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GCXGC-MS for Forensic

Analysis

Candice Bridge'?, Mark Maric', and Kaitlin Jones?, '"National Center for Forensic Science,
University of Central Florida, Orlando, Florida, USA, ?Department of Chemistry, University of

Central Florida, Orlando, Florida, USA

Gas chromatography-mass spectrometry (GC-MS) is considered

the gold standard in forensic trace evidence analysis because of its
ability to chromatographically separate and analyze components in
mixtures. Although two-dimensional GC-MS (GCXGC-MS) has been
used extensively in the oil and petroleum and flavour and fragrance
industries, it has not been fully explored in the forensic sector. However,
forensic scientists often encounter highly complex samples that would
benefit from the capabilities of GCXGC-MS, such as, sexual lubricants,
automobile paints, and tyres. GCXGC-MS analysis can allow for the
deconvolution of coeluted components while providing increased
sensitivity of minor components to help benefit any forensic laboratory.

Gas chromatography—mass spectrometry
(GG-MS) is a “go-to” analytical technique
primarily because of its versatility for
isolating and analyzing different components
in unknown mixtures without requiring
substantial method development for each
new sample. This is the primary reason why
GC-MS is the gold standard in the forensic
analysis of trace evidence, such as ignitable
liquids, drugs. However, there are limitations
in using GCG-MS for all unknown mixtures
because of the complexity of some of these

mixtures. The primary limitation is coelution
of the compounds in a mixture. This is
where multidimensional gas chromatography
(MDGC) can increase component separation
with the potential to increase the sensitivity
of compounds that may not meet the limit of
detection in GC-MS.

There are a few types of multidimensional
gas chromatography configurations,
all of which can be coupled to a mass
spectrometer: comprehensive (GCXGC-MS)
or heart-cut (GC-GC-MS). There are three
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Figure 1: (a) GG-MS and (b) GCXGC-MS of an oil-based lubricant.
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types of commercially available MDGC-MS
configurations: thermal modulation (TM),
Deans switch (DS), and differential flow
modulation (DFM). Discussions of TM and
DS can be found in the literature (1,2). This
article will discuss the use of the latter
modulator for forensic trace evidence
analysis to rapidly differentiate complex
mixtures by observing the unigue
chromatographic “fingerprint” (3). These
“fingerprints” are similar to a topography
chart, which shows the trends of compounds
that are chemically related, that is, normal
alkanes, isoparaffins. As a result of increased
sensitivity, this “fingerprint” shows both
major components as well as those minor
components that may have been hidden as a
result of coelution.

GCXGC-MS systems have been used
in the edible oil industry to investigate
minor compounds (3,5) as well as the
petroleum and biodiesel industries for rapid
determination of the chemical formulation
(6). However, the technique has yet to be
evaluated for complex forensic evidence. This
article discusses the use of GCXGC-MS for
several forensic samples.

Experimental

Both GG-MS and GCXGC-MS analysis of
the trace evidence samples was performed
on the same GC—MS system using the same
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column configuration. The GC system was
a 7890B gas chromatograph equipped with
a split=splitless injector coupled to a 5977
quadrupole mass spectrometer (Agilent) (7).
The pyrolysis analysis of automobile paint
and tyres used the same GCXGC-MS method
from the lubricant analysis. However, to
conduct pyrolysis of the sample a Pryoprobe
4000 (CDS Analytical LLC) was used. The
flash pyroprobe profile was started at 50 °C
for 2 s and then was ramped to 750 °C at
50 °C/s and held for 2 s. All samples were
analyzed in their natural, unmodified state.

Forensic Lubricant Analysis

A recent survey conducted by the National
Center for Injury Prevention and Control
revealed that approximately 1 in 5 women and
1in 71 men will be sexually assaulted in their
lifetime (8). Despite this staggering statistic,
most criminal investigators primarily rely on
DNA evidence to solve these crimes—from
semen, skin cells underneath fingernails, or
any other biological evidence. However, the
use of condoms by sexual perpetrators has
increased primarily because they think that it
will mitigate the deposition of semen at the
crime scene or on the victim, thus preventing
their identification based on DNA. A study by
Nancy Ritter demonstrated that approximately
30% of sexual assault kits do not contain any
probative DNA profiles for the perpetrator (9).
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Figure 2: (a) Cross-section of automotive paint system, (b) Py-GCXGC-MS profile of the clear

Coat.

n-Butyl
Methacrylate
Styrene

Second Dimension RT (s)

9.59EG

Peak Abundance (a.u.)

First Dimension RT (min)

This is where the forensic analysis of sexual
lubricants can support the current analysis
of sexual assaults. In the absence of DNA,
lubricant analysis can provide another link
between the perpetrator and the victim or
crime scene. However, many lubricants are
made from natural oils, which are comprised
of many compounds that may be difficult to
differentiate using traditional GG-MS.

An example of a typical oil-based organic
personal lubricant is one comprised of several
organic butters (cocoa and shea) as well as

vitamin E oil, bees wax, sweet almond oll,
and even sunflower oil. Each of these oils
and butters are comprised of many different
oils and components themselves. Lubricant
samples were prepared by hexane solvent
extraction. Despite the fact that the oil-based
lubricant only has six labelled ingredients,
GC-MS analysis shows that there were
more than the six labelled components,

but there was a substantial amount of
coelution between retention times (RTs) of
7 and 20 min (Figure 1[a]). However, using
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Figure 3: Py-GCXGC-MS profile of a tyre sample.
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GCXGC-MS analysis, more than 25 different
components were readily observed. Between
the 10- and 15-min first dimension retention
times (FDRTs), several components were
separated in the second dimension that were
coeluted during GG-MS analysis (Figure 1[a]).
When compared to other natural oil-based
or plant-based lubricants, the overall
chromatographic profile is similar, but the
differences are readily observed between
the FDRTs of 7 min and 17 min. Isoparaffinic
compounds make up the lower arc of the
early GCXGC profile (underlined in yellow)

and the aldehydes are above (circled in black).

Many of the heavier oils elute later on the
first-dimension column, such as vitamin E oil.
This oil is not readily observed in this sample
primarily because of the low concentration
in the sample. Based on the analysis of
other natural lubricants and lotions, vitamin
E (also known as a-tocopherol) elutes off
the second column adjacent to the column
bleed located at the lower right-hand corner
of the chromatographic plane. What is also
immediately noticeable is the increased
intensity.

It was not immediately clear why there was
a background shadow observed between
first dimension retention times 20 to 35 min
(lower right hand of Figure 1[b]). It is possible
that this “shadow” was a result of either
a column bleed from the first-dimension
column or the second-dimension column,
considering the elevated oven temperatures at
the end of the chromatograph run (280 °C).

Automotive Paint Analysis

Automotive paint is a type of forensic
evidence collected at car accidents,
hit-and-runs, and any other crime involving a
vehicle. This type of evidence is encountered
frequently, and thus it is critical to improve
current analytical technigues as well as
evaluate new options that could provide more
information than current techniques can
provide.

Automotive paint is chemically complex
because it is multilayer system and different
components are present in each layer.

The four main components that make up
automotive paint are pigments, additives,
binders, and solvent. When automotive paint
coatings are applied by the original equipment
manufacturer (OEM), they are added in the
following order: electrocoat, primer surfacer,
basecoat, and clear coat. Each of the coatings
have a different purpose with regards to the
car's appearance. The electrocoat is used to
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prevent corrosion and the primer surfacer
provides the car with a smooth surface. The
basecoat determines the colour of the vehicle,
and the glossy finish is provided by the clear
coat, which contains hindered amine light
stabilizers and UV absorbers to protect the
underlying paint layers from weathering and
environmental effects (10).

Currently, there are three techniques used
to analyze automotive paint: microscopy,
infrared (IR) spectroscopy, and pyrolysis
(py)-GC—MS. Py-GC-MS has the most
discriminating power among these three
techniques and can differentiate between
samples with similar binders and pigments,
not typically achievable with IR spectroscopy
(11). The ability of py-GC-MS to discriminate
between similar samples is significant,
yet there is still room for improvement.
Pyrograms of automotive clear coat samples
analyzed using py-GC-MS have indicated that
coelution occurs with certain compounds of
interest, that is, toluene and 1,2-propandial,
which can limit the ability to differentiate
clear coats (11).

To overcome the obstacle of coelution,
py-GCXGC-MS was used to analyze
automotive clear coats. To our knowledge,
there is no literature published on the
analysis of paints using py-GCXGC-MS.
Increased separation of paint components
is demonstrated using py-GCXGC-MS,

especially for peaks that typically coelute in
GC-MS. The two peaks around FDRT 11.6
min (Figure 2[b]) illustrate the improved
separation that is achieved in py-GCXGC-
MS. a-methylstyrene (11.776 min FDRT) and
n-butyl methacrylate (11.600 min FDRT)
would normally coelute in the first column,
however, the second column allows the two
peaks to be distinguished from one another.
With additional method development, we aim
to increase the separation of clear coat peaks.

Tyre Analysis

Much like automotive paint, traces of tyre
rubber are often encountered on road surfaces
or on the victim of automotive-related
incidents like hit-and-run accidents. The
forensic analysis of tyre evidence is useful to
investigators, specifically when attempting to
reconstruct vehicle trajectories, velocities, and
dynamics in incidents (12). Tyre impressions
from a crime scene are routinely compared

to the tread pattern of tyres from the suspect
vehicle, however, in many instances the
impression may be of poor quality, which

is when the chemical analysis of the rubber
traces may help to provide investigative leads.
The physiochemical complexity of trace tyre
particulates makes the characterization of this
evidence challenging and time-consuming.
Py-GC-MS is the technique primarily used by
forensic scientists for the chemical analysis

of tyre evidence (13,14). The pyrograms
from rubber traces obtained from the tyre
impressions can then be compared to the tyre
from a suspect vehicle. Tyres are extremely
chemically complex, often containing over
200 components, including natural and
synthetic rubber, oils, plasticizers, antioxidants,
antiozonants, accelerators, vulcanizing agents,
accelerators, and curing systems (15). This
chemical complexity can result in coelution
of components, which may prevent a correct
match and lead to significant errors.

A flash pyrolysis method was used to
pyrolyze a small portion (50 pg) of the
main tread of a Firestone Destination LE
tyre. Multidimensional separation of the
pyrolysates was performed and the resultant
GCXGC plot is presented in Figure 3.
The complexity of tyre samples makes
identification of the individual components
difficult using one-dimensional py-GC-MS.
py-GCXGC-MS was able to differentiate
many components in the second dimension,
which is beneficial to eliminate the ambiguity
in making comparisons, and improves match
determinations and reduces errors, which is
imperative in forensic investigations.

Conclusions

With complex mixtures commonly
encountered in forensic trace analysis, it is
necessary to start evaluating technigues
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other than GG-MS. The use of GCXGC-

MS or py-GCXGC-MS provide the forensic
community with a new methodology that
can achieve such separation. This could be
the next frontier for increasing the actionable
intelligence that forensic laboratories provide
the criminal investigation system.
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