*
* * f | A ol
* * PE
* *
* * IF;
L
| B o |

KNAPPE

Knowledge andNeedAssessment of*harmaceutical Products in Environmental
Waters

Contract n° 036864

Operative commencement date of the project: Februar 1° 2007
Final date of the project: July 2008

Deliverable numbemD5.2
“Discussion Document on Eco-pharmavigilance”

The deliverable authors are responsible for théerdn

AUTHOR: Prof. Richard Greenwood
AFFILIATION: University of Portsmouth
School of Biological Science, King Henry Buildinging Henry | Street,

ADDRESS University of Portsmouth, Portsmouth, PO1 2DY, UK

TEL.. +44 (0) 2392 84 2065

EMAIL:

FURTHER lan Allan; Anne Togola; Ed Smith; Mickael SchluesenEvelyne
AUTHORS Touraud; Benoit Roig; Graham Mills; Neil Crooks.

Document Information

DocuMENTTYPE  Word document

DOCUMENT
NAME:

REVISION: 0
REV.DATE:
CLASSIFICATION:
STATUS:

Environmental pharmacovigilance of pharmaceutmalducts



Table of Contents

. Executive summary 3

. Introduction 5

. Source, fate and exposure based on life cycle 8
3.1  Exposure routes 9
3.2  Modelling of expected concentrations in variousnas 11
3.3  Modelling toxicity 13

. Information on pre-registration and authorisatioogess 15
4.1 Defining low/high risk medicines 16

. Monitoring strategies and scenarios for newly reegex, existing and high risk

medicines 17

5.1 Rationale and factors influencing the depeient of monitoring strategies 17

5.2 Parameters 20
5.3 Strategies 24

. Biological monitoring & endpoints 51
6.1  Acute/chronic toxicity assessment 51
6.2  The use of novel approaches to rapidly identifyytion incidents 55
6.3  Biomarkers 55
6.4 Biomonitoring 59
6.5 Ecological impacts 69

. Summary 70
7.1 Newly Registered Medicines 70
7.2  Existing Medicines 73
7.2  Medium to low risk medicines 73
7.4  High Risk Medicines 75
7.5 Medicines for veterinary use 77

. Conclusions 78



Environmental pharmacovigilance of pharmaceuticatlpcts

1. Executive summary

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

ecological pharmacovigilance.

For many years regulatory authorities have dealhva wide range of industrial
compounds that enter the environment either actatlgror through regulated discharges,
and pesticides that are designed to be appliedarehvironment. There are mature and
evolving regulations that define environmental gyatandards for priority pollutants of
concern. For pesticides there are pre-authorisapaokages that involve detailed
environmental fate studies. In the European Uniom recent REACH legislation has
widened the range of substances for which environaheisk assessments are required,
and this will have significant impacts on many gatges of products (including those for
use in household cleaning and personal care). EqueEr gained in these various areas
should inform practice in dealing with pharmaceaisc

Pharmaceuticals have become a focus of specialtiatiesince they were detected widely
in the aquatic environment, and in drinking wategConcerns have been expressed by
regulatory authorities because this group of chalsiis designed to be biologically active
at very low concentrations, and because removat fr@aste by sewage treatment plants
(STPs) is variable and in some cases inefficiéntrther relatively little is known of their
fate and behaviour in the environment, and thefect$ on aquatic biota are poorly
defined. Frameworks of guidelines have been foatedl for medicinal products for both
human and veterinary use, but there is still a feedesearch to inform the regulatory

process in this area.

A number of areas has been identified where itifficdlt to obtain the information
necessary to carry out a reliable risk assessm@me fundamental area is the lack of

information on volumes of some compounds used imesoountries. Reasonably reliable



information can be obtained for prescribed drugst thre still within patent, but it
becomes increasingly difficult for generic drugadaver the counter products in most
European countries, with the exception of Swedeere/pharmacies are state controlled.

Work is needed in a number of areas to providal&direpresentative information on:

Behaviour (removal efficiency, partitioning betwegater and solids) in STPs
Potential for transfer from sludge to soil to grdwand surface waters

Behaviour in surface and ground waters

Toxicity to aquatic and soil organisms, and relapedential for environmental

harm

In order to obtain a complete picture of the lifele of a medicine it is necessary to obtain
reliable and representative information on levdlanedicines in various divisions of the
pathway to and within the aquatic environment, udodg manufacture and distribution, end
use, STPs, waste water, surface and ground watenking water, sludge, soil, soil and
aquatic biota. It is not feasible to obtain detaileformation on all of the medicines in use, or
to monitor them, even only in surface waters. ilt therefore be necessary to assess potential
risk on the basis of available information in ortieprioritise research and monitoring efforts.
Compounds could be categorised as of high or ofiunedo low risk. For newly registered
medicines monitoring is not necessary until thedpod has been in use for sufficient time to
allow it to reach the treatment and environmenigtridution phases. Although guidelines for
environmental impact assessment are already i faanew compounds for both human and
veterinary use, it will be necessary to assesgsiegisompounds. This could be done on the
basis of existing information in order to decideetter any further work is necessary, in
order to concentrate efforts only where they aetlpd.

Modelling and monitoring are needed to establistations and times where and when
environmental concentrations are likely to be hggh® describe the worst case scenario.
There is also a need to obtain a reliable, reptasea picture of the average overall
concentrations in various divisions of the aquatigironment. This may identify where local
remedial measures could be useful, and avoid ussace large scale operations. For high

risk compounds detailed investigations would berappate in order to underpin potentially



expensive remedial actions and monitoring regimesr lower risk compounds it may be
possible to use modelling on its own, and to idgntidicator compounds that can be used to
represent a set of similar medicines. Where regjanonitoring is required, then work will
be necessary to develop validated extraction arady@cal methods that can be used by
routine analytical laboratories. This is particlyigporoblematic for some difficult, complex

matrices such as sludge, sediments and biota.

There is a need for an overall evaluation of theeru situation and for a consensus to be
reached between the pharmaceutical industry androsmvental legislators to produce
objective guidelines that will afford protectiongavironment and drinking water but that will
not prevent valuable medicines that will allevidtaman or animal suffering from reaching

the market place.

2. Introduction

In the past much of the legislation on water quafias focused on the concentrations of
named compounds of concern (e.g., based on liggsaity pollutants) and comparing these
with environmental quality standards that are bipdthsed on toxicological properties.
Under this regime most of the anthropogenic envirental pollutants present in water bodies
were not measured. As analytical methods have eddhke detection of trace contaminants,
researchers have highlighted the presence of a walee of contaminants (e.g.,
pharmaceuticals, personal care and household olgagmioducts) in surface, and ground
waters. Many more compounds are now being scretinisider the REACH legislation. The
presence of pharmaceuticals in the aquatic enviemirhas only relatively recently become
of concern, and should be considered within thené&aork of the other work that is
underway as part of the EU Water Framework DirecfWFD) that aims to protect and

improve the quality of all water resources througheurope.

Medicines are often present at only low levelshi@ énvironment, but because the molecules
have high and specific biological activity they bee of interest to regulatory authorities and
legislators. This discussion document focuses arméaceuticals, but the general principles

apply to all anthropogenic contaminants (e.g., s@olar pesticides) with physicochemical



properties that fall within the chemical space @ied by medicines, and that can enter the
aquatic environment. There are major differencetsvéen for instance pesticides that are
designed to be introduced in a controlled way th®environment, and pharmaceuticals that
are designed to be administered in small, disateses to humans or to farm or companion
animals. However, some of the experience and nmdtion available for the former
compounds may be helpful in some areas of thecyigle of pharmaceuticals, and may
provide guidance when considering ways of assedbmgotential or actual environmental
impact of pharmaceutical inputs. This has alrelaalypened in devising regulations for the
registration of medicines for veterinary use sisoene of these can enter the environment

directly.

Across the EU sales of pharmaceutical products@m&olled by strict guidelines. In the UK,
for example, under the Medicines Act 1968, guidsdinclassify medicines into three
categories; General Sales List (GSL), Pharmacy bileeli(P), Prescription Only Medicine
(POM). However, this varies from country to counémyd in certain countries, such as the
Netherlands, only two categories are recognised;wére the equivalent to POM and GSL.
Each category is controlled by its own set of glids and applies to all medicinal sales,
whether they are supplied via the internet, madeoror over the counter. With increasing
availability and the reclassification of many medés from those that were historically
prescribed and are now available via pharmaciesyer the counter medicines, the pressure

on the aquatic environment is rising.

Large volumes of medicines used for both humanvaterinary treatments can enter ground
and surface waters through a number of specifitesou A wide range of pharmaceuticals
used to treat human conditions commonly pass thrds§Ps before entering ground or
surface waters. These can either be as metabgiteduced when the parent compound is
broken down after use, or as parent compoundsatieatliscarded, often through domestic or
commercial waste systems, without being used. ThHustedo enter STPs and are treated can
be subject to further transformation, producingi@oital metabolites which can potentially
be more toxic. Many of the pharmaceuticals mostroomly detected in STPs are shown in
Table 1.



Table 1. Groups of medicines most commonly t#eted in STPs and risk

posed in the environment

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

LA A LA LA LA [

Veterinary medicines on the other hand can enteemwsaystems directly through both

agricultural and aquacultural waste and withoutattreent in STPs, being released via
excretion and manure in land application. Whereagmasludge is applied as a manure, then
some medicines for human use could also potentiadiye to soils, and to ground and surface

waters.

Disposal of out of date or unused pharmaceuticadstheir packaging also contribute to the
risk to the aquatic environment and can lead th eyels of medicines being released into
water bodies. Disposal of pharmaceuticals to ldnsifes can mean that significant volumes
of medicines may leach into ground waters, ultidyateaching the aquatic environment and
potentially contaminating drinking water supplid3ue to the potential for the introduction of
large volumes of pharmaceuticals into the aquatiwirenment it is important that

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

The aims of this discussion document are to (i)en@\sources, pathways and sinks/exposure
for pharmaceutical products based on their lifeleyassessment, (ii) identify possible
strategies for the monitoring of newly approved aristing medicines, or those identified as
posing a potentially high risk during the authaiima process with references to the EMEA
guidance, (iii) provide suggestions for the desifrtargeted post-authorisation monitoring.
Within this framework, consideration is given tovhovhere and when to monitor. Methods
for biological monitoring, including direct toxigitassessment and ecological impact studies

and in various matrices are reviewed. Since thera wealth of published information



available on analytical chemical methods used invirenmental monitoring of

pharmaceuticals, this is beyond the scope of tisisudsion document.

There are many recent review papers covering bhbth dxtraction and instrumental

2345678910.11H6vever, some general points need to be considéfany of the

analysig
methods that have been developed depend on expdmngiy sensitive instruments, and are
not readily transferable to routine commercial w#boratories. An analytical procedure for
use in routine analysis in support of regulatorynitaying must be robust and fully validated,
and the necessary levels of detection will be deteed by considerations similar to those
applied in setting current environmental qualitgnstards (EQS). Whilst measurements in
water can be relatively straightforward, other neas including sludges, soil, sediments,
suspended solids and biota are more problematiccandinvolve complex and expensive
extraction procedures. All of these environmentahpartments must be considered within

the context of ecopharmacovigilance.
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3. Source, fate and exposure based on life cycle

3.1 Exposure routes

There are many possible exposure routes of phautieaeproducts in surface, ground and
drinking waters, and pathways that they follow @aeed and depend on whether the drug or
medicine is for human or veterinary (land- or wdiased) consumption. In order to model
these systems and to obtain realistic risk assedsrbeth good quality field data and reliable
estimates of inputs are needed. As shown in Fiduraccurate information is required to
predict or estimate pharmaceutical usage, its paté use (e.g., over the counter sales,
hospital-dispensed drugs, and any seasonalityeimisie), its volume of production, dispensing
in the community and usage (based for example orkehgenetration factors). This
information is critical in the prediction of envirmental concentrations and therefore the risk
of these substances in the aquatic environment.ekample, for dispensed medicines for
human consumption, the major route of entry toattpeatic environment following dispensing
is through excretion and the waste water cycle. éi@s, old medicines or those remaining
upon the end of the course of treatment are ofispoded of in ways that lead to their
appearance in environmental water. In a study bynBo& Voulvoulis (2005¥, household
disposal pathways and characteristics in the Urfiegjdom were reported for various drug
types. The largest disposal pathway was trash/lihge sink and toilet represented between
3.6 and 16.7 % for painkillers, antihistamines laintics and beta-blockers. Only 14 to 33 %
of respondents to the survey took their surplus iomees back to the pharmacy. No
hormones, lipid regulators or antidepressants wlesgosed ofvia waste water. This pattern
of disposal is similar to those reported elsewh@eund et al, 2006}%. However, many
countries have made efforts to change this (eage-back schemes have been successful in
increasing the proportion of waste medicines thadisposed of through pharmacy outlets).
These aspects are covered more thoroughly in thaRNE Discussion Document on Eco-

Pharmacostewardship (Deliverable D5.1).

12 Bound, J.P. & Voulvoulis, N. (2005) Household displ of pharmaceuticals as a pathway for aquatic
contamination in the United Kingdomanvironmental Health Perspectives113 (12): 1705-1711

13Bound, J.P., Kitsou, K & Voulvoulis, N. (2006) Heehold disposal of pharmaceuticals and percepfioisio

to the environmen&nvironmental Toxicology and Pharmacology21: 301-307
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Figure 1. Exposure routes of the aquatic environnmg to human pharmaceuticals based on their

simplified life cycle

Following use, significant proportions of some phaceuticals are excreted unchanged
whilst some are metabolised and then either par@mipound or detoxification products are
released through the urine and faeces into wadier wgstems. Degradation during the waste
water treatment process, or removal with sewagdgsluwill depend on the concentration
levels of the medicine of interest, its physicocleaincharacteristics and stability, the type of
waste water treatment plant involved and its efficy. In some cases, biotic or abiotic
degradation pathways may lead to the formation effatvolites or transformation products at
concentrations that may be toxicologically relevddisposal of sewage sludgé farming
applications (sludge/manure application) may inseghe possible threat of ground water and
surface water contamination. Once released inttaseiwaters, the fate of pharmaceuticals,
including their transfer into and movement withadsnents, and persistence will depend on
their physicochemical characteristics (e.g., hytaipcity, volatility, reactivity). This will, in
turn, dictate the exposure of biota to the drugpdtential environmental impact. It will also
affect the degree of contamination of drinking wat&or veterinary medicines, release into

the environment can be either directly by excretido the water courses where treated farm
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animals are allowed direct access to surface waterdandirectly by leaching from
contaminated soils. For compounds used in aquaeuthere is direct release into surface

waters. All of these activities increase the risgmmund and surface water contamination.
3.2 Modelling of expected concentrationsamious matrices

There is a tiered approach to environmental rislessment for medicines for both hurifan
and veterinar{’ use. The first phase of the risk assessmenteatetjistration/authorisation
stagebased principally on checks for persistenceném-polar (log Kow>4.5) compounds,
and the calculation of predicted concentrations QP surface waters. However, the
calculation is based on assumptions such as aryesisitributed usage over time and space),
and these may introduce a large uncertainty irgcctticulation. Other assumptions such as no
metabolism, biodegradation or retention of the dead to conservative estimates of risk.
Where the predicted PEC exceeds 0.01 fidurther aquatic fate and effect studies are to be
conducted for higher tier risk assessment pha3déwse studies should follow a number of
recommended protocols (OECD tests) to refine coimpas of predicted environmental
concentration (PEC) and predicted no effect comagoh (PNEC) values. If potential
environmental impact (PEC/PNEC is greater than eneyedicted at Tier A, then the study
moves to Tier B that comprises an extended enviemtah fate and effects analysis, and
includes refined PEC estimates for surface waterd,some PEC determinations for sludge
and soil, ecotoxicological data for soil-dwellingganisms. A tiered approach is also used for
veterinary medicines, but the detail is differesmid depends on the end use (aquaculture,
intensively reared terrestrial animals, pasturenais) of the product. Phase | guidance uses a
decision tree approach based on usage and PECoiprasd expected environmental
introduction concentration (EIC) to decide whetliggre are issues of concern that require
moving to Phase Il, where the three categoriesndfese are treated separately. Tier A of
Phase Il involves physicochemical measurementsiye@miental fate studies, refined PEC
values, and effects testing on species appropriatehe end use. Tier B involves

bioconcentration studies, and further effects ssidiFor the pasture animals branch refined

14 Jones, O.A.H., Voulvoulis, N., & Lester, J.N. (2)Q\quatic environmental assessment of the toprafligh
prescription pharmaceutical/ater Research 36: 5013-5022

15 Commiittee for Medicinal Products for Human Use {IP). (2006) Guideline on the Environmental Risk
Assessment of Medicinal Products for Human Usetopean Medicines Agency (EMEA) veterinary medicines
and inspections, London. 1-12
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calculations based on excretion in urine and faemed where the latter is the predominant

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

Under the EMEA risk assessment guidelines for niees for human use, a basic risk
assessment of exposure of surface water can betakele by predicting environmental
concentrations, principally in surface waters. Ritedl surface water concentrations can be
obtained using the following equatidhs’.

DOSEai F,, |
PECSurfaceNater = . - - Equatlon 1
WASTEWinhl” DILUTION" 100
El "R :
PECSurfaceNater = - B ocal\Nater WPS Equation 2
WASTEWinh” CAPACITY,, . FACTOR DILUTION
DOSEai F,,. . F,.. CAPACITY
ELOCAL,,,, = et 181” Pe Equation 3
Where:

PEGsurtace water predicted environmental concentratiomi(™)

DOSEai = maximum daily dose of drug consumed pealiitant (mg inhabitartday®)

Fpen= market penetration of the drug (%)

WASTEWinhab = volume of waste water per inhabitghtshabitant" day?)

DILUTION = factor from WWTP effluent to surface veait(=10; 100 = correction factor for
percentages)

Fwwrps = fraction of the drug that enters surface wateffsciency of the WWTP)

FACTOR = degree of sorption to suspended matter

CAPACITYwwrps= capacity of the local waste water treatment plaftabitant’)
ELOCALwater = local emission to waste water (this is giverehyation 3)

Fexcret= fraction of active ingredient excreted

16 European Medicines Agency (2006) Guideline onetiieironmental risk assessment of medicinal prodiacts
human use. London*June 2006, CPMP/SWP/4447/00

" Bound, J.P. & Voulvoulis, N. (2004) Pharmaceuscal the aquatic environment — a comparison of risk
assessment strategi€&hemosphere 56: 1143-1155

12



The estimation of PEC values requires in turn tegnation of a number of variables as
shown above. Often the variability of these vaealdnd the associated uncertainty are poorly
defined, and this increases the overall uncertaasgociated with the PEC values. In many
cases safety factors such as assuming no lossésy degwage treatment (i.e., influent
concentration = effluent concentration) are intetl to provide protection against
underestimating the PEC. For the calculation of RBlDes for surface waters it is necessary
to know the flow of the surface water and the propo of waste water to surface water.
Often it is considered appropriate to estimatewbest case scenario that is obtained by using
low flow conditions with maximum expected effluecwncentrations. Loss of pollutants
present in the primary sewage during treatment gj@an orders of magnitude between
different plants, and is normalised to the inpuaalrug into the sewage treatment. Inputs can

vary over orders of magnitude depending on the etg&netration of the drugs of interest.
3.3 Modelling toxicity

The comparison of measured or predicted environahembncentrations with the
toxicologically relevant one is a crucial stagerigk assessment for aquatic systems. While
much uncertainty is associated with the measureneenprediction of surface water
concentrations, even more uncertainty can be foumeh trying to estimate safety levels (no-
observed-effect levels) based on acute or chranicalogical data. This in turn will vary
widely depending on the pharmaceutical(s) of irgessnd the receptor. A human health risk
assessment of 26 pharmaceutical products in USrsvatas conducted by Schwab al.,
(20058, Acceptable daily intakes (ADI) were estimatedhvtie following relationship:

ADI = 1000 POD Equation 4
UF," UF,” UF,” UF,” UF,

where POD is the point of departure (mg'kdpy") often estimated from lowest therapeutic
effect dose (from clinical trial prior to registi@t), and uncertainty factors (UF) related to
interspecific variability, intraspecific variabyit the extrapolation from a low effect to no-
effect level, the duration of exposure in toxicobad studies, and a general “data quality”
factor. Predicted no effect concentrations (PNEQJrinking water and in fish tissue can then

be estimated based on these ADI:

18 Schwab, B.W., Hayes, E.P., Fiori, J.M., MastmcE.J., Roden, N.M., Cragin, D., Meyerhoff, R.D
D’Aco, V.J. & Anderson, P.D. (2005) Human pharmaesals in US surface waters: A human health risk
assessmenRegulatory Toxicology and Pharmacology42: 296-312
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" IngR,,  EF" ED

1000° ADI” BW™ AT Equation 6
IngR-"~ BCF" EF” ED

PNEG. =

Where BW is body weight (kg), AT is average timays),IngR is adult/child ingestion rate
(L day?), EF is exposure frequency, ED is exposure duraitd BCF is the bioconcentration
factor (accumulation in fish tissue). These PNEQies were then compared with measured
pharmaceutical concentrations in US streams and méximum measured concentrations in
the literature. PEC values were also calculatedguiePhATE programmé&’ (assuming low
flow and no depletion). Nineteen out 26 human madik showed measured environmental
concentrations (MEC) and PNEC values well belowod the three scenarios investigated
there. A ratio between 0.1 and 1 was observed ifooftoxacin (all scenarios), metformin
(combined fish/drinking water), ranitidine (combahdish/drinking water) and warfarin

(combined fish/drinking water).

By the nature of the tolerance distribution estesatf toxicity, such as the PNEC in the trials
(approaching 100% and zero response) are assoeiitethrge uncertainties, and hence the
need for the use of large safety factors. Howepetentially more significant uncertainty is
introduced when laboratory-based toxicity measurgmesing limited test species are used to
extrapolate to environmental impact. A wide ramjanethods is available for biological
monitoring, and these are reviewed in detail inti8ads. There is a need for further work in
this area to compare available methods, and teas$ke representativeness of current toxicity
test protocols, and to identify the most appropriast species with low tolerances for various
pharmaceutical classes in order to provide a mamjfinsafety based on objective
measurements rather than on arbitrary safety factor

9 Anderson, P.D., D’Aco, V.J., Shanahan, P. Chapr@., Buzby, M.E., Cunningham, V., DuplessigyiQ
Hayes, E.P., Mastrocco, F.J., Parke, N .J., Rad€r, Samuelian, J.H. & Schwab, B.W. (2004) Sureg
analysis of human pharmaceutical compounds in suSace watersEnvironmental Science & Technology
38(3): 838-849
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4. Information on pre-registration and authorisation

processes

It is not possible within available resources tonitar all pharmaceuticals present in surface
and ground waters, and certainly not the full ranferganic micro-pollutants (for instance
industrial chemicals, pesticides, personal carelyets, and household cleaning agents) that
enter the environment in significant quantitiesislttherefore essential to focus monitoring
activities where they are most needed because téng@ harm. In order identify
pharmaceuticals that should be of high prioritymonitoring programmes it is important to
have accurate information on market penetrationofacor production volumes that can
provide an accurate check on the mass balancewilhelso help to improve the accuracy of
predictions of PEC values for sewage treatmentémit/effluent and surface waters. Patterns
of consumption and excretion can be used togetitarlesses and retention time in STPs to

determine possible fluctuations in concentrationenvironmental waters over time.

For substances that have been identified as emagatally relevant, data and information
obtained during the development process would lzadd in charge of risk assessment and
environmental pharmacovigilance. Physicochemicalratteristics (e.g., lo&ow, pKs and
log Koa) would be particularly relevant in the modellingopess. In addition, other
information (e.g., photostability, chemical stalyiliand any pH effects) relevant to the fate of
these chemicals in the aquatic environment is ree@deorder to aid the prediction of the
long-term fate of drugs in surface waters. Matrittebe investigated are water (ground water,
fresh water, brackish and marine waters), sediméspsoil and aquifer material. Degradation
in these matrices may occur and result in decremsesncentrations in the environment;
however, these losses may be accompanied by theaame of toxic metabolites or
degradation products that may in turn require nooimgy. The pharmaceutical companies
could provide useful information in this area simoajor metabolites are identified during
development. Sorption to sediments, soil (topsaiid aquifer material will dictate the
capacity for elimination from surface waters or tpotion of ground water resources.
Information on the partitioning, aging processed assimilation of these drugs into organic
matter or bioavailability of these chemicals toisezht-dwelling organisms may be required.
While some of these processes may be evaluated) umsany of the standard protocols

available (e.g., OECD 308 test), analytical methadsneeded to measure concentrations in

15



these matrices. Many standard analytical methodsetaborated during the development
process for these drugs and these would greatfy thelse in charge of monitoring. Further

the availability of standards and pure chemicalsd(&n some cases their metabolites) is
essential for the development of methods for thteaetion of these substances from matrices
such as water, waste water, sludge, soil, aquifetenal, sediments and biota, and for the
evaluation of the environmental fate of medicinegdaboratory and pilot-scale studies. For
mass balances purposes, and investigation of nlisegiran, the use of radio-labelled analytes

may be advantageous.

Data from toxicological and pharmacokinetic studeasd measurements of the lowest
observed therapeutic effect doses may be of gesafar assessing the risk to humans though
drinking water contamination and consumption ohfe&ccumulated drugs. Where predicted
environmental concentrations exceed a certain hibtddevel then it would be necessary to
have access to toxicity data obtained from the askessment at the authorisation stage.
Additional toxicological data may be obtained frtime non-clinical critical assessment report
submitted as part of the application for authormsat Any harmful interactions between
medicines and other compounds (including other oieel$) that have been identified as
presenting a risk to human health may provide #slfas identifying toxicity resulting from

the presence of mixtures of compounds in the enunent.

4.1 Defining low/high risk medicines

In order to ensure a logical prioritisation of moning it is, at this stage, important to define
“high risk” medicines. Medicines may present a lkighsk due to a number of factors for
instance high or very high prescription and consimnpvolumes (as is the case for beta-
blockers). Their presence in the surface watersvidespread distribution in the aquatic
environment leads to an increase in the risk thesepOther factors that could result in the
categorisation of medicines as presenting “higlk”riare toxicity (e.g., antidepressants),

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

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

Categorisation is likely to result from the itevati process starting with pre-registration
information and initial predictions based on markanetration data, classification and
screening-level environmental fate predictions/ntlote from physico-chemical parameters
or basic experimental work. Once an initial categagion has been conducted, monitoring
scenarios can be developed in order to verify tladéidiwy of initial predictions and
categorisation. If discrepancies are identifiedthfer laboratory-based work on the
environmental fate and ecotoxicology of these med& may be conducted. Based on these
results, categorisation may be re-assessed andarnnogiplans developed accordingly. This
should then be the basis for identifying regulatoseds such as environmental quality
standards and requirements for additional eco-paeostewardship processes to reduce total

emissions to the aquatic environment (Figure 2).

Pre-registration é : Monitoring data

information

Physic-chemical characteristi Refine PEC/MEC values for sewage influent & effluen

) and surface waters
Market penetration data

- Volume Elimination in treatment plants

Environmental fate data Load to the aquatic environm:
- Persistence TS . .
- Bioaccumulation Fate and distribution in river, estuarine and narin
- Metabolism environments

Identify zones & periods at risk & contamination
Group or classification hotspots

Use of indicators
Pharmacokinetic/therapeutic data

Assess risk and threat to ground and drinking water
Available analytical methods resources

Basic ecotoxicological data Data available for other compounds from same class

Exposure of biota and ecotoxicology

Post-registration

fate studies

| Categorisation of medicin |

Set environmental quality standards
(EU legislation e.g., WFD/REACH)

| Actions to reduce environmental levels

Improvement in treatment processes,
effluent release contr

Pharmaco-stewardship

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

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

5.1 Rationale and factors influencing the digwaent of monitoring strategies

Clear objectives need to be defined in order touendoth the representativeness and
usefulness of information from monitoring progransmeSelection of matrices to be
monitored, monitoring points, sampling frequenceesd indicators to be used to fulfil
monitoring objectives will be based on the pattefruse of the pharmaceutical of interest, its
life cycle assessment, whether it has recently laggnoved, has been on the market for some
time or was identified as a high risk compound nlginiegistration (e.g., based on volumes or
toxicity). For example, the monitoring of newly apped human medicines in surface or
drinking waters may not be relevant initially buft,the level of use of the medicine is
sufficiently high, measurements in waste waterttneat plant influents and effluents may
provide relevant information on transformation aedhoval efficiencies. In addition, such
matrices are likely to present highest concentnatithereby the highest chance of detection.
Monitoring strategies for pharmaceuticals that haeen longer in the market place may
focus on providing data and information that carip heith mitigating and controlling
concentrations of the compounds in various enviremiad compartments with the aim of

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

Monitoring strategies, therefore, may be developetb:

Refine estimates for the calculation of PECs or domparison of
MECs with PEC/NOEC values (for influent and effitevaste
waters and surface waters)

Estimate the proportion of medicines reaching wastters (prior to
STPs) based on usage (consumption and market peoetrdata)

Determine (or refine knowledge of) the efficiendyremoval and/or
transformation of medicines in various types of twagater treatment
plants

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

Understand/assess the fate and distribution of cmexli in river,

estuarine and marine environments, e.g., transfantl accumulation
in sediments
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Refine estimates on veterinary product releasesits, movement to
water, and direct introduction into and dissipatfoom aquacultural
installations

Identify hotspots of contamination with pharmaceai and possible
exposure of biota

Identify periods where/when risk from the presenad
pharmaceuticals is highest (low flow/high propantiof waste water
in surface water)

Identify high risk situations based on the usenafigator substances
for the assessment of the proportion of waste watsurface waters
and the efficiency of STPs

Determine the fraction associated with suspendedtensludge
removed during the STPs and assess the fractiqgpsbd of as
manure

Assess threat and possible leaching to ground wateun-off to
surface waters following manure application or ekon (for
veterinary pharmaceuticals)

Assess threat and possible leaching to ground veatdrrun-off to
surface waters from pharmaceutical disposal thraagi filling

Assess threat to sensitive sites such as drinkiagmntakes, zones
with surface/ground water interactions

Assess the exposure, effects and impacts of phaurtieals on biota
(at various trophic levels) in water, sediment aail

Other possible monitoring tasks or challenges mayebto:

Assess the effects and impacts of combinationshafrpaceuticals
present in sewage effluents or pharmaceuticalsombiation with
other commonly found contaminants (taking into actopossible
interactions, including synergism)

Assess the effects and impacts of pharmaceuticakepce in
soil/manure combined with pesticide exposure onresggral
organisms

Link monitoring of pharmaceuticals to current ldgi®n; e.g., the
WFD, Marine Strategy Directive, EIA Directive, Enenmental
Liability Directive

Optimise monitoring in order to reduce cost wittr, &xample, use of
indicator substances (investigate suites of phaeotamals for
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analysis; replacement of suites of analysis by oseindicator
substances)

Trace sewer leakage, possible ground water congdioim in the
vicinity of urban areas

Trace various sources of pharmaceuticals such aspithts,
residential care homes, or industrial effluents using indicator
substances

Consider alternative tracers, other than pharmaadsit

Investigate transfer from surface water/sedimedifsent/soil to
ground water

Assess the impact from waste water re-use

Assess the impact of combining storm water and sewage during
high/flash floods

The overall aim of the implementation of all/sonfettee monitoring strategies listed above
whether they are for newly approved, high risk xiseng medicines is the same: to provide
realistic assessments of the risk and threat ofrnpheeuticals released into aquatic
environments. However, because of differenceserptittern of use both within and between
nation states, and changes in the local/globakrilbigion of the various medicines, it is
necessary to identify the scenario that is relewraetich individual case. It is also essential to
identify at as early a stage as possible those oangs that are of highest priority in each
situation so that monitoring resources can be femtisvhere they are needed and are not

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

52 Parameters

In order to ensure efficient use of resources itmportant to plan monitoring activities

carefully, and to assess all of the available mif@tion to inform decisions on:

what to monitor

when to monitor

where, and in which matrices, to monitor
how to monitor

what monitoring can be afforded within availablelgets
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A decision of fundamental importance is which mewdis should be monitored, and this will
be based on a number of factors including volumeisd#, PEC, toxicological properties,
exposure of aguatic organisms and bioavailabilityen it is necessary to decide whether it is
necessary to measure individual compounds or wheatheould be sufficient to treat
categories of compounds as sets and to use amaiadisubstance or indicator groups of
substances. In some cases based on toxicologiclnee it may be necessary to measure
transformation products including metabolites ptiieither in the patients, microorganisms
or by other environmental routes. Where flow rdhestuate in time it may be necessary to
use time/and or flow proportional sampling. In ocases it may be sufficient to use quantal
(presence or absence; or more realistically abowelow a threshold based on the sensitivity
of the method used) data.

The stage in the life cycle reached by a particoladicine will determine when monitoring
should start in the various divisions of the syste@nce a decision has been made to start
monitoring, it is necessary to select an appropfiequency and duration of sampling. These
will depend on a number of factors including fluations in concentrations (daily/seasonal) in
part determined by retention times in STPs, andepat of effluent release into surface
waters. It is important to identify periods of hest risk. Selection of sampling points in
space will be affected by some of the same coraideis involved in defining the timing of
sampling, and include sources and inputs of meescito a river basin, and temporal
fluctuations in concentrations, and will dependioa purpose of the monitoring programme.
Knowledge of the structure and connections of #svark of sewers, river basin hydrology,
and the chemistry and physicochemical charactesisif the water, sediments and aquifers
will influence choice of numbers and locations afmpling stations. Other information on a
regional waste water system such as the presentegpital effluents, indications of the
efficiency of STPs, and indicators of the proportaf waste water in the surface waters can
provide useful inputs to the decision process.

Selecting sampling points to monitor the perforngan€ STPs is relatively straightforward
compared with monitoring in surface waters, butretere inputs fluctuate widely over a
diurnal period, and any sampling strategy haske t&count of this. Planning a monitoring

programme is not straightforward because of lackpaftial homogeneity. When an effluent is
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discharged to a river, mixing is not instantanetiumich et al, 20035° and the situation can
be even more complicated in tidal waters. Thera reeed for mapping the distribution of
effluent in mixing/dilution zones in order to obtaa representative picture of dispersion and
dilution of pollutants. It is not uncommon for aipie of effluent to remain close to one bank
of a river for many kilometers. Whilst monitoringperceived ‘*hotspots’ can provide a worst
case scenario, it may be very misleading, andwitishot provide representative information
on average and/or maximum values of environmemtatentrations. Such MECs may skew

modelling and lead to unrealistic risk assessments.

A range of Strategies is available depending onnidtere of the matrix (surface, waste, or
ground water; sewage sludge; sediments; soil) teampled. The selection of matrix will
depend amongst other things on the physicochenalcatacteristics of the medicine of
interest. The method of sampling will also be deiaed by the behaviour of the system, and
in particular by whether there are marked fluctwadi in concentrations with time. If the
system is relatively constant, then spot (grabattld) sampling may be sufficient to provide
representative information on average concentratianthe sampling point. If there are
marked fluctuations in time then other methods sashautomated composite or passive
sampling may be more appropriate. Continuous saigmould be the ideal way of obtaining
representative information; but this is not feasiét every point in the system and composite
samples may provide adequate data. Where more pvei$s mapping is required, and the
cost of frequent sampling over a wide area woulgtwdibitive, then passive sampling may
offer a cost-effective solution to this problem cgnthis method provides time-weighted
average concentrations over extended periods (dpeeks) of samplirfg

Selection of the method of measurement is very mapb and will depend on whether a
measure of biological activity (toxicity in this glpcation) or a measure of concentrations of
individual compounds is required. Both of thesenptementary approaches have strengths
and weaknesses that need to be taken into accandt,significant development and
validation work is needed for many of the potehtialseful techniques. For analytical

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

% Louch, J., Allen, G., Erickson, C., Wilson G. &t8nedding, D. (2003) Interpreting results from fileé
deployments of semipermeable membrane deviEesiron. Sci. Technol 37: 1202 -1207

2 Greenwood, R., Mills, G.A. & Vrana, B. (Eds.) (Z)OPassive sampling techniques in environmental
monitoring in Comprehensive Analytical Chemistry Seriest&din Chief D. Barcelo, Elsevier, Amsterdam
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matrix (including tissues from organisms) to be rumed for each new material of concern.
Some on-site or on-line techniques (e.g., thosedas immunological assays) show promise
but still require significant development work. €Tlldeal solution would be a system of
validated on-line sensors, but this is not curgentvailable. Measurements of
bioaccumulation, and direct toxicity assessments m@vide useful information to inform
risk assessment models. For widely distributed ammgs ecotoxicological assessments may
be necessary, but not only are these expensivebyuhe time damage is detected at a
population or ecosystem level it is very diffictdtidentify a link between a suspected cause
and the observed effects. At this stage remediabrax are expensive, and usually they

become effective only over long time scales.

There is a further important consideration whengiésg monitoring programmes, and this is
the cost. Budgets are limited, and it is importanselect the most cost effective sampling
and analytical procedures available, and to comatnefforts on those compounds that are
identified as hazardous on the basis of realigticassessments. Where remedial actions can
be taken the cost benefit taking into account tiléyuof the medicine needs to be calculated.
It is important to ensure that the necessary in&tion is available to support regulators in
developing risk assessments since the cost of agwvdecision is potentially very high.
Against this background it may be possible to dgvedtrategies that will provide protection

from possible environmental damage whilst miningsiperational costs.

It is impossible to monitor every waste water tneat plant in great detail, and the only
tenable approach is one similar to that adoptecerutite WFD where water bodies with
similar properties can be grouped together for mooimg purposes. Here representative
treatment plants could be grouped with others #énatsimilar in structure, complexity and
efficiency for the purposes of modelling. Thesefg@nance data obtained in detailed studies
at a local level could then be used in risk assesssrat national and possibly wider level. It

would be necessary to provide criteria for acceppiroposed groupings of STPs.

Monitoring every site for all possible pharmaceaitiproducts would not be sensible, and a
screening approach might provide protection atceptable cost. One approach would be to
assess the likelihood of particular compounds appgan emissions, and to use a crude
measure of presence or absence to focus moreeatketailestigations of the pharmaceutical

and/or its metabolites (in STPs, STP effluent, adcent surface waters) where high risk
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medicines are detected. Other approaches to reglileg monitoring burden would be to
identify indicators for specific compounds, or tedt similar compounds as a group. The
selection of matrices for these monitoring scersaigodependent on the available extraction

efficiency for the matrix, and the availability sdiitable analytical methods.

5.3 Strategies

Measure concentrations in waste water influents affthients and surface waters for
comparison of MEC/PEC and PNEC values for theseiceat and estimate proportion |of
medicines reaching waste waters (prior to STPsg@das usage (consumption and market

penetration data)

If measurable concentrations of a pharmaceuticaisidered to be a potential risk are
observed in surface waters then it would be wortlendvaluating the removal efficiency of
the various types of treatment plants involved.eHre collection of influent and effluent
samples needs to be coordinated and based on déhgeatravel/residence time in the STP.
Modelling would be necessary to determine massbakbased on measured concentrations
in these media and on information on rates of ysage excretion. However, concentrations
of individual pharmaceuticals in environmental watenay be highly variable and may
increase as the use of the product increases, aachas an impact on the frequency of
sampling and the limits of detection required famtoring them.

A number of factors can affect the concentrationshe environment, and include distance
from the source, and the efficiency of STPs makiligcharges to surface waters. For
instance, Viencet al, (2005f* found seasonal variations of up to a factor ofr fouthe
concentrations of certain pharmaceuticals in aiBimniver, and this was in addition to large
variation associated with the distance from thenpaif effluent release. These seasonal
variations could be explained by variations in #ficiency of the STP and river discharge.
Appropriate sampling frequency, sampling period apdttern are prerequisites for
representative sampling to be obtained. Castiglanal, (2006%° found a difference of a

#\jieno, M., Tuhkanen, T. & Kronberg, L. (2005) Seaal variation in the occurrence of pharmacegiaal
effluents from a sewage treatment plant and inr¢logpient water. Environmental Science and Technology.
39: 8220-8226

% Castiglioni, S., Bagnati, R., Fanelli, R., Pomdf, Calamari, D. & E. Zuccato (2006) Removal of
pharmaceuticals in sewage treatment plants in.lExlyironmental Science & Technology40 (1): 357-363
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factor of two between maximum day time and minimnight time influent loads. Such a
variation may introduce bias when using time-prdpoal sampling methods, in this case
with an estimated underestimation of influent le&d-15 %. This can, in turn, directly affect
removal rate calculations. A seasonal variabilityemoval rates was also observed by the
authors and at one treatment plant lower removeaknaere found for some pharmaceuticals
during winter when microbial activity is reducededto low temperatures. Pharmaceuticals
were classified into three groups depending orr tteenoval rate (RR). The first group had
RRs higher in summer than in winter and includedxnillin, bezafibrate and ibuprofen.
The second group had RRs similar in summer andewiand included ciprofloxacin,
hydrochlorothiazide and ofloxacin, whilst the lgsbup were classified as not removed (i.e.,
erythromycin, salbutamol, carbamazepine). At a wiblwel, differences may also exist
between countries in Europe depending on geographitation and climate. Vienet al.,
(2005¥* observed a reduction of 25 % in the eliminatioficefncy of a STP in Finland in
winter compared with values obtained in spring aodnmer for the drugs benzafibrate,
ketoprofen, ibuprofen, diclofenac and naproxen.

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

medicines in various types of waste water treatméartts

Removal of compounds in an STP may be through isorpgb sludge with subsequent
removal or degradation by biological or non-biotmdi routes. For instance, Golet al,
(2003)* observed a significant association of the fluoinglones, the antibacterials
ciprofloxacin and norfloxacin with sewage sludgeam STP in Switzerland. The proportion
of antibacterial agents (based on mass flows) ltaréd tertiary effluent relative to initial
input in raw sewage were in the range 8-11 %, wihiéefraction observed in digested sludge
was between 73-78 %. Approximately 10 % losses wbserved during anaerobic treatment
of the sludge. Losses of clofibric acid, diclofendaiprofen, ketoprofen, mefenamic acid, and
naproxen in activated sludge and a membrane bimmea@s investigated by Kimuret al,

% vVieno, N.M, Tuhkanen, T. & Kronberg, L (2005) Seaal variation in the occurrence of pharmaceutigals
effluents from a sewage treatment plant and inréogpient water Environmental Science & Technology
39(21): 8220-8226

% Golet, E.M., Xifra, I., Siegrist, H., Alder, A.& Giger, W. (2003) Environmental exposure assessén
fluoroquinolone antibacterial agents from sewagesdad. Environmental Science and Technology37(15):
3243-3249
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(2007¥°. Higher solid retention times in membrane bioreactesulted in higher elimination,
especially for ketoprofen and diclofenac. For tlater biodegradation was slow, but
important when long retention times were used. r@lven this study while sorption to
sludges was identified as an important factor itclbeexperiments, the primary mode of

elimination was found to be biodegradation.

Losses of any compound may differ widely dependinghe capability of the STP and the
type of treatments and other factors such as nesgdgémes. In order to identify the factors or
processes that contribute to the elimination ofrpla@euticals from waste waters it is
necessary to use mass balance calculdfiolmsorder to be able to evaluate fluxes from this
modelling it is essential to know the values ofuamber of parameters or factors including
potential for volatilisation, sorption to sludgedadegradation in the various stages of the
treatment process. In some cases it may be podsildegnificantly reduce costs by using
measured and accurate sludge/water partition coomitis rather than measure
pharmaceuticals in both phases. However, accurtey are needed. Goeleelal, (2005§°
measured concentrations of antimicrobial agent@abus stages of two STPs in Switzerland
to perform mass balances at the STP level. Whilgeduction was apparent for
sulfamethoxazole (and its metabolite *-&tetylsulfamethoxazole), trimethoprim and
clarithromycin, significant proportions were stiltesent following the tertiary treatment (38,
36 and 79 %, respectively). These data also sugmjeshat re-transformation of
sulfamethoxazole occurred during treatment prosedseaddition, wide daily and seasonal
temporal variations in concentrations were obselwgdwere in agreement with patterns of
use of these antimicrobials. For macrolides usetrdat respiratory tract infections, loads
measured in February-March were approximately twicese measured in September,
corresponding to highest sales from February toilApihere are, however, differences
between different treatment works, and a similardgtof antibiotics in Swedish STPs
demonstrated minimal removal of sulfamethoxazok taimethoprim during treatment while

doxicycline and fluoroquinolones (e.g., norfloxgciappeared to be removed reasonably

% Kimura, K., Hara, H. & Watanabe, Y. (2007) Elimiiea of selected acidic pharmaceuticals from muypati
wastewater by an activated sludge system and memlniareactorsEnvironmental Science & Technology
41(10): 3708-3714

27 Carballa, M., Omil, F. & Lema, J.M. (200@alculation methods to perform mass balances ofapatlutants
in sewage treatment plants. Application to Pharmiacal and Personal Care Products (PPCBsyironmental
Science and Technology4: 884-890

% Goebel, A., Thomsen, A., Mcardell, C.S., Joss&/Giger, W. (2005) Occurrence and sorption bebavif
sulfonamides, macrolides, and trimethoprim in aitd sludge treatmentnvironmental Science &
Technology. 39(11): 3981-3989
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efficiently with a high content found in sludde The authors used the final effluent and
sludge concentrations to estimate the environmdatals per inhabitants and found good
correlations with those predicted from consumptaata. The data collected from these
studies may then be used to refine PEC valuesudace waters and STP effluents, and

provide checks on the representativeness of avaiMEC values.

Many of the studies have focused on antibioticsabse many of these medicines (for human
or veterinary use) and antibacterial agents aemaseld into waste waters, and they have the
potential to produce antibiotic resistance in squopulations of microorganisms. There is a
further problem with these compounds that needsettaken into account when measuring
the efficiency of STPs. Depending on the concéotra constancy of the input, and the
impact of mixtures of antibiotics, these compountsy affect the efficiency of sludge or of
specific microbial populations in treating wasteteva Amin et al, (20065° found a 5 %
reduction in biogas production when the antibi@rgthromycin was added to a pilot scale
anaerobic sequencing batch reactor at a concemtrafi 1 mg L. However, no further
decrease was observed when the concentration ifiaiict was increased to 200 mg*L
though there was a slight increase in the effentsnethogenic activity and conversion of

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

Where degradation is found to be a significant sewf losses within an STP, then it may be
necessary to identify, detect and quantify thegypal metabolites/breakdown products in the
system. An example of this sort of study is prodidey the investigation of the fate of

carbamazepine in an STP in Peterborough (Caffad)this trial the parent compound and a
number of metabolites were measured both in traaté@ated dissolved phases and in solids.
The findings were consistent with those of previeusglies where carbamazepine was found
to be relatively persistent in this system thatmorated secondary treatment technology.
Losses throughout the treatment plant were appmtely in the region of 29 %.

Concentrations of certain metabolites were showintéoease during treatment. This may

have been due to the presence of conjugated fofrhydvoxylated metabolites that were

# Lindberg, R.H., Wennberg, P., Johansson, M.l.sRitgd. M. & Andersson, B.A.V. (2005) Screening of
human antibiotic substances and determination eklyemass flows in five sewage treatment plantSweden.
Environmental Science & Technology39(10): 3421-3429

30 Amin, M.M., Zilles, J.L., Greiner, J., Charboane S., Raskin L., & Morgenroth, E. (2006) Infige of the
antibiotic Erythromycin on anaerobic treatment op