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ABSTRACT

Low levels of pharmaceuticals have been detectadainy countries in surface waters. As
a wide range of pharmaceuticals can reach aquatitomments, a selection of molecules to
survey is the first step before implementing a rtwing program. We used a simple equation to
calculate Predicted Environmental ConcentratiortS0$), adapted from the European Medicine
Agency model used for the Environmental Risk Assest (ERA) of human pharmaceutical.
Excretion fractions for pharmaceuticals were deieeoh for 76 compounds. Using year 2004
French drug consumption data, we determined aqurfECs for 112 parent molecules and
several metabolites. Considering excretion frastioh pharmaceuticals can lead to drastically
reduce predicted concentrations reaching the aguativironment and help to target
environmentally relevant pharmaceuticals and méitalso Calculated PECs using the described
methodology are consistent with French field measents. The simple model for calculating
PECs can be used as a valuable estimation of thesaxe. Risk quotient ratios were also
calculated. Due to the lack of ecotoxicologicalagddhe use of PEC/PNEC ratios is not enough
informative to prioritize pharmaceuticals likelypose a risk for surface waters. Alternative ways
to prioritize risk to pharmaceuticals, combining@®Ppharmacological, and ecotoxicological data
available from the literature, should be implemédnte

INTRODUCTION

It is now recognized that pharmaceutical compouedsh the environment and can be
considered as environmental contaminants. A wideggaof drugs including antibiotics,
antidepressants, non steroidal anti-inflammatof¢SAIDs), blood lipid-lowering agents, anti-
epileptics, angb-blockers have been found in wastewater effluentsaurface waters of several
countries (Halling-Sorenseet al 1998; Ternes 1998; Kimmerer 2000; Kolghal 2002).
These observations have contributed to a growingrest in targeting and quantifying these
substances in terrestrial and aquatic environmémtBrance, there is a concern for monitoring
pharmaceuticals in freshwaters as this country shtbe highest consumption of pharmaceutical
drugs in Europe (DREES 2006). This concern is aie@e@ in the framework of the French Plan
National Santé Environnement (PNSE 2004) and inofiyr in the context of preventing
deterioration and protecting and enhancing theistat aquatic ecosystems, within the European
Water Framework Directive. River basin authoritiesrefore need to establish a list of priority
pharmaceuticals prior to implementing a comprehensurvey in surface waters. In this aim, we
developed a prioritization approach to identify lmmpharmaceuticals to be monitored in French
surface waters. As a first step in this prioritigat strategy, we used a simple equation to
calculate Predicted Environmental ConcentratioisSO$) adapted from the model proposed by
the European Medicine Agency (EMEA) guideline (EMER06). This equation takes into
account three main parameters: the amount of aatiyeedients consumed by the population
over a year, the removal fraction in wastewateatinent plants (WWTPs), and the excretion
fraction of the active molecule. Pharmaceuticaltereisurface waters mainly from WWTPs
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(Kimmerer 2000, 2001; Bound and Voulvoulis 2004)e Tnajority of human pharmaceuticals
probably reach surface waters after being excrieted the body, either as parent compounds or
metabolites. Consequently, we reviewed metabolistta dn order to estimate values of the
excreted fraction of pharmaceuticals. We also tarjemetabolites that present significant
pharmacological activity and can be found in theimmment in non-negligible concentrations.
Our study focused on the most widely used humannpdeeuticals in France. We excluded
steroid estrogens from this work, as the risk oflaemine disruption has been previously
discussed (Langstoet al 2005; Mills and Chichester 2005; Feet al 2006). Cytotoxic
compounds were also excluded because these drugsspacific toxic properties (mutagenesis
and carcinogenicity), and need to be assessedsioeeific prioritization approach. PECs for
parent compounds and metabolites were calculated) tise methodology presented here and
were compared with field measurements. Next, thahiéty of the applied methodology was
discussed. Finally, we determined risk quotienbstaccording to the EMEA guideline. Results
and use of the PEC/PNEC (Predicted No Effect Canagon) risk quotient for prioritizing and
ranking pharmaceuticals are discussed.

. MATERIALS AND METHODS

I.1. Model Used for Calculating PECs

The EMEA guideline (EMEA 2006) proposes an approashestimate PEC values for
pharmaceuticals in surface water. PECs are caétlilay using the following general equation:

PECsurfacewater = . ELOCALwat x Fstp — 1)
WWinhab x CAPstp x Factor x Dilution
with: ELOCALwat = DOSEai x Fexcreta x Fpen x CAPstp (2)

_ consumptio x100

and Fpen
DDD x hak x 36&

3)

where PEC is expressed in mg-I-1 using the follgwiarametersconsumptions the quantity
(mg-year—1) of an active molecule consumed by tjation during 1 year in a defined zone
(generally a country)hab is the number of inhabitants and 100 the correcfamtor for the
percentages; 365 is the number of days per yegry@a—1);DOSEai maximum recommended
daily dose of an active molecule consumed per imduatb(mg. inhabitants—1 day-1DRDD:
Defined Daily Dose for an active molecule (mg. init@nts—1 day-1)WWinhab volume of
wastewater per person per day (default value =I2dBabitants—1 day-1)CAPstp capacity of
local sewage treatment plant (inhabitants); dilui®the dilution factor from WWTP effluent to
surface waters (default value set to Fctor stands for the fraction of the molecule adsorbed to
the suspended matteEpen (%): market penetration factoFpen is the proportion of the
population being treated daily with a specific daupstancef-excreta excretion fraction of the
active molecule;Fstp. fraction of emission of the drug from wastewatezatment plants
(WWTP) directed to surface wateFstp can be defined as (1-WWTP removal fraction).
Combination of Egs. (1), (2), and (3) gives thédwing:
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consumptinx Fexcreta< Fstpx DOSEax100
WWinhalx hat x Factor x Dilutionx DDD x 365

PECsurfacwater=

In the aim of our prioritization strategy, we sinfipld this last equation. Eq. (4) is finally
transformed into Eq. (5) as follows:

consumptio x Fexcretax Fstp 5)
WWinhalx hak x Dilution x 365

PECsurfacerater =

all PEC calculations presented in this study vefer to Eq. (5).
[.2. Consumption Data Sources

The French medicine agency (Agence Francaise derigeSanitaire des Produits de
Santé, AFSSAPS, Paris) kindly shared yearly salata ccompulsory provided by the
pharmaceutical firms to AFSSAPS. These data cowtr bale quantities of all prescribed drugs
delivered in France and over-the-counter drugsHeryear 2004 for hospitals and pharmacies. In
the scope of this work we assume that deliveredntifies represent quantities effectively
consumed by the French population and that theurned amount was evenly distributed
throughout the year, as assumed in Carlstaal (2006). The candidate list of pharmaceuticals
was established as follows: a first set of molezwas selected from the top 100 pharmaceuticals
used in France (AFSSAPS 2006). To this first setmoiecules, we added those that were
reported in previous studies to be detected inatipgatic environment or to be of high aquatic
ecotoxicity, and finally the molecules known to persistent in the environment. The list of
selected molecules is displayed in Table 1; com@swamne sorted by decreasing consumption. As
discussed in the introduction, neither steroidoggns nor cytotoxics were included in this set of
molecules.

[.3. Determination of the Parameter Fexcreta
Implications of Pharmaceutical Metabolism for Emrnmental Considerations

In the human body, active molecules pass througbrakbiotransformation mechanisms
ending in their elimination from the organism. Sciaically, biotransformations can be
summarized into two different steps: phase | araspHl biotransformations. Phase | metabolites
can show a pharmacological activity similar or tmthe parent compound and be biologically
active. As an example, norfluoxetine, a phase labite of the serotoninergic antidepressant
fluoxetine, shows the same pharmacological actiag the parent compound. Phase I
metabolites are phase | metabolite or parent comgbgonjugated with a functional group (such
as glucuronide, sulphate, or acetate), which erdhahimination from the organism and inactivate
the molecule. It has been shown for estrogens ghaturonide phase Il metabolites could be
cleaved in the environment and thus regenerateptrtent compound (Ternest al 1999;
D’Ascenzo et al. 2003). Moreover, sulphate conjugates appear to bee nstable in the
environment (D’Ascenzet al. 2003). As shown for estrogens, we can reasornadsyme that
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glucuronide conjugates of pharmaceutical compouwsrds subjected to the same degradation
pathway and are cleaved in the environment. Thezgfactive metabolites and glucuronide
conjugates have to be considered in an EnvironrhBig& Assessment (ERA) or a prioritization

approach.

Fexcreta Calculation

To provide reasonable Fexcreta values, we madliogving assumptions: We assumed
that all glucuronide conjugates are cleaved in ehgironment. Consequently, Fexcreta was
determined by summing the excreted proportion ef tinchanged active molecule (in urine
and/or in feces) and the proportion of the pareoleoule existing as a glucuronide conjugate. If
no information was given on the nature of the cgaja, we assumed a worst case hypothesis
considering that all conjugates were glucuronidejugates. Rates of molecule not absorbed by
the digestive tract were added to the other exametates to give the final Fexcreta value.
Modifications in metabolism rates that can occuruimmhealthy people were not taken into
account. When more than one excretion value wasngiwe always chose the greater one,
assuming a worst case scenario (decimal values nwareled up or down to the nearest value).
When information such as “negligible excretion eichanged drug” was given with no other
specific information, we assumed a Fexcreta valuennum of 0.01. When no reliable data were
found, no Fexcreta value was calculated. Finallgenvdata were available, we calculated the
Fexcreta value for active metabolites using the esamethodology with the assumptions
described earlier. The methodology used to detexiRexcreta values is synthesized in Figure 1.

|.4. Reference Books and Databases Reviewed

In order to determine metabolism pathways of setegharmaceuticals and to calculate
Fexcreta values, we reviewed data from severalcesucommonly used by healthcare services
(hospitals, pharmacovigilance services, pharmacetts): the Banque Claude Bernard (BCB
2006), a complete and free French databank on hyimammaceuticals (http://www.resip.fr), the
BCB is updated monthly, notably with data from thkarketing Authorisation Application
(MAA); the BIAM database (www.biam2.org 2006); thdrug database drugs.com
(www.drugs.cony the Micromedex DrugdeR databank (from Thomson Micromedex,
available at www.micromedex.com/products/drugdéix¢ Martindale compendium8omplete
Drug ReferencgMartindale 2002); the Goodman & Gilmanihe Pharmacological Basis of
Therapeutic(Hardmanet al. 1996); the Merck Index (Merck 2001); and the Bar&Guide
pratique des m’edicament¢Dorosz 2007). The HSDB databaséttyf://www.toxnet
nlm.nih.gov/) was also investigated.

Il. RESULTS
I1.1. Excretion Factor Values

Excretion factor values are displayed in Table éviBwing the databases allowed us to
determine Fexcreta values for 76 molecules of th2 delected. From the 76 compounds for
which Fexcreta values were determined, 45 showedetgn rates less than 0.5 and 23
compounds present excretion rates less than 0Hoddh the data determined here are consistent
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with previous published excretion rates, some wbfiees can be noted for a few of the
compounds studied. We report an excretion valuestditfemethoxazole of 0.4 compared to 0.15
(Ternes 1998) and 0.25 versus 0.01-0.08 for ibepr¢Ternes 1998). In the case of ibuprofen,
this difference can be explained by the fact that proportion of glucuronide conjugates was
added in our study. For furosemide, in taking iataount the glucuronide ester metabolites, we
calculated a Fexcreta value of 1 instead of theevaf 0.4 reported by Bindschedkdral (1997).

As the glucuronide ester is reported to be the aignificant metabolite of furosemide
(Micromedex DrugdexR 2006), we considered that all furosemide waset&drunchanged or as
glucuronide metabolite, with 100% of the dose etezten the environment after cleavage of the
ester. Hirschet al (1999) reported excretion fractions for antilgeti Our results are in good
agreement with these values for doxycycline, amfthixictrimethoprim, and erythromycin; for
erythromycin, we assumed a worst case value ofl.th@ contrary, for roxithromycin and
clarithromycin, the results differ significantly.itdch reports excretion rates of both unchanged
molecules greater than 0.6, whereas we determiresl @alue for roxithromycin and a 0.3 value
for clarithromycin. For carbamazepine, a Fexcrdtabmut 0.01 to 0.03 was reviewed from the
literature (Ternes 1998; Jjemba 2006), which c@oads to the unchanged fraction excreted in
urine. However, carbamazepine is also excretedands and can be metabolized in glucuronide
conjugates (Lynnet al 1978; BCB; Micromedex DrugdeX006). Nevertheless, as no
guantitative data were available to allow calcuigtan accurate Fexcreta value, we chose to
consider Fexcreta for this molecule as undetermm#uter than giving a wrong estimation. For
the active metabolite of simvastatitfydroxy-acid metabolite), we did not find any valm the
reviewed databases. However, Carlssgbral (2006) report that 55% of the parent pro-drug
simvastatin is excreted under the activated forher&fore, we assumed a Fexcreta value of 0.55
for the f-hydroxy-acid metabolite in our work.

[1.2. Active Metabolites Entering the Aquatic Environment

Reviewing metabolism pathways of pharmaceutical pmmds allowed us to target
specific metabolites that may be of potential comcéor the aquatic environment. These
metabolites were selected because they presest aitsignificant pharmacological activity, or a
significant excretion fraction>0.1, threshold value assumed by the EMEA). Metédmlof
interest are listed with their excretion values #@melr pharmacological properties in Table 2. In
addition, searching for active metabolites allowedto highlight specific compounds that are
both active molecules and metabolites. Two imparthngs exemplify this particular profile:
oxazepam and prednisolone. Oxazepam is an anxialytig belonging to the benzodiazepine
class.

Oxazepam shows a very particular profile becauss oth an active molecule and a
metabolite of the following active molecules: pnaam, diazepam, nordazepam, and clorazepate
dipotassium (Figure 2). Prazepam, diazepam, anczdpate are metabolized in humans to
desmethyldiazepam, an active metabolite also usedaadrug (nordazepam), which is
subsequently transformed to oxazepam. Oxazepamuthegrgoes direct glucuronidation before
its excretion. Glucuronide conjugates of oxazepaoukl then undergo subsequent cleavage in
the environment and then regenerate the activeepgem. This case is interesting because
diazepam, the benzodiazepine commonly searched foe aquatic environment, is not expected
to reach surface waters in significant concentrati®iazepam was detected at low frequency in
German WWTP effluents with a maximum concentrabbd0 ng-I-1(Ternes 1998), at very low
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concentration in surface waters, less than 5 n¢fkritet al 2006) and once in drinking waters
at level up to 10 ng-I-1(Waggoet al 1981, cited by Halling-Sorensen 1998). Neverttgle
most of the studies did not detect diazepam irueffls (Claraet al. 2005; Carballat al. 2005;
Rabietet al. 2006) or in surface waters (Ternes 1998; Zuceatal 2005). On the contrary,
oxazepam, which is potentially excreted up to 10Q&&king into account the glucuronide
conjugates) of the dose absorbed for the five diffeactive molecules, is expected to be present
at greater levels in the aquatic environment. Ayveecent study on occurrence of
pharmaceuticals in aquatic systems in France (Bogiokl 2007) did not detect diazepam in
surface waters, whereas oxazepam was measuredyraficaint concentrations (up to 1500
ng-1-1). Therefore, we assume that oxazepam isb#dmezodiazepine to search for in the
environment, and that this drug could be used amdisator of contamination of the aquatic
environment by benzodiazepines.

Prednisolone belongs to the glucocorticoid therépelass. Glucocorticoids are natural
(hydrocortisone or cortisol) or synthesized (predione, prednisone,
betamethasone, or dexamethasone) steroid compourdsy present immunosuppressant
properties and are used in many different pathekdinflammation, allergy, auto-immune
diseaseetc). Reviewed metabolism data are incomplete butahle data show that only a small
portion (less than 5%) of glucocorticoids are etemtein unchanged form (Schorderet 1998),
except for prednisolone, which is excreted in atgefraction: up to 24% in case of a large dose
(Schorderet 1998; Martindale 2002). Prednisolonealso the active form of prednisone.
Therefore, non-negligible levels of prednisolonen ggach the environment. Consequently,
prednisolone should be searched for in the enviesinand could be used as a marker of
contamination for other glucocorticoids. This asption is partially confirmed by the results of
Changet al (2007), who report that prednisolone is the sgtithglucocorticoid frequently found
in surface waters. These results indicate that Imoétam data are useful for selecting relevant
pharmaceuticals or metabolites to survey in surieaters.

[1.3. Calculated PECs for Parent Compounds

PECs were calculated using Eq. (5). As all requidtath were not available (especially
WWTP removal rates data) for all the selected moés; three PEC values were calculated
corresponding to varying conservative levels. PEEAhe conservative PEC calculated with
actual amounts of pharmaceuticals and not refiyeBdxcreta and Fstp values. PECB are PECA
refined by Fexcreta values. PECC are PECBrefineBdby values. Results for PECA and PECB
are displayed in Table 1. Considering PECA valwedy 15 compounds show a value greater
than 1ug-1-1 and our results highlight paracetamol, ibégmopdextropropoxyphene, amoxicillin,
and aspirin. PECA values of troxerutin and diosmivg flavonoid compounds with vitamin P
properties (used against veinous insufficiencyhef lower limbs), are also in the top 10 because
they are widely prescribed in France, contraryttteeo European countries; these last two drugs
may be specific to the French consumption profile.

For compounds such as sertraline, dextropropoxygmhemeprazole, and pantoprazole,
the PECB values are drastically reduced. For exanfipt the antidepressant sertraline, PECA is
equal to 142 ng-I-1 but drops to 20 ng-I-1 whenredian rates are taken into account.
Comparison of PECA and PECB values confirms thatbwism is one of the most important
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processes that can reduce the quantity of paremarnmateuticals reaching the aquatic
environment.

Therefore, metabolism data and excretion rates havge taken into account in PEC
calculation (Huschelet al. 2004). As data on metabolism rates are curreaugilable through
databases, they can help to prioritize pharmacdataf greater concern.

[1.4. Comparison of PEC Values with Field Measuremats

WWTP removal rates data are limited. Reviewingditere data, we found only data for
24 molecules by the 111 selected in this work (&)t some of them show a high variability,
depending on the study. This is especially the ¢asenetoprolol and diclofenac with removal
fractions varying from less than 0.1 to 0.83 andnfrless than 0.1 to 0.75, respectively.
Considering the heterogeneity of data, we deterdhiPECC values by two methods. First, we
calculated extreme PECC values by taking into atcdbe minimal and maximal WWTP
removal rates reviewed. Second, we calculatediaefPECC using theWWTP removal rates
reported by Paffonet al (2006), as this study provides data for almos4lcompounds. Our
first objective was to compare PEC values for sugrfaater with field measurements, but, as only
few measurements of pharmaceuticals in French cirfaters are available, we used data on
occurrence in WWTP effluents. Consequently, in ptdecompare the calculated PEC with real
measurements, we used Eq. (5) without the defaluitiah factor of 10. Calculated PECC for
WWTP effluents with WWTP effluents measurementsfgrared in France are compared in
Table 4.

Calculated PECs for pharmaceuticals appear to laterewell with effluents
measurements. This is the case for diclofenac,rdfep, naproxen, ketoprofen, bezafibrate,
metoprolol, and propranolol. As a general rulecalated PECs for antibiotics were in the range
but slightly greater than the measured concentratio effluents. For two compounds, however,
PECs are very different from the effluent measur@sémore than one order of magnitude); this
is the case for amoxicillin and doxycycline. Foraaillin, the difference could be explained by
the fact that this molecule is rapidly degradedwveter, which has been previously suggested
(Zuccatoet al 2005). Anothep-lactam, piperacillin, showing a PECB value for W/&ffluent
of about Lg-I-1 has been searched for but not detected in W\flluents or surface waters in
the French aquatic environment (Paffaeti al. 2006). These results suggest tifaactam
antibiotics may undergo rapid environmental degiiadebut this hypothesis must be confirmed.
For doxycycline, previous studies have reported tdtaacyclines should be bound to suspended
matter and sediment due to their complexing prageer{Hirsch et al 1999). Therefore
doxycycline is unlikely to be found under dissolfedn but could still be in the water column if
bound to suspended materials, especially colloids.

PECBs of diazepam and simvastatin (a prodrug) arg bow (2 ng-I-1) and therefore
those molecules were not expected to be foundflwests or surface waters, which is confirmed
by field measurements (Paffoet al. 2006; Rabieet al 2006). We also investigated PEC values
in surface water for a few metabolites of potentihcern (Table 5), considering excretion rates
of metabolites and consumed amounts of the resgeptirent compound. Only a few of the
metabolites considered in this work have alreaddnbreeasured in aquatic environments (but not
in France), which allowed us to compare PEC and fieeasurements. The calculated PECB for
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acetylsulfamethoxazole is in the range of the mmeakiconcentrations reported in WWTP
effluents and surface waters downstream from a W\(A&Rtonet al 2004).

The anti-inflammatory drug ibuprofen can generate tain metabolites: carboxy and
hydroxy-ibuprofen. Our calculated PECC values reggbrhere are consistent with field
measurements for the two metabolites, if we comsad@&/WTP removal fraction of 0.95 for the
two compounds (Bendzt al 2005). The PECC value of fenofibric acid caloethtwith
aWWTPremoval fraction of 0.82 (Paffoet al 2006) is in the range of the surface water levels
reported by Paffoni (Table 5). For other metabsliteo field data were available to allow any
comparison; the following active metabolites—hydnmetronidazole, norpropoxyphene, and
demethyltramadol (excreted from metronidazole, gxbpoxyphene, and tramadol,
respectively)—show PECB values for surface watéepproximately 250 ng-I-1. For oxazepam
(benzodiazepine), a final PECB value was calculatedumming the PECs of different sources
of oxazepam, which reached roughly 200 ng-I-1. Refbeld measurements (Togath al 2007)
reported an average concentration of oxazepamriacguwater of about 200 ng-1-1, which is in
good agreement with our calculated PEC.

[1.5. Calculation of Risk Quotients and Risk Assessent for Pharmaceuticals

As a first attempt to prioritize pharmaceuticalse walculated risk quotient ratios.
According to the EMEA guideline (EMEA 2006), PNEG@se calculated using assessment
factors, as described in the European Technicati&we Document (TGD 2003). Unlike TGD,
the EMEA guideline enforces the use of chronic ¢yidata and requires long-term NOEC for
the base set.€ ., three NOEC values from three different trophiels, applying an assessment
factor of 10 to the lowest value). The review ohidable ecotoxicity data showed that only six
compounds bring together the conditions requiredtiy EMEA guideline: clofibric acid,
propranolol, carbamazepine, sulfamethoxazole, #tioe, and diclofenac. If we do not use only
the EMEA guideline but also refer to the Europe&DTI(2003) for pharmaceuticals with limited
chronic data (1 or 2 NOECs from different tropteedls), it is then possible to calculate PNEC
values and PEC/PNEC quotients for a further 16 aamgs.

As all data required for calculating PECC values gharmaceuticals were not always
available, we used PECB values for furosemideraare, paroxetine, citalopram, and fluoxetine
and PECA values for carbamazepine, aspirin, andfamine. Results are displayed in Table 6.
All risk quotients are less than one, except fooxigillin, which presents a very high ratio of 62,
suggesting a risk for the aquatic environment. Kéedess, a number of pharmaceuticals show a
risk quotient close to 1. This is the case for paoplol, ofloxacin, and erythromycin. For these
molecules, a risk cannot be ruled out.

Three other molecules showed a risk ratio near atpamnazepine, sertraline, and
furosemide. However, calculated PEC for carbamaee@ conservative and PNEC values for
the two other compounds were calculated with aessssent factor of 100; therefore risk ratio is
overestimated. Although reported to be one of thestntoxic compounds, the serotoninergic
antidepressant fluoxetine shows a low PEC/PNE®,ratie to the very low PEC of 9 ng-I-1
calculated for this molecule.
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[ll. DISCUSSION

[11.1. Reliability of the PEC Calculation, Uncertainties, and Flaws

Although field measurements are available for atichnumber of pharmaceuticals, preliminary
results indicate that PEC calculation is in accooga with environmental levels for
pharmaceuticals. Therefore, the simple equatiopgeed here is valuable for predicting aquatic
concentrations for pharmaceuticals in any counfaseviously published works on exposure
assessment of pharmaceuticals came to the samkisionc Bound and Voulvoulis (2006) used
EMEA guidelines to calculate PEC values and contgpatkem with their own field
measurements. They concluded that PEC calculatsamguhe EMEA model could provide
useful information for the prioritization of pharoeuticals. The same conclusion was drawn by
Liebig et al.(2006), who quoted that even if the EMEA model doetreflect the complexity of
the real environment, it permits calculating PE@saccordance with field measurements. This
study also reported that the factor with the highespact and uncertainty was the production
volume, estimated in the EMEA model in usiRgen and DOSEai Using actual amounts of
consumption, as in this study, amexcretavalues give a reliable exposure assessment for
pharmaceuticals.

Nevertheless, some uncertainties remain in the Mmode used. PEC values were
calculated based on human consumption data duryggi As some pharmaceutical compounds
are used both in human and veterinary medicinggthee still uncertainties about the actual
amounts of pharmaceuticals reaching surface watéis. is particularly the case for antibiotic
and antiprotozoal compounds. Theoretically, inahgdveterinary consumption is likely to ensure
a more comprehensive PEC. However, as the routadmnistration and ways of reaching the
aquatic environment differ between veterinary anonén pharmaceuticals, this study only
focused on human use.

Another major uncertainty remains on the quantdtually consumed by patients. Data
provided by the AFSSAPS give information on the rgilees delivered in hospitals and
pharmacies per year but cannot give any informatiorthe patient compliance. Patients’ non-
compliance can be quite large, and quantities #g¢toansumed by people may be less than the
quantities delivered, especially for drugs thatndd require medical prescription as NSAIDs.
Moreover, if data shared by the AFSSAPS providembmplete profile of the national annual
consumption, no data were available regarding losakumptions of pharmaceuticals, which are
likely to differ from one region to another. Finglltemporal variations of consumption
(especially for pharmaceuticals used in acute reats, such as antibiotics), and of quantities
reaching the aquatic environment cannot be takém account. Uncertainties also lie in the
parameterFstp review of available data shows a high heterodgn@ removal rates.
Moreover, WWTP efficiency toward pharmaceuticals bannfluenced by the season (Castiglioni
et al. 2006), therefore leading to varying surface watercentrations throughout the year.

At last, great uncertainties lie in the defaultues proposed by the model. For example,
the default value for quantities of effluent is 822200 |-inhab-1-day-1, which is a mean value
that can be accepted at the national scale in Eratawever, for some specific French regions,
this value may drop to 150 |-inhab-1-day-1. Ushmg last value in our calculation significantly
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increases PEC values by 25%. To this extent, PH@ya&alculated for the WWTP effluents are
more reliable than surface water PECs.

Equation (5) does not take into account the fractibthe molecule sorbed to sediment or
suspended matter, which is a flaw in the proposedein The EMEA model (Eq. [1]) includes
this factor (FACTOR), but its calculation requitésc values that are very scarce at the moment.
In addition, Eq. (5) does not take into accounbfibiand biotic degradation processes that can
occur in surface waters. Abiotic processes arertepdo be most important ones (Fental
2006). Photolysis and hydrolysis were suggestdoetoapid ways of removal of amoxicillin in
the environment (Andreozzet al 2004). This statement was supported by the fhat t
amoxicillin was only detected in surface wateroat levels (Zuccatet al 2005; Paffonet al
2006). Thep-blocker propranolol was reported to be rapidly todegraded and therefore is not
expected to be persistent in surface waters (Qm-&ad Williams 2007). Nevertheless,
calculated PEC for propranolol was in the rangéiedl measurements. This could be partially
explained by the fact that propranolol and moghefpharmaceuticals are continuously released
in the environment. This fact could balance theraeagtion processes in the environment,
therefore some authors have suggested that phautiade should be considered as “pseudo-
persistent” contaminants due to this continuousast (Daughton and Ternes 1999).

I11.2. Relevance ofFexcreta Values

As excretion rates range from 0.1 to 1, they areetdaken into account in a prioritization
or a risk assessment approach. Metabolism of plerutizals is one of the first steps that limit
the concentrations reaching the environment. Caresdty, it is valuable to review such data and
to search for the most accurate excretion valuaswiould allow us to calculate more realistic
PECs.

In this work, two main assumptions were made in dieéermination of thd-excreta
values. First, we did not take into account modiiians of metabolism than can occur in
unhealthy people (specifically people with hepaticenal impairment). As an example: chronic
renal failure can result in a decrease in prop@noletabolism via downregulation of hepatic
cytochrome P450 activity (www.drugs.com, 2006), réffi@re potentially leading to increase
excretion of unchanged drug. However, as peoplectdtl by renal or hepatic impairment may
only represent a small part of the population, westdered that the resulting variability of the
excretion fractions can be neglected when caladd®EC for the aquatic environment. Accuracy
of PECs with field measurements presented heresteoonfirm this assumption.

Second, we considered a worst case scenario fdfekeretavalues when more than one
excretion fraction was given. This assumption, heavedid not lead to high over-predictions of
concentrations, as the variability of recoveredugal was limited and rarely exceeded 10%;
contrary to WWTP removal fractions. Only 4 compasiiod the 76 showed a greater variability:
sotalol (excretion rates values between 0.66 a@y €arithromycin (0.18 to 0.3), ranitidine (0.3
to 0.5), and rifampicin for which excretion in ugimns dose-dependant (Micromedex Drugdex
2006).
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I11.3. Environmental Relevance of Active Metabolites

The metabolites reviewed should not be all of emvimental concern. However, as no
data exist about the ecotoxicity of these compounds rather difficult to draw any conclusions.
Moreover, it is not clear that pharmacologicallgétive metabolites will not have any biological
effects or toxicity on aquatic non-target organisespecially lower invertebrates. Nevertheless,
we will make a few suggestions to select the meiti@sao search for in surface waters:

 The amount of the parent molecule consumed shoeldaken into account when
selecting for relevant metabolites.

* Active metabolites that are pharmacologically eqtept to the parent compound should
be considered unless they are excreted at low. rAgzsuse it is not possible to propose a
threshold excretion value using available data @vatsm, occurrence, and ecotoxicity),
we assume a threshold value of 10%, which is theevaroposed by the EMEA (2006) to
assess the relevance

» of a metabolic fraction of a pharmaceutical comgbun

* Active metabolites showing a mechanism of actioat tis different from the parent
compound should also be considered if their exanefiaction is equal to or greater than
0.1.

* Because there are no data on the toxicity of pheotogically inactive metabolites on
aquatic organisms, such metabolites should be derei on a case-by case approach
considering the amount of parent compound and &xairetion fraction.

* Metabolites with an excretion fraction greater the parent compound should be
considered relevant for the aquatic environment.

» Active metabolites of prodrugs should be searcbedhfthe environment.

Finally, it should be noted that no data are ab#leon the potential toxicity of inactive
metabolites, considering that the term “pharmadolily inactive metabolite” does not
necessarily mean that such a metabolite has notefb@ an aquatic organism. Considering these
assumptions, we selected 30 environmentally relevaetabolites (Table 2) for which risk
assessment should be implemented.

Only human metabolites were considered in this wbidwever, other degradation products
can be generated in the environment, especiallyhoyolysis. Photodegradation metabolites can
be more toxic than the parent compound (Della- &et@l 2004; Isidoriet al 2005, 2006); and
attention should also be paid on such metabolites.

I11.4. Considerations on Risk Assessment for Pharmaeuticals

As quoted by several authors (Joeesl 2002; Carlssort al 2006; Fenet al 2006),
ecotoxicological data, and notably chronic data, lacking and thus limit the outcome of ERA
based on risk quotients. Relevant chronic datanaeeled. Preliminary results presented here can
nevertheless give some insight on the risk assegsshpharmaceuticals. Antibiotics and notably
amoxicillin could present a risk for the aquativieonment. However, two points must be noted
for this molecule. First, the NOEC value used tavdethe PNEC is based on growth inhibition
testing on the cyanobacter@ynechococcus leopoliensfgndreozzi et al 2003). If other

11



503
504
505
506
507
508
509
510
511
512
513
514
515
516
517
518
519
520
521
522
523
524
525
526
527
528
529
530
531
532
533
534
535
536
537
538
539
540
541
542
543
544
545
546
547
548
549

available data on amoxicillin confirm that cyandieasi@a seem very sensitive to amoxicillin
(Holten-Lutzoftet al 1999), data on green algae species (Holten-Luttoél 1999) and on
invertebrates (Garriet al 2006) only indicate limited toxicity.

Second, previous studies seem to indicate that @mitioxis rapidly degraded in the
aquatic environment (Andreozezi al.2004; Zuccateet al. 2005). Consequently, the risk ratio for
amoxicillin could be smaller than predicted herevdttheless, antibiotics remain one of the
more hazardous pharmaceutical classes for the iageratironment due to their antimicrobial
activity. Among antibiotics, macrolides, which aret only toxic toward cyanobacteria but also
toward green algae (Isidcet al. 2005), may represent a class of compounds of ¢ogleern for
the aquatic environment.

Although reported to be one of the most toxic couomus, the serotoninergic
antidepressant fluoxetine shows a low PEC/PNE® r@i09), due to the very low PEC of 9
ng-l1-1 calculated for this molecule. It should l#ed that the active metabolite norfluoxetine,
with similar pharmacological activity, may act alBly with fluoxetine. It therefore seems
reasonable to consider the sum of the two PEC sa(tlaoxetine + norfluoxetine) in the
calculation of the risk quotient, which increasas luoxetine risk quotient to 0.26, still lessrtha
1 but 3 times greater than the previous value. M#ites should be considered when performing
a pharmaceutical ERA, at least for PEC calculatidowever, it is not yet possible to assess the
hazard of these metabolites, due to the lack dfoeaoty data. For metabolites that are reported
to be equipotent (the same mechanism of actionpdramacological potency) to the parent
compound, using the sum of respective PECs mayppeopriate. For active metabolites with
differences in pharmacological potency but with #@me mechanism of action, it will be
necessary to take their relative potency into astdeor metabolites with a mechanism of action
different from the parent compound, however, edaturgical data remain necessary to assess
their toxicity.For non-pharmacologically active mletlites that may have toxic effects on
aquatic organisms, it is also necessary to buitdoaacological assays.

Finally, in the context of an ERA, an effort sholld made on the study of the effect of
pharmaceuticals mixtures on aquatic organisms dgeral reasons. First, pharmaceuticals with
the same mechanism of action may act additivelgeumatic organisms (Cleuvers 2003; Fraysse
and Garric 2005). Therefore, in a risk assessmamdwork, such pharmaceuticals should be
considered together. As an example, for SSRIs, drfPECs of all parent compounds (and also
active metabolites) should be taken into accouherahan considering separate PECs; moreover
the ecotoxicological effects of such mixtures sddug better evaluated.

Second, interactions between pharmaceuticals afestueied and taken into account in
humans as the concomitant use of some pharmadsutea lead to severe consequences.
Mixtures of pharmaceuticals known to interact widlach other should be assessed for
ecotoxicity. Third, a number of pharmaceuticals eyeochrome P450 enzyme modulators or
Para-glycoprotein-P modulators (proteins that @akey role in the resistance to xenobiotics),
and thus are likely to disrupt homeostasis of ravget organism and to increase their sensitivity
to other pollutants (Endicoot and Ling 1989; Toonsd Epel 1993). Therefore, one of the
major issues when considering concentrations ewjdhie environment should be interactions
between pharmaceuticals or between pharmaceuticalsother pollutants: single-compound
assays are not sufficient to provide accurate enuiental risk assessment of pharmaceuticals.

12
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Nevertheless, except for a few laboratory (Cleu2®@3; Eguchet al 2004; Fraysse and Garric
2005; Chritensemrt al 2007), and microcosms studies (Brainal 2004; Richardet al 2004)
the ecotoxicological assays done to date only focusingle compounds.

I11.5. Considerations on the Prioritization of Pharmaceuticals

Equation (5) can be used to assess the environhexgasure for pharmaceuticals. If all
data were available, a preliminary prioritizatioasbd on PEC values could be conducted.
However, WWTPremoval rates are scarce and limit suchpproach. In addition, the effects are
not taken into account, and such a simple appraas not allow to select the compounds
showing the highest risk. To fill this lack and poovide an initial hazard assessment of
pharmaceuticals, some authors have proposed th@fu®SAR and a test battery based on
mechanism of action (Eschetral. 2006; Lieneret al 2007).

We consider, as do several authors, that the useexidting pharmacological,
toxicological, and pharmacokinetic data is likely be helpful in assessing the risk of
pharmaceuticals, as they could provide a betterergt@nding of the fate and effect of
pharmaceuticals in the aquatic environment ( Laaye Dietrich 2002; Seiler 2002; Festt al
2006; Jjemba 2006). The use of mammalian pharmgalo and toxicological data was
proposed to help to prioritize the potential imgaof pharmaceuticals to fish (Huggett al
2003). In practice, pharmacokinetic parameters saglbioavailability, half-life in the human
body or excretion rates may be used as indicatdrghe environmental behaviour of
pharmaceuticals in the aquatic environment. Jje(@086) suggested that compounds excreted
unchanged in low amounts may also show low degibiyaln the environment. As the
pharmacokinetic behavior is influenced by the sgaeameters that can modify environmental
behavior such as pH and pKa, it makes sense to drparallel between pharmacokinetic and
environmental criteria. Williamst al (2006) very recently studied the correlation kestw the
environmental partitioning coefficient Kd and thistdbution volume Vd, which measures the
distribution of a pharmaceutical within the bodyheBe results suggest that pharmacokinetic
parameters should be helpful to estimate envirotashdrehavior for pharmaceuticals. Known
side effects of pharmaceuticals may also be vadutabindicate potential harmful effects on non-
target organisms as it as already been shown étofdhac in vultures (Oaket al 2004), and in
fish (Schwaigeet al 2004; Triebskorrt al 2004). Taking into account such effects could enak
it possible to target the harmful impacts of thesepounds, at least on non-target vertebrates.

Comparative pharmacology could also be useful tdetstand toxicity pathways of
pharmaceuticals. At the moment, studies have oohsidered the major mechanism of action
(MoA) of pharmaceuticals in ecotoxicity assays. ldeer, evidence shows that compounds
belonging to same pharmacological and chemical sekasé.g, compounds with same
mechanisms of action), can display a high varigbiln toxic values on same species and
endpoints (Huggetet al. 2002; Henryet al. 2004; Dzialowskiet al 2006; Garricet al 2006).
Indeed, pharmaceuticals are not only characterigedheir principal MoA but also by some
additional pharmacological characteristics thatusthde taken into account. In the casefof
blockers, several authore (g, Fraysse and Garric 2005; Fettal. 2006) have suggested that
differences in toxicity should be partially explath by pharmacological properties specific to
these compounds such as receptor selectivity orlbreera-stabilizing activity. For SSRIs, results
from Henryet al (2004) show that NOEC values on the reproductib@. dubiarange more
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than two orders of magnitude. Pharmacological dalecate that even if SSRIs have a greater
selectivity for blocking serotonin reuptake (thenincipal MoA), they also have affinities to
some other receptors and reuptake inhibitor a@s/ibn other systems such as the noradrenergic
or dopaminergic systems (Hyttel 1993; Dudinal 2002). Such “secondary” MoAs could help to
understand toxic responses. Sertraline is bothntbst toxic SSRI orC. dubiareproduction
(Henryet al 2004) and the most potent inhibitor of serotaminptake (Hyttel 1993); however, it
is not the most selective SSRI, as it also exemtsacivity on dopamine and noradrenaline
reuptake (Hyttel 1993). Citalopram, which is thesléoxic SSRI (Henrgt al 2004), is not the
less potent molecule but the most selective oneh $harmacological data suggest that the toxic
response observed f@. dubiacould not only be linked to serotonin reuptake &igb to other
MoAs; this hypothesis remains to be confirmed.

A prioritization methodology for pharmaceuticalsutb therefore cross PEC values with
relevant pharmacological data, such as specifichar@sm of action or relevant chronic adverse
effects, to give a reliable estimation of the riSkich a methodology should allow to bypass the
lack of ecotoxicological data and could providefuksaformation for building ecotoxicological
assays.

CONCLUSION

The main objective of this study was to assess eRkposure concentration of
pharmaceuticals in surface water with an emphasimetabolites. The PEC calculation proposed
here is reliable, as calculated PECs are in googeagent with field measurements. Metabolism
data are important to take into account as theyad more relevant selection of pharmaceuticals
and metabolites to survey in aquatic ecosystemseder, there is a need to consider the
specificity of drugs consumption profile for eacbuatry, as such a specificity can lead to
different priority compounds. Another objective wagerform a preliminary prioritization using
risk quotients ratios. Given the lack of relevanbtexicological data, it was not possible to
prioritize pharmaceuticals using risk ratios. Asvill take time to build enough ecotoxicological
data, we consider that the use of pharmacokinaticplharmacological data can help to prioritize
pharmaceuticals. Moreover, comparative pharmacol@ped on mechanism of action, adverse
effects, and specific activities could be usefutiken into account to better understand the
mechanisms of toxicity of pharmaceuticals and sess their environmental risk. The next step
in our work is to propose a sound selection of pleereuticals to be monitored in surface waters
by implementing a prioritization methodology basedan exposure assessment crossed with a
biological affect assessment using ecotoxicologaca pharmacological data.
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Figure 1. Methodology used to calculate Fexcreta valuespftarmaceutical compounds and
active metabolites. As glucuroconjugated metal®litan be cleaved in the environment and
regenerate the active compound, their excretiasnaere taken into account in the calculation of

the Fexcreta value.
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Table 1. Consumption, excretion fractions (Fexgratal calculated PECs for pharmaceuticals usedande in 2004 (Data from
AFSSAPS 2006). Active molecules are sorted by @éesing consumption amounts. PEC are calculated esjngtion 5 and are expressed

in ng.I* . PEG are calculated using actual amounts only. P&E€ PEG refined by Fexcreta values.

consumption of active

Compound name Therapeutic use ingredient in the year  Fexcreta (EE%) (zs%)
2004 (kg)
paracetamol analgesic 3303077 0.85 75413 64101
metformin antihyperglycaemic 716858 1 16367 16367
troxerutin used in veinous insufficiency 444339 - 10145 -
aspirin analgesic 396212 - 9046 -
diosmin used in veinous insufficiency 373544 - 8528 -
amoxicillin antibiotic 333223 0.9 7608 6847
ibuprofen anti-inflammatory 240024 0.25 5480 1370
carbocistein mucolytic 232308 - 5304 -
sodium valproate anti-epileptic 112162 0.53 2561 1357
acetylcystein mucolytic 96759 - 2209 -
fenofibrate lipid regulating 85670 0.01 1956 20
allopurinol antigout 54247 0.12 1239 149
dextropropoxyphene analgesic 51963 0.05 1186 59
buflomedil anti-ischaemic 50958 0.25 1163 291
naftidrofuryl anti-ischaemic 45523 - 1039 -
benfluorex lipid regulating 40730 - 930 -
pristinamycin antibiotic 39855 - 910 -
naproxen anti-inflammatory 37332 0.7 852 597
metronidazole antiprotozoal 36545 0.18 834 150
carbamazepine anti-epileptic 33514 - 765 -
heptaminol used in orthostatic hypotension 28423 - 649 -
tramadol analgesic 25897 0.3 591 177
levodopa management of parkinsonism 24996 - 571 -
amiodarone anti-arryhtmic 24318 - 555 -
trimebutine antispasmodic 23550 - 538 -
clavulanic acid B-lactamase inhibitor 22699 - 518 -
ketoprofen anti-inflammatory 21697 0.85 495 421
furosemide diuretic 21288 1 486 486
bezafibrate lipid regulating 20852 1 476 476
atenolol anti-hypertensiv@{locker) 18337 1 419 419
amphotericin B antifungal 18179 1 415 415
sulfamethoxazole antibiotic 16730 0.4 382 153
trimetazidine anti-ischaemic 16480 - 376 -
clarithromycin antibiotic 15105 0.18 345 62
ceftriaxone antibiotic 13603 1 311 311
josamycin antibiotic 12802 0.2 292 58
propranolol anti-hypertensiv@-plocker) 12487 0.24 285 68
ciprofloxacin antibiotic 12186 0.5 278 139
ranitidine anti-ulcer 11656 0.5 266 133
pravastatin lipid regulating 10969 0.5 250 125
diclofenac anti-inflammatory 9896 0.15 226 34
cefpodoxime antibiotic 9283 0.8 212 170
metoprolol anti-hypertensiv@{locker) 8786 0.05 201 10
omeprazole anti-ulcer 8045 0.01 184 1.8
atorvastatin lipid regulating 7924 0.01 181 1.8
nicardipine anti-hypertensive 7800 0.01 178 1.8
simvastatin lipid regulating 6943 0.01 159 1.6
fosfomycin antibiotic 6774 1 155 155
hydroxyzine anxiolytic 6638 - 152 -
doxycycline antibiotic 6243 0.72 143 103
sertraline serotoninergic anti-depressant 6224 0.14 142 20
oxazepam anxiolytic 6195 1 141 141
domperidone antiemetic (dopamine antagonist) 5861 0.07 134 9
paroxetine serotoninergic anti-depressant 5515 0.03 126 4
cyamemazine antipsychotic 5441 - 124 -
pantoprazole anti-ulcer 5287 0.01 121 1
piperacillin antibiotic 4476 1 102 102

17



Table 1. continued

consumption of active

Compound name Therapeutic class ingredient in the year  Fexcreta (EE&) (Egﬁ)
2004 (kg)
ofloxacin antibiotic 4137 1 94 94
azithromycin antibiotic 4073 0.5 93 46.5
phenobarbital anti-epileptic 3915 0.25 89 22.3
prednisolone corticoid 3743 - 85 -
fluoxetine serotoninergic anti-depressant 3740 0.1 85 8.5
citalopram serotoninergic anti-depressant 3487 0.4 80 32
roxythromycin antibiotic 3404 0.5 78 38.9
trimethoprim antibiotic 3346 0.5 76 38.2
zolpidem hypnotic 3344 0.01 76 0.76
bromazepam anxiolytic 2604 0.03 59 1.78
mianserine antipsychotic 2423 - 55.3 -
rifampicine antibiotic 2383 0.18 54 9.8
prazepam anxiolytic 2166 0.03 49 1.48
tianeptine antidepressant 2152 0,08 49 3.93
bisoprolol anti-hypertensived{olocker) 2113 0.6 48 28.94
clorazepate anxiolytic 2109 0.01 48 0.48
amlodipine anti-hypertensive 2013 0.1 46 4.60
piroxicam anti-inflammatory 2008 0.1 46 4.58
zopiclone hypnotic 1948 0.04 44 1.78
ceftazidime antibiotic 1832 1 42 41,82
levomepromazine antipsychotic 1699 - 39 -
prednisone corticoid 1550 - 35 -
cetirizine anti-allergic 1442 0.7 33 23.05
fluvoxamine serotoninergic anti-depressant 1121 - 26 -
glibenclamide antihyperglycaemic 1092 0.1 25 2.49
baclofen muscle relaxant 1080 0.8 25 19.72
ramipril antihypertensive 1042 0.02 24 0.48
loxapine antipsychotic 961 - 22 -
nadolol anti-hypertensiv{olocker) 938 1 21 21.42
loratadine anti allergic 927 - 21 -
vancomycin antibiotic 918 1 21 20.96
metoclopramide antiemetic (dopamine antagonist) 913 0.3 21 6.25
fluconazole antifungal 893 0.8 20 16.30
lorazepam anxiolytic 585 0.85 13 11.35
tazobactam B-lactamase inhibitor 560 0.8 13 10.22
diazepam anxiolytic 526 0.01 12 0.12
perindopril anti-hypertensive 504 0.1 12 1.15
hydrocortisone corticoid 453 - 10 -
oxprenolol anti-hypertensiv@{locker) 377 0.98 8.60 8.43
tropatepine management of parkinsonism 355 - 8.11 -
haloperidol antipsychotic 342 - 7.81 -
loperamide antidiarrhoeal 318 - 7.26 -
carvedilol anti-hypertensivg{plocker) 313 - 7.15 -
buprenorphine opioid 270 - 6.17 -
trihexyphenidyle management of parkinsonism 257 - .865 -
nordazepam anxiolytic 237 0.01 5.4 0.05
alprazolam anxiolytic 178 0.01 4.05 0.04
terbutaline anti-asthmatic 165 - 3.78 -
betamethasone corticoid 156 - 3.56 -
teicoplanin antibiotic 136 1 3.11 3.11
midazolam hypnotic / amnestic 98 - 2.23 -
levothyroxin thyroid hormone 59 - 1.34 -
ondansetron anti-emetic 44 0.1 1.00 0.10
clonazepam anxiolytic 21 - 0.49 -
escitalopram serotoninergic anti-depressant 4.6 - 0.11 -

18



Table 2. Review of phase | metabolites of potential intefesthe French aquatic environment. Active metabslare sorted in alphabetical

order of parent compounds, except for oxazepametlinéd metabolites are considered to be of enumenmtal concern (see section about

environmental relevance of active metabolites fiothfer details).

Active metabolite Fexcreta Parent compound Pharmacological activity
diacetolol 0.5 acebutolol equipotent to parent compound
oxypurinol ND allopurinol less active than pareatpound
N-desethylamiodarone ND amiodarone less Z?:Ltjii\f)eo fsn;ﬁfaz%iiizT olf:?t?: rc]:ZIchiLOrflkfr:annel
nortryptiline ND amitriptyline active, no furtheethils
salicylic acid ND aspirin * active, related to the pharmacolobeféect
2-hydroxy-atorvastatin ND atorvastatin * active, related to the pharmegal effect
4-hydroxy-atorvastatin ND atorvastatin * active, related to the pharmagilal effect
B-acid metabolite 0.05 baclofen active, no furthetads
10,11-epoxy metabolite ND carbamazepine activeigdigrresponsible for carbamazepine intoxication
desmethylcarvedilol ND carvedilol 2.5 times moregoa in rabbits
4-OH-phenylcarvedilol ND carvedilol 13 times mormgnt in rabbits
4 different metabolites mgégcfﬁtlcles) ciprofloxacin some metabolites may have an antésatactivity
14-OH-clarithromycin 0.15 clarithromycin more aglir\::rg?sgsr;iit?ogat;iﬁrglasrittrﬁrizﬁi]@?nenza’
clofibric acid 0.99 clofibrate * active, linked the pharmacological effect
norpropoxyphene 0.25 dextropropoxyphene. | S e but a groater looal anacsthed efect
fenofibric acid 0.6 fenofibrate * active, linked to the pharmagidal effect
norfluoxetine 0.2 fluoxetine equipotent to parent compound
cetirizine ND hydroxyzine active, used as patendigine
2-OH-ibuprofen 0.25 ilbuprofen no data on pharmacological agtivit
carboxy-ibuprofen 0.37 ilbuprofen no data on pharmacological agtivit
desipramine 0.06 imipramine equipotent to parentgmund
OH-metronidazole 0.28 metronidazole between 30 and 50% of the mielaanle activity
desmethylnaproxen 0.28 naproxen may be pharmacalbginactive
unidentified metabolites 0.08 norfloxacin some rhetites may have an antibacterial activity
perindoprilat 0.38 perindopril * active, linked to the pharmamggital effect
4-OH-propranolol ND propranolol equipotent to paresmpound
ramiprilat 0.12 ramipril * 6 times more active than ramipril
25-O-deacetylrifampicin about 0.5 rifampicin equ#d to parent compound
3-OH-acid metabolite 0.55 ** simvastatin * actilieked to the pharmacological effect
acetylsulfamethoxazole 0.6 sulfamethoxazole no antibacterial activity
demethyltramadol 0.6 tramadol active, analgesic effect, no furthemnils
O-desmethylvenlafaxine 0.3 venlafaxine active, no further details
Zopiclone-N-oxide 0.15 zopiclone less active tharept compound
1 diazepam
oxazepam i :z;zzzii:em active, u(sseéc:3 astz Catig?tg'nzt)anxiolytic
ND prazepam

ND : no excretion rate value could be determined.

* Indicates a prodrug.

** Data from Carlsson et al., 2006.
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Table 3. Wastewater treatment plants (WWTPs) refrfoaretion for pharmaceuticals and metabolites

Wastewater treatment plants removal fraction

Ternes 1998Stu ngf)zt al. Paxéus 2004Ber;%zoeg al. Clazrggéal. Paffzog(l)(;t al. Castlzgtl)lgglft al., Casg%lé)%nlft al., min value max value
amoxicillin 0.29 0.49 -1 (md = 0.75) 1 .29 1
atenolol <0.1 0.52 0-0.21 (md=0.1) 0.8676 (md = 0.55) 0 0.76
azithromycin 0.43 0.43
bezafibrate 0.83 0.5 04->0.9 0.72 0 - 0.66 t0.15) 0-0.98 (md = 0.87) 0 0.98
carbamazepine 0.07 <0.1-0.53 0.3 0.19 0 0 0 0.19
ciprofloxacin 0.62 0.45-0.78 (md = 0.6) 0:9369 (md = 0.63) 0.45 0.78
clarithromycin 0.69 0-0.24 (md =0) 0 0 0.69
diclofenac 0.69 0.75 <0.1-0.8 0.22 0.27 0.1 0.75
doxycycline 0.06 0.06
fenofibrate >0.01 >0.1
fenofibric acid 0.64 0.45 0.82 0.45 0.82
furosemide 0-0.17 (md = 0.8) 0.15 - 0.62 @rD.54) 0 0.62
ibuprofen 0.09 0.75 0.52-0.99 0.96 >0.9 0.96 0.25-0.72 (md = 0.38) 0-1(n@i93) 0 1
OH-ibuprofen 0.95 0.95
carboxy-ibuprofen 0.96 0.96
ketoprofen 0.69 0.65 0.93 0.65 0.93
metoprolol 0.83 <0.1-0.1 0.1 0.1 0.83
naproxen 0.66 0.78 0.48-0.93 0.93 0.88 0.48 93 0.
ofloxacin 0.4 0-0.62 (md =0.43) 0.33 - O(6&l = 0.57) 0 0.66
propranolol 0.96 0.32 0.22 0.22 0.96
ranitidine 0-0.76 (md = 0.39) 0.72 - 0.8%(= 0.84) 0 0.84
roxithromycin 0.5-0.6 0.51 0.5 0.6
spiramycine 0.94 0-0.11 (md =0) 0 0 0.94
sulfamethoxazole 0.5-0.6 0.64 0.5 0.64
trimethoprim <0.1-04 0.49 0.51 0.1 0.51
vancomycin 1 1

md : median value.
*: removal fraction determined in winter (Castigli@t al. 2006).

**: removal fraction determined in summer (Castwgiiet al. 2006).
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Table 4. Comparison of calculated PEC for wastemteg@tment plants (WWTP) effluents with field megesments conducted in France.

PEC are determined using equation (5) and are ssgaen ngl.

Pharmaceutical concentrations in French WWTP ffsiéng 1) Calculated PEC for WWTP effluents
Pafforietal.  Miegeetal.  Andreozzietal.  Rabietetal. 2006 PEG:(ng)*  PEG(ng.)”
amoxicillin 40 0 - 48615 48615
atenolol 570 1000 - 4190 2010
azithromycin 101 260
bezafibrate 840 ND - 1070 95 - 4760 1330
carbamazepine 1020 980 - 1200 157 - 293 NA NA
ciprofloxacin 101 60 305 - 765 530
clarithromycin 117 190 - 620 190
diazepam ND ND negligible * negligible *
diclofenac 810 250 - 410 211 - 486 85 - 305 250
doxycycline 73 965
fenofibrate 310 20-120 <180
ibuprofen 600 20-1820 18-219 0-13700 550
ketoprofen 270 ND - 1620 22 -1081 295 - 1475 295
metoprolol 100 509 - 1774 80 15-90 90
naproxen 350 510- 1730 42 -289 420 - 3100 715
ofloxacin 177 330-510 320 - 940 565
propranolol 190 416 - 1111 25-535 535
roxithromycin 50 155-195 190
simvastatin ND negligible * negligible *
sulfamethoxazole 205 70-90 550 - 765 550
trimethoprime 72 20-40 185 - 345 185
vancomycin ND negligible **

ND: not detected in WWTP effluents

NA: not applicable: carbamazepine Fexcreta valum®wot determined in this study.

a: distribution of PEC calculated using minimadamaximal WWTP removal rates reviewed (see tabfer3

details)

b: PEC calculated using WWTP removal rates caledlay Paffoni et al., 2006.

*. PECc are considered negligible considering teeyMow Fexcreta values of 0.01 assumed for diarepad

simvastatin.

**. PECc is considered negligible as Paffeial. (2006) reports a WWTP removal fraction of 1.

WWTP measured concentrations from Paffetrél. (2006) are mean concentrations.



Table 5. Calculated surface water PEC values fevagt metabolites.

Metabolite PEG (ng.I PEG (ng.rY) conrlgsiijrﬁ%n sample reference
salicylic acid NA NA 25 surface water Ternes, 1998
161° WWTP effluent
acetylsulfamethoxazole 230 NA 702 downstream WWTP Ashtonet al. 2004
hydroxy-ibuprofen 1370 70 50 WWTP effluent
20 downstream WWTP
Bendzet al. 2005
carboxy-ibuprofen 2025 100 430 WWTP effluent
230 downstream WWTP
14-OH-clarithromycin 50 NA ND - -
OH-metronidazole 235 NA ND - -
25-O-deacetyl-rifampicin 25 NA ND - -
norfluoxetine 17 NA ND - -
oxazepam 205 NA 1500 surface water Togola et al., 2007
zopiclone N-oxide 7 NA ND - -
norpropoxyphene 295 NA ND - -
demethyltramadol 355 NA ND - -
B-OH-acid metabolite * 90 NA ND - -
1260 WWTP effluent Paffonet al 2006
fenofibric acid 1175 2068 380° WWTP effluent
b Ternes, 1998
45 surface water
perindoprilat 4 NA ND - -
ramiprilat 3 NA ND - -

PEC values were calculated using equation 5. Saamuleeferences report to measured concentrations.

All PECs are calculated for surface waters exchpt REC for fenofibric acid which is calculated f0AWTP
effluents.

*. active metabolite of simvastatin.

a: mean values.

b: median values.

c: oxazepam PEC was calculated by summing diffesentces for this compound.

ND: not detected or not already searched in thatimenvironment.

NA: not applicable due to lack of data.

22



Table 6. Determination of risk quotients for phaceatical compounds (compounds are sorted by dengeask ratios values).

PNEC final
compound most sensible specie taxa endpoint ecggﬁg;g;g;rgzsay AF used (\r,]zhr,g PE(nCa\F?;UG PE(rClzl\ﬁi)lue PE(nC‘cg'\;la)lue PE(r:a/E(’,\lEC
amoxicillin S. leopoliensis cyanobacteria growth Andreozi al. 2004 10* 78 4860 62.3
aspirin Daphnia. magna cladoceran reproduction Marquetsal. 2004 100 10000 9046 0.9
ofloxacin S. leopoliensis cyanobacteria growth Ferrai al. 2004 50 100 56.5 0.56
propranolol Hyallela azteca gammaridae reproduction Huggettal. 2002 10* 100 545 0.54
carbamazepine Ceriodaphnia dubia cladoceran reproduction Ferratial. 2004 10 * 2500 765 0.31
furosemide Ceriodaphnia. dubia cladoceran reproduction Isidai al 2006 100 1560 486 0.31
clarithromycin D. magna cladoceran reproduction Yamastetaal. 2006 50 62 19 0.3
diclofenac Ceriodaphnia dubia cladoceran reproduction Ferratial. 2004 10 * 100 25 0.25
sertraline Ceriodaphnia. dubia cladoceran reproduction Hereyal. 2003 100 90 20 0.22
sulfamethoxazole S. leopoliensis cyanobacteria growth Ferraat al. 2004 10* 590 55 0.1
fluoxetine unspecified chlorophyceae growth FDA-CDER 1996 10* 100 9 0.09
fenofibrate Daphnia. magna cladoceran reproduction Gargtal. 2006 50 140 <18 <0.13
paroxetine Ceriodaphnia. dubia cladoceran reproduction Gargtal.2006 50 600 4 6.67 10-3
fluvoxamine Ceriodaphnia. dubia cladoceran reproduction Hereyal. 2004 50 7400 26 3.510-3
citalopram Ceriodaphnia. dubia cladoceran reproduction Hereyal 2003 100 8000 32 410-3
ibuprofen Daphnia.magna cladoceran reproduction Haal. 2006 100 2.10° 55 2.710-4
trimethoprim S. capricornutum chlorophyceae growth Eguoki al.2004 100 2,55. 100 19 7.45 10-5
acebutolol Ceriodaphnia dubia cladoceran reproduction Gargtal. 2006 50 1,25. 10° NA NA NA NA
erythromycin S. capricornutum chlorophyceae growth Egucki al.2004 50 206 NA NA NA NA
clofibric acid Ceriodaphnia dubia cladoceran reproduction Ferratial 2004 10* 64 negligible  negligible  negligible negligible
clofibrate Daphnia.magna cladoceran reproduction Kopf 1995 *** 50 200 neidlg  negligible  negligible  negligible

AF: Assessment Factor.
Taxa species and references refer to the assagitbated the lowest NOEC.

* Indicates that risk quotients for these compouwdse calculated applying the EMEA methodologydthNOEC values from three different taxonomic
groups). Other risk ratios were conducted using T@&@D3) recommendations (with only one or two NOEMues). When three NOEC values for three
different taxonomic groups were available, a facdbd0 was applied to the lowest NOEC value; whea NOECs were available, a factor of 50 was
applied; a factor of 100 was applied when only NIREC value was available.

** Quoted by Webb 2001, in Kummerer 2001.

ND: not determined.
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