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A B S T R A C T

In this study, the stability of the chemical composition of lipsticks after exposure to various factors
(substrate, time, individual variability, the impact of smoking, the effect of consuming beverages) and
storage conditions (laboratory, insolation, without access to light) was examined. The following three
analytical methods were used in the study: Attenuated Total Reflection technique (ATR), Gas
Chromatography coupled to Mass Spectrometry (GC–MS) and Micellar Electrokinetic Capillary
Chromatography (MEKC). Seven red lipsticks characterized by different chemical composition were
analyzed. The analysis of variance (ANOVA) was used to estimate the impact of a given factor.
It was noticed the lack of influence of individual variability, cigarette smoking and consumed beverages

on the stability of the chemical composition of lipsticks. On the other hand, the changes in the chemical
composition in lipstick traces depending on the time and storage conditions can be observed – especially
when using the GC–MS method. In most cases, the results also indicated the possibility of identifying the
lipstick left as a trace, using the ATR and MEKC method even after exposure to various factors and
storage conditions. However, the main problem in the case of the ATR analysis is the occurrence of
interference originating from the surface on which the trace of lipstick was applied. Ultimately, the
conducted research provided evidence for the effectiveness of the MEKC method to the application in
forensic science investigation.
© 2020 The Author(s). Published by Elsevier B.V. This is an open access article under the CC BY license

(http://creativecommons.org/licenses/by/4.0/).
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1. Introduction

From the forensic point of view, numerous traces can be
considered in the crime scene. Among them, there are also traces of
cosmetics especially traces of lipsticks. These traces can be found
left on different surfaces including tissue paper, drinking cup,
cigarette butts as well as clothing. Even though traces of lipsticks
do not provide direct evidence, they can be significant forensic
evidence linking a suspect with the victim or crime scene. They can
be helpful especially in cases such as a sexual assault, a homicide or
a robbery.

Development of methods enabling discrimination of lipstick
samples has been the aim of many research groups. The most
common techniques are non-destructive ones, especially Raman
spectroscopy [1–4] and attenuated total reflection spectroscopy
(ATR) [5,6]. Destructive techniques are also available in the
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literature, including thin liquid chromatography (TLC) [7–9],
high performed liquid chromatography (HPLC) [10], gas
chromatography (GC) [7,11–13], and capillary electrophoresis
(CE) [14]. From the forensic point of view, it is also crucial to
know whether the chemical composition of lipsticks traces
undergoes decomposition due to exposure to various factors.
Thus, it is surprising that in the case of lipsticks traces only two
articles including the impact of tea – using TLC and GC methods
[15] as well as time and smoking cigarettes – using Raman
spectroscopy [4] on chemical composition, can be found in the
literature.

Consequently, in this research, a systematic investigation of
different parameters and effects, which can influence the stability
of chemical composition of red lipsticks, was performed. The
following factors were taken into consideration: the ageing effect
(up to 12 months) and storage conditions (laboratory conditions,
insolation and without access the light) as well as the individual
variability (tested on five people), the residence of lipstick on lips,
the impact of smoking cigarette, and the effect of consuming
beverages (coffee, tea, wine, juice).
icle under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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It should be emphasized that all measurements were per-
formed using three previously developed methods using ATR [6],
GC–MS [11] and CE [14] techniques. Hence, the obtained results
provide information about not only chemical stability of lipstick
traces but also enable founding the most resistant method for all
tested factors. The main aim of this study was, therefore, to
propose (to the best of authors’ knowledge) the first protocol for
dealing with comparative analysis of red lipstick marks for forensic
purpose.

2. Materials and methods

2.1. Materials and samples

The chemicals used throughout experiments: sodium tetrabo-
rate decahydrate (borax), sodium dodecyl sulphate(VI) (SDS),
acetonitrile (ACN), acetone (Ac), 2-propanol (PrOH), methanol
(MeOH), sodium hydroxide were purchased in Sigma-Aldrich
(Germany). Hydrochloric acid was purchased from POCH (Poland).
Ultrapure water (18.2 MV cm, < 3 ppb TOC) was generated in the
laboratory with the Milli-Q system by Merck-Millipore (Germany).

Lipsticks were supplied in local shops or donated by Inglot Sp.
z o.o. Seven red lipstick samples selected from 43 items of authors’
collection were used in this research. Six of them: L4 – Misslyn
M20.87, L15 – Sephora N*19, L16 – Catrice 430, L28 – Inglot 176, L34
– Inglot 12, L41 – Freedom 108 were chosen according to the
previous research [6,11] due to the various chemical composition
and different consistencies of lipsticks, which reflects in the traces
left. The last lipsticks: L36 – Manhattan 45 N was used because of
the larger number of sticks of this lipstick available in authors’
laboratory. All lipsticks designations are consistent with previous
articles [6,11,14].

2.2. Instrumentation

ATR analyses were performed using a Thermo Nicolet iS50 FTIR
(Thermo Fisher Scientific, USA) with a Smart Orbit micro-ATR
accessory. All spectra were collected from 650 to 4000 cm�1, with
4 cm�1 of resolution and using 20 number of scans. After each
measurement, the surface of the crystal (ZeSe) was cleaned with
50% PrOH and then with MeOH to avoid contamination. Moreover,
a new background spectrum was collected prior to the analysis of a
new sample.

A GC–MS apparatus was composed of a 6850 Series II gas
chromatograph coupled to a 5975 MSD mass spectrometer
(Agilent Technologies, USA). The GC system was equipped with
a ZebronTM ZB-5 ms PLUS (Phenomenex, USA) capillary column
(30 m, 0.25 mm i.d., 0.25 mm film thickness). Helium (with a flow
rate of 1.0 ml�min�1) was used as a carrier gas. Injection of 1 mL was
performed at 280 �C with 1:15 split mode. The oven temperature
was programmed follow: initial temperature of 60 �C, held for
3 min, then increased to 280 �C (30 �C�min�1) and led for 7 min and
finally increased to 300 �C (30 �C�min�1) and held for 3 min. In
the case of MS parameters, transfer line temperature was set up to
280 �C, the ion source temperature equalled 230 �C, the electron
impact ionization energy of 70 eV was used throughout and the MS
detector in scan mode was used (from 45 to 450 m/z). Additional
information about the GC–MS method can be found in [11].

A PA800 plus capillary electrophoresis (CE) system (Beckman-
Coulter, USA) equipped with a diode array detector (DAD) was also
utilized. The separation was carried out using fused silica capillary
(60 cm long, 50 cm effective length, 50 mm i.d.) (Beckman-Coulter,
USA) for 15 min, applying a voltage of +30 kV. The samples were
stored at 10 �C and were introduced into the capillary at a pressure
of 0.7 psi for 6 s. The capillary coolant temperature was maintained
at 25 �C. The optimal background electrolyte (BGE) was borate
buffer at pH = 9 enriched by 80 mM SDS. Additional information
about the MEKC method can be found in [14].

The Ultrasound-Assisted Extraction (UAE) was carried out using
a Sonic 3 ultrasound bath (Polsonic, Poland) working at frequencies
of 40 kHz and equipped with a digital timer and temperature
controller (25–80 �C).

Statistical analyses of obtained data were carried out using
STATISTICA 12.5 PL (StatSoft Inc., USA) software.

2.3. Preparation of lipstick marks

Six red lipsticks characterised by various chemical composition
and different consistencies were used in order to explore the
influence of surface, time and different conditions of storage. They
were applied by gently smearing on three surfaces most frequently
associated with lipstick marks: paper (PolSpeed of 80 g�m�2 basis
weight, International Paper, Poland), cotton, white shirt (cutting in
small pieces, approximately 6 � 15 cm) and glass - windowpane
(cutting in small pieces, approximately 6 � 4 cm). In the next step,
these surfaces with lipstick stains were placed in three different
storage conditions: laboratory (laboratory top), insolation (win-
dowsill) and without access to light (drawer). Then, they were
analysed periodically (every hour for 3 h, every day for 4 days, once
a week for 4 weeks, once a month for six months, and after 12
months). The starting point (reference sample) was the sample
examined immediately after applying each lipstick on the
particular surface.

Moreover, the following conditions affecting the chemical
composition of lipsticks were also investigated: the individual
variability, lipstick's resistance after application on the lips, the
impact of smoking and the effect of consuming beverages. This
stage of research was based on the lips print left on the paper by
female volunteers. The lipstick (L36) smeared on paper was used as
a reference sample in each of the cases described above. The
methodology of preparing lipstick traces was as follow:

i) the individual variability: five volunteers were asked to put
lipstick (L36) on their lips, wait 15 min (without eating and
drinking) and subsequently, press their lips on paper,

ii) the length of time of leaving the lipstick on lips: to exclude the
individual variability one volunteer was asked to put lipsticks
(L36) on her lips and press her lips on paper in the different
period: 1 h, 2 h, 6 h,

iii) the impact of smoking: five volunteers smoking a cigarette
were asked to put lipsticks (L36) on their lips, smoke cigarette
(each person smoke different mark of cigarette: Marlboro Gold,
Marlboro Green Super Slims, Pall Mall Bright Green, LD Pink
Superline, L&M Blue Label) and then press their lips on paper,

iv) the effect of beverages consuming: one volunteer was asked (in
different days) to put lipstick (L36) on her lips, drink different
beverages (coffee – Nescafe Classic; tea – Lipton, black; red
wine – Dr Faust Dornfelder 10.0% vol.; juice – Tymbark,
multivitamins) and then press her lips on paper.

2.4. Preparation of lipstick lab-samples

Two different kinds of sample preparation procedures (before
the GC–MS and MEKC analysis) were proposed. It depended on the
type of surface on which the lipstick marks were applied. If
lipsticks were smudged on the paper, samples were cut in the form
of three dots (i.d. 2 mm) using Harris Micro Punch (Whatman,
United Kingdom). Lipsticks smeared on the windowpane or shirt
were removed from approximately 0.5 cm2 area using a dry
disposable cotton swab (Equimed, Poland). Samples collected in
this way were transferred to a glass microtube (max. volume 250



Fig. 1. A detailed procedure diagram of data analysis using ANOVA.
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mL), the extraction agent was added and finally, UAE extraction
process was carried out. Depending on the further analytical
technique (GC–MS or MEKC), parameters of the extraction
processes were the following:

1) the GC–MS method: the extraction agent (100 mL) – a
mixture of ACN:MeOH:Ac (50:30:20, v/v/v), 35 �C – the tempera-
ture of the ultrasonic bath and 21 min – the time of extraction
process. After the extraction, the obtained extracts were centri-
fuged (14,800 rpm, 5 min) by Microfuge 16 (Beckmann-Coulter,
USA), then the supernatants were transferred to a 1.5 mL vials
and diluted with extraction agent (1:1 v/v) prior to GC–MS analysis
[11].

2) the MEKC method: 100 mL of extraction agent – BGE
(borate buffer at pH = 9 enriched with 80 mM SDS), 45 �C – the
temperature of the ultrasonic bath, 22 min – the time of
extraction process. In the next step, the obtained extracts were
centrifuged (14,800 rpm, 5 min), then the supernatants were
transferred to PCR vials and diluted with sample solution (100-
fold water-diluted optimal BGE). Prior to the MEKC analysis, the
prepared samples were centrifuged again to remove air bubbles
[14].

Due to the consistency and form of lipsticks, marks of this
cosmetic can be unevenly spread on the investigated surfaces. For
this reason, to minimize changes in the amount of lipsticks, five
replicates were performed for each sample in the case of ATR
method (without sample preparation), while in the case of separa-
tion techniques, three samples were prepared and each sample
was analysed three times.

2.5. Data analysis

One-wayanalysis ofvariance(ANOVA)wasusedinorderto assess
the influence of investigated factor on the chemical composition of
lipsticks with the use of ATR and GC–MS methods. The procedure of
analyses data has consisted of a few steps. Firstly, the relation
(calculated as Pearson correlation coefficient (CC)) between aver-
aged spectra (or chromatograms) registered for reference samples
(specified in Section 2.3) and spectrum (or chromatogram) regis-
tered for sample replicates were calculated. Secondly, the two
assumptions of the ANOVA test were checked: normality and
homogeneity of variance. Each sample was examined independently
of each other, thus the criterion of independence was always met.
Thirdly, the ANOVA test was performed for obtained results. A
detailed procedure diagram, containing the information of used tests
is demonstrated in Fig. 1. If the ANOVA test results indicated
statistically significant differences (α = 0.05), a post-hoc test (Tukey’s
test) was additionally performed in order to identify group pairs of
not equal means value of CC.

Due to the nature of the electrophoretic process (peaks shift,
changes in the baseline, occurring spikes), it was not possible to
calculate reasonable CC value for two electropherograms. For this
reason, in the case of MEKC analysis, the stability of the chemical
composition of lipsticks after exposure to various factors and
storage conditions was examined by visual comparison of whole
electropherogram profiles.

3. Results and discussion

3.1. The effect of time and storage conditions on lipsticks traces

Firstly, the effect of ageing on the lipstick marks was
investigated. The time effect was examined simultaneously with
the influence of the storage conditions. All obtained results after
statistical analyses are collected in Tables 1–3 in the Electronic
Supplementary Materials (ESM) for ATR, GC–MS and CE methods,
respectively.
A careful analysis of the obtained results (see Table 1 in the
ESM) has distinguished several types of ageing lipstick marks
(discussion described below was limited to the lipsticks applied on
paper). In the case of ATR analysis, there are lipsticks traces where
no changes in their chemical compositions were observed up to 12
months (Fig. 2A, L16). Interesting observations were made for
strongly oily traces of L15 (Fig. 2B) and liquid L34 (Fig. 2C). Spectra
obtained after 1 h were significantly different in comparison to
these registered immediately after applied on the surfaces. After
this time, it was noticed that no further changes in obtained
information about lipstick traces occurred (L15) or after 12 months
(L34). The chemical composition of the remaining lipsticks traces
was changed after some time (Fig. 2D – F for L4, L41, and L28,
respectively). Moreover, it was noticed that these changes were
accelerated by light. For instance, the same changes were observed
on the spectra obtained for L28 traces (Fig. 2F), but after different
periods of time, depending on storage conditions: after 2 weeks for
sunlight conditions, after 3 weeks for laboratory conditions and
after 12 months for conditions without access to light.

Similar observations were made for results obtained using the GC–
MS method (see Table 2 in the ESM). In this case, there were also some
lipstick marks which chemical composition did not change up to 12
months (Fig. 3A, L41). The chemical composition of lipsticks marks left
using L34 and L15 analogous to ATR analysis, were changed after 1 h,
nonetheless furtheranalysesforL34werenotpossibletobeconducted
due to evaporation volatile compounds occurring in this liquid lipstick
(tR = 5.480 min – 2,2,7,7-tetramethyl lactone; tR = 5.803 min – 2,2,4,4-
tetramethyl lactoneandtR=5.782min–methyl-tris(trimethylosiloxy)
silane) and no peaks were registered on chromatograms (Fig. 3B). The
peaks registered for L15 have disappeared in different time and
depending on storage conditions no further analyses were possible
(laboratory and insolation conditions – after 6 months, conditions
without access to light – 12 months). Examination of other lipsticks
traces indicated that their chemical composition was changed by the
systematically disappearance of the peaks in the chromatogram
(Fig. 3C, E, F for L16, L4 and L28, respectively). In some lipstick traces,
changes unable further analysis – no peaks were registered on
chromatograms (for instance L4 after 12 months for all storage
conditions or L28 after 1 month in isolation conditions). Similarly to
previously mentioned observation, it was noticed that the light
accelerated changes in the chemical composition of lipsticks. For
instance, chromatograms registered for L28 lipstick traces were



Fig. 2. ATR spectra of lipsticks traces applied on paper and stored in various conditions (laboratory, insolation, without access to light); no changes in the chemical
compositions: A) L16; significant changes after 1h: B) L15, C) L34; changes in chemical compositions after some time and accelerated by light: D) L4, E) L41, F) L28.
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significantly different for chromatograms registered for reference
samplesafter1dayfor insolationconditions,after4daysforlaboratory
conditions and after 1 month for conditions without access to light.
Moreover, it should be emphasisedthat analysis was not possible to be
performed after 1, 2 and 4 months for insolation, laboratory and
without access to light conditions, respectively (see Fig. 3F).

It is important to emphasize that the observed changes in
chemical compositions of lipsticks traces were also caused by the
decomposition/degradation of components (Fig. 3C – L16 or Fig. 3D
– L15). In this situation, the appearance of new peaks on
chromatograms were observed. From the forensic point of view,
it is highly possible to make false-negative error.

Basing on this information and results collected in Table 2 in the
ESM it can be concluded that the application of GC–MS method to a
comparative analysis of ageing red lipstick traces (in most cases) is
limited.

In the next step, the MEKC method enabling an analysis of
compounds showing absorbance in the UV–vis range was utilized.
The obtained results indicated much smaller changes than in the
previously applied methods. There were lipsticks traces which
chemical composition did not change up to 12 months (Fig. 4A and B
for L16 and L28). Regarding L34 traces, similar observations as before
weremade– thechemicalcomposition changedafter1 h(Fig.4C),but
after this time no further changes in the chemical composition were
observed. Additionally, small changes in the registered electrophero-
grams for the remaining lipsticks until after 6 or 12 months was
noticed, but solely in insolation conditions. As can be seen in Fig. 4D
(L41), 4E(L15), and 4 F (L4) in the conditions without access to light no
differences in the number of peaks were observed in the comparison
to electropherogram registered for the reference sample. Storage of
lipsticks traces in conditions with access to light (laboratory or
insolation conditions) caused changes in their chemical composi-
tions. For instance, in Fig. 4F the decrease of intensity (laboratory
conditions) and the disappearance of one dye peak (insolation
conditions) was marked by arrows. This peak was identified using in
lab-built UV–vis dyes library as a Ploxibine B. The decomposition of
this dye was also reflected in the change in colour of investigated
lipstick traces. Despite the mentioned chemical component decom-
positions after few months, the whole electrophoretic profile
remained similar to electropherograms register for the reference
sample. Moreover, it should be pointed out that the peaks shift
presented on the electropherograms was caused (with high
probability) by using the new capillary or new BGE (systematic error
during the preparation). Ultimately, the obtained electropherograms
provided evidence for the effectiveness of the MEKC method to
perform a comparative analysis of ageing red lipsticks traces.

3.2. Lipsticks traces applied on different surfaces – the effect of
substrates

Similar relationships in the case of ageing lipstick traces were
observed for other investigated surfaces i.e. the stability of



Fig. 3. GC–MS chromatograms of lipsticks traces applied on paper and stored in various conditions (laboratory, insolation, without access to light); no changes in the chemical
compositions: A) L41; significant changes after 1h: D) L15 and impossibility of conducting further analyses B) L34; changes in chemical compositions after some time and
accelerated by light: C) L16, E) L4, F) L28.
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chemical composition strongly depended on the kind of lipstick
and the light accelerates observed changes. Moreover, the MEKC
method was the most resistant to the observed changed (see
Table 1–3 in the ESM). The visual comparison of the obtained
results for three applied method was presented in the ESM:
Figs. 1–3 and Figs. 4–6 for lipsticks traces applied on shirt and
windowpane, respectively.

Apart from that, it was not possible to achieve a general
conclusion about the effect of the surface on the stability of the
chemical composition of lipsticks marks. In the case of ATR
analysis, it was noticed that the changes in the chemical
composition of some lipstick’s traces do not depend on the surface
(see for instance L16 or L15 in Table 1 in the ESM). Nevertheless, it
was also observed that chemical compositions of L4 traces were
changed faster when these traces were applied to windowpane.
Moreover, it was a surprising observation that only one spectrum
of five repetitions was able to be registered before losing some
information about L34 traces applied to the windowpane. In this
situation, the spectrum registered after these fast changes was
selected as a reference spectrum.

In the case of the GC–MS method, the obtained results and their
statistical analysis indicated that if lipsticks were applied on paper
or shirt, the changes in the information received about samples
were observed earlier. The absorbed character of these surfaces, as
well as the sample preparation procedure (drying lipstick traces
can cause sampling of smaller amount of lipstick from shirt) can be
the reason for the above-mentioned observation. On these cases,
the inability to conduct further analyses due to the lack of peaks
registered on the chromatograms was more frequent and earlier
observed.

This phenomenon was not observed with the MEKC method. It
focuses on the analysis (primarily) of dyes occurred in lipsticks
whose decomposition was observed only in 3 lipsticks traces
(L4, L15, L28) and after 6 or 12 months. Moreover, the whole
electropherograms profiles remained very similar to the electro-
pherogram registered for the reference sample. Hence, it appears
that the MEKC method is the best one for comparative analysis of
red lipstick traces.

On the other hand, it was noticed that the lipsticks traces
applied on shirt were the most problematic and difficult to the
analysis. Firstly, cotton makes a strong interference in the
registered ATR spectra thus changes in the chemical composition
of lipsticks traces can be overlapped by these bands. Secondly, it is
an absorbent surface that causes lipstick ingredients to penetrate



Fig. 4. MEKC electropherograms of lipsticks traces applied on paper and stored in various conditions (laboratory, insolation, without access to light); no changes in the
chemical compositions: A) L16, B) L28; significant changes after 1h: C) L34; changes in chemical compositions after some time and accelerated by light: D) L41, E) L15, F) L4.

Table 1
The stability of the chemical composition of lipsticks after exposure to various
factors – comparison of three utilized methods. A ‘

p
’ indicates that the lipstick

smear can be correctly compared with reference sample. A ‘*’ indicated that the
comparative analysis should be performed with great caution due to minor changes
in obtained information.

Factors ATR GC–MS MEKC

individual variability
p p p

residence of lipstick on lips 15 min
p p p

1h � � p
2h � � p
6h � � p

impact of smoking
p p p

effect of beverages consuming coffee
p p p

tea
p p p

wine
p p p

juice
p p p
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inside and in consequence, the sampling of the adequate amount of
lipstick to the analysis using separation techniques is difficult. In
the case of GC–MS it was observed these traces were impossible to
analyse after some time – no peaks register on chromatograms. It is
highly possible that this was caused by too tiny sample being taken
for testing as a result of drying on the surface.

3.3. The effect of the individual variability, the residence of lipstick on
lips, the impact of smoking cigarette and consuming beverages

The outcome of statistical analysis of the obtained results for
the remaining of the investigated conditions affecting the chemical
composition of lipsticks (i.e. the individual variability, the resid-
ence of lipstick on lips, the impact of smoking cigarette and the
effect of consuming beverages) were presented in Table 1.

As can be seen, the examined factors – except the residence of
lipstick on lips – do not influence on the information obtained
about lipstick samples. Hence, it can be easy to identify the source
of lipstick marks using the developed methods. The residence of
lipstick on lips affects the changes in the registered ATR spectrum
or GC–MS chromatogram. However, it should be highlighted that
these changes are caused solely by a smaller amount of lipstick
applied on the surface. The longer the lipstick on lips left the
smaller amount of material taken to test. In the case of ATR
analysis, it was more difficult to obtain a spectrum of lipstick trace
with a similar form to pure one due to too strong interferences
coming from paper (Fig. 5A). The problem can be however avoided
by performing comparative analysis after application of reference
lipstick on the appropriate surface (if it is possible). However, in
the case of GC–MS analysis, even though some low-intensity peaks
were disappeared, a great majority of the chromatographic
profile remained similar to chromatographic profile registered
for reference samples (Fig. 5B). Despite these difficulties, it was
possible to make correct comparative analysis but it required
special caution. For comparison, this effect was not so much visible



Fig. 5. The effect of time of leaving the lipstick on lips analyzed using A) ATR, B) GC–
MS, C) MEKC method.
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in the case of MEKC method (Fig. 5C). Only decreases in peaks
intensity were noticeable while the number of registered peaks
remained the same. Based on the above information it can be
concluded that the MEKC method (although destructive) is the best
one (amongst tested) to perform analysis of red lipstick traces.

4. Conclusion

In this work, the systematic investigation of different param-
eters and effects, which can influence the stability of the chemical
composition of red lipsticks traces, was performed. Detailed
analysis of the obtained results (including statistical analysis)
provided some general conclusions: 1) the stability of chemical
composition is different for various kinds of lipsticks, 2) in most
cases the light accelerates changes in the chemical composition of
lipsticks, 3) the analyses of traces applied on a shirt are the most
difficult, especially in the case of ATR technique due to the
interferences coming from cotton. In addition, the comparison of
obtained result using three different methods indicated that the
GC–MS method is the most sensitive to the changes whereas the
MEKC method is the most resistant to investigated factors.

Consequently, the following protocol could be used to solve the
forensic science questions related to a comparative analysis of red
lipsticks. The exploitation of the ATR method as a non-destructive
one is especially recommended from the forensic point of view.
However, due to strong interferences coming from surfaces, a
comparative analysis after application of a reference lipstick on the
appropriate surface (if possible) should be performed. MEKC
method as the most resistant to all investigated factors should be
used as a second choice.

It is also worth pointing out that the analyses performed for the
forensic purpose have to be confirmed using minimum two
different techniques based on various physical-chemical proper-
ties. The proposed protocol meets this requirement.
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