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An increase in the use of condoms by sexual offenders has been observed. This is likely to be due both to the risk of
sexually transmitted diseases and to prevent the transfer of DNA evidence. In this scenario the detection of condom
lubricants at a crime scene could aid in proving corpus delicti. Here we show a novel application of Matrix-Assisted
Laser Desorption/Ionisation Mass Spectrometry Imaging (MALDI MSI) for mapping the fingermark ridge pattern
simultaneously to the detection of the condom lubricant within the fingermark itself. Two condom brands have been
investigated to prove the concept. Condoms were handled producing lubricant-contaminated fingermarks. Images of
the ridge pattern were obtained simultaneously to the detection of two lubricants, even several weeks after the
fingermark deposition. The results therefore show the potential of MALDI MSI to link the suspect (identification
through fingermark ridge pattern) to the crime (detection of condom lubricant) in one analysis. This would enable
forensic scientists to provide evidencewith stronger support in alleged cases of sexual assault. Copyright� 2011 John
Wiley & Sons, Ltd.

Sexual assault is an especially problematic crime to
prosecute, as the issue of consent is central but very difficult
to prove. According to the British Crime Survey 2009/10, the
Police recorded 43,579 ’most serious sexual’ crimes (rapes,
sexual assaults and sexual activity with children).[1] These
accounted for 80% of the total sexual offences in that time.
However, it has been suggested that 75–95% of rapes are not
reported.[2] This is for a variety of reasons, not least that
conviction rates are very low thus reducing the incentive
to report and needlessly relive a traumatic experience.
For example, in Scotland for 2006/7, of the 922 reported
rapes, only 65 were prosecuted and only 27 convictions were
obtained; a conviction rate of 2.9%.[3] One potential source
of evidence that might improve conviction rates would be
DNA from the assailant on the victim or their clothing
but assailants are increasingly aware of forensic issues and
it is common now for condoms to be used and removed
from the scene.[4] In addition, one of the first instincts of
a sexual assault victim is to try to expel the sense of
violation by washing themselves and their clothes.[5]

Despite this, a review of 75 cases found that in 86.7% there
is more than just the word of the victim against the
accused, i.e. there was some supporting evidence.[2]

Another disincentive for reporting sexual assaults is the
relationship to the assailant. A report in 2004, based on rapes
recorded in the (London) Metropolitan Police District, UK,
found that in 64% of cases the assailant was the victim’s
partner (27%) or was an acquaintance of the victim (37%).
Further, it also suggests that partner (and ex-partner) rapes
are under-reported, meaning that the actual figures for an
assailant known to the victim may be higher.[6] For the
prosecution, the problem posed here is that the assailant
may have legitimate access to the location in which the
sexual assault took place; therefore, the transfer evidence is
potentially of little use.
The work reported here is an attempt both to improve the

value of scientific evidence in these cases and, at the same
time, to counter any claims of legitimate access by linking
fingermarks to the use of condoms. If a condom has been
used in a sexual assault, the assailant is likely to remove the
condom from the scene after use. However, they are less
likely to consider the possibility of lubricant transferring onto
their fingertips and then into fingermarks left at the scene.
If condom lubricant can be detected in fingermarks it would
improve the evidence for the prosecution by establishing
the assailant’s presence at the scene and, crucially, having
had contact with a condom. Concurrently, this reduces
the credibility of an argument for legitimate access, as
non-offence use of a condom at the crime scenewould inmost
cases be limited to very few people. This would push the
forensic evidence up the levels suggested by Cook et al.,
source – activity – offence,[7] thereby increasing the strength
of the evidence.
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Research has been undertaken separately into both these
types of evidence, namely condom lubricants and obtaining
of fingermark images with clear ridge details.
There is wide variability in the composition of

condom lubricants; however, three main types are available:
silicone-based, polyethylene glycol (PEG)-based and water-
based.[8] Silicone-based condoms are the most common and,
in turn, polydimethylsiloxane (PDMS) is the most common of
the siloxane polymers being present in 91%of UK condoms.[9]

PDMS is used for its lubricant properties, non-absorption
by the body and non-destructivity to a latex condom. Due
to its very low toxicity and lack of immunogenicity,
PEG is a very biocompatible polymer;[10] however, PEG-
and water-based condom lubricants are much less common.
In an Australian study, which analysed 29 condoms, it
was found that three (6%) contained PEG and none
were water-based.[11] A further, relatively common, con-
stituent of condom lubricants is nonoxynol-9. Nonoxynol-9
is a non-ionic surfactant (C9H19-C6H4-(OCH2CH2)nOH
where n is usually 9) which acts as a spermicide by
immobilising or damaging sperm. In the study mentioned
above nonoxynol-9 was used in seven (24%) of the condom
formulations.
Forensic analysis of trimethoxy-terminated polydimethyl-

siloxane condom lubricants was first carried out by Black-
ledge and Vincenti using Fourier Transform Infrared
Spectroscopy (FT-IR) as an indicative method followed
by Desorption Chemical Ionisation Mass Spectrometry
(DCI-MS) for confirmation.[12] PDMS was successfully
identified in dichloromethane extracts from vaginal swabs
and clothing. The Australian study discussed above
suggested a protocol for identifying the lubricant base
in both condoms and personal lubricants, directly from
condom or lubricant extracts.[11] Diffuse Reflectance
Infrared Fourier Transform Spectroscopy (DRIFTS) was
used as an indicative technique followed by Pyrolysis Gas
Chromatography/Mass Spectrometry (PyGC/MS) for the
confirmation of PDMS and Liquid Chromatography/Mass
Spectrometry (LC/MS) for the confirmation of PEG, glycerine
(water-based) and nonoxynol-9. Campbell and Gordon used
Gas Chromatography/Mass Spectrometry (GC/MS) in a
similar way to the above studies, successfully identifying
lubricants from vaginal swabs taken at regular intervals up
to 12 h after intercourse.[13] Interestingly, they noted that
protocols should include strict criteria to keep false negatives
to aminimum and that different flavours of the same condom
model gave the same total ion chromatogram, implying that a
further method would need to be developed if identifying
flavour was important. Finally, Coyle and Anwar developed
a method for analysing swabs directly, without solvent
extraction, using Raman spectroscopy.[9] This is an important
shift in sample preparation since swabs may be a source of
DNA as well as of condom lubricant but the extraction
procedures required for the two analytes may be incompa-
tible. The authors were able to identify PDMS and PEG
in simulated case samples without compromising the
DNA analysis; however, they were not confident that the
approach would be successful for casework samples.
The most common analytical techniques for the detection
of polymers include Raman, IR, NMR and Gel Filtration
Chromatography. However, since the advent of soft
ionisation mass spectrometric techniques, mass spectrometry

has seen a growing number of applications in this field.[14]

Among the different mass spectrometry techniques Matrix-
Assisted Laser Desorption/Ionisation Mass Spectrometry
(MALDIMS) is a particularly suitable technique for its ability
to detect high molecular weight (MW) molecules.
Recent fingermark analysis has been undertaken using a

range of techniques to probe different components, both
endogenous and exogenous. The exogenous substances in
fingermarks that have been previously detected are most
commonly drugs of abuse.[15–17] These studies aimed only
at exogenous components are of limited use since not all
fingermarks will contain the target substance. Raman
spectroscopy was used to analyse fingermarks deposited
after the fingertip had been in contact with a range of
over-the-counter and illicit drugs. Identifiable spectra
were obtained; however, no images were produced.[16] In a
publication by another group, images of fingermarks
doped with cocaine have been acquired using Desorption
Electrospray Ionisation (DESI)MS.[17] This is the first example
of the use of MS to obtain images of the fingermark ridge
pattern. In addition, DESI has the potential to be portable
and, therefore, of use at a crime scene. Finally, the analysis of
fingermarks by Surface-Assisted Laser Desorption Ionisation
(SALDI) after dusting with a hydrophobic silica powder
enabled images of illicit drug distribution to be obtained.[18]

Endogenous lipids have been analysed by GC/MS, FT-IR
and Raman spectroscopy.[19–22] GC/MS was used to analyse
fingermarks under different environmental conditions.[19]

Although this technique is useful for quantification, it does
not provide an image and it destroys the sample, which is
undesirable in a forensic context. FT-IR has been used to
image the sebaceous content of partial fingermarks both by
placing the finger directly onto the ZnSe crystal and by lifting
marks with gel lifter without prior enhancement.[20,21] The
use of Surface Enhanced Raman Spectroscopy (SERS)
to analyse fingermarks has also been demonstrated with
partial images being obtained of endogenous compound
distribution.[22]

For the first time in 2009, MALDI MS Imaging (MALDI
MSI), first reported in a paper by Caprioli et al.,[23] was used to
detect lipids naturally present in fingermarks, allowing
images of the ridge details to be obtained by mapping the
distribution of these components in groomed and ungroomed
(not sebum-enriched) fingermarks, thus demonstrating the
sensitivity required for analysing latent fingermarks found at
real crime scenes.[24] As MALDI MSI can detect and map
thousands of ions in one analysis, it has the potential to
pinpoint endogenous compounds as well as other unknown
endogenous or exogenous compounds present. The identi-
fication of those compounds, through tandem mass spec-
trometry (MS/MS) analysis, may provide intelligence in a
criminal investigation.
Here, the ability of MALDI MSI to simultaneously detect

both endogenous and exogenous substances is applied to
the analysis of fingermarks contaminated with condom
lubricants using two widely available condom brands
(Trojan-Enz and Condomi max love).
This paper, therefore, presents the first use of any

technique to bring analysis of condom lubricants and
fingermarks together, potentially enabling forensic scientists
to provide further support to the evidence in alleged cases of
sexual assault.
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EXPERIMENTAL

Materials

Trifluoroacetic acid (TFA), dithranol and ALUGRAM1

SIL G/UV254 pre-coated aluminium sheets were purchased
from Sigma Aldrich (Poole, UK). Acetonitrile (ACN),
tetrahydrofuran (THF) and dichloromethane (DCM)
were obtained from Fisher Scientific (Loughborough,
UK). Dettol anti-bacterial surface wipes were purchased
from Boots Sheffield (Nottingham, UK). Trojan-Enz and
Condomi max love condoms were purchased from a
commercial website.[25]

Instrumentation

All mass spectrometric analyses were conducted 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 100� 150mm. Images were acquired
using ’oMALDI Server 5.1’ software supplied by MDS Sciex
(Concord, Ontario, Canada). Matrix deposition for MALDI
MSI was performed by using an Iwata Eclipse gravity
feed airgun (Iwata-Media Inc., Portland, OR, USA) set at a
pressure of 40 psi.

Methods

Preparation of condom lubricant extracts

The first 4 cm were removed from the tip of the condom and
cut into small pieces. These were placed into individual
Eppendorf tubes and sonicated in 1mL ofDCM for 2min. The
condom pieces were removed and the remaining solution
was centrifuged for 2min and the supernatant was separated
from any insoluble components. The matrix, dithranol, was
prepared in 45:45:15 ACN/DCM/THF at a concentration of
10mg/mL. Then 2mL of the condom extract (supernatant)
was mixed with 2mL of the matrix solution and 0.5mL was
spotted onto an OPTI TOF 192-well insert (ABS Sciex, Foster
City, CA, USA) and allowed to dry prior to MALDI MS and
MS/MS analysis.

MALDI-TOF MS, MS-MS and MSI analyses

All the MALDI MS spectra were obtained in positive
ion mode in the mass range between m/z 100 and 3000.
Declustering potential 2 was set at 15 arbitrary units and the
focus potential at 10 arbitrary units, with an accumulation
time of 0.117min. MALDI MS/MS spectra of selected
precursor ions were obtained using argon as the collision
gas; the declustering potential 2 was set at 10 and the focusing
potential at 30, and the collision energy and the collision gas
pressure were set at 20 and 12 arbitrary units, respectively.
MALDI-TOF MSI analyses were performed at a spatial
resolution of 100mm� 150mm using ’continuous raster
imaging’ at a laser repetition rate of 5 kHz. This differs from
the classic ’stop and go’ fashion of MALDI MSI, as the laser
moves continuously in rows across the sample surface
allowing rapid acquisition at a high image resolution. In this

way, fingermark samples of the size 1.7� 2 cm were imaged
in around 1h 20min. Data processing was performed
using BioMap 3.7.5 software (Novartis, Basel, Switzerland).
Lubricant images were normalised against the dithranol
matrix [MþH]þ ion signal (m/z 227.2) and the same contrast/
brightness was applied. All the other images were produced
by normalising against the matrix ion and then using
different sets of brightness/contrast for optimal visualisation
of the ridge pattern.

Fingermark preparation

Condom lubricant-contaminated fingermarks were prepared
by rubbing the fingers on the outer surface of a freshly opened
condom a number of times, mimicking a real usage, thus
collecting an abundance of the lubricant on the fingertips. The
fingers were then rubbed together to form an even coating
across the fingers and the index finger was pressed lightly
against ALUGRAM1 SIL G/UV254 pre-coated aluminum
sheets after scraping off the silica with acetone. All finger-
marks were sprayed individually using 20mL of a dithranol
solution using the Eclipse HP-CSmanual sprayer. The matrix
was prepared at a concentration of 10mg/mL in a solution of
45:45:15 ACN/DCM/THF.

Condom lubricant-contaminated fingermark ageing

Condom lubricant-contaminated fingermarks were deposited
using the same method as described in ’Fingermark
preparation’. Once deposited, the lubricant-contaminated
fingermarks were placed into individual Petri dishes and
stored in an incubator at 258Cwith a relative humidity of 60%
for 1 month (Condomi max love) and for 3 months (Trojan-Enz).
Once aged, the fingermarks were removed from storage and
sprayed with 20mL of a 10mg/mL dithranol solution using
the Eclipse HP-CS manual sprayer. The matrix was prepared
in 45:45:15 ACN/DCM/THF.

RESULTS AND DISCUSSION

Condomi max love and Trojan-Enz condoms were submitted to
preliminary extraction. Different protocol extractions were
tested with a view to finding an extraction solvent which
would be suitable for both condoms (and others that are
currently under investigation) and which could act as a
matrix dissolutionmixture when performingMALDIMS and
MALDIMSI analysis. On these criteria, 45:45:15ACN/DCM/
THF was found to be the best extraction solvent and it was
therefore selected for the study. The analysis of the condom
extracts also allowed the most efficient MALDI matrix for the
detection of the condom lubricants to be selected and
optimised. Several matrices were tested including nor-
harmane, alpha-cyano-4 hydroxycinnamic acid, and dihy-
droxybenzoic acid as well as cationizing agents, such as silver
salts, and different solvent combinations. Dithranol dissolved
in 45:45:15 ACN/DCM/THF was found to be the most
efficient matrix overall. The extraction showed the presence
of PEG in Condomi max love and nonoxynol-9 in Trojan-Enz;
the MALDI MS spectrum of the Condomi extract shows
the presence of two ion series with each series showing ions
44m/z units apart. These series are consistent with the
presence of PEG, possibly PEG 1450. In particular the
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presence of the following ions was observed: (i) sodiated PEG
(ions from m/z 1053.7 to 1978.4) centered at m/z 1494.0 and
fitting the formula 18þn(44)þ 23; (ii) potassiated PEG (ions
from m/z 1081.7 to 1862.3) centered at m/z 1510.0 and fitting
the formula 18þn(44)þ 39. Standard PEG (both sodiated
and potassiated) is also detected at lower m/z values (from
m/z 305.1 to 525.2). Figure 1, insert (A) shows the relevant ions
discussed.
TheMALDIMS spectrum of the Trojan-Enz condom extract

shows the presence of three ion series (Fig. 1). The series
starting at m/z 463.3 and ending at m/z 1123.8 exhibits ions
that are 44m/z units apart. Given the molecular structure of
nonoxynol-9, these ions fit the formula 203þn(44)þ 17þ 23
for sodiated nonoxynol-9. Two Gaussian maxima were
observed, one centered at m/z 639.5 (9-ethoxymer) and
the other at m/z 771.4 (12-ethoxymer). The ion series starting
at m/z 479.3, ending at m/z 1139.8 and centered at m/z 787.4
indicates the presence of potassiated nonoxynol-9. These
ions fit the formula 203þn(44)þ 17þ 39. Finally, the ion
series starting at m/z 537.4, ending at m/z 1065.7 and centered
at m/z 801.4 indicates the presence of sodiated octoxynol-9.
Octoxynol-9 (C8H17-C6H4-(OCH2CH2)nOH where n is
usually 9) is another ionic surfactant and spermicide, with
ions differing from the nonoxynol-9 series by CH2 (14m/z

units). These ions fit the formula 189þn(44)þ 17þ 23.
Figure 1 insert (B) shows the relevant ions discussed.
The detection of both the spermicides nonoxynol-9 and
octoxynol-9 is in agreement with results reported by
others.[26,27] Whereas the presence of nonoxynol-9 was
reported on the Trojan-Enz packet, that of octoxynol-9 was
not. Interestingly in 2002 the US Food and Drug Adminis-
tration banned the use of octoxynol-9 from over-the-counter
products due to insufficient evaluation of its safety.[28]

However, octoxynol-9 is not listed as a banned chemical
according to EU regulations.[29] Therefore, assuming that
the correct guidelines were followed, this could potentially
tell us if the condom was intended for the UK or the US
market.
To the authors’ knowledge, only one paper has reported

the presence of PDMS in Trojan condoms, although it was
the ’Elena’ and not the ’Enz’ type.[9] Despite analysing the
Trojan-Enz condom extract on a MALDI TOF instrument
setting themass range up tom/z 30000, PDMSwas undetected
under the conditions employed in this study. Although a
more in-depth analysis of this condom extract would be
interesting and will be pursued, this is outside the scope of
this paper.
The detection of lubricants/spermicides in solvent

extracts of condoms via MALDI MS raised the possibility
of detecting these substances in fingermarks using that
technique. Ungroomed fingermarks were laid after
rubbing the fingers on the outer surface of a freshly
opened condom a number of times. Dithranol was
employed as the matrix and prepared in the same way as
for analysing the extract. The analysis of the fingermarks by
MALDI MSI at a resolution of 100mm� 150mm allowed
both the reconstruction of the fingermark ridge pattern
image and the detection of the spermicide/lubricant
present in just over 1 h.
The MALDI MSI analysis of Condomi max love contami-

nated fingermarks allowed the detection andmapping of the
same ion series detected in the condom extract and assigned
to the presence of sodiated and potassiated PEG. Ion signals
for both low and high MW PEG were imaged. As shown in
Fig. 2(A) the first row of images displays low MW PEG
and the second one the higher MW PEG distribution. By
imaging the distribution of PEG, it was possible not only to
detect the lubricant, but also to obtain a very satisfying
image of the fingermark ridge pattern. Endogenous
species such as the fatty acids, oleic acid (with [MþH]þ

ion at m/z 283.2) and cholesterol (with [M–H2OþH]þ ion
at m/z 369.2), were also successfully imaged (Fig. 2(B)).
A signal at m/z 304.3 was also found to be very intense
in the Condomi contaminated fingermarks. An MS/MS
product ion spectrum was obtained of this ion; the product
ions atm/z 212 and 91, as shown in Fig. 2(C), were consistent
with the presence of a dimethylbenzylammonium ion
bearing 12 CH2 repetition units (general formula
[C6H5CH2N

þ(CH3)2CnH2nþ 1)]. Another ion at m/z 332.3
(differing by 28m/z units from that at m/z 304) was also
detected and imaged. Tandemmass spectrometry was again
used and the MS/MS product ion spectrum m/z 332 ion was
consistent with the presence of a dimethylbenzylammonium
ion bearing an extra two CH2 units (Fig. 2(D)) thus
supporting the first identification. These data are also in
agreement with the work of Ferrer and Furlong,[30] who

Figure 1. MALDI MS spectra of Trojan-Enz and Condomi max
love condom extracts. Condomi max love extract exhibits the
presence of two ion series consistent with sodiated and
potassiated PEG (Gaussian curves centered at m/z 1494.0
and 1510.0, respectively: see insert A). Trojan-Enz extract
exhibits the presence of sodiated and potassiated nonoxy-
nol-9 (Gaussian curves centered at m/z 771.4 and 787.4,
respectively: see insert B) and octoxynol-9 (Gaussian curve
centered at m/z 801.4: see insert B).
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reported that this species is often found in health care
solutions, spermicides and virucides due to its antiseptic
properties in condoms as well as in antifungal and
antiviral preparations. Given that this ion was absent in
the condom extract, we hypothesised that this species was
in fact contained in the alcohol wipes used to clean
hands before fingerprint deposition, and this was confirmed
by carrying out further MS/MS experiments on an actual
wipe sample (data not shown). The accidental detection of
these ions strengthens the concept that MALDI MSI is a
versatile technique able to detect simultaneously both
endogenous and exogenous substances with the latter
being of potential forensic interest (e.g. in the detection of
illicit drugs).

The MALDI MSI analysis of the Trojan-Enz contaminated
fingermark found the same ion series as were detected
in the condom extract. Images of the distribution of
these ions were also obtained and Fig. 3 shows the mass
images of sodiated nonoxynol-9 (Fig. 3(A)) and sodiated
octoxynol-9 (Fig. 3(B)) showing less clear ridge details.
A direct comparison between the ion intensity and
density maps obtained for the PEGs and spermicides
cannot be carried out as the ionisation response can be
different for the two polymers depending on the
absolute ionisation yield, ion suppression events and
concentration levels. For this reason future analyses
might include the use of an internal standard, as shown
by Willetts et al.[31]

The ridge detail of the fingermark provided by the
distribution of the spermicides was reproducibly not
sufficiently clear; this is particularly true for octoxynol-9
images correlating with the very low intensity signals
detected in the Condomi extract (Fig. 1), probably reflecting a
low concentration of this species. Therefore, other [MþH]þ

ions (two fatty acids namely oleic acid at m/z 283.2 and
stearic acid at m/z 285.2 and a phospholipid at m/z 638.4)
were imaged, thus enabling a greater number of minutiae
(local characteristics of the ridge pattern) to be obtained
(Fig. 3(C)). An ion at m/z 550.4 from an exogenous
compound was also detected and imaged. This was
previously identified as dimethyldioactadecylammonium
ion byWolstenholme and collaborators[24] and was reported
to be found often in hair gels and softeners.[32] This species
actually survived hand washing with alcohol wipes
and was not suppressed by the large presence of the
condom lubricant and the other endogenous fingermark
components. It is important to note that, as the fingertips
were wiped and dried before handling the condom,
the lipid content of the fingermark should reflect the
minimum amount present in a fingermark left at a crime
scene. The abundant presence of nonoxynol-9 did not affect
the molecular images of the endogenous species above, the
exogenous compound or the other fatty acids detected.
The opportunity to detect and map lipids in these
circumstances makes MALDI MSI a sensitive technology
for the analysis of latent fingermarks, as already shown.[24]

The possibility of acquiring thousands of ions in a
single analysis allowed images to be obtained to simul-
taneously achieve optimal ridge pattern visualisation and
detection of the lubricant. This result would allow the
identity of the suspect to be linked with the proof of
condom handling, thus adding to the evidential value of
the fingermark.
Some victims report the rape immediately; however,

the sense of shame, humiliation and distress, as well as
the necessity of reporting the exact details of how the
crime occurred thus re-living painful memories, in many
instances causes the rape to be reported days, months or
even years later.[33] In view of this, the robustness ofMALDI
MSI has been tested by analysing condom-contaminated
fingermarks after several weeks (Fig. 4). We found that,
even after ageing for 4 weeks, it was still possible to obtain
an image with very clear ridge details for a Condomi max love
contaminated fingermark (Fig. 4(A)). Although all the PEG
images were normalised against the dithranol matrix ion
signal at m/z 227 and produced with the same contrast/

Figure 2. MALDI MS images of a Condomi max love contami-
nated fingermark. (A) Images of low MW sodiated PEG (first
row, ions from m/z 437.3 to m/z 569.3) and high MW sodiated
PEG (second row, ions from m/z 1097.3 to m/z 1229.3).
(B) Images of other compounds (endogenous and exogenous)
detected together with PEG; oleic acid at m/z 283.2 and
dehydrated cholesterol at m/z 369.2 were reported as an
example of endogenous species. Exogenous ions at m/z
304.3 and 332.3 have also been reported together with their
MALDI qTOF MS/MS spectra (C and D, respectively). These
ions were very intense and nicely distributed on the ridges.
These species have been attributed to the presence of
dimethylbenzylammonium ion exhibiting 12 and 14 CH2

repetition units, respectively.
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brightness, the contrast/brightness can be modified to
obtain maximal quality of the ridge pattern, as shown in
insert (i).
Given the encouraging results produced by the analysis of

Condomi max love aged fingermarks, a Trojan-Enz contami-
nated fingermark was aged for 12 weeks in the same manner
and analysed by MALDI MSI (Fig. 4(B)). Nonoxynol-9 was
still detected and mapped, although it was less homoge-
neously distributed than in the fresh contaminated
fingermark and the associated Gaussian curve was also of
a considerably lower intensity (data not shown). Although
the ridge pattern in the areas where nonoxynol-9 was
detected was clear, other ions, for example lipid ions,
generated an image with the ridge pattern covering a greater
area. As the aim in this instance is to obtain as many minutiae
as possible, even the matrix ion could serve this purpose.
The matrix ion at m/z 227.2 was in fact imaged, providing
complementary ridge details (insert (i)). Therefore, even after
12 weeks it was possible both to detect the spermicide and to
reconstruct nearly the whole fingermark image. These results
are very encouraging and a parallel study has been under-
taken to evaluate different condoms and the extent of the

lubricant detection/fingermark image reconstruction over
longer periods of time and under different environmental
conditions.
The authors have already shown the possibility to

enhance fingermarks following MALDI MSI analysis.[24]

With a view to making MALDI MSI the next forensic tool
for fingermark examination in sexual crimes, it is also
important in future studies to make MALDI MSI applicable
to fingermarks that have been previously enhanced using
forensic standard protocols. However, this may not be
strictly always necessary. If a technique is validated and
accepted by the UK Home Office because it proved to be
multi-informative and more advantageous than others,
it could be applied on its own to investigate specific
crime scenes.
Finally, our laboratories have recently designed a

protocol, which will be reported elsewhere, demonstrating
the possibility to enhance, lift and analyse fingermarks
recovered from different surfaces. This will contribute to
demonstrating that MALDI MSI has the feasibility to
become an operational forensic tool for fingermark
examination.

Figure 3. MALDI MS images of a Trojan-Enz contaminated fingermark. (A, B) Mass images of sodiated nonoxynol-9 ion series
(fromm/z 551.3 to m/z 727.3) and sodiated octoxynol-9 ion series (fromm/z 669.4 to m/z 845.4). (C) Distribution of two
endogenous fatty acids (oleic acid at m/z 283.2 and stearic acid at m/z 285.2), a phospholipid at m/z 638.4 and the exogenous
dimethyldioactadecylammonium ion at m/z 550.4.
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CONCLUSIONS

The opportunity to simultaneously obtain images of the
fingermark ridge pattern and to detect the presence of
condom lubricants makes MALDI MSI a potentially high-
profile technology in the forensic investigation of sexual
assaults. In this work two condom brands, Condomi max love
and Trojan-Enz, were investigated as a proof of concept,
demonstrating the potential of MALDI MSI to link the
suspect to the crime even if the sexual assault was reported
after several weeks. The implications of the results achieved
extend beyondwhat has been discussed around the impact of
the level of information and evidence that it is possible to
provide. For example, the lubricant profile detected and
imaged using the fingermark left at the crime scene could be
used tomatch residues from vaginal swabs collected from the
victim. This would provide more than circumstantial
evidence. In addition, if a suspect was arrested and one or
more unopened condom packets were found in his posses-
sion, the lubricant profile could be compared with that in
the unopened packets. This would also certainly provide
corroborative evidence.
For this technology to become a real forensic tool in the

investigation of this type of crime, an extensive study needs to

be performed aimed at imaging fingermarks contaminated
by more brands of condom as this would demonstrate the
robustness of MALDI MSI. Such a study is currently being
undertaken and preliminary data are encouraging. It is hoped
that MALDIMSI will be able not only to detect and image the
condom lubricants, but also to retrieve distinctive lubricants/
additiveswhich could indicate a specific condommanufacturer
and possibly even a particular brand from that manufacturer.
This would allow the forensic case to be profiled in an even
stronger way.
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