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Abstract: This short report extends our previous paper “Multiplicity of human scent signature” and
transfers canine identification to digital processing of data. The question is whether current GCxGC-
MS technology and computer-based identification can perform identification as well as canines. This
would objectify the identification of persons. Working with digital scent samples enables the use of
multiple scent signatures for more exact identification. More differently constructed signatures
during the identification process may represent the key point in identification of persons in
olfactronics. Several types of scent signatures were considered in this article. The digital scent
signatures were constructed based on the relative contents of the chemical compounds in the
samples and relative ratios of compounds in the samples. Further on the signatures were made from
the parts of the original samples fractioned by the volatility of compounds and by the relative
abundance of the compounds in the samples. These results confirm the scent multiplicity
phenomenon in digital scent samples. Using differently constructed signatures may be the key point
in identification of persons using digital scent samples. This approach enables a transition from
subjectivity to objectivity and a change from physical olfactory to olfactronic processing of digital
scent samples.

Keywords: GCxGC-MS; forensic; olfactronic; scent signature; digital scent sample; identification of
persons; chromatogram; multiplicity

1. Introduction

The multiplicity of scent signatures has been accepted as a fact by the scientific community [1,2].
This multiplicity was demonstrated on fractions of samples and identified by trained canines. It has
been proven that canines do not only orient themselves according to certain specific compounds but
have more options when identifying a person [1,3]. In other words, there must be more scent
signatures in the scent samples.

The multiplicity of the scent signature can be viewed from several points of view. An interesting
discussion is offered by the article [4], which studies the different scent signatures taken
simultaneously from the breath and from the skin of the same persons.

The application of the olfactronic approach that uses computer-based identification is needed
for the confirmation of the multiplicity of signatures, because it transfers the processing from the
subjectivity of identification performed by canines to an objective computer-based software
application [5,6]. The future use of trained canines in the identification of persons and in forensic
work is addressed, for example, in the work [7]. The identification using canines can only be used as
admissible evidence in court, not as conclusive proof [8].

The separation of the human scent into volatile and less volatile compounds opened the way to
analyzing which compounds are important in identifying persons [9,2]. Reliance on volatile
compounds led to an attempt to introduce the concept of a “human volatilome”, when 1846 VOC
(volatile organic compounds) compounds were identified [10]. Volatile compounds in the scent
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evaporate relatively quickly and are not usable in case of older samples. But the main disadvantage
of volatile compounds is that they vary in their volatility and thus their mutual concentration ratios
in the scent samples change over time [11]. Volatile compounds are likely to play an important role
in determining the current state of a person, for example in the detection of a disease, they are
promising for early and rapid detection of pathologies [12]. Less volatile compounds in human scent
were thoroughly investigated in [1]. So far, 137 compounds have been identified, which are the best
candidates for designation as primary compounds, that is, characteristic for a person and those by
which it is possible to identify persons [13]. A relatively recent article [2] deals with the discussion of
which substances are the most essential for identifying a person. Article concluded that rather than
VOCs, these are moderately or less volatile compounds.

In the paper [1] the scent samples were taken from 11 volunteers who participated in
identification and 20 other volunteers whose scent samples were used as controls. The samples from
11 volunteers were divided into 3 fractions according to volatility using the Agilent instrument (6890
GC/FID with an automatic Preparative Fraction Collector). A total of 33 fractional samples were
prepared, 11 samples with high volatility, 11 with medium and 11 with low volatility. The division
of the samples into fractions was done according to the 1D chromatogram record. The first fraction
contained substances up to decanoic acid, the second fraction from decanoic acid up to squalene and
the third fraction included compounds above squalene. This resulted in three fractions divided
according to volatility — volatile, medium volatile and low volatile. These samples were tested by
canines with three identification attempts. Six trained canines then identified fractions of the samples
versus full samples. The total number of identifications by canines was 99. Success rate ranged from
36.7 to 83.3.

The subjectivity of canines manifests itself in the fact that each canine behaves differently during
identification. Every canine has a distinct personality and they also cannot have identical training.
The canines were of different ages — from three to seven years. Interestingly, the youngest had the
second-best success in identifying samples, the oldest one the second worst [1].

2. Materials and Methods

Current experiments are trying to objectify the process of the identification of persons. Objective
results must be unaffected by any subjectivity and must be reproducible and lead to the same results
under the same conditions. Also, the division of the samples into fractions by means of computer
procedure can be done so that there is an equal number of compounds in each fraction.

The samples used in this processing have been obtained from UCT Prague in 2022-2023. There
were 13 volunteers, each of them provided 10 scent samples. 130 scent samples in total. The method
of sampling the scent, extracting and measuring the scent samples has already been published by
[14]. The samples were then processed on a GCxGC-MS chromatograph and subsequently evaluated
by the ChromaTOF software (version 4.72.0.0) program with a signal/noise threshold of 100.

The files vary in size in terms of the number of compounds. An overview chart of the numbers
is below in Figure 1.
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Figure 1. The different number of compounds in the samples.

The number of compounds in Figure.1 ranges from 3800 to almost 16000. This seems like a large
difference; however, it means that many compounds are missing in the smaller samples. This is a
problem because absent compounds cannot participate in the formation of the scent signatures. In
practice, however, we see that scent samples themselves are not equally intense and it will certainly
happen that the number of compounds must be different. We need only to ensure that some samples
are not so weak that it would not be possible to identify signatures in fractions of the samples.

When using an olfactronic approach to processing data, we do not need to divide the data into
physical fractions, but the division of compounds can be done by a procedure. The fractions of
compounds can be prepared based on parameters. The scent samples were successively divided into
three, four, five and six fractions so that each fraction had an equal number of compounds. The first
group of divisions were made according to volatility, the two dimensions of the time were used to
divide the compounds according to the distance based on the x and y axes, i.e. according to the
calculated diagonal of the right triangle from the equation

72 =x2+ yZ

Value of zisequalto  z= V(x? + (60 * y)?)

It was used because of the difference in dimensions, where the primary dimension is specified
in units of seconds, whereas the secondary is in thousands of seconds. The primary time dimension
in the graph ranges from 500 to about 3600 seconds, while secondary one from zero to ten seconds.
(see Figure 2)
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Figure 2. Division of the scent samples into three fractions according to the volatility of the scent

compounds.

The second division into individual fractions divided the samples according to the field “area”.
This corresponds to the amount of the compound in the sample. In the case of dividing the sample
into three fractions, we get the first third of compounds that occur less frequently and have small
peaks, then the second third of moderately occurring ones, and finally the third with the largest
peaks, those that occur in the greatest quantity in the sample. Like the previous assumption with
volatility, it would be assumed that those compounds that are more abundant in the sample could
identify a person the best way. The opposite is shown, namely that the substances that occur in
smaller quantities are more important for the identification. Those compounds that are in larger
quantities in the samples are often in all the samples and also their mutual ratios differ, so they are
not the primary compounds and are not significant for the identification of a person.

The processing of the identification of persons took place according to the article [15]. The two
experiments are described here — the first division of the compounds according to volatility and in
the second according to the content of the compounds in the samples. Both experiments took place
in the same way - division into three, four, five and six separated fractions. Firstly, the test sample
was selected from the person’s samples, then the scent signatures of the person were created from
the other samples, and then the person’s own identification took place, i.e. the test samples compared
to the prepared signatures. (see Figure 3).


https://doi.org/10.20944/preprints202405.0979.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 15 May 2024 d0i:10.20944/preprints202405.0979.v1

original samples person 1

Nl

Y
P~ )

“” fractions 111-119 'll‘”fractions 121-129 “ ” fractions 131-139

signature 12 signature 13

signature 11

Figure 3. The creation of the signatures for every person and every fraction. Fraction 121 means that

this fraction is for person 1, second fraction and first sample.

In each individual processing, all 130 samples were first imported into the database. Then the
samples were divided into test samples and samples for creating personal signatures. Then the
samples were divided into fractions according to parameters — how many fractions the sample is
divided into, and which fraction of the sample is processed in this run. In the original article, there
were 99 identifications. In this article, there were several thousand identifications that were
performed sequentially with different test samples. This is much more than is possible with canines.
The processing took place on a 64-core processor in eight simultaneous processes.

samples not used for signatures signatures from scent sample fractions
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Figure 4. The comparison of test samples with signatures. Every test sample is compared with every
pre-prepared signature. TS means test sample, Person X1.. X13 are ids of person in result

comparisons.

According to the conclusions from the article [15], the signatures were formed from eight
samples and the number of pairs of compounds in the signatures was 8000. The summary results of
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the identifications based on abundance of compounds in samples are summarized in the following
graphs.
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Figure 5. This graph shows four curves according to the number of fragments that the samples were
divided into. The fragmentation is performed according to the area (quantity) in the samples.

The yellow curve in Figure 5 represents the division of the samples into three fractions, and the
results show the percentage of identification success. Three fractions are present from left to right:
the first with the compounds with the smallest peak area, the second fraction the middle size of peak
area and the third on the right contains the compounds with the largest peak area value, i.e. those
that occur the most in the samples. The surprising result demonstrates that those compounds that
occur in the samples in the smallest amount are those that carry the most information for the
identification of persons. So it is possible to identify persons based on them. This finding calls into
question the method of selecting the most abundant compounds from samples and making an
identification based on them. Almost one hundred percent success identification for the division of
samples into three and four fractions (the yellow and gray lines in the graph) also proves the
conclusions of the original article [1] about multiplicity of the scent signature in the scent sample.

The brown and blue lines show that dividing the samples into more fractions reduces the
percentage of identification. The blue line shows the division of the samples into six fractions and the
percentage of correct identification decreases to 70%.

The following graph (see Figure 6) shows the results of the identification of samples when
divided into three, four, five and six fragments according to the volatility of the compounds.
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Figure 6. The graph that shows four curves according to the number of fragments than samples were
divided into. The fragmentation is made according to the volatility of compounds in the samples.

The yellow line on Figure 6 represents the division of samples into three fractions, gray into four,
brown into five and blue into six. From the very first look at the graph, it is clear that the identification
took place with an overall lower efficiency of 62-72%. This result corresponds to the result in the
original article, where the percentage of success was 58-85%. On the graph, we observe the increase
in success identification for the fraction samples with low volatility compounds.

3. Results

Above all, the work confirmed the conclusions of the articles [1,16] that there are multiple scent
signatures in one scent sample. Thus, it is possible to identify a person in certain cases by only
fractions of the scent sample with the help of olfactronics. The possibility to identify people based on
compounds with a small content in the sample was very clearly demonstrated.

Multiple signatures in a sample help to reach reliable, forensic identification of a person. For
example, we can perform identification by the unfractioned sample and then by the fractions, where
the compounds with the lowest area values are located. When identification of the same person is
done according to both, the identification would be confirmed twice.

Thanks to olfactronics, it is possible to parameterize the processing of samples to signatures,
adjust the parameters and even change the number of fractions of the samples. It is also possible to
choose the method of the division of the samples.
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4. Conclusions

The objective methods of computer-based olfactronic processing can be introduced in the scent
identification of persons in forensic and police practice. The olfactory identification using police
trained dogs can be extended by computer-based olfactronics. The olfactronic processing makes it
possible to evaluate and store huge number of the digital scent signatures, whereas the identification
credibility can be evaluated by means of chemometrics. Moreover, sophisticated databases can be
created from these digital scent signatures.

The results have proven that with the use of GCxGC-MS chromatography and the digital
processing of the scent samples it is possible to have even better results as trained canines. This
objective olfactronic approach allows the identification of persons based on digital scent samples to
be used in court cases as conclusive proof, not only as admissible evidence.

Author Contributions: LB analysis, programming, manuscript, SU: funding, outline ideas, manuscript check,
UM: chromatography, manuscript check, publishing, All authors read and approved the final manuscript.

Funding: This research was supported by the grant of the Ministry of the Interior of the Czech Republic project
No. V]J01010123.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Data Availability Statement: Data used in the paper are available in Zenodo on the link: DOL
10.5281/zenod0.10821605. Ten files for each of 13 persons, resulting in 130 files in experiments. Data are in TSV
(tab separated values) text version.

Conflicts of Interest: The authors declare no conflicts of interest.

References

1.  Dolezal P; Furton KG; Lnénickova J; Kyjakova P; Skefikova V; Valterova L; Pinc L; Urban S. Multiplicity of
human scent signature. Egypt ] Forensic Sci 2019, 9, https://doi.org/10.1186/s41935-019-0112-z

2.  Peters R; Veenstra R; Heutinck K; Baas A; Munniks S; Knotter J. Human scent characterization. Forensic
Sci Int, 2023, 349. https://doi.org/10.1016/j.forsciint.2023.111743

3. Rendine M; Fiore C; Bertozzi G; De Carlo D; Filetti V; Fortarezza P; Riezzo I. Decomposing Human Blood:
Canine Detection Odor Signature and Volatile Organic Compounds. ] Forensic Sci, 2019, 64.
https://doi.org/10.1111/1556-4029.13901

4.  Broza Y; Zuri L; Haick H. Combined Volatolomics for Monitoring of Human Body Chemistry. Sci Rep,
2014, 4. https://doi.org/10.1038/srep04611

5. Gruber B; Weggler BA; Jaramillo R; Murrell KA; Piotrowski PK; Dorman FL. Comprehensive two-
dimensional gas chromatography in forensic science: A critical review of recent trends. Trends Anal Chem,
2018, 105. https://doi.org/10.1016/j.trac.2018.05.017

6.  Lazarowski L; Krichbaum S; DeGreeff LE; Simon A; Singletary M; Angle C; Waggoner LP. Methodological
Considerations in Canine Olfactory Detection Research. Front Vet Sci, 2020, 7.
https://www.frontiersin.org/articles/10.3389/fvets.2020.00408

7. Woidtke L; Crispino F; Ferry B; GansloSer U; Hohlfeld NM, Osterkamp T. The use of mantrailing dogs in
police and judicial context, future directions, limits and possibilities — A law review. Forensic Sci Int, 2023,
7. https://doi.org/10.1016/j.fsisyn.2023.100439

8.  Nettles K; Ford C; Prada-Tiedemann PA. Development of Profiling Methods for Contraband Firearm
Volatile Odor Signatures. Front Anal Sci, 2022, 1,
https://www.frontiersin.org/articles/10.3389/frans.2021.785271

9.  Filetti V; Di Mizio G; Rendine M; Fortarezza P; Ricci P; Pomara C; Messina G; Riezzo I; Zammit C; Messina
A; Salerno M; Sessa F. Volatile organic compounds: instrumental and canine detections link an individual
to the crime scene. Egypt J Forensic Sci, 2019, 9. https://doi.org/10.1186/s41935-019-0139-1

10. Drabinska N; Flynn C; Ratcliffe N; Belluomo I; Myridakis A; Gould O; Fois M; Smart A; Devine T; Costello
BDL. A literature survey of all volatiles from healthy human breath and bodily fluids: the human
volatilome. ] Breath Res, 2021, 15. https://iopscience.iop.org/article/10.1088/1752-7163/abf1d0

11. Gokool VA; Holness HK; Furton KG. The influence of intra-personal variations in human hand odor on
the determination of sample donor. Forensic Sci Int, 2022, 334,
https://doi.org/10.1016/j.forsciint.2022.111235

12. Maidodou L; Clarot I; Leemans M; Fromantin I; Marchioni E; Steyer D. Unraveling the potential of breath
and sweat VOC capture devices for human disease detection: a systematic-likey review of canine olfaction
and GC-MS analysis. Front Chem, 2023, 11, https://doi.org/10.3389/fchem.2023.1282450


https://doi.org/10.20944/preprints202405.0979.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 15 May 2024 d0i:10.20944/preprints202405.0979.v1

13. Curran AM; Prada AP; Furton KG. The Differentiation of the Volatile Organic Signatures of Individuals
Through SPME-GC/MS of Characteristic Human Scent Compounds. ] Forensic Sci, 2010, 55,
https://doi.org/10.1111/j.1556-4029.2009.01236.x

14. Pojmanova P; Ladislavova N; Urban S. Development of a Method for the Measurement of Human Scent
Samples Using Comprehensive Two-Dimensional Gas Chromatography with Mass Detection, Separations,
2021, 8, https://doi.org/10.3390/separations8120232

15. Bougka L; Urban S; Cechova J; Mala U; Kaminskyi O. Computerized olfactronic identification of persons
using comprehensive two-dimensional gas chromatography with mass spectrometry. Separations, 2024,
Under Review, separations-3022154

16. Dolezal P; Kyjakova P; Valterova I; Urban S. Qualitative analyses of less-volatile organic molecules from
female skin scents by comprehensive two dimensional gas chromatography—time of flight mass
spectrometry. ] Chromatogr A, 2017, 1505, https://doi.org/10.1016/j.chroma.2017.04.062

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those
of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s)
disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or
products referred to in the content.


https://doi.org/10.20944/preprints202405.0979.v1

