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SCIENTIFIC PROGRAM 

Monday, November 28 

10:00 Registration 

10:30 Raffaele Cattaneo - Assessore all’Ambiente e clima Regione Lombardia 
Riccardo Pase – Presidente VI Commissione Ambiente e Protezione civile 
Fabio Carella – Direttore generale ARPA Lombardia  
Fulvio Magni – Presidente DSM 

Session 1 – Waters 
Chairs:  Giuliana Bianco – Clerici Laura 

11:00 – 11:40 Damià Barcelò - ICRA-CERCA, IDAEA-CSIC 
Wastewater-Based Epidemiology to monitor COVID-19 outbreak: present and future 
diagnostic methods to identify large molecules using environmental proteomics 

11:40 – 12:05 Salvatore Barreca - ARPA Lombardia 
Determination of pollutants concerning European Watch List by an internal method 
using UHPLC-MS/MS: from validation to evaluation 

12:05 – 12:30 Stefano Tasselli - CNR-IRSA 
Polycyclic Musk Fragrances in Italian wastewaters and surface waters 

12:30 – 12:55 Gianluca Coppola - EUROLAB s.r.l. 
High resolution mass spectrometry for the analysis of the PFAS and untargeted 
approach 

12:55 – 14:00 Lunch 

Session 2 – Soil 
Chairs:  Cecilia Bergamini – Marco Volante 

14:00 – 14:40 Luca Lucentini - ISS 
Research-control nexus as core of the new regulatory framework on water 

14:40 – 15:05 Laura Carroccia - ARPA Puglia 
Simultaneous GC-MS analysis semivolatile compounds in solid matrices using 
modified QuEChERS methodology 

15:05 – 15:30 Daniela Caputo - ARPA Puglia 
Determination of polycyclic aromatic hydrocarbons by GC-MS in sediment and soil 
from the area of Taranto 

 
15:30 – 15:55 

Alessandro G. Rombolà – Università di Bologna 
Characterization of Organic Matter and Dissolved Organic Matter in Soil with 
Bioplastic Residues by Analytical Pyrolysis-Gas Chromatography-Mass Spectrometry 

15:55 – 16:25 Coffee break 

Session 3 – Air 
Chairs:  Emanuela Gregori -  Valeria Filippi 

16:25 – 16:50 Gianni Formenton - ARPA Veneto 
Detection of Polychlorinated Terphenyls in industrial waste gas emissions 

16:50 – 17:15 Maria Antonietta De Gregorio - ARPA Lombardia 
Advances in hydrocarbons speciation for soil gas analysis 

17:15 – 17:40 Andrea Bergomi - Università degli Studi di Milano 
Analysis of Volatile Organic Compounds (VOCs) in a typical school environment by 
means of Gas Chromatography coupled to Mass Spectrometry (GC-MS) 

17:40 – 18:05 Matteo Vitelli - ARPA Toscana 
Levoglucosan and its Isomers by GC/MS in Fine Particulate Matter 
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Tuesday, November 29 

Session 4 – Methods 1st part 
Chairs:  Fulvio Magni - Donatella Caruso 

09:30 – 09:55 Malvika Dutt – Università di Urbino  
Determination of per- and polyfluoroalkyl substances (PFAS) using liquid 
chromatography-electron capture negative chemical ionization tandem mass 
spectrometry 

09:55-10:20 Vittorio Esposito - ARPA Puglia 
High-resolution magnetic-sector mass spectrometry of existing and emerging 
Persistent Organic Pollutants in environmental matrices 

10:20 – 11:00 Maurizio Bettinelli – UNICHIM 
Analysis of PFAS in water: results of UNICHIM Proficiency Tests and evaluation of 
measurement uncertainty 

11:00 – 11:30 Coffee break 

Session 5 – Applications 
Chairs: Pierluisa Dellavedova -  Michele Mazzetti 

11:30 – 11:55 Andrea Bazzano - ARPA Liguria 
Weighted least squares algorithm produces calibration curves with constant relative 
error through the measurement range 

11:55 – 12:20 Riccardo Narizzano - ARPA Liguria 
The oil fingerprinting approach application on a refinery oil spill event 

12:20 – 13:20 Session Poster 1 
Giuseppina Amato – ATS Milano 
- A monitoring study of emerging mycotoxins (DON and related metabolites) through a validated LC-

MS/MS analytical method. 
- Perfluoroalkyl substances (PFAS) in drinking water samples: 1st monitoring in the Lombardy Region 

Andrea Bergomi - Università degli Studi di Milano 
Application of a QuEChERS LC-MS/MS method for the determination of pesticides in environmental 

bioindicators: Apis mellifera and honey. 

Elisa Piccoli - ARPA Friuli-Venezia Giulia 
NANOPARTICLES of TiO2 in Friuli-Venezia Giulia rivers: a natural background? 

Marco Volante - ARPA Lombardia 
Identification and characterization of Cashew-Nut-Shell Liquid (CNSL) components by GC/MS in unknown 

oily waste samples. A case-study. 

Luisa Colzani - ARPA Lombardia 
Studies on stability of pesticides and Watch List analytes from sampling to analysis. 

Cristina Truzzi - Università Politecnica delle Marche 
Fatty acids as potential biomarkers in marine suspended particulate matter across the southern ocean: 

extraction and quantification by gas-chromatography-mass spectrometry. 

Silvia Illuminati - Università Politecnica delle Marche 
Microplastic in atmospheric depositions: first evidence in Antarctica. 

Maddalena Busetto - ARPA Lombardia 
Presence of ampa and glyphosate in the rivers of Lombardy: methodology and results. 

13:20 – 14:20 Lunch 

14:20 – 15:50 Session Poster 2  
Teresa D’Amore - Istituto Zooprofilattico Sperimentale della Puglia e della Basilicata 
- Ultrahigh-Performance Liquid Chromatography Q-Orbitrap Mass Spectrometry for the analysis of 

Neonicotinoids in honey: Method Development and Validation. 
- Arsenic speciation analysis in edible marine algae by HPLC-ICP-MS. 

Chiara Scapuzzi - Università di Genova 
Laboratory and field comparison of three different passive samplers to determine emerging contaminants 
in seawater. 

Stefano Gravina - ARPA Puglia 
Determination of bio-accumulated PCBs by Multi-residue GC-MS/MS analysis for biota monitoring. 
Ilaria Neri – Università di Napoli 
Monitoring of Pollutants Content in Bottled and Tap Drinking Water in Italy. 
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Emanuela Frapiccini - CNR IRBIM 
Understanding the environmental global threat of chemicals leached from plastic particles. 

Mauro Esposito - Istituto Zooprofilattico Sperimentale del Mezzogiorno 
Human biomonitoring of dioxins (PCDD/Fs) and polychlorinated biphenyls (PCBs) in Campania region 
(Southern Italy). 

Session 6 – Methods 2nd part 
Chairs: Donatella Caruso -  Fulvio Magni 

15:50 – 16:15 Elisa Di Alessandro - ARPA Toscana 
Determination of organotins by inductive plasma spectrometry in biota and sediments 

16:15 – 16.40 Paolo Rinaldi - ARPA Lombardia 
Chlorates and chlorites determination in contaminated sites extending a multiresidue 
method for polar pesticides 

16:40 – 17.05 Emanuele Ceccon - Restek s.r.l. 
PFAS Short/Ultrashort/alternatives the real topic here to come 

17:05 – 17:30 Massimiliano Magna - MM S.p.A. 
The use of instrumentation coupled to mass spectrometer for analysis and 
accreditation of environmental contaminants according to UNI EN ISO 17025:2018 

17.30 Closing Remarks and Arrivederci 
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PL1 

Wastewater-Based Epidemiology to monitor COVID-19 outbreak: present and 
future diagnostic methods to identify large molecules using environmental 

proteomics  

Damia Barcelo´ 1,2,  

1 Department of Environmental Chemistry, Institute of Environmental Assessment and Water 
Research, (IDAEA-CSIC), Jordi Girona 18-26, 08034, Barcelona, Spain 

2 Catalan Institute of Water Research (ICRA-CERCA), Parc Científic I Tecnològic de La University of 
Girona, C/Emili Grahit, 101, Edifici H2O, 17003, Girona, Spain 

 

The WHO has declared the COVID-19 epidemic on January 31, 2020. This virus has infected 
over 300 millions of people with over 5 millions deaths worldwide up till now, May 2022. The 
National Medical Products Administration (NMPA) announced nucleic acid testing as the gold 
standard for virus detection. Antibody testing is used as well as a supplementary test for 
suspected cases where nucleic acid detection was negative. In short, nucleic acid–based 
polymerase chain reaction (PCR) is the mainstream detection method for clinical samples as 
well as for the detection of SARS-CoV-2 in wastewaters. First data collected around the globe 
were reported in the last few months being part of the so-called Wastewater-Based 
Epidemiology (WBE) approach. Selection of concentration methods and primers, laboratory 
inter-comparison and various modalities of PCR detection of the virus in complex wastewater 
matrices were flagged up as main bullets that require urgent improvement. Novel approaches 
to enhance sensitivity, speed and automate streamlined virus detection will be discussed in the 
first part of my presentation. This list comprises devices mainly used for clinical purposes like 
Clustered Regularly Interspaced Short Palindromic Re- peats (CRISPR), Digital PCR, Lab-on-
a-chip (LOC) and related platforms as well as Biosensors.  

The second part of this lecture will be devoted to the identification of biomolecules to target 
Covid-19 outbreak based on inflammatory response bio-markers among others. Biomarkers are 
of interest because they can be rather specific for given infectious diseases and obviously can 
be used for WBE. One of the first examples used of a possible biomarker for population 
estimation was coprostanol, which is the predominant reduced sterol formed in the human gut. 
The control of inflammatory response biomarkers for the SARS-CoV-2 infection were 
recommended in clinical studies in the Zhejiang University School of Medicine in China and the 
list includes: C-reactive protein, procalcitonin, ferritin, D-dimer, interleukins IL-4, IL-6, IL-10 and 
interferons-γ (IFN-γ) . SARS-CoV-2 nucleocapsid protein was recently characterized and 
identified for diagnostic purposes at the First Affiliated Hospital of USTC, University of Science 
and Technology, of China, in Hefei, Anhui in China.  

Recently our group was involved in the proteomic identification of large molecules in wastewater 
treatment plants (WWTPs being identified as disease biomarkers. Such type of approach 
maybe useful for monitoring changes in the proteomic profile of different populations to better 
understand the scale of new epidemiological threats like COVID-19. Recently, we 
demonstrated, using proteomic approaches, that wastewater sampled at a WWTP contains a 
huge range of proteins from different species, including human proteins known as disease 
biomarkers. Information carried by peptides and proteins in wastewater can be thus of high 
value for WBE monitoring but also for monitoring environmental status and human activity. 
Despite the importance of these biomolecules, the protein composition of wastewater was 
practically unknown until now. 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.  
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We have been able to identify hundreds of proteins from different species including human. The 
molecules of human origin present in wastewater come mainly from feces and urine and are 
transported in the sewage system along with many other compounds. Thus, wastewater is part 
of a complex universe of biochemical signals that represent the population served by a specific 
water collection system. Some of the human proteins identified such as uromodulin, α-amylase, 
and S100A8 are well-known molecules proposed as biomarkers of health associated with 
kidney function or stress. In short, Environmental Proteomics 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 this 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. We recently 
started a collaboration with Waters using the SARS-CoV-2 LC-MS application Kit (RUO) that 
involves the detection and quantification of 3 signature Nucleocapsid peptides: ADE, AYN, NPA 
using quantitative peptide enrichment by LC-MS analysis. We believe that this will be a good 
approach to detect the virus in WBE by mass spectrometry and will open a new window of 
opportunities to environmental proteomics being a complementary approach to standard PCR. 
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OR1 

Determination of pollutants concerning European Watch List by an internal 
method using UHPLC-MS/MS: from validation to evaluation  

Salvatore Barreca, Carola Forni, Luisa Colzani, Laura Clerici,  

Pierluisa Dellavedova 

ARPA LOMBARDIA via Ippolito Rosellini n. 17 20124 Milano, Italy 

 

Summary: In this presentation we report a study concerning a method validation capable of 
detecting new emerging pollutants in water as requested by third European Watch List. Method 
was validated in accordance with quality assurance criteria and was used to monitor some rivers 
from 11 Italian regions. 

Keywords: Watch List, Method developed and validation, LC-MS/MS maximum  

Introduction 

In 2015 was introduced the first Watch List (WL) investigation concerning new emerging 
substances such as sunscreens, drugs, hormones, neonicotinoids, pesticides and antibiotics 
[1]. 

In the third WL several analytes were introduced and a new analytical method was required [2]. 
In this study, we report an internal method validation for the quantification of 19 analytes 
concerning 2021–2022 WL by using Solid Phase Extraction (SPE) disk system coupled with 
UHPLC-MS/MS method. 

Results and Conclusion 

An internal method for third WL analytes determination was validated in term of detection limits, 
linearities, accuracy and precision.  

The analyses were conducted on “whole sample” by using a styrene-divinylbenzene SPE disk 
extraction coupled with UHPLC-MS/MS instrument.  

Different ng/L detection limits (from 6 to 50 ng/L), linearities (from 6 to 500 ng/L), accuracy (in 
terms of recovery from 70 to 130%) and levels of precision (RSD less 20% at LOQs levels) were 
assessed to be satisfactory for quantification and confirmation at the levels of interest. 

Samples were analysed for two years in two different monitoring campaigns conducted in 2021 
and 2022. About analyses performed in the 2021, O-desmetilvenlafaxina was the most detected 
pollutant (it was found in the 52% of analysed samples) while venlafaxine was found in the 43 
% of the samples. About azole compounds, Sulfametoxazole was found in two samples and 
Fluconazole in three samples. Ciprofloxacin and Amoxicillin were found in three and one 
samples respectively. 

About analyses performed in the 2022, O-desmetilvenlafaxina was found in the 71% of the 
samples while venlafaxine was found in the 50 % of the samples. About azole compounds, 
sulfametoxazole was found in three samples, fluconazole in two samples while miconazole in 
only one sample. 

 

https://scholar.google.it/citations?view_op=view_citation&hl=it&user=FKMy5HgAAAAJ&cstart=20&pagesize=80&citation_for_view=FKMy5HgAAAAJ:U4n9YNQMCAIC
https://scholar.google.it/citations?view_op=view_citation&hl=it&user=FKMy5HgAAAAJ&cstart=20&pagesize=80&citation_for_view=FKMy5HgAAAAJ:U4n9YNQMCAIC
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OR2 

Polycyclic Musk Fragrances in Italian wastewaters and surface waters 

Stefano Tasselli & Licia Guzzella 

National Research Council - Water Research Institute (CNR-IRSA),  

Via del Mulino 19, Brugherio (MB), 20861, Italy 

 

Summary: Using GC/MS-MS, Polycyclic Musk Fragrances (PMFs) were analysed in 
wastewaters and surface waters of Northern Italy. In wastewaters, PMF concentrations above 
1 µg/L were detected during all treatments highlighting biotransformation processes. The 
consequent discharge of PMFs determines hundreds of ng/L levels in receiving water bodies 
as in Lake Maggiore tributaries. 

Keywords: Polycyclic musk fragrances; GM/MS-MS; surface and wastewaters  

Introduction 

Polycyclic musks fragrances (PMFs) are synthetic compounds incorporated in a wide range of 
products frequently used, such as perfumes, detergents, and house-cleaning products. They 
are released every day in large amounts into sewage systems. Within PMFs there are 
Galaxolide (HHCB), Tonalide (AHTN), Celestolide (ADBI) and Phantolide (AHDI), with HHCB 
and AHTN representing about the 95% of the fragrances European market. Italy is the highest 
EU member state consumer of PMFs. Beside parental compounds, fragrances transformation 
products might represent hazard risk to the environment; between these, the best known is 
HHCB-lactone or Galaxolidone, more polar and recalcitrant, derived from HHCB. Combined 
with their already known toxicity at high levels [1], PMFs evidenced a potentially risk for humans 
and aquatic environments because they have been detected in different matrices including 
surface waters, and aquatic organisms [2]. Wastewaters are the main sources of pollution of 
PMFs into the environment since synthetic musk compounds are not completely removed by 
conventional WWTPs and are thus discharged into receiving water bodies [5]. The prolonged 
exposure of the aquatic environment to the continuous discharge of PMFs leaves space for 
many concerns about their chronic toxicity and future impacts. In this framework, data regarding 
PMFs in Italy are very scares. Therefore, the aim of our study was, through a simply, fast but 
precise new analytical method, measure levels of PMFs in wastewaters during different 
treatments of a conventional plant in Northern Italy and to assess their presence in the surface 
waters of an Italian anthropized subalpine lake. 

Experimental 

Filtered (0.7 µm) water samples were spiked with internal standard and reversed phase extracted using C18 
cartridges. Extracts were eluted, concentrated using N2 to 1 mL and analysed by GC/MS-MS using conditions 
described elsewhere [6]. Method validation concerned linearity, limit of detections, repeatability, and recoveries 
performed on spiked matrix samples. 24-h composite wastewaters samples were daily collected during three 
consecutive days with an automatic sampler every three months for one year considering the hydraulic retention time 
of the WWTP. Four different stations of the treatment process were sampled: WWTP inlet (1), biological treatment 
inlet (2), biological treatment outlet (3) and WWTP outlet after the final UV-disinfection step (4). Instantaneous surface 
water samples were monthly taken from Lake Maggiore main tributaries (Ticino Immissary, Toce, Tresa, 

Margorabbia, Boesio, Bardello and Ticino Emissary) for one year in total. 

Results 

Regarding method validation, instrument linearity was evaluated by covering all concentration 
ranges detected in samples. LOD were calculated basing on S/N=3 for surface waters and 
based on blank samples for wastewaters. Method expressed low variability (%RSD <13) for 
both matrices (intra-day and inter-day) while recoveries of all compounds were always higher 
than 80%.  

In wastewater samples (Fig.1), HHCB, AHTN and HHCB-lactone were measured in all 
wastewater samples while ADBI only in stations 1 and 2. AHDI was never detected. HHCB and 



- 15 - 

HHCB-lactone showed the highest concentrations, in the µg/L range, while AHTN was always 
below 1 µg/L. 

 

Fig. 1. HHCB (a), AHTN (b) and HHCB-lactone (c) concentrations (ng/L) detected in the four WWTP stations. 

All detected PMFs except HHCB-lactone showed the highest concentrations in station 2 due to 
contributions from sewage trucks. At secondary treatment, a decrease in concentrations was 
noticed for HHCB and AHTN from station 2 to station 3 (Fig. 1a-1b) due to chemicals adsorption 
to activated sludges. A slight increase in HHCB and AHTN levels was observed between the 
last two stations caused by UV-induced alterations of the chemical equilibrium between 
dissolved organic carbon content and PMF concentrations in waters. HHCB-lactone (Fig. 1c) 
had the highest values in station 4 and showed a constant increase during treatments due to its 
polarity and mechanisms as formation from degradation of the parental HHCB. Annual results 
showed a mean removal of 50% for AHTN and of 20% for HHCB. HHCB-lactone showed 
instead an increase up to 70% during treatments.  

Concerning Lake Maggiore tributaries, in the first six months Ticino Immissary showed always 
total PMF concentrations <LOD while in River Toce only HHCB was detected at concentrations 
below 20 ng/L. Due to these low values, PMFs were no longer measured in these rivers. 
Regarding other tributaries, Boesio and Bardello rivers were the most polluted by PMFs while 
Tresa and Margorabbia rivers showed lower and less variable levels of total synthetic musk. On 
the other hand, only trace levels of PMFs were measured at Ticino Emissary (Fig.2).  

In all rivers ADBI and AHDI were always <LOD, except in few samples of Boesio and Bardello 
rivers, where ADBI was detected at trace levels. HHCB was the main compound, reaching 
above the 70% of the total PMFs detected. In Boesio, Bardello and Margorabbia, a low 
contribution (12-26%) of HHCB-lactone was measured while AHTN contributed only for <5% of 
the total PMFs only in these rivers. In Ticino Emissary, the totally amount of fragrances detected 
in freshwater samples was represented by HHCB.  

A dilution effect by rain events was evidenced in both wastewaters and in the most polluted 
tributaries. 

 

 

Fig 2. Boxplots of total polycyclic musk concentrations (ng/L) measured in surface waters of Lake Maggiore main tributaries .  

Conclusion 

Through a new GC/MS-MS method, synthetic fragrances were measured in some Italian 
wastewater and rivers. From a monitoring study, conventional treatments resulted not able to 
completely remove these compounds from wastewater which are thus continuously released 
into the aquatic environment as rivers. Even if dilution affects PMF levels in surface waters, the 
continuous discharge could cause chronic toxic effect to aquatic life. 
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OR3 

High Resolution Mass Spectrometry for the analysis of the PFAS and untarget 
approach 

Gianluca Coppola – Massimo Peruzzo 

Eurolab SRL, San Giuseppe di Cassola (VI) Italy 

 

Keywords: PFAS, High Resolution, Untarget 

Per- and polyfluoroalkyl substances (PFASs) are important environmental contaminants. The 
increasing awareness about those substances among international institutions, public opinion 
and other stakeholders has increased the demand for the research of PFAS in various samples.  

The work shows that is achievable with a HPLC-HRMS Orbitrap® to process a large number of 
water samples in a cheap, fast and reliable way. Moreover, the flexibility of the instrument 
permits the untarget approach, with a good level of confidence for the identification of unknown 
analytes thanks to the Compound Discoverer® Software and the “levels of confidence” proposed 
by Schymanski [1]. 

References 

1. Schymanski, et al. 2014. Environ. Sci. Technol. 48, 20997-2098 
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PL2 

Research-control nexus as core of the new regulatory framework on water  

Luca Lucentini 

Istituto Superiore di Sanità, Dept. Environmetental and Health,  

Viale Regina Elena 291, Rome, Italy 

Keywords: Watch-list, emerging compounds 

Faced with the challenges posed by global climate and environmental changes, and included 
in the debate on the new geological era of the "anthropocene", the scientific community has 
rethought the concept of human health as undividable from the state of natural resources and 
environmental variables from which the health itself depends, converging on the principles of 
"one health" up to the conception of "planetary health". The latter approach finds a pragmatic 
confirmation in the program of actions of the UN 2030 agenda towards the sustainable 
development goals. 

The same paradigm that on the "health" perspective defines the transition from a linear thought 
to a holistic, systemic and transdisciplinary vision, prompted us to rethink the water resource as 
"unique", by its nature, regeneration and management. This approach overcome the many 
fragmentations that exist today in governing and controlling the water cycle, so as to ensure for 
our and future generations the essential functions of water - promoter of life, human and 
economic development, primordial environmental and spiritual value, and the foundation of 
many other human rights - in a period in which it is more vulnerable to environmental and 
climatic changes, with dramatic effects visible, by the recurrence and duration of droughts, 
extreme and destructive meteoric events, increasingly extensive pollution phenomena, 
interesting from confined internal aquifers to the oceans. The risk analysis approach which is 
recently strictly regulated by the re-fused Drinking Water Directive (EU) 2020/2184 
encompasses the entire water chain from the environmental quality of the water source to the 
water supply and distribution systems, until the tap. Risk analysis is also expended whenever 
we consider water (re)use, as in case of water (re)used for irrigation, aquaculture of employed 
for other civil uses.In this framework, the role of the analytical chemistry is strengthened, 
modernized and challenging. 

As health professionals we need of quality data on sources and fate of natural and anthropic 
polluting substances, supported by adequate sampling techniques, in the entire water cycle and 
also various environmental compartments. Chemical risk analysis integrating hazard, dose–
response and exposure information, currently relies on targeted analytical measurement – 
producing data on the wide, and growing, number of known chemicals – as well as non-targeted 
analysis to investigate (un)known chemicals with limited risk information.  The analytical 
approach is thus upgrading from the “conventional” compliance surveillance to a fundamental 
investigation research monitoring, to trace contaminants along their appearance and fate in the 
environment to prevent and assess human exposure.  The challenge between research and 
surveillance is thus now “official”, as evident, for instance, in case of perfluoroalkylic substances 
(PFAS) and microplastic, which are included within the drinking water directive, even if the 
research has not yet produced suitable analytical methods.  

A fundamental mechanism in the above context is the “watch list” approach, which is part of the 
response to various relevant Union policies, such as the “European Union Strategic Approach 
to Pharmaceuticals in the Environment”, Communication of the Commission, 11/03/2019, 
“Towards a comprehensive European Union framework on endocrine disruptors”, 
Communication of the Commission, 7/11/2018, “Towards a Sustainable Chemicals Policy 
Strategy of the Union”, Council Conclusions, 26/06/2019. More recently, the watch list, as 
defined by the directive (EU) 2020/2184, has been conceived to investigate and control 
substances likely to be present in water intended for human consumption and that could pose 
a potential risk to human health, such as pharmaceuticals, endocrine-disrupting compounds 
and microplastics.  
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OR 4 

Simultaneous GC-MS analysis semivolatile compounds in soil and sediments 
using modified QuEChERS methodology 

Laura Carroccia1, Daniela Caputo1 , Stefano Gravina1,  
Francesco Catucci1, Valerio Rosito 2 

1 Regional Agency for Environmental Protection ARPA Puglia, Department of Taranto – U.O.S. 
Chemistry of Environmental Matrices, Taranto, Italy 

2 Regional Agency of Environmental Protection ARPA Puglia, Department of Taranto – A.O. SDTA 
Laboratory, Taranto, Italy 

 

Summary: The aim of this study is to develop a GC-MS method the for the routine analysis of 
semi volatile compounds using a quick, easy, cheap, effective, rugged, and safe (QuEChERS) 
method modified specifically for soil testing.  

Keywords: Environmental analysis, QuEChERS, Gas-Chromatograph  

Introduction  

Semi volatile organic compounds (SVOC) can contaminate soils, air, sediments as result of 
natural and anthropogenic processes. Due to their lipophilicity these chemicals can undergo 
accumulation in the food chain and can pose significant health risks to humans. Their toxicity 
even at very low concentrations means that their presence in the environment needs to be 
monitored. [1] SVOC are usually analyse by gas chromatography (GC) coupled to mass 
spectrometry (MS). The challenge for this kind of analysis is develop smart methodologies able 
to cut down time and cost for samples, starting at first from extraction and clean up and finishing 
with GC-MS analysis. Over time, very popular method called QuEChERS (quick, easy, cheap, 
effective, rugged, and safe), widely used for determination of pesticide residues in food, 
especially vegetables, was successfully applied to several environmental matrices likes soil and 
sediment [2] for determination of several compounds including PAHs, PCBs, POPs, Phthalates 
and a lot of semi volatile organic compounds. This innovative approach minimizes experimental 
errors, decrease time and cost of analysis. It does not need specialized equipment and take 
care safety of technicians because need a minimal amount of solvent. [3] Here we report our 
work: simultaneous GC-MS, operated in electron ionization (EI) mode, analysis of semi volatile 
compounds in soil and sediments using modified QuEChERS methodology to provide a routine 
method for their analyses.  

Experimental  

The extraction and clean up method have been validated for simultaneous analysis of semi 
volatile organic compounds in sediment and soil. Samples are dried, homogenized, and sieved 
before QuEChERS extraction and clean up procedure. A summary methodology is in Fig.1. 
Commercial QuEChERS extraction kit is composed of an extractive mixture of salts* (4 g 
MgSO4, 1 g NaCl, 1 g Sodium Citrate Dihydrate, 0.5 g sodium Hydrogen citrate Sesquihydrate) 
and a clean-up mixture** (1200 mg of MgSO4 and 400 mg of PSA). To the aim of demonstrate 
affidability of our method, several recovery studies were done using real sample or certificated 
material spiked at different concentration levels with certificated standard solution. The extracts 
were analysed by GC-MS in selected ion monitoring (SIM) mode. Compounds were identified 
according to qualifier ion ratio and retention times. The total sample preparation and injection 
time is approximatively an hour. This procedure was also compared with the traditional 
ultrasonic extraction: in this case samples were sonicated with a mix of solvent; 45 minutes 
were necessary only for extraction. During validation several parameters were determinate 
including accuracy, precision, linearity, uncertainty, limit of detection and limit of quantification. 
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Fig. 1. (A) QuEChERS extraction method; (B) QuEChERS dSPE method 

Results  

Semi volatile organic compounds need to be monitored in environmental matrices due to their 
toxicity at very low concentrations. The challenge for this kind of analysis is develop smart 
methodologies cheap and fast. As result QuEChERS technique coupling with GC-MS analysis 
has been widely used because is fast and simple, leads also to hight recovery rate. In our 
research we obtained recoveries in the range 80-120 % for almost 60 compounds. 
Chromatographic separation of target compounds was optimized for the simultaneous analysis 
of 22 PAHs, 34 PCBs, 8 Nitro benzenes and bis(2-ethylhexyl)- phthalate in sediment and soil 
by GC–MS operated in electron ionization (EI) mode, in order to provide a routine method for 
their analyses Fig. 2. 

 

Fig.2 Chromatogram of SVOC obtained with QuEChERS extraction coupled to GC-MS 

Conclusions  

A QuEChERS method coupling with GC-MS technique was successfully validated for an 
accurate sensitive analysis of almost 60 compounds in soil ad sediments. 
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Summary: QuEChERS method was evaluated for extraction of several PAHs from soil and 
sediment samples. For a selective measurement of the compounds, extracted were analysed 
by gas chromatography coupled with mass spectrometry. This method was found to be accurate 
and reproducible for the analytes of interest. The simplicity, the rapidity and the low cost of the 
QuEChERS extraction are advantages for using this method in environmental studies.  
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Introduction  

Polycyclic aromatic hydrocarbons are a class of persistent organic contaminants widespread in 
industrial areas. Anthropogenic activity is the main source of these compounds, such as burning 
of fossil fuels, coal tar, wood, garbage, refuse, used lubricating oil and oil filters. [1] The 
determination of PAHs in soil and sediment is very complex. The QuEChERS (Quick, Easy, 
Cheap, Effective, Rugged and Safe) method was initially used for pesticide residue 
determination in food of plant origin. During the time, it has become one of the most popular 
sample preparation techniques for the analysis of several contaminants. The original method 
consists of acetonitrile extraction, followed by addition of salts, and a dispersive clean-up step 
with a primary–secondary amine (PSA) as the sorbent. The QuEChERS procedure was later 
successfully applied to other matrices and various compounds, including pharmaceuticals, 
PCBs, mycotoxins, phthalates, and synthetic sweeteners, with various modifications. 
QuEChERS were also applied for the extraction of PAHs from environmental and food samples. 
Numerous advantages were introduced with this new approach, including the simplicity of the 
QuEChERS protocol which allows to minimize experimental errors, to decrease the time for the 
analysis and to decrease the cost for the extraction because is not needed specialized 
equipment and minimal amount of solvent are required. [2] In this contest, we proposed a 
procedure for the extraction of PAHs from soil and sediment samples from the city of Taranto 
with QuEChERS method, (fig. 1) as valid alternative to ultrasonic extraction. 

Experimental  

To demonstrate the advantages of this procedures, several recovery studies were conducted 
using real soil samples obtained from different areas spiked with standard solutions at different 
levels. Spiked soil samples (5 g) were mixed with 20 mL of acetone-hexane (1:1) in a 
QhEChERS tube, followed by a one minute shaking step. Next, 4 g MgSO4, 1 g of NaCl, 1 g of 
Sodium Citrate Dihydrate and 0.5 g of Sodium Hydrogencitrate Sesquihydrate were added and 
the mixture was shaken vigorously for 1 minute and the extract was centrifuged at 3000 rpm for 
5 minutes. A portion of the organic layer was transferred into a clean-up tube containing 1200 
mg MgSO4 and 400 mg of a sorbent (PSA). This procedure was compared with the traditional 
extraction using an ultrasonic bath, in which the sample was sonicated with the solvent mixture 
for 45 minutes. All extracts were analyzed by a GC-MS system in the selected ion monitoring 
(SIM) mode. Analyzed compounds were identified according to qualifier ions and retention 
times. Furthermore, the GC-MS method of analysis was validated and several parameters were 
determined, including: accuracy, precision, linearity, uncertainty, limit of detection and limit of 
quantification. 
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Results  

The analysis of PAHs in environmental matrices is challenging because of trace levels in the 
target matrices. Traditional extraction methods for PAHs, such as Soxhlet extraction and 
ultrasonication, are rigorous and timeconsuming. As a result, the QuEChERS technique has 
been widely used because it is quick, simple and leads to high recovery rates for the target 
analytes. With our studies we demonstrated that this new approach allows to obtain high 
recoveries in the range 80-120 % for all analytes and the obtained chromatograms present very 
low intensity of interference peak. (Fig. 2) 

Conclusion  

The extraction of PAHs in soil and sediment was successfully validated using a QuEChERS 
method. This new approach was found to be accurate and reproducible for the analytes of 
interest and sufficiently sensitive for the analysis of real samples in the µg/kg range. The 
simplicity, the rapidity and the low cost of the QuEChERS extraction are advantages for using 
this method in environmental studies.  
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Summary: Effect of commercial biodegradable bioplastics on the characteristics of soil organic 
matter and dissolved organic matter. In order to assess the impact on soil, common polylactic 
acid and Mater-Bi® biodegradable polymers were incubated in an agricultural soil. Preliminary 
results have shown that bioplastic can release organic substances into the soil.  
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Introduction  

Contamination of the environment with plastic debris is one of the major environmental problems 
on a global scale, millions of tons of plastic end up in landfills and oceans each year with 
consequences on environment, water resources and ecosystems. Biodegradable polymers are 
regarded as a promising solution to tackle the pollutions caused by the wide use of conventional 
polymers. Therefore, nonbiodegradable oil-based plastics are gradually being replaced by bio-
based biodegradable plastics to prevent the contamination of the environment with plastic 
debris. Bio-based plastics do not need to be biodegradable. It was estimated that almost half of 
bio-based polymers were not susceptible to biological decomposition in the environment [1]. 
Both bio-based and biodegradable plastics can be classified as bioplastics. Little information is 
available regarding the effects of bioplastic on the soil compartment. Studies on conventional 
(oil-based) plastics and biodegradable bioplastics in soils have shown that bioplastics are much 
more reactive; their effects on soil biophysiochemical and hydromechanical properties are also 
significantly different. Several biotic and abiotic factors influence the rate and extent of bioplastic 
interactions in soil. Concerning bioplastics, the factors include the type of bioplastic, shape, size, 
dose, and the additives (plasticizers, fillers, oxidants and colourants) used. Environmental and 
biological factors include the soil type, nutrients, pH, moisture, temperature, and microbial 
community diversity in soil. Moreover, studies have reported significantly higher effects on soil 
microbial communities and diversity, on plants' health and growth due to bioplastics [2]. The 
present study aimed to assess the effect of biodegradable bioplastics on the characteristics of 
soil organic matter (SOM) and dissolved organic matter (DOM). DOM plays an important role in 
regulating nutrient cycles and contaminant behavior in soil. However, little is known about how 
biodegradable bioplastics affect SOM composition, especially DOM. The focus was given to 
agricultural soil obtained by a laboratory experiment at different bioplastics load, investigating 
molecular characteristics of SOM and DOM by analytical pyrolysis and GC-MS analysis. 
Experimental  

The molecular effect of biodegradable bioplastic on soil OM and DOM was explored by adding 
0%, 1% and 5% (w/w) of bioplastic to agricultural soil. In order to characterize the effect of 
commercial biodegradable plastics, common polylactic acid (PLA) and Mater-Bi® (MB) 
biodegradable polymers were incubated in an agricultural soil for 40 days. DOM extraction was 
performed referring to method previously described [3]. After a filtration through a 0.45 μm PTFE 
syringe filter, the solution of DOM was obtained and stored at 4 °C until analysis. DOM samples 
were examined via analytical pyrolysis (Py-GC-MS), TOC, UV-Vis and fluorescence 
spectroscopy. Results By combining Py-GC-MS and optical techniques, here we show the 
variation in SOM and DOM molecular composition between agricultural soils without bioplastics 
and agricultural soil with different types and levels of bioplastics. A direct analytical pyrolysis 
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method, where sample preparation is not required, was applied for SOM characterization. The 
combined use of Py-GC-MS, elemental analysis and fluorescence spectroscopy provides 
rigorous and detailed DOM characterization. Bioplastics addition to soils induced changes in 
DOM contents and composition depending on bioplastic type and rate.  

Conclusions  

This study provides insights into the complex characteristic of soil-derived DOM in response to 
bioplastic addended during laboratory-scale incubations. Preliminary results of a 40-day soil 
incubation experiment have shown that bioplastic residues can release organic substances into 
the soil. It is therefore crucial that future research addresses the complex interactions between 
bioplastics and soil C cycling, as well as how different soil and bioplastic types control these 
processes.  
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Summary: Polychlorinated Terphenyls emissions of different industrial plants were explored. 
The samples were extracted by soxhlet apparatus, purified by MIURA®-system and analyzed 
by HRGC-HRMS. To quantify the concentration of PCTs Aroclor mixture, as standard, was 
used. In only one sample PCTs presence, under LOQ concentration, was found. 
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Introduction 
Due to their chemical and physical characteristics PCTs (acronym for Polychlorinated 
Terphenyls) have always been associated with PCBs (polychlorinated biphenyls). Similar to 
PCBs, they differ in the presence of three aromatic rings instead of two PCTs are halogenated 
aromatic compounds with the brute formula C18H14-nCln, in which "n" is the number of chlorine 
atoms which can vary from 1 to 14.  
The numerous combinations of chlorine-substitutions can generate a theoretical number of 
congeners equal to 8149. The mixtures are therefore of complex composition, also due to the 
fact that the third ring can bind in an ortho, meta or para position. The univocal separation of 
each individual congener is therefore impossible, if not with the use of complex chemical 
analytical techniques such as multidimensional gas chromatography. 
The PCTs mixtures may contain PCBs in a variable percentage between 0.5% and 10%. 
Production of PCBs and PCTs began in 1929 in the USA by Monsanto Chemical Co. Monsanto 
produced several blends called Aroclor. The series with the initial number 54 are composed of 
PCT only (eg Aroclor 5432, 5442, 5460), in which the percentage by weight of chlorine is 
represented by the last two digits. 
Information regarding the quantities of PCT produced worldwide is incomplete. A 60,000 
megagrams, produced between 1955 and 1980, are estimated; this production is 15-20 times 
lower than PCB production in the same period. 
PCTs were mainly used as: oils in electrical transformers; lubricants and cutting oils; additives 
in synthetic resins, adhesives, paper coatings, printing inks, copier paper, sealants -; flame 
retardants; additives for the conservation of biocides, and other uses.[1]. 
The toxicological information of PCTs is very poor. Some data in the literature show a toxicity 
comparable to PCBs, although some authors describe less severe effects.[2]. Information on 
environmental dispersion is also limited. PCTs are compounds that resist the processes of 
biodegradation and photodegradation, which in association with the high lyophilicity and stability 
inevitably lead to bioaccumulation and biomagnification within the food chain. 
In Europe the first important restriction in the use of PCBs and at the same time of PCTs was 
applied in the 1976, with a specific directive of Council. But until 31 December 1984, now the 
PCTs are the first entry in the Annex XVII of REACH regulation. 
In the waste management (Reg Ue 1021/2019) the PCTs undergo the same treatment as PCBs.  
Nowadays the environmental PCTs levels could be influenced by emissions from waste 
products or from combustion-related sources such as metal refining and production, waste 
incineration, cement industries. 

Experimental 
Sample preparation and analysis 

The samples were collected in accordance with the EN 1948 standard and came from the exhaust fumes 
of two cement factories, three boilers for the combustion of wood scraps, two from the aluminium smelting 
furnace. 
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Before extraction, a surrogate standard containing labelled PCBs was added to all samples, according to 
EN 1948. A mixture of labelled PCBs, AROCLOR 5442 and 5460 were used as calibration standard and 
to spike samples to calculate the recovery. The extraction was carried out in toluene according to EN 
1948 part 2, using soxhlet apparatus. The extraction solution was purified with MIURA® GO-HT system. 
Almost all PCTs are contained in the fraction also containing PCBs. Spike recovery experiments, and 
HRGC-HRMS analysis in EI mode were conducted. The instrumental analysis is carried out through high 
resolution gas chromatograph analysis (HRGC Thermo) combined with double focus mass spectrometer 
(HRMS DFS® Thermo), magnetic sector and electrostatic sector. The injection takes place via the SSL 
system in splitless mode, by injecting 1 µL, the compounds are separated by a 60 m, i.d. 0.25 mm ZB-
XLB capillary column, 0.25 µm film at a flow of 1 mL/min. The programmed temperature of the gas 
chromatograph starts from a T of 200°C (isotherm for 2 min), the ramp 1 rises at a speed of 15°C/min up 
to 310°C and remains in isotherm for 20 min; ramp 2 rises at a speed of 20°C/min up to 340° C, isothermal 
for 20 min. One molecular ion for each level of chlorination were collected in multiple ion detection mode.  
To quantify the PCTs, the same criteria contained in the 2010 method 1688C for the evaluation of all 209 

PCB congeners in the environmental matrices were used. 

 

 

Fig 1 Retention time of PCT groups for compounds with different chlorine number. 

A relative response factor between labelled PCBs and PCTs was calculated from calibration 
solutions, allowing a LOQ of 5 ng/m3 for PCTs ALOCLOR 5442+5460 like, assuming 10 m3 of 
sample collected. 

Results and Conclusion 

Due to the large number of congeners it is not possible to quantify every single compound, but 
by means of high resolution mass analysis it is possible to differentiate the congeners by their 
degree of chlorination. Annex I to part V of Legislative Decree 152/2006 includes PCTs together 
with polychloronaphthalenes and polychlorinated biphenyls among the particularly high toxicity 
and cumulative substances in class II. The legal limit, added to the previous class, is 0.5 
mg/Nm3. 

 

Fig 2 As example, from the top to the bottom, 5 to 8 chloroterphenyls from an injection of an 
extract of combustion of wood scraps sample. 

The HRMS technique allows to reach a LOQ more than sufficient for the purpose of 
environmental controls. Among the samples analyzed, the presence of PCTs was found in only 
one emission sample of combustion of wood scraps: the concentrations of PCTs found in the 
emissions are therefore very low, negligible compared to the legal limits. For the evaluation of 
the dispersion in the environment of these fat-soluble substances the analysis of the biota could 
give more information. 
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Summary: An innovative, simple, fast, and highly reproducible GC/MS method for 
hydrocarbons analysis in soil gas is described. The overcome of the critical aspects affecting 
the official approach (APH2009) by the selection and extraction of diagnostic ions is reported. 
The validity of the method is demonstrated by real samples analysis.  
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Introduction  

Concerning the remediation of contaminated sites, the D.Lvo 152/2006 introduces the use of 
risk analysis. The vapour inhalation is properly reported as a way through a pollutant comes 
into contact with a target by a route known as volatilization path. Soil gas characterization 
represents one of the main tools for the remediation of contaminated sites. Therefore, the 
possibility to have shared and accurate methods represents an important goal. Among the 
different contaminants in soil gas, hydrocarbons (HCs) occupy a special place. They are a 
numerous class of heterogeneous organic compounds, such as linear, branched, cyclic, 
saturated, and unsaturated aliphatic and aromatic substances. Owing to the diverse 
toxicological characteristics of the HCs fractions, different approaches have been developed for 
their classification (MADEP and TPHCWG). Consequently, for supervisory institutions and 
analytical laboratories developing analytical methods for the speciation of the different HCs 
components is fundamental. Here, we propose an innovative method, developed by ARPA 
Lombardia, applicable to all types of sampling and analysis supports aiming to overcome the 
criticisms related to the official approach reported on APH2009 (solvent front, presence of 
interferences, hard integration, etc.). Moreover, the validity of the new method was confirmed 
by the analyses of several real samples.  

Experimental  

All samples were extracted by CS2 and processed using GC/MS conditions reported elsewhere 
[1]. The calibration standards and the retention time windows were selected according to the 
official method APH 2009 [2]. 3 Results Starting from the data reported in the official methods 
[2], on the basis of our experience and according to technical requirements, an accurate mass 
spectra investigation was carried out. The investigation concerns numerous chemical species 
representative of each HCs fraction (C5-C8 aliphatic, C9-C12 aliphatic, C9-C10 aromatic, C11-
C12 aromatic). In particular, from the fragmentation patterns of the aliphatic fractions the 
homologous series were selected, and the diagnostic ions were properly identified and then 
extracted from the TIC (total ion current) chromatogram. Moreover, following the APH2009 
approach, the more representative target ions and the target components of the C11-C12 
aromatic fraction were selected. This innovative approach permitted to overcome the main 
drawbacks of the official method (presence of solvent front when solvent desorption sorbent 
tubes are used as the sampling supports, presence of interferences, poor integration process). 
The validity of the method was verified analysing several real samples and comparing the 
results with those obtained by the official approach (Figure 1). Fig. 1. Correlation between scan 
vs scan-ion for aliphatic C5-C8 (left) and C9-C12 (right) in real samples. It is worth to note the 
linear correlation between the two approaches in the quantification of aliphatic hydrocarbons. 4 
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Conclusions  

An innovative approach for the speciation of the different HCs fractions in soil gas have been 
proposed. The new approach permits to overcome the traditional limits of the official method 
promoting the innovative method as a valid alternative to the traditional one. In addition, the 
rapidity, ease of execution, and high reproducibility of this procedure make it particularly useful 
for applications in routine laboratories and for the analysis of complex mixtures.  
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Summary: Volatile organic compounds (VOCs) are air pollutants which tend to accumulate 
indoors and pose serious threats to human health, especially to children. This study is 
concerned with the use of gas chromatography coupled with mass spectrometry (GC-MS) to 
quantify 19 VOCs in two different schools of Southern Italy.  
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Introduction  

Volatile organic compounds, commonly known as VOCs, are a group of organic substances 
with a vapor pressure lower than atmospheric pressure at room temperature and as a 
consequence evaporate rapidly in air [1]. These species have a high tendency of accumulating 
in closed spaces, having both outdoor and indoor sources [2]. The most common sources of 
VOCs in indoor environments include: products used in construction, paints, and the decoration 
and restoration of homes and buildings, such as wax, cleaning products, solvents, coating 
materials, varnishes, and glues [3]. Indoor air quality in schools is an issue of growing concern 
given the large number of hours that students and school staff spend inside these buildings. 
The most fragile individuals are certainly children, whose organs are most vulnerable to airborne 
pollutants because of their higher respiratory rate and their stilldeveloping respiratory and 
immune systems [4]. In fact, prolonged exposure to indoor environments with poor air quality 
can lead to serious side effects such as asthma, allergic disorders, and other respiratory 
diseases [5]. In addition, prolonged exposures to high concentrations of VOCs could also have 
a direct impact on the pupils' school performance as well as impair their cognitive development 
[2]. This study focused on the identification and quantification of 19 VOCs in two schools in the 
Puglia region of Southern Italy. This was made possible thanks to the use of gas 
chromatography coupled to mass spectrometry (GC-MS), which is the ideal system to conduct 
this type of analysis given the volatile nature of the analytes and the low detection limits of the 
hyphenated technique.  

Experimental 

Materials and Methods  

Indoor and outdoor measurement were carried out in two secondary schools located in Galatina 
(Lecce) and Squinzano (Brindisi), two small cities in Southern Italy. Measurements were carried 
out concurrently in indoor classrooms, the male and female bathrooms and in outdoor 
balconies. In Galatina, sampling was conducted from February 1st to March 12th 2019; instead, 
in Squinzano the analyzers were placed between May 13th and June 7th . 19 different VOCs 
(Table 1) were collected using diffusive passive samplers with radial symmetry (Radiello® - 
Fondazione Salvatore Maugeri-IRCCS, Padua, Italy). As previously mentioned, samplers were 
placed inside classrooms and bathrooms at a distance of 50 cm below the ceiling and no closer 
than 2 m from the windows. The devices were replaced twice each week: Tuesday morning and 
Friday afternoon. The analytes were extracted from the cartridges using 2 mL of carbon disulfide 
(CS2) as the extraction solvent, which also contained the deuterated internal standards (1,2- 

dichloroethane-d4, toluene-d8, 4- bromofluorobenzene) at a concentration equal to 5 g mL-1. 
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Identification and quantification were then performed by means of the GC-MS technique (Agilent 
Technologies Inc. 8890 GC System, Santa Clara, CA, USA) with a Db-624 column (60 m x 0.25 

mm i.d. and 1.4 m film thickness) using helium as carrier gas. 1 L was injected into the 
instrument in splitless mode. Electron ionization (EI) conducted at 70 eV was used as the 
ionization technique and both SIM and SCAN monitoring modes were employed. Table 1 shows 
the m/z ratio used for the quantification of the VOCs in SIM mode.  

Table 1. List of VOCs analyzed and m/z ratios used for quantification in SIM mode Analyte m/z 
ratio Dichloromethane 84 Chloroform 83 Carbon tetrachloride 117 Trichloroethylene 130 
Bromodichloromethane 83 Tetrachloroethylene 166 Dibromochloromethane 129 
Tribromomethane 173 Benzene 78 Toluene 91 Ethylbenzene 91 m-,p-xylene 91 o-xylene 91 
Stirene 104 Isopropylbenzene 105 1,3,5-trimethylbenzene 105 1,2,4-trimethylbenzene 105 
1,2,3-triemethylbenzene 105 3.  

Results and Discussion  

The results from the school in Galatina show that the most abundant VOCs in all of the 
monitored indoor spaces were: benzene, toluene, ethylbenzene, xylenes and other 
alkylbenzenes. Other species were present only in traces and often below the limits of detection 
of the technique (9 ng mL-1 ). Table 2 shows the average indoor concentrations along with 
indoor/outdoor (I/O) ratios. All of the VOCs are associated with an I/O ratio greater than 1, 
confirming their ability to penetrate and accumulate indoors. Instead, benzene represents an 
exception which can be explained with the fact that the outdoor balconies served as gathering 
for students who engaged in smoking, which is an activity known to emit large quantities of this 
compound [6].  

Table 2. Major VOCs concentrations VOC Cavg, indoor / g m-3 Cavg, outdoor / g m-3 I/O 
Benzene 1.94 3.23 0.60 Toluene 0.81 0.53 1.52 Ethylbenzene 0.08 0.03 2.67 Xylenes 0.18 0.05 
3.60 Alkylbenzenes* 0.29 0.28 1.04  

*All other alkylbenzenes except for the ones explicitly cited. With regards to the school in 
Squinzano, the results also showed a majoritarian presence of the BTEX (benzene, toluene, 
ethylbenzene, xylenes) and other alkylbenzenes. However, chloroform and tetrachloroethylene 
were also detected above the limit of detection in almost all of the analyzed samples. Moreover, 
differently from Galatina, the average indoor and outdoor concentration values were below 0.5 

g m-3 for all of the species. Compared to data from other similar studies, the values obtained 
in this work are below the average values reported in literature for all of the VOCs, with the 
exception of benzene for Galatina, which has already been accounted for [3,4,7]. 
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Summary: A detailed procedure for Levoglucosan, Mannosan and Galactosan detection and 
quantification by GC-MS is given, followed by a description of a method validated with replicate 
analysis of a standard reference material. Preliminary data assessment, from daily samples of 
PM10 collected in an area in Tuscany with high levels of Particulate, are presented. 

Keywords: Biomass burning, Levoglucosan, Particulate matter 

Introduction 

Biomass burning is a well-known source of air pollution and there is currently concern about 
possible growing contribution across the European Union driven by increased fuel prices and 
efforts on finding alternative sources of energy, with variable effects on air quality, climate 
system and, above all, human health. Consequently, the source identification of particulate 
matter, as well as biomass contribution, become of crucial importance for a correct impact 
assessment and an effective air emission control strategy. Biomass combustion produces, 
above 300°C, cellulose and hemicellulose pyrolysis leading to formation of dehydro-
monosaccharide (MAs) such as Levoglucosan and its isomers Mannosan and Galactosan, 
which are relatively stable in environment and well-recognized as organic markers for 
characterization of biomass contribution to PM (1). Significant improvement has been made in 
recent years regarding Levoglucosan quantification methods in aerosols (2,3), by different 
analytical techniques such as HPLC-MS, ion chromatography coupled with pulsed 
amperometric detection (HPAEC-PAD), but still GC-MS technique with BSTFA derivatization is 
often preferred and shows a good chromatographic resolution, with an optimum isomers 
separation, sensitivity, and accuracy. The present method was realised improving existing 
trimethyl derivatisation GC-MS methods, optimising extraction and GC-MS analysis for high-
precision measurements of levoglucosan and especially its isomers present in particulate PM10. 
Furthermore, it was validated using a Standard Reference Material. 

Experimental 

Particulate matter PM10 were daily collected in two locations (Capannori and Lucca San 
Concordio) at fixed air quality monitoring sites onto 47 mm glass fibre filters using low volume 
samplers, method UNI EN 12341:2014. 

A quarter filter was spiked with 5 μg of sedoheptulosan introduced into a 20 mL conic flask and 
extracted in ultrasonic bath with 5 mL of mixture MeOH/Dicloromethane (80:20) for 15 minutes. 
Extraction was repeated three times. The extracts were filtered onto 45 μm PTFE filter, pooled, 
evaporated to dryness and then redissolved in 500 μL of pyridine. 

An aliquot (100 μL) of the pyridine extract was transferred into a 300 μL silanized glass insert 
GC vial and then combined with 50 μL of silylation reagent (BSTFA-TMCS 99:1) and 10 μL of 
decylbenzene (200 μg/mL). Solutions were heated at 50 °C for 2 hr for silanization reaction.  

GC/MS analysis 

Derivatized extracts fractions were injected in a Shimadzu GC-2010 coupled with a mass 
spectrometry detector operating in single-ion monitoring mode. The GC was equipped with an 
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Rxi-17Sil MS capillary column (l=30 m, ID=0.25 mm, dF=0.25 μm) and operated in splitless 
mode injection with 1 ml/min He column flow rate. A calibration curve, ranging for levoglucosan 
from 1 µg/L to 100 µg/L, was set up from at least six gravimetrically prepared solutions of 
Levoglucosan, Mannosan and Galactosan, using Sedoheptulosan as internal standard. A 
response factor calibration (RSD < 20% and R2 > 0,99) was used to determine the analytes 
concentration. 

Method validation procedure  

Intra-laboratory precision was determined using the repeatability of six analyses of spiked 
portions of filter (2.5 μg for each analyte). The CV% values obtained was 4.3% for Levoglucosan 
(LG), 3.7% for Mannosan (MN) and 3.3% for Galactosan (GA). The estimation of the accuracy’s 
method was performed with five replicate analysis of Standard Reference Material “SRM 1649b 
Urban Dust”. In each determination, the differences between a reference concentration and the 
experimental ones were ≤ 20% with a recovery > 80%. LOQ was 0.1 μg/mL for each analyte, 
which corresponds to an atmospheric concentration of about 2 ng/m3 MAs. 

Results 

The atmospheric levels of MAs in two monitoring stations in Tuscany (Capannori and San 
Concordio) during winter season 2021-2022, measured with this method, showed a strong 
correlation with PM10 in the same monitoring sites. For example in December 2021, the results 
showed a Pearson Correlation Coefficient r = 0.90 for Capannori and r = 0.93 for San Concordio 
which indicates a significant contribution to PM10 from biomass burning. 

The organic carbon amount derived from the burning of biomass could be estimated from 
equation (1), proposed by Puxbaum et al. and Gelencsér et al. [4]: 

Biomass smoke OC = LG × 7.35 (1) 

An additional factor for biomass organic matter (OM) conversion from organic carbon has been 
proposed 1.4 as a first approximation. Therefore, we could estimate for December 2021 a mean 
contribution to PM10 from wood burning for Capannori 56% (12% RSD), while for San Concordio 
is estimated 51% (11% RSD). In addition, all analyzed samples present the same ratio between 
levoglucosan and its isomers (mannosan and galactosan). Therefore, these results confirm in 
both sites the biomass burning as an important source of aerosol particles affecting local air 
quality, as previously detected in Capannori [5]. 

Conclusions  

A method, validated by replicate analysis of a NIST particulate urban matter reference material 
is reported. In addition, results obtained by this method on real samples from a site in Tuscany 
(Capannori, San Concordio-Lucca) during the winter season 2021-2022 confirm a very strong 
correlation and a significant contribution to PM10 from biomass burning not only in Capannori 
but also in San Concordio. 

More studies will be conducted in the future to collect samples to evaluate the contribute of 
biomass burning source to aerosol in other monitoring stations using LG as tracer.  

Further investigations will apply to compare GC-MS method performances with those obtained 
with alternative faster methods (e.g. HPAEC-PAD). 
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Summary: Here, we are presenting a liquid chromatography method coupled with negative 
chemical ionization for the analysis of per- and polyfluoroalkyl substances using the LEI 
interface. Five PFAS (PFOA, PFNA, PFDA, PFDoA, and PFTrA) were selected for the LC-LEI-
MS/MS study in NCI mode. 

Keywords: polyfluoroalkyl substances (PFAS); liquid electron ionization (LEI); negative 
chemical ionization mass spectrometry (NCI-MS)     

Introduction  
Per- and polyfluoroalkyl substances (PFAS) are a class of aliphatic synthetic compounds 
comprising fluorochemicals with different functional groups and carbon-fluorine bonds. They 
have unique physical, chemical, and biological properties pertaining to the high-energy carbon-
fluorine bond and are persistent and bio-accumulative in nature. The presence of PFAS has 
been detected in all the environmental matrices including air, water, soil, and even in human 
blood [1, 2]. High-performance liquid chromatography coupled to electrospray ionization mass 
spectrometry is generally used to analyze the PFAS. Negative chemical ionization (NCI) is 
usually coupled to GC for detecting compounds that contain electronegative atoms such as 
PFAS with higher sensitivity and selectivity [3]. The liquid electron-ionization (LEI) interface is 
an efficient device to couple the liquid flow rate from an LC system to an EI source [4]. LC-LEI-
MS has been successfully used in the NCI mode for the determination of halogenated 
pesticides. One of the major applications of NCI-MS involves the screening of environmental 
substrates for the analysis of toxic substances [5]. 
Here we present an analytical method based on LC-LEI-QqQMS in NCI mode for PFAS 
determination. The proposed approach aims to combine the chromatographic separation with 
an ionization mechanism particularly suitable for these target compounds to exploit the 
selectivity of NCI towards PFAS and increase the method sensitivity.  

 

 

 

 

 

Figure 1. Schematic configuration of the LC-LEI-NCI-QqQMS system 

Experimental 

Figure 1 shows a schematic configuration of the LC-LEI-NCI-QqQMS. The chromatographic 
separation was performed with an Agilent 1290 Infinity II UHPLC system using an Agilent 
Zorbax Eclipse C18 column (2.1×50 mm, 1.8 μm). The mobile phase used was water (A) and 
acetonitrile (B) both acidified with 1% formic acid (FA) in gradient: from 15% B (0 min) to 70% 
B (5 min) to 100% B (10 min). The injection volume was 20 μL and the flow rate was 0.2 mL/min. 
A passive flow splitter allowed a flow of 500 nL/min inside the ion source, operating a split ratio 
of 1:400. 

https://www.uniurb.it/ateneo/persone-e-strutture/dipartimenti/dipartimento-di-scienze-pure-e-applicate-dispea
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A triple quadrupole Agilent-7010B MS operating in NCI mode was equipped with the LEI 
interface. The ion source and transfer line temperature were set at 150 °C and 350 °C, 
respectively. The carrier gas was helium at a flow rate of 4 mL/min and methane (40%) was 
used as a reagent gas in NCI mode. The multiple reaction monitoring transitions (MRM) of the 
targeted PFAS were optimized by using the product ion scan mode, after selecting specific 
precursors and collision energies. 

Results  

After the method optimization, which was based on the screening of several columns, the 
evaluation of the mobile phase composition, flow rate, gradient, and MS parameters, the final 
analytical conditions reported above allowed a satisfactory separation in 9 minutes (Figure 2). 
To the best of the authors’ knowledge, this is the first tentative to analyze PFAS by LC coupled 
with a CI source operating in negative mode with an electron capture mechanism. Both qualifier 
and quantifier transitions were optimized for the target compounds. Despite the high selectivity 
of NCI to halogenated substances and its soft character, it was noted that PFAS are prone to 
high fragmentation using this ionization approach [6]. Fragmentation pathways were then 
evaluated to better understand the ionization mechanism. The fragmentation of PFAS is mainly 
due to the loss of the -CF3 and -COOH terminal groups, followed by consecutive losses of 
fluorine atoms and the formation of double or triple carbon-carbon bonds.  

Conclusions  

The present research represents the first application of an LC-LEI-NCI-QqQ system for the 
analysis of PFAS. Future experiments will be carried out to increase the performance of the 
proposed strategy and provide quantitative data. In this order, other reagent gases and their 
effect on ionization will be tested. A comparison with the electron ionization (EI) spectra will 
provide further data useful to demonstrate the validity of the NCI approach. 

 

 

Figure 2. LC-LEI-NCI-QqQMS in MRM mode chromatogram of targeted PFAS. 
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Summary: The state of the art in Mass Spectometry requirements for POPs (Persistent Organic 
Pollutants) such as dioxins, PCBs, PBDEs, PAHs in Italian, European and international 
Standard methods will be reviewed with particular emphasis on the activity of governmental and 
public sector laboratories  

Keywords: dioxin, high-resolution, magnetic-sector  

Introduction  

Public sector, governmental laboratories, are faced with the obligation of strict compliance to 
standard methods in order to assure reliability of control activities for Environmental Protection 
enforcement and for the protection of receptors, including humans and the food chain from the 
spreading of toxicants [1]. Topic covered will include isotope-dilution methods, as required for 
the isomer-specific determination of the 2,3,7,8-substituted, tetrathrough octa-chlorinated, 
dibenzo-p-dioxins and dibenzofurans in aqueous, solid, air, emissions, and tissue matrices. Also 
Polychlorobiphenyls, Polycyclic Aromatic Hydrocarbons, and Polybromo-diphenylethers will be 
addressed. The applicability of high-resolution magnetic-sector techniques to today’s 
Environment Agencies tasks is recognised as actual and relevant in relation to present 
legislation.  

Results and conclusions  

For decades now, the analytical determination of Persistent Organic Pollutants such as the 
isomer-specific determination of PCDD/Fs in various matrices has required isotope dilution, high 
resolution capillary column gas chromatography (HRGC)/high resolution mass spectrometry 
(HRMS). Methos include EPA 1613, EPA 8290, EN 1948, EPA TO-9. Although those methods 
are "performance-based", meaning that the analyst is permitted to modify the method to 
overcome interferences or lower the cost of measurements, it is still required that all 
performance criteria in these methods are met. It is also possible to establish method 
equivalency, but the requirements are usually very difficult to meet in their entirety. In recognition 
of technology advances that are quite continuously occurring in the analytical chemistry field, 
technology, and to allow the analyst to overcome sample matrix interferences, certain options 
to improve separations or lower the costs of measurements, that include alternate extraction, 
concentration, cleanup procedures, are permitted. Any other modification of methods, beyond 
those expressly permitted, shall be considered a major modification and will imply re-validation 
and approval of alternate test procedures. Alternate determinative techniques, such as the 
substitution of spectroscopic techniques, and changes that degrade method performance, are 
not allowed. MS Resolution ® static resolving power of at least 10,000 (10% valley definition, 
Figure 1) must be demonstrated at the appropriate m/z before any analysis is performed in all 
the aforementioned EPA and EN methods, although ms/ms techniques are gaining relevance 
for screening in food (Reg EU 644/2017) or as confirmatory methods for animal feed, even 
though only form Maximum Levels, but not for Action Thresholds of background values or 
establishing congener patterns (Reg EU 771/2017) [2]. Still today R > 10000 is required for 
stack emission analytical determination of PCDD/Fs and PCBs in purified extracts by mass 
spectometry inthe EU by EN1948 3-4-5 methotds [3,4]. This requirement as of today can be 
achieved by magnetic-sector or time-of-flight mass analysers only. Sensitivity to the femtogram 
level is also commonly required (Figure 2). Based on the above considerations it must be 
concluded that enforcement of limit values by public sector laboratories for POPs in 
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environmental matrices, including emissions to air by the industrial sector still includes HRMS 
determinations as requested by applicable standard methods.  

 

 

Figure 1 - HRMS definition: 10% valley to the left and FWHM (full width at half maximum height) to the right 

 

 

 

Figure 2. Femtogram-level sensitivity  
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Summary: The validation of LC-MS/MS methods for PFAS analysis requires the estimation of 
measurement uncertainty and therefore the evaluation of the bias associated with the analytical 
determination. In the absence of adequate CRMs, Collaborative Interlaboratory Tests are a valid 
tool to verify the performance of laboratories. The results of the UNICHIM WATER-PFAS PTs 
in which about 60 laboratories participated are presented. 

Keywords: PFAS, Proficiency Test, Measurement Uncertainty 

Introduction 
UNICHIM, between 2020 and 2022, organized some PTs related to the determination of 
fluorinated alkyl substances (PFAS) in drinking water and groundwater with the participation of 
about 60 laboratories, all using the LC-MS / MS technique.  
The required parameters were 14: PFBA, PFPeA, PFHxA, PFHpA, PFOA, PFNA, PFDA, 
PFUnA, PFDoA, PFTrDA, PFTeDA, PFBS, PFHxS, PFOS, PFAS Sum. For the parameter 
"PFAS Sum" the application of the Lower Bound criterion has been requested.  
Experimental 
59 laboratories (45 accredited according to UNI EN ISO 17025: 2018) participated in the 
WATER-PFAS-1 Proficiency Test of 2022. 
39 laboratories used direct injection technique (sample volume of 100 – 500 μl), 14 laboratories 
pre-concentration technique (sample volume of 100-500 ml); 6 laboratories provided results 
obtained by both methods.  
The methods used by the participants were: EPA 537.1 (8 labs) ASTM D7979 (13 labs) ISO 
25101:2009 (6 labs) ISS CBA.052-rev00 (21 labs) Internal method (7 labs) DIN 38407-42 (2 
labs) EPA 533 1999 (3 labs) ISO 21675 (5 labs). Many of participants were accredited UNI EN 
ISO 17025:2015. 

Table 1. Instrumentation and Parameters for Direct Injection and Preconcentration analysis. 

 

Results 

An important result, for all the samples distributed (s1, s2 and s3) and independent from the 
operating conditions followed (direct injection or pre-concentration), concerns the recovery of 
the pfas, which has a fairly evident correlation with the length of the perfluorinated alkyl chain. 
Figure 1 shows that recovery is always greater than 90% for compounds containing up to 8 
carbon atoms (pfba to pfoa), while it decreases progressively for those with more than 8, until it 
reaches 40-50% for pfteda (14 carbon atoms). The phenomenon is absent for the calibration 
control solution (ccv), suggesting that the problem is attributable to loss of analytes from the 
aqueous medium rather than an from analytical determination.  

 

INSTUMENTATION PARAMETERS Direct Injection Preconcentration 

Mass Spectrometer • Number of LABS 25 26 

• Triple quadrupole (23) • Extraction - On Line (6) 

Off Line (19) 

• QTRAP (18) • Sample volume (ml) 0.01 -0.5 1-100 (1000) 

• ORBITRAP (9) • Range of Calibration 
(ng/l) 

5-200 (800) 5-500 (1000) 

• QTOF (2) • Concentration levels min.5   (generally 6-7) 

Manufacturer • Calibration Algoritm Linear (20) 
Quadratic (5) 

Linear (21) 
Quadratic (5) 

• Agilent (12) • LOQ (ng/l) 5 - 10 0.1 - 10 

• AB Sciex (18) • LOQ calculated as  - First point of calibration range 
- 10X std dev Blank 

• Shimadzu (3) • Labeled STD - only for some compounds (15) 

- for all compounds (5) 

• Waters (7) • Process STD Yes (7) no (17) Yes (13) no (12) 

• THERMO (12) • Recovery % 70-130; 80-120; 95-105; 

Chromatographic system • Results Corrected for 

recovery 

Yes (1) No (24) Yes (9) No (16) 

• UHPLC (37) 
 

  

• HPLC (15)    
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(a) (b) 

Figure 1(a,b). Recovery % for the perfluoroalkyl acid series as a function of the number of carbon atoms, n, components of the 

alkyl chain: (a) by direct injection, (b) by preconcentration, for samples S1, S2, S3 and for the CCV control solution. 

Robust analysis (ISO 13528:2015, Annex C.3) was applied to the complete set of the values 
provided for the required replicates. For all parameters, is now available a function that 
describes the trend of the reproducibility (sR%) as a function of concentration. 

 

  

(a) (b) 

Figure 2. Relative standard deviation (sR %) for the PFOS determination as a function of concentration: (a) by direct 

injection, (b) by preconcentration. 

Taking in account the preparation value (xprep), a subset of laboratories, containing only the data 
that are within ± 20% of xprep, was selected. The data, for both direct injection and 
preconcentration, are summarized in Table 2. It can be observed that in most of cases recovery 
is between 90 and 100 %. The standard deviation is around 10% and in many cases is even 
lower. The percentage of available data that makes up the subset is quite high for compounds 
with less than 9 carbon atoms (p = 16÷35 for direct injection and p = 10÷17 for preconcentration). 
As the number of carbon atoms increases, the consistency of the subset is progressively 
reduced to p=3÷9 (direct injection) and p=2÷4 (preconcentration). 
Sum of PFAS. Not all participants determined the totality of the compounds present. For this 
reason, any consideration on the statistical data relating to this parameter is purely indicative 
and is considered here only to highlight the difficulty to produce a "reliable" data for the "Sum of 
PFAS" parameter, moreover provided for by Directive (EU) 2020/2184 of 16 December 2020 
with a limit value of 0.100 μg /l.  
Many laboratories don’t quantify correctly the branched isomers. It is the responsibility of the 
data user to ensure that the laboratory is performing the integration of the target PFAS to include 
both linear and branched isomers 
The use of PT results allows the participating laboratories to evaluate their own bias and thus 
to evaluate a realistic measurement uncertainty based on experimental data and not only with 
a metrological approach. Some calculation examples, show what the TARGET uncertainty (U) 
values can be, for laboratories belonging to the subset defined above, between 20-25%. 
In general, the results show some problems of accuracy and completeness of analytical 
information 

 

 

Reference 

ITRC- Interstate Technology Regolatory Council - Per - and Polyfluoralkyl Substances June 2022. 
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Summary: calibration by using the ordinary least squares algorithm, requires residuals 
homoschedasticity: an assumption often violated by data produced from chromatographic mass 
spectrometry techniques. 

The weighted least squares algorithm can minimise the relative residuals sum of squares, 
providing a calibration model with constant predicted relative standard error across the 
calibrated range. 

Keywords: calibration, uncertainty, validation 

Introduction 
Testing laboratories complying with ISO/IEC 17025 are required to use methods that meet the 
customer requirements and produce results with an estimated uncertainty relevant to the 
customer needs [1]. For agencies dealing with environmental compliance, this translates to 
provide measurements either with an uncertainty lower or equal to that prescribed by the 
regulation relevant for the intended use of the result or, more often, with a standard uncertainty 
equal or below the assigned standard deviation in proficiency tests [2]. 
Once the final uncertainty of the measurement result has been fixed, the calibration uncertainty 
has to be at least 1/3 of such value [3], ideally across the entire range of possible 
measurements. 
Assigned standard deviation for proficiency test for PAH determination in soils is typically set at 
30% [4], resulting in maximum standard uncertainty for calibration of 10%. 
As a consequence of the ordinary least squares (OLS) algorithm usually employed in 
calibration, the best fitting line is defined as that with the minimum sum of squares of residuals 
among all the possible lines interpolating the data. The obtained line has a minimum absolute 
uncertainty at its centre, with increasing uncertainty at the lower and higher ends of the 
calibrated concentration range, thus resulting in a decreasing trend for the relative standard 
uncertainty, moving from low to high concentrations. In this situation, the uncertainty 
requirement is easily satisfied at the higher end of the calibrated range, but rarely at lower 
concentrations. 
In addition, repeated measurements of calibration solutions by chromatographic mass 
spectrometry techniques often exhibit a marked increase in the response variance at increasing 
concentrations [5, 6], thus violating the homoscedasticity assumptions requested by OLS. 
In this context, statistics advise using a weighted least square (WLS) algorithm, setting the 

weights ( w ) equal to the reciprocal of the variance measured for each calibration level, and 

minimising    22/1 |||| XβyW  [7]. 

However, given the low number of measurements usually performed in calibration experiments, 
an accurate determination of the variance for each calibration level is not feasible. An alternative 
approach, already considered in literature, is the use of a function of the concentration with a 

similar trend in comparison to data variance. Usually, the weights are set as 
2/1 x=w , thus 

minimising the relative residuals sum of squares and providing an almost constant relative 
uncertainty across the calibrated range. 

The aim of this work is to compare the results and uncertainties obtained from the application 
of OLS and WLS algorithms in a calibration experiment for selected PAH measured in the range 
from 2 to 100 ng/mL. 

Experimental 
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A triple quadrupole GC-MS/MS, TSQ 9000 by Thermo Fisher Scientific (Waltham, MA, USA), 
operated as single-quadrupole mass filter was calibrated for the quantitative determination of 
PAHs in the 2−100 ng/mL concentration range. The calibration was performed using selected 

deuterated PAHs as internal standards and acquiring the instrumental responses at 2, 10, 20, 
30, 40, 50, 60, 70, 80, 90 and 100 ng/mL in triplicate. Measurements at the different 
concentration levels were performed in random order. 

Results and Discussion 
Calibrations obtained by OLS were characterised by coefficients of determination (R2) ≥ 0.99, 
but residuals showed a strong departure from the requested homoscedasticity assumption, with 
response variance increasing at higher concentration levels. Relative standard errors (RSE) 
predicted for calibration levels at the lower end of the measurement range were well above the 
target values, reaching up to 90% of the nominal concentration level, with a mean value of 40% 
across all the considered analytes. Conversely, at the higher end of the calibrated measurement 
range, the predicted RSE were below 10% of the nominal concentration level, with a mean value 
of 3%. 
The striking difference in the RSE predicted at the two ends of the calibrated measurement 
range is not in agreement with measurement results, showing a strong positive and linear 
correlation between response standard deviation and concentration levels, and an almost 
constant response RSD across all the investigated concentration levels. 

Calibrations obtained by WLS with
2/1 x=w were characterised by slightly lower R2 compared 

to OLS calibrations, but weighted residuals showed the desired random pattern. Predicted RSE 
were almost constant across the calibration levels and below 15% of the nominal value, with a 
5% mean. 
Predicted concentrations resulting from the two calibration strategies differed up to 75% at low 
concentration levels, whereas the difference was less than 5% at the higher concentrations. 

A new calibration was performed using WLS with
2/1 x=w and responses acquired in triplicate 

at 2, 20, 40, 60 and 100 ng/mL for each analyte. Also in this case, RSE were below 15% of the 
nominal concentration value for all the analytes, with a mean value of 5%. Despite the 
interesting performances obtained by using WLS, it should be stressed that the high influence 
of the lowest calibration levels due to the inverse quadratic relationship between weights and 
concentrations, require the use of this algorithm only when the signal-to-noise ratio at the lower 
end of the measurement range is satisfactory. Luckily, this is a common feature in most 
analytical quantitative methods based on mass spectrometry. To further increase the signal-to-
noise ratio, the use of replicated measurements at each calibration level can be considered. 
Conclusions 
Predicted RSE for OLS and WLS calibration strategies were compared for selected PAHs on 
the measurement range from 2 to 100 ng/mL. Predicted errors for the OLS model decreased 
from up to 90% at 2 ng/mL, to below 10% at 100 ng/mL, whereas WLS provided an almost 
constant RSE < 15% at all investigated calibration levels. The WLS model effectively took into 
account the linear and positive correlation between standard deviation of the raw instrument 
responses and concentration. 
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Summary: The identification of oil sources and their characteristics are of paramount 
importance for assessing the fate, environmental damage of the spill and for assigning 
responsibilities. Oil fingerprinting is based on specific biomarkers by GC–MS. We applied the 
methodology CEN TR15522-2 on pipeline oil spill occurred in Genova in 2016. 

Keywords: Oil spill, biomarkers, GC-MS 

Introduction 

Petroleum or Crude oil, as extracted from deep within the ground, varies widely from district to 
district, and even from oil well to oil well. It is is a very complex mixture of several thousand 
different types of compounds, extending from C6 to C60, including aliphatic hydrocarbons 
(linear, branched and cyclic), polycyclic aromatic hydrocarbons (PAHs) and their alkylated 
derivatives, polar compounds basically consisting of heterocyclic compounds such as S, N and 
O containing aromatics (e.g., thiophene, carbazole and phenol derivatives); and others (e.g., 
porphyrins chelating Ni and V). A variety of high molecular weight compounds (including those 
over 1000 amu), dispersed as colloids and known as asphaltenes, is also present in the heavy 
ends [1, 2, 3]. In addition, trace components consisting of the remains of the source organic 
matter, and reflecting the depositional environment and the geological maturation history, so 
called molecular markers or biomarkers (e.g., sesquiterpanes, steranes and terpanes), are 
present and will constitute the basis for oil spill identification [3, 4]. 

The main requirement that should fulfill the oil fingerprinting parameters, besides their 
specificity, is that they must remain unaltered during the weathering processes of oil at surface 
of environmental matrices, namely by evaporation, dissolution, photo-oxidation and 
biodegradation [3]. In consequence, both conditions, specificity and stability, need to be 
investigated in order to evaluate the reliability and the usefulness of any proposed method.  

In this work we applied the methodology CEN/TR15522-2 [5] on oil spill from pipeline damage 
occurred in Genova in 2016. 

Experimental 
A triple quadrupole GC-MS/MS, TSQ 8000 by Thermo Fisher Scientific (Waltham, MA, USA), 
operated as single-quadrupole mass filter was used to perform the analysis on samples 
The oil fingerprinting approach 
The method CEN TR15522-2 covers the use of gas chromatography and mass spectrometry to 
analyze and compare petroleum oil spills and suspected sources.  
The probable source for a spill can be ascertained by the examination of certain unique 
compound classes that also demonstrate the most weathering stability. To a greater or lesser 
degree, certain chemical classes can be anticipated to chemically alter in proportion to the 
weathering exposure time and severity, and subsequent analytical changes can be predicted. 
This method recommends various classes to be analyzed and also provides a guide to expected 
weathering induced analytical changes.  
This methodology is applicable for moderately to severely degraded petroleum oils in the 
distillate range from diesel through Bunker C; it is also applicable for all crude oils with 
comparable distillation ranges. This practice may have limited applicability for some kerosenes, 
but it is not useful for gasolines. Oil fingerprinting is performed through a multi-step process. 
Step 1 involves the assessment of the gaschromatographic profile, dominated by the homologous series 
of n-alkanes, the isoprenoids pristane (Pr) and phytane (Ph) and an unresolved complex mixture (UCM). 
From the distribution of the carbon number of n-alkanes, the type of oil or oil product can be anticipated 
(gasoline, kerosene, gas oil, lube or crude oil). It is the first step in oil spill characterization. However, it is 
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only useful in the early stages of an oil spill because the distribution is very sensitive to evaporation, 
occurring in the first 6–12 h post spill, and, in the mid-term (2–6 months), to biodegradation.  
Step 2 is based on GC–MS profiling. By using selected ion monitoring, distributions of specific groups of 
components can be retrieved from a GC–MS run of an oil sample and used for comparison purposes. 
Besides n-alkanes and acyclic isoprenoids, molecular markers are identified using characteristic fragment 
ions. These include bicyclic sesquiterpanes, triterpanes, steranes, and their mono- and tri-aromatic 
counterparts. Moreover, aromatic hydrocarbons can also be used, including n-alkylbenzenes and 
toluenes, alkylated PAHs as well as heterocyclic sulfur and nitrogen derivatives like dibenzothiophenes 
and carbazoles.  
Step 3 includes the calculation of specific diagnostic ratios (DR) between specific compounds (molecular 
markers and PAHs), exhibiting similar weathering behaviors at short-term accordingly to: 

𝐷𝑅 =
𝐴

𝐵
× 100  eq. 1. 

The European Standard CEN/TR15522-2 is using 24 diagnostic ratios of these compounds. By direct 
comparison between the putative sources and the spilled samples, using equation 2, different results can 
be achieved, depending on the score of the diagnostic ratios (i.e., match, probable match, inconclusive, 
no match). 

𝑅𝐷 =
|𝐷𝑅𝑦−𝐷𝑅𝑥|

𝜇
× 100  eq. 2. 

where μ is the mean between the two percentages 
Usually, if the oil is not affected by weathering processes, the relative differences between diagnostic 
ratios of source candidates and spill samples should be lower than 14%. Some oils contain unique 
biomarkers related to their geochemical origins that can be very useful for oil fingerprinting confirmation.  
Figures 1 and 2 shows the results obtained on superficial water and beaches involved in oil spill  

 

Figure 1. GC-MS Full scan and SIM and results obtained sample of superficial water. 

 

Figure 2. Results obtained on samples of sand in different beaches. 

Conclusions 

The methodology CEN/TR15522-2 on oil spill from pipeline damage occurred in Genova in 2016 
was applied successfully on every environmental matrices involved, such as superficial water, 
sea water, sediments and sands. 

References 

1. R.E. Hester., R.M. Harrison. Issues in Environmental Science and Technology, No. 26. Environmental Foresnic. Royal Socyety of 
Chemistry 2008. 

2. R.D. Morrison, G. O’Sullivan, Environmental Foresnic. Proceedings of the 2009 INEF Annual conference. Royal Socyety of Chemistry 
2010. 

3. M. Fingas. Handbook of Oil Spill Science and Technology, John Wiley & Sons, Inc., 2015 
4. W Zhendi, A. Scott, Stout & Merv Fingas Forensic Fingerprinting of Biomarkers for Oil Spill Characterization and Source Identification, 

Environmental Forensics, 2006. 
5. CEN/TR15522-2 Oil spill identification - Waterborne petroleum and petroleum products - Part 2: Analytical methodology and 

interpretation of results based on GC-FID and GC-MS low resolution analyses. 



- 42 - 

 

OR16 

Determination of organotin compounds by Inductively Coupled Plasma Mass 
Spectrometry (ICP-MS) in biota and sediments  

Elisa Di Alessandro, Carlo Cini, Franco Castellani Tarabini, Mattia Sibra, Paolo Altemura. 

ARPAT, Laboratorio AVL, Via G. Marradi 114, 57126 Livorno, Italy 

 

Summary: The aim of this work is the development of a simple and quick analytical method 
suitable for the determination of total organotin compounds in biota and contaminated 
sediments. The method is based on extraction step as reported in EPA 8323/2003, an acid 
mineralization and ICP-MS determination.  
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Introduction  

Organotin compounds are a class of organometallic compounds that include mono-di-tri and 
tetrabutyl and triphenyl tin compounds. Organotins were used widely in industry for a variety of 
applications, including as antifouling agents for underwater structures, as stabilizers in plastics 
and as catalysts in soft foam production. As direct consequence of the large use of these 
substances, they are very widespread in the environment and usually the concentration of 
organotin compounds lies in the range from some ppt to some ppb in seawater and in the range 
from some ppb to ppm in sediments and biota. From the point of view of ecotoxicology, Tributyl 
tin is considered the most hazardous substance of the whole chemical class, and several 
studies have shown direct correlation between exposure to this compound and shell 
malformation in oysters, imposex and reduced resistance to infections in marine snails. TBT is 
also relevant for humans because the exposure to this compound can cause acute kidney and 
central nervous disorders [1],[2],[3]. Organotin compounds are currently monitored in 
environmental matrices (e.g., water, sediment and shellfish) for evaluating their distribution as 
well as the compliance to legal provisions [4]. For these goals several analytical methods have 
been developed. The majority of these methods includes a step of derivatization for enhancing 
the volatility of these compounds and consequently improving their gaschromatographic 
behaviour. In 2016, the AVL laboratory of ARPAT developed a method for determining TBT in 
waters and clean sediments based on derivatization, and GC-MS/MS analysis [5] but this 
procedure is inapplicable to harbour sediments and biota where the high levels of organotins 
and the large amount of coextractives can cause problems in derivatization and instrumental 
contamination. For this reason, we have set up a rapid, sensitive and accurate analytical method 
for evaluating the concentration of total organotins in biota and contaminated sediments based 
on extraction, mineralization and ICP MS detection.  

Experimental  

In our laboratory, we have made determinations of total organotins in biota on three organic 
samples BT75, BT76 and BT 80 from Quasimeme programme, which is a part of WEPAL 
(Wageningen Evaluating Programmes for Analytical Laboratories, accreditated for the 
organization of interlaboratories studies by the Dutch Accreditation Council RvA) and in 
sediments using two different Certified Reference Materials (CRM): AGLAE Quality Control 
Material – 16M10.4-batch and PACS-2 Marine Sediment Reference Materials using an 
extraction based on Method EPA 8323/2003[6], by an hexane/tropolone solutions, sonication in 
a water bath sonicator, microconcentration by nitrogen evaporator, acid mineralization in oven 
and ICP-MS determination. Results and conclusions The recovery range for total organotin was 
from R=70,63% for BT76 to R=106,4% for BT 80 in biota samples and from 43,3% in PACS-2 
to 99,2% for AGLAE-16M10.4-batch in sediments samples (Table 1). 
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Performance data for Method EPA 8323/2003 are provided only as examples and guidance, 
the results in Table 1 are aligned with table 2 and 3 of the method, which provide single-
laboratory performance data for organotins in water and fish tissue matrices, respectively. The 
advantage of this procedure over others previously reported, altough it doesn’t allow the 
chemical speciation of organotins compounds, involves in the avoidance of derivatisation and 
clean up steps. As we have just reported, the method can be applied on high contaminated 
samples such as biota and harbour sediments and is suitable to determine total organotins 
compliance to D. Lgs. 152/06 (amended by L.116/2014), Annex 5, Part IV, Table 3 (CSC-
Contamination Threshold Concentration) [7] .  
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Summary: A selective analysis method for chlorite and chlorate was carried out extending a 
multi-residue method for polar pesticides by direct injection LC-MS/MS 
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Introduction  
In the past 20 years, finding chlorate and chlorite residues in food and water or -generally speaking- in 
the environment [1,2], has generated a growing concern so much that, nowadays, we look also for these 
residues in addition to many widely used pesticides as well (e.g. Glyphosate). Chlorates were widely used 
in the past as herbicides [3] and are still used in some Asian countries to control and induce flowering in 
longan trees (Dimocarpus longan L.) [4]. Chlorates accumulates in lettuce where reclaimed water with 
chlorine-based disinfection is used for irrigation [5] and chlorites and/or chlorates are often found in 
washing water for e.g., fresh-cut lettuce [6] or for other food [3] as by-products originated from chlorine 
dioxide or other chlorine-based disinfectants. 
In more recent times, multi-residue methods for highly polar compounds have been developed, based on 
LC separations and MS/MS (triple quadrupole) or HRMS (high resolution mass spectrometer) detection, 
so that ionic compounds, like chlorites and chlorates, are now easily analyszed as much as other widely 
analysed pesticides, like Glyphosate and its metabolite AMPA. 
 A method for chlorate and chlorite determination have been developed from our laboratory extending the 
application field of a multi-residue methods already operational for AMPA and Glyphosate [7] and 
following suggestions from multi-residue methods developed for food and drinking water [8-10]; the 
method has been used to determinate the chlorate levels in groundwater and soils of a contaminated site. 
For chlorite and chlorate analysis in contaminated soils the extraction and purification step from soil matrix 
was developed from a specific method [11].  

Experimental 
The analyses on waters samples by direct injection have been performed on an ABSciex QTrap6500+ 
LC-MS/MS triple quadrupole, equipped with a Glifo® ABSciex column. The method was originally 
developed to analyse Glyphosate, AMPA, Glufosinate, MPPA, Fosetyl-Aluminum, Ethephon and 
Daminozide. The used gradient combined water (A) and 100 mM ammonium hydrogen carbonate with 
0,1% ammonium hydroxide (B), following the scheme indicated in Table 1. 
The global flow rate was 1 ml/min. Column was thermostated at 40°C. Analysis was performed by direct 
injection of aqueous samples. In table 2 the specific conditions for positive and negative ionization are 
listed. 
The MRM transitions for the investigated pesticides together with chlorite and chlorate ions are listed in 
Table 3. 

Table 1. LC gradient for analysis 

Time (min.) Eluent A Eluent B  

0.5 100% 0% 

1.0 60% 40% 

4.0 60% 40% 

10.0 50% 50% 

12.0 50% 50% 

12.1 100% 0% 

Table 2. Positive and negative ionization 

Parameter 
Positive 
ionization 

Negative 
ionization  

Curtain gas (psi) 30 30 

Collision gas medium medium 
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Ion spray voltage (V) 3000 -3000 

Temperature (°C) 550 550 

Ion source gas 1 (psi) 55 55 

Ion source gas 2 (psi) 65 65 

Entrance potential (V) 10 -10 

Table 3. MRM Transitions 

Substance 
Transtion 1 
(m/z) 

Transition 2 
(m/z) 

Glyphosate 16863 168150 

AMPA 11063 11079 

Glufosinate 18063 11085 

MPPA 15163 151107 

Fosetyl-Aluminum 10981 10963 

Ethephon 143107 10779 

Daminozide 16161 167149 

Chlorite 6751 6735 

Chlorate 8351 8367 

Chlorate 8569  

For the pesticide analysis 800 μl of sample was injected whereas for chlorate in respect to the high 
concentrations expected in the contaminated site the injected sample was reduced to 200 μl . A deuterated 
internal standard was used for quantitation, for each investigated analyte. 
The soil samples for chlorite and chlorate analysis were extracted (1g) twice with 25 ml of water stirring 
for 4 min. at 250 rpm and centrifugating 3 min. at 3500 rpm for supernatant separation. The two extracts 
were reunited and brought to a volume of 50 ml. The final extract was then diluted 100 times prior to 

injection. 

Results and discussion 

The multi-residue method ensured for each investigated pesticide a LOQ of 0.03 μg/l in waters, precision 
within 10% and recoveries between 80% and 120% for the most active substance. The method ensures 
LOQ of 1 and 5 μg/l, respectively for chlorite and chlorate ions in water samples . Groundwater samples 
from heavily contaminated sited are diluted 10 times so that LOQ rise respectively to 10 and 50 μg/l. Also, 
for chlorite and chlorate, the precision was largely within 5% and the recoveries resulted between 80% 
and 120%. In soil LOQ of 50 mg/Kg were obtained and recoveries between 80% and 120%. Some spiked 
sample couples evidenced repeatability within 10%.  

Conclusion 

In the investigated site a heavy contamination from chlorates was evidenced with chlorate levels 
from 100 mg/kg to near 200000 mg/Kg. In groundwaters the concentration levels ranged from 
about 90 to 90000 μg/l. In such cases a suitable multi-residue method has given the opportunity 
to carry out the determination of new contaminants suddenly discovered on the site. This 
determination, using a very selective detector like MS/MS, ensures a reliable identification and 
quantitation with respect to traditional techniques like Ion Chromatography, where specific 
methods for chlorates are often required in any case [10].  
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Summary: Alternative, short and ultrashort Pfas, a struggle to be solved, here a real and good 
Solution 
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Introduction 

PFAS are a group of man-made chemicals widely used as surface-active agents or raw 
materials in industrial applications and consumer products 

PFAS have become persistent environmental pollutants with adverse effects on animal and 
human health 

US and EU have banned the use and production of certain PFAS (PFOA and PFOS), as a result 
alternative PFAS have emerged. More attention recently being shown to ultrashort-chain (C2 –
C3 PFAS) in aqueous environmental samples. The highly polar ultrashort-chain PFAS pose a 
challenge to the current reversed-phase approach to PFAS chromatographic analysis. In this 
study, a simple and fast solution for a struggle here to come, a reliable LC-MS/MS analytical 
Stationary phase and relative methods were developed for comprehensive and innovative 
approach to this topic. TFA, PFPrA, PFBA, PFEtS, PFPrS, PFBS these are just some examples 
of a different retention of a potential wide solution able to achieve what actually missing 

Experimental 

Direct injection, isocratic elution perfect and easy separation achieved just because of a 
perfectly fitting stationary phase Polar X a unique ligand HILIC/IEX IEX weakly electropositive 

Results & Discussions 

Sulfonic Acids, sulfonated, carboxylic acids, sulfonamidoacetic acids, polyfluluoroalkyl 
Phosphate esters perfectly separated. 

A no stress method to maximize every Pfas related painpoint, all retained and eluted because 
of double functionalization, electropositive charged ligand that work synergically whith the hilic 
core part of this new true step for the chromatographic world the Polar X. 
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Summary: The European Directive 2184, that concerns the quality of human water, adds PFAS 
as mandatory substances to be quantified. Mass-chromatography analytical techniques are 
suitable to reach low level of detection imposed by law. MM’s analytical method allow to quantify 
30 PFAS in water. 

Keywords: Mass-chromatography, Water Quality, PFAS, Human Consumption. 

Introduction  
MM SPA is one of the largest and most diversified engineering companies in Italy, with a 
growing international presence, able to provide tailor-made solutions in the design and 
redevelopment of urban ecosystems. We are partners of institutions, managing bodies and 
public companies operating in the field of major infrastructures, design and planning of networks 
and services. 
Per- and polyfluoroalkyl substances (PFASs) are synthetic organofluorine chemical compounds 
that have multiple fluorine atoms attached to an alkyl chain. In 2021 the Organisation for 
Economic Co-operation and Development (OECD) expanded the definition, stating that "PFASs 
are defined as fluorinated substances that contain at least one fully fluorinated methyl or 
methylene carbon atom (without any H/Cl/Br/I atom attached to it), i.e. with a few noted 
exceptions, any chemical with at least a perfluorinated methyl group (–CF3) or a perfluorinated 
methylene group (–CF2–) is a PFAS." 
MM is responsible for the quality of the water distributed in Milan and acts in compliance with 
the provisions of the regulations in force. The activities of MM’s laboratories include the 
monitoring of VOC, BTEX, Pesticide, PAH, chemical-physical proprieties and PFAS. 
The instruments used for these purposes are Purge & Trap GC-MS, SBSE GC-MS/MS, ICP-
MS and LC-MS/MS: 

 

 

 

 

 

 

Fig.1. P&T GC-MS and LC-MS/MS 

Directive 2020/2184/UE 

The European directive requires the limit of 0.1 μg/L for the “Sum of 20 PFAS” and 0.5 μg/L for 
“Total PFAS”. 

PFAS are compounds that, since the fifties, have spread all over the world, used to make 
fabrics, paper, coatings for food containers resistant to grease and water but also for the 
production of photographic films, fire-fighting foams, household detergents. However, their 
properties and chemical characteristics have negative consequences on the environment and 
due to their persistence and mobility, these compounds have been detected in significant 
concentrations in ecosystems and living organisms. 

In 2021, the Laboratory was accredited for the analysis of PFAS in water intended for human 
consumption. 
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Accreditation was limited to the two main compounds PFOS and PFOA, but the developed 
method is able to analyses 30 of them. 

 

 

Fig. 2. PFOA and PFOS structures 

 

The method uses 4 ISTDs labeled 13C ((Perfluoro-n-[2,3,4- 13C3]butanoic acid, Perfluoro-n-
[1,2-13C3]-octanoic acid, Perfluoro-n-[1,2-13C3]-decanoic acid, Sodium perfluoro-1-[1,2,3,4-
13C4]octanesulfonate) and the relative calibration curve is valid in the range between 0,005 μg/l 
up to 0,1 μg/l. 

The method used allows to reach by direct injection a LOQ 20 times lower than the legal limit. 

 

 

Fig. 3. PFOA calibration range (LC-MS/MS)     Fig. 4. PFOS calibration range (LC-MS/MS) 

The monitoring of QC taps of the Milan area water centrals shows that the values of the two 
PFAS are under 1/10 of the legal limit at their peak: 

 

Fig. 5. PFAS amount in Milan AP Central 
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Summary: A liquid chromatography–tandem mass spectrometry (LC–MS/MS) methos was 
developed for the simultaneous determination of deoxynivalenol (DON) metabolites, including 
3-acetyldeoxynivalenol (3-Ac-DON), 15-acetyldeoxynivalenol (15-Ac-DON), deoxynivalenol-3-
glucoside (DON-3-GLU) within the first Lombardy regional monitoring in food. 

Keywords: deoxynivalenol metabolites, food, LC-MS/MS  

Introduction    
The structurally related trichothecene-mycotoxins, Deoxynivalenol (DON), 3-acetyl-DON (3-Ac-
DON), 15-acetyl-DON (15-Ac-DON) and DON-3-glucoside (DON-3-G), are commonly found in 
Europe. They are produced by plant pathogenic fungi of the Fusarium genus growing on the 
cereals in the field, preferably at temperate climates. DON is one of the most widely studied 
mycotoxins worldwide and it co-occurs often with other mycotoxins, particularly with other 
Fusarium toxins. DON-3-glucoside is a modified form of DON (also called Masked DON) and is 
the main plant metabolite of DON. However, it is known that other modified forms of DON have 
also been reported and more of them might be discovered in upcoming research. [1] 
3-Ac-DON and 15-Ac-DON are largely deacetylated to DON and DON3-G is cleaved into DON 
in the animal and human intestinal tract, increasing exposure to DON. These four forms, occur 
predominantly in cereal grains such as wheat, barley, oats, rye and maize. Indeed, EFSA 
recommended the monitoring of all four forms of DON in food in order to gain insight into 
possible trends. [1] 
Currently in Europe there is a legal limit only for DON, while there are no limits for the other 
three related forms. The maximum limits for DON range from 750 to 1750 µg / kg in cereals 
intended for direct human consumption and unprocessed cereals. [2] The other forms of DON, 
not yet regulated, can coexist at various levels but are typically lower than the DON levels (up 
to 10 times less than DON). [3]. 
The official National Control Plan for agricultural contaminants and natural plant toxins in food 
2020-2022 provided for monitoring DON presence on the territory of the Lombardy Region.  
Therefore, it was necessary to validate a method to be able to determine these substances in 
food in order to comply with the requirements of the Official Control Plans. 

Experimental 

The EU Reference Laboratory for mycotoxins and plant toxins in food and feed (EURL-MP) has 
developed a liquid chromatography (LC) tandem mass spectrometry (MS/MS) method for the detection 
of DON and their modified forms [4]. 

The aim of this study was first to verify and to implement instrumental conditions of this method for its 
use in our laboratory, and then to validate it, to be routinely used for official analysis. Validation was 
carried out according to Regulation (EU) 625/2017. Furthermore, a monitoring sampling was realized. 27 
samples (8 in 2021 and 19 in 2022) were collected throughout the Lombardy Region by the ATSs (Health 
Protection Agencies).  

DON and related mycotoxins were extracted from the homogenised sample matrix (biscuits, soft bread, 
breakfast cereals, milling maize-polenta, cereal snacks), after addition of water, by shaking with acidified 
acetonitrile. After a salt-induced phase partitioning and centrifugation step, an aliquot of the acetonitrile 
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phase was dried with magnesium sulfate, evaporated to dryness, and reconstituted in methanol/water. 
The extract was analysed by high performance liquid chromatography (HPLC) coupled with tandem mass 
spectrometry (MS/MS). The quantification was performed using isotope labelled internal standards for all 
substances. LOQ values and the matrix calibration ranges ware described in Table 1.  

Table 2. LOQ and calibration ranges 

Mycotoxins LOQ (µg/kg) Matrix calibration ranges (µg/kg) 

DON 10 10-100 

3-Ac-DON 10 10-100 

15-Ac-DON 10 10-100 

DON-3-G 25 25-250 

Results 

A LC-MS/MS method was developed, following the EURL-MP method, to detect and quantify 
the presence of DON and their modified forms. The complete validation of this quantitative 
LC_MS/MS method is presented. The data reported in Table 2 showed that this method is 
suitable for routine analysis, with good recovery and with acceptable repeatability results. 

Table 2. Validation results at LOQ values 

Parameters DON 3-AC-

DON 

15-AC-

DON 

DON-3-

GLU 

Repeatability (RSD%) 2.71  1.91 3.88 1.88 

Recovery (%) 90 100 96 96 

Limit of repeatability r (µg/kg) 0.9 0.7 1.4 1.64 

DON and their modified forms were found in 8 of the 27 samples analysed. DON was quantified 
in all samples where their metabolites were found. The other samples shown the presence of 
these substances below LOQ value. Results are shown in Table 3. 

Conclusions 

This method fits for purpose for official controls. The results of first regional monitoring show 
that DON and their metabolites are present in 30% of samples analysed. These results show 
that it is important to continue monitoring in order to collect further data that can be used in the 
regulatory update of the reference limits.  

Table 3. Results 

 
Sample ID 

DON 3-AC-DON 

(µg/kg) 

15-AC-

DON 

(µg/kg) 

DON-3-GLU 

(µg/kg) 

202206149 10 <10 <10 30 

202206154 19 <10 <10 <25 

202206533 29 <10 11 220 

202206531 54 <10 63 <25 

202206953 19 <10 <10 <25 

202116120 43 <10 <10 <25 

202116122 25 <10 <10 <25 

202217706 38 <10 <10 <25 
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Summary: Perfluoroalkyl substances (PFASs) are part of the numerous emerging 
contaminants recently introduced in Directive (EU) 2020/2184. The Prevention Laboratory of 
Milan in collaboration with the Lombardy Region and ATSs (Health Protection Agencies) of the 
whole regional territory carried out the first regional monitoring of PFASs in drinking water. 

Keywords: PFASs, drinking water, monitoring 

Introduction    

Perfluoroalkyl substances (PFASs) are a heterogeneous group of highly stable man-made 
chemicals, composed of a fluorinated carbon backbone of various lengths (generally C4–C14) 
with a hydrophilic functional group at the extremity. The most common PFASs are 
perfluorooctanoic acid (PFOA) and perfluorooctane sulfonate (PFOS), both constituted by eight 
carbons with, respectively, a carboxylic or sulfonic acid functional group at one end [1,2] 

Due to their thermal stability and lipid/water repellent properties, PFASs have been widely used 
since 1960s in several processes and products such as lubricants, polishes, adhesives, 
pesticides, stain and soil repellents, paper and textile coatings, personal care products, and fire-
retarding foams. Consequently, PFASs represent an emerging class of global environmental 
pollutants, which can be detected almost ubiquitously in all environmental matrices, such as 
drinking water [3]. 

Therefore, the Directive (EU) 2020/2184 introduced the reference limits for PFAS-total 
(including all PFASs) equal to 0.5 µg/l and Sum of PFAS (including only the most dangerous 
substances) equal to 0.1 µg/l. This Directive enters into force by 12 January 2023, but the 
assessment of these limits will take place only after the issuance of specific guidelines for the 
monitoring of these substances [4]. 

For this reason, in 2021, Lombardy regional government (Lombardy Region) started the first 
regional monitoring, identifying the sampling points of interest and carrying out the sampling. 
The samples analyses were carried out by the Prevention Laboratory of Milan. 

Experimental 

A validated and accredited quantitative method for the detection of PFASs using liquid 
chromatography (LC) tandem mass spectrometry (MS/MS) was applied to 311 drinking water 
samples (169 from 2021 and 142 from 2022) collected in several sampling points of interest of 
the Lombardy Region by the Health Protection Agencies. Seven PFAS, belonging to dangerous 
substances list were measured using a multi analyte method by direct injection sample (Table 
1) [4,5]. 

LOQ values was 0.005 µg/l, while the calibration range was from 0.005 to 0.2 µg/l. 

Results 

7 of the 311 samples analysed exceed the PFAS-sum limit (0.1 µg/l) and 3 of these exceed the 
PFAS-total limit (0.5 µg/l) too. The most frequently found congeners were PFBA, PFHxA, PFOA 
and PFOS; PFBA shows the highest concentrations. 
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Table 3. Perfluoroalchilic substancens analysed 

PFASs Standard farming  

Perflurobutanoic acid  PFBA 

Perfluorohexanoic acid PFHxA 

Perfluorooctanoic acid PFOA 

Perfluorononanoic acid PFNA 

Perfluorodecanoic acid PFDA 

Perfluorohexane sulfonic acid PFHxS 

Perfluorooctane sulfonic acid PFOS 

 

Table 2. Results 

Sample ID Total 
concentration 

of PFASs (µg/l) 

202207627-001 2,043 

202111762-001 1,175 

202113693-001 1,146 

202207625-001 0,315 

202106461-001 0,204 

202113695-001 0,154 

202106303-001 0,108 

Conclusions 

The results show that the water purification plants for human consumption on the territory of the 
Lombardy Region almost completely satisfy the future reference limits of the new Directive (EU) 
2020/2184. However, some sampling points are critical, and they will be subject to subsequent 
monitoring in order to improve the quality of the water supplied. 

Based on these preliminary data, Lombardy will be starting a new monitoring plan for next years 
on the same sampling points, by planning a double sampling per year for some of them. 
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Summary: The present study presents the application of a multi-residual analysis method for 
the determination of 165 pesticides, both EU-approved and non-EU-approved, in 101 bee 
samples and 27 honey samples collected over a five-month period (June-October) in 36 
different beehives located in nine areas surrounding the metropolitan city of Milan. The 
analytical determination has been carried out by LC-MS/MS technique following a QuEChERS 
extraction treatment.  

Keywords: pesticides, LC-MS/MS, bees  

Introduction  

Pollinators such as honey bees (Apis mellifera) possess numerous qualities which make them 
good bio-indicators, including the ability to accumulate the analytes of interest and being easy 
to identify and to sample [1]. They are therefore ideal for monitoring environmental stressors 
and obtaining information about the quality of the environment in which they live in [2]. The main 
advantage of bees as bioindicators, which is a direct consequence of their activity as pollinators, 
is their close connection with the territory and the environment [3]. In fact, they can come into 
contact with pesticides through various means of exposure, the most important of which are: 
the collection of pollen and nectar from previously polluted flowers and the accumulation of 
airborne substances during flight [4]. Thanks to the interaction with the bees, pesticides are then 
able to enter the hive where they are distributed in all its compartments, such as wax and honey 
[5]. This paper presents the application of a multiresidual analysis method for the determination 
of 165 pesticides, both EU-approved and nonEU-approved, in 101 bee samples and 27 honey 
samples collected over a five-month period (June-October) in 36 different beehives located in 
nine areas surrounding the metropolitan city of Milan. The method is based on the LCMS/MS 
technique after QuEChERS extraction treatment, suitably optimised to be adapted to the 
matrices under consideration.  

Materials and Methods  

The optimised method of analysis, in accordance with current regulations on pesticide analysis, 
was, prior to its application to the biomonitoring samples, validated following the indications 
contained in the SANTE guideline [6]. The biomonitoring phase was then carried out. A total of 
36 beehives located in nine different areas surrounding the metropolitan city of Milan were 
sampled. From each one, around 1 g of bee (13-15 individuals) and 5 g of honey produced by 
the same bees were taken monthly, from June to October. The analytes of interest were 
extracted from the matrices using the QuEChERS technique, which is divided in two steps. The 
first is a solid-liquid extraction performed using an organic solvent (acetonitrile) followed by its 
separation from the aqueous phase. The second phase involves the purification of the extract 
through a d-SPE (dispersive-Solid Phase Extraction) procedure in which an insoluble salt is 
dispersed within the mixture to retain interferents and impurities without affecting the analytes 
of interest. The extract obtained from this procedure then underwent LC-MS/MS analysis. The 
instrument used for the identification and quantification of the analytes was a Shimadzu 
ExionLC HPLC with a Qtrap Sciex 6500 mass detector. An ESI Ion Drive turbo V Sciex with 
both positive and negative ionisation modes was used as the ionization source, operating at a 
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temperature of 350°C and Ion Spray Voltage (IS) 3500(V) and -3500(V) respectively for the 
positive and negative ionisation modes. A C18 column (2.1×100 mm, 1.8µm) was used as the 
stationary phase, while ammonium formate 10 mM in H2O at 0.1 % (v/v) formic acid (mobile 
phase A) and ammonium formate 10 mM in MeOH at 0.1 % (v/v) formic acid (mobile phase B) 
were used as the two mobile phases with a gradient elution for the entire 15 minutes of the 
chromatographic run, as reported in Table 1. Moreover, a column temperature of 50°C and a 
flow rate of 0.450 mL/min were used. Table 1. Gradient elution details Time / min. Mobile phase 
A / % Mobile phase B / % 0.00 95.0 5.0 0.20 95.0 5.0 11.00 0.0 100.0 12.25 0.0 100.0 12.56 
5.0 95.0 15.00 5.0 95.0 The mass spectrometer and detector operated in MRM mode using two 
transitions: Q1 (precursor ion) and Q2 (product ion) with an MRM Detection Window of 90 
seconds. Identification of each analyte was performed based on retention time and ion ratio 
using the two transitions, while quantification was performed by integrating the peak of the 
transition that gave the greatest instrumental response.  

Results and Discussion 

The results obtained following LC-MS/MS do not indicate the presence of particular trends both 
in terms of geographical location and sampling periods. With regards to the quantification of the 
analytes, only 17 pesticides were detected above the limit of detection (LOD) and, of these, only 
6 above the limit of quantification (LOQ). The species in question were: tebufenpyrad, 
cypermethrin, imidacloprid, thiabendazole, hexaconazole, diflubenzuron, buprimate, diazinon, 
difenoconazole, dimethomorph, fenazaquin, fluopicolide, metalaxyl, metrafenone, piperonyl 
butoxide, prosulfocarb and triflumuron. Their presence may be attributable to several factors, 
such as the sampling period, the type of sampling areas and the type of active substances 
detected. Within the detected species, cypermethrin was the most abundant and widespread, 
present in almost all the sites and during the entire sampling period. This species is an active 
ingredient contained in both household and livestock products for the treatment of flies and 
mosquitoes. The maximum concentration found for cypermethrin was 0.013 ± 0.007 mg kg-1 , 
which is below the maximum residue levels indicated by the European Commission regulation 
for fruits, vegetables and products of animal origin [7]. The results show an overall acceptable 
presence of pesticides in the samples analyzed, without highlighting any alarming 
contamination cases.  
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Summary: This study focuses the attention to the presence of natural NPs of TiO2 in the surface 
water . Since 2019 the waters of rivers and lakes, in different geographical areas of the North 
Friuli Venezia Giulia, were collected and analyzed. These areas have different orography. 

Keywords: SP ICP MS, background values, rivers  

Introduction  

Two of the main hydrografic basin of Friuli Venezia Giulia have been studied: Tagliamento River 
and Cavazzo Lake. Tagliamento river is the longest river of Friuli Venezia Giulia. It originates 
near Forni di Sopra (UD) Its upper course is oriented from west to east parallel to the ridge of 
the Carnic Prealps. After crossing all the plans of Friul,i it flows into the Adriatic sea. Cavazzo 
lake is the biggest lake of Friuli Venezia Giulia. It has both natural and artificial tributaries. This 
difference is important because NPs persistence in the environment is linked to the humic acids 
(HA) presence1 . HA have been defined like organic fraction of soil, stream and surface water. 
The existence of HA generally increases the stability and the transportability of the nanoparticles 
in the water. 

Experimental  

The analysis is performed with a SP-ICP-MS NexION 350D Perkin Elmer using Syngistix Nano 
Application Software Module, according to ISO/TS 19590 and to SOP 132. This method is the first one 
accredited between the Italians Regional Environmental Protection Agencies (ARPA) in according with 
ACCREDIA. The calibration is made according to Piccoli et al, 20182 ; an Au NPs 50 nm standard is used 
for the quality check. Samples are treated as in Piccoli et al, 20182 . The difference between ICP-MS 
Standard Condition and ICP-MS Single Particle (SP) is the time of the acquisition of the signal. In both 
cases the liquid sample is introduced into a spray chamber where a fine aerosols is formed and arrives 
into a quartz torch. There is a ionized gas here: the plasma which atomizes and ion izes the sample. The 
ions are introduced into a quadrupole . It is made up of 4 metal bars where is applied a continuous voltage 
which generates a variable electric field. The ions, according to their charge/mass ratio, arrive to detector 
where they are counted. In a traditional ICP-MS multiple intensities are integrated with a long dwell times 
(0.03-0.1s). In SP ICP-MS a very short dwell times are used (100µs or less). That allows to the lower 
background improve the sensibility and detect NPs with small dimension. The small size and the tighter 
distribution are typical of engineered NPs. The bigger size and the wider distribution demonstrate a 
natural NPs presence. For a correct interpretation of the result it is important to evaluate the distribution 
(particle size as a function of frequency), the mean size, the number of peaks and the number of particles 
per milliliter. The information obtained using this technique are concentration, particle size and particle 
size distribution, agglomeration and composition. The shape is assumed to be spherical.   

Results and discussion  

The distributions of NPs of TiO2 in a few rivers of North FVG have been compared, in order to 
demonstrate their presence (the background value). To evaluate the similarities between 
sampling points and to test the hypothesis of different geological natural sources of NPs, a 
statistical approach is used with the open source software Past (ver. 4.01). Data have been 
compared between themselves and the other values, creating a matrix of euclidean distances, 
and the matrix has been used to develop a clustering multivariate analysis, creating a 
neighborhood joining diagram, using the Manhattan similarity index. The neighbor joining 
analysis is common in biology studies, in particular to evaluate the relationship between different 
species, or create an evolutionary tree. By using the matrix of euclidean distances together with 
the Manhattan similarity index, it is possible to enhance the evaluation of the differences 
between groups of data.(Fig.1). 
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Figure 1 

These results suggest a better correlation between the NPs of the Cavazzo lake and its 
tributaries, because Verzegnis lake receives the water from Tagliamento and Degano rivers. To 
confirm the statistical results, the Authors choose to compare the size frequency distributions 
of some samples. Distributions of NPs in two samples placed in opposite geographic areas, 
with similar geological conformities, have been compared. The result demonstrates that the 
presence of NPs in the rivers are influenced of the orography by land. (Fig.2)  

The distributions of two artificial lakes, Sauris and Verzegnis, are compared. The distributions 
are the same because the Verzegnis lake receives the waters of artificial basin of Sauris. (Fig.3)  

Verzegnis Lake collects the waters from Tagliamento basin (Caprizi) and Degano basin 
(Agrons). When the conventional micropollutants (eg. heavy metals) are analyzed the results is 
the sum of metal concentration. When nanoparticles are studied this phenomenon doesn’t 
happen as you can see in Fig.4. The distribution are different due to the different 
geomorphology. (Fig.4) 

 

Figure 2                   Figure 3 

 
Figure 4 

Conclusions  
The correlation between the data suggest different sources of NPs in rivers and similarities 
between sampling points with same physicochemical characteristics. These theories are 
supported by the statistical approach, explained by the hypothesis of a different geological 
source for these NPs, because some watercourses run through metamorphic and volcanic 
layers3 (which have a higher titanium content than the all the others geological layers 4). The 
presence of NPs in sampling points close to the river springs, in absence of human activities 
(e.g. factory, concrete structures, or highways) strengthen the hypothesis of a natural 
background value, but it’s necessary to confirm that with further analysis, like SEM/TEM.  
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Summary: A case study is presented where an unknown oily waste is identified as CNSL by the aid 
of GC/MS. The unrecognizable spectra with the aid of spectral library were assigned based on 
literature data and confirmed by trimethylsilyl derivatives 

Keywords: Waste, Cashew-Nut-Shell Liquid, Anacardol 

Introduction   
We analyzed a series of oily waste samples from unknown sources to establish the composition and content 
of vegetable and/or animal oil and grease, to verify possible hazardousness. Besides specific analyses, in 
case unrecognized organic substances were found, gas chromatography coupled to mass spectrometry could 
give a simple qualitative screening making it possible to recognize substances present. The main issue of 
these wastes and unrecognized products is that a certified reference standard is not always available for all 
(or many) unknown substances highlighted as unforeseen analytes. 
 This problem can arise especially if multicomponent or multiresidue methods are used. In order not to 
underestimate any substances that may occasionally be identified in parallel with other intentionally 
investigated molecules, several official methods provide information. EPA methods 8260 and 8270, dedicated 
respectively to volatile and semi- and non-volatile organic substances [1,2], provide specific indication both for 
qualitative recognition (paragraph 11.6.2) and for semiquantitative estimate (paragraphs 11.7.3-11.7.4) of 

unforeseen analytes. 

Material and methods 

The unknown waste oil samples were directly diluted 1:1000 in dichloromethane for a full-scan GC/MS 
screening. Instrumental analyses were done on an Agilent 6890N - MSD 5973 single quadrupole, equipped 
with a DB1-MS 60m, 0,25 mm  and 0,25 m film thickness. A temperature program from 50°C to 320 °C with 
a 25 °C/min rate was adopted, keeping the final temperature for 20 min. The EPA 8270 method -paragraph 
11.6.2- was followed, for unknown substance identification, with the help of spectral libraries. Other unknown 
spectra were identified with the help of literature data. Spectral assignments were confirmed by sample 
derivatization with MSTFA (N-Methyl-N-trimethylsilyl-trifluoro-acetamide   CAS 24589-78-4). 

Results and discussion 

The typical GC/MS pattern for most samples are shown in Figure 1. Capital letters A, B, C, etc. indicate the 
different compounds recognized.  

 
Fig. 1. Typical sample GCMS chromatogram 

The only identified compound (A) with the aid of the supplied NIST Mass Spectral Library was 
Tetrahydrocardanol (CAS 501-24-6), with a molecular ion of m/z = 304, one of the characteristic components 
of the Cashew-Nut- Shell Liquid mixture [4,5].  
 

 
Fig. 2. Molecular ions of Anacardol compounds  

This substance was found being mixed with other similar substances whose signals overlapped in the 
chromatogram and whose mass spectra are not present in the instrument spectral library. Similarly, the other 
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identified substances were Cardol (C: CAS 37330-39-5), with molecular masses 318, 316 and 314 
(corresponding from 1 to 3 of double bonds present on the pentadecyl- alkyl chain, figure 3) and 3-Methylcardol 
(D), a compound with a molecular ion at m/z = 300, probably related to the molecule with 2 double bonds. 

 

 
Fig. 3. Molecular ions of Cardol compounds  

The spectral assignments were confirmed by derivatization of the identified molecules with MSTFA and 
searching for the molecular masses incremented by 72 a.m.u. for a single function (-OH) derivatized, and by 
144 a.m.u. for both functions (two -OH or -OH and -COOH) derivatized, of the trimethylsilyl-derivatives. 

 
Fig. 4. GCMS chromatogram - TMS-derivatives.  

 

 
Fig. 5. Anacardol-TMS-derivatives: molecular ions. 

 

 
Fig. 6. Molecular ions of Cardol-TMS-derivatives  

Compound E (Figures 6 and 7) was identified as probable Anacardic Acid residue with their mono- and di-
trimethylsilyl-derivatives (E1 and E2); underivatized acid are difficult to detect or not detectable at all, in a 
GC/MS analysis. 

 
Fig. 7. Anacardic acid TMS-derivatives: mol. ions. 

Substances from F to H were identified and confirmed as palmitic, oleic and stearic acid, all present in minor 
concentrations (1 to 10%) in most of the samples. 

Conclusion 

The unknown oily waste was then identified as a CNSL mixture with lower percentages or residues 
of fatty acids. The absence of Anacardic acid indicates these mixtures as being Technical or Refined 
CNSL [4] also used in some biofuel applications [5]. 
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Summary: In this work we report two independent studies concerning the stability in water matrix of 
about fifty pesticides and analytes included in the third European Watch List. 

Regarding the preservation of the samples, we considered on different surface and ground waters 
some critical variables such as: time, temperature, materials, organic phase addition.   
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Introduction 

Stability from sampling to laboratory analysis is a critical issue in water monitoring organic micro-
pollutants [1]. This work shows results from two independent studies: the first explores the stability 
of 50 pesticides in water, the second one regards the analytes of the third WL included in the EU 
Decision 2020/1161 (pesticides, antibiotics and other drugs) [2]. 

In the first study we considered the variables: storage temperature, time and container material. 
Concerning the WL analytes, we tested best conditions to preserve the analytes from sampling to 
analysis. In both cases the analysis was performed using a UHPLC-MS/MS. 

Experimental  

In the stability study regarding pesticides, we investigated about fifty analytes, among which 
pesticides, herbicides, fungicides. The following variables were considered: housing material (glass 
or polypropylene PP), storage temperature (4°C, -20°C), conservation time (minimum time 7 days, 
maximum time more than 80 days). 

Tests were performed in Milli-Q water and ground water. Both matrices were fortified with a standard 
solution to obtain 0,1 and 0,2 µg/L concentrations.The prepared samples were stored under different 
conditions:  

- 4°C in glass bottle 
- 4°C in PP falcon 
- -20°C in PP falcon 

All the aliquots were checked by 8-10 analyses at time 0, meaning within 24 hours from preparation, 
and then at definite range of time (after about 10, 20, 36 days). The observed CV% were included 
in the range 2-10%. For each analyte, when the difference between the observed concentration at 
t0 and tn is smaller than square addition of measurement uncertainties, according to the following 
equation: 

 

xt0: analyte concentration at time t0 

xtn: analyte concentration at time tn 

u: measurement uncertainty 

it was possible to say that the bias was due to the analytical variability and the substance was stable 
under the studied storage conditions. 

Concerning the study about the WL analytes the conditions about storage, extraction and analyses 
were optimized to ensure the preservation of all analytes involved. Some substances included in 
Watch List, because of theirs physical-chemicals properties, show instability in water The laboratory 
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tests were performed in Milli-Q water and surface water by analysing samples through direct injection 
with or without addiction of 25% acetonitrile and considering a waiting time before analysis till 168 h. 

Results and conclusions 

In conclusion it was observed that: 

- 40 pesticides are stable throughout the observation period (over 36 days). 
- 5 are better stored in glass containers (aclonifen, chloridazon, fention, methyl thiophanate 

and triallate) than PP Falcon 
- 7 are stable up to a maximum time of 10-20 days (cyclooxidim, mevinfos, ometoate, 

rimsulfuron, dichlorvos, isoxaflutole, methiocarb). 

The concentrations of stable substances showed a swinging trend in a small range due to the 
analytical variability. Obviously, having to look for a heterogeneous group of substances in a sample, 
the maximum storage time is determined by less stable analytes. For the active ingredients 
considered, it is important to analyse the sample within 10-20 days of sampling to ensure the 
reliability of the analytical results. As regards the third WL analytes we observed that they are all 
stable in aqueous solutions with the addition of at least 25% of ACN even after 168 h from sampling. 
The analysis was performed by filtering the sample on an SPE disk, using a SPEDEX Horizon 5000 
system, and then eluting with ACN. Both the filtered sample and the organic eluate were collected 
and analyzed to ensure "whole sample" analysis. Quantification was performed using a UHPLC-MS 
/ MS system. 
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Summary: This research aims to study the quantitative distribution of fatty acids in marine 
suspended particulate matter, from New Zealand to Antarctica, to evaluate their pattern of 
distribution and their possible use as biomarkers. For this purpose, we evaluated the most efficient 
lipid extraction method. The quantification of fatty acid was performed by Gas Chromatography-
Mass Spectrometry. 
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Introduction  

In marine environment, lipids are important components for metabolism of both benthos and 
plankton communities. The study of the lipid component in marine suspended particulate matter 
(SPM) is crucial for understanding the composition and fluxes of organic marine particles in 
marine ecosystems. Since fatty acids (FAs) are the most abundant lipidic component in oceanic 
particulate matter [1], they are subject to numerous investigations, and membrane-derived FAs 
have been successfully used as biomarkers in several fields, such as of taxonomy and ecology 
[2,3]. In general, the content of each FA is evaluated only as percentage of total FAs, but in 
such measurement, the variation of each individual FA depends on the percentage modification 
of other FAs, and it does not identify the absolute variation, which should be also considered 
for using these molecules as biomarkers. In the present study, the FAs content in SPM collected 
during a 2020 oceanographic campaign across the Southern Ocean, from New Zealand (Pacific 
Ocean) to Antarctica (Ross Sea), was quantified (both in µg L-1 seawater and in g 100g-1 total 
FAs) for the first time, with the aim of monitoring their presence, their pattern of distribution, and 
evaluating their use as possible biomarkers. The most efficient lipid extraction method was also 
evaluated 

Experimental 

Seawater samples were collected and directly filtered (GF/F Whatman filters, 0.7 µm porosity) 
with an on-line system on board the R.V. Laura Bassi during the 2020 oceanographic campaign 
(Austral summer, 8-31 January 2020) as part of the project of the Italian National Program of 
Research in Antarctica (PNRA) titled “Processes controlling the presence and distribution of 
pollutants in Ross Sea Area” (PROPOSE). The samples were collected during the crossing from 
New Zealand to the Mario Zucchelli Italian Station (from 48 to 76 °S), every two degrees of 
latitude, with a sampling refinement around 60 °S, corresponding to the Antarctic Convergence 
area (every single grade of latitude).  

Lipid extraction and fatty acids analysis. In order to optimize the lipids extraction from SPM for 
the determination of FAs, two different extraction methods were applied to select the most 
efficient one: the Folch method, modified by Parrish [4] and the Microwave Assisted Method 
(MAE) [3]. The MAE is an efficient method already applied for lipid extraction in organisms [3], 
because of its speed, its low solvent consumption, and its high reproducibility due to continuous 
temperature and pressure monitoring.  

Fatty acids were determined using a gas chromatograph (GC, Agilent-6890) coupled to an 
Agilent-5973N quadrupole Mass Selective Detector (MS), after their derivatization to Fatty Acids 
Methyl Esters. Analyses were carried out on three aliquots per sample. The mass fraction of 
FAs in µg L-1 was obtained using the response factor, calculated with the internal standard, the 
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methyl ester of nonadecanoic acid, used as reference substance [3]. For each sample, at least 
three runs were performed on the GC-MS. 

Results 

Concerning the two different lipid extraction methods applied in this study, we observed that 
MAE is less accurate compared to Parrish method, so the last one was chosen for this 
procedure. The overall total lipid concentration was 0.05±0.04 mg L-1 (min-max: 0058-0.15 mg 
L-1). Fig. 1 showed the geographical distribution of the different FAs classes. The overall 
concentrations recorded were 15±12 µg L-1, 1.9±2.3 µg L-1, and 3.3±4.7 µg L-1 for saturated 
(SFAs), monounsaturated (MUFAs), and polyunsaturated (PUFAs) fatty acids, respectively. 
The overall SFAs content was statistically higher (p<0.0001) with respect to MUFAs and 
PUFAs content. All FAs classes showed a similar geographical distribution, with the lowest 
levels recorded in the Pacific Ocean (48-59 °S) and in the offshore Ross Sea samples. At the 
latitudes of Antarctic convergence (60-63 °S) an increase in the content of all FAs classes was 
observed, more pronounced for SFA than for the other classes. The maximum levels for all 
lipid classes were found in the coastal area of the Antarctic continent 

 

 

 

 

 

 

 

 

Fig. 2. Concentration (µg L-1) of saturated (SFA), monounsaturated (MUFA) and polyunsaturated fatty acids (PUFA) 

in marine particulate matter, from New Zealand (48 °S) to Ross Sea, Antarctica (76 °S). 

 

22 FAs were found in SPM. Major FAs were 16:0 and 18:0 for SFA, 16:1n7 and 18:1n9 for 
MUFA, 20:5n3 (DHA) and 22:6n3 (EPA) for PUFA. The concentrations of each individual FA 
reflect the trend observed for lipid classes, with very low values detected to higher latitudes, an 
increase in the Antarctic convergence area, followed by a decrease in values up to the offshore 
Ross Sea, and maximum levels measured in coastal areas. The Principal Component Analysis 
separated samples on the basis of their FAs composition (as g 100g-1 total FAs): medium 
molecular weight-saturated FAs (16:0, 18:0) were associated with higher latitude samples, 
whereas unsaturated FAs were mainly associated with Antarctic samples collected near the 
coast. 

Conclusions 

This study is the first performed on a transect ranging from 48 to 76 °S, expanding knowledge 
on the FAs composition of suspended particulate matter in the Pacific and Southern Ocean, 
including Ross Sea. Our results showed a strong difference in the distribution of FAs before and 
after Antarctic convergence area. However, a multidisciplinary approach (e.g., microbiological 
and organic matter investigation) is required to better understand the distribution dynamics of 
these compounds for the purpose to use them as biomarkers. 
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Summary: First evidence of microplastics in Antarctic atmospheric deposition is here presented. 
Suspected microplastic particles were isolated and their composition confirmed by Raman 
spectroscopy. We identified microplastics in all the samples collected at an average daily 
depositional flux of 1.7 ± 1.1 MP m-2 d-1. Fragments dominate the deposition in Victoria Land. 
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Introduction  

Global microplastic pollution has aroused an emerging concern, and in recent years, several studies 
have focused on the determination of microplastics in different ecosystems. With the exception of 
two megacities, Paris (France) and Dongguan (China), there is a lack of information on atmospheric 
microplastic deposition or transport [1]. In recent years, airborne microplastics (MPs) have been 
identified in a range of remote environments, including Antarctica [1-3]. However, data throughout 
Antarctica, in particular Antarctic atmospheric depositions, are largely absent to date.  

Experimental 

Within the framework of the Italian Antarctic Programme, Project entitled “Spatial and temporal (intra- 
and inter-annual) evolution of the chemical composition of the aerosol in the Victoria Land 
(Antarctica) in relation with local and long-range transport processes”, atmospheric depositions were 
sampled using bulk collectors (consisting of a polyethylene funnel connected to a bottle of the same 
material) placed in proximity of seven continental and coastal Antarctic sites corresponding to 
Automatic Weather Stations (AWS) of the Meteo-Climatological Observatory (MCO) of the National 
Research Program in Antarctica (PNRA). Samples were collected during the austral winter 2020. 
Field blanks were also collected. In Italy, bulk samples were vacuum filtrated by a glass filtration 

system onto glass fibre membranes ( diameter of 0.7 µm). First, organic materials adsorbed onto 
the surface of the MPs were removed by treating the glass filters with 15 mL of superpure H2O2 
(30%) in oven at +60°C. Filter membranes were then dry sonicated in an ultrasonic bath to separate 
MPs from the atmospheric sample particles. Filter membranes were dried at room temperature and 
stored in glass Petri dishes until Raman MicroSpectroscopy (RMS) analysis. RMS analysis was 
performed by using an XploRA Nano Raman Microspectrometer.  All filter membranes were 
examined by visible light using a ×10 objective (Olympus MPLAN10×/0.25). The detected MPs were 
morphologically characterised by a ×100 objective (Olympus MPLAN100×/0.90) and then directly 
analysed on the filter by RMS (spectral range 200–1800 cm−1, 532 nm or 785 nm laser diode, 600 
lines per mm grating). Spectra were dispersed onto a 16-bit dynamic range Peltier-cooled CCD 
detector; the spectrometer was calibrated to the 520.7 cm−1 line of silicon prior to spectral acquisition. 
The polymer matrix of the detected particles was identified by comparing the collected Raman 
spectra with spectral libraries of polymers and pigments obtained by measuring standard 
polymers/compounds. Similarities of more than 80 of the Hit Quality Index (HQI) were considered 
satisfactory. Air-mass backward trajectories were also evaluated by using the Hybrid Single-Particle 
Lagrangian Integrated Trajectories (HYSPLIT) model developed by NOAA and Australia’s Bureau of 
Meteorology to define the origin of the air masses arriving at Victoria Land. 

Results 
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Microplastics were found in six of the seven Antarctic atmospheric deposition samples collected. A 
total of 136 particles were confirmed as MPs by RMS across the sampling area. Average daily 
depositional flux calculated following Allen et al. [1], for the Victoria Land was 1.7 ± 1.1 MP m-2 d-1, 
with values ranging from 0.76 ± 0.05 m-2 d-1 to 2.9 ± 0.2 m-2 d-1. Atmospheric MP deposition in the 
Victoria Land was dominated by fragments (94% of the total identified particles), with fibres 
constituting only 6%. MP fluxes across the sampling sites followed the order: Tourmaline Plateau > 
Campo Faraglione > Larsen Glacier> Cape King > Inexpressible Island > Edmonson Point > 
Priestley Glacier. The size of the MPs in the study area ranged from 5 µm to 400 µm, with a 53% of 
MPs falling in the size class of 5-10 µm. RMS provided the chemical characterization of plastic type. 
The predominant plastic type was the polypropylene (31%) followed by the polyethylene (19%) and 
polycarbonate (12%). Polystyrene, polyester, styrene and polyethylene terephthalate accounted for 
~6%. The site with the most variability was the Larsen Glacier where four polymeric matrices 
(polyvinyl chloride, polypropylene, polyester and styrene) were recognized (Fig. 2). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Based on the HYSPLIT models, several air masses with different origins arrived at Larsen Glacier, 
however a contribution of the long-range transport of microplastics from anthropized areas cannot 
be excluded. 

Conclusions  

These preliminary results add to the growing body of literature on microplastics as a ubiquitous 
airborne pollutant and establish their presence also in the atmospheric depositions in Antarctica. 
Further studies are necessary in order to understand the possible emission sources of microplastics 
and the transport processes.  
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Summary: In this study an ultrahigh-performance liquid chromatography quadrupole Orbitrap high-
resolution mass spectrometry (UHPLC-Q-Orbitrap MS) method for the determination of 
neonicotinoids was developed and applied for the analysis of several samples of honey. 
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Introduction  
Neonicotinoids, or also “new nicotine-like insecticides” (NNIs) are a group of neuroactive insecticides, which 
act as selective agonists of nicotinic acetylcholine receptors of insects [1]. In the last decade, they rapidly 
replaced organophosphates, carbamates, and synthetic pyrethroids, since they have many advantages in pest 
control, including versatility, high receptor specificity, broad spectrum of insecticidal activity. Although they 
have a relatively low risk for non-target organisms (mammals and other vertebrates), these active substances 
were put under examination due to their potential negative impact on honeybees and other pollinators. They 
have been identified as a major contributing factor to global population decline of worker-bees, inducing the 
phenomenon of colony collapse disorder - CCD [2]. For this reason, in 2013 the European Commission 
severely restricted the usage of most NNIs in bee-attractive crops, including maize, oilseed rape and sunflower. 
In 2018, after a careful evaluation by EFSA, all outdoor uses of clothianidin, imidacloprid and thiamethoxam 
were prohibited in order to provide for specific risk mitigation measures (RMMs) for the protection of biodiversity 
[3]. However, during the last years, many Member States have granted the emergency authorisations for plant 
protection products containing NNIs for restricted uses, such as sugar beet crop treatment. Therefore, fast, 
efficient, selective and sensitive methods are needed for the determination of these active substances in 
apiculture products [4].  
The aim of this study was to develop an analytical methodology to quantify five of the most commonly employed 
NNIs, i.e. acetamiprid, clothianidin, imidacloprid, thiacloprid and thiamethoxam, in honeys from different 
botanical origins using QuEChERs extraction prior to ultrahigh-performance liquid chromatography quadrupole 
Orbitrap high-resolution mass spectrometry (UHPLC-Q-Orbitrap MS) analysis. 

Experimental  
Briefly, a test portion of approximately 5.0 g of homogeneous sample was mixed with 10 mL of cold water. 
Acetonitrile (10 mL) was used as extractant. After vortexing for 10 minutes the QuEChERS salt mixture 
(4 g MgSO4, 1 g NaCl, 0.5 g sodium citrate dibasic sesquihydrate, 1 g sodium citrate tribasic dihydrate) 
was added; the tube was vortexed for 5 minutes and centrifuged for 10 minutes at 3500 rpm. The extract 
was cleaned up with dispersive SPE (150 mg PSA sorbents, 900 mg MgSO4) and analysed by an 
Ultimate 3000 UHPLC system with a binary pump (Thermo Fisher Scientific, Waltham, MA, USA), 
equipped with a Kinetex® EVO (C18, 50 × 2.1 mm, 1.7 µm, 100 Å) column protected with a Kinetex® EVO 
C18 guard column (Phenomenex, Torrance, CA, USA). A Q-ExactiveTM Focus Orbitrap Mass 
Spectrometer (Thermo Fisher Scientific, Waltham, MA, USA) equipped with a heated electrospray 
ionization source operating in positive mode was used for the detection of NNIs. Thermo Fisher 
XcaliburTM software was used for data acquisition. Finally, the identification and quantification of raw 
data were performed by TraceFinderTM 4.1 EFS software on the basis of matching the retention times 
with those of the analytical standards, using the exact mass m/z of the ions of the analytes, the 
fragmentation (at least two fragments) and isotopic pattern. 
The chromatographic conditions and MS parameters were summarized in Table 1. Twenty-one samples 
of three different botanical origins honeys (10 Acacia, 8 Wildflower, 3 Chestnut) were collected from local 
beekeepers and analysed. 
 

Table 4. Instrumental parameters 

UHPLC Conditions 

Mobile phase A: 0.1% (v/v) formic acid in water + 

4 mM HCOONH4 
B: 0.1% (v/v) formic acid in 

methanol + 4 mM HCOONH4 
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Elution gradient 0.0–1.0 min (A–B, 90:10, v/v); 1.0–

1.5 min (A–B, 40:60, v/v); 1.5–

2.5 min (A–B, 10:90, v/v); 2.5–
3.5 min (A–B, 10:90, v/v); 3.5–

4.0 min (A–B, 40:60, v/v); 4.0–

4.5 min (A–B, 90:10, v/v); 4.5–
6.0 min (A–B, 90:10, v/v). 

Flow 0.30 mL min-1 

Column T 40°C 

Autosampler T 15°C 

Injection volume 5 µL 

HRMS  Parameters 

Sheat gas flow rate 35 Au 

Aux gas flow rate 10 Au 

Spay voltage 3500 kV 

Capillary T 300°C 

S-lens RF level  50.0 

Aux gas heater T 250°C 

Polarity positive 

Mode Full MS/dd-MS2 

Full MS resolution 70.000 FMHW 

Scan range 73.4 to 900 m/z 

Automatic gain control 

target 

1x106 

dd-MS2 Confirmation (resolution 17.000 
FMHW) 

Isolation window  0.5 m/z 

Results and discussion 
The method was developed and validated following the criteria indicated in SANTE 11312/2021 
Guidance [5].  
The chromatographic conditions ensured the best separation of NNIs in six minutes. Flonicamid, 
which is also structurally similar to nicotine (mistakenly classified with the neonicotinoid insecticides, 
but it has a different mode of action), was used as internal standard [6]. Calibration curves, obtained 
with 0.5, 1, 5, 10, 50, 100 ng mL-1 standards, had correlation coefficients >0.99 for all compounds. 
The recoveries obtained from experiments (spiking blank samples at 10 and 25 ng g-1, n=6) were 
between 69 and 104%. Intermediate precision, expressed as RSD% (n=6), was <9.6% for each 
analyte. The matrix effect (ME), evaluated using calibration graph method, was <20%. In particular, 
in chestnut honeys the ME was higher than in other honeys. The method had high sensitivity with 
LoQ values ≤0.37 ng mL-1 for each NNI. It was applied for the analysis of several honey samples 
collected from Apulia and Campania beekeepers. The concentration of NNIs was <LoQ for all 
samples. Spiked pooled samples (10 ng g-1) were analyzed in the same session for further quality 
control.  
These preliminary data indicated that the RMMs adopted by Europe and Member States are having 
a positive impact. Moreover, the laboratory is applying the novel method also to other apiculture 
products (beewax, propolis and pollen) for an in-depth assessment. 
Conclusions 
In this work a fast, optimized and sensitive analytical method for the simultaneous identification and 
quantification of five neonicotinoids in honey by UHPLC-Q-Orbitrap MS was developed and validated 
in terms of linearity, sensitivity, selectivity, precision, recovery and matrix effect, obtaining completely 
satisfactory results. It was applied in a survey on twenty-one honey samples.  
Since the protection of biodiversity represents a main objective of the European Green Deal, the 
implementation of methods for determination of these pollutants and new monitoring studies appear 
to be necessary. In this context, this novel analytical method may represent a useful tool of 
investigation for Specific Protection Goals of bees. 
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Summary: In this study, an analytical method for arsenic speciation and quantification by HPLC-
ICP-MS was developed, validated, and then applied in several samples of edible marine algae for a 
preliminary survey. 
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Introduction  
Arsenic is a well-known toxic and carcinogenic element and occurs in the environment both as 
inorganic arsenic (iAs) and organoarsenical compounds (oAsCs). In the marine ecosystem, iAs 
predominates in seawater and sediments, while a large number of oAsCs has been identified in 
marine biota. Since the toxicity of arsenic compounds depends on their chemical form, the 
identification and determination of arsenic species are essential [1]. 
Marine algae represent a challenge in arsenic monitoring and exposure, so in the recent years the 
studies on arsenic speciation in these matrices have been increasing. In fact, the concentration of 
arsenic in marine algae is high and oAsCs are differently distributed, due to morphological variability 
and structural complexity among the groups of algae. From a toxicological point of view this interest 
is accentuated because the most part of algae for human consumption (direct ingestion or as food 
supplements) and as feed supplements for livestock and aquaculture is from the marine environment 
[2]. However, for these matrices human exposure and toxicological data are insufficient for risk 
characterization and assessment [3]. 
This work aims to develop an analytical method with adequate sensitivity and a refined extraction 
procedure for this determination. For the separation of arsenic species, high performance liquid 
chromatography (HPLC) followed by an efficient detection by inductively coupled plasma mass 
spectrometry (ICP-MS) is used.  
Experimental  
A test portion of approximately 0.25 g of each dried and powdered sample was accurately weighed and an 
aliquot of 10 mL of extraction solution (HNO3 0.1 N in 3% (v/v) H2O2) was added. The samples were placed in 
shaking waterbath, heated at 90°C for 3 hrs. After cooling, the sample was centrifuged at 4500 rpm (10 min, 
10°C) and the supernatant (≈ 2 mL) was filtered through 0.45 μm syringe filter into a polypropylene vial. 
Speciation analysis was performed on a PerkinElmer Flexar™ HPLC system coupled to a PerkinElmer 
NexION® 2000 ICP-MS. The instrumental set-up is summarized in Table 1. A certified reference material, 
NIST-1568b (n = 3), was used for quality assessment. 
Twelve samples of edible green, brown and red algae of seven different species (Chlorella pyrenoidosa, 
Chondrus crispus, Ecklonia bicyclis, Fucus vesiculosus, Laminaria digitata, Palmaria palmata, Ulva lactuca) 

were analysed. 
Results and discussion 
The optimized alkaline chromatographic conditions (50 mM (NH4)HCO3 in 3% methanol at pH 10.3) 
ensured the best separation of of iAs and the most abundant oAsCs, monomethylarsonic acid 
(MMA), dimethylarsinic acid (DMA) and arsenobetaine (AB) in seven minutes. One minute of 
washing with HNO3 4% was added to minimize both matrix-induced signal intensity changes and 
carbonate deposition on sample introduction system. Calibration curves, established with 0.05, 0.1, 
0.5, 2.0, 10.0 ng mL-1 standards, had correlation coefficients > 0.99 for all compounds. Recovery 
values ranged from 81.3 to 117.8%, limits of quantification were 0.075 for iAs, 0.241 for MMA, 0.235 
for DMA, 0.321 ng g-1 for AB, and precision was lower than 7.3% for all analytical species.  
Concentrations and iAs and oAsCs in marine algae samples are summarized in Table 2. In general, 
the concentrations found are in agreement with previous studies and confirmed that taxonomy plays 
a significant role in the content of iAs and oAsCs [2,4]. In particular some brown alga samples 
(Laminaria digitata, Ecklonia bicyclis) have the higher content of iAs, the most toxic form of As, 
than in green (Ulva lactuca, Chlorella pyrenoidosa) or red algae (Chondrus crispus, Palmaria 
palmata). Moreover, several studies indicated that in alga matrices the content of other organic 
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forms (i.e. arsenosugars and arsenolipids) may be relevant, however the determination of these 
compounds was not performed due to unavailability of commercial standards [1]. 

Table 5. Instrumental parameters 

HPLC Conditions 

Column PRP-X100 Anion Exchange Column  

2.1 mm, 250 mm, 5 µm 

Mobile phase Isocratic elution A/B (85:15) 
A: 50 mM (NH4)HCO3 in 3% CH3OH at pH 10.3 

B: ultrapure water 

Flow 0.35 mL min-1 

Run time 7 min + 1 min washing 

Column T 25°C 

Diverter valve  0-7 min from HPLC to ICP 
7-8 min form HPLC to waste 

Injection volume 30 µL 

ICP-MS   

RF power 1600 W 

Sample introduction 

system 

Meinhard concentric PTFE nebulizer 

High Purity Quartz Cyclonic Spray Chamber 

Plasma gas flow 15.0 L min-1 

Aux gas flow 1.0 L min-1 

Peristaltic pump control sample flush 60 sec; sample flush speeding -35 rpm 

Isotopes monitored As75; Cl35 

Dwell time As: 450 ms 

Cl: 50 ms 

Mode Standard 

QID Off 

These preliminary occurrence data show that marine algae contain significant concentrations of iAs 
and oAsCs, and, as also suggested by the European Commission Recommendation 2018/464, their 
contribution to the consumption patterns of certain consumers is increasing [5]. So, this study will be 
implemented in the attempt to contribute to the collection of data necessary to assess whether the 
contribution from algae to the total exposure of arsenic would require the establishment of maximum 
limits for these matrices. 

Table 2. Quantitative results for arsenic species in marine alga samples expressed in mg kg-1 
Species Group N As species (mg kg-1) 

   iAs AB DMA MMA 

Ulva lactuca green 1 4.5 - 0.11 0.03 
  2 2.9 - 0.5 0.5 

Chlorella 

pyrenoidosa 

green 3 0.02 - 4.8 0.9 

  4 10.3 1.1 1.8 0.6 

Laminaria 

digitata 

brown 5 53.4 - 0.8 0.1 

Ecklonia 

bicyclis 

brown 6 22.1 0.4 0.6 - 

Fucus 
vesiculosus 

brown 7 7.6 0.5 2.8 - 

  8 26.5 - 3.7 0.4 

Chondrus 
crispus 

red 9 1.1 - 0.9 0.06 

Palmaria 

palmata 

red 10 0.6 - - - 

  11 0.4 - 0.6 - 

Mix2  12 0.2 - 0.9 - 

 
Conclusions 
In this work a fast, optimized and sensitive analytical method for the simultaneous determination of 
iAs, AB, DMA, MMA in edible marine algae by HPLC-ICP-MS was developed and validated, 
obtaining completely satisfactory results. It was applied in a survey on several samples from seven 
alga species. Since the consumption of algae from marine environment is exponentially growing, 
they may be a relevant route of exposure of arsenic. Therefore, new studies and monitoring 
programmes should be enforced. 
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Summary: The presence of emerging contaminants in seawater was assessed using three different 
passive samplers. The performance of these devices was compared in term of uptake rate and matrix 
effect during laboratory and field exposures. The potential in use passive sampling coupled to HPLC-
MS for emerging contaminants detection was pointed out. 
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Introduction 

The use of mass spectrometry combined with chromatographic techniques represents the preferred 
approach for the detection of organic Emerging Contaminants (ECs) in water. Due to the polar nature 
of most ECs liquid chromatography coupled with tandem mass spectrometry (HPLC-MS/MS) acts 
as the main technique. However, the quantification of ECs in seawater is challenging due to the 
complexity of the matrix, the low concentration levels (trace and ultra-trace) and the different physico-
chemical properties of the analytes.  

Therefore, appropriate sampling and pre-treatment techniques must precede HPLC-MS/MS 
analyses. Passive sampling (PS) combining sampling, preconcentration and purification steps 
represents a powerful approach [1].  Using PS, the chemicals present in the bulk phase are sorbed 
into a receiving phase through a spontaneous flux driven by differences in the chemical potential. 
The concentration of the sorbed compounds into the sampler may be linearly proportional to the 
time-weighted average (TWA) water concentrations. This kinetic uptake stage can last for days or 
weeks, depending on the type of sampler and analytes. Furthermore, PS provide information 
regarding the freely dissolved fractions of ECs. Measuring these may be very advantageous to 
assess the exposure of living organisms and the associated toxicological risks. Regarding the 
sampler design, PS devices are dual or single phase, depending on the absence or the presence of 
a protective diffusive layer. 

Three different samplers were employed for the detection of ECs in marine water: the Polar Organic 
Chemical Integrative Sampler (POCIS), a polyester POCIS-like sampler (PE-POCIS) and a flat-sheet 
polyethersulfone membrane (PES). 

Results and discussions 

POCIS is a dual phase passive sampler, the standard configuration consists of a sorbent phase 
(typically HLB) enclosed between two 0.1 μm PES membranes [2]. This sampler is employed for 
hydrophilic and moderately hydrophobic ECs. However, several studies showed that the PES 
membrane sorbs the more hydrophobic compounds and other chemicals based on the number of 
aromatic rings and the presence of electrons withdrawing groups. The PE-POCIS was developed to 
overcome these problems, substituting the PES membranes with a more resistant and less sorbent 
PE membranes. These two devices were tested for the sampling of 21 ECs characterized by different 
polarities: perfluoroalkyl compounds, xanthines, an artificial sweetener, pharmaceuticals, estrogens, 
UV filters.  

The uptake was evaluated during a one-week static exposure under stirring conditions. The samplers 
were deployed in beakers contained 4.5 L of tap water spiked at a concentration of 2 µg L-1 of each 
analyte. Both sorbent and membranes were extracted and analyzed using HPLC-MS/MS to evaluate 
the partitioning between the two phases. Furthermore, two field exposure were carried out: in the 
Genoa harbor during summer and autumn 2021 (3 weeks), and in the coastal area of Santa 
Margherita Ligure during summer 2021 (5 weeks and in parallel for 3 and then 2 weeks).  
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The results obtained by the field deployment were compared considering the analyte amount 
detected in the HLB sorbents and the differences in matrix effects. Higher uptake rates for the more 
hydrophobic compounds and the anionic compounds were observed for the PE-POCIS, while similar 
uptake for the other analytes. No significant differences in matrix effect were observed between the 
two samplers. These results make the PE-POCIS a promising passive sampler for marine sampling.  

Finally, the use of PES membranes as a single-phase passive sampler was studied for the detection 
of 9 ECs (industrial additives, estrogens and UV filters). This device was employed for the detection 
of contaminants during short exposures taking advantage of the higher sampling rates of the sampler 
for the selected analytes, compared to the previously cited POCIS. The linearity of the uptake in 
seawater was tested during a 96 hour laboratory calibration in synthetic seawater. The samplers 
were deployed in beakers contained 4.5 L of synthetic seawater spiked at a concentration of 1 µg L-

1 of each analyte. Two different uptake kinetics were observed: estrogens and bisphenol-A reached 
an apparent equilibrium in approximately 24 hours, while a longer linear regime was obtained for the 
other compounds.  

A field application was performed in Santa Margherita Ligure Harbor between the 5th and the 9th of 
September 2022. PES membranes of 90 cm2 were exposed for two days and in parallel for four days 
in duplicate. The results showed the presence of some UV filters and an estrogen. To compare the 
PS results with a standardized method, spot sampling was performed at the beginning, in the middle 
and at the end of the deployment. 500 mL of water were sampled, filtered and extracted using an 
SPE method previously developed in our laboratory [3]. Compared to passive sampling, less 
compounds were detected and quantified. 
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Summary: In this study, a fast and rugged method is presented for the analysis of PCBs in 
biological tissues using a simple Quick, Easy, Cheap (QuEChERS) method of extraction. 
Instrumental analyses were performed on Gas Chromatography -triple quadrupole mass 
spectrometry. The method is a faster and cheaper alternative to the time-consuming 
conventional method that has been used in most environmental laboratories.  
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Introduction  

Polychlorinated biphenyls (PCBs) represent a vast category of heterogeneous organic 
compounds that have been released in the environment, by human activities, these pollutants 
are known to be persistent in the environment and susceptible to be bioaccumulated and 
bioamplified in the food web [1]. PCBs were mostly used as dielectric fluid in transformers and 
capacitors, as plasticizers and as fire resistant liquids [2]. Most methods conventionally used to 
analyze these compounds are time-consuming, require high quantities of toxic chemicals and 
solvents (toluene, methylene chloride, hexanes, sulfuric acid, silver nitrate and sodium 
hydroxide) and are expensive. This study presents a QuEChERS extraction to decrease time 
and cost of analysis; furthermore it does not need specialized equipment and high quantities of 
solvent. Here we report our work: simultaneous Gas Chromatography - triple quadrupole mass 
spectrometry, of PCBs compounds in tissues of fish using modified QuEChERS methodology 
to provide a quick, easy, cheap, effective, rugged, and safe new method for their routine 
analyses.  

Experimental  

The extraction and clean up method have been validated for analysis of PCBs compounds in 
biological tissues of fish. Commercial QuEChERS extraction kit is composed of an extractive 
mixture of salts* (4 g MgSO4, 1 g NaCl, 1 g Sodium Citrate Dihydrate, 0.5 g sodium Hydrogen 
citrate Sesquihydrate) and a clean-up mixture** (1200 mg of MgSO4 and 400 mg of PSA). 
Several recovery studies were done using real sample spiked at different concentration levels 
with certificated standard solution. The extracts were analysed by GC-MS/MS in Multiple 
Reaction Monitoring (MRM) mode Fig. 1. Matrix-matched calibration curve is used spiking inert 
sand at five different concentration levels. Compounds were identified according to qualifier ion 
ratio and retention times. The sample preparation time is approximatively thirty minutes. During 
validation, accuracy, precision, linearity, uncertainty, limit of detection and limit of quantification 
were determinate.  

Results  

The QuEChERS extraction is an interesting alternative for the analysis of PCBs in biological 
matrix. By this fast method, the sample extraction can be performer in less than thirty minutes 
compared to than conventional procedure that requires more than a week of preparation. Also, 
the solvent consumption is greatly reduced compared with the conventional method. Moreover, 
very satisfactory recovery values were obtained for all the compounds analyzed  
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Figure 1. Extraction for multi-residue analyses of PCBs and detection in EIC MRM Mode 

Conclusions  

A QuEChERS method coupling with GC-MSMS technique proved to be very effective. The 
method will be further validated through interlaboratory studies and using certified reference-
materials.  
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Summary: Water samples, plastics bottled water and tap water, were assessed for the 
occurrence of chemical contaminants, several of them used as plasticizers by industries. They 
have been selected due to an ascertained or suspected endocrine disrupting activity. The most 
frequently detected pollutants were Bisphenol AF, DEHP and BPA, with higher concentration 
levels in tap waters.  
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Introduction  
Water is considered a macronutrient due to the very high quantities needed by the human body, however, 

it is also one of the significant sources of human exposure to pollutants, because of its universal solvent 

properties for many environmental contaminants. Among the many pollutants that humans discharge in 

the environment, endocrine disrupting chemicals (EDCs) have gained the world’s scientific attention 

because they can mimic hormones, causing developmental, reproductive, brain, and immune diseases, 

as well as other disorders, including cancer [1–3]. People can be simultaneously exposed to multiple 

EDCs, with a synergistic action affecting metabolic processes from early development and organ 

functions [4]. Bisphenol A (BPA) and Bis 2- ethylhexyl phthalate (DEHP) are the most EDCs utilized by 

industries to store beverages and as components of water supply lines. Free monomers can migrate into 

the food, especially if the packaging is stored under conditions that promote this and getting therefore 

absorbed by the human body [5]. In addition, every pollutant may already be present in the water at its 

source due to groundwater contamination. Compounds having the same BPA structural scaffold, which 

are, erroneously, considered less toxic than BPA, but they are conversely suspected to be associated 

with cell toxicity and adverse health effect equal to or even higher than that of the parental compound [6]. 

The present study aims at determining thirteen organic contaminants in plastic bottled natural mineral 

water and in tap water, marketed or collected from running taps in Italy, respectively. The organic 

chemicals investigated included BPA and several of its analogues, but also organic pollutants from other 

classes such as: 2-chlorophenol(2-CP), 4- nonylphenol(4-NP), 1,4-dichlorobenzene (DCB), and 1,2,4,5-

tetrachlorobenzene (TCB), and Triclosan (TCS). Furthermore, the monitoring was extended to several 

inorganic pollutants to include an array of selected heavy metals, i.e., As, Hg, Pb, Cr, Co, Ni, and Cd.  

Experimental  

The figure 1 synthetizes samples preparation and analyses steps applied in the study.  

A liquid chromatographic method mass friendly was set up using fluorescence detection and UV detection 

for a rapid screening of all water samples; an “offline” assessment w ith mass spectrometry was performed 

to confirm peak identity. The mobile phase consisted of Milli Q water–formic acid 0.1% v/v (A) and 

methanol–formic acid 0.1% v/v (B) used in gradient mode. 1 3.  

 

Figure 1. Samples preparation and analysis procedure 
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Results  

The selected EDCs were detected in 37 out of 40 investigated water samples, while only three 

samples did not contain any of the thirteen screened compounds. The most chemical detected 

by were BPAF with a DF of 67.50% along with BPA (DF = 60%), as bisphenol analogs and 

DEHP the most frequently screened contaminant detected with a DF of 62.50%. With regard to 

the comparison between tap and bottled waters, our data support higher concentration levels 

for each compound in tap water than bottled water, except for TCS, probably due to the higher 

purity of source water and the absence of any water treatments. (Figure 2)  

 
Figure 2. Detection frequency of EDCs in tap water vs. bottled waters 

The most frequently detected BPAF in water samples was confirmed comparing the exact mass 

of the pseudomolecolar ion, isotopic pattern, Rdb, full-scan HRMS, and HRMS2spectra with 

those obtained injecting BPAF standard solution under the same experimental conditions. BPAF 

showed the [M–H] − pseudomolecular ion at m/z 335.0515 (C15H9O2F6,Rdb=8.5 

Δppm=0.859) and the characteristic ion source fragment at m/z 

265.0486(C14H8O2F3,Rdb=9.5 Δppm=1.594) (Figure 3).  

 
Figure 3–Fourier transform mass spectra achieved by direct infusion of the peaks related to the most abundant 

bisphenol detected in our study collected from FD/LC 4. 

Conclusions  

In this pilot monitoring study, several pollutants with suspected or ascertained EDC properties 
were detected in drinking water, bottled and tap water, at different concentration ranges 
spanning from ng to µg per L. All forty waters had a total content not exceeding 10 milligrams 
of total constituents released per dm2 of food contact surface (mg/dm2 ) according to the 
Regulation (EU) No 10/2011 and its amendment Regulation (EU) 2018/213, on plastic materials 
and articles intended to come into contact with foodstuffs [7]. However, we have to highlight that 
the co-occurrence of other contaminants, as well as for example heavy metals, even if at 
concentration levels below the legal limits, can cause additive/synergistic interactions with 
possible unexpected effects on human health, especially if the exposure is over a long period 
of time. 
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Summary: In this study, the chemicals leaching from buried plastic particles in soil samples were 
investigated at Lisla Lyngøyna island (Norway). The optimization of a target analytical methodology 
based on gas chromatography coupled to tandem mass spectrometry (GC-MS/MS) was developed 
and applied to understand the occurrence of these environmental contaminants at different soil 
layers (top, medium, and deep; ≈ 20 cm each). 
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Introduction 

In the last decade, plastic pollution has become an emerging problem for the environment. The 
occurrence of plastic waste is becoming a hazard to aquatic and terrestrial ecosystems by the 
leaching of environmentally harmful substances added to plastics, such as plasticizers (1-2). Plastic 
waste pollution in the soil ecosystem has received special attention, however, studies on the 
chemicals leaching from plastic particles in the soil environment are still missing (3). In the present 
work, the occurrence of phthalates leaching from buried plastic waste on the Lisla Lyngøyna 
(Norway) has been studied. For that purpose, a target analytical methodology based on a gas 
chromatography system coupled to tandem mass spectrometry (GC-MS/MS) was developed in order 
to explore the chemical composition of the leachates generated from soil samples of Lisla Lyngøyna 
island. 

Experimental 

The Norwegian island Lisla Lyngøyna (Fig. 1), called also the “plastic island” was selected for this 
work. Briefly, three different sampling sites containing high, medium, and low plastic pollution levels 
were collected. For each sampling site, three different soil layers (top, middle, and deep; ≈ 20 cm 
each) were selected for further experiments. The homogenized soil samples were placed at - 70°C 
for three hours and freeze-dry for two days. Then, dried soil samples were exposed to pure water 
for two weeks. The pure water samples containing the leached plastic additives were filtered through 
several filters (the smallest was 0.45µm) and preconcentrated using solid-phase extraction (SPE) 
cartridges. Extracts were reconstituted in a final volume of 1 mL of ethyl acetate. For the identification 
and quantification of the selected phthalate pollutants in the extracts, a gas chromatograph coupled 
to tandem mass spectrometry GC-MS/MS was used (Fig. 2).  

 
Fig. 3. Study area, Lisla Lyngøyna. 
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Results  

Nine target phthalates compounds were selected for this study including dimethyl phthalate (DMP), 
diethyl phthalate (DEP), diisobutyl phthalate (DiBP), di-n-butyl phthalate (DnBP), bis(2-
methoxyethyl) phthalate (DMEP), di-n-pentyl phthalate (DnPP), di-n-hexyl phthalate (DnHP), benzyl 
butyl phthalate (BBzP), bis(2-ethylhexyl) phthalate (DEHP). The analytical methodology was 
developed in multiple reaction monitoring (MRM) mode for the quantification of selected plastic 
additives, and using the following isotopic internal standards bis(2-ethylhexyl) phthalate (DEHP-d4) 
and bisphenol A (BPA-d16) for internal standard calibration. For that purpose, several 
chromatographic parameters were optimized to improve the sensitivity and selectivity of the 
chromatographic peaks detected such as the chromatographic initial temperature and split ratio. In 
order to optimize the mass spectrometry method, the triple quadrupole was firstly used in Product 
Ion Scan mode to investigate the most intense fragment generated for each target pollutant (m/z 149 
was selected for most of the target compounds, Fig. 2). After the optimization of the analytical 
methodology, all the soil sample were further analyzed. Recoveries obtained were higher than 70% 
for most of the compounds selected attaining quantification limits (LOQ) below 1 µg/L. The presence 
of phthalates in leachates attained concentrations up to 12000 µg/L. Dimethyl phthalate (DMP), 
diethyl phthalate (DEP), and di-n-butyl phthalate (DnBP) were the most detected compounds in 
leachates from the collected soil on Lisla Lyngøyna island.  
 

  
Fig. 2. Final program used in triple-quadrupole MS for the multiple reaction monitoring (MRM) analysis with 

chromatogram peaks. 

Conclusion   

In conclusion, the study of the occurrence of plastic additives leaching from contaminated soil is a 
need for a better understanding of the extent and consequences of plastic pollution. This work 
provides an increased knowledge about the presence of plastic additives in the environment with a 
special attention to the performance of soil leaching experiments and the optimization of an analytical 
methodology based on GC-MS/MS. Through chemical, as well as the biological studies, we can 
evaluate the consequences of plastic in environments in order to define mitigation and reduction 
strategies. 
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Summary: Environmental pollution is an issue of great concern in the Campania region. Human 
biomonitoring represents the most useful approach for the risk assessment to toxic contaminants. A 
translational study aimed to evaluate the exposure of Campania population to environmental 
pollutants involving determination of serum levels of PCDD/Fs and PCBs in 600 subjects was 
proposed.  

Keywords: PCDD/Fs, PCBs, human biomonitoring 

Introduction 

The interest in bio-monitoring studies is constantly growing worldwide due to the concern of the 
serious toxic effects that certain environmental pollutants, even at low concentrations, may cause to 
human health. The environmental pollution issue in Campania is related to the waste management 
crisis that has mainly affected the northern part of the region where a large area situated between 
the provinces of Naples and Caserta, mostly dedicated to agriculture and livestock breeding, has 
been used for the illegal disposal of urban and industrial waste that have often been open-air burned.  

Many studies have reported a link between an incorrect waste disposal and an increased risk for the 
population of developing cancer due to exposure to substances such as polychlorinated dibenzo-p-
dioxins (PCDDs), polychlorinated dibenzofurans (PCDFs), polychlorinated biphenyls, including 
dioxin-like PCBs (DL-PCBs) and non-dioxin-like PCBs (NDL-PCBs), which are released into air, soil, 
and water. These lipophilic pollutants are resistant to metabolic degradation, and they can 
accumulate in adipose tissues of animals and bio-concentrate along the food chain. Monitoring plans 
of food promoted in the last years highlighted a decreased trend of the PCDD/F and PCB levels due 
to the application of the good agro-zootechnical practices [1]. However, data coming from food 
surveillance plans did not provide an overview of the regional pollution status and the population 
exposure. In this regard, a bio-monitoring study represents the best method to estimate human 
exposure to environmental contaminants and health risk assessment 

Experimental  

The 600 participants selected for this study were part of a larger group of people enrolled for the 
SPES cohort study [2]. The volunteers were from municipalities in areas classified as high (HI), 
medium (MI) and low (LI) environmental impact (Fig.1) according to a Pressure Index evaluated 
considering all factors involved in the pollution processes [3]. For analysis, blood serum was 
weighed, freeze-dried and extracted by an Accelerated Solvent Extraction (ASE 350, Thermo Fisher 
Scientific) system using a mixture of n-hexane/acetone. The extract was cleaned up first using an 
Extrelut NT3 column acidified with sulphuric acid 96% and eluted with a n-hexane/toluene mixture 
and after a Florisil cartridge (SPE) eluted with dichloromethane. The samples were analysed by a 
HRGC-HRMS system (DFS, Thermo Fisher Scientific). The analytical method allowed the 
determination of 17 PCDD/F, 12 DL-PCB and 6 NDL-PCB congeners. 

Results 

The levels of PCDD/Fs found in the study population of the Campania region show a slightly higher 
median concentration in the serum of the participants living in the MI areas than those living in the 
HI areas. The highest median value was detected in the cluster corresponding to an area at medium 
impact of environmental contamination where there are a large number of engineering industries, 
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waste treatment plants, a highway and a high voltage power line. The serum concentrations of 
PCDD/F in the people living in the low impact areas were lower than the other areas considering 
both the medium and the range values. Regarding PCBs, the concentrations found show a different 
distribution between the areas than that found for PCDD/Fs. In fact, the PCB levels increased 
following the order: HI< MI < LI and the highest DL-PCB and NDL-PCB concentrations were found 
in the low impact areas. 

The finding highlighted that the subjects living in the areas classified as at low risk unexpectedly 
show a higher PCB exposure than those of the areas recognized as at high risk indicating that these 
contaminants are probably widespread throughout all the municipalities. 

Considering the association between the serum concentrations and the gender of the participants, 
the values of PCDD/Fs and sum of PCDD/Fs + DL-PCBs and NDL-PCBs were significantly higher 
in female than male. Even when considering age of participants, statistically significant differences 
were found. Precisely, the PCDD/Fs and PCBs increased with the age: the highest body burden was 
found in the groups with the age between 40-50y. 

 

Figure 1. The three environmental impact areas in Campania region. 

Conclusions  

This bio-monitoring program is part of the translational study that allowed to assess the levels of 
PCDD/Fs and PCBs in human serum of a large number of subjects representative of adult population 
and to relate them with the results derived from the analysis of environmental matrices and food. 
The results showed low levels of contamination indicating a minimal exposure to these carcinogenic 
compounds. Moreover, the results highlighted that the area of origin of the participants was not an 
important predictor of the PCDD/F and PCB levels in serum which, instead, were strongly influenced 
by the age. This finding would confirm that the main route of human exposure remains food even for 
the population living in areas potentially at high risk of environmental contaminations. Finally, 
although it is difficult to find the relationships between the harmful effects that environmental 
contaminants may have on human health and their concentration in serum, the results obtained 
showed a low PCDD/F and PCB body burden that did not justify the higher incidence of cancer 
diseases occurring in the population living in the high impact areas reported by some studies. 
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Summary: A HPLC-HRMS method for analysis of AMPA and Glyphosates was developed and 
applied in monitoring water bodies of Lombardia region 
Keywords: Glifosate, AMPA, environmental monitoring 
Introduction 
Glyphosate is the most widely used herbicide in Italy and in the world and is one of the main 
contaminants of water [1]; it is currently approved in the EU. [2] 
Its wide use has been facilitated by its rapid degradation, due to the breaking of the C – N bond 
with the formation of aminomethylphosphonic acid (AMPA) [3], a feature that made it believe 
for a long time not dangerous for the environment. In the “National Report on pesticides in 
water”, ISPRA 334/2020 reports, it is indicated that in surface the most frequently encountered 
substances are glyphosate and its metabolite AMPA. Furthermore, these two substances are 
the ones that contributed to the greatest number of EQS exceedances, respectively, in 21.7% 
and 54.3% of the monitored sites and therefore in the largest number of cases of non-
compliance of surface water quality 
Experimental 
In this study, the presence of the two substances was assessed in all sampling points, provided for by 
the ARPA Lombardia monitoring plan, across the entire Region over ten years, from 2010 to 2019.  To 
standardize the available data, only those relating to the sampling carried out during the quarterly 
campaigns were considered: March, June, September and December. All the data collected were 
processed considering the presence of the two analytes only when their concentration was higher than   
0.1 μg / L, equal to the Method Quantification Limit (LOQ) reached by ARPA Lombardia up to 2016 and 
to the Environmental Quality Standard (EQS) annual average for individual pesticides. This decision was 
made to be able to compare in a unique way the data processed, that is in order to make the data collected 
over the various years comparable. 
In the period under review, ARPA Lombardia heavily invested in instrumentation innovation and in 
improving the sensitivity of the analysis methods. Initially, the determination of AMPA and Glyphosate 
was carried out after derivatization with FMOC and subsequent analysis with a Fluorimetric detector. With 
this type of method, it was possible to reach only a LOQ equal to 0.1μg/L. Even implementing these 
instruments with SPE-on-line preconcentration systems, the maximum achievable sensitivity was 
between 0.1 and 0.05μg/L [4]. 
Since 2019 the use of a liquid chromatograph associated with an ion trap (High Resolution Mass 
Spectrometry) and the use of a dedicated column on the system associated with the triple quadrupole 
have allowed the development of methods with a LOQ equal to 0.03 μg / L ensuring equally - up to this 
level of concentration - the certainty of identification of the analyte characteristic of high resolution 

instruments.  

Results 
The following three factors were considered in discussing the data: 

- Representativeness corresponds to the frequency with which the sampling point in 
question was monitored during the period concerned. 

- Positivity corresponds to the percentage of samples whose concentration detected for 
the two compounds under examination was greater than or equal to 0.1 μg / L (equal to 
the SQA - Environmental Quality Standard) 

- Trend of the maximum concentrations detected corresponds to the maximum 
concentration measured at the sampling point in the ten years under examination. 
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For all the monitoring points of the great Lombard rivers, the three factors considered for both 
compounds were calculated and represented cartographically. In the relative maps, the 
representativeness of the glyphosate positive samples is proportional to the size of the 
monitoring point, while colours represent the positivity (percentage of positive samples). 
It was defined to divide the samples into four intervals: 

- green = 0% -25% positivity 
- yellow = 25% - 50% 
- orange = 50% - 75% 
- red => 75% 

In the maps relating to the maximum concentration values the colors represent: 
light blue = values <0.1 μg / L 
green = values between 0.1 and 0.5 μg / L 
yellow = values between 0.5 and 1 μg / L 
orange = values between 1 and 5 μg / L 
red = values> 5 μg / L 

Conclusions 
In conclusion, in the map concerning the Glyphosate it can be observed that in the mountainous 
area of the Region, both Alpine and Apennine of the Oltre Po Pavese, there is a prevalence of 
blue and green indicators. Instead, the area of the Lambro-Seveso-Olona basin is noted, in the 
west of the Region where there is a significant presence of orange and red indicators. Another 
high impact area due to the presence of Glyphosate is the one in the southeast of Lombardy.  

 

Fig. 1. Maximum concentrations of glyphosate 

About the AMPA, it can be observed that its trend is mirroring that of its parental compound, but 
the concentrations detected are higher.  

The blue indicators, representing a condition of undetected presence at the limit of 
quantification, are fewer than those of the previous map and are concentrated, also in this case, 
in the mountainous area of the region, confirming the fact that in areas with little human 
population and with little agricultural impact this type of herbicide is not used. 

The red indicators are present in greater numbers than in the Glyphosate map and indicate that 
in various monitoring points the maximum concentrations in these years have reached values 
above 5 mg / L.  

 
Fig. 2. Maximum concentrations of AMPA 

References 

1. ISPRA, “Rapporto Nazionale pesticidi nelle acque: dati 2017 – 2018”. Rapporto 334/2020. Dicembre 2020.  
2. Regolamento di esecuzione (UE) 2017/2324 della Commissione Europea, del 12 dicembre 2017 
3. H. Vereecken, “Mobility and Leaching of Glyphosate: a Review”, Pest. Management Sci. 61 (2005) 1139. 
4. S. Scolari, D. Rizzo, S. Attuati, M.Volante. Fast LC-MS/MS analysis of glyphosate and its metabolite AMPA in waters 

at ultra-trace levels by direct sample injection without derivatization”, Trends in Chromatography 12 (2018) 45-51. 


