÄ ÏÒ ÎÏÔ 

assessed at all.  In addition, in the current ERA process, which is organised in three phases, not all 

medicinal products undergo a thorough environmental risk assessment, since the assessment of 

products fulfilling specific criteria stop after the first phase. APIs are often common among different 

medicinal products. However, since ERA information is built up on finished medicinal products and 

deemed confidential, data cannot be reused from one dossier to another, even if the concerned 

medicinal products contain the same API. This means that ERA results for the same active 

ingredient may be based on different endpoints depending on the concerned stakeholders, and may 

therefore differ from one product to another. Due to this approach, the subsequent ERA is not based 

on the real !0)ȭÓ ÖÏÌÕÍÅÓ ÅÍÉÔÔÅÄ ÉÎ ÔÈÅ ÅÎÖÉÒÏÎÍÅÎÔ ÄÕÅ ÔÏ ÔÈÅ ÓÕÍ ÏÆ ÐÒÏÄÕÃÔÓȟ ÂÕÔ ÏÎÌÙ ÏÎ Á 

ÓÉÎÇÌÅ ÐÒÏÄÕÃÔȭÓ ÓÈÁÒÅȟ ×ÈÉÃÈ ÄÏÅÓ ÎÏÔ necessary reflect the environmental reality.  

Similarly to ERA, a number of regulatory frameworks for chemicals commercialised and used in 

Europe, include an assessment for Persistence, Bioaccumulation and Toxicity (PBT) potential. 

Regarding veterinary medicinal products, no specific guidance is available on how to include this 

PBT assessment in the risk-benefit analysis or on which risk management measures would be 

needed in order to grant the MA. As for human medicinal products, similarly to the rest of ERA 

results, the output of the PBT assessment have up to now no consequences on MA, since it is not 

considered in the risk benefit analysis. However, risk management measures can be adopted in this 

respect when considered necessary.  
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Four procedures exist for the MA process: the three first procedures are Community procedures 

(centralised, decentralised and mutual recognition procedures), and the fourth is the national 

procedure which applies when the MA application is limited to the territory of one MS. 

Under the centralised procedure, only the Committee in charge of the evaluation of veterinary 

medicinal products (CVMP) has a member appointed specifically due to his expertise on 

environmental risk assessment, while the one dedicated to human medicinal products (CHMP) does 

not necessarily include an environmental expert.  

In the decentralised and mutual recognition procedures the level of ERA expertise and therefore the 

level at which an ERA is analysed depends in practice on the considered MS and is therefore very 

heterogeneous. This might lead in certain cases to parallel procedures for the same product 

followed in different (critical versus less critical) countries.  

As reported by some MS, when looking at the output of the evaluation process, the ERA for human 

medicinal products is often incomplete or altogether absent from some MA applications. In these 

cases, the MA is ÔÈÅÒÅÆÏÒÅ ÏÆÔÅÎ ÇÒÁÎÔÅÄ ×ÉÔÈ ȰÐÏÓÔ-ÍÁÒËÅÔÉÎÇ ÃÏÍÍÉÔÍÅÎÔÓȱ ×ÈÉÃÈ ÁÒÅ ÄÅ ÆÁÃÔÏ 

not mandatory, since these results are not considered for the risk-benefit analysis and thus have no 

weight to obtain an MA.  

When, based on the ERA results, a risk to the environment exists (whether for human or veterinary 

medicinal products), Risk Mitigation Measures (RMM) are recommended. In the case of veterinary 

medicinal products, information on potential environmental impacts must be taken into account in 

the pharmacovigilance system. However, compliance with RMM therefore has only a voluntary 

character, and their implementation is not systematically verified nor followed up on. Nonetheless, 

a Member State may suspend the use at a national level of a medicinal product for human or 

veterinary use, if urgent action is essential to protect human health or the environment.  

Finally, environmental datasets produced in the context of ERA are often not publicly, or at least not 

easily, available. The level of accessibility might vary depending on the considered MS, but it is 

generally limited to risk assessors only and confidentiality reasons are invoked to justify the absence 

of publicly available datasets or their partial publication. When published, the quantity and quality of 

disclosed information vary depending on the type of procedure followed and on which MS was 

responsible for the evaluation (Reference Member State).  

 Other legislation 

Apart from the MA framework, a number of legislative texts could be relevant to address the issue of 

medicinal products in the environment at EU level. These include REACH, the Industrial Emissions 

Directive (IED), and the Water Framework Directive, among others. 

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

not exempted from the REACH provisions regarding restrictions on the manufacturing, placing on 

the market and use of certain dangerous substances and preparations. However, Annex XVII to 

REACH does not currently impose restrictions regarding active pharmaceutical ingredients. There 

are derogations for medicinal products from certain restrictions applicable to the use and placing on 

the market of carcinogenic, mutagenic and reprotoxic (CMR) substances as substances or in 

mixtures for supply to the general public; but restrictions could target certain active pharmaceutical 

ingredients, or the manufacturing process itself. A potential gap therefore lies in the fact that the EU 

legislation on medicinal products does not cover all lifecycle stages of the products (in particular 
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manufacturing and formulation), but at the same time medicinal products are exempted from many 

Titles under REACH.  

The Industrial Emissions Directive (IED) applies to the medicinal products manufacturing sites, as 

well as to the sites of intensive rearing of poultry and pigs. However, even if APIs could fall within 

certain groups of water pollutants listed in Annex II, the IED does not yet include any active 

pharmaceutical ingredients in the list of polluting substances, and therefore does not set emission 

limit values nor require their monitoring.  

EU legislation does not address the issue of soil contamination. Therefore, the issue of a soil 

contamination by medicinal products is not legally covered at EU level.  The majority of the existing 

MS national soil legislation does not cover this specific issue either. Similarly, there is no obligation 

to monitor or regulate medicinal product residues present in sewage sludge originating from water 

treatment plants. This issue is however taken into account sporadically by the national legislation: 

the use of sludge in agriculture is for instance restricted in Bavaria and Nordrhein-Westphalia to take 

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

As for the aquatic compartment, the Commission proposed (in 2012) the inclusion of three active 

pharmaceutical ingredients (E2, EE2 and Diclofenac) in the list of priority substances under the 

Water Framework Directive. The Commission also proposed a watch-list mechanism for gathering 

monitoring data to support future reviews of the list. The adopted compromise text places the three 

active pharmaceutical ingredients on the first watch list. Member States will be obliged to monitor 

substances on the watch list at least annually at a limited number of representative monitoring 

stations for up to four years. Member States may also identify and monitor medicinal products as 

specific pollutants pursuant to existing provisions of the Water Framework Directive (Annex VIII). 

EU food legislation requires the monitoring of veterinary medicinal products residues in foodstuffs 

of animal origin, but does not refer to medicinal products for human use. As a consequence, EU food 

legislation does not address the issue of indirect transfer to humans of residues of medicinal 

products for human use, which may be present and have accumulated in the natural environment 

and may be transferred to food animals including fish. However, further studies would be needed to 

fully characterise this possible exposure pathway in order to evaluate its significance.   

Non-legislative factors  

One of the major factors is the overconsumption of medicinal products, which can occur at the time 

of purchase and/or during the administration of a medicine. Although the use of medicinal products 

to meet needs for medication is hardly questionable, inappropriate and excessive consumption 

ÍÉÇÈÔ ÂÅ ÁÔ ÔÈÅ ÏÒÉÇÉÎ ÏÆ ÕÎÎÅÃÅÓÓÁÒÙ ÅÍÉÓÓÉÏÎÓȢ 4ÈÅ ÃÏÎÃÅÐÔ ÏÆ ȰÏÖÅÒÃÏÎÓÕÍÐÔÉÏÎȱȟ ÉȢÅȢ 

consumption beyond actual needs, is an easy grasp but it is difficult to assess the scale of this 

ÐÈÅÎÏÍÅÎÏÎ ÉÎ ÐÒÁÃÔÉÃÅȟ ÇÉÖÅÎ ÔÈÅ ÓÕÂÊÅÃÔÉÖÉÔÙ ÏÆ ×ÈÁÔ ÉÓ ȰÎÅÅÄÅÄȱȢ 4ÈÒÏÕÇÈ ÃÏÎÓÕÌÔÁÔÉÏÎÓ ÁÎÄ 

prescriptions, doctors are competent for assessing these needs for each patient. However, in 

practice, the OTC status and a number of medical habits and socio-economic factors might favour 

the overconsumption of medicinal products.  

Regarding the strategies for administering medicinal products, the non-optimal targeting of 

symptoms (i.e. non optimally targeting the localisation of pain/injury) can increase the amount of 

APIs administered.  
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As for waste management, when a separate waste stream for medicinal products exists, the low 

performance of collecting unused medicinal products (as reported in some MS) and the 

heterogeinity in EU take back schemes  efficiency is a key factor and could be further considered. 

Moreover, most current urban wastewater treatment plants cannot guarantee complete elimination 

of excreted medicinal products.  

What are the major  uncertainties?  

The issues presented in the previous sections, in particular the scale of the problem, environmental 

behaviour and impacts, are subject to uncertainties as the research in this field has been limited to 

some specific medicinal products and is difficult to generalise. These uncertainties  are related to 

availability of data concerning the quantity and nature of medicinal products reaching the 

environment from the different stages of the life cycle,  their behaviour in the environment, the full 

characterisation of possible exposure routes for humans and thus to the scientific knowledge 

necessary for a proper risk evaluation.   

Regarding the characterisation of the life cycle, it is worth noticing that the available data on EU 

consumption is relatively scattered. Also, sales data is often confidential and it is particularly difficult 

to obtain data on medicinal products sold over the counter (OTC) or via the internet. Similarly, 

detailed knowledge regarding the fate of uncollected unused medicinal products, and regarding 

other practices, notably concerning the administration and the collection of unused veterinary 

products, is currently missing.  

A large amount of information is now available, notably concerning the monitoring of certain active 

substances insurface and groundwater used for the production of drinking water, , but the available 

data are not centralised and not in a standardised format. Environmental concentrations are scarce 

or missing for some environmental compartments, notably for biota in the food web and marine 

ecosystems. Information is scarce on the environmental occurrence and fate of metabolites and 

transformation products due to knowledge gaps in their behaviour in the environment, and/or 

detection issues.  

The information regarding the environmental impacts is not sufficient for the majority of medicinal 

products currently on the European market, in part because of the insufficient publically available 

data on the ecotoxicology of many pharmaceuticals, and often deduced from few acute ecotoxicity 

data collected from a very limited number of freshwater species. It should also be pointed out that 

the knowledge on environmental occurrence is equally limited for many pharmaceuticals, making a 

sound and transparent environmental risk assessment almost impossible in many cases. In order to 

gain a better understanding of the environmental hazards of pharmaceuticals, their 

ecotoxicologically relevant modes of action need to be better identified and clearly differentiated 

from the modes of action that are relevant in a human pharmacological and toxicological context 

(although, of course, there might be overlaps for certain groups of compounds). In particular, 

possible effects in an ecological context, i.e. on a super-organism level, warrant more attention.  

The environmental exposure of humans to medicinal product residues is a fact, and occurs through 

several pathways. However, the information on exposure through the environment is very sparse 

with the exception of certain residues which have often been detected at very low levels which are 

without concern for humans, as far as can be determined on the basis of current knowledge.  Most 
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of these exposure pathways are probably not very important but some pathways, such as dairy 

products, still need to be fully characterised and long-term effects cannot be ruled out especially 

with regard to more vulnerable populations. In addition to this uncertainty, there is growing concern 

that combined exposure to chemical mixtures, including medicinal products from different sources, 

may have adverse effects on human health, even if each individual substance is below its own risk 

limit, and experts regard the predominant chemical-by-chemical approach currently used in risk 

assessment as insufficient to protect against the risks of combination effects. 

What are the possible solutions to mitigate the 

issue and reduce uncertainties?  

To tackle the issues highlighted in the report, a number of possible solutions have been identified, 

both legislative and non-legislative.  However, no impact assessment of these options is made, as 

this is beyond the scope of this study. The effectiveness of the proposed solutions to cope with the 

environmental impact of medicinal products would need to be further assessed, in light of their 

impacts on the use of medicinal products and the protection of public health. 

The key steps of legislative actions concern ɀ but are not limited to ɀ the strengthening of the ERA in 

the framework of MA. Major non-legislative solutions focus on consumption and waste 

management steps of the life cycle. The proposed solutions may help in reducing the uncertainties 

and to mitigate the issue, but will need a detailed evaluation in order to assess their relative weight 

and develop an action plan giving priority to the most appropriate ones.  

Legislative solutions 

Based on our preliminary analysis of solutions, the ERA framework could benefit from a change in 

scope, notably by focusing on APIs rather than final products. This will allow for an evaluation of the 

real burden of active substances present in the environment, often coming from different medicinal 

products. In the case in which excipients present hazardous characteristics, consideration of the full 

product could be considered as well.  The action limit and endpoint could be updated, taking into 

account metabolites at early stages and requiring a PBT assessment for all pharmaceuticals, which 

would need to be more consistent with other frameworks of internationally recognised PBT 

evaluation frameworks. The results of the ERA assessment of APIs could then be fed into a 

monograph system similar to what already exists under REACH and the biocides and plant 

protection products legislation, leading to a dedicated centralised internet database. This will help in 

improving the availability and the comparability of results.  ERA data for human medicinal products 

could then be considered for the risk/benefit analysis, thus having a more important role in the MA 

process. Finally, the implementation and the efficiency of existing RMMs could be verified and 

ameliorated when necessary. 

The ERA procedure could also equally target «old» pharmaceuticals through a «catching-up» 

procedure. This could be done after a prioritisation of substances to assess their potential 

environmental risks.  If the process of ERA will be modified, the associated guidelines could of 

course be reviewed in line with the modifications. 
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It could also be considered to amend EU medicines legislation so that monitoring data (particularly 

for water, obtained pursuant to the Water Framework Directive) could be used for post-market 

evaluation of authorisations, which could lead to possible revision of RMM or even MA withdrawal. 

The Water Framework Directive could also serve to facilitate the explicit consideration of ERA 

results for active pharmaceutical ingredients in the assessment of substances to be added to the 

priority substances list or watch list. It could be used to include provisions requiring Member States 

to make publicly available and easily accessible (e.g. through a dedicated database such as the 

European Pollutant Release and Transfer Register) water monitoring data regarding substances 

listed in the priority substances list and watch list regarding pharmaceutical substances. Water 

monitoring data for priority substances and substances on the watch list communicated by water 

authorities could then also be taken into account during the evaluation of MA applications and for 

post-reassessment of MA. 

Tailored legislative tools could also be implemented to limit emissions in the environment by 

establishing a specific label for green pharmacy, by imposing more stringent requirements for 

ÅÍÉÓÓÉÏÎÓ ȰÈÏÔ ÓÐÏÔÓȱȟ ÁÎÄ ÒÅÍÉÎÄÉÎÇ ÎÁÔÉÏÎÁÌ ÃÏÍÐÅÔÅÎÔ ÁÕÔÈÏÒÉÔÉÅÓ ÏÆ ÔÈÅ ÎÅÅÄ ÔÏ ÃÌÁÓÓÉÆÙ 

pharmaceutical wastes as hazardous waste, when appropriate, under entry 07 05 13* (solid wastes 

containing dangerous substances).  

Non-legislative solutions 

In addition to the legislative solution proposed above, a number of non-legislative actions have been 

initially identified as a possible support  in the mitigation of medicinal products presence in the 

environment, through the establishment of an EU eco-pharmacovigilance framework. Some of 

these non-legislative actions are directly linked to the revision of the ERA framework and would help 

its implementation, for instance by encouraging the recruitment of personnel with an eco-

toxicology background in regulatory agencies or developing European guidelines for the 

implementation of harmonised approaches for the environmental classification of medicinal 

products in MS. In parallel, training sections could be organised for medical doctors in order to 

increase awareness on the various environmental issues related to prescription strategies. The 

adequacy of packaging sizes ÔÏ ÃÏÎÓÕÍÅÒÓȭ ÎÅÅÄÓ ÁÎÄ ÄÏÃÔÏÒȭÓ ÐÒÅÓÃÒÉÐÔÉÏÎÓ ÍÉÇÈÔ ÂÅ ÒÅÃÏÎÓÉÄÅÒÅÄ 

and there could be a need for systematic reporting of internet and OTC sales.  Take-back schemes 

for unused medicinal products represent one of the simplest way to reduce inputs of pharmaceutical 

products into the environment Major improvements in waste management could then be focused 

on the improvement of collection schemes for unused human and veterinary medicines, as well as 

on tracking their efficiency. Finally, more efforts are needed to improve and harmonise monitoring 

and prioritisation strategies. Research initiatives could then focus on prioritising medicinal products 

based on  publicly available, high quality data on chronic ecotoxicity, which are still scarce or even 

absent for a broad range of human and veterinary medicinal products. Knowledge on the ecotoxicity 

of medicinal products to terrestrial and marine organisms is even more limited. The development of 

methods to assess ecological and health effects of medicinal products, notably due to chronic 

exposure at low doses, and to mixtures of chemicals, will help complement the current guidance on 

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

A pharmaceutical medicinal product, also referred to as a medicine or medication, can be 

generally defined as any chemical substance - or product comprising such - intended for use in the 

medical diagnosis, cure, treatment, or prevention of disease. Three thousands active 

pharmaceutical ingredients (APIs) are currently authorised on the EU market (Touraud, 2011), 

amongst about 4000 worldwide, with an overall consumption of about 100 000 tons or more every 

year (KNAPPE, 2008).  

Medicinal products1 are, by their very nature, biologically highly active and they are consumed in 

high amounts, which might pose an issue in terms of quantity and quality of emissions during their 

life cycle. The presence of medicinal products in the environment is a globally emerging issue 

(Boxall, 2012) (Larsson, 2007) (Babic, 2007) (Li, 2008a&2008b) (Cui, 2006) (Bisarya, 1993). Medicinal 

products residues of various categories (hormones, anti-cancer, antidepressants, antibiotics, etc.) 

have been detected in all environmental compartments, such as surface water, groundwater, soil, 

air, biota  and in wastewater (sewage), (Heberer, 2002) (Kümmerer, 2009) (Halling-Sørensen, 1998) 

(Touraud, 2011) (Kümmerer, 2008) (Williams, 2005) (Ternes, 2001) (Buerge, 2006)  at concentrations 

ranging from sub-ng/L levels to µg/L. Such widespread occurrence obviously begs the question 

whether these concentrations of medicinal products in the environment might pose a risk for the 

exposed biota or humans. 

Recent pharmacovigilance legislation in the EU acknowledges that the pollution of waters and soils 

with pharmaceutical residues is an emerging environmental issue3. The European Commission was 

asked to deliver a report on the scale of the issue, the causes, and possible policy options to mitigate 

such impacts. More recently, in the framework of the adoption of the Directive regarding priority 

substances in the field of water policy, the Commission has been asked to develop, instead of the 

report, a strategic approach to pollution of water by pharmaceutical substances by the end of 2015. 

This study, contracted by the EAHC to BIO Intelligence Service is intended to support the 

Commission in producing the report. 

1.1 Objectives  

The main goals of the study are to: 

 Provide an assessment of the scale and trends of the emerging issue related to the 

presence of medicinal products (human and veterinary)2 in the environment and 

their possible impacts;  

 Analyse the legislative and non-legislative factors possibly influencing the issue, i.e. 

if and eventually how efficiently the environmental and health issues related to the 

                                                                    

1
 Including the active pharmaceutical ingredient, as well as adjuvant substances, metabolites and transformation products 

2
 Personal care products are not in the scope of the study 
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presence of medicinal products in the environment are tackled by the current 

legislation and current practices; and  

 Identify policy options to improve the current framework and discuss their 

feasibility. 

1.2 Report  structure  

In addition to this introductory chapter, the report is structured in eight chapters. The chapters 2 to 

6 provide a picture of the scale of the issue of the presence of medicinal products in the 

environment; the causes are presented in Chapters 7 and 8, while potential solutions are discussed in 

Chapter 9. A brief description of each chapter is presented below. 

 Chapter 2: Medicinal products ɀ A life cycle perspective 

It provides key facts and figures on medicinal products life cycle. 

 Chapter 3: How do medicinal products enter the environment? 

This chapter presents the scale of the issues in terms of quality and quantity of active 

substances entering into the environment, following different pathways, from cradle to 

grave. 

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

This chapter describes that once in the environment, medicinal products are not 

homogenously distributed. It also explains how the behaviour of these products depends 

upon the environmental compartment and the medicinal molecule. 

 Chapter 5: Environmental hazards 

This chapter identifies the potential impacts of the release of medicinal products on the 

environment. 

 Chapter 6: Human exposure through the environment and possible impacts 

This chapter analyses the impacts on human health through environmental exposure. 

 Chapter 7 and Chapter 8: Factors of influence 

The presence of medicinal products in the environment can be influenced by a number of 

factors: - legislative, technical, administrative, etc. These are discussed in this chapter and 

illustrated through seven case studies. The cases studies in detail are presented in the 

annexes. 

 Chapter 9: Possible solutions 

This chapter focuses on possible solutions, which could be of legislative or non-legislative 

nature, and might target different causes, stakeholders, life-cycle steps, etc. 

 ANNEX 1: Usage of medicinal products in aquaculture ɀ cases of Norway and the UK 

This annex describes aquaculture practices.    

 ANNEX 2: Examples of monitoring data in the environment 
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This annex presents some results of monitoring in different environmental compartment 

and EU countries. 

 ANNEX 3: case studies on specific medicinal products 

This annex presents 8 case studies of pharmaceuticals, discussing the current scientific 

knowledge and the specificities of the procedure for the market authorisation. 
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Chapter 2:  Medicinal products ð A life cycle 

perspective  

This chapter presents key definitions and background information on the life cycle of medicinal 

products, which are essential for understanding their environmental implications. 

2.1 Key definitions  

4ÈÉÓ ÒÅÐÏÒÔ ÕÓÅÓ ȰÍÅÄÉÃÉÎÁÌ ÐÒÏÄÕÃÔÓȱ ÁÓ ÔÈÅ ÇÅÎÅÒÉÃ ÔÅÒÍ ÆÏÒ ȰÐÈÁÒÍÁÃÅÕÔÉÃÁÌÓȱ ÏÒ ȰÄÒÕÇÓȱ ×ÈÉÃÈ 

are administered to human and/or animals. The Directive 2001/83/EC3 defines human medicinal 

products as:  

Ȱ!ÎÙ ÓÕÂÓÔÁÎÃe or combination of substances presented as having properties for treating or 

preventing disease in human beings; or any substance or combination of substances which may be 

used in or administered to human beings either with a view to restoring, correcting or modifying 

physiological functions by exerting a pharmacological, immunological or metabolic action, or to 

ÍÁËÉÎÇ Á ÍÅÄÉÃÁÌ ÄÉÁÇÎÏÓÉÓȢȱ 

Similarly, the Directive 2001/82/EC4 provides a definition of veterinary medicinal products: 

Ȱ!ÎÙ ÓÕÂÓÔÁÎÃÅ ÏÒ ÃÏÍÂÉÎation of substances presented for treating or preventing disease in 

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

a view to making a medical diagnosis or to restoring, correcting or modifying physiological functions 

ÉÎ ÁÎÉÍÁÌÓ ÉÓ ÌÉËÅ×ÉÓÅ ÃÏÎÓÉÄÅÒÅÄ Á ÖÅÔÅÒÉÎÁÒÙ ÍÅÄÉÃÉÎÁÌ ÐÒÏÄÕÃÔȢȱ 

Following are some other important definitions used in this report: 

 Active Pharmaceutical Ingredients (API) are the substances in medicinal 

products which are pharmaceutically active. 

 Metabolites are the products resulting from structural changes that medicinal 

products may undergo within the body or on the skin of humans and animals. 

Metabolites may be formed by biological and/or non-biological processes. They 

may also result from the activity of metabolic pathways of humans and treated 

animals, as well as from changes performed by other organisms living within or 

on the body of humans and treated animals, and from non-biotic processes 

occurring there (Kümmerer, 2009). 

                                                                    
3 Directive 2001/83/EC of The European Parliament And of The Council of 6 November 2001 on the Community code relating to 
pharmaceuticals for human use 
4 Directive 2001/82/EC of The European Parliament And of The Council of 6 November 2001 on the Community code relating to 
veterinary pharmaceuticals 
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 Transformation products are additional molecules formed after the excretion of 

parent compounds and metabolites in the environment. 

 Pro-drug5 is a medication that is administered as an inactive (or less than fully 

active) chemical derivative that is subsequently converted to an active 

pharmacological agent in the body, often through normal metabolic processes. A 

prodrug serves as a type of precursor to the intended medicinal products. 

2.2 Overview of the life -cycle of medicinal 

products  

The basic life cycle of a medicinal product consists of several stages as illustrated in Figure 1. 
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Figure 1: Life-cycle steps 

These stages, which apply to both human and veterinary medicines are explicated below. 

2.3 Production  

The production of medicinal products can be divided into three sub-stages:  

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

2. Synthesis of the APIs, from organic and natural substances: this stage may combine 

several processes using technologies of high added value such as fermentation, 

extraction, chemical synthesis, etc.; and  

3. Formulation of the final medicinal product: mixing of APIs with excipients to produce 

various dosage forms (such as tablets, pastilles, spray, syrup, or patch) and tastes.  

                                                                    
5  Pro-drug could be explained eitheÒ ÕÎÄÅÒ ȰÁÃÔÉÖÅ ÉÎÇÒÅÄÉÅÎÔȱ ÏÒ ȰÍÅÔÁÂÏÌÉÔÅȱ 
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The biological and pharmaceutical functions and properties of the molecules are explored and 

determined at the R&D stage. On average, only one or two of every 10 000 substances init ially 

developed would successfully pass all the stages to become marketable medicinal products 

(EFPIA, 2012). The development of new molecules includes preclinical studies (proof of 

pharmacological activity and toxicity studies in animals) and clinical studies (tolerance and 

toxicity studies in several healthy volunteers, efficacy studies among several tens of patients and 

finally benefits/risk balance studies among several hundreds of patients).  Developing a new 

medicine takes some 12 to 14 years on average (EFPIA, 2012) (Figure 2).  

 

Source: World Health Organisation, 2006, The pharmaceutical industry in Europe, key data, PowerPoint 

Figure 2: Route from discovery to consumer access6 

R&D is mostly performed in developed countries, such as the United States, Japan, Germany, 

Switzerland, UK, France, and Sweden. Yet, the Asia-Pacific region has recently increased its R&D 

activities, especially in generics7. Whereas R&D is mostly performed in developed countries, most 

APIs manufacturing takes place in emerging countries, predominantly in Central and South 

America as well as in the Asia-Pacific region, which is set to become the global API production 

hub (Weinmann, 2005). This is where most of the pollution related to the manufacture of active 

molecules will occur.  

2.4 Consumption  

Human and veterinary medicinal products are consumed for preventive, diagnostic, nutritional 

and/or treatment purposes. Of 4 000 APIs available in the world (KNAPPE, 2008), 3 000 are 

currently authorised on the EU market (Touraud, 2011). However, according to the variety of 

pharmaceutical authorisation procedures at national level, the available estimations show that 

                                                                    
6 Implications of Regulation - Final report. Available at: 
http://ec.europa.eu/enterprise/sectors/healthcare/files/docs/vol_1_welfare_implications_of_regulation_en.pdf 
7 Generic: Drug product that is comparable to brand /reference listed drug product in dosage form, strength, route of administration, 
quality and performance characteristics 
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the number of APIs varies in different MS. For example, only 850 APIs are authorised in the 

Netherlands (Derksen, 2004) while 2 000 APIs are authorised in the UK (Ashton, 2010), 2 684 in 

Germany (Pfluger, 2011) and 3 000 in France (ANSM, 2012). 

2.4.1 Consumption of human medicinal products 

Medicines consumption varies greatly between countries but leads to an average of 15 grams of 

APIs per capita per year at global level. The annual worldwide consumption of APIs is estimated 

at 100 000 tonnes at least (KNAPPE, 2008). Regarding human medicinal products, EU 

consumption of medicine accounts for 24% of the world total, ranked second after the United 

States (55%), the third place occupied by Japan (14%) (Académie Nationale de Pharmacie, 2008). 

Consumption of human medicinal products in EU is heterogeneous and varies between 50 and 

150 g APIs/capita/year. France and Germany share equally about two-thirds of this consumption 

although the German population is 25% higher than the French (80 millions inhabitants versus 65 

millions); followed by the UK, Italy and Spain (about one-seventh each) (KNAPPE, 2008) 

although English and Italian population are similar (about 60 millions inhabitants) but more 

important than the Spanish one (45 millions inhabitants). France has the highest per capita 

consumption of human medicinal products, followed by Germany, Spain, UK, and Italy. 

Efforts have been made in the recent past to produce datasets comparing the consumption of 

human medicinal products consumption by active molecule in different countries, such as the 

2008 KNAPPE project (KNAPPE, 2008) covering France, Germany, Poland, Spain and the UK, or 

the European Surveillance of Antimicrobial Consumption (ESAC) project8 covering antibiotics 

consumption throughout the EU. The latter publishes the volumes of antibiotic use in ambulatory 

care settings, expressed in Defined Daily Dose (DDD) per 1000 inhabitants per day for the years 

2003 up to 2010, for each Member State. The following table (Table 1) presents a compilation of 

data from various sources on the consumption of various medicinal products for humans 

following the therapeutic class and the MS. 

Several scientific publications (Coetsier, 2009) (Le Pen, 2007) (Sabban, 2007) and official reports 

(Clerc, 2006) have estimated total European consumption of human medicine between 750 and 

1 500 standard units9/capita/year (SU/capita/year), detailing each medicinal product ÃÁÔÅÇÏÒÙȭÓ 

consumption per Member State. For example, anti-hypertension medicinal products and 

analgesics are the most consumed (about 500 SU/capita/year each), followed by psychoactive 

medicinal products (300 SU), anti-cholesterol or diabetes medicinal products (about 150 SU) and 

finally antibiotics (80 SU). France is the Member State with the highest consumption of all these 

categories of human medicinal products, except hypertension medicinal products for which the 

UK has the highest consumption. 

                                                                    
8 ESAC project: app.esac.ua.ac.be/public/ and ESAC database : www.esac.ua.ac.be/main.aspx?c=*ESAC2&n=50039 
9 The standard unit (SU) corresponds to the smallest common dose of a medicine, for all dosage forms (for example 1 pill, 1 tablet, 1 
dose-measuring spoon, etc.). The consumption assessment in units (i.e number of box) leads to an overestimation of French 
consumption regarding other European countries; since packaging are different following EU states (more pill per box in Germany or 
UK for example). 






























































































































































































































































































































































































































































































































































