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Conventional fingerprinting 

pitfalls 



The ñsoulò of a fingerprint 

Chemical 
criminal profiling 

 Francese S, et al. Analyst. 2013, 142(14):2518-46 

Francese S et al. Analyst 2017, 138(15): 4215-28 



Chemical criminal profiling 

Mass Spectrometry 
(and hyphenated 

techniques) 

Spectroscopy 

DESI 

DART 

MALDI 

Ag LDI 

Paper Spray 

SALDI 

SIMS 

LC ESI MS 

GC ESI MS 

 

 

Raman 

FT IR and ATR FT IR 

 

 

Imaging and profiling 

capabilities 



Francese S, 2019, Austr. J. Forensic Sci. 51 (6): 623-635 



WHAT IS MASS SPECTROMETRY (MS)?  

Scales...for 

molecules!!!! 
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Mass Spectrometry as investigative 
analytical tool 



MALDI MS Profiling  OF LATENT 

FINGERMARKS  

Chemical 
profiles 



MALDI MSP 

and MALDI  MSI  

OF LATENT 

FINGERMARKS  



MALDI MSI OF LATENT FINGERMARKS  

fingermarks final video.avi


PHYSICAL 

INFORMATION 



Improving the coverage of the ridge 

pattern 

Francese S, Bradshaw R, Ferguson LS, Wolstenholme R, Clench MR, Bleay S. Analyst. 2013, DOI: 10.1039/c3an36896c  







CHEMICAL 

INFORMATION 
(very few examples) 



CAN WE DETECT SEX  FROM FINGERPRINTS?  

If we ñlookòat endogenous peptides.... 

Personal information (endogenous molecules) 

Males and Females are discriminated with the 75% of confidence (85% if less 

harsh classification criteria were applied) 

Ferguson L, Wulfert F, Wolstenholme R, Fonville J, Clench M, Carolan V, Francese S, Analyst, 2012, 137, 4686 

  



Application of ñfull consensus scoringò strategy. 

Correlation between calculated majority vote 

scores (x-axis) and full consensus scoring 

schemes (y-axis), for the XGBOOST classifier.  

 
Each scatter point corresponds to the average 

cross-validation accuracy score for a specific 

peak picking strategy, and k-fold, with each of 

the four feature selection strategies treated as 

separate scatter points. The diagonal line y = x 

is shown. 

XGBOOST classification with full 

consensus scoring 

86% accuracy of 

prediction ï considered by 

the Police viable for 

triaging crime scene 

marks 

Heaton C, Bury C., Patel E, Bradshaw R, Wulfert F, Heeren RM, Marchant L., Denison N, McColm R, 

Francese S. (2020) Forensic Chemistry, 20, 100271 

Personal information (endogenous molecules) 



Propranolol 

m/z 260.1650 

ÅN- desisopropylpropranolol Å4- hydroxypropranolol 

m/z 276.1599 m/z 217.1103 

Pharmacological states (semi-endogenous molecules) 

http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&docid=JAJEO6Bv0xQSQM&tbnid=ywdPHoaLKQcqlM:&ved=0CAUQjRw&url=http://www.trc-canada.com/detail.php?CatNum=H952533&CAS=&Chemical_Name=(S)-4-Hydroxy Propranolol Hydrobromide&Mol_Formula=C16H22BrNO3&Synonym=4-[(2S)-2-Hydroxy-3-[(1-methylethyl)amino]propoxy]-1-naphthalenol Hydrobromide;(-)-4-Hydroxypropranolol Hydrobromide; (-)-Hydroxypropranolol Hydrobromide;&ei=_pG9U-nXHIiE8gXtj4GAAw&bvm=bv.70138588,d.ZGU&psig=AFQjCNEwAbJsD-DCFKbOaIvRoTEQ5kzTxQ&ust=1405018935930575


Time 

Time 

Confirmation of presence of 4-hydroxypropranolol in 
fingermark through drift time assessment of its product ion 

(m/z 199.0940) 

Groomed 

fingermark 

4-hydroxypropranolol 

standard 

Patel et al, 2014 unpublished 

http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&docid=JAJEO6Bv0xQSQM&tbnid=ywdPHoaLKQcqlM:&ved=0CAUQjRw&url=http://www.trc-canada.com/detail.php?CatNum=H952533&CAS=&Chemical_Name=(S)-4-Hydroxy Propranolol Hydrobromide&Mol_Formula=C16H22BrNO3&Synonym=4-[(2S)-2-Hydroxy-3-[(1-methylethyl)amino]propoxy]-1-naphthalenol Hydrobromide;(-)-4-Hydroxypropranolol Hydrobromide; (-)-Hydroxypropranolol Hydrobromide;&ei=_pG9U-nXHIiE8gXtj4GAAw&bvm=bv.70138588,d.ZGU&psig=AFQjCNEwAbJsD-DCFKbOaIvRoTEQ5kzTxQ&ust=1405018935930575
http://www.google.co.uk/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&docid=JAJEO6Bv0xQSQM&tbnid=ywdPHoaLKQcqlM:&ved=0CAUQjRw&url=http://www.trc-canada.com/detail.php?CatNum=H952533&CAS=&Chemical_Name=(S)-4-Hydroxy Propranolol Hydrobromide&Mol_Formula=C16H22BrNO3&Synonym=4-[(2S)-2-Hydroxy-3-[(1-methylethyl)amino]propoxy]-1-naphthalenol Hydrobromide;(-)-4-Hydroxypropranolol Hydrobromide; (-)-Hydroxypropranolol Hydrobromide;&ei=_pG9U-nXHIiE8gXtj4GAAw&bvm=bv.70138588,d.ZGU&psig=AFQjCNEwAbJsD-DCFKbOaIvRoTEQ5kzTxQ&ust=1405018935930575


MALDI MSP/MSI 

combined proteomic 

approach for the 

specific, reliable and 

informative analysis 

of blood evidence 

Assessing crime dynamics (and not only)  

(exogenous molecules) 



Deininger et al, 2016, 

Proteomics 16(11-

12):1707-17 

ŬHb 

ɓHb 

ɓHb 
ŬHb 

EPB 4.2 C3 

9 YEAR OLD AB-1 treated BLOOD PALM 

PRINT  

Patel et al, 2015, Analyst, 

141(1):191-8 

37 YEAR OLD NIN treated blood mark on 

fabric 

Francese S. 2019, Austr. J. 

Forensic Sci. 51 (6): 623-635 



m/z 1592.843 

Myoglobin 

m/z 1669.832 

Myoglobin 

m/z 748.434 

Myoglobin 

m/z 1763.799 

GAPDH 

m/z 1499.783 

GAPDH 

m/z 1615.892 

GAPDH 

m/z 1477.798 

ɓHB 

Particularly the images of the ions at m/z 1669.832, 784.434 and 1477.798 depict the partial ridge 

detail that was observed in the optical images (red rectangle) 

 
4 YEAR OLD AB-1 treated bovine blood mark 

 

MALDI MSI of animal blood signatures 



Hb-J Hb-C 

Enhanced 
with AB-1 

MALDI MSI of overlapping  pre-enhanced fingerprints contaminated 

with HbC and HbJ-Baltimore blood variants 



Walking in the right 
direction to break 

barriers to 
implementation 

Understanding end 

user needs 

Make research 

borderless 

Understanding the 

use and limitations 

of the technology  

Disseminate/increase 

awareness  

Actively involve 

end users in the 

developments 

Breaking barriers to implementation 
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MALDI matrix 

The dry-wet method  
Patent no. GB2489215; EU application (EP268401A1); Granted HK 

patent (HK1169854A1); Granted US patent (US9261438B) 

LS Ferguson, R Wolstenholme, S. Francese 

mark enhancement by 

matrix powdering 

UV image fluorescent 

microscope image 
MALDI MSI 

image 

To use a![5LΧΦΦǘƘŜ ŦƛƴƎŜǊƳŀǊƪ ƴŜŜŘǎ ǘƻ ōŜ ǾƛǎǳŀƭƛǎŜŘ 
ŦƛǊǎǘΧΦ5ǳƘΗΗΗ 



MALDI Matrix 

solution spray 

MALDI 

MS 

image 

Compostable bag 

365 nm 

Illumination at 365 nm 

365 nm 

Illumination at 365 nm 

Powdering with 

MALDI Matrix 

 The dry wet method adaptation ς ENFSI 
collaborative exercise 2020 



Walking in the right 
direction to break 

barriers to 
implementation 

Understanding end 

user needs 

Make research 

borderless 

Understanding the 

use and limitations 

of the technology  

Disseminate/increase 

awareness  

Actively involve 

end users in the 

developments 

Breaking barriers to implementation 



m/z 283.2 m/z 311.2 

Triacylglyceride 

m/z 664.6 

B 

Primary  

lift 

Primary lift 

pealed from 

acetate 

A 

Deposition of fingermark 

onto aluminium plate  Aluminium powder 

 CSI place lifts on acetate for ǘǊŀƴǎǇƻǊǘΧǿƻǳƭŘ a![5L 
still work when the lift is peeled off??? 



Walking in the right 
direction to break 

barriers to 
implementation 

Understanding end 

user needs 

Make research 

borderless 
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use and limitations 

of the technology  
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developments 

Breaking barriers to implementation 



Think out of 

the box 

Break geographical 

barriers 

Break political 

barriers 

Seek 

interdisciplinarity 

Make end users 

active 

participants 

Break 

communication 

barriers 

Disseminate like there 

is no tomorrow!  



Walking in the right 
direction to break 

barriers to 
implementation 

Understanding end 

user needs 

Make research 

borderless 

Understanding the 

use and limitations 

of the technology  

Disseminate/increase 

awareness  

Actively involve 

end users in the 

developments 

Breaking barriers to implementation 
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Aug 2011 

Oct 2017 

April 2014 

Mar 2014 

Sept 2018 

June 2014 

Aug 2021 

June 2018 



Walking in the right 
direction to break 

barriers to 
implementation 

Understanding end 

user needs 

Make research 

borderless 

Understanding the 

use and limitations 

of the technology  

Disseminate/increase 

awareness  

Actively involve 

end users in the 

developments 

 
Breaking barriers to implementation..... 

 



2013 - Attendance to crime scenes with West 
Yorkshire Police 

Home Office funding 2011-нлмп άIntegration 
of MALDI MSI into the Home Office operational 

ŦƛƴƎŜǊƳŀǊƪ ŜȄŀƳƛƴŀǘƛƻƴ ǿƻǊƪŦƭƻǿέ 
ÅUnderstanding CSI requirements for 

collection of marks 

 

ÅUnderstanding optimal storing of marks 

 

ÅDeveloping compatibility between 

fingermark visualisation processing and 

MALDI 

 



Kennedy K. et al. 2021, FSI 323:110774 

Bradshaw et al FSI 2021 , 319, 110643,  

Bradshaw et al FSI 2013 232(1-3):111-24 



 
What Police thought in 2015..... 

 
March 
2015 

òThis new  fingerprinting  technology  has the  potential  to  be a real  step change  in  

forensic  work . This technology  will  allow  us to  gain  significantly  enhanced  

information  from  prints  to  build  a picture  of  an offenderõs prior  movements,  and  is 

now  being  trialled  at  crime  scenesó  

(Yorkshire  Post Aug  2015 ) 
 

Assistant  Chief  Constable,  Russ Foster   
West Yorkshire Police 

https://www.youtube.com/watch?time_continue=5&v=TNUQyQb1Hos


Home Office Innovation Grant co-funded by 
West Yorkshire Police, UK 2014-2016 

άChemical Profiling of fingermarks : MALDI 
MSP and MALDI MSI method refinement for 

operational deployment in caseworkέ 

John Dixon, WYP 



Operational casework (UK 2015)- harassment crime scene 

Carbon Black  

Lifted mark sealed in acetate 

R. Bradshaw, 2017, DOI: 10.1039/C7AN00218A, Analyst 

+ 

cocethylene 

FM Repeat 1 

FM Repeat 2 

FM Repeat 3 

Metabolite Standard 

cocethylene 

Cocaine 

m/z 304.1 

Cocaine In-Source 

Fragment  

m/z 182.1 



Cat C 

TLR 3-4 

Currently included  

as a Cat C process 

in the Fingermark 

Visualisation 

Manual  

 

promoted to Cat B 

in the next DSTL 

edition  

Home Office Recognition of the technology 


