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ABSTRACT

Since it is impossible to chemically analyze all relevant micropollutants, the
implementation of bioanalytical tools is essential to estimate ecological risks of chemical
mixtures in regular water monitoring programs. The first tier of the Smart Integrated
Monitoring (SIMONI) strategy, which was described in part I, is based on the combination
of passive sampling and bioanalytical measurements. Bioassay responses are compared to
effect-based trigger values (EBT) and an overall SIMONI score on all bioassay data was
designed to indicate environmental risks. The present paper is focused on analyzing the
feasibility of the hazard identification tier by evaluating results of 45 field campaigns at
sites with different pollution profiles near the city of Amsterdam. A Daphnia assay was
performed in situ, while silicon rubber or POCIS passive sampler extracts were tested with
four non-specific (daphnids, algae, bacteria and cell culture) and ten specific bioassays

(nine CALUX assays and antibiotics scan).

Sensitivity analyses demonstrated the relevance of two classification variables in the
SIMONI score formula on all bioanalytical data. The model indicated increased risks for the
ecosystem at surface waters in greenhouse areas and undiluted WWTP effluents. The
choice of testing specific bioassays on either polar or non-polar passive sampling extracts
is cost-effective and still provided meaningful insights on micropollutant risks. Statistical
analyses revealed that the model provides a relevant overall impact assessment based on
bioassay responses. Data analyses on the chemically determined mixture toxic pressure
and bioanalytical methods provided similar insights in relative risk ranking of water bodies.
The SIMONI combination of passive sampling and bioanalytical testing appears to be a

feasible strategy to identify chemical hazards.

Key words: Micropollutants, Environmental risk assessment, Bioanalytical tools, Passive

sampling
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1. INTRODUCTION

1.1 The SIMONI strategy

It is virtually impossible to chemically analyze all relevant micropollutants and their
transformation products in water. Moreover, the ecological effects of micropollutant
mixtures are practically all unknown. Therefore, it is of paramount importance to apply
bioanalytical tools in regular water quality monitoring programs, to integrate the effects of
all micropollutants activating certain receptors that may trigger adverse outcome
pathways. The design of the Smart Integrated Monitoring (SIMONI) strategy and the
derivation of effect-based trigger values (EBT) have been described in detail in a previous
paper [1]. This two-tiered strategy will be briefly summarized in this paragraph. The first
tier of the strategy is hazard identification of micropollutants, based upon the combination
of field-exposed passive samplers, one in situ bioassay and fourteen laboratory bioassays
(Figure 1). The second tier is a customized risk assessment, based upon the results of tier
1 and additional information on various aspects of the water system (influences of other
ecological key factors). Tier 2 assessments should preferably be performed on
concentrated large-volume time-integrated water samples instead of passive samplers, in

order to more accurately quantify the chemical and bioanalytical results (see discussion).
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Figure 1: Schematic presentation of the SIMONI effect-based monitoring strategy; EQS =
environmental quality standard; EBT = effect-based trigger value; msPAF = multiple-substance
potentially affected fraction; TIE = toxicity identification & evaluation; EDA = effect directed analysis.
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The first tier of the strategy, hazard identification, is applied to assess the potential risks
of a broad spectrum mixture of chemical micropollutants. The main objective of this
screening phase is to identify the ‘hot spots’ of chemical water pollution. Hazards of
organic micropollutants are characterized by evaluating the responses of a suite of
validated bioassays, using effect based trigger values (EBT) as criteria for potential risks.
In this tier, chemical analyses are only performed on relevant inorganic chemicals, such as
metals and ammonium. A model has been designed to calculate an overall SIMONI score
that should be indicative for the ecological risks, based on general and specific modes of
action [1]. Only a limited number of sites, where bioassay responses indicate ecological
risks, should be examined by a more expensive tier 2 for the actual risk assessment. In
this way, the more advanced and expensive chemical analyses (e.g. WFD priority
pollutants) and bioanalytical methods (e.g. fish biomarkers) are only carried out at sites
were they are most relevant. Results of the risk assessment should be verified with
ecological observations, such as the reduced occurrence of species that are sensitive to

certain micropollutants.
1.2 Bioanalytical hazard assessment

A selection of bioanalytical endpoints has been established in the first paper of this series
[1], based upon literature data [2, 3, 4, 5] and own research (section 3.1 of the present
paper). The initial selection is summarized in Table 1, together with the bioassays that
were applied in the present study to measure these endpoints. The bioanalytical
assessment can be performed on alternative bioassays that assess similar endpoints, but
adjustment of EBT is required if relative effect potencies of key toxicants are different. The
endpoint selection aims to cover a broad range of micropollutants, multiple modes of
action (MoA: non-specific, specific & reactive) and multiple biological levels (in vitro and in
vivo). Non-specific in vivo assays were included in the panel since they are responsive to
the broadest range of micropollutants. Responses of these assays are expressed as
relative enrichment factor (REF) of a sample for the EC50 measurement (concentration
causing a 50% response). The REF can be converted to toxic units (TU=1/REF). Specific in
vitro responses were selected since these are generally much more sensitive for targeted
MoA than in vivo responses, and are able to detect specific activities caused by unknown
mixtures of compounds with the same MoA, such as estrogenicity [6]. In vitro responses
are expressed as bioanalytical equivalents (BEQ), i.e. a measure to express the effect of a
mixture of unknown and potentially unidentified chemicals as the concentration of a known

reference compound eliciting the same effect [7].

Field feasibility of the bioanalytical SIMONI hazard identification strategy



Table 1: Selected toxicological endpoints and applied bioassays for tier 1 SIMONI strategy

Category Endpoint (mode of action) Bioassay
Non-specific (in situ) Non-specific toxicity Daphnia magna Daphnia magna survival
Non-specific (in vivo) Non-specific toxicity bacteria Microtox

Non-specific toxicity phytoplankton Algaltoxkit

Non-specific toxicity zooplankton Daphniatoxkit

Non-specific toxicity cytotoxicity Cytotox CALUX
Specific (in vitro) Estrogenic activity ER CALUX

Anti-androgenic activity Anti-AR CALUX

Glucocorticoid activity GR CALUX

Preghane X receptor PXR CALUX

Aryl hydrocarbon receptor (POP) DR CALUX

Aryl hydrocarbon receptor (degradable) PAH CALUX

Peroxisome proliferation PPAR CALUX

Antibiotic activity RIKILT WATERSCAN

(tetracyclines, quinolones, B-lactams and macrolides, aminoglycosides, sulphonamides)
Reactive (in vitro) Genotoxicity P53 CALUX

Oxidative stress Nrf2 CALUX

1.3 Combining passive sampling and bioanalytical measurements

Water systems are generally sampled by snapshot grab sampling and concentrated with
solid-phase extraction (SPE). This method has large disadvantages, since environmental
concentrations of many micropollutants vary significantly over time. An alternative method
is to apply time-integrated sampling with passive samplers that are able to concentrate
bioavailable micropollutants on site, and may be a good reflection of the micropollutants
that accumulate in tissues of water organisms [8, 9], thus reflecting the actual exposure
conditions of a site. Chemicals passively diffuse along a gradient in chemical activity
toward the samplers. The initial fast uptake occurs in a linear way (kinetic phase), slows
down (intermediate phase) and reaches a plateau (equilibrium phase). Adsorption-based
samplers, mainly for polar and ionic organic chemicals, are generally operated in the
kinetic mode. An advantage of passive samplers is that they can enrich a broad mixture of
chemicals, while largely leaving the matrix (e.g., lipids) and confounding factors (e.g.,
salinity and pH) behind. There are, however, certain pitfalls when combining passive
sampling and bioassays [10]. First, the composition of the mixture extracted from the
passive samplers is not the same as the one the organisms are exposed to in the field.
Second, since the compounds causing significant responses in the bioassay are unknown,
it is impossible to derive exact concentrations of toxic units or bioanalytical equivalents in
the water phase. These pitfalls will be discussed in the present paper, and suggestions will

be given for a provisional tier 1 interpretation of bioassay responses in passive sampling
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extracts. Since the assumptions made for this quantification will not be suited for an exact
tier 2 risk assessment, large-volume sampling (preferably time-integrated) has to be

performed in follow-up studies.

1.4 Objectives of the present study

The present study is focused on analyzing the practical feasibility and interpretation of the
tier 1 SIMONI hazard identification, as described in a previous paper [1]. The SIMONI
strategy is a pragmatic model to prioritize sites with highest chemical risks, using passive
sampling and bioanalytical tools. The primary objective of the present study is to
determine whether the SIMONI strategy provides a relevant assessment for prioritizing
sites with increased ecological risks due to micropollutants at relatively low costs. The
assumptions made for the model and their uncertainties are evaluated on the basis of field
studies that were performed over the last five years. Choices were made on the most
relevant passive sampler extracts (polar or non-polar) to be tested for the different
endpoints of Table 1. An estimation of extracted water volumes by passive sampling will
be proposed in order to roughly estimate water levels of bioanalytical equivalents. The
assumptions that were made for the SIMONI score for potential ecological risks (bioassay
weight factors and threshold of 50% EBT exceedance as risk indicator) were evaluated by
sensitivity analyses. The SIMONI Tier 1 bioanalytical hazard assessment will be compared
to a mixture toxic pressure classification [11], based upon chemical analyses of a range of
organic micropollutants. Finally, the repeatability of the SIMONI score over time was
investigated, and statistical analyses were performed on relationships between SIMONI

results and (assumed and measured) chemical pollution levels.

Field feasibility of the bioanalytical SIMONI hazard identification strategy



2. MATERIALS & METHODS

2.1 Sampling sites

Several monitoring campaigns have been performed over the last five years, in order to
analyse and optimize the SIMONI model. The sites that were sampled are listed in Table 2.
Most sites were within the Waternet management area near the City of Amsterdam, but
presumed ‘unpolluted’ reference sites were also selected in other parts of the Netherlands.
Unpolluted refers to sites without known pollution sources and a good ecological status,
while moderately and highly polluted sites were discriminated based on known pollution

sources and historic chemical and ecological data.

Table 2: Sampling sites used for the SIMONI evaluation, with known pollutant sources.

Sites | Code [Potential sources of micropollutants
Unpolluted

Lake Waterleidingplas LWP no source identified

Lake Naardermeer LNM no source identified

Lake Botshol LBH no source identified

Lake Reeuwijk LRW no source identified

Peelkanaal PKN no source identified

Lake Geestmerambacht LGA no source identified

Lake Kennemerland LKL no source identified
Moderately polluted

Maarsseveense Zodden MzZD agriculture

Strook Lake Loosdrecht SLL recreational shipping

River Vecht Maarssen RVM agriculture

Waterleiding canal WLC agriculture, shipping, wwtp effluent
River Amstel before Uithoorn ABU agriculture, shipping, wwtp effluent
River Amstel after Uithoorn AAU agriculture, shipping, wwtp effluent
River Vecht Utrecht RVU agriculture, shipping, wwtp effluent
River Vecht Loenen RVL agriculture, shipping, wwtp effluent
Smal Weesp at Solvay SWS pharmaceutical industry

River Vecht Horstermeer RVH agriculture, shipping, wwtp effluent
River Amstel Uithoorn RAU agriculture, shipping, wwtp effluent
River Amstel Ronde Venen RAR agriculture, shipping, wwtp effluent
River Amstel Amstelveen RAA agriculture, shipping, wwtp effluent
Lake Eemmeer LEM agriculture, shipping, wwtp effluent
y
Zuider Legmeerpolder 1 ZL1 greenhouses

Zuider Legmeerpolder 2 ZL2 greenhouses

Zuider Legmeerpolder 3 ZL3 greenhouses

Zuider Legmeerpolder 4 ZL4 greenhouses

Zuider Legmeerpolder 5 ZL5 greenhouses

Zuider Legmeerpolder 6 ZL6 greenhouses

Noorder Legmeerpolder 1 NL1 greenhouses

Noorder Legmeerpolder 2 NL2 greenhouses

Noorder Legmeerpolder 3 NL3 greenhouses

Ditch Zevenhoven DzH greenhouses

Gooiergracht Hilversum GHI undilluted wwtp effluent
Gooiergracht Blaricum GBL undilluted wwtp effluent
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2.2 Passive sampling

2.2.1 Field deployment of passive samples. Silicone rubber passive samplers with and
without performance reference compounds (PRCs) were obtained from Deltares,
Netherlands. Polar Organic Chemical Integrative Samplers (POCIS) were obtained from
Exposmeter AB, Sweden. Silicone rubbers (six blades on a holder, 20 gram total weight,
627 cm? total surface) with and/or without PRCs as well as four POCIS samplers (Oasis
HLB sorbent, 41 cm? total surface) were deployed at each sampling site, and exposed for
six weeks. After exposure, the samplers were cleaned with water from the sampling site to
remove attached particulates and biofilm. Cleaned samplers were transported to the lab in

plastic (SR) or metal foil (POCIS) containers, and stored at -20°C until extraction.

2.2.2 Extraction of silicone rubbers. The six silicone rubber blades were cut into small
pieces and put in pre-cleaned thimbles for the Tecator® Soxtec Avanti 2050 extraction
system. The extraction was performed with 80 mL of methanol:acetonitrile (1:2 V/V)
mixture with boiling stones. The extraction program was 120 minutes boiling at 180°C, 30
minutes rinsing, 5 minutes recovery and 1 minute drying. Cooled extracts were filtered
over glass fibre filters and collected in 250 mL glass bottles. Extraction jars were rinsed
twice with 10 mL of extraction mixture. Extracts were evaporated by TurboVap® II Zymark
at 45°C to approximately 5 mL. Extracts were transferred quantitatively (two times rinsing
with 5 mL extraction mixture) to 15 mL conical tubes and evaporated under nitrogen,

volume was filled up to exactly 10 mL.

2.2.3 Extraction of POCIS. Sorbent between the POCIS membranes (0.2 g of Oasis HLB
powder per sampler) was transferred quantitatively into an empty SPE column with
polyethylene frit. Columns were dried under vacuum extraction, followed by centrifugation
(2000 rpm, 15 minutes), and nitrogen flow. Dry columns were eluted three times with 3
mL of acetone, with 5 minutes equilibration time between elutions. Eluates were collected

in 10 mL conical tubes, and the end volumes were filled up to exactly 10 mL.

2.3 Estimations of passive samplers extracted water volumes

Silicone rubbers are partitioning-based samplers that are spiked with performance
reference compounds (PRC) with a wide hydrophobicity range (biphenyl D10 and PCB
IUPAC nrs. 1, 2, 3, 10, 14, 21, 30, 50, 55, 78, 104, 145 and 204), that do not occur in
Dutch surface waters. PRC analysis is described under section 2.4.1. The rate of PRC
dissipation was used to calculate the exchange rates (Rs values in L/day) of the samplers
[12]. The Rg values can only be calculated for individual substances, preferably with known

partitioning coefficients between sampler and water (Ksy), or alternatively with octanol-
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water partitioning coefficients (Kow). However, since the compounds causing an effect in
the bioassays are unknown, a provisional estimation has to be made for the sampled water
volumes. The calculated Rg values describe the water volume of compounds with a
molecular weight of 300 Da that do not reach equilibrium (kinetic mode). Assuming that
approximately 50% of the compounds reach equilibrium during exposure, 50% of this
calculated Rgs has been used as a provisional estimation of the average extracted water

volume per day.

For the project ‘Time-Integrative Passive sampling combined with Toxicity Profiling’
(TIPTOP), estimations for extracted volumes of water with silicone rubbers were made by
using the concentration-weighted average sampling volumes (Vs-cwa) [13]. Sampling
volumes were calculated for all individual substances and then weighted for the
concentration of the substance relative to the total concentration of all the analyzed
substances. The Vs-cwa was calculated by summation of all weighted concentrations
(Equation 1):

_on concentrationj x sampled volume;
VScwa = i=1 (1)

total chemical concentration

POCIS samplers for more polar compounds are adsorption-based samplers that are not
spiked with PRCs. Rs rates for different polar compounds may vary from 30 to 300 mL per
day [14, 15, 16]. As a provisional estimate of the average extraction volume we propose

to use 100 mL water per day per sampler for both chemical and bioanalytical analyses.

Obviously, these provisional estimations for both types of samplers are not suited for exact
calculations, but they can be used for the tier 1 screening phase to indicate differences

between low risk and potential risk situations (green and orange in the SIMONI strategy).

2.4 Chemical analyses and sample clean-up

Chemical analyses were performed at the Waterproef laboratory (Edam, Netherlands),

unless stated otherwise.

2.4.1 Polychlorinated biphenyls (PCBs), organo chlorine pesticides (OCPs) and Polycyclic
aromatic hydrocarbons (PAHs). SR extracts were transferred to petroleum ether (PE) by
adding 2 mL extract to 40 mL PE, and concentrated with Kuderna Danish at 80°C. The PE
extract was cleaned-up with aluminium oxide and silica gel column chromatography. The
cleaned extract was evaporated to exactly 2 mL and analysed with Agilent 7890 Triple

Quadrupole GC-MS/MS, Edwards pump for PCBs (including performance reference

Field feasibility of the bioanalytical SIMONI hazard identification strategy



compounds), OCPs and PAHs. Quantification was performed using external calibration
series of six concentrations. The analyses were performed according to protocols of the
Dutch Accreditation Council and the Dutch Standardization Institute. Detection limits using

silicone rubber passive sampling were approximately 0.01 ng/L water.

2.4.2 Polar pesticides (PPs). POCIS extracts were prepared for the analyses of positive ion
mode and negative ion mode by carefully evaporating 1 mL extract to dryness.
Methanol:HPLC-water (1:9 V/V) was added for positive mode, methanol:HPLC-water (1:1
V/V) was added for negative mode. The final extracts were analysed with Thermo TSQ
Quantum Discovery LC-MS/MS, ESI interface, Surveyor LC pump. Quantification was
performed using an external calibration series of six concentrations. The method was
validated by calculating the recovery and standard deviation in four surface water samples
spiked with polar pesticides (average recovery was 85 + 8%). Detection limits using

POCIS passive sampling were approximately 0.1 ng/L water.

2.4.3 Nitrogen/phosphorus pesticides (NPPs). One mL of SR extract was transferred to an
OASIS HLB (Waters) SPE column that is conditioned with methanol and dichloromethane
(DCM). The SPE column was extracted with 3 times 3 mL DCM, with 10 minutes
equilibration time between separate elutions. Eluates collected in 10 mL conical tubes were
evaporated to exactly 1 mL and analysed with Hewlett Packard 6890 GC connected with
Agilent 5973N mass selective detector. Quantification was performed using an external
calibration series of six concentrations. The analysis was based on the Dutch
Standardization Institute protocol, with some validated modifications regarding SPE
extraction. Detection limits using silicone rubber passive sampling were approximately 1

ng/L water.

2.4.4 Pharmaceuticals. One mL portions of the POCIS acetone extracts were evaporated to
dryness, and residues were dissolved in 100 pL of methanol (ultra-LC/MS grade, Biosolve)
plus 1 mL of MilliQ water. Pharmaceuticals were analysed using ultra-HPLC (Waters
Acquity), equipped with a quaternary pump, combined with a Quattro Xevo triple-
quadrupole mass selective detector (Waters Micromass) with electrospray ionization. The
average recovery was 91 £ 14%. A detailed description of the method and its validation is
given in [17]. Detection limits using POCIS passive sampling were approximately 0.01
ng/L water. Analyses of pharmaceuticals were performed at Het Waterlaboratorium (HWL,

Haarlem, Netherlands).
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2.5 Bioassay analyses and sample treatment

Bioassays were performed at the Waterproef laboratory (Edam, Netherlands), unless
stated otherwise. Silicone rubbers without PRC spikes were used from 2011 till 2013 for
the bioassay analyses. From 2014 silicone rubbers with PRC were used for both chemical
and bioassay analyses since blank effects were negligible (see 3.1). Passive sampling
extracts were converted to other solvents before exposure in bioassays for specific and

reactive toxicity. Details on solvent transfer are given below.

2.5.1 Daphnia in situ assay. For the Daphnia in situ assay daphnids were exposed to the
water of all sites. Two cohorts of 10 daphnids (eight days old) were exposed to the water
phase in 250 mL glass jars with a 300 pm mesh gauze cover. Experiments were carried
out at the first week of the passive sampling deployment. Two jars were connected to the
cages that contained the passive samplers, below the water surface, so that fresh water,
small algae and bacteria (food for the daphnids) could enter the jars. The gauze cover
kept the daphnids inside the jars and kept predators outside. Percentage survival of the in
situ exposed Daphnia magna was monitored after one week of exposure. An observed
mortality of 20% was used as trigger for potential ecological effects, since this percentage

is used as blank validity criterion for the chronic Daphnia assay [18].

2.5.2 Preparation of extracts for non-specific toxicity with laboratory bioassays. For the
laboratory assays of non-specific toxicity, SR extracts were evaporated to dryness under
nitrogen and residues were dissolved in 60 mL of ‘Dutch Standard Water’ (DSW). DSW
(200 mg of CaCl,.2H,0, 180 mg of MgS0,.7H,0, 100 mg of NaHCO3 and 20 mg of KHCO;
per liter MilliQ water, final pH 8.2) was freshly prepared from concentrated stock solutions
and aerated for two hours. The DSW extracts were used for three acute bioassays.
Bioassays for non-specific toxicity in 2011 and 2012 were performed at IMARES Institute
for Marine Resources & Ecosystem Studies (IJmuiden, Netherlands). From 2013 they were

performed at the Waterproef laboratory, according to the same procedures.

2.5.3 Daphniatox bioassay. The Daphnia immobilisation assay was performed according to
[19] and [20], with reduced test volumes. Tests were performed in quadruplicate, wherein
each concentration had a volume of 1 mL. In each test system five juvenile daphnids (<24
hours old) were exposed for 48 hours to a concentration range of the DSW extracts. After
24 and 48 hours, immobile daphnids were counted. EC50 values (volume-%) were
determined by non-linear regression analysis with a log-logistic model by the statistical
program SPSS (SPSS Inc, Chicago). The quality of the bioassay was determined by

exposure to potassium dichromate (Boom BV, Netherlands). Quality of the daphnids was
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checked with the requirement that >90% of the daphnids in the blank exposures was still

mobile at the end of the test.

2.5.4 Algaltox bioassay. The inhibition of growth of algae was determined by the Algaltox
assay, according to [21] and [22] procedures, with reduced test volumes, based on [23].
A known amount of algae from an exponentially growing culture was exposed to a dilution
series of the DSW extracts. The assay was performed in 96-well microtiter plates, with
eight wells for each concentration with a total volume of 250 uL. Algae are added at a
starting concentration of about 10,000 cells/mL and measured with fluorescence (emission
670 nm, excitation 460 nm). After 24, 48 and 72 hours, the algal growth was determined.
Exponential algal growth curves were determined to assess the percentage of growth
inhibition, as compared to controls. Quality assurance of the algae was performed by
exposure to potassium dichromate (Boom B.V, Netherlands). The algal growth in the
controls should reach a rate of 0.92/day, according to [22]. EC50s were calculated using

sigmoidal dose response curves with variable slopes [24].

2.5.5 Microtox assay. The bacterial luminescence inhibition assay is also known as
Microtox® test. The test was performed by exposing the bioluminescent marine bacterium
Vibrio fischeri to the water extracts. The degree of acute toxicity, expressed as EC50, was
determined by the inhibition of the luminescence produced by Vibrio fischeri exposed to a
concentration range of the DSW extracts. The procedure of the manufacturer [25], with
reconstituted freeze-dried bacteria, was applied. Light emission was measured after 5, 15
and 30 minutes of exposure. The quality of the used batch of bacteria was monitored by
testing of phenol (Acros Organics, USA). Microtox Omni software (version 1.18) was used

for determination of the EC50 values and 95% confidence intervals.

2.5.6 RIKILT WaterSCAN (SCreeening ANtibiotics assay). Activities of five groups of
antibiotics were determined with the WaterSCAN assay, obtained at RIKILT (Netherlands).
The test system comprises five plates with different composition and specific bacteria
(details outlined in [26]): the T-plate for tetracyclines, the Q-plate for quinolones, the
B&M-plate for B-lactams and macrolides, the A-plate for aminoglycosides and the S-plate
for sulphonamides. Inoculated agar was poured as a 2.5-3 mm thick layer and nine holes
(14 mm diameter) were punched in each plate. Plates were stored for less than one week
(4°0C).

POCIS acetone extracts (2 mL) were evaporated to dryness under nitrogen and dissolved

in 3 mL of methanol:water (1:1). The methanol:water extracts (250 uL) were pipetted into

punch holes of each of the 5 plates, supplemented with a plate specific buffer (one drop)
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and incubated for 16-18 hours at 30°C (T- and Q-plates) or 37°C (other plates). A plate-
specific positive control solution (250 pL) was added to the centre punch hole of each
plate. Positive controls consisted of 100 pg/L oxytetracycline (T-plate), 200 pg/L
flumequine (Q-plate), 15 ug/L penicillin G (B&M-plate), 100 ug/L sulphamethoxazole (S-
plate) and 200 pg/L neomycine (A-plate). After incubation of the test plates, antibiotics
activities were estimated by measuring the diameters (d) of bacterial inhibition zones. The
effect is proportional to the surface areas of cleaned zones (=0.25*m*d?) minus the areas
of the punch holes (154 mm?). Estimations of the antibiotics-equivalents in the samples
were made by comparing the inhibition zones of samples and positive controls. Antibiotic
activities are expressed as bioanalytical equivalent concentrations (BEQ) of the reference
antibiotics.

2.5.7 Specific and reactive CALUX reporter gene bioassays. Polar and non-polar passive
sampling extracts were analysed by a panel of in vitro CALUX® (Chemical Activated
LUciferase gene eXpression) bioassays. The non-polar SR extracts (2 mL in
methanol:acetonitrile) were evaporated to dryness and taken up in 5 mL of hexane. Half of
this hexane extract was evaporated to dryness and taken up in 50 pL of DMSO. This
fraction was used for determinations of ERa, anti-AR, GR, and p53 CALUX activities. The
remaining half of the hexane extract was cleaned on an acidic silica-column after which it
was evaporated to dryness, and taken up in 25 pL of DMSO. This fraction was only used
for DR CALUX activity, in order to specifically measure the effects of persistent dioxin-like
compounds on the aryl-hydrocarbon receptor (AhR). The polar POCIS extracts (2 mL in
acetone) were evaporated to dryness and taken up in 50 yL of DMSO. This extract was
used for determinations of ERa, anti-AR, GR and p53 CALUX activities. All CALUX analyses

were performed at BioDetection Systems BV (Amsterdam, Netherlands).

A CALUX bioassay panel for multiple modes of action was carried out, using previously
described protocols [3, 6, 27, 28]. In short, dilution series were made of all DMSO
extracts, after which the activity was determined in various CALUX bioassays. Specific
CALUX cells were plated in 96-well microplates and after 24 hours of pre-incubation (37°C,
at 7.5% CO02) exposed to the DMSO extracts (0.1 to 1.0% DMSO, triplicate
measurements). After 24 hours of exposure (six hours for PAH CALUX), cells were lysed,
and the luciferase activity was determined after addition of luciferin, using a multiwell
luminometer (Lucy 2, Anthos, Austria). To rule out confounding influences, cells were
monitored for cytotoxicity. The effects of water extracts were expressed as BEQ of the
reference compounds. Dose-response curves of the reference compounds were included on
each 96-well plate:

DR CALUX: Dioxin-like effects, expressed as 2,3,7,8-TCDD EQ (AhR-agonist)

Field feasibility of the bioanalytical SIMONI hazard identification strategy
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PAH CALUX: PAH-like effects, expressed as benzo(a)pyrene EQ (AhR-agonist)

ERa CALUX: Estrogenic activity, expressed as 17B-estradiol EQ (ER-agonist)

Anti-AR CALUX: Androgenic inhibition, expressed as flutamide EQ (AR-antagonist)

GR CALUX: Glucocorticoid activity, expressed as dexamethasone EQ (GR-agonist)
PPARy CALUX: Peroxisome proliferation, expressed as rosiglitazone EQ (PPAR agonist)
Nrf2 CALUX: Oxidative stress, expressed as curcumine EQ (Nrf2 inducing compound)
PXR CALUX: Xenobiotics metabolism, expresses as nicardipine EQ (PXR agonist)

p53 CALUX: Genotoxicity, expressed as relative enrichment factor (REF) for significant

genotoxic effect

2.6 SIMONI modelling as bioanalytical indication for environmental risks

The SIMONI model uses a simple formula that aims to quantify the combined ecological
hazards due to micropollutants, by integrating all individual bioassay responses [1]. All
bioassays have been given a weight factor, i.e. 2 for apical toxicity endpoints (in vivo) and
1 for specific and reactive toxicity endpoints (in vitro), in order to get an equal weight for
5 non-specific and 10 specific endpoints. The SIMONI model divides all bioassay responses
(toxic units [TU] or bioanalytical equivalents [BEQ]) by their associated EBT and multiplies
them with this weight factor. One average relative response was calculated for the five
antibiotics assays and two genotoxicity assays (with and without S9 metabolic activation).
Results are then summed for all applied bioassays and divided by a proposed percentage
(50%) of the total weight of the bioassays:

n (bioassay response;

o EBT;
SIMONI score = —=1 — ,
0.5 x total bioassay weight

) x weight;

(2)

As a requirement for a reliable result it is assumed that the total weight of the applied
bioassays must be at least 10 (weight of the entire bioassay battery is 20, i.e. a 50:50
distribution between in vivo and in vitro bioassays). A total SIMONI score above 1 is a
provisional indication for ecological risks due to elevated concentrations of micropollutants
in the water phase. In this SIMONI score it is assumed that an increased hazard for the
ecosystem occurs when the responses of all bioassays are, on average, more than 50% of
the proposed trigger values (i.e., total weight factor in Equation 2). The choices embedded
in this scoring method were based on the experiences over the last years with sets of raw

scores, weighted scores and ecological effects information (section 3.4).
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2.7 Mixture toxic pressure modelling for chemical risk assessment

The mixture toxic pressure of all known substances in a sample is determined by
quantifying the Potentially Affected Fraction (PAF) per compound, using species sensitivity
distribution (SSD) modelling. This is followed by aggregation to the total mixture toxic
pressure based upon mixture modelling [11]. The model uses all known concentrations of
micropollutants in the water phase as input for compound-specific SSDs, in order to derive
the fraction of species probably affected at the level of acute EC50. The SSD-method
based on NOECs is often used in the derivation of water quality standards [29]. The
protective water quality criterion for a chemical substance is determined for various
aquatic organisms. For the so-called multiple-substances potentially affected fraction
(msPAF), the method is used in the opposite direction to derive an impact metric based on
concentrations. The impact metric is expressed as the percentage of aquatic organisms
that may have adverse effects after exposure to the detected micropollutants, the msPAF
[11]. The determination of mixture toxic pressures for the sampling sites was executed
with a specifically designed software program [30]. The output of the program provides
the msPAF as well as a ranking of substances probably contributing most to the potential
ecological effects. The msPAF results are based on acute toxicity. While a generally
accepted threshold for chronic effects is 5% of affected species, the provisional threshold

level for acute effects on environmental health is an msPAFecs0-acute Of 0.5%.

2.8 Statistical analyses

The bioanalytical dataset, limited to 11 bioassays at 39 sites without missing values, was
analyzed with StatGraphic Centurion XVI software. A Factor Analysis (a type of Principal
Component Analysis) was performed in order to obtain a small humber of linear
combinations of all variables which account for most of the variability in the dataset. The
purpose of the analysis is to obtain a small humber of factors which account for most of
the variability in the 11 variables of the dataset. Initial communality estimates have been
constructed from the squared multiple correlations of each variable with all of the other
variables. Equations are constructed that estimate the common factors. A Varimax
rotation is performed on the original equations, in order to simplify the explanation of the
factors. The values of the variables in these equations are standardized by subtracting

their means and dividing by their standard deviations.

Euclidean cluster analysis (Ward’s method) was performed on the same dataset in order to
create 1 cluster from 39 observations supplied. The clusters represent groups of
observations (sampling sites) with similar characteristics. In Ward’s method the distance

between two clusters is the sum of squares between two clusters summed over all
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variables (relative bioassay responses). To form the clusters, the procedure began with
each observation in a separate group. It then combined the two observations which were
closest together to form a new group. After recomputing the distance between the groups,
the two groups then closest together were combined. This process was repeated until only

1 group remained. This statistical analysis is visualized by a dendrogram (section 3.6).
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3. RESULTS

3.1 Bioassay responses in polar and non-polar passive sampling extracts

In 2013, a bioassay blank comparison of silicone rubbers with and without the
performance reference compounds (PRC) was performed. Both blanks did not show
significantly different effects in the bioassays, except from a slightly increased DR CALUX
response in the PRC blank. This blank DR CALUX response was much lower than responses
that were found at clean reference sites. Therefore, from 2014 the extracts of silicone

rubbers with PRC were used for both chemical and bioassay analyses.

Results on the percentages of detectable responses in these bioassays used in field
surveys with passive sampling from 2011 until 2015 are presented in Figure 2 (polar
concentrates in POCIS) and Figure 3 (non-polar concentrates in silicone rubbers [SR]). The
actual motivation behind the selection of SIMONI endpoints has been described earlier [1],
so this paragraph only deals with the choice of analyzing polar or non-polar passive

sampling (PS) extracts for the different endpoints.
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Figure 2: Overview of the percentages of detectable bioassay responses in all experiments performed
on polar passive sampling extracts (POCIS) from Dutch freshwater sites (2010-2015). Number of
assays performed varies from 7 (PPARy CALUX) to 56 (antibiotics).

Although it would be relevant to test both polar and non-polar PS extracts on the entire
bioassay battery, this would double the bioanalytical costs. For a cost-effective strategy,
therefore, choices were made for the most relevant PS extracts to be tested on the

selected endpoints.
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Figure 3: Overview of the percentages of detectable bioassay responses in all experiments performed
on non-polar passive sampling extracts (silicone rubber) from Dutch freshwater sites (2010-2015).
Number of assays performed varies from 7 (GR CALUX) to 59 (DR CALUX).

The non-specific in vivo assays appeared to be most responsive to the non-polar PS
extracts, probably due to the higher water volumes that can be extracted (estimates of
more than 100L in six weeks). Dioxin- and PAH-like effects were analyzed by DR and PAH
CALUX in non-polar extracts that all showed detectable responses, even at ‘unpolluted’
reference sites. The situation is less clear for endocrine disrupting chemicals (EDC), since
significant responses were found in both polar and non-polar extracts. However, since both
EDC and antibiotics activities showed clearly increased activities in polar extracts of water
affected by WWTP effluents and the fact that many well-known EDCs and antibiotics have
polar properties, it was decided to measure these endpoints in polar extracts. Genotoxicity
seems to be relevant for both polar and non-polar substances, but a choice was made for
the non-polar PS extracts that extract the largest water volumes. For the same reason the
‘promiscuous’ bioassays for oxidative stress response (Nrf2 CALUX) and xenobiotic
metabolism (PXR CALUX) are preferably tested in the non-polar extracts, although many

polar compounds are also responsive in these bioassays.

3.2 Extracted water volumes with silicone rubbers

Assumptions on extracted water volumes of passive samplers have to be made in order to
interpret bioassay responses of unknown compounds. The SIMONI assumption made for
Vs = 0.5*%Rs was compared with the Equation for concentration-weighted average
sampling volumes (Vs-cwa), derived by Hamers et al. [13], and the average volume
without weighing concentrations (Vs-mean). Sampling volumes were calculated for

individual compounds analyzed at eight sampling campaigns performed in 2012. Vs-cwa
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and Vs-mean were determined using the data on 16 PAHs, 7 PCBs and 33 OCPs. The
results of the estimated extraction volumes vs. the calculated Rs of the sampler (section

2.3) are presented in Figure 4.

16

14
y = 0,6594x

R%=0,9908

12

. /I
y =0,4996x

Y R*=0,8418 # Vs-cwa/day

B Vs-Rs*0,5/day

A Vs-mean/day

—— Linear Vs-cwa

Vs [Liday]
@ c
-
* >

Linear Vs-mean

Rs [L/iday]

Figure 4: Estimated sampling volumes of silicone rubbers determined as mean sampling volumes (Vs-
mean) and as concentration-weighted average sampling volumes (Vs-cwa) determined with

individual PAHs, PCBs and OCPs, and as function of the exchange rate (0.5*Rs) of the samplers.

The Vs-cwa correlated well with Rs (R? = 0.84) and has the exact same trend line for Rg
correlation as the SIMONI assumption Vs-Rs*0.5. The Vs-mean correlated extremely well
with Rs (R* = 0.99), and mean volumes were 32% higher than those estimated with the
SIMONI assumption.

3.3 Results of SIMONI analyses 2011-2015

A SIMONI hazard identification, according to the procedures described in the first paper of
this series [1], was performed on all collected data over the last five years. Bioassay
responses (BEQ or TU), measured in PS extracts, were converted to estimated water
levels, using the Vs-Rs*0.5 estimation proposed in the present paper. These values were
compared with specific effect-based trigger values (EBT) for each bioassay, in order to
identify potential ecological hazards [1]. Results of all relative bioassay responses that
were determined by dividing the water-based response by their respective EBT, are listed
in Tables S1 (non-specific toxicity), S2 (specific toxicity polar extracts) and S3
(specific/reactive toxicity non-polar extracts) of the Supplemental Data. All relative
bioassay responses were used to calculate the SIMONI score, as an indicator for ecological
risks. A heat map of the individual relative bioassay responses (white = ‘not measured’,
green = 'no response’, yellow = ‘response <EBT’ and orange = ‘response >EBT’) is shown
in Table 3, together with the SIMONI scores of all sites. Calculated SIMONI scores >1

Field feasibility of the bioanalytical SIMONI hazard identification strategy

19



(red) indicate a level of exposure to the chemical mixture that causes potential risks for

the ecosystem.

Table 3: Heat map of relative bioassay responses divided by their effect-based trigger
values and overall SIMONI scores (red: >1 = increased risk) of 45 campaigns at sites that
are assumed to be unpolluted, moderately polluted and heavily polluted; names of
abbreviated bioassays are listed in Table 1 and site codes are explained in Table 2; 2013

campaigns were performed in July (J) and September (S).

General toxicity Specific toxicity Antibiotics TOTAL
T X [ ) e o ¢ o
. = T = [} c o < [ N ! + = [ o =
Stee | 5§ |3 § 5 5 (% £ & & $ ¥ Toxao2 @|f <o 2
T 8 3 H [ & 8 « E @ * © g |sIMONIL2
EBT 20 0,05 [ 0,05 Jo,05 [oo5 | 05 [ 25 J10 [ 50 [ 0 [s0] 10 [ 3 Jo,005Jo,005] 500 [ 50 [ 100 [ 250 [ 100 |
units * %M I TU | TU | TU | TU EEQ |F|uEQ|DeXEQ| TEQ |RosEQ|BaPEQ|CurEQINIcEQl TU I TU | TU NEDEQlPenEQlSulEQleyEQlF\qEQl AEQ
Unpolluted
LWP 2012 0,2
LNM 2015 0,3
LWP 2015 0,3
LBH 2015 0,4
LRW 2015 0,3
PKN 2015 0,7
LGA 2015 0,4
LKL 2015 0,1
Moderately polluted
MzD 2011
SLL 2011
RVM 2011
WLC 2011
ABU 2012
AAU 2012
RVU 2012
RVL 2012
SWsS 2012
RVH 2014
RAU 2014
RAA 2014
RAR 2014
RAA 2015
RAR 2015
LEM 2015
... Heavilypolluted
ZL1 2012
NL1 2012
ZL2 2013-]
ZL3 2013-]
ZL4 2013-]
ZL5 2013-]
ZL6 2013-]
NL2 2013-]
NL3 2013-]
DZH 2013-]
zZL2 2013-S
ZL3 2013-S
ZL4 2013-S
ZL5 2013-S
ZL6 2013-S
NL2 2013-S
NL3 2013-S
DZH 2013-S
GHI 2014
GHI 2015
GBL 2015
not measured
no response
response < EBT
response > EBT

*: % mortality [%M], Toxic Units [TU], or expressed as equivalents of the reference compounds: EEQ = estradiol; FIUEQ = flutamide; TEQ = 2378-TCDD; DexEQ =
dexamethasone; RosEQ = rosiglitazone; BaPEQ = benzo[a]pyrene; CurEQ = curcumine; NicEQ = nicardipine; NeoEQ = neomycine; PenEQ = penicillin; SulEQ =
sulfamethoxazole; OxyEQ = oxytetracyclin; FIQEQ = flumequine.

The results of the bioassay responses at the seven reference sites with a good ecological

status were also used as ‘background BEQ’ for the derivation of effect-based trigger values
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[1]. EBT of the individual bioassays were exceeded at many sites, even at some of the
sites that are presumed to be unpolluted references. The threshold of 1 for the overall
SIMONI score that should indicate increased chemical risks, however, is exceeded only at
surface waters in greenhouse areas (ZL and NL sites & DZH, potentially polluted with
pesticides) and in surface water at GHI and GBL that consists of undiluted effluent of

waste water treatment plants (WWTP).

3.4 Impact of varying assumptions for the SIMONI score

Several assumptions were made for the calculation of the SIMONI score, which was
designed to serve as bioanalytical indication for the overall environmental risks due to
micropollutants. First, the individual bioanalytical endpoints were given a weight factor of
2 for apical in vivo endpoints or 1 for in vitro endpoints for specific or reactive toxicity [1].
The impact of the weight factors on the overall SIMONI score is demonstrated in Table 4,

in which all sites are arranged by increasing SIMONI score.

SIMONI scores in the first column were calculated with the original SIMONI formula
(weight factors 1&2), while data for the second column were calculated without adding
weight factors to the endpoints. The comparison shows that weight factors only cause
minor differences on the overall SIMONI scores: without weight factors SIMONI scores of
the polluted NL2-] and ZLP3-S sites (1.09 and 1.17) are below the threshold of 1, while
the threshold is just exceeded at the LEM site (1.03) that is considered moderately
polluted. When the two scores are compared, the outcomes show a relatively robust

sequence of sites, arranged from low to high predicted pollution and SIMONI scores.

The second assumption in the original SIMONI formula is the cut-off percentage of 50%.
This means that an assumed environmental risk due to micropollutants occurs when the
responses of all bioassays are, on average, more than 50% of the proposed effect-based
trigger values (EBT). The results of calculations in Table 4 show that this cut-off
percentage has a significant impact on the number of sites with SIMONI values exceeding
the threshold of 1. With a low cut-off percentage of 20% aver