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Ancient proverb:
On a Dark night you can see more stars

. ‘Mass spectrometry is the art of measuring
& atoms and molecules to determine their
molecular weight. Such mass or weight

) . : in forma tion iS Sometimes SUffic’.ent, Photo from the Nobel Foundation Photo from the ‘w.::t:u"ri“;'c": Photo from the Nobel Founda
W frequently necessary, and always useful in ionns rem Koichi Tanaka Kurt Wiithrich
¥, Prize share: 1/4 Prize share: 1/4 Prize share: 1/2

determining the identity of a species”

John B. Fenn, Nobel 2002

Development of new qualitative and
quantitative analytical method based on

chromatography coupled with mass
spectrometry
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How many
compounds?
resolution
correct identification?

accuracy

Amplifeer

Resolution and accuracy

Resolving power ( R) = m/Am

Compound with MW=200 , Am=0.014 > R=14000
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Resolving power ( R) = m/Am

Compound with MW=200 , Am=0.014 > R=14000
I
I OW many 195.101392

195.088679

195.065349 -0.9 ppm
compounds?
. + 0.8 ppm
resolution
) | _ 0.036 Da
correct identification? .
accuracy
6,100 Resolving 14,000 Resolving
Power (FWHM) Power (FWHM)
195 195.02 195.04 19506 19508 1951 19512 195.14 19516 19518 1952 195 19502 19504 19506 19508 1951 19512 19514 19516 19518  195.2
Counts vs. Mass-to-Charge (m/z) Counts vs. Mass-to-Charge (m/z)
_0_0o
dom
0 HO
ot Methyl 5-acetylsalicylate Butyl paraben

IM+HIl+ = m/7 195 065190 INM+=HI+- = m/7 1065 101587
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“There are known knowns These are things we know that we know

“There are known unknowns. That is to say, there are things that we
know we don't know.

But there are also unknown unknowns. There are things we don't know
we don't know.”

Donald Rumsfeld, Ex Secretary of Defense, USA

FreakingN ews.com

 Ci sono «informazioni» conosciute che sappiamo di sapere. “Target”
 Ci sono «informazioni» sconosciute che sappiamo di non sapere. “UnTargeted”
» Ma ci sono anche «informazioni» a noi sconosciute che non sappiamo di non sapere.“UnKnown”
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All analyses without a pure standard start as non-target

and could remain unknown
4 \
S * Comparison with the reference standard of
L » Retention time (tz)+ Molecular formula (MS) +
a | - fragmentation pattern (MSMS)
! \ 4
© * Comparison with database+ Molecular
formula (MS) + fragmentation pattern (MSMS)

* Data on Retention times + Molecular
I formula (MS) + eventually fragmentation
pattern (MSMS)

\ J

Non-target screening with high-resolution mass spectrometry: critical review using a collaborative trial on water analysis
Schymanski EL, .., Bogialli S, et al. Anal Bioanal Chem, 2015, 407, 6237-6255
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Campione da analizzare

Non Target

Conferma
e quantificazione

Analisi
statistiche

fingerprints

Screening
con database
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Emerging contaminants
Endocrine disruptors (EDs)

Target & non-target analysis

- - - Characterization of organic compounds
JPharmaceuticals (organometallic, cultural heritage)

( Metabolomic
Clinical markers (Alzheimer, Parkinson, Diabetes)

Perfluorinated compounds
]

: Biomarkers in food
dTransformation products

LAlgal toxins

Contaminants (Biomarkers) in environment
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Chemical contaminants in envinroment:

General external Specific external

et T * Pesticides, Erbicides
imissin (O - * Industrial residues
Clrate .:{;:. S oL Infectious

« Endocrine disruptors (e.g plastificant)
* Pharmaceuticals
e R | o  Personal care products
T » Cleaning products

Lifestyle factors

Alr pollution

Sockl capital @ o Hesooones.
) @ ] R T | @@
» Metabolites @
490>
HeaRRTEko @

impact assessment
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Bioactive compounds produced by extremophiles plants

1.Raw formula

Accurate mass

3.Isomeric variant

_ UV spectra Chromatographic Biological
Fragmentation (if present) behaviour mechamism
pattern
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Compounds Reports drelative area
T2-E Cl-E
Chalcones and Dihydrochalcones
1 s 2.,4'-dihydroxychalcone Z.punc., prop. 95.3 | 104.3 59.7
2 t 2.4-dihydroxy-3'-methoxychalcone Z.punc., prop. 345 | 134 2.0
3 s 2'.4.4-trihydroxy-6'-methoxychalcone prop. 100§ 2.1 9.1
Flavanones
1* t 7-hydroxyflavanone Z.punc., prop. 579 | 24.9 24.8
2* s T7-hydroxy-8-methoxyflavanone Z.punc., prop. 223 | 34.1 8.9
3* s 7,4-dihydroxy-5-methoxyflavanone prop. 2.0 15.7 1.3
10 s pinocembrin (5, 7-dihydroxyflavanone) Z.punc., prop. 2.3 13.9 7.1
Flavones
14 s 3,7-dihydroxy-8-methoxyflavone Z.punc., prop. 6.3 4.2 4.5
15 s rhamnocitrin (3,5,4'-trihydroxy-7-methoxyflavone) Z.punc., prop. 2.3 3.7 5.1 2.3
20 t galangin (3,5,7-trihydroxyflavone) Z.punc., prop. 225 ] 36.7 61.4 54 12.7
25 t chrysin (5,7- dihydroxyflavone) prop. 3.7 77.7 34.8 19.5 7.0
26 s 3,7-dihydroxyflavone Z.punc. 5.3 5.6 5.3
Acids and esters
28 s 1,1-dimethylallyl caffec acid prop. 11.9 36.9 6.8 8.4
32 s 1l-methyl-3-(4'-hydroxyphenyl)-propyl caffeic acid ester Z.punc. 219 | 35.0 0.4 24.2
33 s 1l-methyl-3-(3',4'-dihydroxyphenyl)-propyl caffeic acid ester Z.punc. 36.8 | 76.0 51.1
Proposed non target compounds
34 nt 7,8-dihydroxyflavanone 8.6 10.3 7.4
35 nt 3,7-dihydroxyflavanone 5.2 5.0 3.5
36 nt pinobanksin-5-methyl eter (3,7-dihydroxy-5-methoxyflavanone) 3.6 20.4 14.7 2.6 5.9
37 nt 3,7,8-trihydroxydihydroflavanone 6.3 27.7 96.3 7.8 3.8
38 nt 4'-hydroxy-2'-methoxydihydrochalcone 100.0§ 68.5 53.3
39 nt 2'.4'-dihydroxydihydrochalcone 23.6 | 23.3 14.5
40 nt 4'-terbutyloxyphenyl p-coumaric acid ester 0.9 0.6 0.5
41 nt 1-methyl-3-(4'-hydroxyphenyl)-propyl p-coumaric acid ester 22.8 ] 25.3 18.2
42 nt geranyl caffeate 9.4 25.8 1.3 1.6 20.7
43 nt 1-methyl-3-(3',4'-di hydroxyphenyl)-propyl ferulic acid ester 3.4 8.9 4.8
44 nt 2-methyl-3-(3'-hydroxy-4'-methoxyphenyl)-propyl caffeic acid ester 49 Ldele— 2
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Qﬁlimate Change thphicalib

Temperature Light Nutrients

l

Cyanobacteria in Water
|
cyanobacterial growth

A

f/ Toxic Bloom ™ ‘ s
~~ \_ (according to strains) T  E—
bioaccumulation — o waler treatment - : AFE

of cyanotoxins (fate of cyanotoxins?) Algal toxins at UNS

J l - levels have been detected.

Shellfish, Food Recreational Water Drinking Water
I

\ bathing }

ingestion R ingestion*®
— ——

Human Poisonings
(gastroenteritis, paralysis...)

-

* 80% of human exposure to cvanotoxins (WHO, 1998)

Fig. 1. Origin of toxic cyanobacterial blooms and human exposure.
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(7) N-methyl-dehydroalanine (Mdha) TABLE 2. Primary Microcystin Analogues With Variations in Amino Acids 2 (X) and 4 (Y)

(6) D-Glu (ll-fo) COOH H3(|: 7 Analogue Structure

: < Microcystin-AR cyclo (-D-Ala-I-Ala-D-MeAsp-1-Arg-Adda-D-Glu-Mdha-)

l H.., Microcystin-FR cyclo (-D-Ala-I-Phe-D-MeAsp-1-Arg-Adda-D-Glu-Mdha-)

CH,_fSC Microcystin-HilR cyclo (-D-Ala-I-Hil-D-MeAsp-1-Arg-Adda-D-Glu-Mdha-)

Microcystin-HtyR cyclo (-D-Ala-L-Hty-D-MeAsp-L-Arg-Adda-D-Glu-Mdha-)

Microcystin-LA cyclo (-D Ala-L-Leu-D-MeAsp-L-Ala-Adda-D-Glu-Mdha-)

Microcystin-LAba cyclo (-D Ala-L-Leu-D-MeAsp-L-Aba-Adda-D-Glu-Mdha-)

NH/“ Microcystin-LF cyclo (-D-Ala-I-Leu-D-MeAsp-L-Phe-Adda-D-Glu-Mdha-)

Microcystin-LL cyclo (-D-Ala-L-Leu-D-MeAsp-L-Leu-Adda-D-Glu-Mdha-)

I COOH Microcystin-LM cyclo (-D-Ala-L-Leu-D-MeAsp-L-Met-Adda-D-Glu-Mdha-)

) 'y Microcystin-LR cyclo (-D-Ala-L-Leu-D-MeAsp-L-Arg-Adda-D-Glu-Mdha-)

(3) D-er iRy 14D Microcystin-LV cyclo (-D-Ala-L-Leu-D-MeAsp-L-Val-Adda-D-Glu-Mdha-)

Microcystin-LW cyclo (-D-Ala-L-Leu-D-MeAsp-L-Trp-Adda-D-Glu-Mdha-)

Adda: Microcystin-LY cyclo (-D-Ala-I-Leu-D-MeAsp-L-Tyr-Adda-D-Glu-Mdha-)
Microcystin-M(O)R cyclo (-D-Ala-I-Met(O)-D-MeAsp-L-Arg-Adda-D-Glu-Mdha-)

(28,38,88,98)' Microcystin-RA cyclo (-D-Ala-L-Arg-D-MeAsp-1-Ala-Adda-D-Glu-Mdha-)

: : Microcystin-RR cyclo (-D-Ala-L-Arg-D-MeAsp-1-Arg-Adda-D-Glu-Mdha-)

3-amln0-9-methoxy-2,6,8-trlm6thy|-10- Microcystin-WR cyclo (-D-Ala-L-Try-D-MeAsp-L-Arg-Adda-D-Glu-Mdha-)

_ e I 1 1 Microcystin-YA cyclo (-D-Ala-L-Tyr-D-MeAsp-L-Ala-Adda-D-Glu-Mdha-)
phenyldeca 4’6 dlenOIC aCId Microcystin-YM(O) cyclo (-D-Ala-L-Tyr-D-MeAsp-L-Met(0O)-Adda-D-Glu-Mdha-)

Microcystin-YR cyclo (-D-Ala-L-Tyr-D-MeAsp-L-Arg-Adda-D-Glu-Mdha-)
Microcystin-(H4)YR cyclo (-D-Ala-L-(H4) Tyr-D-MeAsp-L-Arg-Adda-D-Glu-Mdha-)

WHO provisional limit for drinking water Uncertainty factor 1000

1 pg/L expressed as MC-LR equivalents

Intended with ELISA assay

More than 120 known variants,
12 certified standards available

18
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Extraction of toxins:
intra and extarcellular content /

TARGETED analysis | | UNTARGETED analysis
- g

Quantification
of KNOWN toxins
DATABASE -

Characterization of
UNKNOWN toxins
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ICMATE-CNR: Characterization of cyanobacteria species

Matural drying of
added solvent

/

Microorganism a4 pacteria sample
sample and matrix reagent
S—

MALDI plate

DATABASE .HE

Protein profile
(hopefully species-dependent)
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Envinronmental pollution & climate change

Chemosphere 224 (2019) 786785

Contents lists available at ScienceDirect
Chemosphere

Analytical method and
protocols for Data analysis

Chemosphere

journal homepage: www.elsevier.com/locate/chemosphere

Talanta 194 (2019) 233242 Direct target and non-target analysis of urban aerosol sample extracts

using atmospheric pressure photoionisation high-resolution mass s
spectrometry

Contents lists available at ScienceDirect

Chiara Giorio *™°

Markus Kalberer *
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Atmospheric Environment 178 (2018) 129-139
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ATMOSPHERIC
ENVIRONMENT

Contents lists available at ScienceDirect

@ Cite This: ACS Sens. 2018, 3, 1291-1298

Atmospheric Environment

A new method for the determination of primary and secondary terrestrial )
and marine biomarkers in ice cores using liquid chromatography high- e
resolution mass spectrometry

journal homepage: www.elsevier.com/locate/atmoseny

Electrochemosensor for Trace Analysis of Perfluorooctanesulfonate
in Water Based on a Molecularly Imprinted
Poly(o-phenylenediamine) Polymer
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and Paolo Ugo™”"

A new processing scheme for ultra-high resolution direct infusion mass
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© Supporting Information GRAPHICAL ABSTRACT

ABSTRACT: This work is aimed at developing an electro-

Direct Injection Liquid Chromatography High-Resolution Mass
Spectrometry for Determination of Primary and Secondary
Terrestrial and Marine Biomarkers in Ice Cores

Amy C. F. King,* Chiara Giorio,***® Eric Wolff,! Elizabeth Thomas,” Marco Roverso,"
Margit Schwikowski," Andrea Tapparo,’ Sara Bogialli,* and Markus Kalberer™"

chemical sensor for the sensitive and selective detection of trace
levels of perfluorooctanesulfonate (PFOS) in water. Contami-
nation of waters by perfluorinated alkyl substances (PFAS) is a
problem of global concern due to their suspected toxicity and
ability to bioaccumulate. PFOS is the perfluorinated compound
of major concern, as it has the lowest suggested control
concentrations. The sensor reported here is based on a gold
electrode modified with a thin coating of a molecularly
imprinted polymer (MIP), prepared by anodic electropolyme-
rization of o-phenylenediamine (0-PD) in the presence of PFOS
as the template. Activation of the sensor is achieved by template
removal with suitable a solvent mixture. Voltammetry, a quartz
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Identification of binders in paintings

BINDERS:

» Usually BIG molecules

» Very different (chemically)

» Usually present in mixture

» Pigments might chemically modify the binder (?)
» Low amount of sample

. ,_C , Sigle MS-based analytical method
’ il for binders characterization
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Untargeted Analysis of known binders and pigments

Binder (or mixture) Binder (or mixture)
Extraction Matrix addiction
(derivatization) (enzymatic digestion)

r

T

iy —

| \/‘ |
<
Statistical Analysis
|_. e

B  DATABASE
.@ (and analytical method)

DiSC /

|
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Analysis of unknown samples

y Sampling
(<1 mg)

MS analsysis

BINDER ID
(1-2 hours) .@
-

DATABASE
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