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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 the collaborative mechanism
for water research. The product the GWRC offers its members is water research information
and knowledge. The Coalition will focus on water supply and wastewater issues and re-
newable water resources: the urban water cycle.

The founder members of the GWRC are: the Awwa Research Foundation (US), CRC Water
Quality and Treatment (Australia), Kiwa (Netherlands), Sues Environment- CIRSEE (France),
Stowa - Foundation for Applied Water Research (Netherlands). DVGW - TZW Water Techno-
logy Center (Germany), UK Water Industry Research (UK), Veolia- Anjou Recherché (France),
Water Environment Research Foundation (US), Water Research Commission (South Africa),
WaterReuse Foundation and the Water Services Association of Australia.

These organizations are all in charge of a4 national research program addressing the
different parts of the water cycle. They have provided the impetus. credibility. and initial
funding for the GWRC. Each brings a unique set of skills and knowledge to the Coalition,
Through its member organisations GWRC represents the interests and needs of 500 million
consumers.

The Global Water Research Coalition is affiliated with the International Water Association
(IWA). The GWRC was officially formed in April 2002 with the signing of the partnership
agreement at the International Water Association 3rd World Water Congress in Melbourne.

With the US Environmental Protection Agency a partnership agreement was signed in July
2003.
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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,
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EXECUTIVE SUMMARY

Recent studies in Europe and the United States have documented the presence of a wide
variety of pharmaceuticals and substances contained in personal care products in the
environment. Information on the effects of the presence of PPCPs on aquatic life or human
health is largely lacking. A workshop was held in Nieuwegein at December 15/16 2003 in
order to define a GWRC research strategy on pharmaceuticals and personal care products.

It was concluded that the first step to be taken was to develop a priority list of pharmaceuticals
to identify those on which research should be focussed. Secondly, the implementation of a
limited number of validated analytical methods is required. A large number of analytical
methods are used worldwide but the number of validated methods is limited. This is a
prerequisite for conducting further research (occurrence, fate, treatment) in order to ensure
harmonization of measurement methods and reliability and comparability of future data
collected within the coalition. When robust and reliable analytical methods are available,
studies on removal during wastewater treatment and drinking water treatment can be conducted.
The potential risk of pharmaceuticals in the (water) environment is not clear but waste-
water treatment plants are one of the main point sources. Information is, therefore, needed
to play an active role in understanding sources, processes and relative contributions.

Although human health effects are unlikely, the public can still be concerned about the
presence of pharmaceuticals in (drinking) water. This makes the subject also an issue of
perception. It is therefore of importance to avoid negative media attention on this topic and
develop a communication and risk perception strategy. This can be done in a multi-stakeholder
workshop.

Considering personal care products it was concluded that data are lacking. Furthermore, it
would be hard to determine which personal care products should be included in the
research and which not. Most of the personal care products are bulk chemicals used in
paint, food and cleaning agents as well. Further research should focus on pharmaceuticals
and mention personal care products only when relevant. Personal care products were
identified as a relevant issue for further research within GWRC.

Based on the research strategy , five project themes were defined:
1. Priority list of pharmaceuticals
2a. Procedures & exchange of knowledge for analytical techniques
2b. Occurrence & removal efficiency of pharmaceuticals in wastewater treatment
2¢. Occurrence & removal efficiency of pharmaceuticals in drinking water treatment
3. A multi-stakeholder workshop.
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INTRODUCTION

1.1 BACKGROUND

Recent studies in Europe and the United States have documented the presence of a wide
variety of pharmaceuticals and substances contained in personal care products in the
environment. Pharmaceuticals and Personal Care Products (PPCPs) can enter the water
system via several routes, but municipal sewage effluent is considered to be one of the most
important routes. Pharmaceuticals have been detected in sewage influent and effluent. in
surface water and groundwater and occasionally also in drinking water.

Information on the effects of the presence of PPCPs on aquatic life or human health is
largely lacking.

In the light of this concern, the board of the Global Water Research Coalition determined

this subject to be of priority for collaborative research and decided to conduct a project

with the aim of 1o

s Review the present knowledge on occurrence, fate and effects of PPCPs in the urban
water cycle

* Develop a research strategy and accompanying suite of project proposals

This workshop report summarises the presentations and findings of the Workshop on
Pharmaceuticals and Personal Care Products in the Water Cycle that was held in Nieuwe-
gein at December 15(16 2003. The GWRC rescarch strategy on pharmaceuticals and personal

care products that was defined during this workshop is also published separately.

1.2 OBJECTIVE AND APPROACH OF THE WORKSHOP
OBJECTIVE
The objective of the workshop was to present the current state of knowledge on PPCPs and to
identify knowledge gaps and research needs. Based on the overview on the current know-
ledge and the missing links a research strategy was developed.

APPROACH

As a first step information on occurrence, fate and effects of pharmaceuticals and personal
care products was collected via a literature survey. Additional information was obtained
from the GWRC-partners. This information was summarised in the State of the Science
report Pharmaceuticals and Personal Care Products in the Water Cyele: an International Review.

A workshop was organised to discuss the report and to develop a research strategy within
GWRC on pharmaceuticals and personal care products within the water cycle. This Research
Strategy Workshop was held on December 15 and 16 2003 at Kiwa Water Research in
Nieuwegein, The Netherlands (the workshop program and presentations is given in annex
1).
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1.3 THE WORKSHOP

The first day of the workshop was attributed to the current state of knowledge. GWRC-
members had been invited to give presentations on the different aspects of the subject.
These formed, together with the State of the Art report, a view on the information currently
available on the issue of PPCPs in the water cycle.

The second day started with the presentation by Leo Puijker of the ‘State of the Art’ report.
Based on the presentations of Day 1 and the 'State of the Art’ report a list of knowledge gaps
and research needs was set up.

During the workshop all participants actively contributed to the design of the draft project
proposals, resulting in an enthusiastic and co-operative atmosphere with many lively and
interesting discussions. Participants were content with the outline and organisation of the

different aspects of the workshop.
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2

KNOWLEDGE ON PPCP IN THE WATER
SYSTEM

2.1 PRESENT KNOWLEDGE, GAPS AND NEEDS
For the different stages in the route of PPCP from production . use and emissions to occur-
rence in water systems and impact on the environment and public health, presentations
were given by the participants. Together with the review study, the presentations were the
cornerstones of the map of knowledge regarding PPCP in the water system. The information
was discussed by the participants and for each of the stages the knowledge gaps and needs
were identified. The results are summarised in the next paragraphs.

2.2 USE & EMISSIONS
(presented by Marie-Laure Janex-Habibi)
Data on presription and use are important as a basis for selection of priority pharma-
ceuticals to be monitored. However, differences exist between countries on the availability
of such data. For Europe in general there is a fairly good view on use and production, but
for individual countries it differs per the country whether these data are easily accessible.
For the US not many data are available yet. The EPA indicated that they probably have
access to the prescription data, but patterns of use are likely to differ between Europe and
the US. It was concluded that trying to acquire detail information about the prescription
data, especially for over-the-counter drugs will cost a lot of effort and money.
It was felt that overall there is enough information on pharmaceuticals available to give
focus to the future activities and research.Based on this information the development
within the framework of the GWRC of a priority list of pharmaceuticals is needed.
Regarding Personal Care products very limited data are available.

Sufficient data on pharmaceuticals but, limited data on PCP are present

Need of a priority list of Pharmaceuticals

2.3 OCCURRENCE

(presented by Djanette Khiari, Susan Glassmeyer and Frank Sacher)

Pharmaceuticals are ubiquitous present in the water environment. Upstream of waste water
treatment plants background levels of pharmaceuticals in surface water are low, down-
stream concentrations are higher, but decrease with increasing distance from the waste-
water treatment plant, Microbiological parameters are not a good indicator for pollution
with pharmaceuticals. Seasonal effects should be included in monitoring campaigns.

Also in groundwater pharmaceuticals have been detected. The compounds identified where

the same as in surface water. Mostly the occurrence in groundwater is due to wastewater
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impact and leakage of sewage systems. Influence of agricultural activity has not been noted
yet.

On the occurrence of pharmaceuticals in drinking water only limited data exist.

Although some monitoring data are available for the different types of water, these data are
mostly from grab samples. Frequent monitoring has hardly been conducted yet. Main
questions in monitoring are: "When, where and what to measure?" "How much can we live
with?" "Are we able to detect all pharmaceuticals that are important?" "How sensitive do we
want analytical techniques to be?” “Should we include seasonal effects in monitoring?”
Again the need for a priority list for pharmaceuticals was urged.

Pharmaceuticals are widely present in surface water, wastewater influent and effluent
and to a lesser extend in ground water

The development of adequate monitoring schemes based on the PhAC priority list is
needed

2.4 ANALYSIS

{presented by Johanne Beausse, Auguste Bruchet and Frank Sacher)

At this moment many work has already been done on analytical techniques. Most of the
pharmaceuticals that are considered to be relevant can be analysed within GWRC- mem-
bership.

There is however a lack in exchange of knowledge between countries/laboratories. In addi-
tion there is a need for round robin tests for further validation of the analytical techniques,

New pharmaceuticals and metabolites can enter the water cycle. To detect these pharma-
ceuticals broad-spectrum analysis might be useful,

Matrix effects and poor recoveries are an important difficulty in analysis of pharmaceuti-
cals. X-ray contrast media and sulphonamide antibiotics still have low recoveries.

When developing harmonised analytical techniques within GWRC a rationale for selection
of the pharmaceuticals to be studied should be created first.

A number of adequate analytical methods is available

Exchange of information about available methods and round robin tests are needed

(presented by Gordon Wheale, Francis Luck and Marie-Laure Janex-Habibi)

At this moment not much information is available on the removal of pharmaceuticals in
wastewater treatment plants (WWTPs). Removal depends on the type of pharmaceutical.
Low sludge retention times (e.g. caused by rainfall) results in poor removal. Membrane reac-
tors have an influence on the removal of pharmaceuticals in wastewater treatment plants,
but removal is not complete.

For identifying necessary measures in wastewater treatment mass balances could be very
helpful.

First results on the removal of pharmaceuticals during drinking water treatment have been
generated within the POSEIDON project. Several (polar) pharmaceuticals are relevant for
bank filtration near urban areas. Many pharmaceuticals react very quickly with ozone and
substantial removal can be achieved via AOPs (Advanced Oxidation Procedures).
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(Powder) Activated carbon is also a good candidate for removal of pharmaceuticals but aci-
dic compounds do not absorb very well. Natural organic matter (NOM) has a major influ-
ence on the removal,

Membrane filtration has obtained good results in the removal of pharmaceuticals during
drinking water treatment.

Conclusion was that treatment processes are available to avoid a drinking water contamina-
tion (multiple-barrier treatment), but to which costs? lodinated X-ray contrast media could
be the exception as they are very stable and polar and are difficult to remove during drin-
king water treatment,

Wastewater treatment systems only remove pharmaceuticals partly
Advanced drinking water treatment systems are effective to remove most of the pharma-

ceuticals

(presented by Jami Montgomery and John Fawell)

Considering ecotoxicity there are not much effect data at this moment. The majority of
acute effects of pharmaceuticals oceur at concentrations > 1 mg/l, but chronic effects can
occur at the pgfl-level. DNA techniques might be the way forward for detecting ecotoxicity
effects,

For human health effects the opposite is true. Many human toxicological data are available.
Therapeutic doses of pharmaceuticals present in drinking water are much higher than the
concentration detected. It is very unlikely that the concentrations detected in drinking wa-
ter pose a risk to human health. The presence of pharmaceuticals is an issue of perception,
but therefore not less important, Communication is essential to keep consumers' confi-
dence in drinking water quality.

Questions have been raised on the development of antibiotic resistance. However, anti-
biotics that can result in resistance (like Penicillin) have not been detected in the water
cycle yet.

The presence of pharmaceuticals in water is no risk to public health; communication
about this issue is important,

The impact of pharmaceuticals in water on the ecological system is likely. but sound
data are not available yet
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RESEARCH STRATEGY

3.1 RESEARCH SUBJECTS OF MAIN CONCERN

During the workshop an outline for prioritisation of the different research subjects was
developed.

It was concluded that the first step to be taken was to develop a priority list of pharmaceuticals
to identify those on which research should be focussed. Secondly, the implementation of a
limited number of validated analytical methods is required. A large number of analytical
methods are used worldwide but the number of validated methods is limited. This is a
prerequisite for conducting further research (occurrence, fate, treatment) in order to ensure
harmonization of measurement methods and reliability and comparability of future data
collected within the coalition. When robust and reliable analytical methods are available,
studies on removal during wastewater treatment and drinking water treatment can be conducted.
The potential risk of pharmaceuticals in the (water) environment is not clear but waste-
water treatment plants are one of the main point sources. Information is, therefore, needed
to play an active role in understanding sources, processes and relative contributions.

Limited data are available on removal of pharmaceuticals during drinking water treatment,
but it has been demonstrated that drinking water is not always completely free from
pharmaceuticals. For optimisation of drinking water treatment and to safeguard drinking
water quality and to demonstrate the effectiveness of available technology, information on
the removal efficiency of drinking water treatment processes is needed.

Considering human health, it was concluded that effects of the presence of pharmaceuticals
in drinking water are unlikely. It was estimated that the lifetime exposure via drinking
water is less then 20% of one daily therapeutic dose. Further research seems therefore not
necessary at this moment.

Information on the potential ecotoxic effects of pharmaceuticals is largely lacking. How-
ever, it seems that more fundamental research is needed to obtain a good understanding of
this issue, which is beyond the scope of the GWRC.

Although human health effects are unlikely, the public can still be concerned about the
presence of pharmaceuticals in (drinking) water. This makes the subject also an issue of
perception. It is therefore of importance to avoid negative media attention on this topic and
develop a communication and risk perception strategy. This can be done in a multi-stakeholder
workshop.

Considering personal care products it was concluded that data are lacking. Furthermore, it
would be hard to determine which personal care products should be included in the re-
search and which not. Most of the personal care products are bulk chemicals used in paint,
food and cleaning agents as well. Further research should focus on pharmaceuticals and
mention personal care products only when relevant. Personal care products were identified
as a relevant issue for further research within GWRC.
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3.2 PROJECTS PROPOSED
Based on the research strategy , five project themes were defined:

1. PRIORITY LIST OF PHARMACEUTICALS

Prior to any other research a GWRC consensus list of representative priority PhAC has to be
developed. This priority list is indispensable for any further joint GWRC studies on ana-
Iytical methods. occurrence. water treatment. and potential risks associated with exposure
to PhAC in the water supply.

2A. PROCEDURES & EXCHANGE OF KNOWLEDGE FOR ANALYTICAL TECHNIQUES
Development of a limited set of validated analytical methods for priority pharmaceuticals

to be use in monitoring studies.

2B. OCCURRENCE & REMOVAL EFFICIENCY OF PHARMACEUTICALS IN WASTEWATER
TREATMENT

Fate and transport of PhAC through the wastewater treatment train (i.e. from influent to
effluent). To what extent are persistence and removal of Phac effected by varariation in
treatment parameters. Are PhAC present (or detectible) in sewage effluents and at what
levels? Development of recommendations for reduction of emissions to the (water) environ-
ment.

2C. OCCURRENCE & REMOVAL EFFICIENCY OF PHARMACEUTICALS IN DRINKING WATER
TREATMENT

Evaluate removal efficiency of different stages during conventional and advanced treatment
technologies in drinking water treatment, The investigations will be made with specific

compounds selected in the priority list.

A step-by-step approach should be followed with a careful eye on developments to allow for

fine-tuning between the individual issues (2a,b and ).

3. A MULTI-STAKEHOLDER WORKSHOP

This project proposes to organise a multi-stakeholder workshop in order to identify needs
and opportunities for risk management: what is the problem, who owns the problem, what
should be done. Relevant stakeholders include pharmaceutical industry, regulators, envi-
ronmental agencies, user groups. water industry.

For each of these themes a project proposal was written by the participants of the work-

shop. See Annex | for the individual project proposals.
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ANNEX 1

PROJECT PROPOSALS

1. Project Title: Development of an International Priority List of Pharmaceuticals
Name of Proposer & | Djanette Khiari, AwwaRF
Affiliation:
All
Collaborators:
Estimated Total Cost | 2004 2005 2006 Beyond Total
of Research (Euro) 50 7 50
Justification:
Background: Pharmaceutically active compounds (PhACs) are a family of compounds that includes prescription drugs,
over-the-counter medications, drugs used in hospitals 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. The extremely large number of
compounds reported in the literature makes it difficult to evaluate the credibility of findings and to assess
the impact of all PhACs on the water cycle.
The GWRC members have agreed that the first step of the research agenda be to consolidate the list of
compounds that can be used to judge risks for the water cycle and to be able to compare results.
Consequences if work not With no consensus list, it would be difficult, if not impossible to compare results conducted by different
carried out: research teams and different countries

Benefits to be achieved:

- Political

= Economic

- Technical

Provide a solid base for the GWRC future endeavours and to build a sound and effective research agenda on
PhACs

Results from this project will help answer public concerns about the safety of drinking water regarding the
presence of pharmaceuticals,
Narrowing the list of compounds will reduce cost on metheds, monitoring and treatment processes.

A carefully selected list of indicators will help in a better understanding of all aspects of the study of PhACs
(methods, occurrence, fate and transport, mechanisms, treatment) Once a true understanding is achieved,
it would be easier to build upon.

11
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Objectives:

Aiming to achieve:

Develop a GWRC consensus 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. The list will identify compounds that the most likely are to be found in water supplies and
that may have significant impact on human health. The use of such a consensus list within the GWRC
membership will ensure that research ﬁndi.ngs are reliable and comparable.

Specific questions answered:

Which PhACs can be used as indicators/surrogate/representative for the drinking and wastewater industry?

Tasks set for contractor:

- Review of available information on the use patterns of PhACs and their metabolites based on published
research and searches of various government, private, and public websites,

- Select representative priority compounds based on literature and expert judgement. Selection criteria will
include

Therapeutic use (Antibiotics, Anti-depressants, Anti-inflamants, Lipid regulators, x-ray contract media,
psychiatric control., and others)

Physico chemical characteristics (octanol /water partitioning coefficient {Kow), acid dissociation constant
(pKa), and Henry's law constant (H) and others,

Occurrence

Reported treatability

Analytical methods availability.

- Develop a list of priarity PhACs for future research on occurrence, treatment, health risks and others,

Deliverables:

The deliverable from this task would be a list of judiciously selected PhACs that may be used in further
monitoring studies and additional treatment and assess the health significance of PhACs in water supplies

Completion date to maximise
benefits:

2005

Target audience for the
output?

Research community, GWRC member organisations, and wastewater and drinking water supplies organizations

Which groups should receive
any reports resulting from
this work?

Should the output be
submitted for independent
peer review to add authority
to the work?

GWRC member organisations

By GWRC members

12
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2a. Project Title: Validated Analytical Techniques for Priority Pharmaceuticals-Part 1

Name of Propou:r B A. Bruchet/ M.L. JaﬁeK-Hablbl, CIRSEE-Suez Environment

Affiliation:

TZW, Anjou Recherche

Collaborators:

Estimated Total Cost | 2004 2005 2006 Beyond Tatal

of Research (Euro) 50,000 50,000 100,000 including

50, 000 cash and 50,000
in-kind.
Justification:

Background: The presence of drugs in the aguatic Enviranment is undesirable. Because of the large number of drugs in use,
their comprehensive analysis remains out of reach. The Global Water Research Coalition has selected a priority
list of about 20 representative pharmaceuticals that will be submitted to further study. These priority
pharmaceuticals may also be used as indicators for the drinking and wastewater industries to guarantee
consumer health while minimising the cost of monitaring.

The implementation of a limited number of validated analytical methods is a prerequisite befare conducting
further research (occurrence, fate, treatment) in order to ensure :

Harmonisation of measurement methods

The reliability and comparability of future data collected within the coalition.

Consequences if work not If not conducted with validated methods, the results from future research can be questioned by external

carried out: stakeholders, The whole research effort may hence therefore be at stake.

Benefits to be achieved:

- Political Credibility of research data for future lobbying

- Economic Minimise monitoring cost and avoid duplication of work by laboratories.

= Technical Validated, cost effective and robust analytical methods using best available

Technology

13
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Objectives:

Aiming to achieve: A limited set of validated analytical methods for priority pharmaceuticals

Specific questions answered: Are analytical results on priarity pharmaceuticals comparable and accurate?

Tasks set for contractor: Set up an analytical scheme for priority pharmaceuticals based on existing technigues comprising SPE
followed by GC-MS or HPLC-MS, The matrices to be investigated in part 1 of this project will comprise surface
waters, ground waters and drinking waters.
Minimise the number of techniques.
Write detailed analytical protocols.
Ensure dissemination of technigues through training workshop.
Organise intra and interlaboratory (minimum of B participants) exercise,
Process the data and write final report

Deliverables: Detailed Analytical protocols.

Completion date to maximise
benefits:

Intra- and interlaboratary validation data.
Stability data.

1 year after validation of priority list

Target audience for the
output?

Which groups should receive
any reports resulting from
this work?

Should the output be
submitted for independent
peer review to add authority
to the work?

GWRC and external laboratories

GWRC member organisations

Results from this project should be published in peer-reviewed journal.

14
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2b. Project Title: Occurrence, transpert, fate and removal of Pharmaceuticals and personal care
products in waste water

Name of Proposer & Bert Palsma STOWA

Affiliation:

Collaborators: TZW, EPA, Anjou Recherche, Berlin Wasser, WERF, UKWIR

Estimated Total Cost of 2004 2005 2006 Beyond Total

Research (Euro) 250 KE 250 k€ [4 ? 500 kE
Justification:

Background: The WWTP is the end of pipe treatment for (all) urban wastewater.
In order to take part in the discussion concerning surface water quality, sludge disposal or reuse we have to
know our sources, processes and emissions.
The risk of pharmaceuticals in the (water) environment is not quite clear, WWTP however are one of the
point sources and we have to play an active role in understanding provenance, processes and relative
contributions.

Consequences if work not Possible expensive and ineffective measures (e.q. optimisation of WWTP)

carried out:

Benefits to be achieved:

- Political Active role of responsible stake holders

- Economic Effective measurements

- Technical Understanding of processes, cost effective optimisation,

15
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Objectives:

Aiming to achieve: Recammendations for reduction of emissions to the (water) environment

Specific questions answered: Are PhACs present (or detectible) in sewage effluents and at what levels?
What is the fate and transport of these compounds through the ww treatment train (ie. from influent to
effluent).

What effect does varying certain treatment parameters have on their persistence/removal/.
What is are the main sources of various PhAC's,

Possibilities for source control (separate treatment of e.q. hospitals) and optimisation of WWTP

Tasks set for contractor: Selection of priority substances (= separate proposal)
Selection of representative WWTP

Survey of selected treatment processes

Source analyses of priority substances

Mass balance of emissions: sludge/water partitions

Possibility of combined pharmaceuticals and EDC projects should be considered.

Mote; an analytical method for the determination of pharmaceuticals in sludge should be available

Deliverables: Selectian of representative WWTP

Survey of selected treatment processes

Estimated contributions of different sources to the influent (households, hospitals, industry, ...)
Completion date to maximise 1-1-2006

benefits:

Target audience for the Water boards, water industries, environmental ministries
output?

Which groups should receive
any reports resulting from
this work?

Should the output be [y
submitted for independent
peer review to add authority
to the work?

16
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2c. Project Title:

Occurrence and removal efficiency of pharmaceuticals in drinking water
treatment

Name of Proposer &

Margreet Mons & Guus Ipelaar, Kiwa Water Research

Affiliation:
EPA, Anjou Recherche, AwwaRF, UKWIR, CIRSEE, TZW
Collaborators:
Estimated Total Cost | 2004 2005 2006 Beyond Total
of Research (Euro) 250 250 500
Justification:
Background: Research on pharmaceuticals has started in the late 90°s and increased ever since.

Results show that pharmaceuticals are not always completely removed during drinking
water treatment and can be present in drinking water. Mass balances for
pharmaceuticals in drinking water treatment plants and data on removal efficiency are
not yet available on a large scale.

Consequences if work not
carried out:

Without information on the removal efficiency of drinking water treatment plants for
pharmaceuticals, optimisation of the treatment processes for complete removal of
pharmaceuticals cannot be reached and a safe and healthy drinking water quality
cannot be safeguarded.

Benefits to be achieved:

- Political

- Economic

= Technical

Results from this project will help answer public concerns about the safety of drinking
water regarding the presence of pharmaceuticals.

Results from this project will provide information to allow the selection of cost-effective
technologies for remowval of pharmaceuticals.

Results from this project may help utilities to guide their drinking water treatment plant
technology and management practices for optimisation of technologies and selection of
most effective technologies for removal of pharmaceuticals.

17
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Objectives:

Aiming to achieve:

Specific questions
answered:

Drinking water that is considered safe by the consumer. Evaluate removal efficiency of
different stages during conventional and advanced treatment technologies in drinking
water treatment. The investigations will be made with specific compounds selected in
the priority list (separate GWRC project).

Combination with and contribution to currént ongoing research will be made where
possible.

Which processes at DWTPs remove pharmaceuticals efficiently?

Do these treatment processes (and process conditions) as currently applied by DWTPs
form an adequate barrier against pharmaceuticals?

At what conditions should the DWTPs be operated?

And which processes/systems are cost effective?

Tasks set for
contractor:

It is expected that a literature survey coupled with tests at bench scale, pilot scale and
full scale will be required to provide information on:

Concentrations of pharmaceuticals in raw water and drinking water, if any.

Removal efficiencies of different drinking water treatment processes for
pharmaceuticals.

The mechanics and kinetics of treatment.

Options for optimising treatment.

Formation of by-products or degradation products, and how to minimise them,

Deliverables:

Completion date to
maximise benefits:

A report, or series of reports describing:

Removal performances of pharmaceuticals in different drinking water treatment plants.
Recommendations for future optimisation of drinking water treatment.

Presentation at GWRC meeting.

Publication in international scientific journal.

2006

Target audience for
the output?

Which groups should
receive any reports
resulting from this
work?

Should the output be
submitted for
independent peer
review to add
authority to the work?

Drinking water (treatment) associations, drinking water research institutes.

GWRC member organisations

By GWRC members

18
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3. Project Title:

Multi-stakeholder workshop on pharmaceuticals

Name of Proposer &
Affiliation:

Margreet Mons, Kiwa Water Research

Collaborators:

all GWRC members

Estimated Total Cost
of Research (Euro)

2004

2005

2006

Beyond

Total

20000

Background:

Justification:

A recent GWRC review has documented the presence of a wide variety of substances in
pharmaceuticals and personal care products in the environment and in the urban water
cycle all over the world. This project proposes to organise a multi-stakeholder workshop
in order to identify needs and opportunities for risk management: what is the problem,
who owns the problem, what should be done. Relevant stakeholders include
pharmaceutical industry, regulators, environmental agencies, user groups, water
industry.

Consequences if work
not carried out:

Opportunities for effective and efficient risk management for pharmaceuticals in the
urban water cycle might be missed

Benefits to be
achieved:

- Political

- Economic
- Technical

Develop integral and coherent policies to minimise the occurrence of pharmaceuticals in
the urban water cycle at minimum social costs.
Keep consumer confidence in drinking water at high level.
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Aiming to achieve:

Specific questions
answered:

Objectives:

ldentify and invite relevant stakeholders

Organise workshop

Compose report of workshop (position papers, communication material, possible actions
towards influential stakeholders)

Tasks set for
contractor:

Organisation of multi-stakeholder workshop

Deliverables:

Completion date to
maximise benefits:

Opportunities for risk management of pharmaceuticals in the urban water cycle (e.g.
preventive measures by hospitals, pharmaceutical industries, consumers)

Report from the multi-stakeholder workshop

Communication material on pharmaceuticals

2005

Target audience for
the output?

Which groups should
receive any reports
resulting from this
work?

Should the output be
submitted for
independent peer
review to add
authority to the work?

Water industry, environmental protection agencies, regulators, policy makers,
pharmaceutical industry, association of pharmacies, consumer organisations, user
groups (human health care, agricultural).

GWRC member organisations and target audience

No

20
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ANNEX 11

WORKSHOP PRESENTATIONS

PROGRAMME

Monday, December 15, 2003:

12.30 Arrival/lunch

Afternoon session:

13.00 Welcome by Kiwa (Theo van den Hoven)

13.05 Welcome bij GWRC (Frans Schulting)

13.10 Scope & set-up of the workshop by Stowa (Bert Palsma)

State of the science: Contributions by GWRC members

13.20 Use & emissions
- Results of Poseidon project by CIRSEE (Marie-Laure Janex-Habibi)
- Contributions from the audience, knowledge gaps

13.45 Occurrence
- Occurrence in waste water and drinking water by AwwaRF
Djanette Khiari)
- Occurrence in surfacewater by EPA (Susan Glassmeyer)
- Occurrence in groundwater by TZW (Frank Sacher)
- Contributions from the audience, knowledge gaps

14.45 Analysis
- Presentation by Anjou Recherche (Johanne Bausse)
- Presentation by CIRSEE (Auguste Bruchet)
- Presentation by TZW (Frank Sacher)
- Contributions from the audience, knowledge gaps

15.45 Coffeeftea break

16.15 Removal during treatment
- Removal during waste water treatment by UKWIR (Gordon Wheale)
- Removal during bank infiltration and waste water treatment by
Kompetenzzentrum Wasser Berlin (Francis Luck)
- Removal during drinking water treatment | results of Poseidon project by
CIRSEE (Marie-Laure Janex-Habibi)
- Contributions from the audience, knowledge gaps

17.15 Effects
- Ecotoxicity by WERF {Jami Montgomery)
- Human Toxicology by UKWIR (John Fawell)
- Contributions from the audience, knowledge gaps

18.00 Closure by Stowa (Bert Palsma)

20.00 Diner in the inner city of Utrecht
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10.30
11.00
12.30

13.30
14.30
15.00
16.30
17.00

22

Coffee break
Writing of project proposals (in groups)
Working lunch

Afternoon session: Project proposals

Continue writing project proposals (in groups)
Coffeeftea break

Presentation & discussion of project proposals
Wrap up, final remarks by Bert Palsma
Closure & drinks

v, L2
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RESULTS OF POSEIDON PROJECT BY CIRSEE

(MARIE-LAURE JANEX-HABIBI)

SUEZ ENVIRONNEMENT

Releases and Pathways of PPCPs
into the Environment —
Contamination in European Countries

Data from ~f=s@# project

Marke-Laure Jarex-Habibi CIRSEE
Alfrado C. Alder EAWAG

Occurrence in the Aquatic Environment

1976 1-2 wg/L clofibric acid & salicylic acid in WWTP
"» &arrison et al, Athens, EPA
1985 up to 1 ug/L pharmaceuticals in WWTPs and rivers
ﬁmdm London
1992 0.3 ig/L clofibric acid in groundwater
. Stan & Linkerhager, Berlin

since 1995 Pharmaceuticals in surface waters
Ternes et al ESWE Wiesbaden / 8f& Koblenz

diclofenac i
ek : ———
‘bezafibrate g
S| — .:____
carbamazepine W Frohes
roxithromycin | 1 Fintiand
. —— 1 WGERmEy |
sulfamethoxazole
| mPsiged [
W Swifeeriand
ot e mnery |
] 800 1000 1800 2000 2V00 3000
consumption (mg/person x year)

® history of occurrence
® Poseidon project

® consumption data

® exposure routes

® conclusions

European project

“Assessment of Technologies for the Removal
of PPCP in WW and DW facilities to
improve the indirect potable
Water Reuse”

- llamian 11 Pdand

Approgch ; evaluate differert

freatment procosses for

selected PPCP RS .
U, of Rauiga 4
Ipam
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Annual Consumption of Antibiotics

o Veterinary medicine ( Therapy / Prophylaxis) 34941
& Antibiohc feed additives: 1.599 1
® Human medicine: 5.400 1
. 049

Mote: Consumption data derived from FEDESA
(European Federation of Animal Health) 1998

Selection of Pharmaceuticals

= large number of pharmaceuticals (ca. 3'000)
=) high number of excreted metabolites

criteria for selection
- elevated annual prescriptions
- high effect doses/concentrations
- pharmacokinetic behavior
(e.g. metabolism, urinary/faecel excretion rates)

Austria
Switperiand
e ——— France
Ibuprofen —de g
— H
- “refined” PEC
Bezafibrate *,_,‘__-' ——t Consumption
——— | Metabolism
i e T T } - A abdih
Carbamazepine Io—-— ! {125LPEA '}
[ — J - Amount WW
| ! (04 m'PE'D "]
Iopromide 40% Ind WW
| { Degradation

Musk Fragrance Ingredients

« used in fragrances in cosmetics, detergents, fabric
softeners, household cleaning products etc.

» after use they will be released into wastewater
= two groups: (i) nitro musks and (ii) polycyclic musks

« use in Europe (IFRA, 1998) in tons:

- nitro musks musk xylene 86
musk ketone 40
galaxolide (HHCB) 1'473
tonalide (AHTN) 385
celestolide (ADBI) 18
phantolide (AHMI) 19

polyclycic musks

SWr2E

Exposure Routes

livestock

excretion

excrethion disposal

Pharmaceuticals in Treated Wastewater

Musk Fragrance Ingredients

+ used in fragrances in cosmetics, detergents, fabric
softeners, household cleaning products efc.

« after use they will be released into wastewater
» two groups: (i) nitro musks and (i) polycyclic musks

« use in Europe (IFRA, 1998) in fons:

- nitro musks musk xylene 86
musk ketone 40
galaxolide (HHCB) 1473
toralide (AHTN) 385
celestolide (ADBI) 18
phantolide (AHMI) 19

- polyclycic musks

Polycyclic Musks (median concentrations)
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Comparison of Consumption in Austria

17u-Ethinylestradiol

® Used as contraceptive drug in anti baby pill
#® Hormonal active substance (endocrine disruptor)
® Prescribed in very low dosages

® Annual consumption in Austria: 4 kg,
Germany 49 kg, Switzerlond 4 kg

¢ Estimated annual excretion rate of 1.7 / 20 kg
# Predicted No Effect Concentration (PNEC)
Of'o,:rqfl

Conclusions and Outlook (2)

« the occurrence and behavior of metabolites are

greatly unknown - high o ly
. pharmeceuts belong ecotoxicological risk and vice versa (e.g. |

m"..;a‘? mtn dﬂmm 17a-ethinylestradiol, iodinated Comtvest agents) |
(5" Oipgpadation, st |+ in the future chemical methods and '
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OCCURRENCE IN WASTE WATER AND
DRINKING WATER BY AWWARF

(DJANETTE KHIART)

Djanette Khiari

ch Foundation

Ho

w of available m Optimization of methods ilable in the
literat

chniaues

m Occurrence focused on wastewater
effluents at sites in which indirect
potable water reuse Is practiced | j profe
Worst scenario m Beta-blockers: metoprofen, propranociol
m antibiotics: cip xacin
sulfamethoxazole, trimethoprin
s sulfamethazine, fluoroquinolines




Analytical methods

= Acidic drugs and beta-blockers: Solid-
phase extraction after derivatization and
-GC/MS/MS

m Antibiotics: LC/MS

&

Conclusions (l)

m Relatively limited number of compounds
can identified
= Monitoring
- GC/MS
HPLC
Acidic drugs, beta-blockers, and antibiotic

present in municipal wastewater treatment
plants (10 -10,000 ng/L)

e e et 5

Recommendations

m Although no known health effects,
utilities should be aware that PhACs are
likely to be present

m Necessary to monitor PhACs in drinking
water sources

m It is important to analyze control
samples and matrix recovery samples

6‘ before monitoring program

Occurrence results

Conclusions (Il)

m PhACs effectively removed by activated
carbon and reverse 0smosis

= Most PhACs are removed during aquifer
treatment
m Little removal in engineered treatment
wetlands
m Chlorination of wastewater effluent
(s, results in transformation by-products

Future Research

m Health effects of exposure to low, sub-
therapeutic doses of PhACs

m Additional research on occurrence of
PhACs in the US
m Additional research on efficacy of
treatment (advanced WWTP)
:- Additional research on sensitive and
== robust analytical technigues

-
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e R P

OCCURRENCE IN SURFACEWATER BY EPA

\ (SUSAN GLASSMEYER)

Weakness of Current Microbial Indicators
= Biological assays require 18- 48 hours to grow
and be visualized
* Human v. animal
* Fecal v. non-fecal
« Do not effectively protect against pathogens
* Cryptosporidia oulbreaks in Texas, Pennsylvania,
Wisconsin, and Nevada when the water quality met
Federal Standands using curmenl microbial indicators
= In 12% of the waterbomne disease outbreaks in 1997-
1998 neither total nor fecal coliform detected.

Sampling Locations- 2002

Why use Chemical Indicators?

* Rapid analysis times
* Able to discriminate human from animal fecal
material

= Suite of compounds with various physical/
chemical properties may be more impervious to
hydrological diversity

* However, must make sure they are persistent
enough to survive wastewater treatment, but not
s0 recalcitrant that they become ubiquitous

txpuimvmal Approach

Target Analytes (over 100 total)

> 7> 23
E Call

Other
| Fitraton incubshon Emsmarabon
= Drugs and Nonprescripti H
‘ -‘H""l - et - B @ Antibiotics Drugs and Sterols  Compounds
Entesooice
Carbamazeping Acstaminophen  Coprostanol DEET
e Sulfamethoxazole Caiffaine Cholesterol Galuxolide
Cotinine p-sitosterol Tonalide
.. Sakvent p Diphenhydromine Tributyiphosphate
1,.7- Tnciosan l
nen-uul Faration Sotd Pase Analysss by LCESIMS Dimathyhopmtring
and GCMS
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Pharmaceuticals

Frequencies of Detection

Greater 50 % 10 to 50 % Less 10 % Zero

Cofirene ahding
Carbamazepine 1 T-cimathylranthine
Caffacni Albatetol
Sulfamethonadole F 1 Wartarin
Ditiazam
Dehydronilediping
Acetaminophen

Dwvphennydramns

Trmethopnm

Medians up close

S

.- —

L
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Fraguency of Detection (%)
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Pharmaceuticals
om

(L]

o
1]
nmi

- pamea
[
e
it
-t

8
b il |

KRS

Mammal Source

Preliminary Results
Pharmaceuticals and other chemicals survive
wasiewater treatment
Upstream “background” levels of many of the

and wastewater compounds

(especially when compared 1o he indicator bacteria),
and indicate that they are not 100 ubiquitous
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OCCURRENCE IN GROUNDWATER BY TZW

(FRANK SACHER)

Pharmaceuticals
in
groundwaters

Pharmaceuticals and metabolites I

wpamedel  mpromeis
-| iomepral  amidatrizeic acd
orglguics, o ipyratics, antiphlagitics. affichaungtics:
diciaf e pr rapresen
feroprafen  ph dumetbrylom maph proppp
'

TIW e =

Pharmaceuticals in groundwaters

10| 105 groundwater monitoring wells (185 samples) |

Monitoring activities in Baden-Wiirttemberg

® 2000/2001: Monitoring of pharmaceuticals and EDC in
waste waters, surface waters, and groundwaters as parf of
a research project funded by the Ministry for Environment
| and Transport of Baden- Wiirtfemberg
! & Investigation of ...
* B9 surface water samples (Rhine, Neckar, Danube, ...)
+ 25 suspended matter samples
* 185 groundwater samples (out of 105 groundwater wells)
& .. for 74 analytes (61 pharmaceuticals, 13 EDC)

e  TIW %

Pharmaceuticals and metabolites IT

TIW A o

| Pharmaceuticals in groundwaters




PHARMATEUTICALS AND PERSONAL CARE PROOUCTS IN THE WATER OV

————————————————— TZW e -

Correlation to boron concentration

num barcfpham sceutal

coscontmtin elboms R e gl

P S e —— e T e —
R T y——

TIW v =

® Pharmaceuticals are found in groundwaters

® About 1/3 of all groundsamples under investigation in Baden-
Wiirttemberg contained drug residues

® Compounds found are the same as for surface waters: mainly
beta-blockers, an antiepileptic, analgesics, iodinated x-ray
contrast media and antibiotics

® Occurrence of drugs in groundwaters is due to waste water
impact
e e e e L e O B S I

[ ———r——

W =

Pharmaceuticals in groundwaters |

number of  max. concenfration
positive resuits in ng/L '
i satalol 3 0 |
i phenazone 5 - I !
diclofenac St I e SIS
| lopaml 5 w0
carbamareping 13 m =
anirydro- arythromycin W%
sulfamethoma zole 11 410
| ST Cereragmine vama 7T e
—— e TIW o -
iu—-”
| Cprotuction > Coaate dnposal >
excration excretion
sawogt | domestic warte |
o ]
| WWTP =i loadfill site |
!

| ssrfoce woter E ground water |

=

e ——
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PRESENTATION BY ANJOU RECHERCHE

(JOHANNE BAUSSE)

ra
i

Pharmaeenmea|

. cupiioe B
b e on ieer :

J. BEAUSSE, G. HERRY, H. BUISSON

VEDLIA
. Water

Eyriee (4.7) anti-allergic
| Imovane Antidepresant
| -3 aspects : Elfecalean (23.5) Prozsc Antidepircssant
Doliprune Analgevica! Lasifix
‘ mmu 4| Antiinflsmmatories | | Daflon onsite
: L] k. Amt revuant
. Active substances more prescribed via .m.-( A m;,,_. Anthiepresant
Clamoxyd (73 Latimicobial
| accessible datas i A mspasmodic mm
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Prupatans Clarityne
Hemutryd {40} I\ andanie Claviscon
¥oMarens |
| e R (vEpLia O N i

= 3 aspects :

« Active substances more prescribed via
accessible datas

* Physical and chemical properties
Common molecules of interest yet
studied in literature

i Human Practios  Valennary Praclice  Cemmen Practice
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ANJOU RECHERCHE
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[ o - ANTIBIO / PHARMA IBOTH
pyne— 2] b ]
e . e =+ Cartridge : C18-SDB-LMS-PPL-HL B-HF-ENV
[— . [ n - Sample Ph : 1-7.2 - no ajustment
HAD Krythranrycme o et syt » -+ Sample volume (mL) : 100-250-500-1000
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= Quantification : Internal Standards?

- New Campaigns : seasonal or
epidemic impact

- Extension
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PRESENTATION BY CIRSEE

(AUGUSTE BRUCHET)

SUEZ ENVIRONNEMENT '
|
A Broad Spectrum Analytical Scheme for the !

Screening of Endocrine Disruptors (ED's), . '

Pharmaceuticals and Personal Care Products ® Numerous studies are underway to assess the
in Wastewaters and natural waters [ presence of ED's, pharmaceuticals and personal
A Bruchet*, C Prompay®, G. Filippl® care products in urban, environmental and drinking
* CIRSEE. 38 res du Président Wikien, T8I0 Le Peca, France | waters

@ Studies focused on specific target compounds

@ A single wastewater sample contains hundreds of
micropoliutants, some of which could be considered
as undesirable in the future.

|

Objective

® |mplement a broad spectrum analytical I
scheme capable of identifying as many
compounds as possible in a single water
sample.

@ Screen the identified compounds for ED's,
drugs and PPCP’s

@ Assess the efficiency of wastewater plants

ShAZ

First plant investigated Identification of Micropollutants

* Pars area, effuants from 250 000 people, ~50.000 m? par day.

B00m upsiream | @ Approximately 240 compounds or groups of
| compounds (for instance the different isomers of C,, |
C,, Cs-alkylbenzenes, the nonyiphenol isomers or the
Ry clect wter different homologues of LAS were considered as a
| single compound) were identified in the raw
water at levels above 0.1 pgi/L,

‘ representing~10% of the DOC.

i
|
i

L
i -

i
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Treatment efficiency (pg/l) Glycol ethers

® Water-based products (paints, inks, cosmetics,

watsr | + recycled wite waler detergents..)
;:-.,.n...u {hn;nﬂ'_ | x| wes ot ® Established reproductive effects on humans
Sy . ER.C IS RS #® Series E (Ethylene G.) or P (propylene G.)

i G 1 | ® Series E most toxic, classified into 3 groups, two
| Diprogvlense gyt ol methyl éther 10.1 244 o of which (1 and 2) are toxic for reproduction.
Reference values for embryo-faetal development
—— — range from 0.1 to 12.4 mg/L (Cicolella et al, 2001)

i e et G ElEee e ok ]

DRUGS and PCPPs (g influence of the Treated effluent on the Seine River (pg/l)

Compound ' Raw Raw water Treated Compound Treated River Rehver
wiater + recycled Water waters EMuent Upstream Downstream
Nicotine Traces <0.1 § <0.1 ® Diiscoctylphtalate 16.3 9.1 143
Caffeine M 70 0.3 L LD 32 44
Camphor 35 a7 <04 B Sostsrol <04 <01 12
Sunscreen UV 15 16 0.9 0.1 ® LAS 128 35 56
[T-hydrony 4 ametiony- & 1.1 1arichionoethane 17 02 o8
e opleenone
SRR T L TR T T ez
Presence of Drugs at Plant 2* Presence of PPCPs at Plant 2*
Compound Use Raw Treated Sampi - et
waler e afeer

»  Dodecybguanstine s etate Funeucade L
® cafleine 178 5 P v 18 -1
O Wisoiae 8 e s Dmeihylelhybaratunic ac. Tranquillzer Y]
* Pentoxiverin Antitussine os 2 # Ettryl ephediine & P athamETEtE s
* Clonitatene Narcotic Analgesic 27 < B Matural Hermmons: 1
® Vitamin E acelate Dietary supplerment 158 < *  morpholinesthananine Symin. Of Antidepre ssants -1
* Histadyl Antihistamine Traces |  ~0.1 ¢ tutosyeihorysthanol Cosmatics, delurgents m
* Benzyl benzoste Skin Parasies 30 <01 /St f—— Stond 48 -t

Sez

[ et S |
Additional Compounds at Plant 3 Additional Compounds at Plant 3

# Plant 1 released traces (<0.1"g/L) of : Luminol (3-ammophtalhydrazide) :
wsed b Bghd stbcka. in criemanclogy. as a dye 0 mecrobsology

Cyclami i recent sgained Grams and Gram. Bacteria,
myabacteram Tubsrcuious

HN
0
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Conclusion

® There are hundreds of MCP in a single
wastewater sample. Broad Screening Analysis is
usefull for identifying new PPCP's

® Glycol ethers universally present in wastewaters

ShCZ
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PHARMACEUTICALS AND PERSOMAL CARE PRODUCTS IN THE WATER CYOLE

PRESENTATION BY TZW

(FRANK SACHER)

Analysis of
Pharmaceuticals

W/ =

nifomethorsrole mifodiorme  suifodmmidne  mdfomeranne
dopsera  moransw  virgmiamyce  chisreamphanicel
erythromyein charithramycin

roithromycin  clesndemycin  spiramycm  Tylosn
amexicilln  socilln  clmocilin  diclswacillin
nafeilln  pericdlin & paracilin ¥

® SPE on to RP-C18 material - derivatisation with
pentafiuorobenzyl bromide - 6C/MS

 acidic and neutral drugs

@ SPE on to PPL bondelut material - HPLC/ESL/MS-MS
9 beta-blockers

@ SPE on to Isolut ENV material - HPLC/ESI/MS-MS
% x-ray confrast media

® SPE on to Isolut ENV material - HPLC/ESI/MS-MS

= antibiotics Sacher et ol J. Chromotogr. A 538 {1-2), 199-210 (2001)

- T T T R

B
Pharmaceuticals and metabolites I

M.ﬂ mmm lmwlﬂl
mﬂ

ansipamcs, amtpryretice w#ﬂqm“ et irba
diclof

e - bewnriry ogaey
clofibric acid  bezofibrate  etefibrate

Analytical methods

® requirements:
+ less time-demanding
* robust
* reliable

= 6 analytical multi-methods
* 4 types of sample enrichment (automated SPE)
« BC/MS (after derivatisation)
« HPLC/ESI/MS-MS

5 Validation of analytical methods

# Internal QA: determination of ..
« linearity
:pm::llon

Npmd.ldblli‘ry
« limits of detection, quantification, and determination
(DIN 32645)

« matrix impact
® External QA: successful participation in two round-robin
tests (waste water and surface water)




PHARMACFUTICALS AND PERSOMAL CASE PEOOUCTS IN THE WATER CVELE

Determination of acidic and neutral drugs
® sample volume: 1000 mL (pH 3)
® SPE material: RP-C18
® solvent: acetone (4 mL)
® derivatisation: pentafiuorobenzyl bromide (2 h at 100 °C)
& 6C/MS: full-scan mode

diclofenac, ibuprofen, ketoprofen
indometacine, napraxen, fenoprofen,
clofibric acid, bezafibrate,
gemfibronil, etofibrate, fenofibrate,
fenafibric ccid, corbamazepine,
pentaxifylline, diazepam

e TIW v =

Determination of beta-blockers

@ sample volume: 1000 mL (pH ~7)
® SPE material: PPL bondelut
® solvent: methanol (5 mL)
® HPLC solvent: acetonitrile/20 mM aqueous ammonium
acetate solution (5:95, pH 7.2)
® HPLC/ESL/MS-MS
metaprolol, propranclol, atenclol, bisopralal,
sotalel, pindolal, betaxolol, salbutamel,
clenbuterol, terbutaline, phenazane,

dimethylaminophenazone, propyphenazane,
ifosfamide, cyclophosphamide, simvastatin

= [eE——

TIW va =

Determination of X-ray contrast media

® sample volume: 1000 mL (pH 3)

# SPE material: LiChrolut EN or Isolut ENV

® solvent: 5 mL methanol/SmL acetonitrile

® HPLC solvent: acetonifrile/2 mM oqueous ammonium
formiate solution (5:95, pH 7.0)

® HPLL/ESL/MS-MS

iopamidal, iopromide, lomeprol, amidotrizoic acid,
iodipamide, iohexal, iopanaic acid, iotalamic acid,
ioxaglhic acid, iaxitalamic acid

i [

TIW e =

Determination of antibiotics

® sample volume: 500 mL (pH ~5)

« addition of 1.3 g EDTA

® SPE material: Isolut ENV+

® solvent: 5 mlL acetonitrile + 5 mL
acetonitrile/water/triethylamin (90:9.5:0.5)

TIW e =

Validation of acidic and neutral drugs

Ry Batew  Bd LOD

com pound r m% nk  magfl  megfl
beratibrate 0985 92 151 TS 24
carbamane pae 0576 B0 T4 96 2
clofibric ocwd 099 " 103 53 ]
dazepos o997 T 9 &9 22
dickef enac osre 7o ] &7 Fa )
genfibroni 0593 45 L] 52 i
buprofen 0957 &7 iie] L1} 12
nagroxen 0996 [ ] 105 38 i3
pentaxifyllee 0 589 B0 134 &5 22
R R R e e —
Py — |
. TIW v =

Validation of beta-blockers

[ T T

v psrat] r - n % magfl  im omg/l
atenc el 0 998 [ ] &7 24 Bz
betanslel 0998 T a5 ar 13
dimethylominophenarone 0 993 12 ™ 4“3 14
ifesfamide 0 9o ar L 42 14
mateprolel 0 958 ] 54 22 19
P rene 0 ¥96 ai 59 314 12
roprunginl 0991 B4 i s 15
ralbutomal 0 998 [ 1] ] 26 91
Terbuiake 0 953 ad % 45 15
e e —
e e W =

T My Mg W WOD

e " n% % magl  imagl
amsdotripms s 09 90 TE LE ] 12
romaprnl 03 15 Ta an s
[e—— owe 19 = a5 14
oo o e - 29 23 L1 ]

TIW e =

' HPLC-ESI-MS-MS

amaicillin, axacillin, eloxacillin, dickxacillin, nafeillia,

ol ¥ penicillin &, pemicillin V
& macrolides chlorsamphenicol, weginamycin, cleandomycn,
erythromycn, anhydro-erythromycn, raxithromycin,
« HPLC t clarithrofmycin, spiramycin, tylosin

A: 20 mM ammonium acetate in MilliQ water (pH = 6.8)
B: 20 mM ammonium acetate in acetonitrile/methanel (2:1)

sulfamethaxazole, sulfadiazine,

© sulfonamides and athers sulfadimidine, sulfomerazine, ronidazole,
metronidazale, furazolidone,

’mm’: trimethoprim, dopsone |
A: 2 mM ammonium formiate in MilliQ water (pH = 7.0) |
B: 2 mM ammonium formiate in acetonitrile/methancl (2:1)

rem—y— e
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Validation of antibiotics |

R Barew  Bd LOD
comimund Pom% Rk el eyl
amaxicilln 0954 3% 34 4% ]
clesacillin [l ] o 19 i ]
deiomsciin oz W w4 B

: clerhrompcin 09 or 108 38 I
restthramycin 0% 8 % A5 B
wperampcin oS &8 43 is ]
wifomercime 000 @B 0 19 3B

' wifonethoxazole o B A 1 a2
traethoprim 0599 55 50 i3 B
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PRHARMACELITICALS AND PERSONAL CARE PRODUCTS IN THE WATER CYCLE

REMOVAL DURING BANK INFILTRATION
AND WASTE WATER TREATMENT BY
KOMPETENZZENTRUM WASSER BERLIN

(FRANCIS LUCK)

Fate of PhAcs in the Berlin Water
Cycle — Mass Balances and Removal

| Dr. Francis Luck
Berlin Centre of Competance
| for Water

| voupBazEIEM

The Berlin situation

= High concentrations of municipal sewage contaminants can
be expected in the receiving waters, resulting from:
= very low surface water flows,
« large amounts of raw sewage produced by its population of
3.4 million people, and
= a total drinking water consumption of only 121 liters per day
and inhabitant - concentrated sewage

Qutline

Loads and Fate of Pharmaceutical Residues
Originating from Hospital EfMuents

Fate of Estrogenic Steroids in Wastewater

Loads of PhAcs in the Berlin Water Cycle

L

Removal by:
= Membvane Hioresctor
= Polishing by UF+RD

#Bank Filtration

-+

The Berlin situation

# High proportions of bank filtrate and water from artificial ground-
water recharge (approx, T0%) are used in drinking water production!

# Several Berlin water works are located downstream from municipal
sewers!

= A proper operation of bank Gltration is essentinl for the drinking
water quality!

(Ve

EQLIA
Waiter




PHARMALELTICALS AND PERSOMAL CARE PRODUCTS [0 ThE WATER CYCLE

Objectives

2> Create a model to calculate the expected
loads of pharmaceutical residues in
urban waste water

=  Estimate the contribution of pharmaceutical
residues originating from hospital wastewater to the
total loads found in municipal sewage

= Environmental risk assessment (ERA)
(PEC / PNEC approach)

Falkenberg

Pharmaceuticals in the Agquatic Environment
Important prerequisites for the occurrence of phanmaceutical
residues from human medical care in the aquatic environment are:

» the amounts administered (prescribed + hospital
application + over-the-counter) for a given drug

» mode of application and pharmacokinetics in the human
organism (reabsorption/metabolism)

- the behavior of the drug residues during wastewater
treatment and in the environment (persistence, sorption,
bioaccumulation, metabolism)

1

Drainage Area

prescribed and
OTC-drugs sold by the
pharmacies

Other Hospitals: 4

Total administration of drugs
has beeh acquired

Location of the Berlin Military Hospital

Berlin Military Hospital

= Administered amounts were investigated for
the individual pharmaceuticals

= Resorption and metabolism of the individual
drugs have been acquired

= Sewage flow rates have been measured and
samples have been collected and analyzed at
Boyensstr.

Sewer pipe al Boyenssir,

W (tedecton of componte SemEes) i

Sewage Treatment Plants
= The ratio of the sewage-flow
towards both STP's is known

= Samples were taken from the
influents and the effluents

= Influent samples were taken 6 hours
after the sampling in the pumping
station

= The effluent samples were taken
32 hours after those from the influents
taking into account the residence time I3
of the sewage in the STP's

1
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Pharmacokinetics

= Pharmacokinetic mechanisms describe the
behavior of xenobiotics in the human or

veterinary body

= Mﬂnmmnr:sorpﬁon.dmmn.
biotransformation, and elimination

= Pharmacokinetic data for two relevant pharma-
ceuticals (carbamazepine and diclofenac) will be
presented to give an impression of possible
problems during such investigations
B L

Information / Application

Carbamazepine
= A
DDOD: 1000 mg/day

Resorption

Carbamazepine
oral: 85 % resorbed, 15 % non resorbed

Diclofenac
oral: 99 % resorbed, 1 % non resorbed
rectal: 29 % resorbed, 1 % non resorbed
parenteral: 100 % resorbed

dermal

5-10 % resorbed,
60-85 % non resorbed !!!

B

Biotransformation

ony Bhase -1- reaction
& mddation

- & reduction

& hydrolysis

Phase - 1 - melabolite ~ Phase - 2 - reaction
conjugation with activated
& ghucuronic acid
- © sulfuric acid
v @ acetic acid
& amino acids

Phase - 2 - metabolite

-

Calculated amounts of drug residues

LCarhamazeping Rigiofenag
oral ol pareniersl  dermal
rectal

Mon-resorbed 15% 1% 0% 90-95 %
amount

from the resorbed part of the drug
Unchanged
eliminated 1-3% 1% 1% 1%
amount
Glucoronide of
the unchanged 0% 15% 15% 15%
subsiance

Calculation of Carbamazepine loads

e

Calculation of Diclofenac loads

Results of the wastewater
investigations

Calculated | Analyred Losd
st |emem st | Macorery | Pt
ha residues the raits [Pt
Boyenstr.
Car bt gt S8 -~ ST g I g o-Tos
Purmping station
Corbamampics | 334737087 sy -1 % onw
STP influsnils
Cartmmarspane minig [EL Y
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Results of the waste water
investigations

Calculated | Analysed Load
ot o m ¥ percentage
the residues the rate g e
residues - .
ek patal
Buyensts
AT AmLT e 15 2 rid oy ™ 1 £l
s ni-nry 82g HaTTw
Pumging station =)
ki B198-5m4g | 3a3g 5%5-57% 1%
STP infuenis
RAL mesg EYTLY

KO azsar et

Drug residues in effluents from municipal
sewage treatment plants in Berlin
Concent abons and iemoval rates for thiee drug residues and for caffeine detected

mn {24h) of ind {n=10 30| and effiuents (n=20 27) from
different STPs in Barlin® (Heberer, 2002).

Analyte Average inflluent Average eflluent  Removal
wiion in ation in pg/l  raie in
1 ¥
Carbamazepine F 163 8
Clofibric acid 046 D48 Der
Diclofenac 30z 151 17
Calleine 30 0.8 >99.9

* ST B Pt Sohorertee. Wafmarmion (e weroms. e "7 A0 e s oamre

Estrogenic steroids in the
aquatic environment

+ Estrogenic steroids are excreted unchanged or as conjugates
(glucuronides and sulfonides )

+ Conjugates were assumed to be converted into their native
forms in the sewage and during sewage treatment

¥ Unconjugated stercids possess high endocrine disrupting
potentials (0.1 - 1 ng/l)

¥ Their behavior during t and their fate in the
environment are therefore of great concern

Results WWTP

¥
H
Compemmd  bloss pom. Vesmssns | sbowieied E
[ teaty e i
— e wflurn
m Iesl®  pesTa Wi mm—
L3 Tisgst LEE =] g
b Maghy  LPE) il aaa

nE AT, 40T 12002008

it o g

Possible reasons for the low
recovery of Diclofenac

= Dermal application of diclofenac significant parts of the
ointment or gel are adsorbed by clothes or bandages.
Although diclofenac will appear in the wastewater after the
washing of these items. it is not acquired in the study
because the laundry of the military hospital is not located
inside the drainage area

= Disposal of paper lowels and gauze bandages:

diclofenac appears in the housahold waste and not in the
waslewater

e L

Natural and synthetic estrogens

S5 s

17 —estracal (E2) Estrone (E1)
]
-svnthenc hormone
-oral contraceptives
- 17a-sthinylestradal (EE2)

Expected steroid concentrations in raw sewage

reQiCied maximum Soncentration of - 1A FAW SeWake | 1
Predicted trat fEE2 v sewaie in Berlin

Analytes {dass of prescripbon | mﬂm G'm- w
Analgesics, anti-inflammatory I 15 [
drugs + metabolites

Antibictics 3 3 (8 sm) =
Antisplieptic drugs 2 F 2
B-Blockers 7 1 -
Lipld regulators. + metabolites 7 3 3
Contrast media + metabolites 8 [

Cytostatic drugs 1 vm

Oral contraceptives 1 mom) (1) sy f (1) oty o e
(Ethiny! estraaal (EE2) +mestranal| i R i

Other PhACs 1 4 *
Total 106 34 (39) 18
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Drug residues in effluents from STP’s in Berlin

in
Analym Wenn alueat  Anapw LETTRT T b
CITTTTE X Ty tencan s B
shreyhs poangyme Vane e LT
P hezapene 18
Phemskammi (Y1)
T enym L
o dane Bda
i1 tmprphensrene il
i duBdarme (1]
idi 1ulis athin s CLET
a44 [ TR T T ) LE;
S E abphe biphananin (F1] Rybe sms e addl
Fasamaw ared 1ar Ram sner and s dhorcen pannde
Ber Smid B3 (21
Bupm i 1 (1]
RNl Y (F 1! 14t
Temprin LFL iy
®abmaw ooy 1] 17 AR eyl [F17%)
¥eue m 13 ETe el B ABE
LEL A ] i LR T LE 1]
LELRE] BALR-0200  Amuwmi (¥1]
Fapmms [FT camems il
T [¥T] 1 ey el (Y1

Loads of PhACs in the Berlin water cycle

= Loads of PhACs in sewage effluents, surface
waters, and drinking water were calculated:
by measuring concentrations of PhACS In composite
water samples (upstream and downstream of Berfin)
from production values (for all STPs and DWPUSs) and
measured surface water flows
= Comparison of PhACS loads In sewage effluents
and surface waters provides information on:

walidity of analytical results and study design (representative
sampling, analytical methods ...)

persistence or degradation of PhACS In surface water

o1

Results from the surface water monitoring
in Berlin
(Monitoring in Berdin 2000-2002)
Fosbtive Macings: Wesbty fom wine smpling series (Jume 2000 (o Juse 2002}

Clofibric Acid (June 2000)

(LT

“Ta.8AbaE b ephan
TS b E NI mpyl P honpian
Total daily loads of Clofibric acid

Comparison of STP's va. surface water leaving Barlin
800

500

gm

&

i, -
100

0

N= 5 ]
Hoddersan & |leberer, 20013

KoWpERGZDIEM ST STPS  Surtece waters

Total daily loads of Primidone
Comparison of STP's vs. surface water leaving Berfin
1000

o
B0O
3
c 600
§ co| om—
200
0
N= L] ]
oddernen & Habora, 2001

Total daily loads of Diclofenac
Comparison of STP's vs. surface water leaving Berlin
15001
3
§ 1000
500
0
N= 6 k]

Woddersmn & |icbeegr, 2001 Sum STP's Surf
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Total loads of Carbamazepine
Companson of STP s vs. surface water leaving Berlin

2000

1800

1600

1200

1000

BOO
5§ 8

Leads in g/d
N
3

Sum STP's Surface waters

& E
« Persistent PhACs are discharged into the

aquatic environment from municipal sewage
treatment plants acting as point sources.

» Due to their persistence and polarity a small
number of specific residues are not significantly
adsorbed in the subsoil and can under recharge
conditions leach into ground water,

» Several PhACs are excellent indicators for
municipal sewage influences in surface and
groundwater

e i) | o

preryiwibony Fearcosne
SO0 N A
Tene inmen-> 2400 2600 200 3000 3200 W00 OO0 W00 000

Muitiphe jon detection (MID ) chromatogram recorded with GC-MS applying 51M of &
derivatived extract of 3 tap water sample,

i
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- AN sk | s | u:r.u suadgs up o
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,«/ Environmental Risk Assessmaent (ERA)
according to the follow-up of the draft discussion |
paper of the committee for proprietary mediinal |
products (CPMP) of the European agency for the o> HIRA |
evaluation of medicinal products (EMEA) (2001)
ion Environmental Risk Assessment of Non-
Genetically Modified Crganism (Non-GMO) |- |
| Containing Medicinal Products for Human Use.
N CPMPISWE/ 4447100 draft

ortling to the guideline for the
ERA &_ _—#valuation of new emerging chemicals in
"1 drinking water recently published (2003) by
the German Emaronmental Agency (LIBA)

) pased on Human Risk Assessment
s b (HRA) criteria

KONGRS

| e
J'.'ll..': LIUS

« For a limited number of compounds (e.g. EE2
or antibiotics) an environmental risk can
not be excluded at the concentration levels
measured in surface waters with high
proportions of municipal sewage.

+ With regard to the rare positive findings of
trace levels of pharmaceuticals in drinking
water and with today’s knowledge a risk for
humans might almost be excluded.

| Irace organics

nocomventional

2 paraliel
MBRs
(both 1- 2 CMF- Memcor -
3m?) membrane modules
{0,1 pm)

| o™
(s “Lociltan of the pilot viils .
B, Seplember 200 1-December 2003
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sampling scheme : 24h-collection

Sampling period

1.
| ol e e
LALIIIIEAS S

e

KOMPETREZENTRUM.  carbamazepin
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e anl Bonanll
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% IN THE WATER CYELE

PHARMACEUTICALS AND FERSONAL CARE PRODU
t LOI |
-
" MBR technology was shown Lot ble to achieve
E. enhanced elimination of differant trace organics in
F i comparison to conventional activated sludge treatmen
g
Resulls justify the needs of long-ter i lions
I I I when assessing biclogical processes
L MEBR technology does not provide any stand-alona solution
sy i when extensive or complele removal is required
L L} o o

anl aminated
ne filtration (5

Flow — =
Scheme re .

Raw Water '
{30 k) . £
| z=s
Sl Fitration o =
1 00pm
| B ot
| [um Filtration . »
001 pm -
REVErSe | wemsosnes srims
Osmosis (RO)| ™ s mesioein il e
3,500 - 10.000 A B
Liters per hour g o P O =

Hollow Fibers

Inner View
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Raw Water (Sewage Effluents)

Conclusions
+ Reliable continuous operation (over 48 hours)

» Bactena were already effectively removed by the
microfiltration device

» All organics and some inorganic compounds such
as nitrate, nitrite, and ammonia were almost totally
removed by the system

» Borate and detergents have only partially but
sufficiently been removed

» The generated drinking water meets all
requirements set by the drinking water regulations
(EU, US EPA, STANAG)

Raw Water (Sewage Effluents)

Removal of Organic Contaminants

water and the corresponding remov al rates during witrafilirstion (UF) and

reverse osmosls (RO
Raw water Removal % Permoate

| Parametsr ngil UF |[RO1|RO2Z ngiL
AMDOPH a0 2| ee | W =1
Carbamazeping 2280 13 | eoe | o009 =1
Clofibric scid 175 20 | 004 | 904 <1
Diclotanac &7 4 | eee | e <1
g 20 0 [ea2|ews =1
Primigons 730 0 0o | We -1
Propy phenazone 295 8| 003 | w7 <1
Mecoptop 70 o |eas | sse 1
TCEP 850 34 | DAS | N4 5

Transect Lake Wannsee
- ﬂ__/"gl(‘a' -
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PhACs found at transect “Lake Wannsee™
between May and October 2002 (n=6) {(mean concentrations in ng/L)
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Antibiotic residues at Transs Lake Wannsee"
Resilts, September 2060| Other organic compounds found at transect -Lake Wannsee’
[T wet detieniod: detociion level - | g dain wre voporiod oo 1) between May and October 2002 (n=6} (mn concentratons (n WL)
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Results for selected PhACs found
at transect “Lake Wannsee 27
January 2003 (concentrations in ng/L)
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i i A ‘
Phenazone-type FESIdL!tS Current results W
Residucs from ihe production of . Vi ﬁ =, ~r\_::“"‘ |
pharmaceuticals have boen detected =, 4= ., P + Several polar organic compounds, especially [
e oo el 2 ] several PhACs, are relevant to bank-filtration pre-
Purmimn [ S — treatment near urban areas.
- "‘:'-?N__EH f} + Some PhACs such as bezafibrate, diclofenac,
3“\'—11: i u:,c—lql!_ i—m(m‘ indomethacine, estrogenic steroids or antibiotics
Hye 0 Cirg ol HC—N. A Bhy seem to be efficiently removed during bank
@ @ filtration! |
* However, other polar compounds, e.g. five PhACs |
Dimethy laminophenazone '-::J:"ﬂ;:ﬁ.’ and a few other organit contaminants, are not [
\MDOPH completely removed and appear in drinking water
cus - il ol g supply wells.

Bifiversity of
Berlin) nwuln:d in the studies

v

Enwronmental Ptotectmn .and 1echno|og,r t'm
prbviding surface water samples and some
‘addjtienal information

he Senate of Berlin, the Berlin Wat any, and
1 W r for supp g-theirinue 1ons and
} in terms « interdisciplinary sub-
ink Filtration: Drug Residues” as pm'iul
iplinary NASRI (Natural and Artific
charge and Infiltration) project.

1 mr_ Berlin Water Company
ical and analytical work .

= German Ministry of Defense for logistical hglp
1 and funding 1

»"German Research Foundation (DFG) for I‘un-ding‘

11
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REMOVAL DURING DRINKING WATER
TREATMENT/RESULTS OF POSEIDON PROJECT

BY CIRSEE

(MARIE-LAURE JANEX-HABIBI)

SUEZ ENVIRONNEMENT DW
(WP

Removal of PPCP during drinking water
treatment

Results from ~P=v@# project

Marie-Laure Janet-Habibl, Augueie Bruchet,
Urs von Gunien', Marc Huber', Thomas Ternes®

CIRSEE ' EAWAG 18FG

- =\CZ

® ozonation ‘
® activated carbon adsorption |
® membranes

® conclusions

Apparent Rate Constants for Reactions with ozone

e
8
]
e
o
N
(=]
]
o
o
<

technologies investigated in Poseidon

3)

Ozonation

& Determi of rate for s o
in banch-scale experiments, for ozone and OH radicals
# identification of by-products

+ Good agreement between predictions and pilol-scale tests

ShACE
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Formation of Oxidation Products Oxidation Products of EE2

Conclusions on ozonation

= Many phammaceuticals react very quickly with ozone due 10 reaciive
funclional groups

~ In drinking water, low azone doses are sufficient 1o completely Adsor pl on activated carbon

transform the parenl compounds

- Onadation products may still have biological effects
- EEZ: satrogenic activity is greatly reduced by czons
Lab-scale experiments io charscierize the adsorption
~ Fuither work neaded 1o attain kinefic data for pharmaceuticals and properties of AC for selected PPCP
they oodaton by-products (carbamazeping, diclofenac)

ShCE

Impact of water quality

Results for the selected PPCP in milli-Q water

14 Farvi e of 6%
gl Farroa wrp of WP P — v o kgl

| AR = Pt it s .

ol (a1 LV } _- .

: QR i ?r".'.h I
 u BUALAY i 4 i
£ a4t muI LA 0 £ ome §

ar4 WY

i ] 1 B QAmw

ume e . o L
e M wl o € =l D Gapes Sheae S G Sages e S
=) -Activaled carbon IS a good candidate for PPCP removal m  -lmpact of competition with Nat ! w (TOC)

= In resl waters, the dnl‘!erenc.e of a!flnn\f amon-g the compounds

~Classification, by decreasing capacty for removal
bacomes lass pronounced compared to milli-Q water

Diaz, Tona, Gala, Carba »>> |bu, Roxy, Sulfa, At

Conclusions on activated carbon adsorption

~ Based on (k, 1/n), we can predict (he remaoval percentage of PPCP

as a function of AC dose UF (10 nmj)

~ AC adsorption is a good candidate for PPCP removal

NF /RO (0.1 =1 nm)

« In a real waler (1 12 1.5 ppm TOC), for all PPCP investigated in this i e

sy P - Membrane systems

& Uttrafitration « PAC (Cristal™)
& RO NF mémbranes

« § ppm PAC enables to reach the target of 80% removal
* 10 ppim PAC enables to reach the target of 99% removal

[ e w0 Swez
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Vigneux-sur-Seine (55 000 m?/d) Cristal™ Process at pilot-scale

(e ——— e e ==

E Cristal™ Process

Tap water spiked with PPCP
(a few ug/)

Removal of 3 PPCP

(ot 06

e e

Ea i

Q

% Removal
EEEEE R

82
op b Ee— ] ——— TECOVETY Tale
el parmssia 1% man permenia 10 mn || iproduced Rew | NEDE e e
teeding Mow)
- > 95% removal with 5 ppm PAC - > 98% removal (outlel < quanification limit, le. 0,02 to 0,05 pg/L)
for ibuprofen, carbamazepine, diazepam for ibuprofen, carbamazepine, diazepam
(other PPCP not tested yet) (other PPCP not tested yet)

Conclusions on PPCP removal by membranes Drinking Water Technology : conclusions

® Czonation is a powerful technique to oxidize PPCPs in water
treatment. Ozonation products were identified,
® Adsorplion on acthvaled carbon IS very efficient to remove most

| PPCPs. All carbons are not equivalent. NOM lowers the adsorption
capacity for PPCPs, with a higher impad for neulral than for acidic
compounds.
® Nanofitration, reverse osmosis, or ultrafitration combined with
aclivated carbon are very appropriate to remove PPCP

% Treatment processes are available to avoid a
drinking water contamination with PPCPs even at the
low ng/L-level

Outlook ’ SUEZ ENVIRONNEMENT '

| ® A typecal reatment line for surface water in Europe should prevent ‘ ‘
| from a PPCP contamination of the drinking water (multl-barrier

| treatment) |
. o A L B Acknowle_dgements to the European .

be avoided (Water Framework Directive) Commission for support of Poseidon
® The ICM (lodinated contrast media) could be the exception, with prcject I

poor adsorption to AC and poor sensilivity o ozone

® Knowing the fate of PPCP through drinking water treatment lines
contributes to the rsk approach recommended in WHO draft
guidelnes . identifying and controlling the critical points from the
source {o the end-product -

e
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Consumption of selected pharmaceuticals in

France and analytical method used

-i'ﬂu of drug Compound Amount [tons)]  Analytical
in France (1998) Method
Antieplleptics  Carbamarepine are GCMS
Antiphlogistics  Diclofenac 152 GC/MSE
Ibuprofen 1866 GCOMS
Antiteotics Sulfamethoxazole 23 LCMSME
Roxithromycine 85 LCMSMS
Tranquilizer Diazepam 04 GC/MS
Contrast Agent  lopromide T34 LCMEMS
Musks Tonalide GCMS
Galaxolide GCMS
ShACE
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ECOTOXICITY BY WERF

(JAMI MONTGOMERY)

- ’ 4 -
GWRC Workshop on
Pharmaceuticals and
Personal Care Products in the
Water Cycle

Available Data - Pharmaceutics

2 -
AVvailable Data — Personal Care
Availale Data = Pharmaceutics Products

Chyonic Toxicity Potential for high vo
4 ; Data primarily

-

S
Environmental Risk Environmental R
Assessment Accesement
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y_ Ph i
' VICH!Gliidance Document
= Action level for water is 1 ug/|
s If PEC >1 ug/lthen a Phase 11

environmental effects analysis must be
performed

" ProjectGoal

T0)use pharmaceutical-induced gene
expressionand repression as means to
develap a DNA-array to assess exposure
and effect on aquatic organisms

| Spegific Research Objectives

ufl mine if exposure to pharmaceutical
contaminants are eliciting chronic effects in
medaka ™
Develop cDNA expression profiles from
medaka exposed to a prototypic
pharmaceutical contaminant (Ciprofibrate)
Examine the utility of cDNA arrays for
analysis of pharmaceutical exposure in
complex water matrices

=xperimental Design

#S5H is based on suppression PCR and
combinesnormalization and subtraction
in a.single procedure

= Library of cCDNAs corresponds to both

induced and repressed genes

associated with exposure to Ciprofibrate

dfinoyative DNA Array
sehnology for Detection of
“\Pharmaceuticals in Reclaimed
Water

g Premise

Thatspharmaceutical contaminants, at
environmentally relevant concentrations
(i.es i@/ will elicit chronic molecular,
biochemigal'and physiological effects on
exposed non-target aquatic organisms.

Experimental Design

«vale medaka fish between the ages of
4-6 months are exposed to Ciprofibrate
at copgenitrations of 50 mg/kg

m Livers, testis, and brain were recovered
and processed to isolate total RNA

= Differential expression libraries were
made using subtractive hybridization
(SSH)

-

Experimental Design

#Project team has identified novel DNA
sequenicesinot previously shown to be
respofsive to pharmaceutical exposure
in aquatic organisms

= Project team hypothesizes that a
component of each expression library
will be unique to each pharmaceutical
class
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- v o

ypical*Result Results'to Date

Ciprofibrate
a number. of

immune and inflammation r

-

Next Phase
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HUMAN TOXICOLOGY BY UKWIR

(JOHN FAWELL)

Issues

Environmental fate and occurrence (grab
samples)

Pharmaceuticals and their impact

fested

on Health and Environment B iidadalicals sstindive

Exposure to humans from we ompared
John Fawell

o exposure from chimcal use

Representing LUKWIR 4
Pharmaceuticals (rom vetermary use

Data on toxicity 1o aquatic lile

What is there? How much

Primarilv subst: volumes i high
de Most | £ couniries = Relatively hmited data, mostly raw water
Anti-inflammatories and anal « Mostlv <1 ue/l

erhipidacmics ;

* Majority <100 ng/l much < 10 ng/l
jpine . :
st media = Drinking water < | pg/l. low potency

enicillin vegative data often not published

= Much not confirmed

Human Health What Effects - Humans?
! Humans — exposure through drinking water
« Several recent studies ol potential health
impact ol pharmaceutical residues in
drinking water

limited, on basis of current data
Concentrations very low, several orders of

A magnitude below therapeutic d cven in

» Pataon ¢ o water data are rels 1y

Data on drinkin ier data are relatively et
limited but can u neentrations in

Fherapeutic doses ol those observed mostly

receiving water as worsl case

over 100 mz/day

Studies all conclude negligible risk
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What Effects — Aquatic Life? To Sum Up

« Aquatic organisms - laboratory data, possible Pharmaceuticals found in surface water. to a
effects in very small number of cases, but lower much lesser extent in drinking water

impact in held
e S Very low concentrations. For humans

1¢ estroven el “SiT; il contnbitor 1o 5 . -
Synthetic estr 1 ethinylestradiol contmbitor 1 orders of magnitude below active doses

intersex in fish but natural hormones iy g
Pharmaceuticals in water do not pose a

threat to human health, 1ssue of perception

more important. not typical

Antibiotic resistance very unhikely, more likely

problem from excretion of resistant bugs Questions over aguatic life because of
limited data. particularly field data
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