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Ion beam analysis in 
biomedicine related to 
hair chemical analysis



Elements and health



Why study hair?



Advantages of using hair 
as biopsy material



 Higher concentrations  
 Longer diagnostic window
 Hair is of premium  

forensic value due to its 
high keratin content 

 Hair can be collected   
under close supervision

Advantages of using hair 
as biopsy material



Techniques

When performing hair analysis - assessment of analytical 
capabilities + sample preparation methodology critical:
Bulk processing destroy spatial information
Extraction methods may not be optimized

Versatile techniques: ion beam techniques
PIXE

 Secondary ion mass spectrometry (MeV-SIMS)

Methods



Experimental setup

Technical aspects Results



In-air PIXE: 
QUANTIFICATION

ToF MeV-SIMS: 
detectable chemical 
species in the hair 

samples 

DAPNe

Aims



Representative in-air PIXE 
spectra from a single scalp hair 
with:

X axis: Characteristic X-ray 
emission energy (keV)
Y axis: X ray emission intensity 
(counts)

100 m

In-air PIXE



Compound m/z Description

Amino acids 

NH4
+ 18

The list of amino acid fragments may 

originate from hair keratin.

Glycine (CH4N
+) 30

Alanine (C2H6N
+) 44

C3H8N
+ 58

Methionine (C2H5S
+) 61

Asparagine, proline (C3H4NO+; 

C4H8N
+)

70

Threonine (C3H8NO+) 74

Glutamine, glutamic acid, lysine 

(C4H6NO+; C5H10N
+)

84

Isoleucine, leucine (C5H12N
+) 86

Asparagine (C4H4NO2+) 98

Inorganic biogenic elements

Sodium 22.99

Phosphorus 30.97

Potassium 39.10

Calcium 40.08

Volatile organic compounds

Nitric oxide 30.01

Pyrrole 67.09

Putrescine 88.10

Pyruvic acid 88.02

MeV-SIMS



Pharmaceutical 

compound 

m/z Description*

Betazole 111.15

Phensuximide 189.21

Carglumic acid 190.15

Phendimetrazine 191.27

Ibuprofen 206.28

Pilocarpine 208.26

Medrogestone 340.51

Methantheline 340.44

Mepenzolate 340.44

Propafenone 341.44

Bromopride 344.25

Bambuterol 367.44

Sodium 

aurothiomalate

367.09

Ketazolam 368.81

Perindopril 368.47

Gentian Violet 372.53

Nabilone 372.54

Prasugrel 373.44

Hydroxyzine 374.90

Trimebutine 387.48

Flurazepam 387.88

Cyclothiazid 389.88

MeV-SIMS



scan size, 2.3 x 1.3 mm

KNa

Pharmaceutical compound A Pharmaceutical compound B

scan size, 2.3 x 1.3 mm

MeV-SIMS



Lithium

MeV-SIMS



 Detection sensitivity and speed

 Conventional analysis methods traditionally used 

 Chemical processing 

 Destroys historical and spatial information

 Low recoveries trace elements

MeV-SIMS



 Li may enter biological tissues via food

 No apparent vital physiological function, nutritional trace element multifactorial 
biochemistry in body

 Psychopharmacuetical

Lithium



 Alkaline hair straightener or no-lye relaxer emulsions

 Use of hair relaxers popular in certain cultures

 Damage hair

Lithium



 External vs internal origin

 Binding to hair chemical components

 Li isotopes?

 Transfer to new growth

Lithium



DAPNe

Top

Middle

Bottom

Sample preparation Analysis
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[M+H]+ cocaine



Hair analysis 
exploited in 

clinical 
medicine

Hair analysis in forensic science

Applications of hair 
screening



R:    Relevance
E:     Excellence
S:     Society
E:     Expertise 
A:     Applied
R:     Reasoning
C:     Creative
H:     Honourable
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