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Chemical criminal profiling

Mass Spectrometry Spectroscopy
(and hyphenated

techniques)

Raman
FT IR and ATR FT IR

DESI
DART
MALDI
Ag LDI et ZENNINNY
Paper Spray ," ‘.f.", .‘ | ; ..
SALDI T
SIMS

LC ESI MS HEl Imaging and profiling
GC ESI MS capabilities
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Number of publications on fingermark analysis per analytical technique
2008-2018

Number of publications

36
I

FTIR/ATR Raman/SERS GCMS DESIMS DART MS SIMS MS SALDI MS MALDI MS Other

e Analytical Technique Techniques

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

Mass Spectrometry as investigative
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MALDI MSP
and MALDI MSI
OF LATENT
FINGERMARKS
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fingermarks final video.avi
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i e =25 Improving the coverage of the ridge
pattern

Francese S, Bradshaw R, Ferguson LS, Wolstenholme R, Clench MR, Bleay S. Analyst. 2013, DOI: 10.1039/c3an36896¢
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Personal information (endogenous molecules)

SN\

CAN WE DETECT SEX FROM EINGERPRINTS?

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

-
harsh classification criteria were applied) i
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Ferguson L, Wulfert F, Wolstenholme R, Fonville J, Clench M, Carolan V, Francese S, Analyst, 2012, 137, 4686




Personal information (endogenous molecules)

XGBOOST classification with full
consensus scoring

. 86% accuracy of
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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



Pharmacological states (semi-endogenous molecules)

Propranolol

m/z 260.1650
OH
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OWN\(

A 4- hydroxypropranolol A N- desisopropylpropranolol
O OH
O/\{\HJ\CHS UA‘E
sel
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Confirmation of presence of-4ydroxypropranolol in

fingermarkthrough drift time assessment of its product ior
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Assessing crime dynamics (and not only)
(exogenous molecules)

MALDI MSP/MSI
combined proteomic

approach for the
specific, reliable and
iInformative analysis

of blood evidence
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9 YEAR OLD AB-1 treated BLOOD PALM
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m/z 953.5492 m/z 886.5072
Deininger et al, 2016,
Proteomics 16(11-

12):1707-17

Proteomics

11-12|2016

Hemopexin Complement C3

m/z 767.4079 m/z 1068.5814 m/z 974.5294

Mass
Spectrometry
Imaging

Guest Editor:
Malcolm Clench

www.proteomics-journal.com HUi'O  WILEY

Serotransferrin

Complement C3
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4 YEAR OLD AB-1 treated bovine blood mark

m/z 1592.843 m/z 1669.832 m/z 748.434
Myoglobin Myoglobin Myoglobin

m/z 1477.798
bHB

Intensity (arb. unit)
- 164%
ry

m/z 1615.892
GAPDH

m/z 1763.799 m/z 1499.783

GAPDH GAPDH

Intensity (arb. unit)
I 25%
ry

A
0%

83% 5'5‘~ 67%

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)



MALDI MSI of overlapping pre-enhanced fingerprints contaminated

with HbC and HbJ-Baltimore blood variants

Hb-J Hb-C
Optical image m/z2286.173 m/z 694.426 overlay

694.4258 m/z £ 10 ppm NG

Enhanced A “ q ‘_ 2286.173 m/z £ 10 ppm -A
with AB-1 =
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Breaking barriers to implementation

Understanding the
use and limitations
of the technology

Understanding end

user needs

/Walking In the righ?

direction to break
barriers to
N Implementation y

Make research
borderless
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Disseminate/increase
awareness

Actively involve
end users in the
developments
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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 UV image fluorescent MALDI MSI
Sneffield |Bomolecular | GTLS ] matrix powdering microscope image image
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pios o | CTRS] The dry wet methodadaptation ¢ ENFSI
collaborative exercise 2020
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Powdering with

Compostable bag lllumination at 365 nm MALDI Matrix

[llumination at 365 nm

m/z 460.8

MALDI Matrix
solution spray



Breaking barriers to implementation
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CSiI place lifts on acetate for N y & LJ2 NI X ¢ 2 d

still work when the lift is peeled off???

ﬂrimary Primary ”N
Deposition of fingermark o lift pealed from
onto aluminium plate Aluminium powder acetate

/ Triacylglyceride

m/z 664.6
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Breaking barriers to implementation
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Break geographical

barriers
Break Make end users
communication active

barriers % ﬁ &l participants

o Borderless
Seek research Break political
Interdisciplinarity @ % barriers
Think out of Disseminate like there

the box IS O tomorrow!



Breaking barriers to implementation

Understanding end
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NEIL DENIS
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West Yorkshire F|
By Rebecca Morelle Mar 2014

Science reporter, BEC World Service

5 August 2011 Last updated at 00:28 | ]

Fingerprint breakthrough offers new
forensic evidence

A technolegy to extract fingerprints from a
crime scene could show if a criminal
suspect has taken drugs or been in
contact with explosives.

0.41

Researchers at Sheffield Hallam University have
developed a way to capture fingerprints that can
identify substances touched, and secretions
from a person's body.

0.07

no condom specific Download Flash Player now
This could provide new information about a contact condom
suspect's actions and habits. contact
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Prof Simona Francese on 13 - ﬁ
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years of research into

molecular fingerprinting

ot e
BEC Click reports on the technology that is helping police learn more about
people from their fingerprints.
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Breaking barriers to implementation

Understanding the
use and limitations
of the technology

Understanding end
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Home Officefunding 20114 n mintegkation

of MALDI MSI into the Home Office operational AJnderstanding CSI requirements for

collection of marks

FAYISNXYIN] SEFYAYLGAZ2Y

A

AUnderstanding optimal storing of marks

MDeveloping compatibility between
fingermark visualisation processing and

2013- Attendance to crime scenes withiVest
MALDI

Yorkshire Police
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Bradshaw et al FS2013232(1-3):111-24
Ninhydrin MALDI MSI
m/z2283.2 m/z311.2 m/z638.6 m/z283.2
10 days
Tr
10 days
HC
r B
VMD MALDI MSI
m/z283.2 m/z311.2 m/z638.6
. = - s m/lil1.2
= 10 days % B
1} G| el W = g % " L.
g . m/2283.2
Kennedy K. et al. 2021, FSI 323:110774 — . . aI
HC j% -
FiC
TiO, powder MALDI MSI
m/z;83.2 m/z311.2 m/.z'638.6
10 days
T
CAF—-BY 40 CAF—-BY 40-PS CAF—-BY 40-PS—BV3 10 days
i iv v vi HC
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What Police thought in 2015.....

‘This technology shows real potential to be the next step change in
developing fingerprint technology for the 21st century.

Neil Denison

Neil Denison West Yorkshire Police

Head of identification services
and imaging services

0 T hnew 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 ano f f e n drierr niogements, and is

now being trialled atcrimes ceneso A
(Yorkshire Post Aug 2015)

J
M
&I

Assistant Chief Constable, RussFoster
West Yorkshire Police
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https://www.youtube.com/watch?time_continue=5&v=TNUQyQb1Hos
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Home Officelnnovation Grant cefunded by
West Yorkshire PolicgdUK 20142016

¢dChemical Profiling of fingermarks : MALD

MSP and MALDI MBlethod refinement for

Methods debris onto sample and to

write description of mark
PAPER

@‘E:?f:?:ﬁ:’ﬁt Development of operational protocols for the
— analysis of primary and secondary fingermark lifts
Cite this: Anal Methods, 2016, 8, 6795 by MALDI_MS imagingT

Robert Bradshaw,? Neil Denison® and Simona Francese™®

-
Analytlcal @ﬁéﬁ&m Acetate to avoid falling

Pins used to secure
marks in place

Eight years of intensive research have demonstrated that Matrix Assisted Laser Desorption lonisation-Mass
Spectrometry Profiling and Imaging (MALDI-MSP and MSI) are powerful tools to gather intelligence around
a suspect lifestyle, directly from the identifying ridges of a latent fingermark. In the past three years, many
efforts have been invested into translating laboratory methodologies to the field; this was undertaken by
devising protocols either for (a) enabling initial fingermark visualisation, such as through the Dry-Wet
method, recovery and subsequent MALDI MS based analysis, or for (b} rendering the MS methodologies

John Dixon, WYP



Operationalcasework (UK 2015)arassment crime scene

B2 ' als . C = 196.0503
Carbon Black Cocaing In-Source _g_gélg s
Lifted mark sealed in acetate Er a

m/z

¢ FM Coca 1 68 (2.563) Cm (63:69)

rlg\?ﬁépeat3 m/z°304.1
.1821 D L.

Proc Coca Std 64 (2410) Cm (62:69)

_______________________________________

196.1481 _

. Metabolite Standard /\
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86764 4MEs
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Home Office Recognition of the technology

Currently included
as a Cat C process
In the Fingermark
Visualisation
Manual

promoted to Cat B
In the next DSTL
edition

Cat C
TLR 3-4

Sciences



