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Global Water Research Coalition 

Global cooperation for the generation of water knowledge 

GWRC is a non-profit organization that serves as a collaborative mechanism 
for water research. The benefits that the GWRC offers its members are water 
research information and knowledge. The Coalition focuses on water supply 
and wastewater issues and renewable water resources: the urban water cycle. 

The members of the GWRC are: the Awwa Research Foundation (US), CRC 
Water Quality and Treatment (Australia), EAWAG (Switzerland), Kiwa 
Water Research (Netherlands), PUB (Singapore), Suez Environment - CIRSEE 
(France), Stowa - Foundation for Applied Water Research (Netherlands), 
DVGW-TZW Water Technology Center (Germany), UK Water Industry 
Research (UK), Veolia- Anjou Recherche (France), Water Environment 
Research Foundation (US), Water Research Commission (South Africa), 
WaterReuse Foundation (US), and the Water Services Association of 
Australia. 

These organizations have national research programs addressing different 
parts of the water cycle. They provide the impetus, credibility, and funding 
for the GWRC. Each member brings a unique set of skills and knowledge to 
the Coalition. Through its member organizations GWRC represents the 
interests and needs of 500 million consumers. 

GWRC was officially formed in April 2002 with the signing of a partnership 
agreement at the International Water Association 3rd World Water Congress 
in Melbourne. A partnership agreement was signed with the U.S. 
Environmental Protection Agency in July 2003. GWRC is affiliated with the 
International Water Association (IWA). 



Disclaimer 
This study was jointly funded by GWRC members. GWRC and its members 
assume no responsibility for the content of the research study reported in this 
publication or for the opinion or statements of fact expressed in the report. 
The mention of trade names for commercial products does not represent or 
imply the approval or endorsement of GWRC and its members. This report is 
presented solely for informational purposes. 



Preface 

The issue of pharmaceuticals in the water cycle is part of the research agenda of most 
of the members of the Global Water Research Coalition (GWRC). It is on the priority 
list of the GWRC. 
In December 2003 a Research Strategy Workshop was held in Nieuwegein, the 
Netherlands (GWRC, 2004b). During this workshop the members of the Global 
Water Research Coalition agreed that the first step of the research agenda should be 
to consolidate a list of compounds that can be used to judge risks for the water cycle 
(i.e. environmental and health risks) and to be able to compare results. 

This report was prepared by Pirn de Voogt (Kiwa Water Research), Frank Sacher 
(TZW), Marie-Laure Janex-Habibi, Auguste Bruchet (both CIRSEE), Leo Puijker and 
Mar greet Mons (both Kiwa Water Research). 
Quality assurance was conducted by the members of the GWRC project steering 
group : Janet Khiari, Gordon Wheale and Frans Schulting. 
Valuable information was received from the e-mail support group consisting of 
Joshua Dickinson (WRF), Susan Glassmeyer (EPA), Francine Manciot 
(Anjou), Annatjie Moolman (WRC), Gayle Newcombe (CRC WQT), Bert Palsma 
(STOWA), Aik Num Puah (PUB), Mitchell Kostich (US EPA), Margaret Stewart 
(WERF), John Fawell (Fawell Consult) and Shane Snyder (Southern Nevada Water 
Authority). 
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Summary 

Numerous studies have shown that a wide variety of pharmaceutical^ active 
compounds (PhACs) are present in wastewater effluents, surface waters, and ground 
waters (GWRC, 2004a). The large number of compounds reported makes it difficult 
to evaluate the impact of all PhACs on the water cycle. The Global Water Research 
Coalition identified that the first step of the research agenda should be to consolidate 
a list of compounds that can be used to judge risks for the water cycle. The objective 
of this desk study was to develop a list of representative priority PhACs that can be 
used for further studies on analytical methods, occurrence, treatability, and potential 
risks associated with exposure to PhACs in the water supply. 

Major existing prioritization efforts in USA, Europe, Australia and East Asia were 
identified and criteria used in those prioritization exercises evaluated. A total of 25 
reports were used which had the prioritization of PhACs as key subject. The total 
number of pharmaceuticals thus reviewed was 153 compounds. The number of 
appearances of PhACs in the 25 base documents was scored. In total 17 different 
criteria were identified. These were subjected to expert judgement and evaluation. 
Seven criteria were regarded as being of special relevance and selected for drawing 
up a priority list. 

The number of criteria relevant for a chemical was scored, and a ranking based on 
number of fulfilled criteria was made. The ranked PhACs are grouped in three 
classes: 

Class I (high priority) involves PhACs that are mentioned in five or more of 
the base documents cited, and that fulfil more than four of the seven criteria. 
Class II (medium) contains PhACs that are mentioned in more than two of the 
base documents cited, and that fulfil more than two criteria. 
Finally, Class III (low) PhACs are mentioned in two documents of the base 
documents cited, and fulfil two or more of the criteria selected. 

The final result of the classification of the reviewed pharmaceuticals into these three 
classes is: 10 (high), 18 (medium) and 16 (low) priority PhACs. 
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1 Introduction 

Pharmaceutically active compounds (PhACs) are a family of compounds that 
includes prescription drugs, over-the-counter medications, drugs used in hospitals 
(such as X-ray contrast chemicals) and veterinary drugs. Numerous studies in 
Europe and the United States have shown that a wide variety of pharmaceuticals are 
present in wastewater effluents, surface waters, and ground waters (GWRC, 2004a). 
The very large number of compounds reported in the literature makes it difficult to 
interpret findings and to assess the impact of all PhACs on the water cycle. During a 
GWRC Research Strategy Workshop the members of the Global Water Research 
Coalition agreed that the first step of the research agenda should be to consolidate a 
list of compounds that can be used to judge risks for the water cycle (i.e. 
environmental and health risks) and to be able to compare results (GWRC, 2004b). 

Therefore a project was started, the objective of which is to develop a GWRC list of 
representative priority PhACs that can be used for further studies on analytical 
methods, occurrence in the aquatic environment and water resources used for 
drinking water production, treatability, and potential risks associated with exposure 
to PhACs in the water supply. The list will identify compounds that are most likely 
found in water supplies and that may have significant impacts on human and 
environmental health. The use of such a list within the GWRC membership will 
ensure that future research findings are reliable and comparable. The list will help 
guide the membership in follow up studies that relate to monitoring, development of 
analytical methods, toxicity screening, identifying hot spots of emissions, and 
evaluation of treatment processes. 
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2 Approach 

Several prioritization setting exercises for pharmaceutical^ active compounds have 
been and are currently being undertaken by regulatory bodies and research 
institutions in various countries. The criteria used in each of these efforts depend on 
the objectives of the body conducting the exercise. 

The approach used in the present study, rather than embarking upon a new priority 
setting effort, was to identify some major existing prioritization efforts in North 
America, Europe, Australia and East Asia, and evaluate criteria used in those 
prioritization exercises. The study will thus yield a representative and qualitative 
profile ('umbrella view') of priority pharmaceuticals based on an extensive set of 
criteria. It should be noted that the present study did not involve any new individual 
scoring of pharmaceuticals on particular criteria, as it made use of existing ranking 
documents only. 

Documentation from ongoing pharmaceuticals prioritization activities were collected 
and additional information was submitted by a so called e-mail support group of 
experts related to the GWRC. Additional key references from the scientific literature 
were selected and screened for further underpinning of poorly represented criteria in 
the prioritization exercises. A total of 25 reports and references were used which had 
the prioritization of pharmaceuticals as key subject. The number of appearances of 
pharmaceuticals in the 25 base documents was scored. 

Furthermore a list of criteria was established that gathered the criteria applied in the 
25 base documents for selection or prioritization of pharmaceuticals. In total 17 
different criteria were identified, most of them being used in several documents. The 
criteria employed in the base documents were subjected to expert judgement and 
evaluation by the project team members. Based on this judgement, seven criteria 
were regarded as being of special relevance for the GWRC members and selected as a 
basis for drawing up a second priority list. Subsequently, the initial list of 
pharmaceuticals (which was established by applying all criteria) was re-evaluated 
based on the selected seven criteria. Documents from the base set that did not use 
any of the final set of criteria were omitted and pharmaceuticals that did not score on 
these final criteria were deleted from the initial list. Finally the chemicals were 
ranked based on the number of fulfilled criteria. The approach is illustrated in Figure 
1. 
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n t p r a t i i r p 

„ 

selection of relevant criteria 

„ 

all together : 25 publications, 
153 compounds & 17 criteria 

7 criteria 

20 publications 

I 
scoring of the 153 compounds 

according to the 7 criteria lists I, II and III 

Figure 1. Schematic representation of approach used 
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