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Part I: Introduction and background
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Metals play a crucial role for cellular and subcellular functions

A The divalent cations Zn 2+ , Ca?2* and Mg 2* prevent cytotoxicity and
in vivo antagonize Cd -induced carcinogenesis.

A Lack of body iron is common in cancer patients and it is associated
with complications in surgery and in animal experiments. The
transport of iron and other metal ions by the blood plasma is
achieved through the formation of protein complexes.

A Copper is recognized as an essential element and is primarily
associated with copper -dependent cellular enzymes triggering
redox reactions or for the stabilization of protein particulates.

A In addition it is well known that a number of toxic metals can
inhibit enzyme functions, which leads to serious health issues.
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Common methods for metal analysis

A Atomic absorption spectroscopy (AAS)
A Inductively -coupled plasma optical emission spectroscopy (ICP -OES)

A Inductively -coupled plasma mass spectrometry (ICP -MS)
AHigh demands on laboratory environment and staff

ANecessary sample amounts are often too high

E Samples are sent to central or service labs for analysis

E restricted numbers of analyzed samples

E high costs
E long waiting time for samples
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Total reflection X-ray fluorescence spectroscopy

detector

monochromator

Beam angle: 0° /90°

sample disc
X-ray tube

A Samples must be prepared on a reflective media
A Polished quartz glass or  polyacrylic glass disc

A Dried to a thin layer, or as a thin film or microparticle
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TXRF spectroscopy

Sample preparation of minute liquid samples
A Aliquotation of sample (10 pl T 10 mi)

Addition of internal standard (mono -element solution)

A

A Homogenization (mixing)

A Transfer of 10 pl sample to sample carrier
A

Drying
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Introduction
TXRF spectroscopy

Sample preparation of minute liquid samples (< 10 ul)

A
A
A

[Te

[Te

Preparation of sample droplet on sample carrier
Direct addition of internal standard onto sample droplet
Drying

Results are not as reproducible as for external mixing
but in most cases still sufficient

Also possible: Weighing of microsamples directly on
carrier and subsequent internal standardization and
ashing or digestion

2/28/2019



Introduction
TXRF spectroscopy

Sample preparation of solid or very viscous samples

A Weighing of sample (amount depending on balance working
range)

Suspension in water or alcohol (ultrasonic bath optional)

Addition of internal standard
Homogenization

Transfer of 10 ul sample to sample carrier

o o To Io o

Drying
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Introduction
TXRF spectroscopy

S2 PICOFOX
A Mo-tube 50 kV/1000 pA
A 60 mm 2 XFlash SDD

A 25 position sample changer

S4T -STAR
A Mo tube, 50 kV/1000 pA
A W-tube, 50 kVv/1000 pA

A Monochromator system for Mo
W-Brems monochromatisation

A 60 mm 2 XFlash SDD

A 90 position sample changer
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Introduction
TXRF spectroscopy

Element range S2 PICOFOX
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1
H
Hydrogen Helium
3 4 9 10
Li Be B C N (0] F Ne
Lithium Beryllium Boron Carbon Nitrogen Oxygen Fluorine Neon
11 12 18
Na Mg Ar
Sodium [Magnesium Argon

36
Kr

Krypton
40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sb Sn Te | Xe
Zirconium | Niobium |Molybdenum|Technetium| Ruthenium | Rhodium | Palladium Silver Cadmium Indium Antimon Tin Tellurium lodine Xenon
86
Rn

Radon

L

Lanthanides
97 98 99 100 101 102 103
Ac Bk Cf Es Fm Md No Lr

Actinides Berkelium | Californium|Einsteinium| Fermium |Mendelevium| Nobelium | Lawrencium

Impossible to analyse

Difficult to analyse
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Introduction
TXRF spectroscopy

Elementrange S4 T -STAR
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1
H
Hydrogen Helium
3 4 9 10
Li Be B C N (0] F Ne
Lithium Beryllium Boron Carbon Nitrogen Oxygen Fluorine Neon
11 12 18
Na Mg Ar
Sodium [Magnesium Argon

36
Kr

Krypton
54

Xe

86
Rn

L

Lanthanides
97 98 99 100 101 102 103
Ac Bk Cf Es Fm Md No Lr

Actinides Berkelium | Californium|Einsteinium| Fermium |Mendelevium| Nobelium | Lawrencium

Impossible to analyse -Analysed using K-lines (Mo-K excitation) -Analysed using K-lines (W-Brems excitation)
Difficult to analyse -Analysed using L-lines (Mo-K excitation)
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Introduction
TXRF spectroscopy

Sensitivity S2 PICOFOX vs. S4 T -STAR
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TXRF-based Elemental Proflllng
Il n Al zhel mer 0s D
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Causes of
Al z hel
Disease

Alzheimer's Brain Cells

Alzheimer's
neurofibrillary
tangles
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Amyloid

and Tau

Metal

Dyshomeostasis

Braidyet al., 2014. Front. Aging
Neuroscij, https://doi.org/10.3389/fnagi.2014.00138
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Aim

Discriminate
between control and
Al zheil mer 6s

by plasma TXRF
elemental profiling

e
NO consensus

Traditional elemental/metal analysis method
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Percentages
of Elements
In Plasma
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