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2. Research Area 
Research Methods in Science and Technology – Analy6cal Chemistry CHEM-01/A 
 

3. General presenta6on of the project and state of the art 
Eutrophica6on is one of the most widespread environmental problems of inland 
waters and represents their enrichment by nutrients (e.g., N and P containing 
compounds) leading to an accelerated growth of cyanobacteria (see Figure 1).1,2  
 

 
Figure 1. Algae blooms from (A) Lake Norra Bergundasjön, Sweden and (B) Lake Albano, Italy.3,4 

 
Such phenomenon is spread worldwide and a number of publica6ons can be 
found in the literature, with a focus on organic phosphorus (OP) compounds 
analyses.2,5–22 Nevertheless, liUle is known about OP compounds in south 
European countries, where Italy represents one example.23–31  
Taking into account that OP compounds accumulate in sediments,2,21 the project 
will aim to get a deeper understanding of OP compounds in environmental 
samples and their rela6onship with other contaminants. 
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4. Research Objec6ves 
Inositol phosphates (IPs) are a class of OP compounds which are widely found in 
aqua6c systems, see one example in Figure 2.32  
 

 

Figure 2. Chemical structure of inositol hexakisphosphate, also known as phytic acid.33 

 
In turn, IPs can be classified depending on the number of phosphate groups 
aUached to the inositol ring, as well as depending on the stereoisomeric forms 
found in the environment.34 Hence, the project will aim to get a deeper insight 
of IPs in aqua6c systems, with a combina6on of liquid chromatography-mass 
spectrometry (LC-MS) and direct mass spectrometry (DMS). In the former case, 
chromatography will help to reduce sample complexity and an appropriate mass 
analyzer/analyzers will allow detec6on of the gas phase ions. In the laUer case, 
DMS will be performed with the technique “extrac6ve-liquid sampling electron 
ioniza6on-mass spectrometry” (E-LEI-MS), allowing real-6me analyses without 
sample prepara6on steps. Thus, a combina6on of hard and so^ ioniza6on 
techniques (i.e., electron and electrospray ioniza6ons) will be combined to get 
complementary and/or compara6ve results.  
 

5. Methodology and Expected Results 
Real 6me analysis will be performed with E-LEI-MS and as it employs electron 
ioniza6on (EI), the reproducible mass spectra allow immediate comparison with 
commercially available libraries.35 Furthermore, E-LEI-MS has shown to 
overcome most of the matrix effects observed with other ioniza6on techniques 
and will be further assessed to a complex environmental matrix, as sediments 
are.35,36 Addi6onally, E-LEI-MS provides the ability to perform mul6layer analyses 
permibng the sample mapping in three dimensions, hence both surface and 
spa6al analyses can be performed.37 
Nevertheless, for certain class of compounds the ioniza6on efficiency with 
electrospray (ESI) was found to be more sensi6ve than EI, for this reason a LC 



 3 

system hyphenated to a tandem mass spectrometer will aid to compare the 
ioniza6on efficiencies of these compounds.36 Furthermore, as EI lack of 
molecular ions informa6on, they will be detected with ESI.36 
The above-men6oned techniques will allow OP compounds quan6fica6on in 
aqua6c systems, aiming to get a deeper insight of nutrients overloading and if 
their presence and abundance can be modified by the concurrent contamina6on 
of other compounds. A general workflow schema6c is depicted in Figure 3.  
 

 
Figure 3. Research project proposal workflow schemaGc.37,38 

 
6. Bibliography 

(1) Bengtsson, L.; Herschy, R. W.; Fairbridge, R. W. Encyclopedia of Lakes and 
Reservoirs; The encyclopedia of earth sciences series; Springer: Dordrecht 
London, 2012. 

(2) Paraskova, J. V.; Jørgensen, C.; Reitzel, K.; PeUersson, J.; Rydin, E.; Sjöberg, P. 
J. R. Specia6on of Inositol Phosphates in Lake Sediments by Ion-Exchange 
Chromatography Coupled with Mass Spectrometry, Induc6vely Coupled 
Plasma Atomic Emission Spectroscopy, and 31 P NMR Spectroscopy. Anal. 
Chem. 2015, 87 (5), 2672–2677. hUps://doi.org/10.1021/ac5033484. 

(3) CyanoAlert - News. hUps://www.cyanoalert.com/news-en (accessed 2024-
06-18). 

(4) Serena. Gallery. Bloowater Project. hUps://www.bloowater.eu/gallery.html 
(accessed 2024-06-18). 

(5) Anabtawi, H. M.; Lee, W. H.; Al-Anazi, A.; Mohamed, M. M.; Aly Hassan, A. 
Advancements in Biological Strategies for Controlling Harmful Algal Blooms 
(HABs). Water 2024, 16 (2), 224. hUps://doi.org/10.3390/w16020224. 

(6) Kuhlisch, C.; Shemi, A.; Barak-Gavish, N.; Schatz, D.; Vardi, A. Algal Blooms in 
the Ocean: Hot Spots for Chemically Mediated Microbial Interac6ons. Nat 
Rev Microbiol 2024, 22 (3), 138–154. hUps://doi.org/10.1038/s41579-023-
00975-2. 



 4 

(7) Patriarca, C.; Sedano-Núñez, V. T.; Garcia, S. L.; Bergquist, J.; Ber6lsson, S.; 
Sjöberg, P. J. R.; Tranvik, L. J.; Hawkes, J. A. Character and Environmental 
Lability of Cyanobacteria-derived Dissolved Organic MaUer. Limnology & 
Oceanography 2021, 66 (2), 496–509. hUps://doi.org/10.1002/lno.11619. 

(8) Rydin, E.; Broman, E.; Reitzel, K.; Lukkari, K.; Hermans, M.; Kumblad, L.; 
Karlsson, M.; Apler, A.; Ek, B.; Sjöberg, P. J. R. Contras6ng Distribu6on and 
Specia6on of Sedimentary Organic Phosphorus among Different Basins of 
the Bal6c Sea. Limnology & Oceanography 2023, 68 (4), 767–779. 
hUps://doi.org/10.1002/lno.12308. 

(9) Xiao, X.; Peng, Y.; Zhang, W.; Yang, X.; Zhang, Z.; Ren, B.; Zhu, G.; Zhou, S. 
Current Status and Prospects of Algal Bloom Early Warning Technologies: A 
Review. Journal of Environmental Management 2024, 349, 119510. 
hUps://doi.org/10.1016/j.jenvman.2023.119510. 

(10) Reitzel, K.; Ahlgren, J.; DeBrabandere, H.; Waldebäck, M.; Gogoll, A.; Tranvik, 
L.; Rydin, E. Degrada6on Rates of Organic Phosphorus in Lake Sediment. 
Biogeochemistry 2007, 82 (1), 15–28. hUps://doi.org/10.1007/s10533-006-
9049-z. 

(11) PuUonen, I.; Mabla, J.; Jonsson, P.; Karlsson, O. M.; Kohonen, T.; Ko6lainen, 
A.; Lukkari, K.; Malmaeus, J. M.; Rydin, E. Distribu6on and Es6mated Release 
of Sediment Phosphorus in the Northern Bal6c Sea Archipelagos. Estuarine, 
Coastal and Shelf Science 2014, 145, 9–21. 
hUps://doi.org/10.1016/j.ecss.2014.04.010. 

(12) De Jonge, V. N.; EllioU, M. Eutrophica6on. In Encyclopedia of Ocean Sciences; 
Elsevier, 2001; pp 852–870. hUps://doi.org/10.1006/rwos.2001.0047. 

(13) Zuo, J.; Xiao, P.; Heino, J.; Tan, F.; Soininen, J.; Chen, H.; Yang, J. 
Eutrophica6on Increases the Similarity of Cyanobacterial Community 
Features in Lakes and Reservoirs. Water Research 2024, 250, 120977. 
hUps://doi.org/10.1016/j.watres.2023.120977. 

(14) Karlson, B.; Andersen, P.; Arneborg, L.; Cembella, A.; Eikrem, W.; John, U.; 
West, J. J.; Klemm, K.; Kobos, J.; Leh6nen, S.; Lundholm, N.; Mazur-Marzec, 
H.; Naustvoll, L.; Poelman, M.; Provoost, P.; De Rijcke, M.; Suikkanen, S. 
Harmful Algal Blooms and Their Effects in Coastal Seas of Northern Europe. 
Harmful Algae 2021, 102, 101989. 
hUps://doi.org/10.1016/j.hal.2021.101989. 

(15) Dumitran, G. E.; Vuta, L. I.; Popa, B. Overview of the Eutrophica6on in 
Romanian Lakes and Reservoirs. Limnological Review 2024, 24 (1), 76–104. 
hUps://doi.org/10.3390/limnolrev24010005. 

(16) Östlund, C.; Flink, P.; Strömbeck, N.; Pierson, D.; Lindell, T. Mapping of the 
Water Quality of Lake Erken, Sweden, from Imaging Spectrometry and 



 5 

Landsat Thema6c Mapper. Science of The Total Environment 2001, 268 (1–
3), 139–154. hUps://doi.org/10.1016/S0048-9697(00)00683-5. 

(17) Kim, N.; Shin, J.; Cha, Y. Mul6site Algal Bloom Predic6ons in a Lake Using 
Graph AUen6on Networks. Environmental Engineering Research 2023, 29 
(2), 230210–0. hUps://doi.org/10.4491/eer.2023.210. 

(18) Alvarez, S.; Brown, C. E.; Garcia Diaz, M.; O’Leary, H.; Solís, D. Non-Linear 
Impacts of Harmful Algae Blooms on the Coastal Tourism Economy. Journal 
of Environmental Management 2024, 351, 119811. 
hUps://doi.org/10.1016/j.jenvman.2023.119811. 

(19) Ahlgren, J.; Reitzel, K.; De Brabandere, H.; Gogoll, A.; Rydin, E. Release of 
Organic P Forms from Lake Sediments. Water Research 2011, 45 (2), 565–
572. hUps://doi.org/10.1016/j.watres.2010.09.020. 

(20) De Brabandere, H.; Forsgard, N.; Israelsson, L.; PeUerson, J.; Rydin, E.; 
Waldebäck, M.; Sjöberg, P. J. R. Screening for Organic Phosphorus 
Compounds in Aqua6c Sediments by Liquid Chromatography Coupled to 
ICP-AES and ESI-MS/MS. Anal. Chem. 2008, 80 (17), 6689–6697. 
hUps://doi.org/10.1021/ac8006335. 

(21) Sjöberg, P. J. R.; Thelin, P.; Rydin, E. Separa6on of Inositol Phosphate Isomers 
in Environmental Samples by Ion-Exchange Chromatography Coupled with 
Electrospray Ioniza6on Tandem Mass Spectrometry. Talanta 2016, 161, 
392–397. hUps://doi.org/10.1016/j.talanta.2016.08.076. 

(22) Recknagel, C.; Thelin, P.; Abraham, M.; Schulz-Bull, D.; Sjöberg, P. J. R. Using 
Standard Addi6ons to Improve Extrac6on and Quan6fica6on of Inositol 
Hexakisphosphate in Sediment Samples by Ion Chromatography 
Electrospray Ioniza6on Mass Spectrometry. Talanta 2018, 188, 192–198. 
hUps://doi.org/10.1016/j.talanta.2018.05.072. 

(23) A Pizzo il mare diventa di nuovo “verde”: i fer[lizzan[ fanno proliferare le 
alghe. GazzeUa del Sud. 
hUps://catanzaro.gazzeUadelsud.it/ar6coli/cronaca/2023/07/18/a-pizzo-il-
mare-diventa-di-nuovo-verde-i-fer6lizzan6-fanno-proliferare-le-alghe-
99fe62cd-a4d7-4bb9-88f2-95a8c9e{c2/ (accessed 2024-06-15). 

(24) Ambiente: in Adria[co è arrivata l’eutrofizzazione. Alterna6va Sostenibile 
News su agricoltura sostenibile, bioedilizia, efficientamento energe6co, 
energia rinnovabile. 
hUps://www.alterna6vasostenibile.it/ar6colo/ambiente-in-adria6co-e-
arrivata-l-eutrofizzazione-.html (accessed 2024-06-15). 

(25) Buone no[zie per il mare Adria[co: per gli scienzia[ l’eutrofizzazione è in 
declino. Corriere Cesenate. 
hUps://www.corrierecesenate.it/Cesena6co/Buone-no6zie-per-il-mare-



 6 

Adria6co-per-gli-scienzia6-l-eutrofizzazione-e-in-declino (accessed 2024-
06-15). 

(26) Eutrofizzazione nelle acque salmastre: le linee guida del Snpa. Ambiente 
Sicurezza Web. hUps://www.ambientesicurezzaweb.it/eutrofizzazione-
nelle-acque-salmastre-le-linee-guida-del-snpa/ (accessed 2024-06-15). 

(27) I cianobaaeri fanno preoccupare (e arrabbiare). Corriere del Ticino. 
hUps://www.cdt.ch/news/i-cianobaUeri-fanno-preoccupare-e-arrabbiare-
325155 (accessed 2024-06-15). 

(28) Centorrino, F. Non solo plas[che: il problema dell’eutrofizzazione dei mari. 
Microbiologia Italia. hUps://www.microbiologiaitalia.it/biologia-
marina/non-solo-plas6che-il-problema-dell-eutrofizzazione-dei-mari/ 
(accessed 2024-06-15). 

(29) Orbetello, incubo alghe in laguna: cos’è l’eutrofizzazione che spaventa i 
pescatori. Il Tirreno. 
hUps://www.il6rreno.it/grosseto/cronaca/2024/03/19/news/orbetello-
incubo-alghe-in-laguna-cos-e-l-eutrofizzazione-che-spaventa-i-pescatori-
1.100492729 (accessed 2024-06-15). 

(30) Leone, C. Senigallia, macchie rosse in mare: «Niente paura, è 
l’eutrofizzazione» - CentroPagina. CentroPagina - Cronaca e no6zie dalle 
Marche. hUps://www.centropagina.it/senigallia/macchie-rossastre-in-
mare-senigallia-caldo-alghe-eutrofizzazione/ (accessed 2024-06-15). 

(31) “Situazione disastrosa, il lago di Serraia sta morendo”. L’appello del Comitato 
alla poli[ca in vista delle elezioni: “L’autonomia deve servire a tutelare il 
nostro territorio.” il Dolomi6. 
hUps://www.ildolomi6.it/ambiente/2023/situazione-disastrosa-il-lago-di-
serraia-sta-morendo-lappello-del-comitato-alla-poli6ca-in-vista-delle-
elezioni-lautonomia-deve-servire-a-tutelare-il-nostro-territorio (accessed 
2024-06-15). 

(32) Organic Phosphorus in the Environment; Turner, B. L., Frossard, E., Baldwin, 
D. S., Eds.; CABI Pub: Wallingford, UK ; Cambridge, MA, 2005. 

(33) Chemical structure of phy[c acid | Download Scien[fic Diagram. 
hUps://www.researchgate.net/figure/Chemical-structure-of-phy6c-
acid_fig4_328089912 (accessed 2024-06-18). 

(34) Turner, B. L.; Papházy, M. J.; Haygarth, P. M.; Mckelvie, I. D. Inositol 
Phosphates in the Environment. Phil. Trans. R. Soc. Lond. B 2002, 357 (1420), 
449–469. hUps://doi.org/10.1098/rstb.2001.0837. 

(35) Cappiello, A.; Famiglini, G.; Pierini, E.; Palma, P.; Trufelli, H. Advanced Liquid 
Chromatography−Mass Spectrometry Interface Based on Electron 
Ioniza6on. Anal. Chem. 2007, 79 (14), 5364–5372. 
hUps://doi.org/10.1021/ac070468l. 



 7 

(36) Cappiello, A.; Famiglini, G.; Palma, P.; Pierini, E.; Termopoli, V.; Trufelli, H. 
Overcoming Matrix Effects in Liquid Chromatography−Mass Spectrometry. 
Anal. Chem. 2008, 80 (23), 9343–9348. hUps://doi.org/10.1021/ac8018312. 

(37) Arigò, A.; Famiglini, G.; Maribmo, N.; Agos6ni, M.; Renzoni, C.; Palma, P.; 
Cappiello, A. Extrac6ve-Liquid Sampling Electron Ioniza6on-Mass 
Spectrometry (E-LEI-MS): A New Powerful Combina6on for Direct Analysis. 
Sci Rep 2023, 13 (1), 6429. hUps://doi.org/10.1038/s41598-023-33647-5. 

(38) Scien[fic Image and Illustra[on Sohware | BioRender. 
hUps://www.biorender.com/ (accessed 2024-06-18). 

 
7. Descrip6on of the research in the three-year period (feasibility) 

The primary goal is to enhance the detection, identification and quantification 
of the analytes in various environmental samples, such as water, soil and 
sediment. 

 
Year 1: Method Development and Optimization 

 
Develop and optimize ambient MS techniques to detect OP compounds. 
Integrate these methods with vacuum ionization MS techniques to improve 
sensitivity and accuracy. The candidate techniques are direct infusion MS, LC-
MS, GC-MS with a previous investigation of the optimal analytes extraction 
conditions. 
Conduct initial experiments to validate the combined techniques using standard 
samples.  

 
Year 2: Application to Environmental Samples 

 
Apply the optimized methods to real environmental samples collected from 
different sources, including animals and plants. 
Focus on identifying and quantifying organic phosphorus compounds and other 
relevant contaminants. 
Compare the performance of the combined techniques with traditional 
methods. 

 
Year 3: Data Analysis and Environmental Impact Assessment 

 
Analyze the collected data to understand the distribution and concentration of 
organic phosphorus compounds and contaminants. 
Assess the environmental impact of these compounds, focusing on their 
sources, pathways, and potential risks. 
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Publish the findings and provide recommendations for monitoring and 
mitigating environmental contamination. 

 
This research will contribute to a better understanding of environmental 
contaminants and support the development of advanced analytical techniques 
for environmental monitoring and protection. 


