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STOWA in brief
The Foundation for Applied Water Research (in short, STOWA) is a research platform for
Dutch water controllers. STOWA participants are all ground and surface water managers in
rural and urban areas, managers of domestic wastewater treatment installations and dam
inspectors.
The water controllers avail themselves of STOWA’s facilities for the realisation of all kinds
of applied technological, scientific, administrative legal and social scientific research activities that may be of communal importance. Research programmes are developed based on
requirement reports generated by the institute’s participants. Research suggestions proposed
by third parties such as knowledge institutes and consultants, are more than welcome. After
having received such suggestions STOWA then consults its participants in order to verify the
need for such proposed research.
STOWA does not conduct any research itself, instead it commissions specialised bodies to do
the required research. All the studies are supervised by supervisory boards composed of staff
from the various participating organisations and, where necessary, experts are brought in.
The money required for research, development, information and other services is raised by
the various participating parties. At the moment, this amounts to an annual budget of some
6,5 million euro.
For telephone contact number is: +31 (0)33 - 460 32 00.
The postal address is: STOWA, P.O. Box 2180, 3800 CD Amersfoort.
E-mail: stowa@stowa.nl.
Website: www.stowa.nl.
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KWR WATERCYCLE RESEARCH INSTITUTE
IN BRIEF
Safe and clean water is a vital good. As an internationally renowned research institute, KWR
contributes to making safe and clean water available through its applied scientific research
into the water cycle.
“Bridging science to practice” – that is our mission at KWR. We build bridges between science,
business and society. Our strength lies in our ability to transform scientific knowledge into
practical applications that our clients can directly implement. Our shareholders are the ten
Dutch water companies.
KWR has a lean staff of 175, of whom 130 are scientists specialised in a wide range of
fields. They work within three Knowledge Groups: Water Systems and Technology, Water
Quality and Health, and Knowledge Management, and are active in projects throughout
the Netherlands and, increasingly, elsewhere in Europe as well. The list of our innovative
research projects is long and varied, and addresses key questions like climate change and
ecosystems, water treatment and purification techniques, drugs in sewage water, Legionella
prevention, software development and the interlinking of knowledge networks. The Dutch
and international water sectors are highly dynamic, and KWR is a constant and active player
in both. The government of the Netherlands has designated the water sector as one of its nine
priority “top sectors”. In the resulting knowledge agenda for the water technology actors,
we are collaborating closely with other research institutes like STOWA, RIONED and Wetsus.
KWR’s research focuses on four themes: healthy, advanced, sustainable and efficient water. It
is not only a matter of having healthy water flowing from our taps in our homes, but also of
having safe water outdoors in which we can bathe. KWR stands for research that is innovative
and practice-oriented, research that draws on the latest technologies from many fields,
including physics, chemistry, ecology and nanotechnology. In the event of emergencies or
disasters – such as the EHEC outbreak in Germany or the fire in Moerdijk in the Netherlands
– KWR experts are quickly called on to conduct front-line research themselves or to support
regional laboratories in efforts to determine the human and environmental risks involved.
The sustainability theme will continue to grow in importance in the years to come. KWR’s
initiatives in this area include studying ways of making productive use of seawater, and
of transforming wastewater treatment from an energy-consuming activity to one that
actually produces energy. Efficiency is a key theme when it comes to water purification,
water distribution and wastewater treatment – the ultimate goal being to contain costs for
government, the public and industry.

STOWA 2013-23 KWR 2013-062 Human pharmaceuticals in the water cycle

Human pharmaceuticals
in the water cycle

CONTENT
STOWA IN BRIEF
KWR WATERCYCLE RESEARCH INSTITUTE IN BRIEF
1	introduction
1.1
Rationale and background
1.2
Objective
1.3
Reading guide
2
2.1
2.2

Pharmaceuticals in the water cycle
Regulating human pharmaceuticals
Sources and diffusion of pharmaceuticals in the water cycle

3
4

3.1
3.2

Concentrations and loads
Pharmaceuticals in the water cycle in the Netherlands
Pharmaceutical loads in the water cycle

6
8

3

4

1
1
2

Removal in wastewater and drinking water treatment
4.1
Properties of pharmaceuticals
4.2	Removal in conventional wastewater treatment and additional treatment techniques
4.3
Removal in drinking water treatment

5
5.1
5.2
5.3
5.4
5.5

Effects on the environment
Chronic and specific effects
Effects of degradation products
Effects of mixtures
Targeted effect measurement in effluents and surface water
Assessments of presence in surface water

10
10
13

15
16
16
17
19

STOWA 2013-23 KWR 2013-062 Human pharmaceuticals in the water cycle

6
6.1
6.2

Effects on humans
Risk assessment of exposure to pharmaceuticals in drinking water
Procedure to determine the effects of mixtures

20
20

7.1
7.2

Possible technical measures
Costs of measures for (supplementary) WWTP treatment
Cost of measures for (supplementary) drinking water treatment

22
23

8.1
8.2
8.3
8.4

Synthesis
Summary
Knowledge gaps
Points of particular interest
Recommendations

25
26
27
29

Literature

31

7

8

Annex 1	A historical perspective on pharmaceuticals: From emerging substances to emission
reduction measures
Annex 2	Environmental assessment in the pharmaceutical approval process
Annex 3	ATC main groups
Annex 4	Monitoring results (ranges)
Annex 5	Traditional safety factors in risk assessments provide insufficient protection
from pharmaceuticals with specific effects
Annex 6	Provisional standards and PNEC values for surface water
Annex 7	Target values in drinking water and drinking water sources
Annex 8	Calculating limit values in drinking water and drinking water sources
Annex 9	Preferred techniques for the removal of pharmaceuticals at WWTPs (Grontmij 2011)

45
47
48
49
51
53
56
57
59

STOWA 2013-23 KWR 2013-062 Human pharmaceuticals in the water cycle

1
Introduction
1.1 Rationale and background
The objectives of the Administrative Agreement on Water (Ministerie van Infrastructuur en
Milieu, 2011) include a more efficient management of the water cycle and significant costsavings. In response, RIWA, KWR and STOWA engaged in strategic consultations aimed at
pooling their knowledge and capabilities in the wastewater and drinking water cycles, to
further develop their joint interests and, ultimately, to reduce the load of micropollutants in
surface water.
Within the framework of this knowledge pooling effort, this report presents a collection
of the research results on the issue of pharmaceuticals in the water cycle. The presence of
pharmaceuticals in the environment has long been the focus of attention. The subject has
gone through various stages, from the initial signalling of a possible new problem substance,
to calling the attention of the stakeholders and further filling of knowledge gaps, to drafting
policies for reducing emissions. This historical course is detailed in Annex 1.
In 2001, the Health Council already called for legislative attention to the issue of
pharmaceuticals in the environment because “the risks cannot simply be brushed aside
in advance as insignificant” (Gezondheidsraad, 2001). In a Policy Letter to the Lower House
(Tweede Kamer, 2007) a number of actions were put forward with the aim of reducing
emissions and filling knowledge gaps. In 2009 the Lower House was informed of their progress
(Tweede Kamer, 2009). In the second half of 2012 this will happen again. Concurrently,
pharmaceuticals also received increasing attention within the European Water Framework
Directive (WFD): in its most recent revision of its priority substances list a recommendation
is made to add a pharmaceutical, namely, the anti-inflammatory drug diclofenac, and the
contraceptive pill’s active ingredient (ethinyloestradiol) (European Commission, 2012).

1.2 Objective
There is a great deal of knowledge concerning the presence of and the potential risks associated
with pharmaceuticals in the water cycle. However, in the case of the Netherlands, this
knowledge is scattered in a broad range of reports and publications by different parties, such
as STOWA, RIWA, the Directorate for Public Works and Water Management (Rijkswaterstaat),
the drinking water companies and research institutions like KWR, RIVM, IVM and Alterra. A
lot of knowledge is also available from international research and scientific literature.
The objective of this “Human pharmaceuticals in the water cycle: state-of-the-science”
document is to provide, in a single report, a brief and concise summary of existing knowledge
on the presence and the effects of pharmaceuticals in the water cycle, and on possible
technical measures to reduce them. It is important to realise that directing attention to

1
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pharmaceuticals in water touches on two concerns: having surface water of good quality,
which is an ecological concern, and having clean sources for the production of drinking
water, which is a public health concern.
Our focus is limited to human pharmaceuticals, including X-ray contrast media. We have
chosen not to address veterinary pharmaceuticals: the path of these substances to the water
environment, via manure application, leaching and runoff, is indirect and thus offers fewer
means for reducing emissions (Montforts 2006; Kools 2008).1 But this does not mean that
veterinary pharmaceuticals (in another framework) would not merit attention.
Pharmaceuticals that target the hormone system, such as ethinyloestradiol, the active
ingredient in the contraceptive pill, are also part of the study. However, the subject of
hormone disruption is not dealt with explicitly: it is such a vast subject that it requires a
separate study.

1.3 Reading guide
This report offers an overview of research work on human pharmaceuticals in the water
cycle. It begins by discussing the legislative frameworks, the behaviour and presence of these
substances in the water cycle, and their removal in wastewater and drinking water treatment.
It then addresses the pharmaceuticals’ effects on humans and the environment. This is
followed by a discussion of emission reduction measures. Lastly, it provides a summary of the
current state-of-the-science, knowledge gaps and points of particular interest, and ends with
recommendations.

1

One exception is in this regard refers to the trend to process manure in manure processing installations. These produce
an effluent stream that is treated in WWTPs. Veterinary pharmaceuticals that end up in the water system via this route
raise the same issues as do human pharmaceuticals that enter the water systems via a WWTP.

2
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2
Pharmaceuticals in the water cycle
2.1 Regulating human pharmaceuticals
A pharmaceutical consists of an active ingredient and different excipients. An active
ingredient can be marketed in various formulations and under different brand names.
European legislation – Directive 2001/83/EC (EC, 2001), modified in Directive 2004/27/ EC
(EC, 2004) – establishes that only registered and approved pharmaceuticals may be used.
This registration can be carried out centrally at the European Medicines Agency (EMA), for
the whole of Europe, or for each country separately. In the Netherlands, it is the Medicines
Evaluation Board (CBG) that is responsible for the group of pharmaceuticals available (www.
cbgmeb.nl).
The registration procedure for a human pharmaceutical requires that an environmental
assessment be carried out (Annex 2). The environmental risk, however, cannot constitute
grounds for the refusal of a substance’s approval, because of the major importance of
pharmaceuticals to public health. Nor is there any obligation to monitor a substance in the
environment after it has received approval (Montforts et al., 2006). In contrast to human
pharmaceuticals, the associated environmental risks can affect the approval of veterinary
pharmaceuticals (www.cbgmeb.nl). There has been a call to make the information from
a pharmaceutical’s environmental assessment public upon its registration (Montforts
& Keessen, 2008). Although EMA and CBG have expressed their commitment to this, no
environmental information has been made public to date (van der Aa et al., 2011c).
Active ingredients can be classified in a number of ways. Common classification systems
are based on the human body’s organ system, the pharmaceutical’s chemical structure,
therapeutic mode of action, origin, route of administration and form of administration.
A classification system that is very frequently used internationally is the ATC (Anatomical
Therapeutic Chemical) code. The ATC code is made up of seven letters and digits, and refers to
a specific active ingredient. The code’s first letter indicates the pharmaceutical’s main group
(Annex 3). However, for research into the presence and behaviour of pharmaceuticals in the
water cycle it is more pertinent to classify the substances on the basis of their use, persistence
and physical-chemical properties (de Voogt et al., 2009; ter Laak et al., 2011a).
The use of human pharmaceuticals in the Netherlands is relatively low compared to that
of other European countries (van der Aa et al., 2008). However, forecasts for the long term
predict an increase of use due to the effects of an aging population and the medicalisation
of society. Over the next forty years a 37% increase is expected in the Netherlands (van der Aa
et al., 2011b).

3
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2.2 Sources and diffusion of pharmaceuticals in the water cycle
Human pharmaceuticals can reach the water cycle through a variety of routes (see Figure 1).
They can do so after being placed in dump sites, as residuals from industrial manufacture
or as unused pharmaceuticals, and then leach into the groundwater. It is also possible that
the effluent from the manufacture of pharmaceuticals occasionally or continuously contain
pharmaceutical residues. They can then end up in the surface water via the treatment
process (Larsson et al., 2007). For the most part, however, the pharmaceuticals are consumed.
Used pharmaceuticals (and their metabolites) are excreted via urine (about 80%) and faeces
(20%), and reach the wastewater treatment plant (WWTP) together with the rest of domestic
wastewater via a sewerage system. The treated wastewater is then discharged into the surface
water. In the case of sewerage systems that transport rainwater as well as domestic wastewater
(combined sewerage systems), transport peaks can occur during heavy rainfall whereby some
of the wastewater cannot be processed through the sewerage system. This wastewater is
discharged, untreated via a so-called overflow into the surface water.
Pharmaceuticals can also end up in the groundwater because of (artificial) infiltration or
leakages in the sewerage lines. Drinking water in the Netherlands is produced from surface
water (37%), groundwater (58%) and bank filtration (6%) (Geudens, 2012). As mentioned above,
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The material flow of human pharmaceuticals in the water cycle. Source: ICBR (2010)

Figure 1
(2010)

The material flow of human pharmaceuticals in the water cycle. Source: ICBR

The concentrations of pharmaceuticals in the different parts of the water cycle depend on:
1)4 the sale of pharmaceuticals,
2) the proportion of the sold pharmaceuticals that is actually used,
3) the proportion of the dose that the user excretes and what metabolites are formed in the
process,
4) the proportion that passes through the wastewater treatment and what degradation products
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The concentrations of pharmaceuticals in the different parts of the water cycle depend on:
1

the sale of pharmaceuticals,

2

the proportion of the sold pharmaceuticals that is actually used,

3

the proportion of the dose that the user excretes and what metabolites are formed in the

4

the proportion that passes through the wastewater treatment and what degradation products

5

the proportion in the surface water that is adsorbed to sediment or is broken down, and what

6

the degree to which these substances pass through the soil, for example, when surface water

7

the degree to which they are removed during drinking water production processes.

process,
are formed in the process,
degradation products are formed in the process,
is infiltrated for drinking water production,

5
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3
Concentrations and loads
3.1	Pharmaceuticals in the water cycle in the Netherlands
Approximately 850 pharmaceuticals (i.e., active ingredients) are used in the Netherlands
(RIZA/RIWA, 2001). Of these, about 200 have been measured in the environment worldwide
(Roig, 2010; Verlicchi et al., 2012). A portion of these are regularly found in the water cycle.
Most measurements of pharmaceuticals are made in surface water and wastewater, but
measurements are also regularly made in groundwater and drinking water (Kümmerer,
2008). The overview presented below shows the periodicity of measurement activity in the
Dutch water cycle and the databases in which the data produced are stored.
1

The RIWA database contains in principle four-weekly measurement data from surface water
in the Rhine and Meuse basin. The Dutch sampling locations are: Lobith, Nieuwegein,
Nieuwersluis and Andijk for the Rhine, and Eijsden, Heel, Brakel, Keizersveer/Gat van
Kerksloot for the Meuse. In addition, at Stellendam/Scheelhoek a mixture of 25% Meuse
water and 75% Rhine water is sampled. The database also includes results from associated
companies in the basin areas in Germany, Switzerland and Belgium. Depending on the
location in the Netherlands, up to 67 pharmaceuticals and up to 10 X-ray contrast media
have been measured in the Rhine (ter Laak et al., 2010; RIWA, 2011a), and a maximum of 68
pharmaceuticals and 9 X-ray contrast media in the Meuse (www.riwamaas.org).

2

The REWAB database of the Dutch drinking water companies contains measurement data
from drinking water sources and from purified water. A total of 54 pharmaceuticals are
measured. However, the number of substances varies significantly by water type and location
because measuring for these substances is not pertinent for every source; moreover, there is
no obligation to report on these substances.

3

The RWS Waterdienst database contains 33 pharmaceuticals, which are measured twice a
year at 13 locations in the Dutch National Waters (Kotte, 2009; ter Laak et al., 2011b).

4 WATSON database wastewater
This database contains monitoring data on 513 substances in wastewater (influent and
effluent), including 42 pharmaceuticals and 6 X-ray contrast media (Grontmij, 2011b).
The database was originally set up by Rijkswaterstaat with data from national screening
research, which were subsequently supplemented with recent and less recent screenings by
12 waterboards (STOWA 2009d). In 2012 the database is to be further expanded with recent
monitoring data, which include various pharmaceuticals that have hitherto not been entered
into the database. The database is currently managed by Deltares and provides the statistical
basis for the Pollutant Release and Transfer Register (www.emissieregistratie.nl). The data are
public and are supplied upon request, but the locations remain anonymous.
5

CIW database surface water
The CIW database contains monitoring data for a large number of substances in surface
water, including pharmaceuticals. The data originate from the waterboards’ operational
monitoring programmes for about 3,000 monitoring locations. In addition some, but not

6
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all, waterboards also provide data from project-specific research work. Starting this year, the
monitoring data will also be recorded by Rijkswaterstaat. The database is managed by the
Informatiehuis Water. Monitoring data are supplied upon request.
A more detailed overview of the range of measurements and databases is provided in Annex 4.
Wastewater and smaller bodies of surface water are not the object of regular measurements for
pharmaceuticals. The waterboards and/or STOWA have, however, conducted measurements
with some regularity over the past few years on a project basis (STOWA, 2011a,b,c; 2010;
2009a, b, c, d; 2008; 2007b, c; 2006; Grontmij|AquaSense, 2007; 2008; 2009; den Elzen &
Malsch, 2009; Mill et al., 2006; Marsman et al., 2009). Furthermore, measurements are also
conducted by research institutes and universities on a project basis (Mons et al., 2003; Schrap
et al., 2003; Versteegh et al., 2003; Versteegh et al., 2007; De Jongh et al., 2012; ter Laak and
Hofman, in prep.; RIZA, 2006a, b; Sacher & Stoks, 2003).
The measurement limits for these substances can vary according to the substance and matrix
involved. For most pharmaceuticals the measurement limit in water is 0.01 µg/L, but this
limit can be higher for some substances and for more complex matrices, such as wastewater.
Concentrations of pharmaceuticals are usually highest in (untreated) wastewater and,
through degradation, sorption (binding) and dilution, become lower through the course of
the water cycle.
Untreated wastewater regularly contains more than one hundred micrograms of
pharmaceuticals and degradation products per litre (Oosterhuis et al., 2011; Verlicchi et
al., 2012). Concentrations of individual substances vary significantly, depending on human
consumption and metabolism, removal during treatment and dilution, degradation and
sorption in the environment. Surface water systems that are heavily loaded with WWTP effluent
can, particularly when drainage levels are low, contain tens of µg/L of pharmaceuticals and
degradation products (STOWA 2011a; ter Laak and Hofman, in prep.). The total concentrations
found in the Rhine and Meuse usually amount to several µg/L (RIWA, 2011b, a; ter Laak and
Hofman, in prep.). Recent research has demonstrated that metformin and its degradation
product guanylurea constitute more than half the total pharmaceutical concentrations
(Scheurer et al., 2009; Oosterhuis et al., 2011; RIWA, 2011a; Trautwein and Kümmerer, 2011;
STOWA 2011c; Scheurer et al., 2012; ter Laak and Hofman, in prep.). X-ray contrast media,
in turn, make up tens of percentage shares in the total concentrations, while beta-blockers,
painkillers, antiepileptics and antibiotics each account for a few percentage shares.
Total concentrations of pharmaceuticals and degradation products in (artificially) soil-filtered
water, seepage water and bank-filtration water fall below the µg/L level (Reddersen et al., 2002;
De Jongh et al., 2012). Also, the range of pharmaceuticals depends on the local hydrology,
sorption and degradation in the soil, and can be a reflection of historical pollution. Thus, for
instance, phenazone is regularly found in bank-filtration water (ter Laak et al., 2012), while
this painkiller is no longer sold in Europe and is only found rarely or in low concentrations in
surface water (RIWA, 2011a; De Jongh et al., 2012). No pharmaceuticals are found in drinking
water produced from deep and old groundwater. But drinking water produced from surface
water, bank-filtration water and vulnerable groundwater sources can sometimes contain
traces of pharmaceuticals (Mons et al., 2003; Versteegh et al., 2003; Versteegh et al., 2007; De
Jongh et al., 2012). This usually involves a few substances and concentrations at the ng/L level.

7
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Concentrations can however vary significantly with time and place. Concentrations in WWTP
effluent and surface water are strongly dependent, among other things, on the input, the
transformation processes and dilution (Ort et al., 2010). This should be taken into account
during monitoring. In order to determine the average concentration levels and loads on
the basis of measurement data, time-integrated samples have to be taken. This is much less
pertinent for bank-filtration water and groundwater, because the underground aquifers
maintain stable temperatures and time variations are equalised due to long residence times
and mixing.

3.2	Pharmaceutical loads in the water cycle
It is important, when establishing emission reduction measures, to have insight into the
load of pharmaceuticals within the entire water cycle. This knowledge gap has, over the
past few years, been steadily filled. Researchers have studied the contribution of residential
areas, hospitals and various healthcare institutions to the total pharmaceutical load in the
water cycle. Calculations and measurements for healthcare institutions and households have
supplied emission data (STOWA, 2011b; STOWA, 2009a). These data allow for calculations to
be made of the load on WWTPs and the contribution of the different sources. These emission
data show that loads from hospitals usually account for <10% of the total pharmaceutical
load (excluding X-ray contrast media) on WWTPs (STOWA, 2009a; STOWA 2011a; ter Laak and
Hofman, in prep.). The contributions of other healthcare institutions is a lot lower, typically
15% (STOWA, 2011b). The contribution can therefore vary significantly per pharmaceutical
and is strongly dependent on the local situation. At the local level, the contribution to the
load on a WWTP of a hospital or healthcare institution can in fact be substantial. Research
has also studied the contribution of overflow, which is directly discharged into surface water.
This contribution is estimated to be less than 1% of the load that reaches a WWTP (Grontmij,
2011a). Since this water is not subjected to any treatment, this route is of relevance to small
receiving water bodies. The contribution to the total load on surface water is estimated, for
individual substances, to be 1-10% (ICBR, 2010).
Not much research has yet been carried out on emissions of pharmaceuticals via dump sites
or manufacturing locations. But there is a consensus in Europe that this type of diffusion
is relatively insignificant (Kümmerer, 2008). Research by Blom et al. (1995) shows that, in
the Netherlands, 8.3% of prescribed prescription pharmaceuticals are not used. For the
most part these are returned to the pharmacy or are collected as small chemical waste and
incinerated at high temperatures. A smaller proportion ends up in the sewerage or is carried
off with household rubbish. Over the last few decades household rubbish in the Netherlands
has been incinerated, so that the pharmaceuticals it might contain have not ended up in
the environment. Therefore it is only the old dump sites that are possible point sources
for pharmaceuticals in the environment (ter Laak et al., 2012). The experience of batch
production of pharmaceuticals shows that approximately 0.2% of the active ingredient is
discharged in the flushing water for every batch (Oranjewoud, 1999). Moreover, many generic
pharmaceuticals are manufactured outside Europe. Studies have demonstrated, however,
that the pharmaceutical industry’s waste streams in India can be enormous (Larsson et al.,
2007) and can present big ecological and human risks at a local level.
By far the greatest part of human pharmaceuticals therefore end up in surface water via
WWTPs (Kümmerer, 2008). Every year in the Netherlands at least 11 tons of pharmaceuticals
(excluding X-ray contrast media) are discharged into surface water via WWTP effluent

8
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(Grontmij, 2011a). The load at the WWTPs appears for the most part to originate in residential
areas (STOWA, 2011a; STOWA 2011b; STOWA, 2009a; ter Laak and Hofman, in prep.). Some
substances are prominent, namely, X-ray contrast media and metformin, an antidiabetic that
has recently been added to the analysis programme. Both medications are consumed in high
daily dosages. Guanylurea, the metformin degradation product, is also prominent.
The water cycle in the Netherlands also receives considerable loads from abroad. About 46
million people live in the Rhine basin – upstream from Lobith – , while in the Meuse basin –
upstream from Eijsden – there are about 5.3 million people (RIWA, 2009). Calculations based
on RWS and RIWA data indicate that at least 100 tons of pharmaceuticals flow annually into
the Netherlands via the large rivers and flow out into the North Sea (Walraven and Laane,
2009; ter Laak et al., 2010). In these studies, X-ray contrast media account for approximately
two-thirds of the load (metformin and guanylurea were not studied). More than half of the
pharmaceutical load in Dutch surface water comes from abroad. The annual pharmaceutical
load moreover seems to be quite predictable on the basis of pharmaceutical use in a river’s
basin, the human excretion of pharmaceuticals and their removal in WWTPs. Loads and
concentrations can however show significant short-term variations because of variations in
use, WWTP removal efficiency, degradation in surface water, as well as changes in surface
water discharge (ter Laak et al., 2010).
One must however take due caution when interpreting and comparing the calculations
of the loads from healthcare institutions, residential areas and abroad. This, because the
analysis programmes differ, only a limited number of pharmaceuticals are usually measured,
the measurements are conducted in different years and under different (hydrological)
circumstances, all of which makes the comparison of the figures problematic. But the
calculations can be used as rough indicators, and for the determination of emission routes for
a specific area. The latter has been done in area studies in Utrecht (STOWA, 2011a) and Limburg
(ter Laak and Hofman, in prep.). By combining the calculated emission with the information
on the area’s WWTPs and receiving surface water, the hotspots can be determined and target
measures elaborated.

9
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4
Removal in wastewater and drinking
water treatment
4.1	Properties of pharmaceuticals
The physical-chemical properties of a substance is decisive for its behaviour in the water cycle.
The physical-chemical properties of pharmaceuticals vary considerably. They are generally
organic substances, ranging from small, simple substances to large, complex ones. Most
pharmaceuticals are polar (soluble in water), although some substances are relatively nonpolar (soluble in fat). They are moreover made up of a wide spectrum of active groups, so
that in water they can be neutral, positively charged, negatively charged, or even have two
opposite charges in different positions in a molecule (Kümmerer, 2008). This wide spectrum
of properties means that their behaviour in the water cycle can vary considerably.
Nonetheless they do have a few generic properties. They are for the most part not volatile and
quite stable because, after being consumed, they have to remain intact in order to disperse
in the body and have their intended effect. They are also biologically active, which is to say
that they are designed, at low dosages, to have a specific effect on a biological system. These
properties mean that pharmaceuticals can be mobile and persistent in the water cycle and
can, in low concentrations, have an effect on biological systems. This is why their presence in
the water cycle might present risks and requires attention.

4.2	R emoval in conventional wastewater treatment and additional treatment
techniques
For decades now, the waterboards, STOWA and Rijkswaterstaat have conducted a great
deal of research into the removal of organic micropollutants from wastewater. Apart from
conventional biological wastewater treatment, other types of treatment (e.g., membrane
reactors and the 1-STEP filter) as well as additional treatment techniques (e.g., sand filtration,
activated carbon filtration and advanced oxidation) have received attention.
Without extra measures, conventional biological wastewater treatment removes about 65%
of the total pharmaceutical load in the influent. This percentage is based on pharmaceutical
content measurements above the WWTP influent and effluent reporting limits (excluding
X-ray contrast media and antidiabetics) (STOWA, 2011c). The removal rates can however vary
significantly per substance, from practically zero removal to complete removal (see Figure 2).
Large variations in removal percentages can also occur within substance groups (Verlicchi et
al., 2012). Moreover, substances that are excreted in conjugated form return to their precursor
form if the conjugation is undone during the wastewater treatment.2
2

Conjugation is part of human metabolism and makes it possible for the pharmaceutical to be joined to a bodily
substance (e.g., gluconoride) to make it more soluble and easier to excrete.
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The purification efficiency attained in conventional activated sludge systems varies, but the
causes for this have not been studied sufficiently. It appears that those conditions that are
favourable for good nitrification – i.e., sludge retention times exceeding 10 days at 10°C – are
also favourable for the removal of pharmaceuticals (Clara et al., 2005). Those substances that
bind well to the activated sludge are removed effectively. This mainly concerns the more
non-polar substances, such as ethinyloestradiol, the active ingredient in the contraceptive
pill (STOWA, 2011C). However, the removal of most pharmaceuticals through sorption to activated sludge in conventional WWTPs is marginal (Jelic et al., 2012).
A number of research projects have focused on other, or supplementary,3 treatment techniques, with the aim of radically improving the efficiency in the removal of micropollutants,
including pharmaceuticals. In the Netherlands, this includes research into: a membrane
bioreactor (MBR) (STOWA, 2006), a 1STEP filter (STOWA, 2009c), activated carbon filtration
(STOWA, 2010b) and various oxidation techniques combined with activated carbon (STOWA,
2009b). Research has also been carried out at various locations elsewhere in Europe. In Spain,
the removal of pharmaceuticals by conventional treatment processes and by MBRs has been
compared (Radjenovic et al., 2007; Radjenovic et al., 2008; Petrovic et al., 2009; Radjenovic et
al., 2009). Large-scale research projects have been undertaken in Switzerland (EAWAG)4 and
Germany5 in particular. These involve studying the removal of pharmaceuticals (and other
micropollutants) through conventional activated sludge systems, MBRs, ozone treatment and
other advanced oxidation processes, the application of activated carbon, and various filtration techniques. In Switzerland, this led to plans for the broad introduction of extra treatment steps in the country’s WWTPs.
Over the past few years more and more attention has also been directed to degradation products, including those of pharmaceuticals (Escher and Fenner, 2011). Ternes (2012) shows that
today’s biological water treatment does not result in the complete removal of substances,
but that it produces a broad range of degradation products. A number of these degradation
products are (much) more stable and might be more toxic than the precursors, and some of
them are found in drinking water.
On the basis of this research, Grontmij (2011a) conclude that the best results are achieved
by using a combination of an oxidation technique (e.g., ozone treatment) and an adsorption
technique (e.g., activated carbon filtration). An optimal application of the two techniques
results in an average removal rate of 90% of practically all pharmaceuticals. It is also possible
to only use an activated carbon filter. The removal rate of activated carbon is 70%, but polar
substances, in particular, are not removed as effectively. Moreover, the removal efficiency of
these filters decreases with long-term use, so that the costs of filter regeneration or replacement have to be considered in light of the decreased removal efficiency.

3

These are supplementary treatment processes that are installed – as integrated or stand-alone systems – at the end of the

4

“MicroPoll” project, http://www.bafu.admin.ch/; themes: water protection, micropollutants.

5

Milieuministerie NordrheinWestfalen (MKULNV) project: “Elimination von Arzneimitteln und organischen

conventional biological wastewater treatment system.

Spurenstoffen,” www.micropollutants.net (12 sub-projects, various techniques, including full-scale, metabolite
formation with ozone).
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Figure 2

Average removal percentages based on measurements taken at 8 WWTPs. For each substance, an indication is given of the

1

number of measurements (n) the average is based on, as well as the statistical dispersion (standard deviation). Lithium and
iodinated X-ray contrast media were only measured once. Source: STOWA (2011c).

Figure 2 Average removal percentages based on measurements taken at 8 WWTPs. For each
substance, an indication is given of the number of measurements (n) the average is based on, as
well as the statistical dispersion (standard deviation). Lithium and iodinated X-ray contrast
media were only measured once. Source: STOWA (2011c).
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Since the detection of the herbicide bentazon in drinking water in the late 1980s, the drinking
water companies and KWR have conducted a great deal of research into the removal of organic
micropollutants.
This has involved much work on advanced treatment techniques such as
12
ozone, UV disinfection and oxidation, activated carbon filtration and membrane filtration. The
efforts have ultimately led to the large-scale application of activated carbon in bank water
extraction along the Lek river, and the application of ozone and activated carbon and, later, UV
disinfection and UV peroxide treatment, to surface water. In addition, the scope of the research
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4.3 Removal in drinking water treatment
Since the detection of the herbicide bentazon in drinking water in the late 1980s, the
drinking water companies and KWR have conducted a great deal of research into the removal
of organic micropollutants. This has involved much work on advanced treatment techniques
such as ozone, UV disinfection and oxidation, activated carbon filtration and membrane
filtration. The efforts have ultimately led to the large-scale application of activated carbon in
bank water extraction along the Lek river, and the application of ozone and activated carbon
and, later, UV disinfection and UV peroxide treatment, to surface water. In addition, the scope
of the research into pesticides has been broadened to encompass all sorts of micropollutants,
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Figure 3

Removal of pharmaceuticals by UV peroxide treatment. Source: Hofman-Caris et al (2012)

The pharmaceutical removal efficiencies of different (advanced) treatment techniques

The pharmaceutical removal efficiencies of different (advanced) treatment techniques has been
has been studied on a pilot scale. The research concerned the removal of a wide range of
studied on a pilot scale. The research concerned the removal of a wide range of
pharmaceuticals using existing (activated carbon) and new (affinity sorption) sorption
pharmaceuticals using existing (activated carbon) and new (affinity sorption) sorption
techniques (Bauerlein et al., 2012b; de Graaff et al., 2011; Bauerlein et al., 2012a). It also
techniques (Bauerlein et al., 2012b; de Graaff et al., 2011; Bauerlein et al., 2012a). It also
examined the extent to which nanofiltration membranes can filter pharmaceuticals
examined the
extent to which nanofiltration membranes can filter pharmaceuticals (Verliefde,
(Verliefde, 2008) and which pharmaceuticals are transformed by oxidation techniques such
2008) and which
pharmaceuticals are transformed by oxidation techniques such as
as UV/peroxide oxidation (HofmanCaris and Beerendonk, 2011; HofmanCaris et al., 2011;
UV/peroxide oxidation (Hofman-Caris and Beerendonk, 2011; Hofman-Caris et al., 2011; Wols
Wols and HofmanCaris, 2012). These studies purposefully selected a set of a few tens of
and Hofman-Caris,
2012). These studies purposefully selected a set of a few tens of
pharmaceuticals with a wide range of physical-chemical properties (ter Laak et al., 2011).
pharmaceuticals with a wide range of physical-chemical properties (ter Laak et al., 2011). This
This set of pharmaceuticals makes it possible, using statistical models, to relate a treatment
set of pharmaceuticals
makes it possible, using statistical models, to relate a treatment
technique’s contribution to the removal to the properties of the substances (Wols and Vries,
13
2011). These models are called QSARS (Quantitative Structure Activity Relationships), and
can be used to predict the removal of other substances on the basis of their physical-chemical
properties and the treatment technique involved. The efficiency of these techniques varies
depending on the substance (see Figure 3 for the example of UV peroxide treatment). Removal
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technique’s contribution to the removal to the properties of the substances (Wols and
Vries, 2011). These models are called QSARS (Quantitative Structure Activity Relationships),
and can be used to predict the removal of other substances on the basis of their physicalchemical properties and the treatment technique involved. The efficiency of these techniques
varies depending on the substance (see Figure 3 for the example of UV peroxide treatment).
Removal rates using activated carbon are >80% for most substances. But very polar and
charged substances – including some pharmaceuticals – are removed less effectively with this
technique. Oxidation techniques, such as UV/peroxide, with the right dose, result in removal
rates of >70% for most pharmaceuticals. However, some substances show much worse removal
rates. The removal efficiency of nanofiltration is estimated to be 75%-85%; but this technique’s
removal rates are lower for small, neutral organic molecules.
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5
Effects on the environment
5.1	Chronic and specific effects
Although knowledge about the effects of pharmaceuticals is increasing rapidly, there is still
much that is unknown. The concentrations in surface water are typically much lower than
the concentrations that, under laboratory conditions, have short-term, measurable effects on
organisms (Fent et al., 2006; Cunningham et al., 2006; Webb, 2001; AquaSense,
2003). Organisms in the environment however are subject to long-term exposure to a cocktail
of pharmaceuticals (and other substances). The long-term and combination effects are
thus also important for risk assessment. Furthermore, pharmaceuticals are designed to be
biologically active and can, compared to “normal” substances, present completely different
mechanisms of action. These effects are not always measurable using standard biological
measurement methods. The biological systems upon which the pharmaceuticals act are not
unique to humans: they are also present in fish, crustaceans and other aquatic organisms.
Therefore, in aquatic organisms specific effects can be expected that are related to the
mechanisms of action of the pharmaceuticals. There are also examples of pharmaceuticals
that have unexpected effects.
In the process of assessing a substance’s risk, safety factors are frequently applied to correct
for uncertainties associated, for instance, to the transposition from laboratory to the field
and to differences between species. For specific active substances, such as pharmaceuticals or
hormones, these correction factors do not always provide sufficient protection (Boxall et al.,
2008, Ankley et al., 2005, Cunningham et al., 2006). Annex 5 presents a few examples.
Another element that needs to be taken into account is the fact that some pharmaceuticals
appear to have unusual dose-effect relationships. Effects can be observed at very low
concentrations (ng/L), but disappear at higher concentrations (Guler & Ford, 2010; de Lange et
al., 2006). One example is the effect of fluoxetine and ibuprofen on the activity of crustaceans
at concentrations of 10100 ng/L (de Lange et al., 2006).
Examples of specific effects and unexpected effects include:6
• High sensitivity of algae and blue-algae to antibiotics (Webb, 2001; RIWA/RIZA,
• 2001; AquaSense, 2003; HallingSørensen, 2000; Holten Lützhøft et al., 1999),
• High sensitivity of algae to beta-blockers (Escher et al., 2005; Escher et al., 2006),
• Kidney damage due to diclofenac (Green et al., 2006; Hoeger et al., 2005; Mehinto et al.,
2010; Schwaiger et al., 2004; Triebskorn et al., 2004; Triebskorn et al., 2007),
• Disturbance of sexual behaviour (Sebire et al., 2008),
• Massive release of mussel oocytes and spermatozoa (spawning) due to fluoxetine
• (Fong, 1998; Fong et al., 1998; Fong et al., 2001),
• Disturbance of feeding activity (de Lange et al., 2006; Quinn et al., 2009; Nassaf et al.,
6

Apart from the effects mentioned, the use of antibiotics can also lead to the development of resistances so that there is
a risk that illnesses cannot be treated as effectively. This subject however is beyond the range of this report.
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• 2010; Stanley et al., 2007; Berninger et al., 2011),
• Disturbance of swimming behaviour (Guler & Ford, 2010; Painter et al., 2009; Nassef et
al., 2010),
• Disturbance of crustacean moulting (Dietrich et al., 2010a),
• Effects on immune system (Gagné et al., 2006).
An important conclusion is that, when specific effects are included in the risk assessment of
pharmaceuticals, the effects at environmental concentrations are real.

5.2	Effects of degradation products
Apart from the active ingredients themselves, it is desirable that their degradation products
also receive attention. Degradation products can arise from:
1

human metabolism,

2

degradation in the WWTP,

3

degradation in the environment caused, among others, by bacteria under the exposure to

4

in the drinking water treatment process (Ternes, 2012).

light, and

Metabolites or degradation products are sometimes much more stable than their precursors.
For this reason analyses and effect measurements need also to target these metabolites and
degradation products. One example is the benzodiazepine group (tranquilizers), which are
quickly metabolised in the body into the much more stable oxazepam (Besse & Garric, 2007).
A number of degradation products seem to occur in very high concentrations. In the area
study on pharmaceuticals in Limburg (ter Laak and Hofman, in prep.) three metabolites were
found among the top ten loads: hydroxy ibuprofen, 10, 11-trans-diol carbamazepine and
guanylurea. Guanylurea is the degradation product of the antidiabetic metformin, which
under aerobic conditions is not broken down further by bacteria or through exposure to
light (Trautwein and Kümmerer, 2011). Very stable degradation products are also formed
from iodinated X-ray contrast media and from the antiepileptic carbamazepine (Schulz et al.,
2008; Kormos et al., 2010; Pérez et al., 2007).
In most cases, the metabolites and degradation products are less toxic than the precursors
(Escher et al., 2008a). However, there are also examples of pharmaceuticals whose degradation
products, through exposure to light, are more toxic than the precursors (naproxen and
diclofenac) (DellaGreca et al., 2004; Schulze et al., 2010), or are mutagenetic and genotoxic
(ranitidine and gemfibrozil) (Isidori et al., 2007; Isidori et al., 2009). Some pharmaceuticals
have first to be transformed in the body into an active metabolite to become effective – the
antiviral oseltamivir, for example (Escher et al., 2010).

5.3	Effects of mixtures
The last few years have seen more and more research conducted into the effects of mixtures
of pharmaceuticals. In many cases the mixture of two pharmaceuticals is involved, although
sometimes the research studies mixtures of more pharmaceuticals from different groups
(e.g., Henry & Black, 2007; Quinn et al., 2009; Backhaus et al., 2011; DeLorenzo & Fleming,
2008; Dietrich et al., 2010a; Dietrich et al., 2010b; Cleuvers, 2003).

16

STOWA 2013-23 KWR 2013-062 Human pharmaceuticals in the water cycle

The effects of mixing pharmaceuticals can often be predicted using concentration addition
– which means that the effects of the individual pharmaceuticals can be added up – but
interactions, such as the reinforcement of an effect, also occur regularly. If interactions do
occur they are frequently not constant and depend, for instance, on the concentration and/or
the period of exposure, but not in a consistent way. All of which renders modelling the effects
difficult (Flaherty & Dodson, 2005).
A number of research projects tested the effects of mixtures of 11 to 13 pharmaceuticals, at
concentration levels that are found in effluent (Quinn et al., 2009; Pomati et al.,2006; Pomati
et al.,2007; Pomati et al.,2008). These mixtures had significant effects on the morphology and
food consumption of hydra and on human and fish cell lines. Mixture effects were already
observable at the ng/L level for the individual pharmaceuticals. These concentrations are
only a few times higher than they are in the effluent. The mixture already had an effect at
concentrations 100 to 1,000 times lower than did individual pharmaceuticals. This means
that the mixture effects in environmental concentrations are real.
Not all mixtures have effects however. In the Netherlands, Alterra, on a commission from
Water Board Regge and Dinkel, tested the toxicity of a mixture of 9 pharmaceuticals in a
microcosm system (Roessink et al., 2012). The system contained water, sediment, water fleas,
water lice, worms, snails and a water plant. The pharmaceuticals tested where those in the
highest concentrations found in the effluent by Regge and Dinkel (Oosterhuis et al., 2011).
An effluent was also subsequently tested. No negative effects on population density were
observed either in the pharmaceutical mixture or in the effluent. The population densities
were actually the highest in the effluent because of its high nutritional value. The absence
of effects is in line with the predictions based on a risk assessment using PNEC values from
the Swedish environmental classification system for pharmaceuticals (http://www.fass.se;
calculations: Anja Derksen, AD eco advies).

5.4 Targeted effect measurement in effluents and surface water
Effluents and receiving surface water contain a complex mixture of micropollutants, including
pharmaceuticals. The effects of these micropollutants can be rendered visible using targeted
effect measurements based on the mechanisms of action of the substances. Most studies into
the effects of micropollutants in effluent and surface water make use of fish and mussels.
Effluent feminizes fish and mussels, disturbs the immune system and neurochemistry, and
biomarkers for the presence of substances and/or oxidative stress increase. Such effects are
sometimes measurable up to 10 km downstream.
Hormone disrupting effects from natural and synthetic hormones7 and nonylfenol
(ethoxylates) are clear and have been frequently demonstrated (but are beyond the range of
this report). With regard to the other effects, a number of studies suggest that pharmaceuticals
are possibly responsible substances, that is, that pharmaceuticals in laboratory substance
tests produced comparable effects to those observed in the effluent. These studies are briefly
explained below.
A properly functioning immune system consists of a general line of defence and a specific line
of defence. This specific defence comprises the complicated combined action of antibodies,
different types of white blood cells and various transmitters. Fish and mussels show a number
7

Particularly the natural hormone oestrone, 17 beta oestradiol and the contraceptive pill’s synthetic hormone (17alpha
ethinylestradiol). The two latter substances are candidate priority substances for the Water Framework Directive.
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of measurable disturbances after being exposed to effluent, including a reduced immune
response, an increase in the general defence and a decrease in the specific defence, or an
increase in transmitters (Bouchard et al., 2009; Müller et al., 2009; Salo et al., 2007).
Research has also been conducted into the neurotoxicity for deployed and wild mussels
upstream and downstream of and effluent. This investigation focused particularly on
serotonin and dopamine, both neuro-transmitters, which are involved in a large number of
processes, including cell signalling in the brain, behaviour, appetite, sexual maturation in
fish and mussels, and the release of oocytes and spermatozoa (Gagné & Blaise, 2003). There are
measurable effects in mussels in the effluent and the effluent plume in the receiving surface
water on their dopamine and serotonin levels, and degradation enzymes and serotonin and
dopamine transporter systems, for a downstream range of up to 10 km (Gagné & Blaise, 2003).
The suggested responsible substances are oestrogens, nonylfenol and morphine (Gagné et al.,
2010; Gagné et al., 2007a). Antidepressants and drugs could also be responsible because of
their mechanisms of action.
In addition, measurements were also carried out on mussels for biomarkers (“biological
indicators”). In mussels in effluent and effluent plumes, measurements showed a clear
increase in the levels of enzymes involved in substance degradation, indicating the presence
of micropollutants, such as oxidants, hormones, pharmaceuticals and other substances
(Binelli et al., 2009; MartinDiaz et al., 2009; CartardaJara et al.,2009; CartardaJara et al.
2010; Franzellitti et al., 2011).
Additional treatment techniques at WWTPs could be an option to eliminate the effects
observed in effluent (see paragraph 4.2). To test this, effect measurements were carried out in
a number of WWTPs or pilot projects for additional treatment techniques (e.g., Kienle et al.,
2011; Gagné et al., 2007b; Escher et al., 2008b; Escher et al., 2009). These effect measurements
consisted of a bioassay test battery for general toxicity and/or specific toxicity (hormone
disruption, dioxin-like effects, genotoxicity, phytotoxicity, neurotoxicity, early-life stage tests,
etc.). Additional treatment steps seem to be capable of removing at least some of the effects.
But there are indications that (toxic) degradation products are created during advanced
oxidation processes (Abeggelen et al., 2010; Radjenovic et al., 2009; Reungoat et al., 2010). The
toxicity appears to be a function of the ozone concentration used and of the treatment time,
and the effects appear to be easy to remove, for instance, through sand filtration (Stalter et al.,
2009; Stalter et al., 2010). Further research into the creation and removal of toxic degradation
products is desirable.
The apparent effectiveness of an extra treatment step in improving the quality of the
receiving stream is shown in a Swiss field study, in which amphipoda are deployed in the
receiving water prior and after the application of a full-scale ozone treatment. Prior to the
application, the food intake of the deployed amphipoda dropped (by up to 90% at 150 m
from the discharge point); after the ozone treatment there was no decrease in food intake
(Bundschuh et al., 2011).
In the Netherlands, in 2012, the WIPE research project was completed. This involved a largescale study into the effects in WWTP effluent and in different steps of a water harmonica. A
water harmonica is a wetland system located between the WWTP and the receiving stream,
which is intended to improve the ecological quality of the water in particular, before it
is discharged into the receiving stream. The project involved conducting biological and
chemical measurements at three WWTPs at different locations in the treatment wetlands.
These included chemical analyses and bioassays on extracts of the passive samplers and
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research into the condition and reproductive success of sticklebacks in flow tanks (Foekema
at al., 2012a). The chemical studies showed that pharmaceuticals constituted an average of
10% of all the substances found. The in vitro bioassays – e.g., for hormone disruption, cell
toxicity and the effects of antibiotics – showed no great effects. But there was a lot of variation
in the toxicity and its levels showed a decrease during the course through the treatment
wetlands. The in vivo bioassays with bacteria, algae and water fleas suggested that chronic
effects cannot be excluded. Nevertheless, the survival and reproduction of the sticklebacks
in the flow tank were good. Genetic research in these fish also showed clear effects on the
gene expression, which indicate the presence of feminizing and anti-feminizing substances,
and the activation of degradation enzymes and the immune system. In comparison to other
WWTPs, the effects found were lower than anticipated. It appears that the effluents studied
were already relatively clean. The wetland system seems to have had a buffering effect and in
this way equalised the toxicity peaks.
The effects of pharmaceuticals on the ecological quality of the receiving stream has not yet,
or hardly, been closely researched. There is only one known study (Ginebreda et al., 2010), in
which a correlation is found between concentrations of antibiotics and beta-blockers and the
density and biomass of mosquito larvae and oliochaeta (worms). What has been shown is that
fish swimming downstream show a behavioural change when confronted with a discharge
plume of WWTP effluent. More than half of the fish changed their swimming path and tried
to skirt around the edge of the discharge plume (Foekema at al., 2012b).

5.5 Assessments of presence in surface water
Official environmental quality standards for pharmaceuticals in surface water or other water
matrices are (still) lacking. However, provisional environmental quality standards and/or
provisional Predicted No Effect Concentrations do exist. These provisional environmental
quality standards and PNEC values, and the derivation of these values, are discussed in
Annex 6. The derived PNEC values and provisional environmental quality standards vary
considerably, from 0.026 µg/L for the antibiotic ofloxacin to 320000 µg/L for the diuretic
furosemide. For the contraceptive pill’s synthetic female hormone, 17 alpha-ethinyloestradiol,
the concentration is even extremely low, at 0.035 ng/L . This is (far) below the detection limit.
This substance cannot therefore be measured with the sensitivity required to make a risk
assessment. For diclofenac, which, like ethinyloestradiol, has been proposed for inclusion as a
priority substance within the Water Framework Directive, the concentrations in surface water
generally fall below the standard, while the maximum concentrations exceed the standard.
Concentrations in effluent are on overage 2 to 3 times above the standard (Derksen, 2012).
Van der Aa (2011c) found, based on a comparison of predicted environmental concentrations
with derived provisional PNEC values, a risk regarding 2 of the 13 pharmaceuticals studied,
namely, the antibiotic amoxicillin and the synthetic hormone ethinyloestradiol. It should
be pointed out that the calculations of the environmental concentrations were made on the
basis of consumption and excretion. No account is taken of the degradation during water
treatment. Penicillins, like amoxicillin, are however effectively broken down during water
treatment, so that the risk associated with this antibiotic is overestimated.
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6
Effects on humans
6.1 Risk assessment of exposure to pharmaceuticals in drinking water
Humans can be exposed to very low concentrations of pharmaceuticals and their
transformation products through drinking water. There are no legal quality standards
regarding pharmaceuticals in drinking water or drinking water sources. There are, however,
signalling values, target values and provisional limit values. Thus the new Dutch Decree on
Water Quality (2011) has defined a signalling value of 1,0 µg/L for all anthropogenic substances.
In addition, the “Q21” report, based on the so-called TTC (Threshold of Toxicological Concern)
concept, contains a target value of 0.1 µg/L for all environmentally-alien substances that are
not genotoxic or hormone disturbing (van der Kooij et al., 2010). The same target value is
used in the Danube, Meuse and Rhine Memorandum (Wirtz et al., 2009). This standard is
intentionally very conservative. This means that values below the target values are considered
safe, but it does not immediately mean that an exceedence implies a risk (see Annex 7).
Concentrations of pharmaceuticals in surface water frequently exceed the above-mentioned
quality standards (Kümmerer, 2009; Monteiro and Boxall, 2010; Roig, 2010; RIWA, 2011a).
In order to assess more precisely whether exposure to these substances has an effect on health,
a risk assessment can be conducted. For the conduct of such an assessment a provisional
health limit value for drinking water needs to be derived. The details of this derivation
are discussed in Annex 8. If the level of the concentration measured in drinking water is
below this limit value, no effects on health are expected. If the level is above the limit, then
additional research is recommended. Such limit values have been established for a few tens
of pharmaceuticals. These limit values range between 1 µg/L for the beta-blocker bisoprolol
and 415 mg/L for the iodinated X-ray contrast medium iopamidol (Versteeg et al., 2003 &
2007; Schriks et al., 2010; van der Aa et al., 2011a; De Jongh et al., 2012). Current research
indicates that there is a wide margin between the derived provisional health limit values and
the concentrations measured and found in drinking water and drinking water sources.

6.2	Procedure to determine the effects of mixtures
A health limit value for drinking water is based on the toxicity data for a single substance. A
limitation of these substance-specific risk assessments is that they do not take account of longterm, simultaneous exposure to several substances. In order to say something of the effects of
mixtures, two research projects took into consideration the accumulation of the toxicological
effects of substances, by setting health limit values for groups of pharmaceuticals with the
same mode of action (van der Aa et al., 2011a; De Jongh et al., 2012). This approach compares
the concentration addition of the pharmaceuticals and transformation products within a
specific group to the limit values set for the group. This group limit value is established at
a level equal to the lowest substance-specific limit value within the group. The approach is
based on the principle of dose additivity, whereby theoretically the total effect of a substance
is equal to the result of the multiplication of its concentration by its toxic potency, and the
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mixture’s total effect is equal to the addition of the effects of all its components (Jonker et
al., 2004). For example, if three beta-blockers and one degradation product of one of the betablockers are found at a concentration of 0.1 µg/L, these concentrations are added up and
jointly tested as a single, combined value.
Even when dose additivity is applied, and when concentrations of the targeted pharmaceuticals
and transformation products are grouped by mode of actions, the levels in drinking water
remain significantly below the derived health limit values (van der Aa et al., 2011a; De Jongh
et al., 2012).
Possible synergy interactions in the mixtures, whereby the combined effect is greater
than the sum of that of the constituent parts, have however not be considered. A recent
publication does nevertheless show that dose additivity does play a role primarily in cases
of low concentrations and that synergy effects are less probable (Boobis et al., 2011). But a
clearer understanding of interactions between substances in mixtures is still important for
the development and improvement of future health limit values.
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7
Possible technical measures
7.1	Costs of measures for (supplementary) WWTP treatment
The Policy Letter to the Lower House (Tweede Kamer, 2007) proposed a number of source
measures, some of which have since been implemented (Tweede Kamer, 2009). These include
measures related to Green Pharmacy (to stimulate the development of more easily degradable
pharmaceuticals), information about the return of unused pharmaceuticals and effective use
of pharmaceuticals. Technical measures were also put forth, namely, to reduce emissions
by applying treatment techniques at the sources of the pharmaceuticals before they reach
the wastewater (prior to the connection with the sewerage system), as well as end-of-pipe
treatment measures (at WWTPs). The possibilities of these source and end-of-pipe measures
are being explored.
Pharmaceuticals can be removed from various waste streams: urine, faeces, a combined
stream of urine and faeces, the wastewater of healthcare institutions, or at WWTPs. Here are
a few of the (ongoing) projects in which the various waste streams are dealt with separately:
1

SLIK – development of a treatment concept for the hospital’s entire wastewater stream,; in
collaboration with the Isala Klinieken in Zwolle, the Groot Salland Water Board, Vitens, the
Province of Overijssel, the municipality of Zwolle, STOWA and RIVM. See http://www.wgs.nl/
schoonwater/slik(pills)/.

2

Sleen – separate collection of, and removal of pharmaceuticals from, urine at a nursing
home; collaboration including STOWA and the Velt and Vecht Water Board. See
http://www.veltenvecht.nl/projecten/ anders_plassen.

3

Pharma filter at the Reinier de Graaf Gasthuis hospital in Delft – this is an integrated concept
for the processing of waste streams of hospitals and healthcare institutions; collaboration
including Delfland Water Board and STOWA. See www.pharmafilter.nl.

4

SOURCE in Boxmeer – research project on the treatment of human and animal urine for the
recovery of phosphorus, removal of nitrogen and removal of pharmaceuticals; collaboration
including the Aa en Maas Water Board, the Province of North-Brabant, ZLTO, STOWA and
Ministry of Economic Affairs, Agriculture and Innovation (Mulder et al., 2011).
It can generally be noted that the costs of additional treatment techniques depend essentially
on the treated volume . This means that the treatment of concentrated wastewater streams
can be a good option from a cost perspective. In biological wastewater treatment, the aeration
is the key cost component. These costs are however a function of the waste load rather than
the volume.
Annex 9 presents the preferred techniques for the removal of pharmaceuticals at WWTPs,
as defined in Grontmij (2011a). The implementation of additional treatment techniques at
all WWTPs would involve an additional annual expense of about € 800 million, assuming
an optimal implementation of ozone and activated carbon (77% removal of the total
pharmaceutical load in the WWTP’s effluent). A less extensive removal, using only activated
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carbon filtration and resulting in a 60% removal, would cost about € 570 million (Grontmij,
2011a).
It is also possible to prioritise the WWTPs to be targeted. This can be done on the basis of
reducing the loads of human pharmaceuticals discharged into the surface water (load approach), or on the basis of the concentration of human pharmaceuticals in the receiving
water (concentration approach). In Switzerland the choice was made for a combination of the
two approaches. In other words, the WWTPs targeted: 1) have a treatment capacity >100,000
i.e., 2) have effluent that constitutes a significant proportion (>10%) of the receiving surface
water, and 3) discharge into bodies of water of which the surface water is used for the production of drinking water.8
The choice made has a strong impact on annual costs. Grontmij (2011a) estimates that the annual costs of targeting only large WWTPs (> 100,000 i.e.) that discharge into small, vulnerable
surface water would amount to about € 90 million.
To put these costs in perspective: in 2011, the net cost of wastewater treatment was € 46 per
inhabitant equivalent (i.e.), and 22.5 million i.e. were processed in the Netherlands (cited by
Michael Bentvelsen, UvW). The annual net treatment costs therefore amounted to € 1,035
million. The aforementioned treatment options therefore represent a cost increase in net
treatment costs of 8.7% to 77%.

7.2	Cost of measures for (supplementary) drinking water treatment
In the Netherlands, 58% of drinking water is produced from groundwater, 37% from surface
water and 6% from bank-filtered water (Geudens, 2012). The water is purified using a variety
of techniques. After being used, human pharmaceuticals tend to end up mainly in surface
water. It thus makes sense to look first at the drinking water production locations that
use surface water or bank-filtered water for their sources. A determination can be made
for these locations of the extent to which the source contains pharmaceuticals and other
micropollutants and the degree to which current treatment removes them.
A robust drinking water purification process is made up of several sequential barriers
using different techniques. Which specific combination of techniques is the most effective
depends on the composition of the water to be purified – salinity, pH, type and content of
natural organic material, presence of nitrate and bicarbonate, etc. The entire treatment
process, including any supplementary advanced purification techniques (see paragraph 4.3)
will determine the extent of the removal of pharmaceuticals (and other micropollutants).
Lastly, a determination can be made of what extra costs these supplementary techniques
involve. These costs include investment costs as well as a variety of operational costs: energy,
maintenance, materials and residual-stream processing.
Each technology has its own advantages and disadvantages. Activated carbon filtration, for
example, requires little energy, but the carbon has to be regularly regenerated thermally,
which results in a loss of about 10% of the material. The frequency of this regeneration
depends on the composition of the water. Purification of bank-filtration water, with a high
organic material content, requires carbon regeneration once or twice a year, while the
biological activated carbon filtration used in the purification of drinking water in Amsterdam
8

http://www.bafu.admin.ch/dokumentation/medieninformation/00962/index.html?lang=de&msgid=35168
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only requires a regeneration once every two years. Activated carbon filtration typically costs
between € 0.10 and € 0.20 per m2 of purified water. Other adsorbents can also be employed
(Bauerlein et al., 2012a). But these “new” adsorbents are not available on a large scale and
their regeneration possibilities and costs are unknown to date. Membrane processes generally
cost more than activated carbon filtration, and one has also to take account of the concentrate
stream they produce, which sometimes requires further treatment and ultimately must also
be discharged. Advanced oxidation processes are also more costly than activated carbon
filtration. These techniques can also result in the formation of by-products, which might be
harmful and have to be removed through supplementary activated carbon filtration (Heringa
et al., 2011).
As yet, no extensive national inventory has been drawn up of the locations where additional
treatment techniques would make sense if there were a desire to remove pharmaceuticals
(and other micropollutants) from drinking water. Nor is there an understanding of which
treatment techniques – or combination of techniques – would produce the best results at each
location, or what the associated investment and operational costs would be. For this reason,
it is not yet possible to estimate the costs of any measures taken to exclude pharmaceuticals
from drinking water. The lack of this information means that there is a need for an inventory
of the costs and benefits of the implementation of additional treatment techniques at
drinking water production locations in the Netherlands.
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8
Synthesis
8.1 Summary
Targeted research and broad screening, both in the Netherlands and internationally,
has found widespread presence of pharmaceuticals in the water cycle. More recently, the
degradation products of pharmaceuticals – which are formed in humans, water treatment
and the environment – have also been the object of research. It appears that these substances
can occur in the water cycle in concentrations comparable to those of their precursors.
By far the most important route of pharmaceuticals into surface water is via WWTPs: after
being used, the pharmaceuticals are excreted and are transported to the WWTP through the
sewerage system. The largest proportion of pharmaceuticals in WWTP influent originates in
residential areas. Generally speaking, less than 10% comes from hospitals, 1-5% from other
healthcare institutions, while the contribution of industry is minimal. At the local level,
however, the different contributions of these sources can vary significantly.
WWTPs remove a large proportion of the pharmaceuticals (65% on average). The remainder
is thus discharged with the effluent into the surface water. Pharmaceuticals are found in
effluent at levels ranging up to more than 100 µg/L; for the most part they consist of the
antidiabetic metformin and its degradation product guanylurea, X-ray contrast media,
beta-blockers, painkillers, antiepileptics and antibiotics. Typically, concentrations in large
rivers amount to a few µg/L, while concentrations in smaller bodies of surface water that
are heavily loaded with WWTP effluent have been measured at tens of µg/L. Groundwater
usually contains no pharmaceuticals. In bank-filtration water a number of very mobile and
persistent pharmaceuticals and degradation products have been found at concentrations of
tens and sometimes hundreds of ng/L. Traces of pharmaceuticals (ng/L level) are sometimes
found in drinking water. The concentrations and loads encountered in the large rivers are,
for specific pharmaceuticals, at least as high as those of “classical” substances, such as the
priority substances of the European Water Framework Directive.
At this moment, there is no official (legal) test framework to assess the presence of
pharmaceuticals in the water cycle. Signalling values and target values have, however,
been formulated, and provisional Predicted No Effect Concentrations have been derived.
The necessity and utility of emission reduction measures is a subject of much discussion.
Two concerns are at stake: having surface water of good quality, that is, the ecological
concern, and having clean sources for the production of drinking water, which is a public
health concern.
Little is known however about the presence and the risks of degradation products. Any
observed effects could provide strong motivation for the implementation of emission
reduction measures. There is currently no consistent strategy for the monitoring of the
effects of pharmaceuticals (and other micropollutants) in wastewater, surface water and
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drinking water. In view of the nature of the exposure and of the substances concerned, the
assessment of the effects should focus on chronic exposure, on effects based on the mode of
action (specific effects), and on the effects of complex mixtures of substances. This calls for
another type of monitoring. The biological measurement methods for effects of these types
are in part still under development. The results vary, and the inevitable uncertainties and
ambiguities are pertinent too. Nevertheless, on the basis of the current state of knowledge,
the effects in wastewater and surface water at environmental concentrations are real, if the
chronic, specific and mixture effects are included in the risk assessment of pharmaceuticals.
The risk to humans of the concentrations found of individual pharmaceuticals in drinking
water is considered minor. But their presence in drinking water is undesirable because the
effects of complex mixtures is difficult to estimate. The precautionary principle applies in
this instance.
The WWTP is a logical focus for emission reduction measures. Such measures would result
in improved water quality, which has ecological benefits and also lessens the intensity of
treatment in drinking water production. Extending the treatment process to include, for
instance, oxidation and adsorption steps could result in a maximum increase in annual net
wastewater treatment costs from about € 1 billion to about € 1.8 billion, which represents a
77% increase if all WWTPs are adapted. If other options were chosen, such as only adapting
some of the WWTPs or implementing less extensive additional treatment processes, the
costs would be lower. A great advantage of targeting measures at WWTPs is that, apart from
pharmaceuticals, emissions would be reduced for a wide range of other micropollutants
stemming from personal care products or household products, such as softening agents,
flame retardants, preservatives, fragrances, biocides and UV filters. The Dutch WWTPs are
however not the only source of micropollutants in the water cycle. Micropollutants also
reach surface water from the atmosphere, and through leaching and runoff. Moreover, a
significant proportion of surface water micropollutants flow into the Netherlands from other
countries. Possible emission reduction measures should therefore be taken internationally,
per river basin. It would also be desirable to simultaneously tackle pharmaceuticals at source,
for example, by developing more easily degradable pharmaceuticals (Green Pharmacy),
prescribing fewer pharmaceuticals, or, when there is a choice, opting for the pharmaceutical
with the lowest environmental impact.

8.2 Knowledge gaps
The sources and emission routes of pharmaceuticals are well known. Fluctuations in
emissions, treatment efficiency and hydrological circumstances can however result in large
differences in concentrations both in terms of space and time. The pharmaceutical loads in
river basins are frequently the object of modelling abroad. Such area studies are for the most
part still largely lacking for the Dutch water system.
In addition, more attention should be paid to the formation, persistence and effects of
degradation products, which are formed in humans, WWTPs, surface water and drinking
water production. Little is actually known about this category of substances, while their
environmental concentrations are comparable to those of their precursors, and they can be
persistent and toxic.
The toxicological assessment of substances is usually undertaken at the level of the individual
substance. But pharmaceuticals, degradation products (and other wastewater-related
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substances) are present in complex mixtures, the long-term effects of which, particularly on
the ecosystem, are not sufficiently known.
The removal efficiency for pharmaceuticals (and other wastewater-related substances) of the
different treatment techniques have been charted in part. On this basis, generic removal
percentage figures have been derived for different techniques. There are, however, large
differences between the substances and treatments, furthermore treatment efficiencies can
vary in time. The key elements – i.e., substance properties, treatment design and operational
management, seasonal influences and/or hydraulic conditions – are as yet not sufficiently
understood. It would be desirable, on the basis of recent Dutch and international research, to
conduct a solidly-founded appraisal of the technical and financial aspects involved. Account
would also have to be taken of energy consumption, CO2 emissions, reuse of raw materials,
such as nitrogen and phosphorus, and any waste streams created. This appraisal should be
location- and situation-specific. One would expect that such an appraisal process could be
completed in a few years.

8.3	Points of particular interest
This state-of-the-science report shows that a lot is known about the presence and behaviour of
human pharmaceuticals in the water cycle. Knowledge about the risks is more limited. This
report can provide the foundation for the design of research and policy over the short and
long term. To this end, a number of points of particular interest have been formulated:
No test framework
At this point in time, the legal frameworks do not contain any (environmental) quality
standards for pharmaceuticals in the water cycle. Generic signalling values and target
values are however regularly exceeded. The lack of a legal test framework can be seen as an
obstacle to the implementation of measures, because without such a test framework it is
hard to adequately answer the question: How serious is the presence of these concentrations
of pharmaceuticals in the water?, and therefore to provide a basis for the development of
measures. This calls for the derivation of quality standards and for their incorporation into
legal frameworks, or for the use of alternatives such as target values, Predicted No Effect
Concentrations (PNECs) or biological effect measurements.
Non-technical measures
Non-technical emission reduction measures, such as those contained in the Policy Letter
(Tweede Kamer, 2007), are beyond the range of this report. This does not mean however that
these measures are not important in the effort to reduce pharmaceutical emissions.
Drinking water of impeccable quality
Although provisional toxicological evaluations have turned out to be “reassuring” and
concentrations are far below risk levels, drinking water companies abide by the precautionary
principle: they provide water of impeccable quality. The presence of pharmaceuticals and
other substances in water sources and in produced drinking water is not compatible with
this principle. The uncertainties mentioned with regard to degradation products, mixture
toxicity and article 7 of the WFD are also pertinent.
Connection with other micropollutants
Measures for emission reduction for pharmaceuticals have also to take micropollutants into
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consideration. WWTP effluent contains loads of “other” micropollutants, such as softening
agents, flame retardants, preservatives, fragrances, biocides and UV filters, that are many
times larger (> 10 times) than those of human pharmaceuticals (Grontmij, 2011a). Better
removal of pharmaceuticals in the WWTP also results in an emission reduction of “other”
wastewater-related micropollutants. However, such measures do not, or hardly, reduce
emissions of micropollutants like plant protection products, certain industrial substances
and veterinary pharmaceuticals, since the emission routes of these substance groups do not
primarily involve wastewater streams.
National and international collaboration
More than half of the pharmaceutical loads in the Rhine and Meuse originates outside of
the Netherlands. An improvement of the quality of the country’s surface water therefore
requires that this load from abroad be reduced. In Switzerland,9 upstream on the Rhine,
concrete measures have already been taken and a national policy is being developed. In
addition, in Germany, at different locations and upon local initiative, WWTPs are being
extended to include extra treatment steps.10 This should in the future probably reduce the
load transported into the Netherlands by the Rhine. In the Meuse basin (Belgium) the effort is
being concentrated primarily on connecting a larger proportion of households to the WWTPs
and on improving treatment and capacity (SPGE, 2006). The fact that a significant portion
of the pharmaceutical load in the large rivers originates abroad calls for international
collaboration in the river basins for the joint reduction of the emissions.
Prioritising (which substances deserve more attention)
The analysis lists of pharmaceuticals have grown with time, so that, to begin with, a number
of substances or substance groups were selected for analysis on the basis of the expectation
that they could be found and of the existence of analysis methods for them. For many
years, research concentrated on these substances and substance groups. Slowly, however,
the realisation grew that these were possibly not the substances that always presented the
greatest risks, in terms of concentrations, loads and/or (eco)toxicity.
Attempts have been made within a variety of contexts to prioritise pharmaceuticals, usually
on the basis of an estimate of exposure and toxicity (Mons et al., 2003; Derksen et al., 2007; de
Voogt et al., 2009; van der Aa et al., 2011b; van der Aa et al., 2011c; STOWA, 2011c; AquaSense,
2003; Roos et al., 2012; NORMAN, 2009; Besse & Garric, 2007). These prioritisations provide
guidance for measurement programmes and effect studies. They moreover contribute to a
better understanding of the risks of pharmaceuticals for humans and the environment.
It is striking that substances that act on the nervous system and cardiovascular agents
usually score high in the various environmental prioritisations (STOWA, 2007a; STOWA
2011c; AquaSense, 2003; Roos et al., 2012, Besse & Garric, 2007). Measurements taken in 2011
within the framework of FATE-SEES (a European-wide WWTP effluent monitoring campaign)
9

The planning for measures in Switzerland is at an advanced stage of elaboration. The parliament has decided to



WWTPs with treatment capacities of >100,000 ie;



WWTPs whose effluent constitutes a significant proportion (>10%) of the receiving surface water;



WWTPs that discharge into bodies of water of which the surface water is used for the production of drinking water.

implement extensive treatment techniques in:

The WWTPs have to be adapted within a period of 15 years. Two techniques have been proposed: 1) Pulverised coal
followed by sand filtration and 2) Ozone plus a biological sand filter. The estimated costs for a WWTP of 100,000 i.e.
are, respectively, € 21.00 and € 9.10 per i.e. The proposed financing of these measures, on the basis of “polluter pays”
principle, is open for perusal until August 2012. For up-to-date information, visit www.bafu.admin.ch.r
10 See http://www.masterplanwasser.nrw.de.
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included a number of pharmaceuticals that had never before been measured. Nervous system
and cardiovascular agents were encountered in surprisingly high concentrations. These
substances therefore certainly deserve extra attention.
Only a limited number of substances can be researched
Only about a quarter of the pharmaceuticals in use are currently the object of studies for
their presence in the environment and/or drinking water. Because of the lack of analysis
methods it is not yet possible to make measurements of all pharmaceuticals in the water
cycle. This, in itself, is not necessary, since the presence of a specific set of pharmaceuticals
can be used as an indicator of the presence of other pharmaceuticals and degradation
products. Several pharmaceuticals have been proposed as tracers for the wastewater loads
in groundwater and surface water. These include: carbamazepine, iopamidol, amidotrizoine
acid, sulfamethoxazole, phenazone, propyphenazone, primidone and crotamiton (Fenz et al.,
2005a; Fenz et al., 2005b; Clara et al., 2004; Kahle et al., 2009; Kuroda et al., 2012; Scheurer
et al., 2011; Sadezky et al., 2008; Nakada et al., 2008). Sweeteners, such as acesulfameK, can
also be used as tracers for wastewater loads (including pharmaceuticals) (Lange et al., 2012).
Clofibrin acid can be used as a tracer for historical wastewater loads (Sadezky et al., 2008).

8.4 Recommendations
• Monitoring data on pharmaceuticals is very scattered. Connecting databases unlock the
data and make them more accessible. All Dutch monitoring data can also be entered into
EMPODAT, the database of the European NORMAN network.11 Entering data in EMPODAT
makes it possible to compare these data to those of other European countries. The
monitoring data can then be used in the European prioritisation of emerging substances.
• A test framework would increase the possibility of indicating the presence and risks
associated with pharmaceuticals in the water cycle. Over the long run, this calls for the
derivation of (environmental) quality standards. In the short run, alternatives to quality
standards can be applied, for example, target values, Predicted No Effect Concentrations
(PNECs), biological effect measurements and precautionary values like the Threshold of
Toxicological Concern. Use could be made of the PNEC values derived in the Swedish
Environmental Classification and Information System (SECIS) for pharmaceuticals (www.
fass.se), or of those to be derived in the years to come in the NORMAN network as a result
of the work of its Prioritisation of Emerging Substances Working Group (www.norman
netwerk.net). Another alternative would be to derive effect-directed quality standards on
the basis of biological effect measurements.
• The effects in wastewater and drinking water could be measured using an integrated
measurement strategy, whereby chemical and biological effect measurements are
combined. There are a number of reasons to incorporate biological effect measurements,
including:
a

only a limited number of chemical substances are, and can be, measured,

b what matters ultimately are the effects of all contaminants together (from the risk perspective,
which specific substances are responsible for the effect is less relevant),
c

the demonstration of effects is an important stimulus for the taking of measures,

d the conduct of specific bioassays (i.e., bioassays that measure a specific mode of action, and
provide insight into the nature of the risks, the substance groups responsible and therefore
the possible sources, and into the measures that could be taken).
11 The EMPODAT database contains monitoring data on “emerging substances” in European environmental samples.
Discussions are currently ongoing concerning whether drinking water data should be entered in this database.
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It is therefore desirable that future measurement programmes focus on measuring effects
that also provide insight into the presence and effects of specific groups of emerging substances. In addition, sampling methods could also be used – for both chemical and biological
determinations – that provide insight into concentrations over longer periods of time (passive
sampling).
• Knowledge about removal efficiency of pharmaceuticals (and other micropollutants) of
the different treatment techniques and the key elements (substance properties, treatment
design and operational management, seasonal influences and/or hydraulic conditions)
need to be better understood. It is recommended that, on the basis of recent Dutch and
international research, the technical aspects and cost-effectiveness be further elaborated
and a comprehensive picture outlined. This should also cover other aspects such as energy
consumption, CO2 emissions, reuse of raw materials, such as nitrogen and phosphorus,
and the creation of waste streams.
• The outlined overall picture can contain significant local variations. Area studies, which
incorporate knowledge of the local situation, provide a detailed local picture and make it
possible to prioritise locations and measures in an area-targeted manner.
• International collaboration on reducing emissions of pharmaceuticals (and other micropollutants) at the river-basin level need to be further strengthened and extended.
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Annex 1

A historical perspective on
pharmaceuticals: From emerging
substances to emission reduction
measures
Along the path from emerging substances to emission reduction measures, four phases can
be distinguished:
1

Signalling “emerging” problem substances
Since 2000, a variety of exploratory literature studies on the presence and risks of
pharmaceuticals have been conducted (Kiwa, 2000; RIWA/RIZA, 2001; Gezondheidsraad,
2001; STOWA, 2003). In 2003, RIZA, Kiwa, RIWA and RIVM published the results of collective
research into the presence of pharmaceuticals in drinking water, process water, surface
water and wastewater (Mons et al., 2003; Schrap et al., 2003; Versteegh et al., 2003, Sacher en
Stoks, 2003). Moreover, research focused on the presence of veterinary pharmaceuticals (and
hormones) in cattle breeding areas (Montforts et al., 2007).

2

Stakeholder attention
The research results motivated the establishment of an interdepartmental working group –
“Emission-reduction of human and veterinary pharmaceuticals” – comprising representatives
from the ministries of Housing, Spatial Planning and the Environment, Transport, Public
Works and Water Management, and Health, Welfare and Sport, as well as RIZA, RIWA,
Vewin and RIVM.12 The working group reports to the National Administrative Consultation
Committee on Water (LBOW) and its objective is to “minimise the environmental impact of
the use of human and veterinary pharmaceuticals.”
In 2005, the working group commissioned a chain analysis, which included an inventory of
possible emission reduction measures (Derksen and Roorda, 2005). This was followed by a more
detailed study of the feasibility of the highest-potential measures for human pharmaceuticals
(Roorda en Derksen, 2006) and veterinary pharmaceuticals (Snijdelaar et al., 2006). The
studies’ results were used as input to the working group’s Policy Letter. In February 2007,
the State Secretary sent this Policy Letter (VROM, 2007) to the Lower House, where planned
and already-initiated actions on emission reduction were elaborated. These included actions
to promote environmentally-friendly pharmaceuticals (Green Pharmacy), and targeted
pharmaceutical use (electronic patient record). These actions have positive environmental
effects over the long term. Other actions focus on research into pharmaceutical emissions
from various sources and end-of-pipe treatment techniques for pharmaceutical removal.
Although these techniques are still in their early infancy when it comes to implementation in

12

This working group is currently dormant.
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(city) wastewater, there are other techniques available that are implementable and can have
a positive environmental impact, even in the medium term, according to the 2009 progress
report to the Lower House (Tweede Kamer, 2009).
3

Supplementary studies/filling knowledge gaps
Studies have been carried out in three areas with the aim of filling knowledge gaps:
• Studies into the contributions of hospitals, healthcare institutions and residential areas
• (STOWA, 2009a; STOWA 2011c). These studies have supplied the emission data that permit
the calculation of the relative contributions. In a couple of area studies (STOWA, 2011b;
ter Laak en Hofman, in prep.) these emission data were used to determine hotspots.
• Studies into additional treatment techniques, including activated carbon, oxidation and
filtration (STOWA, 2010b; 2009b, c; 2007b, c; 2006; Grontmij|AquaSense, 2007).
• Studies into new sanitation concepts, including urine-separation and Pharmafilter
(an integral concept for hospital waste and wastewater). For a project overview see
http://nieuwesanitatie.stowa.nl.

4

Policy elaboration/preparation
The results of the Policy Letter actions and of the supplementary studies motivated the
Ministry of Infrastructure and the Environment (I&M) to proceed with research into how
and where in the wastewater treatment chain the wastewater could be treated with a view to
reducing the load of human pharmaceuticals on the aquatic environment. Also, explorations
were carried out into how these measures could be financed. The report has been completed
(Grontmij, 2011a) and will serve as input to a new Policy Letter to be presented to the Lower
House in the second half of 2012.
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Annex 2

Environmental assessment in the
pharmaceutical approval process
The EU Directive 2001/83/EC (EC, 2001), modified in Directive 2004/27/EC (EC, 2004),
establishes that only registered and approved pharmaceuticals can be used. This registration
can be carried out centrally at the European Medicines Agency (EMA), or for each country
separately. In the Netherlands, it is the Medicines Evaluation Board (CBG) that is responsible
for the group of pharmaceuticals available.
The registration procedure for human pharmaceuticals also requires that an environmental
assessment be carried out. The details of how this assessment is to be conducted are laid out
in the EMEA “Guideline on the environmental risk assessment of medicinal products for
human use” (EMEA, 2006a; modified in EMEA, 2006b). The first step in the risk assessment
involves a calculation of the worst-case concentration, which is compared to a threshold
value (0.01µg/L). This threshold value is not scientifically-founded and should actually be set
lower (Montforts, 2005; Schmitt et al., 2010). If the threshold value is exceeded, or if effects
on reproduction are expected at lower concentrations (for example, through hormone
disrupting properties), a more extensive, phase-2 risk assessment is necessary. In this phase,
the predicted environmental concentrations are refined and compared with Predicted No
Effect Concentrations. A possible environmental risk, however, cannot constitute grounds for
the refusal of a substance’s approval, because of the major importance of pharmaceuticals to
public health. Nor is there any obligation to monitor a substance’s presence and effects on the
environment after it has received approval (Montforts et al., 2006).
There has been a call to make the information from the environmental assessment public
upon the pharmaceutical’s registration (Montforts & Keessen, 2008). The European Medicines
Agency (EMA) has recently agreed that, following a pharmaceutical’s EU-wide registration and
approval, a table containing all the results (endpoints) of the environmental component of
the registration dossier should be included in the European Public Assessment Report (EPAR)
that is posted on the EMA website (www.ema.europa.eu). For pharmaceuticals registered
and authorised in the Netherlands, the Medicines Evaluation Board can post a summary of
the environmental studies in the Medicines Data Bank on www.cbgmeb.nl. However, in the
spring of 2012, no environmental information had yet been made available on either site (van
der Aa et al., 2011b).
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Annex 3

ATC main groups
ATC code (according to http://www.whocc.no/atc_ddd_index/), main group indication (first
letter)
A Alimentary tract and metabolism
B Blood and blood forming organs
C Cardiovascular system
D Dermatologicals
G Genitourinary system and sex hormones
H Systemic hormonal preparations, excluding sex hormones and insulins
J

Antiinfectives for systemic use

L

Antineoplastic and immunomodulating agents

M Musculo-skeletal system
N Nervous system
P

Antiparasitic products, insecticides and repellents

Q Veterinary medicines
R Respiratory system
S

Sensory organs

V Various
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Annex 4

Monitoring results (ranges)
Substance description

n

concentration

References

range (μgL)
Amidotrizoine acid /diatrizoate (X-ray constrast medium)
WWTP effluent
surface water: large rivers

8

<0.05 - 0.100

171

0.02 – 0.75

Grontmij|AquaSense, 2008a
ter Laak and Hofman, in prep., REWAB database 2010***, RIWA database
2011*****

surface water: regional

24

<0.01 - 0.44

ter Laak and Hofman, in prep., Grontmij|AquaSense, 2008a

groundwater and bank-filtration water

5

<0.01

De Jongh et al., 2012

drinking water

52

<0.01 - 0.09

REWAB database 2010

WWTP effluent

46

0.23 - 1.5****

surface water: large rivers

246

<0.005 - 0.3

Carbamazepine (antiepileptic)
STOWA, 2011a; Grontmij|AquaSense, 2008a; STOWA, 2006: Schrap et al. 200;
STOWA, 2011b
ter Laak and Hofman, in prep., Versteegh et al., 2007, RIWA database
2011*****
surface water: regional

36

0.01 - 0.54

groundwater and bank-filtration water

29

0.01 - 0.083

drinking water

42

<0.01 – 0.025

60

<0.01 - 0.89

STOWA, 2011a; Grontmij|AquaSense, 2008a;
ter Laak and Hofman, in prep.
De Jongh et al.,2012, Versteegh et al., 2007
Versteegh et al., 2007

Diclofenac (painkiller)
WWTP effluent

Schrap et al., 2003; STOWA, 2006; STOWA, 2009; STOWA,
2011a; STOWA, 2011b; Grontmij|AquaSense, 2007; Grontmij|AquaSense, 2008a,

surface water: large rivers

232

<0.0004 - 0.18

ter Laak and Hofman, in prep. Versteegh et al.,2007***, REWAB database
2010*** RIWA database 2011*****

surface water: regional

54

<0.01 - 0.70

groundwater and bank-filtration water

155

<0.01 - 0.012

drinking water

155

<0.01** - 0.018

34

0.71 - 27.5

Schrap et al., 2003; STOWA, 2011a; ter Laak and Hofman, in prep.
Grontmij|AquaSense, 2008a
REWAB database 2010, De Jongh et al., 2012, Versteegh et al., 2007
REWAB database 2010, Versteegh et al.,2007

Metformin (antidiabetic)
WWTP effluent

STOWA, 2011a; STOWA, 2011b; unpublished results waterschap Regge & Dinkel,
2011

surface water: large rivers

43

0.07 - 4.2

ter Laak and Hofman, in prep. RIWA database 2011*****

surface water: regional

32

0.4 – 6.4

STOWA, 2011a, ter Laak and Hofman, in prep.

groundwater and bank-filtration water

13

<0.05

Unpublished results, KWR

drinking water

6

<0.05

Unpublished results, KWR
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Metoprolol (β-blocker)
WWTP effluent

46

0.32 - 3.2

STOWA, 2011a; Grontmij|AquaSense, 2008a; STOWA, 2006; Schrap et al., 2003;
STOWA, 2011b

surface water: large rivers

196

<0.005 - 0.29

surface water: regional

36

<0.01 - 1.2*

groundwater and bank-filtration water

29

<0.01

drinking water

91

<0.06 – 0.026

46

<0.01 - 0.35

ter Laak and Hofman, in prep. Versteegh et al., 2007***, REWAB database
2010***, RIWA database 2011*****
STOWA, 2011a; Grontmij|AquaSense, 2008a; ter Laak and Hofman, in prep.
De Jongh et al., 2012, Versteegh et al., 2007 drinking water
REWAB database 2010, Versteegh et al., 2007

Sulfamethoxazole (antibiotic)
WWTP effluent

STOWA, 2011a; Grontmij|AquaSense, 2008a; STOWA, 2006; Schrap et al., 2003;
STOWA, 2011b

surface water: large rivers

306

<0.004 - 0.16

ter Laak and Hofman, in prep., Versteeg et al.,2007***, REWAB database
2010***, RIWA database 2011*****

surface water: regional

36

0.01 - 0.20*

ter Laak and Hofman, in prep.

56

<0.01 – 0.014

STOWA, 2011a; Grontmij|AquaSense, 2008a;
Versteeg et al.,2007

90

<0.01 – 0.025

REWAB database 2010, Versteeg et al.,2007

groundwater and bank-filtration water
drinking water
*

Traces also found below the detection limit, so that the detection limit was higher than the given value.

**

Detection limit in REWAB database was occasionally 0.02 µg/L.

***

Concerns water drawn from the Meuse and Rhine basins for the production of drinking water.

**** In STOWA (2011b) a single peak at 13 µg/L.
***** Concerns water from the Meuse, Rhine and Drenthe Aa basins near drinking water intake points and on the borders
with Belgium and Germany.
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Annex 5

Traditional safety factors in risk
assessments provide insufficient
protection from pharmaceuticals
with specific effects
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Annex 5: Traditional safety factors in risk assessments provide insufficient protection
from pharmaceuticals with specific effects

Figure 1	Comparison of effect concentrations for acute, chronic and specific toxicity. LOEC = Lowest observed effect concentration, i.e.,
the lowest concentration at which an effect is still measured. LC50 = the lethal concentration at which 50% of laboratory
animals die. Source: Boxall et al. (2008).
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expressed in the Predicted Environmental Concentration (PEC), which is measured or
calculated. While the toxicity is expressed in a Predicted No Effect Concentration (PNEC),
which is derived from laboratory toxicity tests. A PEC/PNEC ratio greater than 1 means that a
risk exists.
Safety factors are typically applied to correct for uncertainties. The correction factors vary
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Safety factors are typically applied to correct for uncertainties. The correction factors vary
from 10 to 1,000, based on:
• Acute/chronic ratio = 10
• Differences between species = 10
• Differences between laboratory and field = 10
For specific active substances, such as pharmaceuticals or hormones, these correction
factors do not always provide sufficient protection (Boxall et al., 2008; Ankley et al., 2005.:
Cunningham et al., 2006). Figure 1 shows the acute, chronic and specific effects of a few
pharmaceuticals. For illustration purposes, the figure also contains information on the
hormones ethinyloestradiol (EE2, “the pill”) and oestradiol (E2). The difference between acute
mortality and specific effects (such as hormone disruption, or on behaviour or activity) is
more than 1,000 for all the pharmaceuticals presented and, for fluoxetine and propanolol,
even much more.
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Annex 6

Provisional standards and PNEC
values for surface water
Provisional standards for Diclofenac and Ethinyloestradiol in the Water Framework
Directive
On 31 January 2012, the revised list of WFD priority substances was published, see
http://europa.eu/rapid/pressReleasesAction.do?reference=IP/12/88

and

http://ec.europa.eu/

environment/water/waterdangersub/lib_pri_substances. htm#prop_2011_docs. Among the
new priority substances proposed are two pharmaceuticals: namely, the painkiller diclofenac
and 7 alpha-ethinyloestradiol, the active ingredient in the contraceptive pill.13
The proposed standard (A AEQS) is 0.1 µg/L for diclofenac and 0.035 ng/L for ethinyloestradiol.
This standard applies to annual averages in inland surface waters, that is, rivers, lakes and
related artificial or significantly altered water bodies. For other surface waters (i.e., marine
waters) the proposed standard for diclofenac is ten times lower, that is, 0.01 µg/L, and five
times lower for ethinyloestradiol, that is, 0.007 ng/L .
The standards were derived according to the system contained in the European Technical
Guidance Document (TGDEQS, 2011), which takes account of specific effects (kidney damage
for diclofenac, hormonal effects for ethinyloestradiol).
If everything runs according to plan, this standard will be obligatory in 2021, with the
implementation of the second river basin management plan. Exceptions will however be
possible for special cases.
Provisional PNEC values
Van der Aa et al. (2011c) derived provisional Predicted No Effect Concentrations for 11
pharmaceuticals: namely, diclofenac, metformin, paracetamol, amoxicillin, irbesartan,
carbamazepine, fluoxetine, furosemide, ofloxacin, sulfamethoxazole, trimethoprim and
valsartan. The PNECs are based on data from the Swedish SECIS system (see “Swedish
PNEC Values” below). The derivation took the lowest value per taxonomic group, and then
applied the ECHA (2008) correction factors. These correction factors were also used for
REACH (industrial substances), biocides and in setting the European standards in the Water
Framework Directive. The derived PNEC standards vary significantly, from 0.026 µg/L for the
antibiotic ofloxacin to 320000 µg/L for the diuretic furosemide.
Swedish PNEC values
In Sweden, the ecotoxicity data on pharmaceuticals have been collected for quite a long
time within the framework of the Swedish Environmental Classification and Information
System (SECIS). This is a voluntary system that is kept updated by the Swedish Association
for the Pharmaceutical Industry (LIF) and supported by various health-sector stakeholders
(Ågerstrand and Rudén, 2010). The data are used for risk assessments, which can be accessed
on http://www.fass.se/LIF/miljo/miljoinfo.jsp, by clicking on “Alfabetiskt på läkemedel” and
13 The provisional standard for the natural female hormone 17 beta oestradiol is also new. This subject however is beyond
the range of this report.
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then on the substance or ATC code concerned. Environmental information is available for
2064 pharmaceutical products, but the number of active substances in these products is not
easy to discover.
Swiss provisional standards
Since 2006 in Switzerland, the large-scale “MicroPoll Strategy” project has been underway
with the objective of reducing micropollutants in wastewater and surface water
(www. bafu.ch). The project has derived provisional standards for various emerging
substances, including 13 pharmaceuticals: namely, atenolol, azithromycin, bezafibrate,
carbamazepine, clarothromycin, diclofenac, erythromycin, ibuprofen, mefenamic acid,
metoprolol, naproxen, sulfamethoxazole and trimethoprim. (http://www.oekotoxzentrum.
ch/expertenservice/ qualitaetskriterien/vorschlaege/index). The procedure also included a
number of other substances for which it was concluded that, at this time, no standards can
be derived: namely, the iodinated X-ray contrast media diatrizoate, iomeprol and iopamidol,
iopromide, the beta-blocker sotalol and 10,11–dihydro10,11dihydroxycarbamazepine, a
carbamazepine metabolite.
The derivation is in accordance with the method that is used for WFD priority substances; it
has an ecotoxicological base and safety factors are applied. Secondary poisoning risks are not
addressed.
The maximum allowable concentration values (MACEQS) range between 0.09 ug/L for
azithromycin and 1100 µg/L for trimethoprim, both antibiotics. The annual average values
(A AEQS) range between 0.04 ug/L for the antibiotic erythromycin and150 µg/L for the betablocker atenolol.
Pharmaceuticals: German standards in preparation
In North Rhine-Westphalia (Germany), work has been done in the past on guide-values for
pharmaceuticals in surface water. These guide-values can be found in the manual for monitoring
surface water in North Rhine-Westphalia: Leitfaden Monitoring Oberflächengewässer Teil D
/ Anlage 4 Stoffe: Umweltqualitätsnormen und Orientierungswerte (http://wiki.flussgebiete.
nrw.de/img_ auth.php/f/f8/D4_Version1_Aug09_neu.pdf). Apparently, these guide-values
have not (yet) been given official status.
Guide-values have been established for a total of 23 pharmaceuticals: various painkillers,
cardiovascular agents, the antiepileptic carbamazepine and the iodinated X-ray contrast
medium iopamidol. The guide-values have different backgrounds (for the details, see the
standard list):
• For most of the substances the guide-value is a preventive precautionary value established
at 0.1 ug/L.
• For six substances the guide-value is based on standards for substances that are specific
to a river-basin area [Länderarbeitsgemeinschaft Wasser (LAWAO 10.03 II): Entwicklung
von Qualitätsnormen zum Schutz aquatischer Biota in Oberflachengewässern für
flussgebietsspezifische Stoffe (II)].
• For two substances the guide-value is based on a Predicted No Effect Concentration (PNEC)
derived within a large research project of the Bund/Länderausschuss für
• Chemikaliensicherheit (BLAC) into pharmaceuticals in 2003 [http://www.blac.de/servlet/
is/2146/P2c.pdf]. For these two substances (carbamazepine and propanolol) the standard is
therefore based on ecotoxicological data. For carbamazepine, chronic toxicity data were
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used with a safety factor of 10, for propanolol the standards is based on acute data with a
safety factor of 1,000.
• For diclofenac, despite the much higher PNEC value, a preventive value of 0.1 ug/L is
established because of the very high sensitivity of avifauna (birds) to this pharmaceutical.
• For clofibrate acid, a preventive value of 10 ug/L is established.
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Annex 7

Target values in drinking water and
drinking water sources
Q21 target values for drinking water
The drinking water sector has formulated new target values within the BTO “Q21 Water
quality for the 21st century” project. These consist of ethical limits that are to be striven
after and go beyond what is legally required. The central notion is that environmentally-alien
substances do not belong in drinking water, but that their presence cannot be completely
prevented. For this reason drinking water companies, in any event, apply the standstill
principle: concentrations and toxic activities may not increase. Moreover, target values are
developed for maximum concentrations of environmentally-alien substances, derived from
safe limit values for food additives and based on the assumption that a maximum of 10% of
the toxic load may come from consuming drinking water. According to these target values,
drinking water may contain a maximum of 10 ng/L of a genotoxic substance or a steroid
hormone, such as female hormones (oestrogens) or glucocorticosteroids, and 0.1 ug/L of most
other substances, such as pharmaceuticals. The concentration of all genotoxic substances
and steroid hormones combined may not exceed 50 ng/L; for other substances, the maximum
total load is 1 ug/L. The target values mostly coincide with the current standards, but they are
clearly stricter in the case of genotoxic substances.
Target values are voluntary ethical limits that are to be worked toward and go beyond what
is in the law. Frequently they are, as yet, not attainable. They offer water companies a guide
for their research, water treatment design and lobbying of government entities and parties
in the water cycle, and provide them with a point of reference upon the discovery of a new
substance. If the concentration is below the target value, then there is no cause for concern;
if it is above the target value, then further research and actions are advisable. (Source:
http://www.kwrwater.nl/page.asp?id=1806).
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Annex 8

Calculating limit values in drinking
water and drinking water sources
The fundamental principle of a health limit value for drinking water is a safe daily intake
(Versteegh et al., 2003; Versteegh et al., 2007; Schriks et al., 2010). This intake is known as a
Tolerable Daily Intake (TDI) or an Acceptable Daily Intake (ADI).
For the calculation of a TDI or ADI, the assumptions used are a body weight of 60 or 70 kg and
a drinking water consumption of 2 litres per day. Moreover, an allocation factor of exposure
via drinking water of 10 % is applied. This approach ensures that the total daily intake from
all possible sources – other than drinking water – does not exceed the TDI.
From this, one can deduce that:
The health limit value for drinking water = (TDI x bw x P)/C
Where:
TDI = tolerable daily intake
Bw = bodyweight, usually 60 or 70 kg;
P = contribution of drinking water to total exposure
C = drinking water consumption, usually 2 litres per day.
Such a value is however not always available for pharmaceuticals. As an alternative a Maximum
Residue Limit (MRL) is used (Versteegh et al., 2003; Versteegh et al., 2007), which can then be
converted into an ADI or TDI. If an MRL is also not available, then a minimum therapeutically
effective dose can be used with a safety factor of 100 (Versteegh et al., 2003; Versteegh et al.,
2007; WHO, 2011). Also, for pharmaceutical metabolites or transformation products, use can
sometimes be made of a provisional TDI or ADI derived on the basis of toxicological literature
data from laboratory animals. In such cases, a safety factor of 100 is applied. This is made up
of a factor of 10 for variations between laboratory animals and humans, and a factor of 10 to
correct for variations of sensitivity within a single species.
An example of a pharmaceutical for which the minimum therapeutically effective dose has
been used to derive a health limit value is phenazone (Versteegh et al., 2003; Versteegh et al.,
2007). The minimum therapeutically effective dose is 250 mg/day. From this a provisional ADI
of 250/100 = 2.5 mg per person per day can be derived. The provisional health limit value is
therefore 2.5 * 10% / 2 L water per person = 125 µg/L .
On the basis of the above methods, RIVM has derived toxicological limit values for 29
pharmaceuticals, including X-ray contrast media (Versteegh et al., 2003; Versteegh et al.,
2007; van der Aa et al., 2011a). The values range between 1 µg/L for the beta-blocker bisoprolol
and 415 mg/L for the iodinated X-ray contrast medium iopamidol. In addition, KWR has
also derived provisional limit values for 13 other pharmaceuticals and their transformation
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products (Schriks et al., 2010; De Jongh et al., 2012). In its report, the WHO presents an
overview of international publications in which this pharmaceutical risk assessment method
for drinking water is applied.
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Annex 9

Preferred techniques for the
removal of pharmaceuticals at
WWTPs (Grontmij 2011)
Preferred techniques

Removal efficiency

Energy use

Waste stream

Activated carbon filtration

70%

Low

Present

Ozonisation combined with supplementary activated carbon filtration

90%

Average

None

Advanced oxidation process (AOP) combined with supplementary activated

90%

Average

None

95%

High

Present

carbon filtration
Nanofiltration combined with supplementary activated carbon filtration
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