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

Therapeutic class of 

human medicinal products 

Number of standard 

units9/capita/year (in 2006)  

(Coetsier, 2009) 

DDD10 / 1000 inhabitants / day        

(year of data) 

DE ES IT UK FR EL FR PT SK IT BE PL ES FI SI NO UK SE DE DK AT NL 

Non narcotic antipyretic 

analgesics  

(Lasinskas, 2009) 

50 76 23 
11

7 

14

6 
  

    

 

 100 
(2007) 

 80 
(2007) 

   124 
(2007) 

 

 

Anti-

hypertensi

on 

medicinal 

products 

all 
14

4 
82 

10

8 

11

8 

11

0 
  

    
 

         
 

ɼ-blockers 39 12 17 24 23                  

IEC and 

sartans 
51 36 49 34 39   

    
 

         
 

Psychoacti

ve 

medicinal 

products 

Antidepres

sant 

(OECD, 

2011a) 

17 21 14 28 29  
50 

(2003) 

72 

(2003) 
27 

(2003) 
 67 

(2003) 
 

58 

(2003) 
66 

(2003) 
43 

(2003) 
55 

(2003) 
61 

 (2003) 
74 

(2003) 
42 

(2003) 
78 

(2003) 
 

40 

(2003) 

Sedative 5 36 22 6 40                  

Anti-

epileptic 
11 15 10 17 13   

    
 

         
 

Anti-asthmatic 56 70 18 
17

5 
78   

    
 

         
 

Anti-cholesterol medicinal 

products (OECD, 2011a) 
21 23 18 32 42  

92 

(2003) 
90 

(2003) 
97 

(2003) 
 110 

(2003)  
74 

(2003) 
91 

(2003) 
74 

(2003) 
104 

(2003) 
121 

(2003) 
71 

(2003) 
62 

(2003) 
99 

(2003) 
 89 

(2003) 

Anti-diabetes medicinal 

products (OECD, 2011a) 
25 30 28 28 36  

66 
(2003) 

69 

(2003) 
50 

(2003) 
 55 

(2003)  
62 

(2003) 
80 

(2003) 
54 

(2003) 
47 

(2003) 
70 

(2003) 
50 

(2003) 
79 

(2003) 
44 

(2003) 
 66 

(2003) 

Antibiotics (ESAC, 2006) 8 18 14 19 22 
32 

(2003) 
28 

(2003) 
27 

(2003) 
27 

(2003) 
26 

(2003) 
24 

(2003) 
21 

(2003) 
20 

(2003) 
19 

(2003) 
17 

(2003) 
16 

(2003) 
15 

(2003) 
15 

(2003) 
14 

(2003) 
14 

(2003) 
13 

(2003) 
10 

(2003) 

Anti-ulcerous medicinal 

products 
12 29 16 19 22   

    
 

         
 

                                                                    
10 Defined daily dose (DDD) is the assumed average maintenance dose per day for a drug used for its main indication in adults 
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The consumption of medicinal products (i.e. consumed volumes) varies considerably from one 

country to another (Verbrugh, 2003) (Goossens, 2005) (Schuster, 200ήɊ ɉ-ÉÎÉÓÔîÒÅ ÄÅ Ìȭ%ÃÏÌÏÇÉÅȟ 

2010), although these numbers should be interpreted with care as the quality of reporting varies 

across different sources. For instance, analgesics are consumed at a total rate of more than 2 600 

tonnes/year in the EU (Bergmann, 2011). However, the French ingest 47 grams of Paracetamol 

each year (60% of analgesics sold molecules)/capita (KNAPPE, 2008) instead of 16 grams for 

English people or even 4 grams for Italian or German people (Sadezky, 2008). Another example is 

antibiotics consumption in ambulatory care, i.e. outside the hospital, which is also extremely 

heterogeneous in the EU: countries in the South and East of Europe have the highest 

consumption, whereas consumption is much lower in the Northern countries (ESAC, 2006). For 

example, the French consume about 30 daily doses of antibiotics/1 000 inhabitants/day 

compared to only 10 for the Netherlands; or 6.5 g/capita/year of amoxicillin (antibiotic best-seller 

in France) compared to 1.2-1.4 g/capita/year in Germany or the UK(GACE, 2007). Consumption 

trends (increase, decrease or stable) can also vary considerably from one class of medicinal 

products to another. An overall decrease in antibiotic use was observed in Europe in 2011, 

especially in Estonia, Slovenia, Portugal, France, Hungary, and Slovakia, whereas EU 

consumption of anti-diabetic products increased by 75% between 2000 and 2009 (OECD, 2011b). 

There are even more drastic differences, e.g. in consumption of slimming preparations (which 

have much more problematic properties than Paracetamol from ERA point of view). 

In addition to studies focusing on the main APIs - as opposed to whole medicinal products - 

consumption at Member State level (MEDICAM, 2007), the KNAPPE project (KNAPPE, 2008) 

provides a comprehensive overview at EU level for veterinary and human APIs. It reports annual 

consumption levels exceeding 50 tonnes/year like the analgesic Paracetamol and Diclofenac, the 

antibiotic Sulphamethoxazole or Amoxicillin, the anti-epileptic Carbamazepine or Valproic acid 

and the psychoactive Lorazepam, as well as the anti-diabetic Metformine or the antihypertensive 

Metoprolol (GACE, 2007). However, the information is more scattered for other molecules, and it 

is even more difficult to have data on medicinal products sold over the counter (OTC) or via 

Internet11.  

The common use of human medicinal products can be totally disrupted in case of epidemic or 

pandemic situation. Indeed, the medicinal treatment of humans in epidemic/pandemic situations 

has similar character with mass-treatment in veterinary medicine.  

2.4.2 Consumption of veterinary medicinal products 

Veterinary medicinal products are used in smaller quantities than human medicinal products. 

Veterinary medicinal products  are extensively used in farming for therapeutic and metaphylactic 

purposes (which represent more than 95% of the use of medicines in the rearing of piglets and 

turkey, more than 70% of the use of medicines for pigs and poultry and 30% of the use of 

medicines for bovine) (Kools, 2008). Some commonly used treatment practices, such as 

campaign treatment of all animals in the farm, need very high quantities of veterinary medicinal 

                                                                    
11 For example, the consumption data from Germany, Poland, Spain and the UK (England and Wales) do not include OTC-drugs, 
although detailed data exist for France (KNAPPE, 2008). 
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products. For example, if 1 000 cows or 10 000 pigs or 100 000 poultry are treated through feed, 

the quantities of the used preparation of veterinary medicinal products in the campaign may be 

remarkably high. The types of medicinal products used and prescribing patterns (dosage, length 

of treatment periods and formulation) may vary significantly for the various species in different 

countries, as for antimicrobials (EMA, 2010). In Germany for instance, 98 % of the antibiotic APIs 

in veterinary medicines are used for treating pigs and poultry, while the remaining 2 % are spread 

among other species (GACE, 2007). In Belgium on the other hand, cattle farming is a major 

consumer of antimicrobials. There is no overall EU picture regarding these figures. 

The quantities of veterinary medicines consumed in the EU are also significant. In 2009, 

approximately 2300 tonnes/year of veterinary APIs were sold in CZ, DK, FI, FR, NL, NO, SE and 

the UK, although decreasing trends for the sales of antimicrobials were recently observed in 

these countries ( - 8.2% mg/PCU12 from 2005 to 2009)13,14 (Figure 3). This decrease was mainly 

due to a decrease in the sales of tetracyclines. 

Source: EMA (2012) Second ESVAC report  

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

unit (mg/PCU))15 

It is possible to deduce the consumption quantities from MS statistics (for example, in Germany 

in 2006 the veterinary medicine consumption was about 700 tonnes/year (GACE, 2007), 

accounting for 10% of the total consumption of medicinal products which exceeded 7 000 

tons/year. Some competent authorities provide detailed statistical analysis (available for instance 

for Denmark16 and France17. Quantitative data on consumption could also be gathered from 

                                                                    
12 PCU: mg active substance per 'population correction unit, i.e.per estimated kg live-weight of the populations of food producing 
animals.  
13 In particular, the subclasses of tetracyclines (for their efficient, low cost and wide spectrum (Académie nationale de Pharmacie, 
2008)), sulfonamides and macrolides (KNAPPE, 2008).  
14 Detailed information on the sales in the eight countries is available from the national reports in Annex 4 of (EMA, 2012), Second 
ESVAC report. 
15 Data for number of slaughter pigs were updated for the PCU for Norway for 2005-2009, due to errors in the original data. Sales data 
for 2005-2009 were obtained before the ESVAC protocol and harmonised collection of data were implemented. Data for 2010 should 
not be used to evaluate development in the sales from 2009 to 2010. 
16 Available at : www.ssi.dk/Sundhedsdataogit/Dataformidling/Laegemiddelstatistikker.aspx 

17 For instance, in Chevance, 2008. 
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scientific publications18. For example, in 2006 in France, the amount of antibiotics sold for 

veterinary purposes (Tetracycline essentially) was much higher than in other EU countries, and 

would be equivalent to the amounts sold for human consumption, which is in general not the 

case for other countries (Chevance, 2008). Indeed, about 1 190 tonnes/year of APIs (of antibiotic 

veterinary medicinal products) were used in France in 2006 versus 670 tonnes/year for Germany 

and Spain, about 400 tonnes/year for UK (Veterinary Medecine Directorate, 2011), Italy, 

Netherlands and Poland, and less than 100 tonnes/year for the others) (GACE, 2007). 

Since 2010, the European Surveillance of Veterinary Antimicrobial Consumption (ESVAC) project 

also collects information across the European Union (EU), but specifically on antimicrobial 

medicines. Data for 2010 (EMA, 2010) show the heterogeneity in veterinary medicinal products 

consumption among MS (excluding Germany), with an apparent 30-fold difference in sales of 

antimicrobials (antibiotics are part of the antimicrobial therapeutic class), in mg/PCU, between 

the most and least-selling countries (EMA, 2012) (Figure 4).  

 

Figure 4 : Sales for food-producing species, including horses, of the various veterinary 

antimicrobial classes for 2010 (in mg/PCU, by country) (EMA, 2012)  
Others: cephalosporins, other quinolones and other antibacterials (classified as such in the ATC vet system).  

In 2010, Spain and France had the highest total antimicrobial sales for food-producing animals 

(respectively 1746  tonnes and 997 tonnes), but the Figure 4 shows that, when considering the 

animal population of each country, Hungary and Spain had the highest antimicrobial sales per 

food-producing animal (respectively 268 mg/PCU and 241 mg/PCU). Overall, in the 19 MS, 

tetracyclines, penicillins and sulfonamides were the most-sold antimicrobial classes, accounting 

for 39%, 23% and 11% of the total sales in mg/PCU, respectively.  Data are also available for 

                                                                    
18 For example, Dutch figures for veterinary medicinal products can be found on the website of research institutes such as 
www.maran.wur.nl/UK/ (funded by industry and government). 
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another veterinary products class, parasiticides and non-steroidal anti-phlogistics19 with a 

consumption of 28 tonnes/year in France or Spain, and less than 10 tonnes/year in the other MS.  

In general, the range of molecules available for human medication is much broader than the 

range of molecules used for veterinary purposes. For instance, in Germany, about 2% only of all 

types of medicinal products sold could be intended for use in animals (EMA, 2012).  

A growing segment of the veterinary products market is the companion animals, or pets ɀ in 

contrast with farming animals one. The 4% growth observed for the global market of veterinary 

ÐÒÏÄÕÃÔÓ ÂÅÔ×ÅÅÎ ΨΦΦΨ ÁÎÄ ΨΦΦή ×ÁÓ ÍÁÉÎÌÙ ÄÕÅ ÔÏ ÔÈÅ ÐÅÔÓȭ ÍÅÄÉÃÉÎÁÌ ÐÒÏÄÕÃÔÓ ÍÁÒËÅÔ ÇÒÏ×ÔÈ 

(+8% alone). In 2011, the companion animals segment stands for 38% of the global veterinary 

sales20 (only in France, almost 11 million cats (1st rank in Europe) and 7.7 million dogs (2nd rank in 

Europe) are registered). 

Antibiotics account for a large part of the veterinary market. In France, large-scale animal 

farming uses 1 180 tonnes/year of antibiotics compared to 28 tonnes/year of parasiticides and 0.7 

tonnes/year of hormones. Antibacterial substances are also utilised in aquaculture production 

with the purpose of prevention (prophylactic) and treatment (therapeutic use) of bacterial 

diseases (Lupin, 2003). The compounds utilised in aquaculture are of the same type utilised to 

treat bacterial diseases in humans. In Europe, only 14 medicinal products are authorised and 

approved for aquaculture (Rodgers, 2009), including seven antimicrobial/antibiotic medicinal 

products, six microbiocides/ antiparasitic medicinal compounds and one anaesthetic. Annex 1 

presents the dosage and quantities of medicinal products used in salmon aquaculture. 

The antiparasitic medicinal products represent the most important part of the market. Only 1-2% 

of the veterinary antibiotics sold are for companion animal only, as the large majority is for 

farming animals (93%) (Chevance, 2008). About 5 to 7% of veterinary antibiotics can be used for 

either companion or farming animals. For example, pets dedicated sales represent 0.07% of 

French tetracyclines annual sales (0.05 tons), 4.7% of beta-lactamines sales (5.3 tons), 1.5% of 

sulfamides sales (3.2 tons) and 1.9% of macrolides sales (2 tons). Nevertheless, 63% of 

cephalosporin market is dedicated to pets, and 100% furans market too. Moreover, the quantity 

of antibiotic sales for pets is increasing in France (+31% between 2000 and 2006, from 14.6 to 

19.1 tons) whereas those for farming animals is decreasing (-9% for the same period, from 1281 

from 1167 tons). About 20 tons of antibiotic (tons of active substance) were sold for cats in France 

in 2006 and 31 tons for dogs. For comparison, among the 447 tons of veterinary antibiotics sold in 

the United Kingdom, 35 tons (8%) were dedicated to companion animals (cats, dogs, and horses) 

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

2.4.3 Overall market trends 

Industrial production and sales in the market lead to that overall medicinal products consumption 

has increased in the EU over the past two decades (EFPIA, 2012). There is also an increasing 

trends in R&D investment. The EU medicinal products market has risen from EUR 48 billion in 

                                                                    
19 These active ingredients have broad effect specificity and are not metabolised by the organism, both properties with a high degree 
of environmental relevance. 
20 www.merci-les-medicaments-veterinaires.com/enjeux.php?id_menu=56 
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1990 to EUR 172 billion in 2007 and is expected to amount EUR 242 billion in 2014 (LEEM, 2011) 

(GlaxoSmithKline, 2009). For example, in 2006, the French spent EUR 547 for their medicinal 

products per capita (LEEM, 2011) compared to EUR 467 in 2002 or only EUR 95 in 1980 

(Académie Nationale de Pharmacie, 2008). An annual growth of this market of +3.9% between 

2008 and 2013 (ECORYS, 2007) or between +1% and +4% between 2011 and 2015 is forecasted at 

world level (IMS Health, 2012). However, this growth trend is slowing down in the EU. In terms of 

value of sales, growth in 2008 was negative (-0.4 %) for the first time in many years (IMS Health, 

2012). In France, a small growth of +0.5% was observed in 2011 according to ANSM and a decline 

(-1%) is expected between 2011 and 2015. Indeed, future changes in demographics and lifestyles 

are likely to influence pharmaceutical trends, especially of some molecules: antibiotic 

consumption is decreasing whereas anti-diabetic medicinal products and those for cardiovascular 

diseases are expected to see the fastest growth (Pharmaceutical Drug Manufacturer, 2012) as the 

fraction of diabetic people, and so prescription of these medicinal products, is increasing in EU 

(Filion, 2009). 

In parallel, accordingly to industrial position papers, different regions of the world will 

increasingly influence consumption trends by changing supply and demand patterns. A shift is 

notably expected in the Asia-Pacific market because of the rising income and the development of 

health insurance schemes.  

2.5 Waste management  

Medical waste includes unused medicinal products (human or veterinary) and contaminated 

materials (e.g. packaging) and liquids (Castensson, 2008) generated during manufacturing and 

administration. The excretion issue is not addressed here. It is considered as emissions resulting 

from the consumption stage and will be addressed in Chapter 3:, section 3.2.  

Medical waste stream is very heterogeneous in terms of quantities and/or quality, which poses a 

significant challenge for waste storage, collection, and disposal (NRDC, 2009) (Bound, 2005). 

Depending on the type of waste stream, it can be discharged in landfills, incinerated, or treated in 

water treatment plants, with a large share of medical waste being sent for incineration (EEA, 

2010). 

According to the European Federation of Pharmaceutical Industries and Associations (EFPIA), 

unused medicinal products destined for humans represent 3 to 8% of the medicinal products 

sold21. Other estimations from KNAPPE are more pessimistic with a proportion of medicinal 

products sold unused from 5% in Sweden (APOTETEK, 2006) to 50% in France (Grass, 2005) and 

UK (Bound, 2005). The START project assessed a global amount of 5 700 tonnes/year of unused 

medicinal products in Germany (START, 2006). According to the results of the KNAPPE project, 

the human medicinal products that predominate (in terms of the numbers of packs) among those 

that are left over are medicinal products for cardiovascular disease, asthma, the nervous system 

and the gastro-intestinal tract (KNAPPE, 2008).    

                                                                    

21
 Presentation given by Michael Murray, representative of pharmaceutical industries, during the Workshop on the presence of 

medicinal products in the environment organised in Brussels by BIOIS on behalf of EAHC, on September 19, 2012. 
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EU medicinal legislation has required take-back schemes for unused and expired human 

ÍÅÄÉÃÉÎÁÌ ÐÒÏÄÕÃÔÓ ÓÉÎÃÅ ΨΦΦΪ ɉ$ÉÒÅÃÔÉÖÅ ΨΦΦΪȾΨέȾ%#Ɋ ÔÏ ȰÅÎÓÕÒÅ ÔÈÁÔ ÁÐÐÒÏÐÒÉÁÔÅ ÃÏÌÌÅÃÔÉÏÎ 

systems are in place for human medicinal proÄÕÃÔÓ ÔÈÁÔ ÁÒÅ ÕÎÕÓÅÄ ÏÒ ÈÁÖÅ ÅØÐÉÒÅÄȱ ɉ!ÒÔÉÃÌÅ 

127b). Most of the 28 countries interviewed in the EEA survey reported or estimated the amount 

of collected unused medicinal products between 10 and 100 tonnes/year/million capita (EEA, 

2010).The collection of unused medicinal products from households is estimated to range from 

0.19 tonnes/year/million capita in Croatia to 237 tonnes/year/million capita in Switzerland 

(Sadezky, 2008). This programme is very effective in Sweden, where 74% of the Swedish public 

disposed their unused medications (5% of sales) by returning them to pharmacies in 2006 

(APOTETEK, 2006). Nevertheless, in the majority of EU Member States, a big share of unused 

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

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

products) are returned(Académie Nationale de Pharmacie, 2008). 

2.6 Chapter summary  

2.6.1 Key messages 

 Depending on the life-cycle stage considered, many countries worldwide are 

concerned by the risk of release of medicinal products in the environment, 

notably, most APIs manufacturing takes place in developing countries, 

predominantly in the Asia-Pacific region as well as in Central and South America . 

 About 3000 APIs are currently authorised on the EU market as a whole, however 

the APIs authorised varies significantly across MS. 

 Industrial production and sales in the market lead to that overall medicinal 

products consumption has increased in the EU over the past two decades. The EU 

medicinal products market has risen from EUR 48 billion in 1990 to EUR 172 

billion in 2007 and is expected to amount EUR 242 billion in 2014 

 In general, the molecules used in human medicinal products are much more 

diverse than those used in veterinary medicine (for both pets and food-producing 

animals). For instance, in Germany, about 2% only of all types of medicinal 

products sold areintended for use in animals. 

 Regarding human medicinal products, EU is the second biggest consumer in the 

world (24%) after the United States (55%). However, human medicine 

consumption in the EU is heterogeneous and it varies between 50 and 150 

g/capita/year across MS.  

 Several scientific publications and official reports have estimated EU 

consumption of human medicinal products, detailing in some cases the 

consumption of medicinal products categories per MS. Anti-hypertension 

medicinal products and analgesics are the most consumed (about 500 

SU/capita/year each), followed by psychoactive medicinal products (300 SU), 
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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. However, the available 

data is very limited and scattered. More difficult is to have data on medicinal 

products sold over the counter (OTC) or via the Internet. Moreover, the quality of 

reporting considerably varies from a MS to another.  

 The consumption of veterinary medicinal products is importantin the EU when 

compared to the rest of the world. Veterinary medicinal products are extensively 

used in farming for therapeutic and metaphylactic purposes (which represent 

more than 95% of the use of medicines in the rearing of piglets and turkey, more 

than 70% of the use of medicines for pigs and poultry and 30% of the use of 

medicines for bovine). The companion animals segment, which stood for 38% of 

the global veterinary sales in 2011, represents a significant share of the market. 

Market data, deduced from MS statistics, show the heterogeneity in veterinary 

medicinal products consumption among EU countries. For instance, about 1 190 

tonnes/year of antibiotics were used in France in 2006 versus 670 tonnes/year for 

Germany and Spain, about 400 tonnes/year for UK, Italy, Netherlands and 

Poland, and less than 100 tonnes/year for the others. Quality and quantity of 

available data also varies among different MS making a proper comparison 

difficult. 

 Some veterinary treatment practices, such as campaign treatment, use very 

significant quantities of veterinary medicinal products, and the resulting 

«emission» may create a «hot-spot» as contaminated manure. 

 Estimations regarding unused medicinal products are very heterogeneous 

depending on the considered EU country and source of information. According to 

the EEA, in the majority of MS, a large share of unused medicinal products (50%) 

is not collected and some MS do not yet have implemented take-back schemes. 

 The medical waste stream is very heterogeneous in terms of quantities and 

quality, which poses a significant challenge for waste storage, collection and 

disposal. Depending on the type of waste stream, it isdischarged in landfills, 

incinerated, or treated in water treatment plants, with a large share of medical 

waste being sent for incineration. 

2.6.2 Knowledge gaps 

 Systematic and comprehensive reporting on consumption of OTC medicinal 

products in general and of medicinal products sold via internet is does not exist. 

 Detailed market data per API or single products is not systematically available, at 

least not publicly. 

 There is no systematic and comprehensive reporting of veterinary medicinal 

products going to the waste stream . 
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 Systematic and comprehensive reporting of human medicinal products going to 

the waste stream is not done, notably regarding the unused medicinal products 

pathways when not collected is missing, even if the difficulty in having this 

information is acknowledged. 

 Thre is no quantitative information on the efficiency of the existing collection 

schemes of unused medicinal products. 
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Chapter 3:  How do medicinal products enter the 

environment?  

The original substances of medicinal products as well as their residues (including Active 

Pharmaceutical Ingredients, metabolites22, transformation products) may be emitted into the 

environment during their life cycle (Holm, 1995) (Halling-Sørensen, 1998). Various scientific 

monitoring and related publications (Sadezky, 2008) (Schlüsener, 2008) suggest that such 

emissions occur in different parts of the world, including the EU MS.  

The relative importance of the sources and contamination pathways along the life cycle of 

medicinal products differs depending on whether veterinary or human medicinal products are 

considered and whether both point sources (like pharmaceutical factories or waste treatment 

plants) and diffuse sources are taken into account.  

Both human and veterinary medicinal products can be released from the manufacturing stage, 

e.g. through leakages or manufacturing waste. 

After consumption, human medicinal products are generally excreted as a mixture of parent 

compounds and metabolites (both biological active and inactive) and emitted to the sewage 

system. The compounds may then be released to surface waters or enter terrestrial systems 

through sewage effluent and/or sludge, when used for irrigation or as a fertiliser to agricultural 

land (Kinney, 2006).  Veterinary medicinal products are released also as parent compounds and 

metabolites to the environment either directly, from use in aquaculture and treatment of pasture 

animals, or indirectly during the land application of manure and slurry from livestock facilities 

(Boxall, 2003).  

Disposal of unused medicines may also represent emission sources of pharmaceutical 

compounds to the environment (Fick, 2009). 

3.1 Emissions from manufacturing  

In the EU and in North America, the direct contribution from production facilities to emissions of 

medicinal products and/or their residues have been considered negligible so far according to the 

European Environment Agency, despite manufacturing facilities being known to produce 

substantial amounts of waste23 (EEA, 2010). The assumption that, with the exception of 

accidental releases, the production of medicinal products plays a minor role in their discharge 

into the environment (GACE, 2007), is generally based on the high economic value of the active 

substances (Heberer, 2002) (Kümmerer, 2009) (EFPIA, 2012) . EFPIA estimates that only 2% of 

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

                                                                    
22 A metabolite is an intermediate product of the metabolisation of a medicine. 
23 In the US, the amount of waste generated per kg of active ingredient produced can range from 200 to 30 000 kg (NRDC, 2009). 
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production24. However, the empirical evidence underlying these assumptions and estimations is 

not explicitly illustrated or presented. Moreover, a recent study showed that the discharges of a 

pharmaceutical manufacture could have adverse effects on the fish living downstream of a river 

(Sanchez, 2011). Presently, a systematic monitoring of emissions during manufacturing at EU 

level is missing and thus the amount of API releases from production facilities is largely unknown 

(APOTETEK, 2006). Moreover, possible pollution downstream from manufacturing plants has 

been observed in the EU and other parts of the world while monitoring specific sites: APIs have 

ÁÌÒÅÁÄÙ ÂÅÅÎ ÍÏÎÉÔÏÒÅÄ ÉÎ ÓÏÍÅ ÍÁÎÕÆÁÃÔÕÒÉÎÇ ÐÌÁÎÔÓȭ ÅÆÆÌÕÅÎÔÓ ÉÎ !ÓÉÁ ɉ,ÁÒÓÓÏÎȟ ΨΦΦέɊ ɉ,Éȟ 

2008a) (notably in India) and in Europe (Main, Rhine (Sacher, 2008), Lac Leman (Bernard, 2007), 

Loire (Togola, 2011), Norway (Thomas, 2008)). Releases during manufacturing in non-EU 

countries, even if not directly linked with environmental effects on the EU territory, might be of 

relevance for the EU. In a globalised world EU citizens can be affected by the antimicrobial 

resistance developed in populations from those countries, notably in the case of antibiotics. The 

treatment of manufacturing emissions is discussed in section 3.3.  

3.2 Emissions from consumption  

Of the different steps of the life cycle, the consumption stage is the most important contributor 

to the emissions of medicinal products into the environment (GACE, 2007) (Schwarzenbach, 

2007) (Bound, 2005).  It may sometimes be difficult to attribute human or veterinary origins to 

the residues detected in the environment (EEA, 2010) (KNAPPE, 2008), because some medicinal 

products can be used in both humans and animals, according to either product usage 

specifications or inappropriate use25 (e.g. products for human use specifically which end up being 

used for animals).  

The consumption step contributes to the emission of medicinal products into the environment 

mainly through human and farm animal excretions26 (GACE, 2007) (EEA, 2010) (Haya, 2000) 

(Hecktoen, 1995) (Boxall, 2004) which are continually released in raw sewage or soil (for animals) 

via urine and/or faeces27. Figure 5 presents a schematic diagram of the known contamination 

pathways related to the use phase for both human and veterinary medicinal products. Although 

excretion is the main pathways to the environment for both human and veterinary products, 

significant quantities of human or pet medicinal products dermally applied, such as gels 

containing anti-inflammatories, can be washed off the skin during showering/bathing. 

                                                                    

24 Presentation given by Michael Murray, representative of pharmaceutical industries, during the Workshop on the presence of 

medicinal products in the environment organised in Brussels by BIOIS on behalf of EAHC, on September 19, 2012. 
25 Some medicinal products are used for both humans and animals. 
26 Excretions are addressed here, in the consumption section, and not in the end-of-life section which focuses on the issue of medical 
waste and unused products. 
27 Approximately 45-62 percent of the drug ciprofloxacin is excreted in human urine, while another 15-25 percent is excreted in the 
faeces (NRDC, 2009). 
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Figure 5: Emission pathways related to the use-phase of medicinal products  

The nature and amount of medicinal residues released after consumption mainly depend on the 

volumes and nature of the administered substances, the modes of administration28 and the 

metabolism rates29 (GACE, 2007).  

3.2.1 Excretions of animals and humans 

Between 30 and 90% of an orally administered dose is generally excreted as an active substance 

(Rang, 1999) in the urine of animals (Alcock, 1999) and humans (Holtz, 2006). Significant 

amounts can also be excreted in faeces (up to 75% in animal faeces) (Halling-Sørensen, 1998).  

 Animal excretions 

For example, sheep excrete nearly 21% of an oral dose of Oxytetracycline, and young bulls 

excrete about 17ɀ75% of Chlortetracycline (Montforts, 1999). The contribution of animal 

excretions to the environmental load of medicinal products has been studied (see for instance 

the investigation of the presence of Ivermectin30 in dung (Lumaret, 1993; Fernadez, 2009)). This 

                                                                    
28 The oral route is by far the predominant administration mode, both for humans and animals (in particular through medicinal feed in 
large-scale breeding) (Académie nationale de Pharmacie, 2008). Other routes include parenteral route, and to a lesser extent, 
mammary route and external routes. 
29 In practice, the excretion rate of active substances (percentage of substance excreted once administered) may be used to calculate 
emissions and then the predicted concentration of pharmaceutical in the environment (e.g. done in sewers for amoxicillin, 
acetylsalicylic acid, diclofenac, paracetamol, atenolol, furosemide, dipyridamole, erythromycin and Ibuprofen) (Achilleos, 2005).  
30 Compounds used to reduce the impact of Lyme disease on human health by reducing tick populations in the environment. 



Chapter 3 : How do medicinal products enter the environment?  

 

 
Study on the risks of environmental effects of medicinal products | 49 

is an important contamination pathway in the case of the re-use of organic waste, notably in 

agriculture, as detailed in the next section.  

For the specific case of veterinary medicines for pets, there is no study quantifying the 

environmental emissions of medicinal products administered to pets, nor establishing the 

impacts of these emissions (Boxall, 2003). Nevertheless, based on dosage, pharmacokinetic data 

and excretion rates, it might be possible to roughly estimate the release of those compounds in 

the environment. For example, the veterinary medicinal products for companion animals, 

Medetomidine, is excreted in urine in three days (30-75% of a single dose 80µg/kg) (Salonen, 

1989). Another example is pyrethrins and pyrethroids, which are used in numerous formulations 

(0.2-1% in shampoo, 0.8-6% in collar, 50% in solution, and 0.2-1% in aerosol) used for the control 

of insect pests on dog and cats. About 14-70% of an oral dose are absorbed and metabolised. 

Their lipophilicity triggers long elimination half-lives (about 10h) but almost all of an oral dose of 

pyrethroids is excreted as metabolites in the urine and faeces within a few days. However, the 

amount of treated animals and their mean weight would need to be known to extrapolate the 

amount of compound released in the environment. 

 Human excretions 

A study (Lienert, 2007) analysed the excretion pathways of 212 human active pharmaceutical 

ingredients (APIs), equalling 1,409 products. On average, 64% (+/-27%) of each API was excreted 

via human urine, and 35% (+/-26%) via human faeces. However, regarding human medicinal 

products, the quality and quantity of excreted molecules is highly variable. In urine, 42% (+/-28%) 

of each API was excreted as metabolites but there was a significant variability depending on the 

API. For example, 80-90% of the antibiotic Amoxicillin is released in the parent form, while only 

3% of Carbamazepine is excreted unchanged (Lienert, 2007). 45-62% of Ciprofloxacin is excreted 

in human urine, while another 15-25% is excreted in the faeces (Golet, 2003).The excretion rates 

of the API EE2 or its conjugate are extremely high at 85%, the majority (50 to 90%) being 

excreted in conjugated form together with urine (Ranney, 1977). 

Releases of excretions into the sewage system undergo wastewater treatment. This aspect is 

discussed in section 3.3. 

3.2.2 Case of aquaculture 

In most European countries, fisheries in open waters is supported by a large industry producing 

fish in aquaculture to provide sufficient quantity for the fish food marked. Substantial amounts of 

medicine can enter the environment directly (GACE, 2007) through food/feed surplus notably in 

aquaculture, where the breeding and keeping of commercial and ornamental fish produces direct 

discharges of medicinal products and feed additives into the aquatic environment, through their 

supply in the water (Cabello, 2006). Prophylactic use of veterinary medicinal products has been 

particularly developed in aquaculture, notably antibiotics, to forestall bacterial infections 

resulting from the high density of fishes, the difficulty in isolating sick animals and the absence of 

sanitary barriers (Naylor, 2005). As in other animal production sectors, antibacterial substances 
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are utilised in aquaculture production with the purpose of prevention (prophylactic) and 

treatment (therapeutic use) of bacterial diseases (Lupin, 2003). Antibacterial have been utilised 

as growth factors in European aquaculture for many years, even if this is an illegal practice. The 

compounds utilised in aquaculture are of the same type utilised to treat bacterial diseases in 

humans.  

In Europe, only 14 medicinal products are authorised and approved for aquaculture (Rodgers, 

2009), including 7 antimicrobial/antibiotic medicinal products (Amoxicillin, Florfenicol, 

Flumequine, Oxolinic acid, Oxytetracycline, Sarafloxacin and Sulfadiazinetrimethoprim), 6 

microbiocides/ antiparasitic medicinal compounds (Azamethiphos, Bronopol, Cypermethrin, 

Emamectin Benzoate, hydrogen peroxide and Teflubenzuron) and one anaesthetic (Tricaine 

Methane Sulphonate). For example, Azamethiphos is an organophosphate insecticide (and the 

active ingredient in the formulation Salmosan) used in the sea lice treatment (Haya, 2000). 

Annex 1 presents the dosage and quantities of medicinal products used in salmon aquaculture 

(representing 90% of aquaculture production) in Norway and UK. Those countries are the major 

European producers of salmon (and among the 3 major world producers with Chile), with 

respectively 510 000 tons (49% of world production) and 145 000 tons (14% of world production) 

of salmon production in 2003 (Burridge, 2008). 

Releases are particularly substantial from the breeding of shrimps and salmon. Significant 

emissions of medicinal products were detected in salmon and shrimps farming in Norway (Grave, 

1999). Moreover, a recent survey (SEPA, 2013) measured the occurrence of medicinal products in 

the sediments of Scottish marine fish farms. Although the concentrations were often below the 

limit of detection, they measured up to 2.2 µg of Teflubenzuron / kg of dry weight sediment, 22 

µg of emamectin / kg of dry weight sediment, 0.3 µg of Deltamethrin / kg of dry weight sediment, 

and 0.15 µg of Cypermethrin / kg of dry weight sediment. 

3.2.3 Other emissions  

Non-negligible quantities of human or pet medicinal products dermally applied, such as gels 

containing anti-inflammatories, can be washed off the skin during showering/bathing. For 

example, only 2% of a dermal dose of pyrethrins and pyrethroids are absorbed and metabolised 

(Boxall, 2003). 

To a lesser extent, emissions of medicinal products can also result from their volatilisation or 

from the airborne transport of dust from animal sheds (GACE, 2007), although the significance of 

such releases into the atmosphere is still unknown (other routes, e.g. sweating, are considered 

negligible). 

3.3 Emissions due to disposal and waste  treatment  

This section focuses on the emissions from the disposal of medical waste (including e.g. 

contaminated packaging and unused medicines) and from the treatment of sewage and solid 

waste, including waste streams from the manufacturing stage to the consumption stage (e.g. 

excretions). 
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Different facilities (households, hospitals, health care centres, manufacturing facilities, waste 

treatment plants, etc.) contribute to the occurrence of medicinal products in waste streams that 

need to be treated, although there is little information about their respective contributions and 

the available information generally covers only a part of the process or specific active substances.  

In particular, hospital effluents can contribute to a variable, but non-negligible share of the 

medicines released in the environment through urban effluents. In the EU, hospitals contribution 

to medicinal products environmental load is estimated at about 10% of urban effluents 

(Kümmerer, 2009). However, this share can be higher, as shown for instance in Denmark, where 

it is estimated that 24% of the total antibiotic load in the Capital Region originates from 

hospitals. This figure rises to 43% if non-problematic penicillins are disregarded. For hospital-

specific substances such as cytostatics, endocrine therapy or contrast media it is shown that 

hospitals are the overall biggest sources (70-90%) while for pain killers or blood pressure 

medicine they are smaller contributors31. 

3.3.1 Disposal 

Medical waste (including contaminated packaging and unused medicines, from all stages of the 

life cycle) is usually disposed off directly in the bin (solid waste), thus joining municipal waste, in 

the drains (sinks or toilets) for liquids, thus joining excretions in the sewage network, or is 

collected through collection schemes.  

 

Improper disposal of medicinal products has been identified as a potential major source of 

pollution, especially for medicines with high usage like Diclofenac, in the Impact Assessment to 

the proposal for revised WFD and EQSD directives (6019/12 ADD 2; dated 2 February 2012). 

4ÈÅÒÅȟ ÉÔ ÉÓ ÓÔÒÅÓÓÅÄ ÔÈÁÔ ȰÏÎÅ ΧΦ-tablet blister of a typical 50 mg dose of diclofenac can pollute up 

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

volume equivalent to the waste water generated daily by a town of 20 ΦΦΦ ÉÎÈÁÂÉÔÁÎÔÓȱȢ ,ÉËÅ×ÉÓÅȟ 

ȰÉÍÐÒÏÐÅÒ ÄÉÓÐÏÓÁÌ ÏÆ ÕÎÕÓÅÄ %%Ψ ÃÏÕÌÄ ÂÅ Á ÓÉÇÎÉÆÉÃÁÎÔ ÓÏÕÒÃÅ ÏÆ ÐÏÌÌÕÔÉÏÎȟ ÃÏÎÓÉÄÅÒÉÎÇ ÔÈÁÔ Á 

single blister of pills for one menstrual cycle with the most common dose of 30 microgrammes 

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

to the waste water generated daily by a city of 100 ΦΦΦ ÉÎÈÁÂÉÔÁÎÔÓȱȢ In the case of antibiotics, the 

entire discharge volume into wastewater has been estimated to be about 86 tonnes per year for 

European hospitals (Houeto, 2002). 

Many studies have assessed the fate of unused medicinal products to determine the share 

discarded down the drain or toilets, out in trash or collected. An estimation concerning unused 

medicinal products states that on average in Europe probably 50% of the sold medicinal products 

are unused (EEA, 2010). In the UK, Bound and Voulvoulis showed in 2005 that about 80% of them 

are not collected although a more recent study however shows that only 20% of the individuals 

surveyed stated that they would throw away unused medicines through household waste (York 

Health Consortium and University of London, 2010). Amongst uncollected unused medicines, 

63% would end up in the bin and 12% in sinks or toilets in the UK (Bound, 2005). In Germany, the 

                                                                    
31 Figures based on a comment from a representative of Denmark, in the context of the present study. 
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share of unused medicines being discarded into the drain would reach 23% (START, 2006). This 

behaviour leads to an amount of 364 tonnes of APIs flushed away every year in Germany 

according to START or 770 tonnes/year of unused medicinal products/year exposed in sewage 

(Götz, 2007). 

3.3.2 Treatment 

Medicinal products may be indirectly released into the environment from waste treatment 

facilities (EFPIA, 2012) including incinerators, landfill sites or wastewater treatment plants 

because of the waste treatment shortcomings, which in general does not specifically target 

medicinal products. Medicinal products are widely detected in sewage treatment plants of 

several countries following excretions or direct disposal through the sink and toilets (BLAC, 2003) 

(Holm, 1995) (Maurer, 2007) (Vieno, 2007). In some cases, wastewater treatments can eliminate 

or remove a substantial amount of medicinal products residues, but there may still be significant 

concentrations of medicinal products in STEP effluents discharged into surface water bodies.  

The percentage of medicinal product residues remaining in wastewater treatment very much 

depends on the substances considered and the technology implemented32 (Igos, 2012) (Loos, 

2012) as well as initial concentrations in the influents. For example, Ibuprofen which is present in 

significant amounts wastewater influents is destroyed at rates of 60 to 96% (Bendz, 2005), like 

Paracetamol33 and codeine, while Carbamazepine is at rates of biodegradation of less than 10-

30% (Joss, 2005) and beta-blockers are still significantly present in wastewater outlets. Jelic et al. 

(2012) compare concentrations of a number of medicinal products in wastewater influents and 

effluents, thus assessing treatment efficiency.  

Different removal rates can be observed for various substances undergoing the same treatment. 

Those results highlight notable differences in the effectiveness of sewage treatment depending 

on the molecule. For instance, Okuda et al (Okuda, 2008) showed that the total concentration of 

individual medicinal products in the influent was efficiently removed by 80% during a biological 

treatment, but removal efficiencies of Carbamazepine and crotamiton were less than 30%. On 

the other hand, some treatments present similar rates of removal. FP6 Neptune project34 shows 

for example that membrane bioreactor, biofilter and conventional plant present a comparable 

removal for most APIs, and that these compounds are only partially removed. It also shows that 

treatments involving sorption to sludge is generally relevant for few compounds35 (e.g. for 

selected antibiotics such as Ciprofloxacin or Nor-floxacin and for some steroid estrogens (Loos, 

2012)) and that treatment involving degradation often achieves only partial removal. 

Different removal rates can also be observed between different treatments for the same mix of 

medicinal products. The total concentration of the individual medicinal products in the effluent 

                                                                    
32 More expensive than conventional water treatment, advanced water treatment enable to increase the elimination/removal of drug 
residues from the STEP effluents. 
33 Interview with Ake Wennmalm, professor and former environmental director for Stockholm County Council, carried out in the 
context of the present study. 
34 Neptune workshop: Technical Solutions for Nutrient and MicropollutantsRemoval in WWTPs 
UniversitéLaval, Québec, March 25-26, 2010. www.eu-neptune.org/Worksop/index_EN 
35 Mass balance calculations to estimate the fate of contaminants during wastewater treatment, including sorption to sludge showed 
that usually less than 2% of the total mass load of pharmaceuticals is removed by sorption. For most pharmaceuticals (including 
Carbamazepine, Sulfamethoxazole, and Trimethoprim) adsorption to sludge is negligible (Loos, 2012). 
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from CAS (conventional activated sludge (CAS)) process was 1.5 times higher than that from BNR 

(process biological nutrient removal) (Okuda, 2008). Furthermore, the total concentration of the 

individual medicinal products in the discharge from WWTPs applying ozonation following 

activated sludge process was reduced to less than 20%. Ozonation process followed by biological 

activated carbon process could efficiently reduce all the residual medicinal products below their 

quantification limits. Disinfection with ozone may have an added benefit of removing PPCPs and 

other micro-contaminants from the wastewater.  

Beyond the type of treatment or combination of treatments (conventional or advanced), the 

conditions of treatments influence the removal rate. In the case of secondary treatments for 

instance, poor removals are observed in WWTPs with HRTs (hydraulic retention time) <15 h. 

Sludge retention time (SRT) does not seem to affect the removal rate. Redox conditions selected 

for BNR (Biological nutrient removal (BNR) with filtration and UV disinfection) may affect 

removals of some PPCPs. Furthermore, season has an impact on removals of some PPCPs: 

treatment in summer increased removals for some PPCPs. 

Differences between sewage treatment plants and active substances are to be expected, and 

chemical fate models can be used to estimate the transformation reactions and the partitioning 

behaviour of medicinal products and personal care products (PPCPs) in sewage treatment plants 

(STPs). Modelling provides both qualitative and quantitative estimates for PPCP removal 

(Adams, 2008). In the specific case of epidemic or pandemic situations however, the massive 

administration of medicinal products may have a different behaviour in sewage treatment than 

ÉÎ ÎÏÒÍÁÌ ÓÉÔÕÁÔÉÏÎȟ ÁÎÄ ÒÅÓÕÌÔ ÉÎ ÈÉÇÈÅÒ ÒÅÌÅÁÓÅÓ ÔÈÁÎ ȰÁÎÎÕÁÌÌÙ ÁÖÅÒÁÇÅÄ ÅÍÉÓÓÉÏÎȱȢ 

When a substance is not detected in STEP effluents, it does not necessarily mean it has actually 

been eliminated. Some substances may be degraded into transformation products that are not 

monitored. For instance, concentrations of guanyl-urea (the metabolite of Metformin) are often 

higher than concentrations of Metformin itself36. Other substances may adsorb to sewage sludge 

(e.g. antibiotics), of which subsequent use in soil causes further risks of emissions into the 

terrestrial and aquatic compartments (Boxall, 2002) (Boxall, 2006) (Boxall, 2007a). Depending on 

the disposal/reuse practices of sludge in the MS, possible emissions into the environment 

through these pathways may be more or less significant. For example, in the case of land-filling 

of waste containing medicinal products, sewage sludge may be the origin of emissions having 

similar or even higher concentration of contaminants than those found in wastewater treatment 

plant sewage (BLAC, 2003) (Halling-Sørensen, 1998) (Maurer, 2007) (Vieno, 2007). 

A number of MS have made significant progress in the development of advanced treatment 

techniques, e.g. Switzerland, Germany and Sweden37. 

In addition to questioning wastewater treatment efficacy, releases of medicinal products in the 

natural environment could also be due to sewage overflow caused by local conditions (e.g. rain 

events) (Rodriguez del Rey, 2012). 

As for solid waste, despite the numerous efforts underway to find alternatives to incineration 

(Smith, 2002) at the international level, incineration can still be perceived as a more effective and 

environmentally sound way to handle environmental pollution from medicinal products than 

                                                                    
36 Comment from a representative from NL-RIVM. 
37 Comment from a representative from Sweden. 
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land-filling (Eckel, 1993) (Holm,1995) (Ahel, 2001). Depending on the nature of the packaging and 

the pharmaceutical product, as well as the technology used, medicinal products waste may either 

enter the high-calorific or medium-calorific waste fraction intended for incineration (e.g. tablet 

packaging), or the fraction intended for land-filling (e.g. glass bottles), or the effluent from the 

mechanical-biological treatment plan.  

In theory, emissions into the environment from incineration are a priori considered negligible 

because of the environmental legislation regulating the treatment of incinerator smoke 

(Académie Nationale de Médecine, 2008). However, in practice, official quantification or 

estimation of these emissions is lacking and only partial studies exist about gaseous emissions of 

cytostatic medicinal products after incineration or co-incineration in hospital conditions 

(Académie Nationale de Médecine, 2008), which are sometimes contradictory. Some tests 

showed that almost the totality of anticancer medicinal products contaminating municipal waste 

could be eliminated through their incineration at 850°C for 2.2 seconds (Bisson, 1996). They 

therefore questioned the relevance of World Health Organisation (WHO) guidelines which 

promote the incineration of anti-cancer medicinal products beyond 1 000 °C to 1 200 °C. 

However, these tests where shown not to guarantee the elimination of specifically concentrated 

cytostatic products (e.g. in the case of unused medicinal products) (ADEME, 2004). Furthermore, 

other tests showed that anti-cancer medicinal products incineration did not modify mutagenic 

and genotoxic properties of the incineration residues (ADEME, 2004). 

As for landfilling, examples exist where landfills accepting sewage sludge can produce leaching 

carrying high concentrations of medicinal products, similar or even higher than those found in 

wastewater treatment plant influents (more than several mg/L) (BLAC, 2003). Over a period, 

researchers Holm et al. found antibiotics and barbiturates (from 0.7 ppm up to 18 ppm) in a 45-

year old Danish landfill (Halling-Sørensen, 1998). Landfills without leachate collection (e.g. from 

household waste) may therefore represent locally significant sources of pharmaceutical 

discharges into the environment (GACE, 2007). There have been no studies to investigate what 

happens to medicinal products in mechanical-biological treatment plants. 

The potential environmental pollution by the waste from the manufacturing of medicinal 

products is an issue in the context of globalisation, since waste from medicinal products 

manufacturing can be treated in other countries (Läkemedelsverket, 2009), which do not 

necessarily run appropriate disposal facilities. This globalisation issue, which adds complexity to 

the evaluation, needs also to be considered, since even if not directly linked to impacts on the EU 

ÔÅÒÒÉÔÏÒÙȟ ÉÔ ÉÎÖÏÌÖÅÓ %5 ÁÃÔÉÖÉÔÙȭÓ ÅÎÖÉÒÏÎÍÅÎÔÁÌ ÉÍÐÁÃÔÓȢ 

3.3.3 Reuse of organic waste from sewage sludge and 

manure 

The reuse of sludge and/or manure, which may be contaminated by human and veterinary 

medicinal products, may also be a source of emissions during the consumption phase of the life 

cycle. The hydrophilic nature of some compounds can lead to transfers of active molecules from 

soils to surface water or groundwater. So far, sewage sludge has been contaminated more by the 

human medicinal products compared to the veterinary ones. However, sewage treatment plants 



Chapter 3 : How do medicinal products enter the environment?  

 

 
Study on the risks of environmental effects of medicinal products | 55 

might start using manure as an extra source of nutrients in their sewage, which means that also 

veterinary medicinal products might reach the environment through this route. 

Statistics on sewage sludge production are for MS are presented in Table 2. The highest sludge 

production was observed in Germany, UK, Spain, France, Italy and Poland. These countries 

contribute to approximately 70% of total sludge produced in EU. The smallest sludge producer in 

EU is Malta. It should be mentioned that Poland, Hungary and Czech Republic contribute to more 

than 70% of produced sludge in the new Member States. 

Using untreated organic waste as fertiliser might also contribute to the presence of medicinal 

products in ground water and in the ecosystem. A study (Kumara, 2005) showed that antibiotics 

in manure could be taken up by plants when they are fertilised with animal raw manures 

containing antibiotics. The three crops (corn, onion, cabbage) absorbed Chlortetracycline (2-17 

ng/g fresh weight), but not Tylosin. Composting the organic waste generally lowers the medicinal 

products level by between 50 to 90% from the original concentration. Cessna et al. (2011) even 

show that less than 7% of the amount of tetracyclines, sulfonamides and macrolides initially 

present in manure could remain after composting period. Only a very few very persistent 

medicinal products survive the composting process. For example, the antibiotic substance 

Sulfamethazine was shown to resist degradation (0% reduction) in several composting processes 

(Dolliver, 2008), whereas Chlortetracycline level is reduced by 99% or Momensin and Tylosin 

level reduction ranged from 54 to 76% following the composting treatment. Key factors of 

influence include the consumed volume of the specific medicinal product, its metabolised 

fraction, the use rate of manure and sewage sludge, biodegradation and the absorption rate of 

the specific medicinal product in the sludge. 

Some medicinal products (e.g. propranolol hydrochloride) can inhibit the anaerobic digestion 

performed during biogas production through blocking ÍÉÃÒÏÏÒÇÁÎÉÓÍÓȭ activity (Fountoulakisa, 

2008). However, the use of the sludge pre-treatments prior to the anaerobic digestion process 

led to higher biogas productions and organic matter removal efficiencies in both mesophilic and 

thermophilic conditions (Carballa, 2006). 

Trends in disposal and/or reuse of organic waste allow providing a picture of emissions through 

these contamination pathways (Kelessidis, 2012). A decline in landfill is a common trend for all 

MS, which will lower the amount of medicinal products able to leach to ground water. A few MS 

such as France and Malta will have increasing agriculture use of sewage sludge and thus probably 

an increasing amount of medicinal products in ground water. Countries such as Austria, Portugal, 

Slovakia, Hungary, Belgium, Latvia, Denmark, Ireland and Luxembourg will have increasing 

incineration of activated sludge and therefore fewer medicinal products will probably reach the 

ground water. 
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Table 2: Sewage sludge production, % of reuse, compost and land-filling and trends in the 

period of 2000 to 2009 (Kelessidis, 2012; Eurostat38) 

Country Sewage sludge 
production 
(103 tons dry 
solids (DS) 
/year) 

Specific 
sewage sludge 
production 
(kg/per/year) 

% 
agriculture 
use 

% 
compost 

%  
Disposed 
on 
landfill  

Trends on 
sludge use 
in 
agriculture   
(2000 ɀ 
2009) 

Trends on 
composting 
sludge 
(2000 ɀ 
2009) 

Trends on 
using landfill  
deposal for 
sludge (2000 -
2009) 

Trends in re-
using organic 
waste 
$=decreasing  
#=increasing  

EU-15 9806 21.9 40       

Austria 254  (2006) 30.8 (2006) 17 21 6 4 -5 -5 - 

Belgium 103 (2004) 10.8 (2004) 14 27 0 3 0 -19 $ 

Denmark 140 (2007) 26.0  (2007) 59 19 4 -1 0 4 - 

Finland 148 (2005) 28.2 (2005) 3 97 0 -9 17 -6 $ 

France 1059 (2004) 17.0 (2004) 48 24 8 -3 20 -16 $ 

Germany 2170 (2005) 26.3 (2005) 28 18 3 -4 -8 -6 $ 

Greece 115 (2005) 10.5 (2005) 1 36 17 -2 -1 -56 $ 

Ireland 60 (2005) 14.6 (2005) 70 25 5 28 0 -44 ($) 

Italy 1053 (2005) 18.1 (2005) 22 20 41 -4 -10 12 - 

Luxembourg 14 (2003) 27.8 (2003) 56 34 0 -15 22 -18 $ 

Netherlands 348 (2005) 22.0 (2005) 0 12 4 0 2 -14 $ 

Portugal 189 (2007) 18 (2007) 85 8 7 71 0 -77 (#) 

Spain 1121 (2005) 26.0 (2005) 62 16 18 11 0 -2 # 

Sweden 210 (2005) 23.3 (2005) 24 34 1 8 2 -12 - 

UK 1771 (2005) 29.5 (2005) 69 10 6 13 1 -3 # 

EU-12 1151 11.5 17       

Bulgaria 42 (2005) 5.4 (2005) 37 28 36 36 0 -72 (#) 

Cyprus 7 (2005) 11.1 (2005) 50 38 0 50 38 -100 $ 

Czech 
Republic 

172 (2005) 16.8 (2005) 48 32 12 -28 31 -9 $ 

Estonia 29 (2005) 22.1 (2005) 0 79 21 -10 74 4 $ 

Hungary 184 (2004) 18.2 (2004) 58 10 29 31 -20 -16 # 

Latvia 27 (2005) 12.5 (2005) 41 10 0 13 4 -38 (#) 

Lithuania 66 (2005) 19.1 (2005) 32 8 10 23 9 -78 (#) 

Malta 0.1 (2005) 0.1 (2005) 0 0 100 0 0 0  

Poland 486 (2005) 12.7 (2005) 21 0 0 8 -3 -28 $ 

Romania 68 (2005) 3.1 (2005) 0 20 73 0 20 -27 $ 

Slovakia 56 (2005) 10.5 (2005) 0 68 23 -63 67 -1 $ 

Slovenia 14 (2005) 6.8 (2005) 1 0 19 -3 -11 -67 $ 

EU-27 10957 17.7 37       

 

                                                                    
38 )Ô ÓÈÏÕÌÄ ÂÅ ÍÅÎÔÉÏÎÅÄ ÔÈÁÔ ÉÎ ÍÁÎÙ ÃÁÓÅÓȟ ÔÈÅÒÅ ÉÓ ÕÎÅÖÅÎÎÅÓÓ ÁÍÏÎÇ ÃÏÕÎÔÒÉÅÓȭ ÄÁÔÁ ÃÏÎÃÅÒÎÉÎÇ ÔÈÅ ÕÓÅ ÏÆ ÔÅÒÍÓȢ &ÏÒ ÉÎÓÔÁÎÃe, 
composting is often included in agricultural utilisation and vice versa. 
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Some countries such as Sweden, Czech Republic, Lithuania, Poland, Romania, Slovenia, and UK 

will increase the amount of composting of activated sludge, which will lower the amount of 

medicinal products in sludge significantly.  

3.4 Chapter summary  

3.4.1 Key messages 

 In the EU, the contribution of manufacturing facilities to emissions of medicinal 

products and/or their residues is generally considered negligible. However, 

possible pollution downstream from manufacturing plants has been observed in 

the EU while monitoring specific sites. Compared to the consumption stage, 

pollution at this stage may  be considered more localised and occasional. 

 The consumption of both veterinary and human medicinal products significantly 

contributes to the emission of medicinal products through excretions, either 

entering directly the environment (diffuse contamination) and/or released into 

the sewage network (point source pollution). Excretions are the major known 

contamination pathway. Veterinary medicinal products can also enter directly 

the environment through food/feed surplus, notably in aquaculture.  

 Releases of medicinal products also occur through the incorrect disposal of 

unused medicines through the sinks and toilets. Although contamination does 

not seem to reach the same extent as pollution from excretions, it is not 

negligible and a large share can be avoidable. 

 Wastewater treatments can eliminate or remove a substantial amount of 

medicinal product residues, but there may still be detectable residual emissions 

of some medicinal products.  

 Some substances tend to adsorb to sewage sludge, of which subsequent use for 

soil amendment results in further risks of emissions into the environment. More 

precisely, the risk concerns the persistent medicinal products that resist 

biodegradation during the aerobic or anaerobic treatments of the sludge. The 

hydrophilic nature of some compounds can lead to transfers of active molecules 

from soils to surface water or groundwater by the phenomenon of mobility. 

 The reuse of organic waste, through sludge and manure spreading, contaminated 

by human and veterinary medicinal products, may also be a source of emissions.  

 Composting the organic waste lowers generally the medicinal products level by 

between 50 to 90% from the original concentration. 

 Landfills accepting sewage sludge can produce leaching carrying significant 

concentrations of medicinal products, similar or even higher than those found in 

wastewater treatment plant inflows. 
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3.4.2 Knowledge gaps 

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

medicinal products from different facilities (households, hospitals, health care 

centres, wastewater treatment plants, incineration facilities, manufacturing sites, 

etc.) and centralise the information in a standardised format. This is a 

prerequisite to be able to compare and analyse information related to the 

emission of medicinal products in the environment, and ultimately assess 

whether there is or not an acceptable risk for the environment. 

 To date, significant amount of work has been made in the EU about the removal 

and degradation of medicinal products at wastewater treatment plants, through 

practical experience and modelling. However, knowledge is still scarce regarding 

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

additional costs. 

 There is a need to better consider, model and quantify the potential release from 

different veterinary practices (stocking, application form, manure, composting, 

etc.). 
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Chapter 4:  Which molecules are found in the 

environment and how do they behave?  

Medicinal product residues of various categories (hormones, anti-cancer, antidepressants, 

antibiotics, etc.) have been detected in all environmental compartments, including sewage water, 

surface water, groundwater, soil, air and biota (Heberer, 2002) (Kümmerer, 2009) (Kümmerer, 2008) 

(Halling-Sørensen, 1998) (Touraud, 2011) (Willimas, 2005) (Buerge, 2006) (Ternes, 2001) although 

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

to more than the µg/L level, see reviews and compilations (Bergmann, 2011) (Debska, 2004) (Kinney, 

2006) (Segura, 2009) (Jurado, 2012) (Lapworth, 2012) (Loos, 2010). Nevertheless, the monitoring of 

such molecules in the environment is limited by a metrological lack (limitations in the routine 

analytical methods available). Box 1 highlights key publications related to the presence, fate and 

behaviour of medicinal products in the environment. 

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

Oldenkamp R, Huijbregts MAJ, Hollander A, Vesporten A, Goossens H, Rajas MJ. (2013) Spatially explicit 

prioritisation of human antibiotics and antineoplastics in Europe. Environment International, 51: 13-26. 

Hughes SR, Kay P, Brown LE. (2013) Global Synthesis and Critical Evaluation of Pharmaceutical Data Sets 

Collected from River Systems. Environmental Science and Technology, 47:661-677. 

Fick J, Söderström H, Lindberg RH, Phan C, Tysklind M, Larsson JDG. (2009) Contamination of surface, 

ground and drinking water from pharmaceutical production. Environ Toxicol Chem, 28:2522-2527. 

ter Laak TL, van der Aa M, Houtman CJ, Stoks PG, van Wezel AP. (2010) Relating environmental 

concentrations of medicinal products to consumption: A mass balance approach for the river Rhine. 

Environment international, 36: 403-409. 

German Advisory Council on the Environment (GACE). (2007) Medicinal products in the environment: 

Presents p.15 the Maximum pharmaceutical concentrations in bank filtrate, surface waters and sewage 

treatment plant effluent; p.17 the maximum concentration levels of various antibiotics measured in 

agricultural (top) soils fertilised with conventional organic fertilisers. 

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

ÃÏÎÔÁÍÉÎÁÔÉÎÇ ÔÈÅ )ÔÁÌÉÁÎ ÁÑÕÁÔÉÃ ÅÎÖÉÒÏÎÍÅÎÔȟȱ Journal of Hazardous Materials, 122:205ɀ209. This 

publication indicates the medicinal products concentration found in water and sediments in Italy for 10 

medicinal products of interest. 

Ségura P, François M, Gagnon C, Sauvé S. (2009) Review of the occurrence of anti-infectives in contaminated 

wastewaters and natural and drinking waters. Environmental health perspectives, 117:675ɀ84. 

KNAPPE project (2008). Knowledge and Need Assessment on Pharmaceutical Products in Environmental 

Waters. Final report, available at: 

environmentalhealthcollaborative.org/images/KNAPPE_REPORT_FINAL.pdf 

Loos R, Negrão De Carvalho R, Comero S, Conduto ADS, Ghiani M, Lettieri T, Locoro G, Paracchini B, Tavazzi 

S, Gawlik B, Blaha L, Jarosova B, Voorspoels S, Schwesig D, Haglund P, Fick J, Gans O. (2012) EU Wide 

Monitoring Survey on Wastewater Treatment Plant Effluents . JRC Scientific and Policy Reports. 
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Several research papers show that the active pharmaceutical ingredients detected in the 

environment include medicinal products put on the market several decades ago (GACE, 2007) 

(Rönnefahrt, 2002) (see also the Annex), but also newer medicines are detected. Notably a recent 

paper (Hughes, 2013) highlights the dataset collected from river systems at global level. For 

instance, the synthetic oestrogen 17-ɻ-Ethinylestradiol (EE2) is one of the few medicinal product 

substances for which significant extents of absorption to sludge have been documented (Ternes, 

2002) (Caldwell, 2010). EE2 has been detected in sewage treatment plant effluents in low 

nanogram-per-litre (ng/l) levels and occasionally also in surface waters and drinking water in e.g. the 

United States, UK, Canada, Brazil and Germany. 

It has to be noted that even if concentrations found in the environment are at generally low levels, 

medicinal products are developed to be highly potent substances and thus concentration levels on 

its own are not the precise indication of the associated risks. Indeed, this risk is a combination 

between a hazard and an exposure, so it depends on the nature of the substance (toxicity of 

compound, toxicity of metabolites, degradability, etc.), the duration of exposure and other exposure 

characteristics (media physic-chemical properties, etc.).  

While some information exists on active substances39, less information is available on the 

environmental occurrence and fate of their metabolites and transformation products due to 

knowledge gaps on their behaviour (e.g. persistence, degradation and reactivation behaviour) in the 

environment (GACE, 2007), and/or detection issues.  

The environmental concentrations of medicinal products are variable, both geographically and 

seasonally due to local practices (Vystavna, 2012) and environmental factors (e.g. dilution rate, 

ÍÏÌÅÃÕÌÅȭÓ ÁÆÆÉÎÉÔÙ ÆÏÒ ÄÉÆÆÅÒÅÎÔ ÃÏÍÐÁÒÔÍÅÎÔÓȟ ÐÒÅÃÉÐÉÔÁÔÉÏÎÓ ÒÁÔÅ) (ter Laak, 2010) (KNAPPE, 2008) 

(Ternes, 2001). In the Netherlands for example, the environmental load of Diclofenac and Ibuprofen 

has been found to be 10 times higher in winter than in summer (RIWA, 2010).  

The majority of concentration data concerns the aquatic environment. Indeed, nearly no data in air 

are available because concentrations in air are considered negligible. There is an increasing amount 

of terrestrial data but there are more technical difficulties to detect medicinal products in soils and 

sediments than in aqueous media (GACE, 2007). 

A relatively large number of data are available concerning drinking water (see Box 2).  

Box 2: Key publications including monitoring data of medicinal products in drinking water 

ANSES (2011) National analysis campaign on drug residues in water intended for human consumption. 

www.anses.fr/en/content/national-analysis-campaign-drug-residues-water-results-line-expectations 

Vulliet E, Cren-Olivé C, Grenier-Loustalot MF. (2009) Occurrence of medicinal products and hormones in 

drinking water treated from surface waters. Environmental Chemistry Letters, 9:103-114. 

Fick J, Söderström H, Lindberg RH, Phan C, Tysklind M, Larsson JDG. (2009) Contamination of surface, 
ground and drinking water from pharmaceutical production. Environ Toxicol Chem, 28:2522-2527. 

Mompelat S, Le Bot B, Thomas O (2009) Occurrence and fate of pharmaceutical products andby-products, 

from resource to drinking water. Environ Int, 35:803ɀ814. 

                                                                    
39 Because of their large use, identified hazard or their use as marker substances for the discharge of pharmaceuticals into the 
environment 

 

http://rd.springer.com/search?facet-author=%22Yuliya+Vystavna%22
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World Health Organisation (2011) Medicinal products in Drinking water. 

www.who.int/water_sanitation_health/publications/2011/medicinal products_20110601.pdf 

Ségura P, François M, Gagnon C, Sauvé S. (2009) Review of the occurrence of anti-infectives in 

contaminated wastewaters and natural and drinking waters. Environmental health perspectives, 117:675ɀ

84. 

Touraud E, Roig B, Sumpter JP, Coetsier, C. (2011) Drug residues and endocrine disruptors in drinking 
water: Risk for humans? International Journal of Hygiene and Environmental Health, 214: 437-41. 

Mompelat et al. (2009) performed a systematic review on the occurrence of medicinal products in 

drinking water. In doing so, 17 pharmaceutical products and 5 by-products have been found between 

1.4 and 1 250 ng/L (with highest concentrations for iodinated contrast media, diatrizoate and the 

metabolite AMDOPH) (Perez, 2007) (Heberer, 2004) (Reddersen, 2002). The molecules most often 

detected in Germany, France, Finland are non-steroidal anti-inflammatory medicinal products 

(NSAIDs) and to a slight extent anti-convulsants. Likewise, ANSES (in France) investigated the 

presence of these substances in water intended for human consumption and launched a national 

campaign to measure 45 pharmaceutical substances of human or veterinary origin, or their 

metabolites, in surface and groundwater (ANSES, 2011). The molecules most frequently found 

included Carbamazepine (an anti-epileptic medicinal product) and its main metabolite, as well as 

oxazepam (an anxiolytic) which is both a parent product and a benzodiazepine metabolite. 

In Sweden, a monitoring programme has been performed on 101 medicinal products on more than 

100 samples. The sampling programme was focused on diffuse emissions from urban areas reflected 

in samples from wastewater treatment plants (WWTPs) and their receiving waters, biota samples 

(perch) from two background lakes and drinking water from two cities. Of the 101 medicinal 

products included, 92 were detected in the WWTP influent of at least one WWTP in levels that 

ranged from low ng/L up to 540 g/L, with a median concentration of 53 ng/L.  Sixty-six medicinal 

products were detected in the surface water samples in the range from low ng/L up to 1.8 ʈÇȾ,.  

Twenty-three medicinal products were detected in seven biota (perch) samples. Low levels (low 

ng/L range) of 26 medicinal products were detected in drinking water samples (Fick, 2009). 

Vulliet et al. (2009) analysed the presence of medicinal products including hormones in French 

drinking waters: 27 of the 51 target compounds were detected at least once in surface waters, which 

are sources of drinking water. The highest concentration was observed for Paracetamol (71 ng/L) but 

concentrations rarely exceeded 50 ng/L. As for the frequency, Carbamazepine and atenolol were 

present in more than 30% of the samples. Progestagens and androgens seemed to be the more 

resistant to drinking water treatments.  

Beyond the dilution inherent to the natural environment, the low detected concentrations can be 

explained by the dilution that occurs in sewage networks (e.g. a dilution by at least a factor of 100 of 

hospital wastewater by municipal wastewater as been reported (Kümmerer, 2010)) and by the 

elimination/removal of substances during water treatments process (Heberer, 2002) (GACE, 2007). 

Higher concentrations of medicinal products have however been observed, for example in rivers 

downstream wastewater treatment plants. In Norway, the input from a local manufacturer was 

much higher for a certain antibiotic than inputs originating from hospitals and the general public 

(Thomas, 2008).  

Medicinal products can be transferred from one environmental compartment to another, for 

example from wastewater to sludge or sediments, or from soils to water bodies. This transfer 
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depends on various factors (e.g. nature of the molecule, polarity, absorption behaviour, type of 

sediment, pH, content of organic substance, water saturation and aerobic properties) (Mersmann, 

2003), and processes including extent of degradation, partitioning and characteristics of the 

receiving environment. For some medicinal products, sorption coefficients for soils and sediments 

are highly variable and, differently from other chemicals, depend on rather on pH and ionic strength 

than on soil carbon content (Boxall, 2002). The sorption rate also influences the rate of 

transportation, thus non-sorptive medicinal products (e.g. sulphonamides) are quickly transported 

to surface water and groundwater while sorptive substance are much slower transported (Holten-

Lützhøf , 1999). 

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

general reduce their potency, even if some degradation products are also hazardous (Halling-

Sørensen, 2002). Degradation rates might be significantly affected by environmental factors such as 

temperature, pH, and soil type (notably on sorption) and the nature of the considered compound. 

For instance, when considering veterinary medicinal products, some molecules rapidly degrade (e.g. 

Tylosin, Diazinon) while other are moderately (e.g. Ivermectin) or highly persistent (e.g. 

Sarafloxacin). 

The distribution to biota and accumulation throughout the food chain is poorly understood, in 

particular because of the lack of adapted models40. Indeed, many medicinal products are polar 

compounds and ionise/dissociate more than well studied environmental xenobiotics41 in addition to 

be less lipophilic42, which make the existing bioaccumulation models inappropriate for modelling the 

fate of medicinal products through the trophic chain.  

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

bioaccumulation mechanisms. 

The available data regarding the bioaccumulation of medicinal products mainly concerns the ability 

to bio-concentrate of hormones and a reduced number of specific medicinal products in fish plasma, 

adipose and muscles. It has to be noted that inter-site variations have been observed suggesting 

that chemical characteristics of effluents and/or recipient waters strongly affect the 

uptake/bioconcentration of medicinal products in fish. Fick et al. (2010) measured plasma 

concentration of 25 medicinal products in rainbow trout exposed for 14 days to sewage effluents in 

Sweden and found that Levonorgestrel concentration exceeded the human therapeutic plasma 

level. Brown et al. (2007) reported the uptake of NSAIDs and Gemfibrozil into rainbow trout blood 

plasma through sewage effluents exposures. Al-Ansari et al. (2010) have detected Ethynylestradiol 

EE2 in wild fish collected downstream of Canadian municipal effluents at average concentration of 

1.5 ng/g. EE2 could be a potential candidate for bioaccumulation in higher predators, especially 

bottom feeding fishes. More generally, LIF, initiator of the Sweden environmental classification of 

medicinal products, highlights the potential of highly lipid-soluble medicinal products to 

bioaccumulate in the fat tissue of animals and bioaccumulate throughout the food web (LIF, 2010). 

                                                                    
40 Identified as one of the main research needs at ECETOC workshops (www.ecetoc.org/workshop-reports) 
41 Foreign to the body or to living organisms. 
42 Having an affinity for lipids 
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4.1 Chapter summary  

4.1.1 Key messages 

 Medicinal product residues of various types have been detected or estimated in all 

environmental compartments, and mostly in aqueous media, including drinking 

water.  

 Several EU Members States have voluntary initiatives of monitoring environmental 

concentrations of medicinal products in aquatic environment and/or in wastewater 

and drinking water. 

 Active pharmaceutical ingredients are present in the environment at concentrations 

ranging ng/lɀʈÇȾÌȢ 4ÈÅ ÅÎÖÉÒÏÎÍÅÎÔÁÌ ÃÏÎÃÅÎÔÒÁÔÉÏÎÓ ÏÆ ÍÅÄÉÃÉÎÁÌ ÐÒÏÄÕÃÔÓ ÁÒÅ 

variable, both geographically and seasonally due to local practices and 

environmental factors. 

 Medicinal products could be detected in drinking waters, usually at low 

concentrations (ng/L range). The molecules most often detected in Germany, 

France, Finland are non-steroidal anti-inflammatory medicinal products (NSAIDs). 

Progestagens and androgens seemed to be the more resistant to drinking water 

treatments. 

 The APIs detected in the environment include medicinal products put on the market 

several decades ago as well as new medicines. 

 Medicinal products can be transferred from one environmental compartment to 

another, depending on various factors and processes. Their mobility in soil, 

determined by their affinity to the organic particles (Koc), namely influences their 

transfer into aquatic compartments, through drainage waters (for substances with 

low Koc) or through their association with eroded soil or sediment particles in run-off 

waters (for substances with high Koc). 

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

that will in general reduce their potency, even if some degradation products are also 

hazardous.  

 Highly lipid-soluble medicinal products may have the ability to bioaccumulate in the 

fat tissue of animals. The presence of medicinal products was detected in fish 

species (rainbow trout, wild fish) exposed to sewage effluents. Some substances, 

such as EE2, could be potential candidates for bioaccumulation in higher predators. 

4.1.2 Knowledge gaps 

 More data are required to assess the concentrations and fate of medicinal products 

in the environment (surface and ground water as well as in soil and biota) and in 

drinking water, notably for veterinary medicinal products. The existing data should 

be collected and a rather harmonised approach / strategy to measure and collect 
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data are urgently needed. Moreover, after harmonisation, there will be also a need 

to analyse all the data collected. 

 Scarce information is available on the environmental occurrence and fate of 

medicinal products metabolites and transformation products due to knowledge gaps 

on their behaviour in the environment, and/or detection issues. There is both a need 

to develop (i) more sensitive analytical methods for detection of metabolites in the 

environment; and (ii) other methods for increasing the knowledge on the fate of 

medicinal products and metabolites in the environment. 

 Knowledge is scarce on the medicinal products distribution in biota and 

accumulation throughout the food web.  

 The knowledge on biodegradation in manure and slurry is limited to a small number 

of medicinal products, and often restricted to the dossiers.  

 The absorption of pharmaceutical products in wastewater treatment plants solids 

needs further study, in order to understand if they can be released back into the 

environment. 
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Chapter 5:  Environmental hazards  

The whole range of standard and advanced ecotoxicological techniques may be applied to medicinal 

products to describe their modes and mechanisms of action in non-target organisms. These 

techniques can be used  to identify suitable ecotoxicological endpoints on the molecular, individual, 

population and ecological level of biological complexity, to understand their transformation in 

exposed organisms, and finally to quantify ecotoxicological thresholds (NOECs, NOELs, PNECs) 

using ecotoxicological data from various levels of biological complexity, for compilations see recent 

reviews, special issues and books (Henderson, 2009) (Brooks, 2012) (Brausch, 2012) (Rosi-Marshall, 

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

The widespread occurrence of medicinal products in the environment (see chapter 4) obviously begs 

the question whether realistic concentrations might pose a risk for exposed biota. The decline of 

vulture populations on the Indian sub-continent due to poisoning with Dicloflenac, a non-steroidal 

painkiller, is probably the most prominent case demonstrating that the exposure to medicinal 

products can lead to severe ecotoxicological effects. The birds were exposed by feeding on 

carcasses that originate from cattle previously treated with Diclofenac and then died of kidney 

failure (Risebrough, 2004) (Oaks, 2004). It has to be noted however that this exposure pathway has 

to be considered as a specific example, which will be highly improbable in Europe.  

Other examples of ecotoxicological effects of medicinal products at environmentally realistic 

concentrations include the contraceptive Ethinylestradiol (EE2) which impairs the reproduction of 

exposed fish populations (Nash, 2004) (Jobling, 2003) (Bjerregaard, 2008); the anti-mycotic agent 

Clotrimazole43 which affects algal communities at picomolar concentrations (Porsbring, 2009; 

OSPAR 2013); the effects of various antibiotics on environmental bacteria and algae (Brosche, 2010) 

(Halling-Sørensen, 2000) (Halling-Sørensen, 2002); the impacts of the Benzodiazepine anxiolytic 

drug Oxazepam on European perch (Brodin, 2013); and the effects of the anti-parasiticide 

Ivermectin on dung fauna (Liebig, 2010). In Sweden, measured surface water concentrations of 

medicinal products were evaluated in 2010 by comparing them to critical environmental 

concentrations, i.e. the water concentration that is expected to cause a pharmacological effect in 

fish. This evaluation showed that five medicinal products in these samples are expected to cause a 

pharmacological response in fish exposed to these waters (Fick, 2011). 

On the other hand, in a number of other ecotoxicological studies it was concluded that clear 

ecotoxic effects of the investigated medicinal products are only to be expected at concentrations 

well above environmentally realistic levels. Hence, in several studies the current risk to the 

environment has been assessed as minor or negligible (Miege, 2006) (Wilson, 2004) or limited to 

certain situations (Lienert, 2007b) (Brain, 2006).  

                                                                    

43
 The OSPAR report indicates an inhibition of algal 14á-demethylase already at environmental concentrations. The 

OSPAR report states that this point would merit to be studied in more detail with realization of single tests species for 

example. Before that, this result cannot be ÕÓÅÄ ÔÏ ÃÁÌÃÕÌÁÔÅ ÔÈÅ 0.%# ÂÕÔ ÉÔ ÓÈÏÕÌÄ ÂÅ ÔÁËÅÎ ÉÎÔÏ ÁÃÃÏÕÎÔ ÆÏÒ Ȱ4ȱ ÃÒÉÔÅÒÉÁ 

evaluation. 
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These seemingly contradictory findings reflect the complexity of the issue, which makes it hard to 

identify general rules or overarching patterns. Instead, ÔÈÅ ÐÒÏÂÌÅÍ ÏÆ Ȱmedicinal products in the 

ÅÎÖÉÒÏÎÍÅÎÔȱ ÄÅÃÏÍÐÏÓÅÓ ÉÎÔÏ Á ÓÅÒÉÅÓ ÏÆ ÈÉÇÈÌÙ ÓÐÅÃÉÆÉÃ ÃÁÓÅÓȟ ÃÈÁÒÁÃÔÅÒÉÓÅÄ ÂÙ ÔÈÅ ÄÉÆÆÅÒÅÎÔ 

bioassays and endpoints used for the ecotoxicological hazard characterisation, different exposure 

pathways and concentrations, enormously different characteristics of the assessed medicinal 

products (in particular their ecotoxicological modes and mechanisms of action and environmental 

fate) and the lack of publicly available ecotoxicological data even if compounds have been on the 

market for several years (Carlsson, 2006) (Crane, 2000) (Stuer-Lauridsen, 2000), as an 

environmental risk assessment was not mandatory during the market authorisation process at the 

time. Even if chronic studies have been performed e.g. during the market authorisation of new 

drugs, the results are often confined to the authorisation dossiers, i.e. the information is not 

available for independent review or a meta-analysis. This resembles the pre-REACH situation for 

industrial chemicals, which were divided into so-ÃÁÌÌÅÄ ȰÅØÉÓÔÉÎÇ ÃÈÅÍÉÃÁÌÓȱ ɉÏÎ ÔÈÅ ÍÁÒËÅÔ ÐÒÉÏÒ ÔÏ 

ΧίήΧȟ ÆÏÒ ×ÈÉÃÈ ÎÏ ÒÉÓË ÁÓÓÅÓÓÍÅÎÔ ×ÁÓ ÒÅÑÕÉÒÅÄɊ ÁÎÄ ȰÎÅ× ÃÈÅÍÉÃÁÌÓȱ ɉÆÏÒ ×ÈÉÃÈ Á ÒÉÓË ÁÓÓÅÓÓÍÅÎÔ 

was mandatory).  

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

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

medicinal products for the aquatic environment. The risk quotient range from almost 10 000 for EE2 

to less than 0.00001 for Cyclophosphamid, an anti-cancer drug, i.e. the values span over 9 orders of 

magnitude (Figure 6). That assessment factors of up to 25 000 had to be used indicates the 

enormous uncertainty and data gaps in the data on environmental hazards, which were often 

limited to one value on the acute toxicity to one species (16 out of 70 analysed compounds). 

 

Figure 6: Risk quotients in Germany for a range of medicinal products (Bergmann, 2011). 

This obviously calls for solid prioritisation strategies (Roos, 2012) (Besse, 2010) which are currently 

limited by the insufficient availability of high-quality data on the chronic ecotoxicity of medicinal 
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products, which has been repeatedly emphasised as a major gap by several authors (Crane, 2006)  

(Stuer-Lauridsen, 2000) (Carlsson, 2006) (Bergmann, 2011).  

Similarly, data on the occurrence of medicinal products in the environment are scattered and usually 

limited to specific case studies, often driven by specific academic research projects. Routine 

chemical monitoring programs organised by MS authorities usually do not consider pharmaceutical 

substances, or are limited to only a very few representatives. Negotiations on the recent proposal 

ÆÒÏÍ ÔÈÅ %ÕÒÏÐÅÁÎ #ÏÍÍÉÓÓÉÏÎ ÔÏ ÉÎÃÌÕÄÅ ÔÈÒÅÅ ÐÈÁÒÍÁÃÅÕÔÉÃÁÌ ÓÕÂÓÔÁÎÃÅÓ ɉ$ÉÃÌÏÆÅÎÁÃȟ Χέɻ-

Ethinylestradiol, 17ß-Estradiol) in the list of priority pollutants under the Water Framework Directive 

led, in April 2013, to a provisional agreement to put them instead on a "watch list", with the aim of 

gathering monitoring data "for the specific purpose of facilitating the determination of appropriate 

measures to address the risk posed by those substances". If the text is finally agreed upon, MS will 

be obliged to monitor the three medicinal products at least annually at a limited number of 

representative monitoring stations for up to four years, but no restrictions will be put in place. 

Environmental quality standards could still be set for the substances during the next review of the 

priority substances list (ENVI, 2012). 

Medicinal products are by their very nature biologically highly active chemicals. Antibiotics, anti-

parasiticides, anti-mycotics and a large proportion of anti-cancer drugs are intended to kill their 

target organism or target cells. From an ecotoxicological perspective, these compounds hence 

closely resemble pesticides and biocides. In fact, imidazoles are for example simultaneously used as 

medicinal products (anti-mycotics) and as plant protection products (fungicides). Moreover, 

Medetomidine, a veterinary sedative, as well as Ivermectin (Pinoro, 2011), an anti-parasiticide, are 

currently evaluated as antifouling biocides, the corresponding dossier for medetomidine 

(Selectope®) has recently been submitted to the competent authority in the UK. 

Other pharmaceutical groups, such as  hormones, antidepressants or painkillers, are intended to 

exert a specific effect in their target organism (human or animal), without exerting any lethal 

effects. Because of this, and because of their interaction with bio-synthetic pathways, especially 

human medicinal products have generally only a low acute (eco)toxicity: acute EC50 or NOEC values 

in standard short-term bioassays are often in the mg/l range, i.e. far above environmentally realistic 

concentrations. However, a sensible environmental hazard assessment has to not only consider 

specific mechanisms, such as e.g. endocrine disruption, but also other subtle non-lethal effects, 

caused by a chronic (life-long) exposure of target as well as non-target organisms, which might not 

be included within the tested species. In addition, although there are still substantial knowledge 

gaps to be filled in, research over the last decade has started to produce high quality data on the 

chronic ecotoxicology of both human as well as veterinary medicinal products. Recent reviews and 

data compilations can be found (Hümmerer, 2008) (Santos, 2010) (Daughton, 2011) (Brausch, 2012) 

(Molander, 2009).  Still only very limited data is available about the potential environmental hazard 

of medicinal products to marine life, terrestrial and sediment dwelling organisms as well as in 

ecological contexts. 
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5.1 Using modes of action to assess the 

environmental hazard of medicin al products  

Since EU legislation on medicinal products ÉÎ ÔÈÅ ΨΦΦΦȭÓȟ medicinal products are put on the market 

only after extensive scrutiny of their modes and mechanisms of action on their intended molecular 

targets and target organisms, as well as toxicological side effects. Consequently it has been 

frequently suggested to leverage this knowledge also for ranking and prioritisation as well as 

environmental hazard and risk assessment of medicinal products and for the development of 

appropriate bio-analytical tools (Fent, 2006) (Escher, 2005) (Owen, 2007) (Runnalls, 2007) (Christen, 

2010) (Brooks, 2009).  For example, acknowledging the specific bacteriostatic or bactericidal mode 

of action44 of antibiotics helps to focus environmental assessments using environmental bacteria or 

procaryotic algae as the most sensitive non-target species, a strategy that is already suggested in 

the current EU guidelines on the environmental risk assessment of medicinal products. The most 

prominent example of molecular receptors that are highly conserved in structure and function 

across species are perhaps the sex steroid receptors, which are the receptors for e.g. EE2 in humans 

but at the same time also drive environmental impacts, e.g. on fish populations (Nash, 2004) 

(Jobling, 2003) (Bjerregaard, 2008). 

Consequently, Huggett et al. (2003)  suggested a prioritisation scheme for assessing the impact of 

human medicinal products to fish based on a comparison between the expected concentrations in 

the blood plasma of fish (as a result of an exposure via the environment), and human therapeutic 

plasma concentrations (Schreiber, 2011). Such an approach depends on two critical assumptions 

whose validity has not been finally assessed for most medicinal products: (i) the therapeutic mode of 

action in humans is responsible for the toxicity in fish, (ii) the sensitivity of human and fish are highly 

correlated, i.e. similar blood plasma concentrations in humans, respectively fish, lead to similar 

concentrations at the target sites in both organisms.  

The approach by Huggett et al., as well as similar read-across approaches, assumes a receptor in the 

environmentally exposed non-target organism that is largely homologous to the receptor in the 

target organism (i.e. humans) ɀ which is why the approach has been developed for teleost species 

only. The original drug target receptor might not be present in an exposed non-target species, if it 

belongs to a more distant genus, e.g. bacteria, plants or invertebrate species. Medicinal products 

will therefore often have multiple mechanisms of action in the environment, depending on the 

considered species. EE2, for example, is obviously a highly specific oestrogen in fish, but was 

classified as a mere baseline toxicant of low toxicity in algae (Brooks, 2009). However, it would fall 

too short to conclude from the fact that a given target receptor is not present, that a certain 

pharmaceutical in general does only have a low toxicity, i.e. does not bind to any other receptor. For 

example, the beta-blocker Propranolol is 100 times more toxic to algae than expected from a simple 

baseline toxicity model (Escher, 2005b), although the intended molecular drug target (the 

adrenergic receptor) is not present in plants. 

Even if the target receptor is present, its biological function can be vastly different from the function 

in the original target organism. The veterinary drug MÅÄÅÔÏÍÉÄÉÎÅȟ ÆÏÒ ÅØÁÍÐÌÅȟ ÉÓ Á ɻΨ-

                                                                    
44 the mode of action is the mechanism by which a pharmacologically active substance produces an effect on a living organism or in a 
biochemical system 
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adrenoceptor agonist that is used for sedating animals. However, activation of this receptor also 

affects fish pigmentation (Lennquist, 2010). Medetomidine also binds specifically to the invertebrate 

counterpart of the adrenoceptor, the so-called octopamine receptor (Lind, 2010), causing increased 

swimming activity in barnacle larvae and consequently inhibiting their settling on surfaces already at 

nanomolar concentrations (Dahlström, 2000). 

Another example for a potential receptor that is conserved across a broad range of species, but 

exerts different physiological functions is the HMG-COA reductase (the molecular target of e.g. 

statins, a class of lipid-lowering medicinal products), which is the rate-controlling enzyme of 

cholesterol formation in mammals, but regulates egg production in the parasite Schistosoma 

mansoni (Vandewaa, 1989) and juvenile hormone production in invertebrates (Debernard, 1994). 

In summary, read-across approaches that leverage the existing knowledge on modes of action from 

human pharmacology and toxicology might currently be most promising for assessing the fish 

toxicity of medicinal products that are intended to act on specific receptors in humans, see also the 

ÃÏÍÐÁÒÁÔÉÖÅ ÁÓÓÅÓÓÍÅÎÔ ÏÆ (ÕÇÇÅÔÔȭÓ ÆÉÓÈ-plasma model that was recently carried out by Roos and 

coworkers (Ross, 2012). Such approaches might be more limited for medicinal products that are 

intended to act on other species (e.g. antibiotics and anti-mycotics). A particular problem might be 

the risk of false-negatives: a compound that, by virtue of its intended use and/or because of existing 

knowledge on its mode of action, is likely to interact specifically with relevant biological processes in 

the environment, can be easily flagged as a potential environmental hazard by read-across 

approaches. However, it cannot be easily concluded that a compound that does not possess such 

warning signals is environmentally benign. 

In order to inform the environmental risk assessment of medicinal products, the ecotoxicologically 

relevant modes of action need to be considered in a systematic and unbiased manner. Such an 

approach has been outlined by Escher and co-workers) (Escher, 2005), but seems currently limited 

to investigations on photosynthesis, estrogen-receptor activation, general reactive toxicity and 

baseline toxicity. Additional ecotoxicological important modes of action include for example (but 

are not limited to) the inhibition of nitrification, interactions with chemical sensing (kairomones) and 

effects on the invertebrate hormone system (ecdysone, crustecdysone system). 

5.2 Individual vs. population - and ecosystem -level 

effects  

The pharmacological and toxicological impact of an exposure to medicinal products is typically 

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

and post-marketing studies. Environmental hazards are usually described on the level of populations 

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

211). However, possible ecosystem-level consequences are to be evaluated during an environmental 

risk assessment, which is often achieved by using assessment factors. This implies that distinctions 

such as the ones put forward by Christen and co-workers (Christen, 2010) who grouped affected 

ÐÈÙÓÉÏÌÏÇÉÃÁÌ ÐÁÔÈ×ÁÙÓ ÉÎÔÏ ȰÉÍÐÏÒÔÁÎÔȱ ɉÅȢÇȢ ÅÓÔÒÏÇÅÎ ÒÅÃÅÐÔÏÒ ÂÉÎÄÉÎÇɊ ÁÎÄ ÐÁÔÈ×ÁÙÓ ÏÆ ȰÍÉÎÏÒ 

ÉÍÐÏÒÔÁÎÃÅȱ (e.g. effects on the central nervous system, blood pressure) need critical reflection, as 

ÆÕÎÃÔÉÏÎÉÎÇ ÏÆ ÔÈÅ ȰÍÉÎÏÒ ÉÍÐÏÒÔÁÎÔȱ ÐÁÔÈ×ÁÙÓ ÍÉÇÈÔ ÁÃÔÕÁÌÌÙ ÂÅ ÏÆ ÃÒÉÔÉÃÁÌ ÉÍÐÏÒÔÁÎÃÅ ÆÏÒ ÔÈÅ 

ecological fitness of the affected species. 
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Similar to other chemicals, studies that investigate the effects of medicinal products on biological 

communities (biocoenoses) or under field conditions are comparatively rare, in particular because 

such studies are hardly ever required during the initial environmental risk assessment and are often 

prohibitively expensive. Recently a range of studies has been published that used natural microbial 

communities to study the effects of medicinal products, in particular antibiotics (Halling-Sørensen, 

2002) (Lawrence, 2005) (Backhaus, 2011) (Verma, 2007) (Liu, 2011). 

Microcosms that are more complex were used in the study by Richards and co-workers (Richards, 

2004) on the effects of the serotonine re-uptake inhibitor Fluoxetine, the painkiller Ibuprofen and 

the antibiotic Ciprofloxacin. Results show that medicinal products can have ecological effects well 

below the equivalent pharmacologically active concentrations in mammals. Ivermectin, a commonly 

used veterinary anti-parasiticide was also evaluated in a microcosm study (Brinke, 2010), 

demonstrating that the compound might put exposed ecological communities especially in 

sediments at risk (realistic worst case risk quotient 1-36). A broad overview of the use of microcosms 

for improving the risk assessment for veterinary medicinal products was provided in 2005 by van den 

Brink and his colleagues (Brinke, 2010). 

Munoz and co-workers (Munoz, 2009) used eco-epidemiological studies in the Llobregat river basin 

in order to analyse the environmental consequences of pharmaceutical exposure in the environment 

and suggest combining such approaches with laboratory-based community-level studies in order to 

improve risk assessment. 

5.3 Mixture  of medicinal products  

Medicinal products do not occur as isolated, pure substances in an environmental compartment. As 

a broad range of different substances is used simultaneously in human and veterinary medicine in 

any given area, medicinal products are present as multi-component mixtures in the environment. 

Furthermore, most medicinal products will either be transformed by physical and chemical 

processes in the environment and/or taken up by some organism and subsequently bio-

transformed. From an environmental perspective, even individual medicinal products ultimately 

have to be regarded as a multi-component chemical mixture (parent compound plus degradation 

products and metabolites). 

In view of the widespread occurrence of medicinal products in all major environmental 

compartments and their inherent high biological activity, it is not surprising that stakeholders from 

government, industry and academia rank those compounds among the top 5 surface and 

groundwater contaminants that need additional management in the US and Europe(Doerr-

MacEwen, 2006). Mixture effects have been named by the interviewees as one of the major sources 

of uncertainty, hampering appropriate management strategies. It has even been suggested by 

O'Brien and D. Dietrich (O'Brien, 2004) that the issue is so complex that it might be more 

economical to simply modernise existing sewage treatment plants in order to prevent the entry of 

pharmaceutical mixtures into the environment in the first place. 
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Not only is the occurrence as multi-component mixtures typical for the environmental exposure 

situation of medicinal products. Two characteristics also make their joint toxic effects a major issue 

for hazard and risk assessment (Kortenkamp, 2009): 

1) the ecotoxicity of a mixture is almost always higher than the effects of its individual 

components; and 

2) a mixture can have a considerable ecotoxicity, even if all components are present only in low 

concentrations that do not provoke significant toxic effects if acting singly on the exposed 

organisms. 

Backhaus et al. (2011) demonstrated for example mixture effects exceeding 50%, respectively 15% 

inhibition, although the individual medicinal products (10 quinolone antibiotics in one case, 14 

dissimilarly acting medicinal products in the other case) were present only at low, individually not 

significantly toxic concentrations. Significant mixture effects from low-effect individual 

concentrations (EC50) were also observed in a study by Fent and co-workers (Fent, 2006b) for a 

mixture of Cimetidine, Fenofibrate, Furosemide and Phenazone. A mixture of Fluoxetine and 

clofibric acid killed more than 50% of a water-flea (Daphnia) population after an exposure of 6 days, 

although the components were present at concentrations that did not provoke significant effects 

individually (Flaherty, 2005). In the same study, a significant shift in sex ratio was observed after an 

exposure to a three-component mixture of erythromycin, triclosan and trimethoprim - again at a 

mixture concentration at which all components were present at concentrations that did not provoke 

significant individual effects. 

Current empirical knowledge unanimously shows that the toxicity of mixtures that are composed of 

medicinal products for which a similar mode or mechanism of action has been described in the 

target organisms can be predicted by applying the Concentration Addition (CA) concept 

(Kortenkamp, 2009) (Lawrence, 2005). Examples can be found for a mixture of 10 quinolone 

antibiotics (Backhaus, 1999), for mixtures of the anti-inflammatory drugs Diclofenac, Ibuprofen, 

Naproxen and Acetylsalicylic acid in a study with daphnids and algae (Cleuvers, 2003), as well as for 

mixtures of the ß-blockers Propranolol, atenolol and Metoproplol (Cleuvers, 2005). In addition, 

studies with binary mixtures of selective serotonin re-uptake inhibitors Citalopram, Fluoxetine, 

Fuvoxamine, Paroxetine and Sertraline did not find any significant deviations from CA-expected 

mixture toxicities in studies with algae and daphnids (Christensen, 2007). Estrogenic mixture effects 

of Furosemide and 17ß-estradiol as well as Furosemide and Phenazone followed CA-expectations 

closely in a study by Fent and workers, employing the yeast estrogen screen (Fent, 2006b). Finally, 

even investigations in multi-species tests show a similar pattern: in tests with sewage sludge 

bacteria, the toxicity of a binary mixture of the two quinolone antibiotics oxolinic acid and 

flumequine followed the predictions made by CA (Christensen, 2006), and the effects of a five-

compound mixtures of antibiotics followed the CA-prediction in studies with natural planktonic 

bacterial communities (Brosche, 2010). 

Comparatively, only few studies with mixtures of dissimilar medicinal products have been 

documented in the scientific literature. The results from a 14-compound mixture indicated that the 

competing concept of Independent Action (IA) provided a good prediction of the experimentally 

observed toxicity, while CA slightly overestimated to observed mixture toxicity (Backhaus, 2000). An 

algal toxicity study (with the five dissimilar medicinal products Propranolol, Sulfamethoxazole, 

Ethinylestradiol (EE2), Diclofenac, Ibuprofen and the herbicide Diuron) resulted in a mixture toxicity 

that followed IA expectations in the lower tested concentration range and CA in the region of higher 
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concentrations (Fent, 2006). This was explained by the fact that four of the components 

(Sulfamethoxazole, EE2, Diclofenac, Ibuprofen) were classified as acting primarily as baseline 

toxicants in algae and hence sharing an identical mode of action, despite their different chemical 

classes. 

However, medicinal products have a multitude of possible modes of action in different 

environmental organisms and there is currently a lack of understanding of the toxico-kinetic as well 

as toxikodynamic interactions between most medicinal products and environmental organisms. 

Hence a mode-of-action driven selection between C! ÁÎÄ )! ÁÓ ȰÔÈÅ ÂÅÓÔȱ ÐÒÅÄÉÃÔÉÖÅ ÍÏÄÅÌ ÄÏÅÓ ÎÏÔ 

seem feasible now. It might hence be more productive, to base at least an initial assessment on the 

application of CA only. This, however, is only justifiable, if on average only minor errors are to be 

expected when the concept is used for mixtures that are not composed entirely of similarly acting 

compounds. It has been proven that relevant differences between both IA- and CA- predictions may 

occur only when the mixture contains a considerably large number of mixture components that all 

have rather steep or flat concentration-response relationships (Kortenkamp, 2009) (Backhaus, 2012) 

Consequently, in all available studies that comparatively assessed both predictions, only minor 

differences in terms of EC50-values between the CA- and IA-predicted concentration-response 

curves have been observed, with CA typically predicting slightly higher toxicities. This argues for the 

notion that CA might be applied in a first tier risk assessment of medicinal products, which is also in 

line with e.g. the recent outline for mixture risk assessment for human health as suggested by the 

WHO (Meek, 2011). 

This is further supported by the available empirical evidence, which indicates that mixture toxicities 

much higher than predicted by CA ɀ i.e. synergisms, which would be most problematic from an 

environmental risk assessment perspective ɀ occur only rarely. The ratio between CA-predicted and 

observed effect concentrations (e.g. EC50-values) is usually lower than a factor of five, with the vast 

majority of studies showing a clearly lower ratio. Taken together, all this implies that especially CA 

might be a valuable tool for the predictive hazard and risk assessment of pharmaceutical mixtures 

(Kortenkamp, 2009) (Backhaus, 2012) (Lawrence, 2005). 

It should be finally pointed out, that the problem of joint effects from multi-component chemical 

mixtures in the environment is not restricted to medicinal products only. Typical mixtures in the 

environment also contain a multitude of chemicals from other regulatory areas, e.g. industrial 

chemicals, pesticides and biocides. The issue has therefore been analysed from a broader 

perspective (Kortenkamp, 2009) (SCHER, 2011) and has recently also begun to lead to regulatory 

action (COM, 2012). The Environment Council of the European Union published its conclusions on 

the issue of chemical mixtures, with a particular focus on endocrine disrupters on the 22nd of 

December 2010. This document calls for more research in the area as well as more debate on the 

legislative aspects concerning this issue, and in particular, how this can be considered in future 

legislation through the application of the precautionary principle45.  

In view of the complexity of environmental exposures to chemicals, it is hardly surprising that a 

recent survey by UK NIEHS (Boxall, 2012) identified the question of the relative importance of 

medicinal products in comparison to other chemicals and non-chemical stressors as the number one 

open questions with respect to medicinal products in the environment. 

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

5.4.1 Key messages 

Although the scientific assessment of ecotoxic effects of human and veterinary medicinal products 

on  organisms in the environment is still less developed than e.g. for pesticides, it becomes 

increasingly clear that some medicinal products, in particular anti-parasiticides, anti-mycotics, 

antibiotics and (xeno)estrogens, pose environmental risks in certain exposure scenarios. For other 

medicinal products, environmental risks can be rather negligible, due to low environmental 

persistence and ecotoxicity of the compounds. However, the situation is far from being clear for the 

majority of medicinal products currently on the European market. This is a consequence of the still 

insufficient publically available knowledge on the ecotoxicology of many medicinal products, often 

deduced from few acute ecotoxicity data collected from a very limited number of freshwater 

species. It should also be pointed out here, that the knowledge on environmental occurrences is 

equally limited for many medicinal products, making a sound and transparent environmental risk 

assessment almost impossible in many cases. In order to gain a better understanding of the 

environmental hazards of medicinal products, 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. 

5.4.2 Knowledge gaps  

 Publically available, high quality data on chronic ecotoxicity are still scarce or even 

absent for a broad range of human and veterinary medicinal products. 

 Knowledge on the ecotoxicity of medicinal products to terrestrial and marine 

organisms is even more limited. 

 Data from human toxicology studies might help to read-across to potential effects 

on environmental vertebrates (e.g. teleost species). Similarly, data on antimicrobial 

efficacy can be employed for getting a first idea on potential effects on 

environmental microbes. However, read-across and extrapolation approaches for 

other medicinal products and/or environmental organisms are largely missing, or 

might even be impossible due to ecotoxicological modes of action that are not 

relevant in human studies. 

 Possible mixture effects of medicinal products are not considered during the 

regulatory environmental risk assessment in current EU guideline documents.  
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Chapter 6:  Human exposure through the 

environment and possible impacts  

6.1 Human exposure through the environment  

The detection of low levels of medicinal products in rivers and streams, drinking water, and 

groundwater has raised questions as to whether these levels may have consequences to human 

health. Humans are unintentionally exposed to very low concentrations of medicinal products via 

daily intakes of drinking water, leaf crops, root crops, fishes, dairy products, and meat (Halling-

Sørensen, 1998).  

Figure 7 shows the most important human exposure routes.  

 

Figure 7: Human exposure routes to medicinal products 

Depending on the different use rates of organic fertilisers such as manure or sewage sludge and of 

treated surface water as drinking water, the potential exposure of humans to medicinal products 

may vary among EU countries. Organic fertilisers transport medicinal products to food, and 

medicinal products in surface waters may end up in fish and drinking water. 

Furthermore, the indirect environmental exposure of antibiotics and medicinal products having anti-

bacterial, anti-viral or disinfectant properties may create antimicrobial or anti-viral resistance in 

human gut flora leading to less effective antibiotics or anti-viral medicinal products in the future. 

The biggest issue is the transport and spread of resistance around the globe from human to human. 

If a person from Europe is exposed to an antibiotic compound in a third country, this person will take 

back the resistance genes in infected bacteria to Europe and be able to spread the bacteria (resistant 

genes) to other individuals here. Today it may take humans more than 1 year to lose resistance gut 

bacteria again. Therefore, the possibility to spread them to vulnerable individuals during this period 

is high. It is important to realise that incorrect application of antibiotics or anti-viral pharmaceuticals 
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is a global problem that can affect vulnerable individuals many thousands of miles away. A minor 

exposure pathway might result from recreational activities (e.g. open water swimming, or children 

eating contaminated soil). 

6.1.1 Exposure through the consumption of plant based 

products 

Humans may be exposed to contaminants from sludge or manure through eating crops cultivated 

on soil where sludge or manure has been applied, if contaminants absorbed in the soil are 

transferred in plant roots, leaves, etc. The exposure of humans from plant-derived food materials 

has been estimated using consumption data from a national dietary survey (Norkost, 1997) 

combined with estimated or measured plant concentrations of medicinal products for different 

model plants (Boxall, 2008). Boxall and co-workers (2008) studied the potential for a representative 

range of veterinary medicinal products to be taken up from soil by plants (lettuce and carrots) and to 

assess the potential significance of this route of exposure. 

Comparison of the actual calculated daily intakes for veterinary medicinal products with the 

corresponding acceptable daily intake (ADIs) (Figure 8) suggests that for the study compounds 

exposure of consumers to veterinary medicinal products in soils via plants is likely to be considerably 

below the ADI and that the direct risk to human health is thus probably low. The most 

bioaccumulative compounds (insecticide), Levamisole (insecticide) and Trimethoprim (anti-infective 

drug) via non-green food only accounted for less than 10% of the ADIs. This simplistic risk 

assessment is very conservative, because it assumes that all plant material consumed in the diet is 

derived from crops grown with manure containing veterinary medicinal products. The study has 

focused exclusively on parent medicinal products and on single-substance exposures. It is likely that 

many of the study compounds will have degraded in the soil or in the plant into transformation 

products.  

 

Solid bars represent exposure via non-green vegetables, and hatched bars represent exposure via green vegetables (Boxall, 

2008). 

Figure 8: Potential contribution of veterinary medicinal products in vegetable material to the 

acceptable daily intake (ADI) 
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6.1.2 Exposure through water consumption 

Humans may be exposed to contaminants dissolved in drinking water (Schricks, 2010) or adsorbed 

to particles. As concentration levels of medicinal products in drinking water produced from surface 

water are generally higher than in drinking water produced from ground water (Debroux, 2012; 

Stuart, 2012), it can be discussed whether exposure is higher via the drinking water produced from 

surface sources. Higher levels of concentrations in surface water does not necessarily result in a 

higher level of human exposure to medicinal products in countries using predominantly surface 

water, since the actual exposure will mostly depend on the quality of drinking water treatment. The 

environmental occurrence of medicinal products in surface water have been evaluated and generally 

found to be low if the waste water is treated before release to the environment, as a large 

proportion of the contaminants may be removed during filtration processes in drinking water 

treatment plants.For example, Sanderson (2011) collected data showing trace amounts of medicinal 

products in surface waters in the nano- to microgram per litre range, but only in the nanogram per 

litre range and in drinking water. No difference between surface and groundwater sources were 

reported in terms of human health risks. 

The human health risks of trace amounts of medicinal products in drinking water have been 

evaluated in a report edited by the World Health Organisation (WHO, 2011)46 as well as in a few 

countries such as in the UK and the Netherlands (Boxall et al., 2011; Boxall, 2012b; Schricks, 2010; 

Versteegh, 2007). All reports conclude that, based on  available evaluations, the majority of 

compounds a substantial margin of safety exists between the maximum concentration in drinking 

water and the concentrations likely to trigger adverse effects, and then that adverse health effects 

from targeted medicinal products occurring in European water are not expected to individually pose 

any appreciable risks to human health. However,  although preliminary screening level assessments 

suggest the exposure to be low, they are often based on the use of proxy indicators such as the 

lowest therapeutic doses as points of departure for the risk assessment (e.g. in Boxall et al., 2011), 

which does not reflect the specificities of pharmaceutical exposures through drinking water. Therefore, 

uncertainties remain, in particular with regards to the particularly active nature of the molecule, 

concerning mixture effects, chronic long-term effects at low doses and sensitive sub-populations. 

These aspects should be investigated further to verify whether the current exposure leads to a 

significant risk.  

6.1.3 Direct soil ingestion  

The calculated concentrations of contaminants (medicinal products) in soil or soil products after 

sludge or manure application are the basis for assessing the importance of the different routes for 

exposing medicinal products indirectly to humans in unanticipated ways. It is well known that 

children may ingest particles at playgrounds that were previously sludge amended. The highest 

concentrations of contaminants are found on the soil surface due to the use of sludge-containing soil 

mixtures for private gardens. In an epidemiologic study, 90% of the children ingested less than 0.2 g 

soil per day (Calabrese, 1989). This amount of soil has been used by several investigations e.g. SFT 
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to establish quality classes for soil in kindergartens and playing grounds for children in Norway 

(Alexander, 2006).  

Halling-Sørensen and co-workers calculated the human health risk for intake of medicinal products 

via soil (Halling-Sørensen, 2002b). Calculations showed that humans would need to consume 200 g 

to 1 kg soil in order to be exposed to one adult Daily Defined Dose (DDD) of the medicinal product. 

The defined daily dose of a medicinal product is the assumed average maintenance dose per day for 

a pharmaceutical product used for its main indication in adults. 

As stated by Alexander (2006) it was anticipated that it was not possible to eat more than 10 grams 

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

ÏÎÅ ÄÁÙ ÖÉÁ ÓÏÉÌȢ /Î ÔÈÅ ÏÔÈÅÒ ÈÁÎÄȟ ÉÔ ÉÓ ÄÉÆÆÉÃÕÌÔ ÔÏ ÅÓÔÁÂÌÉÓÈ Á ȰÓÁÆÅ ÌÅÖÅÌȱ ÆÏÒ medicinal products 

ÓÕÃÈ ÁÓ ÈÏÒÍÏÎÅÓȟ ÁÎÔÉÂÉÏÔÉÃÓ ÁÎÄ ÃÁÎÃÅÒ ÍÅÄÉÃÉÎÁÌ ÐÒÏÄÕÃÔÓȢ ! ȰÚÅÒÏ ÔÏÌÅÒÁÎÃÅȱ ÐÒÉÎÃÉÐle might 

therefore be proposed and applied to protect vulnerable groups of the human population. However, 

introduction of such a principle is not easy because management tools have not been developed for 

avoiding exposure of humans to important pharmaceutical products. Some groups (e.g. children) 

have for different reasons enhanced sensitivity towards medicinal products such as antibiotics. 

Humans developing allergies to antibacterial agents or other pharmaceutical products may suffer 

from being exposed to even very small doses of medicinal products. The evaluation of human health 

risk for micro-pollutants was based on an exposure scenario where a 10 kg child accidentally ingests 

200 mg faeces/day. This dose of faeces will not lead to an exposure level higher than 1/16 of the total 

daily intake (TDI) for any of the micro-pollutants evaluated. 

Contaminated soil ingestion in farmed animals can also be a potential exposure route, even if the 

current knowledge relates principally to metals (Abrahams, 2003; Waegeneers, 2008). Italian has 

been working on the relevance of the data to the ingestion of other contaminants, including 

pharmaceuticals, and their possible appearance in milk and meat, taking account of the 

concentrations of these contaminants in topsoil amendments including sewage sludge47. 

6.1.4 Exposure through the consumption of meat, dairy and 

fishery products 

Medicinal products can bioaccumulate in cattle anf fish, either through direct exposure for 

therapeutic purposes (use as growth promoter may still occur but is an illegal practice in the EU) or 

through the presence of pharmaceutical residues in the environment (e.g. in surface water for fish). 

Humans can then be exposed to the contaminants through the consumption of meat, dairy and 

fishery products.  

FAO, WHO, the International Office of Epizootics (OIE) and a number of national governments have 

lately raised the issue of irresponsible use of antibiotics in all production sectors, including fish 

industries, with particular concern for the potential risks to public health. Many governments around 

the world have introduced, changed or tightened national regulations related to the use of 

veterinary medicines, and in particular of antibiotics. In order to protect the health of consumer of 

foodstuff of animal origin, the EU legislation now foresees that foodstuff obtained from animals 
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treated with veterinary products must not contain residues of the medicine or its metabolite which 

might constitute a hazard health for the consumer, and Maximum Residue Levels (MRLs) were set in 

this respect. In Europe, there is therefore a comprehensive control of residues of veterinary 

pharmaceuticals in products issued from farming and aquaculture, and most production is 

considered of high quality, not containing antibacterial agents, which are the most used in animals, 

over the MRL levels. While the level of antibiotic residue is low in most cases, this kind of low and 

constant exposure can lead to antibiotic resistance in both the animals fed the antibiotics and the 

humans who consume the food.  EU (Eudralex, 2005), CVMP/VICH (EMA, 2013) (EMA, 2011) 

ÈÉÇÈÌÉÇÈÔÅÄ ÔÈÁÔ ÃÏÎÓÕÍÉÎÇ ÆÏÏÄÓ ÃÏÎÔÁÉÎÉÎÇ ÁÎÔÉÂÉÏÔÉÃÓ ÃÏÕÌÄ ÈÁÖÅ Á ÄÉÒÅÃÔ ÅÆÆÅÃÔ ÏÎ ÁÎ ÉÎÄÉÖÉÄÕÁÌȭÓ 

own intestinal bacteria and could contribute directly to the bacteria in the bowel becoming resistant 

to later antibiotic treatment. The risk for resistance and GI-tract disturbances are among the 

parameters considered when setting MRLs for antibacterial substances. 

However, environmental exposure to medicinal contaminants (human or veterinary) of animals is 

not considered within the MRL regulation. This pathway of exposure is currently poorly 

characterised. Additional research into deriving methods for assessing these pathways and better 

quantifying MRL for all medical products as well is suggested to be initiated. 

Furthermore, despite MRLs, uncertainties regarding the exposure of humans through the 

consumption of food arises from the multiple sources of exposure. The exposure to contaminants 

through consumption of meat, dairy and fisheryproducts has been estimated using food 

consumption data from the dietary surveys conducted in different MS. For organic contaminants, 

the model given in TGD may be used for biotransfer into food products such as meat, milk and fat. 

However, unfortunately data are scarce so it is difficult at present to perform a complete calculation 

for any medicinal product (i.e; data characterising the transfer of medicinal products in the food 

chain). In order to estimate the total daily intake of medicinal products, the content in drinking 

water and food from all possible exposure routes should be combined. To estimate a total average 

intake of a contaminant from all sources, the average intakes from the different food groups should 

be aggregated. At present, this is impossible for medicinal products because existing data do not 

allow such calculations due to incompleteness of data for most medicinal products.  

6.2 Hazard potential of some categories of 

medicinal products  

The human medicinal products recognised as potential environmental and food hazards are 

primarily medicinal products used in high volumes and medicinal product groups with special 

properties such as hormones, anticancer medicinal products, pain killers, and antibacterial medicinal 

products (Halling-Sørensen, 1998) (Jørgensen , 2000). High volumes of human medicinal products 

include groups such as non-steroid anti-inflammatory medicinal products, beta-blockers and lipid 

lowering agents.  
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Hormones are substances involved in cell signalling in humans. They are effective at low 

concentrations (ng/l level) and as medicinal products; they are used as natural, nature identical and 

synthetic substances. As contaminants in the ecosystem, hormones have already been shown to 

disrupt biological signal pathways (Daston, 1997).  

Anticancer medicinal products are optimally designed to kill/inhibit malignant tumour cells at doses 

that allow enough unaffected cells in critical tissues with high cell proliferation rates to survive so 

that recovery can occur. Different substance groups with specific mechanisms of actions are used in 

anticancer chemotherapy; however, most are generally genotoxic, mutagenic and reprotoxic 

already at relatively low concentrations. A few new classes of anti-cancer drugs such as the tyrosine 

kinase inhibitors and monoclonal antibodies are not genotoxic. An unintended human exposure of 

anticancer medicinal products via drinking water (which are detected in drinking water) or food 

could be problematic. 

Antibacterial medicinal products are compounds that kill or inhibit the growth of bacteria. 

Antibacterial medicinal products comprise a fourth group of importance due to their potential for 

resistance development caused by selection for resistant bacteria. Several studies suggest a link 

between antibacterial use and antibacterial-resistant infections (Smith, 1999). The development of 

antibacterial resistance is usually favoured by sub-inhibitory concentrations of these medicinal 

products. For instance, the numbers of antibacterial resistant microorganisms in samples taken from 

the outlet of fish farms under treatment and the presence of resistant bacteria treated with pig 

manure are increased and there is evidence that the antibacterial resistance from agriculture can be 

transferred to humans (Boxall, 2008). 

6.2.1 Antimicrobial resistance (AMR) 

The increasing resistance to antimicrobial medicinal products represents one of the major emerging 

threats to human health. Without any doubt, the development of AMR is by far the largest risk for 

humans of having medicinal products residues in the environment. AMR is a major European and 

global societal problem, involving many different sectors e.g. medicine, veterinary medicine, animal 

husbandry, agriculture, environment and trade. It cannot be successfully tackled through isolated, 

sectoral efforts. Food and direct contact with animals may serve as a vehicle for the transmission of 

AMR from animals to humans, emphasising the link between human and veterinary medicine in line 

×ÉÔÈ ÔÈÅ Ȱ/ÎÅ (ÅÁÌÔÈȱ ÉÎÉÔÉÁÔÉÖÅ48.  

The fact that resistance may spread from country to country when people and animals travel or 

when food, feed and other possible vehicles of AMR are traded, stresses the need for coordinated 

efforts across borders.  

To address this, a holistic approach is required in line ×ÉÔÈ ÔÈÅ Ȱ/ÎÅ (ÅÁÌÔÈȱ ÉÎÉÔÉÁÔÉÖÅȢ 4ÈÅ 

Commission proposes to put in place a 5-year Action Plan to fight against AMR based on 12 key 

actions (COM, 2011). The 12 key actions are shown in Box 3. Several MS have been pro-active in 

carrying out actions related to those considered at EU level. These actions at MS level and the 
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experience gained from it should be the basis of the practical development and implementation of 

this Action Plan. 

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

 

6.2.2 Background knowledge for AMR development 

It is important to stress that there needs to be a certain minimum concentration of antibacterial 

drugs present before any effect on bacterial growth is observed and therefore any selection pressure 

for resistance is present.  

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

humans or animals receiving antibacterial medicinal product therapy. Resistant bacteria and 

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

will be excreted together with the faeces. When that faeces becomes part the wastewater sludge, 

resistant bacteria and resistance genes may reach arable land if the sludge is used as soil 

conditioner. Such resistance may be spread further, either vertically or by horizontal spread of 

genetic elements to other bacteria. A second way, though probably less important than the one 

described above, is resistant development due to a selection pressure of dissolved antibacterial 

medicinal product residues in sewage water, and hot-spots (e.g. certain departments in hospitals), 

ÔÙÐÉÃÁÌÌÙ ÉÎ ÔÈÅ ʈÇȾÌ ÃÏÎÃÅÎÔÒÁÔÉÏÎ ÌÅÖÅÌȢ 4ÈÏÓÅ ÒÅÓÉÄÕÅÓ ÍÁÙ ÅØÅÒÔ Á ÓÅÌÅÃÔÉÏÎ ÐÒÅÓÓÕÒÅ ÔÏ ÂÁÃÔÅÒÉÁ 

that favours resistance development in the sewage treatment plant (STP). Again, the sludge may 

contain, as above, genetic elements that can be transferred at a later stage to other bacteria. Finally, 

a third way that may impose a selection pressure can happen in the soil compartment itself due to 

antibacterial medicinal product ÒÅÓÉÄÕÅ ÍÏÌÅÃÕÌÅÓ ɉÔÙÐÉÃÁÌÌÙ ÉÎ ÔÈÅ ÌÏ× ʈÇȾËÇ ÓÏÉÌ $7ɊȢ 4ÈÅÙ ÁÒÅ 

transported with sludge to the topsoil and desorb from the waste to the soil compartment. 

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

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

Action n° 3: Introduce recommendations for prudent use in veterinary medicine, including follow-up 
reports. 

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

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

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

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

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

Action n° 9: Strengthen surveillance systems on AMR and antimicrobial consumption in human medicine. 

Action n° 10: Strengthen surveillance systems on AMR and antimicrobial consumption in animal medicine. 

Action n° 11: Reinforce and co-ordinate research efforts. 

Action n° 12: Survey and comparative effectiveness research. 
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Theoretically, they can exert a selection pressure to existing soil bacteria, which may develop 

resistance. These genetic elements may again be transferred to other soil bacteria. This is likely a 

less important way of inducing resistant elements into the soil compartment.  

It is important to realise that there is an abundance of naturally occurring resistant bacteria in the 

environment even without any prior contact with antibacterial drugs. 

As concluded in the Action Plan against the rising threats from Antimicrobial Resistance (COM, 

2011), the development of resistance, the pressure to reduce the use of antimicrobials as well as the 

weak market incentives and increasing difficulty and cost to develop new effective antibiotics, have 

discouraged investment in this area with the consequence that only a few new antibiotics are 

currently under development. 

Increasing global trade and travel favours the spread of antimicrobial resistance between countries 

and continents. Therefore, antimicrobial resistance is a global public health concern leading to 

increased number of suboptimal treatments and treatment failures of bacterial diseases. The 

emergence and spread of antibacterial resistance are complex processes. They are driven by 

numerous interconnected factors. Selective pressure from exposure to antibacterial medicinal 

products, which causes the emergence of resistant bacteria that may become predominant within 

the population, is considered the most important factor. 

Several different mechanisms are involved in the development of resistance to antibacterial 

medicinal products. The scientific world is still struggling to understand the mechanism of 

transporting resistance via the environment to humans. Field information related to the spreading 

of genetic material from biosolids into soil is still very limited. Demoling & Baath (Demoling, 2008) 

reported that no long-term persistence of bacterial pollution-induced community tolerance was 

observed in Tylosin-polluted soil. Exposure to antibacterial medicinal products may cause intrinsic 

processes or mutations in bacterial DNA (e.g. chromosome, plasmid), resulting in reduced 

susceptibility or resistance to one or more antibacterial medicinal product (Lipsitch, 2002). 

Furthermore, acquisition of resistance by bacteria through uptake of new genetic elements through 

horizontal gene transfer coding for resistance is another mechanism (Lipsitch, 2002). Resistance 

genes may be acquired by uptake of pieces of DNA originating from the chromosome of other 

bacteria or by acquiring mobile genetic elements such as plasmids or transposons (Davis, 1994). This 

increases the occurrence of resistance genes associated with transferable genetic elements, and 

may entail further dissemination of resistance genes to other bacterial species (Lipsitch, 2002). 

Various studies have reported the presence of multi-resistant bacteria both in untreated and treated 

sludge (Boczek, 2007) (Ferreira da Silva, 2007).  

Box 4 provides some examples of the resistance phenomenon. 

Box 4: Examples of the resistance phenomenon 

Antibacterial medicinal products can be found with increasing frequency in wastewater and sewage sludge, 

and in parallel, an increased level and frequency of resistant bacteria in the environment has been observed 

(Reinthaler, 2003). Combined effects of different antibacterial medicinal products that were higher than 

predicted based on the assumption of concentration addition were shown. 

In a study on the occurrence of E. coli in sewage and sludge, it was shown that microorganisms with 

resistances to antibacterial medicinal products accumulated in the sludge (Reinthaler, 2003). E. coli strains 
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were found which were resistant to 16 out of 24 tested antibacterial medicinal products (penicillins, 

cephalosporins, aminoglycosides, quinolones, and others); the highest resistance rate (up to 57%) was found 

for tetracycline.  

Although treatment of sludge reduces the number of bacteria, including the resistant ones, it will not entirely 

eliminate all such bacteria. If inadequately treated sludge is used as fertiliser, agricultural products used as 

food or animal feed may be contaminated (Ensink, 2007) (Heaton, 2008) (Keraita, 2008)
 
, and such 

phenomena have been the sources of several outbreaks of enteropathogenic infections (Heaton, 2008).  

Proven spread of enteropathogenic pathogens may be regarded as an indication on spread of other 

enterobacteria (Høiby
 
, 1995) and these may carry resistance genes. 

Bacterial DNA that contains resistance genes can be released to soil from microorganisms after treatment of 

sludge. Bacterial DNA may persist in soils for weeks and months (Picard, 1992) (Recorbet, 1993) 

(Romanowski, 1991) but the biological activity of DNA released into natural soils has been demonstrated for 

bacterial DNA for limited periods (Nielsen, 1997).  

The stability of DNA in soils is dependent upon several factors like soil type, its composition and pore sizes, 

temperature, soil moisture, aeration, concentration of in/organic nutrients and salts, pH, bacterial activity 

and density, extracellular enzymatic activity, and soil interaction with meso-macrofauna and flora (Nielsen, 

197b).   

The transfer of bacterial DNA to environmental ȰÆÒÅÅ-ÌÉÖÉÎÇȱ bacteria has been demonstrated in several 

studies, mostly in laboratory models, often by means of an introduction of antibacterial medicinal products in 

concentration at a much higher level (mg/kg DW soil) than that found in natural soil environments (Nielsen, 

1997c) (Nielsen, 2000) (Smalla, 2000). 

Transfer to soil bacteria of antibacterial resistance genes from manure used as fertilisation has also been 

confirmed (Heuer, 2007) (Binh, 2008)
 
, and again this has been demonstrated only at the mg/kg DW manure 

of an antibacterial medicinal products. The frequency of such transfers depends on several factors like the 

number of bacterial species capable of transferring genes, factors that regulate their host range, the nature 

and availability of transferred DNA, the transfer efficiencies, and the selective pressure acting on the bacterial 

transformation. Sengeløv (2003) reported that resistance to Tetracycline, macrolides and Streptomycin was 

measured for a period of 8 months in soil bacteria obtained from farmland treated with pig manure slurry. 

The control soil was not amended with animal manure. The occurrence of tetracycline-resistant bacteria was 

elevated after spread of pig manure slurry but declined throughout the sampling period to a level 

corresponding to the control soil. A higher load of pig manure slurry yielded higher occurrence of tetracycline 

resistance after spreading; however, the Tetracycline resistance declined to normal occurrence defined by 

the Tetracycline resistance occurrence in the control soil. Results obtained indicate that Tetracycline 

resistance levels in soil are temporarily influenced by the addition of pig manure slurry and that increased 

amounts may result in increased levels of resistance for a shorter period. 

A second field study in southern Denmark consistently reported that the level of aerobic antibiotic resistant 

bacteria in the soil over time and soil fauna community was assessed in relation to application of manure 

containing antibacterial medicinal products to the agricultural fields (Halling-Sorensen, 2005).  

The level of both CTC- and TYL-resistant bacteria was affected in the soil by amendment of manure, but 

declined during the study to the same level as that observed at the beginning. 
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6.3 Risk analysis 

Studies have shown that medicinal products are especially present in water bodies. Due to the 

observed concentrations, risks are more related to possible cumulative effects of long-term low-

dose exposures than to acute health effects (Daughton, 1999).  

There is currently a lack of guidance on how the risk assessment for humans of the presence of 

medicinal products in the environment may be conducted. However, several authors have evaluated 

the risk of indirect environmental exposure to medicinal products. 

Human pharmacology and toxicology data of human Active Pharmaceutical  Ingredients have been 

used for developing acceptable daily intakes (ADIs) which are believed to be without 

pharmacological, Threshold of Toxicological Concern (TTC) and toxicological effect or minimum 

therapeutic dose (MTD) which were used as reference exposure concentrations to be compared to 

the modelled or measured real exposure through the environment. A report edited by the World 

Health Organisation (WHO, 2011), analysing risk assessment for drinking water in the UK, the 

United States and Australia, concludes that appreciable adverse health impacts to humans are very 

unlikely from exposure to the trace concentrations of medicinal products that could potentially be 

found in drinking water. The findings from these three case studies are in line with the evidence 

published in other countries.  For instance, a study conducted in Germany and data reported in table 

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

dose was at least three orders of magnitude, concluding that exposure to medicinal products via 

drinking water is not a major health concern (Webb, 2003). Previous studies have come to the same 

conclusion for exposure of medicinal products, such as neuromedicinal products (Bercu, 2008), 

cytotoxic medicinal products and iodinated contrast media, in water or from fish consumption 

(Cunningham, 2009). 

However, uncertainties and particular concerns still exist. First, in the majority of cases, the targeted 

population consists of healthy adults exposed through drinking water. Thus, the risk evaluation 

would need to be specifically normalised applying worst-case scenarios for sub-populations (e.g. 

children, pregnant women and foetus, allergic people).  

Moreover, the real exposure is to a mixture of medicinal products in trace amounts and not only 

through drinking water. Thus, the total burden of exposure could be better evaluated once more 

information on food chain transfers could be produced. 

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

or inorganic molecules at low concentrations has been reported in several studies. Consideration of 

their interactions becomes important, as it constitutes a significant uncertainty. On 31 May 2012, 

the Commission reported to the Council in its Communication from the Commission on Combination 

effects of Chemicals (Chemical mixtures) (COM, 2012). In this report, the Commission engaged to 

launch a new process to ensure that risks associated with chemical mixtures are properly understood 

and assessed. The report states that EU laws set strict limits for the amounts of particular chemicals 

allowed in food, water, air, and manufactured products, but that the potentially toxic effects of 

these chemicals in combination are rarely examined.  

Under the new approach, the Commission will identify priority mixtures to be assessed, and ensure 

that the different strands of EU legislation deliver consistent risk assessments for such priority 
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mixtures. The Commission will also tackle some of the data and knowledge gaps to improve 

understanding of the mixtures to which people and the environment are exposed. 

A particular focus is suggested to be placed on endocrine disrupters (COM, 2012). These substances 

act like hormones and disturb the normal functioning of the endocrine system. The endocrine 

system is a network of glands and hormones that regulate many of the body's functions, including 

growth, development and maturation. Endocrine disrupters are suspected of interfering with the 

production and performance of hormones. Such effects have already been seen in animals, 

impairing reproduction, development or immunity. 

Due to lack of understanding about (1) actual composition of pharmaceutical mixtures and (2) 

toxicity of medicinal products at low concentration levels in mixture with other medicinal products, 

it becomes difficult to predict bodily responses to these mixtures. On the other hand, it is not 

possible to evaluate whether mixtures of medicinal products can be more toxic than mixtures of 

other active organic substances. A mixture of many medicinal products at therapeutic dose is known 

from the medical world to often create side effects in humans. Kumar and Xagoraraki (2000) used 

information about Carbamazepine, Meprobamate, and Phenytoin to understand their interaction 

with each other using a pair of two active pharmaceutical ingredients (APIs) and qualitatively 

discussed the potential effect of simultaneous presence of different APIs. Although this approach 

appears to serve the purpose of understanding the interactive effect of APIs, it does not help in 

getting quantitative risk estimates. 

Studies have generally discussed different assumptions following the US EPA guideline for health 

risk assessment of chemical mixtures. Further, due to the present use of consideration of different 

uncertainty factors (Ufs) for estimation of HBLs and its subjectivity, the current QPhRA 

methodology overestimates risk estimates and is expected to compensate for the effect of 

simplified assumption of no mixture effect on risk estimates. 

Due to the potential additive, antagonistic, or synergistic nature of medicinal products, any 

comprehensive risk assessment method addressing the issue of mixture effects is expected to be 

complicated. Generally, the additive effect due to different medicinal products is expected if 

medicinal products act through the same mechanism. In case of different mechanisms Cleuvers and 

co-workers reported certain mixtures of medicinal products to be higher, even at concentrations at 

which the single substance showed no or only very slight effects (Cleuvers, 2005) (Cleuver, 

2003).Further, these effects could be concentration-dependent as Pomati et al. (2008) observed 

during their toxicity study using 13 medicinal products. Although most of these studies have 

assessed toxicity using aquatic indicator species or non-specific tests, findings of these studies 

provide human health perspectives about effects due to presence of different medicinal products at 

different levels. So in general, more toxicological work is required to study interactive effects of 

different medicinal products and other chemicals present in water on different human health 

relevant endpoints. 
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6.4 Chapter summary  

6.4.1 Key messages 

 Antibiotics, anti-parasiticides, anti-mycotics and anti-cancer medicinal products are 

pharmaceutical groups that are specifically intended to kill their target organisms or 

target cells and may, via environmental exposure, be the most important 

compounds affecting human health.  

 Chronic low-level exposure to medicinal products exists for the public through 

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

products, and meat. Most of these exposure pathways are probably not very 

important but some pathways, such as dairy products, still need to be fully 

characterised and the uncertainties below, for example regarding possible long-term 

effects, should be borne in mind. 

 In dairy products produced in Europe, only very low concentrations of veterinary 

antibiotics are found. Similar results are found for levels of antibiotic residues in 

drinking water and fish species. For human medicinal products not regulated by a 

maximum residue level (MRL), information is very sparse on residues with the 

exception of the presence of residues in drinking water. The levels of residues in 

drinking water are very low and without concern for humans, as far as can be 

determined on the basis of current knowledge. 

 Countries using surface water for production of drinking water tend to have higher 

concentrations of pharmaceutical residues in their drinking water than countries 

only using ground water, because the latter may be less directly exposed to 

medicinal products. 

 To date there are no short-term effects observed on humans. However, the risks of 

long-term exposure of active pharmaceutical ingredients remain poorly understood. 

Long-term effects cannot be ruled out with current  knowledge, especially with 

regard to vulnerable humans.  

 It seems that there is a stabilised problem with fish imported for food from certain 

countries outside Europe and containing antibacterial agents exceeding the MRL 

levels applied in Europe, the US and Australia. 

 There is growing concern that combined exposure (mixtures) to chemicals from 

different sources used for example in agriculture and industry may have adverse 

effects on human health, even if each individual substance is below its own risk limit. 

Experts regard the predominant chemical-by-chemical approach in risk assessment 

as insufficient to protect against the risks of combination effects. Medicinal products 

including antibacterial agents are often part of the chemical mixture to which 

humans are exposed. A few medicinal products such as selective serotonin reuptake 

inhibitors (SSRI) and some anti-cancer agents possess side effects affecting 

endocrine disruptive activity. 
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 The development of antimicrobial resistance (AMR) created by antibacterial agents 

is a global problem and presents one of the major emerging threats to human health 

today. Current knowledge of solutions to minimise the risks of AMR remains 

incomplete. In November 2012, the EU presented an action plan against the rising 

threats from AMR based on 12 key actions. 

6.4.2 Knowledge gaps  

 Generally, there is a lack of data showing mixture effects of medicinal products by 

themselves and in combination with other relevant organic pollutants e.g. endocrine 

disruptors. Under a new approach, the Commission will identify priority mixtures to 

be assessed, and ensure that the different strands of EU legislation deliver 

consistent risk assessments for such priority mixtures. The Commission will also 

tackle some of the data and knowledge gaps to improve understanding of the 

mixtures to which people and the environment are exposed. Such future action is 

important to get an overview of the impact of human exposure on medicinal 

products. 

 Experts regard the predominant chemical-by-chemical approach in risk assessment 

as insufficient to protect against the risks of combination effects (mixtures). The 

conclusions therefore call for more research in the area, especially in mixtures 

involving participation of endocrine disruptors. 

 Future research investigations should target data collection from vulnerable human 

groups. The possible additive or synergistic effects of mixtures would be beneficial 

for an accurate exposure assessment to determine whether there are any potential 

risks to human health. 

 Even though quite a lot of data exist on levels of medicinal products in drinking 

water, studies should be carried out for providing standardised sampling and 

analysis protocols to support monitoring studies.  

 As such, future research looking into cost-effective methods to prioritise medicinal 

products within the context of an overall risk assessment will benefit our 

appreciation of low levels of medicinal products in drinking water from a human 

health perspective. Research initiatives should focus on the current lack of guidance 

on how to perform the risk assessment for humans. Methods should be developed 

for calculating safe levels of non-antibacterial agent medicinal products while 

including specific vulnerable groups. Furthermore the derivation ofcost-effective 

methods to prioritise medicinal products will benefit of a better  appreciation of the 

impacts of low levels human exposure trough  drinking water. 

 Implement the research initiatives launched in November 2012 by the EU presenting 

an action against the rising threats from AMR based on 12 key actions. 
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Chapter 7:  Non legislative factors of influence  

Non-legislat ive factors of influence may contribute to the presence of medicinal products in the 

environment and the associated impacts, including pract ices along the life cycle, communicat ion 

issues regarding the possible impacts of medicinal products on human health and the 

environment, and scient if ic knowledge gaps of various natures. 

7.1 Sustainable production  

R&D and manufacturing of medicinal products is a key stage, where are defined the propert ies of 

the molecules later placed on the market. In addit ion to the mode of act ion and efficiency for 

target organisms, these propert ies include characterist ics relevant to the occurrence and 

possible impacts on the environment, e.g. persistence in environmental compartments, 

bioaccumulat ion and ecotoxicity/toxicity of original, metabolised and/or transformation 

products for non-target organisms. 

Pharmaceut ical industry works towards the development of human and veterinary medicinal 

products that are the most eff icient possible in detect ing, prevent ing and/or treat ing diseases 

while minimising side effects for target and non-target organisms.  As highlighted by the 

European Federat ion of Pharmaceut ical industries (EFPIA), research and development strategies 

are focussed on efficacy, safety and quality49. 

It is often argued that developing greener medicinal products50 (Kümmerer, 2010) (i.e. eff icient 

medicinal products with a more environmentally-friendly profile compared to convent ional 

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

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

the short-term. 4ÈÅ ÃÏÎÃÅÐÔ ÏÆ ȰÇÒÅÅÎ ÄÅÓÉÇÎȱ ÁÄÄÓ ÃÏÍÐÌÅØÉÔÙ ÔÏ ÔÈÅ ÓÔÁÎÄÁÒÄ ÐÒÏÃÅÓÓ ÁÎÄ 

reduces the number of candidates with sat isfactory propert ies from a therapeut ic point of view. 

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

greener molecules in early medicinal product development. Moreover, the current pharmacology 

model impedes even more green design initiatives, in particular because of the increased 

externalisation of research and the increased pressure to find new candidates (Snape, 2012). 

&ÕÒÔÈÅÒÍÏÒÅȟ ÔÈÅ ÍÁÒËÅÔÉÎÇ ÏÆ ȰÇÒÅÅÎ ÍÅÄÉÃÉÎÁÌ ÐÒÏÄÕÃÔÓȱ ÉÓ ÎÏÔ yet a demand from EU 

consumers49, who also might not be ready to support associated costs. In the EU, there are not 

any regulatory incent ives to develop act ive substances with greener characterist ics either 

(Kümmerer, 2010).  

                                                                    
49 Based on an interview with EFPIA conducted by BIOIS for the present study. 
50 'ÒÅÅÎ ÐÈÁÒÍÁÃÙ ÈÁÓ ÂÅÅÎ ÄÅÆÉÎÅÄ ÁÓ ȰÔÈÅ ÄÅÓÉÇÎ ÏÆ ÐÈÁÒÍÁÃÅÕÔÉÃÁÌ ÐÒÏÄÕÃÔÓ ÁÎÄ ÐÒÏÃÅÓÓÅÓ ÔÈÁÔ ÅÌÉÍÉÎÁÔÅ ÏÒ ÒÅÄÕÃÅ ÔÈÅ ÕÓÅ ÁÎÄ 
generation of hazardous substaÎÃÅÓ ÁÌÏÎÇ ÔÈÅ ×ÈÏÌÅ ÌÉÆÅ ÃÙÃÌÅȱ ɉ%%!ȟ ΨΦΧΦɊȢ 
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"ÅÃÁÕÓÅ ÏÆ ÔÈÅÓÅ ÄÉÆÆÉÃÕÌÔÉÅÓȟ ÐÈÁÒÍÁÃÅÕÔÉÃÁÌ ÉÎÄÕÓÔÒÉÅÓ ÒÁÔÈÅÒ ÐÒÏÍÏÔÅ ÔÈÅ ÃÏÎÃÅÐÔ ÏÆ ȰÇÒÅÅÎ 

ÃÈÅÍÉÓÔÒÙȱ51 (Anastas, 1998), which may include green design but mostly consists in developing 

sustainable manufacturing practices, with limited emissions, without modifying the formulation 

of medicinal products. Anastas & Warner (Anastas, 1998) highlights the 12 green chemistry 

principles. Good Manufacturing Practices (GMP) requires containment measures for few high-

risk medicinal products (including cytotoxic medicinal products)52. However, for the large 

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

7.2 Tackling overconsumption  

Although disease pressures can differ from a country to another, it is very unlikely that the 

diÆÆÅÒÅÎÔ ȰÎÅÅÄÓ ÆÏÒ ÍÅÄÉÃÁÔÉÏÎȱ ÅØÐÌÁÉÎ ÉÎ ÔÈÅÍÓÅÌÖÅÓ ÎÅÉÔÈÅÒ ÔÈÅ ÈÉÇÈ ÃÏÎÓÕÍÐÔÉÏÎ ÏÆ 

medicinal products nor the variations observed in the EU. Beyond the need for medication, 

consumption levels of medicinal products can be explained by increased access to medication 

(e.g. availability of supply, over-the-counter sales and price); cultural acceptance of medication; 

relationships between consumers, pharmacists, and doctors; and stimulation of consumption 

(e.g. marketing strategies, reimbursement schemes). As part of its activities of surveillance, 

ESAC set up a database on socio-economic determinants related to antibiotic use, including 

diverse categories of variables related to burden of disease, culture and perception of illness, 

demographic factors, education and knowledge, healthcare system and socio-economic 

factors53. 

Although the use of medicinal products to meet needs for medication is hardly questionable, 

inappropriate and excessive consumption might be at the origin of unnecessary emissions. The 

concepÔ ÏÆ ȰÏÖÅÒÃÏÎÓÕÍÐÔÉÏÎȱȟ ÉȢÅȢ ÃÏÎÓÕÍÐÔÉÏÎ ÂÅÙÏÎÄ ÁÃÔÕÁÌ ÎÅÅÄÓ (Ordre National des 

Médecins, 2012), is an easy grasp but it is difficult to assess the scale of this phenomenon in 

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, a 

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

overconsumption of medicinal products.  

7.2.1 Overconsumption in the context of OTCs or 

medicinal products under prescriptions 

In the EU, overɀthe-counter medication is readily available, relatively inexpensive and can be 

ÏÂÔÁÉÎÅÄ ×ÉÔÈÏÕÔ ÐÒÏÆÅÓÓÉÏÎÁÌ ÁÄÖÉÃÅ ÔÈÁÔ ×ÏÕÌÄ ÂÅ ÂÁÓÅÄ ÏÎ ÃÏÎÓÕÍÅÒÓȭ ÎÅÅÄÓ ÏÒ ÈÉÓÔÏÒÙ ÏÆ 

consumption. It is common for people to self-medicate when having mild pain and headaches, 

                                                                    
51 )Î ÐÈÁÒÍÁÃÅÕÔÉÃÁÌ ÉÎÄÕÓÔÒÉÅÓȟ ȰÇÒÅÅÎ ÃÈÅÍÉÓÔÒÙȱ ÉÎÖÏÌÖÅÓ ÓÁÆÅÒ ÁÎÄ ÃÌÅÁÎÅÒ ÐÒÏÃÅÓÓÅÓ ×ÉÔÈÏÕÔ ÃÏÎÓÉÄÅÒÉÎÇ ÔÈÅ ÐÒÏÐÅÒÔÉÅÓ ÏÆ ÔÈÅ ǢÎÁÌ 
ÐÒÏÄÕÃÔÓ ÁÎÄ ȰÇÒÅÅÎ ÐÈÁÒÍÁÃÙȱ ÔÈÁÔ ÁÉÍÓ ÔÏ ÇÅÎÅÒÁÔÅ ÍÏÒÅ ÂÉÏÄÅgradable and more environmental-friendly substances (Kümmerer, 
2010). 
52 Based on information provided by a AEMPS (Agencia Española de Medicamentos y Productos Sanitarios in Spain) representative in 
ÔÈÅ ÑÕÅÓÔÉÏÎÎÁÉÒÅÓ ÅÌÁÂÏÒÁÔÅÄ ÂÙ ")/)3 ÉÎ ÔÈÅ ÃÏÎÔÅØÔ ÏÆ ÔÈÅ ÓÔÁËÅÈÏÌÄÅÒÓȭ ÃÏÎÓÕÌÔÁÔÉÏÎ ÆÏÒ ÔÈÅ ÐÒÅÓÅÎÔ ÓÔÕÄÙ 
53 www.esac.ua.ac.be/main.aspx?c=*ESAC2&n=50205 
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colds and allergy symptoms, and gastro-intestinal upset, although these practices importantly 

vary from a country to another. Some medicinal products can be sold over the counter in some 

countries with or without the supervision of a pharmacist54, whereas a prescription would be 

needed elsewhere (Kümmerer, 2009) (EEA, 2010) (Académie Nationale de Pharmacie, 2008).  

OTC medicinal products may then represent a considerable share of the total quantity of 

medicinal products used (NRDC, 2009) and favour over-consumption (Roig, 2010). For example, 

OTC-Ibuprofen or Paracetamol are likely to represent a higher share than prescribed ones. Sales 

of OTC medicinal products are however difficult to estimate since they are not systematically 

recorded: consumption data from Germany, Poland, Spain and the UK (England and Wales) do 

not include OTC-medicinal products, whereas detailed data exist in France (KNAPPE, 2008). For 

example, French consumption of Paracetamol including OTC sales amounts to about 47.1 g per 

capita per year whereas figures are significantly lower in Germany, Spain and UK, where 

consumption figures amount to about 4.5, 3.6 and 15.7 g respectively (Roig, 2010).  

Prescriptions can contribute to control the delivery of medicinal products with significant and 

potentially hazardous effects, such as antibiotics, antidepressants and hormones. Over-

prescribing has however been reported in a number of MS. For example, a survey of general 

practitioners in the UK found that more than 80 percent of practitioners self-reported over-

prescribing anti-depressants to their patients55. In France, 30% to 70% of medicinal products 

delivered under prescriptions could have been prescribed in excess (IGAS, 2005). 

Reimbursement schemes of medicinal products are an essential part of health care systems, 

which do not necessarily increase the consumption of medicinal products (Madsen, 2009). 

However, undesirable side effects can occur when a medicinal product loses its reimbursement 

status. Kanavos (2001) showed that its prescription sales often fall, since doctors may replace it 

with cheaper alternatives in order to reduce the costs paid by patients. Industries may 

consequently try to have it reclassified as an OTC medicinal product in the case of prescription-

only medicine, so that consumer could buy it on their own. However, industry would then need to 

assure the authorities that the medicine to be reclassified is safe to be sold over the counter 

without professional input. The opportunity for self-medication could then increase 

consumption, following the mechanisms described above.  

Beyond the actual need for medication, demand for medicinal products can be stimulated 

through marketing strategies. Because innovation has been losing momentum in the last ten 

years, because market authorisations are increasingly controlled and because of increasing 

competition from generics, pharmaceutical industries tend to invest increasingly in marketing 

activities (Ordre National des Médecins, 2012). Physicians and patients are confronted every day 

to advertisements for medicinal products, tailored to sub-populations, seasonal diseases and 

discomfort. Direct marketing through flyers, ads on TVs or newspapers and in-store marketing 

are part of marketing strategies of pharmaceutical companies. In the European Union (EU), 

advertising of prescription-only medicines directly to patients and consumers is forbidden by law.  

However, advertising may still occur towards professionals through tactical sponsorship, direct 

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

                                                                    
54 In the UK and in France for instance, some OTC products are only available in pharmacies. 
55 BBC communication cited in (NRDC, 2009) 
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illustrations and photographs (Khosla, 2011). By raising awareness of physicians and patients for 

medicinal products, these practices are likely to stimulate consumption through prescriptions56 

or self-medication. As patients pay for an increasing share of their health care costs and tend to 

buy product brands they trust (Rönnlund, 2010), they are increasingly targeted by marketing 

strategies. Marketing towards insurance companies also contribute to promoting new medicinal 

products e.g. through their inclusion in reimbursement schemes. 

It is interesting to note that the EU pharmaceutical sector experienced an increase in marketing 

and sales expenses over the past decades. These activities have become a major cost item in the 

expenditures of pharmaceutical industries (ECORYS, 2009). This is in line with practices observed 

in the US57. 

7.2.2 Unused medicinal products 

This section is based on studies focused on human medicines. Causes of unused veterinary 

medicinal products are similar from a qualitative perspective, but not enough data is available. 

Treatment interruptions provide a first explanation of this phenomenon, resulting from a change 

due to intolerance to the initial medicine (side effects), from voluntary discontinuation58 and to a 

least extent from death of patient (Académie Nationale de Pharmacie, 2008). In this latter case, 

the apparent over-supply is largely unavoidable59. In England for example, Bound and Voulvoulis 

(2005) showed that less than 53% of patients completed their treatment. Over-prescribing and 

easy access to medicinal products are also possible factors: IGAS (2005) showed that part of the 

medicinal products distributed and left over in France was due to over-prescriptions; while a 

study from the US showed that overall OTC medicinal products are likely to go more unused than 

prescribed ones60.  The relative influence of each of these factors would gain in being better 

characterised.  

Another reason underlying the generation of unused medicinal products is the difficulty in the 

ÃÕÒÒÅÎÔ ÓÙÓÔÅÍ ÔÏ ÔÁÉÌÏÒ ÔÈÅ ÄÅÌÉÖÅÒÙ ÏÆ ÍÅÄÉÃÉÎÁÌ ÐÒÏÄÕÃÔÓ ÔÏ ÅÁÃÈ ÐÁÔÉÅÎÔȭÓ ÎÅÅÄÓȢ &ÏÌÌÏ×ÉÎÇ ÔÈÅ 

industrialisation of the pharmaceutical sector, the size of medicinal products packages (Gauthier, 

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

ÄÅÌÉÖÅÒÙȟ ×ÉÔÈ ÍÅÄÉÃÉÎÁÌ ÐÒÏÄÕÃÔÓ ÓÕÒÐÌÕÓ ÂÅÉÎÇ ÇÅÎÅÒÁÌÌÙ ËÅÐÔ ÁÔ ÈÏÍÅȟ ȰÉÎ ÃÁÓÅȱȟ ÕÎÔÉÌ ÔÈÅÙ ÁÒÅ 

outdated and must be discarded. The adjustment of medication, in particular for some specific 

population groups such as children, the elderly and for some severe illnesses such as cancer and 

transplants, is now increasingly promoted in health strategy (Gauthier, 2011).  

Significant shares of unused medicines detained by individuals and pharmacies could be avoided. 

A UK study showed that this avoidable share may account for approximately 50% of unused 

                                                                    
56 As a result of marketing strategies, physicians can prescribe new, higher cost medications when generics or lower priced brand 
drugs are available. 
57 In 2008, a new study by two York University researchers, based on 2004 IMS health data estimated the US pharmaceutical industry 
spends almost twice as much on promotion as it does on reseaÒÃÈ ÁÎÄ ÄÅÖÅÌÏÐÍÅÎÔȟ ÃÏÎÔÒÁÒÙ ÔÏ ÔÈÅ ÉÎÄÕÓÔÒÙȭÓ ÃÌÁÉÍ ɉ'ÁÇÎÏÎ ΨΦΦήɊ  
58 In the UK, a study (YHEC, 2010) revealed that in many instances, unused medicines were those prescribed for short-term or 
intermittent disorders, with a discontinuation of treatments after the disappearance of symptoms.  
59 For instance, in the UK, over 60 per cent of strong analgesic and approaching 80 per cent of wound dressing returns were reportedly 
because of patient death (YHEC, 2010).  
60 Data from an unused medication collection program in California also suggested that 52 percent of over-the-counter (OTC) 
pharmaceuticals are discarded unused, compared to 45 percent of prescription pharmaceuticals. 
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medicines detained by individuals and between 50 to 70% of those returned to pharmacies 

(YHEC, 2010).  

7.2.3 Strategies for administering pharmaceuticals 

Compared with targeted therapies, prophylactic and empiric administration of human and 

veterinary medicinal products may favour over-consumption of medicinal products (KNAPPE, 

2008). No specific data could be found in the EU, but globally, Bowler (2005) showed that the 

increasing prevalence of MRSA (methicillin-resistant Staphylococcus aureus) drives changes to 

empirical and prophylactic regimens in favour of much greater use of glycopeptides. Calculations 

made in a hospital suggested that this shift in therapy would increase the total antibiotic budget 

by 100% (WHO, 2005).  

Prophylactic use of veterinary medicinal products has been particularly developed in aquaculture, 

notably antibiotics, to forestall bacterial infections resulting from the high density of fishes, the 

difficulty in isolating sick animals and the absence of sanitary barriers (Naylor, 2005). Significant 

emissions of medicinal products were detected e.g. in salmon and shrimps farming in Norway 

(Grave, 1999). Antibiotics, in addition to be at the origin of bacterial resistance (see section 6.2.1) 

are often designed to be persistent in the environment, to ensure that they remain stable in the 

aquatic compartment, exerting their selective pressure for long periods (EMA, 2010).  

The mode of administration (e.g. bolus, injection, dermal) and precautionary practices during 

administration, may also influence the emissions in the environment. For humans, the external 

application of veterinary or human medicinal products through ointments or patches for example 

might favour unnecessary emissions, through the release of medicinal product surplus in the 

environment, while injections and bolus limit the direct environmental contamination by 

favouring the uptake by the organisms. Injections however have the inconvenience to leave 

sharp medical waste after use.  

7.3 Effectiveness of the waste management  

practices  

7.3.1 Collection schemes for unused medicinal products 

and awareness raising 

Take-back schemes usually concern only medicinal products for human use, and not non-used or 

expired veterinary medicinal products, which are usually collected together with other type of 

veterinary waste or directly disposed of in municipal waste stream61. 

                                                                    
61 The French authorities indicated that in the case of veterinary medicinal products, the circuit is less formalised than with human 
pharmaceuticals, and includes veterinarians and professional livestock farmers. Information provided by the French authorities in a 
ÑÕÅÓÔÉÏÎÎÁÉÒÅ ÅÌÁÂÏÒÁÔÅÄ ÂÙ ")/)3 ÉÎ ÔÈÅ ÃÏÎÔÅØÔ ÏÆ Á ÓÔÁËÅÈÏÌÄÅÒÓȭ ÃÏÎÓÕÌÔÁtion for the present study. 



Chapter 7:  Non llegislative factors of influence  

 

 
Study on the risks of environmental effects of medicinal products | 95 

In the case of human medicines, the absence of collection schemes for human medicinal 

products in certain countries62 (Académie Nationale de Pharmacie, 2008) (Niquille, 2008) does 

not fully explain the low performance in collecting unused medicinal products at EU level (see 

section 3.3.1).  

Collection schemes had been established in 20 European countries in 200963  (Académie 

Nationale de Pharmacie, 2008), including Sweden in 1970 with Apoteket (APOTETEK, 2006), 

France with the Cyclamed Program64 (1993), Portugal with the Valormed Program65 (2001), Spain 

with the SIGRE system (EEA, 2010) (2003) or Hungary with RECYCLOMED66 (2005). However, 

there is no harmonised take back system imposed at EU level. As a result, take back schemes are 

uneven from one MS to another.  

Gaps in collection statistics can be explained by:  

 heterogeneity of collection coordination in MS, which might be: 

 at MS, regional (e.g. agreement between the federation of 

pharmacies and the region in Belgium), local level (e.g. take back 

and disposal of medicinal products are funded and coordinated by 

cities in the Netherlands);and  

 managed by government-owned companies (e.g. Apoteket AB in 

Sweden), environmental non-profit organisation (e.g. SIGRE in 

Spain67 and CYCLAMED in France) initiated and/or funded by the 

industry or industrial stakeholders (e.g. Valormed in Portugal, former 

VFW/Remedica in Germany68)69.  

 heterogeneity in implementation of collection schemes by pharmacists: there is 

no harmonised EU legal obligation and the participation is on a voluntary base in 

most MS (EEA, 2010) (Roig, 2010).  

 lack of awareness of consumers, probably due to insufficient communication (i.e. 

advertising collection schemes, labelling) despite user-friendly websites70 and 

communication campaigns. The latter are generally intermittent, with a limited 

efficiency71.  

                                                                    
62 For instance in Germany, the existing take-back scheme was abandoned in 2009, because of an amendment to a German law62, 
and there is no take-back scheme in The Netherlands. In this latter case, most unused medicinal products are returned to pharmacies 
disposed of via the collection system for household chemicals or as common household waste, in which case it will be incinerated (as 
it is prohibited to dispose of domestic waste in landfills). Source: Based on information provided by a representative from RIVM , in a 
ÑÕÅÓÔÉÏÎÎÁÉÒÅ ÅÌÁÂÏÒÁÔÅÄ ÂÙ ")/)3 ÉÎ ÔÈÅ ÃÏÎÔÅØÔ ÏÆ ÔÈÅ ÓÔÁËÅÈÏÌÄÅÒÓȭ ÃÏÎÓÕÌÔÁÔÉÏÎ ÆÏÒ ÔÈÅ ÐÒÅÓÅÎÔ ÓÔÕÄÙȢ 
63 Austria, Belgium, Czech Republic, Denmark, Estonia, Finland, France, Germany, Hungary, Ireland, Italy, Lithuania, Netherlands, 
Poland, Portugal, Slovakia, Spain, Sweden, United Kingdom. 
64 www.cyclamed.org 
65 www.valormed.pt 
66 www.recyclomed.hu 
67 Funded by the pharmaceutical industry and operational in 20000 pharmacies in Spain. 
68 VFW / Remedica gathered 320 industrials and proposed a free take-back service to 15 500 pharmacies. It was abandoned in June 
2009 following a national law on packaging, which recommended discarding pharmaceuticals directly into municipal waste. 
69 Information collected from: www.cyclamed.org/circuit/etranger 
70 For instance, website of SIGRE initiative: www.memoriasigre.es/2011/ 
71 Based on an interview with EFPIA conducted by BIOIS for the present study. 
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 insufficient structuring of the sector in the case of veterinary medicinal products, 

where the collection of unused medicines remains more informal and is mostly 

organised by veterinaries and professional breeders.  

 much fewer information is available for the collection schemes and relative 

efficiency of unused veterinary medicinal products, which are mostly collected 

with household waste or which can be disposed of directly by the vet72. 

7.3.2 Containment of run-off in farms and urban areas  

Run-off water from farms or impervious urban areas can be contaminated by large quantities of 

pollutants, including medicinal products (Sinclair, 2007). Farms or urban areas are not necessarily 

designed to contain run-off. Hence, wastewater is not always discharged into the sewage 

network and can end up infiltrating the soil and the groundwater, leading to environmental 

contamination. 

A number of best practices allow mitigating this issue. For instance, farmers must comply with 

the post-treatment withdrawal periods specified on the product labelling. In compliance with 

Article 11 of Directive 2009/128/EC on sustainable use of pesticides, all MS shall also ensure to put 

in place appropriate measures to protect aquatic environment and drinking water, including 

measures to minimise the risk of off-site pollution caused by run-off. At farm level, those 

measures reducing run-off water can positively contain such potential source of medicinal 

contamination.  

7.3.3 Inefficiencies of treatment/elimination processes 

As pinpointed in section 3.3 the waste treatment of medicinal products is not always optimal or 

adapted due to some shortcomings existence in the efficiency of current disposal processes.   

 Wastewater treatments  

Current municipal sewage treatment plants cannot guarantee a complete elimination of 

medicinal products (Miege, 2009) (Reemtsma, 2006) (KNAPPE, 2008). Efficiency of treatment 

mainly depends on: 

 type of treatment technologies chosen which allows eliminating (degradation) or 

removing active pharmaceutical ingredients to a certain extent (See Box 5) 

(biological technologies: conventional activated sludge, membrane bio reactor, 

bio film systems; separation technologies: nano-filtration, reverse osmosis, 

activated carbon, sand filtration; or oxidative technologies: ozonation, ultra violet 

light and hydrogen peroxide (UV/H2O2).  

 nature of the substances to be treated, which influences the degradation or 

sorption rate: polar compounds are mainly eliminated in biological treatment, 

while hydrophobic compounds are rather removed through adsorption on 

                                                                    
72 www.wastebook.org/clinical.htm 
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sewage sludge (Carballa, 2003). Treatment cannot be calibrated for each 

therapeutic group since even within the same group, degradation rates would not 

be the same depending on the specific chemical structures of the molecules 

treated. 

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

no pre-treatment of effluents from hospital or farms, where large quantities of 

pollutants are generated, before their discharge in municipal sewage. In this 

context, the Netherlands and Germany tested the collection and treatment of 

wastewater from hospital before their discharge in municipal networks, which 

appeared to give significant results (KNAPPE, 2008). 

Box 5: Efficiency of various treatment technologies 

As treatment must take place at existing facilities with very different processes and capacity to remove 

medicinal products today, the methods needs to be tailor-made to almost each individual plant or group of 

plants with similar process schemes. Each technology has its advantages and shortcomings; the latter 

including the production of non-wanted transformation products, increased sludge handling, and increased 

use of chemicals and costs associated with implementation (EEA, 2010). 

Amongst advanced technologies, ozonation and activated carbon show the most promising results. The 

efficiency of these treatments depends mainly on the treatment capacities (e.g. 0.125-0.5 m
3
/h for ozonation 

compared to 0.1 m
3
/h for UV/H2O2) as well as sludge and hydraulic retention times (e.g. 0.5 h for ozonation 

compared to 1.8 h for UV/H2O2). In 2003, POSEIDON project showed that the ozonation technology 

performed effective oxidation/degradation of three major endocrine disrupters (17a-ethinylestradiol, 17b-

estradiol and estrone). It was then predicted that ozonation would drastically reduce estrogenic effects on 

fish caused by discharging treated municipal wastewater into rivers and streams. It could also be predicted 

that the potential for the formation of resistant bacterial strains would be lowered significantly because 

antibiotics were no longer detected in the ozonated wastewater (Carballa, 2003). In line with these results, a 

Swedish study showed that additional treatment with active carbon or low dose ozone (5 mg/l) would 

decrease the risk of detrimental ecotoxicological effects in the receiving waters of Henriksdal treatment plant 

(Björlenius
 
, 2012). These results are also in line with those of two pilot trials supported by the FOEN in 

Switzerland
73

 which showed that a broad spectrum of organic trace substances could be eliminated (>80%) 

with ozonation and activated carbon.  

Additional treatments are expensive compared with present technologies and require more energy, whereas 

in some cases, a simple sand filtration may present a good cost-benefit ratio in removing e.g. toxic and 

endocrine disrupting effects in cases of low dilution of effluent (Stalter, 2010). The same Swedish study 

shows that additional treatment for APIs would require + 0.1-0.3 kWh/m
3
 of energy. The estimation of 

additional costs widely varies between studies. They are hardly comparable since they very much depend on 

the initial infrastructure, type of treatment, MS conditions, etc. In the frame of MistraPharma project, it was 

estimated that introducing an extra step in the purification process of water in Sweden would increase the 

cost for treatment of wastewater by 10ɀ100 % (Ruden, 2009). According to the aforementioned Swedish 

study, total costs (investment, running and capital costs) for additional treatment under Swedish conditions 

would range from 0.1 ɀ 0.έΏȾÍ
3
. The Swiss study estimates additional costs between 5-10% compared to 

existing conventional treatment, which would correspond to 15 to 24 Swiss Francs per inhabitant per year. 

                                                                    
73 www.bafu.admin.ch/gewaesserschutz/03716/11218/11223/index.html?lang=en 
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Moreover, sewage leakages and overflows due to extreme climatic events (storms) or insufficient 

treatment capacity may impede the efficient treatment of wastewater before its discharge in the 

environment. 

 Incineration and land-filling  

Medical waste are in principle collected by the dedicatedcollection schemes established in most 

MS. If this is not the case, solid waste contaminated by medicinal products is generally disposed 

of with municipal waste, since most medicinal products are not considered hazardous waste 

(except cytotoxic and cytostatic drugs 74). Two options are possible: incineration and landfilling.  

Both options have their shortcomings in the elimination of medicinal products, as highlighted in 

section 3.3 when describing the contamination pathways. For example, although incineration is 

increasingly promoted to eliminate medicinal products residues contained in contaminated 

waste, the relevance of international guidelines regarding the incineration of hazardous 

medicinal products is still debated, in particular in terms of temperature of incineration. For 

example, WHO guidelines suggest the incineration of anti-cancer medicinal products beyond 1 

000 °C to 1 200 °C. Some tests contest these temperatures, by showing that almost the totality 

of anticancer APIs contaminating municipal waste can be eliminated through their incineration at 

850°C for 2.2 seconds (Bisson, 1996). Other tests show that incineration of anti-cancer medicinal 

products do not modify mutagenic and genotoxic properties of the incineration residues 

(ADEME, 2004). 

7.3.4 Valorisation of sludge and manure  

The agricultural valorisation of sludge and manure, which may contain human and veterinary 

products, through land application as fertiliser is increasingly observed in MS75. As in the case of 

Finland, this could be due to the increase in manure production along with the increasing size of 

dairy cattle farms (Uusi-Kämppä, 2008). Land application of manure and/or sludge is a 

widespread practice since nearly 100% biosolids are reused in Finland and more than 87% in 

Luxembourg, Cyprus and Portugal75. These practices favour the release of medicinal products in 

the soil and their leaching to groundwater later on, since, as shown in section 3.3, medicinal 

products can be present in significant concentrations in farm animal excretions and sewage 

sludge. Composting however allows reducing the concentrations on medicinal products.  

7.4 Awareness of potential impacts of medicinal 

products  

Practices described above show that the possible impacts for human health and the environment 

of the presence of medicinal products in the environment are perceived differently depending on 

countries and on stakeholders.  

                                                                    
74 Nomenclature in Commission Decision 2000/532/EC, n° 18 01 08, 18 02 07 and 20 01 31. 
75 )ÎÔÅÒÖÉÅ× ×ÉÔÈ "ÅÎÔ (ÁÌÌÉÎÇ 3ÏÒÅÎÓÅÎȟ ÉÎ ÔÈÅ ÃÏÎÔÅØÔ ÏÆ ÔÈÅ ÅØÐÅÒÔÓȭ ÃÏÎÓÕÌÔÁÔÉÏÎ ÃÁÒÒÉÅÄ ÏÕÔ ÂÙ ")/ ÆÏÒ ÔÈÅ ÐÅÒÓÅÎÔ ÓÔÕÄÙȢ 
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4ÈÅ ÌÏ× ÌÅÖÅÌ ÏÆ ÇÅÎÅÒÁÌ ÐÕÂÌÉÃȭÓ ÁÎÄ ÈÅÁÌÔÈ ÐÒÏÆÅÓÓÉÏÎÓȭ Á×ÁÒÅÎÅÓÓ ÏÆ ÅÎÖironmental impacts of 

medicinal products is mostly due to the difficulty to appreciate these impacts and to 

communicate on this issue. Although representatives of the health sector often acknowledge 

possible impacts of medicinal products on the environment76, these possible impacts are not 

necessarily considered in light of the benefits of medicinal products for human and/or animal 

health. Environmentalists rather invoke the precautionary principle to pay more attention to the 

issue of medicinal products, in particular in third countries and in view of future medication 

challenges posed by increasing and aging population. These different perspectives significantly 

influence the efforts of the research community to understand possible risks posed by medicinal 

products and the willingness of stakeholders in developing concrete 

preventive/mitigation/remediation actions. 

A number of operational levels for communication have been identified, targeting different 

group of stakeholders and comprising EU and government authorities, pharmaceutical 

producers, doctors, veterinary and other health-care professionals, pharmacological committees, 

patients and water authorities (EEA, 2010). The success of initiatives such as Cyclamed in France 

or the environmental classification of medicinal products in Sweden, which both required the 

collaboration of various stakeholders, show that overall communication could be improved to 

achieve a better awareness of actual and possible issues related to medicinal products. The 

classification of medicinal products was developed in Sweden through a joint initiative of the 

Stockholm County Council, the state-owned pharmacy chain Apoteket and the Swedish 

Pharmaceutical Industry Association. This classification and especially the editing of 

corresponding booklet aimed at helping professionals responsible for prescriptions select the 

most environment friendly treatment amongst treatments of similar efficiency. 

Overall, awareness-raising campaign had also proven to be efficient, e.g. to improve collection of 

unused medicinal products provided they are sustained and target various stakeholders (see 

section 7.3.1). 

Possible environmental effects of medicinal products still seem underestimated during future 

ÄÏÃÔÏÒÓȭ ÅÄÕÃÁÔÉÏÎ ÁÎÄ ÔÒÁÉÎÉÎÇȢ &ÏÒ ÅØÁÍÐÌÅȟ ÉÎ &ÒÁÎÃÅȟ ÆÏÒÍÁÔÉÏÎ ÁÂÏÕÔ ÅÎÖÉÒÏÎÍÅÎÔÁÌ ÅÆÆÅÃÔÓ 

ÉÎ ÐÈÁÒÍÁÃÏÌÏÇÙ ×ÏÕÌÄ ÂÅ ÎÅÇÌÉÇÉÂÌÅ ÄÕÒÉÎÇ ÄÏÃÔÏÒÓȭ ÓÔÕÄÉÅÓ ÁÎÄ ÄÏÃÔÏÒÓȟ ×ÈÏ ×ÏÕÌÄ ÂÅ 

informed on specific medicinal products later on and throughout their career by industrial-related 

counsellors (Ordre National des Médecins, 2012). 

                                                                    
76 Based on the analysis of ÓÔÁËÅÈÏÌÄÅÒÓȭ ÒÅÐÌÉÅÓ ÔÏ ÑÕÅÓÔÉÏÎÎÁÉÒÅÓ ÅÌÁÂÏÒÁÔÅÄ ÂÙ ")/)3 ÆÏÒ ÔÈÅ ÐÒÅÓÅÎÔ ÓÔÕÄÙ ÁÎÄ ÆÏÌÌÏ×ÉÎÇ 
ÓÔÁËÅÈÏÌÄÅÒÓȭ ÃÏÍÍÅÎÔÓ ÄÕÒÉÎÇ ÔÈÅ 7ÏÒËÓÈÏÐ ÏÎ ÔÈÅ ÐÒÅÓÅÎÃÅ ÏÆ ÍÅÄÉÃÉÎÁÌ ÐÒÏÄÕÃÔÓ ÉÎ ÔÈÅ ÅÎÖÉÒÏÎÍÅÎÔ ÏÒÇÁÎÉÓÅÄ ÉÎ "ÒÕÓÓÅÌÓ ÂÙ 
BIOIS on behalf of EAHC, on September 19, 2012. 
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7.5 Lack of Knowledge  

7.5.1 Monitoring strategies, analytical methods and 

indicators to measure the presence of medicinal 

products in the environment 

Although monitoring strategies and analyt ical methods have been remarkably improved in the 

last ten years, the detect ion of medicinal products in the environment can be limited by the: 

 heterogeneity in the selection of substances targeted. Because of their 

significant number, not all the medicinal products, metabolites and 

transformation products possibly released into the environment can be 

monitored and choices need to be made based on prioritisation strategies. 

Several strategies of prioritisation exist, based on hazard or exposure approach, 

which have been applied differently depending on countries, in Europe and 

elsewhere77. What approaches should be used to prioritise PPCPs for research on 

environmental and human health exposure and effects is still one if the Top 20 

questions raised during the .)%(3ȭ ÉÎÔÅÒÎÁÔÉÏÎÁÌ ÃÏÎÓÕÌÔÁÔÉÏÎ ɉ"ÏØÁÌÌȟ ΨΦΧΨɊȢ 

According to one of the academic participants, the fact that the pharmaceutical 

sector, which detains the most accurate information on the types of substances 

and quantities produced throughout the year, is not necessarily associated to the 

choice of substances to be monitored may significantly limit its relevance78. To 

date there is no systematic coordination of the prioritisation approaches for 

medicinal products monitoring at the European level79 substances being 

monitored when judged necessary by stakeholders80. An exception at the EU 

level concerns the Water Framework Directive, which proposed to include three 

medicinal products in its priority list (as mentioned in section 8.3.5), which would 

involve their mandatory monitoring. 

 difficulty in monitoring certain compartments : extensive monitoring exists for 

surface water, groundwater, drinking water, and sewage but very few data exist 

on soils, sludge and sediments (see Chapter 4 Which molecules are found in the 

environment and how do they behave?). Beyond the lack of adapted methods 

(see below), the main reason for little monitoring in these compartments pointed 

out by two academic interviewees77 is that, unlike water, the risk of exposure is 

often considered negligible, since possibilities of direct intake are limited. 

However, sludge could be contaminated through the adsorption of molecules in 

wastewater treatment infrastructures, sorption being the main removal 

                                                                    
77 Interview with Prof. Alistair Boxall from the University of York. Information confirmed by existing literature, e.g. in France with the 
work of Besse et al. (2008), which establishes a preliminary classification based on the assessment of exposure; in the US with the 
work of US EPA (ToxServices LLC, 2008) 
78 Information based on the interview with Dr. Bryan Brooks for the present study. 
79 As highlighted by the UBA representative during an interview and confirmed by NIEHS. 
80 Based on an interview with EFPIA conducted by BIOIS for the present study. 
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mechanisms (KNAPPE, 2008); and may be at the origin for bioaccumulation in 

the food chain, when re-used for agricultural purposes. 

 heterogeneity of sampling protocols: depending on the choice of location, and 

the number of samples, etc., monitoring data can be more or less representative 

of the actual presence of medicinal products in the environment. Although 

monitoring is now carried out on a regular basis, with much improved techniques, 

the reliability of the data obtained can still be questioned78.  

 low environmental concentrations of medicinal products which can be below 

standard detection levels and do not allow quantification. 

 cost of monitoring campaigns.  

It also has to be noted that the indicators routinely used to monitor water quality in hospitals or 

manufacturing outlets (e.g. organic matter, concentration in oxygen) do not generally consider 

specific contamination by medicinal products.  

Furthermore, monitoring of pharmaceutical contamination generally does not permit 

determining: 

  the origins of emissions, e.g. from hospitals vs. households: some medicinal 

products can be used in both environments and excretions are released through 

common sewage networks. Even in cases where emissions from hospitals could 

be distinguished from those from households, the increase in ambulatory 

treatment would make it difficult to attribute emissions to hospital or household 

medication. 

 the stage of the life cycle at which they were released: due to the different 

registration situations in various countries, with deviating and/or overlapping use 

in human and veterinary medicine, no pharmaceutical compounds are in general 

fully attributable to veterinary purposes only (KNAPPE, 2008).  

7.5.2 Limitations in hazard and risk assessment 

approaches 

Concerns have been raised over whether tradit ional indicators (e.g. survival, growth, 

reproduct ion) can or not: 

 reflect the multiple and complex possible modes of action of medicinal products 

(genetic, molecular, etc.). In this context, the experience from risk assessment of 

ÏÔÈÅÒ ÐÌÁÎÔ ÐÒÏÔÅÃÔÉÏÎ ÐÒÏÄÕÃÔÓ ÏÒ ÂÉÏÃÉÄÅÓȟ ×ÈÉÃÈ ÁÒÅ ȰÄÅÓÉÇÎÅÄ ÓÕÂÓÔÁÎÃÅÓ ×ÉÔÈ 

ÓÐÅÃÉÆÉÃ ÍÏÄÅ ÏÆ ÁÃÔÉÏÎȱȟ ÓÈÏ×Ó ÔÈÁÔ ÆÁÒ ÆÒÏÍ ÁÌÌ ÅÆÆÅÃÔÓ ÉÎ ÂÉÏÔÁ ÍÁÙ ÂÅ ÐÒÅÄÉÃÔÅÄ 

from the mode of action (see section 5.1);  

 identify subtle non-lethal and ecologically important effects of a chronic 

exposure of target as well as non-target organisms (Brooks, 2005) (Kümmerer, 

2009) (KNAPPE, 2008). 
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In other words, some researchers conveyed serious concerns about whether standard tests and 

endpoints (notably described in the risk assessment guidelines ɀ Sect ion 8.1.2) allow looking at 

the right responses in the right organisms81 following chronic exposure to medicinal products. 

The effect of the non-steroidal ant i-inflammatory compound, Diclofenac, on vulture populat ions 

(Oakes, 2004) provides an illustrat ion of an endpoint that would not have been predicted from 

standard studies, because chronic toxicity from long-term exposure would not be considered. 

Same concerns exist for ant ibiot ics and ant i-cancerous medicat ion. 

In this context, the relevance of the PNEC/PEC rat io used to characterise the environmental risk 

is debated within the scient if ic community (see sect ion 8.1.2 which discuss the scient if ic 

robustness of the PNEC/PEC rat io).  

5ÎÔÉÌ ÔÈÅ ÍÉÄ ΨΦΦΦȭÓȟ ÄÁÔÁ ÐÒÏÄÕÃÔÉÏÎ ÁÎÄ ÃÏÌÌÅÃÔÉÏÎ ÍÏÓÔÌÙ ÆÏÃÕÓÅÄ ÏÎ ÄÅÔÅÃÔÉÏÎ ÏÆ ÁÃÔÉÖÅ 

substances in the abiotic environment, primarily levels in water. Still very few studies 

documented exposure and tissue concentrations. Interest in studying toxicological and eco-

toxicological profiles of medicinal products and their likely impacts on the environment (flora, 

fauna) and human health via the environment was only raised recently, following the discovery of 

the effects of Ivermectin on dung fauna (Madsen, 1990). According to a Defra representative, 

datasets were produced in this context, both for human and veterinary medicinal products, 

mostly through testing focusing on acute and hence short-term effects82. However, scientists and 

industries still have to cope with scientific, technical and economic challenges83 associated with 

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

at low concentrations, in particular in the case of mixtures, as experienced by representatives 

from an environmental authority and a national medicine agency84. The understanding of the 

environmental and human exposure to medicinal products is still low, especially regarding birds, 

mammals and amphibians. In particular, there is still an undeveloped understanding of 

bioavailability85 (today there is no well-established models for calculating the bioaccumulation in 

the food chain of medicinal products and mixtures of medicinal products residues86) and little 

consideration of the impact of the variability of environmental conditions on exposure. The 

difficulty to produce chronic and epidemiologic data partly explains the scarce datasets available 

in the literature and ultimately the difficulty to reach clear conclusions on the potential risks of a 

chronic exposure to medicinal products for human health, as notices a representative of 

environment ministry87. Current ERA provides information only on a few species during short-

term chronic studies. Furthermore, it provides information only on the active substance 

concerned by the Marketing Authorisation Application. In case of a combined product, a 

                                                                    
81 Interviews with Dr. Bryan Brooks from Baylor University and Dr. Benoit Roig (coordinator of the KNAPPE project) carried out by 
BIOIS for the present study. 
82 Intervention from Defra during the Workshop on the presence of medicinal products in the environment organised in Brussels by 
BIOIS on behalf of EAHC, on September 19, 2012. 
83 According to an interview with Novartis, the average cost for the industry for carrying out ecotoxicological studies for one 
substance according to the Guideline on Environmental Risk Assessment would approximate 300.000 EUR. This information could not 
be retrieved in publications. 
84 Based on information provided by the Bundesamt für Verbraucherschutz und Lebensmittelsicherheit and the Romanian national 
ÍÅÄÉÃÉÎÅ ÁÇÅÎÃÙ ÉÎ ÑÕÅÓÔÉÏÎÎÁÉÒÅÓ ÅÌÁÂÏÒÁÔÅÄ ÂÙ ")/)3 ÉÎ ÔÈÅ ÃÏÎÔÅØÔ ÏÆ ÔÈÅ ÓÔÁËÅÈÏÌÄÅÒÓȭ ÃÏÎÓÕÌÔÁÔÉÏÎ ÆÏÒ ÔÈÅ ÐÒÅÓÅÎÔ ÓÔÕÄÙȢ 
85 Information based on the interview with Dr. Bryan Brooks for the present study. 
86 Interview with Prof. Alistair Boxall from the University of York. Information confirmed by existing literature, e.g. in France with the 
work of Besse et al. (2008), which establish a preliminary classification based on the assessment of exposure, in the US with the work 
of US EPA (ToxServices LLC, 2008) 
87 Based on information provided by the Federal Agency for Pharmaceuticals and Health Products in Belgium (FAMPH) in a 
ÑÕÅÓÔÉÏÎÎÁÉÒÅ ÅÌÁÂÏÒÁÔÅÄ ÂÙ ")/)3 ÉÎ ÔÈÅ ÃÏÎÔÅØÔ ÏÆ Á ÓÔÁËÅÈÏÌÄÅÒÓȭ ÃÏÎÓÕÌÔÁÔÉÏÎ ÆÏÒ ÔÈÅ ÐÒÅÓÅÎÔ ÓÔÕÄÙȢ 
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representative of the Federal Agency for Medicinal products and Health Products from Belgium 

highlights that all substances are studied separately87. Current methods do not allow assessing 

the impacts of mixtures on the environment but stakeholders highlighted that a large 

overestimation (worst case) is often used in the calculated levels88. Modelling is increasingly used 

to cope with the lack of experimental data and assess the exposure, hazards and risks posed by 

medicinal products (such as Huggett Model for toxicological data (Roos, 2012)). In particular, 

pharmacological data can be useful to estimate the biological effects on aquatic organisms but 

the access to such data remains limited and the relevance of such data for environmental 

considerations remains to be confirmed (KNAPPE, 2008). Literature pinpoints the shortcomings 

of these models (e.g.in the case of Huggett Model (Schreiber, 2011)). When data is available, the 

lack of homogeneous and standardised methodology to produce reproducible data also impact 

the reliability of the data published, so that several academics recognise considering current data 

on medicinal products with great care89. 

These overall knowledge gaps, highlighted in NIEHS (Boxall, 2012), prevent from reaching clear 

conclusions on the environmental and human exposure to medicinal products and related 

effects.   

7.5.3 Accessibility of data and transparency  

Beyond the lack of data and limited knowledge highlighted in section 7.5.2, the restricted access 

to production, marketing and disposal data as well as existing (eco)toxicological data is also a 

ÆÁÃÔÏÒ ÉÎÆÌÕÅÎÃÉÎÇ ÔÈÅ ËÎÏ×ÌÅÄÇÅȭÓ ÌÅÖÅÌȟ ÁÓ ÓÈÏ×Î ÉÎ Chapter 2: and Chapter 3:.   

Several reasons may explain the limited availability of data and the associated lack of 

transparency, including: 

 Confidentiality policies: In the context of the marketing authorisation 

application, pharmaceutical companies are required to produce and report data 

related to the possible impacts of medicinal products on human health and the 

environment and significant datasets have been produced. However, on the 

request of pharmaceutical companies, assessment data are often publicly 

available in EPARs or national assessment reports only in the form of summaries, 

with limited information (see sections 8.1.2 and 8.2.4 regarding the availability of 

ERA data). Only medicinal products agencies or other competent authorities in 

charge of these dossiers have access to the information. Confidentiality reasons 

are partly motivated by the significant costs of testing substances and producing 

data and thus industries want to keep intellectual properties of in-house 

produced data. However, some exceptions exist: sometimes the industry agrees 

to release the data communicated to public authorities, and information 

                                                                    
88 As suggested by a representative of the Danish Pharmaceuticals Agency in the context of the present study. 
89 Based on information collected from interviews with scientific experts, carried out in the context of the present study. 
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considered not confidential can be published on companies or public authoritiÅÓȭ 

websites90. See for instance the UK and ES official  websites:  

 www.vmd.defra.gov.uk/ProductInformationDatabase/Search.aspx 

 www.aemps.gob.es/laAEMPS/portada/home.htm 

 However, the level of information available in these websites is heterogeneous, 

and only in few cases include information related to the ERA.  

 Marketing strategies of consultancy organisations gathering data: a number of 

datasets on pharmaceutical market exist that are not freely available.  

 Lack of comparable data, in particular for veterinary medicinal products: despite  

antibiotics for veterinary use have been largely studied and substantial 

improvements have been made since 2010 through the European Surveillance of 

Veterinary Antimicrobial Consumption (ESVAC) project, experience illustrates 

the difficulties in standardising the presentation of data so that it can be 

compared or assimilated91. This lack of comparability is also observed regarding 

data on the occurrence of medicinal products in the environment. These data are 

available in the EU but databases are unsystematic, mostly infrequent and often 

represent specific local situations (which are not necessarily representative of 

wider regional concentrations)92. ESVAC is currently collecting detailed and 

standardised data for 2011 following a call for data sent to 27 European countries. 

The Agency is also planning the collection of consumption data by species93. 

Differences in inclusion criteria and conversion factors used for veterinary 

antimicrobial are however likely to make comparability difficult between 

European and national reports (EMA, 2012). 

 Fragmentation of responsibilities and low coordination of stakeholders: 

production, collection and publication of data are performed by various (public or 

private) organisations depending on the ÓÔÁÇÅ ÏÆ ÔÈÅ ÍÅÄÉÃÉÎÁÌ ÐÒÏÄÕÃÔÓȭ ÌÉÆÅ 

cycle. For example, medicinal products agencies are not in charge of the fate and 

behaviour of medicinal products in the environment. This is more likely to be the 

responsibility of environmental agencies. However, these organisations do not 

systematically monitor these substances in the environment. Furthermore, data 

are produced and collected at various scales, following various formats, which 

impedes their centralisation. For example, controls related with environmental 

impacts are not under the legal and technical competencies of the federal 

government, which grant marketing authorisations, but under the competencies 

of the regional administrations. 

                                                                    
90 Information based on the practical experience of stakeholders in the field, provided by the Institute for the State Control of 
veterinary biologicals and pharmaceuticals in Czech Republic and the Pharmaceuticals and Healthcare products Regulatory Agency in 
the UK, during interviews carried out by BIOIS for the present study. 
91 Interview with IFAH, following the Workshop on the presence of medicinal products in the environment organised in Brussels by 
BIOIS on behalf of EAHC, on September 19, 2012. 
92 Based on an interview with EFPIA conducted by BIOIS for the present study. 
93 www.ema.europa.eu/ema/index.jsp?curl=pages/regulation/document_listing/document_listing_000302.jsp 
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7.5.4 Knowledge consolidation 

The research area related to medicinal products is very fragmented. There is no clear European 

mechanism that aims to (i) identify key questions, and (ii) develop common efforts and 

coordinated research strategies in the field of medicinal products and environment. There is a 

need for datasets at the global/European level, with a balanced contribution from the private and 

public sectors. The development of European projects and international conferences appear to 

be a promising step towards a better coordination of efforts and the development of common 

strategies. 

7.6 Chapter summary  

7.6.1 Key messages 

 Timing concerns, current costs, market demand as well as scientific and technical 

challenges are often evoked as obstacles to the development of efficient 

medicinal products with an environmentally friendly profile. Hence, 

pharmaceutical industries rather develop sustainable manufacturing practices on 

a voluntary basis. 

 Beyond the need for medication, a number of factors may favour EU 

overconsumption (purchase and/or administration): 

 OTC medication is readily available to consumers, relatively 

inexpensive and can be obtained without professional advice 

although in some countries (e.g. UK) OTC are classified as classified 

as "Pharmacy" only and can only be sold under the supervision of a 

pharmacist;  

 prescriptions generally allow controlling the delivery of some 

medicinal products but over-prescription practices have been 

reported in a number of MS; 

 non negligible to large amounts (up to 50% in some MS) of 

purchased medicinal products end up unused/outdated because of 

treatment interruptions (mostly due to intolerance to the initial 

medicine and voluntary discontinuation) and difficulties to tailor 

delivery (standard packaging). 

 pharmaceutical industries tend to increasingly invest in marketing 

activities to face decÒÅÁÓÉÎÇ ÉÎÎÏÖÁÔÉÏÎȭÓ ÍÏÍÅÎÔÕÍȟ ÃÏÎÔÒÏÌÓ ÏÆ 

ÍÁÒËÅÔ ÁÕÔÈÏÒÉÓÁÔÉÏÎÓ ÁÎÄ ÉÎÃÒÅÁÓÉÎÇ ÇÅÎÅÒÉÃÓȭ ÃÏÍÐÅÔÉÔÉÏÎȢ 

 reimbursement practices may favour demand and over-prescriptions 

of medicinal products. 
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 strategies of administration (e.g. prophylactic vs. therapeutic 

administration; empiric vs. targeted therapies; bolus, injection, 

dermal) and precautionary practices during administration influence 

the amount of medicinal products used that is released into the 

environment.  

 Waste management practices could be more efficient: 

 Low performance in collecting unused medicinal products in some 

MS can be explained by the heterogeneity in implementation of 

collection schemes and the lack of awareness of consumers. 

 Farms or urban areas are not necessarily designed to contain run-off. 

 Current municipal STP cannot guarantee a complete elimination of 

medicinal products: wastewater treatment efficiency depends on the 

type of technologies, the nature of substances to be treated, the 

concentration of medicinal products, as well as risks of sewage 

leakages and overflows. 

 The absence of separate collection between pharmaceutical waste 

and municipal solid waste does not allow deciding on a disposal 

option that would be the most appropriate for pharmaceutical waste 

(e.g. incineration or landfilling in a hazardous waste landfill). 

Therefore, so far, the choice of incineration or landfilling seems to 

depend on multiple socio-economic factors, including the presence 

of existing infrastructures, the capacity required and cultural 

preferences. 

 The agricultural valorisation of sludge and manure through land 

application for fertilisation purposes is increasingly observed in at 

least half of the MS. 

 4ÈÅ ÌÏ× ÌÅÖÅÌ ÏÆ ÇÅÎÅÒÁÌ ÐÕÂÌÉÃȭÓ ÁÎÄ ÈÅÁÌÔÈ ÐÒÏÆÅÓÓÉÏÎÓȭ Á×ÁÒÅÎÅÓÓ ÏÆ 

environmental impacts of medicinal products is mostly due to the difficulty to 

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

awareness-raising campaigns and collaborative initiatives such as Cyclamed. 

7.6.2 Knowledge gaps 

 Knowledge gaps were identified in previous sections. Most can be explained by 

the following factors: 

 Although monitoring strategies and analytical methods have been remarkably 

improved in the last ten years, the detection of medicinal products in the 

environment can be limited by: 

 the heterogeneity in the selection of substances targeted, 

 monitoring gaps for certain compartments,  
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 `heterogeneity of sampling protocols,  

 low environmental concentrations of medicinal products, and  

 cost of monitoring campaigns. 

 It is still debated whether current indicators of hazards and risk can or not: 

 reflect the multiple and complex possible modes of action of 

medicinal products (genetic, molecular, etc.). 

 identify subtle non-lethal and ecologically important effects of a 

chronic exposure of target as well as non-target organisms. 

 Several factors may explain the limited availability of data and the associated lack 

of transparency: confidentiality policies, marketing strategies, lack of comparable 

data, as well as fragmentation of responsibilities along with a low coordination of 

stakeholders. 

 Despite the development of European projects and international conferences, 

there is no clear European mechanism that aims to identify key questions, and 

develop common efforts and coordinated research strategies in the field of 

medicinal products and environment. 
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Chapter 8:  Legislative factors of influence  

The EU approach for the evaluation and control of risks to the environment from human and 

veterinary medicines during their life cycle (that is, from production to end-of-life) requires the 

review of a large number of legislative instruments which, apart from EU specific legislation on 

EU medicinal products, do not usually focus on or refer to medicinal products.  

In this respect, the present chapter will focus on the following legislation: 

 EU legislation regarding marketing authorisation of medicinal products for 

human and veterinary use, and in particular: 

 Directive 2001/82/EC of the European Parliament and of the Council 

of 6 November 2001 on the Community code relating to veterinary 

medicinal products, as amended; 

 Directive 2001/83/EC of the European Parliament and of the Council 

of 6 November 2001 on the Community code relating to medicinal 

products for human use, as amended; and 

 Regulation (EC) No 726/2004 of the European Parliament and of the 

Council of 31 March 2004 laying down Community procedures for 

the authorisation and supervision of medicinal products for human 

and veterinary use and establishing a European Medicines Agency, 

as amended. 

 Regulation (EC) No 1907/2006 of the European Parliament and of the Council of 

18 December 2006 concerning the Registration, Evaluation, Authorisation and 

Restriction of Chemicals (REACH), as amended; 

 Good Manufacturing Practice 

 Commission Directive 2003/94/EC of 8 October 2003 laying down 

the principles and guidelines of food manufacturing practice in 

respect of medicinal products for human use and investigational 

medicinal products for human use; and 

 Commission Directive 91/412/EEC of 23 July 1991 laying down the 

principles and guidelines of good manufacturing practice for 

veterinary medicinal products. 

 Directive 2010/75/EU of the European Parliament and of the Council of 24 

November 2010 on industrial emissions (integrated pollution prevention and 

control); 

 Council Directive 86/278/EEC of 12 June 1986 on the protection of the 

environment, and in particular of the soil, when sewage sludge is used in 

agriculture; 

 Water legislation, in particular: 
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 Directive 2000/60/EC of the European Parliament and of the Council 

of 23 October 2000 establishing a framework for Community action 

in the field of water policy (Water Framework Directive); 

 Directive 2006/118/EC of the European Parliament and of the 

Council of 12 December 2006 on the protection of groundwater 

against pollution and deterioration; 

 Directive 2008/105/EC of the European Parliament and of the 

Council of 16 December 2008 on environmental quality standards in 

the field of water policy; 

 Directive 2013/39/EU of the European Parliament and of the Council 

of 12 August 2013 amending Directives 2000/60/EC and 

2008/105/EC as regards priority substances in the field of water 

policy; 

 Directive 2008/56/EC of the European Parliament and of the Council 

of 17 June 2008 establishing a framework for community action in 

the field of marine environmental policy (Marine Strategy 

Framework Directive); 

 Council Directive 98/83/EC of 3 November 1998 on the quality of 

water intended for human consumption; 

 Commission Directive 2003/40/EC of 16 May 2003 establishing the 

list, concentration limits and labelling requirements for the 

constituents of natural mineral waters and the conditions for using 

ozone-enriched air for the treatment of natural mineral waters and 

spring waters; and 

 Council Directive 91/271/EEC of 21 May 1991 concerning urban 

wastewater treatment. 

 Directive 2008/98/EC of the European Parliament and of the Council of 19 

November 2008 on waste (Waste Framework Directive); 

 Food legislation, in particular: 

 Council Directive 96/23/EC of 29 April 1996 on measures to monitor 

certain substances and residues thereof in live animals and animal 

products; 

 Regulation (EC) No 470/2009 of the European Parliament and of the 

Council of 6 May 2009 laying down Community procedures for the 

establishment of residue limits of pharmacologically active 

substances in food stuffs of animal origin; and 

 Commission Regulation (EU) No 37/2010 of 22 December 2009 on 

pharmacologically active substances and their classification 

regarding maximum residue limits in foodstuffs of animal origin. 
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Each of the sections and sub-sections below will first provide an overview of the relevant 

pieces of legislation, before analysing them in the light of the potential environmental 

impacts and effects of medicinal products and discussing how these issues or, or not, taken 

into account.  

Some of the findings in section 8.1 are based on case studies of seven active pharmaceutical 

ingredients. The case studies are included in Annex 3 to the present study. However, common 

findings drawn from these case studies are included in section 8.2, and illustrate the conclusions 

of section 8.1. The structure of section 8.2 will therefore different from that of other sections. 

8.1 EU legislation regarding marketi ng 

authorisation of medicinal products for human 

and veterinary use  

The marketing authorisation process for medicinal products is governed by Directives 

2001/82/EC94 for veterinary use and 2001/83/EC for human use95, and by Regulation 2004/726 

laying down Community procedures for both types of medicinal products96, as amended.  

Producers of medicinal products must obtain a marketing authorisation (MA) before they are 

permitted to place a product on the EU market. The MA process may follow different procedures, 

namely one of the procedures established by the European Union (centralised, decentralised or 

mutual recognition procedures) or a national procedure, when the application concerns only one 

MS. In most cases, the MA application must include an Environmental Risk Assessment (ERA). An 

ERA must be presented in the MA dossier for both human and veterinary medicines, but its 

weight and impact in the risk/benefit analysis differ depending on the type of medicinal products.  

Special rules exist for the authorisation of medicinal products for paediatric use, orphan 

medicinal products, traditional herbal medicinal products, vaccines and clinical trials, which are 

outside the scope of this section. There are special provisions regarding e.g. advanced therapy 

medicinal products (in the case of medicinal products for human use) or human or veterinary 

medicinal products containing genetically modified organisms. However, these special provisions 

will not be addressed in this chapter, as it will focus on the general rules applicable to medicinal 

products. 

Some of the findings of the present section are illustrated and highlighted by the results of case 

studies carried out for seven active pharmaceutical ingredients: four used in veterinary medicinal 

products (Ivermectin, Tylosin, Tetracycline and Doramectin) and three used in medicinal 

products for human use (ethinylestradiol, Fluoxetine and 5 Fluorouracil). The specifics of the case 

                                                                    
94 Directive 2001/82/EC of the European Parliament and of the Council of 6 November 2001 on the Community code relating to 
veterinary pharmaceuticals. 
95 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. 
96 Regulation (EC) No 726/2004 of the European Parliament and of the Council of 31 March 2004 laying down Community procedures 
for the authorisation and supervision of pharmaceuticals for human and veterinary use and establishing a European Medicines 
Agency. 

 



Chapter 9: Possible solutions  

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

 

studies are included in Annex 3, whereas conclusions and common findings are included in 

section 8.2 of this chapter). 

8.1.1 Marketing authorisation (MA) process 

 Content of MA application 

EU directives regarding the MA process for medicinal products for both human and veterinary 

use are clear as to what the MA application must contain: these provisions are included in Article 

8 and Annex I of Directive 2001/83/EC (medicinal products for human use) and in Article 12 and 

Annex I of Directive 2001/82/EC (veterinary medicinal products). 

 Existing procedures 

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. 

Pursuant to EU legislation (see section 8.1.2 below), environmental risks are included in the 

risk/benefit analysis for veterinary medicinal products, but not for medicinal products for human 

use. Consequently, a MA may be refused on environmental grounds only for veterinary medicinal 

products. 

 Centralised procedure 

This procedure came into operation in 1995, following the legislation creating the European 

Agency for the Evaluation of Medicinal Products  in 1993 (EMEA, now the European Medicines 

Agency ɀEMAɀ since Regulation 2004/726). This procedure is compulsory for certain medicinal 

products listed in the Annex to Regulation 726/200497, and optional for any other products 

containing new active substances not authorised in the Community before 20 May 2004 (when 

Regulation 726/2004 entered into force) or for products which constitute a significant 

therapeutic, scientific or technical innovation or for which a Community authorisation is in the 

interest of patients or animal health at Community level98. 

The MA application is submitted to the EMA and assessed by the Committee for Medicinal 

Products for Human Use (CHMP) or the Committee for Medicinal Products for Veterinary Use 

(CVMP) depending on the use of the medicinal product for which a MA is required. The CHMP 

and CVMP are part of EMA (pursuant to Articles 5 and 30 of Regulation (EC) No 726/2004). They 

are responsible for drawing up the opinion of the EMA99. The CHMP or CMVP appoints one of its 

members as rapporteur and one as co-rapporteur100 (EMA, 2012b) (EMA, 2009). Figure 9 below 

                                                                    
97 Products derived from biotechnology, orphan medicinal products, veterinary medicinal products intended primarily for use as 
performance enhancers in order to promote growth or to increase yields from treated animals, and medicinal products for human use 
which contain an active substance authorised in the Community after 20 May 2004 and are intended for the treatment of AIDS, 
cancer, neurodegenerative disorders or diabetes. 
98 See Article 3(1) and (2) of Regulation (EC) No 726/2004, supra. 
99 Articles 5 and 30 of Regulation (EC) 726/2004, supra. 
100 See Article 62 of Regulation (EC) 726/2004, supra. 
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gives an overview of the MA application process under the centralised procedure (reference to 

CHMP is also applicable to CVMP)101. 

 

 
Figure 9: The centralised procedure for approving medicinal products in the European 

Community. Grey arrows indicate information flows (Phillips, 2011) 

The composition of the CHMP and the CVMP is also important as only the CVMP has a member 

appointed specifically due to his expertise on environmental risk assessment. Indeed, the CVMP 

is composed of members nominated for each of the 27 MS, and for Iceland and Norway, and of 

up to 5 co-opted members who provide additional expertise in a particular scientific area. The 

CVMP thus includes an environmental risk assessor among these co-opted members102, and 

other environmental experts in its working party on environmental risk assessment. The CHMP is 

composed of the same number of members, who are chosen in the same way. However, none of 

the CHMP co-opted members is an environmental risk assessor103. The rapporteur, whether 

nominated by the CVMP or the CHMP, must be supported by a team of national experts in the 

different areas of the assessment104. However, not all MS have experts with enough ERA 

                                                                    
101 3ÅÅ 4ÉÔÌÅ )) #ÈÁÐÔÅÒ Χ ɉÆÏÒ ÈÕÍÁÎ ÍÅÄÉÃÉÎÁÌ ÐÒÏÄÕÃÔÓɊȟ ÁÎÄ 4ÉÔÌÅ ))) #ÈÁÐÔÅÒ Χ ɉÆÏÒ ÖÅÔÅÒÉÎÁÒÙ ÍÅÄÉÃÉÎÁÌ ÐÒÏÄÕÃÔÓɊ Ȭ3ÕÂÍÉÓÓÉÏn and 
examination of applications ɀ !ÕÔÈÏÒÉÓÁÔÉÏÎÓȭ ÏÆ 2ÅÇÕÌÁÔÉÏÎ ɉ%#Ɋ έΨάȾΨΦΦΪȟ ÓÕÐÒÁȢ 
102 The current CVMP environmental risk assessor is Mr. Boris Kolar (he was co-opted in December 2007), who is the Head of Centre 
for risk assessment and laboratory for ecotoxicology, Institute for Public Health (Slovenian competent authority). A complete list of 
C6-0 ÍÅÍÂÅÒÓ ÉÓ ÁÖÁÉÌÁÂÌÅ ÏÎ %-!ȭÓ ×ÅÂÓÉÔÅȡ 
www.ema.europa.eu/ema/index.jsp?curl=pages/contacts/2010/02/people_listing_000003.jsp&mid=WC0b01ac0580028e0f 
103 ! ÃÏÍÐÌÅÔÅ ÌÉÓÔ ÏÆ #(-0 ÍÅÍÂÅÒÓ ÉÓ ÁÖÁÉÌÁÂÌÅ ÏÎ %-!ȭÓ ×ÅÂÓÉÔÅȡ 
www.ema.europa.eu/ema/index.jsp?curl=pages/contacts/2010/02/people_listing_000002.jsp&mid=WC0b01ac0580028c7c  
104 EMA intervention during the Workshop on the presence of medicinal products in the environment organised in Brussels by BIOIS 
on behalf of EAHC, on September 19, 2012. Information based on the practical experience of EMA representatives in the field. 


































































































































































































































































































































































































