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a b s t r a c t

The information acquired by high resolution quadrupole-time of flight mass spectrometry (QTOF-MS)
allows target analysis as well as retrospective screening for the presence of suspect or unknown
emerging pollutants which were not included in the target analysis. Targeted quantification of eight
azole antifungal drugs in wastewater effluent as well as new and relatively simple retrospective suspect
and non-target screening strategy for emerging pollutants using UHPLC-QTOF-MS is described in this
work. More than 300 (parent compounds and transformation products) and 150 accurate masses were
included in the retrospective suspect and non-target screening, respectively. Tentative identification of
suspects and unknowns was based on accurate masses, peak intensity, blank subtraction, isotopic pattern
(mSigma value), compound annotation using data bases such as KEGG and CHEBI, and fragmentation
pattern interpretation. In the targeted analysis, clotrimazole, fluconazole, itraconazole, ketoconazole and
posaconazole were detected in the effluent wastewater sample, fluconazole being with highest average
concentration (302.38 ng L�1). The retrospective screening resulted in the detection of 27 compounds
that had not been included in the target analysis. The suspect compounds tentatively identified included
atazanavir, citalopram, climbazole, bezafibrate estradiol, desmethylvenlafaxine, losartan carboxylic acid
and cetirizine, of which citalopram, estradiol and cetirizine were confirmed using a standard. Carba-
mazepine, atrazine, efavirenz, lopinavir, fexofenadine and 5-methylbenzotriazole were among the
compounds detected following the non-targeted screening approach, of which carbamazepine was
confirmed using a standard. Given the detection of the target antifungals in the effluent, the findings are
a call for a wide assessment of their occurrence in aquatic environments and their role in ecotoxicology
as well as in selection of drug resistant fungi. The findings of this work further highlights the practical
benefits obtained for the identification of a broader range of emerging pollutants in the environment
when retrospective screening is applied to high resolution and high accuracy mass spectrometric data.

© 2019 Elsevier Ltd. All rights reserved.
1. Introduction

The use of non-conventional water resources such as treated
wastewater effluents has been introduced to meet the current and
future demands of water (Bellver-Domingo et al., 2017), which is
under growing stress (Shevah, 2014; Besha et al., 2017). For
example, wastewater reuse for diverse purposes has been imple-
mented by many countries such as France, Italy, Israel, Cyprus,
e by Maria Cristina Fossi.

agati).
Singapore, Spain, Malta, Jordan, USA, Saudi Arabia, Qatar, Kuwait,
Namibia and South Africa (Becerra-Castro et al., 2015; Menge, 2010;
Lyu et al., 2016; Ng, 2018; Adewumi et al., 2010).

The presence of tens of thousands of micropollutants in the
effluents of wastewater, however, has made the quality of the
effluent questionable as most of the conventional wastewater
treatment plants are not designed to remove emerging pollutants
such as pharmaceuticals, personal care products, disinfection
byproducts, industrial chemicals and pesticides (Fatta-Kassinos
et al., 2016; Schymanski et al., 2014a; Zuo et al., 2013). The pres-
ence of these contaminants in wastewater effluents and their
subsequent release to the environment might be followed by
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detrimental effect to both human health and aquatic ecosystems
(Sousa et al., 2017; Zuo et al., 2006; Pahigian and Zuo, 2018). In-
vestigations aimed at studying occurrence of themicropollutants in
the effluent wastewater and obtaining better knowledge of chem-
ical status of wastewater is therefore indispensable to determine its
quality, predict the potential risks associated with its re-use and
development of efficient removal approaches.

Azole antifungal drugs are a group of pharmaceuticals which
recently emerged as a new class of environmental pollutants
(Castro et al., 2016). Their extensive usage in human as well as in
agriculture and personal care products (Liu et al., 2016; García-
Valc�arcel and Tadeo, 2011) has resulted in significant and wide-
spread presence of their residues in the environment such as
wastewater, surface water, groundwater, sludge, sediment, and bio-
solid amended soils (Gottschall et al., 2012; Chen and Ying, 2015).
Their presence in the environment has been associated with
negative effect to non-target aquatic organisms (e.g. endocrine
disruption) and plants (e.g. retardation of growth) (Zarn et al.,
2003; Richter et al., 2016). Moreover, increased use of azoles has
resulted in the emergence of less susceptible as well as drug
resistant fungal species (Brand~ao et al., 2010). Due to the concerns
both for non-target organisms and a potential health risk for
humans, reliable determination of the azoles in different environ-
mental matrices is essential (Barra Caracciolo et al., 2015).

Ultrahigh performance liquid chromatography-Quadrupole
Time of flight tandem mass spectrometer (UHPLC-QTOF-MS) is a
powerful analytical technique for residue analysis in aquatic envi-
ronments due to its intrinsic characteristics of accurate mass
measurements and high resolution (Zhao et al., 2014). It permits
the acquisition of full scan product ion spectra with measurement
of accurate mass of product ions thereby securing reliable identi-
fication of compounds (Ib�a~nez et al., 2009; Petrovic and Barcel�o,
2006). Moreover, full scan acquisition in UHPLC-QTOF-MS has led
to the retrospective analysis of data generated for target analysis.
Retrospective analysis enables detection of suspect and unknown
compounds other than the targets compounds as the full spectrum
for accurate mass data can be archived (Kinyua et al., 2015;
Hern�andez et al., 2012a). Retrospective analysis also provides his-
torical record of pollution profile of an aquatic environment by
tracking the occurrence in time of the micropollutants (Chiaia-
Hernandez et al., 2012). Unlike the discussions which have been
going on for some time on retrospective analysis with high reso-
lution mass spectrometry (Geissen et al., 2015; Hern�andez et al.,
2012b), there are few reports in the open literature that have
used the approach (Hern�andez et al., 2011a; Polg�ar et al., 2012). In
this study (i) preliminary investigation on the occurrence of eight
commonly used azole antifungal drugs in wastewater effluent was
performed using UHPLC-QTOF-MS (ii) the data generated during
the target analysis of the azole antifungals was retrospectively
analyzed for further identification of other pollutants through
suspect and non-target screening. The main objective of this work
was to explore the potential of retrospective screening for detection
of wide range of emerging pollutants through suspect and non-
target screening of high resolution mass spectrometry data.

2. Experimental

2.1. Reagents and materials

All reagents and pharmaceutical standards used were of
analytical grade. Clotrimazole, econazole, fluconazole, itraconazole,
ketoconazole, miconazole, and voriconazole reference standards,
all European Pharmacopoeia standards, were purchased from
Sigma Aldrich (Missouri, United States). Analytical standard for
posaconazole was also purchased from Sigma Aldrich (Missouri,
United States). LC-MS CHROMASOLV® grade methanol and aceto-
nitrile were purchased from Sigma Aldrich (Missouri, United
States). Ultrapure water (UPW) was produced by an Integral 10 Elix
Milli-Q systemwith an LC (Bio-pak) polisher (Massachusetts, USA).

Individual stock standard solutions (1000mg L�1) were pre-
pared in methanol and stored at �20 �C. A mixture of all pharma-
ceutical standards (100mg L�1) was prepared in methanolewater
(50:50 v/v) by appropriate dilution of individual stock solutions
and was used to prepare working solutions. All prepared standard
solutions were stored at �20 �C in a freezer.

Atlantic HLB-H disks (47mm) from Waters Corporation (New
Hampshire, USA) were used for the solid phase extraction (SPE) of
water samples. Whatman Grade GF/F Glass Microfiber Filters
(Missouri, United States) with a diameter of 110mm was used for
filtering water samples before extraction.

2.2. Study area and sample collection

Effluent wastewater sample was collected from one of the
wastewater treatment plants in Pretoria, located in the most
densely populated Gauteng province, South Africa, namely Das-
poort wastewater treatment plant (DWWTP) (25�44003.800S
28�10032.200E). The wastewater treatment plant receives mostly
domestic wastewaters. The existing wastewater treatment works is
based on trickling filter and activated sludge technology. DWWTP
discharges its effluent to Apies River that connects down to the
Pienaars River which is one of the tributaries of Crocodile River.
Crocodile River flows into the Hartbeespoort Dam, which is the
source of irrigation and drinking water for the local community in
Hartbeespoort area, Northwest province in South Africa.

Ambered glass bottles pre-rinsed with ultrapure water and
flushed three times with the wastewater were used for sample
collection. After collection, samples were kept at 4

�
C until arrival to

the laboratory and processed within 48 h.

2.3. Sample pre-concentration

The wastewater sample was preconcentrated following the
method described by Huang et al. (2010), with slight modification.
Briefly, wastewater sample was filtered using 0.7 mm glass micro-
fiber filters, pH adjusted to 2 using formic acid and pre-
concentrated using Dionex™ AutoTrace™ 280 solid phase extrac-
tion (SPE), (Thermo scientific, Massachusetts, United States). SPE
disk was sequentially conditioned with 10mL of methanol and
10mL of ultrapure water (pH¼ 2) at flow rate of 10mLmin�1. Then
after, 500mL of wastewater was loaded to the disk at a flow rate of
5mLmin�1. The disk was rinsed with 10mL of 10% MeOH in water
followed by dryingwith the help of nitrogen for 15min. Elutionwas
performed with 2� 5mL of methanol at 3mLmin�1. The extract
was evaporated under a gentle nitrogen stream and reconstituted
with 1mL of methanolewater (50:50, v/v). Finally, reconstituted
extracts were filtered using GHP acrodysic syringe filters (25mm,
0.45 mm) (PALL life sciences, USA) before injection. Extracted sam-
ple was analyzed in triplicates.

2.4. Instrumental analysis

Instrumental analysis was performed using a Dionex ultimate
3000 ultrahigh performance liquid chromatography (UPLC)
(Thermo scientific, Massachusetts,United States) system equipped
with a binary pump, an online degasser, column oven and an
autosampler coupled to Impact II Quadrupole time of flight (QTOF)
tandem mass spectrometer (Bruker, Germany) with electrospray
ionization (ESI). Chromatographic separation was achieved using
an Acquity BEH C18 column (2.1� 100mm x 1.7 mm) supplied by
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Waters Corporation (Milford, MA, USA). Ultrapure water (A) and
acetonitrile (B), both containing 0.1% formic acid, were used as
mobile phases applying gradient elution. The elution gradient
started with 40% of eluent B, increasing to 100% in 7min, holding at
100% B for 2min and then, back to 40% within 1min. Mobile phase
flow rate of 0.3mLmin�1, injection volume of 5 mL and column
temperature at 35

�
C were used.

Retention times, mass accuracy of extracted ion chromatogram
and the fragmentation pattern of analytes in the samples were
matched with those of single standards for reliable identification.
For quantification, a 10 point calibration was constructed for each
target compounds in the concentration range of 10e50 mg L�1 using
reference standards prepared in 50:50 (H2O: MeOH). The MS/MS
fragmentation pattern of the target compounds and other LC-MS
conditions used for quantification were given in supplementary
material 1 (Tables S1 and S2).

MS parameters for the analysis were the following: drying gas
(N2, generated by Peak Scientific Genius nitrogen generator) flow
rate was 8min L�1, drying gas temperature was set at 220 �C,
nebulizer gas (N2) was 1.8 Bar, and the capillary voltagewas 4500 V.
Themass spectrawere recorded across the range of m/z 50e1600 in
full scan mode. All compounds were analyzed in positive mode.
Nitrogenwas kept as a nebulizer and auxiliary gas. Sodium formate
cluster was used to calibrate the MS instrument. The calibrant was
infused in front of the LC for each sample run and used for mass
recalibration as well as calculating the mass accuracy.

Solvent blank, procedural blank, recovery test and determina-
tion of method detection limit (MDL) were included in the analysis
as a measure of quality assurance (QA) and quality control (QC).
MDL and recoveries of the target analytes were 0.1e1 ng L�1 and
10e105%, respectively (Supplementary material 1, Table S3). No
quantifiable target azoles were detected in the procedural and
solvent blanks. The relative standard deviation of triplicate mea-
surements of standards and samples remained within 10%.

2.5. Suspect screening

A suspect list of more than 300 emerging pollutants, both parent
and transformation products, was prepared from Norman's list
(https://www.norman-network.net/?q¼node/81) and literature
reports (Ib�a~nez et al., 2017; G�omez et al., 2010; Hern�andez et al.,
2011b). Compass Data Analysis 4.3 (Bruker, Germany) software
package together with the tools found in the software package such
as compass isotope pattern and compound crawler were used in
the suspect screening workflow. The function edit chromatogram
was used to obtain extracted ion chromatogram (EIC) of each
compound using their molecular formula. A mass window of
0.005mDa was used for extracting ion chromatograms. MS/MS
spectrum of each compound was then obtained using the find
compound spectra function in the Data Analysis. The compound
crawler function in the Data Analysis 4.3 software was used to
confirm that the peak represents the suspect compounds in online
databases of KEGG (Kyoto Encyclopedia of Genes and Genomes),
CHEBI (Chemical Entities of Biological Interest), HMBD (Human
Metabolome Data Base), and FOR-IDENT. Parameters used in
screening were mass accuracy �5 ppm, isotopic fit (mSigma) less
than or equal to 100, signal to noise ratio of 3, minimum intensity
threshold of 500, and presence of minimum of one product ion. The
MS/MS spectra of the suspect compounds which were found in
either of aforementioned online databases were verified with
spectral libraries including MassBank (https://massbank.eu/
MassBank/), METLIN (http://METLIN.scripps.edu), Drug Bank
(https://www.drugbank.ca/) and In Silico fragmentation platforms
(CFM-ID) (cfmid.wishartlab.com/). Available reference standards
were then used for unequivocal identification. The work flow used
for suspect screening is summarized in supplementary material 1
(Fig. S1, path B).

Decision of confidence of level of identificationwas based on the
criteria developed by Schymanski et al. (2014b). Briefly, Com-
pounds are identified at level 1 when the proposed structure is
confirmed via appropriate measurement of a reference standard.
Level 2 refers to probable compounds whose MS/MS spectra were
verified with spectral libraries or literature.

2.6. Non-target screening

For non-target screening, accurate masses were obtained from
base peak chromatogram (BPC) through the average spectrum
function of Compass Data Analysis 4.3 software (Bruker Daltonics,
Germany). Extracted ion chromatogram (EIC±0.005mDa) of accu-
rate masses which were not present in procedural blank and the
suspect list was added to analysis list using add extracted ion
chromatogram function of the data analysis software. Selection of
masses was based on its intensity and presence of MS/MS infor-
mation. Compound crawler function in Compass Data Analysis 4.3
was used to generate the possible molecular formulas based on
measured accurate masses. The compound crawler was set to
include C, H, O, P, S, Cl, and F elements. Online databases of KEGG,
CHEBI, HMBD, and FOR-IDENT were used to annotate the proposed
formulas through the Metfrag and Metfusion functions in the
compound crawler. Parameters used in screening were similar with
parameters used for suspect screening. MS/MS spectra verification
and unequivocal identification was also made following the pro-
cedure mentioned in the suspect screening. The work flow used for
non-target screening is summarized in supplementary material 1
(Fig. S1, path A).

3. Results and discussion

3.1. Determination of azole antifungal drugs

Even though, there is a misconception among researchers that
complete chromatographic separation can be minimized or even
eliminated in LC-MS/MS methods (Jessome and Volmer, 2006),
complete chromatographic resolution can decrease the number of
co-eluting compounds thereby improving detectability and mini-
mizing matrix effect (Huang et al., 2010). In this study, a complete
separation of eight azole antifungal drugs compounds was ach-
ieved using micro column (2.1mm� 100mm� 1.7 mm) in a
considerably shorter total run time (10min) (supplementary ma-
terial 1, Fig. S2). Furthermore, full spectrum of the target azole
compoundswas acquired in the auto-MS/MSmode using reference
standards. Once the full spectrum of each target compound was
obtained, the most abundant ion (parent or product ion) in the
mass spectrum was selected as a quantifier for each compound
(Table S2). Representative fragments of the studied azoles were
summarized in supplementary material 1 (Table S1).

Among the target compounds, clotrimazole, fluconazole, itra-
conazole, ketoconazole and posaconazole were detected in the
effluent wastewater sample (Fig. 1). Average concentration of Clo-
trimazole was 30.03 ng L�1, which falls in the range reported for
wastewater effluent in Ireland (Lacey et al., 2012) and is higher than
the levels reported in China and UK (Huang et al., 2010; Roberts and
Thomas, 2006). Ketoconazole was detected at an average concen-
tration of 12.31 ng L�1, falling in the range reported by Casado et al.
(2014) but lower than the reported level in Sweden (Lindberg et al.,
2014). Itraconazole and posaconazole were detected for the first
time in this study with an average concentration of 2.43 ng L�1 and
15.38 ng L�1, respectively. Fluconazole showed the highest con-
centration with an average concentration of 302.38 ng L�1. The
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concentration of fluconazole observed in this study was higher
than reports for effluent wastewater in China (6.10 ng L�1) (Chen
et al., 2012) and Germany (158.93 ng L�1) (Gurke et al., 2015) and
lower than the concentration reported in Sweden (793.00 ng L�1)
(Lindberg et al., 2014). Econazole and miconazole were not detec-
ted in this study although they were detected in wastewaters of
Beijing, China (up to 0.51 ng L�1 in effluent) and Ghent, Belgium (in
up to 35.70 ng L�1 in effluent), respectively (Van De Steene et al.,
2010; Huang et al., 2012). The relative higher concentration of
fluconazole observed in this study could be due to its ability to be
predominantly transported in the aqueous phase, while the other
azoles tend to adsorb on solid matrices due to their hydrophobic
nature (Peng et al., 2012). Moreover, fluconazole is widely used as a
prophylactic drug to control invasive fungal infections (Ericson
et al., 2016; Ng et al., 2012). The higher level of the fluconazole is
an environmental concern as it is higher than its reported predicted
no effect concentration (PNEC, 250 ng L�1), which might lead to
selection of drug resistance in the aquatic environments
(Bengtsson-Palme and Larsson, 2016). The spatial variation in the
observed and reported concentrations of the azoles in the effluent
wastewaters of different countries could be attributed to factors
such as the size of wastewater treatment plant, removal efficiencies
of wastewater treatment technology, consumption pattern of the
drugs, and number of population (Reilly et al., 2012). Given the
detection of the target antifungals in the effluent, the findings are a
call for a wide assessment of their occurrence in aquatic environ-
ments and their role ecotoxicology as well as in selection of drug
resistant fungi.

3.2. Suspect screening

Effluents from wastewater treatment plants contain tens of
thousands of micropollutants and transformation products which
cannot be addressed by only target analysis. High accuracy, UHPLC-
QTOF-Mass spectrometric data was retrospectively analyzed for
suspects and unknown (non-target) compounds manually to
complement the target analysis of antifungal azoles.

Molecular formula of suspected compounds was used to extract
the exact m/z of the expected compound from the full scan spec-
trum. Suspect screening was performed using [MþH]þas it is the
Fig. 1. Average concentration of the target azoles in analyzed wastewater effluent (ng L�1

surement of the effluent using UHPLC-QTOF-MS/MS.
predominant molecular ion produced in electrospray ionization
(ESI) operated in positive mode. A suspect list of more than 300
emerging pollutants both parent and transformation products were
included in the retrospective screening for suspect compounds
(supplementary material 2, Table S1). Sixteen Compounds were
identified in the effluent wastewater all with mass accuracy less
than 4 ppm and ion intensities higher than 1000. Pharmaceuticals
were the most common group of compounds identified (Table 1)
which could be attributed to their wide use. This finding is in
agreement with that of Glauner et al. (2016), who reported the
dominance of pharmaceuticals in urban wastewater effluents
(Glauner et al., 2016). Others such as plasticizer, herbicide, surfac-
tants and transformation products were also detected (Table 1,
Fig. 2).

Fig. 3 illustrates the detection and identification of the antihis-
tamine drug cetirizine through suspect screening. A narrow win-
dow extraction of ion chromatogram (EIC± 0.005) using the
molecular formula C21H25ClN2O3 presented a chromatographic
peak at a retention time of 1.82min (Fig. 3A). More than 100
plausible formulas (data not shown) were generated by compound
crawler when this function was used at 5 ppm mass tolerance to
establish if the peak and spectral information found represents the
suspected drug cetirizine. The mass tolerance was lowered to
2 ppm to reduce the number of candidate molecular formulas. The
change in mass tolerance from 5 ppm to 2 ppm resulted in 38
molecular formulas ranked by their mSigma, the one with the
lowest mSigma (21.6) being the sum formula C21H25ClN2O3

(Fig. S3). This same formula has also the highest score (100%)
among the listed molecular formulas by compound crawler. A
Metfrag search using this formula and its exact mass yielded 3
candidates ranked by their score, where cetirizine showed score of
1.0 with highest number of peaks (9/24) explained (supplementary
material 1, Fig. S3). The molecular weight of cetirizine (388.155 gm/
mol) was confirmed by the presence of peak at m/z 389.1628 in the
mass spectrum corresponding to the [MþH]þ adduct
(C21H26ClN2O3

þ). Sevenmain fragments were observed in theMS2 of
the compound. The base peak in the MS2 corresponded to the m/z
201.0466 (C13H10Clþ) (Fig. 3B) which could be formed by the loss of
2-(2-(piperazin-1-yl) ethoxy)-acetic acid (C8H16N2O3) moiety.
Other fragments observed in the MS2 spectrum of the suspect drug
). Error bars represent the standard deviations calculated from triplicate (n¼ 3) mea-



Table 1
List of emerging pollutants tentatively identified through suspect screening (except the compounds used for illustration of suspect screening workflow).

Suspect Ion
Formula (m/z)

RTa MEb mSigma Selected fragments Identification level Class

Fragment 1 Fragment 2 Fragment 3

Diethylhexyl phthalate C24H39O4 (391.2857) 8.65 �3.5 14.0 167.0347 149.0236 71.0857 2 Plasticizer
Atazanavir C38H53N6O7 (705.3977) 2.22 �0.9 13.9 534.3082 335.1971 168.0807 2 Pharmaceutical
N,N-Diethyltoluamide C12H18NO (192.1383) 2.39 �0.2 9.4 119.0493 100.0759 91.0544 2 Insect repellent
Ritonavir C37H49N6O5S2 (721.3232) 3.58 �2.8 17.1 426.1860 296.1433 268.1481 2 Pharmaceutical
Climbazole C15H18ClN2O2 (293.1055) 1.90 �1.3 0.8 225.0680 197.0729 166.1091 2 Pharmaceutical
Bezafibrate C19H21ClNO4 (362.1161) 2.61 �2.0 24.9 316.1109 276.0769 138.9948 2 Pharmaceutical
Citalopram C20H22FN2O (325.1705) 1.46 1.8 56.0 307.1559 262.1029 234.0726 1 Pharmaceutical
nonaethylene glycol C18H39O10 (415.2535) 0.99 0.6 48.2 273.11232 177.1124 133.0855 4 Surfactant
Fluorene C13H11 (167.0854) 1.45 0.8 31.9 166.0763 152.0623 121.1017 4 Polyaromatic hydrocarbon
Estradiol C18H25O2 (273.1855) 5.45 �2.2 2.40 255.1749 225.1275 197.1328 1 Pharmaceutical
Desethylterbuthylazine C7H13ClN5 (202.0855) 1.85 �0.5 42.3 146.0231 148.0197 104.0012 2 Transformation product
Desmethylvenlafaxine C16H26NO2 (264.1958) 1.08 �0.0 16.8 246.1854 119.0852 107.0491 2 pharmaceutical
Losartan carboxylic acid C22H22ClN6O2 (437.1490) 2.46 �0.7 8.70 235.0983 207.0919 190.0669 2 Transformation product
Irbesartan C25H29N6O (429.2398) 1.80 �0.2 20.4 401.2348 386.2237 235.0981 2 Pharmaceutical

a RT¼ retention time (min).
b ME¼mass error (ppm).

Fig. 2. UHPLC-QTOF-MS/MS chromatogram of tentatively identified compounds in the effluent sample through suspect screening (chromatograms of compounds used for illus-
tration are not included).
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include m/z 203.0437 (C13H10[37]Clþ), 193.0758 (C13H9N2þ),
187.1078 (C8H15N2O3

þ), 166.0774 (C13H10
þ ), and 165.0699 (C13H9

þ).
Mass errors of all the fragments were below 2.5 ppm. Moreover, the
fragment ions with m/z 201.0466, 166.0774 and 165.0699 are in
accordance with fragments reported for cetirizine in the literature
(Ferrer et al., 2013; Zhou, 2016). The MS2 spectra of cetirizine in
METLIN and MassBank are in agreement with measured spectra of
cetirizine (Fig. 3C and D). Cetirizine has been reported up to
510.00 ng L�1 in wastewater effluents and up to 720.00 ng L�1 in
surface waters (Bahlmann et al., 2012; Kosonen and Kronberg,
2009). All these evidences strongly supported the correct
identification of the suspect compound as cetirizine at level 2.
Cetirizine was then confirmed using a standard.

Majority of the research on pollutants in the environment, both
through targeted and non-targeted approach, focuses on the
determination of the parent compound. However, many com-
pounds can undergo partial metabolism and/or degradation in the
environment resulting in more persistent or toxic than the parent
compound and may assume different ecotoxicological profile
(Kosma et al., 2017). To this end, more than 40 transformation
products were included in our list of suspects.

A detection and identification of one of the transformation



Fig. 3. Extracted ion chromatogram (A), MS and MS2 Spectra with proposed structure of selected fragments (B) of cetirizine. MS2 spectra of cetirizine available in METLIN (C) and
MassBank (D). ME¼mass error.
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product of carbamazepine, 10, 11-trans-dihydroxy-10, 11-
dihydrocarbamazepine (DiOH-CBZ), (C15H14N2O3) is shown in
Fig. 4. DiOH-CBZ is the result of conversion of the anticonvulsant
drug carbamazepine into carbamazepine-10,11-epoxide (CBZ-E)
through cytochrome p450 dependent enzymes and subsequent
metabolism of the epoxide by epoxy hydroxylase (Ace~na et al.,
2017). It can also be formed due to metabolism of carbamazepine
analogue oxcarbazepine (Leclercq et al., 2009). Furthermore, DiOH-
CBZ has been reported as one of the degradation products carba-
mazepine which is formed during the wastewater treatment pro-
cesses (Wang et al., 2016). Reported pathways to the formation of
DiOH-CBZ are summarized in supplementary material 1 (Fig. S4).
Performing a narrow ion chromatogram extraction using the mo-
lecular formula of the transformation product presented a



Fig. 4. Extracted ion chromatogram (A), MS and MS2 Spectra of with proposed structure of selected fragments of 10, 11-trans-dihydroxy-10,11-dihydrocarbamazepine (B). MS2

spectra of 10, 11-trans-dihydroxy-10,11-dihydrocarbamazepine available in MassBank (C). ME¼mass error.
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chromatographic peak at 0.98min. The function compound crawler
in Compass Data Analysis 4.3 software (Bruker, Germany) was used
to confirm if the peak and spectral information found represents
the suspected transformation product 10, 11-trans-dihydroxy-10,
11-dihydrocarbamazepine. Eight plausible formulas ranked by their
mSigma were retrieved using the compound crawler (supplemen-
tary material 1, Fig. S5). However, none of the formulas suggested
by the compound crawler were in agreement with the molecular
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formula of the suspect transformation product. This could be
attributed to the relatively lower signal intensity of chromato-
graphic peak as well as spectral data. A spectral search for the
molecular formula(s) with lower mSigma (<100) and higher score
(100%), which is C17H22N2O, in Metfrag, MassBank and METLIN
returned zero hits.

The use of the exact mass (270.1729) to search for potential
candidates in Metfrag yielded 1 hit named Doxylamine (Supple-
mentary material 1, Fig. S5). The measured MS2 spectrumwas then
compared to the MS/MS spectrum of doxylamine retrieved from
METLIN data base which was found to be different making doxyl-
amine not very likely (Fig. 4B and supplementary material 1,
Fig. S6). The same exact mass was again used to look for potential
candidate compounds for the chromatographic peak and spectral
information obtained using the molecular formula of the suspect
transformation product (C15H14N2O3) in an online data bases
(MassBank and METLIN). 154 and 138 candidate compounds were
retrieved from the data bases MassBank and METLIN respectively.
The top most candidate of the combined list (MassBank and MET-
LIN) resulted in one prioritized compound which was 10, 11-trans-
dihydroxy-10, 11-dihydrocarbamazepine. Although METLIN
revealed a slightly different in silico predicted spectra, the MS2

spectra in the MassBank for 10, 11-trans-dihydroxy-10, 11-
dihydrocarbamazepine is in agreement with the measured spec-
trum (Fig. 4C) making this transformation product to be the more
likely candidate.

The mass spectrum for 10, 11-trans-dihydroxy-10,11-
dihydrocarbamazepine shows a peak at m/z 271.1802 correspond-
ing to the [MþH]þ adduct (C15H15N2O3þ) confirming themolecular
weight 270.288 gm/mol. A base peak at m/z 180.0806 (C13H10Nþ) is
observed in both the MS2 of the measured spectra and the spectra
in MassBank (Fig. 4B and C). Other main fragments revealed in the
measured spectrum include 236.0709 (C15H10NO2þ),
210.0912(C15H10NO2þ), 182.0961 (C13H12Nþ) and 167.0729
(C12H9Nþ) (Fig. 4B). Literature was searched if similar fragments
were reported to further increase the confidence of identification of
the transformation product. Fragments at m/z 254.0801, 253.0971,
236.0704, 210.0912, 182.0962 and 180.0805 were reported in
literature (Miao and Metcalfe, 2003; Kaiser et al., 2014). The dif-
ferences in some of the fragments could be attributed to the dif-
ferences in collision energy used for fragmentation.

3.3. Non-target screening

Given accurate masses, which can be obtained from high reso-
lutionmass spectrometry full scan spectral data, it is possible to use
Table 2
List of emerging pollutants tentatively identified through non-target screening (except t

Accurate
mass

Ion Formula (m/
z)

RTa MEb mSigma Selected fragments Id

Fragment
1

Fragment
2

Fragment
3

183.0780 C6H16O4P 1.39 0.2 6.2 127.0156 98.9843 80.9734 tri

237.1023 C15H13N2O 1.75 �0.4 9.2 195.1000 194.0963 193.0881 Ca
230.1169 C9H16ClN5 3.12 �1.0 5.7 176.0514 174.0543 132.0325 Te
629.3704 C37H48N4O5 3.81 �1.0 2.1 447.2655 429.2548 183.1129 Lo
316.0348 C14H10ClF3NO2 4.02 �0.5 2.8 278.0187 244.0142 232.0142 Ef
134.0711 C7H8N3 1.25 1.5 10.1 106.0653 95.0496 79.0540 5-
216.1012 C8H14ClN5 2.35 �0.6 19.1 174.0543 146.0231 132.0326 At
399.2511 C18H40O7P 5.12 �1.2 4.7 299.1623 199.0732 101.0961 Tr

ph
278.1906 C20H24N 1.91 �1.0 72.7 233.1328 191.0859 91.0544 Am
436.2350 C24H30N5O3 2.82 �1.5 4.9 418.2259 362.2238 352.1780 Va

a RT¼ retention time (min).
b ME¼mass error (ppm).
a formula generator to compute molecular formula of the masses.
Data bases can then be used to allocate amolecular structure for the
generated molecular formulas and identify unknown compounds
(Müller et al., 2011). To this effect, more than 150 accurate masses
selected based on their intensities, were included in the manual
retrospective non-target screening for the detection of unknown
compounds. Eleven relevant compounds, all with very low mass
errors (<2 ppm), were detected in the wastewater effluent (Table 2,
Fig. 6). Chromatogram of compounds tentatively identified through
non-target screening, except for the ones used as illustrative ex-
amples, is given in Fig. 5.

As an example, the detection and tentative identification of the
antihistamine drug fexofenadine is shown in Fig. S7 (supplemen-
tary material 1) and Fig. 6. Performing narrow window extraction
of ion chromatogram using the accurate mass 502.2953 revealed a
chromatographic peak at 1.76min (Fig. 6A). The accurate mass
together with the measured mass spectrum and MS2 spectrum, as
well as restriction of elements (C, H, O, N, Cl, F, S, P) were used in
compound crawler to generate plausiblemolecular formulas for the
targeted accurate mass. 55 molecular formulas were generated, the
formula C32H39NO4 being top scoring (100%) and with the lowest
mSigma (8.2). The mass error associated with this formula was also
considerably low (�0.2 ppm). Metfrag was used to retrieve 2
structures for this formula from KEGG, the antihistamine drug
fexofenadine with a score of 1.0 and the mycotoxin aflatremwith a
score of 0.89 (Fig. S7). CHEBI and HMBD databaseswere also used to
retrieve structures through Metfrag, where both suggested only
fexofenadine (data not shown) making fexofenadine the more
likely candidate.

TheMS2 spectrum of the candidate fexofenadine presents a base
peak at 502.2953 corresponding to the [MþH]þ of the compound.
Other main fragments observed in the MS2 spectra of the candidate
include 484.2859 (C32H38NO3þ), 466.2748 (C32H36NO2þ),
262.1602(C19H20Nþ), 233.1183 (C14H17O3þ), 171.1169 (C13H15þ) and
91.0544 (C7H7þ) (Fig. 6B). A matching spectrum with measured
spectra was found in METLIN database (Fig. 6C). Furthermore, the
fragments 171.2000, 233.1000, 262.5000, 466.3000 and 484.2000
have been reported in the scientific literature (Kumar et al., 2009).
Fexofenadine occurrence in the aquatic environments such as
wastewater effluents is widely reported in the literature (Kosonen
and Kronberg, 2009; Loos et al., 2013; Kristofco and Brooks, 2017;
Golovko et al., 2014). It has been reported to be one of the phar-
maceuticals known to have low removal efficiency during waste-
water treatment (Kosonen and Kronberg, 2009; Golovko et al.,
2014). These all evidences suggest that the accurate mass
502.2953 corresponds to the antihistamine fexofenadine.
he compound used for illustration).

entified as Identification
level

Class

ethyl phosphate 2 Flame retardant/intermediate for
others/

rbamazepine l Pharmaceutical
rbuthylazine 2 Herbicide
pinavir 2 Pharmaceutical
avirenz 2 Pharmaceutical
Methylbenzotriazole 2 Corrosion inhibitor
razine 1 Herbicide
is (2-butoxyethyl)
osphate

2 Flame retardant

itriptyline 2 Pharmaceutical
lsartan 2 Pharmaceutical



Fig. 5. Chromatogram of compounds tentatively identified through non-target screening.
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Obviously, reference standard is required for unambiguous identi-
fication of the compound.

Considering these results, the strategy used here provided
valuable confirmation for the identification of wide range of
emerging pollutants in environmental samples through retro-
spective suspect and non-target screening. A total of 27 compounds
were tentatively identified through retrospective suspect and non-
target screening and four compounds were confirmed using stan-
dards. This shows that the relatively simple approach used here can
still be applied in situations where automatic data management
tools are not available or are not applicable. Available automatic
mass spectrometric data management tools are often either
expensive, developed for data outputs from specific instruments or
need high speed computers, which all these might limit fully
exploring the potential of suspect and non-target screening.
4. Conclusion

The information acquired by UHPLC-QTOF-MS allows target
analysis as well as retrospective look into the presence of other
suspect or unknown emerging pollutants which were not included
in the target analysis. Targeted quantification of commonly used
azole antifungal drugs (clotrimazole, econazole, fluconazole, itra-
conazole, ketoconazole, miconazole, posaconazole and vor-
iconazole) and retrospective suspect and unknown (non-target)
screening of other emerging pollutants in wastewater effluent us-
ing UHPLC-QTOF-MS has been carried out in this work. In the target
analysis, clotrimazole, fluconazole, itraconazole, ketoconazole and
posaconazole were detected in the effluent wastewater sample,
fluconazole being with highest average concentration
(302.38 ng L�1). The retrospective analysis of the accurate mass
data has allowed, in this work, the detection and identification
pharmaceuticals such as irbesartan, valsartan, carbamazepine, ri-
tonavir and lopinavir, herbicides such as terbuthylazine, flame re-
tardants such as triethyl phosphate and plasticizers such as
diethylhexyl phthalate. Compounds which have been included in
the watch list, estradiol, atrazine and carbamazepine, were also
detected in the effluent wastewater through the retrospective
analysis. Furthermore, transformation products such as 10, 11-
dihdro 10, 11-carbamzepine, desethylterbuthylazine and losartan



Fig. 6. Extracted ion chromatogram (A), MS and MS2 Spectra with proposed structure of selected fragments of fexofenadine (B). MS2 spectra of fexofenadine available in METLIN (C).
ME¼mass error.
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carboxylic acid were detected. Wider assessment of the occurrence
of the azole antifungals in different aquatic matrices is recom-
mendable to better understand the risk related to their existence in
the environment. The advantage of retrospective data mining from
data acquired by resolution QTOF-MS could be used more in the
future for wide-ranging emerging pollutants without the need for
additional injection of samples.
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