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ABSTRACT: Passive sampling is proposed as an alternative to
traditional grab- and composite-sampling modes. Investigated here is a
novel passive sampler configuration, the Chemcatcher containing an
Atlantic HLB disk covered by a 0.2 um poly(ether sulfone) membrane,
for monitoring polar organic micropollutants (personal care products,
pharmaceuticals, and illicit drugs) in wastewater effluent. In situ
calibration showed linear uptake for the majority of detected
micropollutants over 9 days of deployment. Sampling rates (Rg) were
determined for S9 compounds and were generally in the range of 0.01—
0.10 L day™". The Chemcatcher was also suitable for collecting chiral
micropollutants and maintaining their enantiomeric distribution during
deployment. This is essential for their future use in developing more
accurate environmental risk assessments at the enantiomeric level.
Application of calibration data in a subsequent monitoring study showed
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that the concentration estimated for 92% of micropollutants was within a factor of 2 of the known concentration. However, their
application in a legislative context will require further understanding of the properties and mechanisms controlling
micropollutant uptake to improve the accuracy of reported concentrations.

1. INTRODUCTION

The presence of polar organic micropollutants (e.g., personal
care products, pharmaceuticals, and illicit drugs) in the aquatic
environment is of concern due to their unknown long-term
effects on aquatic life and on human health. Their concentrations
have been reported in UK. surface waters ranging from low ng
L™ levels up to ~10 ug L™ The main route of entry into the
environment for these micropollutants is from the discharge of
effluent from wastewater treatment works (WwTWs). Con-
sequently, monitoring wastewater effluent for micropollutants is
essential to assess the possible risk to the receiving environment.

Traditionally, active sampling has been used to monitor polar
organic micropollutants in wastewater and surface water.” This
includes grab or spot sampling as well as a 24 h composite
sampling (time-, volume-, or flow-proportional). However,
passive samplers are proposed as a lower-cost, easy-to-use
alternative.’ ™ Passive sampling relies on the transport of

in the physicochemical properties of the micropollutants under
investigation and the resultant movement by absorption or
adsorption of compounds from an unfavorable (bulk-water
phase) to a more favorable medium (receiving phase). Passive
samplers can be used to estimate time-weighted average
concentrations for comparatively long time periods (>7 days).
However, for this to be successful, sampling rates (Rg) of each
micropollutant must be known for the sampler applied. This has
limited the use of passive sampling for quantitative analysis
because Rg derived in the laboratory (typically using clean water
spiked with the micropollutants under investigation) do not
represent what is observed in the field.”

In situ calibration is recommended for determining
representative Rg because it can be conducted in the exact
location where future measurements are to be taken.” Relative to
laboratory calibrations, very few in situ calibrations have been
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performed for polar organic micropollutants in aquatic
matrices,” ® mainly due to the considerable amount of effort
they demand. However, this approach is considered essential for
quantitative purposes because it accounts for site-specific factors
(e.g, matrix composition) that cannot be adequately replicated
under laboratory conditions. Once calibrated in situ, the
determined Rg can be applied to estimate micropollutant
concentrations in future studies at the same site. In situ
calibration offers other advantages as an extensive experimental
laboratory setup need not be required and maintained.®
Moreover, it avoids the need to purchase relatively large
quantities of target micropollutants for laboratory experiments,
which may be cost-prohibitive.’

There is also debate whether or not Rg can be predicted for
polar organic micropollutants using physicochemical properties.
Ideally, Rg could be determined on the basis of micropollutant-
specific properties such as log Koy or log Dow.® This could avoid
the requirement to undertake future calibration studies. To date,
this has not been possible for polar organic micropollutants,
partly due to the lack of field-derived Rg available for a high-
enough number of compounds using a standardized sampling
approach. Nevertheless, Moschet et al.° did report a weak
relationship (* = 0.37) between field Ry (river water) and log
Doy for 88 micropollutants.

Another emerging area of environmental research is chirality.
Approximately half of all drugs are chiral and exist as two or more
enantiomers.'” These tend to be dispensed as racemic mixtures
(equimolar concentrations of each enantiomer). However, they
are subject to stereoselective mechanisms within the human
body and during wastewater treatment. Consequently, enrich-
ment of one enantiomer is normally observed in wastewater
effluent and in the environment. This is significant because
enantiospecific toxicity is observed for some chiral micro-
pollutants."' ~** Reporting chiral micropollutants at the enantio-
meric level is essential for developing more-accurate environ-
mental risk assessments. To date, passive samplers have not been
assessed for their ability to describe the enantiomeric distribution
of chiral micropollutants. Due to their length of deployment, it is
possible that stereoselective changes in chiral micropollutant
composition could occur.

There are two general passive sampler configurations available
for monitoring polar organic micropollutants: the polar organic
compound integrative sampler (POCIS) containing Oasis
hydrophilic—lipophilic balance (HLB) as a loose powder, and
the Chemcatcher, typically containing a styrenedivinylbenzene
adsorbent bound in a PTFE matrix disk. The exposed surface of
the sorbent is normally covered with a thin poly(ether sulfone)
(PES) membrane. Using the HLB sorbent is an obvious choice
for the receiving material because it is the preferred sorbent for
analytical methods involving extracting a broad range of polar
organic micropollutants in grab or composite water sam-
ples."*™'® This has been demonstrated in numerous previous
studies using POCIS (>21), with >90 individual pharmaceuticals
detected.® However, the Chemcatcher configuration is easier to
use and handle. Using the Chemcatcher with a HLB receiving
phase is desirable because it combines the proven ability of HLB
as a sorbent for a broad range of polar organic micropollutants
with the handling benefits of the Chemcatcher. This study
investigated the use of the Chemcatcher containing an Atlantic
HLB disk in wastewater effluent for the first time. To help
address the suitability of this sampler configuration for
monitoring polar organic micropollutants in wastewater effluent,
the objectives of this study were to:
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(i) assess the Chemcatcher containing an Atlantic HLB disk
for the uptake of a broad range of polar organic
micropollutants and to determine their field Ry in
wastewater effluent by in situ calibration;

investigate whether log Koy or log Doy can be used as a
reasonable predictor of field Rg in wastewater effluent;
measure the accuracy of micropollutant concentrations
determined in a future study using the field calibration
data; and

establish the suitability of the Chemcatcher for describing
the enantiomeric distribution of chiral micropollutants.

(ii)
(iii)

(iv)

This was achieved by deploying Chemcatcher samplers in
effluent wastewater of a trickling filter WwTW in southwest
England while simultaneously undertaking 24 h composite
sampling. A total of 88 micropollutants were investigated using a
fully quantitative ultraperformance liquid chromatography
tandem mass spectrometry (UPLC—MS/MS) method. Enantio-
selective analysis was also performed to determine the
enantiomeric distribution of selected chiral micropollutants.

2. MATERIALS AND METHODS

2.1. Materials. Information on 88 micropollutants studied
are detailed in Table S1. These are representative of highly
prescribed pharmaceuticals, over-the-counter medications,
known endocrine disruptors, and illicit drugs." The internal
standards acetaminophen-D4, ibuprofen-D3, bisphenol A-D16,
carbamazepine-13C6, ketoprofen-D3, naproxen-D3, sertraline-
D3, tamoxifen-13C2—15N, propranolol-D7, atenolol-DS, and
metformin (dimethyl-D6) were purchased from Sigma-Aldrich
(Gillingham, UK). Bezafibrate-D6 was obtained from QMX
laboratories (Thaxted, UK). Methylparaben-13C, amphetamine-
D5, methamphetamine-DS, 3,4-methylenedioxy-methamphet-
amine-DS (MDMA-DS), 3,4-methylenedioxy-amphetamine-D$5
(MDA-DS), heroin-D9, codeine-D6, ketamine-D4, cocaine-D3,
benzoylecgonine-D8, 2-ethylidene-1,5-dimethyl-3,3-diphenyl-
pyrrolidine-D3 (EDDP-D3), morphine-D3, cotinine-D3, coca-
ethylene-D8, temazepam-DS, 1S,2R-(+) ephedrine-D3, mephe-
drone-D3, methadone-D9, norketamine-D4, estrone (2,4,16,16-
D4), estradiol (2,4,16,16-D4), and quetiapine-D8 hemifumurate
were purchased from LGC standards (Middlesex, UK).
Citalopram-D6, metoprolol-D7, fluoxetine-DS, and mirtaza-
pine-D3 were obtained from TRC (Toronto, Canada).

Methanol (MeOH) and toluene were HPLC-grade and
purchased from Sigma-Aldrich. Water (H,0) was of 18.2 MQ
quality (Elga, Marlow, UK). Glassware was deactivated using 5%
dimethylchlorosilane in toluene (Sigma-Aldrich) to mitigate the
loss of basic chemicals onto —OH sites present on glass surfaces.
Ammonium acetate (NH,OAc), ammonium fluoride (NH,F),
and acetic acid (CH;COOH, 1.0 M) used in the preparation of
mobile phases were purchased from Sigma-Aldrich. Oasis HLB
(60 mg, 3 mL) solid-phase extraction (SPE) cartridges were
purchased from Waters (Manchester, UK). Whatman GF/F
glass fiber membranes (0.7 um) were obtained from Sigma-
Aldrich. Atlantic HLB—L disks (47 mm) containing Oasis HLB
sorbent were purchased from ARC Sciences (Alton, UK). Supor
poly(ether sulfone) (PES) 0.2 ym membrane filters (90 mm)
were obtained from Sigma-Aldrich. These were cut to 49 mm
circles using a wad punch (KS Tools, Heusenstamm, Germany).
The Chemcatcher samplers comprised three PTFE components;
the main body, a retaining screw to hold the 47 mm receiving-
phase disk in place, and a protective cover for transport (see
Figure S1).

DOI: 10.1021/acs.est.6b02216
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2.2. Analytical Methods. 2.2.1. Extraction of Composite
Samples. Liquid samples were filtered through 0.7 ym glass fiber
membranes and S0 mL aliquots spiked with 50 ng of all surrogate
and internal standards. These were loaded onto preconditioned
Oasis HLB cartridges (2 mL of MeOH and 2 mL of H,0) at S
mL min~!, dried under a vacuum, and eluted under gravity using
MeOH (4 mL). Extracts were then dried under nitrogen at 40 °C
and reconstituted in 500 uL of H,0/MeOH (80:20 v/v).
Samples for analysis by direct injection (400 uL) were spiked
with 50 ng of selected surrogate snf internal standards and
adjusted to 500 L with MeOH."

2.2.2. Preparation and Extraction of Atlantic HLB Disks.
Atlantic HLB disks were conditioned with MeOH (50 mL)
followed by H,0O (50 mL) and then dried. These were then
placed on the Chemcatcher body, a precleaned PES membrane
was placed on top, and the retaining ring was screwed on. These
were then stored at 4 °C for a maximum of 12 h until
deployment. After deployment, collected samples were dried
under vacuum and frozen until extraction. Disks were then
brought to room temperature, extracted under gravity using
MeOH (40 mL), and spiked with S0 ng of all surrogate and
internal standards. Extracts were then evaporated to dryness
using a “Rocket” centrifugal rotary evaporator (Genevac,
Ipswich, UK) set at 40 °C. Samples were then reconstituted in
500 pL of H,0/MeOH (80:20 v/v) prior to LC—MS/MS
analysis.

2.2.3. LC—MS/MS Analysis. All samples were analyzed using a
fully validated UPLC—MS/MS method.'> A Waters Acquity
UPLC system (Manchester, UK) coupled to a Xevo TQD Triple
Quadrupole mass spectrometer (Waters) was used. A total of
two chromatography methods using a reverse-phase BEH C g
column (150 X 1.0 mm, 1.7 ym particle size) (Waters) with a 0.2
p#m, 2.1 mm in-line column filter maintained at 25 °C were used.
Acidic micropollutants were separated using a methanol—water
gradient containing 1 mM NH,F and basic micropollutants using
S mM NH,OAc and 3 mM CH;COOH. A total of two MS/MS
transitions were monitored (when possible) for quantitation and
confirmation purposes (see Table S2). Standard tolerances of ion
ratio and chromatographic retention time were also employed to
ensure the quality of reported data (see Table $3).'7 A full
description of the method is available in Petrie et al."”

For the enantioselective separation of chiral micropollutants, a
cellobiohydrolase (CBH) column (100 X 2 mm, S gm internal
diameter) and a mobile phase consisting of 1 mM NH,OAc in
H,0/MeOH (85:15 v/v) was used. A full description of the
method is available in Castrignand et al.'® (see Table S3).
Enantiomeric distribution of chiral micropollutants was ex-
pressed as enantiomeric fraction (EF), which was calculated
according to eq 1:

E(+)

=T + 0]

1)

where EF is the enantiomeric fraction, E(+) is the peak area of
the (+) enantiomer corrected for the deuterated internal
standard response, and E(—) is the peak area of the (—)
enantiomer corrected for the deuterated internal standard
response. An EF of 0.5 denotes a racemic mixture.

2.3. Wastewater Properties. During all studies, wastewater
properties including temperature, pH, total organic carbon
(TOC), and dissolved organic carbon (DOC, filtered through
0.7 ym glass fiber membranes) content as well as suspended
solids concentration were monitored. TOC and DOC were
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measured using a TOC-Vpy Total Organic Carbon Analyzer
TOC-V¢py (Shimadzu, Milton Keynes, UK). Suspended solids
concentration was determined using standard methods."®

2.4. Calibration and Monitoring Studies. The WwTW
used in the study was located in an area of southwest England
with a population equivalent of 105 847. The process consists of
primary screens and grit removal followed by conventional
primary sedimentation, trickling filters, and final sedimentation
in humus tanks. All sampling was conducted in a final effluent
chamber that receives the whole flow of the WwTW. The
effluent, on leaving this chamber, passes over a weir ensuring that
it remained at the same level throughout the day, irrespective of
any variation in flow. This ensured Chemcatcher samplers
remained completely submerged throughout their deployment.

For the calibration study (January 19, 2015), 30 samplers were
fixed onto a lightweight metal frame (54 cm X 42 cm) using cable
ties and lowered into the chamber (see Figure S2). The frame
was tethered using chains, leaving the samplers submerged at a
depth of approximately 1 m. Chemcatchers were removed in
triplicate at times 0£ 0.3, 1,2, 3, 4, 5, 6, 7, 8, and 9 days. Samplers
were deployed on a Monday. Upon collection, they were
transported to the laboratory on ice within 30 min. These were
dried and frozen at —20 °C. During the calibration study, 24 h
time composites were collected simultaneously for days 1 to 8
using an ISCO 3700 portable sampler (RS Hydro, Worcester-
shire, UK). Subsamples were collected every 15 min over the 24 h
time period and cooled to 4 °C."? All subsamples were mixed on
collection and transported to the laboratory on ice.

The accumulation of micropollutants in the passive sampler
can be described by a first-order, one-compartment mathemat-
ical model.” An initial linear uptake phase is followed by curve—
linear and equilibrium phases. The overall accumulation of a
micropollutant in the passive sampler can be described using eq
2:

Cs = CoyKpy[1 = e™] 2)
Here, Cy is the accumulated mass of a given micropollutant in the
passive sampler, Cy; is concentration of the micropollutant in
effluent wastewater, Kpyy is the passive sampler-water partition
coefficient of a given micropollutant, k is offload rate constant of
the micropollutant from the passive sampler, and t is the
deployment time.

In the linear-uptake phase, sampling rates (Rg) are derived
from the slope of the regression between the mass of
micropollutant accumulated on the passive disk against the
concentration in effluent wastewater determined from time-
composite samples versus deployment time.” To calculate Rg, the
average effluent concentration was used for that time period. For
example, on day 5, the average effluent concentration from days 1
to S was used, and so on. Here, the sorbent is assumed to act as an
infinite sink for micropollutants, and C,, can be calculated using
eq 3:

_ S

W R¢

()

In the equilibrium phase, where exposure time has been sufficient
to reach equilibrium with the receiving phase, Cy can be
calculated according to eq 4:
-G

KMy

Cw

Q)
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Table 1. Mean Effluent Wastewater Concentration and Regression Information from the in Situ Calibration Study”

micropollutant class

UV filters

parabens

plasticizer
steroid estrogens

antibacterials and
antibiotics

hypertension

NSAIDs

lipid regulators
antihistamines
diabetes

cough suppressant

f-blocker

H, receptor agonists

x-ray contrast media

drug precursor and
metabolite

anticancer

anesthetic and metabolite

antidepressants and
metabolites

micropollutant

benzophenone-1

benzophenone-2

benzophenone-3
benzophenone-4
methylparaben
ethylparaben
propylparaben
butylparaben

bisphenol-A
El
E2

EE2
sulfasalazine

clarithromycin
azithromycin
trimethoprim
sulfamethoxazole
valsartan
irbesartan
lisinopril
ketoprofen
ibuprofen
naproxen
diclofenac
acetaminophen
bezafibrate
atorvastatin
fexofenadine
cetirizine
metformin
gliclazide
pholcodine

atenolol
metoprolol
propranolol
ranitidine
cimetidine
iopromide
ephedrine/pseudoephedrine
norephedrine
azathioprine
methotrexate
ifosfamide

tamoxifen

ketamine

norketamine
venlafaxine

fluoxetine

effluent wastewater (n =
8, ng L")
<MQL
<MQL

187 + 20.7
2419 + 251
23.7 £ 6.0
6.8 + 12
1.1 + 8.7
<MQL

120 + 27.3
244 + 2.4
<MQL

<MQL
68.3 + 6.1

1962 + 452
143 + 18.6
1041 + 123
147 + 68.4
266 + 34.8
77.0 £ 19.9
198 + 22.2
S1.3 + 10.0
2838 + 347
5202 + S1S
411 + 82.5
940 + 276
811 + 62.4
115 + 329
610 + 62.1
403 + 39.6
25 845 + 2255
61.7 £ 9.9
<MQL

830 + 51.7
182 + 29

90.2 + 10.0
1438 + 331
54.0 £ 10.6
<MQL

220 + 27.7
<MQL
<MQL
<MQL
<MQL
<MQL

<MQL
<MQL

235.0 + 13.9
383 + 5.9

9472

linearity
range
(day) e
2-8 0.957
1-8 0.970
1-8 0.954
2-8 0.947
1-8 0.995
2-8 0.996
1-8 0.996
1-8 0.939
1-8 0.987
1-8 0.992
1-8 0.946
1-8 0.992
1-8 0.994
1-8 0.976
1-8 0.991
1-8 0.988
1-8 0.992
1-8 0.993
1-8 0.997
1-8 0.976
1-8 0.997
1-8 0.976
1-8 0.991
1-8 0.985
1-8 0.980
1-8 0.995
1-7 0.944
1-7 0.992
1-8 0.995
1-8 0.993
1-8 0.978

comments

<MQL in composites

<MQL in composites and passive

disks

linear

linear

linear

nonlinear

linear

<MQL in composites and passive
disks

linear

linear

<MQL in composites and passive

disks

<MQL in composites and passive
disks
linear

linear
linear
linear
linear
linear
linear
linear
linear
linear
linear
linear
nonlinear
linear
linear
linear
linear
nonlinear
linear
<MQL in composites and passive
disks

linear
linear
linear
linear
linear

<MQL in composites and passive
disks

linear

<MQL in composites and passive
disks

<MQL in composites and passive

disks

<MQL in composites and passive
disks

<MQL in composites and passive
disks

<MQL in composites and passive
disks

<MQL in composites

<MQL in composites and passive
disks

linear

linear

R (L
a

0.011
0.049
0.055

0.068

0.031
0.071

0.154

0.024
0.024
0.028
0.058
0.060
0.087
0.059
0.037
0.048
0.048
0.044

0.042
0.013
0.059
0.039

0.045

0.034
0.050
0.114
0.043
0.085

0.044

0.065

0.032

DOI: 10.1021/acs.est.6b02216
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Table 1. continued

micropollutant class

antiepileptic and
metabolites

calcium channel blocker
hypnotic

antipsychotic

veterinary

human indicators and
metabolites

analgaesics and
metabolites

stimulants and
metabolites

opioid and metabolite

micropollutant

norfluoxetine

sertraline
mirtazapine
citalopram
desmethylcitalopram

carbamazepine

carbamazepine 10,11-epoxide

10,11-dihydro-10-
hydroxycarbamazepine

diltiazem

temazepam

quetiapine

tylosin

creatinine

nicotine

caffeine

cotinine
1,7-dimethylxantine
morphine

dihydromorphine
normorphine
methadone

EDDP

codeine

norcodeine
dihydrocodeine
tramadol
N-desmethyltramadol
O-desmethyltramadol
amphetamine

methamphetamine
MDMA
MDA

cocaine

benzoylecgonine

anhydroecgonine methylester

cocaethylene

mephedrone
MDPV
heroin

6-acetylmorphine

effluent wastewater (n =
8, ng L")

29.5 + 0.9

22.0 + 2.7
36.7 £ 2.9
244 + 182
471 £ 6.7
196 + 14.8

<MQL
555+ 9.8

244 + 8.8
21.6 + 4.2
79 + 2.0
<MQL

12682 + 3975

136 + 28.0
7453 + 1015
SS1 + 423
10287 + 1180
460 + 72.5

<MQL

38.9 + 10.5
94 +£ 27
66.5 £ 4.5
1137 + 96.3
1173 £ 9.3
257.5 + 21.8
683 + 572
134 + 149
S72 + 589
111 + S8.7

49 + 0.6
109 + 95
15.5 +£ 142

1147 + 436
518 + 193
<MQL

50 + 2.8
<MQL

<MQL
<MQL

<MQL

linearity
E?ﬁ% e comments %s_ 1()L }?jv
- - no linearity established - -
(concentration too low)
1-8 0.988  linear 0.116 -
1-8 0.997  linear 0.074 -
1-8 0.996  linear 0.069 -
1-8 0.988  linear 0.149 -
1-8 0.995  linear 0.045 -
- - <MQL in composites and passive - -
disks
1-8 0.990  linear 0.077 -
3-8 0.895  linear 0.185 -
1-8 0.988  linear 0.326 -
2-8 0.989  linear 0.107 -
- <MQL in composites and passive - -
disks
- <MQL in passive disks - -
1-8 0.961  linear 0.234 -
1-8 0.993  linear 0.037 -
1-8 0.992  linear 0.041 -
1-8 0.997  linear 0.052 -
1-8 0.981  linear 0.031 -
- - <MQL in composites - =
2—-8 0.954  linear 0.056 -
1-8 0.976  linear 0.226 -
1-8 0.985  linear 0.056 -
1-8 0.979  linear 0.056 -
1-8 0.972  linear 0.052 -
1-8 0.979  linear 0.047 -
1-8 0.985  linear 0.047 -
1-8 0.984  linear 0.087 -
1-8 0.954  linear 0.023 -
1-8 0.968  linear 0.028 -
1-8 0.947  linear 0.025 -
1-8 0.986  linear 0.074 -
- - no linearity established - -
(concentration too low)
1-8 0.991 linear 0.061 -
1-8 0.996  linear 0.031 -

<MQL in composites and passive - -

disks
<MQL in most composites - -

<MQL in composites and passive - -

disks

<MQL in composites and passive - -
disks

<MQL in composites and passive - -
disks

<MQL in composites and passive - -
disks

“Key: El, estrone; E2, 17f-estradiol; EE2, 17a-ethinylestradiol; EDDP, 2-ethylidene-1,5-dimethyl-3,3-diphenylpyrrolidine; MDMA, 3,4-
methylenedioxy-methamphetamine; MDA, 3,4-methylenedioxy-amphetamine; MDPV, methylenedioxypyrovalerone.

Here, Mg is mass of sorbent per sampler, and Kpy can be

calculated by rearranging eq 4.
To determine the robustness of the derived calibration data, a

monitoring study was undertaken during June of 201S. Here,

seven Chemcatchers were deployed for 7 days. Over these 7 days,
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24 h time composite water samples were also collected in the
same way as that described above. In this case, sampling ran from
Wednesday to Tuesday. Field blanks were also analyzed during
the calibration and monitoring studies, with no micropollutants
found to be quantifiable.

DOI: 10.1021/acs.est.6b02216
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Figure 1. Representative micropollutant uptake in passive samples (0, primary axis, n = 3) and corresponding effluent wastewater concentration (O,

secondary axis, n = 3) over 9 days. For all micropollutants, see Figures

S3—6.

3. RESULTS AND DISCUSSION

3.1. Method Performance. The UPLC—MS/MS method-
ology applied achieved instrumental detection limits (IDLs)
ranging from 0.01 to 1.16 ng mL™' for the 88 targeted
micropollutants (see Table $3)."° This corresponded to
instrument quantitation limits (IQLs) between 0.03 and 5.79
ng mL™". These IDLs and IQLs are typical for similar
multiresidue methods reported in the literature.'#*° For further
information and discussion on the instrument performance and
its validation, please refer to Petrie et al.'® (see Table S3).

For the Chemcatchers, Atlantic HLB disks were chosen as the
receiving phase. This configuration was preferred over POCIS,
which contains the equivalent mass of sorbent as a powder. This
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is because loose sorbent within POCIS can sag toward the base of
the device during deployment in the vertical plane, potentially
reducing the active sampling surface area and increasing
variability in uptake rate.” In the disks, the sorbent is
immobilized. Using disks over powder will help minimize
variability of field data while improving ease of use. The Atlantic
HLB disks achieved recoveries ranging from 21% for creatinine
to 144% for N-desmethyltramadol. The majority of micro-
pollutants exhibited recoveries in the range of 80—110% (see
Table S3) with RSDs (n = 3), generally <20%. Spiked
environmental extracts showed matrix suppressions ranging
from —241% (signal enhancement) for atorvastatin to 96% for
creatinine (see Table S3). This level of matrix suppression is
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typical for environmental applications using HLB as a SPE
sorbent (and electrospray ionization).'*'* Method detection
limits were <17 ng disk™" for all micropollutants, with several
reaching <0.01 ng disk™". The method quantitation limits
(MQLs) achieved were in the range 0.02—55.4 ng disk™"' (see
Table S3). The majority of micropollutants exhibited MQLs < 1
ng disk™!, demonstrating the sensitivity of the methodology
applied.

3.2. Effluent Concentrations and in Situ Calibration. To
ensure that accurate field Rg values could be determined, a robust
composite sampling protocol was applied. Subsample collection
frequencies of 15 min were used to ensure that representative
samples were collected. These were cooled to 4 °C until
collection and subsequent analysis to limit micropollutant
degradation were completed. For further information. please
refer to Petrie et al."

From the 88 micropollutants studied, 66 were detected in
composite samples during the 8 day calibration study (Table 1).
Of the 66 detected compounds, 65 were found in every
composite sample. Furthermore, the majority exhibited interday
concentration variations of <20% (n = 8) except those that are
used by the human population recreationally. For example, the
illicit stimulants MDMA and MDA had interday concentration
variations of >50% due to their high weekend usage. Never-
theless, the high detection frequency and, in general, the low
concentration variation of studied micropollutants was ideal for
in situ calibration.

In passive sampler extracts, a total of 68 micropollutants were
quantified at least once. The majority of micropollutants showed
linear uptake over the 9 day study period (Figures 1 and S3—6).
Rg are reported for those micropollutants exhibiting correlation
coefficients of >0.9 with at least six data points (and were
quantifiable in all composite samples throughout the passive
sampler deployment). A total of 59 micropollutants satisfied
these criteria, with the majority being linear between 1 and 8 days
(Table 1). The broad range of micropollutants accumulated in
the Chemcatcher and the good linearity observed for deriving Rg
demonstrates the potential of this passive sampler configuration
for quantitative measurements.

The Chemcatcher was also shown to be very responsive to
changes in micropollutant concentration. The best example of
this is MDMA, the concentration of which in the receiving-phase
disks responded to the increased concentration found in effluent
from day 6 (due to recreational usage on the weekends) (Figure
1). Due to the Chemcatcher’s responsiveness in relatively short-
term concentration changes, the Rg of MDMA could be
determined with good linearity (* = 0.986).

Field R values ranged from 0.011 L day ™" for benzophenone-3
to 0.326 L day ™' for temazepam (Table 1). The majority of
micropollutants (85%) had Rg values ranging from 0.01 to 0.10 L
day™". It is difficult to directly compare the Rg values derived here
with those in previous studies due to differences in the passive
sampler deployed (design, exposed surfaced area. and sorbent) as
well as the matrix investigated. Furthermore, this sampler
configuration using the Atlantic HLB disk has not been
previously reported. For three micropollutants (metformin,
acetaminophen, and ethylparaben), curve—linear uptake was
observed, and Rg could not be determined (Figures 1, S3, and
S4). Here, equilibrium was reached within 4 days and log Kpy
values were 1.94, 3.08, and 3.03, respectively (Table 1).
Metformin had the lowest log Kpyy due to its high hydrophilicity
(log Koy of —2.6).>"
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3.3. Can log Koy and log Dgy, Predict Micropollutant
Uptake? Ideally, if Rg could be estimated from physicochemical
properties such as log Koy or log Doy, less-rigorous calibration
studies may be needed in the future.” The majority of previous
studies have attempted to relate chemical properties with the Rg
values of only a few compounds (typically <25 pesticides or
herbicides).””** However, Moschet et al.’ has reported a weak
linear regression (*) of 0.37 with field R values (river water) of
88 micropollutants (onto styrenedivinylbenzene disks) and log
Doy values. However, no previous study has investigated the
uptake of polar micropollutants to the receiving phase used here.
In our study, it was attempted to relate the 59 field Rg values with
compound-specific physicochemical properties.

Initially, log Koy and log Doy was plotted against Rg with no
relationship found. Therefore, to investigate this further, studied
micropollutants were separated into neutral, positively charged,
negatively charged, and zwitterionic species at the pH of
wastewater effluent during the calibration study (pH 7.2) (see
Table S1). Field Rg for each group of micropollutants were then
plotted against log Koy or log D,y to establish whether or not a
relationship exists. For neutral micropollutants (<50% ionised), a
poor linear regression was noted between Rg and log Koy (r* =
0.11, n=9) (see Figure S7). Linear regressions (*) of 0.15 (n =
28),0.02 (n = 14), and 0.93 (n = 4) were found between the log
Doy and Rg values of positively charged, negatively charged and
zwitterionic micropollutants, respectively (see Figure S7).
Therefore, no clear relationship could be established using the
dominant charged states of studied micropollutants with log Ko
or log Doy for a sufficient number of data points. It is likely that
other interactions govern the uptake of polar micropollutants
onto the HLB sorbent, and this requires more detailed
investigation in the future.

A better understanding on the role of external factors (e.g,
temperature and pH) on micropollutant uptake in the field is also
needed. These investigations would ideally be performed ex situ
using real matrix under laboratory-style conditions (e.g., see
Vermeirssen et al.).”* This approach would combine the
necessity of using the relevant environmental matrix for
representative micropollutant uptake with the advantages of
laboratory conditions, in which external factors can be closely
controlled. Investigating such factors individually may help
understand the underpinning properties or mechanisms
controlling micropollutant uptake. However, care must be
taken if this approach is to be adopted to ensure the stability of
micropollutants in the test matrix if a continuous fresh supply of
the matrix is not available for the duration of the study. Ideally,
this would lead to the development of a theoretical model to
predict R on the basis of physicochemical properties and specific
field conditions at the site of deployment. This would also be
aided if there was a standardized approach to passive sampling,
such that field Rg could be collated. The Chemcatcher containing
an Atlantic HLB disk provides this opportunity due to its ease of
use and suitability for a broad range of micropollutants.

3.4. Quantitative Determination of Micropollutants
Using Passive Samplers. The reliability of the calibration data
was tested by using the field-derived Ry (or Kpy for
acetaminophen, ethylparaben, and metformin) to determine
the average effluent concentration of the micropollutants overa 7
day trial (January 19, 2015). The use of the 7 day data point
ensured being in the linear uptake phase for the majority of
studied compounds (Figure 1). Considering the good linearity
achieved, it is unsurprising that the effluent concentration
determined using passive samples and composite samples were
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similar (see Table SS). The concentration of micropollutants
measured using passive samplers was generally within +20% of
that determined from composite samples (see Figure S8A). Only
the illicit stimulant methamphetamine showed a notable
difference of +52% between concentrations estimated by passive
and composite samples (see Table S5). However, it should be
noted that the concentrations for the majority of micropollutants
determined by the passive samplers were underestimated (52 of
62), albeit not greatly (maximum = —25%) (see Figure S8A).
This is due to a probable lag between deployment and the start of
micropollutant uptake (Figures 1 and S3—6). Therefore, despite
uptake being linear, it does not pass through the origin for all
micropollutants when Rg was determined. Vermeirssen et al.**
found that more-hydrophobic compounds had a tendency to
accumulate on the PES membrane, resulting in a lag phase before
being found in the sorbent. A further possible explanation for this
is that the passive disks were deployed when dry. Although the
HLB sorbent is water-wettable, deploying them wet may reduce
this lag in uptake. This will be considered in future studies.

The robustness of the calibration was challenged by deploying
passive samplers (n = 7) for 7 days in June 2015 to determine
average micropollutant concentrations. Measured concentra-
tions were compared directly to those from 24 h composite
samples over the deployment period. It is assumed that the
calibration can be applied to future monitoring at the same site
where the calibration was performed and micropollutant uptake
will not differ significantly.* However, wastewater characteristics
can change significantly with season, which could affect
micropollutant uptake. Here, measured wastewater variables
such as flow and temperature were notably different (see Table
S6). Average wastewater flows were 39 774 #2492 and 24 875 +
2340 m® day ™! in January and June, respectively. Wastewater
temperatures were 8.4 + 0.5 and 14.2 + 0.8 °C. Such differences
are typical of conditions experienced at WwTW in the United
Kingdom between the winter and summer months. Of the other
wastewater characteristics monitored (pH, TOC, DOC, and
suspended solids), no substantial differences were observed
between the studies in January and June.

Average micropollutant concentrations measured for the 7 day
time period in June using passive samplers ranged from 3.5 + 1.3
ng L™! for ethylparaben to 37 784 + 6435 ng L™ for metformin
(see Table SS). A total of 60 micropollutants were quantified
using calibration data, with 55 (92%) being within a factor of 2 of
those determined in composite samples (see Figure S8B). This
included micropollutants that changed significantly in their
concentration between the calibration and monitoring study due
to seasonal usage (e.g, the antihistamines fexofenadine and
cetirizine) (see Table SS). However, generally, the percentage
error of micropollutant concentrations determined by passive
samples versus composite samples were greater in June than in
January (when the calibration was performed) (see Table S5).
This is not unexpected considering the different field conditions
experienced between the two study periods. Differences in
compound uptake due to variable environmental conditions can
be adjusted by using performance reference compounds.zs'%
However, they were not deemed appropriate in this study
because they require further investigation for polar compounds,
and conditions at the WwTW were relatively constant. Despite a
lower daily flow of wastewater in June (37%), this is not expected
to have had a significant impact on micropollutant uptake. This is
because changes to flow velocity at the sampling site (deep
chamber) is considered to be low for the changes in flow
observed (24 875 versus 39774 m® day'). Furthermore,
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previous studies have found changes in flow velocity (0.1 to
0.4 m s™") to have little impact upon field Ry in rivers.’

The temperature difference (+ 5.8 °C) is more likely to
contribute to the greater differences observed. Studies conducted
under laboratory conditions have noted that increased water
temperature generally increased Ry for test analytes.”'28 This is
explained by a temperature increase modifying compound
solubility and log Koy, thus facilitating the transfer of
compounds from water to the sorbent.”” Consideration must
also be given to the competitive uptake of other organic
compounds. Despite DOC (mg L™") not changing significantly
between the January and June sampling periods (see Table S6),
the composition of this was not further characterized. Therefore,
differences in the chemical composition of wastewater, resulting
in differences in micropollutant uptake between January and
June conditions, cannot be excluded.

Micropollutants with a 2-fold concentration difference were
amphetamine, atorvastatin, azithromycin, benzophenone-3, and
fluoxetine, all of which overestimated concentration, ranging
from 112 to 169% of the concentration determined in composite
samples (see Table SS). Interestingly, the relationship between
error and Rg showed that these five micropollutants had relatively
low Rg (<0.032 L day™") (see Figure S8B). It is postulated that a
lower sensitivity of uptake is subject to greater interference from
external factors (temperature and extent of biofouling), which
can change between the time of calibration (winter) and
subsequent monitoring (summer).

3.5. Passive Samplers for EF Determination of Chiral
Micropollutants. Reporting concentration of chiral micro-
pollutants at the enantiomeric level is essential for more-accurate
environmental risk assessment.' Due to stereoselectivity within
the human body and during wastewater treatment, chiral
micropollutants do not enter the environment in the
enantiomeric form in which they are dispensed, and stereo-
selective toxicity toward aquatic biota is known to occur.'' "
This is significant because toxicological studies are often
conducted using the dispensed form of the micropollutant
(typically as a racemic mixture), as stereoselectivity is not
considered. Therefore, further knowledge is needed on the
enantiomeric distribution of chiral micropollutants entering the
environment to inform future toxicity driven studies.

To date, passive samplers have not been investigated for
reporting the stereoselectivity of chiral micropollutants. Uptake
of enantiomers of the same chiral micropollutant onto passive
samplers will not be stereoselective in nature because it is a
physicochemical process. However, stereoselective transforma-
tion may occur on the sorbent during deployment. The stability
of micropollutants in passive samples is poorly understood due
to the difficulty of assessing this in the field. Comparing the
enantiomeric distribution of chiral micropollutants extracted
from passive sampler receiving-phase disks with composite
samples will help indicate micropollutant stability.

Mean EFs of atenolol, MDMA, tramadol, and venlafaxine
determined from composite samples over 7 days were 0.48 +
0.01, 0.28 + 0.06, 0.53 + 0.01, and 0.50 =+ 0.02, respectively
(Table 2). In extracts from passive samplers deployed for 7 days,
EFs were 0.48 + 0.02, 0.31 + 0.02, 0.52 + 0.01, and 0.49 + 0.01,
showing no significant differences with composite samples. This
demonstrates there were no stereoselective changes for these
micropollutants during the deployment of passive samplers.
Considering bacteria tend to be 0.2 to 2.0 ym in diameter, the
PES membrane (0.2 um pores) should provide a physical barrier
to their transport onto the sorbent.
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Table 2. Comparison of Enantiomeric Fraction of Chiral
Micropollutants Determined in Time Composite Samples and
Passive Samples Using the Enantio-Selective CBH Method (n
=7)*

enantiomeric fraction

chiral micropollutant  time composites (n=7)  passive samples (n = 7)

atenolol 0.48 + 0.01 0.48 + 0.02
MDMA 0.28 + 0.06 0.31 + 0.02
MDA <MQL 0.55 + 0.03
tramadol 0.53 +£0.01 0.52 + 0.01
venlafaxine 0.50 + 0.02 0.49 + 0.01
amphetamine <MQL <MQL
methamphetamine <MQL <MQL
mephedrone <MQL <MQL

“Key: MQL, method quantitation limit of CBH method; MDMA, 3,4-
methylenedioxy-methamphetamine; MDA, 3,4-methylenedioxy-am-
phetamine.

Therefore, passive samplers were successful in describing the
enantiomeric distribution of these chiral micropollutants and can
be used for the development of more accurate environmental risk
assessments. Also, improved sensitivity in passive samples
enabled the EF of MDA to be determined (EF = 0.55 + 0.03)
(Table 2). This was not possible for composite samples using the
enantioselective CBH method due to the low background
concentrations found in final effluent.

3.6. Considerations for Implementing Passive Sam-
pling for Routine Environmental Monitoring. Implement-
ing passive sampling into routine monitoring of micropollutants
offers several advantages. The approximate cost per sample
(consumable and analysis costs only) for passive and active
sampling was €33.57 and €22.12, respectively (see Table S7).
However, the total cost of consumables and analysis for the
monitoring study conducted over 7 days (June 3—9, 2015) using
24 h composite samples was €464.52 (n = 21, triplicate analysis).
In comparison, passive sampling was ~50% cheaper at a cost of
€234.99 (n = 7). This is due to the higher number of samples
required for active sampling for a 7 day monitoring period. Yet
the difference in cost between the sampling modes will be greater
considering the number of site visits required. Each site visit here
cost approximately €10.32 (24 km traveled at €0.43 per km).
Passive sampling only required two site visits for the 7 day study,
one for deployment and one for collection. This was suitable for
wastewater effluent because little fouling occurred on the surface
of the samplers during deployment. In contrast, 7 day composite
sampling required a total of eight site visits (one for deployment
and seven for collection). The number of site visits could not be
reduced due to the poor stability of micropollutants in collected
wastewater at 4 °C for >24 h."” Hence, the total financial savings
by applying passive sampling over composite sampling will be
dependent on the proximity of the sampling site to the analysis
laboratory. In this study, the total cost of monitoring wastewater
effluent for a 7 day period was €255.63 for passive sampling and
€547.19 for active sampling (excluding labor costs). Further
savings can also be made if passive samplers are deployed for
longer time periods. Samplers for quantitative analysis have been
previously deployed in the field for up to 14 days.>*°

Passive sampling also avoids problems associated with
composite samplers, which can malfunction despite daily
maintenance, resulting in the loss of sample continuity.'” Passive
samplers can also fail (e.g, due to membrane breakage) but
replicates are deployed, which helps overcome this issue.
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Furthermore, several micropollutants (benzophenone-1, dihy-
dromorphine, and ketamine) were detected in passive samples
that were not found in their corresponding composite samples
(Table 1). This improved sensitivity demonstrates their possible
application as a qualitative tool for nontargeted screening and
identifying of unknown compounds. However, passive sampling
does have some limitations. For example, it cannot achieve the
resolution of daily sampling, and acute variability in micro-
pollutant concentration (e.g,, from recreational use or direct
disposal)** will not be fully appreciated during a weekly sampling
campaign. A further disadvantage of passive sampling, partic-
ularly with in situ calibration observed during this study, is
associated with temporal changes in micropollutant occurrence.
For example, a calibration could not be established for
benzophenone-1 and ketamine due to their concentration in
composite samples being <MQL in January, 2015 (<0.71 and
<0.93 ng L™, respectively). However, in the monitoring study
(June, 2015), they were found at concentrations of 60.1 + 20.4
and 4.1 + 1.5 ng L7 respectively, in composite samples but
could not be quantified using passive samples because the Rg was
unknown (see Table SS). Nevertheless, in situ calibration of
passive samplers has shown to be very promising for the
quantitative determination of micropollutants in wastewater
effluent. However, their application in a legislative context will
require further understanding of the physicochemical properties
controlling micropollutant uptake and the influence of external
factors experienced in the field during monitoring studies (e.g.,
temperature). This will help improve the accuracy of micro-
pollutant concentrations reported by passive sampling. There-
fore, in the short term, it is expected that future monitoring
studies using passive samplers (previously calibrated in situ) will
need to be supported with some active sampling to help validate
findings.
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Table S1. Physico-chemical properties of studied micropoll,

Henry's
Mo e cuna e RS TemMe e e Gl M gk G e
(g mol™) (kg) (mg LY o (atm (Torn)* basic)"™ (%)" 50 %)
m’mol™)"
UV filters Benzophenone-1 131-56-6 C13Hy0s 214.22 - 4134 296 2.65E-11 312 265E-11 2.84E-07 7.720.35 - 55 -
Benzophenone-2 131-55-5 Ci3Hy0s 246.22 - 398.5 278 3.61E-16 279 361E-16  6.69E-12 6.98£0.35 - 82 -
Benzophenone-3 131-57-7 C1aH0s 22825 - 68.6 352 1.50E-08 327 150E-08  5.26E-06 7.56£0.35 - 56 -
Benzophenone-4 4065-45-6 CiaH1:0.8 308.31 - 2.03E+04 037 7.03E-15 0.27 7.06E-15 - 0.70£0.50 - 100 -
Parabens Methylparaben 99-76-3 CsH{O; 152.15 - 5.98E+03 2.00 2.23E-09 1.65 361E-09  5.55E-03 8.3120.13 - 5 Neutral
Ethylparaben 120-47-8 CoHyy0s 166.18 - 1.89E+03 249 3.01E-09 201 479E-09  T7.59E-04 8.3120.13 - 5 Neutral
Propylparaben 94-13:3 CioHp0s 18021 - 5293 298 4.25B-09 253 425E-12 9.30E-04 8.230.15 - 5 Neutral
Butylparaben 94-26-8 CiH0s 19423 - 159.0 347 6.00E-009 298 6.00E-09  3.56E-04 8.2240.15 - 5 Neutral
Plasticizer Bisphenol-A 80-05-7 CisHi0, 22829 - 1727 364 9.16E-12 404 9.16E-12  534E-07 10.2920.10 - 0 Neutral
Steroid estrogens El 53-16-7 CisH:0; 270.37 - 146.8 343 3.80E-10 431 380E-10  1.54E-08 10.250.40 - 0 Neutral
E2 50-28-2 CisHai0n 272.39 84 82.0 394 141E-12 375 L4IE-12 9.82E-09 10.2720.60 - 0 Neutral
EE2 57-63-6 CagHaiOs 296.41 12 1164 412 7.94E-12 390 794E-12 374E-09 10.2420.60 - 0 Neutral
A’;‘"“bi’;‘fi:f&:ls Sulfasalazine 599-79-1 CysHiN,OsS 398.40 54,039 24 381 2.19E-18 -1.66 219E-18  5.95E-20 2.70£0.10 0.90£0.10 100 -
Clarithromycin 81103-11-9 CagHgNO 3 747.97 16,508 03 318 1.738-29 201 173629 5.06E-30 13.0840.70 8.16£0.70 94 +
Azithromycin 83905-01-5 CgHpN,O1 749.00 1,965 6.20E-02 324 530E-29 279 530E29  251E-31 13.2820.70 8.5020.70 100 +
Trimethoprim 738-70-5 CuHiN,05 290.32 10,998 233E+03 073 239E-14 1.01 239E-14  3.74E-11 - 7.0420.10 49 Neutral
Sulfamethoxazole 72346-6 CioHiN;058 253.28 - 3.94E+03 048 9.56E-13 0.07 9.56E-13  1.87E-09 5.810.50 1390.10 91 -
Hypertension Valsartan 137862-534 CoHsN5O3 435.53 6,484 14 365 1.82E-18 247 182E-18  1.06E-19 3.56£0.10 0.60£0.10 100 -
Irbesartan 138402-11-6 CasHaNO 428.53 8,353 - - - 5.44 - 1.05E-16 4.16£0.10 2.6040.20 7 Neutral
Lisinopril 76547-98-3 CoiHaN:Os 405.50 4,799 8.6 -0.94 1.89E-22 3.8 189E22  1.14E-18 2.180.10 10.50£0.10 100 -
NSAIDS Ketoprofen 22071-15-4 CieH1405 254.29 243 1204 3.00 212E-11 0.08 202E-11 3.32E-08 4.23£0.10 - 100 -
Ibuprofen 15687-27-1 C3Hi0, 206.29 108,435 411 379 1.52E-07 1.55 152E-07  1.39E-04 4.41£0.10 - 100 -
Naproxen 22204-53-1 CiaH105 230.27 126,258 1449 3.10 3.39E-10 0.11 339E-10  3.01E-07 4.84£0.30 - 100 -
Diclofenac 15307-86-5 Ci4H; CLNO, 296.15 10,652 45 402 473B-12 073 473E-12 1.59E-07 4.180.10 226£0.50 100 -
Acetaminophen 103-90-2 CHNO, 15117 52,000,000  3.04E+04 027 6.42E-13 091 642E-13  1.43E-06 9.860.13 1.720.50 0 Neutral
Lipid regulators Bezafibrate 41859-67-0 CioHCINO, 361.83 7,966 12 425 2.12E-15 046 212E-15  6.29E-14 3.2040.10 2.06£0.70 100 -
Atorvostatin 134523-00-5 CaH3sFN;O5 558.66 13,937 112E-03 636 241E-23 2,66 241E23  6.84E-22 4.29£0.10 0.380.50 100 -
A F i 83799-24-0 CaH3NO, 501.67 8,715 236E-02 281 1.19E-18 294 LIOE-18  2.08E-20 4.43£0.10 9.420.10 99 -
Cetirizine 83881-51-0 CayHapsCIN,O5 388.90 1,612 11 061 4.19B-17 069 419E-17  1.39E-12 3.460.10 6.7120.10 100 e
Diabetes Metformin 657249 C4HyNs 129.17 - 1.00E+06 2.64 7.64E-16 -7.08 7.64E-16 133 - 12.2720.10 100 +
Glicazide 21187984 C1sHoN;058 32341 35,194 1384 212 7.95E-13 0.79 7.95E-13 - 6.070.10 3.80£0.20 100 -
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Cough
suppressant
Beta-blocker

Ha receptor
agonists

X-ray contrast
media
Drug precursor

Pholcodine
Atenolol
Metoprolol
Propranolol
Ranitidine
Cimetidine
Topromide

Ephedrine

and

Anti-cancer

Anaesthetic and
metabolite

Anti-depressants
and metabolites

Anti-epileptic and
metabolites

Calcium channel
blocker
Hypnotic
Anti-psychotic
Veterinary
Human indicators
and metabolites

P ine
Norephedrine
Azathioprine
Methotrexate

Tfosfamide
Tamoxifen
Ketamine
Norketamine
Venlafaxine
Fluoxetine
Norfluoxetine
Sertraline
Mirtazapine
Citalopram
Desmethylcitalopram
Carbamazepine

Carbamazepinel0,11-
epoxide
10,11-Dihydro-10-
hydroxycarbamazepine

Diltiazem
Temazepam
Quetiapine
Tylosin
Creatinine

Nicotine

509-67-1

29122-68-7
51384-51-1
525-66-6
66357-35-5
51481-61-9
73334-07-3
299-42-3
492-39-7
446-86-6
59-05-2
3778-73-2
10540-29-1
6740-88-1
35211-10-0
93413-69-5
54910-89-3
83891-03-6
79617-96-2
85650-52-8
59729-33-8
62498-67-3

298-46-4
36507-30-9
29331-92-8
42399-41-7

846-50-4
111974-69-7

1401-69-0

60-27-5
54-11-5

C23H3oN204
C1aH2N:05
C5H2sNOy
CisH2INO,
Ci3HuN4058
CioH1eNeS
Ci5Ha4lN;05
CoH;sNO
CyH;sNO
CoH/N;0,8
CaoH2NzOs
C7H;sCLN,0,P
CasHyoNO
C13H16CINO
CisHCIN;O
Ci7HyN,0;
Ci7HisFsNO
C6HisFsNO
Ci7HpCLN
Ci7HiN;
CaoHz FN2O
CioH1sFN2O
CisHpN,0
CisHN:0,
CisHiuNz0,
CootloeN2048
Ci6Hi3CINO,
C21HasN;0,8
CyHpNO 7
C4H/N;0
CioHiaN>

398.51

266.34
267.37
25935

314.41
25234
791.12

165.24

151.21
277.26
454.45
261.09
371.53

237.73
233.70
27741

309.33
29530
306.24
265.35
324.40
31037

236.28

252.27

254.28

414.52

300.75
384.52
916.12

113.12
162.24

600

20,725
2311
9,076

35,665
3,195

622

2,768
126

453
64
16,211
5319

11,429
3239
8,878

44,498

21,922
833
9,155

442

1.01E+04

685.2
4.77TE+03
228.0

2.47E+04
1.0SE+04
238

7.15E+04

1.49E+05
2723
2.60E+03
3.78E+03
0.2

3.87E+03

12.3

163.9
0.6
0.5

1.66E+05
1.00E+06

0.59

-0.03
1.69
2.60

0.29
0.57
-2.49

0.68

0.22
-0.09
-1.28
0.97
6.30

3.12

2.79

2.15
3.17
1.05

-1.21
1.00

3.42E-19

1.37E-18
1.40E-13
7.98E-13

3.42E-15
9.55E-16
1.00E-028
8.65E-11

3.94E-11
2.64E-15
1.54E-31
1.36E-11
4.49E-10

1.38E-08
2.87E-11
8.90E-08

5.10E-08

2.69E-11

1.08E-10

8.61E-17

1.13E-08
7.45E-18
5.77E-38

2.42E-12
3.00E-09

-0.92

-2.00
-0.66
0.16

0.28
-0.35
-0.45

-0.98

-1.25
121
-7.06
0.10
4.76

3.05
2.56
1.01

0.86
1.64
128
2.82
3.09
121

0.14

2.77

1.97

1.73

1.69
2.79
2.56

2.01
-1.46

3.42E-19

1.37E-18
1.40E-13
7.98E-13

3.42E-15
9.55E-16
1.00E-28
8.65E-11
3.94E-11
2.64E-15
1.54E-31
1.36E-11
4.49E-10
1.38E-08
1.78E-10
2.87E-11
8.90E-08

5.10E-08

2.69E-11

1.08E-10

8.61E-17

1.13E-08
7.45E-18
5.77E-38

2.42E-12
3.00E-09

3.44E-14

3.82E-11
4.52E-07
2.48E-08

7.66E-08
3.13E-09
5.00E-30

8.65E-03

1.10E-03
5.94E-11

1.15E-04
1.85E-09

1.76E-05
1.26E-05
4.92E-07

1.88E-06
5.21E-06
3.85E-07
1.11E-07
1.53E-07
1.40E-07

5.78E-07

2.69E-06

3.33E-08

4.27E-14

6.33E-13
3.22E-13
0

0313
0.0303

13.40+0.20

13.88+0.20
13.89+0.20
13.84+0.20

14.13%0.10
10.62+0.70
13.96%0.20
12.07+0.45

3.47+0.10

14.84+0.20

13.94+0.20

13.91+0.20

13.75+0.20

11.66%0.40
14.41£0.10
13.06+0.70

8.22+0.40

9.43+0.10
9.43£0.10
9.50+0.30

8.35+0.28
7.07+0.61
-2.60£0.70

9.38£0.10

8.470.10
7.47+0.20
5.560.10
1.44+0.20
8.69+0.28

6.46+0.20
6.25+0.20
9.26+0.28

10.050.10
9.050.13
9.47£0.40
8.10£0.20
9.57+0.28
10.50+0.10

-0.49+0.20

-0.50+0.20

-0.53+0.40

8.94+0.28

1.58+0.50
6.74£0.10
7.39+0.70

6.89£0.20
8.000.50

99

100
100
100

100
19

100
100

100

97
49
55
98

100
100
100
76

100
100

91

44
51

96

+
+
¥
+-
Neutral
Neutral
+
¥

Neutral

Neutral
+

Neutral

+

e T

Neutral

Neutral

Neutral

+

Neutral
Neutral
+
Neutral

+
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Analgesics and
metabolites

Stimulants and
metabolites

Opioid and
metabolite

Caffeine
Cotinine
1,7-Dimethylxantine
Morphine
Dihydromorphine
Normorphine
Methadone
EDDP
Codeine
Norcodeine
Dihydrocodeine
Tramadol
N-desmethyltramadol
O-desmethyltramadol
Amphetamine
Methamphetamine
MDMA
MDA
Cocaine

Benzoylecgonine
Anhydroecgonine
methylester
Cocaethylene
Mephedrone
MDPV

Heroin

6-Acetylmorphine

58-08-2
486-56-6
611-59-6

57-27-2
509-60-4
466-97-7

76-99-3

30223-73-5

76-57-3
467-15-2
125-28-0

27203-92-5
75377-45-6
185453-02-5
300-62-9
537-46-2
42542-10-9

101-77-9

50-36-2
519-09-5

43021-26-7
529-38-4
1189805-46-6
687603-66-3
561-27-3
2784-73-8

CsHioN4O,
CpH;2N.0
C7HgN,O,
Ci7H19NO3
Ci7HzNO;
CigHiNO;
CyHyNO
CHxuN
Ci5HzNOy
Ci7H19NOy
CisHasNOs
Ci6HasNO,
CisHsNO,
Ci5Hy3NO,
CoH 3Ny
CioHisN
CiHisNO,
Ci3HiN>
C7HyNO4
CigH19NO4
CioHisNO;
Ci5Ha3NOy
C HisNO
CisHaNO;
C21Hx3NOs
CioHaiNOy

194.19
176.22
180.17
28535
287.36
271.32
309.46
277.40
299.37
28535
301.39
263.38
24935
24935
135.21
149.24
193.25
198.27
303.36
28933
181.23
31738
177.24
275.34
369.42
32737

5,684

1,687
34,626
9,720
41,445

2.63E+03
9.99E+05
4.14E+03
2.64E+04
238E+04
2.56E+05
485
1.22E+04
3.92E+04
6.53E+03
LISE+03

2.80E+04
1.33E+04
7.03E+03
1.96E+03
1.30E+03
1.61E+03

2.15E+03

0.16
034
4039
0.72
093
050
417
128
1.07
149
3.01

1.76

222
228
2.18
2.17
-1.32

3.58E-11
3.33E-12
1.75E-12
1.33E-16

LS1E-16
6.07E-17
4.97E-10
7.58E-14
3.45E-14
8.61E-14
1S4E-11
1.08E-06
237B-06
2.75E-09
1.58E-11
4.24E-11
1.03E-13

-0.25
-0.55
0.21

0.24

0.82
0.74
-1.84
3.07
220
0.67
-1.77
0.59
041

0.54
027

-0.82
-1.01
-0.92
241
0.61
-0.60
-0.09
1.04
1.20
2.61
-0.37

3.58E-11
3.33E-12
1.75E-12
1.33E-16

1.51E-16
6.07E-17
4.97E-10
7.58E-14
3.45E-14
8.61E-14
1.54E-11
1.08E-06
2.37E-06
2.75E-09
1.58E-11
4.24E-11
1.03E-13

6.15E-13

3.72E-07
4.21E-04
7.06E-10
7.65E-10
2.99E-10
2.20E-07
2.06E-06
2.47E-09
1.51E-09
2.48E-09
1.02E-06
9.16E-06
3.14E-07
0.307
0.147
3.17E-03
1.52E-06
1.87E-06
1.32E-08
0.0219
6.80E-07
3.84E-03
4.09E-07
7.38E-10
1.83E-09

8.50+0.50
9.48+0.40
9.56+0.40
9.17+0.40
13.40+0.20
13.34%0.20
14.2240.20
14.47%0.40
14.46%0.40
10.00+0.10

3.35+0.40

9.41£0.40

0.52+0.70
4.72+0.12
0.21£0.70
8.25+0.40
8.4420.40
9.54+0.40
9.50+0.50
7.7120.60
8.23+0.40
9.28+0.40
8.43+0.40
9.61£0.28
10.560.10
9.61£0.28
9.94£0.10
10.38+0.10
10.3240.10
5.32+0.25
8.970.60
10.83+0.40
7.97+0.40
9.04+0.60
7.410.10
8.410.20
7.93+0.40
8.03+0.40

0
0
100
99
99
100
99
100
100
100
100
100
100
98
100

100
100

98
100

95

98
88
58

99
95

Neutral
Neutral

+

+ o+ 4+ o+ + o+ o+ o+

+

+
+
Neutral
+
+-

+

'As calculated by EPI Suite [1] at 25°C

iiAs calculated by EPI Suite [1] (KOWWIN v1.68 estimate)

f“As calculated by EPI Suite [1] based on log K,,,,

"As calculated by Marvin Beans [2] at pH 7.2
“As calculated by EPI Suite [1] based on Bond SAR method
"As stated on Scifinder calculated using Advanced Chemistry Development (ACD/Labs) Software v11.02 (©1994-2015 ACD/Labs) [3]
"As stated on Scifinder calculated using Advanced Chemistry Development (ACD/Labs) Software v11.02 (©1994-2015 ACD/Labs) at 25°C [3]
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Table S2. Mass spectrometry details for

o

Precursor ion

CE

CE

Micropollutant (m/7) Product ion 1 (m/z) W) (V) Product ion 2 (m/z) CcvV (V) V) Ton ratio®
ESI negative mode
Benzophenone-4 307.0 227.1 44 24 211.1 42 35 1.37 +£0.05
Sulfasalazine 396.8 197.0 45 25 239.9 45 25 8.87 £0.65
Methylparaben 150.8 91.8 34 20 135.8 20 14 2.36 +£0.05
Valsartan 434.0 350.1 35 20 179.1 35 25 1.07 £0.02
Ketoprofen 253.0 209.0 15 7 - - - -
Bezafibrate 360.1 274.0 30 19 154.0 30 28 3.10£0.07
Benzophenone-2 2449 134.9 32 13 108.9 32 20 1.4240.03
Naproxen 229.0 185.0 20 7 170.0 20 13 1.22 +0.05
Ethylparaben 164.9 91.9 20 20 136.6 26 14 1.69 £0.04
Fexofenadine 500.1 456.1 33 14 378.1 33 19 1.48 +£0.05
Irbesartan 427.1 193.0 50 28 121.0 50 65 17.3 £0.52
Bisphenol A 2273 212.1 40 22 132.7 40 25 1.60 £0.08
Diclofenac 293.8 249.9 22 13 - - - -
Propylparaben 179.0 91.8 34 25 136.0 20 16 3.12£0.10
Atorvastatin 557.1 397.1 50 30 278.1 50 45 1.02 +0.03
Benzophenone-1 213.0 134.8 36 20 90.8 34 25 1.22£0.02
271.1 183.0 60 40 144.9 60 45 1.04 +0.05
Ibuprofen 204.9 161.5 26 6 - - - -
EE2 295.2 144.9 60 40 158.8 60 40 1.94+0.18
El 269.0 145.0 55 40 158.0 55 40 8.85+0.27
Butylparaben 193.1 91.8 34 25 136.0 40 16 2.07 £0.05
Methylparaben-13C 156.9 97.9 30 20 - - - -
Ketoprofen-D3 256.0 212.0 15 7 - - - -
Bezafibrate-D6 366.0 274.0 30 19 - - - -
Naproxen-D3 232.0 188.0 15 8 - - - -
Bisphenol A-D16 241.1 223.1 40 20 - - - -
Ibuprofen-D3 208.0 164.0 20 6 - - - -
E2 (2,4,16,16-D4) 275.1 147.0 60 40 - - - -
El (2,4,16,16-D4) 273.1 147.0 55 40 - - - -
ESI positive mode
Creatinine 114.0 44.0 30 15 86.1 31 11 4.22+0.10
Metformin 130.0 60.0 30 15 71.0 30 20 1.89 £0.02
Dihydromorphine 2882 185.0 28 42 213.0 28 32 2.82+0.14
Nicotine 163.1 130.0 37 20 117.0 37 24 1.37+0.02
Normorphine 272.1 165.0 45 43 152.1 45 49 1.16 £0.05
Anhydroecgonine methylester 182.1 118.0 39 23 122.1 37 20 1.23 £0.03
Morphine 286.2 165.1 53 38 152.1 53 56 0.98 £0.04
Pholcodine 399.2 381.2 55 25 100.1 55 37 3.00+£0.43
Atenolol 2673 145.1 38 30 190.1 38 16 1.61+0.07
Ranitidine 3159 176.0 26 17 1239 26 24 8.44 £0.50
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Topromide
Acetaminophen
Cimetidine
Dihydrocodeine
Codeine
Norephedrine
Norcodeine
1,7-Dimethylxanthine
Lisinopril
Ephedrine/pseudoephedrine
Cotinine
6-Acetylmorphine
Azathioprine
Methotrexate
Caffeine
O-desmethyltramadol
Amphetamine
Trimethoprim
Methamphetamine
MDA
MDMA
Sulfamethoxazole
Benzoylecgonine
Mephedrone
Ketamine
Heroin
Tramadol
Norketamine
Metoprolol
Cocaine
N-desmethyltramadol
MDPV
Ifosfamide
Cocaethylene
Carbamazepine10,1 1-epoxide
10,11-Dihydro-10-hydroxycarbamazepine
Mirtazapine
Azithromycin
Venlafaxine
EDDP
Citalopram
Propranolol
Desmethylcitalopram
Carbamazepine
Diltiazem

792.0
1519
2529
302.1
300.2
1522
286.1
181.0
406.2
166.1
177.1
328.1
278.0
455.1
195.1
250.2
136.2
291.2
150.2
180.0
194.1
254.1
290.2
178.1
238.1
370.2
264.0
224.0
268.3
304.2
250.1
276.1
261.0
3182
253.1
255.1
266.1
749.5
278.2
278.2
3251
260.2
3114
237.0
415.0

573.0
110.0
159.4
199.1
215.1
134.1
165.1
124.1
84.0
148.1
80.0
165.1
142.0
308.1
138.0
58.0
91.1
230.2
91.1
163.1
163.1
922
168.1
160.1
125.0
165.1
58.0
207.1
116.1
182.1
44.0
126.1
92.0
196.2
180.1
194.1
195.0
116.1
58.1
234.1
262.1
183.1
109.0
194.1
178.0

S15

5589
92.9
211.2
128.1
152.1
117.1
268.2

246.1
133.1
98.1
211.1
85.0
175.1
110.0
232.1
119.1
123.1
119.1
105.1
105.1
156.1
105.1
145.0
220.1
268.1
120.7
125.0
121.1
82.1
232.1
135.0
154.0
82.1
210.1
179.1
72.0
83.1
260.1
249.1
109.9
116.1
262.0
179.1
310.1

1.45 £0.06
5.54+0.13
9.02 £0.40
1.91 +0.05
1.17 £0.04
2.99 £0.06
1.11 £0.04

9.42 £0.30
6.58 £0.12
2.9140.05
1.46 £0.04
5.49£0.17
1.93 £0.50
2.56 £0.05
181 +6.40
1.20 £0.04
1.07 £0.03
1.73 £0.03
2.73 £0.06
2.34+0.03
1.44 4+0.03
1.95+0.03
1.554+0.06
2.93 £0.04
1.41£0.02
270 +£21.4
1.00 £0.02
2.36+0.04
2.75 £0.09
38.6£0.06
1.48 £0.04
1.89 +0.03
1.90 +£0.05
1.96 +0.04
9.75 £0.29
1.05+0.03
0.95 £0.02
1.78 £0.02
2.40 £0.05
21.8+3.45
1.88 £0.09
3.58+0.11
10.6 £0.15
23.4+1.30



Tylosin
Methadone
Gliclazide
Quetiapine
Temazepam
Fluoxetine
Norfluoxetine
Cetirizine
Clarithromycin
Sertraline
Benzophenone-3
Tamoxifen
Metformin-D6
Morphine-D3
Atenolol-D5
Acetaminophen-D4
Codeine-D6
Cotinine-D3

1S,2R~(+) Ephedrine-D3

Amphetamine-D5
Methamphetamine-D5
MDA-D5
MDMA-D5
Benzoylecgonine-D8
Mephedrone-D3
Ketamine-D4
Heroin-D9
Norketamine-D4
Metoprolol-D7
Cocaine-D3
Cocaethylene-D3
Mirtazapine-D3
EDDP-D3
Propranolol-D7
Citalopram-D6
Carbamazepine-13C6
Quetiapine-D8
Methadone-D9
Temazepam-D5
Fluoxetine D5
Sertraline-D3
Tamoxifen-13C2-15N

916.5
3102
324.1
384.1
301.1
3102
296.1
389.1
748.5
306.0
229.0
3722
136.1
289.1
2743
156.0
306.2
180.1
169.2
141.1
155.1
185.1
199.1
298.2
181.1
242.1
379.2
228.1
2754
3072
3212
269.0
281.2
267.0
331.0
243.1
392.1
3193
306.7
3153
309.1
375.1

174.2
265.1
127.0
253.1
255.1
44.1
134.1
201.0
158.1
159.0
151.0
72.0
77.0
152.1
145.1
114.0
218.1
80.0
151.0
92.8
91.8
168.1
165.1
171.1
148.0
129.1
165.8
1289
123.1
185.1
199.1
194.9
234.1
188.8
109.0
200.1
258.1
268.2
260.1
153.2
159.0
75.0

1.88 £0.07
1.50 £0.05
0.98 £0.04
1.97 +0.04
2.21£0.05
14.9 £0.54

2.51+0.05
3.71+0.03
1.26 +0.02
1.58 £0.04
30.6 +0.91

Key: CV, cone voltage; CE, collision energy; ESI, electrospray ionisation

“MRM ratio: Product ion 1/Product ion 2 ratio average over the entire calibration range
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Table S3. Method performance data for the applied active sampling methodology

Matrix

Micropollutant class Micropollutant (ngll:lli.l) (ngl?nli.,) (Ee:;‘ﬁ% @ g?%) suplz.r)'/is)sion (:;?“L') (::%Ij)
Reverse phased C;s method

UV filters Benzophenone-1 0.01 0.06 41.9 2.0 2.0 0.14 0.71
Benzophenone-2 0.01 0.05 532 49 492 0.34 1.68

Benzophenone-3 0.01 0.05 109.9 82 77 0.19 0.97
Benzophenone-4 0.31 1.01 110.4 12.3 23.0 578 19.09

Parabens Methylparaben 0.01 0.06 98.8 49 49.1 0.19 0.94
Ethylparaben 0.03 0.11 72.8 58 29.8 0.46 1.52

Propylparaben 0.04 0.12 123.7 11.7 21.6 0.47 1.54

Butylparaben 0.01 0.06 132.8 6.7 11.0 0.14 0.71

Plasticizer Bisphenol-A 0.03 0.10 114.9 2.4 12.4 0.56 1.84
Steroid estrogens El 0.10 0.49 115.8 79 5.0 1.54 7.69
E2 0.09 0.47 101.4 37 8.0 141 7.03

EE2 0.10 0.48 98.7 4.6 -24.4 1.46 732
Antibacterials/antibiotics Sulfasalazine 0.27 0.90 88.4 10.1 -81.7 9.66 31.87
Clarithromycin 0.01 0.06 140.2 13.4 54.1 0.28 1.40

Azithromycin 0.03 0.11 559 0.2 78.6 135 445

Trimethoprim 0.03 0.10 179.7 132 51.0 0.51 1.67

Sulfamethoxazole 0.03 0.10 134.6 11.3 38.1 0.47 1.56
Hypertension Valsartan 0.34 1.12 136.6 6.2 -105.4 6.40 21.12
Irbesartan 0.10 0.50 189.4 12.1 =253 1.88 9.38

Lisinopril 0.09 0.93 87.8 33 8.6 425 42.51

NSAIDs Ketoprofen 0.11 0.54 118.1 8.2 9.9 1.60 8.00
Ibuprofen 0.01 0.05 104.2 74 -24.3 0.08 0.42

Naproxen 0.10 0.49 96.6 13.9 -18.7 1.17 5.85

Diclofenac 0.03 0.10 178.2 3.6 -141.7 0.44 1.44
Acetaminophen 0.11 0.54 97.4 32 50.6 239 11.95

Lipid regulators Bezafibrate 0.03 0.10 88.9 6.0 -19.6 0.38 1.25
Atorvastatin 0.01 0.05 164.2 0.6 -160.3 0.17 0.84

Antihistamines Fexofenadine 0.03 0.09 58.6 0.4 112 0.40 1.32
Cetirizine 0.02 0.08 119.3 70.8 18.0 0.32 1.06

Diabetes Metformin 0.09 0.43 119.2 54 47.0 163 460
Gliclazide 0.01 0.05 136.4 11.9 23.6 0.16 0.82
Cough suppressant Pholcodine 0.35 1.14 87.7 2.5 45.5 8.02 26.45
Beta-blocker Atenolol 0.03 0.10 101.7 17.4 48.0 0.56 1.84
Metoprolol 0.01 0.05 104.7 9.5 49.5 0.19 0.96

Propranolol 0.03 0.09 853 1.9 59.0 0.73 241

H, receptor agonists Ranitidine 1.03 5.17 86.4 16.1 35.0 22.28 111.39

Cimetidine 0.10 0.52 84.7 79 48.4 3.12 15.59
X-ray contrast media Iopromide 1.16 5.79 169.8 9.7 26.1 14.11 70.56
Drug precursor and metabolite Ephedrine/pseudoephedrine 0.03 0.10 72.0 54 59.8 1.62 5.36
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Anti-cancer

Anaesthetic and metabolite

Anti-depressants and metabolites

Anti-epileptic and metabolites

Calcium channel blocker
Hypnotic
Anti-psychotic
Veterinary
Human indicators and metabolites

Analgaesics and metabolites

Stimulants and metabolites

Norephedrine
Azathioprine
Methotrexate
Ifosfamide
Tamoxifen
Ketamine
Norketamine
Venlafaxine
Fluoxetine
Norfluoxetine
Sertraline
Mirtazapine
Citalopram
Desmethylcitalopram
Carbamazepine
Carbamazepinel0,1 1-epoxide

10,11-Dihydro-10-hydroxycarbamazepine

Diltiazem
Temazepam
Quetiapine
Tylosin
Creatinine
Nicotine
Caffeine
Cotinine
1,7-Dimethylxantine
Morphine
Dihydromorphine
Normorphine
Methadone
EDDP
Codeine
Norcodeine
Dihydrocodeine
Tramadol
N-desmethyltramadol
O-desmethyltramadol
Amphetamine
Methamphetamine
MDMA
MDA
Cocaine
Benzoylecgonine
Anhydroecgonine methylester
Cocaethylene

0.01
0.03
0.28
0.01
0.01
0.01
0.03
0.01
0.01
0.01
0.01
0.01
0.05
0.01
0.01
0.03
0.05
0.01
0.01
0.01
0.11
0.30
0.30
0.10
0.01
0.30
0.30
0.01
0.30
0.01
0.01
0.10
0.30
0.03
0.01
0.01
0.01
0.03
0.03
0.01
0.03
0.01
0.01
0.10
0.01

0.50
0.10
0.92
0.05
0.03
0.05
0.10

0.05
0.05
0.05
0.05
0.50
0.05
0.05
0.10
0.50
0.10
0.05
0.05
0.56
1.00
1.00
0.50
0.05
1.00
1.00
0.05
1.00
0.05
0.05
0.50
1.00
0.10
1.00
0.50
1.00
0.10
0.10
0.05
0.10
0.05
0.05
0.50
0.05

106.3
127.3
206.4
88.7
112.6
97.0
104.8
682
118.5
68.9
113.6
86.6
104.3
832
101.8
1339
130.4
68.4
60.1
106.2
144.6
95.6
90.1
116.0
97.7
94.3
108.4
68.5
103.6
102.5
98.9
102.4
108.7
97.5
91.1
719
100.8
111.5
104.4
100.7
85.0
100.1
110.4
85.0
102.2

384
45.0
523
46.7
14.6
42.7
34.6
56.5
84.9
86.6
88.4
50.2
70.1
65.6
46.6
322
332
53.6
223
50.9
434
752
5.0
534
55.6
44.9
473
49.9
46.8
48.4
45.1
53.7
49.1
49.7
54.5
55.6
59.2
36.5
44.1
58.8
449
49.8
52.0
28.0
51.8

0.35
0.36
9.04
0.24
0.76
0.19
0.56
0.24
1.42
1.27
1.21
0.25
1.41
0.36
0.19
0.55
0.84
0.32
0.14
0.21
223
771
5.44
111
0.21
11.40
6.34
0.32
7.84
0.21
0.29
1.46
8.32
0.55
0.21
0.30
0.28
1.11
0.71
0.27
1.00
0.22
0.18
1.99
0.21

17.28
1.20
29.83
1.22
3.82
0.93
1.86
120
7.08
6.35
6.05
1.25
14.10
1.82
0.93
1.82
8.41
323
0.69
1.07
11.14
2,544
17.95
5.57
1.06
37.63
20.92
1.59
25.88
1.04
147
731
27.44
1.83
2129
14.97
27.79
3.65
235
1.35
330
L11
091
9.96
1.04
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Opioid and metabolite

Beta-blocker
Analgaesic
Anti-depressant

Stimulants and metabolites

Mephedrone
MDPV
Heroin

6-acetylmorphine

S(-)-atenolol
R(+)-atenolol
D1-tramadol
D2-tramadol
El-venlafaxine
E2-venlafaxine
R(-)-MDMA
S(+)-MDMA
R(-)-MDA
S(+)-MDA
R(-)-amphetamine
S(+)-amphetamine
R(-)-methamphetamine
S(+)-methamphetamine
El-mephedrone
E2-mephedrone

0.01 0.05
0.01 0.05
0.10 0.50
0.03 0.10
Enantioselective CBH method

. 12.50
1.30 12.50
0.50 1.00
0.50 1.00
0.12 0.25
0.12 0.25
0.05 0.25
0.05 0.25
0.50 2.50
0.50 2.50
0.12 0.50
0.12 0.50
0.05 0.12
0.05 0.12
0.25 0.50
0.25 0.50

102.4
96.7

110.4
102.3

109.0
121.0
111.0
81.0
105.0
104.0
81.0
100.0
94.0
99.0
76.0
99.0
113.0
86.0
99.0
99.0

44.6
42.1
454
65.1

0.44
0.12
3.44
0.76

2.10
2.30
2.40
2.90
0.70
0.70
0.30
0.30
2.80
2.50
0.80
0.80
0.30
0.30
1.30
0.70

2.19
0.59
17.21
2.50

20.70
22.90
4.70
5.90
1.30
1.30
1.40
1.40
14.00
12.40
2.90
2.90
0.70
0.70
2.60
2.60

Key: IDL, instrument detection limit; IQL, instrument quantitation limit; RSD, relative standard deviation; MDL, method detection limit; MQL, method

quantitation limit
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Table S4. Method performance data for the applied passive sampling methodology

rr

Matrix

Micropollutant class Micropollutant (ngll:lli.l) (ngl?nli.,) (Ee:;‘ﬁ% @ g?%) suplz.r)'/is)sion (ng{lli)sll‘(") (ngl(?isll‘(")

UV filters Benzophenone-1 0.01 0.06 83.4 22.6 40.4 0.01 0.06
Benzophenone-2 0.01 0.05 60.9 8.8 71.9 0.03 0.15

Benzophenone-3 0.01 0.05 54.6 252 205 0.01 0.06

Benzophenone-4 0.31 1.01 73.0 13.6 729 0.78 2.55

Parabens Methylparaben 0.01 0.06 733 149 73.4 0.03 0.15
Ethylparaben 0.03 0.11 74.9 14.7 61.6 0.05 0.19

Propylparaben 0.04 0.12 78.5 15.3 50.4 0.05 0.15

Butylparaben 0.01 0.06 879 7.5 339 0.01 0.05

Plasticizer Bisphenol-A 0.03 0.10 91.6 15.2 39.7 0.03 0.09
Steroid estrogens El 0.10 0.49 81.0 11.3 222 0.08 0.39
E2 0.09 0.47 83.3 9.5 19.3 0.07 0.35

EE2 0.10 0.48 744 12.4 -0.1 0.07 0.32

Antibacterials/antibiotics Sulfasalazine 0.27 0.90 43.1 17.2 29.2 0.44 1.47
Clarithromycin 0.01 0.06 108.4 9.7 66.0 0.01 0.08

Azithromycin 0.03 0.11 68.9 12.6 874 0.17 0.63

Trimethoprim 0.03 0.10 102.5 16.8 53.8 0.03 0.11

Sulfamethoxazole 0.03 0.10 96.0 14.7 493 0.03 0.10

Hypertension Valsartan 0.34 1.12 53.1 212 -65.5 0.19 0.64
Irbesartan 0.10 0.50 74.5 15.5 -359 0.05 0.25

Lisinopril 0.09 0.93 233 12.3 224 0.25 2.57

NSAIDs Ketoprofen 0.11 0.54 722 19.0 514 0.16 0.77
Ibuprofen 0.01 0.05 73.4 18.2 -1342 0.00 0.01

Naproxen 0.10 0.49 71.5 14.8 68.2 0.22 1.08

Diclofenac 0.03 0.10 90.0 182 -148.1 0.01 0.02

Acetaminophen 0.11 0.54 89.2 17.9 713 0.21 1.05

Lipid regulators Bezafibrate 0.03 0.10 753 11.2 222 0.03 0.09
Atorvastatin 0.01 0.05 92.5 19.1 -241.0 0.00 0.01

Antihistamines Fexofenadine 0.03 0.09 72.0 18.2 253 0.03 0.08
Cetirizine 0.02 0.08 78.9 8.5 217 0.01 0.04

Diabetes Metformin 0.09 0.43 65.7 10.1 8.1 0.07 0.36
Gliclazide 0.01 0.05 63.6 348 49.9 0.02 0.08

Cough suppressant Pholcodine 0.35 1.14 72.1 74 78.5 1.13 3.68
Beta-blocker Atenolol 0.03 0.10 83.5 15.6 73.5 0.07 0.23
Metoprolol 0.01 0.05 74.0 252 66.9 0.02 0.10

Propranolol 0.03 0.09 62.2 254 71.3 0.08 0.25
H, receptor agonists Ranitidine 1.03 5.17 38.0 13.4 66.3 4.02 20.19
Cimetidine 0.10 0.52 31.0 15.5 68.5 0.51 2.66

X-ray contrast media Iopromide 1.16 579 70.4 83 45.6 1.51 7.56
Drug precursor and metabolite Ephedrine/pseudoephedrine 0.03 0.10 455 3.7 653 0.10 0.32
Norephedrine 0.01 0.50 90.4 4.8 52.0 0.01 0.58
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Anti-cancer

Anaesthetic and metabolite

Anti-depressants and metabolites

Anti-epileptic and metabolites

Calcium channel blocker
Hypnotic
Anti-psychotic
Veterinary
Human indicators and metabolites

Analgaesics and metabolites

Stimulants and metabolites

Azathioprine
Methotrexate
Ifosfamide
Tamoxifen
Ketamine
Norketamine
Venlafaxine
Fluoxetine
Norfluoxetine
Sertraline
Mirtazapine
Citalopram
Desmethylcitalopram
Carbamazepine
Carbamazepinel0,1 1-epoxide

10,11-Dihydro-10-hydroxycarbamazepine

Diltiazem
Temazepam
Quetiapine
Tylosin
Creatinine
Nicotine
Caffeine
Cotinine
1,7 dimethylxantine
Morphine
Dihydromorphine
Normorphine
Methadone
EDDP
Codeine
Norcodeine
Dihydrocodeine
Tramadol
N-desmethyltramadol
O-desmethyltramadol
Amphetamine
Methamphetamine
MDMA
MDA
Cocaine
Benzoylecgonine
Anhydroecgonine methylester
Cocacthylene
Mephedrone

0.03
0.28
0.01
0.01
0.01
0.03
0.01
0.01
0.01
0.01
0.01
0.05
0.01
0.01
0.03
0.05
0.01
0.01
0.01
0.11
0.30
0.30
0.10
0.01
0.30
0.30
0.01
0.30
0.01
0.01
0.10
0.30
0.03
0.01
0.01
0.01
0.03
0.03
0.01
0.03
0.01
0.01
0.10
0.01
0.01

0.10
0.92
0.05
0.03
0.05
0.10
0.04
0.05
0.05
0.05
0.05
0.50
0.05
0.05
0.10
0.50
0.10
0.05
0.05
0.56
1.00
1.00
0.50
0.05
1.00
1.00
0.05
1.00
0.05
0.05
0.50
1.00
0.10
1.00
0.50
1.00
0.10
0.10
0.05
0.10
0.05
0.05
0.50
0.05
0.05

75.6
56.6
79.6
79.2
79.5
74.1
479
83.2
52.5
75.0
73.8
76.9
56.0
81.2
86.9
94.9
21.1
29.0
66.4
130.9
20.5
215
95.7
87.1
524
979
59.7
63.1
80.1
69.4
589
59.1
59.0
595
144.0
100.4
55.2
49.8
66.1
67.1
76.4
1355
10.9
78.1
64.9

413
-4.3
67.2
41.1
58.7
56.1
76.5
90.9
91.8
90.6
71.0
78.0
712
65.5
67.7
52.1
67.2
44.7
65.5
374
95.6
12.9
234
303
28.6
19.9
73.2
557
743
71.6
77.1
57.0
71.6
714
70.1
71.1
56.8
68.7
67.9
49.0
68.8
72.6
57.1
72.1
66.8

0.03
0.24
0.02
0.01
0.02
0.05
0.04
0.07
0.12
0.07
0.02
0.15
0.03
0.02
0.05
0.05
0.07
0.03
0.02
0.07
16.63
0.80
0.07
0.01
0.40
0.19
0.03
0.54
0.02
0.03
0.37
0.59
0.09
0.03
0.01
0.02
0.06
0.10
0.02
0.04
0.02
0.01
1.07
0.02
0.02

0.11
0.78
0.10
0.03
0.08
0.15
0.18
0.33
0.58
0.35
0.12
1.48
0.16
0.09
0.18
0.55
0.72
0.16
0.11
0.34
55.43
2.67
0.34
0.04
1.34
0.64
0.16
1.79
0.12
0.13
1.85
1.97
0.30
2.94
0.58
1.72
0.21
0.32
0.12
0.15
0.10
0.07
535
0.11
0.12
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MDPV 0.01 0.05 79.6 9.2 69.3 0.02 0.10
Opioid and metabolite Heroin 0.10 0.50 91.6 113 66.7 0.16 0.82
6-Acetylmorphine 0.03 0.10 84.8 13.1 66.9 0.05 0.18

Key: IDL, instrument detection limit; IQL, instrument quantitation limit; RSD, relative standard deviation; MDL, method detection limit; MQL, method
quantitation limit
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Table S5. Comparison of micropollutant concentrations determined using time composite samplers and passive samplers during week long sampling campaigns during
January and June 2015

January 2015 June 2015
Micropollutant class Micropoll - -
Time . Passive Passive versus Time . Passive . Passive versus
e ot composites g 1 i
(@=7,ngL") (=3,ngL") (% difference) (n=7,nglL%) (n=7,ngL7) (% ditfference)
UV filters Benzophenone-1 <MQL - - 41+15 No calibration -
Benzophenone-2 <MQL - - <MQL <MQL -
Benzophenone-3 154 +21.1 120+9.1 222 99.1+10.8 209.7 £30.7 112
Benzophenone-4 2,365+215 2,309 + 186 -2 3,346 + 227 2,546 + 741 =24
Parabens Methylparaben 248+5.6 26.8+3.5 8 294+£25 19.6 £ 4.6 -33
Ethylparaben 70+12 7.0+0.8 0 34+04 35+1.3 4
Propylparaben 122+£52 9.4 +1.0 =22 17.1£1.0 6.6+ 1.6 -61
Butylparaben <MQL - - <MQL <MQL -
Plasticizer Bisphenol-A 122+£28.3 107 £12.8 -13 95.1+243 120+79.3 26
Steroid estrogens El 243425 213+12 -12 209+2.0 19.8+44 -5
E2 <MQL - - <MQL <MQL -
EE2 <MQL - - <MQL <MQL -
Antibacterials/antibiotics Sulfasalazine 67.9+6.5 583+4.4 -14 176 £17.7 269 + 86.4 53
Clarithromycin 1,907 + 458 1,843 £ 124 -3 1,855 +271 1,449 =716 22
Azithromycin 143 +£20.0 132+8.8 -8 546+112 134+433 146
Trimethoprim 1,034 + 131 988 + 147 -4 1,291 £315 1,064 +203 -18
Sulfamethoxazole 141+713 145+29.2 3 346 +61.7 307 +68.1 -11
Hypertension Valsartan 259+29.8 230+29.8 -11 513+48.8 967 + 141 88
Irbesartan 722+158 62.6+3.7 -13 463+75.9 416 + 122 -10
Lisinopril 194 +20.6 194+9.2 0 238 +48.1 137 +30.5 -42
NSAIDs Ketoprofen 49.6+9.4 46.7+4.9 -6 <MQL <MQL -
Tbuprofen 2,833+£374 2,674+215 -6 1,286 + 280 2,161 = 540 68
Naproxen 5,145+ 528 4,908 + 556 -5 3,436 +429 6,724 £ 1,559 96
Diclofenac 396 +75.3 344 +48.9 -13 687 £ 66.0 1,200 =470 75
Acetaminophen 1,008 +214 1,008 £91.0 0 1,335+ 175 717 £208 -46
Lipid regulators Bezafibrate 789+ 19.9 721+87.3 -9 892+75.6 1,454 +282 63
Atorvastatin 108 +28.6 113+£22.1 5 299+42.7 807 =200 169
Antihistamines Fexofenadine 596 +52.3 531+46.7 -11 955+1734 1,567 +229 64
Cetirizine 390+17.8 390+21.9 0 1,922 + 966 2,838 £475 48
Diabetes Metformin 25,453 +2,121 25,453 +1,710 0 25,217 +2,271 37,784 + 6,435 50
Gliclazide 59.7+8.7 558452 -7 89.3+27.7 125+31.1 40
Cough suppressant Pholcodine <MQL - - <MQL <MQL -
Beta-blocker Atenolol 819+43.8 827+89.5 1 802 +40.8 934+ 181 16
Metoprolol 17.6+2.5 15.5+2.2 -12 42.8+5.0 31.8+16.2 -26
Propranolol 87.4£6.6 75.0+2.8 -14 135+ 11.1 112£30.3 -16
H, receptor agonists Ranitidine 1,386 + 320 1,312 £29.6 -5 1,575+ 201 1,770 = 341 12
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X-ray contrast media
Drug precursor and metabolite

Anti-cancer

Anaesthetic and metabolite

Anti-depressants and metabolites

Anti-epileptic and metabolites

Calcium channel blocker
Hypnotic
Anti-psychotic
Veterinary
Human indicators and metabolites

Analgaesics and metabolites

Stimulants and metabolites

Cimetidine
Topromide
Ephedrine/pseudoephedrine
Norephedrine
Azathioprine
Methotrexate
Ifosfamide
Tamoxifen
Ketamine
Norketamine
Venlafaxine
Fluoxetine
Norfluoxetine
Sertraline
Mirtazapine
Citalopram
Desmethylcitalopram
Carbamazepine
Carbamazepinel0,11-epoxide

10,11-Dihydro-10-hydroxycarbamazepine

Diltiazem
Temazepam
Quetiapine
Tylosin
Creatinine
Nicotine
Caffeine
Cotinine
1,7-Dimethylxantine
Morphine
Dihydromorphine
Normorphine
Methadone
EDDP
Codeine
Norcodeine
Dihydrocodeine
Tramadol
N-desmethyltramadol
O-desmethyltramadol
Amphetamine
Methamphetamine
MDMA
MDA
Cocaine

51.8+9.1
<MQL
216+£274
<MQL
<MQL
<MQL
<MQL
<MQL
<MQL
<MQL
232+11.0
38.0+6.3
29.5+09
213+19
36.1£2.6
239+13.3
46.2+6.6
195+15.7
<MQL
56.1 104
21.6+4.0
204+2.6
79+£22
<MQL
12,682 +3,976
139 +28.1
7,696 + 806
548 +£44.3
10,464 + 1,153
450 +72.4
<MQL
36.9+9.6
8.8+2.1
65.1+22
1,118 +85.1
117499
254+£20.4
668 £43.8
131£12.5
562+56.4
116 +57.7
49+0.6
99.3+974
155+14.2
113 +46.8

484+14

203+19.2

219+22.6
33.7+33
19.0+0.7
31.8+£42
208+ 16.9
38.8+1.1
178 £19.9

48.7+8.1
179+ 1.1
17.6 0.4
6.7+0.4

1304+ 12.1
7,021 = 1,515
540 +70.9
9,082+ 1,178
411+32.1
320434
76+08
60.0 £ 4.6
1,104+ 96.9
12=12.7
238 +28.9
634+ 54.8
118+ 10.9
5424249
87.4+5.1
75404
87.1+75

103 +10.4

-10

-25
52
-12

104 +12.7

<MQL
60.1+20.4
108+ 1.4
228+ 15.4
21.8+26
173+1.5
29.8+£43
43.8+45
338 +30.0
90.9+12.5
303 +37.1
43.9+103
154+21.4
824+ 15.1
52.1+20.2
82+05
<MQL
<MQL
50.7+17.4
5,268 + 331
498 £ 73.5
6,813 +£911
680 +83.1
<MQL
56.8+7.9
342+46
81.3+6.5
1,348 +78.2
<MQL
358 +42.0
941 +73.0
363+524
787 +35.0
37.7+6.5
54+0.7
189+ 76.9
31.6+9.5
111+29.8

118+22.0

<MQL
No calibration
No calibration
297 +41.5
483+10.9
No calibration
28777
48.7+9.7
423+949
65.0+16.1
382+82.8
No calibration
81.1+19.6
51.3+9.9
79.5+18.9
45+ 1.1
<MQL
<MQL
88.8+21.7
4,636 1,222
594 + 134
4,787 1,088
583+125
<MQL
55.6+12.6
11.8+2.6
131.4£31.3
2,030 +421
<MQL
679 + 134
1,314+ 196
299 +74.4
1,372 £298
842+ 16.6
64+0.8
132+24.0
No calibration
141 +32.1

121

11
25
-29
26

47
38
52
44

75
-12

30
-14

2
-65
62
51

89
40
-18
74
123
17
-31

27
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Benzoylecgonine 503 +203 468 £ 84.0 -7 716 £275 880+ 176 23
Anhydroecgonine methylester <MQL - - <MQL <MQL
Cocaethylene 24+2.1 - - 8.7+5.1 No calibration
Mephedrone <MQL - - <MQL <MQL -
MDPV <MQL - - <MQL <MQL -
Opioid and metabolite Heroin <MQL - - <MQL <MQL -
6-Acetylmorphine <MQL -

_ <MQL <MQL
Key: MQL, method quantitation limit; E1, estrone; E2, 17B-estradiol; EE2, 17a-ethinylestradiol; EDDP, 2-ethylidene-1,5-dimethyl-3,3-diphenylpyrrolidine; MDMA, 3,4-

methylenedioxy-methamphetamine; MDA, 3,4-methylenedioxy-amphetamine; MDPV, methylenedioxypyrovalerone
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Table S6. Wastewater properties measured during sampling campaigns in January and June 2015
June 2015 (n=7)

Wastewater property January 2015 (n=8)

Total flow (m’ d™) 39,774 + 2,492 24,875 + 2,340
Mean flow rate (m® s™) 0.46 +0.03 0.29+0.03
Wastewater temp. (°C) 84+0.5 142+0.8

pH 72+0.4 7.6+0.1

TOC (mgL™) 214+162 122409
DOC (mg L") 14.8+11.9 93+1.2
Suspended solids (mg L) 583+17.5 49.9+8.2

Key: TOC, total organic carbon; DOC, dissolved organic carbon
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Table S7. Consumable and analysis costs (€ per sample) associated with active sampling and passive
sampling methods applied in this study

Cost (excluding VAT) €
Expenditure Item
Active sampling Passive sampling
Consumables SPE cartridge/receiving
2.60 9.90
(per sample) phase disk
Membrane filters 2.19 4.66
Methanol 0.12 1.80
Internal standards 1.89 1.89
Sample vial 0.42 0.42
Analysis cost
LC-MS/MS analysis 14.90 14.90
(per sample)
Total cost per sample 22.12 33.57

Note: all consumable costs are list prices from suppliers (January 2016) and will vary depending on
total quantity of items purchased. Both Chemcatcher® bodies and automated samplers are not
considered to be consumables.
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