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Introduzione – attività di ricerca unità UNIMORE svolta

Journey to the centre of the lung. The perspective of a mineralogist on the carcinogenic effects of mineral fibres in the lungs
Gualtieri, A.F. Journal of Hazardous Materials, 2023, 442, 130077.

The Acute Toxicity of Mineral Fibres: A Systematic In Vitro Study Using Different THP-1 Macrophage Phenotypes. Mirata, S., et al., 
International Journal of Molecular Sciences, 2022, 23(5), 2840.

Acute cytotoxicity of mineral fibres observed by time-lapse video microscopy. Di Giuseppe, D., et al., Toxicology, 2022, 466, 153081.

Characterization of fibrous wollastonite NYAD G in view of its use as negative standard for in vitro toxicity tests. Di Giuseppe D., et 
al., Minerals, 2021, 11(12), 1378.

WebFPTI: A tool to predict the toxicity/pathogenicity of mineral fibres including asbestos. Gualtieri, A.F., et al., Earth Science 
Informatics, 2021, 14(4), pp. 2401–2409.

Characterization and assessment of the potential toxicity/pathogenicity of Russian commercial chrysotile. Di Giuseppe, D. et al., .
American Mineralogist, 2021, 106(10), pp. 1606–1621.

Bridging the gap between toxicity and carcinogenicity of mineral fibres by connecting the fibre crystal-chemical and physical 
parameters to the key characteristics of cancer. Gualtieri, A.F. Current Research in Toxicology, 2021, 2, pp. 42–52.

Lung cancer: Mechanisms of carcinogenesis by asbestos. Mossman, B.T., Gualtieri, A.F. Occupational Cancers, 2020, pp. 239–26.

Filone di ricerca principale
Correlazione parametri del modello di tossicità/cancerogenicità del crisotilo 
russo, crocidolite e wollastonite → adverse effects → 10 parametri IARC KCs
(pathobiological effects)

https://www.scopus.com/authid/detail.uri?authorId=7005245828


Introduzione – attività di ricerca unità UNIMORE svolta
Caratterizzazione e tossicità di fibre minerali in collaborazione con le altre 

unità di ricerca
The crystal structure of the killer fibre erionite from Tuzköy (Cappadocia, Turkey). Giacobbe, C. et al., IUCrJ, 10(4).

Identification of iron compounds in chrysotile from the Balangero mine (Turin, Italy) by micro-Raman spectroscopy
Fornasini, L., et al., Journal of Raman Spectroscopy, 2022, 53(11), pp. 1931–1941.

Characterisation of potentially toxic natural fibrous zeolites by means of electron paramagnetic resonance
spectroscopy and morphological-mineralogical studies. Giordani M., et al.,  Chemosphere, 2022, 291, 133067.

In vitro toxicity of fibrous glaucophane. Gualtieri A.F. et al., Toxicology, 2021, 454, 152743.

Crystal structure determination of a lifelong biopersistent asbestos fibre using single-crystal synchrotron X-ray
micro-diffraction. Giacobbe C. et al., IUCrJ, 2021, 8, pp. 76–86.

Characterization and assessment of the potential toxicity/pathogenicity of fibrous glaucophane. Di Giuseppe D., et 
al., Environmental Research, 2019, 178, 108723.

• Rilascio metalli da fibre minerali con UNIPI-PR e UNIGE con esperimenti a

ESRF ed ELETTRA

• Cross talk del Ca++ dall’erionite con UNIPI-PR e UNIGE con esperimenti a

ESRF ed ELETTRA ed esperimenti di concentrazione Ca/Na nel cytosol



Parametri cristallochimici-fisici del crisotilo 
russo, crocidolite e wollastonite


Effetti avversi in vitro (adverse effects)


10 parametri IARC KCs (pathobiological effects)

Filone di ricerca principale



Filone di ricerca principale

’10 key characteristics (KCs) of carcinogens’, the properties of a cancer-
causing agent (Guyton et al., 2018) to evaluate the carcinogenic potency:

Correlare i parametri cristallochimici/fisici delle fibre minerali crisotilo 
russo (fibra corta e lunga), crocidolite e wollastonite→ "effetti avversi in 

vitro" → 10 parametri IARC che descrivono la cancerogenesi 



Filone di ricerca principale



Filone di ricerca principale



• raccolta dati in vitro relativi a markers IARC 10 KCs su crisotilo russo

L5m e L>5m, crocidolite UICC (standard positivo): e wollastonite

NYAD-G (standard negativo) da parte di UNIGE e UNIVPM In progress

• classificazione finale delle fibre studiate: quanti KCs (da 1 a 10) sono attivi

per ogni campione e da quali parametri FPTI vengono generati?

Filone di ricerca principale



Filone di ricerca principale – modellazione in corso 



Filone di ricerca principale – modellazione in corso 



Nuclearità del ferro ed implicazioni per il 
modello di tossicità delle fibre minerali

Filone di ricerca principale



• Cyto/genotoxic oxidant species 
catalysed by iron cause chronic 
inflammation of mineral fibres. The 
preferred catalytic active site is 
when iron forms isolated (FeO)2+

structures (nuclearity=1) whereas 
the catalytic activity is reduced or 
null when iron forms clusters of 
higher nuclearity.

Nuclearity of iron in mineral fibres. Determination and 
implications for toxicity models

Zecchina et al., 2007

• Iron nuclearity of mineral fibres has been investigated on a suite of 
standards and fibres to assess the contribution to the models of prediction 
of the toxicity/carcinogenicity. Approach: 
-ab initio density functional theory (DFT) calculations (to be completed)
-multivariate curve resolution (MCR) applied to the analysis of UV-Vis 

spectra 



UV-Vis spectra of selected standards with distinctive iron chemical environment. Legend: (a) iron 

phosphate dihydrate with isolated Fe3+ atoms; (b) iron sulphate with isolated Fe2+ atoms; (c) goethite 

(Fe3+O(OH)) with a cluster of 6 iron atoms in the second shell; (d) siderite (Fe2+CO3) with a cluster of 6 

iron atoms in the second shell and carbon-bonded oxygen atoms in the first shell.

Nuclearity of iron in mineral fibres.



Nuclearity of iron in mineral fibres
sample origin sample 

purity
Fe oxidation 

state
Fe chemical 

environment
Fe mass 

(%)
ammonium iron oxalate 

trihydrate
Synthetic, Merck yes Fe3+ isolated 13.0

ammonium iron sulphate 
dodecahydrate

Synthetic, Merck yes Fe2+ isolated 11.6

goethite Synthetic, Bayer yes Fe3+ Cluster (6 iron atoms in the 
second shell)

62.9

hematite Natural, Elba island (Italy) yes Fe3+ Cluster (6 iron atoms in the 
second shell)

69.9

iron chloride Synthetic, Merck yes Fe3+ Cluster (4 iron atoms in the 
second shell)

34.4

iron phosphate dihydrate Synthetic, Merck yes Fe3+ isolated 27.9

iron sulphate hydrate Synthetic, Merck yes Fe3+ isolated 37.0

iron sulphate heptahydrate Synthetic, Merck yes Fe2+ isolated 36.8

magnetite Natural, Cogne, Aosta Valley yes Fe2+, Fe3+ Cluster (6 iron atoms in the 
second shell)

72.4

iron Natural, GEMMA 1786 Modena yes Fe Cluster (6 iron atoms in the 
second shell)

100.0

kaolinite Natural, Washington USA yes Fe3+ isolated 0.05

olivine Natural, Balmuccia, Vercelli yes Fe2+ dimeric or trimeric 12.3

olivine calcined 1200 °C in air Natural, Balmuccia, Vercelli Yes, hematite 
formed

Fe3+ Cluster (6 iron atoms in the 
second shell)

12.3

pyrope (iron-containing garnet) Natural, Piedmont, Italy yes Fe2+ Isolated (possibly dimeric?) 6.7

pyroxene (iron-containing 
diopside)

Natural, GEMMA 1786 Modena yes Fe2+ Isolated (possibly dimeric?) 1.0?

siderite Natural, Fabriano, Marche yes Fe2+ Cluster (6 iron atoms in the 
second shell)

48.2

talc Borgotaro (Parma, Italy) yes Fe3+ Cluster <0.1



Nuclearity of iron in mineral fibres

Mineral fibres collected in order to predict the iron chemical environment 
and nuclearity:

• actinolite asbestos from Aurina Valley, Bolzano (Italy)
• amosite from Penge mine, Northern Province (South Africa)
• the UICC standard anthophyllite asbestos (Finnish NB #4173-111-5) from 

Paakkila (Finland)
• chrysotile from Balangero mine (Turin, Italy)
• commercial chrysotile from Yasniy mine, Orenburg Minerals (Russia)
• the UICC standard crocidolite South African NB #4173-111-3 
• fibrous glaucophane from San Anselmo, Marin County (CA, USA); 
• tremolite asbestos from the Ultrabasic Lanzo Massif in the Occidental 

Alps (Lanzo Valley, Piedmont)
• commercial fibrous wollastonite NYAD G from Willsboro-Lewis (New York, 

USA)



Experimental UV-Vis spectra of: (a) Fe3+-phosphate; (b) Fe2+-sulphate;  (c) siderite (Fe2+CO3); (d)
goethite (Fe3+O(OH)) (blue lines) with TD-DFT spectra (red lines) and TD-DFT transitions (magenta 
spikes).

Nuclearity of iron in mineral fibres (to be completed)
(a) (b)

(c) (d)



Nuclearity vs. production og HO• (DFT modelling to be completed)



Multivariate Curve Resolution – Alternating Least Squares (MCR-ALS) 
(De Juan, 2021; Jaumot, 2015)

Nuclearity of iron in mineral fibres



• Preparation of the sample powder (as pure as possible);

• Collect the UV-Vis spectrum, 200-800 nm range, same experimental conditions);

• Data reduction and normalization of the Kubelka-Munk signal;

• MCR analysis for the extraction of the PC parameters for the cluster plots;

• Classification of the sample in terms of the calculated components C1 (isolated Fe3+), 

C2 (cluster Fe2+ and Fe3+), C3 (cluster Fe3+), C4 (isolated Fe2+). Intermediate cases C1-

C3 and C4-C2 are possible and interpreted as iron with low nuclearity; 

• Assignment of the value of the FPTI nuclearity-related toxicity parameter 1.10:

C4 (isolated Fe2+) or C1 (isolated Fe3+) → Fe2+ nuclearity = 1 → index value = 0.07 

(high toxicity, due to the higher probability of producing hydroxyl radicals);

C1-C3 or C4-C2 → Fe2+ nuclearity = 2 → index value = 0.03 (low-moderate toxicity);

C2 (cluster Fe2+ and Fe3+) or C3 (cluster Fe3+) → Fe2+ nuclearity > 2 → index value = 

0.02 (low toxicity).

Nuclearity of iron in mineral fibres: MCR 2 FPTI 




