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Dear Colleagues, 

On behalf of the Organizing Committee, it is with pleasure that I welcome you at the 17th Annual Workshop on 

Emerging High-Resolution Mass Spectrometry (HRMS) and LC-MS/MS Applications in Environmental 

Analysis and Food Safety. 

This workshop is a scientific meeting to foster dialogue among scientists in government, academia, and 

industry to further develop, investigate, and troubleshoot challenges related to advances in emerging HRMS 

and LC-MS/MS applications in environmental analysis and food safety. The objective of the workshop is to 

inform about novel practical applications of high-resolution mass spectrometry and tandem mass spectrometry 

to screen and quantify organic contaminants in environmental and food matrices. 

The main theme of the 2021 workshop is “Non-target screening with high resolution mass spectrometry for 

detecting and identifying emerging contaminants relevant to human and environmental health and food 

safety”.  Together with the Scientific Committee, we have put together an innovative and exciting scientific 

program.  Highlights of the scientific program include invited and plenary lectures by Diana Aga, Adrian 

Covaci, Damià Barceló Cullerès, Ewa Dabek, Bruno Le Bizec, Robert Letcher, and Nikolaos S. Thomaidis.  

Short poster presentations at the end of each day complete our diverse scientific program.  

It is important to highlight that this workshop would not have been possible without the involvement of many 

people who have worked on planning and organizing this annual event.  In particular, I would like to thank the 

Scientific Committee members for overseeing all scientific aspects of this meeting, providing advice, assisting 

in planning the plenary lectures and the overall technical program, session chairpersons, and selecting the best 

presenters for awards.  The Scientific Committee members include: 

Prof. Diana Aga (University of Buffalo, Buffalo, USA) 

Dr. Mehran Alaee (ECCC, Burlington, Canada) (deceased 2021)  

Prof. Stephane Bayen (McGill University, Montréal, Canada) 

Prof. Damià Barceló Cullerès (IDAEA-CSIC, ICRA, Barcelona, Spain) 

Dr. Ewa Dabek-Zlotorzynska (ECCC, Ottawa, Canada) 

Dr. Robert Letcher (ECCC, Carleton University, Ottawa, Canada) 

 

My thanks go as well to the Organizing Committee members who have been working hard since last year on 

the logistics surrounding the planning and organising of the workshop down to the tiniest details, especially 

during these uncertain times.  We all appreciate their suggestions and assistance with audio-video issues, 

designing the website and providing instructions and practice sessions for the presenters and attendees.  The 

Organizing Committee members include: 

Kaitlin Badali (ECCC, Canada) 

Dr. Jean-Pierre Charland (ECCC, Canada) 

Devon Gouveia (ECCC, Canada) 

David Harnish (ECCC, Canada) 

Anita Pall (ECCC, Canada)  

Dr. Andrzej Wnorowski (Chair, ECCC, Canada) 



 

 

 

We would like also to recognize our Sponsors who help to acknowledge the outstanding presenters showcasing 

their outstanding research work.  The best presenters are sponsored by: 

Prince Sultan Bin Abdulaziz International Prize for Water 

Waters 

Elsevier 

Thermo Fisher Scientific 

 

Last but not least, a huge thanks to all the presenters for sharing their scientific findings with all of us, for their 

hard work in the laboratory under these unprecedented conditions and for preparing presentations so we all can 

benefit from new knowledge and learn about the most recent applications of HRMS and LC-MS/MS in 

environmental analysis and food safety.  In addition, thank you to all the attendees for participating and 

contributing to the discussions with your questions and comments; without you, this workshop would not be 

successful.  I hope that participation at this event will open up new ways of thinking about a specific 

problem/application or even give you new ideas and approaches that you had not previously though of, or that 

you form new partnerships and collaborations, as this is the main purpose of the workshop. 

Kind regards, 

 

Andrzej Wnorowski, Ph.D. 

17th HRMS and LC-MS/MS Workshop Chair 
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OP-01  

Tribute Lecture in honor of Dr. Mehran Alaee 

 

Chris Marvin  
Canada Centre for Inland Waters, Environment and Climate Change Canada, Burlington, ON, 

Canada 

Email:  Chris.marvin@ec.gc.ca 

 

 
Dr. Mehran Alaee (1958-2021) 

  

Invited Guest Speakers 
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OP-02  

Title 

 

Diana S. Aga - Recipient of the Distinguished Researcher Grant under the Prince Sultan 

Bin Abdulaziz International Water Specialist Event Participation Grant 
Director, RENEW Institute; University of Buffalo, Buffalo, USA 

Email:  DianaAga@buffalo.edu 

 

Abstract 
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OP-06  

LC-MS-Based Methods for the Characterization and Quantification of Established and 

New Organophosphate Esters and Metabolism By-Products in Biological Matrices 

 

Robert J. Letcher1, Alana K. Greaves1, Sofia Herczegh1, Adelle Strobel1, Guanyong Su1,2, 

Shaogang Chu1 

 
1 Ecotoxicology and Wildlife Health Division, Science and Technology Branch, Environment 

and Climate Change Canada, National Wildlife Research Centre, and the Departments of 

Chemistry and Biology, Carleton University, Ottawa, ON, Canada. 
2 School of Environmental and Biological Engineering, Nanjing University of Science and 

Technology, Nanjing, Jiangsu, P.R. China. 

Email:  Robert.Letcher@ec.gc.ca 

 

Organophosphate esters (OPEs) comprise an expanding suite of synthesized chemicals that have 

historical and present uses as pesticides, flame retardants (FRs) and plasticizers. Several OPEs 

have been used as FRs and plasticizers as far back as the 1960s. The phase-out of the FRs such as 

polybrominated diphenyl ether (PBDEs) has resulted in a substantial increase in the production 

volumes and usage of an expanding suite of novel OPEs. 

 

An increasing number of OPE triesters and diesters are now ubiquitous in the environment and 

reported in air, water, wastewater, sewage, soil, sediment and biota samples. The production and 

use trends of more novel OPEs is toward differing alkyl substitutions such as alkyl-substituted 

triphenyl phosphates (alkyl-TPHPs) and higher molecular weight and multiple diphenyl phosphate 

(DPHP) substituted compounds such as resorcinol bis(diphenylphosphate) and bisphenol-A 

bis(diphenyl phosphate) (BPADP), and even larger oligomeric OPEs. Environmental 

contamination for newer OPEs remains largely unknown. Studies have shown that OPEs are 

environmentally unstable and can degrade to complex mixtures of breakdown by-products via 

atmospheric, photolytic, hydrolytic, metabolic and biotransformation processes. Established OPEs 

such as (alkyl-)TPHP undergo Phase I metabolism and Phase II conjugation with glucuronide and 

glutathione as well as protein binding in vitro/in vivo in biota in mammal, bird and fish model 

systems. BPADP metabolism may include formation of TPHP, DPHP and the known xenoestrogen 

bisphenol-A (BPA). 

 

The exposome of OPEs requires better understanding of the toxicokinetics including metabolism 

and protein binding. However, analytical methods are lacking to characterize, detect and quantify 

OPEs and degradation products in complex biotic matrices. Citing our recent studies and those 

reported in the literature, this presentation will give an overview of LC-MS-based methods (e.g. 

LC-Q-TOF-MS and UHPLC-QQQ-MS/MS) and the characterization and sensitive quantification 

of OPE triesters/diesters and/or metabolic by-products, metabolites and conjugates in various 

tissues, body compartments, and/or in field and in vitro/in vivo assay samples. 
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OP-09 

EVOLUTION OVER TWO DECADES OF ANALYTICAL STRATEGIES IN FOOD 

CHEMICAL SAFETY 

 

Bruno Le Bizec, Emmanuelle Bichon, Stéphanie Prévost, Fabrice Monteau, Gaud Dervilly 

 

LABERCA, Ecole Nationale Vétérinaire, de l’Agroalimentaire et de l’Alimentation (Oniris), 

UMR 1329 INRAE/ONIRIS, Route de Gachet, Atlanpôle la Chantrerie, 44307 Nantes Cx 3, 

France 

Email:  Bruno.Lebizec@oniris-nantes.fr; Tel.: +33 2 40 68 78 80 

 

In order to increase consumer confidence in their food, official food control systems rely on 

laboratories with measurement technologies adapted to the increasing demands of the field. They 

are faced with the continuous extension of the spectrum of chemical substances to which humans 

are exposed but also with the need to characterize these molecules at ever lower concentrations. 

The methods developed to meet these analytical challenges are relying on mass spectrometry under 

all its forms. Initially based on mono-dimensional mass spectrometry and the use of single 

quadrupoles, the instrumentation evolved at the beginning of the millennium towards 

bidimensional mass spectrometry and the use of triple quadrupole systems. High-resolution mass 

spectrometry, initially based on magnetic sectors and then on time of flight, has seen the emergence 

of Orbitrap systems before 2010, with the advantage of producing highly resolved recordings while 

allowing the system to measure any signal within its range. Initially used for very broad targeted 

screening, the community realized that these systems could also generate information without a 

priori knowledge. This ability was quickly put to use to detect emerging substances as new markers 

of exposure. What was originally thought to be a competition between targeted and non-targeted 

approaches turned out to be a complementarity offering extremely promising perspectives for the 

characterization of the exposome. Non-targeted approaches, whether based on time-of-flight or 

Orbitrap systems, then offered the Food Safety community a second opportunity to change the 

paradigm of measurement strategies. Indeed, the capacity of non-targeted approaches based on 

very high-resolution mass spectrometry has rapidly allowed the search for biomarkers of effect 

(and no longer the substance itself or its residue) to sign the exposure of livestock to prohibited 

substances. The biomarkers of effect thus revealed make it possible today, whatever the active 

molecule used (even if its chemical structure is unknown) to detect a metabolic anomaly in the 

animal having received the administration of this substance, provided that it belongs to the same 

pharmacological group. This is the case today for methods targeting growth promoters, notably -

agonists in cattle, and will be the case tomorrow for other pharmacological classes such as steroids 

or growth hormone, in other species of animals. 
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OP-10 

Identification and characterization of polar organic compounds in atmospheric aerosols: 

targeted and non-targeted approaches 

 

Mahmoud Yassine and Ewa Dabek-Zlotorzynska 

 

Air Quality Research Division, Environment and Climate Change Canada, Ottawa, ON, Canada 

Email:  Ewa.Dabek@ec.gc.ca 

 

Organic aerosols (OA) account for a large fraction (20–90%) of the submicron atmospheric 

particulate mass with adverse consequences for climate and public health. Despite the abundance 

of OA, our understanding of the sources, formation processes and atmospheric properties of OA 

is limited. Atmospheric OA has both primary (directly emitted) and secondary (formed in the 

atmosphere from precursor gases) sources, which can be natural (e.g. vegetation) and/or 

anthropogenic (e.g. fossil-based vehicle exhaust or biomass burning). Due to their diverse sources, 

various formation pathways and complex multiphase aging processes, the OA fraction is a very 

complex mixture of low volatility, polyfunctional aliphatic and aromatic compounds containing 

carboxyl, alcohol, carbonyl, sulfo, nitro, and other functionalities. This high degree of chemical 

complexity of atmospheric organics has inspired a number of sophisticated approaches that are 

capable of identifying and detecting a variety of different analytes in OA. 

 

This presentation will discuss current challenges and research directions in the analysis of polar 

organic substances associated primarily with PM2.5. Novel methodologies using various 

spectrometric (e.g. IM-QTOF-MS; FT-ICR/MS), chromatographic and hyphenated analytical 

techniques (e.g. UPLC-MS/MS, CE-MS) to identify and determine polar organics will be 

highlighted. 
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OP-12 

Mass spectrometry in wastewater-based epidemiology (WBE) for the determination of 

small and large molecules as biomarkers of exposure. Needs for COVID-19 testing with 

environmental proteomics (EP-WBE) 

 

Damià Barceló1,2, Yolanda Picó3, Carlos Perez-Lopez1, Antoni Ginebreda1, Romà Tauler1, 

Montserrat Carrascal4, Joaquin Abian4, 
1 Water and Soil Quality Research Group, Department of Environmental Chemistry, IDAEA-

CSIC, C/Jordi Girona 18–26, 08034 Barcelona, Spain 
2 Catalan Institute for Water Research (ICRA), C/Emili Grahit 101, 17003 Girona, Spain 
3 Environmental and Food Safety Research Group-University of Valencia (SAMA-UV), 

Desertification Research Centre (CIDE), Joint Center CSIC-University of Valencia-Generalitat 

Valenciana, Moncada Naquera Road km 4.3, 46113 Moncada, Valencia (Spain). 
4 Biological and Environmental Proteomics, Institute of Biomedical Research of Barcelona, 

Spanish National Research Council (IIBB-CSIC/IDIBAPS), Rosellón 161, E- 08036 Barcelona, 

Spain 

Email:  Dbcqam@cid.csic.es 

 

Wastewater-based epidemiology (WBE) estimates collective consumption or exposure to 

chemicals or pathogens by tracking the substances excreted in the population's wastewater. WBE 

is generally applied using mass spectrometry (MS) and provides a fingerprint of health hazards, 

habits, and lifestyle of the population served by a wastewater treatment plant (WWTP). This 

presentation reports three applications of WBE using MS: 1) Detection for small molecules as 

biomarkers, 2) Detection for large molecules as biomarkers, and 3) Detection of viral proteins of 

SARS-CoV-2 by High Resolution MS (HR-MS) and MALDI-TOF-MS. 

 

The identification of small molecules used as biomarkers is linked to the search of human 

biomonitoring (HBM) studies1. Few examples of non-target analysis are reported here. By doing 

this, the identification of unknown compounds is made feasible thanks to the possibility to share 

the most probable empirical formula and fragmentation pattern with several internet available 

databases. In short, with the combined application of HRMS, the improvement of raw data 

processing, identification systems, and bioinformatics, a new window for the discovery of new 

useful biomarkers in wastewater can be achieved. 

 

Proteins can be a good indicator of prevalent diseases in the population and, together with 

biomarkers composition in sewage, can reflect the surrounding human activities (e.g., industry, 

agriculture, and pest control) as well as the health status of populations 2. While biomarkers might 

be found in the soluble part of the effluent, proteins are likely expected to be also in the particulate 

matter because they travel in the water media attached to the surface of particles and bacteria. MS 

approaches based on HR-MS and MALDI–TOF-MS could be feasible for rapid detection and 

routine monitoring of proteins. By applying HRMS, we demonstrated the presence in urban 

sewage waters of proteins from diverse origins, including human proteins such as uromodulin, α-

amylase, and S100A8, which have been proposed as health markers associated with renal function 

or stress-related changes. Due to the large number of data recorded, the bioinformatics treatment 

to recognize the complex pattern of the omics already proposed for small molecules becomes 

crucial here. In this work, a recent metabolomic mass spectrometry non-target analytical 
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methodology named the Regions of Interest-Multivariate Curve Resolution (ROIMCR)3 was 

applied to our proteomics data. This methodology combines the searching of the Regions of 

Interest (ROI) and the Multivariate Curve Resolution-Alternating Least Squares (MCR-ALS) 

methods for the resolution of the constituents of the analyzed samples. In short, Environmental 

Proteomics (EP) applied to WBE provides additional information on human protein biomarkers 

together with characteristic peptides of other species such as rat, mouse, cattle, chicken as well as 

distinctive peptides of a large number of bacteria. 

 

We believe that the EP-WBE approach can be applied to SARS-CoV-2 proteins and peptides in 

the coming years, in a similar way it has already been used for clinical samples. EP-WBE is a 

complementary tool to PCR and follows the concept of “thinking outside the box“ to detect Covid-

19 outbreak. 
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OP-13 

Ion Mobility-High Resolution Mass Spectrometry for Screening of Contaminants of 

Emerging Concern (CECs) in Environmental Applications 

 

Lidia Belova1, Noelia Caballero-Casero2, Alexander L.N. van Nuijs1, Adrian Covaci1 
1University of Antwerp, Antwerp, Belgium; 2University of Córdoba, Córdoba, Spain. 

Email:  Adrian.Covaci@uantwerpen.be 

  

Ion mobility mass spectrometry (IM-MS) aderived collision cross section (CCS) values can serve 

as a valuable additional identification parameter within suspect screening analyses of compounds 

of emerging concern (CECs), such as alternative plasticizers, organophosphate flame retardants, 

perfluoroalkyl chemicals and many others. However, their application for compound identification 

requires the availability of reference databases of CCS values which can be matched with 

experimental data. The unavailability of database values for many CECs and their metabolites 

hampers compound identification in environmental and human samples.  

 

To fill this knowledge gap, reference DTCCSN2 

values of 148 CECs and their metabolites were 

acquired. Comprehensive quality assurance 

guidelines were implemented in the workflow of 

acquiring the DTCCSN2 values to ensure 

reproducible experimental conditions. For 105 

compounds, more than one ion is reported 

yielding a database containing DTCCSN2 values 

for 311 ions obtained in positive and negative 

ionization polarities. The obtained dataset allows 

the characterization of trends observed for the 

CCS-m/z relationships of the investigated classes 

of CECs (Figure 1) and can serve as a valuable 

tool in suspect screening studies on CECs. 

Additionally, IM-MS allowed the separation of 

several commonly occurring isomers of some 

organophosphate flame retardants, plasticizers and their metabolites.  

 

A suspect screening method for the screening of plastics’ samples was developed coupling liquid 

chromatography to IM-MS. The obtained IM-MS data was matched against the developed 
DTCCSN2 database as well as previously published CCS databases aiming to characterize additives 

present in plastics which might be missed by commonly used target methods.  

Figure 1. Depiction of DTCCSN2 vs m/z for the 

148 CECs included in the database. The main 

compound classes are indicated: bisphenols 

(yellow), organophosphorus flame retardants 

(orange), plasticizers (blue), PFAS (purple).  
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OP-23 

Holistic targeted and untargeted workflows in food and environmental studies - LC-TIMS-

HRMS providing additional insights 

 

Nikolaos S. Thomaidis1, Dimitrios E. Damalas1, Sofia K. Drakopoulou1 
 

1 Laboratory of Analytical Chemistry, Department of Chemistry, University of Athens, 

Panepistimiopolis Zografou, 15771 Athens, Greece 

Email:  Ntho@chem.uoa.gr 

 

High-resolution mass spectrometry (HRMS) is considered one of the most powerful techniques to 

detect and further identify a wide range of analytes in both food and environmental matrices. 

However, despite HRMS high applicability and accuracy, separation of isomeric compounds 

remains an analytical challenge, as they may pose identical chromatographic and spectral profiles. 

In this regard, trapped ion mobility spectrometry (TIMS), combined with HRMS methodologies, 

provides an additional orthogonal analytical dimension increasing the depth-of-coverage and 

holding promise for reliable identification concerning food authenticity and environmental 

monitoring. Here, we highlight the application of targeted and untargeted workflows based on LC-

TIMS-HRMS, in one food and one environmental case study. 

 

TIMS combined with LC-HRMS was applied in extra virgin olive oil (EVOO) to separate and 

identify secoiridoids isomers, found in the phenolic fraction of olive oil. Moreover, a four-

dimensional (4D) untargeted approach was implemented to evaluate EVOOs’ global profile, in 

cases of variety and geographical origin discrimination. The proposed workflow incorporates ion 

mobility information along with LC-HRMS analytical evidence (i.e., mass accuracy, retention 

time, isotopic pattern, MS/MS fragmentation), thus enhancing the identification confidence. 

Finally, potential authenticity markers were successfully identified and attributed to isomeric 

compounds. 

 

The objectives of the second case study, were (1) to establish a high-end analytical platform that 

could combine multiple dimensions of separation with HRMS, to provide extensive experimental 

evidence for the identification of bio-TPs isomers. (2) A “biotransformation oriented” data 

treatment workflow, consisted of suspect and non-target screening approaches, was developed. 

Overall, the aim was to highlight a holistic approach for comprehensive xeno-metabolome and 

toxicity assessment of aquatic organisms exposed to xenobiotics and highlight the added value 

provided by TIMS. More specifically, the zebrafish embryo toxicity assay was used to calculate 

the LC50 of BTs, as well as for phenotypic evaluation of their toxicity. A holistic analytical 

platform was developed combining orthogonal chromatographic modes (HILIC and RPLC), 

trapped ion mobility and HRMS for the analysis of parent BTs and the identification and their bio-

TPs. Retention time information in two orthogonal modes and collision cross-section values 

provided additional evidence to the accurate mass measurements and facilitated the identification 

of bio-TPs isomers. Overall, 26 bio-TPs were identified through suspect and non-target screening 

workflows. Finally, it was demonstrated that the combination of orthogonal chromatographic 

modes, TIMS and HRMS constitute a powerful analytical platform providing extensive analytical 

evidence for the identification of unknowns. 
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OP-03 

Fate, modeling, and human health risk of organic contaminants present in tomato plants 

irrigated with reclaimed water under real-world field conditions 

 

Amadeo R. Fernández-Alba1, M.J. Martínez Bueno1, M. García Valverde1, M.M. Gómez-

Ramos1, J.A. Salinas Andújar2, D. Barceló3  

 
1University of Almería, Department of Physics and Chemistry, Agrifood Campus of 

International Excellence (ceiA3), La Cañada de San Urbano, 04120, Almería, Spain 
2University of Almería, Department of Engineering, Agrifood Campus of International 

Excellence (ceiA3), La Cañada de San Urbano, 04120, Almería, Spain 
3 Institute of Environmental Assessment and Water Research (IDAEA-CSIC), Barcelona, and 

Catalan Institute for Water Research (ICRA)-CERCA, Girona, Spain 

Email:  Amadeo@ual.es 

 

Using reclaimed water to irrigate crops can be an important route for organic contaminants of 

emerging concern (CECs) to be introduced into agricultural production and thus find their way 

into the food chain. This work aims to establish accumulation models for the different parts of a 

crop (fruit/leaves/roots) and the soil of some of the most commonly detected CECs in reclaimed 

water, through field trials in greenhouses.  

 

Tomato plants were permanently irrigated under realistic agricultural conditions with a mixture of 

the selected compounds at approx. 1 µg/L. A total of 30 contaminants were analyzed belonging to 

different compound categories. A modified QuEChERS extraction method followed by liquid 

chromatography coupled to tandem mass spectrometry was the procedure used. The study revealed 

the presence of 21 target contaminants in the tomatoes, and 18 CECs in the leaves, roots, and soil. 

The average total concentration of pesticides detected in the tomatoes was 3 µg/kg f.w., whereas 

the average total load of pharmaceuticals was 5.8 µg/kg f.w. after three months, at the time of crop 

harvesting. The levels of pharmaceutical products and pesticides in the non-edible tissues were up 

to 3.5 and 2.1 µg/kg f.w., respectively, in the leaves and up to 89.3 and 31.3 µg/kg f.w., 

respectively, in the roots. In the case of the soil samples, the pesticide concentration found after 

crop harvesting was below 11.4 µg/kg d.w., and less than 3.0 µg/kg d.w. for pharmaceuticals. 

 

Overall, the concentration levels of CECs detected in the tomatoes, which were permanently 

irrigated with contaminated reclaimed water, do not pose a risk to human health via dietary intake. 
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OP-04 

Are DBPs Formed in My Cup of Tea?  Regulated, Priority, and Unknown DBPs 

 

Susan D. Richardsona,*, Jiafu Lia,b,c, Md. Tareq Aziza, and Caroline O. Grangera 
 

aDepartment of Chemistry and Biochemistry, University of South Carolina 29208, USA 
bSchool of Environmental Science and Engineering, Tianjin University, Tianjin 300072, China 
cCurrently at the Department of Occupational and Environmental Health, School of Public 

Health, Soochow University, Suzhou 215123, China 

Email:  Richardson.Susan@sc.edu 

 

Globally, tea is the second most consumed non-alcoholic beverage and is an important pathway 

of disinfection by-product (DBP) exposure. When boiled tap water is used to brew tea, residual 

chlorine can produce DBPs by the reaction of chlorine with tea compounds. In this study, 60 

regulated and priority DBPs were measured in Twinings green tea, Earl Grey tea, and Lipton tea 

that was brewed using tap water or simulated tap water (nanopure water with chlorine). In many 

cases, measured DBP levels in tea were lower than in the tap water itself due to volatilization and 

sorption to tea leaves. DBPs formed by the reaction of residual chlorine with tea precursors 

contributed ~12% of total DBPs in real tap water brewed tea, with the remaining 88% introduced 

by the tap water itself. Of that 12%, dichloroacetic acid, trichloroacetic acid, and chloroform 

were the only contributing DBPs. Total organic halogen in tea nearly doubled relative to tap 

water, with 96% of the halogenated DBPs unknown. Much of this unknown TOX may be high 

molecular weight haloaromatic compounds, formed by the reaction of chlorine with polyphenols 

present in tea leaves. The identification of 15 haloaromatic DBPs using gas chromatography-

high resolution-mass spectrometry indicates this may be the case. Further studies on the identity 

and formation of these aromatic DBPs should be conducted, since haloaromatic DBPs can have 

significant toxicity. 
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OP-05 

Multi-class Veterinary Drugs Analyses of QuEChERS Extracts using an Automated Online 

μSPE Clean-up Coupled to LC-MS/MS 

 

Ed George1, Laura Bruns2, Dwayne Schrunk2, Christina Jacob1 
 

1 Thermo Fisher Scientific, San Jose, California 
2 Iowa State University Diagnostic Laboratory, Department of Veterinary Diagnostic and 

Production Animal Medicine, College of Veterinary Medicine 

Email:  Ed.George@thermofisher.com 

 

Automated μSPE cleanup and injection of QuEChERS animal tissue extracts (muscle, kidney, and 

liver) was performed using a robotic autosampler based on a PAL3-RTC from CTC Analytics. 

Two miniaturized μSPE cartridges were developed and optimized.  The autosampler conditions 

and loads the extracts onto the μSPE cartridges, and then injects samples directly into the LC-

MS/MS system. Chromatographic separation, along with mobile phase composition and extraction 

recovery optimization were performed using a 103 compound multi-class standard mixture spiked 

into bovine tissue matrices.  

 

Matrix matched calibration standards ranging from 1 to 100 ng/g were analyzed and excellent 

linearity was achieved, with coefficient of determination R2>0.99 for most compounds in the three 

different tissue extracts. For each experiment, five biological replicates were prepared as matrix-

extracted spikes (MES) containing all the target residues at 50 ng/g. The MES was compared to 

standards spiked into the cleaned samples (matrix-matched standards or MMS) for each tissue at 

the same concentration. Absolute recoveries within 30–140% with corresponding %RSDs less 

than or equal to 20% are required for satisfactory method validation according to the EU SANTE 

12682/2019 document. Recoveries within this range were achieved for over 95% of the target 

veterinary drugs in all three tissue extract types.  

 

This fully automated and online μSPE cleanup workflow with LC-MS/MS is a reliable, accurate, 

reproducible, and robust solution for multi-class veterinary drug screening and quantitation. On-

line automation with the μSPE miniaturized cartridges saves time by reducing labor, saving hours 

during batch sample preparation over manual methods, and reduces the possibility of technician 

errors. In addition, lab material costs are reduced in terms of lower solvent usage and elimination 

the dispersive SPE powdered reagents and/or larger SPE extraction cartridges used with manual 

vacuum boxes. 
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Illegal logging and trafficking of endangered timber products is a profitable form of income for 

major organized crime syndicates, with associated deforestation of protected habitats and other 

ecological and social damages. Enforcement by CBSA, Interpol, and other law enforcement 

agencies has been hampered by lack of practical assessment tools, including the inability of 

commonly used DNA fingerprinting methods to reliably identify wood species. In this study, 

unbiased data acquisition methods allowed the development of machine learning statistical tools 

for accurate identification of commonly trafficked Dalbergia rosewood species.  

 

Dalbergia wood reference specimens were extracted in acidified methanol and adjusted for 

appropriate concentration based on extract coloration. Aliquots were analyzed by either a gas 

chromatography (GC) quadrupole time-of-flight (QTOF), or a liquid chromatography (LC) QTOF, 

mass spectrometry method. Both systems were optimized to produce characteristic 

chromatographic profiles. A variety of traditional univariate statistics were assessed, in addition 

to machine learning approaches including Random Forest decision trees and Partial Least Squares 

Discriminant Analysis (PLS-DA). The selected machine learning models were then validated with 

naïve specimens. Initial comparisons of Dalbergia species against look-alike genera Milcia and 

Patymiscium yielded clear differentiation using Principle Components Analysis (PCA). A second 

set Random Forest -models within closely similar Dalbergia species only, were able to reliably 

predict the species with low out of bag (OOB) error rates. An exception in this species set was 

apparent for D.spruceana, for which a sub-model was required for more accurate prediction.  

 

Here we demonstrated the feasibility of complimentary chemotyping method for endangered 

Dalbergia spp. using both LC and GC coupled to high-resolution mass spectrometers, together 

with machine learning statistics, as methods to successfully classify unknown wood samples. 

These models and techniques may be further developed to serve as tools for customs investigations 

of imported woods.   
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Non-targeted analysis allows discovery of novel or unexpected compounds in the environment, 

which would otherwise go undiscovered using target mass spectrometry approaches. This is 

especially valuable in per- and polyfluoroalkyl substances (PFAS), where compounds unknown to 

researchers and the public are frequently discovered. Furthermore, the diversity of PFAS 

(thousands to tens of thousands) and limitations of targeted approaches (generally covering only 

tens of compounds), and percent of fluorine compounds remaining to be discovered (based on total 

fluorine analysis) in various matrices, shows the importance of non-targeted approaches.  

 

We introduce the first software for automating all steps of the PFAS non-targeted workflow 

including peak picking, blank filtering, exact mass, and MS/MS based annotation, homologous 

series detection, and scoring. We explore challenges in non-targeted PFAS analysis including 

sensitivity, false positives, and limited libraries, and discuss certain solutions which may expand 

annotation coverage and accuracy further. 

 

We summarize the discovery of hundreds of PFAS in leachate, AFFF, contaminated soil, and other 

substrates using FluoroMatch, including previously undiscovered species. Non-targeted PFAS 

analysis can benefit from improvements in all steps of the workflow, especially related to sample 

preparation (sensitivity), and use of isotopic patterns, exact mass, retention time, and 

fragmentation to reduce false positives (data-processing).  
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The development of technology and massive production volume of electronic products have been 

generating huge amount of electronic waste (e-waste) in the world. If e-waste is improperly 

disposed and dismantled, various toxic metals or flame retardants (e.g. polybrominated diphenyl 

ethers) will gradually result in environmental pollution. Some of the legacy contaminants have 

been reported by researchers; however, a lot of other toxic chemicals used for the production of 

electronic products have not yet been analyzed. Thus, there is a need for the screening of 

environmental samples, e.g. soils, for a broader range of contaminants.  

 

In this study, a simple LC-MS-based method was used for simultaneous targeted analysis and 

suspect screening of plastic related contaminants in soil. Soil samples (including some soils for 

agricultural purposes) were collected near an e-waste site, Agbogbloshie (Ghana) and a control 

site, Asesewa (Ghana). They were freeze-dried for one day, followed by ultrasound-assisted 

extraction with acetonitrile as the solvent. Extracts were then filtered and reconstituted in methanol 

and analyzed with liquid chromatography coupled to hybrid quadrupole time of flight mass 

spectrometry (HPLC-QTOF-MS) in full scan mode (in both positive and negative electrospray 

ionization (ESI) modes). Some bisphenols and phthalates were used as target compounds for the 

assessment of the method performances (e.g. recovery, limit of detection, limit of quantification, 

matrix effect, precision). Various targeted bisphenols and phthalates were detected in e-waste-

impacted soil, and higher levels were found in soil samples near the e-waste site. Different 

databases (e.g. Agilent Extractable and Leachable PCDL and METLIN database) were used for 

non-targeted screening for mining other contaminants. Some plastic-related chemicals (e.g. 

organophosphate esters) and their metabolites and derivatives were (tentatively) identified in soil, 

highlighting the impact of e-waste activities. Statistical tools, such as Principal Component 

Analysis, were used to aid identifying key toxic chemicals that are predominant in each site and 

building relationships between agricultural and e-waste soil samples. 
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In recent years a large number of pharmaceuticals, personal care products, biocides and, other 

industrial chemicals have attracted attention of scientific communities to be listed as contaminants 

of emerging concern (CECs). Many of these organic micropollutants are reported all around the 

world every day. Liquid chromatography coupled high resolution mass spectrometry (HRMS) 

under a non-targeted approach plays a major role in identification of CECs in aquatic 

environmental settings. To avoid the bias between reporting of environmental contaminants a 

confidence criteria classification has been proposed. In this classification scheme, the highest level 

of confidence (Level 1) requires matching the chromatographic retention time and mass spectra 

with a reference standard. However, this approach could be cost-prohibitive, and may not be 

possible if the standard is not available. Herein we introduce an in silico-based approach to increase 

confidence of compounds that are subjected to above challenges to be reported under a level 1 

criteria. 

 

Quantitative-structure retention relationships (QSRR) methods were used for the chromatographic 

retention parameter predictions in the current work. This method utilizes physico-chemical 

properties of compounds for the prediction of chromatographic retention. COSMOtherm, an in 

silico software package based on “conductor-like screening model for real solvents” (COSMO-

RS) theory was used for the calculations of physico-chemical parameters. The training set and test 

set consisted of compounds with diverse functional groups in their chemical structures. Analysis 

of compounds were performed using a QExactive Focus Orbitrap LC-MS operated under positive 

electrospray ionization mode. Chromatographic separation of compounds was done with a Cortecs 

C18+ 2.1 × 150 mm (2.7 μm particle size) analytical column in reversed-phase.  

 

Solubility of compounds in mobile phase constituents used in chromatographic separation and 

octanol-water partition coefficient values were determined to predict retention factor values of 

compounds with lowest Akaike information criterion and Bayesian information criterion.  
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Pyrrolizidine alkaloids (PAs) are natural plant toxins whose intake is mainly associated to liver 

damage. High levels of PAs in aromatic herbs have recently been at the forefront of concern, as 

maximum concentration limits of these contaminants have not yet been legislated. Nevertheless, 

the high complexity of food samples hinders the extraction and analysis of these compounds, due 

to matrix interferences. Therefore, a sample clean-up procedure before instrumental analysis is 

crucial. Accordingly, this work proposes a sustainable analytical methodology by UHPLC-IT-

MS/MS to monitor the occurrence of 21 PAs in different aromatic herbs (rosemary, basil, thyme 

and herbs de Provence). Following the current “green” chemistry trend, the multicomponent 

extraction of the analytes was achieved with the miniaturization and modification of the 

QuEChERS strategy by using different large pore mesostructured silicas non-modified and 

modified with amino groups as dispersive clean-up sorbents, leading to an improved cost-effective 

and environmentally friendly microextraction method. 

The QuEChERS procedure was miniaturized by reducing the amounts of sample (0.2 g), solvents 

(2 mL), clean-up sorbents (25 mg sorbent + 150 mg MgSO4) and partitioning salts (0.65 g) 

employed. The analysis was performed with a Dionex UltiMate 3000 UHPLC system coupled to 

an ion-trap tandem mass spectrometer detector in ESI positive mode. Multiple reaction monitoring 

mode was used for all analytes. Chromatographic separation was performed on a Luna Omega 

Polar C18 column using a gradient elution, which combined water containing 0.2% formic and 5 

mM ammonium acetate and methanol containing 10 mM ammonium acetate. 

Chromatographic separation was within 10.5 min and better results were achieved using 

mesostructured silicas than conventional PSA. The method was validated (overall recoveries 73-

105%) and applied to the analysis of 17 samples. All samples were contaminated with PAs 

(average concentration 262 µg/kg). Thyme and basil samples were the most contaminated, whereas 

rosemary was the least. 
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Non-targeted analyses are proving to be useful tools in understanding the impacts of chemicals 

and their release into the environment.  Using sensitive HRMS to measure accurate masses, 

chemicals previously unknown can be identified.  Tools for efficiently evaluating the complex data 

that can be generated from these analyses are necessary for application of Non-Targeted 

screening.  Waters UNIFI software has features that are aimed at simplifying data processing.    
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The concept of Green Analytical Chemistry appeared in 2000 with the aim of adapting the 12 

Principles of Green Chemistry to analytical chemistry. Among the different strategies carried out 

in this sense, the concepts of miniaturization and the development of new materials have been 

some of the most relevant [1]. Within the search of greener materials, the discover of deep eutectic 

solvents (DESs) has constituted one of the most important advances in this area. Such materials 

have gained considerable attention as extraction solvents in the last few years, since they present 

low toxicity and high biodegradability, which is especially remarkable for natural-DES (NaDES), 

which are constituted by natural compounds usually present in cells. In the same way the 

development of hydrophobic NaDESs (HNaDESs), made of substances insoluble in water, also 

has been carefully explored in analytical chemistry since they can be easily separated from aqueous 

samples, simplifying the procedures [2]. 

 

Phthalate acid esters (PAEs) are substances commonly used as plasticizers in order to improve de 

quality of plastic materials, including those intended for being used as food and beverages 

packages. However, these additives are not chemically linked to the polymeric structure which 

allows their easy release from the original material to the contained products, putting the 

consumers in serious risk due to the negative effect that such substances have on human health [2].  

 

Based on all above mentioned, the development of analytical strategies that provide reliable 

determination of PAEs in food matrices and, simultaneously, accomplish the principles of 

sustainability, is of utmost importance. In this work, a novel procedure based on the use of 

HNaDES as extraction solvents combined with ultra-high performance liquid chromatography- 

tandem mass spectrometry has been successfully carried out for the analysis of PAEs in different 

beverages highly consumed by the population. 

 

[1] S.Armenta, S. Garrigues, F. A. Esteve-Turrillas, M. de la Guardia, TrAC, Trends Anal. 

Chem. 2019, 116, 248−253. 

[2] Á. Santana-Mayor, A. V. Herrera-Herrera, R. Rodríguez-Ramos, B. Socas-Rodríguez, and 

M. Á. Rodríguez-Delgado, ACS Sustainable Chem. Eng. 9 (2021) 2161−2170. 
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Chemical migrating from food contact materials (FCMs) is a potential source of food 

contaminants, including residues of substances intentionally used in FCMs, and some non-

intentionally added substances (NIAS). The identification of NIAS is still challenging due to the 

extensive list of putative chemical structures and the relatively high costs to confirm identities 

with pure analytical standards.  

 

Quantitative structure-retention relationships (QSRR), the mathematical relationships between 

the molecular properties and the chromatographic retentions, could effectively predict the 

retention time of unknown compounds and greatly facilitate compound identification by 

removing false-positives. In this study, a QSRR model was developed and validated based on the 

analysis of 178 pure chemical standards using LC-QTOF-MS with four analytical columns (C18, 

phenylhexyl, pentafluorophenyl, cyano). The impacts on the feature selection based on two 

machine learning classifiers (random forest and support vector machines), and data partitioning 

between the training set and the individual validation set were systematically studied. Results 

showed feature selection method presented significantly (p<0.05) better results in construction of 

models, and the model partitioned as 2:1 with random forest showed the highest PVE value 

(0.92) and the lowest rMSE score (0.44). The final model was applied to the identification of 

substances migrating from the two packaging samples (plastic film and tray). 

 

All false-positives identified by this method were consistent with 95% confidence prediction 

bands, and the combination of multiple predictive QSRR models showed effectiveness than relying 

on a single model in identification of unknowns. Data obtained with these tools will contribute to 

further refine our understanding of the risks associated with plastics for both humans and the 

environment. 
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Alcohol products represent an important global food commodity, with culinary, recreational, and 

cultural value. As with any food, alcohol products may contain contaminants and adulterants, 

many of which may pose significant health risks.1 Of particular concern is the potential for the 

migration of contaminants, including non-intentionally added substances (NIAS), stemming from 

an increasing presence of synthetic polymers as food contact materials, the high ethanol 

composition, which is a good solvent, and lengthy storage times for alcohol.1,2 The diversity and 

novelty of potential contaminants makes them a difficult problem to tackle using conventional 

targeted analytical strategies. This issue, not unique to alcohol products alone, has highlighted the 

need for non-targeted approaches – techniques that employ nonspecific screening to capture a 

broader chemical profile and enable the identification of unexpected compounds.3 The overall aim 

of this study was to establish a methodology for the nontargeted examination of alcoholic 

beverages using LC coupled with time-of-flight MS for the detection of NIAS and other 

contaminants.  

 

More specifically, a workflow using an Agilent 1290 Infinity II LC system with a C18 reverse 

phase column coupled to a 6545 QTOF MS in both negative and positive electrospray ionization 

modes was initially validated for the screening of >20 bisphenols, phthalates and other plasticizers 

in various spirits (vodka, whisky and rum matrices). The nontargeted approach with LC-MS QTOF 

was then applied to a wider range of various spirits purchased in Canada, using Agilent 

MassHunter Profinder Software 10.0 in conjunction with the Agilent MassHunter Extractables and 

Leachables Personal Compound Database and Library to identify alcohol constituents and 

potential contaminants. The nontargeted screening in real samples was successful in identifying 

major aroma/flavour components, as well as some contaminants possibly corresponding to NIAS, 

illustrating the potential of this workflow as an efficient tool for highlighting products and 

contaminants for further analysis. 
 
1 He, NX, Bayen, S. An overview of chemical contaminants and other undesirable chemicals in 

alcoholic beverages and strategies for analysis. Compr Rev Food Sci Food 

Saf. 2020; 19: 3916– 3950. https://doi.org/10.1111/1541-4337.12649. 
2 Chatonnet, P, Boutou, S, Plana, A. Contamination of wines and spirits by phthalates: Types of 

contaminants present, contamination sources and means of prevention. Food Additives & 

Contaminants: Part A. 2014; 31(9): 1605–1615. https://doi.org/10.1080/19440049.2014.941947. 
3 Kunzelmann, M, Winter, M, Åberg, M et al. Non-targeted analysis of unexpected food 

contaminants using LC-HRMS. Anal Bioanal Chem. 2018; 410: 5593–5602. 

https://doi.org/10.1007/s00216-018-1028-4. 
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Pesticides play a significant role in agriculture by mitigating insects, rodents, fungi, and weeds to 

improve the crop and food production. Pesticide residues remaining in or on commodities such as 

vegetables, fruits, herbs, honey, oil seeds, cereals, and food of animal origin, however, can cause 

adverse health effects as well as environmental concerns. Various organizations and regulatory 

bodies have developed and established internationally accepted maximum residue limits (MRL) 

to protect food consumers from adverse effects of pesticides. In this work we present a 

comprehensive LC/MS/MS workflow for the targeted quantitation of 510 pesticide residues in 

various food commodities that has been validated through a multi laboratory study. 

 

The workflow applicability was demonstrated using an Agilent 1290 Infinity II LC system coupled 

to a 6470 triple quadrupole LC/MS on five representative food matrices: tomato and onion (high 

water content), wheat (high starch content), olive oil (high oil content), honey (high sugar content), 

and black pepper (difficult commodities). A fast and easy sample preparation protocol based on 

QuEChERS extraction followed by dSPE or Captiva EMR—Lipid cleanup was optimized and 

used to extract these different types of matrices. Matrix effect in terms of ion suppression and 

enhancement on 500+ pesticides was assessed and discussed as well. Workflow performance was 

evaluated according to SANTE/12682/2019 based on method sensitivity, limit of quantitation, 

calibration curve linearity, and recovery and precision using matrix-matched calibration standards. 

Fortified quality control samples (matrix-spiked QC) were used to assess extraction efficiency and 

method recovery. Method precision was evaluated using recovery repeatability (RSDr) and 

intralaboratory reproducibility (RSDiR). The method performance demonstrated the method 

applicability for quantitative analysis of multiresidue pesticides in various food commodity 

groups.  

 

The presented method provides laboratories a robust, reliable, and transferable approach for the 

targeted screening of up to 510 pesticides in various food matrices. 
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The water-soluble B vitamins and the fat-soluble vitamins are essential nutrients for human health. 

Accurate quantitative measurements for water-soluble B vitamins and fat-soluble vitamins are 

required to ensure product quality and regulatory compliance. Two fast and sensitive LC-MS/MS 

methods were developed respectively for the simultaneous determination of 14 water-soluble 

vitamins and 14 fat soluble vitamins on Agilent 1290 Infinity II LC coupled to an Agilent 6470 

triple quadrupole LC/MS system in positive electrospray ionization mode. The approaches of 

improving the accuracy of mass spectrometry quantitation results including matrix matched 

standard/standard addition were introduced. Method criteria for data acceptance were established. 

The water-soluble B vitamins include Vitamin B1 (Thiamine), Vitamin B2 (Riboflavin), Vitamin 

B3 (Nicotinic Acid and Nicotinamide), Vitamin B5 (Pantothenic Acid), Vitamin B6 (Pyridoxine 

and Pyridoxal-5-Phosphate), Vitamin B7 (Biotin), Vitamin B9 (Folic Acid and 5-

Methyltetrahydrofolate) and Vitamin B 12 (Cyanocobalamin, Adenosylcobalamin, 

Methylcobalamin and Hydroxocobalamin). The fat-soluble vitamins include Vitamin A (Retinol, 

Retinyl Acetate and Retinyl Palmitate), Vitamin D (Cholecalciferol (D2) and Ergocalciferol (D3)), 

Vitamin E (Alpha-Tocopherol, Alpha-Tocopherol Acetate and Alpha-Tocopherol Succinate), 

Vitamin K (Phytonadione (K1), Menaquinone (K2-4) and Menaquinone (K2-7)) and selected 

carotenoids include β-Carotene, Lutein and Lycopene. The methods were applied to quantify the 

water-soluble B vitamins and fat-soluble vitamins in a highly complex multivitamin tablets matrix. 

All tested water-soluble vitamins and fat-soluble vitamins met the claims. It was concluded that 

the methods can be utilized for quality control and establishment of the nutrition labels for water-

soluble vitamins/fat-soluble vitamins-containing supplement products. 
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Polyfluoroalkyl and perfluoroalkyl substances (PFAS) are a group of synthetic chemicals 

extensively used in household and industrial products. Due to their widespread use and superior 

stability, PFAS are found ubiquitous in surface and drinking water worldwide. It poses big threat 

to aquatic life and human health given their bioaccumulation feature and significant adverse health 

effects observed in animals and human. Although the most prevalent PFAS, PFOS and PFOA, 

have been phased out in the U.S., the increasing emission from the alternative short chain 

fluorinated compounds is still a big concern. The impact of those alternative compounds is largely 

underestimated due to lack of studies. In Florida, PFAS have been found in surface water, 

sediment, and aquatic animals. However, the systematic information on PFAS occurrence and 

distribution in South Florida is still quite unclear. 

 

Therefore, our study focused on the development of an accurate and sensitive method able to detect 

legacy and emerging short-chain PFAS substitutes (30 PFAS compounds was studied). A solid 

phase extraction (SPE) procedure followed by liquid chromatography–mass spectrometry (LC-

MS/MS) has been optimized and validated. The method was applied to tap water samples from 

metropolitan counties (Miami-Dade, Broward, and Palm Beach) and surface water samples from 

different water bodies in South Florida, such as the Everglades, the Keys, and the Biscayne Bay 

and adjacent canals. 

 

The concentration of total PFAS ranged from 1.44 to 241 ng/L in tap water samples, 4.4 to 115.98 

ng/L in surface water samples. The most frequent and predominant PFAS detected in surface water 

and tap water were PFBA, PFBS, PFPeA, PFHxA, PFHxS, PFOA and PFOS. A comprehensive 

assessment of 30 PFAS on the occurrence, composition, spatial distribution, and seasonal variation 

in the water samples was completed based on the results, which provides the information needed 

for local and regional executive agencies related to water quality, further facilitating the 

development of guidelines and procedures for pollution control and reduction in South Florida. 
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Per/Polyfluoroalkyl substances (PFAS) are compounds of unique chemistry, with surfactant 

properties. As with many surfactants, PFAS often have a hydrophilic moiety covalently linked to 

a hydrophobic alkyl chain. In PFAS the alkyl chain generally has no or few hydrogen atoms, 

instead the alkyl chain is populated with fluorine and other halogens. The diversity of the chain 

length, branching and type of hydrophilic moieties are still being discovered today, however 

regulatory bodies in many countries require monitoring of specific PFAS, thought to be end 

products of degradation processes, in potable drinking water samples.  

 

Liquid chromatography (LC) systems can chromatographically resolve classes of PFAS according 

the alky chain length using typical reverse phase chromatography. Sample enrichment of PFAS in 

drinking water often exploits the anionic properties of the targeted PFAS in the hydrophilic 

moieties, using Weak Anionic exchange (WAX) techniques. This application makes use of both 

chemistries to enable automated online solid phase extraction (SPE) and measurement of PFAS 

on a LC-MS Triple quadrupole system (LC/TQ). A large volume of potable drinking water is 

enriched on a WAX sorbent before automatically eluted onto a reverse phase column, where PFAS 

are chromatographically resolved before detected using a 6470B Tandem Quadrupole. The 

automated Online SPE method not only offers a significant reduction in sample preparation time, 

it uses less consumables, less isotopically labeled standard, and reduces the risk of false positives. 

Due to the abundant usage of PFAS in many commercial applications, PFAS can be found in many 

common products, so the risk of introducing background PFAS into samples is high, leading to a 

false positive result. Extreme care must be taken to ensure background PFAS does not contaminate 

samples as they are processed before analysis. Mitigating this risk is difficult when using offline 

SPE techniques, as many consumables and larger volumes of solvents are required to complete a 

preparation. The number of manual steps and time required to complete offline SPE also enhances 

the risk of a false positive result. Therefore, in addition to significantly reducing the time and 

complexity of sample preparation steps and savings by moving from Offline SPE to Online SPE. 

This method looks at >40 PFAS encompassing the ones in regulatory EPA methods plus emerging 

PFAS. Performance characteristics like method reporting limits, precision, accuracy, spike 

recoveries and robustness will be shown too. Method detection limits between 0.07-6.1 ng/L were 

obtained while spike recoveries in ultra-pure and drinking water were between 70-120% for >92% 

of the 40+ PFAS tested at a low, mid and high spike. A robustness study was also run with RSDs 

varying from 1-7% over 400 injections.  

 

The results shown indicate online SPE of PFAS for drinking water is a suitable technique to 

increase throughput while reducing contamination and error due to less human intervention while 

also reducing sample volumes needed. 
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Poppy seeds are increasingly used in the preparation of food stuffs, mainly bakery products1. 

These seeds may be contaminated with opium alkaloids (OAs) present in the latex of the plant 

Papaver somniferum, (morphine, codeine, thebaine, papaverine, noscapine and oripavine)2. 

Consumption of food products contaminated with OAs can lead to false positive drug tests and 

intoxication. Therefore, it is important to know the actual exposure of consumers to these 

contaminants and to develop selective and sensitive analytical methods. In this work, a method 

based on a solid-liquid extraction (SLE), a posterior purification by magnetic solid phase 

extraction (MSPE) with an adsorbent formed by metal-organic framework material (MOF) and its 

analysis by HPLC-MS/MS has been developed for bakery products, such as sliced bread and 

grissini.  

Two magnetic MOFs were synthesised for use as MSPE adsorbents, based on magnetite 

nanoparticles modified with: MIL-101(Fe)3 and SiO2/MIL-101(Cr)4. Firstly, the two materials 

were evaluated for their OAs adsorption capacities under different conditions and it was obtained 

that 1 mg of material MIL-101(Fe) showed 100% adsorption in just 1 min. Later, the MSPE 

parameters were optimised (type of solvent, pH, time and amount of material) to obtain near 100% 

recoveries prior to analysis by a HPLC-MS/MS coupled to a triple quadrupole tandem mass 

spectrometer detector. It was operated in positive electrospray ion source (ESI+) with multiple 

reaction monitoring (MRM). Chromatographic separation was performed on a C18 column.  

The method was validated in terms of linearity, method detection and quantification limits, matrix 

effects, accuracy, precision and selectivity. Satisfactory results were obtained, with part per billion 

limits and recovery values between 70-120% with an RSD of less than 20%. Therefore, the 

proposed methodology is shown to be effective for the quantification of six opium alkaloids in 

bakery products.  

 

[1] Casado-Hidalgo, G.; Morante-Zarcero, S.; Pérez-Quintanilla, D.; Sierra, I. Trends Food Sci. 

Tech. 2021, 108, 92-102.  

[2] Casado-Hidalgo, G.; Pérez-Quintanilla, D.; Morante-Zarcero, S.; Sierra, I. Foods. 2021, 10 (7) 

1587-1615.  

[3] Zhang, S.; Jiao, Z.; Yao, W. J. Chromatogr. A. 2014, 1371, 74-81.  

[4] Ma, J.; Yao, Z.; Hou, L.; Lu, W.; Yang, Q.; Li, J.; Chen, L. Talanta. 2016, 161 (1) 686-692. 
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Deep eutectic liquids (DESs) have emerged as a promising and sustainable alternative to 

conventional organic solvents. DESs have unique properties that can be modified depending on 

the components and their molar ratios. Their liquid state and great stability at room temperature, 

as well as their high biocompatibility, have recently allowed these mixtures to be used in extraction 

procedures, replacing ionic liquids and other green solvents. Additionally, DESs have shown a 

high extraction capacity even when very low volumes of these solvents are used. This fact is 

especially remarkable for the evaluation of organic contaminants for which protocols with high 

preconcentration factors and low quantification limits are required. An important group of 

pollutants is made up of plastic migrants, in particular phthalates, which can easily release from 

plastic containers, constituting a potential risk to living beings and the environment, even at very 

low concentrations 1.  

 

Based on that, in this work, a natural hydrophobic DES (HNaDES) based on terpenes 

(thymol:menthol, 2:1, n/n) has been used in a liquid-liquid microextraction procedure for the 

determination of 14 phthalates and one adipate in environmental agricultural waters (i.e. treated 

wastewater, runoff and pond waters). The separation and quantification of the analytes were 

carried out using an ultra-high performance liquid chromatography system coupled to a triple 

quadrupole mass spectrometer. The procedure was thoroughly validated, achieving good linearity 

(R2> 0.9954) and few parameters (molar ratio and DES volume) were optimized to achieve good 

recovery values (70-127%) and very low limits of quantification (0.013-0.425 μg/L). Finally, the 

developed analytical method was applied for the analysis of plastic migrants in different water 

samples intended for agricultural activities in the Canary Islands.  

 
1 Á. Santana-Mayor, B. Socas-Rodríguez, R. Rodríguez-Ramos, A. V. Herrera-Herrera, and M. Á. 

Rodríguez-Delgado Anal. Bioanal. Chem. 413 (2021) 1967-1981.  
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Food safety is one of today´s major and growing concerns. In this regard, the presence of 

endocrine-disrupting compounds (EDCs) such as alkylphenols (APs), bisphenols (BPs) and 

alkylphenol ethoxylates (APEOs), is a major issue due to their consequences on health 

(oestrogenic mimicking effect, development of heart diseases and cancer, obesity and diabetes, 

etc.)1. Probiotic beverages have gained increasing attention due to their claimed health-promoting 

properties. Among them, kombucha is the fastest growing product according to its market size (> 

$ 2.6 billion in 20202). This beverage, obtained by fermentation of sweetened green or black tea, 

is attributed with different properties, such as blood detoxification, antimicrobial, antioxidant, anti-

diabetic and anti-cancer effects3. Different beneficial properties, including antimicrobial, anti-

inflammatory, hepatoprotective and antioxidant effects, have been also reported for water kefir, a 

sparkling beverage obtained from aqueous solutions by fermentation with kefir grains. However, 

despite the increasing worldwide interest in these beverages, EDCs have not been analyzed in 

them. 

 

The aim of this work is the analysis of a group of 3 BPs, 7 APs and 3 APEOs in kombucha and 

water kefir. With this objective, a vortex-assisted dispersive liquid-liquid microextraction method, 

using a natural eutectic solvent, was applied. The method was validated (in terms of matrix effect, 

limits of detection, matrix-matched calibration and recoveries) using a green tea-based kombucha 

and agave-sweetened water kefir. The protocol was then applied for the analysis of 8 kombucha 

varieties (original; green tea; red fruits; mojito; ginger & lemon; apple, cinnamon & vanilla; 

hibiscus; and ginger & turmeric) and 4 water kefir variants (original; mint, lemon & ginger; lemon; 

and chamomile, anise & maca).  

 
1 N. Salgueiro-González, S. Muniategui-Lorenzo, P. López-Mahía and D. Prada-Rodríguez, Anal. 

Chim. Acta, 2017, 962, 1–14. 
2 K. Ahuja and S. Singh, Kombucha Market Size In 2021. 
3 H. Dutta and S. K. Paul, Kombucha Drink: Production, Quality, and Safety Aspects, Elsevier 

Inc., 2019. 
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Black pepper is usually commercialized in ground form and thus, it has become a food matrix 

susceptible to food fraud and mislabeling because of its economic value and increasing 

consumption. Therefore, ensuring the product authenticity in terms of relevant product 

characteristics such as geographical origin and processing is a challenging current task. This study 

presents an innovative untargeted metabolomics approach based on comprehensive ultra-high 

performance liquid chromatography (UHPLC) coupled to quadrupole-Orbitrap-high resolution 

mass spectrometry (HRMS) fingerprinting for reliable discrimination of black pepper samples 

according to their geographical origin (Brazil, Vietnam, or Sri Lanka) and processing (sterilized 

or non-sterilized spice). 

 

Fingerprints of black pepper samples were obtained applying a simple extraction method assisted 

by sonication, and the extracts were analyzed by UHPLC combined with HRMS using a Q-

ExactiveTM (Thermo Fisher Scientific) analyzer, combining the full scan and the data-dependent 

MS/MS (precursor fragmentation) acquisition modes. Then, fingerprint raw files were 

preprocessed and submitted to multivariate data analysis using the SIMCA® software (Sartorius, 

Sweden). Statistical models based on supervised orthogonal partial least squares discriminant-

analysis (OPLS-DA) were built for origin and processing classification of samples and they 

provided successful sample clustering and high predictive ability for further samples (correct 

classification rate of 100%). Furthermore, this untargeted methodology allowed the putative 

identification of eight metabolites (markers) with high discriminant potential for the tested origins 

and processing (e.g. reynosin, tatridin B, and 10,16-dihydroxyhexadecanoic acid, among others).  

 

The findings reveal the influence of the region of production and the post-harvest conditions on 

the metabolic composition of black pepper, and this data can be exploited for geographical and 

processing authentication of the product. This study encourages the implementation of this 

metabolomics approach in the field of authenticity assessment of other relevant condiments. 

 

Acknowledgments 

ARP acknowledges the financial support by “Ayuda para la Formación de Profesorado 

Universitario (FPU18/05133)” of the Spanish Ministry of Science, Innovation and Universities. 

The authors also thank Sabater Spices (Murcia, Spain) for providing the samples used in this study. 

  



 

37 | P a g e  
 

17th Workshop on Emerging HRMS and LC-MS/MS Applications in Environmental Analysis and Food Safety 

 

PP-04 

Evaluation of the occurrence of estrogenic compounds in dairy products commercialized in 

Canary Island 

 

Bárbara Socas-Rodríguez1, Ruth Rodríguez-Ramos2, Antonio V. Herrera-Herrera3, Miguel Ángel 

Rodríguez-Delgado2 

 
1 Laboratory of Foodomics, Institute of Food Science Research, CIAL, CSIC, Nicolás Cabrera 9, 

28049, Madrid, Spain; 2Departamento de Química, Unidad Departamental de Química Analítica, 

Facultad de Ciencias, Universidad de La Laguna (ULL). Avenida Astrofísico Francisco Sánchez, 

s/nº. 38206 San Cristóbal de La Laguna (Tenerife), España;3Instituto Universitario de Bio-

Orgánica Antonio González. Universidad de La Laguna (ULL). Avda. Astrofísico Fco. Sánchez, 

2. 38206 San Cristóbal de La Laguna, España;  

Email:  barbara.socas@csic.es 

 

Numerous studies have pointed out the positive impact of consuming milk and other dairy products 

on human health, especially in the pedriatric age group [1]. However, it is essential to assure the 

quality of such products in order to guarantee the safety of consumers. The negative effect 

associated with the over-exposition of the population to endocrine disrupting compounds, such as 

estrogenic compounds, has been also reported in diverse occasions, being milk and dairy products 

one of the main sources of this kind of compounds. A great variety of hormonal diseases including 

the development of several types of cancer have been related to the intake of such substances 

through the diet [2].  

 

Taking these aspects into account, the development of reliable analytical methodologies that allow 

the determination of such contaminants result of utmost interest to prevent their hazardous 

influence on human health. Based on all above mentioned, in this work a through study of the 

occurrence of natural and synthetic estrogens, mycoestrogens and phytoestrogens in dairy products 

has been carried out by the application of a sensitive and selective methodology previously 

developed by our group, which was based on the application of the QuEChERS method as 

extraction strategy followed by determination using ultra-high performance liquid 

chromatography-tandem mass spectrometry [2,3].  

 

Results have shown the presence of several phytoestrogens and natural estrogens in different 

products commercialized in Canary Islands and widely consumed by the population. Especially 

alarming is the occurrence of such compounds in several of the evaluated products intended for 

infant population. This data brings about the necessity of carrying out further studies in this sense 

that allow the authorities to establish more restrictive guidelines regarding the presence of such 

compounds in food products.  

 

[1]  A. E. Ratajczak, A. Zawada , A. M. Rychter , A. Dobrowolska,I. Krela-Ka- źmierczak, 

Nutrients 13 (2021) 1239. 

[2]  B. Socas-Rodríguez, A. V. Herrera-Herrera, J. Hernández-Borges, M. Á. Rodríguez-Delgado, 

J. Chromatogr. A 1496 (2017) 58–67. 

[3]  B. Socas-Rodríguez, D.Lanková, K. Urbancová, V. Krtková, J. Hernández-Borges, M. Á. 

Rodríguez-Delgado, J. Pulkrabová, J. Hajšlová, Anal. Bional. Chem. 409 (2017) 4467–4477. 
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The demand for quick and simple analysis of multi-class pesticides in large numbers of diverse 

food samples in agriculture applications is growing year by year. Throughout the world pesticides 

are used to control pests that are harmful to crops, humans and animals. These substances can pose 

a significant health threat and therefore need to be accurately detected at the lowest levels required 

by the governmental authorities, typically at low part per billion levels. To comply with such 

regulatory standards, screening methods for multi-class of pesticides is becoming important. Using 

ultra-high pressure liquid chromatography coupled to high resolution mass spectrometry offers 

highly sensitive, specific, and selective detection in complex matrices for analysis of multi-class 

pesticides in food samples. 

 

Garlic and cumin samples were obtained from local grocery store.  Samples were mixed with water 

and then extracted using a QuEChERS extraction kit. Briefly, 2 g of sample was weighed into the 

QuEChERS extraction tube and 15 mL of water with 1% acetic acid and 15 mL acetonitrile were 

added. Samples were shaken, centrifuged and the supernatant was collected. The matrix extracts 

were spiked with a large mix of multi-class pesticides at different concentration levels ranging 

from 0.5 to 100 ppb. Injection volume was 1 µl.  Chromatographic separation was performed on a 

UHPLC system using a polar end capped C18 column. Mass spectrometric analysis was performed 

on a high-resolution, accurate-mass mass spectrometer utilizing the AcquireX and DIA workflow.  

Pesticide quantitation was performed in full MS scan mode followed by DIA for confirmation and 

targeted screening. For unknown screening and confirmation, a new workflow called Acquire X 

was evaluated.  In the AcquireX workflow, spectral library confirmation and fragment 

confirmation is critical to confirm the presence of the unknown contaminates in the samples and 

provides another level of confidence that at lower levels of pesticide residues can be screened and 

identified.  However, true unknown will require online searches and/or other techniques will be 

required to determine true contaminates.  
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Non-targeted analysis (NTA), using high-resolution MS (HRMS) and advanced data processing 

tools, allows for the rapid characterization of thousands of never-before-studied chemicals in 

complex matrices. NTA is now regarded as the next stage of surveillance tools for food, as 

fingerprinting has the potential to investigate a wider range of quality attributes simultaneously 

(e.g. contaminants, authenticity or freshness markers). For honey, a novel NTA method based on 

liquid chromatography (LC) coupled to HRMS was shown to be able to investigate simultaneously 

5-hydroxymethylfurfural (marker of freshness), veterinary drug residues, pesticides and plastic 

related contaminants (von Eyken et al., J Food Drug Anal. 2019 27(3):679-691). In the present 

study, this method was adapted to explore the non-saccharide fingerprints of various rural and 

urban honeys collected in Montreal. Samples were first compared in terms of resulting number of 

molecular features, and chemical space present in the fingerprint. The occurrence of natural honey 

components (coumarins, free aminoacids, peptides, dicarbonyls, flavonoids, saponins) and 

contaminants (e.g. pesticides, antibiotics) was explored in this signature obtained in reverse-phase 

liquid chromatography. This work sets further bases to deploy LC-HRMS based fingerprinting for 

honey quality, safety and authenticity applications. 
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The consumption of bottled water has gradually increased in the world during the last decades. 

According to the latest data, the global bottled water market is estimated to grow at a compound 

annual growth rate of 11.1% in the period 2021-20281. In Europe, in 2019 bottled water accounted 

for 48% of the consumption of non-alcoholic beverages. Among the mineral water producing 

countries, Spain is in fourth place with a production of 6,353.8 million liters while its population 

consumes an average of 135.4 liters per capita of bottled water, being the fifth country that 

consumes the most2. Among other reasons, quality, purity, safety and portability, as well as the 

growing shortage of drinking water in the world is driving this growth.  

 

The most used material in the production of water bottles is polyethylene terephthalate due to its 

great physical and chemical resistance, lightweight, and easy production. However, during its 

manufacture certain additives are used to improve their properties, such as the well-known group 

of plasticizers made up of phthalic acid esters (PAEs), among others. PAEs are compounds with 

endocrine-disrupting properties; that is why, special attention has been paid to their control since 

they are not chemically bound to the plastic material and, consequently, can leach from the bottles 

into drinking water, affecting the population. Likewise, this effect is especially pronounced when 

the material is subjected to high temperature and/or prolonged storage3.  

 

Therefore, the objective of this work is to evaluate the effect of temperature and storage on the 

plastic migrant’s migration of several samples of bottled waters consumed in Spain. With this aim, 

a liquid-liquid microextraction using deep eutectic solvents as extraction agents and ultra-high 

performance liquid chromatography coupled to tandem mass spectrometry for the separation and 

quantification were applied.  

 

1. Grand View Research, 2021. Bottled Water Market Size, Share & Trends Analysis Report By 

Product (Purified, Mineral, Spring, Sparkling, Distilled), By Region (North America, Asia Pacific, 

Europe, CSA, MEA), And Segment Forecasts, 2021 – 2028.  

 

2. Natural Mineral Waters Europe, 2021. https://naturalmineralwaterseurope.org/statistics/  
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Recently, several food alerts have notified high levels of pyrrolizidine alkaloids (PAs) in a wide 

variety of food products, highlighting their occurrence as a concerning food safety issue. 

Therefore, it is of utmost importance to monitor the occurrence of this natural toxins by high-

throughput analytical procedures. In this sense, microextraction techniques have gradually gained 

attention due to their many advantages over conventional methods (e.g. minimal use of organic 

solvents, low amount of sample and user-friendly systems). Accordingly, following the current 

“green” chemistry trend, this work proposes the multicomponent microextraction of 21 PAs with 

the novel µ-SPEed® technique followed by their analysis by UHPLC-IT-MS/MS in order to 

propose a sustainable and sensitive analytical methodology for the determination of these 

compounds. 

The µ-SPEed® is a solid-phase-based microextraction procedure, which uses small sorbent 

particles (<3 μm) tightly packed in a disposable needle equipped with a pressure-driven valve 

to withdraw sample flow in a single direction. This configuration enables constant and 

high pressure (up to 1600 psi) single direction flow through the sorbent, providing efficient 

extraction. Alternatively, the analysis was performed with a Dionex UltiMate 3000 UHPLC 

system coupled to an ion-trap tandem mass spectrometer detector in ESI positive mode. 

Multiple reaction monitoring (MRM) mode was used for all analytes. Chromatographic 

separation was performed on a Luna Omega Polar C18 column. A gradient elution was 

carried out combining water containing 0.2% formic and 5 mM ammonium acetate and 

methanol containing 10 mM ammonium acetate. 

Different sorbent materials were tested (silica, C18, DVB and reversed-phase DVB) in 

the µ-SPEed®. Good analytical performance was achieved with the C18 sorbent 

(recoveries >70%). Extraction time of each sample took less than 2 min and 

chromatographic separation was achieved within 10.5 min. Finally, the feasibility of the 

method was proved in different edible flower infusions (mallow, calendula and hibiscus). 
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Since ancient times, cereals have been a staple of the human diet due to their multiple nutritional 

properties. In 2018, world production exceeded 2,965 million metric tons, being China, the United 

States and India the world’s largest cereal producers1. These levels of worldwide production would 

be unattainable without the use of phytosanitary products on agricultural crops, which prevent pest 

attacks and consequently increase cultivation yields. However, this action has brought the need for 

both international and national safety policies that ensure the quality of the agricultural product, 

safeguard the health of consumers, and protect the environment. Among the different 

methodologies proposed for the evaluation and monitoring of pesticide residues in final 

agricultural products, those based on the QuEChERS method as sample preparation procedure are 

the most widely used due to its quickness, ease, low cost, efficiency, robustness, and safety, as 

well as its versatility to extract a great variety of compounds from matrices of diverse nature by 

slight modifications2.  

 

Therefore, in this work, an analytical protocol has been developed for the determination of 

pesticide residues in cereals and pseudo-cereals, including oat, rye, spelt and quinoa, 

commercialized in the Canary Islands, using ultra-high performance liquid chromatography 

coupled to single quadrupole-time of flight-mass spectrometry system in combination with 

QuEChERS extraction procedure. The validation of the method was carried out following the 

European Commission guidelines (SANTE/12682/2019 guide)3, achieving good recovery values 

with relative standard deviations lower than 20% and high sensitivity that guarantee the 

identification of these compounds in the samples analyzed.  

 

1 The World Bank (http://www.worldbank.org/)  

 

2 Á. Santana-Mayor, B. Socas-Rodríguez, A. V. Herrera-Herrera, M. Á. Rodríguez-Delgado, 

TrAC-Trends Anal. Chem., 2019, 116, 214–235.  

3 Analytical quality control and method validation procedures for pesticide residues analysis in 

food and feed. Document Nº SANTE/12682/2019. 

  

http://www.worldbank.org/
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The endocrine-disrupting activity of alkylphenols (APs), bisphenols (BPs) and their metabolites 

(including alkylphenol ethoxylates, APEOs) has been demonstrated in different body tissues 

(kidney, spleen, liver and blood). Moreover, other adverse consequences have been associated 

with these compounds such as mutagenic, teratogenic and carcinogenic effects1. Therefore, the 

development of analytical protocols for their analysis in foods and environmental matrices is 

essential. Their extraction from liquid matrices has been frequently performed by solid-phase 

extraction (SPE), solid-phase microextraction (SPME), liquid-liquid microextraction and its 

miniaturized version: dispersive liquid-liquid microextraction (DLLME)2. The combination of 

the latter technique with the so-called natural hydrophobic deep eutectic solvents (NaHDES), 

provides a powerful analytical tool aligned with the principles of the Green Analytical Chemistry 

(GAC) for the proper analysis of APs, BPs and APEOs.  

 

In this work, a new green alternative vortex-assisted DLLME method, based on a NaHDES, has 

been developed for the extraction of 7 APs, 3BPs and 3 APEOs from bottled water. For this 

purpose, different eutectic mixtures based on monoterpenes (menthol and thymol) and medium-

chain fatty acids (octanoic and decanoic acids) at different molar ratios (1:1, 1:2 and 2:1) were 

evaluated. The factors affecting extraction efficiency were optimized through a univariate 

protocol. The methodology was validated through precision study, matrix effect, matrix-matched 

calibration (R2 ≥ 0.9906) and recovery study (70.0-120.8%). Then, the method was applied for 

the analysis of the selected compounds in 8 commercially available bottled waters.  

 

1  Y. Li, S. Yin, Y. Yang, J. Chen, L. Wu and C. Sun, J. AOAC Int., 2020, 103, 348–364. 

2  I. H. Acir and K. Guenther, Sci. Total Environ., 2018, 635, 1530–1546. 
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When an exotic species is able to adapt to a new habitat, it can become an invasive species by 

competing with native fauna. This is the case of the red crayfish (Procambarus clarkii), the Asian 

clam (Corbicula fluminea), and the Sun Perch (Leopomis gibbosus) that for some decades have 

been found in Mediterranean wetlands, including the Albufera Natural Park (Valencia, Spain). 

These species, as the native fauna, can be exposed to a wide range of organic pollutants and could 

be used as bioindicators to assess chemical exposure. To evaluate the presence of organic 

pollutants, the development of analytical methods that identify and quantify organic compounds 

in these species constitutes an important challenge, due the their low concentrations and the high 

lipid content of these organisms. 

 

In this study, we developed an analytical method for determination of different groups of organic 

compounds in the three mentioned invasive species and in the autochthonous species known as 

“petxinot” (Anodonta sp). The methodology was validated for 91 pharmaceuticals and drugs of 

abuse, 141 flame retardants, 21 PFAs, and 55 pesticides. An ultrasound-assisted extraction 

method was used for the extraction of the target compounds from 0.5 g of fresh tissues with 1 ml 

of acidified acetonitrile (0.1% formic acid, V/V) for 10 minutes. A Z-Sep sorbent cleaning step 

containing zirconia-coated silica was then employed to remove matrix interferences. 500 mL of 

the extract was evaporated and reconstituted with 0.5 mL of water/methanol (90:10). The 

analytical method was validated at two concentration levels (5 and 500 ng g-1) for each matrix 

with recovery values between 70-120% for most of the compounds. Separation and detection 

were performed using liquid chromatography, high-resolution mass spectrometry, the Q-

Exactive Orbitrap system, and independent data acquisition. 

 

To demonstrate the effectiveness of the method, wild samples of invasive species from the 

Albufera Natural Park were captured in areas where the presence of the validated compounds has 

previously been reported and where there is usually an abundance of species. Preliminary results 

indicate the presence of some pharmaceuticals such as sulfamethoxazole, citalopram, cotinine, 

tramadol, and methadone. 

 

Acknowledgements: This study has been financially supported by Spanish Ministry of Science, 

Innovation and Universities and the European Regional Development Fund through the project 

CICLIC (RTI 2018-097158-B-C31, RTI 2018-097158-B-C33). 
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The Richelieu River (Canada) which runs through highly agricultural areas, hosts the only two 

known spawning grounds of the copper redhorse (Moxostoma hubbsi), an endangered fish species. 

Pesticides as well as other environmental contaminants may have  adverse consequences on fish 

and their offspring, particularly during early life stage. In this study, a method based on direct 

injection of river water followed by LC-Q-TOF-MS analysis was developed and applied for the 

simultaneous targeted analysis and suspect screening of pesticides and other contaminants in river 

samples. River water samples were collected daily near the two spawning grounds in 2018. Nine 

pesticides were targeted: aminomethylphosphonic acid (AMPA), glyphosate, atrazine, 

chlorantraniliprole, clothianidin , imazethapyr, imidacloprid, metolachlor, and thiamethoxan. 

Using Agilent Technologies CS-C18 analytical column, polar AMPA and glyphosates can be 

analyzed with the other seven pesticides in a signal run. Eight out 9 pesticides were detected in the 

ng/L (ppt) range: only AMPA was in the µg/L range (ppb). All targeted pesticides showed higher 

concentrations in the tributaries, followed by the downstream spawning ground and concentration 

peaked following intense rain. Full MS scan data in positive ion mode was further mined for other 

contaminants using a library of >1000 suspect contaminants. In total, approximately 40 molecular 

features were tentatively identified from suspect screening at concentration levels significantly 

higher than that in procedure blanks, which included 22 pharmaceutical and personal care 

products, 15 pesticides, 3 food additives and 1 flame retardant. Targeted MS/MS fragmentation 

was further used for molecular features identification. 
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Intermittent rivers are defined by seasonal flooding and drying, where climate and geomorphic 

characteristics have direct influence on structural and functional features. Effluents from industrial 

and municipal wastewater treatment plants (WWTP) are a continuous source of contamination. 

Intermittent rivers usually receive an important contribution from these effluents, sometimes even 

accounting for the total river flow, especially during dry seasons. Consequently, water soluble 

compounds, among these pharmaceuticals, can be detected in surface water at concentrations up 

to μg/L. These can accumulate and induce unintended effects in nontarget organisms. Hence, the 

determination of these compounds in the environment is essential to characterize the quality of 

surface water and the changes it undergoes during different seasons. In this study, the aim is to 

evaluate the effect of different WWTP discharges along the watercourse of intermittent rivers in 

Spain.  

 

Surface water samples from different intermittent rivers in Catalonia (Spain) were sampled. 

Samples were extracted using a solid phase extraction (SPE) and a homemade multilayer mixed-

bed cartridge with four different specific sorbents, covering a wide polarity range. More than 100 

pharmaceutical active compounds of different polarities and diverse physicochemical 

characteristics were screened using liquid chromatography high-resolution mass spectrometry Q-

Exactive Orbitrap system. Three acquisition modes were tried, targeted data-dependent MS2 (dd-

MS2), parallel reaction monitoring (PRM) and data-independent acquisition (DIA). Data 

independent acquisition with an inclusion list was advantageous compared to the others as high-

quality MS2 spectra were generated for almost all the analytes at target testing levels. At the same 

time, DIA enables the performance of retrospective analysis to search unknowns. For the 

separation of the analytes, liquid chromatography was performed using Acquity UPLC HSS T3 

column (100x2.1mm, 1.8 μm).  

 

After an initial screening, the presence of over 20 pharmaceuticals, including acetaminophen, 

carbamazepine, cocaine, losartan, sulfamethoxazole and venlafaxine were detected and quantified.  

 

Acknowledgements –This study has been financially supported by the EU through the PRIMA 

project (INWAT 201980E121). 
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Contaminants of emerging concern (CECs) are widely spread in the water cycle. During water 

disinfection processes, they may form a wide spectrum of disinfection byproducts (DBPs). Wide-

scope screening of CECs has been satisfactorily achieved with extensive suspect lists. However, 

this approach is barely studied to date to identify CEC DBPs in disinfected real water. In this 

context, the main objective of this work was to generate the first sophisticated database of CEC 

DBPs that may form during water chlorination based on the current peer-reviewed literature to be 

used in future screening studies. The list of compounds has been made publicly available to the 

scientific community via the NORMAN network’s suspect list exchange platform. 

 

The list (n = 1338 CEC DBPs) was applied in a proof-of-concept case study to uncover CEC DBPs 

in effluent samples of two water reclamation plants that use chorine as a disinfectant, after their 

analysis by ultra performance liquid chromatography and high resolution mass spectrometry 

(UPLC-HRMS). Ten CEC DBPs were identified in the regenerated water samples, which may 

result from the transformation of pharmaceuticals (carbamazepine, diazepam and phenazone) and 

UV filters (BP6 and BP3) during both biodegradation and disinfection proceses. Only two of them 

were exclusively formed after chlorination. Chlorine alone was generally more effective than its 

sequential use with UV irradiation to reduce the presence of some biodegradation byproducts in 

reclaimed water. The created compound database will facilitate the establishment of occurrence 

levels of potentially hazardous DBPs in reclaimed water. 

 

Acknowledgments: CP acknowledges support from Fundación General del CSIC (ComFuturo 

Programme) and the Swedish University of Agricultural Sciences (August T Larsson Guest 

Researcher Programme). This work was supported by the Government of Catalonia (SGR 01404), 

the Spanish Ministry of Science and Innovation (CEX2018-000794-S) and the State Research 

Agency (PID2019-110212RB-C22). 
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Aqueous film forming foam (AFFF) is an effective fire suppressant for petroleum-based fires.  

Foams are primarily composed of complex mixtures of per- and polyfluorinated substances 

(PFAS), but the exact composition is protected business information.  High–resolution mass 

spectrometry (HR-MS) is an important tool in the characterization of AFFF.  However, 

identification of PFAS using only the accurate mass and isotope pattern of the molecular ion is not 

robust as formulas do not provide structural information.  Fragment ions from MSMS spectra can 

greatly improve identification confidence with software tools such as Fluoromatch or SIRIUS. 

Data dependent acquisition (DDA) is a common tool used to acquire MSMS spectra when the 

composition of the analyte is not well understood such as AFFF.  In this study, three approaches 

based on DDA acquisition for the MSMS fragmentation of fluorinated compounds were optimized 

and compared.  

 

First, the DDA parameters for iterative MSMS with automatic exclusion were optimized.  This 

technique generates precursor ion exclusion lists based on MSMS experiments already completed.   

The complete iterative MSMS experiment will inject a sample up to 5 times.  Each one acquiring 

MSMS spectra from precursors of lower and lower abundance.  Second, a smart preferred list 

generator with inputs of mass range and mass defect was applied to generate suspect molecular 

ions targeted for MSMS acquisition. Parameters were tailored for fluorinated compounds based 

upon the U.S. EPAs CompTox Chemistry Dashboard PFAS list.  Finally, the preferred list was 

combined with iterative exclusion to verify whether multiple injections were required to acquire 

all suspect ions. Results from each approach were evaluated and compared to the CompTox PFAS 

database and processed with Fluoromatch.  

 

Great efficiency in the DDA experiment eliminates unnecessary injections, reduces processing 

time while still providing maximum coverage of relevant precursors for MSMS fragmentation and 

thus demonstrating the optimal identification scenario.    
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Grombalia plain site corresponds to the North West-South East area of the Cap Bon peninsula in 

North East of Tunisia. It represented by the extent of the watershed of wadi El Bey. Several 

domestic and industrial discharge points discharging into the hydrographic network in this site. 

The highly polluted watercourse wadi El Bey, which highlights the exposure of the aquifer to 

sources of contamination, causes the anthropogenic recharge of the Grombalia water table. 

Pharmaceuticals represent one among the main category of anthropogenic contaminants present 

within the aquatic environment, degrading water quality. However, lack of data or little 

information is out there involving their occurrence in the Tunisian territory. To the simplest of our 

knowledge, this is often the primary large-scale screening study in Grombalia area in Tunisia 

reporting the occurrence of Pharmaceuticals in surface water, groundwater, and discharge water. 

The present study was carried out as a part of the INWAT project aiming to evaluate the presence 

of Pharmaceuticals in Grombalia aquifer within the Tunisia territory. 

 

19 samples were collected including surface wells, surface water and discharge water. All samples 

were analyzed with a new validated methodology based on home-made multi-layer solid phase 

extraction (SPE) cartridges for the enrichment of the analytes and LC-MS/MS Q-Exactive Orbitrap 

using a targeted-data independent acquisition for their detection.  

 

More than 80 pharmaceuticals with different therapeutic classes were analyzed in both ionization 

negative and positive. The presence of the pharmaceuticals in the aquifer is an evidence of the 

infiltration of the contamination from surface water to the groundwater. 
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The exponential growth of the urban population calls for the use of groundwater to provide 

drinking water supplies. This resource, however, is impacted by various organic pollutants that 

reach it through storm runoff, sewer leaks, and infiltration from soil. . Special concerns are 

currently raised about polar pollutants, which exhibit very specific properties such a persistence 

and mobility, and therefore can easily pass through soil and reach groundwater. Deterioration of 

its quality poses a risk to human when used for drinking water production.  

 

Due to the properties of polar compounds, their extraction from water is critical because they are 

difficult to retain in commonly used SPE cartridges. Therefore, our extraction method consists of 

the use of a homemade multi-layer SPE s containing a combination of four different sorbents 

(HLB, WCX, WAX PPL Bond Elut, and graphitized carbon). Given the low recoveries of the 

targeted compounds obtained with this SPE method, sample enrichment by evaporation was also 

tested. Analytical measurements were performed using a Q-Exactive (Thermo Fisher) hybrid 

quadrupole-Orbitrap system coupled to an Acquity LC (Waters). Ionization in both negative and 

positive polarities was carried out by electrospray ionization (ESI). Data Independent Acquisition 

(DIA) with inclusion list was the selected acquisition mode, affording the sensitivity of a target 

method combined with the possibility of performing a retrospective analysis to search for 

unknowns. Separation of the polar analytes was carried out on a modified C18 reversed phase 

column (Acquity UPLC HSS T3 1.8 μm, 2.1 * 100 mm). Mobile phase consisted of a 

water/acetonitrile gradient with ammonium acetate for positive ion mode and ammonium fluoride 

for negative ion mode.  

 

Here, 35 polar compounds (logP < 0) were analyzed. Evaporation was the preferred method for 

the enrichment of the majority of compounds.  
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At present, knowledge about the behaviour and persistence of pesticides in the environment such 

as the soil is very scarce despite the importance that may have on crops and ecosystems. 

Furthermore, the metabolites that can be produced in the soil can have a higher toxicity than their 

parent pesticides1. In this work, a study was carried out on the dissipation and degradation of two 

widely used broad-spectrum pesticides, chlorantraniliprole (insecticide) and difenoconazole 

(fungicide) in two different types of soils (clay and sandy).  

 

After an ultrasound assisted extraction (UAE) of the analytes, the final extracts were analyzed by 

ultra-high performance liquid chromatography coupled to high resolution mass spectrometry using 

a Q-Exactive-Orbitrap analyzer (UHPLC-Q-Exactive-Orbitrap MS). The mass spectrometer 

operated with a heated elestrospray interface (HESI) in positive and negative mode. The 

monitoring of the ions was achieved in two ways: full scan and data independent acquisition 

scanning (DIA). An exact mass database including mass information regarding the pesticides and 

42 metabolites was developed and applied for a fast and accurate analysis of the samples. The data 

were processed with highly specialized software such as XcaliburTM version 4.3.73, and 

TriceFinder 5.1, for the detection and confirmation of the ions.  

 

The proposed methodology allowed for providing evidence of the high persistence of the two 

parent pesticides in the soil, with difenoconazole the first to decrease in concentration after two 

months. Thanks to the application of HRMS, retrospective analysis will be carried out in the search 

for unknown metabolites. In addition, it was studied how these pesticides can affect the soil 

microbiota.  

 

(1) Wu, M.; Li, G.; Li, P.; Jiang, N.; Wei, S.; Petropoulos, E.; Li, Z. Assessing the Ecological Risk 

of Pesticides Should Not Ignore the Impact of Their Transformation Byproducts – The Case of 

Chlorantraniliprole. J. Hazard. Mater. 2021, 418, 126270. 
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Metabolomics is nowadays one of the most powerful technologies for holistically deciphering the 

molecular mechanisms driving the final phenotype, which is influenced by multiple biological and 

lifestyle conditions (e.g., disease, genetic background, xenobiotics). In this vein, emerging 

evidence highlights the prominent involvement of environmental factors in health status, including 

the diet, drug consumption and exposure to pollutants, i.e. the exposome. However, to address the 

metabolome complexity, novel tools are needed for comprehensive metabolomics analysis, 

preferably in a quantitative manner to allow for cross-cohort comparisons. 

 

We have developed a large scale quantitative platform for comprehensive and rapid metabolomics 

fingerprinting of common biological samples (i.e., urine, serum/plasma).1 The methodology is 

based on the application of simple and robust in-plate extraction protocols (solid phase extraction 

and dilution for urine, protein precipitation for serum/plasma) and subsequent analysis by 

reversed-phase ultra-high performance liquid chromatography coupled to tandem mass 

spectrometry (RP-UHPLC-MS/MS).2-3 The method enables the simultaneous quantitation of more 

than 1000 metabolites in very short run times and using low volumes of biological sample. The 

coverage of this method comprises about 450 food-derived metabolites, 40 common pollutants 

(e.g., pesticides, phthalates, parabens), 40 pharmaceuticals, and some other biomarkers related to 

lifestyle habits (e.g., smoking, alcohol consumption), thus providing a comprehensive and accurate 

characterization of the human exposome. This metabolomics approach also includes around 500 

endogenous metabolites involved in central biochemical pathways, covering a broad range of 

chemical classes: amino acids and derivatives, organic acids, biogenic amines, carbohydrates, 

vitamins, lipids (e.g. fatty acids, acylcarnitines, steroids, phospholipids). To construct this 

metabolite library, we also considered the central role of microbiota on detoxification processes, 

metabolism and health. 

 

To sum up, this novel multi-targeted approach represents one-step further towards comprehensive 

metabolomics-based exposome research. The rapidity and low sample requirements of this 

methodology facilitate its implementation in large epidemiological studies.   

 

[1] González-Domínguez et al. Characterization of the Human Exposome by a Comprehensive 

and Quantitative Large-Scale Multianalyte Metabolomics Platform. Anal. Chem. 2020 

92(20):13767-13775.  
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[2] González-Domínguez et al. Quantitative Dietary Fingerprinting (QDF) - A Novel Tool for 

Comprehensive Dietary Assessment Based on Urinary Nutrimetabolomics. J. Agric. Food Chem. 

2020 68(7):1851-1861. 

[3] González-Domínguez et al. Quantifying the human diet in the crosstalk between nutrition and 

health by multi-targeted metabolomics of food and microbiota-derived metabolites. Int. J. Obesity 

2020 44:2372–2381. 
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Since their appearance more than a century ago, plastic materials have become essential in the 

lives of human beings. The plastic industry offers almost infinite applications, being possible to 

find plastics in building materials, personal care products, food products, toys, textiles, etc. In this 

regard, synthesis procedures of plastics have been improved by the addition of substances that 

modify their flexibility, durability, lightness, as well as other handling properties. Among them, 

phthalic acid esters (PAEs) are the plasticizers more widely used. The particularity of these 

compounds is that they are not covalently bound to the polymeric matrix and, therefore, under 

physicochemical changes, can easily migrate to the environment, causing endocrine system 

disruption phenomena1. For these reasons, the scientific community has devoted efforts to develop 

methodologies that allow the evaluation and monitoring of these compounds in different matrices, 

including food, since they constitute an important route of exposure for the population. In this 

regard, sample preparation procedure plays an important role in the extraction of organic 

contaminants from complex matrices. Within the strategies followed to improve the selectivity of 

the extraction procedures and reduce co-extracted materials, the functionalization of magnetic 

sorbents stands out since more specific interactions are established between the functionalized 

sorbent and the target analytes. Besides, small sorbent amounts, and low solvent volumes are 

required, as well as the separation of the sorbent from the sample is easy by applying an external 

magnet2.  

 

In this work, a miniaturized solid-phase extraction procedure based on Fe3O4 nanoparticles coated 

with polyaniline has been developed and applied for the determination of a group of seven PAEs 

in food samples. The separation and quantification were performed by ultra-high performance 

liquid chromatography coupled to tandem mass spectrometry. After optimizing the extraction 

conditions applying an experimental design, the methodology was validated obtaining relative 

recovery values between 70 and 120% and low limits of quantification of the method. Finally, the 

method was applied to the analysis of ten neutral and flavored jelly samples.  

 
1 R. Rodríguez-Ramos, Á. Santana-Mayor, B. Socas-Rodríguez, P. Á. Salazar-Carballo, M. Á. 

Rodríguez-Delgado, J. Chromatogr. A, 2021, 1637, 461858.  
2 E. V. Soares Maciel, A. L. de Toffoli, F. M. Lanças, Electrophoresis, 2018, 39, 1582–1596. 
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Human placental JEG-3 cells  are suitable to evaluate the effects that chemicals may have at 

reproductive level because their steroid metabolic routes may be affected after chemical exposure. 

The extent of such effects can be measured through the aromatase activity, a key enzyme involved 

in the biosynthesis of estrogens. This has been traditionally determined by measuring the amount 

of tritiated water (3H2O) formed during the aromatization of 1β-3H-androst-4-ene-3,17-dione (3H-

AD). However, the analysis of tritium has associated health, safety and environmental risks. This 

work aimed at developing a greener and safer methodology for this purpose based on liquid-

chromatography coupled to tandem mass spectrometry (LC-MS/MS). 

For this, different extraction approaches (i.e., protein precipitation, liquid-liquid extraction, and 

TurboflowTM clean-up) to determine trace levels of selected steroids in culture medium were 

evaluated. The steroids of interest are estrone, β-estradiol, testosterone, and androstenedione,  

TurboflowTM technology provided the best results in terms of accuracy and precision without 

compromising the method sensitivity, which could be attributed to the associated minimum sample 

handling. Thus, this technology was fully validated for the analysis of targeted steroids in culture 

medium and preliminarly applied to evaluate the endocrine disruption potential of selected 

disinfection by-products, as a case study.  

Acknowledgments: CP acknowledges support from the Fundación General del CSIC through the 

ComFuturo Programme (2nd edition).This work was supported by the Government of Catalonia 

(Consolidated Research Groups 2017 SGR 01404- Water and Soil Quality Unit)  
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chromatography coupled with tandem mass spectrometry  

 

Dyana Vitale1, Rodrigo Alvarez-Ruiz1, and Yolanda Pico1 

 

 1Food and Environmental Safety Research Group (SAMA-UV), Desertification Research Centre 

(CIDE, UV-CSIC-GV), University of Valencia, Spain 

Email:  dyana.vitale@uv.es 

 

The study of the accumulation of emerging contaminants (ECs) Anguilla anguilla is of great 

interest considering that is an endangered species.  Therefore, an extraction method for 21 ECs, 

including pharmaceutical and personal care products (PPCPs), pesticides, and perfluoroalkyl 

substances (PFASs) was validated in eel muscle.   

 

The developed method involves QuEChERS extraction and a clean-up based on a new sorbent 

(EMR-Lipid) specially designed for lipid elimination, and extracts were analyzed via LC-MS/MS 

with an Agilent 1260 UHPLC from Agilent technologies coupled to an Agilent 6410 Mass 

Spectrometer triple quadrupole (QqQ), (Agilent Technologies, Santa Clara, CA, USA). The 

electrospray source ionization was operated in both negative and positive ionization modes 

(nebulizer gas 15 psi, gas flow 11 L/min, ion-spray voltage 4 kV and temperature 300◦C) in 

multiple reaction monitoring mode. The column used for the detection of pesticides was Luna® 3 

μm C18(2) 100 Å 150 × 2 mm and the column employed for PFAS, illicit drug and the rest of 

PPCPs was a Kinetex 1.7 μm XB-C18 100 Å 50 × 2.1 mm, both from Phenomenex. The developed 

method was applied to evaluate the bioaccumulation of ECs, eels were distributed into two groups: 

control and exposed to ECs. The experiments were performed during at 58 days’ period divided 

into two phases: (a) exposure phase (0-28 days), and (b) depuration phase (29-58 days).  

 

The results of the validation method showed the extraction of 20 compounds in the eel muscle 

within the absolute recovery ranging 70-120%. A total of 3 pesticides, 3 PFAS and 2 

pharmaceuticals showed bioaccumulation. For future research, it would be interesting to do the 

same analysis also in liver samples of eels, including toxicology and metabolomics studies. 
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