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Abstract

The assessment of water quality is crucial for gadeding drinking water resources and
ecosystem integrity. To this end, sample preparasind extraction is critically important,
especially when investigating emerging contaminamd the toxicity of water samples. As
extraction methods are rarely optimised for biogssaut rather adopted from chemical
analysis, this may result in a misrepresentatioimefactual toxicity.

In this study, surface water, groundwater, hosmtad municipal wastewater were used to
characterise the impacts of common sample preparégichniques (acidification, filtration
and solid phase extraction (SPE)) on the outconiedevenin vitro bioassays. The latter
covered endocrine activity (reporter gene assaye$trogen, androgen, aryl-hydrocarbon,
retinoic acid, retinoid X, vitamin D, thyroid redep), mutagenicity (Ames fluctuation test),
genotoxicity (umu test) and cytotoxicity. Water gdes extracted using different SPE
sorbents (Oasis HLB, Supelco ENVI-Carb+, Telos EN/) at acidic and neutral pH were
compared for their performance in recovering bialabeffects.

Acidification, commonly used for stabilisation, sificantly altered the endocrine activity and
toxicity of most (waste)water samples. Sample dilon did not affect the majority of
endpoints but in certain cases affected the (astrggenic and dioxin-like activities. SPE
extracts (10.4 final concentration), including WWTP effluentsdurced significant endocrine
effects that were not detected in aqueous sam@l€3x( final concentration), such as
estrogenic, (anti-)androgenic and dioxin-like ats. When ranking the SPE methods using
multivariate Pareto optimisation an extraction witlelos C18/ENV at pH 7 was most
effective in recovering toxicity. At the same timiese extracts were highly cytotoxic
masking the endpoint under investigation. Compaoethat, extraction at pH 2.5 enriched
less cytotoxicity.

In summary, our study demonstrates that sampleapaipn and extraction critically affect

the outcome of bioassays when assessing the tpxtitvater samples. Depending on the
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water matrix and the bioassay, these methods rmelkd optimised to accurately assess water

quality.
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1 Introduction

Anthropogenic micropollutants typically occur at nogram to microgram per litre
concentrations in urban water cycles. Micropolltéamay pose a risk to ecosystems as they
have been associated with negative impacts on iaduiata (Malaj et al. 2014, Prasse et al.
2015). Micropollutants are found amongst pharmacalst personal care products, industrial
chemicals, pesticides and biocides (Kimmerer 20thht are emitted from different
anthropogenic sources. These sources can be difusd as agricultural runoffs, or point
sources, such as wastewater treatment plant (WWiistharges. Several studies have
demonstrated an incomplete removal of micropolligtamnd relevant toxicity after
conventional wastewater treatment using activatadge (Prasse et al. 2015). Therefore,
advanced wastewater treatment technologies uglisikemical oxidation or adsorption are
being developed to increase the removal of mictapaits and toxicity (Miklos et al. 2018,
Rizzo 2011).In vitro bioassays play a crucial role for the ecotoxicmalgassessment of
water and wastewater quality because they deterthimgoint toxicity caused by complex
samples, often regarding a specific mode of actiesther et al. 2014, 2018, Leusch et al.
2017). Bioassays are routinely used in monitoriagngaigns and sufficiently advanced to be
integrated into water and wastewater regulatiomagBet al. 2017, Escher et al. 2018).
Environmental water and wastewater samples represmnplex mixtures of known and
unknown chemicals (Schwarzenbach et al. 2006) amd characterised by a variable
composition with respect to matrix parameters (esgspended solids or dissolved organic
carbon (DOC)). The toxicity of the samples is mgairdetermined by the type and
concentration of the active, anthropogenic or retwompound(s) and their cumulative
effects. However, the sample matrix can also atfeetoutcome of a bioassay (Janosek et al.
2007, Neale et al. 2015). In addition, samples waakergo physicochemical and biological
processes that can transform or degrade the amivpounds and may, therefore, modulate

the biological effects under investigation.
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Because of their ability to reduce matrix effedts,preserve and to concentrate dissolved
organic chemicals in aqueous samples, differentaetton methods, such as solid phase
extraction (SPE), are used in chemical and ecodtoggcal studies (Prasse et al. 2015). While
sample preparation and extraction methods are catynoptimised for chemical analysis,
i.e., to maximise the recovery of specific targempounds, this is rarely done in bioassay
studies (Bistan et al. 2012, Neale et al. 2018u&ehet al. 2017) because the “true” toxicity
to recover remains unknown. Thus, standard extmagbrocedures adapted from chemical
analysis are mainly used. Comparative studies halieated that such chemical “standard”
methods can be ineffective in extracting unknowetjiva compounds from water samples
(Hendriks et al. 1994, Wagner and Oehlmann 201lgcaBse this can lead to an
underestimation or false negative results, optimgissample preparation and extraction to
recover a maximum of toxicity should be imperafieebioassay studies.

The aim of our study was to assess the impact®mfmon samples preparation methods on
the detection of environmentally-relevant endocrwgvities, genotoxicity and cytotoxicity
in water and wastewater samples. These samplessmah®f surface water, groundwater,
hospital wastewater, raw (untreated), conventigriadlated and ozonated wastewater. These
samples consisted of grab as well as composite Isamypth low to high contamination
degrees to allow for an optimal comparison of SP&hwds. The toxicity of untreated
aqueous samples and samples that were acidified &4H 2.0) or filtered (1 um pore size)
was compared in eleven vitro bioassays. Furthermore, the effectiveness of B Bethods
was compared by extracting samples with three Qifgents at acidic and neutral sample pH
(2.5 and 7 right before loading). Aqueous and ex# samples were analysed using
bioassays for nine human hormone receptors, thetastand the Ames fluctuation test. The
outcome of these bioassays was evaluated by avawudtie Pareto optimisation to identify the

most effective sample extraction method.
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2 Material and methods

2.1 Characterisation of sampling sites

Sampling locations were selected according to thelevance and representativeness
regarding the water cycle in a model region in Badéirttemberg (Germany, Table 1,
samples 114, see Seitz and Winzenbacher 2017 for detailnpies comprised influents
and effluents of three municipal WWTPs (WWTP31 with activated sludge treatment, two
hospital wastewaters, three rivers (surface wateflyent and effluent of a filtration basin,
two storm water sedimentation tanks, one storm materflow tank (with infiltration basin),
and three groundwater monitoring wells (hotspofsjditional wastewater samples were
taken from a pilot WWTP (WWTP 4) in Hessen, Germéiyopp et al. 2016), equipped
with advanced treatment technologies, includingulksicale ozonation of conventionally
treated effluent (activated sludge) filtered usmgnicrosieve (MS, filtration at mesh size:
10 um) to reduce total suspended solids (TSS, Thbéamples 1819). The ozonation was

performed with 0.33 g ¢g DOC.

2.2 Collection of water and wastewater samples

Wastewater samples (influent and effluent) from tmeinicipal WWTPs in Baden-
Wirttemberg (sampling period: April (B), July (C) Bnd December (E) 2012) and the pilot
WWTP in Hessen (sampling period: March (A), Ap#l)(July 2012 (C, D) and December
(E) 2012, January (F) 2013) were collected as (gaimples 1, 6, 8-14, 18) or 24 h composite
samples (samples-3, 7, 1517, Table 1). The results of corresponding samiéeg.,
influents or effluents) were compared to each qtbely, with exception of the event-driven
sampling of samples 6 and 7 (FB-IN and FB-OUT, €ab). For the collection of 24 h
composite samples, wastewater was continuously pdntprough polytetrafluoroethylene
(PTFE) tubes into 5 L glass bottles. Bottles weeptkat 4°C in darkness during sampling.

Hospital effluents, surface waters, samples froonnstwater sedimentation and an overflow
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tank (with infiltration basin) as well as groundemahotspots were grab samples (sampling
period: April (B), July (C, D) and December (E) 201AIl samples were stored at 4°C in pre-
cleaned, amber glass bottles with PTFE lids andysed (aqueous samples for acidification
and filtration experiments) or further processedn{parison of SPE methods) within 48 h

after sampling.

2.3 Sample preparation

2.3.1 Acidification for testing aqueous samples

One aliquot (40 mL) of the agueous (waste)watermpdamas kept at the original pH, another
aliquot (40 mL) was acidified with sulphuric acifl fhol/L, purity “pro analysi”) to pH 2.0
directly after sampling. After storage for 24 h48C in the dark, acidified samples were
neutralised with sodium hydroxide (1 mol/L, purifyro analysi”) to pH 7 prior to analysing

the agueous samples in the bioassays (in contrabiort-term acidification for SPE, 2.3.3).

2.3.2 Filtration for testing aqueous samples

One aliquot of the (waste)water sample remainedtergd while another aliquot was filtered
using glass fibre filters (Whatman GF6, pore sizen) to reduce TSS. Selected filtered and
unfiltered aqueous samples were tested as aquacydes (not SPE extracts) in timevitro
assays (2.4). The glass fibre filters containirg rétentate were suspended in ultrapure water
(10 min in an ultrasonic bath) and the obtainedeags suspensions were analysed for
endocrine activity retained on the filters. A filteontrol was run and analysed in parallel:
ultra-pure water was filtered and an empty glassefifilter was suspended as well.
Additionally, the influence of a microsieve (meshes 10 um) on endocrine and genotoxic
activity of conventionally treated effluent aftemdl sedimentation at WWTP 4 was
investigated by taking wastewater samples befock after the microsieve. A microsieve

control was analysed as well (data not shown)nfixgts of the microsieve were incubated in
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ultra-pure water and in methanol for 70 d and #milting suspensions were tested inithe

vitro bioassays.

2.3.3 Solid phase extraction

Three commonly used types of SPE sorbents weredtdstr the recovery of endocrine,
genotoxic, and mutagenic activities: Oasis HLB (20§), Kinesis Telos C18/ENV (500 mg
C18, 200 mg ENV) and Supelco ENVI-Carb+ (200 mgjoPto sample loading, the
cartridges were conditioned as follows: Oasis HURl &elos C18/ENV were conditioned
consecutively with 1 x2 mL heptane, 1x2mL aneto3 x2 mL methanol (LC-MS
Optigrade) and 4 x 2 mL ultrapure water. Supelcd/EQarb+ cartridges were turned (top to
bottom) before they were conditioned with 1 x 2 mtetone and 1 x 2 mL methanol.
Afterwards, the columns were turned again (loadiimgction) and conditioned with 1 x 2 mL
acetone, 3 x 2 mL methanol and 4 x 2 mL ultrapuatew For each sample, 500 mL sample
was extracted at two pH values, neutral (pH 7) aridified with sulphuric acid (3.5 mol/L)
to pH 2.5.

SPE was performed within 48 h after collection diéctly after acidification. The columns
were dried under a stream of nitrogen and store@GfC. Samples extracted at neutral pH
were eluted with 5 x 2 mL acidified methanol and 2 mL acetone, each containing 0.2%
formic acid. Acidified samples were consecutivelyted with 5 x 2 mL methanol and 5 x
2 mL acetone at neutral pH. After adding 100 pL etimyl sulfoxide (DMSO), the combined
methanol-acetone extract was concentrated to 10final volume under a gentle nitrogen
stream. The extracts (5000-fold concentrated coetpb#ty the agueous sample) were stored
at -20°C until testing. A SPE blank was prepareghanallel to each sampling campaign to
control for contamination by loading each columpeywith ultrapure water and extracting

them with neutral and acidified methanol and acetoespectively.
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2.4 In vitro bioassays

2.4.1 Recombinant yeast screensfor endocrine activities

In this study, nine recombinant yeast-based repgdee assays were used to detect
endocrine activities: Yeast Estrogen Screen (YE®)dn estrogen receptar(hERD)), Yeast
Anti-Estrogen Screen (YAES), Yeast Androgen ScréAS, human androgen receptor
(hAR)), Yeast Anti-Androgen Screen (YAAS) first debed by Routledge and Sumpter
(1996) and Sohoni and Sumpter (1998), Yeast Did®areen (YDS, aryl-hydrocarbon
receptor (AhR, Miller 1997)), as well as yeast timderid assays for retinoic acid receptor
(RARQ), retinoid X recepton (RXRa), vitamin D receptor (VDR) and thyroid receptor
(TRa) introduced by Inoue et al. (2009). We used ybasked assays rather than mammalian
cell lines because they are robust in terms oftoxtoity, because they have been validated
by ISO (ISO 19040-1:2018) and to compare the resalour previous work.

All bioassays have the same principle: The activatf the respective receptor by chemicals
present in the sample triggers the expressionpjalactosidase, which cleaves the
chromogenic substance chlorophenol eB-galactopyranoside (CPRG; CAS 99792-79-7,
Sigma-Aldrich, Germany). The intensity of the col@hange (yellow to red) is proportional
to the agonistic activity of the sample and is meas with a photometer (Multiskan Ascent,
Thermo Fisher Scientific, Braunschweig, Germanya atavelength of 540 nm (QR). To
screen for antagonistic activities (YAES and YAAS®),known agonist is added. Thus,
antagonistic compounds reduced the reporter gengtyamduced by the agonist.

All bioassays were conducted in 96-well microtitglates (f-form, VWR Darmstadt,
Germany) as described previously (Volker et al.&20¥agner et al. 2013, Stalter et al. 2011,
Wagner and Oehlmann 2009). In brief, agueous sampére analysed in eight replicates
with a dilution factor of 1.6 (i.e., 0.625-fold ihsample concentration). SPE extracts were

diluted 480-fold resulting in a 10.4-fold final spla concentration (0.2% v/v solvent
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concentration, eight replicates). This enrichmeattdr was used for all SPE extracts
(compare 2.2 and Table 1). After-B2 h incubation (depending on the assay) at 30%C an
1200 rpm, cell number (absorbance at 595 nmgg§D0 detect cytotoxic effects) and
reporter-gene activity (Od) were determined photometrically. In each assay an
experiment, concentration-response curves for heropriate reference compound were
generated (see Table S1 and FiguresSSifor details).

The ODyo was corrected for the respective cell density {6D If > 20% cytotoxicity
occurred (see 2.5) results were not used. The atedeabsorbance was normalised to the
negative/solvent controls (0%) and the maximunmvigtof the reference compound (100%)
to calculate relative activities (%). For the amtaigt assays, a control without agonist was
used to represent 100% receptor inhibition.

The limit of quantification (LOQ) was calculated feach bioassay and experiment using the
mean activity of the negative control and addingeéfold it's standard deviation. As the
LOQs varied between bioassays and experimentswhey not shown for the sake of clarity.
However, in general only results above the LOQsewmmsidered. In a few cases, such as
estrogenic activity, lower activities were showrcdngse of their ecotoxicological relevance

(low effect threshold) and for comparing WWTP efieties.

2.4.2 Genotoxicity assay (umu test)

Genotoxic effects were assessed using the um({i$£3t13829) with the genetically modified
Salmonella typhimurium strain TA1535 (pSK1002). The umu test detects grnimreversible
or irreversible DNA damages that induce the exjpoessf the DNA SOS-repair system
associated with the UV mutagenesis gene C (umu@)géienotoxic substances in the
samples lead to an expressiorpafalactosidase from the umu@eZ construct. The reporter-
gene activity is determined by the cleavage ofdi®mogenic substaneenitrophenyl3-D-

galactopyranoside (ONPG, CAS 369-07-3, Sigma-AldriGermany). The umu test was
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conducted as described by Magdeburg et al. (20a4yrief, aqueous samples were analysed
after sterile filtration (injection filter with PTE membrane: pore size 0.2 um, neolab,
Germany) with a dilution factor of 1.7 and SPE agts in a 20-fold final sample
concentration (0.4% v/v solvent) in eight replicatéen concentrations betweer2800 pg/L
final concentration in the well of 4-nitroquinoliné-oxide (4-NQO; CAS 56-57-5, Sigma-
Aldrich, Germany) were used as genotoxic referecm@mpound (Table S1). Cytotoxicity
(ODsgs) and genotoxicity (O, were determined photometrically. The QPwas corrected
for the respective cell density (@9 if no cytotoxicity occurred (see 2.5). A linear
regression line was generated using the correcied @f the reference compound (Figure
S6). The induction rate (IR) was calculated using torrected OR)4 of the samples. An

IR > 1.5 is considered potentially genotoxic.

2.4.3 Mutagenicity assay (Ames fluctuation test)

Mutagenic effects (i.e., irreversible DNA damageravanalysed using the Ames fluctuation
test (ISO/DIN 11350) with two genetically modifiestrains of Salmonella typhimurium
(TA98 and TA100). The assay detects the inductibpaint mutations in special marker
genes coding for enzymes involved in histidine yndisesis as frameshift mutations (TA98)
and base pair substitutions (TA100). To increasesigeity, the strains TA98 and TA100
have a mutation in thevrB DNA repair gene. In the absence of mutagens, ttaens do not
grow in histidine-free medium and a reverse mutatiothe marker genes enables histidine
synthesis and thus growth. This leads to a pH ahamghe assay medium that is determined
photometrically at a wavelength of 414 nm.

The Ames test was conducted as described by Magglediual. (2014). In brief, aqueous
samples were tested after sterile filtration (s&e22 with a dilution factor of 1.25 and SPE
extracts in a 10-fold final sample concentratiom% v/v solvent). Mutagenic reference

compounds were used as positive controls (TA98n@A. final concentration in the well 4-
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nitro-o-phenylenediamine (4-NOPD, CAS 99-56-9, Sigma AllriGermany, Table S1);
TA100: 0.25 mg/L final concentration in the welkmofurantoin (NF; CAS 67-20-9, Sigma
Aldrich, Germany, Table S1). The mutagenic activaf the sample was determined
photometrically with a cut-off value at a waveldngtf 414 nm by counting the number of

wells that shifted from purple (negative) to yell¢positive).

2.5 Data analysis

In this study, cytotoxicity was defined as a cellnber in the sample &f 80% compared to
the negative control (solvent control) analysedarallel in each experiment.

Statistical analyses were performed using Graplieuin (version 5.03, GraphPad Software
Inc., San Diego, California, USA). Datasets weralgsed using the D’Agostino and Pearson
omnibus normality test for Gaussian distributiord dhe Bartlett's test for homogeneity of
variances. In case of a normal distribution andaégariances significant differences between
the datasets were determined using a one-way ANOWA Dunnett’'s post-test. If the
datasets were not normally distributed, the nonpatac Kruskal-Wallis test with Dunn’s
post-test was used. An unpaired t-test was useteErmine significant differences between
neutral and acidified samples and unfiltered atréd samples. A p-valug 0.05 was
considered significant.

The mathematical part of the methodological optatisn was carried out using a Pareto
strategy (Ehrgott 2000) further adapted for thetivaiate optimisation, similar to the use of
colour coding inin silico toxicology (Durmaz et al. 2015). The main optintiza criterion
was to assess sample preparation methodologieadhigved the highest measured biological
activity in six different parameters. Pareto thgrelassified a preparation method as non-
optimal, if another preparation method exists ttativers “better” values regardingl

parameters (YES, YAS, etc.) adl tested samples. Non-optimal preparation methods ar
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289 excluded from the list leading to a ranked set afeB-optimal sample preparation methods.

290 The applied strategy also tackled scenarios wigsimg data.
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3 Results and discussion

3.1 Sample acidification for testing aqueous samples

Analytical chemists use acid as a standard metbadabilise aqueous samples and prevent
the biodegradation of (micro)pollutants (Prassalef015). Stabilisation is thought to occur
by deactivating microorganisms (Baker and Kaspragkdern 2011, US EPA 2010) that may
use target analytes as substrates. Therefore,rtioedqure is often adopted in ecotoxicology
for conserving the toxicity of samples but oftetheut studying its effectiveness.

The present results show that sample acidificadiuh storage over 24 h significantly affected
the endocrine activities and mutagenicity of aqeesamples compared to the samples kept at
neutral pH (Figure 1, full data sets in Table S2)cusing on a change of the endocrine
activities or mutagenicity at 10%, untreated wastewater was most affected lfiaeition
(Table S3) whereby 50% of the assays (n = 22) stialeereased activities between -13 and -
94%. In case of the influent and effluent of tHadtion basin 32% of the bioassays (n = 22)
indicated altered activities between -13% and -3@roundwater (9%, n = 33), ozonated
wastewater (9%, n = 11) and surface water (3%38)-were least affected (Table S3).
Regarding the different bioassays, the activittethe YAES, RXR and Ames TA100 assays
were most affected by acidification (Table S4). 68%the YAES experiments showed
decreased (-13 to -32%) or increased (+15 to +3&yities (Figure 1A). The Ames TA100
was affected in 24% of the experiments with deénga6&13 to -77%) as well as increasing
mutagenicity (+17%) compared to neutral sampleguifeé 1C, Table S4). Acidification
caused the highest decrease of mutagenicity irAthes TA98 with -94% followed by the
RAR assay with -88% (Figure 1B). In the remainingassays, low endocrine or genotoxic
activities were detected. Thus, no conclusion @& thfluence of acidification on these
endpoints was possible (Figure S7, Table S2).

In summary, sample acidification led to a decrdake to -94%) of activity in 81% and to an

increase (+10 to +34%) of activity in 19% of theses (n = 32). This indicates that sample
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acidification significantly affects the outcomeshabassays. Two hypotheses may explain the
changes in toxicity: 1) In acidified samples, aaisy interfere with active chemicals or 2) in
neutral samples, microbial activity may degradeamsform the active chemicals.

Basically, the key question is whether the neufhgipothesis 1) or the acidified sample
(hypothesis 2) represent the “true” toxicity. Fdremical analysis, there is consensus that
acidification stabilises most compounds and prevenicrobial degradation (Baker and
Kasprzyk-Hordern 2011, Vanderford et al. 2011, USAE2010). However, our data implies
that besides few exceptions thevitro activity is lower at acidic compared to neutral pH
(Figure 1, Table S2). Accordingly, samples at atrakypH may better represent the actual
toxicity. If this hypothesis holds true, an aciddtion of samples would either reduce the
concentration of active chemicals by increasingogaion to suspended matter (Baker and
Kasprzyk-Hordern 2011) or by increasing hydroly§igasse et al. 2015).

Alternatively, it can be assumed that the highdiviig in neutral samples is an artefact
caused by a change in sample composition. Heretincmus microbial activity may
deconjugate compounds resulting in a higher bickgctivity. This occurs during biological
wastewater treatment (Andersen et al. 2003, Kodl.€2008, Wu et al. 2017). However, an
on-going microbial degradation of active compounasild counteract this process (Giebner
et al. 2018).

In reality, the toxicity of an aqueous sample mhgrgye at either neutral or acidic pH. As this
depends on the chemical and biological composiioa sample, it is difficult to generalise
which condition best represents the actual toxi@gsed on the present data, we argue that a
neutral pH comes closest to reality, as the sangplminimally processed. In addition, a
higher biological activity will result in a more giective water quality assessment if one

accepts that the risks of false-positives outwetpbgisk of false-negatives.

3.2 Samplefiltration for testing aqueous samples
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Sample filtration is beneficial to stabilise compds (Baker and Kasprzyk-Hordern 2011), to
avoid clogging of SPE cartridges, to remove TS®dJdaHabibi et al. 2009) and to sterilise
samples (Gehrmann et al. 2018). In the presenystudiltered and corresponding glass fibre
filtered (pore size 1 pum) aqueous samples as welbh@ueous suspension of the filter
retentates were compared to investigate the impefctBltration on the toxicity. These
comparisons further included a microsieve (pore 42 um) installed at one WWTP, which
had a minimal effect on the toxicity (full data sefTable S5).

Focusing on a change of the different endocrineiies or mutagenicity o& 10% again, the
untreated wastewater was affected at most bytfoingTables S5 and S6). Here, the toxicity
was decreased by -20 and -54% and increased byar@8+61% in 22% of the bioassays
(n =18, Figure 2A, 2B). For surface water, acegtwere altered in 14% (n=7) of the
bioassays with one affected endpoint (Figure S&nventionally treated wastewater and
groundwater were less or not affected by filtratiprgures 2C and S8, Table S6).

Filtration had the strongest impact on the YAES%50f the assays, n=8; Table S7)
followed by the YES and YAAS (25%, n =8 each) anidS (13%, n = 8). The effects
observed in the other bioassays were too low ttuat@ the influence of filtration on these
endpoints (Figures 2 and S8, Table S5).

The aqueous suspension of the filter retentates siilewed relevant changes in endocrine
activities > 10% in 19% (n=36) of the yeast-based assays. rEtentates were anti-
estrogenic (57%, n=7) and anti-androgenic (43%, 7 with activities from 21-80%
(YAES) and 30-45% (YAAS, Table S5). In two sampteg, endocrine activity in the filtered
sample was significantly ( 0.001) lower than in the unfiltered sample. Asrisientate was
also active, the activity was retained by filtratioln two cases, significantly higher
(p<0.001) activities were detected in the filtereanpared to the unfiltered samples. Here,
the retentate was active as well. In two YAES exkpents, the endocrine activities in the

filtered and unfiltered samples were on a comparaih level (84— 91%) and the retentate
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was active as well (46 and 80%). One sample wasanttandrogenic as filtered and
unfiltered water, but as filter retentate (45%,0f@S8, Table S5).

In summary, sample filtration led to a decreas@ ¢d -54%) of activity in 33% and to an
increase (+13 to +61%) of activity in 67% of theses (n = 9) and, thus, has a significant
impact on the bioassay results. The retention digh@associated hormones and endocrine
disrupting chemicals (EDCs) may explain this obagon. This is supported by the detection
of significant endocrine activities in the filteztentates and previous observations (Dagnino
et al. 2010, Routledge 2003, Shieh et al. 2016).

Interestingly, few filtered samples had signifidgnhigher endocrine activities than the
corresponding unfiltered samples. For the WWTPuefit filtered by a microsieve we
detected an approximately 2-fold increase in asttiegenic activity (Table S5). This may be
the result of an altered ratio of agonistic andaganistic activities (lhara et al. 2014, Rao et
al. 2014) or the leaching of “new” compounds byfitier materials (filter controls confirmed
this was not the case). In the present case, diasiaffinities towards filter materials and/or
suspended solids (Ng and Cao 2015, Wangmo et &8)2fbuld have resulted in a retention
of antagonistic and thus increased agonistic d&svin the filtrate and vice versa.

In conclusion, the application of sample filtratishould be well-adjusted to the aims of a
study, the characteristics of investigated (wast#égwsamples and bioassay specificities, as
this is crucial to avoid misestimating thevitro toxicity (Dagnino et al. 2010, EC 2003). In
the present study, this was amongst others obsevhet evaluating the removal of (anti-
)estrogenic and dioxin-like activities at WWTP ligifre 2). Depending on whether the
filtered or unfiltered samples are considered, care conclude that the treatment in WWTP 1

either increases or decreases the toxicity.

3.3 Comparison of agueous and extracted samples
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Comparing the toxicity of aqueous samples and spoeding SPE extracts is rarely done but
has a number of advantages, such as the posstoilitglculate recovery rates and evaluate
the environmental relevance of obtained resultel§Ger et al. 2018, Muschket et al. 2017,
Tousova et al. 2017, Wangmo et al. 2018).

In the present case, most agueous samples inducethahestrogenic, anti-androgenic and
retinoic acid-like activities (Figure 3, Tables &8, S10). However, anti-estrogenic activities
between 21 and 91% were detected in all aqueouplsar(Figure 3B). The activities were
<19% in the other bioassays (Figures 3D and S®)eT&8). In extracted samples, the
estrogenic activity { 8%, n = 35) was generally as low as in the coordmg aqueous
samples< 13%, n = 8; Figures 3 and 4, Table S9). The masbrogenic activity detected in
most samples in this study is in line with otherd#s on biological (Jalova et al. 2013, Keiter
et al. 2006, Metcalfe et al. 2013) and advancedemager treatment (Ma et al. 2005, Maletz
et al 2013).

The anti-estrogenic activity of the extracts wasalde and, depending on the SPE method, in
parts very high (13-89%, n = 35) and comparabléhto corresponding aqueous samples
(Figures 3B and 4). This indicated that the causatompounds were either only partially
recovered or that the anti-estrogenicity of theemmys samples is caused by the matrix (Neale
et al. 2015). Interestingly, the high anti-estrageactivities in the extracts point towards
potential masking effects, whereby receptor antsg®mreduce the detection of agonistic
activity in water sample. This phenomenon has bé&sn discussed by other authors (Giebner
et al. 2018, Gehrmann et al. 2018, Ihara et al42&ho et al. 2014, Stalter et al. 2011). In
addition, groundwater was significantly anti-eseog (Figure 3B, Table S8 and S9). This
calls for further clarification regarding the prase of EDCs in groundwater.

In contrast, the anti-androgenic activity was lowmost aqueous samples5%, n = 7) but
higher in the extracts (9-89%, n = 30, Figures 8@ 4, Table S9) indicating a successful

extraction. Except for hospital wastewater, whichaym contain anti-androgenic
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pharmaceuticals (Sohoni and Sumpter 1998, Statted. €2011), the majority of aqueous

samples exhibited only low androgenic and anti-agenic activities (Figures 3C and S9,

Table S8). The androgenic activities remained lowthe corresponding extracts, whereas
anti-androgenic activities were detected at modetathigh levels. As in case of the anti-

estrogenic activity, androgen receptor antagomsty mask the androgenic activity. Such
interactions were described for WWTP effluents @auet al. 2017, Rao et al. 2014) and
ozonated hospital wastewater (Gehrmann et al. 2008 high removal of these activities

reported for activated sludge treatment (Rao e2@l4) and ozonation (Stalter et al. 2011)
were not observed in this study.

The highest RAR activity was detected in aqueowspital and untreated wastewater (HOS.:
93%, INF-1: 23%) and corresponding extracts, depgndn the SPE-method (HOS: 14—

91%, INF-1: 0-54%; Figures 3E and 4, Table S9)sTiplies that the active compounds
were only partially extracted. Only hospital andreated wastewater induced RAR activities,
which was removed in the effluent (Figure 3E, Tab&8 and S9). RXR activities were

detected in extracted WWTP effluent and ozonatédesft (Figure S9, Table S8). So far,

only few studies reported RAR and RXR activities water (Inoue et al. 2009) and

wastewater (Allinson et al. 2011, Inoue et al. 2014 the experiments by Sawada et al.
(2012) and Cao et al. (2009) these activities tgadegraded during activated sludge
treatment and lab-scale ozonation, respectivekewise, only a few studies exist on VDR-

and TR-like activities in (waste)water samples (st al. 2014, Inoue et al. 2011, Kusk et
al. 2011, Leusch et al. 2017). In any case, agtiMvels in the present agueous/extracted
samples were negligible.

Moderate dioxin-like activities were detected innamber of extracted but none of the

aqueous samples (Table S8). Highest activities weserved in raw, treated and hospital
wastewater. Lowest activities were observed fornared wastewater and groundwater. Its

removal during biological and advanced wastewatsatment has been observed in several
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(Allinson et al. 2011, Loos et al. 2012, Stalteakt2011) but not all studies (Jia et al. 2015,
Rao et al. 2014, Reungoat et al. 2010) supportinddtection in the present WWTP effluents.
While none of the aqueous samples (n = 6) waseaatithe umu assay, 33% (n = 27) of the
extracts were potentially genotoxic (Figure 3F, [€abS8 and S9). Low to moderate
genotoxicity was detected in extracted hospital, aad treated wastewater but in none of the
other samples. Other studies observed genotoxitigxtracted WWTP effluents (Macova et
al. 2011, Keiter et al. 2006, Escher et al. 20I4ese potentials generally decreased upon

ozonation (Cao et al. 2009, Misik et al. 2011).

3.4 Identifying the optimal SPE method

Similar to analytical chemistry (Baker and KasprH@rdern 2011, Maruya et al. 2016, Polo
et al. 2005), SPE of (waste)water samples is adgaous foiin vitro bioassays. Extraction
prevents the microbial degradation of untreated ptasnand improves the detection of
toxicological effects caused by low (micro)pollutactoncentrations (Escher et al. 2005,
Janosek et al. 2007, Macova et al. 2011, Neald. @045, 2018). SPE can also minimise
matrix interferences by reducing natural organidteraand excluding ions, nutrients or acids
(Neale and Escher 2014, Prasse et al. 2015, Esther2018).

In contrast to chemical analysis of target compautite recovery of toxicity by SPE cannot
be evaluated because the causative chemicals atdreneffects remain unknown. Thus, this
study aimed at maximising the extraction of toxiclly comparing two mixed-mode
hydrophilic/hydrophobic (Oasis HLB and Supelco ENMrb+) and one composite (Telos
C18/ENV) SPE sorbents. These SPE sorbents enticbhaal and heterogeneous spectrum of
chemicals (Koke et al. 2018, Leusch et al. 20123l&let al. 2018). Extracting both neutral
and acidified samples, six different SPE methodsewevaluated by a semi-quantitative

(3.4.1-3.4.4) approach followed by multivariatdistecs (3.4.5).
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3.4.1Blanks

In parallel to the extraction of the samples, a $RIBk was prepared to control for potential
contaminants in reference waters and used maté¢kialkman et al. 2013, Neale et al. 2018,
Schulze et al. 2017). Each cartridge type was ldadi¢h ultrapure water and extracted as
described in 2.3.3. The extracts of the 60 SPEKlavere negative in all bioassays except in
two cases (3%): Supelco ENVI-Carb+ at pH 7 and @Hi2 the YAAS. Here, the activities
were 2% and 3% higher than the limit of quantifimat In addition, a DMSO sample was
included in parallel to the SPE extracts in eachitro bioassay as a solvent control. These

solvent controls did not induce an effect in thegssays.

3.4.2 Cytotoxicity

Cytotoxicity is often used as indicator of the e toxicity of environmental samples and
their overall (micro)pollutant load. It, thus, repents an important endpoint which is
integrated into several water quality assessméissher et al. 2014, 2018, Leusch et al. 2014,
Valitalo et al. 2017). However, depending on theestigated endpoint, cytotoxicity can also
prevent or mask the detection of specific toxi¢gge 4).

In the present study, none of the agueous sampiesed cytotoxic effects (Figure 4, Tables
S8 and S9). Cytotoxicity was, however, frequenttedted in SPE extracts (Figure 4).
Untreated wastewater induced cytotoxicity in 509%0&) and 38% (INF-1) of sample
extracts (n = 60, each) tested in tervitro bioassays (Table 2). For conventionally treated
wastewater (EFF-1, EFF-4, EFF-4-MS, n = 54-60) toyicity was observed i 25% of
extracts (Table 2). The occurrence of cytotoxiaityextracted ozonated wastewater (sample
EFF-4-MS-Q, n = 54) and groundwater (sample GW-1, n = 60) 8&sand 2%, respectively
(Table 2).

The choice of the SPE method had a substantialanfle on the detection of cytotoxicity: the

extracts of the Oasis HLB and the Telos C18/ENW{ra pH) were cytotoxic in 32% and
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50% of the bioassays (n =78 each, Table 2). Atifaed pH, these extracts induced similar
cytotoxicity with 15 and 13%, respectively (n = &8&ch, Table 2). Samples extracted with the
Supelco ENVI-Carb+ at neutral pH were more cytatoXil2%) compared to the
corresponding samples that were extracted at amdifH (not cytotoxic effects, n = 78 each,
Table 2).

In general, samples extracted at neutral pH indbagioer cytotoxicity than acidified samples
(Figure 4) and Telos C18/ENV extracts were moretoyic than those of Oasis HLB and
Supelco ENVI-Carb+. Thus, extraction at neutral wih Telos C18/ENV was the method
where the highest cytotoxicity was detected (Figdle Escher et al. (2005) found an
extraction at pH 3 (using the Oasis HLB) to be neffective than pH 7 and pH 11 in a study
on spiked urine samples. Stalter et al. (2011) meskethis for acidified biologically-treated
and ozonated wastewater. Both studies suggestctimpounds with acidic moieties to be
responsible for the recovered cytotoxicity. Thisinscontrast to the present results, which
suggest that the cytotoxicity in a broad range iohssays is extracted more effectively at
neutral pH.

In a recent study by Stalter et al. (2016) the &IV (without C18 sorbent) followed by the
Oasis HLB recovered most cytotoxicity amongst nitieer SPE sorbents from disinfected
drinking water (acidified before extraction). Po@mpounds adsorbed by the ENV as well
as the HLB sorbent material were suspected as oaaigsative agents. Although Stalter et al.
(2016) did not compare an extraction at neutraltipéiresults support the effectivity of the
Telos C18/ENV and Oasis HLB observed in the prestatly. Along the same line, a
multilayer SPE based on Oasis HLB induced moretoytoity than a single sorbent method
in a study by Neale et al. (2018).

Conventional wastewater treatment decreased therecce of cytotoxicity from 38% of the
extracts to 7% in case of WWTP 1 (Table 2). In castt ozonation increased the number of

cytotoxic extracts from 24 to 35% (Table 2). Thizsservation supports earlier hypotheses on
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the formation of toxic transformation products (YRRIring ozonation (Jia et al. 2015,
Lundstrom et al. 2010, Magdeburg et al. 2014).dntast to the WWTP samples, only 2% of
groundwater extracts were cytotoxic. This is ineagnent with the high water quality
monitored at GW sampling sites 1-3 (Seitz and Whbaeher 2017) as well as the rare
detection of cytotoxicity in groundwater, unlesfiienced by landfill leachates, industrial or

other contaminated sites (Baumstark-Khan et al52B@un et al. 2000).

3.4.3 Endocrine endpoints

Pooling the results according to water sample tyipe highest mean estrogenic activity was
found in conventionally treated wastewater (EFEEEF-4, EFF-4-MS) extracted with Telos
C18/ENV (pH 2.5) with 5% (n = 4) relative activiamd Oasis HLB (pH 2.5) with 5% (n = 4)
relative activity (Table S11, Figure S10). Sammgsacted at neutral pH with the same SPE
sorbents induced lower estrogenic activities (3%, 21 2%, n = 3). Extracts produced with
Supelco ENVI-Carb+ showed low estrogenic activagardless of the adjusted pH.

With regard to the anti-estrogenic activity of centionally treated (EFF) and ozonated
(EFF-G;) wastewater as well as groundwater (GW) both sdgheOasis HLB and Telos
C18/ENV showed similar effectivity when samples evextracted at pH 2.5 (Figures 4 and
S10, Tables S8 and S11). For conventionally treatedtewater (EFF) and groundwater
(GW) extracted at neutral pH with the same sorbémsmean anti-estrogenic activity was
higher. The highest mean anti-estrogenic activiigswound in samples extracted with
Supelco ENVI-Carb+ at neutral pH (62—-87%, n = 1-2).

In case of the anti-androgenic activity of all séntypes, acidified samples extracted with
Oasis HLB and Telos C18/ENV produced similar resatjain (Figures 4 and S11). Because
of high cytotoxicity, the activities of neutrallyxigacted samples could not be analysed.
Treated wastewater and groundwater extracted wipielso ENVI-Carb+ at both pH values

induced lower anti-androgenic activities than thieeo SPE methods. As the activity in the
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other bioassays was minor, no comparison of the 8feEhods on these endpoints was
possible (Figures St$514).

Based on the above results the Telos C18/ENV sbfbbowed by the Oasis HLB recovered
highest endocrine activities from the majority wlte)water samples. However, the Supelco
ENVI-Carb+ sorbent was more effective in recoverarmgirogenic activities. This is in part
reflected in previous studies. In a study on bdttieneral water, a C18 material recovered
higher estrogenic activity compared to the Oasi8Hhd Supelco ENVI-Carb+ (Wagner and
Oehlmann 2011). The authors argue that non-polamadals are responsible for this effect.
In the present study, most estrogenicity was resavéy the Telos C18/ENV (involving a
similar C18 material), while Oasis HLB achieved garable levels.

Except for estrogenicity, endocrine activities wenere effectively recovered at pH 2.5.
However, the more frequent detection of cytotoyiait pH 7 extracts might have masked the
respective activities. Despite the effective extoac of endocrine activities, it remained
insufficient from some (waste)waters and endpoffigures 3 and S9, Table S8). This
includes the anti-estrogenicity, which was enriclfiean several but not all samples. The
difficulty in extracting anti-estrogenic activityaR been observed and discussed in previous

studies (Giebner et al. 2018).

3.4.4 Genotoxicity and mutagenicity

The highest genotoxicity (IR 4.37) was detectedha Telos C18/ENV pH 2.5 extract of
untreated hospital wastewater (HOS, Tables S8 &)dri§ure S14). Seven extracts (100%)
of the Oasis HLB and Telos C18/ENV sorbents at hpth7 and 2.5 of the conventionally
treated wastewater of the pilot WWTP 4 (EFF-4 areF&-MS) were genotoxic with
induction rates between 1.50 and 1.87. The extad@sWWTP 1 (INF-1 and EFF-1), except

one extract produced with Oasis HLB, pH 2.5, andugdwater (GW-1) did not induce
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genotoxicity. All extracts produced with Supelco @NCarb+ (pH 7 and pH 2.5) were not
active, either.

Genotoxicity was enriched from four out of six sdimgp sites (Figure S14, Tables S8 and S9)
but IRs remained only moderately increased compiardlde corresponding agueous samples
(except for hospital wastewater). One reason fas ttould be that genotoxicity of
(waste)water samples is generally detected at higample enrichment factors (e.g., 100-
fold, Keiter et al. 2006, Schulze et al. 2017, tetaét al. 2016) or at contamination hotspots
(Baumstark-Khan et al. 2005, Baun et al. 2000).

In line with the efficiency of the Telos C18/ENV @b method, Magdeburg et al. (2014)
extracted genotoxicity and mutagenicity from wastew (biological and advanced treatment)
using the Oasis HLB at pH 2. Although the authadsribt compare different SPE methods,
their results seem in agreement with the presentitee Mutagenicity and cytotoxicity were
also higher in biologically-treated and ozonatedgterater extracted at pH 2 (instead of pH
7) using a C18 sorbent (Misik et al. 2011). For ¢iiger investigatedh vitro endpoints, no

SPE optimisation study was found in the literature.

3.4.5What isthe best SPE method?

Regarding the results of five types of water sampésted with fivan vitro bioassays the
most effective SPE method for the extraction ofcamthe activities was Telos C18/ENV pH
7 (7x), followed by Telos C18/ENV pH 2.5 and SupelENVI-Carb+ pH 7 (each 5x), Oasis
HLB pH 7 (4x), Oasis HLB pH 2.5 (2x) and Supelco\BNCarb+ pH 2.5 (1x, Table 3). To
statistically distinguish between optimal (and roptimal) SPE methods a multivariate
optimisation based on Pareto was implemented (Duredaal. 2015, Ehrgott 2000). Pareto
computed sample type and bioassay specific “Paygimal” methods.

The Pareto results are exemplified for conventignaéated wastewater (EFF-4) in five

vitro bioassays, whereby Pareto is based on the acpeityentiles (Table S12) for ranking



601

602

603

604

605

606

607

608

609

610

611

612

613

614

615

616

617

618

619

620

621

622

623

624

625

626

28

the SPE methods (Table S13). The best extractiothads (“Pareto best”) were Telos
C18/ENV pH 7 followed by Oasis HLB pH 7 and Telo$8ZENV pH 2.5 (see Table S13 for
detailed results). The ranking of these methodsaesasputed as follow: Instead of looking at
the “best” extraction results within a certain matthe “worst” results were classified as
“false negative responders”. The Supelco ENVI-Cambethod at pH 2.5 was three times
“Pareto-worst” as it extracted the lowest activitya maximal number of bioassays. All other
methods performed better. When an extract was ayitgtthe result was marked with the
label "cytotoxic" instead of providing a value. TRareto algorithm is capable of evaluating
data sets with a limited number of such resultsase of an excessive degree of cytotoxicity
(HOS and INF-1), the corresponding SPE method Wwawgever, not listed in the respective
ranking matrix and the level of relevance decredseshis parameter. This means that the
ranking for this parameter is not reaching the ‘storclass anymore. This evaluation
procedure was performed for all data sets refetontpe different samples, SPE methods and
in vitro bioassays to obtain the following overall rankofg‘Pareto optimal” SPE methods:
Regarding the five sample types, the method Tell®ENV at pH 7 was four times “Pareto
best”, followed by Oasis HLB pH 7 and pH 2.5 (e@ash Tables 3 and S14). In terms of the
five bioassays, the methods Telos C18/ENV at pHadb Supelco ENVI-Carb+ at pH 7 were
two times “Pareto best”, respectively (details able S14).

Accordingly, the method Telos C18/ENV at pH 7 w&areto best” regarding the effectivity
in extracting different types of water and wast@watamples with respect to the highest
endocrine activities (Table 3). Higher recoveri¢snautral pH (over acidic and basic pH)
were also observed by Tousova et al. (2017) foersg\vendpoints also investigated in this
study. The authors, however, used other sorbemttafge volume SPE of surface waters.
Summing up the results of tie vitro bioassays and Pareto optimisation, the methodssTel
C18/ENV pH 7 and Oasis HLB pH 7 were optimal toi@mendocrine activities but also the

highest cytotoxicity (Table 2). The correspondingthods at pH 2.5 showed good results as
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627 well as lower cytotoxicity (Tables 2 and S14). Tl recommendation for most effective

628  recovery ofin vitro toxicity from diverse (waste)waters is, thus, geuhe Telos C18/ENV

629 method at a sample pH of 7.
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4 Challengesin optimising sample preparation for bioassays

Despite the advantages of optimising the samplpgpation for bioassay analyses (Muschket
et al. 2017, Neale et al. 2018, Ternes et al. 2G1Aumber of important challenges remain.
The first challenge is that the “true” toxicity afsample (at a given sampling site and time)
remains unknown. The reason for this is that fomglex environmental samples, the
causative compounds, potential mixture effects @rdounding factors (e.g., matrix effects)
are largely unspecified. Accordingly, each stepsampling and sample preparation and
storage may change the chemical composition ofrgplsaand its toxicity. Active compounds
may be added (via contaminated materials) or rechdvia adsorption to materials) during
sampling, added or removed during transport anggeo(via microbial activity) and added or
removed during sample preparation.

Second, the differentiation between toxicity causgdnthropogenic pollutants and naturally
occurring compounds, often referred to a matrie@#, remains challenging. For instance,
our approach in maximising the recovery of toxestimay come at the costs of also
maximising matrix effects. One such example isdbextraction of DOC that may induce
artefacts in bioassays for receptor antagonismI@\mad Escher 2014). Several confounding
factors resulting in false-positive or negativeuteseed to be considered when interpreting
bioassay data (discussed in Giebner et al. 201@ueMer, sample preparation may not be the
appropriate tool to address these. Instead, pdstation analysis (such as effect-directed
analysis) can be a way to separate the toxicityseduby anthropogenic and natural
compounds.

The third challenge is the selectivity of samplération: While SPE methods with broad
selectivity exist, an extraction of chemicals isvays selective, resulting in a loss of
compounds with low affinity to the sorbent (Kokeadt 2018, Neale et al. 2018, Niss et al.
2018, Stalter et al. 2016). Accordingly, the towi@f an extract will never fully represent the

toxicity of the extracted sample. Thus, the quesisorather how much loss in toxicity during
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extraction is acceptable. One way of addressing ithto compare the toxicity of extracts to
aqueous samples (Dagnino et al. 2010, EC 2003)th&noevay is to optimise the recovery of
toxicity. Both strategies were adopted in this gttadidentify the best extraction method.

The forth challenge arises from cytotoxicity magkthe effect under investigation, which is
often the case at high concentration factors. WilN&otoxicity can be considered an
important toxicological endpoint by itself outweigh the specific effect is masks, it is most
commonly rather regarded an obstacle that need® teemoved. This can be achieved by
diluting a sample to a non-cytotoxic concentrat{tmoue et al. 2009, 2011, Leusch et al.
2017, Neale et al. 2018, Valitalo et al. 2017). ldwer, this also dilutes the effect of interest.
Alternative approaches, such as minimising thetidiluof aqueous samples (Niss et al. 2018)
or reducing exposure times in the bioassay as ageltleaning up the cytotoxicity (e.g., by
fractionation), have so far not been widely adopted

These challenges are connected to a range of SRE@rs. Thus, the sorbent (Chang et al.
2009, Escher et al. 2005, Stalter et al. 2016) pgawolumes (Macova et al. 2011, Schulze et
al. 2017), eluting solvents (Lu et al. 2010, Véaditat al. 2017, Yang et al. 2014), fractionation
steps (Leusch et al. 2017, Vélitalo et al. 2014 aperating modes such as large volume or
multilayer SPE (Koke et al. 2018, Schulze et all2@:an be optimised.

Acknowledging that it is impractical to perform aptimisation for every sample and every
bioassay, a range of case studies for differenticest can be used to evaluate whether
specific sample preparation methods perform gelydvatter than others. We have taken such
approach in the present study and conclude thafeles C18/ENV method at neutral sample
pH performs best in recovering multiple endocrigévities and cytotoxicity from aqueous

samples.
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5 Conclusions

1. Acidification of aqueous (waste)water samples dicgutly alters a range oin vitro
toxicities, including anti-estrogenic, anti-andrageand retinoic acid-like activities as well
as mutagenicity. Sample filtration has a minor iotEa the samples’ toxicity.

2. Compared to aqueous samples, solid phase extragtinoobhes mostn vitro toxicities.
However, some activities (e.g., anti-estrogeniaigain poorly extractable.

3. When comparing six SPE methods, the choice of fhtenal method depends on the
matrix as well as tha vitro endpoint.

4. In general, an extraction using Telos C18/ENV atmple pH of 7 was most effective in
recoveringin vitro toxicity from (waste)water samples. However, thesgthods also co-
extract a high cytotoxicity masking other endpainising the same method at a sample
pH of 2.5 reduced the extraction of cytotoxicity.

5. Sample preparation needs to be optimised when singlyhe toxicity of water samples.
While this is a resource-consuming task involvingltiple methodological parameters,
water quality can only be accurately assessed wieerecovery of the toxicity of a sample

is maximal.
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Tables

Table 1: Overview of the investigated samples; WWTP: waatewtreatment plant. Details

on samples 1-14 can be found in Seitz and Winzé&mod2017).

SaNrg!oIe Type of sample Sample acronym S?nn;;()jltleng
1 untreated wastewater (hospital effluent) HOS bgra
2 untreated wastewater INF-1 composite
(WWTP 1 influent)

3 conventionally treated wastewater EFF-1 composite
(WWTP 1 effluent)

4 conventionally treated wastewater EFF-2 composite
(WWTP 2 effluent)

5 conventionally treated wastewater EFF-3 composite
(WWTP 3 effluent)

6 conventionally treated wastewater (WTTP 4 FB-IN grab
influent of a filtration basin)

7 conventionally treated wastewater (WTTP 4 FB-OUT composite
effluent of a filtration basin)

8 surface water of an infiltration basin IB (SW) agr

9 surface water 1 (river) SW-1 grab

10  surface water 2 (river) SW-2 grab

11  surface water 3 (river) SW-3 grab

12  groundwater 1 (hotspot) GW-1 grab

13 groundwater 2 (hotspot) GW-2 grab

14  groundwater 3 (hotspot) GW-3 grab

15 conventionally treated wastewater (pilot EFF-4 composite
WWTP)

16 ozonated conventionally treated wastewater EFF-4-Q composite
(before microsieve, pilot WWTP)

17  conventionally treated wastewater (after EFF-4-MS composite
microsieve, pilot WWTP)

18 ozonated microfiltered conventionally-treated .
wastewater (pilot WWTP) g EFF-4-MS-Q composite

19 tap water (pilot WWTP) TAP grab
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1013°  Table 2: Occurrence of cytotoxicity (%) during the analysfsall sample extracts in tan

1014  vitro bioassays (except EFF-4-MS (F) and EFF-4-MS¥#): n = 9) pooled according to SPE
1015 method. Corresponding samples were taken on the sampling dates in July (D) 2012 and

1016 in January (F) 2013.

sample OasisHLB Telos C18/ENV Supelco ENVI-Carb+ Sample
pH 7 pH 2.5 pH 7 pH 2.5 pH 7 pH 2.5 mean
HOS 80 70 100 50 0 0 50 (n =60)
INF-1 60 50 70 50 0 0 38 (n = 60)
EFF-1 0 0 30 0 10 0 7 (n =60)
EFF-4 0 0 0 0 0 0 0 (n=60)
EFF-4-MS (D) 0 0 50 0 0 0 8 (n =60)
EFF-4-MS (F) 44 0 56 0 44 0 24 (n = 54)
EFF-4-MS-O3 (F) 78 0 100 0 33 0 35 (n=54)
GW-1 0 0 0 0 10 0 2 (n =60)
M ethod mean 32 15 50 13 12 0

(n=78) (n=78) (n=78) (n=78) (n=78) (n=178)

1017
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Table 3: Most effective SPE methods for the extraction afagenic (YES), anti-estrogenic

(YAES), androgenic (YAS), anti-androgenic (YAAS)dadioxin-like (YDS) activity from

water and wastewater samples (inner table, basetlabre S8). In addition, “Pareto best”

methods for each bioassay and sample type werewtethpDouble/triple listings represent

equally effective methods. Hospital wastewater (H&@&1 one WWTP influent (INF-1) were

not analysed due to excessive cytotoxicity. Bragkeictivity < 10%; “-“: no endocrine
activity/cytotoxicity
Bioassay Pareto best:
YES YAES YAS YAAS yps | o
Sample type pietyp
EFF-1 (Oasis 2.5) Supelco 7 (Oasis 7) Oasis 2.5 Telog 706ISIS 2:5
Telos 7
Oasis 7
EFF-4 (Telos 2.5) Telos 7 (Oasis 7) Telos 7 Telos|f Telos 7
Telos 2.5
EFF-4-MS (Telos 2.5) Oasis 7 (Supelco 7) Oasis 7 Telos|7 osrél
EFF-4-MS-O; - Supelco7 (Supelco 2.5) Telos2.5 (Telos 4.5) eRup7
Oasis 7
GW-1 (Telos 7) Telos 7 (Supelco 7) Telos 2.5  (Supelcp MDasis 2.5
Telos 7
Pareto best: Telos 2.5
bioassay Telos 2.5 Supelco 7 Supelco 7 Supelco 2.5 Telos 7 Telos7
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Figure 1: Impact of acidification. Anti-estrogenic activity (A), retinoic acid-like activity (RAR, B) and mutagenicity (Ames TA 100, C) of neutral
(black) and acidified (grey) aqueous water and wastewater samples (mean in %). Corresponding samples (INF-1/EFF-1, EFF-4/EFF-4-O3 and FB-

IN/FB-OUT) were taken on the same sampling date in March 2012 and April 2012, respectively.
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Figure 2: Impact of filtration. Endocrine activity (%, mean £ SEM) of unfiltered (black bars) and filtered (white bars) wastewater samples and the
aqueous suspensions of the filter retentate (grey bars). A: untreated hospital wastewater (HOS), B: untreated municipal wastewater of WWTP 1
(INF-1), C: conventionally treated effluent of WWTP 1 (EFF-1). YES: estrogenic, YAES: anti-estrogenic, YAS: androgenic, YAAS: anti-

androgenic, YDS: dioxin-like, RAR: retinoic acid-like, RXR: retinoid-X-like, VDR: vitamin D-like, TR: thyronine-like. Corresponding samples

(INF-1/EFF-1) taken on the same sampling date in July 2012.
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Figure 3: Comparison of aqueous and extracted samples. Estrogenic (A), anti-estrogenic (B), anti-androgenic (C), dioxin-like (D) and retinoic
acid-like (RAR, E) activity in % and genotoxicity as induction rate (umu, F) of the pooled data of aqueous (aqu.) water and wastewater samples
(0.63-fold final concentration) and of the corresponding 10.4-fold concentrated SPE extracts (extr.). Symbols: mean activity of the individual
sample, line: mean of all samples of one sample type, filled symbol: aqueous sample, clear symbol: SPE extract, HOS: untreated hospital
wastewater, INF: untreated influent, EFF: conventionally treated effluent, EFF-Os: ozonated conventionally treated wastewater, GW: groundwater.

Corresponding samples were taken within the same sampling period in July 2012 and January 2013.
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Figure 4: Comparison of the six SPE methods. Endocrine activity (0% to 100%) and
cytotoxicity (0% to -100%) of aqueous samples and the corresponding SPE extracts (0.63 and
10.4-fold final concentration, respectively) of wastewater treatment plant influents (A),
effluents (B), ozonated effluent (C) and groundwater (D). Six SPE methods were compared:
Oasis HLB, Telos C18/ENV and Supelco ENVI-Carb+ extraction at pH 7 and pH 2.5. The
results were pooled from the different samples according to water type. Green: 0.0% endocrine

activity/cytotoxicity, red: 100% endocrine activity, grey: 100% cytotoxicity.
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HIGHLIGHTS

¢ Acidification of (waste)water samples significantly affects their in vitro toxicity

* Filtration does not affect the toxicity of most (waste)water samples

* All six SPE methods recovered in vitro toxicity, depending on endpoints/matrices
* Best SPE methods were identified for each matrix and endpoint

* Multivariate optimisation identified Telos C18/ENV (pH7) as overall best SPE method



