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Environmental pharmacovigilance of pharmaceutical products 

 

1. Executive summary 

 
This document is designed to form the basis of discussions of the main factors involved in 

ecological pharmacovigilance.   

 

For many years regulatory authorities have dealt with a wide range of industrial 

compounds that enter the environment either accidentally or through regulated discharges, 

and pesticides that are designed to be applied in the environment. There are mature and 

evolving regulations that define environmental quality standards for priority pollutants of 

concern. For pesticides there are pre-authorisation packages that involve detailed 

environmental fate studies. In the European Union the recent REACH legislation has 

widened the range of substances for which environmental risk assessments are required, 

and this will have significant impacts on many categories of products (including those for 

use in household cleaning and personal care). Experience gained in these various areas 

should inform practice in dealing with pharmaceuticals 

 

Pharmaceuticals have become a focus of special attention since they were detected widely 

in the aquatic environment, and in drinking water.  Concerns have been expressed by 

regulatory authorities because this group of chemicals is designed to be biologically active 

at very low concentrations, and because removal from waste by sewage treatment plants 

(STPs) is variable and in some cases inefficient.  Further relatively little is known of their 

fate and behaviour in the environment, and their effects on aquatic biota are poorly 

defined.  Frameworks of guidelines have been formulated for medicinal products for both 

human and veterinary use, but there is still a need for research to inform the regulatory 

process in this area.  

 

 

A number of areas has been identified where it is difficult to obtain the information 

necessary to carry out a reliable risk assessment.  One fundamental area is the lack of 

information on volumes of some compounds used in some countries. Reasonably reliable 
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information can be obtained for prescribed drugs that are still within patent, but it 

becomes increasingly difficult for generic drugs, and over the counter products in most 

European countries, with the exception of Sweden where pharmacies are state controlled.   

 

Work is needed in a number of areas to provide reliable representative information on: 

  

·  Behaviour (removal efficiency, partitioning between water and solids) in  STPs 

·  Potential for transfer from sludge to soil to ground and surface waters 

·  Behaviour in surface and ground waters 

·  Toxicity to aquatic and soil organisms, and related potential for environmental 

harm 

 

In order to obtain a complete picture of the life cycle of  a medicine it is necessary to obtain 

reliable and representative information on levels of medicines in various divisions of the 

pathway to and within the aquatic environment, including manufacture and distribution, end 

use, STPs, waste water,  surface and ground waters, drinking water, sludge, soil, soil and 

aquatic biota. It is not feasible to obtain detailed information on all of the medicines in use, or 

to monitor them, even only in surface waters.  It will therefore be necessary to assess potential 

risk on the basis of available information in order to prioritise research and monitoring efforts. 

Compounds could be categorised as of high or of medium to low risk. For newly registered 

medicines monitoring is not necessary until the product has been in use for sufficient time to 

allow it to reach the treatment and environmental distribution phases.  Although guidelines for 

environmental impact assessment are already in place for new compounds for both human and 

veterinary use, it will be necessary to assess existing compounds.  This could be done on the 

basis of existing information in order to decide whether any further work is necessary, in 

order to concentrate efforts only where they are needed. 

 

Modelling and monitoring are needed to establish locations and times where and when 

environmental concentrations are likely to be highest to describe the worst case scenario.  

There is also a need to obtain a reliable, representative picture of the average overall 

concentrations in various divisions of the aquatic environment. This may identify where local 

remedial measures could be useful, and avoid unnecessary large scale operations. For high 

risk compounds detailed investigations would be appropriate in order to underpin potentially 
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expensive remedial actions and monitoring regimes.  For lower risk compounds it may be 

possible to use modelling on its own, and to identify indicator compounds that can be used to 

represent a set of similar medicines. Where regulatory monitoring is required, then work will 

be necessary to develop validated extraction and analytical methods that can be used by 

routine analytical laboratories.  This is particularly problematic for some difficult, complex 

matrices such as sludge, sediments and biota. 

 

There is a need for an overall evaluation of the current situation and for a consensus to be 

reached between the pharmaceutical industry and environmental legislators to produce 

objective guidelines that will afford protection to environment and drinking water but that will 

not prevent valuable medicines that will alleviate human or animal suffering from reaching 

the market place. 

 

2. Introduction 

 
In the past much of the legislation on water quality has focused on the concentrations of 

named compounds of concern (e.g., based on lists of priority pollutants) and comparing these 

with environmental quality standards that are broadly based on toxicological properties. 

Under this regime most of the anthropogenic environmental pollutants present in water bodies 

were not measured. As analytical methods have enabled the detection of trace contaminants, 

researchers have highlighted the presence of a wide range of contaminants (e.g., 

pharmaceuticals, personal care and household cleaning products) in surface, and ground 

waters. Many more compounds are now being scrutinised under the REACH legislation. The 

presence of pharmaceuticals in the aquatic environment has only relatively recently become 

of concern, and should be considered within the framework of the other work that is 

underway as part of the EU Water Framework Directive (WFD) that aims to protect and 

improve the quality of all water resources throughout Europe. 

 

Medicines are often present at only low levels in the environment, but because the molecules 

have high and specific biological activity they become of interest to regulatory authorities and 

legislators. This discussion document focuses on pharmaceuticals, but the general principles 

apply to all anthropogenic contaminants (e.g., some polar pesticides) with physicochemical 
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properties that fall within the chemical space occupied by medicines, and that can enter the 

aquatic environment.  There are major differences between for instance pesticides that are 

designed to be introduced in a controlled way into the environment, and pharmaceuticals that 

are designed to be administered in small, discrete doses to humans or to farm or companion 

animals.  However, some of the experience and information available for the former 

compounds may be helpful in some areas of the life cycle of pharmaceuticals, and may 

provide guidance when considering ways of assessing the potential or actual environmental 

impact of pharmaceutical inputs.  This has already happened in devising regulations for the 

registration of medicines for veterinary use since some of these can enter the environment 

directly. 

 

Across the EU sales of pharmaceutical products are controlled by strict guidelines.  In the UK, 

for example, under the Medicines Act 1968, guidelines classify medicines into three 

categories; General Sales List (GSL), Pharmacy Medicine (P), Prescription Only Medicine 

(POM). However, this varies from country to country and in certain countries, such as the 

Netherlands, only two categories are recognised, which are the equivalent to POM and GSL. 

Each category is controlled by its own set of guidelines and applies to all medicinal sales, 

whether they are supplied via the internet, mail order or over the counter. With increasing 

availability and the reclassification of many medicines from those that were historically 

prescribed and are now available via pharmacies, or over the counter medicines, the pressure 

on the aquatic environment is rising. 

 

Large volumes of medicines used for both human and veterinary treatments can enter ground 

and surface waters through a number of specific routes.  A wide range of pharmaceuticals 

used to treat human conditions commonly pass through STPs before entering ground or 

surface waters.  These can either be as metabolites, produced when the parent compound is 

broken down after use, or as parent compounds that are discarded, often through domestic or 

commercial waste systems, without being used. Those that do enter STPs and are treated can 

be subject to further transformation, producing additional metabolites which can potentially 

be more toxic. Many of the pharmaceuticals most commonly detected in STPs are shown in 

Table 1. 
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      Table 1. Groups of medicines most commonly detected in STPs and risk  

      posed in the environment 

Group Existing High Risk 
antibiotics   
antiepileptics   
antiphlogistics   
X-ray contrast media   
lipid regulators    
beta-blockers    
tranquillizers   

 

 

Veterinary medicines on the other hand can enter water systems directly through both 

agricultural and aquacultural waste and without treatment in STPs, being released via 

excretion and manure in land application. Where sewage sludge is applied as a manure, then 

some medicines for human use could also potentially move to soils, and to ground and surface 

waters. 

 

Disposal of out of date or unused pharmaceuticals and their packaging also contribute to the 

risk to the aquatic environment and can lead to high levels of medicines being released into 

water bodies. Disposal of pharmaceuticals to landfill sites can mean that significant volumes 

of medicines may leach into ground waters, ultimately reaching the aquatic environment and 

potentially contaminating drinking water supplies.  Due to the potential for the introduction of 

large volumes of pharmaceuticals into the aquatic environment it is important that 

pharmacovigilance is used to identify both their immediate and long-term effects. 

 

The aims of this discussion document are to (i) review sources, pathways and sinks/exposure 

for pharmaceutical products based on their life cycle assessment, (ii) identify possible 

strategies for the monitoring of newly approved and existing medicines, or those identified as 

posing a potentially high risk during the authorisation process with references to the EMEA 

guidance, (iii) provide suggestions for the design of targeted post-authorisation monitoring. 

Within this framework, consideration is given to how, where and when to monitor. Methods 

for biological monitoring, including direct toxicity assessment and ecological impact studies 

and in various matrices are reviewed.  Since there is a wealth of published information 
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available on analytical chemical methods used in environmental monitoring of 

pharmaceuticals, this is beyond the scope of this discussion document.  

 

There are many recent review papers covering both the extraction and instrumental 

analysis1,2,3,4,5,6,7,8,9,10,11. However, some general points need to be considered. Many of the 

methods that have been developed depend on expensive highly sensitive instruments, and are 

not readily transferable to routine commercial water laboratories. An analytical procedure for 

use in routine analysis in support of regulatory monitoring must be robust and fully validated, 

and the necessary levels of detection will be determined by considerations similar to those 

applied in setting current environmental quality standards (EQS).  Whilst measurements in 

water can be relatively straightforward, other matrices including sludges, soil, sediments, 

suspended solids and biota are more problematic and can involve complex and expensive 

extraction procedures. All of these environmental compartments must be considered within 

the context of ecopharmacovigilance. 

  

 

 

 

 

                                                 
1 Chiara Pietrogrande, M. & Basaglia, G.  (2007) GC-MS analytical methods for the determination of personal-
care products in water matrices. TrAC Trends in Analytical Chemistry . 26(11):1086-1094 
2 Buchberger, W.W. (2007) Novel analytical procedures for screening of drug residues in water, waste water, 
sediment and sludge. Analytica Chimica Acta.  593(2): 129-139 
3 Hernández, F., Sancho,  J.V., Ibáñez, M. & Guerrero, C. (2007) Antibiotic residue determination in 
environmental waters by LC-MS. TrAC Trends in Analytical Chemistry . 26( 6):  466-485 
4 Pérez, S. & Barceló, D. (2007) Application of advanced MS techniques to analysis and identification of human 
and microbial metabolites of pharmaceuticals in the aquatic environment 
TrAC Trends in Analytical Chemistry . 26( 6): 494-514 
5 Fatta, D. Achilleos, A. Nikolaou, A. & Meriç, S. (2007) Analytical methods for tracing pharmaceutical residues 
in water and wastewater. TrAC Trends in Analytical Chemistry . 26(6): 515-533 
6 Kot-Wasik, A., D� bska, J. & Namie�nik, J. (2007) Analytical techniques in studies of the environmental fate of 
pharmaceuticals and personal-care products. TrAC Trends in Analytical Chemistry . 26( 6): 557-568   
7 Dolores Hernando, M. , José Gómez, M., Agüera, A. & Fernández-Alba, A.R. (2007) LC-MS analysis of basic 
pharmaceuticals (beta-blockers and anti-ulcer agents) in wastewater and surface water. TrAC Trends in 
Analytical Chemistry. 26(6): 581-594 
8 Silvia Díaz-Cruz, M. & Barceló, D. (2007) Recent advances in LC-MS residue analysis of veterinary medicines 
in the terrestrial environment. TrAC Trends in Analytical Chemistry. 26(6): 637-646 
9 Silvia Díaz-Cruz, M. & Barceló, D. (2005) LC–MS2 trace analysis of antimicrobials in water, sediment and soil 
TrAC Trends in Analytical Chemistry . 24(7): 645-657 
10 Petrovi , M., Gonzalez, S. & Barceló, D. (2003) Analysis and removal of emerging contaminants in 
wastewater and drinking water. TrAC Trends in Analytical Chemistry . 22(10):  685-696 
11 Ferrer, I. & Thurman, E.M. (2003) Liquid chromatography/time-of-flight/mass spectrometry (LC/TOF/MS) 
for the analysis of emerging contaminants. TrAC Trends in Analytical Chemistry . 22(10): 750-756 
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3. Source, fate and exposure based on life cycle  

 
     3.1        Exposure routes 

 

There are many possible exposure routes of pharmaceutical products in surface, ground and 

drinking waters, and pathways that they follow are varied and depend on whether the drug or 

medicine is for human or veterinary (land- or water-based) consumption.  In order to model 

these systems and to obtain realistic risk assessments both good quality field data and reliable 

estimates of inputs are needed. As shown in Figure 1, accurate information is required to 

predict or estimate pharmaceutical usage, its pattern of use (e.g., over the counter sales, 

hospital-dispensed drugs, and any seasonality in the use), its volume of production, dispensing 

in the community and usage (based for example on market penetration factors). This 

information is critical in the prediction of environmental concentrations and therefore the risk 

of these substances in the aquatic environment. For example, for dispensed medicines for 

human consumption, the major route of entry to the aquatic environment following dispensing 

is through excretion and the waste water cycle. However, old medicines or those remaining 

upon the end of the course of treatment are often disposed of in ways that lead to their 

appearance in environmental water. In a study by Bound & Voulvoulis (2005)12, household 

disposal pathways and characteristics in the United Kingdom were reported for various drug 

types. The largest disposal pathway was trash/bins, while sink and toilet represented between 

3.6 and 16.7 % for painkillers, antihistamines antibiotics and beta-blockers. Only 14 to 33 % 

of respondents to the survey took their surplus medicines back to the pharmacy. No 

hormones, lipid regulators or antidepressants were disposed of via waste water. This pattern 

of disposal is similar to those reported elsewhere (Bound et al., 2006)13. However, many 

countries have made efforts to change this (e.g., take-back schemes have been successful in 

increasing the proportion of waste medicines that is disposed of through pharmacy outlets). 

These aspects are covered more thoroughly in the KNAPPE Discussion Document on Eco-

Pharmacostewardship (Deliverable D5.1). 

 

                                                 
12 Bound, J.P. & Voulvoulis, N. (2005) Household disposal of pharmaceuticals as a pathway for aquatic 
contamination in the United Kingdom. Environmental Health Perspectives. 113 (12): 1705-1711 
13 Bound, J.P., Kitsou, K & Voulvoulis, N. (2006) Household disposal of pharmaceuticals and perception of risk 
to the environment. Environmental Toxicology and Pharmacology. 21: 301–307 
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Figure 1.  Exposure routes of the aquatic environment to human pharmaceuticals based on their 

simplified life cycle  

 

Following use, significant proportions of some pharmaceuticals are excreted unchanged 

whilst some are metabolised and then either parent compound or detoxification products are 

released through the urine and faeces into waste water systems. Degradation during the waste 

water treatment process, or removal with sewage sludge, will depend on the concentration 

levels of the medicine of interest, its physicochemical characteristics and stability, the type of 

waste water treatment plant involved and its efficiency. In some cases, biotic or abiotic 

degradation pathways may lead to the formation of metabolites or transformation products at 

concentrations that may be toxicologically relevant. Disposal of sewage sludge via farming 

applications (sludge/manure application) may increase the possible threat of ground water and 

surface water contamination. Once released into surface waters, the fate of pharmaceuticals, 

including their transfer into and movement within sediments, and persistence will depend on 

their physicochemical characteristics (e.g., hydrophobicity, volatility, reactivity). This will, in 

turn, dictate the exposure of biota to the drug its potential environmental impact.  It will also 

affect the degree of contamination of drinking water.  For veterinary medicines, release into 

the environment can be either directly by excretion into the water courses where treated farm 
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animals are allowed direct access to surface waters or indirectly by leaching from 

contaminated soils.  For compounds used in aquaculture there is direct release into surface 

waters. All of these activities increase the risk of ground and surface water contamination.   

 

3.2            Modelling of expected concentrations in various matrices 

 

There is a tiered approach to environmental risk assessment for medicines for both human14 

and veterinary15  use. The first phase of the risk assessment at the registration/authorisation 

stagebased principally on checks for persistence for non-polar (log Kow>4.5) compounds, 

and the calculation of predicted concentrations (PEC) in surface waters. However, the 

calculation is based on assumptions such as an evenly distributed usage over time and space), 

and these may introduce a large uncertainty into the calculation. Other assumptions such as no 

metabolism, biodegradation or retention of the drug lead to conservative estimates of risk. 

Where the predicted PEC exceeds 0.01 µg L-1 further aquatic fate and effect studies are to be 

conducted for higher tier risk assessment phases.  These studies should follow a number of 

recommended protocols (OECD tests) to refine comparisons of predicted environmental 

concentration (PEC) and predicted no effect concentration (PNEC) values. If potential 

environmental impact (PEC/PNEC is greater than one) is predicted at Tier A, then the study 

moves to Tier B that comprises an extended environmental fate and effects analysis, and 

includes refined PEC estimates for surface waters, and some PEC determinations for sludge 

and soil, ecotoxicological data for soil-dwelling organisms.  A tiered approach is also used for 

veterinary medicines, but the detail is different, and depends on the end use (aquaculture, 

intensively reared terrestrial animals, pasture animals) of the product.  Phase I guidance uses a 

decision tree approach based on usage and PEC for soil, and expected environmental 

introduction concentration (EIC) to decide whether there are issues of concern that require 

moving to Phase II, where the three categories of end use are treated separately. Tier A of 

Phase II involves physicochemical measurements, environmental fate studies, refined PEC 

values, and effects testing on species appropriate to the end use. Tier B involves 

bioconcentration studies, and further effects studies. For the pasture animals branch refined 

                                                 
14 Jones, O.A.H., Voulvoulis, N., & Lester, J.N. (2002) Aquatic environmental assessment of the top 25 English 
prescription pharmaceuticals. Water Research. 36: 5013-5022 
15 Committee for Medicinal Products for Human Use (CHMP). (2006) Guideline on the Environmental Risk 
Assessment of Medicinal Products for Human Use.  European Medicines Agency (EMEA) veterinary medicines 
and inspections, London. 1-12  
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calculations based on excretion in urine and faeces, and where the latter is the predominant 

route of elimination, then the initial PEC in the waste matter is required. 

 

Under the EMEA risk assessment guidelines for medicines for human use, a basic risk 

assessment of exposure of surface water can be undertaken by predicting environmental 

concentrations, principally in surface waters. Predicted surface water concentrations can be 

obtained using the following equations16,17. 

 

100´´

´
=

DILUTIONbWASTEWinha

FDOSEai
PEC pen

waterSurface          Equation 1 

 

DILUTIONFACTORCAPACITYbWASTEWinha

FElocal
PEC

WWTPs

WWTPsWater
waterSurface ´´´

´
=  Equation 2 

 

100
WWTPspenexcret

Water

CAPACITYFFDOSEai
ELOCAL

´´´
=       Equation 3 

 

Where: 

PECSurface water =  predicted environmental concentration (� gL-1) 

DOSEai = maximum daily dose of drug consumed per inhabitant (mg inhabitant-1 day-1) 

Fpen = market penetration of the drug (%) 

WASTEWinhab = volume of waste water per inhabitants (L inhabitant-1 day-1) 

DILUTION = factor from WWTP effluent to surface water (=10; 100 = correction factor for 

percentages) 

FWWTPs = fraction of the drug that enters surface waters (efficiency of the WWTP) 

FACTOR = degree of sorption to suspended matter 

CAPACITYWWTPs = capacity of the local waste water treatment plant (inhabitant-1) 

ELOCALWater  = local emission to waste water (this is given by equation 3) 

Fexcret = fraction of active ingredient excreted 

 

                                                 
16 European Medicines Agency (2006) Guideline on the environmental risk assessment of medicinal products for 
human use. London, 1st June 2006, CPMP/SWP/4447/00 
17 Bound, J.P. & Voulvoulis, N. (2004) Pharmaceuticals in the aquatic environment – a comparison of risk 
assessment strategies. Chemosphere. 56: 1143-1155 
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The estimation of PEC values requires in turn the estimation of a number of variables as 

shown above. Often the variability of these variables and the associated uncertainty are poorly 

defined, and this increases the overall uncertainty associated with the PEC values. In many 

cases safety factors such as assuming no losses during sewage treatment (i.e., influent 

concentration = effluent concentration) are introduced to provide protection against 

underestimating the PEC. For the calculation of PEC values for surface waters it is necessary 

to know the flow of the surface water and the proportion of waste water to surface water.  

Often it is considered appropriate to estimate the worst case scenario that is obtained by using 

low flow conditions with maximum expected effluent concentrations.  Loss of pollutants 

present in the primary sewage during treatment can span orders of magnitude between 

different plants, and is normalised to the input of a drug into the sewage treatment.  Inputs can 

vary over orders of magnitude depending on the market penetration of the drugs of interest.  

 

3.3       Modelling toxicity 

 

The comparison of measured or predicted environmental concentrations with the 

toxicologically relevant one is a crucial stage of risk assessment for aquatic systems. While 

much uncertainty is associated with the measurement or prediction of surface water 

concentrations, even more uncertainty can be found when trying to estimate safety levels (no-

observed-effect levels) based on acute or chronic toxicological data. This in turn will vary 

widely depending on the pharmaceutical(s) of interest and the receptor. A human health risk 

assessment of 26 pharmaceutical products in US waters was conducted by Schwab et al., 

(2005)18. Acceptable daily intakes (ADI) were estimated with the following relationship: 

54321

1000
UFUFUFUFUF

POD
ADI

´´´´
´

=     Equation 4 

where POD is the point of departure (mg kg-1 day-1) often estimated from lowest therapeutic 

effect dose (from clinical trial prior to registration), and uncertainty factors (UF) related to 

interspecific variability, intraspecific variability, the extrapolation from a low effect to no-

effect level, the duration of exposure in toxicological studies, and a general “data quality” 

factor. Predicted no effect concentrations (PNEC) in drinking water and in fish tissue can then 

be estimated based on these ADI: 

                                                 
18 Schwab, B.W., Hayes, E.P.,  Fiori, J.M.,  Mastrocco, F.J.,  Roden, N.M.,  Cragin, D.,  Meyerhoff, R.D.,  
D’Aco, V.J. &  Anderson, P.D. (2005) Human pharmaceuticals in US surface waters: A human health risk 
assessment. Regulatory Toxicology and Pharmacology. 42: 296-312 
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EDEFIngR
ATBWADI

PNEC
DW

DW ´´
´´´

=
1000    Equation 5 

 

EDEFBCFIngR
ATBWADI

PNEC
F

F ´´´
´´´

=
1000    Equation 6 

Where BW is body weight (kg), AT is average time (days), IngR is adult/child ingestion rate 

(L day-1), EF is exposure frequency, ED is exposure duration and BCF is the bioconcentration 

factor (accumulation in fish tissue). These PNEC values were then compared with measured 

pharmaceutical concentrations in US streams and with maximum measured concentrations in 

the literature. PEC values were also calculated using the PhATE programme19 (assuming low 

flow and no depletion). Nineteen out 26 human medicines showed measured environmental 

concentrations (MEC) and PNEC values well below 1 for the three scenarios investigated 

there. A ratio between 0.1 and 1 was observed for ciprofloxacin (all scenarios), metformin 

(combined fish/drinking water), ranitidine (combined fish/drinking water) and warfarin 

(combined fish/drinking water). 

 

By the nature of the tolerance distribution estimates of toxicity, such as the PNEC in the trials 

(approaching 100% and zero response) are associated with large uncertainties, and hence the 

need for the use of large safety factors.  However, potentially more significant uncertainty is 

introduced when laboratory-based toxicity measurements using limited test species are used to 

extrapolate to environmental impact.  A wide range of methods is available for biological 

monitoring, and these are reviewed in detail in Section 6.  There is a need for further work in 

this area to compare available methods, and to assess the representativeness of current toxicity 

test protocols, and to identify the most appropriate test species with low tolerances for various 

pharmaceutical classes in order to provide a margin of safety based on objective 

measurements rather than on arbitrary safety factors. 

 

 

 

                                                 
19 Anderson, P.D.,  D’Aco, V.J.,  Shanahan, P. Chapra, S.C.,  Buzby, M.E.,  Cunningham, V., Duplessie, O.M.,  
Hayes, E.P., Mastrocco, F.J.,  Parke, N .J., Rader, J.C.,  Samuelian, J.H. & Schwab, B.W. (2004) Screening 
analysis of human pharmaceutical compounds in U.S. surface waters. Environmental Science & Technology. 
38(3): 838-849 
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4. Information on pre-registration and authorisation 

processes 
 

It is not possible within available resources to monitor all pharmaceuticals present in surface 

and ground waters, and certainly not the full range of organic micro-pollutants (for instance 

industrial chemicals, pesticides, personal care products, and household cleaning agents) that 

enter the environment in significant quantities. It is therefore essential to focus monitoring 

activities where they are most needed because of potential harm. In order identify 

pharmaceuticals that should be of high priority in monitoring programmes it is important to 

have accurate information on market penetration factors or production volumes that can 

provide an accurate check on the mass balance. This will also help to improve the accuracy of 

predictions of PEC values for sewage treatment influent/effluent and surface waters. Patterns 

of consumption and excretion can be used together with losses and retention time in STPs to 

determine possible fluctuations in concentrations in environmental waters over time. 

 

For substances that have been identified as environmentally relevant, data and information 

obtained during the development process would aid those in charge of risk assessment and 

environmental pharmacovigilance. Physicochemical characteristics (e.g., log KOW, pKa, and 

log KOA) would be particularly relevant in the modelling process. In addition, other 

information (e.g., photostability, chemical stability, and any pH effects) relevant to the fate of 

these chemicals in the aquatic environment is needed in order to aid the prediction of the 

long-term fate of drugs in surface waters. Matrices to be investigated are water (ground water, 

fresh water, brackish and marine waters), sediments, topsoil and aquifer material. Degradation 

in these matrices may occur and result in decreases in concentrations in the environment; 

however, these losses may be accompanied by the appearance of toxic metabolites or 

degradation products that may in turn require monitoring. The pharmaceutical companies 

could provide useful information in this area since major metabolites are identified during 

development. Sorption to sediments, soil (topsoil) and aquifer material will dictate the 

capacity for elimination from surface waters or protection of ground water resources. 

Information on the partitioning, aging processes and assimilation of these drugs into organic 

matter or bioavailability of these chemicals to sediment-dwelling organisms may be required. 

While some of these processes may be evaluated using many of the standard protocols 

available (e.g., OECD 308 test), analytical methods are needed to measure concentrations in 
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these matrices. Many standard analytical methods are elaborated during the development 

process for these drugs and these would greatly help those in charge of monitoring. Further 

the availability of standards and pure chemicals (and in some cases their metabolites) is 

essential for the development of methods for the extraction of these substances from matrices 

such as water, waste water, sludge, soil, aquifer material, sediments and biota, and for the 

evaluation of the environmental fate of medicines in laboratory and pilot-scale studies.  For 

mass balances purposes, and investigation of mineralisation, the use of radio-labelled analytes 

may be advantageous. 

 

Data from toxicological and pharmacokinetic studies and measurements of the lowest 

observed therapeutic effect doses may be of great use for assessing the risk to humans though 

drinking water contamination and consumption of fish-accumulated drugs. Where predicted 

environmental concentrations exceed a certain threshold level then it would be necessary to 

have access to toxicity data obtained from the risk assessment at the authorisation stage. 

Additional toxicological data may be obtained from the non-clinical critical assessment report 

submitted as part of the application for authorisation. Any harmful interactions between 

medicines and other compounds (including other medicines) that have been identified as 

presenting a risk to human health may provide a basis for identifying toxicity resulting from 

the presence of mixtures of compounds in the environment.  

 

 

     4.1       Defining low/high risk medicines 

 

In order to ensure a logical prioritisation of monitoring it is, at this stage, important to define 

“high risk” medicines. Medicines may present a higher risk due to a number of factors for 

instance high or very high prescription and consumption volumes (as is the case for beta-

blockers). Their presence in the surface waters or widespread distribution in the aquatic 

environment leads to an increase in the risk they pose. Other factors that could result in the 

categorisation of medicines as presenting “high risk” are toxicity (e.g., antidepressants), 

potential to cause the development of antibacterial resistance (antibiotics) or persistence (e.g., 
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antiepileptics). Medicines may also be identified as presenting a high risk when toxic 

degradation products are produced (e.g., acetaminophen in certain circumstances). 

 

Categorisation is likely to result from the iterative process starting with pre-registration 

information and initial predictions based on market penetration data, classification and 

screening-level environmental fate predictions/modelling from physico-chemical parameters 

or basic experimental work. Once an initial categorisation has been conducted, monitoring 

scenarios can be developed in order to verify the validity of initial predictions and 

categorisation. If discrepancies are identified further laboratory-based work on the 

environmental fate and ecotoxicology of these medicines may be conducted. Based on these 

results, categorisation may be re-assessed and monitoring plans developed accordingly. This 

should then be the basis for identifying regulatory needs such as environmental quality 

standards and requirements for additional eco-pharmacostewardship processes to reduce total 

emissions to the aquatic environment (Figure 2). 

 
Figure 2.  Suggested strategies for monitoring the effects of pharmaceuticals (pre- and post- 

registration) on water quality  
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5. Monitoring strategies and scenarios for newly 
registered, existing and high risk medicines 

 

5.1      Rationale and factors influencing the development of monitoring strategies 

 

Clear objectives need to be defined in order to ensure both the representativeness and 

usefulness of information from monitoring programmes. Selection of matrices to be 

monitored, monitoring points, sampling frequencies and indicators to be used to fulfil 

monitoring objectives will be based on the pattern of use of the pharmaceutical of interest, its 

life cycle assessment, whether it has recently been approved, has been on the market for some 

time or was identified as a high risk compound during registration (e.g., based on volumes or 

toxicity). For example, the monitoring of newly approved human medicines in surface or 

drinking waters may not be relevant initially but, if the level of use of the medicine is 

sufficiently high, measurements in waste water treatment plant influents and effluents may 

provide relevant information on transformation and removal efficiencies. In addition, such 

matrices are likely to present highest concentrations thereby the highest chance of detection.  

Monitoring strategies for pharmaceuticals that have been longer in the market place may 

focus on providing data and information that can help with mitigating and controlling 

concentrations of the compounds in various environmental compartments with the aim of 

reducing exposure of sensitive species or of minimising the threat to drinking water resources.  

 

Monitoring strategies, therefore, may be developed to: 
  
 �  Refine estimates for the calculation of PECs or for comparison of 

MECs  with PEC/NOEC values (for influent and effluent waste 
waters and surface waters) 

  
 �  Estimate the proportion of medicines reaching waste waters (prior to 

STPs) based on usage (consumption and market penetration data) 
  
 �  Determine (or refine knowledge of) the efficiency of removal and/or 

transformation of medicines in various types of waste water treatment 
plants 

  
 �  Estimate total load to the aquatic environment from local STP or at 

the river basin level 
  
 �  Understand/assess the fate and distribution of medicines in river, 

estuarine and marine environments, e.g., transfer to and accumulation 
in sediments 
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 �  Refine estimates on veterinary product releases to soils, movement to 

water, and direct introduction into and dissipation from aquacultural 
installations 

  
 �  Identify hotspots of contamination with pharmaceuticals and possible 

exposure of biota 
  
 �  Identify periods where/when risk from the presence of 

pharmaceuticals is highest (low flow/high proportion of waste water 
in surface water) 

  
 �  Identify high risk situations based on the use of indicator substances 

for the assessment of the proportion of waste water in surface waters 
and the efficiency of STPs 

  
 �  Determine the fraction associated with suspended matter/sludge 

removed during the STPs and assess the fraction disposed of as 
manure 

  
 �  Assess threat and possible leaching to ground water or run-off to 

surface waters following manure application or excretion (for 
veterinary pharmaceuticals) 

  
 �  Assess threat and possible leaching to ground water and run-off to 

surface waters from pharmaceutical disposal through land filling  
  
 �  Assess threat to sensitive sites such as drinking water intakes, zones 

with surface/ground water interactions  
  
 �  Assess the exposure, effects and impacts of pharmaceuticals on biota 

(at various trophic levels) in water, sediment and soil  
 

Other possible monitoring tasks or challenges may be to: 
  
 �  Assess the effects and impacts of combinations of pharmaceuticals 

present in sewage effluents or pharmaceuticals in combination with 
other commonly found contaminants (taking into account possible 
interactions, including synergism) 

  
 �  Assess the effects and impacts of pharmaceutical presence in 

soil/manure combined with pesticide exposure on terrestrial 
organisms 

  
 �  Link monitoring of pharmaceuticals to current legislation; e.g., the 

WFD, Marine Strategy Directive, EIA Directive, Environmental 
Liability Directive 

  
 �  Optimise monitoring in order to reduce cost with, for example, use of 

indicator substances (investigate suites of pharmaceuticals for 
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analysis; replacement of suites of analysis by use of indicator 
substances) 

  
 �  Trace sewer leakage, possible ground water contamination in the 

vicinity of urban areas 
  
 �  Trace various sources of pharmaceuticals such as hospitals, 

residential care homes, or industrial effluents by using indicator 
substances 

  
 �  Consider alternative tracers, other than pharmaceuticals 
  
 �  Investigate transfer from surface water/sediment/sediment/soil to 

ground water 
  
 �  Assess the impact from waste water re-use 
  
 �  Assess the impact of combining storm water and raw sewage during 

high/flash floods  
 

The overall aim of the implementation of all/some of the monitoring strategies listed above 

whether they are for newly approved, high risk or existing medicines is the same: to provide 

realistic assessments of the risk and threat of pharmaceuticals released into aquatic 

environments. However, because of differences in the pattern of use both within and between 

nation states, and changes in the local/global distribution of the various medicines, it is 

necessary to identify the scenario that is relevant in each individual case. It is also essential to 

identify at as early a stage as possible those compounds that are of highest priority in each 

situation so that monitoring resources can be focussed where they are needed and are not 

wasted on products that do not pose a risk, and that only relevant parameters are measured. 

 

5.2       Parameters 

 

In order to ensure efficient use of resources it is important to plan monitoring activities 

carefully, and to assess all of the available information to inform decisions on: 

 

·  what to monitor 

·  when to monitor 

·  where, and in which matrices, to monitor 

·  how to monitor 

·  what monitoring can be afforded within available budgets 
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A decision of fundamental importance is which medicines should be monitored, and this will 

be based on a number of factors including volume of use, PEC, toxicological properties, 

exposure of aquatic organisms and bioavailability. Then it is necessary to decide whether it is 

necessary to measure individual compounds or whether it would be sufficient to treat 

categories of compounds as sets and to use an indicator substance or indicator groups of 

substances.  In some cases based on toxicological evidence it may be necessary to measure 

transformation products including metabolites produced either in the patients, microorganisms 

or by other environmental routes.  Where flow rates fluctuate in time it may be necessary to 

use time/and or flow proportional sampling.  In some cases it may be sufficient to use quantal 

(presence or absence; or more realistically above or below a threshold based on the sensitivity 

of the method used) data. 

 

The stage in the life cycle reached by a particular medicine will determine when monitoring 

should start in the various divisions of the system.  Once a decision has been made to start 

monitoring, it is necessary to select an appropriate frequency and duration of sampling.  These 

will depend on a number of factors including fluctuations in concentrations (daily/seasonal) in 

part determined by retention times in STPs, and patterns of effluent release into surface 

waters.  It is important to identify periods of highest risk.  Selection of sampling points in 

space will be affected by some of the same considerations involved in defining the timing of 

sampling, and include sources and inputs of medicines to a river basin, and temporal 

fluctuations in concentrations, and will depend on the purpose of the monitoring programme.  

Knowledge of the structure and connections of the network of sewers, river basin hydrology, 

and the chemistry and physicochemical characteristics of the water, sediments and aquifers 

will influence choice of numbers and locations of sampling stations. Other information on a 

regional waste water system such as the presence of hospital effluents, indications of the 

efficiency of STPs, and indicators of the proportion of waste water in the surface waters can 

provide useful inputs to the decision process.  

 

Selecting sampling points to monitor the performance of STPs is relatively straightforward 

compared with monitoring in surface waters, but even here inputs fluctuate widely over a 

diurnal period, and any sampling strategy has to take account of this.   Planning a monitoring 

programme is not straightforward because of lack of spatial homogeneity. When an effluent is 
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discharged to a river, mixing is not instantaneous (Louch et al., 2003)20 and the situation can 

be even more complicated in tidal waters.  There is a need for mapping the distribution of 

effluent in mixing/dilution zones in order to obtain a representative picture of dispersion and 

dilution of pollutants. It is not uncommon for a plume of effluent to remain close to one bank 

of a river for many kilometers.  Whilst monitoring in perceived ‘hotspots’ can provide a worst 

case scenario, it may be very misleading, and this will not provide representative information 

on average and/or maximum values of environmental concentrations.  Such MECs may skew 

modelling and lead to unrealistic risk assessments.   

 

A range of Strategies is available depending on the nature of the matrix (surface, waste, or 

ground water; sewage sludge; sediments; soil) to be sampled. The selection of matrix will 

depend amongst other things on the physicochemical characteristics of the medicine of 

interest. The method of sampling will also be determined by the behaviour of the system, and 

in particular by whether there are marked fluctuations in concentrations with time.  If the 

system is relatively constant, then spot (grab or bottle) sampling may be sufficient to provide 

representative information on average concentrations at the sampling point. If there are 

marked fluctuations in time then other methods such as automated composite or passive 

sampling may be more appropriate. Continuous sampling would be the ideal way of obtaining 

representative information; but this is not feasible at every point in the system and  composite 

samples may provide adequate data. Where more widespread mapping is required, and the 

cost of frequent sampling over a wide area would be prohibitive, then passive sampling may 

offer a cost-effective solution to this problem since this method provides time-weighted 

average concentrations over extended periods (up to 4 weeks) of sampling21.  

 

Selection of the method of measurement is very important and will depend on whether a 

measure of biological activity (toxicity in this application) or a measure of concentrations of 

individual compounds is required.  Both of these complementary approaches have strengths 

and weaknesses that need to be taken into account, and significant development and 

validation work is needed for many of the potentially useful techniques.  For analytical 

chemistry a lot of work is needed to develop extraction and analytical methodologies for each 

                                                 
20 Louch, J., Allen, G., Erickson, C., Wilson G.  & Schmedding, D. (2003) Interpreting results from the field 
deployments of semipermeable membrane devices.  Environ. Sci. Technol. 37: 1202 -1207 
21 Greenwood, R., Mills, G.A. & Vrana, B. (Eds.) (2007) Passive sampling techniques in environmental 
monitoring. in Comprehensive Analytical Chemistry Series. Editor in Chief  D. Barcelo, Elsevier, Amsterdam   
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matrix (including tissues from organisms) to be monitored for each new material of concern. 

Some on-site or on-line techniques (e.g., those based on immunological assays) show promise 

but still require significant development work.  The ideal solution would be a system of 

validated on-line sensors, but this is not currently available. Measurements of 

bioaccumulation, and direct toxicity assessments can provide useful information to inform 

risk assessment models. For widely distributed compounds ecotoxicological assessments may 

be necessary, but not only are these expensive, but by the time damage is detected at a 

population or ecosystem level it is very difficult to identify a link between a suspected cause 

and the observed effects. At this stage remedial actions are expensive, and usually they 

become effective only over long time scales. 

 

There is a further important consideration when designing monitoring programmes, and this is 

the cost.  Budgets are limited, and it is important to select the most cost effective sampling 

and analytical procedures available, and to concentrate efforts on those compounds that are 

identified as hazardous on the basis of realistic risk assessments.  Where remedial actions can 

be taken the cost benefit taking into account the utility of the medicine needs to be calculated.  

It is important to ensure that the necessary information is available to support regulators in 

developing risk assessments since the cost of a wrong decision is potentially very high. 

Against this background it may be possible to develop strategies that will provide protection 

from possible environmental damage whilst minimising operational costs.  

 

It is impossible to monitor every waste water treatment plant in great detail, and the only 

tenable approach is one similar to that adopted under the WFD where water bodies with 

similar properties can be grouped together for monitoring purposes.  Here representative 

treatment plants could be grouped with others that are similar in structure, complexity and 

efficiency for the purposes of modelling. These performance data obtained in detailed studies 

at a local level could then be used in risk assessments at national and possibly wider level. It 

would be necessary to provide criteria for accepting proposed groupings of STPs.  

 

Monitoring every site for all possible pharmaceutical products would not be sensible, and a 

screening approach might provide protection at an acceptable cost. One approach would be to 

assess the likelihood of particular compounds appearing in emissions, and to use a crude 

measure of presence or absence to focus more detailed investigations of the pharmaceutical 

and/or its metabolites (in STPs, STP effluent, and adjacent surface waters) where high risk 
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medicines are detected. Other approaches to reducing the monitoring burden would be to 

identify indicators for specific compounds, or to treat similar compounds as a group. The 

selection of matrices for these monitoring scenarios is dependent on the available extraction 

efficiency for the matrix, and the availability of suitable analytical methods.  

 

5.3      Strategies 

 

Measure concentrations in waste water influents and effluents and surface waters for 

comparison of MEC/PEC and PNEC values for these matrices, and estimate proportion of 

medicines reaching waste waters (prior to STPs) based on usage (consumption and market 

penetration data)  

 

If measurable concentrations of a pharmaceutical considered to be a potential risk are 

observed in surface waters then it would be worthwhile evaluating the removal efficiency of 

the various types of treatment plants involved. Here the collection of influent and effluent 

samples needs to be coordinated and based on the analyte travel/residence time in the STP. 

Modelling would be necessary to determine mass balances based on measured concentrations 

in these media and on information on rates of usage, and excretion. However, concentrations 

of individual pharmaceuticals in environmental waters may be highly variable and may 

increase as the use of the product increases, and this has an impact on the frequency of 

sampling and the limits of detection required for monitoring them.  

 

A number of factors can affect the concentrations in the environment, and include distance 

from the source, and the efficiency of STPs making discharges to surface waters.  For 

instance, Vieno et al., (2005)22 found seasonal variations of up to a factor of four in the 

concentrations of certain pharmaceuticals in a Finnish river, and this was in addition to large 

variation associated with the distance from the point of effluent release. These seasonal 

variations could be explained by variations in the efficiency of the STP and river discharge. 

Appropriate sampling frequency, sampling period and pattern are prerequisites for 

representative sampling to be obtained. Castiglioni et al., (2006)23 found a difference of a 

                                                 
22 Vieno, M.,  Tuhkanen, T. & Kronberg, L. (2005) Seasonal variation in the occurrence of pharmaceuticals in 
effluents from a sewage treatment plant and in the recipient water.  Environmental Science and Technology. 
39: 8220-8226 
23  Castiglioni, S., Bagnati, R., Fanelli, R., Pomati, F., Calamari, D. & E. Zuccato (2006) Removal of 
pharmaceuticals in sewage treatment plants in Italy. Environmental Science & Technology. 40 (1): 357-363 
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factor of two between maximum day time and minimum night time influent loads. Such a 

variation may introduce bias when using time-proportional sampling methods, in this case 

with an estimated underestimation of influent load of 5-15 %. This can, in turn, directly affect 

removal rate calculations. A seasonal variability of removal rates was also observed by the 

authors and at one treatment plant lower removal rates were found for some pharmaceuticals 

during winter when microbial activity is reduced due to low temperatures. Pharmaceuticals 

were classified into three groups depending on their removal rate (RR). The first group had 

RRs higher in summer than in winter and included amoxicillin, bezafibrate and ibuprofen. 

The second group had RRs similar in summer and winter and included ciprofloxacin, 

hydrochlorothiazide and ofloxacin, whilst the last group were classified as not removed (i.e., 

erythromycin, salbutamol, carbamazepine). At a wider level, differences may also exist 

between countries in Europe depending on geographical situation and climate. Vieno et al., 

(2005)24 observed a reduction of 25 % in the elimination efficiency of a STP in Finland in 

winter compared with values obtained in spring and summer for the drugs benzafibrate, 

ketoprofen, ibuprofen, diclofenac and naproxen. 

 

Determine (or refine knowledge of) the efficiency of removal and/or transformation of 

medicines in various types of waste water treatment plants 

 

 

Removal of compounds in an STP may be through sorption to sludge with subsequent 

removal or degradation by biological or non-biological routes. For instance, Golet et al., 

(2003)25   observed a significant association of the fluoroquinolones, the antibacterials 

ciprofloxacin and norfloxacin with sewage sludge in an STP in Switzerland. The proportion 

of antibacterial agents (based on mass flows) in filtered tertiary effluent relative to initial 

input in raw sewage were in the range 8-11 %, while the fraction observed in digested sludge 

was between 73-78 %. Approximately 10 % losses were observed during anaerobic treatment 

of the sludge. Losses of clofibric acid, diclofenac, ibuprofen, ketoprofen, mefenamic acid, and 

naproxen in activated sludge and a membrane bioreactor was investigated by Kimura et al., 

                                                 
24 Vieno, N.M, Tuhkanen, T. & Kronberg, L (2005) Seasonal variation in the occurrence of pharmaceuticals in 
effluents from a sewage treatment plant and in the recipient water. Environmental Science & Technology. 
39(21): 8220-8226 
25 Golet, E.M., Xifra, I., Siegrist, H., Alder, A.C. & Giger, W. (2003) Environmental exposure assessment of 
fluoroquinolone antibacterial agents from sewage to soil. Environmental Science and Technology. 37(15): 
3243-3249 
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(2007)26. Higher solid retention times in membrane bioreactors resulted in higher elimination, 

especially for ketoprofen and diclofenac. For the latter biodegradation was slow, but 

important when long retention times were used.  Overall in this study while sorption to 

sludges was identified as an important factor in batch experiments, the primary mode of 

elimination was found to be biodegradation.  

 

Losses of any compound may differ widely depending on the capability of the STP and the 

type of treatments and other factors such as residence times. In order to identify the factors or 

processes that contribute to the elimination of pharmaceuticals from waste waters it is 

necessary to use mass balance calculations27. In order to be able to evaluate fluxes from this 

modelling it is essential to know the values of a number of parameters or factors including 

potential for volatilisation, sorption to sludge and degradation in the various stages of the 

treatment process. In some cases it may be possible to significantly reduce costs by using 

measured and accurate sludge/water partition coefficients rather than measure 

pharmaceuticals in both phases. However, accurate values are needed. Goebel et al., (2005)28 

measured concentrations of antimicrobial agents at various stages of two STPs in Switzerland 

to perform mass balances at the STP level. While a reduction was apparent for 

sulfamethoxazole (and its metabolite N4-acetylsulfamethoxazole), trimethoprim and 

clarithromycin, significant proportions were still present following the tertiary treatment (38, 

36 and 79 %, respectively). These data also suggested that re-transformation of 

sulfamethoxazole occurred during treatment processes. In addition, wide daily and seasonal 

temporal variations in concentrations were observed but were in agreement with patterns of 

use of these antimicrobials. For macrolides used to treat respiratory tract infections, loads 

measured in February-March were approximately twice those measured in September, 

corresponding to highest sales from February to April. There are, however, differences 

between different treatment works, and a similar study of antibiotics in Swedish STPs 

demonstrated minimal removal of sulfamethoxazole and trimethoprim during treatment while 

doxicycline and fluoroquinolones (e.g., norfloxacin) appeared to be removed reasonably 

                                                 
26 Kimura, K., Hara, H. & Watanabe, Y. (2007) Elimination of selected acidic pharmaceuticals from municipal 
wastewater by an activated sludge system and membrane bioreactors. Environmental Science & Technology. 
41(10): 3708-3714 
27 Carballa, M., Omil, F. & Lema, J.M. (2007) Calculation methods to perform mass balances of micropollutants 
in sewage treatment plants. Application to Pharmaceutical and Personal Care Products (PPCPs). Environmental 
Science and Technology. 4: 884-890 
28 Goebel, A., Thomsen, A.,  Mcardell, C.S.,  Joss, A. & Giger, W. (2005) Occurrence and sorption behaviour of 
sulfonamides, macrolides, and trimethoprim in activated sludge treatment. Environmental Science & 
Technology. 39(11): 3981-3989  
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efficiently with a high content found in sludge29.  The authors used the final effluent and 

sludge concentrations to estimate the environmental loads per inhabitants and found good 

correlations with those predicted from consumption data.   The data collected from these 

studies may then be used to refine PEC values for surface waters and STP effluents, and 

provide checks on the representativeness of available MEC values. 

 

Many of the studies have focused on antibiotics because many of these medicines (for human 

or veterinary use) and antibacterial agents are released into waste waters, and they have the 

potential to produce antibiotic resistance in some populations of microorganisms. There is a 

further problem with these compounds that needs to be taken into account when measuring 

the efficiency of STPs.  Depending on the concentration, constancy of the input, and the 

impact of mixtures of antibiotics, these compounds may affect the efficiency of sludge or of 

specific microbial populations in treating waste water. Amin et al., (2006)30  found a 5 % 

reduction in biogas production when the antibiotic erythromycin was added to a pilot scale 

anaerobic sequencing batch reactor at a concentration of 1 mg L-1. However, no further 

decrease was observed when the concentration of antibiotic was increased to 200 mg L-1, 

though there was a slight increase in the effects on methogenic activity and conversion of 

butyric acid. Exposure time also appeared to affect butyric acid inhibition.  

 

Where degradation is found to be a significant source of losses within an STP, then it may be 

necessary to identify, detect and quantify the principal metabolites/breakdown products in the 

system. An example of this sort of study is provided by the investigation of the fate of 

carbamazepine in an STP in Peterborough (Canada)31.  In this trial the parent compound and a 

number of metabolites were measured both in treated/untreated dissolved phases and in solids. 

The findings were consistent with those of previous studies where carbamazepine was found 

to be relatively persistent in this system that incorporated secondary treatment technology. 

Losses throughout the treatment plant were approximately in the region of 29 %. 

Concentrations of certain metabolites were shown to increase during treatment.  This may 

have been due to the presence of conjugated forms of hydroxylated metabolites that were 
                                                 
29 Lindberg, R.H., Wennberg, P., Johansson, M.I., Ttysklind. M. & Andersson, B.A.V.  (2005) Screening of 
human antibiotic substances and determination of weekly mass flows in five sewage treatment plants in Sweden. 
Environmental Science & Technology. 39(10): 3421-3429 
30 Amin, M.M.,  Zilles, J.L.,  Greiner, J., Charbonneau, S.,  Raskin L.,  & Morgenroth, E. (2006) Influence of the 
antibiotic Erythromycin on anaerobic treatment of a pharmaceutical wastewater. Environmental Science & 
Technology. 40(12): 3971-3977 
31 Miao, X-S., Yang, J-J., & Metcalfe, C.D. (2005) Carbamazepine and its metabolites in wastewater and in 
biosolids in a municipal wastewater treatment plant. Environmental Science & Technology. 39(19): 7469-7475 
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produced in treated patients, excreted in the urine or faeces, and then transformed back into 

the free form during the sewage treatment process, possibly by microbial metabolism.   A 

mass balance, though based on only single 24 h composite grab samples of waste water and 

biosolids, showed that carbamazepine and 10,11-dihydro-10,11-dihydroxycarbamazepine 

were the main analytes present in the water fraction of the influent and effluent, while less 

than 1 % of the total was associated with bio-solids.  

 

In some cases it may be important to measure degradation products as well as parent 

compounds, as exemplified by the study of Bedner & Maccrehan (2006)32 who followed the 

fate of acetaminophen in a range of treatment processes.  They found that some waste water 

treatment processes such as chlorination could result in the production of toxic derivatives of 

the pharmaceutical that could result in toxicological effects in the vicinity of sewage effluent 

outfalls.  Where major degradation products are shown to be toxic in their own right then it is 

important to consider ways of reducing their production, and to carry out a risk assessment to 

ensure that final environmental concentrations fall below the PNEC. 

 

When no data on removal efficiency during sewage treatment are available, it is possible to 

use models to predict the fate of pharmaceuticals in standard STPs. A good example of this 

approach is provided by the study of Jones et al., (2002) 33 who carried out a risk analysis and 

used the STP fugacity model STPWIN™ model to estimate the fate 25 pharmaceuticals used 

in highest amounts in the United Kingdom33. This model was used to estimate values for the 

total removal, as well as the contributing processes (biodegradation, sorption to sludge, and 

tripping to air) for a standard system and set of operating conditions. When experimental data 

are not available the model can be used to provide an indication of how a compound might 

react within such an environment. Most pharmaceuticals were expected to be removed from 

waste water by up to 97-98 %. Sorption to sludge was predicted for ibuprofen, sulphasalazine 

and mebeverine hydrochloride, quinine sulphate and mefenamic acid. This means that should 

the sewage sludge containing any of these compounds be used on land many terrestrial 

ecosystems could be affected. Models such as STP, SimpleTreat 3.0 or STPWIN™ have been 

used by the US Environmental Protection Agency and Environment Canada to predict the fate 

                                                 
32 Bedner, M., & Maccrehan, W.A., (2006) Transformation of acetaminophen by chlorination produces the 
toxicants 1,4-Benzoquinone and N-Acetyl-p-benzoquinone Imine. Environmental Science & Technology. 
40(2): 516-522 
33 Jones, O.A.H., Voulvoulis, N., & Lester, J.N. (2002) Aquatic environmental assessment of the top 25 English 
prescription pharmaceuticals. Water Research. 36: 5013-5022  
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of new chemicals in STPs through mass balance calculations. Recently, Seth et al., (2007)34 

attempted to address some of the deficiencies of the current models for use at the screening 

level. These are (i) inability to handle ionised compounds (ii) the need to characterise 

biodegradation rates adequately and accurately, (iii) the flexibility to account for the various 

configurations of STPs, (iv) the need to account for surface volatilisation and non-equilibrium 

between air/solution and (v) increase flexibility for the input or prediction of sludge-water 

partition coefficients. There is a continuing need to improve and validate these models since 

they offer a cost effective way of assessing the behaviour and fate of novel and existing 

compounds in STPs, and thus underpinning risk assessments without the need for expensive 

monitoring campaigns. 

 

Biodegradability for environmental risk assessment purposes (e.g., EMEA guidelines, Phase 

II) may be undertaken following the OECD 303A test. These tests often fail to provide an 

adequate characterisation of the proportional contributions of the biotic/abiotic degradation 

and the sorption processes to the removal of the medicines from waste water. Another 

approach is to use radio-labelled chemicals at environmentally relevant concentrations to 

evaluate the fate of pharmaceuticals in laboratory/pilot scale waste water treatment plants35. 

This is particularly useful for antibiotics that may be resistant to biodegradation or may affect 

sludge processes. The lossless system developed by Junker et al. (2006)35 yields more 

accurate information on the fate of antibiotics in STPs but there are problems associated with 

using radio-labelled compounds: one of the most important being the inability to distinguish 

the parent compounds and metabolites or adducts.   

 

Building on the experience gained from studies such as those outlined above, work has been 

carried out to monitor the efficiency of novel technology for removing more polar compounds 

such as pharmaceuticals from waste water. The efficiency of nanofiltration with two 

membranes (NF90 and NF270) to remove three pharmaceuticals (sulfamethoxazole, 

carbamazepine and ibuprofen) from water was investigated by Nghiem et al., (2005)36. 

Retention by the NF90 membrane is primarily the result of steric exclusion, while effects 

                                                 
34 Seth, R., Webster, E. & Mackay, D. (2008) Continued development of a mass balance model of chemical fate 
in a sewage treatment plant. Water Research. 42(3):595-604 
35 Junker, T. Alexy, R., Knacker, T. & Kuemmerer, K. (2006) Biodegradability of 14C-labeled antibiotics in a 
modified laboratory scale sewage treatment plant at environmentally relevant concentrations. Environmental 
Science & Technology. 40(1): 318-324 
36 Nghiem, L.D., Schaefer, A.I. & Elimelech, M. (2005) Pharmaceutical retention mechanisms by nanofiltration 
membranes. Environmental Science & Technology. 39(19): 7698-7705 
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from electrostatic repulsion can be observed for ionised chemicals. The functioning of the 

system is pH dependent, and at a higher pH a higher retention for negatively charged 

compounds was observed. Other types of waste water treatments that have been considered 

include constructed wetlands that are often designed to treat effluents from small scale 

housing communities.  Matamoros et al., (2005)37 investigated the fate of clofibric acid, 

ibuprofen and carbamazepine in a sub-surface constructed wetland in Barcelona (Spain) by 

spiking waste water with a solution of pharmaceuticals and taking measurements of 

concentrations out of the wetland. A bromide injection served as a tracer.  The behaviour of 

clofibric acid was similar to that of bromide and could itself serve as a tracer in such 

environments to evaluate hydraulic conditions.  Losses of carbamazepine in this system were 

attributed to sorption to the gravel bed, and the very large losses of ibuprofen in this shallow 

sub-surface constructed wetland were attributed to degradation, probably due to the prevailing 

oxidising conditions.  Pierini et al., (2004)38  while developing a simple liquid-liquid 

extraction procedure for enrofloxcin in swine sewage observed a significant reduction of 

enrofloxacin concentration from raw sewage to lagoon samples. Raw sewage treatment 

included mixing of pig faeces with 10 % olive oil/ground water, storage in aerated pits and 

finally sent to an open-air lagoon for a further eight months. This treatment noticeably 

reduced the amount of enrofloxacin to levels below the detection limit of 0.6 � g L-1, and all 

samples that were treated using this method were found to be free of enrofloxacin after eight 

months. This treatment also resulted in a reduction in dry weight, pH value (to ~6.5), and bad 

odours. It was concluded that the aerobic conditions in the storage pits combined with the 

long retention in open-air lagoons encouraged bacterial growth and chemical reactions that 

assisted in the decomposition of organic compounds, such as enrofloxacin. Despite this being 

a relatively cheap and simple method to implement the time frame and space required for the 

process could be a limiting factor, and it may not be easy to adapt it for other medicines or 

other types of sewage. However, it does indicate that local in-farm sludge treatment may be 

able to significantly reduce the inputs and impacts of medicines for veterinary use.  

 

It may be possible to develop a system for optimising treatment plant efficiency for removing 

a particular pharmaceutical of concern providing there is sufficient knowledge and 

understanding of the important factors that determine this.  However, care must be taken to 

                                                 
37 Matamoros, V., Garcia, J. & Bayona, J.M. (2005) Behaviour of selected pharmaceuticals in subsurface flow 
constructed Wetlands: A pilot-scale study. Environmental Science & Technology. 39(14): 5449-5454 
38 Pierini, E.,  Famiglini, G.,  Mangani, F. & Capiello, A. (2004) Fate of Enrofloxacin in Swine sewage. Journal 
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ensure that toxic products do not result from the treatment, and it will be necessary to balance 

any increased efficiency against increased costs, and carbon consumption and emissions. The 

information gained in developing monitoring methodologies would support such efforts to 

improve the removal of high risk medicines.      

 

Estimate total load to the aquatic environment from local STP or at the river basin level 

 

In order to estimate any environmental risk associated with individual pharmaceuticals, it is 

necessary to estimate the movement of compounds of interest to the aquatic environment. 

This must take into account the various possible sources, and in particular inputs from waste 

water effluent. This presents a number of challenges because of the variable nature of the 

inputs over diurnal and seasonal periods, and the changes in volumes of drug used during its 

lifetime.  In addition, it is important to take account of the spatial variation in concentrations 

due to inhomogeneities in the mixing zone below a discharge point into a river, and in large 

rivers due to inputs from multiple sites in the river basin system. It is not straightforward to 

obtain a representative picture of concentrations above and below a discharge point to 

estimate input from individual STPs. 

 

The fate of a compound in surface waters will be affected by a number of factors including 

susceptibility to biodegradation, abiotic transformation (e.g., hydrolysis or photolysis), 

binding to suspended matter, and retention by sorption to bed sediments. Most studies of the 

potential for attenuation of pharmaceuticals once released into surface waters are conducted in 

microcosm systems or in laboratory-based batch experiments. Another approach involves 

taking multiple samples along the path of a river in combination with measurements of 

removal rates in STPs, and concentrations in solids (sludge or sediments).  This can provide 

clues as to the fate of pharmaceuticals and potential removal processes for surface waters. 

Castiglioni et al., (2006)39 undertook such a study that provided estimates of the probabilities 

of particular processes being involved in the removal of some pharmaceuticals during 

transport in surface waters.  For instance, the significant attenuation of hydrochlorothiazide 

over a 1 km stretch of river was attributed to sorption to sediments, and samples of the 

particulate phase of the river confirmed this. Where compounds (e.g., erythromycin) were 

found to be resistant to degradation during sewage treatment, attenuation in the river was 

                                                 
39  Castiglioni, S., Bagnati, R., Fanelli, R., Pomati, F., Calamari, D. & Zuccato, E. (2006) Removal of 
pharmaceuticals in sewage treatment plants in Italy. Environmental Science & Technology. 40(1): 357-363 
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suggested to be primarily mediated by sorption. However, this must be viewed with caution 

since the environment in the sewage treatment processes may not represent the most 

favourable for degradation of pharmaceuticals. 

 

Some large scale environmental investigations have been carried out, for instance Fono et al., 

(2006)40 conducted measurements of the decrease in concentration of several pharmaceuticals 

in the Trinity River (a large river in the USA) and compared the results with those from 

laboratory-based microcosm experiments. Adsorbable organic iodide, an X-ray contrast 

medium, was used as a tracer to determine whether fresh input of river water (or dilution of 

river/waste water) occurred. Since the concentration remained essentially constant, the 

authors concluded that if decreases in pharmaceutical concentrations were observed 

downstream, they would not be the result of dilution. Significant reductions in concentration 

of gemfibrozil, ibuprofen, metoprolol and naproxen were observed over the course of the 500 

km in which measurements were made. In addition, the comparison with microcosm 

experiments showed that both biodegradation and photolysis are important factors in the 

attenuation of these drugs. While in certain cases such as fast flowing rivers, there is 

insufficient time for significant biodegradation to occur, the hydraulic retention time of two 

weeks for this 500 km stretch of the Trinity River and strong attenuation of light in the water 

increased the relative significance of biodegradation in the attenuation of these drugs.  

 

Another example of a large scale survey is provided by the work of Wiegel et al., (2004)41 

who conducted a number of surveys along the River Elbe for a range of pharmaceuticals and 

detected diclofenac, ibuprofen, carbamazepine and other antibiotics and lipid regulators at 

levels in the range 20-140 ng L-1. Phenazone, isopropyl-phenazone, paracetamol were also 

detected during a more thorough investigation in 2000.  Two metamizole metabolites were 

measured at higher concentration levels than those for pharmaceuticals under investigation. 

Multivariate analysis (factor and cluster analysis) was used to understand the pattern of 

concentrations along the longitudinal path of the river integrating contaminant input, dilution 

effects, contaminant elimination (through sorption to bed-sediments and degradation). Three 

factors were found to describe the distribution of six compounds. Calculation of factors for 
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41 Wiegel, S., Aulinger, A., Brockmeyer, R., Harms, H.,  Loeffler, J. Reincke, H., Schmidt, R.,  Stachel, B.,  von 
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each monitoring site allowed an understanding and identification of hot spots of 

contamination by certain substances and changes in concentration along the length of the 

river. Cluster analysis of all monitored sites resulted in three major groups: low, increasing, 

and high concentrations of drugs in water. This study provided a wealth of information that 

underpinned a working model of the distribution of pharmaceutical contamination along this 

river, and enabled the researchers to gain a good understanding of the system. However, it 

should be noted that in some of the sampling campaigns it was necessary to use a helicopter to 

transport the sampling team in order to cover a large area of the river system, and this would 

not be feasible for routine monitoring. 

 

Since water management is required to be at the level of the river basin, it is important to 

develop affordable methods for wide scale monitoring that take into account widely varying 

conditions in the river system, and inputs from multiple STPs that may differ greatly in 

efficiency of removal of individual pharmaceuticals.  One approach is to use extrapolation to 

estimate effects of multiple STP outputs on overall concentrations in surface waters, and to 

combine this information with modelling using for example GIS.  Reemtsma et al., (2006)42 

proposed a Water Cycle Spreading Index (WCSI) to estimate the potential for a polar analyte 

present in waste water to spread in the aquatic environment. This index has units of 

concentration, and is calculated as the ratio of the effluent concentration and the normalised 

removal in the sewage treatment plant: 

 

EffluentInfluent

EffluentInfluentEffluent

CC

CC

STPinremovalNormalised

C
WCSI

-

´
==      Equation 7 

 

where, CInfluent and CEffluent are the concentrations in the influent and effluent respectively, and 

the normalised removal in the STP is calculated as ((CInfluent-CEffluent)/CInfluent). A higher WCSI 

value indicates a high potential for spreading into surface waters based on removal rate (in the 

treatment plant(s)) and concentration when entering the treatment plant. This model can be 

applied to a single STP or to multiple plants when an estimate of the potential for spreading at 

a larger scale is required. The authors found a good and positive correlation between WCSI 

values for three European waste water treatment plants and surface water concentrations for a 

number of waste water-associated contaminants. This did not, however, take into account 
                                                 
42 Reemtsma, T., Weiss, S., Mueller, J.,  Petrovic, M., Gonzaalez, S.,  Barcelo, D., Ventura, F. & Knepper, T.P.  
(2006) Polar pollutants entry into the water cycle by municipal wastewater: A European perspective. 
Environmental Science & Technology. 40(17): 5451-5458 
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removal of analytes following entry into the aquatic environment. More generally the use of 

geo-referenced exposure assessment tools for the prediction of environmental and more 

specifically surface water concentrations at the catchment or river basin level, taking into 

account multiple treated/untreated waste water effluents and surface run-off can provide 

valuable support for environmental risk assessments.  Schowanek and Webb (2002)43 used the 

Geo-referenced Regional Exposure Assessment Tool for European Rivers (GREAT-ER) 

model to estimate PEC values for a number of pharmaceuticals in three European river 

catchments (Aire, UK; Lambro, Italy and Rhur, Germany). In this system modules are 

designed to incorporate hydrological information (e.g., river characteristics, flow distribution 

or velocity) and information on waste pathways (source emissions, metabolism, removal 

expressed as % removed or predicted using the SimpleTreat modelling software). Initial PEC 

values can be estimated for points downstream of emission points or representative values for 

the entire catchment can be calculated. PEC values estimated for the Aire catchment were 

0.89-1.61, 0.03-0.06, 0.01-0.02, 0.05-0.09 and 4.3-6.8 µg L-1 for oxytetracycline, clofibrate, 

dextropropoxyphene, and paracetamol, respectively. Based on these predictions risk quotients 

(RQ) measured as PEC/PNEC ratios were found to be 0.3, 0.74 and 7 for clofibrate, 

paracetamol and oxytetracycline, where a RQ less than one implies that no adverse effects are 

anticipated. 

 

In this section the emphasis has been on inputs from STPs; however, other important routes 

can include leaching landfill sites and from sludges and slurries applied to farmland, and in 

the case of aquaculture through direct input to the environment. The main pressure points will 

vary depending on the product and its pattern of use. These aspects are dealt with more fully 

in later sections of this document. 

 

Identify sites/periods where/when risk from the presence of pharmaceuticals is highest (low 

flow/high proportion of waste water in surface water) 

 

It has been established that the concentrations of pharmaceuticals in the aquatic environment 

vary spatially and temporally depending on a number of factors including volume of use of 

individual medicines, rate of excretion, and inputs to waste water from other sources, and 

efficiency and distribution of STPs. Following entry to the aquatic environment then other 
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factors affect the final concentration, and include flow that in turn determines the proportion 

of waste water in surface waters, and properties of the aquatic system that determine 

degradation rate, and loss to sediments (particularly important in the case of hydrophobic 

pharmaceutical products).  

 

For the purposes of risk assessment it is necessary to have a measure of the worst case 

scenario, and this section explores monitoring strategies that could be useful in identifying 

sites, environmental matrices, and periods when a water body is at highest risk.  It is 

necessary to determine the mixing pattern for sewage effluent and surface waters, any 

seasonality of use of pharmaceuticals, pattern of use (e.g., hospital-related use, 

residential/care home), pattern of effluent discharge, and range of variation of environmental 

conditions of the receiving waters throughout the seasons. The highest concentrations of 

pharmaceuticals in environmental waters may be observed:  

 

·  when the ratio of waste water to receiving water is highest 

·  during dry periods when the flow of receiving water is much reduced 

·  during significant flood events in the situation where storm and waste waters are 

mixed and released without treatment  

 

In order to identify sites and periods where there will be a high risk it is necessary to:  

 

·  monitor surface water to obtain representative measures of concentrations of 

pharmaceuticals  

·  measure of pharmaceutical concentrations in sediments 

·  track plumes of wastewaters entering surface waters 

·  focus monitoring efforts during periods of low flows, dry weather and during floods 

 

In order to identify high risk situations, zones or periods when the risk is highest, without 

having to make full analysis for a range of potential contaminants it may be possible to use 

indicators to estimate the proportion of waste water in surface waters, and to differentiate 

between veterinary and human medicinal sources of pharmaceuticals that are used in both 

areas. It may be possible to use indicators to assess the proportion of input to STPs coming 
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from hospital-related sources. They may also be used to assess the efficiency and changes in 

efficiency of STPs. 

 

For a substance to be useful as an indicator of the proportion of waste water in surface waters, 

the following criteria should be met: 

 

·  waste water effluents should be the sole source of these substances (therefore 

substances such as antibiotics for human and veterinary use may not be considered as 

indicators) 

·  they should be present at relatively high concentrations allowing reliable 

measurements 

·  losses (either through sorption to sludge, volatilisation or biodegradation) through 

STPs should be minimal 

·  mass flow through the STP should be proportional to the population/community that it 

serves 

·  the tracer should have an adequate market penetration factor 

·  it should have minimal sorption and degradation upon release into surface waters (or 

other media that are being monitored) 

 

Indicator substances may be pharmaceutical compounds or other organic or inorganic 

compounds that are present in waste water effluent.  

 

Indicator substances may help to identify sources of pharmaceutical contamination such as 

untreated effluent, inefficient treatment plants, or release of untreated sewage together with 

storm water following heavy rainfall. For example Chang et al., (2007)44 recently measured 

concentrations of glucocorticoid in STP influents and effluents, and river water. The removal 

in STPs was in the range 98-100 % except for prednisolone for which only 78 % removal was 

achieved. The authors investigated the ratio of combined cortisol/cortisone to prednisolone 

concentrations. Ratios decreased from 10-35 to 1-4 following STP treatment. Discrepancies 

between effluent ratios and higher ratios measured in surface water at certain sites led the 

author to conclude these were the result of releases of untreated sewage effluents. More work 
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is required, however, to determine whether these analytes may be good candidates for such 

measurements, but the work illustrates the potential of this approach. 

 

Another example is provided by a study of the rare earth element gadolinium (Gd) in waste 

water, and it has been suggested that it could serve as a potential tracer of waste water input 

into surface waters45 on the basis of the use of Gd-organic compounds used as X-ray 

contrasting media. Recent studies have showed that minimal losses of these compounds to 

sludge occur during treatment processes and where Gd-organic compounds break down then 

the Gd remains in the system mainly in the form of carbonate and phosphate complexes, and 

these are likely to remain in the dissolved fraction in water46. Despite the persistence of Gd 

compounds, surface water concentrations decreased with increasing distance from effluent 

output points, and this was attributed to significant inputs to the river from ground water. 

Despite these compounds being mainly dispensed in hospital for use as X-ray contrasting 

media (e.g., GdDTPA), excretion can take place both at home and in hospital.  This makes Gd 

unsuitable as a specific indicator substance for hospital-related waste water. However, it is 

potentially very useful in detecting sources and points of effluent dilution. Another study 

using this element was that of the effects of waste water input/recycling and associated 

pharmaceuticals. This was undertaken in the Hérault watershed (France) where recycled 

waste water is expected to be close to 20-30 % of supplied drinking water47. They measured 

the concentrations of nitrate, chloride and boron (since these are found for instance in 

household detergents) and evaluated the Gd as a means of estimating the input of waste water 

into surface/ground waters. High concentrations of boron and Gd were observed at a few 

monitoring sites across the watershed, in one case associated with relatively high 

pharmaceutical concentrations.  The study confirmed that waste water contamination was 

present in several wells supplying drinking water to inhabitants of the Herault valley, where 

several wells were found to be contaminated with pharmaceutical substances. However, the 

Gd was not always present in wells and at sites where pharmaceuticals were found, and this 

may be due to fluctuating inputs to the system. In this study Gd was not a universally useful 

indicator of the presence of hospital waste.  There is still much work to be done to evaluate 
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the potential utility of indicator substances in estimating waste water inputs to surface and 

ground waters, and as indicators of concentrations of various classes of organic anthropogenic 

contaminants including pharmaceuticals.  

 

A study that illustrates a number of the potential uses of markers was undertaken by Kim & 

Carlson (2007)48 who monitored antibiotic concentrations along the Cache la Poudre River 

(Colorado, USA) both in the water and sediment phases. Seasonal variations in concentrations 

in human and veterinary antibiotics were observed with the highest concentrations generally 

being found in the winter, probably a result of low flow conditions and possibly minimal 

biodegradation due to low temperature. Concentrations of chlortetracycline (used to treat 

cattle) appeared to be an adequate indicator of the area of the catchment dominated by 

agriculture. The highest concentrations of sulfamethoxazole were associated with two waste 

water effluents and this compound may be a useful marker of such input into surface waters. 

While most studies tend to focus on measurement in the water phase, Kim & Carlson (2002)48
 

also undertook measurements of antibiotic concentrations in the sediment phase, and found 

global sediment/water pseudo-partitioning coefficients of 305-1267, 20-517 and 91-402 L kg-1 

for tetracyclines, sulphonamides and macrolides, respectively. 

 

It may be possible to use biological monitoring as a screening tool to map locations at risk and 

where it would be worthwhile carrying out intensive chemical monitoring. However, with 

current direct toxicological methods it would not be possible to differentiate between toxicity 

caused by different groups of contaminants, and this poses a challenge to environmental 

toxicologists. There is one exception, however, and that is the compounds that affect 

reproductive endocrine function, and this illustrates the potential utility of this approach. For 

instance, Kidd et al., (2007)49 noted that fish populations inhabiting waters close to STPs 

could be exposed to chemicals affecting reproductive endocrine function, and these are known 

to cause male fish to produce vitellogenin (VTG), mRNA and proteins that are associated 

with oocyte maturation in female fish.  It is thought that it is high levels of oestrogenic 

substances such as the synthetic oestrogen 17a-ethynylestradiol (EE2) in waste water that 

cause these abnormalities.  This study found that neither natural or synthetic oestrogens were 

fully removed during waste water treatment, and discharges of effluent into surface waters 
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produced concentrations of around 5 ng L-1  in the aquatic environment.  These levels are 

sufficient to induce the biochemical changes described above, and such levels of EE2 in 

breeding waters will reduce the reproductive success of specific species and therefore 

decrease the population size. It is therefore feasible to use this biological system to indicate 

the presence of waste water contamination, and to indicate where chemical monitoring might 

be necessary. 

 

Determine fraction associated with suspended matter/sludge removed during the STP 

and risk posed following land application 

 

When significant removal of substances is observed during the STP process, and substances 

are known to associate strongly with particulate matter, or with sewage sludge, then it will be 

necessary to measure the concentrations of those substances in the sludge in order to evaluate 

the risk of disposal and application to fields.   There is some experience in this area with non-

polar industrial chemicals, but much less with pharmaceuticals.  Schoof and Houkal (2005)50 

reviewed the current state of risk assessment for pollutants (and used dioxins as an example) 

in biosolids applied to agricultural land and potential risk to human health. The main 

pathways for risk of biosolid-associated compounds following agricultural applications 

include run-off and erosion with potential for transfer to surface and ground water resources.  

 

·  Pathway 1: biosolid �  soil �  surface water � drinking/ground water, biota and 

humans  

·  Pathway 2: biosolid �  soil �  ground water �  drinking water/humans 

 

In the USA regulation of application of biosolid to land, a hazard quotient is used is used to 

evaluate the risk of compounds present in biosolids. This is the ratio of a measure of the 

exposure dose (maximum exposures or worse case scenarios: 50th, 90th percentiles, and 

maximum biosolid concentration) to a toxicological benchmark (no-observed-adverse effect 

level). There are two phases in the assessment. In this example based on monitoring levels of 

dioxins the phase 1 target organisms (receptors) used to represent the fresh water margin 

(impact through run-off) were the osprey (Pandion haliaens), kingfisher (Ceryle alcyon) and 

mink (Mustela vison). In phase 2 many more receptors were used, and the hazard quotient was 
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based on combined lowest-observed-adverse-effect levels and 90th percentile concentrations 

in soil, sediment, plants and surface water derived from fate and transport modelling in these 

media. In most cases there is a requirement for this approach to monitoring to be 

complemented by a combination of experimental work (including mesocosm studies) and 

modelling of leaching through soil following field application of solid waste from STPs. This 

approach provides a potential model that could be applied to pharmaceuticals that accumulate 

in sludge. 

 

Much experience is available from the work required for the registration of pesticides, and 

more recently detailed studies have been undertaken for some medicines for veterinary use.  

This could be helpful where pharmaceuticals are present in high concentrations in sludge. The 

first step would be to determine thresholds for concentrations in sludge that may lead to 

leaching to ground water or run-off into surface waters. These levels may be determined by 

application of models such as those (e.g., FOCUS) used for the prediction of pesticide 

leaching following field application. However, it may not be necessary to work through all 

possible scenarios of application, and the full range of soil types required for pesticides.  The 

approach developed by Schneider et al., (2007)51  is based on a number of parameters 

(including manure load (estimated on the basis of phosphorous excretion), topsoil type, sand 

and organic carbon content, distance to surface water bodies, rainfall), and identifies 

geographical areas and exposure scenarios at a European level that represent the highest risk 

of contamination of surface waters by veterinary medicine products. Where available, 

literature data were used to validate the models.  One area where there was a notable lack of 

information was for the transfer of agricultural inputs to sea water, and more work is needed 

to validate models such as this. 

 

The potential for ground water contamination following land-application of sludge will be 

determined to an extent by partitioning and sorption of pharmaceuticals to aquifer material.  

This will also contribute to the potential for ground water contamination in situations where 

ground water/surface water interactions occur. Some work in this area has been carried out for 

pharmaceuticals. Hari et al., (2005)52 assessed the sorption of acetomiphen, carbamazepine, 

nalidixic acid and norfloxacin to an aquifer material collected from the alluvium channel of a 
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Canadian river under varying pH and in the presence or absence of surfactants. The presence 

of surfactants and pH value can modify the adsorption of these compounds with maximum 

adsorption occurring around pH 7, close to the pKa values of the drugs. Further work53 with 

propranolol, metoprolol and nadolol indicated that beta-blocker hydrophobicity is an 

important factor in its adsorption to aquifer mineral surfaces. Authors suggested that 

differences in adsorption to minerals could be due to interactions with transition metals such 

as iron. For this class or pharmaceuticals adsorption appeared to produce a significant 

reduction in the in leaching rate. Similar conclusions were reached by Drillia et al., (2005)54 

in a lysimeter study of the sorption and mobility of six pharmaceuticals (carbamazepine, 

sulfamehtoxazole, ofloxacin, diclofenac, clofibric acid, and propanolol), where leaching was 

around 100 % for the weakly adsorbed clofibric acid and not detectable for the strongly 

adsorbed ofloxacin.  

 

Concentrations of compounds in sludge may be determined directly or indirectly following 

determination in waste water depending on the availability of reliable values of sludge/water 

partition coefficients for these pharmaceuticals. For example, fluoroquinolone antibacterial 

agents were shown to be removed efficiently (88-92 %) from waste waters mainly through 

sorption and removal with activated sludge in an STP in Zurich55. A partition coefficient, log 

Kd of approximately 4 was found for an activated sludge with a hydraulic retention time of 8 

h. While biodegradation of ciprofloxacin and norfloxacin once applied to soil appeared 

limited, threat to ground water may be reduced by strong sorption to the topsoil investigated 

with limited movement. However, with repeated sludge applications, concentrations are likely 

to rise. It is important to assess the potential for transfer from sludge to soils, and from there 

to ground water by leaching or to surface waters by leaching, run-off, or soil erosion.  

 

Partition and adsorption, are very important in determining the rate and extent of movement 

from sludge to soil, and to surface and ground waters. Where significant quantities of 

pollutants are found in sludge, then estimates of sludge/soil partition coefficients would be 

                                                 
53 Kahle, M. & Stamm, C. (2007) Sorption of the veterinary antimicrobial sulfathiazole to 
organic materials of different origin. Environmental Science & Technology. 41(1): 132-138 
54 Drillia, P., Stamatelatou, K. & Lyberatos, G. (2005) Fate and mobility of pharmaceuticals in solid matrices. 
Chemosphere. 60: 1034-1044 
55 Golet, E .M.,  Xifra, I.,  Siegrist, H., Alder, A. C. & Giger, W. (2003) Environmental exposure assessment of 
fluoroquinolone antibacterial agents from sewage to soil. Environmental Science and Technology. 37(15): 
3243-3249 
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useful in predicting the potential contamination of soil, and ground water, and thus in making 

decisions as to whether to permit the use of contaminated sludge as manure.   

 

Assess possible leaching to ground water or run-off to surface waters following manure 

application or through excretion (for veterinary pharmaceuticals); Assess possible leaching to 

ground water and run-off to surface waters from pharmaceutical disposal through land filling  

 

 

The guidance provided by the Committee for Medicinal Products for Veterinary Use (CVMP) 

on environmental impact assessment for veterinary products phase II56  provides clear 

recommendations for the ways in which PECs for surface waters, sediments, ground water, 

soil, and dung should be calculated for medicinal products for use in aquaculture, intensively 

reared animals, and pasture animals.  These are used in combination with ecotoxicological 

data to estimate risk as part of the product registration package.  The risk assessment process 

is tiered and the calculations are guided by decision trees. Initially a minimal amount of data 

is supplied by the manufacturer but if a significant risk is identified in preliminary steps, then 

the amount of data required increases. If no risk is identified at an early stage, then the 

assessment process stops at an early stage.  A similar process could be used for all medicinal 

products, but it does rely on predictive modelling and needs accurate values for variables such 

as mass balances, market penetration, usage, waste disposal pattern, then prediction of 

disposal through landfills.  This could allow monitoring to be focused on those products 

where a possible need is identified.  

 

The modelling process is not straight forward or easy. The interactions of veterinary 

medicines with soil components, organic materials such as found in manure, compost, and 

soil organic matter are all important in determining the potential for these drugs to move into 

ground water, run-off to surface waters, or to impact biota. This is complicated by the fact that 

many of these compounds are ionised, and this makes it difficult to predict their sorption 

characteristics under various conditions. Work by Kahle & Stamm (2007)57 showed that pH 

and contact time were important factors in the sorption of the veterinary antimicrobial 

                                                 
56 Committee for Medicinal Products for Veterinary Use (CVMP). (2004) VICH-GL38 Environmental impact 
assessment for veterinary medicinal products phase II guidance.  European Medicines Agency (EMEA) 
veterinary medicines and inspections, London. 1-39  
57 Kahle, M. & Stamm, C.  (2007) Sorption of the veterinary antimicrobial sulfathiazole to organic materials of 
different origin. Environmental Science & Technology. 41(1): 132-138 
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sulfathiazole to compost, manure and humic acid. Highest KOC were observed for the cationic 

species followed by the neutral and anionic species. An increase by a factor of 5-20 is 

observed with a drop in pH from 9 to 4 with similar effects by contact time. Sorbent 

composition only accounted for a factor of 2-3 difference in measured KOC values. A pH drop 

for the manure following rainfall and mixing with soil is likely to increase the sorption of 

sulfathiazole and related ionised compounds.  

 

Similar problems are encountered when dealing with medicinal products for human use; it is 

just the routes of transfer into the environment that are different.  Oppel et al., (2004)58 

investigated the leaching behaviour of a number of pharmaceutical compounds in soils with 

different properties. Relatively low mobility was found for carbamazepine, diazepam, 

ivemectin and ibuprofen resulting in a low potential for reaching and contaminating ground 

waters. On the other hand the mobility of clofibric acid and iopromide was high and could 

result in contamination of ground water. This is consistent with detection of these 

pharmaceuticals in ground water. The low mobility of carbamazepine was surprising, 

however, since it is frequently detected in ground water. It may be judicious to undertake 

mass balances, possibly using radio-labelled chemicals to understand the fate of 

carbamazepine in top soil or when in river sediments. Waste water re-use such as for 

agricultural applications may result in the release of waste water-associated pharmaceuticals 

during run-off. Pedersen et al., (2005)59  measured concentrations of carbamazepine, 

carisoprodol (muscle relaxant), gemfibrozil and ibuprofen of 320-440, 680, 190-790 and 11 

ng L-1, respectively in run-off from fields irrigated using waste  water.  

 

Whilst this area can be complex, much can be learned about modelling to evaluate leaching 

potential from soils to water from the recent work in the area of veterinary medicines, and 

from the long experience in modelling as part of the registration process for pesticides.  

 

 

 

                                                 
58 Oppel, J., Broll, G., Loeffler, D., Meller, M., Roembke, J. & Ternes, T. (2004) Leaching behaviour of 
pharmaceuticals in soil-testing-systems: a part of an environmental risk assessment for groundwater protection. 
The Science of the Total Environment. 328: 265-273 
59 Pedersen, J.A., Soliman, M. & Suffet, I.H. (2005) Human pharmaceuticals, hormones, and personal care 
product ingredients in runoff from agricultural fields irrigated with treated wastewater. Journal of Agriculture, 
Food & Chemistry. 53: 1625-1632 
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Understand/assess fate and distribution of medicines in river, estuarine and marine 

environments, e.g., transfer to and accumulation in e.g., sediments, biofilms, and biota 

 

This involves following the distribution of parent compounds and major transformation 

products in a range of environmental compartments.  This is complex and involves many 

different matrices, and for some of these extraction and analysis of compounds of interest is 

challenging.  Estimates of partition between the various compartments, degradation in 

sediments, soil, and water, and bioavailability are associated with large uncertainties, and this 

makes reliable risk assessments based on these processes difficult to achieve.  Often it is 

necessary to carry out small scale trials (e.g., laboratory or mesocosm scale) in order to 

extrapolate to environmental conditions, and to identify and understand the key processes. 

 

Once released into surface waters, further losses can occur through processes such as 

microbial metabolism, abiotic degradation such as hydrolysis or photolysis, and sorption to 

bed-sediments. Different classes of pharmaceuticals are likely to behave differently and it 

may be necessary to investigate the fate of some medicines in water in detail. For instance, 

Edhlund et al., (2006)60 conducted a number of tests to evaluate the effects of water physico-

chemical parameters on the photolysis of nitrofuran in water. This provides not only 

necessary information on their fate in surface water following release, but also indicates how 

treatment processes might be improved. Fastest transformation occurred by direct photolysis, 

and the reactive oxygen species at environmentally relevant concentrations yielded 

significantly lower rates of degradation. Indirect photolysis did not appear to promote further 

degradation while acid conditions acted as a catalyst. These results provide guidance on the 

conditions and treatments that will degrade this class of chemical, on which degradation 

products are likely to be present in significant proportion in surface waters. 

 

Small mesocosm experiments (e.g., following OECD 308 Guidelines) may be undertaken to 

assess the effect of sorption of pharmaceuticals to bed-sediment and losses in the system due 

to abiotic/biotic degradation. It is possible to use 14C-labelled analytes to obtain accurate mass 

balances providing that appropriate traps are used to retain volatile analytes, and to absorb any 

                                                 
60  Edhlund, B., Arnold, W.A. & McNeill, K. (2006) Aquatic photochemistry of nitrofuran antibiotics. 
Environmental Science & Technology. 40(17): 5422-5427 
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14CO2 produced if mineralisation occurs. Loeffler et al., (2005)61 used such a set-up to 

evaluate the fate of a series of medicines selected on the basis of their high consumption and 

occurrence in the environment. Ibuprofen, 2-hydroxyibuprofen and paracetamol dissipated 

rapidly from the system with half-lives of 7 days or less. Radiolabelled ibuprofen and 

paracetamol were used, and this allowed the degree of mineralisation (77 and 19 % 

respectively of the initial concentration in the system) to be estimated. Oxazepam, iopromide 

and ivermectin were shown to have moderate persistence, whilst carbamazepine and its 

degradation product (carbamazepine-diol), clofibric acid and diazepam were observed to be 

persistent in this system. Even though the sediment selected for this study contained only a 

small fraction of organic carbon, significant accumulation of paracetamol, diazepam and 

carbamazepine was observed in it. Degradation products of carbamazepine, diazepam and 

ibuprofen were found to have lower half-lives than parent compounds.  

 

It is not possible to use radiolabelled compounds in natural surface waters, but the results of 

studies of persistence and fate of pollutants are more directly applicable. However, 

interpretation of the findings is not always easy, as exemplified by the study of Peschka et al., 

(2006)62 who investigated the occurrence of barbiturates in waste water, surface and ground 

water at a number of sites in Germany. Concentrations of pentobarbital, butalbital, 

secobarbital and phenobarbital were in the range 0.09-5.4 µg L-1 in the River Mulde, a 

tributary of the River Elbe. Samples collected at an upstream location as well as those from 

waste water treatment plants did not show the presence of any of these compounds. Based on 

the current human consumption of barbiturates in the catchment area of the STP they 

estimated that concentrations in the waste water treatment plant were likely to be below the 

level of detection. These results are difficult to interpret, and it may possible that 

concentrations observed in the River Mulde are the result of veterinary use or of past 

contamination. The latter possibility is plausible since these compounds are shown to be 

recalcitrant in aquatic systems; however, more work is necessary to investigate another 

possibility, leaching from landfill sites.  

 

Since these systems are complex, modelling is difficult, and a range of models may be 

necessary to deal with the wide range of classes of pharmaceuticals.  There is more 

                                                 
61 Loeffler, D., Rombke, J., Meller, M. & Ternes, T.A. (2005) Environmental fate of pharmaceuticals in 
water/sediment systems. Environmental Science & Technology. 39(14): 5209-5218 
62 Peschka, M., Eubeler, J.P. & Knepper, T.P. (2006) Occurrence and fate of barbiturates in the aquatic 
environment. Environmental Science & Technology. 40(23): 7200-7206 
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experience with modelling the fate of non-polar organic pollutants than is available for polar 

compounds, and several multimedia fate screening models have been applied to predict the 

fate of the former. Fewer models are available for polar compounds such as pharmaceuticals, 

but some have been developed, for example the linear solvation energy relationship of 

Sprunger et al., (2007) 63, and the poly-parameter linear free energy relationship-based model 

of Zukowska et al., (2006)64. Much more work is underway   to develop predictive models in 

order to support the REACH legislation that recently came that these modelling approaches 

would be acceptable within a regulatory context for either veterinary medicines or those for 

human use. 

 

Assess threat to sensitive sites such as drinking water intakes, zones with surface/ground 

water interactions  

 

 

Other areas that need consideration are the protection of sensitive sites such as intakes for 

drinking water treatment plants, and the assessment of risk from the presence of 

pharmaceutical products in drinking water. Depending on the location of the site relative to 

points of input of pharmaceuticals into the water body, and on the properties of the individual 

medicinal products it may be necessary to screen drinking water and to remove some 

contaminants during its production. There has been significant concern about the presence of 

pharmaceuticals in drinking water but this has been based on perceptions concerning the high 

potency of these compounds rather than an on a proper evaluation of the potential risk to 

human health or environmental health. For instance, concern about two oxazaphosphorine 

cytostatic drugs, prompted a screening of waste water and surface water in Switzerland.  

Measurements of these compounds in waste water influent and effluent indicated that both 

cyclophosphamide and ifosfamide were poorly removed by STPs65 . Batch experiment 

revealed some slow chemical degradation of these compounds in dark conditions, with long 

half-lives. While these pharmaceuticals do not appear to be lost appreciably during waste 

                                                 
63 Sprunger, L., Blake-Taylor, B.H., Wairegi, A., Acree W.E. Jr., & Abraham, M.H. (2007) Characterization of 
the retention behavior of organic and pharmaceutical drug molecules on an immobilized artificial membrane 
column with the Abraham model. Journal of Chromatography A. 1160: 235-245 
64 Zukowska, B., Breivik, K. & Wania, F. (2006) Evaluating the environmental fate of pharmaceuticals using a 
level III model based on poly-parameter linear free energy relationships. Science of the Total Environment. 
359: 177-187 
65 Buerge, I.J., Buser, H.-R., Poiger, T. & Mueller, M.D. (2006) Occurrence and fate of the cytostatic drugs 
Cyclophosphamide and Ifosfamide in wastewater and surface waters. Environmental Science & Technology. 
40(23): 7242-7250 
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water treatment or when released into the environment, the small amounts dispensed result in 

extremely low concentrations (less than 50 to 170 pg L-1) in surface waters, and these are 

orders of magnitude lower than levels that cause acute ecotoxicological effects.  A human 

health risk assessment would require knowledge of pharmaceutical losses during various 

types of drinking water treatment processes, and a consideration of the daily and life time 

intakes66.  

 

One approach based on the precautionary principle has been to reduce the levels of 

pharmaceuticals in potable water. Much work has been done on various scales to assess the 

efficacy of various treatments for removing medicinal compounds during the production of 

drinking water.  For example, bench-scale experiments were conducted by Westerhoff et al., 

(2005)67 to evaluate the removal of various pharmaceuticals in the drinking water treatment 

plants of three different water supplies. The processes investigated included the use of 

coagulants to reduce turbidity, lime for softening the water, powder activated carbon to 

remove organic pollutants, and oxidative processes (chlorine and ozone) for disinfection. All 

of the trials were conducted under relevant drinking water treatment plant conditions and used 

appropriate, realistic concentrations of pharmaceuticals of interest. While only minimal losses 

of pharmaceuticals were observed in aluminium sulphate and ferric chloride coagulant 

treatments, and with lime softening, the addition of activated carbon (5 mg L-1 for 4 h) 

resulted in losses ranging from 14 % for iopromide to 73 % for diazepam or 93 % for 

trimethoprim.  The extent of removal appeared to be related to log Kow for most analytes, 

except those that are ionised under the conditions tested in this study. Ozonation generally 

increased losses of some pharmaceuticals (e.g., ibuprofen and gemfibrozil) compared with 

those observed with chlorination. Other pharmaceuticals such as iopromide and meprobamate 

showed low removal rates for most treatments and may need new procedures for their 

removal from drinking water. The removal of some compounds by carbon treatment is 

consistent with the proposed role of sorption to sediment, and suspended particles in reducing 

the availability and activity of pharmaceuticals released into surface waters. However, the 

                                                 
66 de Voogt, P., Janex-Habibi, M.-L., Sacher, F., Puijker, L., & Mons, M. N. (2008) Development of an 
international priority list of pharmaceuticals relevant for the water cycle. Oral presentation, KNAPPE 
Conference, February, 19-20, Nimes, France 
67 Westerhoff, P., Yoon, Y., Snyder, S. & Wert, E. (2005) Fate of endocrine-disruptor, pharmaceutical, and 
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processes involved are not simple, and Figueroa et al., (2004)68 showed that sorption of 

antibiotics such as tetracyclines onto clay in soils and sediments is dependent on the pH, ionic 

strength of the solution (soil or sediment pore water) and on the presence of competitor ions 

since sorption was best modelled as ion/cation exchange and surface complexation with 

zwitterion forms of these analytes.   

Vieno et al., (2007)69 studied the removal of beta-blockers, an antiepileptic drug, one lipid 

regulator, four antiinflammatories and three fluoroquinolones during their passage through a 

pilot-scale drinking water treatment plant with the following series of processes: ferric salt 

coagulation, sedimentation, rapid sand filtration, ozonation, filtration with granular activated 

carbon and finally UV disinfection. On average just over 10 % of the pharmaceuticals were 

removed by the first three steps. A dose of ozone (1 mg L-1) was found to be very efficient for 

the removal of all pharmaceuticals. Only ciprofloxacin remained above limits of 

quantification following ozone treatment. The high hydrophilicity of atenolol, ciprofloxacin 

and sotalol resulted in breakthrough in the activated carbon step. Only ciprofloxacin was 

observed to pass through all treatments unaffected. However, these results apply only to the 

parent compound, and more information on potential degradation products may be required. 

For instance, Bedner & Maccrehan (2006)70 recorded as many as eleven degradation products 

for acetaminophen during chlorination studies both in pure water at pH = 7 and in waste 

water. A significant proportion of the parent compound was found to be transformed within 

an hour of treatment with an equivalent half-life of 26 minutes and resulted in the production 

of two toxic products, 1,4-benzoquinone and N-acetyl-p-benzoquinone (NAPQI).  The latter 

causes hepatic necrosis at high doses in humans.  Sulphite treatment for dechlorination was 

shown to transform NAPQI back to acetaminophen and 1,4-benzoquinone into 1,4-

hydroquinone. This has implications for waste water treatment plants employing chlorination 

processes and for the aquatic environment in the vicinity of the sewage effluent outfall. 

 

UV disinfection of drinking and waste water not only removes bacteria but also has the 

potential to transform analytes present in the media. This step is often undertaken using a low 

                                                 
68 Figueroa, R.A., Leonard, A. & Mackay, A.A. (2004) Modelling tetracycline antibiotic sorption to clays. 
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70 Bedner, M. & Maccrehan, W.A. (2006) Transformation of acetaminophen by chlorination produces the 
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pressure mercury lamp that emits a monochromatic light with a wavelength of 254 nm.  

Pereira et al., (2007) 71  investigated the potential for UV degradation of certain 

pharmaceuticals, namely, carbamazepine, iohexol, ciprofloxacin, ketoprofen, clofibric acid 

and naproxen in laboratory-grade water and surface water using a bench-scale UV 

quasicollimated beam set-up. Photolysis appeared related to parameters such as fundamental 

photolysis characteristics, photon irradiance, solution depth or solution absorbance. Iohexol 

and clofibric acid were shown to be transformed more rapidly than carbamazepine or 

naproxen. Hydrogen peroxide was observed to increase transformation rates especially for 

carbamazepine and naproxen in surface water due to hydroxide (-OH) formation. High UV 

fluence combined with H2O2 removed all pharmaceuticals to below limits of detection. 

However, the issue of cost/benefit of more complex/advanced waste water or drinking water 

treatments needs to be addressed72. While in some cases pharmaceuticals may be removed by 

processes such as ozone, hydrogen peroxide treatments sometimes combined with UV 

disinfection, reverse osmosis and nanofiltration, not all pharmaceuticals will be removed and 

the cost as well as energy required may be questioned. 

 

 

Assessing the exposure, effects and impacts of pharmaceuticals on biota in water, sediment 

and soil (at various trophic levels)  

 

 

The assessment of the impact of pharmaceuticals on aquatic ecosystems needs to be based on 

an adequate understanding of fate in the aquatic environment.  This is necessary to determine 

which organisms are at risk either due to low tolerance (high sensitivity) and/or to exposure to 

high concentrations (e.g., those in close contact with fish farming or populations living close 

to sewage outfalls).  There is therefore a need to identify relevant test organisms that are 

representative of the most susceptible species (worst case scenario), and to develop relevant 

tests and models that provide results that correlate well with toxicity in the natural 

environment. In some cases it might be appropriate to use indigenous organisms in-situ, or 

caged organisms, and to link observed effects on health with those found under relevant 
                                                 
71 Pereira, V.J., Weinberg, H.S., Linden, K.G. & Singer, P.C. (2007) UV degradation kinetics and modelling of 
pharmaceutical compounds in laboratory grade and surface water via direct and indirect photolysis at 254 nm. 
Environmental Science & Technology. 41(5): 1682-1688 
72 Jones, O.A.H., Green, P.G., Voulvoulis, N. & Lester, J.N. (2007) Questioning the excessive use of advanced 
treatment to remove organic micropollutants from wastewater. Environmental Science & Technology. 41(14): 
5085-5089 
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controlled conditions.  The available methods and biological endpoints available for assessing 

acute and chronic toxicity are extensively reviewed in Section 6 below.  These measure the 

potential hazard that is needed to feed into risk assessment models.  The factors affecting 

exposure are discussed in the preceding sections. The combination of these in screening 

models is associated with high levels of uncertainty and for veterinary medicines in cases 

where there is doubt about the validity of a prediction (because of lack of appropriate 

toxicological data on the most sensitive species, or exposure is predicted to be high) then an 

assessment factor (AF) of between 10 and 1000 is applied to provide a margin of safety73.  

Montforts (2006)74 has published a discussion of the validity of some of the exposure 

assessment models available for veterinary medicinal products. He found differences of an 

order of magnitude between observed and predicted levels (in soils) of antibiotics used in 

intensive pig and poultry rearing in a study in the Netherlands. Here global national 

assumptions used in the model were not appropriate under the local conditions. Some of the 

cases that illustrate these difficulties have been discussed in earlier sections of this document, 

and local inhomogeneities add to the uncertainties due to the variation in soil types, and 

properties between areas. Montforts (2006)74 concluded that it was necessary to develop 

validated models for different regions or catchment areas rather than to rely on generalised 

screening models. In this context the work of Schneider et al., (2007)75, described in an earlier 

section in the context of transfer of pharmaceutical from manure to soil, to develop a model 

that is applicable across various sets of environmental and soil conditions across Europe 

shows great potential. Whilst much more data is necessary to validate these models, and 

obtaining this would entail significant work, this would be worthwhile if it gave confidence in 

the models, and made them transferable between regions with similar conditions (analogous 

to the combination of water bodies for monitoring purposes under the EU WFD). 

 

 

 

 

                                                 
73 Committee for Medicinal Products for Veterinary Use (CVMP). (2004) VICH-GL38 Environmental impact 
assessment for veterinary medicinal products phase II guidance.  European Medicines Agency (EMEA) 
veterinary medicines and inspections, London. 1-39 
74 Montforts, H. M. M.  (2006) Validation of the exposure assessment for veterinary medicinal products. Science 
of the Total Environment. 358 :121-136 
75 Schneider, M.K.,  Stamm, C. &  Fenner, K. (2007) Selecting scenarios to assess exposure of surface waters to 
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6. Biological monitoring and endpoints 

Water (freshwater/estuary/marine?) soil/sediments depending on life cycle 

Targeted monitoring in proximity of STP effluents? 

 

6.1      Acute/chronic toxicity assessment 

 

The impacts of pharmaceutical products on aquatic systems are often monitored post-

authorisation by the use of acute and chronic toxicity studies. The results of many of these 

acute and chronic toxicity values are reported in the literature, and many are compiled in one 

of several on line data bases, including the ECOTOX database (Environmental Protection 

Agency, 2007)76 and the Pharmacobase data base (ERAPharm, 2007)77. Analysis of the 

information held within these data bases reveals that acute toxicity bioassays account for a 

larger proportion of the studies than chronic bioassays in both the ECOTOX data base 

(Environmental Protection Agency, 2007)76 and in the Pharmacobase database (ERAPharm, 

2007)70. This slew of the data in favour of acute studies can probably be attributed to the 

shorter time and associated lower cost required to perform acute studies.  

 

 A great deal of attention is given to determining the relationship between short term and 

long-term exposure in an attempt to fill the knowledge gap between acute and chronic studies. 

For the purposes of determining chronic impacts, acute toxicity studies are viewed as 

‘accelerated’ tests in which duration of exposure is replaced by intensity of exposure. In other 

words, exposure of an organism to concentrations of test substance many times greater than 

those likely to be encountered in the environment are assumed to mimic longer exposure to 

much lower, environmentally realistic concentrations (Crane et al., 2006)78. To extrapolate 

between different species and different chemicals where chronic toxicity data is unavailable 

the acute to chronic ratio (ACR) as shown in Equation 8 is often used. 

Chronic
Acute

ACR=       Equation 8  

   

                                                 
        76 Environmental Protection Agency. 2007. ECOTOX database. Available: 

http://cfpub.epa.gov/ecotox/quick_query.htm  (Accessed 3 December 2007 
        77 ERAPharm. 2007. Pharmaecobase Available: http://pharmaecobase.lyon.cemagref.fr/ (Accessed 3 December 

2007) 
78 Crane, M., Watts, C.  &  Boucard, T. (2006). Chronic aquatic environmental risks from exposure to human   
pharmaceuticals. Science of the Total Environment. 367:23-41 
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However, the validity of both acute and chronic studies as a means of assessing the toxicity of 

a compound is questionable due to the unrealistic nature of exposure to the toxin. Firstly the 

exposure concentrations which are studied for both acute and chronic assays often differ by 

several orders of magnitude from those that would be encountered in the environment. 

Pharmaceutical concentrations detected in the field are generally below 1000 ng L-1. For 

example, Gagne et al., (2006),79 found mean concentrations of pharmaceutical products in 

municipal effluent ranging from between 23-786 ng L-1. Ashton et al., (2004)80 reported 

concentrations of PP between < 10-1105 ng L-1 downstream from a STP. However, analysis 

of the literature reveals that most studies report EC50 and LC50 values at much higher 

concentrations. Both the ECOTOX data base (Environmental Protection Agency, 2007)81 and 

the Pharmacobase data base (ERAPharm, 2007)82 report comparatively few ecotoxicity values 

below 1000 ng L-1. Fent et al., (2006)83 reviewed the ecotoxicity of human pharmaceuticals 

and concluded that for most human medicines analyzed, acute effects to aquatic organisms are 

unlikely, except for spills. For investigated pharmaceuticals chronic lowest observed effect 

concentrations (LOEC) in standard laboratory organisms are about two orders of magnitude 

higher than maximal concentrations in STP effluents. For diclofenac, the LOEC for fish 

toxicity was in the range of waste water concentrations, whereas the LOEC of propranolol and 

fluoxetine for zooplankton and benthic organisms were near to maximal measured STP 

effluent concentrations. In surface water, concentrations are lower and so, therefore, are the 

environmental risks (Fent et al., 2006)83.  

 

However, other differences between laboratory and field exist that add further doubt to the 

validity of acute and chronic studies. Laboratory-based studies generally study single 

substance toxicity as opposed to the mixture of pharmaceuticals an organism would be 

exposed to in the natural environment.  

 

                                                 
79 Gagne, F., Blaise, C. & Andre, C. (2006). Occurrence of pharmaceutical products in a municipal effluent and 
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For example, analysis of estuarine waters around the UK has revealed measurable 

concentrations of pharmaceutical mixtures, including mefenamic acid, diclofenac and 

propranolol at concentrations of between 16 and 195 ng  L-1 (Thomas and Hilton, 2004)84. 

Heberer, (2002)85 reviewed the occurrence and fate of pharmaceutical products and noted that 

in some studies more than 80 pharmaceutical compounds were detected. Fent et al., (2006)86 

noted that there are only a few studies dealing with the effects of mixtures of pharmaceuticals. 

However, Cleuvers, (2004)87 reported the toxicity of a mixture of the antiinflammatory drugs 

diclofenac, ibuprofen, naproxen, and acetylsalicylic acid on Daphnia sp. The authors 

observed that toxicity of the mixture was considerable, even at concentrations at which the 

single substances showed no, or only very slight effects. Cleuvers, (2005)88 reported that the 

toxicity of a mixture of three � -blockers to Daphnia sp. could be predicted accurately using 

the concept of concentration addition.  These results highlight the potential range of effects 

that mixtures of pharmaceuticals can have on toxicity. 

 

Lastly, we must consider the endpoints that each study considers. An overview of the OECD 

guidelines and associated endpoints is shown in Table 2. The end point for acute toxicity 

studies is always mortality; however, the end points for chronic studies are subject to 

variability and include various measurable signs of damage to the organism. The choice of 

end point on the outcome of EC/LC50 studies can yield different values due to variability in 

the sensitivity of each end point to the effect of the compound. This is highlighted in work 

undertaken by Gulden et al. (2005)89, who studied the impact of the choice of end points on 

the toxic response of fish cell lines to various pharmaceutical compounds. The authors noted 

that generally, the EC50 values for the inhibition of cell growth were lower than those for 

reduction of final cell protein, indicating that cell proliferation is a more sensitive end point 

for cytotoxic action of chemicals than cell survival. 

 

                                                 
84 Thomas, K.V., & Hilton, M.J. (2004). The occurrence of selected human pharmaceutical compounds in UK 
estuaries. Marine Pollution Bulletin.  49: 436–444 
85 Heberer, T. (2002). Occurrence, fate, and removal of pharmaceutical residues in the aquatic environment: a 
review of recent research data. Toxicol Lett. 131: 5-17 
86 Fent, K., Weston, A.A.  &  Caminada, D. (2006). Ecotoxicology of human pharmaceuticals. Aquatic 
Toxicology. 76: 122-159 
87 Cleuvers, M. (2004). Mixture toxicity of the anti-inflammatory drugs diclofenac, ibuprofen, naproxen, and 
acetylsalicylic acid. Ecotoxicology and Environmental Safety. 59: 309-315 
88  Cleuvers, M. (2005). Initial risk assessment for three b-blockers found in the aquatic environment. 
Chemosphere. 59: 199–205 
89 Gülden, M., Mörchel, S. & Seibert, H. (2005) Comparison of mammalian and fish cell line cytotoxicity: 
impact of endpoint and exposure duration. Aquatic Toxicology.  71(3): 229-236 
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Table 2. Overview of the OECD guidelines and associated end points 

Organisms Type Duration (d) Endpoint OECD 
Guideline 

Fish Acute 1, 2, 3 and 4 Mortality 203 
Daphnia Acute 1 Immobilisation 202 
Daphnia Chronic 14 Reproduction 202 
Algae Chronic 1, 2 and 3 Growth inhibition 201 
Juvenile Fish Chronic 14-28 Mortality 210 
Daphnia Chronic 21 Reproduction 211 
(OECD-201, (1984)90; OECD-202, (1984)91; OECD-203, (1992)92; OECD-210, (1992)93; 

OECD-211, (1998)94) 

 

Attempts to resolve these issues are receiving much attention within the scientific community. 

The influence of mixture toxicity has been the focus of several projects including the BEAM 

project as reported by Backhaus et al., (2003)95, which seeks to bridge the knowledge gap in 

the effects of mixture toxicities. In their review of ecotoxicity of human pharmaceuticals Fent 

et al., (2006)96 highlighted the potential importance of mixture toxicity and noted that the 

effects of some mixtures could be explained by concentration addition. This finding suggests 

that compounds occurring at concentrations below their individual NOEC could nevertheless 

produce a measurable toxic effect in the environment.  

 

Despite the problems associated with the acute and chronic toxicity tests, they are still 

important in reproducibly assessing the toxicity of a compound. However, the results from 

such studies must be interpreted with care, and further work is required to study the impact of 

pharmaceutical mixtures on toxicity.  

 

 

 

                                                 
90 OECD-201. (1984). OECD guideline for testing of chemicals: Algae, Growth Inhibition Test 
91 OECD-202. (1984). OECD guideline for testing of chemicals: Daphnia sp. Acute Immobilisation test and 
reproduction test 
92 OECD-203. (1992). OECD guideline for testing of chemicals: Fish, Acute Toxicity Test 
93 OECD-210. (1992). OECD guideline for testing of chemicals: Fish, Early-life Stage Toxicity Test 
94 OECD-211. (1998). OECD guideline for testing of chemicals: Daphnia magna Reproduction Test 
95 Backhaus, T., Altenburger, R., Arrhenius, A., Blanck, H., Faust, M., Finizio, A., Gramatica, P., Grote, M.,  
Junghans, M., Meyer, W., Pavan, M.,  Porsbring, T., Scholze, M., Odeschini, R., Vighi, M., Walter, H., & 
Grimme. L.H. (2003). The BEAM-project: prediction and assessment of mixture toxicities in the aquatic 
environment. Continental Shelf Research. 23: 1757–1769 
96  Fent, K., Weston, A.A. & Caminada, D. (2006). Ecotoxicology of human pharmaceuticals. Aquatic 
Toxicology 76: 122-159 
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6.2  The use of novel approaches to rapidly identify pollution incidents 

 

Since its conception, the Internet has been used as a platform for the exchange of knowledge. 

Its near universal global penetration combined with the ability to rapidly update websites has 

facilitated the development of news sites that report current events in almost real time. These 

websites present a unique opportunity to identify reports of pollution incidents that may be 

associated with global pharmaceutical product use. However, manual monitoring of these 

websites is both time consuming and labour intensive. To facilitate the monitoring of such 

sites the use of web agents could be implemented. Web agents are complex software systems 

that operate on the Internet, and related corporate, government, or military intranets. They can 

be deployed to monitor multiple websites for the occurrence of specific terms and when 

found, alert the end user of their presence. Deployment of these web agents could be used to 

facilitate the rapid response of an organisation to both monitor and contain pharmaceutical 

product releases. 

 

6.3       Biomarkers 

 

Biomarkers are used for the detection of a limited number of pharmaceutical products, but the 

numbers are very low. The range of pharmaceutical products monitored includes 

antiinflammatory and antibiotic products, with some studies being carried out on X-ray 

contrast media, antidepressant and � -blockers. They are expressed in living organisms such as 

fishes, including zebrafish and rainbow trout. Other smaller organisms, such as crustaceans, 

have also been employed (Nunes et al., 2006)97. 

 

Biomarkers representative of oxidative stress have been recently described. Nunes et al., 

(2006)97 showed that exposure to some pharmaceutical compounds induced alterations in the 

cellular redox status in a crustacean, A. parthenogenetica. More precisely, diazepam caused a 

significant inhibition of soluble cholinesterases (ChE) (lowest observed concentration 

(LOEC) = 7.04 mg L-1) and total glutathione-peroxidase (GPx) activities. Sodium 

dodecylsulphate (SDS) was responsible for a decrease in the activity of both ChE (LOEC = 

8.46 mg L-1) and glutathione reductase (GRed) (LOEC = 4.08 mg L-1). Both fibrates 

(clofibrate and clofibric acid) were responsible for significant decreases in Se-dependent GPx, 

                                                 
97 Nunes, B., Carvalho, F. & Guilhermino, L., (2006) Effects of widely used pharmaceuticals and a detergent on 
oxidative stress biomarkers of the crustacean Artemia parthenogenetica, Chemosphere. 62:581–594 
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with LOEC values of 176.34 and 3.09 mg L-1, respectively. Clofibrate also caused a slight 

increase of TBARS content of A. parthenogenetica homogenates. In addition, diazepam was 

shown to have the capability of interfering with A. parthenogenetica neurotransmission, 

through the inhibition of ChE. 

 

Hong et al., (2007)98 investigated the expression levels of cytochrome P450 1A, p53 and 

vitellogenin in the liver, kidney and gill of male Japanese Medaka, (Oryzias latipes). 

Cytochrome P450 (CYP1A) has an essential function in the biotransformation and 

detoxification of endogenous and exogenous compounds and can be used to indicate the 

cellular toxicity caused by chemicals. p53 is a biomarker for analyzing the carcinogenicity 

and DNA damage due to environmental toxicants, whilst vitellogenin is a precursor of yolk 

protein found in eggs.  Its induction in males is an indicator of exposure to oestrogen or 

oestrogen-like chemicals. Hong et al., (2007)99  demonstrated that diclofenac causes a 

modification in the expression of these markers in an aquatic model organism, O latipes. The 

results suggested that at high concentrations (mg L-1) and even at environmentally relevant 

concentrations (1 � g L-1), diclofenac lead to the notable induction of three biomarker genes.  

These levels can also possibly cause some acute cellular toxicity as well as apoptotic or 

carcinogenic effects in medaka tissue. In particular, after exposure to 8 mg L-1 and 1 � g L-1 of 

diclofenac, they were highly expressed in tissue-specific gene expression patterns. The 

elevated expression levels of three biomarkers suggested that diclofenac has potential to cause 

cellular toxicity, p53-related genotoxicity and oestrogenic effects.  

 

Markers of redox activity of several pharmaceuticals (Table 3) in fish tissue (microsomes) 

have been used. Indeed, primary cultures of trout hepatocytes are well recognized model 

systems in toxicology research because these cells are the major drug-metabolizing cells in 

fish and conveniently used to characterize cellular toxicity. Special attention was given to the 

redox activity of pharmaceutical products in microsomal membrane preparations by 

investigating the rate of oxidation of reduced nicotinamide adenine dinucleotide phosphate 

(NADPH) and the formation of lipid peroxidation (LPO) after a 60 minute incubation period.  

                                                 
98 Hong, H.N., Kim, H.N., Park, K.S., Lee, S.K., & Gu, M.B., (2007) Analysis of the effects diclofenac has on 
Japanese medaka (Oryzias latipes) using real-time PCR. Chemosphere. 67: 2115–2121 
99 Hong, H.N., Kim, H.N., Park, K.S., Lee, S.K., & Gu, M.B., (2007) Analysis of the effects diclofenac has on 
Japanese medaka (Oryzias latipes) using real-time PCR. Chemosphere. 67: 2115–2121 
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In addition, Gagné et al., (2006)100 exposed primary cultures of rainbow trout hepatocytes to 

various drugs found in municipal effluent for 48 h at 15 °C. Most pharmaceuticals accelerated 

the rate of NADPH oxidation in the presence of microsomes and increased LPO in 

microsomal membranes.  Exposure of trout hepatocytes to these products leads in many cases 

to decreased cell viability, increased CYP3A-related monooxygenase activity (benzyl ether 

resorufin dealkylase), and LPO. No induction of CYP1A1-related activity (7-ethoxyresorufin 

O-deethylase) was observed. Thus it is shown that these products have the potential to 

produce a toxic response in aquatic organisms and the above biomarkers were shown to 

respond readily to several pharmaceutical products in aquatic organisms.  

 

Markers of oestrogenic activity of pharmaceutical products (such as ethynylestradiol – EE2) 

have been investigated in fish. Research carried out by Martyniuk et al., (2007)101 showed that 

vitellogenin 1 and 3 (vtg1; vtg3), oestrogen receptor alpha (esr1), and apolipoprotein A1 

(apoA1) mRNA are particularly expressed when adult zebrafish are exposed to a 

concentration of >10 ng L-1 EE2. Real-time RT-PCR confirmed that vtg1 was induced 700-

fold, vtg3 was induced 100-fold and esr1 was induced 20-fold. Van der Ven et al., (2006)102 

also used induction of vitellogenin to demonstrate the oestrogenic activity of mianserin 

(antidepressant) in the aquatic environment. In this study, the possible mode of action through 

which the antidepressant mianserin can interfere with normal neuro-endocrine signalling and 

reproduction in a teleost was further investigated by analyzing differential gene expression in 

brain and gonad tissue. 

 

Finally, medical knowledge can be utilised to help in the environmental risk assessment of 

pharmaceutical products. Owen et al., (2007)103 developed a comparative understanding of 

pharmacological and toxicological data for aquatic life to assess the possible effects of ß-

blocker residues in surface waters. Some ß -adrenergic receptors have been characterised in  

                                                 
100 Gagne, F., Blaise, C., Fournier. M. & Hansen, P.D. (2006) Effects of selected pharmaceutical products on 
phagocytic activity in Elliptio complanata mussels. Comp Biochem Physiol C. 143: 179–86. 
101 Martyniuk, C.J., Gerrie, E.R., Popesku, J.T., Ekker, M. & Trudeau, V.L., (2007) Microarray analysis in the 
zebrafish (Danio rerio) liver and telencephalon after exposure to low concentration of 17alpha-ethinylestradiol. 
Aquatic Toxicology.  84: 38–49 
102 van der Ven, K., Keil, D., Moens, L.N., Hummelen, P.V., van Remortel, P., Maras, M. & De Coen, W. (2006) 
Effects of the antidepressant mianserin in zebrafish: Molecular markers of endocrine disruption. Chemosphere. 
65(10): 1836–45. 
103 Owen, S.F., Giltrow, E., Huggett, D.B., Hutchinson, T.H., Saye, J., Winter, M.J. & Sumpter, J.P., (2007) 
Comparative physiology, pharmacology and toxicology of ß-blockers: Mammals versus fish? Aquatic 
Toxicology. 82: 145–162 
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Table 3: Markers of redox activity of several pharmaceuticals in fish tissue (microsomes) 

Biomarker  Species  Target pharmaceutical Reference  
Oxidative stress: GPx, Gred, SOD, 
GSTs? Lipid peroxidation, 
Cholinesterase 

Artemia 
parthenogenetica 
(Brine shrimp) 

Diazepam (Anxiolytic,), Clofibrate (anticholesterol), Clofibric acid 
(metabolite) 

Nunes et al., 
(2006)104 

P450 1A, p53, vitellogenin 
(parameters indicating 
biotransformation, genotoxicity and 
reproductive and endocrine effects, 
respectively) 

Oryzias latipes 
(Japanese rice fish) 

Diclofenac (Antiinflamm) Hong et al.,  
(2007)105 

NADH, LPO Oncorhynchus mykiss - 
hepatocytes (Rainbow 
trout) 

Caffeine, Ibuprofen, Naproxen (antiinflammatory), Oxytetracycline, 
Novobiocin, Trimethoprim, Sulfamethoxazole, Sulfapyridine (antibiotic), 
Carbamazepine (anticonvulsant), Gemfibrozil, Bezafibrate (lipid regulator) 

Gagné et al.,  
(2006)106 

Vitellogenin 1 and 3, oestrogen 
receptor alpha, apolipoprotein A1 

Danio rerio (Zebrafish) 
 

Ethynylestradiol Martyniuk et al., 
(2007)107 

Vitellogenin, zona pellucida protein Danio rerio (Zebrafish) 
 

Mianserin (antidepressant) van der Ven et al., 
(2006)108 

Quinines, polyamines, 
phospholipids, ATP 

 Diatrizoate (X-ray contrast media) Haiß & Kummerer 
(2006)109 

ß-adrenergic receptors Fish  ß-blockers Owen et al., 
(2007)110 

GPx: glutathione-peroxidase; Gred: glutathione reductase; SOD: total superoxide dismutase; GSTs: glutathione-S-transferases 
NADPH: nicotinamide adenine dinucleotide phosphate; LPO: lipid peroxidation 

                                                 
104 Nunes, B., Carvalho, F. & Guilhermino, L., (2006) Effects of widely used pharmaceuticals and a detergent on oxidative stress biomarkers of the crustacean Artemia 
parthenogenetica.  Chemosphere.  62:581–594 
105 Hong, H.N., Kim H.N., Park K.S., Lee, S.K. &  Gu, M.B., (2007) Analysis of the effects diclofenac has on Japanese medaka (Oryzias latipes) using real-time PCR. 
Chemosphere. 67:  2115–2121 
106 Gagne, F., Blaise C., Fournier, M. & Hansen, P.D. (2006) Effects of selected pharmaceutical products on phagocytic activity in Elliptio complanata mussels. Comp Biochem 
Physiol C. 143:179–86 
107 Martyniuk, C.J., Gerrie, E.R., Popesku, J.T., Ekker, M. & Trudeau V.L., (2007) Microarray analysis in the zebrafish (Danio rerio) liver and telencephalon after exposure to low 
concentration of 17alpha-ethinylestradiol. Aquatic Toxicology.  84: 38–49 
108 van der Ven, K., Keil, D., Moens, L.N., Hummelen, P.V., van Remortel, P., Maras,  M. & De Coen, W. (2006) Effects of the antidepressant mianserin in zebrafish: Molecular 
markers of endocrine disruption. Chemosphere. 65(10): 1836–45 
109 Haiß, A. & Kummerer, K., (2006) Biodegradability of the X-ray contrast compound diatrizoic acid, identification of aerobic degradation products and effects against sewage 
sludge micro-organisms, Chemosphere. 62: 294–302 
110 Owen, S.F., Giltrow, E., Huggett, D.B., Hutchinson, T.H., Saye, J., Winter, M.J. & Sumpter, J.P., (2007) Comparative physiology, pharmacology and toxicology of � -blockers: 
Mammals versus fish? Aquatic Toxicology.  82: 145–162 
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6.4     Biomonitoring 

 

In recent years the effects of pharmaceutical products on the aquatic environment have been a major concern. These substances, their metabolites and/or their 

degradation products, are mostly detected in the high ng L-1 to low � g L-1 range in surface waters but this may be sufficient to induce toxic effects and to adversely 

affect wild organisms. Pharmaceuticals, as harmful xenobiotics, can pass through membranes and are relatively persistent. Most are specifically designed to affect 

target organs/systems in the human body. Generally, little is known about their effects on non-target species in the environment. The majority of studies looking at 

the biological effects of pharmaceuticals have thus far concentrated on acute studies.  

 

There is a notable recurrence of the use of several well documented and popular bioassays in the literature.  These include the V. fischeri luminescence inhibition 

test, P. subcapitata growth inhibition test and D. magna immobilization and reproduction tests. It has also been observed that due to their more or less continuous 

presence at low concentrations in the aquatic environment, pharmaceuticals will most likely have chronic rather than acute toxic effects, (e.g., changing behaviour) 

that reduces individual fitness of an organism (Jones et al., 2002)111. Therefore, standardised acute tests may not be the most appropriate basis for the 

ecotoxicological hazard assessment of pharmaceuticals.  However, studies on chronic effects are currently lacking for most pharmaceuticals. Tables 4 and 5 give an 

overview of the different organisms and species used in chronic and acute toxicity tests. 

 

Table 4: Biomonitoring of chronic effect of pharmaceutical products 

Taxonomic 
group 

species Substance (therapeutic class) References  

Chlorella sp. (green) Metronidazole (anti-protozoal) Lanzky & Halling-Sørensen 
(1997)112 

Alga  

Cyclotella 
meneghiniana (diatom) 

Oxofloxacin, Sulfamethoxazole (antibiotic), Carbamazepine (antiepileptic), 
Clofibric acid (antihyperlipoproteinemic), Diclofenac (antiinflammatory), 

Ferrari et al.,  (2003)113 (2004)114 
 

                                                 
111 Jones, O., Voulvoulis, N. & Lester, J. (2002) Aquatic environmental assessment of the top 25 English prescription pharmaceuticals. Water Res. 36: 5013-5022. 
112 Lanzky, P.F. & Halling-Sørensen, B. (1997) The toxic effect of the antibiotic metronidazol on aquatic organisms. Chemosphere. 35: 2553–61. 
113 Ferrari, B., Paxéus, N., Lo Giudice, R., Pollio, A. & Garric, J. (2003) Ecotoxicological impact of pharmaceuticals found in treated wastewaters: study of carbamazepine, clofibric acid, and 
diclofenac. Ecotoxicol Environ Saf. 55: 359–70. 
114 Ferrari, B., Mons, R., Vollat, B., Fraysse, B., Paxeus, N., Lo Giudice, R., Pollio, A. & Garric, J. (2004) Environmental risk assessment of six human pharmaceuticals: are the current 
environmental risk assessment procedures sufficient for the protection of the aquatic environment? Environ Toxicol Chem. 23: 1344–54. 
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Propranolol (ß-blocker) 

Desmodesmus 
subspicatus  (green) 

Carbamazepine (antiepileptic), Clofibric acid (antihyperlipoproteinemic), 
Captopril (antihypertensive), Diclofenac, Ibuprofen, Naproxen (antiinflammatory), 
Propranolol, Metoprolol (ß-blocker) 

Cleuvers (2003)115 

Pseudokirchneriella 
subcapitata  (green) 

Oxofloxacin, Sulfamethoxazole (antibiotic); Carbamazepine (antiepileptic) ; 
Clofibric acid (antihyperlipoproteinemic), Diclofenac (antiinflammatory), 
Propranolol (ß-blocker),  
Bezafibrate, Fenofibrate, Gemfibrozil (lipid regulator), Ivermectin (parasiticide) 

Ferrari et al., (2003)116 (2004)117 ; 
Isidori et al.,  (2007)118, Garric et 
al.,  (2007)119 

Synechococcus 
leopolensis 
(cyanobacteria) 

Oxofloxacin, Sulfamethoxazole (antibiotic), Carbamazepine (antiepileptic), 
Clofibric acid (antihyperlipoproteinemic), Diclofenac (antiinflammatory), 
Propranolol (ß-blocker)  

Ferrari et al., (2003) 116 (2004) 117 

Carassius carassius 
(Crucian Carp) 

Methyltestosterone (androgen) Fujioka (2002)120 

Danio rerio (zebra fish) Carbamazepine (antiepileptic), Clofibric acid (antihyperlipoproteinemic), 
Diclofenac (antiinflammatory) 

Ferrari et al., (2003)116 
 

Oncorhynchus mykiss 
(rainbow trout) 

Ethinylestradiol (oestrogen) Purdom et al., (1994)121 

Oryzias latipes 
(Japanese rice fish) 

Methyltestosterone (androgen), Flutamide (antiandrogen), 17-� -oestradiol, 
Diethylstilbestrol, Ethinylestradiol (oestrogen), Propranolol (ß-blocker) 

Huggett et al., (2002)122;  

Fish  
  

Pimephales promela 
(fathead minnow) 

Methyltestosterone (androgen), Ethinylestradiol (oestrogen)  Länge et al., (2001)123 ; Zerulla et 
al., (2002)124 

                                                 
115 Cleuvers, M. (2003) Aquatic ecotoxicity of pharmaceuticals including the assessment of combination effects. Toxicol Lett. 142:185–94 
116 Ferrari, B., Paxéus, N., Lo Giudice, R., Pollio, A. & Garric, J. (2003) Ecotoxicological impact of pharmaceuticals found in treated wastewaters: study of carbamazepine, clofibric acid, and 
diclofenac. Ecotoxicol Environ Saf. 55: 359–70 
117 Ferrari, B., Mons, R., Vollat, B., Fraysse, B., Paxeus, N., Lo Giudice, R., Pollio, A. & Garric, J. (2004) Environmental risk assessment of six human pharmaceuticals: are the current 
environmental risk assessment procedures sufficient for the protection of the aquatic environment? Environ Toxicol Chem. 23: 1344–54 
118 Isidori, M., Nardelli, A., Pascarella, L., Rubino, M. & Parrella, A. (2007) Toxic and genotoxic impact of fibrates and their photoproducts on non-target organisms. Environment International . 
33:  635–641 
119 Garric, J., Vollat, B., Duis, K., Péry, A., Junker, T., Ramil, M., Fink, G. & Ternes, T.A. (2007): Effects of the parasiticide ivermectin on the cladoceran Daphnia magna and the green alga 
Pseudokirchneriella subcapitata. Chemosphere. 69: 903-910 
120 Fujioka, Y. (2002) Effects of hormone treatments and temperature on sex reversal of Nigorobuna Carassius carassius grandoculis. Fish Sci. 68:889–93 
121 Purdom, C.E., Hardiman, P.A., Bye, V.J., Eno,  N.C., Tyler, C.R. & Sumpter, J.P. (1994) Estrogenic effects of effluents from sewage treatment works. Chem Ecol . 8:275–85 
122 Huggett, D.B., Brooks, B.W., Peterson, B., Foran, C.M. & Schlenk, D. (2002) Toxicity of selected beta adrenergic receptor blocking pharmaceuticals (� - blockers) on aquatic organisms. Arch 
Environ Contam Toxicol.  43:229–35 
123 Länge, R., Hutchinson, T.H., Croudace, C.P., Siegmund, F., Schweinfurth, H. & Hampe, P. (2001) Effects of the synthetic estrogen 17 alphaethinylestradiol  on the life cycle of the fathead 
minnow (Pimephales promelas). Environ Toxicol Chem. 20: 1216–27 
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Bithynia tentaculata 
(snail) 

Ethinylestradiol (oestrogen) Belfroid &  Leonards (1996)125 

Brachionus calyciflorus 
(rotifer) 
 

Oxofloxacin, Sulfamethoxazole (antibiotic), Carbamazepine (antiepileptic), 
Clofibric acid (antihyperlipoproteinemic) ,Diclofenac (antiinflammatory), 
Propranolol (ß-blocker), Bezafibrate, Fenofibrate, Gemfibrozil (lipid regulator) 

Ferrari et al., (2003)126 (2004)127; 
Isidori et al., (2007)128 

Ceriodaphnia dubia 
(water flea) 

Oxofloxacin, Sulfamethoxazole (antibiotic), Citalopram, Fluoxetine, Fluvoxamine, 
Paroxetine, Sertraline (antidepressant), Carbamazepine (antiepileptic), Clofibric 
acid (antihyperlipoproteinemic), Diclofenac (antiinflammatory), Propranolol (ß-
blocker), Bezafibrate, Fenofibrate, Gemfibrozil (lipid regulator) 

Ferrari et al.,  (2003)126 (2004)127 ; 
Henri et al.,. (2004)129; Brooks  et 
al.,  (2003)130, Isidori et al., 
(2007)131 

Chironomus riparius 
(midge larva) 

Carbamazepine (antiepileptic), Clofibric acid (antihyperlipoproteinemic) Nentwig.(2004)132  

Invertebrate 
 

Daphnia magna 
(waterflea) 
 

Clofibric acid (antihyperlipoproteinemic), Fluoxetine (antidepressant), 
Diethylstilbestrol, Ethinylestradiol, Faslodex (oestrogen), Iopromide (X-ray 
contrast medium), Ibuprofen (antiinflammatory), Bezafibrate, Fenofibrate, 
Gemfibrozil (lipid regulator), Ivermectin (parasiticide) 

Köpf (1995)133; Baldwin (1995)134; 
Schweinfurth (1996)135; Flaherty 
(2005)136; Heckmann (2007)137; 
Clubbs (2007)138, Garric (2007)139 

                                                                                                                                                                                                                                                                         
124 Zerulla,  M., Länge, R., Steger-Hartmann, T., Panter, G., Hutchinson, T. & Dietrich, D.R. (2002) Morphological sex reversal upon short-term exposure to endocrine modulators in juvenile fathead 
minnow (Pimephales promelas). Toxicol Lett. 131:51–63 
125 Belfroid, A. &  Leonards,  P. (1996) Effect of ethinyl oestradiol on the development of snails and amphibians. SETAC 17th Annual Meeting, Washington, DC, USA. 
126 Ferrari, B., Paxéus, N., Lo Giudice, R., Pollio, A. & Garric, J. (2003) Ecotoxicological impact of pharmaceuticals found in treated wastewaters: study of carbamazepine, clofibric acid, and 
diclofenac. Ecotoxicol Environ Saf. 55: 359–70 
127 Ferrari, B., Mons, R., Vollat, B., Fraysse, B., Paxeus, N., Lo Giudice, R., Pollio, A. & Garric, J. (2004) Environmental risk assessment of six human pharmaceuticals: are the current 
environmental risk assessment procedures sufficient for the protection of the aquatic environment? Environ Toxicol Chem. 23: 1344–54 
128 Isidori, M., Nardelli, A., Pascarella, L., Rubino, M. & Parrella A. (2007) Toxic and genotoxic impact of fibrates and their photoproducts on non-target organisms. Environment International . 33 
635–641 
129 Henri, T.B., Kwon, J.W., Armbrust, K.L. & Black, M.C. (2004) Acute and chronic toxicity of five selective serotonin reuptake inhibitors in Ceriodaphnia dubia. Environ Toxicol Chem. 
23:2229–33 
130 Brooks, B.W., Foran, C.M., Richards, S.M,, Weston, J., Turner, P.K. & Stanley, J.K. (2003) Aquatic ecotoxicology of fluoxetine. Toxicol Lett. 142:169–83. 
131 Isidori, M., Nardelli, A., Pascarella, L., Rubino, M. & Parrella, A. (2007) Toxic and genotoxic impact of fibrates and their photoproducts on non-target organisms. Environment International . 
33 635–641 
132 Nentwig, G., Oetken, M. & Oehlmann, J. (2004) Effects of pharmaceuticals on aquatic invertebrates — the example of carbamazepine and clofibric acid. In: Kümmerer K, editor. 
Pharmaceuticals in the Environment: Sources, Fate, Effects and Risks. Second Edition. Berlin, Germany: Springer; 195–208 
133 Köpf, W. (1995) Effects of endocrine substances in bioassays with aquatic organisms; cited in Webb SF. 2004. A data-based perspective on the environmental risk assessment of human 
pharmaceuticals II – aquatic risk characterisation. In: Kümmerer K (ed.) Pharmaceuticals in the Environment: Sources, Fate, Effects and Risks, Second Edition, Springer, Berlin, Germany, pp. 
345-361 
134 Baldwin, W.S., Milam, D.L. & Leblanc, G.A. (1995) Physiological and biochemical perturbations in Daphnia magna following exposure to the model environmental estrogen diethylstilbestrol. 
Environ Toxicol Chem. 14:945–52 
135 Schweinfurth, H., Länge, R. & Schneider, P.W. (1996) Environmental risk assessment in the pharmaceutical industry. Presentation at the 3rd Eurolab Symposium: Testing and Analysis for 
Industrial Competitiveness and Sustainability, 5–7 June, Berlin, Germany.  
136 Flaherty, C.M. & Dodson, S.I. (2005) Effects of pharmaceuticals on Daphnia survival, growth, and reproduction, Chemosphere. 61: 200–207 
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Hyalella azteca 
(amphipod) 
 

Fluoxetine (antidepressant), Ethinylestradiol (oestrogen), Propranolol (ß-blocker), 
Acetaminophen, Diclofenac, Ibuprofen, Naproxen, Salicylic acid 
(antiinflammatory), Gemfibrozil (lipid regulator), Triclosan (antibacterial) 

Brooks (2003)140 ; Vandenburg 
(2003)141; Huggett (2002)142;  
Borgmann (2007)143 

Hydra vulgaris 
(cnidarian) 
 

Diazepam (anxiolytic); Amlodipine (Ca channel blocker), Digoxin 
(cardiotonic),Bendroflumethiazide, Furosemide (diuretic), Acetaminophen, 
Aspirin, Ibuprofen (antiinflammatory), Atenolol (ß-blocker) 

Pascoe (2003)144 
 

Hydra attenuata 
(cnidarian) 

caffeine, ibuprofen, naproxen (antiinflammatory) oxytetracycline, novobiocin, 
trimethoprim, sulfamethoxazole, sulfapyridine (antibiotic), carbamazepine 
(anticonvulsant), gemfibrozil, bezafibrate (lipid regulator) 

Quinn (2008)145 

Lumbriculus variegates 
(oligochaete worm) 

Carbamazepine (antiepileptic), Clofibric acid (antihyperlipoproteinemic) Nentwig et al., (2004)146  

Lymnaea stagnalis 
(snail) 

Methyltestosterone (androgen), Ethinylestradiol (oestrogen) Czech et al.,  (2001)147; Belfroid & 
Leonards (1996)148 

Marisa cornuarietis 
(snail) 

Methyltestosterone (androgen), Ethinylestradiol (oestrogen) Schulte-Oehlmann et al., (2004)149 

                                                                                                                                                                                                                                                                         
137 Heckmann, L-H., Callaghan, A., Hooper, H.L., Connon, R., Hutchinson, T.H., Maund, S.J. & Sibly, R.M., (2007) Chronic toxicity of ibuprofen to Daphnia magna: Effects on life history traits 
and population dynamics, Toxicology Letters. 172: 137–145 
138 Clubbs, R.L. & Brooks, B.W. (2007) Daphnia magna responses to a vertebrate estrogen receptor agonist and an antagonist: A multigenerational study, Ecotoxicology and Environmental 
Safety. 67: 385–398  
139 Garric, J., Vollat, B., Duis, K., Pery, A., Junker, T., Ramil, M., Fink, G., Thomas,  A. & Ternes, T.A. (2007) Effects of the parasiticide ivermectin on the cladoceran Daphnia 
magna and the green alga Pseudokirchneriella subcapitata. Chemosphere. 69: 3–910 
140 Brooks, B.W., Foran, C.M., Richards, S.M., Weston, J., Turner, P.K. & Stanley, J.K. (2003) Aquatic ecotoxicology of fluoxetine. Toxicol Lett. 142:169–83. 
141 Vandenburgh, G.F., Adriaens, D., Verslycke, T. & Janssen, C.R. (2003) Effects of 17� -ethinyloestradiol on sexual development of the amphipod Hyalella azteca. Ecotoxicol Environ Saf. 
54:216–22 
142 Huggett, D.B., Brooks, B.W., Peterson, B., Foran, C.M. & Schlenk, D. (2002) Toxicity of selected beta adrenergic receptor blocking pharmaceuticals (� - blockers) on aquatic organisms. Arch 
Environ Contam Toxicol. 43:229–35 
143 Borgmann, U., Bennie, D.T., Ball, A.L. & Palabrica V., (2007) Effect of a mixture of seven pharmaceuticals on Hyalella azteca over multiple generations, Chemosphere. 66: 1278–1283. 
144 Pascoe, D., Karntanut, W. & Müller, C.T. (2003) Do pharmaceuticals affect freshwater invertebrates? A study with the cnidarian Hydra vulgaris. Chemosphere. 51:521–8. 
145 Quinn, B., Gagné, F. & Blaise, C. (2008) An investigation into the acute and chronic toxicity of eleven pharmaceuticals (and their solvents) found in wastewater effluent on the cnidarian, Hydra 
attenuate, Science of the Total Environment. 306 – 314 
146 Nentwig, G., Oetken, M. & Oehlmann, J. (2004) Effects of pharmaceuticals on aquatic invertebrates — the example of carbamazepine and clofibric acid. In: Kümmerer, K., editor. 
Pharmaceuticals in the Environment: Sources, Fate, Effects and Risks. Second Edition. Berlin, Germany: Springer; p. 195–208 
147 Czech, P., Weber, K. & Dietrich, D.R. (2001) Effects of endocrine modulating substances on reproduction in the hermaphroditic snail Lymnaea stagnalis L. Aquat Toxicol. 53:103–14 
148 Belfroid, A. & Leonards, P. (1996) Effect of ethinyl oestradiol on the development of snails and amphibians. SETAC 17th Annual Meeting, Washington, DC, USA. 
149 Schulte-Oehlmann, U., Oetken, M., Bachmann, J. & Oehlmann, J. (2004) Effects of ethinyloestradiol and methyltestosterone in prosobranch snails. In: Kümmerer, K., editor. Pharmaceuticals in 
the Environment: Sources, Fate, Effects and Risks. Second Edition. Berlin, Germany: Springer. p. 233–47 
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Nitocra spinepes 
(copepod) 

Diethylstilbestrol, Ethinylestradiol, Estradiol (oestrogen) Breitholtz & Bengtsson (2001)150 

Planorbis carinatus 
(snail) 

Ibuprofen (antiinflammatory) Pounds et al., (2004)151 

Thamnocephalus 
platyurus (shrimp) 

Bezafibrate, Fenofibrate, Gemfibrozil (lipid regulator) Isidori et al., (2007)152 

Tisbe battagliai 
(copepod) 

Diethylstilbestrol, (oestrogen) Hutchinson (1999)153 

 Vibrio fisheri (marine 
bacterium) 

Bezafibrate, Fenofibrate, Gemfibrozil (lipid regulator) Isidori et al., (2007)152 

Lemna gibba  
(duckweed) 

Trimethoprim, Neomycin, Streptomycin, Cephalexin, Ciprofloxacin, Levofloxacin, 
Lomefloxacin, Norfloxacin, Oxofloxacin, Erythromycin, Lincomycin, 
Roxithromycin, Tylosin, Amoxicillin, Sulfadimetoxine, Sulfamethazine, 
Sulfamethoxazole, Sulfochlorpyridazine, Chlortetracycline, Doxycycline, 
Oxytetracycline, Tetracycline (antibiotic), Fluoxetine (antidepressant), Metformin 
(Antidiabetic), Carbamazepine (antiepileptic), Atorvastatin (anti-hyperlipidemic), 
Caffeine (CNS stimulant), Acetaminophen, Ibuprofen (antiinflammatory) 

Brain et al., (2004)154 Plant  
 

Lemna minor 
(duckweed) 
 

Carbamazepine (antiepileptic) ; Clofibric acid (antihyperlipoproteinemi), Captopril 
(antihypertensive), Diclofenac Ibuprofen, Naproxen (antiinflammatory), 
Metoprolol, Propranolol (ß-blocker) 

Cleuvers (2003)155 
 

 

 

 

 

                                                 
150 Breitholtz, M. & Bengtsson, B.E. (2001) Oestrogens have no hormonal effect on the development and reproduction of the harpacticoid copepod Nitocra spinipes. Marine Pollution Bulletin . 
.  42(10): 879-886 
151 Pounds, N.A., MacLean, S., Webley, M., Pascoe, D. & Hutchinson, T.H. (2004) Growth and reproductive effects of ibuprofen in the freshwater ramshorn snail Planorbis carinatus. Society of 
Experimental Biology Annual Meeting, Edinburgh, UK;.March 29–2 April. 
152 Isidori, M., Nardelli, A., Pascarella, L., Rubino, M. & Parrella, A. (2007) Toxic and genotoxic impact of fibrates and their photoproducts on non-target organisms. Environment International . 
33 635–641 
153 Hutchinson, T.H. (2002) Reproductive and developmental effects of endocrine disrupters in invertebrates: in vitro and in vivo approaches. Toxicol Lett. 131:75–81. 
154 Brain, R.A., Johnson, D.J., Richards, S.M., Sanderson, H., Sibley, P.K. & Solomon, K.R. (2004) Effects of 25 pharmaceutical compounds to Lemna gibba using a seven-day static-renewal test. 
Environ Toxicol Chem. 23:371–82 
155 Cleuvers, M. (2003) Aquatic ecotoxicity of pharmaceuticals including the assessment of combination effects. Toxicol Lett. 142:185–94 
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Table 5: Biomonitoring of acute effects of pharmaceutical products 

Taxonomic 
group 

species Substance (therapeutic class) References  

Chlorella vulgaris (green) Gemfibrozil (lipid regulator) Zurita et al., (2007)156 
Desmodesmus subspicatus 
(green algae) 

Aspirin (antiinflammatory) Cleuvers (2003)157 

Microcystis aeruginosa 
(cyanobacteria) 

Penicillin, Amoxicillin, Chlorotetracycline, Oxytetracycline, 
Streptomycin (antibiotic) 

Holten Lutzhoft et al., (1999)158 ; 
Halling-Sorensen et al., (2000)159 

Pseudokirchneriella 
subcapitata  (green) 

Naproxen (antiinflammatory), Bezafibrate, Fenofibrate, Gemfibrozil 
(lipid regulator) 

Isidori et al., (2005a)160  (2007)161 

Selenastrum capricornutum 
(cyanobacteria) 

Chlorotetracycline, Metronidazole, Oxytetracycline (antibiotic) 
 

Lanzky & Halling-Sørensen (1997)162; 
Holten Lutzhoft et al., (1999)158; 
Halling-Sorensen et al., (2000)159 

Synechococcus leopolensis 
(cyanobacteria) 

Carbamazepine (antiepileptic) 
 

Ferrari et al., (2003)163 
 

Alga 

Tetraselmis chuii (green) Oxytetracycline, Florfenicol (antibiotic) Ferreira et al., (2007)164 
Brachydanio rerio  embryos 
(zebrafish) 

Clofibric acid (lipid regulator) 
 

Henschel et al., (1997)165 
 

Fish 
 

Carassius auratus (goldfish) Clofibric acid (lipid regulator) Mimeault et al., (2005)166 

                                                 
156 Zurita, J.L., Repetto, G., Jos, A., Salguero, M., Lopez-Art�guez, M. & Camean, A.M., (2007) Toxicological effects of the lipid regulator gemfibrozil in four aquatic systems. Aquatic 
Toxicology. 81:106–115 
157 Cleuvers, M. (2003) Aquatic ecotoxicity of pharmaceuticals including the assessment of combination effects. Toxicol Lett; 142:185–94 
158 Holten Lutzhoft, H.C., Halling-Sorensen, B. & Jorgensen, S.E. (1999) Algal toxicity of antibacterial agents applied in Danish fish farming. Arch Environ Contam Toxicol. 36:1–6 
159 Halling-Sorensen, B., Lutzhoft, H.H.C., Andersen, H.R. & Ingerslev, F. (2000) Environmental risk assessment of antibiotics: comparison of mecillinam, trimethoprim and ciprofloxacin. J 
Antimicrob Chemother. 46(Suppl. 1):53–8 
160 Isidori, M., Lavorgna, M., Nardelli, A., Parrella, A., Previtera, L. & Rubino, M. (2005a) Ecotoxicity of naproxen and its phototransformation products. Science of the Total Environment.  348: 
93– 101 
161 Isidori, M., Nardelli, A., Pascarella, L., Rubino, M. & Parrella, A. (2007) Toxic and genotoxic impact of fibrates and their photoproducts on non-target organisms. Environment International . 
33: 635–641 
162 Lanzky, P.F. & Halling-Sørensen, B. (1997) The toxic effect of the antibiotic metronidazol on aquatic organisms. Chemosphere. 35: 2553–61 
163 Ferrari, B., Paxéus, N., Lo Giudice, R, Pollio, A. & Garric, J. (2003) Ecotoxicological impact of pharmaceuticals found in treated wastewaters: study of carbamazepine, clofibric acid, and 
diclofenac. Ecotoxicol Environ Saf. 55:359–70 
164 Ferreira, C.S., Nunes, B.A., Henriques-Almeida J.M. & Guilhermino L., Acute toxicity of oxytetracycline and florfenicol to the microalgae Tetraselmis chuii and to the crustacean Artemia 
parthenogenetica, Ecotoxicology and Environmental Safety. 67: 452–458 
165 Henschel, K.P., Wenzel, A., Diedrich, M. & Fliedner, A. (1997) Environmental hazard assessment of pharmaceuticals. Regul Toxicol Pharmacol. 25:220–5. 
166 Mimeault, C., Woodhouse, A.J., Miao, X., Metcalfe. C.D., Moon, T.W. & Trudeau. V.L. (2005) The human lipid regulator, gemfibrozil bioconcentrates and reduces testosterone in goldfish 
Carassius auratus. Aquat Toxicol. 73:44–54 
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Cyprinodon variegatua 
(sheephead minnow) 

17� - ethinylestradiol (oestrogen) 
 

Zillioux et al., (2001)167 
 

Danio rerio — embryos 
(zebrafish) 
 

Erythromycin, Oxytetracyclin, Sulfamethoxazole, Ofloxacin, Lincomycin, 
Clarithromycin (antibiotic), Clofibric acid (lipid regulator); 
Carbamazepine, Mianserin (antiepileptic), Diclofenac (antiinflammatory), 
Ethinylestradiol (oestrogen), Propranolol (ß-blocker) 

Ferrari et al., (2004)168; van der Ven et 
al., (2006)169; Segner et al., (2003)170; 
Orn et al., (2003)171; Isidori et al., 
(2005b)172 ; Fraysse et al., (2006)173 

Lepomis macrochirus 
(bluegill sunfish) 

Ibuprofen (antiinflammatory) Webb (2004)174 

Oncorhynchus mykiss 
(rainbow trout) 

Penicillin, Amoxicillin (antibiotic), Carbamazepine (antiepileptic), 
Fluoxetine (antidepressant), Diclofenac (antiinflammatory), 17� -
ethinylestradiol  

Laville et al., (2004)175; Jos et al., 
(2003)176; Jobling et al.,  (1996)177 

Oryzias latipes (Japanese rice 
fish) 

Estadiol,  Estriol (oestrogen), sulfamethoxazole, sulfachlorpyridazine, 
sulfathiazole, sulfamethazine, sulfadimethoxine, trimethoprim 

Nimrod & Benson  (1998)178; Metcalfe 
et al., (2001)179; Kang et al.,  (2002)180  

                                                 
167 Zillioux, E.J., Johnson, I.C., Kiparissis, Y., Metcalfe, C.D., Wheat, J.V., Ward, S.G. & Liu. H. (2001) The sheepshead minnow as an in vivo model for endocrine disruption in marine teleosts: a 
partial life-cycle test with 17 alpha-ethinylestradiol. Environ Toxicol Chem. 20:1968–78 
168 Ferrari, B., Mons, R., Vollat, B., Frayse, B., Paxéus, N. & Lo Guidice, R. (2004) Environmental risk assessment of six human pharmaceuticals: are the current environmental risk assessment 
procedures sufficient for the protection of the aquatic environment? Environ Toxicol Chem. 23:1344–54 
169 van der Ven, K., Keil, D., Moens, L.N., Hummelen, P.V., van Remortel, P., Maras, M. & De Coen, W. (2006) Effects of the antidepressant mianserin in zebrafish: Molecular markers of 
endocrine disruption. Chemosphere. 65(10):1836–45 
170 Segner, H., Navas, J.M., Schafers, C., & Wenzel, A. (2003) Potencies of estrogenic compounds in in vitro screening assays and in life cycle tests with zebrafish in vivo. Ecotoxicol Environ Saf. 
54:315–22 
171  Örn, s., Holbech, H.,  Madsen, T.H., Norrgren, L. & Petersen, G.I. (2003) Gonad development and vitellogenin production in zebrafish (Danio rerio) exposed to ethinylestradiol and 
methyltestosterone. Aquatic Toxicology. 65(4): 397-411 
172 Isidori, M., Lavorgna, M., Nardelli, A., Pascarella, L. & Parrella, A. (2005b) and genotoxic evaluation of six antibiotics on non-target organisms. Science of the Total Environment. 346: 87– 
98 
173 Fraysse, B., Mons, R. & Garric, J. (2006) Development of a zebrafish 4-day embryo-larval bioassay to assess toxicity of chemicals. Ecotoxicology and Environmental Safety. 63: 253–267 
174 Webb, S.F., (2004) A data-based perspective on the environmental risk assessment for human pharmaceuticals I — collation of available ecotoxicity data. In: Kümmerer, K, editor. 
Pharmaceuticals in the environment: sources, fate, effects and risks. Berlin: Springer; 174–201 
175 Laville, N., Ait-Aissa, S. & Gomez, E. (2004) Effects of human pharmaceuticals on cytotoxicity, EROD activity and ROS production in fish hepatocytes. Toxicology.196:41–55 
176 Jos, A., Repetto, G., Rios, J.C., Hazen, M.J., Molero, M.L., del Peso, A., Salguero, M., Fernandez-Freire, P., Perez-Martin, J.M. & Camean, A. (2003) Ecotoxicological evaluation of 
carbamazepine using six different model systems with eighteen endpoints. Toxicol in Vitro . 17:525–32 
177 Jobling, S., Sheahan, D., Osborne, J.A., Matthiessen, P. & Sumpter, J.P. (1996) Inhibition of testicular growth in rainbow trout (Oncorhynchus mykiss) exposed to estrogenic alkylphenolic 
chemicals. Environ Toxicol Chem. 15:194–202 
178 Nimrod, A.C. & Benson, W.H. (1998) Reproduction and development of Japanese medaka following an early life stage exposure to xenoestrogens. Aquat Toxicol (Amsterdam). 44:141–56 
179 Metcalfe, C.D., Metcalfe, T.L., Kiparissis, Y., Koening, B.G., Khan, C., Hughes, R.J., Croley, T.R., March, R.E., & Potter, T. (2001) Estrogenic potency of chemicals detected in sewage 
treatment plant effluents as determined by in vivo assays with Japanese medaka (Oryzias latipes). Environ Toxicol Chem. 20:297–308 
180 Kang, I.K., Yolota, H., Oshima, Y., Tsuruda, Y., Yamaguchi, T., Maeda, M., Imada, N., Tadokoro, H. & Sonjo, T. (2002) Effect of 17betaestradiol on the reproduction of Japanese medaka 
(Oryzias latipes). Chemosphere. 47:71–80 
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 (antibiotic), acetaminophen (antiinflammatory), carbamazepine 
(antiepileptic), cimetidine (antihistaminic), diltiazem (Ca channel blocker) 

Pimephales promelas— eggs 
(fathead minnow) 

Fluoxetine (SSRI); 17� -ethinylestradiol (oestrogen) 
 

Brooks et al., (2003)181; Laenge et al.,  
(2001)182; Jobling et al.,  (2004)183 

Salvelinus namaycush (lake 
trout) 

Erythromycin (antibiotic) Marking et al., (1988)184 

Pomatoschistus minitus (sand 
goby) 

Ethinylestradiol (oestrogen) Robinson et al., (2003)185 

Artemia parthenogenica 
(shrimp) 

Oxytetracycline, Florfenicol  (antibiotic) Ferreira et al. (2007)186 

Brachionus calyciflorus 
(rotifer) 

Erythromycin, Oxytetracyclin, Sulfamethoxazole, Ofloxacin, Lincomycin, 
Clarithromycin (antibiotic), Carbamazepine (antiepileptic), Naproxen 
(antiinflammatory), Bezafibrate, Fenofibrate, Gemfibrozil (lipid 
regulator) 

Ferrari et al., (2004)187, Isidori et al.,  
(2005a)188, (2005b)189, (2007)190 

Invertebrate  

Ceriodaphnia dubia (water 
flea) 

Erythromycin, Oxytetracyclin, Sulfamethoxazole, Ofloxacin, Lincomycin, 
Clarithromycin (antibiotic); Carbamazepine (antiepileptic), Naproxen 
(antiinflammatory); Fluoxetine (SSRI), Bezafibrate, Fenofibrate, 
Gemfibrozil (lipid regulator) 

Ferrari et al., (2004)187; Brooks et al., 
(2003)191, Isidori et al., (2005a)188, 
(2005b)189, (2007)190 

                                                 
181 Brooks, B.W., Foran, C.M., Richards, S.M., Weston, J., Turner, P.K. & Stanley, J.K. (2003) Aquatic ecotoxicology of fluoxetine. Toxicol Lett. 142:169–83 
182 Laenge, R., Hutchinson, T.H., Croudace, C.P., Siegmund, F., Schweinfurth, H., Hampe, P., Panter, G. & Sumpter. J,P. (2001) Effects of the synthetic estrogen 17alphaethinylestradiol on the life-
cycle of the fathead minnow (Pimephales promelas). Environ Toxicol Chem. 20:1216–27 
183 Jobling, S., Sheahan, D., Osborne, J.A., Matthiessen, P. & Sumpter, J.P. (1996) Inhibition of testicular growth in rainbow trout (Oncorhynchus mykiss) exposed to estrogenic alkylphenolic 
chemicals. Environ Toxicol Chem. 15:194–202 
184 Marking, L.L., Howe, G.E. & Crowther, J.R. (1988) Toxicity of erythromycin, oxytetracycline and tetracycline administered to lake trout in water baths by injection or by feeding. Prog Fish-
Cult . 50:197–201 
185 Robinson, C.D., Brown, E., Craft, J.A., Davies, IM., Moffat, C.F., Ririe, D., Robertson, F., Stagg, R.M. & Struthers, S. (2003) Effects of sewage effluent and ethinylestradiol upon molecular 
markers of estrogenic exposure, maturation and reproductive success in the sand goby (Pomatoschistus minutes, Pallas). Aquat Toxicol (Amsterdam). 62:119–34 
186 Ferreira C.S., Nunes B.A., de Melo Henriques-Almeida J.M., Guilhermino L., (2007) Acute toxicity of oxytetracycline and florfenicol to the microalgae Tetraselmis chuii and to the crustacean 
Artemia parthenogenetica, Ecotoxicology and Environmental Safety. 67 452–458 
187 Ferrari, B., Mons, R., Vollat, B., Frayse, B., Paxéus, N. & Lo Guidice, R. (2004) Environmental risk assessment of six human pharmaceuticals: are the current environmental risk assessment 
procedures sufficient for the protection of the aquatic environment? Environ Toxicol Chem. 23:1344–54 
188 Isidori, M., Lavorgna, M., Nardelli, A., Parrella, A., Previtera, L., Rubino, M., (2005a) Ecotoxicity of naproxen and its phototransformation products. Science of the Total Environment. 348: 
93– 101 
189 Isidori, M., Lavorgna,  M., Nardelli, A., Pascarella, L. & Parrella A., (2005b) Toxic and genotoxic evaluation of six antibiotics on non-target organisms. Science of the Total Environment. 346: 
87– 98 
190 Isidori, M., Nardelli, A., Pascarella, L., Rubino, M. & Parrella, A. (2007) Toxic and genotoxic impact of fibrates and their photoproducts on non-target organisms. Environment International . 
33: 635–641 
191 B.W., Foran, C.M., Richards, S.M., Weston, J., Turner, P.K. & Stanley, J.K. (2003) Aquatic ecotoxicology of fluoxetine. Toxicol Lett. 142:169–83 
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Daphnia magna (water flea) Bacitracin, Ciprofloxacin, Clarithromycin, Erythromycin, Lincomycin, 
Metronidazole, Ofloxacin, Oxytetracycline, Sulfamethoxazole, 
Sulfachlorpyridazine, Sulfathiazole, Sulfamethazine, Sulfadimethoxine, 
Trimethoprim (antibiotic), Clofibrate, Bezafibrate, Fenofibrate, 
Gemfibrozil (lipid regulator); Carbamazepine (antiepileptic), 
Acetaminophen, Diclofenac (antiinflammatory), Fluoxetine 
(antidepressant), Cimetidine (antihistaminic), Diltiazem (Ca channel 
blocker) 

Kuhn et al., (1989)192; Brambilla et 
al., (1994)193; Halling-Sorensen et al.,  
(2000)194; Wollenberger et al., 
(2000)195; Ferrari. (2003)196; Cleuvers 
(2004)197; Flaherty & Dodson 
(2005)198; Kim et al., (2007)199, Isidori 
et al., (2005b)200, (2007)201; Zurita et 
al.,  (2007)202 

Hydra attenuata (cnidarian) caffeine, ibuprofen, naproxen (antiinfl) oxytetracycline, novobiocin, 
trimethoprim, sulfamethoxazole, sulfapyridine (antibiotic), carbamazepine 
(anticonvulsant), gemfibrozil, bezafibrate (lipid regulator) 

Quinn et al., (2008)203 

Elliptio complanata 
(freshwater mussel) 

Oxytetracycline (antibiotic), Clofibric acid (lipid regulator), 
Carbamazepine (antiepileptic) 

Gagne et al., (2006)204 

Gammarus pulex (crustacean) Fluoxetine (SSRI), Ibuprofen (antiinflammatory) De Lange et al., (2006)205 

                                                 
192 Kuhn, R., Pattard, M., Pernak, K. & Winter, A. (1989) Results of the harmful effects of selected water pollutants (anilines, phenols, aliphatic compounds) to Daphnia magna. Water Res; 
23(4):495–9 
193 Brambilla, G., Civitarcale, C. &  Migliore, L. (1994) Experimental toxicity and analysis of bacitracin, flumequine and sulphadimethoxine in terrestrial and aquatic organisms as a predictive 
model for ecosystem damage. Quim Anal. 13 (sup.1):114–8 
194 Halling-Sorensen, B., Lutzhoft H.H.C., Andersen, H.R. & Ingerslev, F. (2000) Environmental risk assessment of antibiotics: comparison of mecillinam, trimethoprim and ciprofloxacin. J 
Antimicrob Chemother. 46(Suppl. 1):53–8 
195 Wollenberger, L., Halling-Sorensen, B. & Kusk, K.O. (2000) Acute and chronic toxicity of veterinary antibiotics to Daphnia magna. Chemosphere. 40:723–30 
196 Ferrari, B., Paxéus, N., Lo Giudice, R., Pollio, A. & Garric, J. (2003) Ecotoxicological impact of pharmaceuticals found in treated wastewaters: study of carbamazepine, clofibric acid, and 
diclofenac. Ecotoxicol Environ Saf. 55:359–70 
197 Cleuvers, M. (2003) Aquatic ecotoxicity of pharmaceuticals including the assessment of combination effects. Toxicol Lett. 142:185–94  
198 Flaherty, C.M. & Dodson, S.I. (2005) Effects of pharmaceuticals on Daphnia survival, growth, and reproduction, Chemosphere. 61: 200–207 
199   Kim, Y., Choi, K., Jung, J., Park, S., Kim, P.G. & Jeongim Park, J. (2007) Aquatic toxicity of acetaminophen, carbamazepine, cimetidine, diltiazem and six major sulfonamides, and their 
potential ecological risks in Korea. Environment International.   33(3): 370-375 
200 Isidori, M., Lavorgna, M., Nardelli, A., Pascarella, L., & Parrella, A., (2005b) Toxic and genotoxic evaluation of six antibiotics on non-target organisms. Science of the Total Environment. 
346: 87– 98 
201 Isidori, M., Nardelli, A., Pascarella, L., Rubino, M. & Parrella, A. (2007) Toxic and genotoxic impact of fibrates and their photoproducts on non-target organisms. Environment International . 
33:635–641 
202 Zurita, J.L., Repetto, G., Jos, A., Salguero, M., Lopez-Art�guez, M. Camean, A.M., (2007) Toxicological effects of the lipid regulator gemfibrozil in four aquatic systems. Aquatic Toxicology. 
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203 Quinn, B., Gagné, F. & Blaise, C. (2008) An investigation into the acute and chronic toxicity of eleven pharmaceuticals (and their solvents) found in wastewater effluent on the cnidarian, Hydra 
attenuate. Science of the Total Environment. 306 – 314 
204 Gagne, F., Blaise, C., Fournier, M. & Hansen, P.D. (2006) Effects of selected pharmaceutical products on phagocytic activity in Elliptio complanata mussels. Comp Biochem Physiol 
C;143:179–86 
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Marisa cornuarietis 
(prosobranch snail) 

17� -ethinylestradiol (oestrogen) 
 

Schulte- Oehlmann et al., (2004)206 
 

Sphaerium striatinum 
(fingernail clam) 

Fluoxetine (antidepressant) 
 

Fong (1998)207 
 

Spirostomum ambiguum 
(protozoan) 

Fluoxetine (antidepressant) Nalecz-Jawecki (2007)208 

Streptocephalus probiscideus 
(fairy shrimp) 

Acetaminophen (antiinflammatory) 
 

Kuhn et al.,  (1989)209 
 

 Thamnocephalus platyurus 
(crustacean) 

Erythromycin, Oxytetracyclin, Sulfamethoxazole, Ofloxacin, Lincomycin, 
Clarithromycin (antibiotic), Fluoxetine (antidepressant), Naproxen 
(antiinflammatory), Bezafibrate, Fenofibrate, Gemfibrozil (lipid 
regulator) 

Isidori et al., (2005a)210, (2007)211; 
Nalecz-Jawecki (2007)212 

 Vibrio fischeri (marine 
bacterium) 

Clarithromycin, Erythromycin, Oxytetracyclin, Ofloxacin, Lincomycin, 
sulfamethoxazole, sulfachlorpyridazine, sulfathiazole, sulfamethazine, 
sulfadimethoxine, trimethoprim (antibiotic) ; acetaminophen 
(antiinflammatory), carbamazepine (antiepileptic), cimetidine 
(antihistaminic), diltiazem (Ca channel blocker), Bezafibrate, Fenofibrate, 
Gemfibrozil (lipid regulator) 

Kim et al., (2007)213 ; Isidori et al.,  
(2005b)214, (2007)192 

Plant Lemna gibba (duckweed) Penicillin, Amoxicillin, Ciprofloxacin, Erythromycin (antibiotic) Brain et al., (2004)215 

                                                 
206 Schulte-Oehlmann, U., Oetken, M., Bachmann, J. & Oehlmann, J. (2004) Effects of ethinyloestradiol and methyltestosterone in prosobranch snails. In: Kümmerer K, editor. Pharmaceuticals in 
the Environment: Sources, Fate, Effects and Risks. Second Edition. Berlin, Germany: Springer. p. 233–47 
207 Fong, P. (1998) Zebra mussel spawning is induced in low concentrations of putative serotonin reuptake inhibitors. Biol Bull.  194:143–8 
208 Na
� cz-Jawecki, G. (2007) Evaluation of the in vitro biotransformation of fluoxetine with HPLC, mass spectrometry and ecotoxicological tests. Chemosphere. 70(1): 29-35 
209 Kuhn, R., Pattard, M., Pernak, K. & Winter, A. (1989) Results of the harmful effects of selected water pollutants (anilines, phenols, aliphatic compounds) to Daphnia magna. Water Res; 
23(4):495–9 
210 Isidori, M., Lavorgna, M., Nardelli, A., Parrella, A., Previtera, L. & Rubino, M., (2005a) Ecotoxicity of naproxen and its phototransformation products. Science of the Total Environment. 348: 
93– 101 
211 Isidori, M., Nardelli, A., Pascarella, L., Rubino, M. & Parrella, A. (2007) Toxic and genotoxic impact of fibrates and their photoproducts on non-target organisms. Environment International . 
33: 635–641 
212 Na
� cz-Jawecki, G. (2007) Evaluation of the in vitro biotransformation of fluoxetine with HPLC, mass spectrometry and ecotoxicological tests. Chemosphere. 70(1): 29-35 
213 Kim, Y., Choi, K., Jung, J., Park, S., Kim, P.G. & Jeongim Park, J. (2007) Aquatic toxicity of acetaminophen, carbamazepine, cimetidine, diltiazem and six major sulfonamides, and their 
potential ecological risks in Korea. Environment International.   33(3): 370-375 
214 Isidori, M., Lavorgna,  M., Nardelli, A., Pascarella,  L. & Parrella A. (2005b) Toxic and genotoxic evaluation of six antibiotics on non-target organisms. Science of the Total Environment. 346: 
87– 98 
215 Brain, R.A., Johnson, D.J., Richards, S.M., Sanderson, H., Sibley, P.K. & Solomon, K.R. (2004) Effects of 25 pharmaceutical compounds to Lemna gibba using a seven-day static-renewal test. 
Environ Toxicol Chem. 23:371–82 



 69 

6.5       Ecological impacts  

 

The ecological impact of a pharmaceutical refers to the impact the pharmaceutical has 

on both the living organisms and the non-living environment. Comparatively little is 

known about the possible ecological impacts of most pharmaceutical products 

(Ankley et al., 2007)216. Although, a large number of studies have been performed to 

asses the toxicity of compounds on individual organisms it is difficult to use them to 

understand the ecological impacts of pollution on an ecosystem (Alvarez & Fuiman, 

2005)217. A review of the literature reveals few papers, which describe the toxic 

effects of a compound on a whole ecosystem. However, some environmental 

endpoints were monitored by Brain et al., (2004)218 who describes the toxic effects of 

eight pharmaceutical mixtures on the aquatic macrophytes Lemna gibba and 

Myriophyllum sibiricum. The authors noted statistically significant changes to both 

dissolved oxygen and pH during the pharmaceutical mixture study. Changes in these 

variables have the potential to influence the ecology of an ecosystem at many levels. 

However much work is needed to assess the potential ecological impacts caused by 

environmentally relevant concentrations of pharmaceutical 

 

 

 

 

 

 

 

 

 

 

 
                                                 
216 Ankley, G.T., Brooks, B.W., Huggett, D.B. and J.P. Sumpter. 2007. Repeating history, 
pharmaceuticals in the environment. Environmental Science and Technology. 41:8211-8217  
217 Alvarez, M.C & Fuiman, L.A. (2005) Environmental levels of atrazine and its degradation products 
impair survival skills and growth of red drum larvae. Aquatic Toxicology. 74: 229–241 
218 Brain, R.A., D.J. Johnson, S.M. Richards, M.L. Hanson, H. Sanderson, M.W. Lam, C. Young, S.A. 
Mabury, P.K. Sibley, and K.R. Solomon. (2004). Microcosm evaluation of the effects of an eight 
pharmaceutical mixture to the aquatic macrophytes Lemna gibba and Myriophyllum sibiricum. 
Aquatic Toxicology. 70:23-40. 
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7.   Summary 

 

 

 
Figure 3. Exposure routes of the aquatic environment to human pharmaceuticals 

based on their simplified life cycle  

 

This section is divided into a number of parts that summarise the main areas to be 

considered within the framework of pharmacovigilance for the different broad 

categories of pharmaceutical products (medicines for human use including newly 

registered, low to medium risk, high risk; and medicines for veterinary use). The 

numbers in the text refer to the numbered areas of the lifecycle shown in Figure 3.  

 

7.1         Newly Registered Medicines 

 

It is important to establish the potential environmental risk associated with a new 

medicine, but it will not be possible to confirm model based predictions until the 

product has been in the market place for some time since at early stages there will be 
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(high/low risk; characteristics) 
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consumption 

(6) Manufacturing waste 
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use 

(6) Disposal 
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           In soil  

(7) Sludge solids 

Degradation 
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(4) Removal      (5)     
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           water 
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(11) Degradation, 
accumulation 
  

Cellular level 
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   (12) Effects, impacts 
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no detectable levels at any point in the ecosystem. It is therefore important to use as 

much information on the product and its major metabolites (including breakdown 

products) as possible from the research and development stages in order to achieve 

reliable predictions. 

  

Modelling to estimate PEC in surface waters.  

Need information to predict:  

- proportions that are  dissolved, bound to suspended solids, to sediments, and to 

dissolved organic carbon;  

- loads reaching STPs (based on: consumption and market penetration data, and 

proportion excreted); 

-  proportion of medicines removed by STPs 

Modelling to estimate PNEC in surface waters. 

Need physicochemical data, toxicological data, pharmacokinetic data (including 

metabolism) 

 

-1- Portfolio of characteristics (physicochemical properties, toxicological data) of 

pharmaceutical, and pharmacokinetic data (metabolism, and excretion data) to form 

basis of estimating PNEC 

-2- Ascertain predicted market penetration and predicted consumption values in order 

to determine levels of pharmaceutical likely to enter the STP 

-3- Modelling to estimate extent of sorption onto sludge solids, and metabolic and 

chemical breakdown in STP, and potential for recycling from sludge solids used as 

manure 

 

 

 

-6- Guidelines of safe disposal required for each new registered product at all stages 

of life cycle 

Minimise inputs to environment as part of eco-pharmacostewardship 
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Determine (or refine knowledge of) the efficiency of removal and/or 

transformation of medicines in various types of STP. 

 

-8- MEC values will be obtained after the initial delay period 

-3- Measure removal of specific medicines by a variety of types of STP:  this will 

require decisions on sampling points, frequency, and duration taking into account 

factors such as climate, season, geographical location, as well as potential for 

volatilisation, sorption to sludge and biodegradation 

-5- Predict and measure the expected transformation products, and the proportions of 

the newly registered medicines that are in the form parent compound and metabolites 

at the pre and post STP treatment points 

 

Use models to estimate total load to the aquatic environment at the river basin 

level following treatment by STPs. It will not be feasible to measure all variable 

for each individual STP, and data should be grouped for similar plants. 

 

-2- Refine estimated usage (geographical, seasonal, volume, dosage, change of use) 

for the medicine as it matures in the market,  and identify sites and times where the 

risk is highest (e.g., seasons with low flow, areas with large proportion of input from 

STPs) 

-8- Use routine monitoring data to estimate levels of pharmaceuticals in river 

catchments particularly at key points such as in proximity to wastewater treatment 

plants and areas of high agricultural run-off by sampling upstream, downstream of 

inputs, and in mixing zones 

-12- Where necessary check model predictions of biodegradation, abiotic 

transformation (hydrolysis/photolysis) and retention in sediments, and implement geo-

referenced exposure assessment tools for the prediction of surface water 

concentrations at the catchment or river basin level 

For newly registered medicines there will no need to measure environmental 
concentrations, or to refine estimates of efficiency of removal by STPs until the 
product has been in use for sufficient time to approach equilibration in the 
cycle. 
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Where a risk is identified assess threat to sensitive sites such as drinking water 

intakes, zones with surface/ground water interactions.  

 

 

Assess the exposure of biota to the pharmaceutical or key metabolites, and 

impact of the product on biota in water, sediment and soil (at various trophic 

levels).  

 

-12- Use models for specific organisms at high risk due to either low tolerance or 

potentially high exposure (e.g., those living close to outfall sites, or where there is 

high run off from agriculture) 

 
7.2      Existing Medicines 

 

It is not feasible to measure all pharmaceuticals and their key metabolites, or 

breakdown products in all compartments of the water cycle.  It is necessary to identify 

those medicines that are predicted or known to be of high risk and to concentrate 

efforts on those that represent a significant threat to the aquatic environment.  This 

section treats these two categories separately. 

 

       7.3       Medium to low risk medicines 

 

Measure concentrations in waste water influents and effluents and surface 

waters in order to compare MEC and PEC values for these matrices.  This will 

be based on   usage (consumption and market penetration data), proportion 

excreted, and proportion of medicines removed by STPs, proportions that are 

dissolved, bound to suspended solids, to sediments, and to dissolved organic 

carbon. 

Measure toxicity to key, highly sensitive, representative species.  
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-3- Develop a sustainable system for monitoring a representative range of STPs which 

comprise varying degrees of complexity/efficiency, and where possible use indicator 

substances for classes of medicines 

-2- Determine the patterns of variability in concentrations of pharmaceuticals entering 

STPs (e.g., seasonal, geographical) and target locations/time periods accordingly to 

identify maximum risk 

-2- Revise sampling frequency, sampling period and pattern of sampling in 

conjunction with changes in use and frequency of medicines 

-7, 11- Determine the rate of loss of parent/metabolite compounds through sorption to 

sludge and biodegradation 

-4- Where necessary improve performance of STPs on the basis of parameters that 

influence the fate of specific pharmaceuticals  

 

Model the total load to the aquatic environment at the river basin level, on the 

basis of groupings of data from sewage treatment plants, and on the influence of 

climate/geography/season on flows in rivers and from STPs. 

 

-8- Employ geo-referenced exposure assessment tools to predict surface water 

concentrations at the site of release, and at river basin level for sites outside of 

monitoring programme 

 

Model the fraction associated with suspended matter/sludge removed during the 

sewage treatment process and assess risk posed following land application. 

 

 

Assess threat to sensitive sites such as drinking water intakes, zones with 

surface/groundwater interactions.  

 

-3- Identify potential transformation products of pharmaceuticals when exposed to 

water purification procedures since some by-products may be more toxic than the 

parent compound 
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Assessing the exposure, effects and impacts of pharmaceuticals on biota in water, 

sediment and soil (at various trophic levels).  

 

-12- Where possible use models to assess effects of exposure of biota to 

pharmaceuticals on the life cycle and mortality at various trophic levels within an 

ecosystem  

 

7.4      High risk medicines 

 

For these medicines it is important to use measurements in conjunction with models 

where possible in order to improve the precision of and reduce the uncertainty 

associated with data available for use in risk assessments. 

 

Measure concentrations of parent compounds and any important transformation 

products in waste water influents and effluents, and surface waters for 

comparison of MEC/PEC values for those matrices. 

Measure PNEC for key, representative, highly sensitive species. 

 

-2, 3- Use MEC and PEC values to predict areas of high concentrations and hence 

high risk  

 

Refine knowledge of the efficiency of removal and/or transformation of 

medicines in various types of waste water treatment plants, and estimate total 

load to the aquatic environment from STP. 

 

-4, 5- Determine the long-term fate of parent/metabolite compounds through sorption 

to sludge and biodegradation 

-8- Carry out spot sampling upstream and downstream of STPs and in mixing zones to 

gain information on the concentration and dissipation of high risk medicines  

 

Determine fraction associated with suspended matter/sludge removed during the 

sewage treatment process and risk posed following land application including 

disposal in landfill sites. 
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-9, 10, 11- Predict the biodegradation of high risk medicines and the potential impacts 

where contaminated sludges are applied to the land 

-9, 10, 11- Investigate the parent/metabolite products of high risk medicines during 

waste water treatment and how these react when exposed to changes in pH, 

temperature and biodegradation when used for land application 

-8, 9- Consider proximity to water bodies when using sludge for land application and 

determine the fate of the compound when exposed to leaching 

-6- Ascertain the approximate rate of disposal of unused medicines and packaging and 

assess their fate at landfill sites.    

-8- Determine the extent and rate of leaching to ground water or incorporation into 

run-off 

 

Identify sites/periods where/when risk from the presence of pharmaceuticals is 

highest (low flow/high proportion of waste water in surface water). 

 

-2- Predict usage and consumption rates to determine geographical distribution 

-8- Predict temporal spatial variation in concentrations and the potential impact of 

various weather conditions, and check models against field measurements 

 

Assess threat to sensitive sites such as drinking water intakes, zones with 

surface/groundwater interactions.  

 

-3- Monitor the procedures used to treat drinking water as certain techniques can 

transform pharmaceuticals into metabolites that can cause health risks 

-8, 9- Determine the transformation of pharmaceuticals when exposed to differing 

media (ground water/surface water, soil and sediment)  

 

Assessing the exposure, effects and impacts of pharmaceuticals on biota in water, 

sediment and soil (at various trophic levels).  
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-8, 9, 10, 12- Monitor the effects of the product in various matrices on a range of 

species over their lifecycle, particularly those species living at the soil/sediment/water 

interface 

-12- Investigate the effects of bioaccumulation of high risk pharmaceuticals on the 

various trophic levels and their impact on the ecosystem 

 
 

7.5       Medicines for veterinary use 

 

Well defined guidelines are available219 for the registration of pharmaceuticals for 

veterinary use.  These deal with the three major categories of use (aquaculture, 

intensively reared terrestrial animals, and pasture animals).  There are some areas in 

common to all of these and some that are specific to one category.   However, the 

general principles are similar to those applying to medicines for human use.  This 

summary will focus on the main differences and these are associated with the routes 

by which the materials enter the environment. For aquaculture in open systems 

pharmaceuticals are generally introduced directly into the aquatic environment during 

treatment, or are excreted directly into the water after treatment, and inputs will be 

intermittent.  This contrasts with the flux of medicines for human use that tends to be 

continuous (albeit fluctuating on diurnal and seasonal basis).  There is no involvement 

of STPs.   For intensively reared terrestrial animals the input is via slurry or dung for 

enclosed and pasture animals respectively. For pasture animals with direct access to 

water bodies, there can be direct inputs of excretory products to surface water. For 

terrestrial species factors affecting the movement of pharmaceuticals and metabolites 

from dung or slurry to soil, and to water are key in determining environmental levels.  

Once the medicines have moved into the soil or into the ground or surface water then 

same principles apply as for medicines for human use, and it is equally important to 

identify those products that represent a high risk so that scarce resources can be 

targeted where they are most needed. 

 

                                                 
219 Committee for Medicinal Products for Veterinary Use (CVMP). (2004) VICH-GL38 Environmental 
impact assessment for veterinary medicinal products phase II guidance.  European Medicines Agency 
(EMEA) veterinary medicines and inspections, London. 1-39 
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8.  Conclusions  

 

·  Recently introduced regulatory guidelines for both medicines for human use 

and those for veterinary use provide structured frameworks in which 

environmental pharmacovigilance can be approached. 

·  Consumption data are important in modelling potential environmental 

exposure, and are very variable in quality depending on whether compounds 

are in patent or generic, are prescribed or available over the counter.  There are 

also large variations between the various European member states depending 

on the degree of regulation of the provision and use of medicines.    

·  It is important to identify those products of high risk so that monitoring can be 

targeted in a cost effective manner 

·  The costs of measurements of products in various compartments of the 

environment are high, and data obtained should be used to help to build and 

validate robust models that can be used generically. 

·  Costs could be reduced where similar compounds can be treated as a set, 

similar STPs can be grouped, and information on one set of environmental 

conditions in one region can be used to extrapolate to other similar situations 

even where they are widely geographically separated. Where possible tracers 

can be used as surrogates for compounds that are more difficult to measure.  

There is a need for a consolidated approach to modelling across Europe, and 

internationally where appropriate. 

·  Many of the analytical techniques for measuring concentrations in various 

matrices (some of them complex) are currently based on costly and highly 

specialised instruments, and are not readily transferable for use in routine 

environmental laboratories. 

·  Some software packages for modelling various aspects of movement, 

environmental behaviour, and exposure of organisms are available.  It is 

important that these are updated as the knowledge base grows.  

·  There is a need to identify existing monitoring methods that can provide 

reliable and representative information on concentrations in various 

environmental compartments, and where necessary develop fit for purpose 

technologies. 
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·  Currently there are many potential ecotoxicological assays, all with differing 

endpoints and sensitivities.  There is a need for comparative studies for this 

range of substances to identify the most relevant, representative and sensitive 

test species. An area where more work is required is in the assessment of the 

effects of chronic exposure to low levels of compounds, and the relationship 

between this and acute toxicity. 

 

 

 

 
 


