In-air PIXE, MeV-SIMS, and DAPNe-MS: a multidimensional analytical approach for unlocking chemical information in scalp hair
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Hair has gained tremendous popularity as a testing substrate in multidisciplinary fields due to its unique properties. Besides storing higher concentrations of chemical compounds than blood or urine, hair  provides a longer diagnostic window and can be collected non-invasively under close supervision, effectively eliminating manipulation and cross-contamination. Hair analysis has been applied in the medical field to confirm medication compliance and exposure to xenobiotics as well as in the forensic field to assess drug use history. Yet, there are very few studies describing the broad chemical profile of intact and unprocessed hair. Fundamental information on the spatial distribution of chemical compounds within hair tissues is also lacking, which is still a critical analytical challenge when distinguishing endogenous versus exogenous exposure to xenobiotics. 

Although a plethora of analytical techniques currently exist for hair screening, some techniques may present various limitations in terms of analytical capability and sample preparation methodology. These limitations include poor detection limits and the use of bulk processing methods that destroys historical and spatial information contained within an intact hair fibre. We present here a multidimensional analytical approach to chemical screening in scalp hair fibres. This approach allows quantitative screening of elements in individual, intact hair fibres at ppm level as well as high resolution surface or depth profiling and mapping of organic and inorganic compounds in the hair across a longitudinal profile. The significance of this analytical approach to chemical screening of hair fibres and its applications in multidisciplinary research questions will be discussed.
