=
I

w

(Qup I =

—_ =
[

LA-ICP-MS
AS A POWERFUL TOOL FOR
ELEMENTAL IMAGING

AAAAAAAAAA

Tomas Vaculovié o L /_\ S OF S

]

SPECTROCHEMISTRY

OUTLINE

— Principle of laser ablation and ICP-MS

—Imaging
— corroded layers
— in geology
— bio-samples

— Summary and Outlook of imaging
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ICP-MS - PRINCIPLE

— Inductively Coupled Plasma of Mass Spectrometry

— argon plasma — source of atoms and ions (16 eV, 10000 K)

ICP-MS - PRINCIPLE

S |




ICP-MS - PRINCIPLE

— atomization and ionization of the most elements of P.T.

— elemental specific detector (no molecules)

ICP-MS - PRINCIPLE

6 7 89 10 /11 12 13 14 15 16 17 |18




ICP-MS - PRINCIPLE

— analysis of solution and solid samples (laser ablation)

— limit of detection — pg/l, ng/g

ICP-MS - PRINCIPLE




PRINCIPLE OF LASER ABLATION

Lens — Laser ablation

Ejected molten — explosive interaction of the laser beam and material (> 10° W/cm?2)

material .
pamaged  — Produced dry aerosol (particles and vapours)
adjacent
structure

Recast
layer

Surface
debris

composition of dry aerosol and analyzed surface

are same — necessary for analytical purpose

Micro cracks
Melt zone

PRINCIPLE OF LASER ABLATION

Laser pulse — Adva ntag es

— analysis of any type of materials

— direct analysis of solid samples

— laser beam diameter 4 — 200 um (optional lateral resolution)
adjacent — possibility of local microanalysis

S — possibility of lateral distribution of elements (imaging)

Ejected molten
material

Recast
layer

Surface
debris

— Drawbacks

Heat transfer — different ablation rate for various materials (IS needed)
— additional equipment
N

u
SC

Micro cracks
Melt zone
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PRINCIPLE OF LASER ABLATION

— Different ablation rate

garnet

10 ug/g Sc
quartz
10 ug/g Sc
. MUNT
SCI
PRINCIPLE OF LASER ABLATION
— Different ablation rate
garnet
3 same ablation parameters
10 ug/g Sc
quartz %
10 ug/g Sc I
) MUNT
SCI




PRINCIPLE OF LASER ABLATION

— Differen

garnet

#

ameters

- quartz y

PRINCIPLE OF LASER ABLATION

quartz ,

— Differen

garnet

#

ameters
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PRINCIPLE OF LASER ABLATION

— Differen

garnet

#

ameters

- quartz y
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LA-ICP-MS IMAGING - SCHEME

sample preparation

B9
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LA-ICP-MS IMAGING - SCHEME

sample preparation

measurement

SwE

wmw=
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LA-ICP-MS IMAGING - SCHEME

sample preparation

Bl®
‘”"ii

measurement
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oc
— =

[S—




LA-ICP-MS IMAGING

sample preparation

- SCHEME

measurement

L L.z I . -
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LA-ICP-MS IMAGING

sample preparation

Bl®

- SCHEME

measurement
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LA-ICP-MS IMAGING -

sample preparation

SCHEME

measurement

21
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Task 1: Steel sample was
exposed to molten LiF-NaF salt
treatment. Strong corrosion on
sample surface occured. Our task
is to obtain content of main
constituent of steel and Li and Na
in corroded layer.

22

Task 3: Spontaneous regression
is the process by which
melanoma disappears. What
happens with the elements at
ression?

z=W, Zzar
4 Lght e

LAB -

OVERVIEW

Task 2: My colleague geologist: ,| %gﬁ i W
have granitoid sample which contains =, = 7 #.

~

quartz, mica, feldspar and the other
minerals. Would it be possible to e
obtain elemental map of the granite?“ v«&%‘"

il

Task 4: Nanoparticles are all around
us. Do nanoparticles accumulate in
the body or are they excreted out?

lead
PbO/6w

PbO/11w PbO/cl

w=
[qp N —
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D TION OF CORROSSION
P

— Steel sample was exposed to molten LiF-NaF salt treatment. Strong
corrosion on sample surface occured. Our task is to obtain content of main

constituent of steel and Li and Na in corroded layer.

23

TION OF CORROSSION

— Steel sample was exposed to molten LiF-NaF salt treatment. Strong
corrosion on sample surface occured. Our task is to obtain content of main

constituent of steel and Li and Na in corroded layer.

Why LiF-NaF mixture?

24

(g —
— =

w=
oac
— =




) =i
- OO
w o

Generace IV

Generace v jaderné energetice

Generace [ll+

Revoluéni zmény

Generace |Il

Evoluéni zmény
Ganeraca | — ] l

Pokroéilé reaktory

Generace |

Komeréni elel k\rérny

Prvni protolypy

- Bezpetna
- Trvale
udrzitelna
- CANDU 6 AP1000 - Ekonul:nlcka
— - LWR, PWR, BWR - System 80+ CArAR - Bezpetna -
- Shippingport - VVER, REMK - APBOO iy proti zneuZiti
= oo - CANDU TS - Minimum
- Magnox AsR odped
1950 1960 1970 1980 1990 2000 2010 2020 2030
Genl Genll Gen il Gen I+ | G |
http://ojs.uif ca: /1 html

TION OF CORROSSION

GEN IV

six concepts of reactors:

Very High-Temperature gas-cooled Reactor
Gas-cooled Fast Reactor

Sodium-cooled Fast Reactor

Lead-cooled Fast Reactor

Super-critical water-cooled reactor

Molten fluoride salt reactor

wmw=
[qp —

— =

25
DISTRIBUTION OF CORROSSION
PRODUCTS
— sample preparation (in Energovyzkum, Ltd.)
— tested materials: Ni-based alloys and pure nickel
— MFS: LiF-NaF, LiF-NaF-ZrF,
— exposure: 680°C, 100, 300, and 1000 hours
holder for manipulation
with the sample
wall of the ampoule
molten fluoride salt
sample movement
26 tested sample

13


http://ojs.ujf.cas.cz/~wagner/popclan/transmutace/generaceIV.html

IBUTION OF CORROSSION
CTS T e

materials for a nuclear reactor cooling circuit by molten fluoride salt
treatment

25 | Sournal of Analyical Atomic Spectioenetry

DISTR
PRODU

. Vaculoric,” P, Sukovsky,* J. Machat,” V. (Hruba.” 00, Matal” T. Simo,” €h. Latkoczy,* 13, Ganther”
am V. Kamicky ™

Recincd 300h Juy 308, Accepred oh M

— determination of elements in corroded layer i

— single line scan (crust-corroded layer-intact material; laser beam diameter — 25 pm)

— in 2006 measured in ETH (we did not have ICP-MS)

web 26tk March 2008

100 .
ombeding orus metal
107
Naz
100 — s
—
2 K0
;. 1
< — V51
z crs3
2 Mns5.
g — Fes7
= —— Co59.
e
10 — Ress
e
— oo
102
10!

400 300 200 100 O 100 200 300 400
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Distance from edge / um

IBUTION OF CORROSSION
CTS :

z

DISTR
PRODU

TECHNICAL NOTE

Elemental mapping of structural materials for a muclear reactor by means of
— determination of elements in corroded layer ; Tammmm——
— imaging of corroded layer (laser beam diameter — 12 pm)
— spot by spot

28
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IBUTION OF CORROSSION
CTS . :

TECHNICAL NOTE

DISTR
PRODU

car reastor by means of

— determination of elements in corroded layer

— imaging of corroded layer (laser beam diameter — 4 um)
— spot by spot

— quantification — external calibration

— calibration standards — steel standards

— tested materials — Ni-based alloy 1.8E+06
value [%] | layer [%] ;:‘;:” L /

Ni 76.3 76.8 Fua

Cr 7.0 6.9 "

w 45 4.4 Thel e, e

29 Ti 1.7 1.8 I\SII g “II

DISTRIBUTION OF CORROSSION
PRODUCTS s °

TECHNICAL NOTE

ctor by means of

— determination of elements in corroded layer

— imaging of corroded layer (laser beam diameter — 4 um)
— spot by spot

— quantification — external calibration

— calibration standards — steel standards
— tested materials — Ni-based alloy

reference |intact corroded
value [%] |layer [%] | layer [%]
Ni 375

76.3 76.8
Cr 7.0 6.9 35
w 4.5 4.4 21
) Ti 1.7 1.8 10 U
SCI

15



BUTION OF CORROSSION

DISTRI
UCTS - :

PROD

TECHNICAL NOTE

— determination of elements in corroded layer

— imaging of corroded layer (laser beam diameter — 4 um)
— spot by spot

— quantification — external calibration

— calibration standards — steel standards
— tested materials — Ni-based alloy

reference |intact corroded
value [%] | layer [%] layer [%]
Ni 375

76.3 76.8 What’s wrong?
Cr 7.0 6.9 35
w 4.5 4.4 21
31 Ti 1.7 1.8 10 I\SII g “II 1
DISTRIBUTION OF CORROSSION
PRODUCTS ws °
— determination of elements in corroded layer )
— imaging of corroded layer (laser beam diameter — 4 um)
— spot by spot
— Different ablation rate?
; MUNT
SCI
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IBUTION OF CORROSSION
CTS - :

TECHNICAL NOTE

DISTR
PRODU

— determination of elements in corroded layer

— imaging of corroded layer (laser beam diameter — 4 um)
— spot by spot

— Different ablation rate?
— Particle size distribution measurements (Dr. Mikuska, UIACH CAS)

o

g

% = 6x higher ablation rate

g in corroded layer!

g

N MUNI
0 200 - 400 600 S C I

DISTRIBUTION OF CORROSSION
PRODUCTS e .

TECHNICAL NOTE

— determination of elements in corroded layer

— imaging of corroded layer (laser beam diameter — 4 um)
— spot by spot

— quantification — total sum ion normalization (TSIN)

— measuring of all elements from the sample

7Li, 2Na, 47Ti, 52Cr, 55Mn, 5Fe, 60N, 182

34

mu
SC

17



DISTR
U

IBU
PRODUCTS

TION OF CORROSSION

— determination of elements in corroded layer

— imaging of corroded layer (laser beam diameter — 4 um)

— spot by spot

— quantification — total sum ion normalization (TSIN)

— measuring of all elements from the sample
— recalculation of measured intensities of isotopes on 100% abundance

] 1(7Li)
1o = abundance( ’ Li)

N _ 1(°°Ni)
I(ND) = abundance(°°Ni)

35

DISTR
U

IB
PRODUCT

abundance(ZSNa)

=

(g —
— =

TION OF CORROSSION

mapping of structural materiahs for a meclear reactor by means of
15

— determination of elements in corroded layer

— imaging of corroded layer (laser beam diameter — 4 um)

— spot by spot

— quantification — total sum ion normalization (TSIN)

— measuring of all elements from the sample
— recalculation of measured intensities of isotopes on 100% abundance
— calculation of content from the sum of intensities

w(Li) = 1(LD)

w(Ni) = I(ND)

36

Y I(LD)+I(Na)+I(NiD)+-- ’ Y IL)+I(Na)+I(NiD)+-- ’

Y I(L)+I(Na)+I(Ni)+-- ’

w =

[qp N —
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IBUTION OF CORROSSION
CTS :

TECHNICAL NOTE

DISTR
PRODU

Elemental mapping of stractural matcriaks for a nuclear reastor by means of
15t
¥, Onln . Mt s . Kk

— determination of elements in corroded layer

— imaging of corroded layer (laser beam diameter — 4 um)
— spot by spot

— quantification — total sum ion normalization (TSIN)

— measuring of all elements from the sample
— recalculation of measured intensities of isotopes on 100% abundance
— calculation of content from the sum of intensities

verified by calibration standard
reference |intact
value [%] | layer [%]

Ni 28.5 28
Cr 4.3 4.5
Fe 62.0 62.7
; nun
Mn 0.8 0.7 SCI

TION OF CORROSSION

JAAS °

DISTRIBU
PRODUCTS “

mapping of structural materiahs for a meclear reactor by means of
15

— determination of elements in corroded layer T
— imaging of corroded layer (laser beam diameter — 4 um)
— spot by spot

— quantification — total sum ion normalization (TSIN)

— measuring of all elements from the sample

recalculation of measured intensities of isotopes on 100% abundance
calculation of content from the sum of intensities

verified by calibration standard

tested on Ni-based alloy
EPMA corroded
value [%] | layer [%]

Ni 74 73

Mo 21 22

Cr 5.0 4.4 MUN
* Fe 1.3 1.5 SCI

19



TION OF CORROSSION

DISTRIBU
UCTS - :

PROD

TECHNICAL NOTE

— determination of elements in corroded layer

— imaging of corroded layer (laser beam diameter — 4 um)
— spot by spot

— quantification — total sum ion normalization (TSIN)

— measuring of all elements from the sample

— recalculation of measured intensities of isotopes on 100% abundance

— calculation of content from the sum of intensities

— verified by calibration standard

— tested on Ni-based alloy
EPMA corroded
value [%] | layer [%]

Ni 74 73
TSIN works! Mo 21 22
Cr 5.0 4.4 MUN
* Fe 1.3 1.5 SCI
DISTRIBUTION OF CORROSSION
PRODUCTS s °
e momcuwm
— determination of elements in corroded layer : T
— imaging of corroded layer (laser beam diameter — 4 um)
— spot by spot
the most resistant: pure Ni
1000 h 350 h 1000 h
» Thi[c;kr:]ess 162 63 81 MUN
SCI

20



JAAS -]

»
I B U TECHNICAL NOTE 0 R
c S x

I Ty

wapping of structural materials for a nuclear reactor by means of

The EPMA, LA-I I(I MS and I( P- ()I'\ulld\ of co
:

materials for
treatmentt

v 5 Vet V. Otrvd* O Ml 1. Som” O, Lathicay,? D, Ginther?

bl

Sample 12 - line

DISTRIBUTION OF CORROSSION
PRODUCTS

— improved lateral distribution from single line scan to elemental maps
comparable to EPMA

— corrosion provoked by LiF-NaF mixture is very specific

— utilization for development of alloys for implants

— determination of elements released from implants into tissue (bones, teeth, muscle)

. MUNI

SCI




IMAGING IN GEOLOGY

— My colleague geologist: | have granitoid sample which contains quartz,
mica, feldspar and the other minerals. Would it be possible to obtain

elemental map of the granite?“

N MUnI
SCI
— My colleague geologist: ,| have granitoid sample which contains quartz,
mica, feldspar and the other minerals. Would it be possible to obtain
elemental map of the granite?®
My answer: ,Yes, no problem.*
u MUNI
SCI
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IMAGING IN GEOLOBY —~

Quantification of elemental mapping of heterogeneous gealogical sample ()
by laser ablation inductively coupled plasma mass spectrometry

T. Vaculovié 5+, K. Breiter©, Z. Korbelovi ©, N. Venclovi ¢, K. Tomkovd ¢, 3. Jondova <, V. Kanicky*”

o

— Li-muskovite (mica) from Argamela mine
(Portugal)

45
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IMAGING IN GEOLOGY - =

Quantification of elemental mapping of heterogeneous geological sample @
by laser ablation inductively coupled plasma mass spectrometry

T. Vaculovit *®+, K. Breiter ©, Z. Korbelova ©, N. Venclovi °, K. Tomkovd 4, 5. JondSovi < V. Kanicky *®

— Li-muskovite (mica) from Argamela mine
(Portugal)

— quantification — external calibration with

internal standardization

LBE+06

L6EHG
LAEVG

L2E06

W(X) — W(X)meas Xw (IS)EPMA ‘ |
norm w (IS)meaS ; 6:0E+D5 x

B.0E+05

LOE+D6

tensity [cps]

ind

2.0E+05

a.0Ew0
46

0.00 400 8.00 12.00 16.00

=
w=
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IMAGING IN GEOLOGY

— Li-muskovite (mica) from Argamela mine
(Portugal)

— quantification — external calibration with

internal standardization

LBE+06
L6E
LAEDE

1.2E+06

WX morm = W(X)meas X W (IS) gpya ‘

LOE+06

soes0s | |,

intensity [cps]

Mimshencd b 1412087 3535

Conterts lats mslibe o Scimnceivst
m Microchemical Journal

b A

Quantification of elemental mapping of heterogeneous geological sample
by laser ablation inductively coupled plasma mass spectrometry
v abin

-

4 K. Tomkovd . 5. JondSova <, V. Kanickj *

W(SIO)gpya = 48.1 %

w (IS)meas = 6.OE+D5

4.0E+05

2.0E405

w)(

Q.0E0
47

0.00 400

5.00 1200 16.00
content [%)

wmw=
[qp —

IMAGING IN GEOLOGY

Sio,
48 48.1 %

Microchemical Journal ﬂ
Journal homapage: www.sisaviss.comilocatsimicroc
Quantification ofelemental mapping of heterogeneous geological sample  (ff)
by laser ablation inductively coupled plasma mass spectrometry

T Vaculowid “5+, K. Breiter, 2

renclvd®, K. Tomkovd ®, 3. JondSov © V. Kanickg ™

b

high

low

w=
[qp N —
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low

Sio,
49 48.1 %

Li,O:
Al,O;:
K,0:
Na,O:
P,0s:
Fe,Oj:
SiO,:
2

1.1%
54.6 %
11.8 %
0.7 %
0.5 %
4.3 %
48.1 %
122.1 %

w=
[qp —

IMAGING IN GEOLOGY

high

low

50 48.1 %

Li,O:
AlL,Oj3:
K,O:
Na,O:
P,0s:
SiO,

79.3 %
64.6 %
0.7 %
8.5%
39.7 %
481 %
240.9 %

w=
[qp N —
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Mo ot 13 07 .25

[ ———
Microchemical Journal - |

IMAGING IN GEOLOGY

high
Li,O: 793 %
AlLO;: 64.6 %
K,O: 0.7 %
Na,0: 8.5 %
P,O05: 39.7 %
Si0, 481 %
> 240.9 %

low

Sio, MUNI
51 48.1 % What is wrong? SCI

IMAGING IN GEOLOGY

— more detailed view on the sample:

mica core: 45.8 % SiO,
mica rim: 50.5 % SiO,
apatite: <1 % SiO,
; MUNT
SCI
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Microchemical Journal ‘

=

ot ol bomagege warw. s svie.con esatarmlssos
I M A G I N G I N G E 0 L 0 G l Quantification ofelemental mapping of heterogencous geological sample () e

by laser ablation inductively coupled plasma mass spectrometry
T Vaculowt =, K. Breiter, Z Korbelova %, M. Venclov4 , K. Tomkows 9,5, JondSons 5 V. Kanick*t

— more detailed view on the sample:
mica core: 45.8 % SiO,

mica rim: 50.5 % SiO,
apatite: <1 % SiO,

internal standardization is not applicable!

wmw=
[qp —

53
= 4
I M A G I N G I N G E 0 L 0 G Y ot sblton ol oot e e specpomtoy e @
T Z Korbelovi ©, N. Venclovi ®, K. Tomkovd °.5. JondSov V. Kanick§**
— external calibration with sum oxide normalization (SON) to 100 %
— content of elements to recalculate to oxide form Lt
LGE+06
LAE+06
El.i.ErEE
W(X0)meqs X 100 N
W(XO0)norm = Y w(X0 2 o
W( )meas L0405
o 2
— no complementary analysis (e.g. EPMA) o
— all main elements of the sample have to be measured
54

w=
[qp N —
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IMAGING IN GEOLOGY

— external calibration with sum oxide normalization (SON)

— content of elements to recalculate to oxide form e

W(X0)meas X 100 s

W(X0)norm = Y w(X0 e
W(XO0)meas

4.0E+05
2.0E405

0.0E00

— no complementary analysis (e.g. EPMA)

— all main elements of the sample have to be measured

55 Does it work?

IMAGING IN GEOLOGY

— analysis of homogenous sample with easy matrix (CRM)
— analysis of real sample (archaeological glass)

— analysis of heterogeneous real sample (mica from Argemela)

56

Quantification of elemental mapping of heterogeneous geological sample
by laser ablation inductively coupled plasma mass spectrometry

(g —
— =

w =
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IMAGING IN GEOLOGY

— glass standard NIST 612

— 120 y = 0.996x

® R?=0.999

¥ 100

= .

Eﬂ conf. int. of slope:

'g 20 0.992 - 1015’

3 s

] -

® 60 il

P

=

7 40

o

-}

c

o

% 20

™

E

2 o

0 20 40 60 80 100 120

57 sum oxide normalization [mg/kg; %]

ﬁ Microchemical Journal

pd

Quantification of elemental mapping of heterogeneous geological sample
by laser ablation inductively coupled plasma mass spectrometry

T Vaculovit

®

K. Tomkova .. Jonon V. Kanicky =

ik

w =

(g —
— =

IMAGING IN GEOLOGY

— glass standard NIST 612

_ 120 y = 0.996x

e R?=0.999 —,+—

P 100 L

~ -

Eﬂ €onf. int. of slopa: g

£ 0.992 - 1.0 —+—,.

E 80 gue

= e

o -

® 60 e

i

c

T 40

- o

c 3

o -

% 20 -

g o

g ol

- 0 20 40 60 80 100 120
58 sum oxide normalization [mg/kg; %]

"

Microchemical Journal

p

Quantification of elemental mapping of heterageneous gealogical sample
by laser ablation inductively coupled plasma mass spectrometry

ibelov  N. Venclovi . K Tomkowd ©.5. Jondow V. Kanickj**

@ e

Youden graph:
if: slope =1, intercept =0

then: methods are same

w=
[qp N —

— =
—
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IMAGING IN GEOLOGY

— glass standard NIST 612

59

120
100
&
‘%’ 80
b0
E
$ 60
3
S
3 40
=
t
w
¢ 20
0

20

40 60 80 100 120

sum oxide normalization [mg/kg; %]

o 9
H Microchemical Journal 3

Jounal homagpage: waem alnavier comilagata/misios

C ofelemental mapping of| geological sample (I ..
by laser ablation inductively coupled plasma mass spectrometry

T. Vaculovic *+, K. Breiter, Z Korbelovd °, N. Venclova %, K. Tomkovd %, 3. JondSovi °, V. Kanickj >

ik

wmw=
[qp —

60

IMAGING IN GEOLOGY

internal standard normalization [mg/kg; %]

140

120

100

80

60

40

20

y=1.017x -~
RZ=1 L

onf. int. of slopa: L
0.989 - 1.04 L

20 40 60 80 100 120 140
sum oxide normalization [mg/kg; %]

" ‘
m Microchemical Journal :

Quantification ofelemental mapping of heterogencous geological sample (-
by laser ablation inductively coupled plasma mass spectrometry

T Vaculoit %, K. Breiter, Z. Korbelovi %, . Venclovi %, K. Tomkowd °.5. Jondond < V. Kanickfi*®

SiO, - 75.6 % (EPMA)

w=
[qp N —
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IMAGING IN GEOLOGY

ﬁ Microchemical Journal

pd

Quantification ofelemental mapping of heterogencous geological sample () e
by laser ablation inductively coupled plasma tr y
T, Vaculovic “+, K. Breiter , Z 4% V. Kanickg >

9
8 =0.999 —4=4 SiO, - 75.6 % (EPMA)
:%059; B 2
° 7 ",/
] 0.969- 1.059
a s el
H -~
g s ,.":’
o L
w 2 :::‘l
1 _.-"'
X
o ks
0 2 4 6 8 10
61 sum oxide normalization [%]; w(Si02)/10 IVI U I\I I
SCI
o M 4
I M A G I N G I N G E 0 L 0 G Y tl:-‘l\llﬂ‘;ﬂl:‘luﬂufﬂ"meﬂld‘"NW;I&D‘E‘I‘::KE?SEUW\L\s:wlogl:ﬂa-\m\e W
high
Li,O:  1.1%
AlLO;: 33.9%
K,O: 9.83 %
Na,O: 0.90 %
Fe, 05 2.51 %
SiO,: 453 %
F: 49 %
1.56 %
s 100.0 %
low
I
62

w =
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ﬁ Microchemical Journal ﬂ

I M A G I N G I N G E 0 L 0 G ' Quantification ofelemental mapping of heterogencous geological sample () e

by laser ablation inductively coupled plasma n metry
3. Jonovi ¢ V. Kanicky ™+

— mica sample froma Argamela

s y =0.988x
R?=0.997 A

a4 P
o on. int. of slopes L
: SR e
5] 3 L
2 L
3 e
1] e
g 2 Youden graph:
5 -
H 7 . .
S 1 e if: slope =1, intercept =0
g oo =Z then: methods are same

0 1 2 3 4 5
63 sum oxide normalization [%]; w(Si02;Al203;K20)/10 Igl le I:}:I I

IMAGING IN GEOLOGY

high

ALO;: 20 - 50 % Rb,0: 0— 0.8 % K,0:0-10%

64 Li,0: 0 - 4% Fe,03:0-3% MnO: 0-0.5% Na,0:0-1%




IMAGING IN GEOLOGY

normalization on total sum oxide is

applicable for heterogeneous samples

improving of explanations ,what happen
with elements during minerals and rocks

forming*“

Ustav geologickych véd a
Ustav chemie

vés srdeéné zvou na vernisa? vystavy

CESTY URANU

aneb kdyi geolog potka chemika
v geoBARRU

Etwrtek 1.10.2020
15.30 hod

budova dékandtu
Kotlafska 2, Brno

44520 9 18 SESMIERE DA RS0

it e visedey ropts P VY GEOBARS 202 5 58 949,036 S2K/E05858

. MUNT
SCI
SPONTANEOUS REGRESSION
— Spontaneous regression is the process by which melanoma disappears. What happens
with the elements at spontaneous regression?
. MUNT
SCI
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SPONTANEOUS REGRESSION

— Spontaneous regression is the process by which melanoma disappears. What happens

with the elements at spontaneous regression?

— spontaneous regression — the process leading from melanoma (tumour tissue) to healthy

tissue; (GMT - growing melanoma tissue; ESR — early spontaneous regression (approx. 12 weeks); LSR — late

spontaneous regression (approx. 22 weeks); FT — fibrous tissue (30 weeks))

— melanoma tissues from Melanoma-bearing Libéchov Minipig (MeLiM)

. MUNT
SCI
— sample preparation (in Institute of Animal Physiology and Genetics, CAS)
— cryosections (thickness of 30 ym)
— different stages of spontaneous regression
— placed on glass slide
— laser ablation parameters
— laser spot diameter — 100 ym
— scan speed — 200 pm
. MUNI
SCI
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SPONTANEOUS

— LA-ICP-MS parameters

— laser beam spot — 100 um
— scan speed — 200 pym/s
— laser beam fluence — 2 J/cm?

— Suppression of different ablation rate

— recommended normalization on signal 2C

70

REGRESSION

SPONTANEOUS

— LA-ICP-MS parameters

— laser beam spot — 100 ym
— scan speed — 200 ym/s
— laser beam fluence — 2 J/cm?

— Suppression of different ablation rate

— recommended normalization on signal 12C

7

REGRESSION —

SCIENTIFIC REPg}RTS

Spatial mapping of metals in tissue-
sections using combination of
mass-spectrometry and histology
through image registration
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SPONTANEOUS REGRESSION

SCIENTIFIC REPg}RTS

Spatial mapping of metals in tissue-
P Pping
— LA'ICP'MS parameters sections using combination of
mass-spectrometry and histology
— laser beam SpOt —-100 um . through image registration
— scan speed — 200 pym/s
— laser beam fluence — 2 J/cm?

e e somjscientfereports

— Suppression of different ablation rate

— recomended normalization on signal 2C

— C is not homogeneous in sample

How to compensate the different ablation rate?

72 U
SC

SPONTANEOUS REGRESSION —

SCIENTIFIC REPg}RTS

Spatial mapping of metals in tissue-
sections using combination of
mass-spectrometry and histology

. through image registration

2 Jlcm?

tissue

glass
slide

mu
SC
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SPONTANEOUS REGRESSION —

SCIENTIFIC REPg}RTS

Spatial mapping of metals in tissue-
sections using combination of
mass-spectrometry and histology
I throughimage registration
T Ay, Lamka Wbty Toman Vaculosie™, Micharls ', Viktar Kamicky™,
Vi ot b Spai = oy 2

2 Jlcm? 8 J/icm?

tissue

glass/

slide

74
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SPONTANEOUS REGRESSION —

SCIENTIFIC REPg}RTS

. ' Spatial mapping of metals in tissue-
— ngher laser beam fluence sectlonsusmgcomhlnatlon of
mass-spectrometry and histology
Iuiion throughimage registration

— 2 Jlcm?

— 8Jicm?
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SPONTANEOUS REGRESSION

spontaneous reg ression

E——
SCIENTIFIC REPLIRTS

UFEN Spatial mapping of metalsin tissue-
sections using combination of
mass-spectrometry and histology

i through image registration

- il o, Toms shavie™, ™, ik

o s
Hera, Olga Staparimnst,

. un1
SCI
SCIENTIFIC REPg}RTS
. . . OFEN Spatial mapping of metals in tissue-
— the distribution and content of Cu sections using combination of
-spectromet d histol
and Zn changes significantly through mage regitration
A Mer;g;g;nnﬁl?;:f o D Aw:‘g;f:::;::mu
i
glb-
o
77 FT . ¥

G EER 58
MeLiM minkature pigs tissue zone

anr w8 180
MeLIM minktse pigs tssue zone
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SPONTANEOUS REGRESSION

SCIENTIFIC REPg}RTS

_ e somjscientfereports

. . . " Spatial mapping of metalsin tissue-
— the distribution and content Of CU sections using combination of
mass-spectrometry and histology
TIUITII through image registration

and Zn changes significantly

Can we determine specific protein?

. MUNT
SCI
SPONTANEOUS REGRESSION
— ICP-MS - elemental specific detector
— proteins—C, O, H, N, S, P, Fe, Cu, Zn, Co ...
— O, H, N — non-determinable by ICP
— S, P, C — part of each protein
. MUNT
SCI
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§ MUNTI
80 aleonoldenydrogenase 1 1ore than 3000 Zn-binding metalloproteins exists SCI

adamalysin

Is there some possibility how to determine specific proteins?
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ICP-MS AND PROTEINS

» immunochemistry

Al A

Antigen Primary Ab  Secondary Ab  Fluorophore

i N

https:/iwww.cellsignal.com/contents/resource
s-applications/flourescent-multiplex-
immunohistochemistryfluoresence-mihc

82

Tissue
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ICP-MS AND PROTEINS

» immunochemistry » REE and chelates

MeCAT - 1 REE on 1 chelate

al A

Antigen Primary A SscondaryAb  Fluorophere SCN-DOTA - 4 REE on 1 chelate

i R

hitps:/iwww.cellsignal.com/contents/resource
s-applications/flourescent-muliplex-
immunohistochemistry/fluoresence-mihc

Tissue

83

Variable
domain

\\‘\/\V/\Q

MAXPAR™ | Constant
domain

Waentig L., et al., JAAS, 2012, 27, 1311-1320
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ICP-MS AND PROTEINS

» immunochemistry » REE and chelates

Heavy chain o s son Variable
X domain

MeCAT - 1 REE on 1 chelate

Rec it el
T MAXPAR™ | Constant

_@. domain
« SCN-DOTA

Al A |
SCN-DOTA - 4 REE on 1 chelate O-'

Antigen Primary Ab  SecondaryAb  Fluorophore:

hitps:/iwww.cellsignal.com/contents/resource
s-applications/flourescent-multiplex-
immunohistochemistry/fluoresence-mihc

84 S

e
A=DTPA(La) £
Waentig L., et al., JAAS, 2012, 27, 1311-1320

Could we amplify the signal?
Tissue

=
(g —

— =
e

ICP-MS AND PROTEINS

» immunochemistry » REE and chelates

Heavychain )

Variable
domain

~
MO
MAXPAR™ | Constant
@ ‘

lomain

MeCAT - 1 REE on 1 chelate

MeCAT =

Al A
SCN-DOTA - 4 REE on 1 chelate

Antigen Primary Ab  SecondaryAb  Fluorophore

=1
/}k\JL » nanoparticles
A&' C‘ﬁj\

hitps:/iwww.cellsignal.com/contents/resource
s-applications/flourescent-multiplex-
immunohistochemistry/fluoresence-mihc

Waentig L., et al., JAAS, 2012, 27, 1311-1320
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Twrdofiova M., Viyuziti zobrazovani prkii v bioaplikacich, Brmo, 2019, Ph.D.
Thesis, Masarykova univerzita, Faculty of Science
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ICP-MS AND PROTEINS

— scheme of the labelling of Ab

— Au NPs - 10 and 60 nm \

. —_—

— MeCAT - with Ho Pipetted antigen
solution

— model analyte: protein IgG Tagging L or Au NPs

—

Aoyl v Byt Chemisyy 120
[

COMMUNICATION

Gold nanoparticles as labels for immunochemical analysis using laser
ablation inductively coupled plasma mass spectrometry

Michaela Turdonova ' - Marcela Vienovska® - Lucie Pompeians Vanickova ™ - Viktor Kanicky'*

Lena Ascher® - Norbert Jakubowski* - Marksta Vaculovicova™ « Tomas Vaculovic

Vojtech Adam™*

Ab Ln/NPs-Ab

Drying

Incubation

=

86
[——— -
Jomrapatreseetys
!
a feps] m"'[‘:;]’G W
60 000 " S . .
I 's Is for immunochemical analysis using laser
ICP-MS AND PROTELN S
z O e e s o ot A
E 025
2 20807 7018 Pubished orfve: 14 Augst 2016
0.1
Au NPs 60 nm GI 0
0.0E+00
— determination of IgG
1.26+06
- :
. 100 HESR
9.0E+05 9 25
— antilgG-AuNPs vs. antilgG-MeCAT(Ho) g - M . )
£ 60505 - sensitivity of NPs is better
3 R0.25
2
30605 0.1 than MeCAT by factor 20000
AuNPs 10 nm I o
0.0E+00 L L L L L 10|
€ oros LOD ,only* by 20
. sool s
2 Lot 05 => non-specific sorption of
sensitivity 2x 108 6 x 10° 4 x 107 £ 0z
2 Au NPs
5.0E+03 I 01
0
LOD IgG [pg] 260 51 1" 00500 Ho-MeCAT, 0
0 1 2 3 4 6
m (mouse IgG) [ng]
Fig.3 Auand Ho intensities measured on a PVDF membrane depending
on the amount of antigen (mouse [gG).The antibody (anti-mouse 1gG) IVI U I\I I
87 have been labelled by a AuNPs—60 nm, b AuNPs—10 nm, and ¢ Ho- S C ]:

experiments

a total amount of 6.66 ng AB has been applied for all three




ICP-MS AND PROTEINS

— determination of p53 — supressor of tumors (,sensor* of DNA damage); antibody DO-1

— DO1-Au NPs, negative control Au NPs

— standard of p53 @ | wores —
O w0 ¥ =2 150 233;
188407
O 25ng P
O 1ng o % 1256407
O 0.5 ng 5
- 6.25E406
Q 0.25 ng
.
@ 01ng o 0.00F+00
o 2 a 6 8 10 12
@) blank Myss Ing]
88 AUNPs-DO-1 AuNPs [l I

— =

Vi¢novska et al., Proof-of-Concept of Simultaneous Elemental and Molecular Mass Spectrometric Imaging — metal/p53 visualization, submitted in Analytical Chemistry

ICP-MS AND PROTEINS

— determination of p53 — supressor of tumors (,sensor of DNA damage); antibody DO-1

— DO1-Au NPs, negative control Au NPs

SNE a6

— protein ladder
Splked with p53 6006406 y=113022 0

E sm[-re

2006406

0 1 2 3 1 H 3

AUNPs-DO-1  AuNPs 0 cps _ standard of p53 | spiked protein ladder

sensitivity 2.2 x 108 1.2 x 108
[eps g ng]
89 LOD p53 [pg] 2 13 I\II U I\I I
SCI

Viénovska et al., Proof-of-Concept of Simultaneous Elemental and Molecular Mass Spectrometric Imaging — metal/p53 visualization, submitted in Analytical Chemistry
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ICP-MS AND PROTEINS

— determination of p53 — supressor of tumors (,sensor* of DNA damage); antibody DO-1

— DO1-Au NPs, negative control Au NPs

5
— protein ladder l ’
spiked with p53

.D0E+06 y= 11830224

o 1 2 3 4 5 6
..... ng

AuNPs-DO-1  AuNPs Ocps _ standard of p53 | spiked protein ladder

high specificity of the labelled DO-1 sensitivity 22>10° 1.2 x10°
freser] MU I
90 LOD p53 [pg] 2 13
SCI

Vi¢novska et al., Proof-of-Concept of Simultaneous Elemental and Molecular Mass Spectrometric Imaging — metal/p53 visualization, submitted in Analytical Chemistry

ICP-MS AND PROTEINS

— determination of p53 — supressor of tumors (,sensor of DNA damage); antibody DO-1

— DO1-Au NPs, negative control Au NPs

— MCEF-7 cells (breast cancer)
— MCF-7 cells treated with cis Pt
(doc. Masatik, LF MU)
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Viénovska et al., Proof-of-Concept of Simultaneous Elemental and Molecular Mass Spectrometric Imaging — metal/p53 visualization, submitted in Analytical Chemistry
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— determination of p53

— DO1-Au NPs, negative control Au NPs

— MCEF-7 cells (breast cancer)
— MCEF-7 cells treated with cis Pt

16000

10000

8000

6000

2000 -

2000

sum of Au intensity in cells (cps)

a —
92 negative contral no treatment cis-Pt treatment

Vi¢novska et al., Proof-of-Concept of Simultaneous Elemental and Molecular Mass Spectrometric Imaging — metal/p53 visualization, submitted in Analytical Chemistry

no treatment

cis-Pt treatment

negative control

(Au NPs)

ICP-MS AND PROTEINS

— determination of p53 — supressor of tumors (,sensor” of DNA damage); antibody DO-1

— DO1-Au NPs, negative control Au NPs

— 30 breast tumor samples
(doc. Hrstka, Masaryk Memorial
Cancer Institute)

93

Viénovska et al., Proof-of-Concept of Simultaneous Elemental and Molecular Mass Spectrometric Imaging — metal/p53 visualization, submitted in Analytical Chemistry
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Au

ICP-MS AND PRUTEIN;

— determination of p53 — supressor of tumors
(,sensor“ of DNA damage); antibody DO-1

— DO1-Au NPs, negative control Au NPs

— 30 breast cancer samples

ICP-MS AND PROTEINS

— DO1-Au NPs, negative control Au NPs

— 30 breast cancer samples

95

Viénovska et al., Proof-of-Concept of Simultaneous Elemental and Molecular Mass Spectrometric Imaging — metal/p53 visualization, submitted in Analytical Chemistry

IHC staining

dark blue (3) — high intensities
lighter blue (2) — middle intensities
light blue (1) — low intensities
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ICP-MS AND PROTEINS

— determination of p53 — supressor of tumors (,sensor of DNA damage); antibody DO-1

®® 00 (e}
— DO1-Au NPs, negative control Au NPs 00000 staining
‘ O ‘ ‘ ‘ dark blue (3) — high intensities
_ lighter blue (2) — middle intensities
30 breast cancer samples 1 ‘ 8 8 : . ‘ light blue (1) — low intensities
- 1O cCeO0e
0 00 [ J
@ O O ® @ @ Auintensities "107[cp7s]
dark blue >1.5*107cps
L 4 O ‘ ‘ ‘ lighter blue 1.4 -1.1*107 cps
@ O ® ® © O lightblue  <1.0107cps
@eoe
B : O 00O
% » -t MUNI

Vi¢novska et al., Proof-of-Concept of Simultaneous Elemental and Molecular Mass Spectrometric Imaging — metal/p53 visualization, submitted in Analytical Chemistry

ICP-MS AND PROTEINS

[ X ) [@)
— DO1-Au NPs, negative control Au NPs @0 0000 .. staining
® O @ @ O darkblue (3)- high intensities
(3) - hig
lighter blue (2) — middle intensities
— 30 breast cancer Samples ‘ 8 8 : ‘ ‘ light blue (1) — low intensities
- | O ocoeoe
0 00 (o
[ JoNoN N ) :u;nbtlensities *110;[11:8751
ark blue >1.5*107 cps
® O © [ 4 © lighter blue 1.4 —1.1*107 cps
® O ® ®@ © O| lightblue  <1.0107cps
@oe
o oe o0
) , HUNT

Viénovska et al., Proof-of-Concept of Simultaneous Elemental and Molecular Mass Spectrometric Imaging — metal/p53 visualization, submitted in Analytical Chemistry
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NANOPA ES

R
IN ORGA

5 groups of mice

TICL
NISWM
— inhalation of PbO NPs (20-30 nm) for 2 weeks

— inhalation of PbO NPs (20-30 nm) for 6 weeks
— inhalation of PbO NPs (20-30 nm) for 11 weeks

— clearance —inhalation of clean air for 5 weeks after inhalation PbO NPs (11 weeks)

— control group

3 different organs

— lung
— liver
— kidney

100

ANANO

Variability in the Clearance of Lead Oxide
Nanoparticles Is Associated with Alteration of
Specific Membrane Transporters

=

ctr PbO/6w PbO/M11w PbO/cl
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ASNANO

Variability in the Clearance of Lead Oxide
Nanoparticles Is Associated with Alteration of
Specific Membrane Transporters
Jana fkov: ova,
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A liver
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102

Pb in dissolved form or as NPs?

ANANO

Variability in the Clearance of Lead Oxide
Nanoparticles Is Associated with Alteration of
Specific Membrane Transporters
Jani

Kotasowa, Boh

]
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5
8

I kidney

S liver
—_— lung

Pb content [ng/g]

g

)

2w 6w 1w clear

wlung mliver m kidney
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SUMMARY

Intensity / cps

LA-ICP-MS — applicable for any type of material
supression of different ablation rate — crucial step for correct results

elemental specific detector + imunochemistry = determination of specific proteins

improving of distribution from single line scan of elements to imaging of specific proteins

2020
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OUTLOOK

— elemental microscope - improving of lateral resolution and shortening time analysis
— 1 Mpx images of all elements with resolution 10 um during 2 hours

— molecular microscope — utilization of biorecognition tools
— labelling of antibodies — multianalyte detection (a lot of labels — e.g. REE, Au, Ag, QDs,...)

— imaging of elements and proteins in one analysis

— utilization in clinical analysis

104
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