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FPTI model

I—--------------------------I

I length L frustrated phagocytosis Inflammation and oxidative stress
diameter D frustrated phagocytosis inflammation and oxidative stress

I crystal curvature reduced surface adhesion of proteins/cells inflammation and oxidative stress? I

I crystal habit airways deposition depth inflammation and oxidative stress I

I fiber density airways deposition depth inflammation and oxidative stress

I hydrophobic character of the surface Interaction with biopolymers, inflammation and oxidative stress? I

phagocytosis eI
surface area airways deposition depth, frustrated  (chronic) inflammation and oxidativ

th&c tosis stress
I I BN B NS DS NS DS B B S B I I I D D D D B B D

r=

Total iron content Production of ROS DNA damage and inflammation
ferrous iron Production of ROS DNA damage and inflammation
Surface ferrous iron/iron nuclearity Production of ROS DNA damage and inflammation
content of metals other than iron Production of ROS DNA damage and inflammation
Fiber dissolution rate frustrated phagocytosis ... Inflammation ...
velocity of iron release production of ROS inflammation
velocity of silica dissolution production of ROS? oxidative stress and inflammation?
velocity of release of metals ROS production DNA damage, inflammation, ...
& potential production of ROS and hemolysis Inflammation ...
fibers’ aggregation frustrated phagocytosis inflammation

Cation exchange in zeolites interference with ER cross-talk? apoptosis, necrosis?



Morphometric parameter

Min 5th 25th 50th 75th 95th Max o
1.36 3.90 15.1 27.2 45.3 81.9 188 28.2
0.05 0.10 0.37 0.59 0.80 1.65 2.79 0.46
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length L
diameter D
crystal curvature

crystal habit
fiber density

hydrophobic character of the surface

surface area

Total iron content
ferrous iron

Surface ferrous iron/iron nuclearity
content of metals other than iron

FPTI model

frustrated phagocytosis

frustrated phagocytosis

airways deposition depth
airways deposition depth

Interaction with biopolymers,
phagocytosis

airways deposition depth, frustrated

Production of ROS
Production of ROS
Production of ROS
Production of ROS

Inflammation and oxidative stress

inflammation and oxidative stress

reduced surface adhesion of proteins/cells inflammation and oxidative stress?

inflammation and oxidative stress
inflammation and oxidative stress

inflammation and oxidative stress?

(chronic) inflammation and oxidative

DNA damage and inflammation
DNA damage and inflammation I
DNA damage and inflammation I
DNA damage and inflammation

Fiber dissolution rate

velocity of iron release
velocity of silica dissolution
velocity of release of metals

& potential

fibers’ aggregation
Cation exchange in zeolites

frustrated phagocytosis ...

production of ROS
production of ROS?
ROS production

production of ROS and hemolysis

frustrated phagocytosis
interference with ER cross-talk?

Inflammation ...

inflammation
oxidative stress and inflammation?

DNA damage, inflammation, ...

Inflammation ...

inflammation

apoptosis, necrosis?



Mdossbauer spectroscopy Assignment
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Balange | Valmale

42.5 40.6
0.01 0.01
0.2 2.4

0.05 0.2
0.05 0.06
41.9 39.8
0.01 0.02

0.01 0.01

0.004 0.003
0.06 0.05
1.40 2.50
0.20 0.4

86.4 86.1
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Elements
Russian | . Threshold
.. | in human
chrysotile values
lungs

chrysotile




FPTI model

length L frustrated phagocytosis Inflammation and oxidative stress
diameter D frustrated phagocytosis inflammation and oxidative stress
crystal curvature reduced surface adhesion of proteins/cells inflammation and oxidative stress?
crystal habit airways deposition depth inflammation and oxidative stress
fiber density airways deposition depth inflammation and oxidative stress
hydrophobic character of the surface Interaction with biopolymers, inflammation and oxidative stress?
phagocytosis
surface area airways deposition depth, frustrated  (chronic) inflammation and oxidative
phagocytosis stress
Total iron content Production of ROS DNA damage and inflammation
ferrous iron Production of ROS DNA damage and inflammation
Surface ferrous iron/iron nuclearity Production of ROS DNA damage and inflammation
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Fiber dissolution rate frustrated phagocytosis ... Inflammation ... I

velocity of iron release production of ROS inflammation I

velocity of silica dissolution production of ROS? oxidative stress and inflammation? I
velocity of release of metals ROS production DNA damage, inflammation, ...

[ W % ® % ® §®F F F & F ®F B 0B B B B &8 B B B B B B B
& potential production of ROS and hemolysis Inflammation ...

fibers’ aggregation frustrated phagocytosis inflammation
Cation exchange in zeolites interference with ER cross-talk? apoptosis, necrosis?



Balangero chrysotile

UICC chrysotile

Valmalenco chrysotile

UICC amosite

UICC anthophyllite
asbestos

Val d’Ala tremolite
asbestos

UICC crocidolite




length L
diameter D
crystal curvature

crystal habit
fiber density
hydrophobic character of the surface

surface area

Total iron content
ferrous iron
Surface ferrous iron/iron nuclearity
content of metals other than iron

Fiber dissolution rate

velocity of iron release
velocity of silica dissolution
velocity of release of metals

FPTI model

frustrated phagocytosis Inflammation and oxidative stress

frustrated phagocytosis inflammation and oxidative stress

reduced surface adhesion of proteins/cells inflammation and oxidative stress?
airways deposition depth inflammation and oxidative stress
airways deposition depth inflammation and oxidative stress

Interaction with biopolymers, inflammation and oxidative stress?
phagocytosis
(chronic) inflammation and oxidative

stress

airways deposition depth, frustrated
phagocytosis

Production of ROS
Production of ROS
Production of ROS
Production of ROS

DNA damage and inflammation
DNA damage and inflammation
DNA damage and inflammation
DNA damage and inflammation

frustrated phagocytosis ... Inflammation ...

production of ROS inflammation

production of ROS? oxidative stress and inflammation?

ROS production DNA damage, inflammation, ...

& potential

fibers’ aggregation
Cation exchamﬁ in zeolites
I N I N

production of ROS and hemolysis Inflammation ... I

frustrated phagocytosis inflammation I

interference with ER cross-talk? apoptosis, necrosis?
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® Yasnyj chrysotile A Yasnyj chrysotile
® UICC chrysotile A UICC chrysotile

® Double-distilled water ® ALF solution




Morphometric

(L,1)

(1,2)

(1,3)

(1.4)

(1,5)

(16)

(1L,7)

Chemical
(1,8)

(1,9)

(1,10}

(1,11)*

= 5um and < 10pm

> 10pm and = 20pm

= 20pm

> 1pm and < 3pm

= 0.25pm and < Ipm

= 0.25um
Flat surface (perfect crystal)
Altered surface
Cylindrical surface
Curled
Mixed Curled/acicular
Acicular

< 2,75 g/cm”

=275 and < 3.5g/cm?

= 3.5g/ecm”
Hydrophobic
Amphiphilic
Hydrophilic

> 25m“/g

<25and > 5m?/g

< 5m*/g

Fe,04; + FeOwth < 1

1 = Fey0y + FeOwt% < 10
Fe,04 + FeOwth = 10

0 = FeDwt% = 0.25

0.25 = FeOwt% = 1
FeOwt =1

Fe** nuclearity > 2

Fe** nuclearity = 2

Fe** nuclearity = 1

0.1
0.2
0.4
0.1
0.2
0.4
0.05
0.1
0.2
0.1
0.2
0.4
0.05
0.1
0.2
0.05
0.1
0.2
0.05
0.1
0.2

0.05
0.1
0.2
0.05
0.1
0.2
0.02
0.03
0.07
0.1

0.2

0.4

Biodurability related

(1,12)* <1ly
=1and = 40y
=40y

(1,13)* = 0.1
=01and <1
=1

(1,14)° = 0.5
=05and <1
=1

(1,15)° =1
=1and < 10
=10

Surface activity
(1,18) Negative at pH = 4.5 (intracellular)
Negative at both pH = 4.5 and 7 (intracellular
and extracellular)
(1,17) ¢ = |20
|10| = ¢ =< |20
0] < ¢ < [10]
(1,18) Cation exchange (zeolite)
No cation exchange (no zeolite)




hrysotile,
Yasnyj

Chrysotile,
Balangero

Chrysotile,
Valmalenco

Chrysotile,
UICC

rocidolite,
UICC

Tremolite,
Val d'Ala

Amosite,
UICC

Wollastonite,
NYAD G

Fibrous
sepiolite,
Vallecas
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Criomacinazione e caratterizzazione
morfologica di frazioni granulometriche
ottenute dal crisotilo russo

Progetto PRIN «FIBRES A MULTIDISCIPLINARY MINERALOGICAL, CRYSTAL-
CHEMICAL AND BIOLOGICAL PROJECT TO AMEND THE PARADIGM OF
TOXICITY AND CANCEROGENICITY OF MINERAL FIBRES»



Macinazione
criogenica mediante
1’utilizzo di un crio

Frazioni ottenute a

mulino MM 400 10, 20, 30 minuti, con
Retsch frequenza massima di ~ Stubs per
30Hz osservazione

SEM




SEM JEOL JSM-6010PLUS/LA

1 A . S - £ .
BEC 20kV WD10mmSS60 x50 S00pum ———————
Sample 43 Jan 09, 2020

CHR GREZZO

0-5 1 5-10 u 10-15p  15-20p >20 1
Lunghezza fibre




SEM JEOL JSM-6010PLUS/LA
.. CHR10
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SEI 20kV WD10mmSS30 x1 800 10pum  e— SEl 20kV WD10mmSS30
STD CHGO 4 25 Sep 23, 2020 STD CHGO 4

% frequenza

5-10 u 10-15 15-20 p >20
Lunghezza fibre




SEM JEOL JSM-6010PLUS/LA

1
/5
. 3
: i ¥ ol . ta ;
SEI 15kV. WD11mmSS30 X2, 200 10pm SEl 20kV WD10mmSSSO x700 20um  e—
Sample 27 Feb 19, 2020 STD CHGO 4 5 Sep 23, 2020

40 CHR 20

35

30
25
20
15
“’ 1=l
0

5-10 u 10-15 15-20 u >20
Lunghezza fibre

% frequenza

(O3}




SEM JEOL JSM-6010PLUS/LA

897um ; \£)79um

SElI 20kV WD10mmsSS30 d SEl 20kV  WD10mmSS30 x7,500 2|.|m
STD CHGO 4 Sep 22, 2020 FI19702

CHR 30
70

60
50
40
30
20
10
0 |

5-10 p 10-15 15-20 p >20 u
Lunghezza fibre

% frequenza




SUBMITTED

Characterization and assessment of the potential toxicity/pathogenicity of
Russian commercial chrysotile.

WebFPTI: A tool to predict the toxicity/pathogenicity of mineral fibres
including asbestos

Crystal structure determination of a lifelong biopersistent asbestos fibre
using single-crystal synchrotron X-ray micro-diffraction
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Work in progress



