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Abstract: An environmentatisk assessmef{ERA) for theaquaticcompartmenin Europe
from humanuse was developedfor the old antibiotic Trimethoprim (TMP), comparing
exposureand effects. The exposureassessmenis basedon Europeanrisk assessment
defaultvalueson onehandandis refinedwith documentechumanusefiguresin Western
Europefrom IMS Healthandmeasureademovalin wastewatetreatmenton the other.The
resulting predicted environmentalconcentrationgPECs) are comparedwith measured
environmentatoncentration§MECSs) from Europe,basedon a largedataseincorporating
morethan 1800single MECs. On the effectsside, availablechronic ecotoxicitydatafrom
the literature were complementediy additional, new chronic resultsfor fish and other
organisms. Based on these datg chronicbased deterministic predicted no effect
concentration§PNECs)were derivedas well & two different probabilisticPNEC ranges.
The ERA comparessurfacewater PECsand MECs with aquaticPNECsfor TMP. Based
on all the risk charactedation ratios (PEC-PNEC as well as MEC-PNEC) and risk
graphsthereis no significantrisk to surfacewaters.

Keywords: trimethoprim environmentalexposure;environmentaleffects; environmental
risk assessmensurfacewaters;Europe

1. Introduction

Thetopic of pharmaceuticalg) the environment{PIE) hasgaineda lot of attentionin environmental
discusfons. Active pharmaceuticaingredients(APIs) are suspectedf causingunintendedadverse
effectsin envirormentalcompartmentsbasedon their intendedpropertyof high biological activity.
For humanAPIs, which are excretedinto wastewaterthis primarily meansconcernfor the sewage
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treatmenplants(STPs)or surfacewaters.Suchconcernavebeenfuelled by ubiquitousdetectionof
APIs in STPeffluentsandsurfacewaterssincethe 1970s,in concentrationgn theng/L to pg/L range.
It is mostly older APlIs that are regularly monitoredand detected While for the registrationof new
APIs an environmentakisk assessmernERA) hasbeenrequestedn the EuropeanUnion sincethe
early19909[1], this wasnot the casebeforehandmeaninghatexactlyfor theseolder APIs thereoften
is alack of environmentafate andtoxicity data.

The old antibiotic trimethoprim(TMP) wasfirst put on the marketby F. HoffmannLa RochelLtd
(Roche)in the 1960sin combinationwith sulfamethoxazoléSMX) underthe brandnameof Bactrin\.
TMP has beenregularly detectedin the environment Like all antibiotics, TMP has come under
suspicion for the potential of selecting for, maintaining or increasing antibiotic resistancein
environmentabacteria The first in-depthaquaticERA for TMP is presentedere It is basedon both
predicted and measuredenvironmental concentrations(PECs and MECs, respectively) and on
publishedand new chronic ecotoxicity data Some of the latter were specifically commissionedn
orderto producea solid effectsassessmerfor TMP. Acute ecotoxicitydataareintegratedaswell. In
view of sufficient data available this ERA was supplementedvith a probabilistic comparisonof
percentrankedMECs and chronic effectsspeciessensitivity distributionsin additionto the standard
deterministicprocedures.

2. Resultsand Discussion
2.1. TrimethoprimPharmacologicaData
2.1.1 TMP Modeof Action

The diaminopyrimidine TMP (2,4-diaminc5-(3,4,5trimethoxybenzyl)pyrimidine;CAS Number
738-70-5) [2] is a bacteriostatiAPI thatinterfereswith the bacterialdihydrofolatereductaseenzyme,
inhibiting the synthesisof tetrahydrofdic acid [2]. Bacteriaare unableto take up folic acid from the
environment,ncluding their infection hostin caseof pathogenicspeciesand are dependenbn their
own de novo synthesis.Inhibition of dihydrofolate reductasestarvesthe bacteriaof nucleotides
necessaryor DNA replication TMP is generallyusedin combinationwith sulfonamideantibiotics
(mainly SMX), which interferewith anotherstepof bacterialfolate synthesigpathway;in combination,
TMP andSMX actsynergistically.

2.1.2 TMP Adsorption,MetabolismandExcretion

TMP is rapidly absorbedafter oral administratiorandwidely distributedaroundthe bodyto tissues
and fluids. Serumtherapeuticconcentrationgangefrom 1.5 2.5 mg/L up to 9 mg/L [3]. Metabolic
reactions include oxidation of the methylene group to a hydroxymethyl group, N-oxidation,
O-de-methylationand hydroxylationin phasel metabolismas well as conjugationwith glucuronic
acid or sulfatein phase2. Around 10%i 20% of a doseis metabolzed. The metabolitesareexcretedn
the urine as conjugates but the greaterpart of the doseis excretedas unchangeddrug. Urinary
excretionis pH-dependenandis increasedn acidc urine. About 40%i 75% of a doseis excretedin
24 h, upto 60%beingin theform of unchangedirug, with about4% eachasthe 3'-hydroxymethyland
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4'-hydroxymethylmetabolitesand 2% asthe N1-oxide. Lessthan4% is eliminatedin the faeces.The
plasmahalf-life rangesfrom 8 to 17 h with an averageof 11 h [2,3]. The World Health Organiation
defineddaily doseof TMP is 400mg[4]. Thisvaluewill laterbeusedfor thefirst PECderivation.

2.1.3 TMP Toxicity

TMP is not particularlytoxic to humansandmammalsby oral administrationin the shortor longer
term, however,it canbe irritant andsensitzing [2]. It wasmutagenidn a bacterialtestsystemand at
high dosest canbeteratogeni@andembryotoxicthroughits modeof action,folate antagonisnj2], as
folic acid is required for normal development.However, due to these mutagenicand reprotoxic
properties,TMP is classifiedby defaultasT for toxic for a persistencebioaccumulatiorandtoxicity
(PBT) assessment.

2.2. TMP EnvironmentaFateand Concentrations

Thebasicdatafor the environmentafate andeffectsof TMP arelistedin tablesin the Appendixof
this publication, starting on Page136, for better readability of the text. A discussionof the most
important,selectedraluesfrom thesetablesis presentedn thefollowing sections.

2.2.1. PhysiceChemicalDatafor TMP

Physicachemicaldatafor TMP are listed in the Appendixin Table Al, Pagel36 ff [2,3,5 27].
TMP is an organic basewith a reasonablyhigh water solubility of ~300 mg/L and a first base
dissociationconstantpK, aroundthe neutral pH point [2]. There are no hydrolysablebonds. The
melting point is around200 € [2], vapor pressurds low at ~1.32x 10°° Pa[5], hencetheHe nr y 8 s
Law Constantis low aswell andthe substancevill not volatilize from water.In addition,with a first
basepK, around7 [2,3,9], TMP is at leastpartly dissociatedn mostenvironmentaivaters,i.e., it will
be morehydrophilicandwill volatilize evenless.With ann-octanol/watepartition coefficientlogkow
between0.64and1.115[2,12] TMP is not particularlylipophilic. Therefore neitherstrongadsorption
to organic substratesnor bioaccumulationwould be expected.In confirmation, moderateto low
adsorptionconstantgo organiccarbon(OC), activatedsludge(AS) andsoil havebeenpublished13i 27],
althoughLin & Gan[16] notedstrongadsorptionin one soil besidemoderateadsorptionin others.
Specifically, sorptionto AS in sewagetreatmentplants (STPs)hasbeenindependentlydescribedas
o0negl [2% 27b However,sorptionshouldstill be keptin mind as Trappet al. [28] haveshown
using physicahemical activity-basedenvironmentalfate modeling that as a weak base, TMP is
non-dissociatecandthusmoreproneto sorptionor bioaccumulatiorat a higherenvironmentapH of 9
thanat pH 6 where TMP is mostly dissociatedIln general,basedon this low to moderatesorption,
mostTMP is expectedo remainpredominantlyin theaqueougphasemeaningthatlittle is removedo
sludgein STPs,the exposureof soil by landspreadingf digestedsurplussludgeis low, mobility in
soilsis high andlittle will partitionfrom surfacewatersto sediment.
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2.2.2 BiodegradationEnvironmentaFateandBioaccumulatiorDatafor TMP

The availableliteraturedatafor TMP for biodegradationtemovalin STPs,environmentafate and
derivedhalf-lives aswell ashioaccumulatiorarecollatedin TablesA2i A5 attheend(Pagel38 ff).

2.2.2.1 Biodegradabilityof TMP (TableA2) [18,19,21,25,26,28B5]

TMP is recalcitrantto biodegradationn standardeadyandinherenttests[18,21,29,31jandalsoin
a standardSTP model test at low concentration[32]. This first impressionmay be misleading,
however,ason onehand,significantcometabolicdegradatiorwasobservedn a closedbottle testwith
sodiumacetatein the toxicity control [29]. Moreover,good removal (>50%) was seenin thosetests
performedwith aerobicAS with along sludgeretentiontime (SRT),i.e.,, a high sludgeage[21,25,33 35].
Indeed,as consistentlyshownby Gdel etal. [19,26], Perezet al. [34] and Schrdder et al. [35], who
comparedheremovalin differentstepsof STPslow removalwasfoundin inoculawith a shortSRT,
e.g., from primary sludgeor youngAS, but high removalwasnotedfor inoculawith a high SRT,i.e.,
nitrifying AS andsandfilters. Similarly, rapid primarydegradatiorof TMP wasalsoshownby Ldfler &
Ternes[36] for naturalsedimentsaand by Schmidtet al. [37] during river bankfiltration. In addition,
Bundschuletal. [30] determinedhat TMP is evenrapidly degradedn a readytype system exposing
fallen leavesin naturalwaterto low concentration®f TMP, wheretheydetermined-80%degradation
in 7 days.A similar differencemay alsoexist for anaerobialegradatioras Gartiseret al. [21] recorded
no significant methaneproductionin a standardiSO 11734 anaerobicdegradationtest, while other
investigationswith surplus sludge from an anaerobicdigestor [19], with manure and anaerobic
bacterig38] orin pig slurry[39] foundhigh andrapidremoval.In soil [13,40]andseawatef41], however,
biodegradatioseemso beslow with correspondinglylong half-lives of aroundor morethan100days.

2.2.2.2 Removalof TMP during Sewage Treatmei(Table A3 [19,23,25,3638,42 74]

The above differences,mainly relating to SRT respectivelynitrifying conditions, are probably
responsibldor theinordinatelyhigh rangeof removalnotedfor manydifferent STPsin Europe,North
Americaandthe Far East.Theseincludenegativeremoval,which maysignify cleavageof glucuronide
or sulfate conjugates[75], and rangeup to nearly 100% [19,23,48,5263]. Some of the negative
removalrates,like the extremevalue of 1550% describedby Lindberg et al. [45] for one STP in
Sweden are highly improbable,seeingas 60%i 80% of ingestedTMP is excretedas the parentand
only 20%i 40% as metabolitesand conjugateq2,3]. Therefore,conjugatecleavageof 550%is quite
impossible,but either sampling,synchronzation or analyticalproblemsare suspectedln conclusion,
for TMP in STPsthereis but minor removalduringinadequatgrimaryandsecondaryreatmen{19,34],
but nitrifying sludgeis ableto biodegradel MP [25,34], suggestinganimportantrole for both aerobic
conditions[76] andin particularfor long SRTsin secondaryireatment55,62] Similarly, anaerobic
degradatiormayrangefrom low [21] to ratherhigh[19,38,39]

For later PEC refinement,the recordedremoval ratesfor full-scaleworking STPswere collated
from 26 reference$19,23,25,4264] listedin TableA3 (with the exceptionof the aboveextremevalue
from [45]). The 107 remainingrecordedremovalrates,representingat least63 STPs,rangedfrom
1128%][48] upto >99%][63]. Theaverageaemovalis 25.0%andthe medianremoval30.0%(Figure1).
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Theseremovalvaluesarein agreementvith the databy Fick et al. [60] who determinedTMP to fall
into anaveragaemovalrangebetweenl(0% and49%in their Swedishinvestigationin theyear2010.

It is to be noted that all these empirically determineddegradationrates dependon several
circumstancedyom time-correctedsamplingof influentsandeffluents,to typesandfunctionalquality
of the sewagavorksto the analyticsthemselvesWhile for thelatterin mostpublicationsthe analytical
methodsandrecoveryratesandrangesaredescribedn detail, exactmeasuredaluesare presentedll
the same mostlywithout explicitly pointing out the uncertaintycontained.This wasrecentlyshownby
a group from Cleveland,Ohio sewagetreatmentworks [77] who usedtwo different contractlabsto
evaluate both intralaboratory and interlaboratory variability. They found discrepanciesn TMP
quantificationof 40% in the sameinfluent and of 168%i 180% for the sameeffluents. This finding
calls for cautionin regardingall the measuredconcentrationsof TMP (and other substancespas
representing truevalue;theycouldin factbelower or higher.

Figure 1. Distribution of 107 publisheddegadation/removatatesof Trimethoprim TMP)
in 63 sewage treatment plantSTP9 worldwide.
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2.2.2.3 EnvironmentaFateof TMP (TableA4) [13,15,16,19,21,3611,72,73,78]

Hydrolysis [65,66] and aquaticphotodegradatiom fresh and seawate[68,71] are not significant
for TMP, exceptwhereboth hydrogenperoxideand scavengersre presentat the sametime as UV
irradiation [66,70 72]. Michael et al. [66] and Wu et al. [72] have recently confirmed that TMP
degrade®nly slowly undernaturalsolarillumination, approximatelyl0%in 500 min in demineralzed
water[66], respectivelyup to ~2%in 72 h in naturalwater[72]. However,it degradesnuchfasterby
hydrolysisin the aluminumfoil -wrappeddark control (up to ~15%in 72 h at pH 4 and7), dueto the
temperaturancreasein the dark control [72]. While dissolvedorganic matter, which can act as a
scavengeris commonin naturalwaters,peroxidesmay be lessso; moreover,in mostinstanceshe
superficial temperaturewill not rise massively, due to water movement. Hence, only slow
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photodegradatiors predctedfor TMP in temperateonesandit is not expectedo play amajorrolein
theenvironmentafate of TMP.

Total environmentalhalf-lives (t%2) of TMP have beenderived for some compartmentsin an
experimentamicrocosmLam etal. [65] analyticallydeterminedat¥2 of 5.7 + 0.1 days;this shorttime
may reflect the earlier findings of Bundschuhet al. [30] in their miniature fallen-leaf/naturaiwater
system.Extrapolated,.e., estimatedenvironmentalhalf-lives for TMP are available for freshwater
with >42 days[67] and20i 100days[73]. Boxall etal. [67] alsoestimatedh freshwatersedimentz of
>60i 100 days,while Hektoenet al. [74] predicteda marinesedimentz of 75/ 100 days.Oncemore
thereseemdo be a wide rangeof half-lives for TMP, from the measured.7 + 0.1 days[65] up to an
estimatedl00 days. This may againreflect nitrifying vs non-nitrifying conditions,but mainly it does
attestto a high uncertainty.

However, the half-lives are important as the EU Technical Guidance Document for Risk
Assessmeni(TGD) [79] classifies substancedor persistencein function of their environmental
half-life. Thereby,compoundsare classifiedpersisten{P) in freshwateiif the aquatichalf-life is >40
daysandvery persisten(vP) if it is >60 days;both P andvP in seawateif the marinehalf-life is >60
days;P if the freshwatersedimenthalf-life is >120 daysandvP if it is >180 days;P andvP if the
freshwateror marine sedimenthalf-life is >180 days[79]. Basedon one experimentalhalf-life of
5.7 daysin amicrocosm[65], TMP is not P, butit maywell be P or evenvP in freshwatelif the extra
polatedhalf-lives of >42 days[67] respectively20i 100days[73] arecorrect.

2.2.2.4 BioaccumulatiorDatafor TMP (TableA5) [9,28,47,67,8084]

Dataon bioaccumulatiorfor TMP arescarceor indirect. Thelipophilicity datafor TMP rangefrom
alogKow of 0.64to 1.15[2,6,11,12] which arguesagainstbioaccumulationin an early experimental
study, Bergsjg& Sgnen[9] exposedtrout to a high TMP concentrationof 75 mg/L in fresh and
saltwater,but only for a shorttime of 84 h, which might not suffice for rigorous bioaccumulation
assessmentheyfound a maximumbioconcentratiorfiactor (BCF; concentrationn fish + concentration
in medium)of ~0.32in marinefish liver and ~0.16in freshwaterfish liver, but from someof the
graphsgiventheinternalconcentratiorseemdo bestill ontherise.However,Bergsjget al. haddosed
rainbowtrout orally with radio-labeledTMP earlier[83] at a doseof roughly0.02mg TMP/gfish at 7
or 15 €. Following the radio-label by autoradiographyhey noteda slow (maximumdisintegrations
per minute, DPM, around48 h at 7 €) to more rapid (max. DPM around 121 24 h at 15 C) uptake
followed by a decreasehat was rapid in muscleat 15 € but slower in liver at 7 €. Still, the
maximum body concentrationfrom a single dose reachedat 48 h and declining thereafterdoes
not speakfor significant bioaccumulation.More recently, Fang et al. [81] dosed Japaneseéass
(Lateolabraxjaponicus)oncedaily with 125 mg sulfamethazin@end25 mg TMP overfive days.They
derivedthe minimum holding period, unstatedn the abstractout presumablyuntil the analyteswere
belowthelimit of detectionfrom analysisn muscle blood,liver andkidneyas26 daysat22 € water
temperatureand 30 daysat 16 €. While no further informationis given in the availableabstract,a
minimum 90% depurationtime of 30 daysat 16 € doesnot seeminordinately long, suggesting
reasonablyrapid depurationand thereby relatively low bioaccumulation.Using multi-compartment
physicachemicalactivity-basedmodeling, Trappet al. [28] showedthat, contraryto expectation,TMP
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accumulategessin biotaat pH 9 thanat pH 6, dueto increasedelativepartitioningto the sedimenat
pH 9 whereTMP is mostlynon-ionized. Converselyaccordingto Trappandcolleaguesat pH 6 TMP
partitions more to biota than to sediment,but basedon their datathe worstcasewaterbiota BCF
would still be <100 (approximatevaluefrom figure 1 in Trappetal.) [28]. Thisis indirectly supported
by thereportsof Ramirezetal. [82], who sampledcommonlocal fish from five wastewate#nfluenced
streamsdn the easternand southernUSA aswell asin one pristine control river, andFick et al. [60],
who did a comparablesamplingin Swedishrivers and associatedish. Both groupsneverdetected
TMP in any of their fish samplesFick and colleaguesanalyed both surfacewaterandbiota samples
at the sameplaces;basedon their rangeof surfacewater TMP concentrationsfrom 6.8 to 210 ng/L
with no nondetectsandthe fish concentratiorconsistentlybelowtheir LOQ of 0.1 pg/kg [60], the TMP
BCF would be predictedto be <16 in the worst case.The regulatorylimit for aquaticbhioaccumulation
is a BCF of 2000for bioaccumulativgB) or of 5000for very bioaccumulativgvB) accordingto the
EU TGD [79]. Basedonthis mainly circumstantiabvidence,TMP doesnot qualify asB.

For uptakeand bioaccumulationfrom spiked soil to plantsover full growth durationfor lettuce
(103 days)andcarrots(152 days),Boxall et al. [40] determinedsoil-baseduptakefactorsof 0.06 for
lettuceand0.08for carrotsandsoil-porewateibaseduptakefactorsof 0.68 respectively0.86 overthe
wholeduration.Last,in a hydroponicexposureof two differentsortsof cabbageplants,with 232.5.g
TMP/L in the nutrientsolutionover 51 days,Herklotz et al. [83] found a maximumwet-weight BCF
of 0.3074.Eventhoughfor soil uptakein plantslower limits may applyfor a B classificationthanfor
animals in water [85], with a BCF clearly <1 on chronic exposurethere is no suspicion of
bioaccumulationRecently,Sabourinet al. [84] comparedconcentration®f pharmaceuticaland other
substancesn vegetables(sweetmaize carrot, tomato, potato) grown on soil fertilized with dried
municipalsewagesludgeor on nornramendedontrol soil. Resultsfor TMP areequivocal,asTMP was
detectedat comparabldevelsin tomatoesrom one (0.432ng TMP/g dry weight) of threeamended
soils and also from control soil (0.387 ng TMP/g dry weight), but was not detectedin any other
vegetable.The authorsstatethat, by their own criterion that detectionsmust be madein all three
amendedsolils per vegetable the resultsfor all analytesincluding TMP are not significant. Hence,
overall,thereis no evidenceor bioaccumulatiorof TMP.

2.3. TMP EnvironmentalConcentrations
2.3.1 PECsandUseDatafor Europe

The EMA 2006 Guidelinefor ERA of humanpharmaceuticali86] derivestheinitial, crudesurface
water PEC for APIs with a simple formula, multiplying the maximum daily dose with a default
penetratiorfactorin the populationof 0.01anddividing by a default200 L sewageperpersonandday
and a defaultsurfacewater dilution factor of 10, without factoringin any humanmetabolismor STP
removal. For TMP, with a daily doseof 400 mg [4], this resultsin a crude surfacewater PEC of
2 /L. However,this initial PEC may be refined throughincorporatingactual use, either through
publishedepidemiologicaldataresultingin alower penetratiorfactoror throughactualusefigures.

IMS Health is a companythat collates sales figures for APIs, hencetotal TMP sales(i.e,
pharmacieglus hospitalswhereveravailable)were retrievedfrom the IMS Health databasg87] for
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the years 1995 2003 for the following Europeancountries: Austria, Belgium, France, Germany,
Greece,ltaly, The Netherlands,Portugal, Spain, Sweden, Switzerland and the United Kingdom,
makingup in 2003atotal of 370 million inhabitantd88]. Two resultsappearfrom this collation,first,

theoverallusedeclinedfrom 55578kg in 1995to 43,079kg in 2003;suchadeclinewasalsonotedby

ter Laak et al. in a 2010RIWA reporton temporaland spatialtrendsof pharmaceuticals the River
Rhine[89] basedon MECsin Dutchwaters.Secondthe averagedaily useperinhabitantfor all these
countrieswas0.3955mg TMP, with arangeof 0.1937mg for Greeceo 0.5005mg for the UK. Forthe
lastyearin theseriesthe UK still hasthe highestper capitauseperdayof 0.5056mg TMP.

Insertingthe highestof the abovedaily usefiguresfor the UK in 2003into the PECequationresults
in afirst refined surfacewater PEC for the UK of 0.253 g TMP/L. For the Europeanl1995 2003
averagausefigure thefirst refinedsurfacewaterPECis 0.198g/L .

This PEC may be further refined by excretionrate of the parentAPI including glucuronideor
sulfateconjugatesyhich will be hydrolyzed backto the APl in STPs[75]. Basedon a maximum20%
of ingestedTMP beingPhasel-metabolized3], 80% excretionasthe parentor its conjugateswill be
assumedisa worstcase;60% excretionwill be assumeasa bestcase.This resultsin secondefined
surfacewater PECsof 0.202 /L for the UK in 2003, respectivelyof 0.119g/L for all European
countriesfor 1995 2003.

A third PECrefinementmay be madeby incorporatingSTP removalof TMP. As derivedabove,
basedon a minimum of 107 measuredemovalrates,the averageremovalof TMP is 25.0%andthe
median(bestcase)emovalis 30.0%(Figurel). Usingthe lower, averageemovalfor PECrefinement
resultsin third refinedsurfacewaterPECof 0.152g/L for the UK in 2003, respectivelyof 0.089.g/L
for all Europearcountriesfor 1995 2003.TheserialPECrefinementsareshownin Tablel.

Table 1. SurfaceWaterpredicted environmental concentratioREC$ andtheir Refinement
for TMP in Europe

Surfacewater PEC, [g/L
worst case  best case

PEC stage Information used

Initial crude 2.0 maxdaily dose 400mg[4], EMA ERA guideline[86]
actualdaily useperinhabitant,0.5056mg (maximum,UK)

Fi fi 2 1 .
Irstrefinement 0.253 0.198 respectively0.3955mg (avg, Europe)(basedn[87])
Secondefinement 0.202 0.119 excretionrate,80%respectively60%
Third refinement 0.152 0.089 STPremoval,25.0%(avg) respectively\80.0%(median)

Basedontheavailableuse,metabolismandSTPremovaldata,a refinedsurfacewaterPECrangeof
0.089 0.1521g/L seemgealisticfor WesternEurope.This rangecanbe comparedvith actualsurface
waterMEC data.

2.3.2 TMP MECsfor Europe

TMP hasbeenmeasuredn Europeansurfacewatersat leastsincethe mid-1990sand today very
many MECs canbe located.In total, datarepresentingt least 1899 single MECs havebeencollated
for thisERA; 6 d te aletadseftenthe numberof singleanalysess not givenandin suchcasegust
onevaluewasassumedMost of the publicly availableMECs (at least754) arefrom Germany[90i 103].
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Other MECs are from France [47,104] The Netherlands [105,106] Spain [5,48,107 110],
Sweden[44,60,111] Switzerland[112 116], Croatia[49] and the United Kingdom [50,117 120].
Specialtthanksto F Bonvin, T Kohn,M LehmannandM Schéer (seeAcknowledgements)for supplying
singleMEC datathathaveonly beenpublishedasoverviews.

The values were collated into one single distribution as describedby Straub[121,122] and
Metcalfeet al. [123], detailedin the ExperimentalSectionfurther below. Figure?2 is basedon at least
1899 backdistributedsingle measurementthat were percentranked.Datapoints(blue crosses)vere
insertedat thoseconcentrationsvhereat leastoneMEC is eitherexplicitly reportedor canbeallocated
with certainty.In view of manyMECs beingreportedasbelow the limit of detectionor quantitation,
therearealreadya cumulative8 percentilesof all MECsat 0.001g/L , correspondingo an estimated
150 MECs. The 50th and 95th percentilegd MECs respectivey MECgys) are indicatedin Figure 2 by
drop lines; the MECsq is ~0.012g/L , the MECgy5 ~0.129g/L . For comparisonthe highestsingle
surfacewaterMEC locatedin theliterature,from the USA [124], is 0.710w/L (pink crossn Figure2),
very closeto the highestEuropearMEC of 0.690 /L [109].

Figure 2. Compiled Europeansurface water measured environmental concentrations
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It is recognzed that this procedure does not deliver exact results but, asthibe hand, it is the
only possibility of compiling different MEC data into one single distribution and getting a consolidated
overview comprising all data, instead of many smaller distributions presented in different formats.
Moreover, the more data thesee in this distribution, the better will it reflect the actual environmental
distribution, in particular at the 95th percentile level, where indeed most references and their respective
MEC values are fully integrated already.
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2.3.3Comparisorof TMP PECsandMECsfor Europe

The MECgs andMECs5 valueslendthemselvegor comparisorwith the refined PEC (andalteralso
the PNEC)values.RecallingtherefinedPECrangeof 0.089 0.152 pg/L , it would seenthatthe higher
PECis closeto the MECgs but thatthe bestcasePECis a factor of ~7.5 higherthanthe MECs,. Both
PECshowever couldactuallybetoo high, possiblyfor the following reasons.

The PECsassumethat the whole amountsold is also usedand excreted.Patientnoncompliance
seemsto be relatively common however[125i 127]. Particularly with antibiotics, some patients
stoptakingthe medicinesvhentheystartto feel better,without finishing the whole treatmentourse
As long asthesediscardedAPlIs are not drainedinto the wastewaterthis will reducethe surface
waterPEC.

The PECsassumehatthe averageandmedianremovalratesin STPsderivedherearerepresentative
for thewhole of Europe.Possiblymore STPshavewell nitrifying AS thatresultsin higherremoval
andtherebyin alower surfacewaterPEC.

The PECsassumea TGD [79] default surfacewater dilution factor of 10. If the averagedilution
factorin Europeis higherthis would resultin alower PEC.

The PECsdo not factor in environmentaldegradationbeyondthe STPs.Howewer, TMP can be
degra@d by both aerobicand anaerobicbiological mechanismg30,65] and to somedegreeby
physicachemicaltransformationalsoin surfacewaters[70,72]. Both would reducethe PEC.

2.4. TMP EnvironmentaEffectsand PredictedNo EffectConcentrations
2.4.1 Micro-organism/STRnhibition

For STPsto performtheir intendedfunction, the AS micro-organismamnustnot be affectedby the
micropollutantsn theinfluent. Hencean appraisalbf bacterialtoxicity of TMP is necessarythe basic
dataarecollatedin TableA6 [15,18,21,29,30,64,12835].

TMP is not highly toxic to AS bacteriain standardaerobicand anaerobicdests[18,21,128] with
EC50 values ranging from 17.8 to >100 mg/L. Also, in Lumistox tests with the light-emitting
marinebacteriumVibrio fischeri TMP is not highly toxic, however toxicity increasesith prolonged
exposurg129 131] On evenlongerexposureof 14 days, TMP completelyinhibited humannanobacteria
at 3.9 mg/L [132]; this would be expectedas the humantherapeuticaserumconcentrationis in the
rangeof 1.5'9 mg/L [3]. In a closedbottle readybiodegradatiortest, no inhibition was notedin the
standardtoxicity control at 3.25 mg/L TMP-naphthoatewhile a significant reduction of colony
formingwasnotedat4.6 /L TMP-naphthoat§29]. This possiblediscrepancys not discussedn the
paper,however,the toxicity control measure®verall inhibition while the colony-forming units relate
to cultivable bacterialspecies.Hencethe observationsy Alexy et al. [29] may signify that TMP
exertsadverseeffectsonly on certainbacterialspecieswhich may be maskedor compensatethy the
remaining, nonaffected speciesin AS. This interpretationmay be supportedby the findings of a
statisticalEC10in AS of 0.435mg/L (in contrastto the NOEC observedat 100mg/L in the sameGLP
test)[129], by NOECsto soil bacteriaof 0.02mg/L [133] andto nitrifying bacteriaat 0.05mg/L in one
test [57], while anothernitrification inhibition testunder GLP showedno effect at 96 mg/L [134].
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Moreover,when testedin combinationwith four other antibiotics (sulfamethoxazoleerythromycin,
roxithromycin, clarithromycin; all at the sameconcentration),TMP reducedthe growth of fungi on
fallen alderleavesin naturalwaterat40 Lg/L , while at 0.4 .g/L noinhibition wasnoted[30].

Altogether,the abovefindings areratherdifficult to interpret.lt seemghat TMP caninhibit certain
microbial speciesat concentrationof 4.6 g/L (LOEC) [29] while other bacteriaare not adversely
affected at concentrationsover 100 mg/L [21]. In an STP, the latter may take over some of the
ecologicalfunctionsof the affectedspeciesassuggestedby the AS respirationinhibition andnitrification
inhibitions tests(both relying on overall functional endpoints),and therebycompensatdunctionally
for the inhibited micro-organismsThis is supportedby the observatiorthat biodegradatior{not only
of TMP itself but in general)and nitrification in working STPsis not significantly inhibited by the
influent concentrationef TMP andmanyothersubstancesasshownby overallfunctionalparameters.
Therefore,TMP may causeanhibition of specificbacteriaandpotentiallyshiftsin speciecompositions
at concentrationdetweerd.6 and0.4 /L, but at currentusesthereis no evidenceof adverseeffects
on the functionsof STPs.This mayalsoberelatedto a certaintolerance(or resistancepf STP bacterial
communitiesowardmanydifferentmicropollutantancluding TMP.

Similarly, Liu etal. [135] foundin an experimentwith spikednaturalsoil that TMP decreaseghe
total soil respirationin comparisorwith a blank controlduringthefirst 4 daysof exposurgdrom 20 mg
TMP/Kkg soil (dry weight), whereasfrom day 5 to the end of the assayat day 21 no inhibition was
noted,but eitherno changeor increasedespirationat all concentrationsip to the highestof 300 mg
TMP/kg soil (dry weight). This was interpretedas an initial overall inhibition followed by an
adaptationof the collective of aerobicmicro-organisms.In this work, Liu et al. [135] note a soill
dissipationhalf-time (DT50) of 2i 5 daysfor TMP andin alater publicationthe samegroup[15] gives
a DT50 in aerobicsoil of 4 days,which suggestghat after abouthalf of the spiked TMP is removed
(by biodegradatioror boundresidueformation) the bacterialcommunity adaptsto the substanceln
view of the very generalendpointof total respirationa persisteninhibition of certainspeciess still
conceivable,but the ongoing dissipationof TMP in the soil through mainly biodegradation15]
suggeststhat in such a caseat least the biodegradationfunctionality can be compensatedy the
remainingbacteria.

2.4.2 SurfaceWaterEcotoxicity

For the appraisalof surfacewaterecotoxicitytherearetwo extensivedatasetsor TMP, oneacute
(Table A7) and one chronic (Table A8). The acutedatasetfully restson publishedand someolder
Rocheinternal tests(which are alreadyusedfor the Rochesafetydatasheets)while for the chronic
datasesomenewtestsperformedspecificallyfor this ERA arereportedfor thefirst time.

2.4.2.1 Acute Ecotoxicityof TMP (TableA7) [9,18,124,129,130,13650]

Acute data exist for cyanobacteriaalgae,hydrozoansyotifers, crustaceansmolluscs, flowering
plantsandfish. The acuteEC500r LC50 datarangefrom 5.1 mg/L for a marinealga(whereTMP would
be mostly non-dissociatedn view of the basicpH of seawater]137] to 296 mg/L for daphnidg149]
for thosetestswherea concisevalueis given(i.e, notad > h i ¢ebtels @ n ¢ e n t Forfishiinon 6 )
particular,all highesttestedconcentrationslid not resultin anLC50, which would be expectedn view
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of thefact thatfish arenotintendedto be targetorganismdor antibiotics.The oneapparenexception
to thisis an LC50 value of 3 mg/L cited by Kolpin et al. [124], which provesto be a miscitation: The
original paperby Bergsjget al. [80], which is actuallyreferredto by Kolpin etal. [124], givesasingle
oral doseof approximately0.02 mg radio-labelled TMP per gram of fish, but not a concentration
Moreover,noneof the fish usedis reportedby Bergsjget al. [80] to havedied of TMP. Hence this
erroneougitationis notusedfor toxicity assessment.

Antibiotics areusedto inhibit bacterialinfections,which is why Holten Liizhdt etal. [138] noted
that 6 tperforma properenvironmentatisk assessmertf antibacterialagentsjt would be necessary
to include a cyanobacterias testorganismin thetestb a t t this rgqgGesthasbeenadoptedin the
EMA guidelinefor ERA of humanAPIs [86]. But at leastin the caseof TMP the cyanobacterian
speciedeskd are neitherthe mostsensitivenor is the rangeof cyanobacteriafcC50slimited to low
concentrationspn the contrary,the EC50srangefrom 11 to >200 mg/L [136,138] This may suggest
that for somereasonTMP is not as highly toxic to cyanobacteriaghanto humannanobacterig132];
possibly,photosyntheticcyanobacteriare not as dependenbn their own de novofolate biosynthesis
as humanpathogenicbacteria.By extension,the comparativelyhigh thresholdfor ecotoxicological
effectsoverthe broadarrayof groupsandspeciedestedconfirmsthe statemenby Blaiseet al. [129]
thatTMP is relativelynontoxic.

2.4.2.2.ChronicEcotoxicityof TMP (TableA8) [136,137,139146,151 154]

The new chronictestsunderGLP quality assuranceommissionedvith the aquaticflowering plant
Lemnaminor [143] andthe zebrafishDanio rerio [153] bring the total numberof systematiagroups
testedchronicallyto 8 (includingthethreestandardyroupsalgae,daphnidsandfish) andthe numberof
speciedo 17. Oncemore,the marinealgathatwasalreadythe mostsensitiveon anacutescalehasthe
lowestEC50[137], which (againas expectedsuggestgshat TMP would be more toxic while mostly
nontdissociatedn view of the basicpH of seawaterAlso on a chroniclevel the cyanobacterianeave
awide rangeof NOECs,from 3.1to O 2 Om@/L [136].

A FETAX larval testwith the toad Xenopudaevisis includedamongthe chronicdatadespitethe
shortduration,asthis testtakesplaceduring a very sensitve phaseof developmentaindhastherefore
beenacceptedaschronicby therecentEU TechnicalGuidanceDocumentfor Deriving Environmental
Quality Standard¢EQS)in the scopeof the EU WaterFrameworkDirective [155]. Togetherwith the
new zebrafishearly life stageNOEC at the highesttestedconcentratiorof 100 mg/L [153], the fish
andamphibiandataoncemore suggesthat vertebratesre not particularly sensitiveto TMP andthat
generallyspeakingalsoon achroniclevel TMP is relativelynontoxic[129] aswell.

2.5. TMP PredictedNo EffectConcentrations
2.5.1 DeterministicTMP PNECDerivation

This copiouscompilationof acuteandchronicecotoxicitydataallows for both a solid deterministic
and a well-foundedprobabilistic PNEC or HC5 (hazardousconcentrationfor 5% of speciestested)
accordingto therequirement®f the TGD [79]. Wheremorethanoneresultwasavailablefor the same
speciesthe geometricabveragevascalculatedandthis will be usedfor PNECderivation,in line with
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the EU EQSderivationguidancg155]. Accordingto the TGD [79], whenat leastthreeendpointsare
availablefor a minimum datasetof algae,daphnidsand fish, the acute deterministicPNEC is the
lowestEC500r LC50 divided by an assessmeriaictor (AF) of 1000;the chronicdeterministicPNEC
is thelowestNOEC or EC10dividedby anAF of 10.

The lowestchronicvalueretrieved,a NOEC of O Img/L (the highesttestedconcentration¥or the
duckweedLemnagibba [142] will not be usedfor deterministicor probabilistic PNEC derivation,
however,becausga) basinga PNEC on a lower boundof a NOEC generates high uncertaintyin
general,in particular (b) becausefrom a 6 Ov@lue no unambiguousdeterministicor probabilistic
PNEC can be derived,but againonly a 6 Ovalue, and (c) becausehe closely relatedLemnaminor
showeda clearNOEC of 53.5mg/L in a GLP test[143] with measureexposureconcentrationsabout
50timeshigherthanthedisputedvalue.

In addition,other,very low, highesttestedconcentrationgublishedwithout any biological effects
notedwhatsoeverlike the abovevaluein Brain et al. 2004 [142], were not used.This concerngthe
daphnidNOEC of 10 1g/L (highesttestedconcentrationpublishedby Flaherty& Dodson2005[152],
which included the endpoints survival, adult and neonate morphology, ephippium production,
fecundity and offspring sex ratio. However,it was basedon a durationof only 6 days whereasthe
OECD guidelinestipulates21 days,and was thereforenot usedfor derivationof PNECs.Also, in a
recenttestwith the marinerotifer BrachionuskoreanusRheeet al. [145] testednominalconcentrations
of 10and100g/L TMP for 10daysandnoted6 g r aara s | diogvinit e t a r [A45]t(pp. @09 &nd
116, respectively at 100 pg/L . However,while a slight retardationin growth may be seenfrom their
graphon p 115,Rheeandcolleaguesio not commenton the fact that TMP-exposedBrachionusseem
to fully compensat¢heir delayedreproductiorby the endof the teston day 10, whenthe error barsof
controls and the two testedconcentrationverlap. As the test runs over ten days, as thereis no
significant adverseeffect at the end of the test and as the authorsdid not test sufficiently high
concentration$o unambiguouslylemonstratsuchan effect, this endpointwill notbeusedhere.

Last, the biomarkerdatafor the zebramusselDreissengpolymorphapublishedby Binelli et al. [156]
arenot usedfor PNEC derivation,either,asthe acue-basedNOEC is basedon ambiguousnhibition
or mortality endpoints.The sameholdsfor the biomarkerendpointsin the rotifer paperby Rheeand
colleagueg145]. For the time beingthereis no regulatoryguidanceon extrapolationfrom biomarker
responseto organism or populationrelevantendpointghatmay be usedwithin the scopeof an ERA.
Rejectingthemfor the PNECderivationis in line with the EU EQS guidancedocumen{155] which
stateghaté d dronmastudiesdescribingendpointghatdo notincludedirect measurementsf survival,
developmenbr reproductionbut, rather,describee.g, behavioraleffects,anatomicalifferencesbetween
control and treatmentgroups, effectsat the tissueor sub-cellular level, suchas changesin enzyme
inductionor geneexpressior® generallyé areunsuitableasthebasisforEQSd er i vat i on 6.

Basedon theseprovisionsthe deterministicacutebasedaquaticPNECfor TMP is 5.1 g/L , derived
from the marinealgal EC500f 5.1 mg/L (Phaeodactyluntricornutum) [137], applyingan AF of 1000.
Also the deterministicchronic aquaticPNEC of 240 pg/L relies on the samealgal specieswith a
NOEC of 2.4 mg/L [137] andan AF of 10. The chronicbasedPNEC s considerednorerelevantin
view of reflectinglong-term, continuousexposureHowever,the fact thatthe mostsensitiveorganism
for boththe acuteandchronicendpointds a marinealga,suggestshatthe high pH of seawaterenders
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TMP moretoxic dueto a highernondissociatedraction, besidethe algae-typical phenomenorf ion
trapping[157].

2.5.2ProbabilisticPNECDerivations
2.5.2.1 TGD ProbabilisticPNEC

Thefirst probabilisticPNECwasderivedasdescribedn the EU TGD [79] by calculatingthe HC5
or 5th percentileof the chronic NOECs distribution and dividing this figure by an additional AF
betweenl and 5. While thereis someinformation given on the choice of this additional AF, no
unequivocal hardcriteria exist. Hencefor this ERA, a rangefor the chronic probabilisticPNEC will
be given, from HC5/5to HC5. The HCS calculatedby Excelis 2.93 mg/L, thereforethe probabilistic
PNECrangeis 586 2,930 g/L , with anaverageof 1,758 g/L . Thederivationof the PNECsis shown
graphicallyin Figure3.

Figure 3. Acute and chronicecotoxicitydatg deterministicand probabilisticpredicted no
effect concentration®NECS$ for TMP.
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In Figure 3, the acute aquaticEC50/LC50values (red dotg and chronic aquaticNOEC values
(filled dark greentriangles)for TMP areshown both percentrankedand plottedon a log-probabilistic
scale,with deterministicPNECs(opensymbols;AF 1000for acutedata,AF 10 for chronicNOECS)
andthe light greenTGD-calculatedprobabilisticPNEC bandrangingfrom HC5+5 (586 Lg/L ) to the
HC5(2,930/L).

2.5.2.2 WebframProbabilistic HC5

In additionto the TGD probabilisticPNEC, the chronic NOECswere enteredinto the Webfram
application (http://www.webfram.com [158], which calculatesa probabilistic HC5 basedon a
Bayesianalgorithm [159]. Moreover, Webfram also computesgoodnessf-fit valuesaccordingto
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Kolmogorov+Smirnov, CramerVon Mises and AndersonDarling algorithms;for all three teststhe
goodnesf-fit of the chronicTMP NOECsis acceptedat a p valueof 0.01. The probabilisticHC5 as
determinedoy Webframis 1,778 g/L , with a 95% confidenceinterval between334 and 4,832 jg/L
(Figure4). ThisHC5 comparesicely with theaveragef the EU probabilisticPNECrange 1,758 g/L .

Figure 4. Webfram: chronic aquatic NOEC valuesand HC5. Chronic aquatic NOEC
values (black dots) for TMP, percemrsinked and plotted by Webfram on a-lmgbabilistic
scale; the 95% confidence interval is given as dashed lines. The Waelgieutated
probabilistic HC5 is 1,778 /L (middle green arrow) and 85% confidence interval for
the HCS lies between 334 and 4,832 g/L (left and right green arrows).
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2.6. AquaticEnvironmentaRiskAssessmerior HumarUseTMP in Europe
2.6.1 TMP Risk Characteration Ratios

With sufficientexposureandeffectsinformation,bothtransformednto PECsor MECsandPNECS,
the formal ERA for the surfacewatersin Europe can now be addressedThe various PECsand
compiledMECsarecomparedvith the PNECsin Table?2.

All risk characterization ratios without exception are <1, which means no significant risk overall. In
particular, all risk characterization ratios that use any chioa$éed, deterministic or probabtic
PNEC, which is taken to better reflect the permanent exposure to APIs, range from <0.01 to <0.00001.
This firmly corroborates the first conclusion of no significant risk from TMP in surface waters in
Europe and beyond.
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Table 2. TMP risk assessmeriior Europeansurfacewaters: PECs,MECs, PNECsand
PEC/PNECandMEC/PNECrisk characterzationratiosrespectivelymarginsof safety

Margin of safety

Environmental concentrations Predicted no-effect Risk ratio (PEC/PNEC (inverseof risk
(PECsand MECs) concentrations(PNECS) or MEC/PNEC) ratio)
Derivation value, Lg/L Derivation value, lg/L
2.0 acutedet 5.1 0.392 2.55
2.0 chronicdet 240 0.00833 120
EMA crudePEC .
erude 2.0 chronicpr 58612930  0.003410.000683 293 1465
2.0 Webframpr HC5 1778 0.00112 889
ThirdrefinedPEC 0.1520.089  acutedet 5.1 0.02990.0175 33.657.3
(incl. actualuse, 0.1520.089 chronicdet 240 0.0006330.000371 1579 2697

excretionrate,STP 0.1520.089  chronicpr 5861 2930 0.0002590.0000304 3855 32921
removal)[this work] 0.152 0.089 Webframpr HC5 1778 0.00008550.0000500 1169719978

0.129 acutedet 5.1 0.0253 39.5
EuropearMEC95 0.129 chronicdet 240 0.000538 1860
[this work, Figure2] 0.129 chronicpr 58612930  0.0002200.0000440 454322713
0.129  Webframpr HC5 1778 0.0000726 13783
0.012 acutedet 5.1 0.00235 425
EuropearMEC50 0.012 chronicdet 240 0.00005 20000
[this work, Figure2] 0.012 chronicpr 58612930 0.00002050.0000041 48833244167
0.012  Webframpr HC5 1778 0.00000675 148167
0.690 acutedet 5.1 0.135 7.39
MaximumEuropear  0.690 chronicdet 240 0.00286 348
MEC [109] 0.690 chronicpr 5861 2930 0.001180.000235 849 4246
0.690 WebframHC5 1778 0.000388 2577
. 0.710 acutedet 5.1 0.139 7.18
|o“::£$;;]|gﬂvidce, 070 chronicdet 240 0.00296 338
USA[124] 0.710 chronicpr 5861 2930 0.001210.000242 8254127
0.710  Webframpr HC5 1778 0.000399 2504

2.6.2 TMP Risk Graph

The whole information for this ERA including the marginsof safetydeterminedherecanalsobe
illustratedin onesinglerisk graphfor TMP (Figure5).

In the risk graph (Figure 5)he whole exposure and effects information for TMP is brought
together. Acute aquatic EC50/LC50 data are shown as red dots, with the derivation of the deterministic
PNEC of 5.1 /L (tollow red circle) by application of an assessment factor (AF) of 1000. Chronic
aguatic NOEC values are shown as filled dark green triangles, with the derivation of the deterministic
chronic PNEC of 240 pg/L (hollow green triangle) by application of an AR®@ Further, the bright
green probabilistic TGD chronic PNEC band ranging from 586 to 2,930 /L is depicted as well as the
Webframcalculated HC5 of 1,778 (g/L (green star in the band). European MECs are shown by dark
blue crosses, with the European M@t 0.129g/L; in addition, the highest MEC from the USA of
0.710 /L is shown as a pink cross. For illustration, selected margins of safety (MOS) are shown by
horizontal arrows from the MEfto the corresponding PNECs.
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Figure 5. TMP risk graphfor Europearsurfacewaters.
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Beyondthe MOSsbetweerthe MEC95 for Europeandselected®NECs therisk graphalsoshows
very clearly that, at leastwithin the confinesof the 1stand 99.95thpercentilesthe MEC regression
lines andthe chronic NOECGs regressiorline do not overlap. This illu stratesgraphicallythat thereis
no perceivablerisk. In view of the fact that TMP use hasbeendeclining in Europeover the past
10i 15 years this conclusionis furtherstrengthened

2.6.3 Limitations of the PresenfTMP ERA
2.6.3.1 Mixture Assessment

Synergisticor cocktail effectsarising from the exposureto many micropollutants,comprisingnot
only APIs but quite a diversegroup of substancesare not includedin this ERA. However,the data
collatedand presentechere can servefor developingthe TMP ERA further to include at leastsome
other APls, mainly sulfamethoxazoler othersulfonamideswith which TMP is often combined But
while someaspectsof mixtures ERA are reasonablywell undestood [160], it is not easyto do a
combinedERA for afew substanceandit becomegpracticallyimpossibleto do it for alargenumber.
Hence thepresenfTMP ERA doesnot addressnixturetoxicity.

2.6.3.2 HumanPlus Veterinary Usef TMP

The PECson which this ERA reliesonly referto humanuseof TMP. But TMP is alsousedon a
large scalefor veterinarypurposesagainmostlyin combinationwith sulfonamidesWhile total European
guantitativedataare not readily available thereare both veterinaryand humanusedatapublishedfor
Denmarkover the past 15 years(DANMAP) [161]. Denmarkis a Europeancountry with intense
agriculturalproduction,both of farm animalslike pigs, cowsor poultry aswell asof fish in freshwater
andmarineaquacultureHence,extrapolatingfrom the Danishdatato the Europearevel is judgedto
add a worstcase exposurefrom animal use of TMP. DANMAP 2012 data show that the total
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veterinaryusageof TMP plus sulfonamideshasbeenrising in the decadefrom 2001to 2010, with a
maximum of 14,950 kg in 2009 and the 2010 figure at 13,900 kg. Assumingalso a 5:1 ratio of
veterinarysulfonamideso TMP (aswith humansulfamethoxazolandTMP in Bactrim)would translateo
an annual veterinay use of 2,333 kg TMP for Denmark. Specifically for aquaculture, 3,060 kg
antimicrobialswere usedin 2010, of which 66% or 2,020 kg sulfonamidesplus TMP, which again
correspondgo 337 kg TMP for direct aquatic usageand 1,996 kg TMP (2,333 minus 337) for
mammalsandpoultry. On the humanuseside,in 2010,417 kg TMP andderivativeswereusedbeside
252kg of sulfonamideplus TMP, which latteramounttranslateso 42 kg TMP, hencea total of 459kg
TMP from humanuse.Assumingthatthe farm animalusewill notgetdirectlyinto surfacewatersand
thereforeaddingonly the aquacultureTMP, which is useddirectly in water, to the total humanuse,
resultsin a supplementbof 337 kg to the 459 kg, or 73% more. Hence,as a very crude worstcase
extrapolation173%of the humanusePECswill be usedasanoverallsurfacewaterPECfrom human
plus veterinaryusefor ERA. Multiplying the variousPECsin Table 2 (above)with a factor of 1.73
will increasethe PEC/PNECratios, but evenfor the ratherunrealisticEMA crudePEC of 2.0 (/L

now increasedo 3.46 |o/L , the acutebasedrisk characteration ratio is still <1, it is still lower by
dimensiondor the MECs (which at leastfor Denmarkincludethatpartof veterinaryTMP thatendsup
in surfacewaters)as well as for chronic PNECs Hence, even including a reasonablevorstcase
contributionfrom veterinaryuseto aquaticTMP PECswill notleadto a significantsurfacewaterrisk.

2.6.3.3 Antibiotic Resistance

Another topic that is far beyondthe scopeof this ERA is antibiotic resistancedevelopmentor
maintenancedue to the presenceof antibiotics like TMP in STPs, surface waters or other
environmentacompartment$162,163] While multi-antibiotic resistancehasbeenshownfor certain
environmentalcompartmentsnotably sewagetreament, surface waters and soils [164,165] it is
difficult to causallyrelate solely the presenceof antibiotics (as opposedto the input of resistant
bacteriafrom human patientsor livestock) to the developmentor maintenanceof such resistance.
Indeed,someresearcherfound no maintenancgbut on the contraryloss, of resistancen alaboratory
sewagdreatmenplantdespitethe continuedpresencef antibioics [166]. Moreover,sofar thereis no
acceptedegulatorymethodologyto assesghis question Hence,the questionof potentialresistance
mustremainfor otherinvestigations.

2.6.3.4 FurtherEnvironmental Compartments

Accordingto the TGD ERA methodology[79], substancemay be transferredrom wastewateto
the soil by way of land-spreadingof surplussewagesludgeand from surfacewaterto sedimentby
partitioningor to groundwateby infiltration. For all of thesepathwayshereareinsufficientdatafor a
seriousassessmemdf TMP, both on the environmentafate, distribution partitioningor MEC sideand
in particularon the effectssidein thereceiving compartmentsn view of this situation,no attemptwill
bemadeto charactere risk for thesecompartnentsby discussinghe meagedataor by readacross.
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3. Experimental
3.1 Literature Search

Environmentallyrelevantpeerreviewedandnonreviewed( 6 g rlitergtdrefor TMP wassearched
for using dedicatedsearchengineson the internet (ACS SciFinder,Google Scholar,chemicaldata
collectiors like OECD Chemicals Portal http://www.echemportal.orgfor the European Union
Chemcal Substancednformation System http://esis.jrc.ec.europa.eas well as safety data sheet
searchengnessuchas https://www.eusdb.deesidecompanyinternal substancelocumentatiorand
archives Theinformationwassighted,orderedandcollated.Referencdists in theretrieveddocuments
often allowed to supplementhe literature datasetwith further, mostly older publicationsand also
onlinesourcegor MECs

3.2 Collation of STPRemovaRatesand SurfaceWaterMECs

All retrievedpublishedSTP removalrates viz. effluent concentratioras a percentagef influent
concefration worldwidewereenterednto a spreadsheatith removalratesrangingfrom 1 550% (the
highestnegativeremoval reported,which eventuallywas not usedin the analysis,seeargumenton
pagell8) to 100%removal,with avalueof 1 perdocumentedemovalrateinto onecolumnpereach
referenceAll rateswerehorizontallyaddedto a total perremovalratein percent. Then,thesevalues
were multiplied by 100 anddivided by the known total numberof removalratesplus 1, in a percent
rankingprocedureThen,a plot wasdrawnusing SigmaPlotl2 software(Scidat, Inc., SanJose,CA,
USA) with the percetiles on a probabiistic ordinateandthe removalrateson a linear abscissaThe
averageandmedianremovalratesweredeterminedby excelspreadshedtinctions.

All reported,discrete,single Europeansurfacewater MECs were enteredinto one column per
referencento a spreadsheatith a 1-ng/L-gradationrangingfrom O Ing/L up to 1,000ng/L. Then,the
remaining (nonspecified) MEC data were backdistributed per publication into the samecolumn
basedon total numberof analysesnumberbelow LOQ, betweenLOQ and median,betweenmedian
and 90th percentileand between90th percentileand the maximum value, to an averageexpected
fraction or numberof detectionsper ng/L-gradationfor these ranges.For instance,if the LOQ in a
particularpublicationwas5 ng/L andtherewere7 MECs<LOQ, 7 wasdivided by 5 andtheresulting
fraction of 1.4 wasenterednto all 5 gradationdrom ¢1 to ¢5. Similarly, the numberof MECs given
betweenLOQ andthe median,or betweerthe medianandthe 75thor 90th percentilef indicated were
backdistributed.Then,both the preciselyknown numbersandthe expectedpackdistributedfractions
of detectionsverehorizontallyaddedperng/L-gradationmultiplied by 100 anddivided by the known
total numberof analyseplus 1, in a percentrankingprocedureThis proceduraesultedin atheoreical
690 valuescomputed0.690g/L beingthe highestpublishedsurfacewater MEC in Europe,from a
seriesthatsampledonly 100 m downstreanof sewageavorks effluentsin Madrid Region[109]. Out of
these690 values,however,only thosevalueswerekeptfor plotting andgraphicalregressiorwhereat
leastoneactualanalyticaldetectionwas certain. The plot wasdrawn using SigmaPlotsoftwarewith a
probabilisticordinateandalogarithmicabscissal he associatedegressionine thenallowsthe graphical
estimdion of the overall 50th and 95th percentileMEC values(MECs, respectivelyMECgs) basedon
atleast1899singleEuropearMECs (Figure?2).
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3.3 ldentificationof EcotoxicityData Gapsand Additional EcotoxicityStudies

Basedon the chronicaquaticecotoxicitydatasetetrievedandcritically analyed, it wasfound that
chronicfish studiesweretotally lacking andthata chronicstudywith the angiospernLemnagibba [142]
was not adequatdor risk assessmerasthe NOEC found wasthe highesttestedconcentrationTo fill
thesedatagaps,two additionalchronicecotoxicity studieswith the duckweed_emnaminor following
OECD test guideline 221 [143] and the zebrafish Danio rerio following OECD TG 210 were
commissionedat reliable contract labs. Moreover, an activated sludge respiraton inhibition test
accordng to OECD TG 209 [128] and a dedicatedactivatedsludge nitrification inhibition testfollowing
ISO TG 9509[134] werealsomade.All newly commissionedestswereperformedunderGLP quality
assurancein the casesof the duckweedgrowth inhibition andthe fish early life stagetestsalsowith
full analyticaldeterminatiorof the exposureconcentrationdy HPLC and statisticaldetermination®f
ECio andEGCses as applicable besidethe NOECs All additionaltestswerefinancedby Roche.

3.4. RiskAssessmemilethodology

Deterministicand probabilisticERA methodswere applied,following the EU TGD [79] for both
acute andchronicbaseddeterministicPNEC derivationaswell asfor TGD probabilisticPNECband
calculation Additionally, the Webfram online tool (http://www.webfram.com [158] was used for
derivinga secondorobablistic PNECor HCs basedn a Bayesiaralgorithm

4. Conclusions

An extendedERA wasdevelopedor the aguaticcompartmenin Europefor the old antibiotic TMP
from humanuse.This ERA relieson both crudeandrefined surfacewater PECsfor TMP, the latter
integratingactual use figures, humanmetabolismand documentedSTP removal rates thesePECs
rangefrom the crude EMA PEC of 2 /L to the third refined PEC of 0.089 g/L . The PECsare
complementedy a veritable host of at least1899 single MECs from Europeancountriesthat were
compiledinto onedistribution,allowing the approximatiorof median(0.012g/L ) and95th percentile
(0.129g/L) valuesfor surfacewaterconcentrationswith the Europearmaximumat 0.690pg/L .

On the environmentaleffects side, existing and newly developedecotoxicity data were usedto
derivedeterministicacuteandchronicPNECsof 5.1 respectively240 1g/L . The 16 chronicdatafrom
8 different systematiqgroupswerealsousedto derivea probabilisticPNEC rangeof 586 2,930 pg/L
(EU TGD) or a probabilisticHC5 (PNEC)valueof 1,778 1g/L (95% Cl: 334i 4,832 1g/L ; Webfram).
All acute (EC50/LC50)and chronic (NOEC/EC10)ecotoxicity datafor cyanobacteriagreenalgae,
marinealgae,angiospermshydrozoansyotifers, crustaceandjsh andamphibiansare abovel mg/L,
supportingow ecotoxicityfor TMP.

All PEC/PNECor MEC/PNEC risk characteration ratios are <1, all of the chronicbasedrisk
ratiosare<0.01to <<0.01,showing noindicationof risk dueto the presenc®f TMP in surfacewaters.

Moreover,while the availabledatasuggestthat TMP is persistentin surfacewaters,thereis no
evidencehat TMP bioaccumulatesandthereareno experimentaecotoxicitydatathatsuggestnordinately
high toxicity; henceTMP is nota PBT substancegither.
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Basedon this extendedERA, no significantrisk is seenfor TMP from humanusein the aquatic
compartmenin Europe

Insufficient environmentafate and effectsdatawere availablefor a reasonablywell foundedERA
for the compartmentsedimentand soil, but evidenceis given that thesetwo compartmentsn all
probability are not centralfor TMP from humanuse.Also, thereis a plausibility presentatiorthat the
additionalveterinaryuseof TMP doesnot leadto significantlyincreasedsurfacewaterlevelsandthus
not to significantincreasedisk. The issuesof mixture toxicity and antibiotic resistancecould not be
addressethiasedn availabledataandrisk assessmemrocedures.
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Appendix
Table Al. PhysiceChemicalDatafor TMP.
Property Method Value Unit Reference
CAS number 738705 SDSRoche[2]
Molecularmass 290.32 g/mol SDSRoche[2]
Melting point experimental 199 203 & SDSRoche[2]
Vapourpressure experimental 9.88x 10°=1.32x 10°® mmHg Pa Grosetal. 2006[5]
Watersolubility experimental 400 mg/L, 25€C PhysPromnline[6]
experimental 400 mg/L Chenetal. 2002[7]
experimental 401 mg/L Ranetal. 2002[8]
experimental 300 mg/L SDSRoche[2]
experimentalfreshwate& marine ~75 (both) mg/L Bergsjg& Saynen1980[9]
Dissociationconstant experimental 7.6 basepKa Bergsjg& Saynen1980[9]
experimental 7.2,6.6 basepKa Cl ardolime3
experimental 6.6 basepKa RocheSDS|2]
experimental 6.76+0.12;3.23+ 0.30 basepKalbasepKa2 Qiang& Adams2004[10]
Octanol/watepartitioncoefficient experimental 0.64 logKow RocheSDS|2]
experimental 0.74,pH 7.4 logD Zhuetal. 2002[11]
experimental 0.91 logKow PhysPromnline[6]
experimental 1.115 logKow Zhaoetal. 2002[12]
Adsorptionto organiccarbon Koc experimental 1680 3990 L/kg Boxall etal. 2005[13]
Koc, digestedsludge experimental 724 (logKoc = 2.86) L/kg Barronetal. 2009[14]
Koc, soil experimental 224 (logKoc=2.35) L/kg Barronetal. 2009[14]
Koc, soil experimentalsoil pH 4.9 719 L/kg Liu etal. 2010[15]
Koc, soil experimental 4600 L/kg Lin & Gan2011[16]
Koc QSARestimate 2692 L/kg Franco& Trapp2010[17]
Sorption(Kd) to activatedsludge experimental 76 Likg Halling-S@enseretal.

(AS)

2000[18]
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Property Method Value Unit Reference
Kd, AS experimental 208+ 49 L/kg Gdbel etal. 2005[19]
Kd, AS experimental ~200'300 L/kg McArdell etal. 2005[20]
Kd, AS esgg;';?z;ﬁ:ﬂ;“lz?t ~1500(3 h), ~966(28 ) Likg Gartiseretal. 2007[21]
Kd, AS experimental 330+ 25 L/kg Abegglenetal. 2009[22]
Kd, digestecsludge experimental 68 L/kg Barronetal. 2009[14]
Kd, primarysludge experimental 427+ 238 L/kg Radjenovicetal. 2009[23]
Kd, AS experimental 253+ 37 L/kg Radjenovicetal. 2009[23]
Kd, membranéioreactor experimentak MBRs 225+ 87,320+ 117 L/kg Radjenovicetal. 2009[23]
Kd, AS experimental 68 L/kg Poweretal. 2009[24]
Sorptionto AS experimental 6negl i gible Battetal. 2006[25]
SorptionWWTP experimental O6negl i gible Gdbel etal. 2007[26]
Kd, AS experimental 7.4;butstrongadsorpion in onesaoil L/kg Lin & Gan2011[16]
Kd, soll experimental 26 L/kg Poweretal. 2009[24]
Kd, soil experimentalsoil pH 4.9 9.7 L/kg Liu etal. 2010[15]

Sorptionto sludges

experimental

ND in primary,secondanand
digestedsludgeaswell asin
compost

Marti etal. 2012[27]
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Table A2. Biodegradabilityandeliminationof TMP.
TestType Inoculum Endpoint TMP Conc, mg/L Duration Degradation Reference
: . Halling-S tal.
ReadybiodegradabilityOECD301F BOD/ThOD 19.4 0% afing-saensereta
2000[18]
. - 3.25(TMP-
ReadybiodegradabilityOECD 301D BOD/ThOD naphtate) 28 day 4% Alexy etal. 2004[29]
ReadybiodegradabilityOECD 301D, 3.25(TMP-
toxicity control/cometabolic BOD/ThOD naphtate)plus 28 day 27% Alexy etal. 2004[29]
degradation sodiumacetate
fallen| I B h l.2
Degradatiorin awater/leafsystem allenleavesnafira substancéoss 0.04 168h ~80% undschuretal. 2009
water [30]
|nherentresplrometrlctest(Roche mlxed.ln.dustrlat BOD/ThOD 200 5 day 0% Griner 1981[31]
internal) municipalAS
. . tY2 primary . Halling-S@ensenretal.
: 22141
Inherentbiodegradability degradtion 0.5 I 41 day 2000[18]
Inherentbiodegradabilitycombined negative Gartiseretal. 2007
. DOC,BCO2 1 T I 28d .
Zahn'Wellens/CO2evolutiontest) OC.BCO 00mg TOC/ &y (toxic to sludge) [21]
. . nitrifying AS with
I 2 h ~70% B l.2 2
Inherentbiodegradability long SRT (49 d) substancéoss 0.25 96 0% attetal. 2006[25]
. . nitrifying AS with degraction
I . 2 ~67h B l.2 2
Inherentbiodegradability long SRT (49 d) half-life 0.25 6 attetal. 2006[25]
Inherenﬁmod:(g);zj\fablllt)oECD AS substancéoss  0.03radiolabelled 21day <1% Junkeretal. 2006[32]
Inherentbiodegradability AS with 220d SRT substancéoss 0.001 74% Yu etal. 2009[33]
Inherentbio-degradability small prlmary 0.22+0.022| x Abegglenetal. 2009
membranéioreactor AS degradition it [22]
constanky, Ges
. . . primary .
(Inherent)Biodegradbility primarysewage 0.02 54 day ~40%,slow Pé&ez etal. 2005[34]

degraction
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Test Type Inoculum Endpoint TMP Conc, mg/L Duration Degradation Reference
. . primary _ .
Inherent)Biodegradwbilit AS ; 0.02 54da NS/slightincrease Pé&ez etal. 2005[34
( ) g y degradtion y 9 [34]
. . o primary ) 3
Inherent)Biodegradbilit nitrifying sludge ; 0.02 3da 100%,rapid Pé&ez etal. 2005[34
( ) g y ying sludg degradition y o,rap (34]
Elimination primarywastevater 113%t031%  Gibel etal. 2007[26]
treatment
o convenional AS with 140+ 20%to .
Elimination 101 25d SRT 20+ 11% Gdbel etal. 2007[26]
Elimination AS with 60i 80d SRT 87%i 90% Gdbel etal. 2007[26]
12+ 11%to
Eliminati fixed- el |. 2007[2
imination ixed-bedreactor 17+ 11% Gdbel etal. 2007[26]
ilot membrane SRT15day
Elimination I;ioreactorsin a substancéoss 50 1g/L & HRTOh; 86%SRT 15 Schrdleretal. [35]
Ny H SRT30day  94%SRT30 '
& HRT 13h
Elimination sandfilter 15%i1 74% Gdbel etal. 2007[26]
Elimination sandfilter 60% Gdbel etal. 2005[19]
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Sewage treatment

Type Measurement Removal Reference
plants (STP) yp ! v
t I t
STPs Germany AS substance loss, tw 18 +149%, 29 +17% Terneset al. 1999[42]
analytical methods
STPs Europe (n=7 AS substance loss 0%, 4x<10%, 30%, 40% Paxéis 200443]
STPs Switzerland
S(n \iwzz)er an AS substance loss 74% Gdbel et al.2005[19]
STP Sweden AS substance loss 49% Bendzet al.2005[44]
STP Sweden (n =2 AS substance loss 1550% () to 68% Lindberget al.2005[45]
STP Sweden AS substance loss T45%, 1 1%, Lindberget al.2006[46]
STP France AS substance loss 51% Paffoniet al.2006[47]
STP Spain AS substance loss 1128% to 71% Groset al.2007[48]
STPs Croatia (n = 2 AS substance loss 115%, 49% Senteet al.2008[49]
KasprzykHordernet al.
STPs Wales (n =2 AS substance loss 47%, 70%
(n=2) o 2009[50]
STP Spain (n = 2) AS substance loss 40.4 +25.4% Radjenovicet al.2009[23]
STPs Spain (n = 2) membrane bioreactor substance loss 66.7 £20.6%47.5 £22.5%  Radjenovicet al.2009[23]
STPs Canada (n =2 AS substance loss 14 £2%, NS 38 #4% Segureaet al. 2006[51]
STP USA AS substance loss ~50% Battet al.2006[25]
STP USA AS substance loss 69% Brownet al.2006[52]
_ Karthik &M 200¢€
STP USA (n=4) various substance loss 50%, 61%, 66%, 67%, 69%, 8: arthi eyang] eyer
e influent >0.01 g/L - :
STP USA nitrifying AS substance loss (ngs)e neffluent ﬁ oD not quantified Levineet al.2006[54]
STPs USA (n =4) AS substance loss 70%, 76%, 82%, 97% Battet al.2007[55]
STP Australia AS substance loss 85% Watkinsonet al.2007[56]

STPs Japan (n = 4, different secondary treatmen

substance loss

1 88%,182%,1 46%, 35%, 63%

73%, 74%

Ghoshet al.2009[57]
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Sewage treatment

plants (STP) Type Measurement Removal Reference
STP China (n = 4) direrent ptrri;naiz;rfeconda” substance loss T429%,117%,711%, 42%  Gulkowskaet al.2008[58]
STP Norway (n = 1) AS substance loss 160% to 28f’/;r,a\;a;1lues only fror Plész et al.2010[59]
STP Sweden (n =4 AS substance loss 4%, 13%, 623;;/’076%; averag Fick et al.2011[60]
STPs Ireland (n =3 AS substance loss 0i 94.6% Laceyet al.2012[61]

STPs Hong

Kong/China (n = 7) different secondary treatmen

substance loss

43% overall removal

Leunget al.2012[62]

STP Taiwan (n = 1) primary, seconday &ertiary substance loss >99% Lin et al.2012[63]
STPs Spain (n = 2) AS substance loss 8%, 29% Verlicchi et al.2012[64]
Table A4. EnvironmentaFateof TMP.
Endpoint Medium Measurement Conditions Duration Result Reference
Hydrolysis stable Lametal. 2004[65]
Hydrolysis stable Michaeletal. 2012[66]
Aquatic .
photadegradation notreadilyphotalegradable Boxall etal. 2002[67]
Aquatic .
ohotalegradation 42 day no photodegradtion Boxall etal. 2004[68]
Aquatic seawaterpatural 21 da stable Lunestacketal. 1995
photadegradation sunlight y [69]
A i Hg-Nd | H 10 min;
quatic g-Nd lamp, Hz0, 0 min; >90%;>99% Titk 2007[70]
photadegradation tapwater 20min
Aquatic <10%UV only; upto 92%with RosarieOrtiz etal.
photadegradation UV, H,O,andscavengers 2010[71]
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Endpoint Medium Measurement Conditions Duration Result Reference
Aquati . lightd @tionduringdayti
quate . naturalsunlight substancéoss 2mg/L, pH 4,7&9 72h stightdegraationduringdaytime Wu etal. 2011[72]
photalegradation only, upto~2%at72h
Aquatic 2 mg/L, aluminum- increasedlegradatiorup to ~15%
d . naturalsunlight substancéoss wrappeddarkcontrol, 72h (pH 4 & 7) correlatingwith Wuetal 2011[72]
photadegradation
pH 4,7&9 temperature
. , . increasedvith Fentonreagent,
Aquatic . 10mg/L deminerabked . L .
guat . naturalsunlight substancéoss g ! 500min decreaseth simulatedand Michaeletal. 2012[66]
photadegradation water
naturalwastewater
Ozonation rapiddestruction Tirk 2007[70]
Environmental freshwater 57+0.1
v . . W t¥2measured Lametal. 2004[65]
half-life microcosm day
Envi I :
n\;]l;(I):I:?eenta freshwater tY2 estimate >42 day Boxall etal. 2002[67]
Enviro ntal . 20i 100
v ”T"e freshwater tY2 estimate I Zuccatoetal. 2001[73]
half-life day
Envi I . . . <60 1
nV|ronmenta marinesediment tY2 estimate 60100 Boxall etal. 2002[67]
half-life day
Environmental marinesediment 1 estimate 751100 Hektoenetal. 1995
. 2
half-life ayd [74]
Elimination freshwater prlmary 14h 15% Ldfler & Ternes2003
sediment degradtion [36]
. N hmi l.2
Riverbankfiltration substancéoss >75%removal Sc mld[f;f 006
Anaerobic methane
biodegradability roducton NS Gartiseretal. 2007[21]
1SO11734 P
Anaerobic surplussludge primary >99% Gibel etal. 2005[19]
degradability digestion degradtion
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Endpoint Medium Measurement Conditions Duration Result Reference
Anaerobic primary .
, . e ; Moh tal. 2009
biodegradability anar:rir;‘i‘dgacteria degradition 2.8mglkg;14mglkg  34day 98.9%day8; 99.9%day9 © ””9[’368]3
VDI 4630 (LC/IMS)
Anaerobic
) ig sl [ i l. 2004
degradation pig slurry rapiddegradtion Groteetal. 2004[39]
. Benotti& Brownawell
DT .001 >1
Sewaterdegradation seawater 50 0.00 00day 2009[41]
Soil degradation soll DT50 110day Boxall etal. 2005[13]
Do . <103day;,
Soil dissipation soil DT50,DT90 >152day Boxall etal. 2006[40]
Soil dissipation aerobic honsterile DT50 10 mg/kg 4 day Liu etal. 201J15]
Soil dissipation aerobic sterile DT50 10mg/kg 64 day Liu etal. 2010[15]
Soil dissipation a”azrtc;?i'lznon DT50 10 mg/kg 11 day Liu etal. 2010[15]
Soil dissipation anaerobicsterile DT50 10 mg/kg 79day Liu etal. 2010[15]
percentagef
Soil degradation aeraobicsoil lossattributedto 10 mg/kg 49day ~28% Liu etal. 2010[15]
biodegradation
percentagef
Soil degradation anaerobicoil lossattributedto 10mg/kg 49 day ~56% Liu etal. 2010[15]
biodegradation
o= 261 note:no significantanaerobic
2 — .
Soil degradation aerobicsoll 40 g/kg dry weight da degradéon, nodegradéon in Lin & Gan2011[16]
y sterilisedsoil, norin anothersoil
Removalduringsoil aerobidurfgrass substancéoss Bondarenkaetal. 2012

passage

soil, sampledat
~90cmdepth

duringleaching

1%i 98%
91%1 98% 78]
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Table A5. Bioaccumulatiordata forTMP.
Bioaccumulation Organism Organ Dosage Duration Result Reference
maximumconcentrabnsgivenas
. . , . . DPMsonlyreachedht12/24h  Bergsjeetal.
Bioconcettrationfreshwater  fish, trout autaadiographs singleoral dose upto 144h (15€) respectivelyigh (7€), 1979[80]
thenrapiddeclinein bothcases
liver, muscle Bergsje&
Bioconcetrationfreshwater  fish, trout pl1asma ' 84h ~0.16;~0.04;~0.01 Saynen1980
[9]
. . . . Bergsjo&
Bioconcerrationmarine fish, trout liver, muscle, 84h ~0.20.32,-0.080.12,~0.03 Sﬂgjngnjl%o
plasma, 0.07 (9]
physice higherpredictedTMP
Bioconcentratioraquatic chemical concentratiorin biotaatpH 6 than  Trappetal.
activity- atpH 9 dueto increasen 2010[28]
modelled sedimentoncentratiorat pH 9
5 oraldosespneper minimumbholding
: muscle, )
Depuratiormarine fish, Japanese blood.liver, day, of 125 mg periodafterlastdose Fangetal.
seabass kidney sulfamethazineand 26 daysat22C, 2003[81]
25mgTMP 30daysat16€C
Biomonitoringfreshwater
USA: 5 wastewater fish (various muscle liver not measured permanentwild fish) ND (<2.2);ND (<8.0)LODsin Ramirezet
influencedrivers,1 pristine  local species) ' ng/g al. 2009[82]
control
Biomonitoringfreshwater
in jﬁiiiz:ilvvg?ss,t;\giﬁne fish, perch muscle permanenfwild fish) ND (<0.1ng/gLOQ) I;|(()2I1< 16[:?:]'

controls
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Bioaccumulation Organism Organ Dosage Duration Result Reference
lettuceand soil-baseduptakefactorlettuce
Bioaccumuléion plants carrots lettuceleaf, 1 mg/kgsoil dry 103dayslettuce, 152 0.06,carrot0.08;porewateibased Boxall etal.
P (Daucus carrotroot weight dayscarrots uptakefactorlettuce0.68,carrot 2006[40]
carota) 0.86
232.5wy/L bioaccumiation factor
: . 2 cabb . : . Herklotzet
Bioaccumul@on plants cziivae:ge leaf/stenroot hydrgoonicnutrient 51days 0.0383 0.3074(wetweight), al ezro 100?8(33]
solution 0.0451 7.037(dry weight) '
sweetmaize, field fertilisedwith _
: . . Sabouriret
Bioaccumuléon plants  carrot,tomato, dehydratedsewage equivocal/NS
. . al. 2012[84]
potato sludge(biosolids)

HRT = Hydraulicretentiontime; LOD = limit of detection;ND = notdetectedNS = not significant;SRT = sludgeretentiontime.
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Organism/Sludge Syg:c;zwstlc Endpoint Duration Value, mg/L Reference
AS, OECD209 EC50 17.8 Halling-S@enseretal. 2000[18]
AS, OECD209 EC50;EC20 3h >200;19 Oggier/BMG2011,GLP [128]
Anaerobicsludgeinhibition .
1SO13641 EC50 7 days >100 Gartiseretal. 2007[21]
Vibrio fischeri bacteriamarine IC50 15min 183.3 Blaiseetal. 2006[129]
Vibrio fischerilSO 113483  bacteriamarine IC50 15min 176.7 Kim etal. 2007[130]
Vibrio fischeri bacteriamarine IC50 30min 23.3 Isidori etal. 2005[131]
Humannanobacteria bacteria MIC 14 days 3.9 Ciftcioglu etal. 2002[132]
AS, OECD209 bacteria NOEC;EC10 3h 100;0.435 Oggier/BMG2011,GLP [128]
AS in ClosedBottle ready . - 3.25mg/L TMP-
biodegradtiontesStOECD301D bacteria NOECtoxicity control naphthoate Alexy etal. 2004[29]
AS in ClosedBottle ready . . . 4.6g/L TMP-
biodegradtiontestOECD301D bacteria LOEC colonyforming units naphthoate Alexy etal. 2004[29]
Pantoeaagglomerans soil bacterium NOEC 0.02 Tappeetal. 2006[133]
Nitrification inhibition test nitrifying NOEC 0.05 Ghoshetal. 2009[57]
bacteria
e nitrifying .
Nitrification inhibition test bacteria NOEC;EC10 96;>96 Oggier/BMG2011,GLP[134]
Fungalgrowthonfallenleaves fungi LOEC; NOEC TMP tqgetherthh 4 other 40 /L ; 0.4 o/l Bundschufetal. 2009[30]
antibiotics,all atsameconc
Naturalsoil respiration a!l aerob|c§0|l EC10(0i 4 days) 20 mg/kg soil (dry Liu etal. 2009[135]
microorganisms weight)
after4 daysconsistenincrease
Naturalsoil respiration a!l aerob|c§0|l in respwaﬂonvg controlsin all 300 mg/k'gson Liu etal. 2009[135]
microorganisms  concentrationsip to the (dry weight)
highestof 300mg/kgsoil
Naturalsoil bacteria(colony: NOEC/LOEC 10mglkg Liu etal. 2010[15]

forming units)
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Table A7. Acuteecotoxicity datdor TMP.

Organism SystematicGroup Endpoint Duration Value, mg/L Reference
Anabaenaylindrica Cyanobacteria EC50 6 days >200 Andoetal. 2007[136]
Anabaendlos-aquae Cyanobacteria EC50 6 days >200 Andoetal. 2007[136]
Anabaenavariabilis Cyanobacteria EC50 6 days 11 Andoetal. 2007[136]

Microcystisaeruginosa Cyanobacteria EC50 7 days 112 HoltenLizhdt etal. 1999[138]
M. aeruginosa Cyanobacteria EC50 6 days 150 Andoetal. 2007[136]
M. aeruginosa Cyanobacteria EC50 129.6 geometricalaverage
Microcystiswesenbergii Cyanobacteria EC50 6 days >200 Andoetal. 2007[136]
Nostocsp.PCC7120 Cyanobacteria EC50 6 days 53 Andoetal. 2007[136]
Synechococcusopoldensis Cyanobacteria EC50 6 days >200 Andoetal. 2007[136]
Synechococcusp.PCC7002 Cyanobacteria EC50 6 days >200 Andoetal. 2007[136]
RhodomonasalinalSO 8692 Algae,marine EC50 72h 16 HoltenLizhdt etal. 1999[138]
Phaeodactyluntricornutum Algae,marine EC50 72h 5.1 Claessenstal. 2009[137]
Pseudokirchneriellaubcapitata Algae EC50 72h 40 Yangetal. 2008[139]
(=Selenastruntapricornutum)
P. subcapitata Algae EC50 72h 80.3 Eguchietal. 2004[140]
P. subcapitata Algae EC50 72h 96.7 Blaiseetal. 2006[129]
P. subcapitataDECD 201 Algae ErC50 72h 98 Bogers1996aGLP [141]
P. subcapitatd SO 8692 Algae EC50 72h 110 Halling-S@ensenretal. 2000[18]
P. subcapitata Algae EC50 72h 130 HoltenLizhdt etal. 1999[138]
P. subcapitata Algae EC50 72h 87.1 geometricalaverage
Lemnagibba Angiospermae EC50 7 days >1HTC Brainetal. 2004[142]
Lemnaminor OECD221 Angiospermae ErC50 7 days 215 thiswork, GLP, Oggier2011[143]
Hydra attenuata Cnidaria EC50 96h >85.3 Blaiseetal. 2006[129]
H. attenuata Cnidaria EC50 96h >100 Quinnetal. 2008a[144]
H. attenuata Cnidaria EC50 96h >92.4 geometricalaverage
Brachionuskoreanus Rotatoria(brackish) EC50 24h 198.5 Rheeetal. 2012[145]

Daphniamagna Crustacea EC50 48h 92 Park& Choi2008[146]
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Organism Systematic Group Endpoint Duration Value, mg/L Reference
D. magnaOECD 202 Crustacea EC50 48h >100HTC Bogers1996bGLP [147]
D. magnaUS EPA 600/4_90/027 Crustacea EC50 48h 123 Halling-S@ensenretal. 2000[18]
D. magna Crustacea EC50 48h 149 De Liguoroetal. 2009[148]
D. magna Crustacea EC50 48h 167.4 Kim etal. 2007[130]
D. magna Crustacea EC50 96h 296 lannacone& Alvarifo 2009[149]
D. magna Crustacea EC50 48h 142.4 geometricalaverage
Moina macrocopa Crustacea EC50 48h 54.8 Choietal. 2008[150]
Thamnocephaluglatyurus Crustacea EC50 24h 161.2 Blaiseetal. 2006[129]
Crassostreajigas Mollusca,marine EC50embryolarval 24h ~31.6(10x100) Claessenstal. 2009[137]
Daniorerio OECD 203 Fish NOEC 72h 100 Halling-S@ensenretal. 2000[18]
D. rerio Fish NOEC 96h 100 Blaiseetal. 2006[129]

D. rerio Fish LC50 96h >100 geometricalaverage
Oryziaslatipes Fish LC50 96h >100 Kim etal. 2007[130]
Oncorhynchusnykiss Fish LC50 84h >75HTC Bergsjg& Saynen1980[9]

O. mykiss Fish LC50 96h (3) note: miscitation,not miscitedin Kolpin etal. [124]

aconcentratiorbutadose

Note: In caseof severalaluesfor the samespeciesthe geometricabveragevascalculated155]. Valuesin bold italics arethe valuesusedfor PNECderivationwhile the

singlevaluein bracketsvasnot usedfor the PNEC,seetext. HTC = Highesttestedconcentration.
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Table A8. ChronicEcotoxicity Datafor TMP.
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Organism SystematicGroup Endpoint Duration Value, mg/L Reference
Anabaenaylindrica Cyanobacteria NOEC 6 days 0200 Ando etal. 2007[136]
Anabaendlos-aquae Cyanobacteria NOEC 6 days 0200 Ando etal. 2007[136]
Anabaenavariabilis Cyanobacteria NOEC 6 days 3.1 Ando etal. 2007[136]

Microcystisaeruginosa Cyanobacteria NOEC 6 days 100 Andoetal. 2007[136]
Microcystiswesenbergii Cyanobacteria NOEC 6 days 3.1 Ando etal. 2007[136]
Nostocsp.PCC7120 Cyanobacteria NOEC 6 days 3.1 Ando etal. 2007[136]
Synechococcusopoldensis Cyanobacteria NOEC 6 days 13 Ando etal. 2007[136]
Synechococcusp.PCC7002 Cyanobacteria NOEC 6 days 50 Ando etal. 2007[136]
Phaeodactyluntricornutum DiatomAlgae, marine NOEC 72h 2.4 Claessenstal. 2009[137]
PseudoklrchnenelI§ubcap|tata GreenAlgae NOEC 72h 16 Yangetal. 2008[139]
(=Selenastruntapricornutum)
P. subcapitata GreenAlgae NOEC 72h 25.5 Eguchietal. 2004[140]
P. subcapitata GreenAlgae NOEC 72h 32 Bogers/INOTOX1996aGLP [141]
P. subcapitata GreenAlgae NOEC 72h 23.5 geometricalverage
Lemnagibba Angiospermae NOEC 7 days (>1HTC) notused* Brainetal. 2004[142]
Lemnaminor Angiospermae NOEC 7 days 53.5 thiswork, GLP Oggier2001[143]
Hydra attenuata Cnidaria NOEC 96h >100 Quinnetal. 2008a[144]
H. attenuata Cnidaria NOEC 96h 25 Quinnetal. 2008b[151]
H. attenuata Cnidaria NOEC 96h >50 geometricalaverage
Brachionuskoreanus Rotatoria(brackish) NOEC/LOEC 10days (0.01/0.1)notused* Rheeetal. 2012[145]
Daphniamagna Crustacea NOEC 21days 6 Park& Choi2008[146]
Daphniamagna Crustacea NOEC 6 days (0.01)notused* Flaherty& Dodson2005[152]
Moina macrocopa Crustacea NOEC 21days O03m|/TC Park& Choi2008[146]
. : . thiswork, GLP, Gilberg& Hamberger
Daniorerio Fish NOEC 35days 100HTC 2011[153]
Xenopudaevis Amphibia EC10 96 h 0100 Richards& Cole2006[154]

Note: In caseof severalvaluesfor the same species,the geometricalaveragewas calculated.Values in bold italics are the valuesused for PNEC derivation.
HTC = HighesttestedconcentrationEndpointsivaluesin bracketsverenot used.* = Seetext.
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