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E D X R F 

Standard XRF Micro XRF 
µ-XRF 

Total Reflection XRF 
TXRF 

Absorption Spectroscopy 
in fluorescence mode (XAS) 

Total Reflection XRS 

Advantages 
•  background reduction 
•  double excitation of sample  
•  small distance sample    detector 
(~1mm)  large solid angle 

Low detection limits 
•  low sample mass required 

•  angle dependence of fluorescence 
signal 
 information about type of sample 
(bulk, particle, film, implantation) 

EDX 
detector 

Collimator 
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ρδ ⋅≈⋅≈Φ
Ecrit
7.202

φcrit [mrad],   E [keV],   ρ [g⋅cm-3] 

δ ~ 10-6 … dispersion: 
 

β ~ 10-8 … absorption: 

Total (external) reflection of X-Rays  

ϕ critical 
(Si, 17.5 keV) ≈ 0.1° ≈ 1.75 mrad 
(Si, 500 eV)    ≈ 3.7° ≈ 64.6 mrad 
(Si,12.2 keV)  ≈ 0.15° ≈ 2.6 mrad 

βδ in −−=1X-ray 
range: 

Penetration depth (nm) 
17.5 keV in Si 
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Advantages of TXRF 

• small sample amounts required ( ng, some µl) 

•  detection limits in the pg range with X-ray tube excitation 

•  detection limits in the fg range with Synchrotron radiation excitation 

• Simple quantification ( thin film approximation) by adding internal standard 

•  angle dependence of fluorescence signal : particle – film - implantation 
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Comparison of water standard reference sample 

C.Streli 2003 

Surface & Plasma Technology . 6/76 

STP_/C.Streli/
K.Poljanc	
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Environment: 

 water:  rain, river, sea, drinking water, 

 waste water. 

 air:   aerosols, airborne particles, dust,  

fly ash. 

 soil:   sediments, sewage sludge. 

plant material: algae, hay, leaves, lichen, moss, 

needles roots, wood. 

foodstuff: fish, flour, fruits, crab, mussel, 

mushrooms nuts,  vegetables, wine, 

tea.  

 various:  coal, peat. 

Medicine / Biology / Pharmacology: 

 body fluids: blood, serum, urine, amniotic fluid. 

tissue: hair, kidney, liver, lung, nails, stomach, 

colon. 

various: enzymes, polysaccharides, glucose, 

proteins,  cosmetics, bio-films. 

Industrial/Technical applications: 

 surface analysis: Si-wafer surfaces, 

GaAs-wafer surfaces 

 implanted ions depth and profile variations 

 thin films   single layers, multilayers 

 oil:    crude oil, fuel oil, grease.  

 chemicals:  acids, bases, salts, solvents.  

fusion/fission research: transmutational elements in 

Al + Cu,  Iodine in water 

Mineralogy: 
 ores, rocks, minerals, rare earth elements. 

Fine Arts / Archeological / Forensic: 
 pigments, paintings, varnish. 

 bronzes, pottery, jewelry. 

textile fibers, glass, cognac, dollar bills, gunshot residue, 

drugs, tapes, sperm, finger prints. 

C.Streli 2003 

Applications of TXRF 
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Influence of radiation source upon S and IB: 
•  Intensity (larger S and IB) 
•  Spectral distribution 
  (monochromatic excitation  smaller IB) 
•  Linear polarization (smaller IB) 

Why Synchrotron Radiation?  
•  High Intensity 
•  High collimation vertical to the orbital plane (little angular divergence) 
•  Continuos energy distribution  monochromators can be used over a wide 

 range of energies 
•  Photons are highly polarized in the orbital plane  significant background 

 reduction in EDXRF 

Detection Limits in the fg range for medium Z Elements 

Synchrotron Radiation 

Seite 7 
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Synchrotron radiation induced TXRF 
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sample changer 8 stages 
L	



detector 

Ta-wedge Si-reflector	
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Synchrotron Radiation 

SR-TXRF: 
8 fg  detection limits in 1000s at 17keV 
assuming an inspected area of 1cm² this value corresponds to 8E7 
atoms/cm² 

SR-TXRF measurements HASYLAB, 
 Beamline L ( bending magnet) 
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Example: The X-ray Absorption Fine Structure (XAFS) of an Fe-foil 

Introduction 

XANES: X-Ray Absorption Near Edge Structure, ends 50-100 eV above the edge 
EXAFS: Extended X-Ray Absorption Fine Structure, starts 50 - 100 eV above the 
edge 

Surface & Plasma Technology . 12/76 

XANES EXAFS 
The x-ray absorption spectrum shows a fine structure if it 
is sampled with a high resolution. 

absorption involves electronic transitions 

fine structure affected by energy and density of 
electronic states  and transition probabilities 

influence of the environment: 
neighbouring atoms (EXAFS), bond type (XANES) 

XANES EXAFS 

X-ray Absorption Spectroscopy  

XANES: X-Ray Absorption Near Edge Structure, ends 50-100 eV 
above the edge 
EXAFS: Extended X-Ray Absorption Fine Structure, starts 50 - 100 
eV above the edge 
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Variation of excitation energy 

•  Spectrum at each energy 
•  Spectrum evaluation 
  (peak area; e.g. As-Ka ROI) 

Eedge Estart Eend 

•  XANES: bond type 
•  EXAFS: neighboring atoms 

XANES EXAFS 

EXAFS equation, Fingerprint method (XANES) 

Introduction - The EXAFS Experiment 

© F.Meirer 
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Motivation: 

To understand the effect of 
aerosols on global climate 
a detailed understanding 
of sources, transport, fate 
and the physical and 
chemical properties of 
atmospheric particles is 
necessary. 
 

Application: analysis of aerosols: coop Dr. Fittschen 

Aerosol particle sampling 
device, 12-stage, round 
nozzle Berner low-
pressure impactor for 
particle sizes of 0.06-12 
µm (aerodynamic particle 
size);  
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picodroplets 

Light microscope image of ink pico-
droplets printed by HP PSP 1000 
printer (~ 5 pL) on a silicone coated 
quartz reflector 
 
 

50 µm 

L	



Droplet size 20 µm 

Coop: U.Fittschen, J.Broekaert, Univ, Hamburg 
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Calibration curve 
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Calibration curves obtained with mean values from three series for: 
five times 1 droplet of a 1 g/L cobalt standard solution spotted 
successively with a HP 500C printer on a quartz reflector 

 

Coop: U.Fittschen, J.Broekaert, Univ, Hamburg L	
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Advantages of SR-TXRF: 
•  only small sample mass required 

•  sampling time can be diminished 
   time resolved investigation of atmospheric events 

•  simple sample preparation 
  (aerosols directly collected on reflectors) 

SR-TXRFanalysis of aerosols 
 

L	



Pb  high 
in very 
small 
particles 
< 130 nm! 

20 min sampling time ! 
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Advantages of SR-TXRF: 
•  only small sample mass required 
•  sampling time can be diminished 
   time resolved investigation of atmospheric events 
•  simple sample preparation 
  (aerosols directly collected on reflectors) 
•  TXRF offers good sensitivity for XANES speciation of traces 

TXRF- (& XANES) analysis of aerosols 
 

L	



FeSO4 

Fe2O3 
30-15nm 

60-30nm 

130-60nm 

250-130nm 

500-250nm 

1000-500nm 

2-1µm 
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16-8µm 

Fe K-edge Aerosols 
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All stage showed 
Fe(II)! 
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Trace element analysis and zinc speciation 
in size-fractionated aerosol samples using 

SR-TXRF and XANES

J. Osán,1 V. Groma,1 F. Meirer,2 E. Börcsök,1 S. Török,1
C. Streli,2 P. Wobrauschek2 and G. Falkenberg3

1KFKI Atomic Energy Research Institute, P.O. Box 49, H-1525 
Budapest, Hungary

2Atominstitut der österreichischen Universitäten, TU Wien, 
Vienna, Austria

3HASYLAB at DESY, Hamburg, Germany
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In the south-eastern part of Hungary arsenic is a 
known contaminant in groundwater which can reach 
concentrations up to 150 ng/mL. 

Source:  
National Public Health and Medical Officer Service, Hungary 

T h e  W o r l d  H e a l t h 
O r g a n i s a t i o n ( W H O ) 
recommends an upper limit 
of 10 ng/mL for arsenic in 
drinking water. 
Concerning plants arsenate 
acts as an analogue of 
phosphate, competing for 
the same uptake carriers in 
the root.  
Plants have the capability to change the oxidation 
state of arsenic.  
The toxicity of arsenic differs considerably dependent on the oxidation state 
and chemical form.  

Speciation of arsenic in xylem of plants Cooperation with Prof.Zaray and Dr. Mihucz,  
Eötvös Univ, Budapest 

Surface & Plasma Technology . 36/76 
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Xylem 

Motivation 1: 
•  understand how plants metabolise and transform 
As 
•  assess the health risk caused by As entering the 
food 
  chain (different As species have different toxicity) 
 Speciation of arsenic (As[III] or As[V]) in xylem 

Source: www.fairchildgarden.org 

Speciation of arsenic in xylem of plants 

Motivation 2: 
•  investigate competitive capability of SR-TXRF-
XANES 
  analysis for this application (vs. HPLC-HRICP-
MS) 

Problem: 
Previous investigation of the cucumber xylem 
saps with flow injection analysis (FIA) and 
H P L C - H R I C P - M S r e v e a l e d a r s e n i c 
concentrations in the 30–50 ng/ml (ppb) range. 
 Concentrations too low for standard XAS 
setup 

water is taken in 
through the roots 

water is “pulled up” 
through the xylem 



4/23/13 

19 

Surface & Plasma Technology . 37/76 

Speciation of arsenic in xylem of plants 

Xylem 

Motivation: 
Arsenic is contained in groundwater in Eastern Hungary (up 
to 2µmol). Speciation of As in xylem is important to: 
•  understand how plants metabolise and transform As 
•  assess the health risk caused by As entering the food chain 
  (different As species have different toxicity; e.g. As(III) and 
As(V) ) 

Source: www.fairchildgarden.org 

Coop: Eötvös Univ. Budapest, Prof. Zaray, Dr. Mihucz 
L	



 Experimental: 

• At two leaf stage: 
  transferred in solution with arsenic compounds and 
  reduced phosphate concentration 
  
•  After 30 days from germination (17 d arsenic): 
   - stem cut 2 mm above root neck 
   - sap collected with micropipettes 
      for 1 hour into PE vials immersed in ice salt bath  

Surface & Plasma Technology . 38/76 

Speciation of arsenic in xylem of plants 

Advantages of XAS in TXRF geometry: 
•  TXRF offers good sensitivity for XANES speciation of traces (ppb range) 
•  only small sample volumes are required 
•  simple sample preparation (just pipetting some µl on reflectors) 
   prevents unwanted oxidation of sample during preparation  

L	
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Results: 
•  Speciation of As was possible down to the 30ppb level 

•  As(III) in nutrient solutions oxidises easily to As(V) 

•  Cucumber roots convert As(V) to As(III) 

Speciation of arsenic in xylem of plants 

•  Best poster award, Denver X-Ray Conference 2006 
•  F. Meirer et al., Application of synchrotron-radiation-induced TXRF-XANES for arsenic speciation in cucumber 
(Cucumis sativus L.) xylem sap, X-Ray Spectrometry 36 (2007) 408-412.  

L	
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nutrient solution As(V)  
standard solution As(V) 

Measurements: 
Example: 
Speciation of arsenic in xylem 
of plants 
standard solution As(V):  
20µl of 10000ppb    200ng  
nutrient solution As(V): 
20µl of 150ppb        3ng  

Self absorption effect 

Self absorption seems to be responsible 
for the differences in the white line height 
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The Self-Absorption Effect 

Surface & Plasma Technology . 42/76 
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Self-absorption effects in TXRF-XANES 

Investigation of the absorption effect depending on: 
•  the total mass deposited 
•  the three-dimensional shape of the sample 
•  the density of the element investigated 

higher mass 
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Self-absorption effects in TXRF-XANES 

Investigation of the sample geometry by confocal 
microscopy: 

Zoom of the largest droplet of the 
100ng As sample before (left) and 
after (right) threshold filtering. 

Data of the 3 
dimensional 
distribution of the 
droplet residue was  
used for a simple 
Monte Carlo 
simulation. 

~55µm 

~15µm 
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Monte Carlo simulation of 
the fluorescence 
considering sample 
geometry and density: 

Results of simulations showed 
good agreement with 
measurements. 

Self-absorption effects in TXRF-XANES 
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GE vs. TXRF geometry for XANES analysis 

incident beam 

to detector sample 

•  GE experiment provides the same 
   information as the GI experiment 
   according to the optical 
   reciprocity theorem 
 
•  Much smaller solid angle seen by 
  the detector => lower DLs 

•  Incident beam can be focused 
  (optics) => mapping capability 

Assumption: 
 
•  No self-absorption effects in XAS 
  experiments 

Surface & Plasma Technology . 46/76 

Self-absorption effects in TXRF-XANES 
Results: 

•  The damping of the oscillations of TXRF-XANES spectra are linearly 
  correlated with the total mass of the samples 

•  Self absorption effects can be observed for sample amounts > 1 ng (for 
Arsenic) 

•  Sample density and geometry seems to play an important role 
  (simulations considering these parameters showed good agreement with 
measurements) 

Conclusions: 

•  EXAFS measurements for larger sample amounts will be very difficult 
•  Influences on sample parameters (e.g. sample preparation, carrier material, …) 
should 
  be further investigated 
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Iron	
  specia,on	
  in	
  human	
  cancer	
  cells	
  
by	
  K-­‐edge	
  TXRF-­‐XANES	
  

	
  	
  
	
  N.	
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  F.	
  Meirer2,	
  Zs.	
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  D.	
  Ingerle3,	
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  Pepponi2,	
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1Ins@tute	
  of	
  Chemistry	
  of	
  Lorand	
  Eötvös	
  University,	
  Budapest,	
  
Hungary	
  

2MiNaLab,	
  CMM-­‐irst,	
  FBK,	
  Povo	
  (Trento)	
  Italy	
  
3Atomins@tut,	
  Vienna	
  University	
  of	
  Technology,	
  Vienna,	
  Austria	
  

42nd	
  Ins@tute	
  of	
  Pathology,	
  Budapest,	
  Hungary	
  
5Hamburger	
  Synchrotronstrahlungslabor	
  at	
  DESY,	
  Hamburg,	
  

Germany	
  

Poster presented at the EXRS2012 Conference in Vienna 
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Mo,va,on	
  

  X-­‐Ray	
  Absorp@on	
  Near	
  Edge	
  Structure	
  (XANES)	
  analysis	
  in	
  
combina@on	
   with	
   Synchrotron	
   Radia@on	
   induced	
   Total	
  
reflec@on	
   X-­‐Ray	
   Fluorescence	
   (SR-­‐TXRF)	
   acquisi@on	
   was	
  
used	
   to	
   determine	
   the	
   oxida@on	
   state	
   of	
   Fe	
   in	
   human	
  
cancer	
  cells.	
  	
  

  Main	
   aim	
   was	
   to	
   gain	
   informa@on	
   about	
   the	
   iron	
  
compound	
   inside	
   the	
   cells	
   a_er	
   iron	
   treatments.	
   High	
  
concentra@ons	
  of	
  different	
  forms	
  of	
  iron	
  were	
  used	
  to	
  get	
  
iron	
  overloaded	
  cells.	
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II.   Experimental	
  setup	
  

  The	
   Fe	
   K-­‐Edge	
   XANES	
   measurements	
   in	
   fluorescence	
   mode	
   and	
  
grazing	
   incidence	
  geometry	
  were	
  carried	
  out	
  using	
  the	
  TXRF	
  vacuum	
  
chamber	
   setup	
   at	
   the	
   beamline	
   L	
   at	
   the	
   Hamburger	
  
Synchrotronstrahlungslabor	
  (HASYLAB)	
  at	
  DESY.	
  

  The	
  excita@on	
  energy	
  was	
  tuned	
  from	
  7015	
  eV	
  to	
  7500	
  eV	
  in	
  varying	
  
steps	
  (10	
  eV	
  to	
  0.5	
  eV)	
  across	
  the	
  iron	
  K-­‐edge	
  at	
  7112	
  eV.	
  

  For	
   the	
   reproduciblity	
   and	
   accuracy	
   of	
   the	
   measuremets	
   during	
   all	
  
XANES	
   scans	
   the	
   absorp@on	
   of	
   an	
   iron	
   foil	
   was	
   recorded	
   in	
  
transmission	
  mode	
  simultaneously.	
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Samples	
  

  Cell	
  lines:	
  

 HT-­‐29	
  (human	
  colon	
  cancer	
  cell	
  line)	
  –	
  Cell	
  A	
  

 HCA-­‐7	
  (human	
  colon	
  cancer	
  cell	
  line)-­‐	
  Cell	
  B	
  

  Cells	
   were	
   treated	
   with	
   different	
   transferrin	
   or	
   non-­‐

transferrin	
  type	
  Fe2+	
  or	
  Fe3+	
  salts	
  for	
  	
  4h	
  or	
  24h	
  long:	
  

 Transferrin	
  (TF)	
  
 Iron(III)-­‐citrate	
  (Fe-­‐citrate)	
  
 Iron(III)-­‐chloride	
  (FeCl3)	
  
 Iron(II)-­‐sulphate	
  (FeSO4)	
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IV. Sample preparation 
  In most cases cells were cultured to 80% confluency, harvested by 

trypsin, washed two times with isotonic NaCl solution and 
centrifuged at 7000 rpm. Then the cells were resuspended in 100 
isotonic NaCl solution and 5 µL drops of cell suspension were 
pipetted onto quartz plates. The estimated cell concentration was  
10000-20000 cells/ µL. The excess of isotonic NaCl solution was 
removed. After this procedure the cell monolayer was controlled 
microscopically.  

  The samples were prepared at the 2nd Institute of Pathology, 
Budapest, Hungary. 

  All quartz carrier plates were transferred to measurement in 
protective atmosphere (e.g. in Ar containing vessels). 
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XANES	
  of	
  selected	
  Fe	
  standards.	
  
Fe2(SO4)3	
  standard	
  (blue),	
  Fe(H2O)6)2(SO4)3	
  (green),	
  Fe(H2O)xDMSOy	
  (red)	
  

Surface & Plasma Technology . 54/76 

Summarized	
  XANES	
  of	
  Fe	
  loaded	
  cells	
  (red)	
  using	
  FeSO4	
  treatments	
  of	
  
Cell	
   A	
   compared	
   to	
   selected	
   standards.	
   The	
   sample	
   spectra	
   is	
   very	
  
similar	
  to	
  the	
  standard	
  of	
  Fe2(SO4)3	
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XANES	
  of	
  samples	
  Cell	
  	
  B	
  treated	
  by	
  high	
  concentra@on	
  of	
  FeSO4.	
  Log	
  
Fe/S	
  ra@o	
  higher,	
  than	
  0.5.	
  Spectra	
  are	
  basically	
  iden@cal	
  to	
  standard	
  
Fe(H2O)xDMSOy	
  (yellow).	
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Conclusions 

 SR-­‐TXRF	
   XANES	
   analysis	
   is	
   feasible	
   for	
   the	
   analysis	
   of	
   Fe	
  

oxida@on	
   state	
   in	
   cancer	
   cell	
   lines	
   loaded	
   by	
   different	
   iron	
  

compounds.	
  

 All	
  samples	
  showed	
  Fe	
  in	
  the	
  oxida@on	
  state	
  of	
  Fe3+.	
  	
  

 Cell	
  A	
  treated	
  by	
  TF	
  resul@ng	
  Ferri@n	
  type	
  spectra.	
  

 Cell	
  A	
  treated	
  by	
  Fe-­‐citrate,	
  or	
  FeCl3	
  or	
  FeSO4,	
  similar	
  spectra	
  

can	
   be	
   found,	
   a	
   shoulder	
   arising	
   corresponding	
   to	
   the	
   Fe	
  

content.	
  The	
  higher	
  the	
  Fe	
  content,	
  the	
  higher	
  the	
  shoulder.	
  

 Cell	
   B	
   treated	
   by	
   Fe-­‐citrate	
   or	
   TF	
   are	
   very	
   similar,	
   and	
   not	
  

Ferri@n	
  type.	
  
 .	
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Conclusions 

Advantages of XANES in TXRF geometry: 
•  TXRF offers good sensitivity for XANES  

 speciation of traces 
•  only small sample volumes are required 
•  simple sample preparation (just pipetting some µl 

 on reflectors) 
  prevents unwanted oxidation of sample during   

 preparation  
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Standard XRF Micro XRF 
µ-XRF 

Total Reflection XRF 
TXRF 

Absorption Spectroscopy 
in fluorescence mode (XAS) 

EDXRS 

Advantages 
•  spatially resolved 
analysis (10 – 60µm) 
•  2D & 3D resolution 

Disadvantages 
•  complex setup and 
data evaluation 
•   time consuming 
measurements 
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Trace Element Distribution in Human Bone 

B. Pemmer1, A. Roschger2, J. G.  Hofstaetter2,3, P.  
Wobrauschek1, P.  Roschger2, K.  Klaushofer2, C.  Streli1 
 
1 Atominstitut, Technische Universitaet Wien, Stationallee 2, 1020 Vienna, Austria 
2 Ludwig Boltzmann Institute of Osteology at the Hanusch Hospital of WGKK and AUVA 
 Trauma Centre Meidling, 1st Med. Dept., Hanusch Hospital, 1140 Vienna, Austria 

3 Department of Orthopaedic Surgery, Vienna General Hospital, Med. Univ. of Vienna, Austria 
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Focal size: ~10-20 µm 
Depthresolution: ~15-20µm 

Beam 
stop 

Poly 
capillary 

Microscope 
+CCD Camera 

45o 

Cross 
Slits 

SDD-Vortex detector 

XYZ 
Sample 
stage 

45o 

Beam 
monitor 1 

ANKA  

W/Si 
Multilayer 

15 mm 

Monochromator 
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Setup at ANKA Fluo Beamline: 

XRF - Fundamentals 
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Trace Elements in Double Tidemark 

  2 patellae and 3 hip heads 
•  (1-5 Areas per sample) 

  Patients: 
•  Osteoarthritic & no Pb exposition 

  Analysis of: 
•  Mineralized articular cartilage (B), 

(C) 
•  Subchondral bone (D) 
•  Tidemarks (1),(2) 

Samples: 

61 
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Non calcified cartilage Calcified cartilage 

Subchondral bone Tidemark 

100µm 

Structure of Calcified Tissue 

Cross section of articular cartilage region - qBEI Close Up: 
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2D imaging :Element Maps 

51 x 51 px 
5s /px 
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Micro XANES @ ANKA, SUL-X 

27-pole 
Wiggler 

Si (111) 
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CCD camera 
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Beamsize at sample: 
150 x 100 µm2  (hor x ver) 

XANES of the Pb-LIII edge at the tidemark	



Samples: 
Synthetic Hydroxyapatite Standard (400ppm) 
Human Patella Sample 
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Seite 66 Recent investigation 



4/23/13 

34 

Surface & Plasma Technology . 67/76 

 67 

Pb compounds 

Seite 67 
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Comparison with standards 

 68 
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Pb-LIII XANES  
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Comparison bone –Pb-CHA 

 70 

Pb-CHA fits to all bone data 
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Comparison tidemark-trabecular bone 

 71 

No difference between tidemark and trabecular bone 
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Surface & Plasma Technology . 72/76 



4/23/13 

37 

Surface & Plasma Technology . 73/76 

Distribution of trace elements in 
human osteosarcoma - a malignant 

bone tumor 

Denver X-ray Conference 

Denver, August 2012 
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Motivation: 
  Localization of Fe, Zn and other trace elements is unknown 
  Previous studies: other cancer types - increased levels of Fe, 

Zn and Cu reported 

1.  Distribution and levels of Ca, Fe, and Zn within 
   malignant bone matrix 
    vs. 
   healthy bone matrix 

 
2.  Comparison: Osteoblastic vs. condroblastic osteosarcoma 

 Influences bone cancer type on trace element 
distribution 

Elemental Distribution in human bone cancer 
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Elemental maps - Osteoblastic Osteosarcoma: 
qBEI Ca-Ka Sr-Ka 

Fe-Ka Zn-Ka 

Mapsize: 600µm x 500µm 
Pixelsize: 10µm x 10µm 
Counting Time: 50 sec./Pixel 
Normalization: cps & 100mA R-C 

Elemental Distribution in human bone cancer 
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Fe & Zn accumulation in 
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Elemental maps - Condroblastic Osteosarcoma: 
qBEI Ca-Ka Sr-Ka 

Fe-Ka Zn-Ka 

Mapsize: 600µm x 500µm 
Pixelsize: 10µm x 10µm 
Counting Time: 2 sec./Pixel 
Normalization: cps & 100mA R-C 

Elemental Distribution in human bone cancer 

Cr-Ka 

Fe & Zn accumulation in 
Cancer Tissue 

Healthy 
bone 
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Summary: 
•  Accumulation of Fe & Zn in malignant Tissue: 

–  condroblastic OS 

–  osteoblastic OS 

 

•  Fe Contaminations: 

–  use of steel tools during sample preparation 

–  Identification through Cr & Ni 

Elemental Distribution in human bone cancer 


