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Contributo al progetto generale

Caratterizzazione chimico-fisica della fibra selezionata (crisotilo russo) per la
raccolta dei parametri per il modello FPTI e classificazione: analisi EPR

Le analisi EPR condotte per il campione di crisotilo russo (CHR1) sono state effettuate
seguendo le procedure di interazione con sonde nitrossido gia impiegate in studi
precedenti sulle zeoliti fibrose (Mattioli et al., 2016 JHM; Gualtieri et al., 2018 AM MIN)

* interazione del solido previo trattamento di riduzione con soluzioni acquose
1mM di sonde (CAT1, CAT8, TOH) per 24h sotto agitazione meccanica

e campione suddiviso in surnatante e solido asciugato su carta filtro
e analisiin EPR
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Contributo al progetto generale

Caratterizzazione chimico-fisica della fibra selezionata (crisotilo russo) per la
raccolta dei parametri per il modello FPTI e classificazione: analisi EPR

—— CHR1SOL
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Contributo al progetto generale

Caratterizzazione chimico-fisica della fibra selezionata (crisotilo russo) per
la raccolta dei parametri per il modello FPTI e classificazione: analisi EPR

Non e stato possibile prelevare la soluzione surnatante in quanto il campione adsorbe
I'intero quantitativo di soluzione rigonfiandosi.

Sono in corso valutazioni e ulteriori prove
sperimentali con altre sonde paramagnetiche
idrofobe e solventi non acquosi, e prove di
cinetica in funzione della concentrazione delle
specie paramagnetiche.

Non disperiamo ancora...
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GF3a (mesolite)

HV | Mag | WD HFW Det Pressure ———500um———

3 ':\ 4 i
HVY | Mag | WD HFW  Det | Pressure HV | Mag | WD HFW  Det | Pressure g
25.0 kv/2500x9.2 mm 0.12 mm SSD 0.60 _mbar GF3b

g g e
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GF2 - Erionite GF3a - Mesolite GF3b - Thomsonite
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Sottoprogetti unita locale

| Mesolite | __ Thomsonite | ____Erionite

o EMPA SEM EMPA SEM EMPA SEM
O 46.29(32) 45.30(51) 40.95(61) 39.94(76)  59.55(82)  58.57(15)
WA 25.20(22) 26.23(34) 28.28(39)  29.53(47)  16.79(28)  17.86(10)

1. Caratterizzazione
chimico-fisica-mineralogica di zeoliti

fibrose: mesolite_thomsonite_erionite Ca0 9.68(12) 11.17(15) 11.47(32) 12.71(218) 3.45(12) 3.10(5)
0 0 0 0 1.73(4) 1.71(11)

0 0 0 0 3.43(5) 3.46(5)

5.11(9) 3.23(74) 5.14(22)  3.37(152) 1.28(39)  1.13(4)

. . 14.06(50)  14.06(0) 14.45(69) 14.45(0)  14.15(82)  14.15(0)
CompOSIZIone Chlmlca Total 100.34 100.00 100.29 100.00 100.38 100.00

EMPA e SEM

73.08(24)  71.28(12)  22.04(24) 21.36(26)  27.01(7) 26.47

( in collaborazione con 46.92(24)  48.72(12)  17.96(24) 18.64(26)  8.99(7) 9.53

PaOIO Ba”ll’anO UnIROma 1) Ca ;6.40(16) (]).8.88(21) 2.62(20) (7).30(132) 1?%3; 1?2
0 0 0 0 1.99(2) 2.00
15.64(28)  9.88(22) 5.36(20)  3.48(154) 1.14(36)  0.99
74.2(31) 73.96(88)  26.00(146 25.84(32)  21.47(156) 21.37

)
240.76(12) 239.44(43) 80.32(6)  79.72(62)  71.91(17)  71.39
0.609(2) 0.594(1) 0.551(6)  0.534(6) 0.750(2) 0.735
YT 0.489(6) 0.34(7) 0.448(16)  0.32(13) 0.52(3) 0.53
E% -3.10 2.70 -3.48 3.40 2.07 14.6
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Sottoprogetti unita locale

1. Caratterizzazione chimico-fisica-mineralogica di zeoliti fibrose: mesolite-thomsonite-erionite

XRPD e raffinamento strutturale (in collaborazione con Paolo Ballirano UniRoma1)
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Sottoprogetti unita locale

1. Caratterizzazione chimico-fisica-mineralogica di zeoliti fibrose: mesolite-thomsonite-erionite

XRPD e raffinamento strutturale (in collaborazione con Paolo Ballirano UniRoma1)

Mesolite Thomsonite Erionite
s.s. from ref. partition from ref. cations
W s.s. from ref tition from ref EF cations EMPA
Reragg (%) 0.44 1.15 1.03 % 182.6(13) Cap 736 Na1s 264
T 294.1(11) Cays 05 N3y o1
Rp (%) 1.38 1.95 2.20 477(2) Cay3574 Najg 176 Ca6.40(16) Na15 64(28)
- Thomsonite
Rwe (% 1.85 2.60 3.23 s.s. from ref. partition from ref. EF cations EMPA
" a1 |
113.3(4) Ca, gog Nas 197
Space group Fdd2 Pcnn P6;/mmc NN 77.4(3) Cas 708 Nag 29,
. 190.7(7) Cag 516 Nas 454 Cag 62120 N@s 36(20)
a (k) 18.41604(16)  13.06918(15)  1327923) [ S ST S
. - s.s. from ref. partition from ref. EF cations EMPA
b (A) 56.6812(5) 13.08398(15) =a T 38.3(15) Mg, 176 Naj 505
a Ca2 19.7(10 Ca Na
c (A) 6.54882(6) 13.19143(12) 15.0798(4) >l 20 7§1 4; o
. 1.035
. 38.0(0) K
Vol. (A3 6835.94(11 2255.69(4 2302.87(11 m 2.00
() (11) @ (11) 117(4) Cay 680 M81.170 K5.000 N3 823 Cay 68(4) M81.17(3) K1.99(2) Na1.1436)
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Sottoprogetti unita locale

1. Caratterizzazione chimico-fisica-mineralogica
di zeoliti fibrose: mesolite-thomsonite-erionite

Dati BET (surface area, pore volume and pore size)
(in collaborazione con Dario Di Giuseppe, Valentina
Scognamiglio, Miriam Hanuskova, Alessandro F.
Gualtieri - UniMore)

BET surface area decreases in the following order:
erionite > mesolite > thomsonite.

Conversely, the pore volume and pore size
decrease in the following order:
mesolite > erionite > thomsonite

Srors  paradigm of toxicity and cancerogenicity of mineral fibres

SURFACE AREA
BET Surface Area (m?/g)

t-plot External Surface Area
(m?/g)

Single point surface area at p/p°
(m?/g)

PORE VOLUME

Single point adsorption total pore
volume of pores (cm3/g)

t-plot micropore volume (cm3/g)

PORE SIZE

Adsorption average pore width
(4V/A by BET) (A)

BJH Adsorption average pore
width (4 V/A) (A)

ERIONITE
(GF2)

8.1439

9.1885

7.7073

0.053949

-0.000658

264.9796

233.029

MESOLITE
(GF3a)

1.5519

1.999

1.4051

0.517325

-0.000279

313.2088*

299.249
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THOMSONITE
(GF3b)

0.3841

0.4984

0.3478

0.001036

-0.000068

107.9395

109.047
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—— 4CT stock water solution
(@)

—— Computation

Sottoprogetti unita locale

1. Caratterizzazione chimico-fisica-mineralogica
di zeoliti fibrose: mesolite-thomsonite-erionite

Dati EPR (4CT probe in water solution (a) and adsorbed in different zeolites (b, c, d))

3260 3280 3300 330 3340 330 3380
Magnetic field (G)

(b) GF24CT (C) T GF3a4CT (d) — GF3b4CT
| —— Computation / — Computation ! ; ——— Computation

T T T T T T T T 1 T T T T
3260 3280 3300 3320 3340 3360 3380 3960 3280 3300 3320

330 360 3380 3260 3280 3300 3320 330 3360 3380
Magnetic field (G) Magnetic fild 8g9 Magnetic field (G)
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(@)

Sottoprogetti unita locale

1. Caratterizzazione chimico-fisica-mineralogica
di zeoliti fibrose: mesolite-thomsonite-erionite

Dati EPR (Histograms comparing the polarity parameter)
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SOttop rogetti un ité Ioca I e « negaltive» carcinogenic scolecite

SCOLECITE
Bl CATS8 m CAT1

1. Caratterizzazione chimico-fisica-mineralogica
di zeoliti fibrose: mesolite-thomsonite-erionite THOMSONTE

I

D

]
. . MESOLITE -_
% di sonda adsorbita: confronto con altre

zeoliti fibrose (dati da Mattioli et al., 2016;

Gualtieri et al., 2018) = [
e
[
.|

OFFRETITE

ERIONITE (prismatic)

«positive» carcinogenic erionite
ERIONITE (hair-like)

0 20 40 60 80 100 120

Manoscritto pronto per la sottomissione

Characterization, interaction capability and potential toxicity of fibrous zeolites

erionite, mesolite and thomsonite
Matteo Giordani?, Michele Mattioli?, Michela Cangiotti?, Alberto Fattori?, Maria Francesca Ottaviani?, Michele Betti®, Paolo
Ballirano¢, Alessandro Pacella¢, Dario Di Giuseppe¢, Valentina Scognamigliod, Miriam Hanuskova¢, Alessandro F. Gualtierid
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Sottoprogetti unita locale

2. Effetti di cito-tossicita in vitro di zeoliti fibrose: mesolite-thomsonite-erionite

Suspension & Adherent Cell Culture (Jurkat and HT-22)

Jurkat cells are an immortalized line of human T lymphocyte cells. Their primary use is to
determine the mechanism of differential susceptibility of cancers to drugs and radiation.
Round cells growing singly or in clumps in suspension. Doubling time is about 25-35 hours

HT-22 is an immortalized mouse hippocampal cell line and their primary use is a valuable

cell model for studies of toxicity in neuronal cells. Adherent cells growing singly. Doubling
time is about 22 hours.

Cells treatment was carried out using 3 different concentrations (5, 0,5 and 0,05 mg/mL) for 3 different
incubation times (12, 24 and 48h), according to literature.
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Sottoprogetti unita locale

2. Effetti di cito-tossicita in vitro di zeoliti fibrose: mesolite-thomsonite-erionite

Fibrous erionite (GF2) Mesolite (GF3A) Thomsonite (GF3B)
Jurkat cells Jurkat cells Jurkat cells

o 12h 24h agh

ECTRL 0,05 W05 ECTRL 0,05 W05

ECTRL 0,05 W05

HT-22 cells HT-22 cells HT-22 cells
30 40 60
s E '_E 40 *
3 : g i
s o 2 * %
2 5 20 5 <
.§ E 'g 20 !
= z * * * z
T I I ok ok .
* %k * ok * %k koK
0 — — — o ke
12h 24h 48h 12h 24h 48h . .
Manoscritto in progress

ECTRL 70,05 MO,5 ECTRL 0,05 W05 ECTRL 10,05 HO,5
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Sottoprogetti unita locale

3. Caratterizzazione di nuovi campioni di zeoliti fibrose:
Mg-ferrierite (Lessini)

- *’31_}1;:"‘ - %}Ew SiO- 66,81
@ 1 ' AOs 11,98
™ / o] FeO 1,68
E o E_ﬂ;g MgO 2,73
) § ) CaO 1,08
- = K:O 2,13
e R e e = o S e H20 13,6
B(C) B(G)

EPR spectra of the solid particles after adsorption of Major elements

B AN v LR concentration
220y 565400 om0 mm S50 65 e CAT1 and CATS8 probes (Wt%) by EMPA
(o]




1506
UNIVERSITA

uwessa — FIBRES: a multidisciplinary mineralogical, crystal-chemical and biological project to amend the

DI URBINO

Srors  paradigm of toxicity and cancerogenicity of mineral fibres

Sottoprogetti unita locale

3. Caratterizzazione di nuovi campioni di zeoliti fibrose:
mordenite (Lessini)

Label A: SP1c
Si
O
Al
N N *
i = Ca
) & 3 K B ) 3 Mg K
HV |Mag| WD HFW | Det | Pressure ——1.0mm—— HV |Mag| WD HFW | Det | Pressure Na l ‘ Fe
30.0 kV[130x]9.7 mm|2.30 mm|SSD|0.80 mbar 30.0 kV[700x]10.0 mm 0.43 mm|SSD|0.80 mbar n n o

1.00 Z.00 3.00 4.00 5.00 6.00 7.00 8.00 9.
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Sottoprogetti unita locale

4. Caratterizzazione e implicazioni tossicologiche di un minerale fibroso fortemente
solubile: epsomite

Epsomite fibrosa
Mg(SO,)-7H,0

Data by SEM-EDS, XRPD, ICP-
AES and Alpha Spectrometry
measurements were combined
and integrated to characterize
morphology, crystal chemistry,
mineralogy  and radiological
characteristics of epsomite.

Sea

i}ﬂ

Perticara mine

Tyrrhenian
Sea ©

0 50 100 150km
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Sottoprogetti unita locale

4. Caratterizzazione e implicazioni tossicologiche di un minerale fibroso fortemente
solubile: epsomite

Epsomite P0-210 Bq &1 U-238 | Th-232 Th-228 Bq o1
(MP) a8 Bag! | Bqg™ a8
1 5.82 +0.87 - - 10.134£0.020
2 6.41+0.96 - - 10.128+£0.019
3 3.97 £ 0.60 - - 10.110£0.017
/ 4 6.15+0.92 - - -
7 200 um <1.0 | <1.0
TR : NN ; B Average | 5.59 0.124
s o o Sty ———te— 00 L S o e 107 | 10°
St. dev. 1.11 - - 0.012

Dae < 10 um (pass the larynx,
thoracic fraction)

Dae (MP) epsomite: 5.1
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4. Caratterizzazione e implicazioni tossicologiche di un minerale fibroso fortemente
solubile: epsomite

z 3825 = & z =z conditions
” Epsomite: effects after inhalation?
%)
o 25—
§ 1- Chemicals originating after dissolution in the lungs
S 04 ]
g L. |™ , ,h'p.em and 2- “Trojan horse” effect of toxic metals
2 animan
50+ 8 2007 ) 3- Effect of radiogenic elements
jeochim.
75 : _ ‘ i E ‘ osmochim.
0 ' 20 40 ' 60 ' 80 ' hota

Relative Humidity
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Sottoprogetti unita locale

4. Caratterizzazione e implicazioni tossicologiche di un minerale fibroso fortemente
solubile: epsomite

GOLDSCHMIDT -
VIRTUAL- 2021 e ] - Register ~ Program by Theme  Exhibitors & Sponsors
D 4-9 JULY -' -~ ' : '

A Home 12b02 Inorganic partmles and elongate mmera! partn:les (EIVI P),

@ Happening Now interaction with the biosphere, and risk assessment

£ My Messages Could soluble minerals be dangerous for human health? The epsomite case study

£ spatial Chat * Q& (2 Monday, 5 July 2021 Matteo Giordani', Michele Matticli', Maria Assunta Meli’, Carla Roselli', Ivan Fagiolino?, Laura Valentini', Fabio Peruzzi® and Michele Betti?,
@ 17:45 - 19:00 (1)University of Urbine Carlo Bo, (2)Gruppo C.5.A4. spa, (3)Speleclogical Federation of the Emilia-Romagna Region

B Register Q Online - Room 11 9 Online - Room 11

‘;ﬂ PDF/PPT e-presentation available

Manoscritto pronto per la sottomissione

Could soluble minerals be dangerous for human health? The epsomite case study
Matteo Giordani!, Maria Assunta Meli?, Carla Roselli?, Michele Betti?, Fabio Peruzzi3, Marco Taussi!, Laura Valentini?, lvan Fagiolino?, Michele Mattioli!
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IMPACT
. FACTOR
. minerals 2.380

an Open Access Journal by MDPI

Elongated Mineral Particles and Health

Guest Editors
Dr. Matteo Giordani, Dr. Michele Mattioli

Deadline

17 December 2021 -
Declal

md pi.com/si/83172 Invitation to submit

Already published:

Rinaudo et al. “Asbestos Fibers and Ferruginous Bodies Detected by VP-SEM/EDS in
Colon Tissues of a Patient Affected by Colon-Rectum Cancer: A Case Study”

In prep:

UniRomal (Ballirano group), UniMore (Gualtieri group), UniUrb (Mattioli-Giordani)
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an Open Access Journal by MOPI

Elongated Mineral Particles and Health

Gt Eclitnres

. Matteo Giordani
Department of Pure and Applisd
Sciences, University of Urbine
CarloBo, 61029 Urbino, laly

matiea giordani@uniurb it

Dr. Michele Matticli
Department of Pure and Applisd
Sciences, University of Urbino
CarleBo, 1029 Urbino, Raly

michele matticli@uniurb.it

Deadline far
Mmanusoript submissions:
1T December 2021

mdpi_coms{B3172

Message from the Guest Editors

The attention of scientists to mineral particles and fibers of
inhalable size hasinreased significantly recently, due to their
potential hazard for humans. Asbestos minerals (chrysotile,
amosite, cocidolite, tremolite, actinolite, anthophyllite),
fibrous antigorite and balangeroite, the amphiboles winchite,
richterite, and fluoro-edenite, the zeclites erionite, offretite,
ferrierite, and mordenite, and also talc and clay minerals
such as sepiolite and palygorskite are of strong interest to the
scientific commumity. Many Factors play roles in their toxicity,
but the most important are the partide size (length, diameter,
relative ratio, and aerodynamic equivalent diameter) and
their chemical composition.

This Special lssue aims to collect a broad overview of
the research taking place on elongated minerals. A wide
range of contributions is welcome: (i) Field sampling
and geclogical survey of mineral particles and fibers, as
well a= rodk containing such materials; (i) mineralogical,
chemical, and physical characterization; (i) determination
of surface properties; {iv) experimental determination of
thermodynamic and kinetic parameters; (v} molecular and
geochemnical modeling; (vil understanding and quantification
of diszolution and growth mechanisms, both in water and
in specific media (e.g., biological fuids); (vii) technological
applications, with a special foous on the capability of mineral
fibers to act as substrates for environmental remediation
ProCesses,

12!
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