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A X-ray microscopes:
Full-field, STXM, projection

A Standard imaging technique and new advanced ones (CDI, Ptychography,
Compressive Sensing)

A Special attention to the TwinMic beamline (Elettra, Trieste)

A Multidisciplinary applications: life sciences, food science, environmental
Sscilence, materi als science, cultur al



q Sene X-ray microscopy types

X-ray microscopy:
bridge between visible light microscopy and electron microscopies

Spatial resolution:

visible light microscopy < X-ray microscopy < electron microscopy

Alr Vacuum Vacuum
(or air)

X-ray Microscopy vs Electron Microscopy:

A Easier sample preparation (no metalisation)
A Higher penetration depth of X -rays compared to electrons
thicker samples can beanalysed
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q Teste i Projection microscopy

Scheme of a projection microscope with the source to specimen plane distance Rand specimen to
detector distance R,

plane plane

X-ray
source
R,
R,
Kaulich B.,Thibault P., Gianoncelli A,, Kiskinova M. 0 Tr ansmi ssi omagndi emiossopry: xoper ati on modes, Jdoarmatof Rhgsics: |

Condensed MatteVol. 23- 8, pp. 083002 (2011)
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3D phase contrast dataset view, reconstructed cross section of
part of a ceramisphere
(projection X-ray microscope at the CSIRO, Australia).

The total collection time of the microtomogram was 10 h.
The diameter of the sphere is 110F m

i &
A state-of-the art instrument for projection microscopy, including phase -sensitive imaging and
microtomography based on a converted scanning electron microscope, is reported for example by
Mayo et al. (Mayo et al 2002; Mayo et al 2003).

Mayo S C, Miller P R, Wilkins S W, Davis T J,Gao D, Gureyev T E,PaganinD, Parry D J,Pogany A and Stevenson A W 2003Journal De
Physique 1V104 543546
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X-ray microscopy types

Scanning Sample Full-field imaging
(scanned) Detector

Sample

(fixed)
/

Aperture
ZP \
AN

Monochromatic

light Monochromatic

light

Photo-emission

detector
+ versatile detectors can run simultaneously; + short exposure time;
+ easier optics set-up; + higher resolution
- long exposure time; - static system;
- complex electronics. - complex optical alignment.

|deal for spectromicroscopy |ldeal for dynamic studies and tomography
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Eyepiece Interpupillar
e Adjapstr%ent Bi_lI]ot(’:ular

Full-field X -ray imaging or one shot X-
- ray image acquisition can be considered
as the optical analogus to a visible light
transmission microscope

Measuring
Graticule

Beamsplitter

Revolving
Nosepiece

Specimen
older

Mechanical =t
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Collector . to unity and smaller than unity!!!
ens
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Halogen
Lamp

Cutaway diagram of a visible light
microscope
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2
n=1. Nale/ (f, +if, )

Js,

@@ct 1

Conventional refractive index
describing phase change:

j(2)= 2/p02

Exploitation of phase contrasts
possible using X -rays ?
Lower radiation damage ?

Describing photoelectric
absorption with coefficient:

Y,

Consequence:

Emission of Auger, photo -electrons
and fluorescence photons, but also
causes radiation damage
(energetic secondary electrons!)
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Delta is orders of magnitude larger !!!
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Absorption mode

X-ray photons are
selectively absorbed by
the material according
to its density and
thickness

(ex. radiography)

NEE

X
+“—>

lo

Beer- Lambert s law:
| = he™

AAbsorption Vs Phase Contrast

Phase contrast mode

Absorption can produce little contrast for light (transparent)
materials or for materials with similar atomic number (similar
attenuation factors).

Moreover as the energy increases the contrast diminishes
(absorption coefficient © 1/E 9)

Phase contrast is more sensitive to edges and borders in the sample

Contrast technigues using the real, phaseshifting part of the
complex refractive index are in many cases superior to absorption
contrast because:
() the x-ray dose can be reduced dramatically
(i) the throughput is higher (the phase shift dominates the
absorption in the x-ray regime)
B.Kaulichet al. J. Phys.Condens Matter 23 (2011) 083002
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100 — b /"x\ _— Absorption contrast
) / | \
e '| | . o S :

10 .ff L |/ \f Mostly used for chemical studies in combination with

N Al ! XANES and XRF

£ : ;,.' E ‘

% y : [

E Al ’
- Phase contrast techniques

001t

Y — i opt. Fhaﬁe contrast Atremendous reduction of dose applied to object (dose ~t -4
g | Smpliude conirast with spat. resolution t)

0323 4 5 6 7 8 9 10 pat

wavelength [nm] Aadditional transmission information on low side of

absorption edges (XANES, XRF!)

Amplitude and phase contrast
for a model protein C ¢H 13N 4,03,

Courtesy of G. Schneider et al. BESSY, D
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Order selecting |
aperture Objective

zone plate
\ lens
<) ’ } /

A Similar to conventional
visible light microscope

A Analysis of morphology
In transmission

AFast imaging, dynamics,
microtomography

Condenser

zone plate S /r’n 0
lens pecime

Detector
systems
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Tieste 1, A Different type of Xray focusing optics

KP-B mirrors each
focusing in one direction:
soft & hard: ~ 1000 nm

Soft & hard x-rays!
chromatic focal point,
easy energy tunability,

comfortable working
distance

Resolution ~ 1000 nm

Zone Plate optics: from ~
200 to ~ 8000 eV
Resolution: 30 nm in
transmission

Capillary: multiple

) Refractive lenses
reflection concentrater

o e e SN SN i

Normal incidence:
spherical mirrors with
multilayer interference coating ==y
(Schwarzschild Objective) Hard x-rays ~ 8-18 keV Reselution: > 1000 nm

Hard x-rays ~ 4-70 keV

net tunable, E < 100 eV Resolution: > 3000 nm

Resolution: best ~ 100 nm
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Zone plate (ZP)is a circular diffraction grating
with radiallyincreasindine density

1_1 1 2rDr
= "'a if n>100;f:T

Lateral resolution of a ZP (Rayleigh):

NAL T = /
f 2Dr
0.61/
HRayleigh™ —y 2~ = 1.220x

(not smaller than the diffraction limit
of the wavelength)




q i ABackground info: Diffraction by a gratir




* K A

et one A28 . . . . :
< i AResolution tests in fulfield imaging

/P parameters: |
110mm diameter : ===
50 nm outer zones i
f=3.2mm @ 72@V

fabricated by TASC/
INFM

2 mm

Test pattern with
30 nmfeatures
(fabricated by
TASC/ INFM)

Experiment performed by
M. Prasciolu and D. Cojoc, TASC/ INFM)
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ANatural amplitude contrast between water
and organic matter

The Water Window

Due to dramatic difference

in the f2 values of two materials,
especially water and organic
matter between the C and O
K-absorption edges.

Note the penetration distance
compared to electrons !!!

H. Wolter: Spiegelsysteme streifenden Einfalls als abbildende Optiken fuer
Roentgenstrahlen, Ann. Phys. 10, 94-114, 286 (1952)
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Bacteria and clay dispersion: Destruction of associations of
clay particles by soil microbes

X-ray images acquired with the full-field imaging microscope at BESSY | @ 520 eV

Samples analysed in the natural hydrated state:
Y no alteration of the environment of the :

J. Thieme et al., IRP, Uni Goettingen / G. Machulla, Uni Halle, D
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AAcross edge imaging
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Discontinuities due to absorption

The absorption occureswhen the incoming X-rays are matching the electronbinding energies

Absorption edgesare fingerprints Y they can be used to identify the chemical elements

By taking two images, oneabove and one below a specific absorption edge, the correspondent chemical element will
give a high contrast difference in the two images



Elettra :._ ,: . . . . .
q Shcrotone Twﬁﬁ ABrightfield imaging at higher photon
energies
Characterization of morphology ARESTATER T TR

and defects in modern semiconductors
with a full-field imaging microscope (@ 1.8 keV, XM1/ ALS)

Sample preparation: HTHT = ..-Q,
Back side thinning of Si wafer '

100

(@)
(@)

o O

1/e - penetration depth /um

photon energy / eV

G. Schneider et al., BESSY Il
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maltter

R i e e ettt S

- - g rn
-~ - - -~
T | g BN e S

-

P. Barbieri et al .,
Dept. of Chem., Univ. Trieste, |
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Specimen rasterscanned

Zone plate that forms  @cross the microprobe
a microprobe

Multi -element XRF

detector system Configured transmission

d_e t_ecto_r system with Max achievable spatial
visible light converter resolution: 50nm



Detector based contrast technologies in
scanning Xay microscopy:

Focus

Acquired with Andor Ixon DV860A
Frame transfer bacKluminated
Electron Multiplying CCD with shutter
and light converting system
(128x128px, 5 Mhz, 110f/s)




Computational
extraction of
contrasts

Applying different masks

Raw data acquisition of
first diffraction order image
for each pixel of the raster

Scan

Differential phase Darkfield
and absorption

Bright field

A. Gianoncelli et al., Appl. Phys. Lett.



Principle: Differential phase contrast

A The detector can be split into several

elements

The sum signal gives the incoherent

A bright -field signal

A Anti -symmetric signal combinations

i'f?;l.ff-;_; -------------- > relate to the phase gradientf the object
transmittance.

Focus
.0 A

Point source

N
First Moment Y

First Moment X

10 pm

3.3 keV

Darkfield




Marine biology: Imaging of giant diatoms

A R

g -

Planktonic diatom Coscinodiscus sp.
(A. Beran, Laboratory for Marine
Biology, Trieste, I)



Simultaneous absorption and phase contrast
Imaging

Pl ankt oni cCasgiodastusmpio (provided by

-

Biology, THgsHEneld image DPC modc
Images acquired in STXM mode with FRCCD camera; B34 28Dx190ox, 50ms dwellpx

xX-moment

B. Kaulich et al., JOSA9\(4), 797806 (2002)



Computational
extraction of
contrasts

Applying different masks

Raw data acquisition of
first diffraction order image
for each pixel of the raster

Scan

Differential phase Darkfield
and absorption

Bright field

A. Gianoncelli et al., Appl. Phys. Lett.



Darkfield imaging in scanning X-ray microscopy

do d[ (12
" o 2 Technique is especially suited for small,
z % ; ;”,\\"‘., strongly scattering particles as for example
Sa /| \ . .
55 n z./@ | £  afew10nm diameter labellina spheres
; inq Bl
¥ Q/ I 3
(o3 | ,) | B
(; 1) I'l'l \'\/ / a
\ /

Brightfield image of

a cell with Au labelling
spheresoverlayed with
a darkfield image

Images acquired with STXM
at the NSLS

S. Vogt, M.A. thesis, SUNY Stony Brook (1997).



q e one Elettra beamlines and Support Laboratories

Trieste

28 beamlines total

12 support Laboratories

> 900 proposals per year

~ 1500 guest scientists per year
from ~ 50 Countries

~ 650 scientific publications
per year

36 National and International
running projects




TwinMic: Integration of both imaging modes into a single

Instrument

Spectromicroscopy:

Kinetics, dynamics,

XANES, LEXRF, AE 3D
N -f;r;:':i; i
STXM ‘ -/ ':f‘:_*’._*: ; | A TXM |
N R ‘
\‘\ 400¢ 2200eV ‘ ‘\
Brightfield Lateral resolution Brightfield
Darkfield 30nmc 1 nm et
Differential PC _ ;
(simult) leferenthl PC
NomarskiDIC NomarskDIC

The European team that
Initiated the project

A Morphological analysis,
XANES and AAEI

A Different contrasts incl.
brightfield, differential
phase and interference
contrast,darkfield etc

A Versatile specimen
environment



Sincrotrone ArwinMic microscope

A007T 2200 eV

TwinMic¢ Combination of scanning and
full-field imaging in a single instrument

ABiotechnology
ANanotechnology
AEnvironment
AGeochemistry
AFood Science
AMedicine
APharmacology
ACultural Heritage
ANew Materials
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Specimen rasterscanned

Zone plate that forms  @cross the microprobe
a microprobe

Multi -element XRF

detector system Configured transmission

d_e t_ecto_r system with Max achievable spatial
visible light converter resolution: 50nm
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Differential phase contrast with a fast read-out CCD camera

Simultaneous acquisition of:

AAbsorption or transmission
ADifferential phase contrast
ADarkfield images

Morrison, G. et al., IPAP Conf. Series 7, 3379 (2006)
Gianoncelli A. et al., Appl Phys Lett 89, 251117 (2006)



Photolonization

Pholaelecion

AE:_E1 -E2-E3
FI‘.&uger
Electron

Incoming
radiation from
x-ray tube ar
radioisotope.

X-ray absorption X-ray Fluorescence Auger effect
(through photoelectric
effect)
The vacancy created by the The vacancy created by the
The primary Xray photon primary Xray photon is primary Xray photon is
causes the ejection of filled by an electron coming filled by an electron coming
electrons from the inner from an outer shell causing from an outer shell and the
shells, creating vacancies the emission of a energy is transferred directly
characteristic Xray photon to one of the outer
whose energy is the electrons, causing it to be
difference between the two ejected from the atom.

binding energies of the

corresponding shells
http://www.amptek.com/xrf.html
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A EXRF

Low -energy X-ray fluorescence
for elemental analysis:

0.1
8

Fluorescence vield /1

0.001~ B TwinMic
‘]
| T T T T T 1
0 500 1000 1500 2000 2500 3000
Photon energy / eV

A. Gianoncelli, B. Kaulich, M. Kiskinova, R. Alberti, T. Klatka, A. Longoni, A. de Marco, A.

Marcello, Simultaneous Soft-Kay Transmission and Emission Microscopy, Nucl. Instr.
and Meth. A 608 (1), 19898

Detecting trace elements:

X-ray fluorescence: ~1000x
better sensitivity than
electrons for trace elemental
mapping (ion concentrations
etc.).

Low fluorescence yields for
soft X-rays! !l
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Low -energy X-ray fluorescence:

L ot Al T4 TwinMic LEXRF
Al
Na {\ spectrum with
1000 unfocused beam
O of a test organic

q Mg Prim matrix on a

metal shim

Dynamic range:
Fe up to 30 kcounts/s

Average FWHM

energy resolution
@ G K edge: 69 eV

1 [ ] ' [ l 1 ' L l [
400 800 1200 1600
Energy (eV)

A. Gianoncelli, BKaulich, M. Kiskinova R.Alberti, T. Klatka, A. Longonj A. de Marco, A. Marcello, Simultaneous Sofray Transmission and Emission Microscopuycl.
Instr. and Meth. A 608 (1), 19498
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; Original detector signals 6
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Final results

0 500 1000 1500 2000 2500 3000 3500 4000 07 00 1000 1500 2000 2300 3000

Channel number

A Spctra alignment is necessary when system with multiple XRF detector are used
A Manual alignment can be performed the case of a few detectors

A For multiple detectoauuomatedway are the way to gd<ourousias et al,-RaySpectrom 2017, 46, 4448)

3500

4000
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Cable Bacteria

ARTICLE M) Check for updates
https://doi.org/10.1038/541467-021-24312-4 OPEN

Efficient long-range conduction in cable bacteria
through nickel protein wires

1282

' Perran L. M. Cook® 3, Lubos Polerecky(® #, Raghavendran Thiruvallur Eachambadi® >,
9

Henricus T. S, Boschker
Helena Lozano® &, Silvia Hidalgo-MartinezZ, Dmitry Khalenkow’, Valentina Spampinato®, Nathalie Claes
Paromita Kundu®, Da Wang®, Sara Bals®®, Karina K. Sand® ', Francesca Cavezza", Tom Hauffman
Jesper Tataru Bjerg?'23, Andre G. Skirtach( 7, Kamila Kochan®, Merrilyn McKee?, Bayden Wood® 3,
Diana Bedolla® ¥, Alessandra Gianoncelli® ', Nicole M. J. Geerlings®, Nani Van Gerven'>'®, Han Remaut'>'6,

Jeanine S. Geelhoed® 2, Ruben Millan-Solsona ®'7, Laura Fumagalli® 19, Lars Peter Nielsen
1,22

n

A Long-distance electrical conductance in marine
sediment in the ocean floor has been observed
since a decade.

A While bacterial nanowires, humus particles and
semi-conductive mineral grains were known to

1213

Alexis Franquet®, Jean V. Manca® °, Gabriel Gomila®" & Filip J. R. Meysman

distances, in 2012 it was demonstrated that
filamentous bacteria, now called cable bacteria, can
transport electrons over centimetre distances, with
a conductivity exceptionally high for a biological
material.

A LEXRF @ TwinMic, data suggested that Ni is the

conduct electrons over nanometre to micrometre ? &

\((‘embre @
> %

Q © .

. cytoplas . .
m .
e . \.‘,
09 ® -

Insulating protein shell d)
v v Al
Conductive core
with NiS-rich protein

SP+C
; 112500
| 10000

Fe-L
V 7500

Ni-L
180
120 [150
105 140
120
L ~ 100
B 80
45 60 5000
30 40
15 20
0 0

2500

most likely candidate for the metal contained in the
sulfur -ligated group. This conclusion was furtherly
supportedby SEM-EDX, ToF-SIMS and high
resolution NanoSIM.

Schematic view of cable bacteria fiber sheath (a); Absorption (b) and differel
phase (c) images of a bundle of cable bacteria fiber sheaths; Fe, Ni and sca
peak distribution in intact cable bacteria (d) and B fiber sheaths (e). Panel b,
and e were acquired at TwinMic beamline at 1.1 keV, with a spatial resolutio
200nm (b and ¢) and 400nm (d and e).




Food Science: In

Pericarp —

Seed coats —

Aleurone
lvan Kreft, layer 80mMm
University Ljubljana
Functionality and Endosperm
toxicity of Zn in with starch 7
wheat and buckwheat granules

analyzed on sub
cellular level

M. Regvar, D. Eichert, B. Kaulich, A. Gianoncelli, P. Pongrac, K. Vogel-Mikus, I. Kreft, New insights into globoids of protein storage vacuoles in wheat aleurone
using synchrotron soft X-ray microscopy, Journal of Experimental Botany, Vol. 62, No. 11, 39291 3939, 2011.



Healthy control
wheat

E=1686 eV

80 x 80 mn?

80 x 80 px

8 s dwell/ px

1 mm resolution
4 detectors

lvan Kreft,
Fac. of Biotechnology,
University Ljubljana

Functionality and
toxicity of Zn in
wheat and buckwheat
analyzed on sub -
cellular level

M. Regvar, D. Eichert, B. Kaulich, A. Gianoncelli, P. Pongrac, K. Vogel-Mikus, I. Kreft, New insights into globoids of protein storage vacuoles in wheat aleurone
using synchrotron soft X-ray microscopy, Journal of Experimental Botany, Vol. 62, No. 11, 39297 3939, 2011.



Biogenetics and Food Science:
Inside the wheat

TXM images acquired
with a double -
frequency ZP (15nm
outermost zone width
from J. Vila-
Comamala (PSI)

lvan Kreft,
Fac. of Biotechnology
University Ljubljana

Fur.1c:.tiona|ity gnd 1s dwell, 740eV photon
toxicity of Zn in energy

wheat and buckwheat
analyzed on sub-
cellular level

M. Regvar, D. Eichert, B. Kaulich, A. Gianoncelli, P. Pongrac, K. Vogel-Mikus, I. Kreft, New insights into globoids of protein storage vacuoles in wheat aleurone
using synchrotron soft X-ray microscopy, Journal of Experimental Botany, Vol. 62, No. 11, 39297 3939, 2011.
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Cellular distribution and degradation of CoFe ,0O, NPs in Balb/3T3 Fibroblast cells

Localization of engineered
nanoparticles (ENPS) inside a cell
and on the possible effects on the
cell metabolic behaviour

G.Cecconge
P.Marmoratoet al.,
EC Joint Research

Center Ispra, |

CoFe,0,in mouée 3T3 fibroblast cells, E=2019 eV, 60um x 60 um

P.Marmorato, G.CecconeA. Gianoncelli, [PascolgJ. Ponti, F. Rossi, M. Salomé&aulich and M.KiskinovaCellular distribution and degradation of Cobalt Ferrite NanoparticlBalli3T3 FibroblastsT oxicology
Letters, 2011207-2, 128136.
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ABalb/3T3 exposedto 1000mM

(b)
Fe/Co~0.8
Fe/Co~1.5 |3
065 070 075 080 085
Energy [KeV]
Similar behaviour (but less (a) [~ Scattering peak
evident) in the nuclear [e :
region for 500uM 5T,
. (O
concentration , o NS
0.2 0.4 0.6 0.8 1.0
Energy [keV]

P.Marmorato, G.CecconeA. Gianoncelli, [PascolgJ.Ponti, F. Rossi, M. Salomé,Kaulich and M.KiskinovaCellular distribution and degradation of Cobalt Ferrite
Nanoparticles iBalt/'3T3 FibroblastsToxicology Letters, 201207 - 2, 128136.
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. * Control
X
' '
a
‘ 40 uM
c
‘ 250uM
e
500uM

h

Highresolution scanning transmission softay microscopy for rapid probing of nanopatrticle distribution and sufferance feasiin exposed cells
Kourousia$s.Pascold_. MarmoratoP .PontiJ.Cecconé&s. KiskinovaV. Gianoncelli ARav Spectrometrv (2015)
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TwinMic

Fibroblast cells
exposed to
CoFe, O, NPs

~ 60um x 40um, 480x320 pixels, 20ms dt, 9006V

32um x 60um, 256x480 pixels, 20ms dt, 900eV

Spot size: 135nm

Highresolution scanning transmission softpdy microscopy for rapid probing o
KiskinovaM, Gianoncelli X-Ray Spectrometry (2015)

oparticle distribution and sufferance feasiin exposed cellKourousiass, Pascold_, MarmoratoP,PontiJ,Cecconés,
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32um x 60um, 256x480 pixels, 20ms dt, 900eV

Spot size: 135nm

Highresolution scanning transmission softdy microscopy for rapid probing of nanoparticle distribution and sufferance feasiin expo
Kourousia$s, Pascold_, MarmoratoP,PontiJ,Cecconés, KiskinovaM, Gianoncelli A-Ray Spectrometry (2015)
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Red oil solution that specifically stains lipids

Fig. 6. Optical images of Balb{3T3 control cells (a and b) and incubated for 24 h with 500 p.M CoFe, 0,4 NPs suspension (¢ and d). Red spots represent lipids stained by Red Oil
O solution (b and d) whilst nuclei are stained in blue by Hoechst. Bar = 10 p.m. (For interpretation of the references to color in this figure legend, the reader is referred to the
web version of the article.)

P.Marmorato G.CecconeA. Gianoncelli, PascolgJ.Ponti F. Rossi, M. Salomé,Kaulich and M.KiskinovaCellular distribution and degradation of Cobalt Ferrite
Nanopatrticles iBalt/3T3 FibroblastsToxicology Letters, 201207 -2, 128136.
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Nanotoxicology: CoFe ,O, ENPs
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P. Marmorato, G. Ceccone, A. Gianoncelli, L. Pascolo, J. Ponti, F. Rossi, M. Salomé, B. Kaulich, and M. Kiskinova, Cellular distribution and degradation
of Cobalt Ferrite Nanoparticles in Balb/3T3 Fibroblasts, in press in Toxicology Letters



SIMILARLY TO OTHER COUNTRIES, IN ITALY THE MAXIMAL
q Sinor INCIDENCE OF MESOTHELIOMA IS EXPECTED IN THE NEXT

Sincrotrone

frieste 5-10 YEARS

In Italy, many sites of large asbestoscement factories
(eg, CasaleMonferrato ), and naval shipyards (eg,

Monfalcone).
Areas with the highest mortality for asbestos related

diseases

In the hospitals of Monfalcone and Trieste: 60
mesothelioma deaths each year

Courtesy of Prof. Mauro Melato
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of asbestos fibres involves a complex
interaction between the crystalline

. 980 1990 2000 2010

mineral fibres and target cells. The

physicochemical properties of asbestos -

fibres that are most relevant to [

pathogenicity are _surface chemistry [IRAHERESERN alb (177 RSt
Va4l 5 ' b Isbestos size

apd rgaatlv1w, s.urfage' area, fibre BN pathogenicity

dimensions, and biopersistence.

“...other fiber parameters {chemistry,
physico-chemistry) play a role in the
carcinogenicity ” (M.C. Jaurand, 1981)

2009 IARC Monographs

morphOIOQy Reviews: Kane, Mossman, Gulumian, Aust, Kamp
transition ions

zeta potential / surface charge
adsorption of bio-molecules

chemical properties

FromB.Fubinpresentationat ESOF 2010
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Biological effect of asbestos fibres:
central role of iron

OXIDATIVE STRESS
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Fibers contain transition metals, which catalyze ROS formation

Asbestos surfaces has#anolgroups (acidipKg :Negative surface attracts dations

Fe3+ complexes wililicicacid and its polymers : high stability constant of the coordination
complex. Fe not accessible for reducing enzy@bsZ008)




THE ASBESTOS BODIES
Thehistopathologicfinding in patients exposed tc
asbestos
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i £ Why somanyklron arfé.rriltln oh asbestos bodles’? o
¥ -
|s asbestos body formation a defense mechanlsm ‘on

‘ﬁ is a key point in the pathway of toxicity? o4
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Ferruginous bodies are believed to be formedimcrophageshat have
phagocytized and attempted to digest thbers



http://en.wikipedia.org/wiki/Macrophages

