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EMERGInG DBPS:  nEW DIScOvERIES, POtEntIAL RISkS, AnD PROMISInG SOLutIOnS

Susan Richardson
University of South Carolina
E-mail: richardson.susan@sc.edu

Drinking water disinfection by-products (DBPs) are an unintended consequence of using chemical 
disinfectants to kill harmful pathogens in water.  DBPs are formed by the reaction of disinfectants 
with naturally occurring organic matter, bromide, and iodide, as well as from anthropogenic 
pollutants, such as pharmaceuticals and pesticides. DBPs are one of a small handful of environmental 
contaminants that have been definitively linked to adverse human health effects in epidemiologic 
studies.  Several DBPs, such as trihalomethanes (THMs), haloacetic acids (HAAs), bromate, and 
chlorite, are regulated in the U.S. and in other countries, but other “emerging” DBPs, such as iodo-
acids, halobenzoquinones, halonitromethanes, haloamides, halofuranones, and nitrosamines are 
not widely regulated.  

This presentation will provide a state-of-the-science overview of the formation of DBPs, along 
with new identifications made using GC- and LC-high resolution-MS, including DBPs formed by 
domestic and hydraulic fracturing wastewater impacts.   

Finally, new research on determining the important drivers of toxicity in drinking water will be 
presented, along with promising solutions for improving the safety of drinking water.
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REtROSPEctIvE ScREEnInG REvEALS PREvIOuSLy un-tARGEtED cOntAMInAntS In 
GLOBAL SuRFAcE WAtERS

Diana S. Aga
Department of Chemistry, The State University of New York at Buffalo, Buffalo, New York 14260, United States
dianaaga@buffalo.edu

Retrospective suspect screening using liquid chromatography with high resolution mass 
spectrometry is a promising approach for expanding the detection coverage of contaminants of 
emerging concern (CECs) in the environment. Current suspect screening workflows suffer from 
high frequency of false positives or insufficient confidence in the true identity of the compounds 
detected.  Here, a highly selective (87%) and sensitive (97%) workflow was developed and validated 
by characterizing the occurrence of CECs in wastewater and surface water samples from Hong 
Kong, India, Philippines, Sweden, Switzerland, and the U.S. Sixty-eight contaminants were 
identified at level 1 confidence, including pharmaceuticals, pesticides, and industrial chemicals. 
The antimicrobials metronidazole, clindamycin, linezolid, and rifaximin were detected in this 
suspect screening approach at concentrations up to 650 ng/L. Notably, antifungal compounds 
were detected in samples from all six countries, with levels up to 1,380 ng/L. The presence of 
the amoxicillin transformation products, penilloic acid (285 – 8047 ng/L) and penicilloic acid (107 
ng/L), were confirmed for the first time with reference standards in wastewater samples from 
India, Sweden, and the U.S. The workflow reported in this study (shown in Figure 1) provides 
an efficient approach to broad-scale identification of CECs using publicly-available databases for 
suspect screening and prioritization. 

Fig. 1. Overall analysis workflow for the suspect screening of contaminants of emerging concern (CECs) in wastewater and 
surface water samples. First, the data were acquired using the LC-Orbitrap in Full Scan ddMS2 mode. Next, the software 
Compound DiscovererTM was used to perform peak picking and exact mass matching to the suspect compounds list. 
Data filters such as background subtraction, replicates filter, and area filter were applied to reduce the number of 
suspect hits. The mass spectra of the remaining suspect hits were then matched against the mzCloudTM library for 
identification. Lastly, reference standards were purchased to confirm the identity of the unknown compounds detected 
in the samples.        
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SOuRcES, FAtE AnD IMPAct OF MEtFORMIn On AquAtIc EnvIROnMEnt

Mehran Alaee, Grazina Pacepavicius
Environment and Climate Change Canada
E-mail: mehran.alaee@canada.ca

In 2017, the global pharmaceutical market was estimated at $930 billion USD.  A growing and 
aging population will likely increase this value to $1.2 trillion USD by 2021. According to the OECD, 
pharmaceutical sales in Canada increased from $24 billion CAD in 2012 to $30 billion CAD in 2017. 
Consumed pharmaceuticals can be excreted in either their original form or as metabolites and find 
their way into wastewater. Most wastewater treatment plants (WWTPs) were designed in the 1950’s 
and 1960’s with the intention of reducing biological and chemical oxygen demands by removing 
organic matter from wastewater. Lipophilic organic pollutants in influent are removed during 
the treatment process whereas most drugs are hydrophilic, as such they escape the treatment 
process. As a result, they are commonly found in the effluent of WWTPs which discharges into 
receiving waters.
    
Metformin is a widely prescribed glucose lowering drug used in the treatment of type II diabetes; 
at an average daily dose of 2g/day. Metformin is not metabolized by humans, as such it is excreted 
unchanged and finds its way through municipal wastewater treatment plants to receiving waters. 
Even though investigations on the impacts of metformin have been inconclusive, some studies 
in laboratory settings have shown that metformin has impacted the growth of Japanese medaka, 
and fathead minnows. 
 
To assess the impact of metformin on receiving waters, the concentration of metformin and 
guanylurea (a transformation product of metformin) in influent and effluent of four wastewater 
treatment plants in Southern Ontario, along with receiving waters upstream and downstream 
of each plant were determined. Metformin was detected in 100% of wastewater and surface 
water samples. Guanylurea, was also observed in 100% of wastewater and 50% of surface water 
samples. The concentration of metformin in influent ranged between 6µg/L and 22 µg/L; and 
ranged between 0.095 µg/L and 2.88 µg/L in effluent. The removal efficiency for metformin in 
these WWTP ranged between 78% and 98%. These results are similar to values reported previously 
in the literature. In WWTPs, metformin is converted to guanylurea by microorganisms, hence 
higher concentrations of this transformation product were observed in effluents than influents. 
The presence of guanylurea in wastewater was confirmed using liquid chromatography/high 
resolution mass spectrometry.
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On-SItE nOn-tARGEt ScREEnInG OF WAtER SOuRcES WItH A tRAnSPORtABLE ORBItRAP

Heinz Singer1,*, Michael Stravs1, Christian Stamm1, Christoph Ort1, Guenter Boehm2, Thomas Moehring3

1Swiss Federal Institute of Aquatic Science and Technology - Eawag, Dübendorf, Switzerland;
2CTC Analytics, Zwingen, Switzerland;
3Thermo Fisher Scientific, Bremen, Germany;
*Email: heinz.singer@eawag.ch

High-resolution mass spectrometry coupled to liquid chromatography (LC-HRMS) has become an 
established key technology for the comprehensive screening of water quality. LC-HRMS enables 
an extensive and sensitive pollutant screening for target, suspect and non-target compounds in 
various aquatic matrices like surface waters and wastewaters. LC-HRMS measurements are usually 
performed in specialized laboratories with cutting-edge instrumentation. Therefore, water samples 
need to be first collected in the field, transported to the laboratory and preserved under adequate 
conditions before the analysis can take place. To cover highly fluctuating pollutant dynamics in 
the water cycle, extensive and costly sampling efforts are needed. To overcome this bottleneck, 
a field-deployable instrumentation was developed by installing a Q-Exactive HF together with a 
fully automated sample preparation in a mobile trailer. Bringing the lab to the field allows for the 
real-time analysis at very high sampling frequencies. With this on-site LC-HRMS measurement, an 
immediate feedback with action and intervention becomes feasible.

The technical setup of the transportable MS2field measurement platform consists of a water 
bypass loop, a self-cleaning filtration device, an online solid-phase extraction (SPE) - LC system and 
a QExactive HF mass spectrometer. The Q-Exactive HF acquires full scan mass spectra (MS1) with 
either data-dependent or data-independent MS/MS (MS2) in the polarity switching mode over the 
20 minute LC run. The measured data are processed immediately after acquisition and transferred 
to a network server. Selected pollutant concentrations can be viewed live on an internet dashboard. 
For a more comprehensive data analysis, the complete dataset can be evaluated retrospectively 
on demand.

To demonstrate the stable operation of the MS2field instrumentation under field conditions, 
20-minute interval measurements in a wastewater treatment plant and in a river over several 
weeks will be shown. Low ng/L limits of quantification could be achieved for target pollutants in 
wastewater and river water samples. Time series of selected target compounds will be presented 
for both sampling sites to demonstrate the usefulness of highly resolved pollutants dynamics. 
The waste water samples were also processed in a non-targeted fashion using preprocessing 
workflows, time series analysis with periodograms, appropriate transformations, and clustering 
algorithms. Examples for night/day and weekday/weekend patterns will be shown for the waste 
water. 

The findings of the MS2field illustrate that on-site measurements of organic pollutants can provide 
new insights into poorly studied transport and transformation processes with highly dynamic time 
courses. The MS2field platform can be used as a basis for the development of (trans)portable 
instruments for future environmental applications where assessing dynamics is imperative.

10 Invited Speakers
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tOWARDS On-SItE FOOD AnALySIS By (tRAnS)PORtABLE MASS SPEctROMEtRy

Marco Blokland1, Arjen Gerssen1, Paul Zoontjes1, Janusz Pawliszyn2, Michel Nielen1,3

1Wageningen Food Safety Research (WFSR), P.O. Box 230, 6700 AE Wageningen, The Netherlands.
2Department of Chemistry, University of Waterloo, 200 University Avenue West, Waterloo, Ontario N2L3G1, Canada. 
3Wageningen University, Laboratory of Organic Chemistry, Stippeneng 4, 6708 WE Wageningen, The Netherlands.
Correspondence to: Michel.Nielen@wur.nl

Nowadays we are enabled to measure several health-related parameters using our smartphone 
and -watches. Similar principles will be used in the future by both consumers as well as food 
inspectors to check food for unwanted contaminants. The first methods that will become available 
for on-site inspection will be based on bioaffinity tests targeting only a single or a few contaminants 
and will not be multi-analyte and provide simplified yes/no or, at best, semi-quantitative screening 
results. According to legislation, as a follow-up suspect samples still need to be transferred to a 
laboratory where skilled technicians will perform mass spectrometry (MS) based confirmatory 
analysis. We envisage that the next-generation methods for on-site analysis will be more advanced 
and even high-end laboratory equipment, like mass spectrometers, will be applied for field 
analysis. Currently, there are very few MS instruments available that can be used on-site for food 
analysis. The majority of these MS instruments are transportable and not truly portable, making 
on-site application limited and not flexible. It is realistic to envisage that truly portable MS, already 
successfully applied for warfare agents and in forensic applications, can also be used in food and 
feed control.

In recent years, we have invested in research which should lead to effective on-site MS applications 
for food quality and safety control. To that end we mainly focussed on the elimination of tedious 
sample clean-up and studied simplified sample introduction methods as an alternative to 
cumbersome LC/MS methods. Several ambient ionization methods were critically evaluated using 
a set of selected food contaminants as representatives for the entire field. In this presentation 
we will provide an update of our most recent results. From the alternatives tested, Coated Blade 
Spray (CBS) turned out to be a highly promising option for liquid samples and extracts.

Meanwhile, following an extensive evaluation of available portable MS instruments, we recently 
purchased a portable GC/MS that is fully self-sustaining in the field, containing a battery, small gas 
cylinder, computer, GPS, and a WiFi connection to our institute via the cloud. The MS is operated 
under high-vacuum and nevertheless operational in 10 min after switching the system on. The 
ionization is based on electron ionization and the mass analyzer is a robust quadrupole. Different 
sample inlet options are available, e.g. membrane inlet MS (MIMS), thermal desorption and split/
splitless injection. This truly portable MS is currently evaluated for various food applications. 
Depending on the application, an inlet method is chosen. For example, MIMS for chemical incidents 
(volatiles), thermal desorption for food authenticity-related questions and splitless injection 
for pesticide analysis. Initial results of the evaluation of this MS system for food safety related 
applications will be presented and discussed as well.

 Literature
 M.H. Blokland, A. Gerssen, P.W. Zoontjes, M.W.F. Nielen; “Potential of recent ambient ionization techniques for food 

contaminant analysis using (trans)portable mass spectrometry”, Food. Anal. Methods, 13 (2020) 706-717.

 M.H. Blokland, A. Gerssen, J. Jager,  M.W.F. Nielen; “Ionization source, functional combination with a mobile device and 
arrangement with an atmospheric inlet mass spectrometry system”, European patent application (2020) EP20177574.
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DIFFEREnt Lc-MS APPROAcHES tO StuDy OccuRREncE, uPtAkE AnD DIStRIButIOn OF 
EMERGInG cOntAMInAntS In PLAntS

Yolanda Picóa, Julian Campoa, Ahmed H.Alfarhanb, Mohamed A. El-Sheikhb, Hamad O. Alshahranib, Damià 
Barcelób,c

aEnvironmental and Food Safety Research Group (SAMA-UV), Desertification Research Centre CIDE (CSIC-UV-GV), 
Moncada-Naquera Road Km 4.5, 46113 Moncada, Spain
bDepartment of Botany and Microbiology, College of Science, King Saud University, P.O. Box 2455, Riyadh 11451, 
Saudi Arabia
cWater and Soil Quality Research Group, Department of Environmental Chemistry, IDAEA-CSIC, Barcelona, 
Spaina
Email:  Yolanda.Pico@uv.es

Arid agricultural regions, such as Saudi Arabia, requently favor the use treated wastewater 
(reclaimed water) to irrigate food crops (1). Concerns arise, however, when considering the potential 
for contaminants of emerging concern (CECs) to accumulate into plants intended for human 
consumption (2, 3). Through this study, the accumulation of up to 150 CECs into representative 
food crops, following uptake via the roots and subsequent distribution to other plant tissues is 
analyzed. These examples show the role that mass spectrometry will play in the identification 
of complex mixtures of contaminants as well as metabolites and/or degradation products. 
Furthermore, the analytical capabilities of various liquid chromatography/mass spectrometry (LC/
MS) instruments are compared in the study of CECs in plants. In analyzing the different samples 
for the presence of several CECs and their metabolites/transformation products, the advantages 
and disadvantages of each type of instrumentation are demonstrated. For example, the QTOF 
mass spectrometer is shown to be an excellent devices for qualitative screening and identification. 
On the other hand, the QQQ mass spectrometer is an excellent devices for quantitative targeted 
confirmation. And yet, the converse is somewhat true in that the QTOF instruments may also be 
useful for quantification, though not as sensitive as an instrument like the QQQ. The examples 
covered showed some experiments under controlled conditions but also in natural environments 
(crops and wild plants) under non-controlled conditions. Globally, for the crops analyzed, the root 
concentration factor was found to exhibit a positive linear correlation with the pH-adjusted octanol-
water partition coefficient (DOW) for most of the contaminants. Coupled with the concentration-
dependent accumulation observed in the roots, this result implies that accumulation of CECs into 
plant roots is driven by passive partitioning. Of the contaminants of emerging concern examined, 
non-ionizable contaminants, such as carbamazepine, and organophosphate flame retardants 
(OFPRs) displayed the greatest potential for translocation from the roots to above-ground plant 
compartments. In particular, the OPFRs displayed increasing affinity for shoots with decreasing 
size/octanol-water partition coefficient.

 Acnowledgments
 The financial support from the project number (RSP-2019/11) King Saud University, Riyadh, Saudi Arabia.

 References
1. Picó Y., Alfarham A., Barceló D., TrAC Trends Anal. Chem. 2017: 94: 173-189.
2. Picó Y., Alvarez-Ruiz R., Alfarhan A. H., El-Sheikh M. A., Alobaid S. M., Barceló D., Sci.Total Environ. 2019: 652: 562-572.
3. Picó Y., Alvarez-Ruiz R., Wijaya L., Alfarhan A., Alyemeni M., Barceló D., Anal. Bioanal.Chem. 2018: 410: 1163-1176.
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OvercOming typical prOblems Of high resOlutiOn mass spectrOmetry with the 
nEW q-ORBItRAP PLAtFORM.

Amadeo R. Fernández-Alba, Łukasz Rajski
University of Almeria, Almeria, Spain
E-mail: amadeo@ual.es

High-resolution mass spectrometry has been present in the field of pesticide residue analysis in 
food for over a decade. In the past, single-stage instruments were the most common. They were 
used mainly for screening. However, there were inconveniences related to low sensitivity and lack 
of “the true MS2”. Modern high-resolution mass spectrometers have improved the sensitivity, and 
they are hybrid instruments (quadrupole mass filter and high-resolution mass analyser); thus, 
MS2 analysis is available. By that,  screening results are more reliable, and on the other hand, 
HRMS instrumentation can compete with triple quadrupoles in terms of quantitative analysis.

Although great technological progress has been made, some limitations are still present. While 
the sensitivity in MS can be considered as satisfying, around 10-15% of pesticides have problems 
in MS2, especially in difficult matrices. The problem can be overcome by the selection of a suitable 
MS2 acquisition mode. Very sensitive target acquisition is one of the strengths of the Orbitrap-
based instruments. However, the target approach diminishes one of the biggest advantages of 
HRMS, which is non-target acquisition. Thanks to the high-field Orbitrap, which is almost two times 
faster than the standard Orbitrap, it is possible to combine target and non-target acquisition in 
one run.

The new Q-Orbitrap platform based on the high-field Orbitrap was used for pesticide residue 
analysis. Various MS2 modes were investigated. The most promising was the combination of the 
All Ion Fragmentation (non-target acquisition) with tMS2 (target acquisition). The tMS2 was applied 
only to a preselected group of problematic compounds. Rest of the data was acquired in the 
non-target acquisition. This approach helped to improve the identification without an excessive 
increase in the cycle time.

Keywords: 
 High-resolution mass spectrometry; pesticide residues; target analysis; non-target analysis
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APPLIcAtIOn OF SuSPEct ScREEnInG FOR tHE IDEntIFIcAtIOn 
OF ERytHROHyDROBuPROPIOn AnD OtHER PPcPS In In FISH LIvERS

Anca Baesu1, Dixie Mollenkopf2, Thomas Wittum2, Stéphane Bayen1 

1McGill University
2The Ohio State University
Correspondence to: anca.baesu@mail.mcgill.ca

Wastewater release is an important source of pharmaceuticals and personal care products (PPCPs) 
in the aquatic environment and the presence of these contaminants is of concern for both aquatic 
food webs and human health. With a large number of contaminants detected, suspect or non-
target analysis presents more advantages over the traditional targeted analytical workflows. This 
approach allows for the extraction and identification of a large number of contaminants, and could 
be useful in identifying other metabolites or transformation products.  In this study, a suspect 
screening workflow based on QuEChERS extraction, a frequent method used in suspect and non-
target analysis, coupled to LC-QTOF-HRMS was applied to identify pharmaceuticals present in 
livers from fish sampled near a wastewater plant on the Scioto River in Ohio (US). Two antibiotics, 
lincomycin and azithromycin were detected at maximum concentrations of 98 and 195.5 ng/g 
respectively. Erythrohydrobupropion, an anti-depressant metabolite was identified for the first 
time in fish liver samples with concentrations ranging from 3.3 to 68.5 ng/g Some antidepressants 
have been shown to alter fish behaviour but further investigation is needed to assess possible 
toxicological effects of this metabolite on fish tissues.
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DEtERMInAtIOn OF ERGOt ALkALOIDS In OAt-BASED PRODuctS uSInG quEchERS 
cOMBInED WItH uHPLc-MS/MS

Laura Carbonell-Rozas, Francisco J. Lara, Laura Gámiz-Gracia, Ana M. García-Campaña 

Department of Analytical Chemistry, Faculty of Sciences, University of Granada
Correspondence to: rozas@ugr.es

Ergot alkaloids (EAs) are indole secondary metabolites produced mainly by fungi of the Claviceps 
genus, as Claviceps purpurea. The fungus infects the seed heads of living plants at the time of 
flowering replacing the developing grain or seed with specialized fungal structures known as 
sclerotium (or ergot body), which contains alkaloid substances [1]. A large variety of cereals such 
as rye, triticale, wheat, oat and barley are susceptible to be infected. Despite the fact that sclerotia 
can be mechanically removed by using sieves and separators during the harvesting process, EAs 
can be found in cereal-based food and feed. Their ingestion might cause adverse health effects 
in humans and animals, so that EAs are considered as mycotoxins [2]. More than 50 different EAs 
have been identified, being the major compounds: ergometrine (Em), ergosine (Es), ergotamine 
(Et), ergocornine (Eco), ergokryptine (Ekr), ergocristine (Ecr), and their corresponding epimers, 
ergometrinine (Emn), ergosinine (Esn), ergotaminine (Etn), ergocorninine (Econ), ergokryptinine 
(Ekrn) and ergocristinine (Ecrn). Although the European Commission has established a maximum 
content of 0.5 g/kg of ergot sclerotia in unprocessed cereals (with the exception of corn and rice), 
the maximum content for EAs is still under study [3].

In this work, we propose the extraction and quantification of the main EAs and their epimers 
in different oat-based products by UHPLC-MS/MS using multiple reaction monitoring (MRM) 
conditions and positive electrospray ionization (ESI+) mode. A QuEChERS procedure was modified 
in order to reduce the consumption of organic solvents and increase the sensitivity. Thus, only 4 
mL of MeCN and ammonium carbonate (85:15, v/v) were used as extraction solvent and 150 mg of 
Z-Sep+/ C18 were selected for the clean-up step. In addition, “direct-injection” method was applied 
to hydroalcoholic extracts. The recoveries ranged between 89 and 106%, with a matrix effect lower 
than 40% and precision (intra- and interday) lower than 15%. Matrix-matched calibration curves 
were established and limits of detection and quantification were below 1.0 μg/kg and 3.2 μg/kg, 
respectively. Finally, 25 oat-based samples (including bran, flakes, juices, hydroalcoholic extracts, 
flours, tablets and grass) were analyzed. Only one sample of oat bran was contaminated with Em, 
Emn, Es and Esn in the range of 1.1-7.2 μg/kg, with a total content of EAs of 10.7 μg/kg.

[1] Krska, R., Crews, C. (2008). Significance, chemistry and determination of ergot alkaloids: a review. Food Addit Contam, 
25:722–731
[2] Arroyo-Manzanares, N., Gámiz-Gracia, L., García-Campaña, A. M., Diana Di Mavungu, J., De Saeger, S. (2016) Ergot 
alkaloids: chemistry, biosynthesis, bioactivity, and methods of analysis. In: Mérillon, J. M., Gopal Ramawat, K. (eds) Fungal 
Metabolites. Springer International Publishing, Switzerland, pp 887-929.
[3] Commission Regulation (EC) No 1881/2006 of 19 December 2006 setting maximum levels for certain contaminants 
in foodstuffs (and subsequent amends).
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cOMPARISOn AnD vALIDAtIOn OF tHREE MuLtI-RESIDuE MEtHODS In MuSSELS

Julián Campo, Rodrigo Álvarez-Ruiz, Vicente Andreu, Daniele Sadutto and Yolanda Picó

Food and Environmental Safety Research Group (SAMA-UV), Desertification Research Centre (CIDE-UV, GV, 
CSIC), Moncada-Naquera Road km 4.5, 46113 Moncada, Valencia, Spain.
Correspondence to: julian.campo@uv.es

Multi-residue methods are intended to show the whole picture of the organic pollutants present 
in the samples employing a single extraction procedure saving resources and time. In the 
present study, three different multi-residue procedures were validated and compared, for the 
extraction of 10 pharmaceuticals, 5 pesticides, 5 perfluoroalkyl substances and 2 illicit drugs in 
mussel (Mytilus galloprovincialis).  Two different quick, easy, cheap, effective, rugged, and safe 
(QuEChERS) procedures were tested. The first one was based on the European Standards CSN 
EN 15662 [1], combined with a dispersive solid phase extraction (dSPE) clean-up specific for lipid 
elimination —the Enhanced Lipid Removal (EMR-lipid) dSPE by Agilent Technologies. The second 
one was based in the official AOAC method [2] combined with two different dSPE clean-ups: the 
former containing zirconium (Z-sep+ bulk) and the later Carbon as sorbents. These clean-ups were 
selected in order to eliminate complex matrix interferences, such as lipids and proteins.  Samples 
were analysed using high performance liquid chromatography-mass spectrometry (HPLC-MS/MS) 
with an Exion LC AD coupled to a Sciex QTRAP 6500+ mass spectrometer. Results showed limits 
of detection ranging 0.26 to 22.49, 0.13 to 23.25 and 0.22 to 28.67 ng/g for EMR-lipid, zirconium, 
and carbon, respectively. Matrix effect were also calculated ranging -54 to +49, -70 to +51 and 
-63 to +15 % for EMR-lipid, zirconium, and carbon respectively. The three methods achieved 
satisfactory recoveries, most of them ranging 60-120%. There were some exceptions, such as the 
pharmaceutical metformin, which recoveries were <10% for the three methods and the illicit drug 
4-MeO-PCP, which was satisfactorily recovered just with the carbon clean-up. Based on the results 
of this study, we concluded that the simple changes made to the classic QuEChERS method can 
improve the overall recoveries for many types of different contaminants without sacrificing the 
performance of a multi-residue method.

1. EUROPEAN STANDARDS CSN EN 15662. “Foods of plant origin - Determination of pesticide residues using GC-MS and/
or LC-MS/MS following acetonitrile extraction/partitioning and clean-up by dispersive SPE - QuEChERS-method”.
2. AOAC-INTERNATIONAL, Pesticides Residues in Foods by Acetonitrile Extraction and Partitioning with Magnesion 
Sulfate. 2007.
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ADvAntAGES OF SuPERcRItIcAL FLuID cHROMAtOGRAPHy FOR tHE DEtERMInAtIOn OF 
PEStIcIDE RESIDuES In FRuItS AnD vEGEtABLES

Victor Cutillas

European Union Reference Laboratory for Pesticide Residues in Fruit and Vegetables, Agrifood Campus of 
International Excellence (CeiA3), Department of Chemistry and Physics, University of Almería, 04120 Almería, 
Spain
Correspondence to: vcj734@ual.es

Supercritical fluid chromatography coupled to mass spectrometry (SFC-MS/MS) has proved to 
be an efficient alternative to reverse-phase liquid chromatography. The different technical and 
operational parameters allow this system to achieve shorter run times and reduce solvent waste. 
The multiresidue method of 300 pesticide residues was studied through this technic in terms of 
linearity, reproducibility, and matrix effect. Furthermore, some additional advantages were studied 
in detail. The SFC mobile phase produces a reduction of the ion suppression in the ion source 
that benefits the analysis of complex matrices such as spices. The ionization in the electrospray 
source (ESI) with SFC enables the analysis of pesticides like pyrethroids, not easily amenable by LC. 
Chiral separations of pesticides can be performed in a fast and efficient way. Moreover, efficiency 
was obtained, reducing ion source temperature with good sensitivity in analyzing thermolabile 
compounds like captan and folpet. In conclusion, supercritical fluid chromatography represents 
a good alternative for multiresidue analysis providing interesting advantages for routine analysis.
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IMPAct OF DISInFEctIOn On DISSOLvED ORGAnIc MAttER FInGERPRInt IDEntIFIED By 
HIGH RESOLutIOn MASS SPEctROMEtRy

Josep Sanchís1,2, Wolfgang Gernjak1,3, Mira Petrovic1,3, Maria José Farré1,2*

1Catalan Institute for Water Research (ICRA), C/ Emili Grahit, 101, 17003, Girona, Spain.
2University of Girona, 17071, Girona, Spain.
3Catalan Institution for Research and Advanced Studies (ICREA), Passeig Lluís Companys 23, 08010, Barcelona, 
Spain
Correspondence to: mjfarre@icra.cat

Water scarcity impacts on the integrity and quality of water resources and threatens the supply of 
drinking water. To overcome this growing global issue, potable water reuse is becoming a reality 
(WHO 2017). However, to ensure meeting the required standards and, ultimately, to protect the 
consumers’ health, it is crucial to investigate the effects of water reclamation on water quality. 
During the summer of 2019, the Catalan Water Agency (ACA) conducted a field-scale experiment 
in which reclaimed water, with and without additional disinfection (chlorination), was introduced 
into the Llobregat River upstream of a drinking water treatment plant (DWTP) intake.
In the present study we investigated this real water reuse scenario, employing mass spectrometry  
(MS) and high resolution mass spectrometry (HRMS) approaches to characterize dissolved organic 
matter (DOM) profile and to estimate the disinfection byproduct formation potentials (DBP-FPs). 
More precisely, the objectives were:

(1) to characterize, by Orbitrap-MS, the DOM fingerprint in the different stages of the trial, paying 
special attention to the generation of halogenated (chlorinated and brominated) features; and

(2) to assess DBP-FP, for N-nitrosamines and target halogenated DBPs, according to lab-scale 
chloramination and chlorination experiments, studying the generation of halogenated features, 
their different properties and characterizing their molecular composition by means of Van 
Krevelen (VK) diagrams;

Experimental work. Sampling was carried out in the lower course of the Llobregat River basin, in 
the metropolitan area of Barcelona, and included a wastewater treatment plant (which supplied 
secondary treated water and tertiary reclaimed water), the Llobregat River (with surface water being 
taken before and after the discharge of reclaimed water) and the final drinking water, obtained 
from a nearby, downstream DWTP (see scheme in Figure 1). Samples were taken respecting the 
hydraulic retention time of the system and during six consecutive weekly campaigns. During 
campaigns 4-6, the emitted reclaimed water was chlorinated before release to the river for 
disinfection.

Figure 1. Location and scheme of the studied area. WWTP: Wastewater Treatmnet plant.TT: Tertiary Treated wastewater; 
P1, P2 and P3; river at the discharge point, before and after, respectively; ETAP: Final drinking water.  

Once taken, the samples were immediately refrigerated, transported to the laboratory and 
processed. Briefly, the DOM was isolated by solid phase extraction (SPE) with PPL cartridges and 
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analysed by direct injection in a HRMS spectrometer with a Hybrid Linear Ion Trap – Orbitrap 
analyzer (LTQ Velos™, Thermo Scientific, San José, US) equipped with an electrospray ionisation 
(ESI) source working in negative mode (details published in Sanchís et al. 2020). Data was processed 
with custom R scripts.

In parallel, N-nitrosodimethylamine (NDMA) and DBP-FP tests were executed. The resulting  
chlorinated/chloraminated DOM was also analysed following the previous protocol. 
Trihalomethanes (THMs) and halacetonitriles (HANs) were extracted by liquid-liquid extraction 
(LLE) with MTBE; while NDMA was extracted by solid-phase extraction following the USEPA Method 
521 described elsewhere (Farré et al. 2011) and the extracts were analysed by GC-MS/MS acquiring 
in selected reaction monitoring. 
Results and discussion. The discharge of reclaimed wastewater introduced substantial changes in 
the signature of the lignin-like and soot-like compositional-spaces of the river DOM fingerprint, as 
well as in the relative abundance of CHON, CHOS and CHONS species. 

In addition, in campaigns 4-6, when the reclaimed water had been disinfected by chlorination, 
more than 400 new features were generated during the travel time of the reclaimed water in the 
river (see Figure 2). A remarkable fraction of these DBPs, 109, were chlorinated and/or brominated. 
As it will be discussed, these environmental DBPs were probably generated because of the 
photochemical decay of the emitted chloramines and their free-radical reaction with DOM. They 
were mostly located in the O-poorer section of the VK (average O/C: 0.24) and showed relatively 
high H/C ratio (average: 1.43). The formation of halogenated species in situ in the Llobregat River 
entails uncertainty at ecological levels and should be studied carefully to fully disclose the risks 
associated to wastewater effluent disinfection.

Figure 2. VK diagrams of the Llobregat water at the DWTP catchment point, showing the features that were introduced 
into the river or generated in situ after the discharge of reclaimed water.

The final drinking water presented a significant number of features (from 199 to 299, depending 
on the campaign) that were generated de novo during the treatment process (see Figure 3). Most 
of these features were halogenated, with a predominance of monohalogenated features and a 
slight predominance of Cl-DOM over Br-DOM. These DBPs were generated in less aliphatic and 
more oxidised compositional spaces of the VK diagram, supporting that a different mechanism 
was involved in the generation of the river DBPs (i.e. free-radical reaction).

Figure 4. VK diagrams of the drinking water samples, displaying the features that were generated in the plant.

Water reclamation impact on the fingerprint of the final drinking water DOM was limited (i) to the 
occurrence of 24–34 low-intensity features, which had also been detected in the tertiary effluent; 
and (ii) to the occurrence of three halogenated signals, found only during the fifth sampling 
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campaign, applying chlorination, at intensities close to the limit of detection. To fully assess the 
risk for the final drinking water consumer, a special attention should be paid to the identification 
and toxicity assessment of the persistent features.

NDMA-FP of the surface water of the Llobregat River was hardly affected by the discharge of 
reclaimed water (either chlorinated or not), which can be justified because of the already 
noteworthy presence of NDMA precursors before the wastewater discharge (due to intensive de 
facto potable reuse as a consequence of other upstream cities).

The study of FP tests in chlorination and chloramination batch experiments allowed us to study 
the characteristics of halogenated and non-halogenated DOM generated under these disinfection 
conditions. As can be seen in Figure 5, after both treatments, most disinfection by-products were 
non halogenated. 

In general, halogenated disinfection by-products were generated in the lignin-like and soot-like 
compositional spaces, which are characterized by the presence of a high number of unsaturations 
that can react with OCl- and OBr-. The differences in the compartmentation of halogenated 
features during chlorinated and chloraminated were studied by multivariant analyses (principal 
component regression, PCR), showing that chloramination, compared to chlorination, tended to 
produce halogenated features at higher O/C values. 

Among the halogenated features, we observed a prevalence of chlorinated signals over brominated 
ones. However, the high concentration of bromide in the Llobregat River and the faster reaction 
rates of HOBr/OBr- over HOCl/OCl-  (Acero et al., 2005) favoured the generation of brominated 
species. These were prevalent in aliphatic regions typically related to lipids-like and proteins-
like substances. Statistically significant differences were observed between Br-DOM and Cl-DOM 
pools. Brominated features were more aliphatic (i.e. higher H/C and lower DBE, p < 0.0001) and 
larger (i.e. higher m/z, p < 0.001) after both chlorination and chloramination. In addition, Br-DOM 
features presented a larger number of N atoms than Cl-DOM, particularly after chloramination, 
which suggests that there is a significant production of brominated N-DBPs.
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DEtERMInAtIOn OF tHE FOOD EXPOSuRE tO BISPHEnOLS AnD PARABEnS 
WItH OBESOGEnIc ActIvIty In tHE ScHOOL POPuLAtIOn
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Given the widespread use of bisphenols and parabens in consumer products, the assessment 
of the intake is crucial and is the first step toward the assessment of the potential risks that 
these compounds may pose to human health. In the present study, a total of 100 food samples, 
representing highly consumed food from Spanish children were collected from different national 
supermarkets and groceries for the determination of parabens and bisphenols. The analysis 
carried out demonstrated that 58 of the 100 food samples contained detectable levels of parabens. 
The total concentration of parabens (sum of four parabens: ∑parabens) ranged from below the 
limit of quantification (LOQ) to 281.7 ng g-1, with a mean value of 73.86 ng g-1. The 51 % of the 
food samples contained detectable concentrations of bisphenols. It is observed that bisphenol 
A continues to be the bisphenol most frequently detected in the analysed food, followed by 
bisphenol S and Bisphenol E. BPAF, BPB and BPP were not found in any of the analysed samples. 
As parabens and bisphenols are used in multiple food industrial commodities, more efforts are 
needed to elucidate and weigh dietary and non-dietary human exposure routes, particularly for 
sensitive subpopulations such as children.
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LInkInG XEnOBIOtIc PRESEncE WItH MEtABOLItE ALtERAtIOnS In WILD FISH 
FROM MAR MEnOR LAGOOn By XEnOMEtABOLOMIcS tOOLS
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Water pollution derived from human activities has gained strong relevance due to their effects in 
both wildlife and human populations. Aquatic organisms are exposed to the xenobiotics present 
in contaminated water and their population can be impacted due to metabolic dysregulations 
derived from possible adverse effects produced by them. Furthermore, aquatic organisms are able 
to accumulate many of them and thus act as possible vector of these compounds to human through 
ingestion as many some of them are part of humans’ diet [1]. All these problems are magnified 
in coastal lagoons, where contaminants are not diluted into the open sea, making these zones 
extremely vulnerable to human impact [2]. This is the case of Mar Menor lagoon, where human 
populations and agricultural practices have been pouring xenobiotics, with the consequent effects 
in native fauna and the lagoon itself.
The presence of these contaminants has been widely explored by means of target strategies; e.g. 
through the monitoring of selected pharmaceuticals or pesticides [3]. One of the main disadvantages 
of target analysis is that only a-priori selected compounds are analysed, whereas other potentially 
relevant contaminants are not examined. In the last years, boosted by the increased sensitivity 
of high-resolution mass spectrometers, non-target strategies have complemented monitoring 
campaigns. In these studies, samples are scanned without any preselection, widening the information 
of xenobiotics presence in different samples. Making use of that strategy, (xeno)metabolomics 
workflow explores this non-biased data to obtain differences in xenobiotics bioaccumulation also 
extending it to possible metabolic alterations in the organisms. The objective of this work is to 
investigate xenobiotics in fish plasma, also assessing possible metabolic dysregulations in them.
Twelve Liza aurata individuals were captured in three different zones of Mar Menor lagoon (MM1, 
MM6 and MM8) with different potential xenobiotic sources. Plasma was obtained from caudal 
vessels and directly centrifuged at field. Once in the laboratory, samples were deproteinized with 
acetonitrile (1:3), centrifuged (10.000 g, 10 min) and supernatant was collected. A QC, which is a 
pool of all the sample set, was prepared, as well as procedural blank extracts.  All the samples 
were randomly injected, with a QC every 10 injections, in and UPLC-Q-Exactive instrument (Thermo 
Scientific) in data dependent acquisition (DDA) mode in both positive and negative ionization modes. 
For suspect analysis, data was processed using Compound Discoverer 2.1, searching compounds 
from MZCloud in the acquired DDA data files. For metabolomics, data was converted from proprietary 
(*.raw) to generic format (*.mzML) with Proteowizard and processed using MZMine 2. After data 
mining, peak area normalization (mean centering) was applied and data was log2 transformed to 
avoid heteroscedasticity. Multivariate analysis (Orthogonal Partial Least Squares – Discriminant 
Analysis) was applied for each set comparing sample points. The most discriminant compounds 
were selected and tentatively elucidated. T-student’ univariate analysis was applied for all the sample 
sets, followed by Benjamini-Hockberg multiple testing correction, ensuring their statistic relevance 
of the selected features.
A total amount of 45 compounds were found in the plasma samples using suspect analysis approach, 
and included perfluorinated compounds, plastic additives, pesticides or pharmaceuticals among 
others. Moreover, 13 compounds not observed in suspect analysis have been pointed out, including 
personal care products, pesticides or flame retardants. Metabolic alterations have also been pointed 
out between sampling points, observing Up and down regulated metabolites in organisms  from 
MM1 and MM6 compared to those in the organisms in the most pristine zone, MM8. 

 
[1] R. Moreno-Gonzalez, et.al. Environ. Sci. Pollut. Res. 24, (2017), 8033-8048
[2] S. Rodríguez-Mozaz, et.al. Environ. Metabolomics, Elsevier, (2020): pp. 283–310
[3] J.A. Campillo, et.al. Science of the Total Environment. 524–525 (2015) 136–147
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EvALuAtIOn OF ROAD RunOFF tREAtMEnt SyStEMS PERFORMAncE 
By nOn-tARGEt ScREEnInG cOMBInED WItH EcOtOXIcOLOGIcAL StuDIES

Nina Huynh, Fidji Sandre, Laure Garrigue-Antar, Christophe Morin, Emilie Caupos, Marie-Christine Gromaire, 
Régis Moilleron, Julien Le Roux
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Road runoff waters contain numerous organic micropollutants, originating mainly from road traffic 
and atmospheric fallout, contributing therefore to environmental pollution. To reduce the impact 
of those waters, various biofiltration systems are developed for stormwater management close to 
the sources of contamination. Organic micropollutants present in runoff water have been scarcely 
characterized, especially by non-target screening methods, and their fate in biofiltration systems is 
still not well understood.

In this work, the treatment efficiency of three different systems were evaluated during rainfall events. 
The studied sites consisted of a biofiltration swale planted with Carex gracilis draining runoff from a 
heavily trafficked four-lane highway (RD 212, Compans, France), a horizontal sand filtration collecting 
runoff from a moderately trafficked road (Rosny-sous-Bois, France) and a permeable parking lot 
(Ecovegetal®) (Villeneuve-Le-Roi, France). High-resolution mass spectrometry (HRMS) fingerprints of 
the runoff both at the inlet and outlet of the three systems were acquired (UHPLC-Vion IMS-QTOF, 
Waters), combined with studies on the effect of those waters on the development and behaviour of 
zebrafish larvae.

HRMS fingerprints showed significant differences between the three sites influent waters which can 
be attributed to the difference of traffic and/or maintenance treatments between the studied sites. 
From the fingerprints, global characterization, consisting in the number of detected peaks, average 
m/z, average retention time and total area of the signal, was performed to compare the properties of 
the molecules between sites, as well as before and after the filtration system. Comparing the influent 
and effluent in HRMS of each filtration system showed a decrease in the number of features at the 
outlet of the filtration device, but the properties of detected molecules (in terms of molecular weight 
and polarity) were globally similar. Though ecotoxicological studies confirm the toxicity of runoff 
waters inlets, results suggested a similar or higher toxicity of waters after the filtration systems. This 
observation could be linked to the leaching of pollutants originating from the filter materials such 
as geomembranes or drains , or the formation of metabolites more toxic than parent compounds. 
In fact, targeted analysis of several pollutants (bisphenol A, alkylphenols and phthalates) revealed 
similar or higher concentrations after filtration. This hypothesis was further reinforced by a higher 
total area of detected features in HRMS signal after filtration.

To better characterize the pollution of inlet waters, tentative identifications of the most intense 
peaks were carried out, demonstrating the presence of diphenylguanidine (DPG), which is used 
as a vulcanization accelerator in the rubber industry. Extraction experiments of particles from 
three different tire brands confirmed the lixiviation of this molecule, linking its presence in runoff 
waters to the chemical composition of tire rubber. DPG was confirmed by an analytical standard 
and quantified in all samples. Results showed a good performance of the filtration systems for the 
removal of this micropollutant. Suspect screening was performed on several molecules present in 
vehicles fluids. Among them, benzotriazole (BZTri), an antifreeze fluid component  , was successfully 
identified, confirmed by an analytical standard and quantified in all samples. Contrary to DPG, BZTri 
showed higher concentrations after the filtration systems, especially for the permeable parking lot. 
Toxicological studies on DPG and BZTri at the recorded concentrations are currently undertaken 
and will be of great importance for the management of runoff water and its surveillance, as those 
molecules are not currently monitored.
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nOn-tARGEtED AnALySIS OF EnvIROnMEntAL SAMPLES By Gc×Gc-HRtOFMS
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The information on the environmental pollution in Russia is rather limited. Only a dozen of standard 
organic pollutants is measured at the regular basis according to the federal regulations. Moreover, 
there are no lists of local priority pollutants provided to authorities. In order to define region specific 
contamination in the Northern and European parts of Russia, the rain and snow samples were 
analyzed by using non-targeted GC×GC-HRMS analysis.

The rain and snow samples were collected in 2017-2019 across Moscow and during Arctic expeditions. 
The measurements were performed according to US EPA 8270 method using GC×GC-HR-TOFMS 
with the novel ion source capable of producing ions in EI, CI in positive and negative ion modes. 
NIST17 library and ChromaTOF software spectra elucidation features were used for identification of 
analytes. High separation capacity of the GCxGC and high mass accuracy of the HR-TOFMS allowed 
detailed characterization of the complex environmental samples with very high level of confidence.
Various hydrocarbons, phthalates and terpenes were the main organic content in the Arctic snow 
samples. High level of fatty acids and CxHyOz compounds with DBE=0 was also detected, which 
may occur due to intensive photo-oxidation processes involving saturated hydrocarbons in the 
atmosphere or on the snow surface. Persistent organic pollutants (POP) were not found in the Arctic 
snow samples, except several species of phosphates.

The Moscow samples (rainwater and snow), as expected, were very rich in terms of assortment and 
levels of pollutants. Phenols, PAHs, phthalates, organophosphates, organosulfur compounds were 
identified and quantified. Pyridine and its derivatives were detected not only in Moscow samples 
but in Arctic samples, as well as in samples collected in France and Chile during our other projects.
Using the GCxGC-HR-TOFMS with the novel multi-ionization mode source allows obtain 
complementary data to assist in analytes assignment. There were many examples in our data, 
where using only EI spectra would lead to incorrect assignments due to the absence or very low 
abundance of the molecular ions. Using Positive CI analysis results of the same sample makes it 
possible to confirm EI library assignments. High mass accuracy of the HR-TOFMS makes it easier to 
assign and confirm chemical formulae of ions. Positive chemical ionization mass spectra were quite 
helpful in structural elucidation of the alkyl chains in non-standard dialkylphthalates. Negative CI is 
providing high sensitivity for electrophilic analytes detection. As a result, several nitro compounds, 
PCBs, various pesticides, etc were identified in the Moscow samples, including such unusual species 
as DDT metabolites, iodinated and even Ni-containing analytes.
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tHE FIRSt GLOBAL SuRvEILLAncE StuDy OF ORGAnIc MIcRO-POLLutAntS In RIvERInE 
EnvIROnMEntS AnD DRInkInG WAtER uSInG HRAM LcMSMS AnD cOMPOunD DIScOvERER 
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Considerable knowledge gaps exist regarding the occurrence of micro-organic pollutants in aquatic 
environments and drinking water resources; this is particularly the case in low to middle-income 
countries and those outside of North America and Western Europe. 
It is of concern that, of the 196 countries recognised by the United Nations, data for the occurrence 
of micro-organics, including pharmaceuticals, is only available for 71.
Building on a previous targeted monitoring campaign, here we present an insight into the non-
targeted surveillance monitoring of world-wide sampling locations across 102 countries, which 
represent the full spectrum of socio-economic indicators.  Analysis was achieved using an Equan 
large-volume on-line SPE sampler coupled to a QExactive Focus Orbitap, with data analysis performed 
using Compound Discoverer utilising mzCloud.   

A novel miniaturised sample collection kit was sent to partners worldwide, and then returned frozen 
by express airmail.

A 1 mL sample was loaded onto trapping cartridge (aQ 20 x 2.1, 12 µm) at 1 mL/minute with 0.1% 
formic acid (FA). Elution for the positive electrospray ionisation run was carried out with 0.1% FA and 
5 mM ammonium formate in water and methanol respectively; and the negative run with 0.01% 
acetic acid in water and acetonitrile respectively. The 23 minute separation was achieved using an 
Accucore aQ 100mm x 2.1mm x 2.6µm column at 25 °C. 

Data dependent MS2 data were collected using a system-blank exclusion list; and processed with 
Compound Discoverer 3.1 using an Unknown ID workflow. 

PRELIMInARy DAtA 

     Monitored Country Sampling Campaign
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Only one country (Iceland) did not have a single detectable micro-organic contaminant residue, 
whereas 35 were found in a single river (Kai Tak River, Hong Kong).

Highest total concentrations were in river systems suspected of receiving discharge from 
pharmaceutical manufacturing plants (e.g., Delhi, India and Lagos, Nigeria), limited sewage treatment 
or unregulated waste discharge (e.g., Lahore, Pakistan and Nairobi, Kenya), as well as regions of 
political instability (e.g., Palestinian West Bank).

Geo-Spatial analysis indicated the highest total contaminant concentrations were observed in 
African and Asian environments, whereas those in Europe and North America typically exhibited a 
wider range of contaminants but at lower overall concentrations.

Definitive geographical trends were observed in the global distribution of contaminants, elucidating 
hotspots for potential ecotoxicity endpoints.

Risk indicators for the selection of resistance to antimicrobials exceeded minimum selection 
concentrations by as much as 300 times (e.g., Bangladesh).

Initial analyses indicate that socioeconomic indicators reflect the magnitude and chemical class of 
the contamination. For example, the lowest levels of contamination were observed in World Bank-
defined ‘low’ income countries which dramatically increased in the ‘low-to-middle’ bracket before 
again dramatically decreasing in the ‘upper-middle’ and ‘high’ income countries; but which also 
showed a low level proliferation of contaminants linked to highly developed, consumerist societies. 
Our results show that the occurrence of micro-organic contaminants in rivers and to a lesser extent, 
drinking water resources, is a global problem; and linked to socioeconomic drivers and may affect 
biological endpoints on a region-by-region basis.

nOvEL ASPEct 
The first rapid and automated determination of riverine and drinking-water-resource water-quality 
surveillance-monitoring on a global scale.
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IncREASInG tHE IMPAct OF tARGEtED AnD SuSPEct ScREEnInG WORkFLOWS In FOOD 
SAFEty By HRMS

Neil Loftus1, Steve Williams2, Alan Barnes1

1Shimadzu Corporation, Manchester, UK
2Concept Life Sciences, Cambridge, UK
Correspondece to: neil.loftus@shimadzu-mso.com

High resolution mass spectrometry (HRMS) LC-MS/MS is increasingly applied to targeted and suspect 
screening workflows in food safety. There is a clear need to develop targeted methods which deliver 
high reporting confidence and meet regulatory guidelines (EU SANTE/12682/2019) but which are also 
capable of non-targeted analysis (NTA) and suspect screening analysis (SSA). Having the capability to 
support NTA and SSA workflows by HRMS LC-MS/MS is a key advantage as multi-residue food safety 
screening programs are inherently complex (diverse chemical space, widely differing food matrices, 
markedly wide concentration ranges and the need to consider globalisation of food supply) and 
need to detect new threats (food fraud, contamination, adulteration, mimic compounds). 

In this paper, targeted and NTA/SSA workflows will be considered using a QTOF LC-MS/MS platform. 
Targeted workflows are designed to meet the regulatory guidelines set out in EU SANTE/12682/2019 
but also highlight the possibility of library verification in increasing reporting confidence. For NTA/
SSA workflows, the method was designed to acquire a TOF survey scan and DIA-MS/MS mass scans 
enabling a retrospective analysis. In this workflow, a novel algorithm has been applied for component 
detection and verification/identification and has been applied to suspect screening for pesticides in 
different food matrices.
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cOuPLInG OF LIquID cHROMAtOGRAPHy AnD FLOW ScIntILLAtIOn AnALySIS 
FOR In-LInE DEtEctIOn OF WAtER-BORnE RADIOLABELLED StEROID HORMOnES

Roman Lyubimenko1, Bryce Sydney Richards2, Andrey Turshatov2, Andrea Iris Schäfer3

1Karlsruhe Institute of Technology (KIT), Institute of Microstructure Technology (IMT), Institute for Advanced 
Membrane Technology (IAMT), Germany
2Karlsruhe Institute of Technology (KIT), Institute of Microstructure Technology (IMT), Germany
3Karlsruhe Institute of Technology (KIT), Institute for Advanced Membrane Technology (IAMT), Germany
Correspondence to: roman.lyubimenko@kit.edu

The lack of clean fresh water in the world drives efforts to develop improved methods for 
water decontamination. One of the challenging topics remains is the abatement of water-borne 
micropollutants (MP), which are the compounds of high biological activity found in surface waters 
in trace concentrations (micro- and nanogram-per-litre) [1]. For example, the endocrine disrupting 
effect of natural and synthetic steroid hormones affects the health of humans and wildlife at sub-
ng/L concentrations (the guideline value for 17ß-estradiol (E2) in surface waters is 0.4 ng/L) [2].

Effective water treatment requires sensitive analytical tools. Conventional mass-spectroscopy 
methods may reach a limit-of-detection (LOD) below ng/L concentrations only after extraction or 
derivatisation procedures. As a consequence, significant analytical errors may compromise the 
quality of data in case of low-concentrated (<10 ng/L), low-volume (<10 mL) samples. An alternative 
approach for quantification of MPs is the use of radiolabelled compounds analysed via scintillation 
methods. In this work, ultra-high pressure liquid chromatography was coupled with flow-scintillation 
analyser (UHPLC-FSA) that allowed for in-line detection of radiolabelled estrone (E1), 17ß-estradiol 
(E2), testosterone (T) and progesterone (P) with a LOD = 1.5 – 2.4 ng/L with a sample volume of 1 mL 
[3]. The LOD values were determined based on the blank sample injections and are comparable with 
those achieved via direct-injection liquid chromatography with tandem mass spectrometry (LC-MS/
MS).

The current method relies on the use of radiolabelled compounds, and hence the analysis of real 
water samples is not possible. The high sensitivity achieved without steps involving the sample 
manipulation is perfect for laboratory tests for the development of effective water treatment 
processes, such as membrane filtration, adsorption and photocatalysis.

[1] Schwarzenbach, R. P., Escher, B. I., Fenner, K., Hofstetter, T. B., Johnson, C. A., Von Gunten, U., & Wehrli, B. The 
challenge of micropollutants in aquatic systems. Science, 313 (5790), 1072-1077 (2006).
[2] European Commission. European Commission Implementation Decision 2018/840 establishing a watch list of 
substances for Union-wide monitoring in the field of water policy pursuant to Directive 2008/105/EC of the European 
Parliament and of the Council and repealing Commission Implementing Decision (EU) 2015/495. Off. J. Eur. Union L 141, 
9–12 (2018).
[3] Lyubimenko, R., Richards, B.S., Turshatov, A. et al. Separation and degradation detection of nanogram-per-litre 
concentrations of radiolabelled steroid hormones using combined liquid chromatography and flow scintillation analysis. 
Sci Rep 10, 7095 (2020).
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WAStEWAtER-BORnE ORGAnIc MIcROPOLLutAntS AccuMuLAtIOn In SOIL AnD LEttucE 
LEAvE uSInG quEcHERS EXtRActIOn MEtHODS AnD Lc-qtOF-MS: A FIELD StuDy

Rayana Manasfi1, Monica Brienza2, Nassim Aït-Mouheb3, Nicola Montemurro4,  Sandra Perez4,  Serge Chiron1 
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HydroSciences Montpellier, Montpellier University, IRD, 15 Ave Charles Flahault 34093 Montpellier cedex 5, 
France
3UMR G-eau, Montpellier University, INRAE, 361 rue Jean-François Breton, 34196 Montpellier cedex 5, France 
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Water scarcity for agricultural purposes is a serious issue of today. To overcome this issue, natural 
water can be replaced by treated wastewater (TWW) for irrigation practices mainly in arid and 
semi-arid area. However, these practices have some limitations, mainly the introduction of organic 
micropollutants to the agroecosystems, with potential uptake by plants, posing potential risks for 
human health. In consequence, field studies are needed to evaluate the actual risks to consumers. 
For this purpose, this study aimed at developing and validating QuEChERS extraction methods and 
LC-QTOF analysis methods to follow wastewater-borne organic micropollutants in soil and lettuce, 
grown under real greenhouse cultivation conditions and irrigated with TWW. 
Lettuces were grown in tanks during 5 consecutive crop cycles (6 weeks each) and were irrigated 
with different kind of water: (1) tap water (TW), (2) raw domestic wastewater (RWW), (3) secondary 
TWW from a small municipality (4) fortified secondary TWW with 14 selected organic micropollutants 
at 10 µg/L concentration level (each), covering not only different physico-chemical properties but 
also showing contrasting behavior with respect to photo- and bio-transformation rates. Surface drip 
irrigation system was used, making root uptake the only relevant uptake pathway. Lettuce leaves 
were collected at mature stage, as well as the soil was sampled near the lettuce roots. Samples’ 
analysis was done following developed and validated extraction methods by means of QuEChERS 
extraction methods. Detection was done on a LC-QTOF-MS system provided from SCIEX technology. 
Methods validation was evaluated with two different high resolution acquisition modes: MRMHR 
(high resolution multiple reaction monitoring) and SWATH (Sequential Window Acquisition of All 
Theoretical Fragment-Ion) in order to compare their performances. Methods validation showed 
good efficiency with relative high recoveries (in the 70 – 120% range) for all target compounds in soil 
and leave. Moreover, both acquisition modes MRMHR and SWATH showed similar performances. 
However, higher and more consistent results for a greater number of analytes were achieved using 
MRMHR.  

Field results with fortified TWW showed that 13 out of 14 compounds were detected in soil irrigated 
with fortified TWW at concentration levels ranging from 1 to 30 ng/g (d.w.) while for lettuce leave, 
only 8 compounds were detected in the same concentrations range as in soil. Experiments irrigated 
with non-spiked TWW and RWW showed the detection of 5 chemicals in soil and lettuce leave 
(namely, acesulfame, sucralose, hydrochlorothiazide, oxcarbazepine and carbamazepine). This 
study confirmed that the accumulation of 14 compounds in soil and in lettuce leave irrigated with 
fortified TWW was very limited. The main reason for these low accumulation rates was an intensive 
degradation in soil and metabolic transformations in plant. Metabolites/TPs concentrations of 
selected compounds were always estimated below those of the parent compounds. Unexpected 
pharmaceuticals such as clarithromycin and hydrochlorothiazide were yet detected in lettuce 
leave, which might be linked to active transport processes for these compounds. The food additive 
sucralose was also encountered at high concentration in lettuce leaves for the first time because 
sucralose may be a plant-accessible sugar similarly to sucrose. As a whole, this study confirmed a de 
minimis human health risk related to the consumption of raw green vegetable (e.g. lettuce) irrigated 
with TWW.
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MuLtIcLASS MEtHOD FOR tHE DEtERMInAtIOn OF EnDOcRInE DISRuPtInG cHEMIcALS In 
HuMAn nAILS PRIOR tO uLtRA-HIGH PERFORMAncE LIquID cHROMAtOGRAPHy–tAnDEM 
MASS SPEctROMEtRy
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Rapid industrialization has resulted in a progressive increase in human exposure to hazardous 
chemicals.  The present work validates a new method for the determination of 18 endocrine 
disrupting chemicals (EDCs) in human nail samples. In contrast to other common biological samples, 
nail sampling is non-invasive and since they take several months to grow out, they are well suited 
for measuring and reflecting the cumulative exposure to harmful substances in the long term [1,2]. 
A digestion of samples with a 0.04 M solution of sodium hydroxide is carried out followed by ultra-
high-performance liquid chromatography-tandem mass spectrometry (UHPLC-ESI-MS/MS), working 
in multiple-reaction-monitoring (MRM) mode. The compounds were separated in 8 min. Multivariate 
optimization strategies were used for the optimization of the parameters that affects the digestion 
procedure. The validation was developed using a matrix-matched calibration and a recovery assay 
with spiked samples. The limits of detection and quantification ranged from 0.3 to 1.2 ng g-1 and 
from 1 to 5 ng g-1, respectively. Recovery rates for spiked samples were between 88 % and 113 % 
and the relative standard deviation (% RSD) was lower than 12.7 % for all studied EDCs. The method 
was applied for the analysis of these compounds in human nail samples from volunteers. All samples 
tested positive for several of the analyzed EDCs. 

[2] A. Sukumar, Rev. Environ. Contam. Toxicol. 185, 141 (2005).
[3] A. Alves, A. Kucharska, C. Erratico, F. Xu, E.D. Hond, G. Koppen, G. Vanermen, A. Covaci, S. Voorspoels, Anal. Bioanal. 
Chem. 406, 4063 (2014).
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IDEntIFIcAtIOn OF tRAnSFORMAtIOn PRODuctS OF PHARMAcEutIcALS In REAL-FIELD 
AGRIcuLtuRAL EnvIROnMEntS IRRIGAtED WItH REcLAIMED WAtER By REtROSPEctIvE 
AnALySIS By Lc-qtOF-MS/MS

Ana Belén Martínez Piernas, Patricia Plaza Bolaños, Ana Agüera 

University of Almería 
Correspondence to: amp329@ual.es

Reuse of reclaimed water (RW) for agricultural purposes can mitigate water stress in regions where 
the lack of water is a widespread problem and agriculture represents the main economic activity. 
Nevertheless, current water reclamation treatments do not completely remove compounds from 
anthropogenic origin such as pharmaceuticals, which are present in RW at µg/L-ng/L. One of the 
main knowledge gaps for assessing the global risk of reuse in agriculture is the fate of transformation 
products (TPs) in the different compartments. These TPs can be generated by various biotic and 
abiotic reactions during water reclamation treatments and by parent compound biotransformation 
carried out by environmental organisms. TPs can be present in RW at similar concentration levels 
than parent pharmaceuticals [1] and can have even increased ecotoxicologiacal effects [2]. Due 
to the vast number and different nature of these TPs, their persistence and fate in agricultural 
environments (irrigation water, soil, agricultural products) have been scarcely investigated.
In the present work, a retrospective analysis based on a suspect screening approach has been 
performed for the comprehensive identification of pharmaceutical TPs in real-field tomato systems 
irrigated with RW for more than 15 years. Occurrence and fate of TPs were studied in RW, soils (perlite 
substrate and agricultural soils), plants and tomato crop samples belonging to four greenhouses long-
term exposed to RW irrigation. Sample analysis was carried out by liquid chromatography coupled to 
quadrupole-time-of-flight mass spectrometry (LC-QTOF-MS/MS). A suspect screening workflow was 
developed for the investigation of 262 potential TPs associated to 20 prioritised pharmaceuticals. A 
total of 17 TPs could be tentatively identified, being 7 of them finally confirmed with the retention 
time of the analytical standard. Up to 4 TPs were determined in RW, 15 TPs in soil samples and 2 TPs 
in plant leaves. Remarkably, the investigated TPs were not found in tomato fruits. These evidences 
shed light on the type of TPs that can be found on agricultural ecosystems to assess the global risks 
of reuse practices and the safety of the produced vegetables and fruits.

 Acknowledgments: 
 The authors would like to acknowledge the Andalusian Regional Government and the European 

Regional Development Fund (ERDF), Project UAL18-FQM-B001-B. P. Plaza-Bolaños acknowledges 
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[1] A. Bahlmann, W. Brack, R.J. Schneider, M. Krauss, Carbamazepine and its metabolites in wastewater: Analytical pitfalls 
and occurrence in Germany and Portugal, Water Res. 57 (2014) 104–114. https://doi.org/10.1016/j.watres.2014.03.022.
[2] W.L. Wang, Q.Y. Wu, N. Huang, Z. Bin Xu, M.Y. Lee, H.Y. Hu, Potential risks from UV/H2O2 oxidation and UV 
photocatalysis: A review of toxic, assimilable, and sensory-unpleasant transformation products, Water Res. 141 (2018) 
109–125. https://doi.org/10.1016/j.watres.2018.05.005.
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MAkInG tHE unknOWn knOWn AnD tHE InvISIBLE vISIBLE uSInG IOn MOBILIty

Michael McCullagh
Waters Corporation (Wilmslow UK)
Correspondence to: Mike_McCullagh@waters.com

Using the intrinsic characteristics of a compound, such as retention time, accurate mass 
measurement, isotope pattern, and product ion spectrum, respective tolerances are applied 
and have been successfully implemented in many areas of research to determine a compounds 
presence in a sample. Non-targeted screening strategies incorporating ion mobility collision cross 
sections (CCS) provide an additional cumulative identification metric to work in conjunction with 
conventional parameters, providing an added analysis dimension to help overcome the challenges 
of sample complexity. 

Ion mobility mass spectrometry affords the opportunity to advance conventional analytical strategies, 
generate more information, improve screening assay efficiency, with increased flexibility in applied 
tolerance parameters and provide enhanced specificity.

Advances in linear travelling wave and cyclic Ion Mobility (cIM) research have resulted in new 
observations in pesticide, natural products, veterinary drugs and food additives analysis have been 
attained. Use of CCS can reduce false detection rates, facilitate quantitation of coeluting isomers, 
provide a new dimension to profile (known and known unknown) analyte species, generate CCS 
finger prints and differentiate charged isomers species.
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PEStIcIDE tRAnSFORMAtIOn PRODuctS In SuRFAcE WAtER: tHE BEnEFItS OF cOMBInInG 
nAtIOnAL MOnItORInG AnD SuSPEct ScREEnInG
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Pablo Gago-Ferrero2
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Pesticides are anthropogenic chemicals and are well known environmental contaminants of concern. 
However, much less is known about pesticide transformation products (TPs) and their presence in the 
environment. In this study we address this knowledge gap by identifying previously not investigated 
pesticide TPs in surface water samples by combining suspect screening and national monitoring, 
which provided in depth knowledge about pesticide use in the study area and their degradation 
pathways. Time integrated weekly samples from two streams located in Swedish agricultural 
areas were analysed on a Waters ultra-performance liquid chromatography system coupled to a 
quadrupole-time-of-flight mass detector for suspect screening. The suspect list consisted of 401 
pesticides and pesticide TPs, of which 268 were not included in the monitoring program and 133 had 
target data available through the monitoring program. The investigated TPs were those compounds 
listed as “key metabolites” to the pesticides included in the target methods in the Pesticide Properties 
DataBase (PPDB). After evaluation based on suspect screening methodologies as well as knowledge 
on pesticide usage and behaviour, approximately 45 compounds were selected and 11 of these 
were later confirmed by reference standard and 12 suspects were tentatively identified with high 
levels of confidence. The 11 newly confirmed compounds were then semi-quantified and compared 
to target pesticides. This study adds to our understanding of pesticide transformation under natural 
conditions and the presence of these pesticide TPs in the environment.



16th Annual Workshop On Emerging High-Resolution Mass Spectrometry (Hrms) 
           and Lc-Ms/Ms Applications In Environmental Analysis And Food Safety

36 Oral Presentation

EARtHWORMS IMPAct On tHE uPtAkE OF SELEctED PHARMAcEutIcALS In LEttucE cROPS 
IRRIGAtED WItH WAStEWAtER
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The increasing pressure on water management forces us to seek alternative sources of good quality 
water for agriculture. This water pressure can be reduced by using reclaimed wastewater. In fact, the 
treated wastewater could represent a valid alternative to face the existing and emerging challenges 
in agriculture and preserve the consumption of good quality water for other uses. Although, globally 
there is a lack of legislation on minimum requirements for water quality and monitoring of recycled 
water. Nonetheless, irrigation of vegetables with reclaimed water has become an extensive practice 
in many countries around the world where water scarcity and over-exploitation for agriculture are 
forcing local authorities to seek alternative resources. However, wastewater is considered to be a 
source of organic micropollutants such as human drugs which unfortunately are not completely 
removed during traditional wastewater treatment processes. Due to their presence in the effluent 
of wastewater, these pollutants can end up in the soil and can be absorbed by crops or translocated 
through the evapotranspiration from the soil to the tissues of the plants from the soil, thus posing a 
potential risk to human health and environment. 

Of all the terrestrial invertebrates that live in the area explored by the roots, earthworms are 
the most abundant species in terms of biomass (80% of the soil biota). Because of their high soil 
activity, in addition to making the soil more fertile, earthworms with their movements redistribute 
organic contaminants from the deepest areas to that of the roots, consequently increasing in theory 
the availability of these compounds for plants. Furthermore, being in close contact with the soil, 
earthworms have proven to be a suitable species for measuring soil contamination levels due to 
their ability to bioaccumulate a variety of anthropogenic organic pollutants, including pharmaceutical 
products.

The present work aimed to evaluate the distribution and the bioaccumulation of more than 40 
relevant wastewater-derived pollutants, mainly pharmaceuticals in lettuce crops and earthworms 
grown under controlled conditions.

Lettuce plants were grown in pots in a controlled environment and irrigated during the growing 
period (60 days) with either artificial contaminated water containing the target compounds at 
low and high concentrations (10 and 100 ng mL-1, respectively) or treated wastewater. The high 
spiking level was used to facilitate the detection and quantitation of the target compounds and their 
metabolites in all tissues. Another series of plants was irrigated with the same previous conditions, 
however 5 earthworms per pot were added 10 days before harvest to study a possible variation in 
accumulation or a mitigation effect of the drugs in the plants. Control plants were irrigated only with 
tap water. 

Pharmaceuticals in lettuce crops and earthworm tissues were extracted by using two different 
modified QuEChERS methods whereas the detection was performed using a compact hybrid 
quadrupole time-of-flight mass spectrometer combining advantages of TOF and QqQ systems with 
high resolution [1,2].

Preliminary results reveal the presence of all analytes in soil samples irrigated with water spiked 
with PhAcs at high concentration. However, only 16 compounds were positively determined in plant 
tissues. Fluconazole and carbamazepine showed the highest accumulation in the leaves although 
the presence of earthworms seems to slightly reduce their uptake. By contrast, cultivated plants 
irrigated with treated wastewater did not show significant levels of contamination or any attenuation 
from the presence of earthworms. 
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PROFILInG OF EnvIROnMEntAL cOntAMInAntS In SuRFAcE WAtER uSInG Gc/q-tOF

Jaume C. Morales 
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The investigation of organic micropollutants is an important aspect of assessing environmental 
quality. The conventional approach to this monitoring involves analyzing a defined number of target 
compounds by mass spectrometry with the instrument operated in a selected data acquisition 
mode for targeted analytes. However, there is evidence that such an approach may significantly 
underestimate the exposure and risk of pollutants, compared to a more comprehensive untargeted 
screen. 

In this presentation we will show:
 
•	 A new unified comprehensive workflow that includes targeted quantitation, suspect screening 

as well as a non-targeted approach was applied to screen for environmental pollutants in 
water samples

•	 An accurate mass GC/Q-TOF library was used to successfully set up the target extraction 
method to perform both target quantitation and suspect screening for pesticides and 
environmental contaminants

•	 The use of complementary data of the Low energy EI and accurate mass MS/MS facilitated 
structure elucidation of unknowns components.
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cOMPREHEnSIvE AnALytIcAL LcMS MEtHODS FOR MEASuRInG EMERGInG PFAS
In tHE EnvIROnMEntAL AnD FOOD

Jaume C. Morales
Agilent Technologies Spain S.L.
Correspondence to: jaume_morales@agilent.com

PFAS and related compounds is one of the biggest concerns worldwide for his impact on environment 
and health of live organisms. 

The industry has been developing this kind of compounds for years due to their awesome material 
features in many different sectors. Unfortunately, the spread of this materials through many different 
applications has supposed a wide impact in food, continental and drinking water, textiles and other 
wearables on top of the uncontrolled residues. 

The study of such compounds impact in health has been a focus of research with very negative 
conclusions. This is forcing to have a better control of the spread of such products on our environment. 
The number of compounds englobed in such PFAS category is huge. EU regulation started to control 
it but was changed p.e. in drinking water to have a more realistic approach of most toxic compounds. 

In this presentation we will show:
 

•	 A targeted approach with an effective and sensitive system for regulated compounds in order 
to comply with regulations and make governmental and service labs an easy way to control it. 

•	  An accurate mass LC/Q-TOF approach with related tools to afford such other compounds 
determination in order to help scientist to have right tools box to find this large list of 
compounds and follow risk assessment tests.
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Lc-MS/MS MEtHOD FOR tHE DEtEctIOn OF HORMOnES: DEvELOPMEnt, vALIDAtIOn, AnD 
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A liquid chromatography-tandem mass spectrometry method was developed for the simultaneous 
determination of fourteen hormones belonging to different families in various bovine matrices 
(muscle, liver, kidney, bile, and hair). The modified QuEChERS method was applied to ensure the 
extraction of the analytes. The additives of the mobile phase, the parameters of the mass spectrometer, 
as well as those of the ionization source were optimized to enhance detection sensitivity. On the 
other hand, the parameters influencing sample extraction including the choice of the extraction 
solvent and its acidification, the solvent water ratio, the use of buffer salts, and the purification of 
the extract were also optimized. The method was validated according to the Commission Decision 
2002/657/EC. Good recoveries were obtained (from 60 to 116.8 %) with coefficients of variation 
in terms of repeatability and reproducibility lower than 23 %. The values of the decision limit CCα 
and the detection capability CCβ were lower than 1 and 2 μg/kg respectively in muscle and liver for 
most of the analyte. The matrix effect was also evaluated. Finally, this method was applied to detect 
hormones in two hundred and thirty-four (234) real samples. A preliminary long-term exposure 
assessment was evaluated based on the obtained data.
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APIStrip: EnvIROnMEntAL MOnItORInG tHROuGH HOnEyBEES BASED 
On A nEW PASSIvE SAMPLER
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A new in-hive passive sampler has been developed, optimized and tested in European countries 
for the monitoring of pesticides and other contaminants through honeybee colonies. This non-
biological and non-invasive sampler, the APIStrip (Adsorb – Pesticides – In-hive Strip), is based on the 
adsorbent Tenax and features a remarkable simplicity of use and high sensitivity for the detection 
of substances with very different properties. Its use substitutes the sampling of biological matrices 
such as living bees, wax or honey, thus avoiding the alterations to the colony and being feasible for 
long-term monitoring programs. The contaminants adsorbed onto the APIStrip surface are easily 
extracted in acetonitrile and have been analyzed by chromatographic techniques (gas and liquid 
chromatography coupled to mass spectrometry). Field studies were performed in Denmark, Austria, 
Greece and Spain throughout 2019 in the framework of the INSIGNIA monitoring study, detecting 
over 100 active substances used as phytosanitary and veterinary products. The APIStrips are currently 
being employed in a large-scale protocol for environmental monitoring in nine European countries.
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DIFFEREntIAL uPtAkE AnD MEtABOLISM OF WAStEWAtER-BORnE DRuGS IntO SOIL-
LEttucE SyStEM StuDIED By HR-Lc-MS

Sandra Pérez, Nicola Montemurro
IDAEA-CSIC
Correspondence to: spsqam@idaea.csic.es

Nowadays, we are using more synthetic drugs for human treatment as it has ever consumed before. 
In addition, the number of those drugs will continue to rise into the future taking into account the 
production of new drugs for the treatment of new or uncured diseases. Once drugs are excreted from 
the human body, they enter into environment mostly though the municipal wastewater treatment 
plants. Concentrations of human pharmaceuticals and their metabolites are detected continuously 
in wastewaters. Since the use of treated wastewater to irrigate crops is getting widespread in regions 
where freshwater is limited, drugs are released in the agrosystems by wastewater irrigation. Then 
soils are exposed to drugs and the lettuce can uptake and translocate them becoming this fact a 
food safety issue. Many of the reported plant uptake studies have been performed at hydroponic 
studies, the information on the fate of these compounds in the soil-lettuce system is not always 
available. The chemical uptake by plant roots in soil-root-leaves system depends largely on sorption 
and desorption of contaminants in soils and their physicochemical properties.

Drugs are a broad group with diverse physico-chemical properties (molecular size, shape, lipophilicity, 
acidity/basicity, electronic characteristics, pKa and solubility. These properties influence drug 
absorption, their interaction with the metabolizing enzymes, they control also their mode of action 
in the human body and plants. They also affect their environmental fate (degradation, persistence) 
which is a relation between its intrinsic physicochemical properties and the system with which it is 
interacting. Therefore, they can be present in different physical states in the environment under 
particular environmental conditions.

Lettuce samples were grown in pots in a controlled environment and irrigated during the entire 
growing period (60 days for lettuce and 25 days for radish) with spiked tap water containing the 
target compounds at low and high concentrations (10 and 100 ng mL-1, respectively). Another set of 
plants was irrigated with real wastewater to study the impact of contaminants at real environmental 
concentrations. Control plants were irrigated only with tap water. At the end of each experiment, 
leaves, roots and soil samples were extracted from crop tissues and soil samples by modified 
QuEChERS-based method whereas the detection was performed using the new SCIEX X500R QTOF-
MS, a compact hybrid QToF-MS combining advantages of TOF and QqQ systems with accurate mass. 
Different QuEChERS extraction salts (Original and CEN) were tested and compared to evaluate their 
extraction efficiencies. In this study we investigated the use of MRMHR and MS/MSAll with SWATH® 
acquisition performed for the targeted analysis (using reference standards).

Preliminary results revealed the presence of all target analytes in lettuce tissues and soil samples 
irrigated with spiked water at high concentration. Carbamazapine showed higher accumulation in 
leaves than the other compounds. Neutral PhACs were detected in leaves while acidic compounds 
were not taken up. Lipophilicity and speciation affected the uptake of PhACs by plants. However, 
some basic drugs were detected in higher concentrations in leaves than in soil, probably because 
they translocate to leaves by transpiration.

Same compounds were detected in leaves in different lab experiments, suggesting that physico-
chemical properties are key factors governing uptake and translocations in plants.

Acknowledgements – This study has been financially supported through the Spanish national project 
(CICLIC, RTI2018-097158-B-C33). Authors also acknowledge SCIEX for providing the loan instrument 
LC/HRMS QTOF X500R.
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nOn-tARGEt HRMS APPROAcHES tO cHARActERIzE cOMPLEX DISInFEctIOn 
ByPRODuct MIXtuRES

Cristina Postigo1, Anna Andersson2, Mourad Harir3, David Bastviken2, Michael Gonsior 

1Institute for Environmental Assessment and Water Research
2Department of Thematic Studies - Environmental Change, Linköping Univeristy
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Disinfection byproduct (DBP) mixtures formed during disinfection processes are highly complex 
and not fully characterized to date. Their composition depends mainly on the characteristics of the 
water disinfected and the disinfection process applied. While DBP discovery has been traditionally 
achieved by manual interpretation of the mass spectra obtained after gas chromatography (GC) 
analysis of DBP mixtures or mass spectral searches, the increasing availability of high-resolution 
benchtop instruments in research labs and the use of wide-scope non-target screening approaches 
has boosted DBP discovery. To date, the number of different DBPs identified in disinfected water 
exceed 700. 
For DBP discovery, high-resolution mass spectrometry (HRMS) Orbitrap and Time of Flight analyzers 
and ultra-high-resolution mass spectrometry Fourier Transform Ion Cyclotron resonance (FT-ICR) 
analyzers have been employed.
This presentation will summarize different non-target HRMS approaches and workflows applied 
so far to characterize DBP mixtures. The main results achieved and the main challenges still to 
overcome to fully characterize DBP mixtures will be also overviewed.
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IOn MOBILIty DERIvED cOLLISIOn cROSS SEctIOn DAtABASE: APPLIcAtIOn 
AnD BEnEFItS FOR MycOtOXInS ScREEnInG

Laura Righetti1, Nicola Dreolin2, Alberto Celma3, Mike McCullagh2, Gitte Barknowitz2, Juan V. Sancho3, 
Chiara Dall’Asta1

1Department of Food and Drug, University of Parma
2Waters Corporation, Wilmslow, United Kingdom
3Environmental and Public Health Analytical Chemistry, Research Institute for Pesticides and Water, University 
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To deal with the increasing number of mycotoxins to be monitored and restrictions of European 
Union about maximum levels, innovative analytical approaches continue to be developed. 
Appropriate analytical tools for food analysis requires fast and reliable screening method as well 
as highly selective and high-throughput confirmatory methods, both capable of determining low 
concentrations of these toxins in foodstuff. Over recent years the mycotoxins method development 
polarized between two approaches on opposite sides of the analytical spectrum. The first has been 
the development of rapid screening methods for a variety of analytes based on immunochemical 
techniques. The second is the development of highly sophisticated multi-analyte methods based on 
liquid chromatography coupled with high resolution mass spectrometry and ion mobility spectrometry 
(IMS-MS) for identification and simultaneous quantification of a wide range of contaminants. This 
talk will be focused on the great benefit provided by Travelling Wave IMS applications to mycotoxins 
analysis.

Keywords: mycotoxins, food residues, travelling wave ion mobility, CCS database, interlaboratory 
comparison  
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cHARActERIzAtIOn OF DISSOLvED ORGAnIc MAttER By HRMS: EFFEctS OF WAtER 
cHLORInAtIOn On MOLEcuLAR FInGERPRIntS AnD GEnERAtIOn OF DISInFEctIOn By-
PRODuctS
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The development of water chlorination in the 20th century is regarded as a major turning point in 
global socioeconomic development and water management, as it has facilitated access to clean 
and safe drinking water for millions of people worldwide. Water chlorination is an effective way 
of reducing the outbreaks of infectious diseases such as cholera, typhus, dysentery and botulism. 
However, disinfection by-products (DBPs) are incidentally generated during the process, some of 
which carcinogenic and toxic after chronic exposure1.
Hundreds of DBPs have been discovered so far, but only a little fraction is regulated in developed 
countries. Target methods can hardly cover the quantitative analysis of the whole set of DBPs 
generated during water chlorination, because of (i) the large number of identified DBPs, (ii) the 
elevated costs of obtaining high purity standards for all of them, and (iii) the presence of unknown 
DBPs. Therefore, the risk of DBPs formation should be addressed with holistic approaches, such 
as non-target analyses based on high resolution mass spectrometry (HRMS). In this regard, the 
characterisation of dissolved natural organic matter (DOM), using HRMS and ultrahigh resolution 
mass spectrometry (UHRMS), has proved to be a promising tool for predicting and understanding 
the generation and the formation potential (FP) of DBPs2,3.
The objective of the present study was to investigate the changes of the DOM after water chlorination 
from a multivariate analysis perspective and exploring the changes in their fingerprint, obtained 
with Orbitrap-MS, in order to (i) understand which regions of the fingerprints were more susceptible 
to changes during disinfection reactions and (ii) to identify surrogate features to help predicting DBP 
formation.

The sampling was carried out in the Ter River Basin (NE of Spain, see Figure 1), including the 
river itself and three reservoirs that supply potable water to the Barcelona catchment area. Ten 
samples were analysed by solid phase extraction, using PPL cartridges, and analysed by HRMS 
using a LTQ Velos™ from Thermo Scientific (San José, CA, USA) with a hybrid Linear Trap – Orbitrap 
analyser. The ionisation was performed with an electrospray ionisation (ESI) source operating in 
negative polarity.

The elemental compositions of the spectra were tentatively determined with a custom R script. 
Briefly, m/z peaks were assigned to elemental formulae (CCHHOON0–5S0–2Cl0–2Br0–2) using the function 
MFAssignR::MFAssign4 with the following restrictions: maximum tolerable m/z error: ±1.0 ppm; 
m/z range: 100‒1000; charge: only monocharged formulae were considered; range of O/C: 0‒1.0; 
range of H/C: 0.3‒2.5; range of DBEO: -10‒10. The presence of features with 32S, 35Cl or 79Br atoms 
was double-checked by searching satellite peaks that contained 34S, 37Cl and 81Br with the required 
isotopic ratios. The resultant lists of formulae were represented in van Krevelen diagrams and 
peaks were classified according to their compositional space.

In parallel, samples were chlorinated at lab-scale following a standard method5 to study the DBPs 
FP. Trihalomethanes and haloacetonitriles were quantified by GC-MS.
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Figure 1. Location of Catalonia (a), the Ter basin (b), and Sau, Susqueda and
Pasteral reservoirs (c), highlighted in blue, black and green, respectively.

Results and discussion. Our results obtained showed that water chlorination produced significant 
changes in the composition of DOM and in its HRMS spectra. Chlorinated samples exhibited peaks 
with significantly lower m/z (p < 0.05) and lower KMD (p < 0.05). As expected, a higher number of 
halogenated features (p < 0.05) were detected after chlorination. These changes were studied at 
fingerprinting level and from a multivariate analyses perspective.

In the Van Krevelen diagrams, significant changes were observed in the regions of the lignin-
like/CRAM, the soil humics and the fatty acids-like features, where several signals disappeared 
during chlorination, as well as in the condensed hydrocarbon region, where several new features 
were detected. In addition, several new features appeared in the tannin-like region, primarily 
corresponding to highly oxidized formulae. Overall, these changes sufficed to successfully 
classifying the analysed samples according to their treatment status (raw/chlorinated) and origin, 
via hierarchical clustering analyses and PCA scores (see Figure 2).

Figure 2. Scores plot showing a clear differentiation between chlorinated (red) and raw samples (blue)

Principal Component Analyses (PCA) showed that chlorination involved a decrease in the concentration 
of non-nitrogenized lignin-like features, with structure CxHyOz and C/H and O/C ratios assigned to the 
lignin/CRAM compositional space.

Finally, we identified two regions of the VK diagram, located within the lignin-like features, that were 
strongly correlated (ρ ≥ 0.795) to THMs and HANs FPs (see Figure 3). Our data clearly indicate that 
these two regions of the VK diagram play a crucial role in the formation of the analysed DBPs.
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Figure 3. VK diagram showing the Spearman correlation of THMs FP (left) and HANs (right) of the identified formulae.

Acknowledgements. This project was funded by the Spanish Ministry of Science, Innovation and 
Universities and the European Fund for Regional Development through the project CTM2017-
85335-R; by the EU Horizon 2020 R&I Programme, through the MANTEL-ITN Project (Grant No: 
722518); and by the Catalan Government, through the ENV 2017 SGR 1124 and Tech 2017 SGR 
1318. MJF acknowledges her Ramón y Cajal fellowship (RyC-2015-17108), from the AEI-MICIU; 
AJG acknowledges his PhD scholarship from the Catalan Government (2019FI_B2_00202); PGF 
acknowledges SmartWorkflow, which has received funding from the EU Horizon 2020 R&I program 
under grant 791235. 

References.
1. USEPA “Health risks to fetuses, infants, and children: proposed Stage 2 disinfectant/ disinfection byproducts: a review”. 
(2003) EPA-822-R-03-010.
2. Farré, Maria José, et al. “Orbitrap molecular fingerprint of dissolved organic matter in natural waters and its relationship 
with NDMA formation potential.” Science of the Total Environment 670 (2019): 1019-1027.
3. Hawkes, Jeffrey A., et al. “Evaluation of the Orbitrap mass spectrometer for the molecular fingerprinting analysis of 
natural dissolved organic matter.” Analytical chemistry 88.15 (2016): 7698-7704.
4. Schum, Simeon, et al. “MFAssignR: Molecular Formula Assignment using CHOFIT Algorithm”. (2019). R package version 
0.0.3.
5. APHA, PHA, 2005. AWWA and WPCF standard methods for the examination of waters and waste waters.

47Oral Presentation



16th Annual Workshop On Emerging High-Resolution Mass Spectrometry (Hrms) 
           and Lc-Ms/Ms Applications In Environmental Analysis And Food Safety

REvEALInG tHE IMPAct OF tHE AntIDEPRESSAnt vEnLAFAXInE On FISH:
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There is a growing concern on the potential negative effects of pharmaceuticals to non-target 
organisms, representing a current research challenge. Therefore, it is urgent to develop analytical 
strategies that allow an early detection of environmental exposure impact of pharmaceuticals 
in such organisms Recently, the development of advanced analytical tools such as liquid 
chromatography coupled to high resolution mass spectrometry (LC-HRMS) has allowed to get an 
in-depth knowledge of the dynamics taking place at molecular level regarding the occurrence of 
pharmaceuticals in the environment. In this context, analytical strategies that allow to evaluate both, 
metabolization of contaminants and changes on organisms metabolome as a result of exposure 
to xenobiotics can be an advantage. This work combines target, suspect screening and non-target 
analysis approaches to assess the metabolic response of the juvenile fish Argyrosomus regius 
when exposed to venlafaxine via water. Venlafaxine was selected as model compound, because it 
is among the most prescribed antidepressants, has been frequently detected in the environment 
and showed the ability of inducing toxic effects, behavioral changes and bioaccumulation in fish.
Juvenile meagre (A. regius) were exposed to a nominal concentration of 20 µg/L of venlafaxine 
via water for 28 days, followed by additional 7 days (until 35 days), without venlafaxine spiking. 
Two treatments (control and exposure to venlafaxine) were carried out and experiments were 
performed in triplicate. Tissue samples (liver, brain, muscle and plasma) were collected at days 
28 and 35 and extracted by ultrasound assisted extraction. Sample analysis was performed by 
combining target analysis based on LC-MS/MS and different screening approaches based on LC-
HRMS. Data acquired by LC-HRMS was processed using Compound Discoverer 3.0.

Target analysis of venlafaxine and 5 of their known human metabolites allowed the identification 
of venlafaxine and two metabolites (N-desmethylvenlafaxine and N,N-didesmethylvenlafaxine), 
in all fish tissues, at maximum concentrations of 6808 ± 1177 ng/g, dw (liver), 121 ± 44 ng/g, dw 
(liver) and 27.7 ± 2.0 ng/g, dw (brain), respectively. An in-depth evaluation of the metabolization 
of venlafaxine by fish was done using suspect screening analysis, which allowed the tentatively 
identification of 11 additional metabolites, including 2 phase II by amino acid conjugation. Both 
approaches showed N-demethylation as the main route of metabolization of venlafaxine by fish. 
Complementarily, changes in the metabolic fingerprint of juvenile meagre exposed to venlafaxine 
were evaluated using non-target analysis. Tissue-dependent changes in the metabolome of 
exposed fish experiments comparatively to control were observed; non-target metabolomics 
allowed the detection of changes in endogenous metabolites after 28 days of exposure. Metabolic 
pathways more significantly affected by venlafaxine exposure were phenylalanine, tyrosine and 
tryptophan metabolism; purine metabolism; and the signaling pathway. This work shows that 
complementary MS approaches (target and non-target) can be used as effective tools to detect 
early changes on metabolic responses of fish. Different compounds (endogenous metabolites and 
xenobiotic metabolites) were identified in fish tissues in response to the exposure to venlafaxine 
and can be used as biomarkers of contamination exposure and impact.
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AnALySIS OF PERFLuORInAtED SuRFActAntS In EnvIROnMEntAL MAtRIcES 

Olaf Scheibner
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Perfluorinated surfactants, known for long time already, have drawn elevated attention in the 
recent past again, as knowledge about health risks related by these compounds has become 
broader and moved into the focus of the public. With this, the demand for a broader spectrum 
of compounds together with lower detection limits has risen significantly. In this presentation, 
the analysis of a broad spectrum of perfluorinated compounds on different mass spectrometry 
systems is shown together with multiple options for sample preparation and chromatographic 
separation. 

49Oral Presentation



16th Annual Workshop On Emerging High-Resolution Mass Spectrometry (Hrms) 
           and Lc-Ms/Ms Applications In Environmental Analysis And Food Safety

APPLIcAtIOn OF A cHLOROFORM-FREE LIPID EXtRActIOn MEtHOD tO StAGHORn cORAL 
(AcROPORA cERvIcORnIS) LIPIDOMIcS ASSESSMEntS

Natalia Soares Quinete, Leila Soledade Lemos, Kathleen Lugo Charriez, Yailee Carrazana, 
Javier A. Rodríguez-Casariego Rodríguez-Casariego, Jose M. Eirin-Lopez, Piero Gardinali 
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Global climate change has become one of the main threats to coral reef ecosystems worldwide, 
and although negative impacts on coral growth and survival have been increasingly well-
documented, studies identifying resilience pathways are still poorly understood. Caribbean reefs 
have become particularly impacted, with an estimated two-thirds of coral species threatened 
by human activities, and an additional one-third threatened by coastal development. The coral 
species Acropora cervicornis (staghorn coral) represents a critical reef-builder in the Caribbean, 
providing extensive habitats for fish and other marine life, but is currently listed as threatened 
under the U.S. Endangered Species Act. Coral stress can be assessed through the use of lipids 
as biomarkers, although data for staghorn corals is notably lacking. Lipid extraction is the most 
critical step in lipidomic assessments, being usually performed using carcinogenic solvents, such 
as chloroform. With this in mind, efficient alternative and less toxic methods have been developed, 
such as the BUME method, which uses butanol and methanol as extraction solvents. In this study, 
a non-targeted analysis (NTA) methodology was developed using an ultra-performance liquid 
chromatography coupled to a high-resolution mass spectrometry (UPLC-HRMS) for lipidomic 
assessments in staghorn corals.  Samples were collected in Puerto Rico after the impact of 
hurricanes Irma and Maria. Data processing was performed by the software Lipid Search version 
4.2.21 for lipid identification and relative quantitation. Two different solvents/mixtures (methanol 
only and BUME 3:1) and varying coral masses (0.33-1.00 g) were tested for lipid extraction. Total 
lipid extraction was equivalent for both methods, but due to its efficiency in extracting polar lipids, 
the BUME method was chosen for further assessments. The BUME method was then applied 
to multiple coral sample sizes to evaluate variations in lipid composition (number of detected 
compounds and lipid classes) and the results did not significantly change. Therefore, this method 
can be successfully applied to coral assessments in a climate change context, with the added 
benefit of allowing for the evaluation of low sample masses, lessening coral sampling impacts.
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BIOMARkER RESPOnSES AnD MEtABOLItES IDEntIFIcAtIOn In LuMBRIcuS tERREStRIS 
EXPOSED tO DRuGS OF EnvIROnMEntAL cOncERn, An In vIvO AnD In vItRO APPROAcH
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The earthworm Lumbricus terrestris, is a common anecic key species living in natural soils used 
also as bioindicator in soil pollution assessment. Previous research has demonstrated that 
earthworms are exposed to a variety of anthropogenic organic pollutants and they are able to 
metabolize organic soil contaminants such as polycyclic aromatic hydrocarbons, pesticides and 
pharmaceutical products. 

Specimens of L. terrestris were exposed in Petri dishes to filter paper embedded with 1 mg/mL 
to different model compounds for 48 h. The chemicals were: Lamotrigine, Cocaine, Fipronil (as 
RegentÒ800WG) and the organophosphorus pesticide bis-4-nitrophenyl phosphate (BNPP) used 
as positive control. At the end of this period, earthworms were immediately frozen in liquid N2 
and their tissues, homogenized by cryogrinding, targeted to determine chemical exposure and 
metabolite formation as well as to biomarker determinations. The biomarkers analyzed were 
acetylcholinesterase (AChE), Glutathione-S-transferase (GST) and Carboxylesterase (CE) activities 
using different substrates. 

To study the accumulation and metabolism of tested compounds in earthworm tissues, analytes 
of interest were extracted using a modified QuEChERS apprach consisting of one single extraction 
step and analyzed using a SCIEX ExionLC™ AD system coupled to a hybrid SCIEX X500R QTOF 
system (Montemurro et al., 2020). High-resolution data were acquired in both positive and 
negative ESI combing a non-targeted screening workflow using SWATH acquisition which generates 
comprehensive and high-quality MS/MS spectra comparable to “MRM-like” fragments that can be 
used to confirm unequivocally the detection of specific compounds after comparing the SWATH 
data with pre-assembled MS/MS spectral libraries.

The results obtained revealed the substrates 4-nitrophenyl butyrate (4-NPB) and 1-naphthyl 
butyrate (1-NB) in CE measures as the most responsive to cocaine and BNPP exposures. These 
results for BNPP corroborate the agreement between in vivo and in vitro responses. Chemical 
analysis and metabolite formation confirmed the extent of the exposure and identified the main 
metabolites formed for further in vivo exposures under more realistic conditions.
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SuSPEct AnD nOn- tARGEtED ScREEnInG OF I EnvIROnMEntAL cHEMIcALS 
uSInG tHE ScIEX X500R qtOF SyStEM 
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Composition of household dust provides valuable insights into the potential health risks associated 
with the chemical exposure in indoor environment. Previous studies demonstrated presence of 
a number of compound classes in house dust including plasticizers, pesticides, cosmetics and 
flame retardants. However, studies directed at non-targeted screening for contaminants in 
household dust remain limited. Similar studies of dryer lint samples are even more scarce. To our 
knowledge, the first such study was reported in 2017. Considering physico-chemical properties 
of the previously reported contaminants, it is essential to note the diversity of the properties 
and structures of these chemicals. In the study summarized here we applied suspect and non-
targeted screening workflows available in SCIEX OS software to analyze the data collected for lint 
samples with the SCIEX X500R QTOF system. Lint matrix was selected as representative of the 
contaminants present in the indoor environment. In addition to contaminants, it may contain 
synthetic and cotton fibers, human hair and potentially residues of laundry detergents. Dryer lint 
is valuable as a proxy for human exposure, as is vacuum cleaner dust

This study demonstrated advantages of suspect and non-targeted screening analysis of dryer 
lint sample using SWATH acquisition with X500R QTOF system and corresponding processing 
workflows available in SCIEX OS software.

The detection of pesticides, surfactants, flame retardants and plasticizers in the analyzed samples 
was found to be consistent with previous findings. Similarities in feature distribution across 
different lint samples suggests a possibility of creating specific fingerprints of indoor dust for 
subsequent connections between chemical composition of the indoor environment and health 
impacts
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AnALytIcAL POtEntIAL OF cOMPREHEnSIvE tWO-DIMEnSIOnAL GAS 
cHROMAtOGRAPHy-HIGH RESOLutIOn tIME-OF-FLIGHt MASS SPEctROMEtRy 
WItHIn tHE cOntEXt OF EnvIROnMEntAL AnD FOOD AnALySIS 
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The present seminar is focused on the use of cryogenically-modulated (CM) comprehensive two-
dimensional gas chromatography-high resolution time-of-flight mass spectrometry (GC×GC-HR 
ToFMS) within the context of environmental and food analysis. 
With regards to the environmental-based analysis, attention is devoted to organic sulphur 
compounds in coal tar. Coal tar is a heterogeneous mixture of organic compounds deriving 
from the thermal treatment of coal. The main components of coal tar are: polycyclic aromatic 
hydrocarbons, phenols and different heterocyclic compounds including sulphur derivatives. A 
target analysis was carried out for the characterization of fourteen different classes of organic 
sulphur compounds in coal tar. Moreover, absolute quantification was performed by using eight 
pure standard sulphur compounds, and 1-fluoronaphtalene as internal standard. 
With regards to the food-based analysis, attention is devoted to the qualitative analysis of the 
unsaponifiable fraction of different vegetable oils. Particular attention was devoted to the higher 
boiling point components, such as sterols, vitamin E, triterpenic alcohols, etc. 
In both types of analyses, the overall analytical performance of CM GC×GC-HR ToFMS was 
evaluated, it proving to be a very powerful analytical platform, benefiting from the high sensitivity, 
selectivity and resolving power, of both the GC and MS sides.
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Presence of polar contaminants like pharmaceuticals in the aquatic system is directly
linked to human impact. Due to biological and/or abiotic processes that the contaminants 
undergo from the discharge site to the ground or surface water where they are detected, they 
can be transformed to transformation products (TPs). The improvements of the analytical 
instrumentation and data evaluation have led to screening tools which are now more sensitive 
and accurate and able to detect and identify a broad range of compounds. The TPs are usually 
detected and identified first at lab-scale in order to evaluate the degradability of a compound. 
This is typically followed by a targeted method development and it is not up until the compounds 
have been identified (and in some cases isolated) they are actually searched for in real aquatic 
samples to report presence. Many other approaches propose an alternative path that is based 
on, for example, data-dependent fragment ion search where real-world samples are initially 
screened for possible TPs and/or metabolites and based on the results obtained, a set of TP/
metabolite-appropriate degradation pathway is performed. In this case, if a possible TP is detected 
in the wastewater treatment plant effluent, then a set of biodegradation lab-scale experiments is 
performed to “source” the discovered m/z to the original parent compound. This talk intends to 
discuss strategies based on similarities between fragments and how that can be used for detection 
and identification of transformation products of polar compounds in aqueous environment.
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cHROMAtOGRAPHy-HIGH RESOLutIOn tIME-OF-FLIGHt MASS SPEctROMEtRy: 
FInGERPRInt OF tHE unSAPOnIFIABLE FRActIOn OF vEGEtABLE OILS
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The present research is focused on the development of a cryogenically-modulated comprehensive 
two-dimensional gas chromatography-high resolution time-of-flight mass spectrometry (CM 
GC×GC-HR ToF MS) method for the qualitative analysis of the unsaponifiable fraction of different 
vegetable oils. Particular attention was devoted to the higher boiling point components, such as 
sterols, vitamin E, triterpenic alcohols, etc. An evaluation of the performance of the HR ToF MS 
system (operated at a mass resolution of 25,000 fwhm) under the challenging analytical conditions 
of a CM GC×GC-based experiment was also performed. In general, the MS instrument provided 
more-than-satisfactory results.
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Current demand for faster, more accurate analysis of complex environmental samples can be 
addressed through improvements in analytical instrumentation. Comprehensive two-dimensional 
gas chromatography (GCxGC) reduces data complexity by enhancing separation capacity. GC-
HRMS instruments exhibit increased selectivity and allow reducing spectral library match lists by 
excluding elemental formulae ruled out by corresponding exact masses. Various soft ionization 
methods are available for improving accuracy of analytes assignment and selectivity. They produce 
spectra with high abundance molecular or quasi-molecular ions and simplify the compound 
characterization through formula searches of corresponding exact masses. 

Chlorinated paraffins (CPs) are complex technical mixtures made up of numerous polychlorinated 
n-alkane isomers. CPs are normally divided into three separate groups based on their carbon 
chain length: Short Chain CPs (SCCPs – C10 to C13), Medium Chain CPs (MCCPs – C14 to C17), and 
Long Chain CPs (LCCPs – C17 and above). CPs are widely used in areas where thermal stability is 
a must. CPs are used in the manufacture of polyvinyl chloride (PVC) plastics, high temperature 
metal cutting lubricants, and flame retardants. CPs are also used as additives in adhesives, paints, 
and rubber.  Unfortunately, CPs are persistent, bioaccumulative, toxic, and undergo long range 
environmental transport. Due to the complexity of these mixtures, CPs are extremely challenging 
to analyze. When analyzed by conventional one-dimensional Gas Chromatography (GC), CPs 
produce very broad and unresolved peaks. 

In this study, an ultra-high resolution time-of-flight mass spectrometer with enhanced sensitivity 
equipped with a novel ionization source and comprehensive two-dimensional gas chromatography 
(GCxGC) was used to analyze a variety of environmental samples for the identification of multiple 
chlorinated paraffins and other halogenated compounds at parts-per-trillion (ppt) concentrations. 
Examples will be shown of results produced using HRMS combined with GCxGC in which CPs and 
other halogenated compounds in complex environmental samples were found and identified with 
greater confidence.
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Rodriguez Fernandez-Alba

University Of Almeria
Correspondence to: iciar.beraza@gmail.com

Honey is a high value natural product, not only desirable for its taste, but also for its nutritional and 
health benefits. Honey is one of the most common food commodities to be subject to mislabeling and 
fraud, and this has become an issue of international scale in terms of authenticity and quality control. 
In recent years, there has been growing interest in verifying the floral origin of honey, especially in 
the characterization of monofloral honeys, which are often more valuable than polyfloral honeys. 
Due to the complex nature of honey, that depends on several factors such as the botanical origin 
and geographical area, and to the different types of adulteration, its authentication has been 
challenging and prompted the development of several advanced analytical approaches. In the 
present study, different monofloral honeys, including manuka honey, chestnut honey, eucalyptus 
honey and avocado honey, were characterized through a non-targeted metabolomic approach to 
define markers substances characteristic for each kind of honey. The methodology used consisted 
of a quick and simple sample preparation, by extraction with a mixture of methanol and water, 
followed by analysis with ultra-performance liquid chromatography coupled high resolution mass 
spectrometry with hybrid analyzer quadrupole- time of flight (UPLC-QTOF-MS) and ionization by 
electrospray (ESI) in positive and negative mode. The evaluation of data by multivariate analysis 
allowed the discrimination of the honeys and prioritization of characteristic markers, contributing 
to the segregation of different honey types. Manuka honey stood out, showing more than 2000 
exclusive compounds. In this study, it was possible to identify more than 30 unique markers for 
this kind of honey.
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Piedad Parrilla, Amadeo Rodriguez Fernández-Alba 

University Of Almeria
Correspondence to: iciar.beraza@gmail.com

The number of honeybee colonies is decreasing alarmingly worldwide, which has motivated 
extensive research into the factors affecting their development and survival. Honeybees’ exposure 
to organic contaminants has been identified as one of the main causes of their decline. This study 
evaluates the use of gas chromatography high resolution accurate mass spectrometry (GC-HRAMS) 
for the screening of organic contaminant residues in honeybees and beehive compartments. The 
method comprises a generic extraction followed by detection with GC coupled to time-of-flight 
mass spectrometry (GC-TOF-MS), operated in electron-impact ionization (EI) mode. This technique 
has shown various benefits such as the capability to increase the scope of the analysis and the 
other inherent advantages that non-targeted data acquisition brings. It made possible to analyse 
targeted and non-targeted residues combined with retrospective analysis in a single workflow. 
The screening approach for investigation of non-targeted contaminants consisted of initial peak 
detection by deconvolution and matching the first-stage mass spectra EI-MS with a nominal mass 
spectral library. To gain further confidence in the structural characterization of the contaminants 
under investigation, molecular formula of representative ions (molecular and fragment ions) was 
provided for those with an accurate mass scoring (error < 5 ppm). This approach has allowed 
the tentative identification of GC amenable contaminants from different chemical groups in the 
beehive matrices, among them, phthalates or PAHs. The findings also evidenced the presence of 
natural substances at high levels in beeswax and bee bread, such as thymol, or benzylbenzoate. 
This compound is a chemical component of various essential oils of fruits, flowers and rhizomes, 
and its biocidal properties have been documented, so it could be being used as a miticide illegally.
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Currently monitored chemicals in environmental monitoring studies using target screening capture 
only a small fraction of chemicals occurring in the environment, and pollutants potentially harmful 
to wildlife species can be missed [1]. By means of non-target analysis, it is possible to identify 
and elucidate additional chemicals of concern in wildlife as reported by previous studies [2-5]. 
Environmental specimen banks with their historical archives pose a great opportunity to identify 
new chemicals of concern by means of temporal trend analysis. Previous studies have shown 
that prioritizing features in non-target analysis along with temporal trend analysis is possible and 
beneficial [6-8]. However, to the authors’ knowledge, archived biological tissue from specimen 
banks in combination with temporal trend analysis has not previously be analysed by non-target 
screening. 

In this study, muscle tissue from white-tailed sea eagle (Haliaeetus albicilla) collected by the 
Swedish Museum of Natural History from 1960 to 2017 was analysed. For prioritization purposes, 
two statistical approaches (Spearman rank and Mann-Kendall test) for temporal trend analysis 
of non-target features were compared, and a prioritization strategy for handling non-target 
data in time series was established. To that end, an artificial time series with 5 time points (n=3) 
spiked with known concentrations of contaminants (n=180) was used to develop and validate the 
prioritization strategy. In addition, 8 pools of white-tailed sea eagle muscle tissue ranging from 
year 1960 to 2017 were prepared. All samples were analysed by liquid chromatography-time-of-
flight mass spectrometry (LC-qToF-MS) using a validated method as reported previously [9], and 
evaluated by univariate statistics (Spearman rank and Mann-Kendall test) to detect features with 
significant increasing trends. Following peak detection, alignment, solvent blank subtraction, 26 
597 features were obtained in the time series samples. Subsequently, the data were corrected 
for instrumental drift during the run and only features detected in 2 of the 3 replicates as well as 
having a relative standard deviation lower than 50% were considered for statistical analysis (14 
409 features). Spearman rank correlation and Mann-Kendall test were used to prioritize features 
with a positive trend at a significance level of α = 0.05 and ƿ > 0.8, resulting in 138 prioritized 
features with Mann-Kendall, 17 prioritized features with Spearman rank, and 52 features that were 
prioritized by both statistical approaches. For those features, it was possible to establish a reliable 
molecular formula with an iFit value >50% in Waters corporation software UNIFI (version 1.9.4) 
for 6 features prioritized by Spearman only, for 38 features prioritized by Mann-Kendall only, and 
7 features prioritized by both statistical approaches. Further elucidation of these features with 
MetFrag and Massbank EU revealed 14 reliable structures of which 6 are of anthropogenic origin 
(3 pharmaceuticals, 1 cosmetic, 2 unknown sources). To reach the highest confidence level, these 
6 compounds have to be confirmed with reference standards.

As biological tissues were analysed, endogenous compounds could have been primarily prioritized 
with this approach. However, the above-mentioned results show that it is also possible to prioritize 
non-target features with anthropogenic origin in archived biological samples using univariate 
statistic approaches. The Mann-Kendall was the prioritization strategy that revealed the highest 
number of prioritized features in comparison to Spearman rank test that could be 
elucidated with high confidence. 
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Non-conventional purification technologies such as Vegetation Filters (VF) are a feasible, simple 
and sustainable solution for the treatment of wastewater in small populations, where economic 
and technical limitations hinder the installation of conventional Wastewater Treatment Plants 
(WWTPs). The VF are usually forestry plantations, sized according to the needs of each location, 
which are irrigated with wastewater and/or treated water. The main objective of FILVER+ project 
(CTM 2016-79211-C2-1-R) is the development of an amended VF that acts as secondary and tertiary 
wastewater treatment, maximizing the elimination of contaminants. To determine the treatment 
efficiency of the VF in terms of CECs, a study to identify the TPs and/or metabolites has been 
carried out. At laboratory scale, three infiltration tests were carried out simulating field conditions. 
Specifically, natural soil from the VF installed at IMDEA was used to fill-up a stainless-steel column 
that resembles the field bulk density (control column without amendment). The other two columns 
were filled up with the same natural soil amended with: i) poplar woodchips from the VF itself 
and ii) biochar from the pyrolysis of the poplar woodchips. Each amendment was incorporated 
by adding and mixing 3 % (w/w) to the soil. Once a week, 500 mL of synthetic wastewater (SWW), 
spiked with 1 mg/L of a mixture of eleven selected CECs, was added to each column. The SWW was 
prepared weekly, simulating the same quality in terms of ions, nutrients and organic matter, as the 
pretreated wastewater applied to the pilot VF, and the same irrigation pattern was established. 
The columns outlet is connected to a vacuum chamber that applies suction to simulate the 
hydrodynamic conditions of the unsaturated zone of the soil. The simulated irrigation occurred in 
a dual pulse of 250 mL each, in the following referred to as irrigation event, with a difference of 4 h 
between the first and the second one. After each irrigation event, 5 fractions of approximately 100 
mL of water were sampled from each column, within the first 24 h after the first pulse. A mixed 
volume single sample integrating the 5 fractions was obtained. The duration of the experiment 
was twelve weeks and the samples were directly stored at the freezer at -20°C. 

High resolution mass spectrometry (HRMS) has been used as a non-target metabolomic strategy 
[1]. Its high accuracy in determining the mass/charge ratios (m/z) of the detected ions, together 
with the characteristic isotopic profiles, allow us to focus the search for unknown compounds 
on a few molecular formulas [2]. In this study, an LC-MS tandem system coupled to a QTOF 
analyser (triple TOF 5600 Sciex) was used to identify TPs formed during the infiltration through 
natural soil and amended soils. Preliminary tests have been carried out for determining the best 
chromatographic and MS conditions, aiming at the determination of the greatest number of 
compounds. Initially, four chromatographic columns with different polarities were chosen. Then, 
successive optimization was followed: mobile phases flow and composition (at acidic and basic 
pH), chromatographic gradient, column temperature, ionization modes (positive and negative) 
with the electrospray source (ESI) and MS parameters for full scan acquisition. The selection of 
optimal conditions was achieved by the highest number of compounds detected with respect 
to their exact mass (m/z), retention time and molecular formula, making use of Venn diagrams. 
Atlantis C18, as column, and water (aqueous) and acetonitrile (organic) at acid pH, as mobile 
phases, were the most satisfactory ones to carry out sample analysis from laboratory experiments 
in the 3 columns (soil, soil with woodchips and soil with biochar). The results are expected to lead 
to the identification of new compounds (totally new or recently included in the literature [3, 4]). In 
addition, the differences among compounds detected in the 3 columns will be studied, in order to 
evaluate the added amendments.
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In recent years, high-resolution mass spectrometry (HRMS) combined with separation techniques 
has a valuable tool for a more comprehensive analysis of contaminants of emerging concern 
(CECs) in the environment via retrospective screening. However, to date, only a few suspect or non-
targeted studies have been reported on the occurrence of CECs in marine aquatic systems. The aim 
of this study was to analyze seawater and sediment samples collected at four sites around Qatar 
coastal area in 2017-2018 by combining both targeted and suspect screening on data acquired 
via liquid chromatography-quadrupole-time-of-flight-mass spectrometry (LC-Q-TOF-MS). Suspect 
screening was also performed on two additional matrices: seawater with stormwater inputs and 
particulates from sediment traps. Among the 21 targeted analytes investigated, caffeine and 
cotinine were detected in coastal seawater samples as well as in seawater with stormwater inputs. 
Trimethoprim and carbamazepine were mainly detected in the sediment samples collected at 
four sites in 2017. None of these targeted analytes were detected in the small particulate samples. 
Full MS scan and All Ions MS/MS data was further mined for other contaminants using a library 
of >1000 suspect contaminants. In total, twelve molecular features were tentatively identified 
through suspect screening at concentration levels significantly higher than that in procedural 
blanks. These features tentatively corresponded to plasticizers (4), pesticide (1), drugs (2), 
antimicrobial agents (2) and industrial chemicals (3). The presence of the four plasticizers and the 
pesticide were further confirmed using reference analytical standards. Thus, diethyl phthalate 
(DEP), dibutyl phthalate (DBP), and tributyl phosphate (TEP) were detected in seawater samples; 
Bis(2-ethylhexyl) phthalate (DEHP) in sediment and particulate samples; and dinoterb in seawater 
after storm event and particulate samples.  Further surveillance data is needed to fully assess the 
environmental risks associated with these contaminants.
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A method based on Regions of Interest followed by Multivariate Curve Resolution (ROIMCR), tested 
previously in metabolomics studies with successful results, is proposed as a new methodology for 
non-target protein analysis in environmental proteomic studies. 

For this study, suitable passive polymeric samplers were exposed to water from 3 different sites 
of the Gavà-Viladecans (Barcelona, Spain) wastewater treatment plant were analyzed as described 
in a recent publication (1): influent water, anoxic reactor (denitrification), and effluent water. Three 
polymeric (polycaprolactonediol) devices were placed during 11 days in each sampling point and 
slices from the polymer surface were cut and analyzed. Tryptic peptides (a triplicated at each 
sampling point) were analyzed by LC-MS/MS using Agilent 1200 HPLC system and Orbitrap XL; the 
data obtained were exported to MATLAB computational environment (The Mathworks Inc) and 
processed by the ROIMCR procedure (2,3).

Two main challenges when the huge HR-LC-MS/MS data are analyzed are the computational 
resources and the time required for their analysis. For this reason, a data filtering and compression 
strategy is needed such as the proposed Regions of Interest (ROI) methodology (2). This approach 
achieves a data compression according to three different parameters: the signal threshold (i.e. 
0.1% of the maximum signal intensity), the admissible mass error (i.e. 0.005 a.u), and the minimum 
number of signal occurrences defining a chromatographic peak (i.e. 10 signals). ROI analysis 
generated a large column-wise augmented data matrix with the 9 WWTP samples simultaneously 
analysed, with 17158 retention times (in the rows) and 2838 ROI values (in the columns). Multivariate 
Curve Resolution-Alternating Least Square (MCR-ALS) applied to this ROI compressed data matrix 
resolved 162 components explaining most of the data variance (95.15%), most of them associated 
to peptide signals (apart from a few background and solvent signal contributions). A Principal 
Component Analysis (PCA) was applied to the peak heights of the resolved components in the 
9 simultaneously analysed samples, after Standard Normal Variate (SNV) sample normalization 
confirming the similarity of the proteomic profiles of the samples from the same sampling point 
and the differences between the samples at the different sampling points of the WWTP.
Finally, signals resulting from ROIMCR were analysed using Proteome Discoverer 1.4, the 
identification of 281, 314 and 58 peptides, respectively for each sample site, was obtained. These 
peptides represent proteins from a varierty of species, e.g human, chicken, rat and mouse. Further 
work is pursued to compare the ROIMCR procedure against some commercial software and to 
assess the effectiveness of this proteomic analytical methodology. 
  
This work has been financially supported by the Generalitat de Catalunya (Consolidated Research 
Group “2017 SGR 1404 - Water and Soil Quality Unit”), by the Spanish Ministry of Science and 
Innovation (Project CEX2018-000794-S) and the IBERAQUA-NET project (RED2018-102737-T).

Reference(s):
1. M. Carrascal,J. Abian, A. Ginebreda, D. Barceló. Discovery of large molecules as new biomarkers in wastewater using 
environmental proteomics and suitable polymer probes.2020. Science of The Total Environment 747, 141145
2. Gorrochategui E, Jaumot J, Tauler R (2019) ROIMCR: a powerful analysis strategy for LC-MS metabolomic datasets, BMC 
Bioinformatics 17;20(1):256.
3. Jaumot J, de Juan A, Tauler R (2015) MCR-ALS GUI 2.0: New features and applications. Chemom Intell Lab Syst 140:1–12.
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Exposomics and human bio-monitoring (HBM) are rapidly advancing disciplines addressing risk 
assessment in environmental and occupational health and contributing to the development of 
policies and programs to protect human health. One of the tools available to the disciplines and 
utilized with growing popularity is non-targeted and suspect screening using high resolution 
mass spectrometry (HRMS). Non-targeted screening workflows enable simultaneous detection, 
characterization, identification (if reference was reported previously) as well as relative quantitation 
of multiple environmental chemicals, metabolites and other small molecules. Non-targeted 
screening with HRMS helps overcome challenges of characterization of thousands of compounds 
present in samples of interest (e.g.  environmental exposure samples as well as human samples). 
The workflow allows scanning extensive mass ranges to determine molecular weight, elemental 
composition, and molecular structure information. In the study presented here, we report on the 
analysis of non-targeted and suspect screening of household laundry dryer lint.
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Films and containers for food packaging are made largely in base of polypropylene (PP). PP is a 
material used to package different types of food and its use has increased due to its utilization as 
substitute of polycarbonate in baby bottles.

In this work, PP powders and pellets kindly supplied by the industry were analyzed by liquid 
chromatography-mass spectrometry (LC-MS) to identify unknown compounds, present in these 
samples that are intended to be used in the manufacture of PP for food packaging. Both were 
extracted with acetonitrile at 70oC for 24 hours previous its analysis. Two LC-MS systems were 
used; a triple quadrupole (QqQ) and quadrupole-time of flight (QTOF) mass spectrometers. 
Two different internal standards were employed for the APCI (Atmospheric pressure chemical 
ionization) and ESI (Electrospray ionization) analysis both in positive and negative mode.

Using these analytical techniques, the presence of unknown non-volatile compounds in the extracts 
was determined; when the APCI+ source and the QTOF spectrometer are used more peaks are 
detected. The main challenge is the identification of these non-intentionally added substances 
(NIAS) to determine if they are impurities or if they are formed by reaction or degradation 
processes during the material production.

Acknowledgment: The study was financially supported by the “Ministerio de Economía y 
Competitividad”, “Fondo Europeo de Desarrollo Regional (FEDER) and by “Agencia Estatal de 
Investigación” ref. RTC-2017-6553-2. “NAPA” (MINECO/FEDER, UE)
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The reuse of treated wastewater for agricultural irrigation leads to the introduction of 
pharmaceutical residues into soil and potentially exposure of crops due to they are not removed 
in the conventional wastewater treatment plants.
Several studies have demonstrated the capability of various crops and vegetables to take up PhACs 
from soils through their roots a process similar to plant nutrient absorption. PhACs present a wide 
array of physico-chemical properties, thus they can be distributed into the soil-root-leaves system 
differently. To evaluate the uptake and translocation of PhACs in crops, high resolution mass 
spectrometry has been the instrumental tool most used in this field, mainly due to its sensitivity 
and the possibility to search for unknown plant metabolites. Using LC-MS, few studies determined 
the uptake and distribution in radish of PhACs. For example, Kodesová et al. detected only three 
compounds in radish [1].

Here, we expand the list of previously studied analytes to include a total of 26 PhACs and four 
plant metabolites in radish. Their analysis was performed by QuEChERS (Original and CEN 15662) 
and high resolution mass spectrometry by means of SCIEX X500R QTOF demonstrating the TOF 
advantages. Sequential Window Acquisition of all Theoretical Mass Spectra (SWATH) acquisition 
was used as a tool to quantify the target analytes and for the identification of the plant metabolites.
After 21 days irrigation experiments revealed maximum exposure to clofibric acid, fluconazole 
and hydrochlorothiazide in roots while benzotriazole, clofibric acid and fluconazole were the 
most prominent PhACs in leaves. Indeed, carbamazepine, clofibric acid and metoprolol were the 
compounds more retained into the soil.

Acknowledgements
This study has been financially supported through the Spanish national project (CICLIC, RTI2018-
097158-B-C33). The authors acknowledge SCIEX for providing the loan instrument LC/HRMS QTOF 
X500R.
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Major types of interior can coatings are made from synthetic polymers known as epoxy-based 
resins. These resins usually contain among their components bisphenol related compounds, which 
can be released as well as oligomers and/or derivatives (hydrolysed or chlorinated) and reach the 
food. There is no specific European legislation for can coatings, but there are specific migration 
limits (SML) for some of them that are known to migrate. Several investigations have suggested 
bisphenol A (BPA) as an endocrine disruptive chemical, and for this reason other analogues have 
been developed to replace BPA in the manufacture of these resins. 

In this work, canned food including fish (tuna, sardines), vegetables (corn, olives, asparagus, 
tomato), seafood (clams, mussels) and fruit (peach) were taken as study samples. Determination 
of the pH of each sample was carried out. The simultaneous identification and quantification of 
thirteen compounds including bisphenols (BPA, BPB, BPC, BPE, BPF, BPG) and BADGEs (BADGE, 
BADGE.H2O, BADGE.2H2O, BADGE.HCl, BADGE.2HCl, BADGE.H2O.HCl, cyclo-di-BADGE) was 
performed using an analytical method based on high performance liquid chromatography (HPLC) 
with fluorescence detection, after extraction using heptane and acetonitrile as extraction solvents. 
In addition, a liquid chromatography coupled to tandem mass spectrometry (LC-MS/MS) method 
was optimized for confirmation purposes.

The HPLC-FLD method developed to determine the migrants in the food samples showed an 
adequate linearity (R2 > 0.9994), low detection levels (LOD = 5ppb), good repeatability (RSD % < 
12) and acceptable recoveries (>70 %).

The study was financially supported by the Ministerio de Ciencia, Innovación y Universidades, by 
Fondo Europeo de Desarrollo Regional (FEDER), and by Agencia Estatal de Investigación Ref.No. 
PGC2018-094518-B-I00 “MIGRACOATING” (MINECO/FEDER, UE). Antía Lestido is grateful for her 
grant “Programa de axudas á etapa predoutoral” da Xunta de Galicia.
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A variety of different materials are used for the coating of cans, but epoxy polymers are the type 
of coating most widely used. Epoxy resins are obtained by the condensation of epichlorohydrin 
and bisphenol A (BPA), which yields bisphenol A diglycidyl ether (BADGE). These compounds can 
potentially migrate from the food contact material into the food and they are regulated with their 
specific migration limits. However, migrants from epoxy coatings may also contain oligomers, 
adducts with chain stoppers or reaction products of either solvents or phenolic monomers, among 
others.

The objective of this work is the identification of these potential migrants in polymeric coatings 
including intentionally added substances (IAS) such as monomers, additives and non-intentionally 
added substances (NIAS) such as oligomers by liquid chromatography coupled to tandem mass 
spectrometry (LC-MS/MS) using the full scan mode. It is a difficult task due to the lack of information 
about the formulations used in the manufacture of the coatings as well as the lack of commercially 
available standards of these compounds. In this study, several internal coatings of can samples 
were investigated after an extraction with acetonitrile. Moreover, an identification of the type of 
coating was performed using an ATR-FTIR spectrometer equipped with a diamond optical crystal.
Several non-intentionally added substances, specifically oligomers were identified in the samples 
analysed including BADGE.H2O.BPA, cyclo-di-BADGE, BADGE (n=1) H2O.BPA, BADGE.BPA.BuOH or 
BADGE (n=1) BPA among others. Only compounds with a molecular weight up to 1000 m/z were 
included in the study because it is generally recognized that compounds, except perfluoroalkyl 
compounds, above this mass range are typically not absorbed through the gastrointestinal tract. 
Further studies, namely migration assays will be required in order to identify these compounds in 
foodstuffs.

The study was financially supported by the Ministerio de Ciencia, Innovación y Universidades, by 
Fondo Europeo de Desarrollo Regional (FEDER), and by Agencia Estatal de Investigación Ref.No. 
PGC2018-094518-B-I00 “MIGRACOATING” (MINECO/FEDER, UE). Antía Lestido is grateful for her 
grant “Programa de axudas á etapa predoutoral” da Xunta de Galicia.
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The use of reclaimed wastewater for agricultural irrigation is increasing worldwide. This practice is 
becoming an alternative to combat water scarcity. However, some studies have reported that using 
reclaimed water for irrigation can lead to the accumulation of some organic microcontaminants 
in soil and crops. However, little is known about the translocation and accumulation of such 
chemicals in crops irrigated with reclaimed water under real agricultural conditions, to date.

The overall objective of this work was to evaluate the accumulation of organic microcontaminants in 
a tomato crop irrigated with reclaimed water. For that, a pilot study was carried out in a greenhouse. 
Tomato plants were permanently irrigated with contaminated reclaimed water spiked with a 
mixture at 1 µg/L of the selected compounds. A total number of 31 contaminants were analyzed 
belonging to different compound categories: herbicides, fungicides, insecticides, analgesics, anti-
inflammatories, lipid regulators, b-blockers, antiepileptic, and diuretics. A modified QuEChERS 
extraction method followed by liquid chromatography coupled to tandem mass spectrometry 
was the analytical procedure used. The study revealed the presence of 25 target contaminants 
in fruit (0.05   2.1 µg/kg), 18 in leaves (0.05   1.2 µg/kg), and 17 in soil (0.01 - 2 µg/kg). The total 
concentration of pesticides detected in tomato samples was 3 µg/kg whereas the pharmaceuticals 
total load was 6.4 µg/kg. In the soil samples, the concentration levels found after crop harvesting 
was up to 11.4 µg/kg for pesticides and 2.3 µg/kg for pharmaceuticals. The concentrations of 
organic microcontaminants in the edible part (fruit) were below 10 µg/kg in all cases, even when the 
irrigation condition can be considered as a worst-case of contamination by pesticides. However, 
the results obtained under greenhouse climatic conditions highlighting the importance to carry 
out analysis of the agricultural soil samples to avoid high pesticide accumulation that could be 
migrated during further crop seasons.
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Society’s interest in the quality, integrity and safety of food products with certain attributes has 
increased, being the attribute of a Protected Designation of Origin (PDO) an effective tool to 
guarantee the quality and integrity of the food product, as well as its geographical origin.
 
 Paprika is a red powder spice with a very characteristic flavor obtained after the drying and grinding 
of certain varieties of red peppers of the genus Capsicum, which belongs to the Solanaceae family. 
Paprika spice is commonly used to add flavor and color to many foods, such as baked goods, 
beverages, meat, soups, ice creams, candies, and seasoning mixes. In Spain, there are two paprika 
production areas with PDO attributes recognized by the European Union, the region of La Vera in 
Cáceres (Extremadura) and the region of Murcia. Despite having a common origin and an almost 
parallel development, the production process is different in each of these areas. La Vera paprika is, 
for instance, characterized by its smoky aroma and taste achieved during the drying process using 
smoke produced with oak or holm oak wood. In contrast, pepper fruits used for the Murcia PDO 
paprika are dried under the sun. Paprika is characterized by containing a large number of bioactive 
compounds with great beneficial health properties, such as polyphenols and capsaicinoids. In 
addition, the content of these bioactive compounds depend on multiple parameters such as the 
pepper variety, the climate conditions, growing areas, pre- and post-harvest treatments, etc. [1]. 
Thus, polyphenolic and capsaicinoid profiling might be proposed as a source of analytical data 
to establish paprika authentication, for both the correct assignment of the product PDO and the 
prevention of fraud practices through product adulteration.

Paprika is a worldwide-consumed spice so its adulteration might offer high economic benefits. 
Within this context, the substitution of ingredients, the addition of (illegal) substances and the false 
declaration of origin are important and challenging issues to the authorities and the food industry. 
Consequently, the development of analytical methodologies to guarantee paprika integrity, safety 
and authenticity is necessary.

In this work, targeted LC-HRMS (Orbitrap) polyphenolic and capsaicinoid profiling through the 
TraceFinderTM screening software, using homemade accurate mass databases, was proposed as 
a source of chemical descriptors to address the characterization, classification and authentication 
of paprika, and to guarantee paprika integrity, safety and authenticity [2]. For that purpose, a 
total of 126 paprika samples from different production regions, La Vera PDO and Murcia PDO in 
Spain, and the Czech Republic, each of them including different flavor varieties (sweet, bittersweet 
and spicy), were analyzed. A simple sample treatment was proposed, consisting of an extraction 
with water:acetonitrile 20:80 (v/v). LC-HRMS polyphenolic profiles showed to be good chemical 
descriptors to achieve paprika classification and authentication, based on the production region, 
through principal component analysis and partial least squares regression-discriminant analysis, 
with classification rates of 82%, 86%, and 100% for La Vera PDO, Murcia PDO, and the Czech 
Republic, respectively. In addition, a perfect classification and authentication was also accomplished 
among the flavor varieties for the Murcia PDO and Czech Republic samples. By combining the LC-
HRMS polyphenolic and capsaicinoid profiles as chemical descriptors, acceptable discrimination 
among La Vera PDO flavor varieties was also achieved. Therefore, the proposed target LC-HRMS 
polyphenolic and capsaicinoid profiling methodology resulted in a feasible, simple, and relatively 
cheap alternative to address the characterization and classification of paprika samples, 
and to guarantee its integrity, safety and authenticity against frauds.

[1] Mudric, S.Ž.; Gašic, U.; Dramicanin, A.K.; Ciric, I.; Milojkovic-Opsenica, D.; Popovic-Dor¬evic, J.B.; Momirovic, N.M.; Tešic, Ž. 
The polyphenolics and carbohydrates as indicators of botanical and geographical origin of Serbian autochthonous clones of 
red spice paprika. Food Chem. 2017, 217, 705–715.
[2] Barbosa, S.; Saurina, J.; Puginou, L.; Núñez, O. Targeted UHPLC-HRMS (Orbitrap) Polyphenolic and Capsaicinoid Profiling 
for the Chemometric Characterization and Classification of Paprika with Protected Designation of Origin (PDO) Attributes. 
Molecules 2020, 25, 1623.
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Turmeric (Curcuma longa) is a rhizomatous herbaceous perennial plant related to the ginger family 
(Zingiberaceae), originally from India, although nowadays it is worldwide cultivated, especially in 
Southeast Asia, China, and Latin America. The interest in this plant-derived curry spice for both 
society and the scientific community has increased because of its recognized medicinal properties, 
attributed to the presence of curcumin and its derivatives, as well as of polyphenolic compounds. 
Nowadays, the use of non-targeted fingerprinting (“metabolomics”) approaches is gaining relevance 
to address food integrity, safety and authenticity [1]. In contrast to targeted strategies where 
selected known chemicals are monitored (requiring the use of commercially available standards 
for analyte identification and/or quantitation), non‐targeted fingerprinting methods are based on 
the analysis of complex instrumental responses without assuming any previous knowledge of food 
components. For example, in the case of LC‐HRMS methodologies, the fingerprinting information 
consists of the peak intensity values recorded as a function of m/z (from 100 to 1500 Da) and 
retention times [2]. Besides, the identification of components that may be relevant for product 
authentication is not mandatory. A qualitative strategy based on the chemometric comparison 
between the samples under study and/or with authentic reference samples is normally exploited, 
clearly simplifying the method, since confirmation strategies are not required.

In this work, non-targeted LC-HRMS (Orbitrap) fingerprints obtained by C18 reversed-phase 
chromatography were proposed as sample chemical descriptors for the characterization and 
classification of turmeric and curry samples, as well as to guarantee their integrity, safety and 
authenticity [3]. For that purpose, a total of 21 turmeric and 9 curry commercially available 
samples were analyzed in triplicate after extraction with dimethyl sulfoxide (DMSO). The results 
demonstrated the feasibility of non‐targeted LC‐HRMS fingerprints for sample classification, 
showing very good classification capabilities by partial least squares regression-discriminant 
analysis (PLS‐DA), with 100% classification rates being obtained by PLS‐DA when randomly selected 
samples were processed as “unknown” ones. Besides, turmeric curcuma species (Curcuma longa 
vs. Curcuma zedoaria) and turmeric Curcuma longa varieties (Madras, Erodes, and Alleppey) 
discrimination was also observed by PLS‐DA when using the proposed fingerprints as chemical 
descriptors. As a conclusion, non‐targeted LC‐HRMS fingerprinting is a suitable methodology 
for the characterization and classification of turmeric and curry samples, and to guarantee their 
integrity, safety, and authenticity against frauds, without the requirement of using commercially 
available standards for quantification nor the necessity of metabolite identification.

[1] Cuadros‐Rodríguez, L.; Ruiz‐Samblás, C.; Valverde‐Som, L.; Pérez‐Castaño, E.; González‐Casado, A.
Chromatographic fingerprinting: An innovative approach for food “identitation” and food authentication — A tutorial. Anal. 
Chim. Acta 2016, 909, 9–23. 
[2] Campmajó, G.; Núñez, N.; Núñez, O. The Role of Liquid Chromatography‐Mass Spectrometry in Food
Integrity and Authenticity. In Mass Spectrometry—Future Perceptions and Applications; Kamble, G.S., Ed.; IntechOpen: 
London, UK, 2019; pp. 3–20, ISBN 978‐953‐51‐7845‐3.
[3] Núñez, N.; Vidal-Casanella, O.; Sentellas, S.; Saurina, J.; Núñez, O. Non-Targeted Ultra-High Performance Liquid 
Chromatography-High-Resolution Mass Spectrometry (UHPLC-HRMS) Fingerprints for the Chemometric Characterization 
and Classification of Turmeric and Curry Samples. Separations 2020, 7, 32.
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Coffee is today one of the most popular beverages in the world. Intake of coffee is associated with 
a reduced risk of several diseases probably due to its antioxidant activity. More than one billion 
cups are consumed every day, with an annual consumption per capita over 5 kg, on average, in 
Europe. Intake of coffee is associated with a reduced risk of several diseases probably due to its 
antioxidant activity. The proven health benefits of coffee brew plenty justifies the consideration 
of this infusion as a functional food [1]. Polyphenols are among the most interesting bioactive 
compounds found in coffee. In fact, coffee is the major source of chlorogenic acids in the human 
diet and there is plenty of evidence of their important antioxidant activity. Thus, polyphenolic coffee 
content could be related to features such as the coffee variety (Arabica and Robusta), production 
region and climate conditions, among other parameters. As a consequence, polyphenolic profiling 
can be used as a source of analytical data to achieve the characterization and classification of 
different varieties of coffee in order to guarantee its integrity, safety and authenticity against 
fraudulent practices.

In this work, liquid chromatography methods were performed using a Kinetex® C18 reversed-phase 
column (100 × 4.6 mm i.d., 2.6 µm particle size) under gradient elution conditions employing 0.1% 
formic acid aqueous solution and methanol as mobile phase components. For the determination 
of polyphenolic compounds low- and high-resolution mass spectrometry has been applied using 
electrospray ionization in negative mode. Targeted LC-MS/MS (triple quadrupole) and LC-HRMS 
(Orbitrap) polyphenolic profiling methods were employed as a source of potential polyphenolic 
profiling chemical descriptors to achieve coffee sample characterization and classification, as 
well as to guarantee coffee integrity, safety and authenticity by partial least squares regression-
discriminant analysis (PLS-DA).

A set of 120 commercially available coffee samples belonging to different groups depending on the 
variety (Arabica and Robusta), the growing region (Ethiopia, Uganda, Brasil, India and Central and 
South America), and their roasting degree (1/5, 2/5 and 4/5) were analyzed after brewing the coffee 
(espresso machine) and filtrating. The plot of scores obtained after PLS-DA using the proposed 
methodologies revealed patterns that were perfectly correlated to different characteristics of 
the coffee samples such as the different coffee varieties. The proposed PLS-DA methods were 
validated by pairs of class groups for the authentication of the coffee variety and the production 
region with the aim of preventing consumer frauds in the future, showing good classification rates.
The results obtained in this work suggested that both LC-HRMS and LC-MS/MS polyphenolic 
profiling strategies can be useful for the characterization and classification of coffee samples to 
authenticate their variety and production region, thus helping to prevent consumer frauds.

[1] P. Esquivel, V.M. Jiménez, Food Research International 46, 2012, 488-495
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P18/ tARGEtED Lc-HRMS POLyPHEnOLIc AnD cuRcuMInOID PROFILInG AnD 
cHEMOMEtRIcS tO PREvEnt FOOD FRAuDS In tuRMERIc AnD cuRRy SAMPLES

Nerea Núñez1, Oscar Vidal-Casanella1, Sonia Sentellas1, Javier Saurina1,2, Oscar Núñez1,2,3  
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The importance of monitoring bioactive substances as food features to address sample classification 
and authentication is increasing specially in natural food products as Turmeric (Curcuma longa) 
[2]. Turmeric, which is a plant-derived spice related to the ginger family (Zingiberaceae) is one 
of the most popular traditional medicinal herbs with a wide range of pharmacological activities 
such as antioxidant, antimicrobial, antimalarial, anti-inflammatory, anti-tumoral and anti-aging 
properties due mainly to the presence of curcuminoids, being curcumin the most important one. 
In addition to curcuminoids, other healthy substances such as polyphenols are present in turmeric 
products. Thus, the content of that healthy substances characterizes different turmeric samples 
so curcuminoid and polyphenolic profiles can be used as a source of analytical data to achieve 
the characterization and classification of turmeric and curry samples in order to guarantee the 
product integrity, safety and authenticity, as well as to prevent frauds [1]. 

In this work, targeted LC-HRMS was employed to obtain polyphenolic and curcuminoid profiles. 
Liquid chromatography was performed using a C18 reversed-phase porous-shell Ascentis® Express 
C18 (150 mm × 2.1 mm I.D., 2.7 µm partially porous particle size) column under gradient elution 
conditions with water (solvent A) and acetonitrile (solvent B), both with 0.1% formic acid, as mobile 
phase components. For the determination of polyphenolic and curcuminoid compounds, high-
resolution mass spectrometry has been applied using a Q-Exactive Orbitrap HRMS analyzer with 
an electrospray ionization in negative mode. LC-HRMS (Orbitrap) polyphenolic and curcuminoid 
profiles were then employed as a source of potential chemical descriptors to achieve samples 
characterization, classification and authentication by partial least squares regression-discriminant 
analysis (PLS-DA). 

A set of 21 turmeric and 9 curry samples commercially available were analyzed in triplicate 
after a simple liquid–solid extraction procedure using dimethyl sulfoxide as extracting solvent. 
The exploratory analysis performed by PLS-DA showed a great discrimination capability among 
turmeric versus curry samples. In addition, the proposed PLS-DA method was validated achieving a 
100% classification rates in both calibration and prediction steps. Curcuminoids and some phenolic 
acids such as trans-cinnamic, ferulic and sinapic acids, were essential for the discrimination of 
turmeric samples, while polyphenolic compounds, in general, were important to differentiate 
curry samples. However, it should be remarked that, despite the fact that curcumin and related 
derivatives are found at higher concentrations in turmeric samples in comparison to curry 
samples, both curcuminoid and polyphenolic profiles were necessary for sample exploration and 
classification.

The results obtained demonstrate that the proposed LC-HRMS polyphenolic and curcuminoid 
profiling method is excellent for the characterization and classification of turmeric and curry 
samples to ensure product integrity, safety and authenticity. In addition, a certain discrimination 
among turmeric Curcuma longa vs. turmeric Curcuma zedoaria species, as well as between 
different Curcuma longa (Alleppey, Madras and Erode) varieties was also achieved. 

[1] Núñez, N.; Vidal-Casanella, O.; Sentellas, S.; Saurina, J.; Núñez, O. Characterization, Classification and Authentication of 
Turmeric and Curry Samples by Targeted LC-HRMS Polyphenolic and Curcuminoid Profiling and Chemometrics. Molecules 
2020, 25(12):2942.
[2] Campmajó, G.; Núñez, N.; Núñez, O. The Role of Liquid Chromatography‐Mass Spectrometry in Food
Integrity and Authenticity. In Mass Spectrometry—Future Perceptions and Applications; Kamble, G.S., Ed.; IntechOpen: 
London, UK, 2019; pp. 3–20, ISBN 978‐953‐51‐7845‐3.
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P19/ SELEctIvE, RAPID AnD SIMuLtAnEOuS DEtERMInAtIOn OF ERGOStEROL AnD 
ERGOcALcIFEROL In MuSHROOMS By uPLc-q-tOF-MS

Cristina Roman-Hidalgo, Noemí Aranda Merino, Mercedes Villar-Navarro, Juan Antonio Ocaña González, 
Miguel Ángel Bello-López, María Jesús Martín-Valero, Rut Fernández-Torres 
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An ultra-performance liquid chromatography coupled to atmospheric pressure chemical ionization-
quadrupole time-of-flight mass spectrometry method has been optimized and validated for the 
determination of ergosterol and ergocalciferol in mushroom samples, using cholecalciferol as 
surrogate standard.

The separation was carried out with a Synergi Hydro-RP column (100 mm x 3.00 mm i.d, 2.5µm 
particle size), (Phenomenex, CA, USA) column, thermostated at 35ºC. The mobile phase was 0.1% 
formic acid aqueous solution and methanol in gradient elution mode and it was achieved in 5 min 
approximately. Detection was achieved by atmospheric pressure chemical ionization in positive 
mode and quadrupole time-of-flight mass spectrometry. Desolvation and interface temperatures 
were set at 500ºC and 150 ºC, respectively.

A rapid and simple extraction procedure using small amount of sample (100 mg) with hexane 
was optimized and the method was applied to the determination of ergosterol and ergocalciferol 
in white button mushrooms (Agaricus bisporus var. bisporus) exposed to UV irradiation. Results 
were compared to the corresponding non-irradiated mushrooms.
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P20/ DEvELOPMEnt OF A cOMPREHEnSIvE AnALytIcAL MEtHOD FOR DEtERMInAtIOn OF 
BIOMARkERS OF HuMAn EXPOSuRE tO PERSOnAL cARE AnD HOuSEHOLD PRODuctS In 
WAStEWAtER

Ivan Senta, Sara Rodríguez-Mozaz, Lluís Corominas, Mira Petrovic 
Catalan Institute for Water Research
Correspondence to: isenta@icra.cat

Humans are nowadays exposed to an increasingly large number of environmental contaminants, 
including different types of personal care and household products. Human exposure to these 
potentially harmful substances is mostly assessed by human biomonitoring (HBM) studies, which 
involves the analysis of specific biomarkers (parent compounds and/or their metabolic products) 
in urine and other biological matrices from individuals. Due to the several limitations of this 
approach, a novel concept, based on the analysis of human biomarkers in municipal wastewater 
(sewage), often referred to as wastewater-based epidemiology (WBE), has been proposed. 
However, the full potential of WBE in this field is yet to be explored and one of the main challenges 
is the development of comprehensive, multiresidue analytical methods for their determination in 
wastewater.

In this work, specific human biomarkers of exposure to major representatives of parabens, UV filters, 
phosphorous flame retardants/plasticizers, bisphenols, phthalates, and alternative plasticizers, 
as well as some oxidative stress biomarkers, were selected by exploring pharmacokinetic, HBM 
and pioneer WBE studies. These biomarkers were then included in the development of a novel, 
multiresidue analytical method, based on solid-phase extraction (SPE) and liquid chromatography 
– tandem mass spectrometry (LC-MS/MS), for their determination in wastewater. During the early 
stages of the method development, the efficiency of two types of SPE sorbents – hydrophilic-
lipophilic balance (HLB) and mixed-mode anion exchange (MAX) was explored and compared. 
Different mobile phase additives and gradient elution programs in both negative and positive 
ionization polarity were also tested, to obtain optimal separation on a C18 column, as well as good 
sensitivity in MS/MS detection.

Preliminary results suggest that HLB is more suitable sorbent for the extraction of target 
compounds than MAX. However, pH adjustment was found to be the critical parameter for the 
optimal extraction of several analytes. Target compounds were successfully separated on C18 
column, however, to obtain high sensitivity and good peak shapes for all analytes, different mobile 
phase composition and ionization polarities should be applied.

The results obtained so far are rather promising, however full method validation and stability 
studies are yet to be performed. In addition to the developed offline LC-MS/MS method, an online 
SPE-LC-MS/MS method will be also tested and compared with the existing method. Moreover, the 
possible importance of the analytes incorporated into the suspended solids will be evaluated. 
Finally, the applicability of the developed methodology will be explored by assessing human 
exposure to selected environmental contaminants in several cities.
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P21/ Lc–ESI-MS/MS MEtHOD FOR tHE SIMuLtAnEOuS DEtERMInAtIOn OF PHARMAcEutIcAL 
RESIDuES AnD cAFFEInE In tHE cOAStAL EcOSyStEM OF SOutHERn BALtIc SEA

Lilianna Sharma, Beata Szymczycha, Marta Borecka, Grzegorz Siedlewicz, Ksenia Pazdro 

Institute of Oceanology, Polish Academy of Sciences
Correspondence to: lilianna.sharma@gmail.com

The study aimed to determine the occurrence of pharmaceutical and caffeine residues in rivers and 
coastal seawater in the Southern Baltic Sea. Emerging contaminants including pharmaceuticals 
have been widely recognized as a potential factor contributing to the deterioration of coastal 
ecosystems. The Gulf of Gdansk and its western branch The Puck Bay have been chosen as study 
sites to assess the possible sources of target chemical substances in coastal ecosystems. Special 
attention was given to tracing potential supply sources like Vistula river and wastewater treatment 
plant discharge outlets located directly in The Gulf of Gdansk. Two pharmaceuticals (carbamazepine 
and diclofenac) and caffeine were detected in varying concentrations with the use of LC–ESI-MS/MS 
method. The MS/MS system consisted of an HCT Ultra ion trap mass spectrometer equipped with 
an electrospray ionization source. Isotopically-labeled standards were used as internal standards 
to quantify pharmaceutical and caffeine residues in the environmental samples. Caffeine and 
carbamazepine were the most frequently detected compounds. Vistula river has been identified as 
an important source of both substances in The Gulf of Gdansk and the Bay of Puck. The presence 
of diclofenac was associated with the proximity of wastewater effluent discharge outlets. Finally, 
challenges and future monitoring strategies are discussed.
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P22/ cOntROL OF AnABOLIc SuBStAncES In uRInE By Lc-MS/MS

Sílvia Termes Barceló, Naiara Pardo Mates, Pilar Rodriguez Martinez, Mireia Medina Sala 
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The European Union, in the Council Directive 96/22/EC, bans the use of substances with anabolic 
effect in stock farming. To control the use of these unauthorized additives in the production 
process of animals and primary products of animal origin, the Council Directive 96/23/EC regulates 
how the member states have to elaborate the monitoring plans for its detection. Among this 
substances (listed in the Annex I of the Directive 96/23/EC), stilbenes (and its derivatives, salts and 
esters), steroids, resorcylic acid lactones, and mycotoxins can be found. 

As this analytes doesn’t have a maximum residue limit (MRL), the Community Reference 
Laboratories (CRL) published the 7 December 2007 Guidance paper, as a technical guidance for 
analytical methods in residue control. Recommended maximum CCalfa levels for the substances 
depending on the matrix analyzed are established in this document in order to improve and 
harmonize the performance of the methods used in the control plans. 

The Agri-food Laboratory analyses anabolic substances in urine samples as part of the Spanish 
National Plan for Waste Research (PNIR). In order to differentiate the presence of natural substances 
to the ones that indicate the fraudulent use of an anabolic substance, the previous method used 
for this analysis was improved. 

A Quechers method for the analysis of stilbenes, steroids, resorcylics acid lactones and mycotoxins 
with an LC-MS/MS detection was developed, validated according the Decision 2002/657/EC and 
accredited according to UNE-EN ISO/IEC 17025 for the analysis of 17 analytes: 3 stilbenes (Dienestrol, 
Diethylstilbestrol, Hexestrol), 8 steroids (16β-hydroxystanozolol, 17α-Metiltestosterone,17α-
Boldenone, 17β-Boldenone, 17α-Trenbolone, 17β- Trenbolone, Methylboldenone, Stanozolol),  3 
resorcylic acid lactones (Taleranol (β-Zearalanol), Zearalanone, Zeranol (α-Zearalanol)) and three 
mycotoxins (α-Zearalenol, β-Zearalenol, Zearalenone). 

During 2020, 62 urine samples were analyzed with this method, 60% of which were positive of one 
or more analytes and of one or more families. Most of the positives were due to the presence of 
mycotoxins (47% of the samples), but also positives of steroids (24%) and resorcylic acid lactones 
(3%, that can be linked to the ingest of mycotoxins) were detected.
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P23/ SEnSItIvE DEtERMInAtIOn OF DInItROPHEnOLS AnD tHEIR MAIn MEtABOLItES 
In SALIvA AnD uRInE SAMPLES By LIquID cHROMAtOGRAPHy-MASS SPEctROMEtRy 
AFtER HOLLOW FIBER LIquID PHASE MIcROEXtRActIOn

Noemí Aranda-Merino, Julia Kazacova, Cristina Román Hidalgo, Mercedes Villar-Navarro, Juan Luis Pérez 
Bernal, María Ramos Payán, Miguel Ángel Bello-López, Rut Fernández-Torres

Universidad de Sevilla
Correspondence to: naranda@us.es

In this work, the determination of 2,4-, 2,5- and 2,6-dinitrophenols in human urine and saliva was 
carried out by ultra-high performance liquid chromatography coupled to a quadrupole time-of-
flight mass spectrometer (UHPLC-QTOF/MS) after a three-phase hollow fiber based liquid phase 
microextraction (HF-LPME). The proposed procedure allowed low detection and quantitation 
limits of the target analytes, as well as the investigation and tentatively identification of some 
metabolites by accurate mass full-spectrum measurements. The chromatographic separation was 
accomplished on an Acquity BEH C18 column (50 mm × 2.1 mm i.d., 1.7 µm particle size) at 25 ºC 
using water and acetonitrile (with 0,1 % (v/v) formic acid) (20:80, v/v) as mobile phase at a flow 
rate of 0.5 mL•min-1 under isocratic elution mode for 5 min. Under these conditions, detection 
limits for 2,4-, 2,5- and 2,6-dinitrophenol in urine were 0.08 µg•L-1, 0.05 µg•L-1 and 0.01 µg•L-1, 
while in saliva the detection limits were 0.13 µg•L-1, 0.09 µg•L-1 and 0.04 µg•L-1 respectively. The 
proposed methodology was applied on urine and saliva samples from laboratory staff likely to be 
occupationally exposed to dinitrophenols, finding quantitative levels of 2,4- DNP and 2,6-DNP and 
identifying some metabolites previously reported in literature.
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P24/ AnALySIS OF PLAnt cOMMODItIES EMPLOyInG PRESSuRIzED LIquID EXtRActIOn 
AS A tOOL tO AvOID SAMPLE HyDRAtIOn
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Gómez-Ramos, Amadeo Rodríguez Fernández-Alba 
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For the analysis of dry commodities, quality control guidelines recommend adding water to dry 
commodities such as cereals, spices or tea prior to sample extraction [1]. This hydration step 
can decrease the extractability of low polarity pesticides, increase the co-extraction of matrix 
components and the need of time and cost consuming clean-up steps, among other issues. 
Furthermore, the required instrument maintenance required can be increased if analysing a high 
number of these commodities. If sample hydration is to be avoided, and only organic solvent to 
be applied for extraction, energetic extraction conditions must be employed, which are generally 
outside the capabilities of standard extraction techniques present in routine laboratories. These 
higher energy conditions can be achieved using an automated sample extraction instrument, such 
as one based on pressurized liquid extraction and sample heating.

In this work, automated sample extraction of dry plant commodities using pressurized liquid 
extraction for the analysis of liquid and gas chromatography amenable pesticides is presented. 
After samples were loaded into the instrument, two consecutive extraction cycles using 
acetonitrile at 40 ºC and 2 bar were carried out. The organic extracts were collected in a PTFE tube 
and no further clean-up step was required prior to their analysis. Three hundred and sixty-three 
pesticides were validated in the aforementioned matrixes at 0.01 mg/kg and 0.05 mg/kg. More 
than 90 % of the pesticides were successfully validated at the lowest concentration value and 
close to 100 % were successfully validated at the highest concentration value. No matrix effect or a 
negligible matrix effect was observed for the majority of the analysed pesticides in the pressurized 
liquid extracts for the studied commodities. The results were compared with a QuEChERS-based 
extraction method including a hydration step. When employing this extraction method, only 80 
% of the pesticides could be successfully validated at the 0.05 mg/kg concentration spiking level. 
Furthermore, significant interferences could be avoided when using the pressurized sample 
extraction system. Based on these results, new devices providing pressurized organic solvent 
extraction are a promising alternative to traditional extraction procedures, which can potentially 
simplify the sample treatment of complex matrixes such as dry commodities and high fat content 
commodities.
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P25/ vALIDAtIOn OF A quIck AnD EASy EXtRActIOn MEtHOD FOR tHE DEtERMInAtIOn OF 
EMERGInG cOntAMInAntS AnD PEStIcIDE RESIDuES In AGRIcuLtuRAL SOILS
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Treated wastewater is been used in the agricultural sector to combat the lack of availability of 
freshwater. However, it is known that this water can contain multiclass of organic microcontaminants 
because the removal procedures are deficient [1]. Therefore, the soil is the mean reservoir of 
contaminants such as residues of pesticides, pharmaceuticals or personal care products (PPCPs). 
Consequently, the determination of organic microcontaminants in agricultural soil samples 
irrigated with reclaimed water is necessary for solving serious human health and environmental 
problems. Due to the low concentration levels, different chemical properties of the analytes and 
the complexity of the matrix, a sample preparation step is needed for the analysis of the organic 
microcontaminants. The aim of this study was to develop a quick and easy extraction method 
based on the QuEChERS method for the determination of 27 organic contaminants in agricultural 
soil samples. The procedure is based on a salting-out extraction with AcN:Formic acid (0,5% v,v) 
followed by a dispersive solid-phase extraction (d-SPE). A liquid chromatography-tandem mass 
spectrometry (LC-MS/MS) system was applied to the identification and quantification of the target 
analytes. The method developed provided excellent sensitivity (≤ 0.1 ƞg/g), repeatability (1-22%), 
good recoveries (70-120%), and low matrix effects (≤ 20%) for most selected compounds.
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P26/ AnALytIcAL MEtHOD DEvELOPMEnt uSInG SOLID-PHASE EXtRActIOn MEtHOD
AnD LIquID cHROMAtOGRAPHy cOuPLED tO HR AnD LR-MS FOR tHE DEtEctIOn 
OF PMOcS In WAtERS FROM IntERMIttEnt RIvERS
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Persistent and Mobile Organic Compounds (PMOCs) are highly polar compounds that, when emitted 
in significant quantities, can pose a threat to the quality of surface water, groundwater aquifers 
and even drinking water supplies because they are very mobile and present little or no rate of 
degradation in the environment. There is currently limited information on the presence of PMOCs 
in the aquatic environment due to the analytical issues because these compounds present low 
extraction efficiencies from water matrices and weak retention in conventional chromatographic 
columns. One of the most widely used extraction techniques for water sample analysis is Solid 
Phase Extraction (SPE), with HLB sorbent being the most frequently used. However, HLB is not a 
universal sorbent and presents some limitations in retaining such high polar compounds. That is 
why different types of sorbents have been developed, such as the mixed - mode ion - exchange SPE 
(SCX, WCX, SAX, WAX), the Graphitized carbon black (GCB) and the PPL sorbent (Priority PolLutant).
The extraction efficiency of each sorbent depends largely on the structures of the analytes of 
interest, specifically the functional groups that can potentially interact with the sorbent and the 
pH in the case of ion exchange sorbents. Some authors such as Köke et al (2018) proposed the 
combination of several sorbents through the use of multilayer cartridges obtaing recovery values 
close to 80% for 26 tested polar compounds. However, since the retention factor in the cartridge 
involves different features such as the loading and elution steps, compounds with very low Log D 
and neutral compounds presented poor recoveries in surface water.

In this regard, due to the importance of ensuring a more effective extraction of analytes of interest 
with very low Log D values in this study we proposed to evaluate two extraction procedures by 
SPE with multilayer cartridges composed of a mixture of Water Oasis HLB, WAX, WCX and Agilent 
Bond Elut PPL sorbents to simultaneously retain less polar, acid, basic and more polar analytes, 
respectively. The objective was to maximize the performance and achieve the extraction of 
analytes that are in a wide range of polarity and with diverse physicochemical characteristics. In 
addition, we propose the optimization of an analytical method in target mode for more than 150 
compounds with a wide range of polarity by using LC-MS/MS (Thermo Quantiva QqQ) and LC-
HRMS/MS (Q-Orbitrap) systems.
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P27/ ADvAncE SAMPLE PREPARAtIOn tO AnALySES SELEctED EMERGInG POLLutAntS 
In AnGuILLA AnGuILLA By LIquID cHROMAtOGRAPHy cOuPLED WItH tAnDEM MASS 
SPEctROMEtRy (Lc-MS/MS)
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A multiresidue method was developed for 5 pesticides and 17 emerging pollutants: 2 illicit drugs, 8 
pharmaceuticals and 5 perfluoroalkyl substances (PFASs). The environmental matrices chosen for 
analysis were liver and muscle samples of eel Anguilla anguilla (Linnaeus, 1758). This species is a 
catadromous fish, spending the majority of their life cycle in fresh water or estuaries and returning 
to the sea to spawn traveling thousands of kilometers to the Sargasso Sea. It is also present in 
the Albufera lake, located in the Mediterranean coast of Valencia, Spain, where the rice farming 
and eels fishing are closely related (Esteve, et al., 2017). They are also challenging due to their 
high content in proteins (7-15%) and lipids (5-20%) of wet weight, (Degani, et al., 1986). Eels were 
from a local market of Valencia city (Spain), and extracted using quick easy cheap effective rugged 
and safe (QuEChERS) method. The dispersive solid phase extraction (dSPE) Enhanced Matrix 
Removal (EMR-lipid), especially developed by Agilent for lipid removal was applied for clean-up. 
Analysis was performed via LC-MS/MS, using a ExionLC AD coupled to a Sciex QTRAP 6500+ mass 
spectrometer (both from Sciex, Concord, Ontario, Canada) with electrospray ionization in positive 
and negative modes. Method detection limits of ≤25 ng g−1 dry weight and absolute recoveries 
values (60-120%) were achieved for most of the compounds. A satisfactory matrix effect was 
determined for each emerging pollutant analysed. The validated method was successfully applied 
to the analysis incurred liver and muscle of Anguilla anguilla samples, despite the species being 
resistant, further demonstrating the utility of the method to detect some emerging pollutants and 
for implementation in regulatory and commercial laboratories.
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P28/ FIRSt DEtERMInAtIOn OF cARBAMAzEPInE EMERGInG POLLutAnt AnD yOuR 
MEtABOLItES In AnEMOnIA SuLcAtA AnD ActInIA EquInA SPEcIES By uLtRA-HIGH-
PERFORMAncE LIquID cHROMAtOGRAPHy MASS SPEctROMEtER (uHPLc-HRMS) AnD A 
quADRuPOLE-tIME-OF-FLIGHt (qqtOF)

Dyana Vitale1, Amparo Torreblanca2, Jose Del Ramo2, Yolanda Pico1

1Food and Environmental Safety Research Group (SAMA-UV), Desertification Research Centre (CIDE, UV-CSIC-
GV), University of Valencia, Spain
2Departament of Cell Biology, Functional Biology and Physical Anthropology, University of Valencia, Spain
Correspondence to: Dyana.vitale@uv.es

Carbamazepine exposed individuals of anemone such as, Anemonia sulcata and Actinia equina 
species were analyzed by ultra-high-performance liquid chromatography high-resolution mass 
spectrometry (UHPLC-HRMS) on a quadrupole-time-of-flight (QqTOF) with an electrospray 
ionization source working in the positive ionization (ESI+) mode, (Agilent Technologies, Santa 
Clara, CA, USA) for the identification of the potential metabolites formed. The structures of nine 
metabolites have been tentatively identified in water using the extraction method proposed by 
Carmona et al. (2014). To determine CBZ in anemona tissues, an extraction methods based on 
very simple methanol extraction was developed. Up to our knowledge, this is the first identification 
of CBZ metabolites in anemone. A. sulcata and A. equina species are widely distributed in the 
Mediterranean Sea. Absolute recovery in samples (water and anemone) ranged from 70% to 
85% with RSDs <20% and matrix effects <20%. Method’s detection and quantification limits were 
determined experimentally by injection of decreasing concentrations of the standard mixture, as 
the amount of analyte that gave a signal to noise ratio of 3:1 and 10:1, respectively. The extraction 
of CBZ in animal tissues did not required further clean up or filtrate phase, since anemones have 
a very high percentage of water and proteins and low percentage of lipids and carbohydrates 
(Vitale, et al., 2020). Thus, the optimized method was considered satisfactory to evaluate the 
ability of these species to accumulate CBZ from water and to determine the metabolites of this 
pharmaceutical in small amounts of invertebrate tissues.
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P29/ InvEStIGAtIOn OF ORGAnIc SuLPHuR cOMPOunDS In cOAL tAR By uSInG 
cOMPREHEnSIvE tWO-DIMEnSIOnAL GAS cHROMAtOGRAPHy-HIGH RESOLutIOn tIME-OF-
FLIGHt MASS SPEctROMEtRy

Ivan Aloisi1, Mariosimone Zoccali2, Peter Q. Tranchida1, and Luigi Mondello1,3,4,5 
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Coal tar is a heterogeneous mixture of organic compounds deriving from the thermal treatment 
of coal. The main components of coal tar are: polycyclic aromatic hydrocarbons, phenols and 
different heterocyclic compounds including sulphur derivatives. 

In the present research, a target analysis was carried out for the characterization of fourteen 
different classes of organic sulphur compounds in coal tar by using cryogenically-modulated 
(CM) comprehensive two-dimensional gas chromatography-high resolution time-of-flight mass 
spectrometry (GC×GC-HR ToFMS). Moreover, absolute quantification was performed by using 
eight pure standard sulphur compounds, and 1-fluoronaphtalene as internal standard. 
Finally, the overall analytical performance of CM GC×GC-HR ToFMS was evaluated, it proving to be 
a very powerful analytical platform, benefiting from the high sensitivity, selectivity and resolving 
power, of both the GC and MS sides.
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P30/ BIOAccESSIBILIty OF BISPHEnOL S DuRInG tHE In vItRO GAStROIntEStInAL 
DIGEStIOn

Letricia Barbosa-Pereira, Antía Lestido Cardama, Beatriz Millán Sánchez, Raquel Sendón, Ana Rodríguez 
Bernaldo de Quirós,Letricia Barbosa-Pereira 
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Bisphenol S (BPS) is an analogous molecule of Bisphenol A, capable of migrating from food contact 
materials to foods and may constitute a risk for health consumers. The main objective of this 
work was to determine the bioaccessibility of BPS after human ingestion/intake using an in vitro 
simulated gastrointestinal digestion model.

To accomplish this goal, a standardized digestion protocol and an analytical method, based on 
high-pressure liquid chromatography coupled to a photodiode detector and a mass spectrometer 
(HPLC-PDA-MS/MS) with electrospray ionization (ESI), were developed. For the chromatographic 
separation of BPS, a Kinetex Polar C18 column was used, and MS data were acquired in selected 
ion monitoring (SIM) mode. The influence of the food matrix on the solubility and chemical stability 
of BPS during the digestion was studied to evaluate its contribution to the bioaccessibility of BPS. 
For that, the digestion process was carried out in soy drink samples spiked with BPS and water 
solution of BPS without the food matrix.

The results showed that BPS was bioaccessible and available at the end of the digestion process, 
and therefore susceptible to be absorbed at the intestinal level. However, it was observed that, 
contrary to what happened with BPA in the study carried out by Cunha et al. [1], the percentage 
of bioaccessible BPS was around 50%, which is interesting from a health point of view. This result 
suggests that this reduction may be due to the ability of some enzymes to precipitate BPS, but 
more studies are needed to investigate this effect.
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P31/ BIOMOnItORInG OF PHARMAcEutIcAL POLLutIOn In tHE EBRO RIvER: 
cOMPARInG tHEIR PREvALEncE AnD LEvELS In DIFFEREnt FISH tISSuES
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1Catalan Institute for Water Research (ICRA)
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The Ebro river basin (NE Spain) is severely impacted by surrounding human activities, including 
agriculture, urbanization, and industry. These add up to other stressors like dams and channels 
along the river, which have altered hydrological and sedimentary regimes in the last few decades. 
The discharge of a wide range of emerging contaminants into the river represents a potential risk 
to aquatic biota. Among these, pesticides, pharmaceutical residues, or personal care products 
have largely been detected in riverine water and sediments. However, biomonitoring studies are 
relatively scarce in the area, especially those on organic microcontaminants [1]. In the present 
study, we want to evaluate the prevalence and levels of selected pharmaceutical residues and 
their metabolites and transformation products in continental fish from the lower reach of the 
Ebro river. Specifically, three different tissues from individual fish will be compared to assess the 
suitability of non-invasive over destructive samples in pollutant biomonitoring.  

For this purpose, a total of 18 fish from six different species were captured by boat electrofishing 
at two sampling locations (Xerta and Tortosa) in 2019. Blood plasma, liver and muscle samples 
were separately processed for analysis. Liver and muscle extraction were adapted from Santos et 
al. [2] using zirconium beads, whereas plasma samples were deproteinized with acetonitrile (ACN) 
(200 µL plasma in 600 µL ACN). Resulting extracts were analysed following a LC-MS/MS method 
derived from Gros et al. [3]. Preliminary results indicate a higher prevalence of pharmaceuticals 
in liver > plasma >> muscle. This suggests that non-destructive samples (e.g. biofluids), which are 
preferable if possible, provide valuable (but limited) information on the fish exposome. Because 
the liver is a metabolically active organ, it is highly exposed to xenobiotics and their toxic effects, 
making it a useful tissue with undeniable value in biomonitoring studies. In addition, the very 
limited detection of pharmaceuticals in fish muscle suggests limited human health risks from 
consumption. 

[1] D. Alvarez-Muñoz, B. Huerta, M. Fernandez-Tejedor, S. Rodríguez-Mozaz, and D. Barceló, “Multi-residue method for the 
analysis of pharmaceuticals and some of their metabolites in bivalves,” Talanta, vol. 136, pp. 174–182, 2015.
[2] L. H. M. L. M. Santos et al., “Impact of fullerenes in the bioaccumulation and biotransformation of venlafaxine, diuron 
and triclosan in river biofilms,” Environ. Res., vol. 169, pp. 377–386, 2019.
[3] M. Gros, S. Rodríguez-Mozaz, and D. Barceló, “Fast and comprehensive multi-residue analysis of a broad range of human 
and veterinary pharmaceuticals and some of their metabolites in surface and treated waters by ultra-high-performance 
liquid chromatography coupled to quadrupole-linear ion trap tandem,” J. Chromatogr. A, vol. 1248, pp. 104–121, 2012.
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P32/ PRIORItIzAtIOn OF PHARMAcEutIcAL cOntAMInAntS In tHE EnvIROnMEnt AFtER 
EvALuAtIOn OF 10 yEARS In-HOuSE MOnItORInG DAtA FOR AnALytIcAL MEtHOD uPGRADE

Marc Castaño-Trias, Sara Rodriguez-Mozaz, Gianluigi Buttiglieri 

ICRA
Correspondence to: mcastano@icra.cat

In the last years, one of the main concerns about environment contamination has been the presence 
of the so-called emerging pollutants. In order to monitor these compounds in environmental 
matrices, including natural and wastewater, specific analytical methodologies need to be developed. 
The most common applied analytical strategies are the target methodologies, with a preselection 
of the compounds of interest. However, some of the target compounds can eventually not be 
detected in the samples while some could remain unspotted. While in the later years non-target 
and suspect screening methodologies (where no stnds are required), have gained importance in 
order to cover a broader set of compounds, they can provide only semiquantitative information 
or tentative identification of the molecules. Thus, to unequivocally identify and measure their 
concentration in the samples with accuracy, target methodologies are still the best option to be 
used (in parallel to other ones). 

This fact outlines the necessity of a correct prioritization and selection of those compounds 
of interest and, accordingly, of a regular update of analytical methodologies. In this work, 
a prioritization to select the most relevant compounds to monitor and characterize water 
contamination by Pharmaceutical Active Compounds (PhACs) have been carried out. Four main 
criteria were considered to select the target pollutants starting with their occurrence in wastewater 
and in the aquatic environment. With that purpose, the findings of the last 10 years of the research 
group of 123 PhACs in different water matrixes (wastewater, river and sea water) were evaluated. 
The environmental impact of the micropollutants based on ecotoxicological parameters was also 
considered. A literature review was performed to obtain values from in vivo toxicology experiments. 
When no experimental data was available QSAR chemtool was applied (ECOSAR 2.0 software). 
Finally, bioaccumulation and persistence values were also calculated through ECOSAR 2.0.

Once the most relevant compounds were selected, an upgrade of the existing analytical 
methodologies was carried out. Compounds that were not usually detected were excluded while 
new emerging contaminants were added, such as transformation products of some relevant 
pharmaceutical compounds (e.g. ibuprofen, sulfamethoxazole, metoprolol). The final list comprises 
60 compounds. The optimized methodology includes the preconcentration of adequate volumes 
of each sample type (wastewater, river and sea water) using solid-phase extraction and further 
analysis by UHPLC-MS/MS. The extraction recoveries were performed at 3 different levels 1, 10 and 
100 ppb and satisfactory values were obtained between (33-134%) for most of the compounds. 
Limits of detection of the overall method ranged from 0.05ng/L to 87 ng/L for the majority of 
compounds.

To validate this new methodology, 2 sampling campaigns were performed. One in Girona (North 
East of Spain) and another one in two Greek Islands (Tinos and Lesbos) in 2019-2020. The results 
proved that the selected compounds were of high relevance since out of the 60 compounds, 
only 4 were not detected in the water samples. The analgesics were the therapeutic class at 
higher concentrations, ranging from 39% to 83% of the total concentration of pharmaceutical 
compounds. Some differences between the countries could be spotted, higher levels of 
antibiotics, X-ray contrast agents and lipid regulators could be observed in Spain, while the levels 
of antihypertensives, diuretics, histamine receptor antagonists, psychiatric drugs and β-blockers 
were higher in the eastern country. Furthermore, another difference between the zones was the 
concentration of micropollutants in the river a few kilometers after the wastewater treatment 
plant, having detected higher values in Spain.
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P33/ DEtERMInAtIOn OF ORGAnOPHOSPHORuS FLAME-REtARDAnt In DuSt SAMPLES 
By On LInE REvERSED PHASE LIquID cHROMAtOGRAPHy-GAS cHROMAtOGRAPHy-MASS 
SPEctROMEtRy uSInG tHE tHROuGH OvEn tRAnSFER ADSORPtIOn DESORPtIOn (tOtAD) 
IntERFAcE

Alvaro Aragón, Francisco Espinosa, Rosa M. Toledano, Ana Vázquez and Jose M. Cortés
 
Facultad de Educación de Albacete. Departamento de Química-Física. Universidad de Castilla-La Mancha. 
Campus Universitario s/n. 02071 Albacete. Spain
corresponding author: email: francisco.espinosa@uclm.es

Organophosphorus flame retardants (OPFRs) are used in many products (furniture, textiles, 
insulation materials, paints, electronic,) to enhance fire safety [1,2]. The bans and restrictions in 
the use of other flame retardants (FRs) have led to an increase in the use of OPFRs [3]. Although the 
number of studies is limited, there are evidences that point out the toxicity, such as neurotoxicity 
and carcinogenicity, of some OPFRs [4]. This potential toxicity is needed to be considered because 
these pollutants can reach into the environment [2]. 

Our research group developed an interface named TOTAD (Through Oven Transfer Adsorption 
Desorption) for on-line coupling reversed phase liquid chromatography-gas chromatography 
(RPLC-GC). Although several methods have also been developed to analyse different analytes in 
liquid samples, just a few methods using solid samples have been developed [5-6].

A quick method for the analysis of PFRs in dust samples is presented.  The dust reference material 
SRM 2585 (organic contaminants in house dust) was spiked with an internal standard. First, 
dichloromethane was added to the dust, and the mixture was vortexed for 1 min followed by 5 
min of ultrasonication (two times). The supernatants were combined and evaporated to dryness, 
and redissolved in methanol. This extract was filtered before injection. OPFRs were analyzed by 
on line coupling RPLC-GC using the TOTAD interface and mass spectrometer as detector. The 
method developed presents a good recovery for the most of compounds. Repeatability studies 
yielded a relative standard deviation lower than 9% in all cases except TDCPP that was 13%. The 
concentration obtained for the OPFRs in the dust reference material is comparable with other 
works.

Key words: Organophosphorus flame retardant; dust samples, on line coupling RPLC-GC; TOTAD 
interface
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P34/ DEtERMInAtIOn OF RESIDuES OF PHARMAcEutIcALS In cRAyFISH (PROcAMBARuS 
cLARkII) By Lc-ESI-qtOF-MS

Rut Fernandez-Torres, Julia Kazakova, Cristina Román-Hidalgo, Noemí Aranda-Merino, Juan Luis Pérez-
Bernal, Juan Antonio Ocaña-González, Miguel A. Bello-López 

Universidad de Sevilla
Correspondence to: rutft@us.es

Anthropogenic activities have increased the levels of non-natural substances in the terrestrial 
and aquatic ecosystems. Such a fact has led researchers to study the presence of residues of 
contaminants in samples from environmental ecosystems for several years. The purpose here was 
the optimization of a simple and high sensitivity method of analysis of residues of pharmaceuticals 
in crayfish (Procambarus clarkii) using high performance liquid chromatography coupled to 
quadrupole time of flight mass spectrometry detection (LC-ESI-QTOF-MS). 

26 selected pharmaceuticals (corresponding to 8 therapeutic families) were analyzed in crayfish 
using an enzymatic-microwave assisted extraction. Sulphonamides (sulfadiazine, sulfamerazine, 
sulfamethazine, and sulfamethoxazole); trimethoprim, an antibiotic that is frequently co-
administered with sulfamethoxazole; anfenicols (chloramphenicol, florfenicol and thiamphenicol); 
fluoroquinolones (ciprofloxacin, enrofloxacin, flumequine, danofloxacin, gatifloxacin, norfloxacin, 
marbofloxacin and grepafloxacin); penicillins (amoxicillin); tetracyclines (chlortetracycline and 
oxytetracycline); non-steroidal anti-inflammatory drugs (salicylic acid, ketoprofen, naproxen, 
diclofenac and ibuprofen); beta-blocker drugs (atenolol); and antiepileptics (carbamazepine) were 
analyzed. 

The chromatographic separation was performed on an Acquity UPLC BEH C18 column (50 mm x 
2.1 mm, 1.7 μm). The mobile phase was water (A) and acetonitrile (0.1 % formic acid) (B). A gradient 
elution program was applied for ten minutes consisting in 90% A initially to a 45% A in 4.5 min, 
a subsequent isocratic step for 3.5 min returning to initial conditions at t= 8.0 min. 2 min were 
waited for equilibration before the following injection. The flow a rate was set at 0.4 mL min-1. 
Detection was carried out at Xevo G2S QTOF mass spectrometer, in full scan resolution mode and 
ESI positive/negative mode was applied for ionization of the analytes. 

0.1 g lyophilized sample was extracted with 2 mL of acetonitrile: water 50:50 (v/v) solution, 10 mL 
proteinase-K and 1 mL of formic acid, by applying microwave energy (5 min, 50 W power). The 
extract was cetrifugated 10 min at 7000 rpm, the supernatant was evaporated under N2 stream 
and the residue was reconstituted with 1 mL of 0.1 % formic acid aqueous solution. 
The procedure was applied to samples from Doñana´s Park and the most important results 
include the presence of sulfamethoxazol, ciprofloxacin, ibuprofen, flumequine and carbamazepine 
(detected and/or quantified) at the different selected sampling point.

Founding Sources This work is supported by the Project PGC2018-096608-B-C22 from FEDER/
Ministerio de Ciencia e Innovación – Agencia Estatal de Investigación.
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P35/ SItAGLIPtIn AnD PHOtO-tRAnSFORMAtIOn PRODuctS In FRESHWAtER  By Lc-HRMS 
(ORBItRAP)
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Sitagliptin (SGT, log P: 1.26) is an organofluorinated pharmaceutical recommended to diabetes 
control. Because of the widespread use and biological recalcitrance, SGT is only barely degraded 
by conventional wastewater treatments plants (WWTPs); for this reason, it can be easily found 
in the aquatic environment in ng L-1 or higher concentrations. Once into the environment, 
physicochemical phenomena as hydrolysis and photolysis arise as important tools in order to 
transform contaminants of emerging concern, which normally are resistant to biological processes. 
In the present work, in-lab photolysis of SGT standard solution was carried out in a solar simulator, in 
order to evaluate its kinetic behavior and to characterize the main photo-transformation products 
(photo-TPs) through ultra high performance liquid chromatography coupled to electrospray 
ionization high resolution mass spectrometry (UHPLC-ESI(+)-HRMS Orbitrap). A suspect screening 
approach was adopted for investigating the photo-TPs in freshwater samples from Llobregat 
River, Barcelona-CAT, Spain. Since the referred compounds presented low concentration range 
in the natural environment, different polarities (noticed by the wide range of retention times), 
and for matrix effects, it was developed a labmade multilayer cartridge for solid phase extraction, 
which was used in the sample pretreatment step: matrix effect, recovery of extraction, and global 
process efficiency were evaluated through calibration curves made in ultrapure water and sample 
extracts, using SGT standard solution and the SGT-d4 isotopically labeled internal standard (ILIS). 
MS2 spectra of the photo-TPs from photolysis experiments were obtained through data-dependent 
acquisition (DDA), and a particular mass databank was constructed. The referred massbank 
supplied the suspect screening methodology with a compounds list, which was investigated in the 
water samples through both DDA and data-independent acquisition (DIA) mode. Once acquired, 
data were analyzed through Qual Browser Thermo Xcalibur v 4.2.47 and Compound Discoverer 
Thermo v 3.1. In the lab simulation, SGT could be identified even after 9h of photolysis, under the 
experimental conditions. In spite of this, ten photo-TPs were identified and characterized with 
retention time, isotopic abundance, and MS2 fragmentation (DDA mode). The mechanism for 
formation of the main four photo-TPs (SGT-421; SGT-405; SGT-233, and SGT-192) is suggested. 
The recovery of extraction was determined as 91.6%, and the matrix effects achieved 27.3%. SGT 
precursor was quantified at the Llobregat River through multiple standard additions method 
yielding an average concentration of 398 ± 2 ng L-1. Despite the characterization of SGT photo-TPs 
in the lab experiments, none of them were found in the freshwater samples, via DDA or DIA mode.
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P36/ DEMOnStRAtInG IMPROvEMEntS In PFAS SEnSItIvIty uSInG A MIcROFLOW Lc 
APPROAcH FOR tHE EPA 537 PAnEL

Daniel McMillan1, Jianru Stahl-Zeng2
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Improvements in sensitivity for detection and quantification of per- and polyfluoroalkyl substances 
(PFASs) have been demonstrated by using a microflow LC approach with specific considerations 
and configuration. The extent of these improvements has been assessed at different combinations 
of flow and injection conditions

A sensitive and robust method was developed for microflow analysis of the analytes in EPA 
Method 537. The assay showed reproducibility of internal standards, surrogates, and calculated 
concentrations of unknown environmental samples over multiple days. The increase in sensitivity 
in this study enabled LLOQs of 1-5 ppt for EPA Method 537 with a 4 µL injection volume. A larger 
injection volume, enabled by the AnaCondA mixing approach, would allow for even lower LLOQs 
if necessary.
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P37/ DEtERMInAtIOn OF GLyPHOSAtE (GLy) AnD AMInOMEtHyLPHOSPHOnIc AcID (AMPA) 
In WAtER By LIquID cHROMAtOGRAPHy WItH tAnDEM MASS SPEctROMEtRy (Lc-MS/MS)
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Glyphosate (GLY) and its main metabolite aminomethylphosphonic acid (AMPA) are highlz effective 
herbicides that account for 30 % of the global plant protection chemical use [1]. Concerns have 
been raised in the last decade regarding to the toxicity of these compounds. GLY and AMPA analysis 
and removal in water are challenging because they are very polar compounds, which requires 
the additional derivatization step [2]. Our study involves the use of liquid chromatography with 
tandem mass spectrometry (LC-MS/MS) to analyze GLY and AMPA without derivatization.

LC-MS/MS (Perkin Elmer, USA) is a state-of-the-art analytical technique that allows the detection 
of GLY and AMPA with the LOD of 10 ng/L. The chosen column was Obelisc N (SIELC, USA), a 
hydrophilic interaction - ion exchange column that can bind with polar compounds. 

We could determine the GLY and AMPA concentrations with LC-MS/MS in the range 10-1000 
ng/L, although background solutions (NaCl and NaHCO3) interfered with the analysis. GLY and 
AMPA peak areas decreased with salt concentration. Hellmanex, a phosphate-containing liquid 
cleaning solution in our laboratory, was found to strongly interfere with GLY and AMPA detection. 
As the chosen column was ion exchange column, pH might cause systematic problem. NH4COOH 
buffer was added to stabilize sample pH to the range of 3 – 4. In the presence of buffer solution, 
the retention time and the peak shape was stabilized. Last but not least, the variability in daily 
performance was noticed. The peak area of each set of samples is different. As a result, a calibration 
was needed for each experiment set.

In conclusion, LC-MS/MS is a good technique to determine the concentrations of GLY and AMPA 
without a derivatization step, although the sources of interference must be carefully accounted.

 
References:
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Captan and Folpet are phytosanitary products belonging to the phthalimide family and used as 
fungicides. Folpet is not classified as one of the most toxic, but it is one of the most widely used 
pesticides, particularly in vineyards and in wheat and tomato crops. Captan is an active substance 
listed in Annex I of Directive 91/414/EEC by Directive 2007/5/EC (https://eur-lex.europa.eu/legal-
content/EN/TXT/?uri=celex:32007L0005). Currently, these compounds are mainly analyzed using 
GCMS. But this technique has weaknesses. Indeed, these compounds are showing a strong 
tendency to thermal degradation, thus generating the formation of tetrahydrophthalimide (THPI) 
and phthalimide (PI). The thermal decomposition is highly dependent on the GCMS system used, 
especially regarding the liner and its inertness as well as the column head. This decomposition 
is difficult to control and increases over the injections. That’s why the GCMS methods for the 
analysis of Captan and Folpet are weakly robust (http://www.eurl-pesticides.eu/library/docs/srm/ 
EurlSrm_Observation_Captan_Folpet_LC-V1.pdf). This study, therefore, presents an alternative 
approach with the use of the Shimadzu LCMS-8060 system and an APCI interface. A sensitive 
method is implemented for the food extract analysis. This method with a QuEChERS and dSPE 
sample preparation provides a good and robust alternative.
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The analysis of pesticides in food presents ongoing challenges for laboratories conducting routine 
testing and is no easy task. 35,000 tons of pesticides are used in the European Community 
every year, and there are many different types of pesticides to look for. Pesticides are complex 
substances, with multiple pesticide residues belonging to multiple classes. Pesticide analysis may 
require either a liquid chromatograph- or SFC tandem mass spectrometer or gas chromatograph 
tandem mass spectrometer. Glyphosate is currently one of the most common pesticides 
used worldwide. Since the World Health Organization (WHO) published a report concluding 
that Glyphosate, should be classified as probably carcinogenic to humans as well as its major 
metabolite Aminomethylphosphonic acid (AMPA) many analytical approaches have been tried to 
determine Glyphosate and other polar pesticides with LC-MS/MS in food matrices. The focus of 
this work is the analysis of Glyphosate and Glufosinate using a new innovative method based on 
reverse phase liquid chromatography/tandem mass spectrometry using the the Shimadzu Nexera 
X2 liquid chromatograph with LCMS-8060 triple quadrupole mass spectrometer. The separation 
and the pesticides’ quantification is possible due to the in-vial addition of a pairing agent. In this 
approach, the quantity of pairing agent may be as low as 125 nmol per injection, allowing the 
protocol to benefit from all the advantages of classical ion-pairing without the disadvantages.
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