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Application 
It has long been established that fingermarks are unique to 
every individual due to distinctive patterns and small defin-
ing characteristics (minutiae), making them one of the best 
forms of biometric identification. Fingermarks result from 
a transfer of residue from our fingertips to a surface upon 
contact, thus leaving an impression of our fingermark ridge 
pattern. 

In many cases, latent fingermarks enhanced at crime scenes 
may be smudged/distorted or the corresponding fingerprint 
record may not be present in a National Police Database. 
Fortunately over recent years, the advent of new analytical 
techniques has enabled us to delve deeper into the intel-
ligence we can obtain from latent marks, with a particular 
emphasis on the chemical composition. Identification of 
certain species contained within fingermark residue has the 
potential to be informative of a persons’ lifestyle including 
what they may have touched and ingested. 

In a range of previous studies, it has been shown that 
MALDI MSI can be applied to latent fingermarks in order 
to obtain additional chemical and physical information1-6. 
Although a significant amount of research has been con-
ducted in this particular area, the necessity to achieve more 
homogenous and rapid matrix deposition whilst maintain-
ing image quality and ion extraction is still sought after.

Intended Use Of This Technical Note
The HTX TM-SprayerTM is a novel Tissue MALDI sample 
preparation system which employs a heated and pressurised 
matrix solution, providing homogenous matrix deposition 
to aid analyte extraction and minimise delocalisation. This 
technical note describes the optimisation of a “one layer” 
methodology which allows for the rapid matrix coating of 
a full fingermark in less than 1 minute, whilst still main-
taining that chemical information and high quality MALDI 
molecular images can be achieved.  

A Rapid Methodology for the Analysis of Latent Fingermarks 
by MALDI MS Imaging#32

Imaging Workflow
Ungroomed Fingermark Deposition - Ungroomed fin-
germarks were prepared on aluminium sheets as described 
previously1-6. All marks used in this study were deposited 
at a contact pressure between 40-50 g (0.39-1.49 N). 

Sample Preparation – During method optimisation, 
individual fingermarks were cut into quarters and each 
was sprayed with an a-CHCA matrix solution (10 mg/
mL a-CHCA in 70:30 ACN:0.5% TFAaq) whilst varying 
the HTX TM-sprayerTM parameters using a systematic 
approach (Figures 1a and 2a). The sections were then stuck 
onto a MALDI plate in the initial orientation (to reform a 
full fingermark) and imaged simultaneously to: (a) allow 
for multiple parameters to be evaluated in a single MALDI 
MSI acquisition and (b) maintain that the same amount of 
fingermark material was present in each of the quarters for 
a reliable comparison.

Mass Spectrometry Analyses - MALDI MS imaging 
was performed using a modified Applied Biosystems API 
Q-Star Pulsar I hybrid quadrupole time-of-flight (QTOF) 
instrument (Concord, Ontario, Canada). The orthogonal 
MALDI source has been modified to incorporate a SPOT 10 
kHz Nd:YVO4 solid-state laser (Elforlight Ltd., Daventry, 
UK), having a wavelength of 355 nm, a pulse duration of 
1.5 ns and producing an elliptical spot size of 100x150 
µm. Analysis was performed in the 50-1000 m/z range at a 
resolution of 100x100 µm using “raster” mode. 

Fingermark Grading – Data processing was performed 
using Biomap 3.7.5 software (Novartis, Basel) by 
normalising selected ions against the total ion current (TIC). 
Fingermark grading was performed by comparing: (1) the 
relative intensity of selected species by drawing a region 
of interest (ROI) around each of the quarters to extract a 
representative spectrum and (2) the quality of the ridge 
detail acquired, numerically graded (between 0-4) using the 
Bandey numerical grading system7. 
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     Experimental Summary
Sample  Latent ungroomed fingermarks 
MALDI Plate Aluminium Plate
Matrix  aCHCA 10 mg/mL solution in   

   70:30 ACN:0.5% TFAaq
MALDI laser  SPOT 10 kHz Nd:YVO4 solid-state  

   laser (Elforlight Ltd., Daventry, UK)
Resolution  100x100 µm
Acquisition Mode Positive ion mode

     Instrumentation and Supplies 
Matrix  Sigma-Aldrich
Matrix Sprayer HTX TM-SprayerTM 

MALDI MS  Applied Biosystems API Q-Star   
                  Pulsar I hybrid quadrupole 

    time-of-flight (QTOF) instrument  
   (Concord, Ontario, Canada) 

Imaging Software MALDI Server 5.1 (MDS Sciex,   
   Concord, Ontario, Canada).

Data Processing Biomap 3.7.5 software  
   (Novartis, Basel)

Figure 1. Optimisation of matrix 
deposition and fingermark grading. 
(a) Parameters used to spray each 
quarter of a fingermark (b) Orientation 
of each of the quarters (c) Correspond-
ing MALDI molecular images of three 
endogenous species; oleic acid (m/z 
283.2), eicosanoic acid (m/z 311.2) 
and a triacyglyceride (m/z 638.4), with 
a magnified region for eicosanoic acid 
and (d) Fingermark grading based on 
the quality of the ridge detail and the 
intensity of the ions in each quarter.

Fingermark 
quarter

N2 
pressure

Nozzle  
temperature

Numer of 
passes

Matrix 
concentration

Pump 
flow rate

Velocity Track 
spacing

Matrix 
density

Matrix 
density

Number  PSI oC Each mg/mL mL/min mm/min mm mg/mm2 mg/cm2

1 10 75 1 10 0.08 1300 1.5 0.00041 0.041

2 10 75 2 10 0.08 1300 1.5 0.00082 0.082

3 10 75 3 10 0.08 1300 1.5 0.00123 0.123

4 10 75 4 10 0.08 1300 1.5 0.00164 0.164

Oleic acid 

m/z 283.2

Eicosanoic acid 

m/z 311.2

Triacylglyceride 

m/z 638.4

Quarter Grading Intensity Grading Intensity Grading Intensity

1 3 15 3 22 4 16

2 2 1 2 2 3 2

3 2 15 2 22 2 2

4 2 10 2 0 1 1

Results and MALDI MS Images

Matrix Deposition Optimisation 
MALDI MSI comparison of multiple spraying parameters on a single latent ungroomed fingermark concluded that the least 
amount of matrix (0.041 mg/cm2, 1 layer), deposited onto quarter 1, provided the best quality ridge detail and ion extraction.
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The “one layer” Methodology
A subsequent experiment was performed to evaluate parametric variations of the “one layer” methodology. It was determined 
that a lower N2 pressure (5 psi) and  pump flow rate (0.060 mL/min) used in the preparation of quarter 4 facilitated ion 
extraction and provided more superior image quality. 

Figure 3. MALDI MS imaging of a whole ungroomed latent fingermark 
following matrix deposition using the optimised “one layer” approach. All 
images provided grade 4 ridge detail and a range of endogenous and 
exogenous species could be identified, including: (a) oleic acid (m/z 283.2) 
(b) eicosanoic acid (m/z 311.2) (c) dimethylbenzylammonium ion (DBA) 
(m/z 304.2), an exogenous species commonly found in toiletry products 
and detergents4 (d) dehydrated cholesterol (m/z 369.4) (e) DMA (m/z 
550.6), an exogenous species commonly found in hair products2 and (f) a 
triacylglyceride (m/z 696.6)

Analysis Of A Whole Latent Ungroomed Fingermark

Fingermark 
quarter

N2 
pressure

Nozzle  Numer of 
passes

Matrix Pump flow 
rate

Velocity Track 
spacing

Matrix 
density

Matrix 
density

Number  PSI oC Each mg/mL mL/min mm/min mm mg/mm2 mg/cm2

1 10 75 1 10 0.06 1300 1.5 0.000308 0.0308

2 10 75 1 10 0.09 1300 1.5 0.000462 0.0462

3 5 75 1 10 0.09 1300 1.5 0.000462 0.0462

4 5 75 1 10 0.06 1300 1.5 0.000308 0.0308

Oleic acid 

m/z 283.2

Eicosanoic acid 

m/z 311.2

Triacylglyceride 

m/z 638.4

Quarter Grading Intensity Grading Intensity Grading Intensity

1 4 62 4 95 4 26

2 2 49 2 75 3 19

3 2 51 2 73 2 14

4 4 81 4 119 4 26

Figure 2. Optimisation of the “one 
layer” methodology and fingermark 
grading. (a) Parameters used to spray 
each quarter of a fingermark (b) 
Orientation of each of the quarters 
(c) Corresponding MALDI molecular 
images of three endogenous species; 
oleic acid (m/z 283.2), eicosanoic acid 
(m/z 311.2) and a triacylglyceride (m/z 
638.4)) with a magnified region for 
eicosanoic acid and (d) Fingermark 
grading based on the quality of the 
ridge detail and the intensity of the ions 
of interest.



TM-Sprayer™ is available worldwide exclusively from HTX Technologies, LLC.  

To request further information contact:

Alain Creissen 
Imaging Product Manager, HTX Technologies 

acreissen@htximaging.com

HTX Technologies offers innovative sample preparation systems for advanced 
analytical platforms. Our integrated workflow solutions include user training, 
instruments, software, consumables and method development services.

PO Box 16007, Chapel Hill NC 27516, USA

Tel +1-919-928-5688    Fax +1-919-928-5153

info@htximaging.com   www.htximaging.com

Optimised Parameters 
Flow Rate  0.060 mL/min 
Spray Nozzle Velocity 1300 mm/min 
Spray Nozzle Temp 75 °C 
Track Spacing  1.5 mm 
Number of passes 1 

Conclusion 
The HTX TM-SprayerTM has been used efficiently in the 
preparation of latent ungroomed fingermarks, allowing for 
the development of a simple and effective “one layer” matrix 
deposition methodology. This procedure allows for a full 
fingermark to be coated in matrix in less than 1 minute, the 
implementation of which could greatly increase the through-
put in the analysis of latent fingermarks by MALDI MSI. The 
subsequent MALDI MSI analysis provided a range of endog-
enous and exogenous chemical information and high qual-
ity MALDI molecular images with grade 4 fingermark ridge 
detail suitable for biometric identification. Further optimisa-
tion of these protocols for specific applications will enable 
us to delve deeper into the latent fingermark, providing an 
exciting new workflow which could offer invaluable intelli-
gence in a forensic investigation.  
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