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Abstract

We tested collecting abilities of nanofibers made from polyvinyl alcohol and calcofluor (PVAC) for odorological trace
collection. Our study revealed that spectrum of odorological traces trapped on nanofibrous PVAC absorbent is more
stable and reproducible compared to commonly used ARATEX™. In addition, both PVA and PVAC nanofibers can adhere
a large number of traces undetectable by ARATEX. Our results show that functionalization of commonly used absorbent
ARATEX™ with PVA and PVAC nanofibers can vastly increase the accuracy of trace collection and, thus, significantly

improve the forensic investigation.
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Introduction

The skin, as the human body’s largest organ, is
colonized in great numbers by diverse microorganisms
such as bacteria, fungi, microscopic mites and others,
together called as microbiome [1-3]. Based on our
immune system, composition of the sweat, choice of
cosmetic products and other factors, each of us has
his/her own unique population of skin microbes [4].
Everyday, microbial communities on the skin release a
lot of various metabolites into the surrounding
environment of the human body and the molecules also
contribute to specificity of the individual human odour
[5]. Such numbers of molecules provide a potential
source of information for forensic investigation and
personal identification that could be used in the criminal
praxis. However, currently, there is no highly
specialized adsorbent for collecting mentioned
molecules. Moreover, the surrounding environment also
contributes to this skin microbiome.

In this study, we focused on mainly fungal
metabolites, especially chitin and chitosan molecules.
Clearly, fungal metabolites are an important part of
human odorological trace. Chitin and chitosan are the
natural part of the cell walls of fungi abundantly
invading human skin. Fung have high number of
chitinases, enzymes that metabolize chitin a chitosan
and thus produce a diverse spectrum of chitin’s and

chitosan’s metabolites [6, 7]. The metabolites would be
collected from the air with a type of adsorbent and then
studied. We tested nanofibers from PVAC, mixture of
PVA (polyvinyl alcohol) and calcofluor. Calcofluor is a
fluorescent dye that binds with molecules of chitin and
chitosan, and, thus, calcofluor is commonly used as a
fluorescent stain for rapid detection of fungi and other
microorganisms [8]. We compared collecting abilities of
PVAC with PVA nanofibers with ARATEX™
adsorbents, commonly used for collection of human
scent trances in criminal investigations inthe Czech
Republic [9, 10]. Our goal was to determine wich type
of the three adsorbents is most suitable to collect fungal
metabolites from air.

Material and methods

We used three type of absorbent. ARATEX™ was
bought from CHLUM-TEX LLC. Samples of PVA
absorbent a PVAC were obtained from Nanuntio, Czech
Republic. We analysed adsorbents using a scanning
electron microscope (SEM) to determine average fibre
diameter. Fibre samples were coated with a thin layer of
gold using a rotatory pumped coater Quorum Q 150R S
device (Quorum Technologies, Lewes, UK) and
analysed by SEM (Vega 3; Tescan). To determine
average fibre diameter, 100 fibres were randomly



chosen and fibre diameter was measured using Tescan
software and then average value was measured and
calculated.

We collected molecules using studied adsorbents in
this way. We used a hand pump with defined volume
(400 mL). We put 0.35 g sample of the studied adsorbent
into the pump chamber. The pump chamber was
connected by a silicone hose to the 750 mL glass jar that
contains the culture of the black bread mold (Rhizopus
stolonifera). During the experiment, the glass jar was
slightly open to prevent vacuum forming and stop
drawing air from the glass jar. Each sample was exposed
to 4 000 mL of air from the glass jar with the mold
culture. The exposure time was one minute. We
prepared 5 samples for each adsorbent, ARATEX™,
PVA and PVAC. Treated adsorbents were stored
separately in 50 mL sterile tubes (Corning®) for
following chemical analysis.

As a next step, we analysed the prepared samples
using methods of liquid chromatography and mass
spectroscopy to determine molecules that were adsorbed
on the surfaces of the studied adsorbents. Prepared
samples were extracted by 3 ml of methanol. After
centrifugation, 100 pul of the extract was diluted in 900
pl of water and then it was analysed. The
chromatographic separation of analytes was achieved
using Agilent 1290 Infinity UHPLC system with a C18
column (Zorbax Eclipse Plus C18 RRHD; 2.1mm X
100mm; 1.8um; Agilent Technologies). 5SmM
ammonium formate with 0.01% formic acid (A) and
methanol containing 0.01% formic acid (B) were chosen
as mobile phases and gradient elution has been used.
The Q-TOF mass spectrometer (Agilent 6550 QTOF)
with positive and negative electrospray ionisation was
used for the untargeted analysis. We used Agilent
MassHunter software to exact masses and the probable
summary formulas of detected signals were created.

The statistical analyses were carried out using the R
program with gplots and vegan packages

Results

Microscopic analysis of PVA and PVAC adsorbent
showed submicron sized fibres. Average fibre diameter
was determined 0.653+0.321 pm for PVA fibres, and
0.72140.375 pm for PVA fibres with calcofluor. In
contrast to PVA and PVAC adsorbents, ARATEX™
consists from microfibers with average diameter
14.107+4.684 um. Thus, fibres of PVA and PVAC
adsorbent are approximately 20 times thinner than fibres
of ARATEX™,

After the exposition of our sorbent, we have analysed
the molecules adsorbed, and all together, we have
identified 1043 different molecules interacting with our
sorbents. Figure 1 shows the graphical representation
(heatmap) of concentrations of molecules adsorbed to
our sorbents, with cluster analysis. We can clearly see

that the patterns of our adsorbent differ. Moreover, the
clusters show distinct differences among the sorbents.
This analysis is even better represented in Figure 2,
which shows the results of RDA analysis, where each of
the adsorbents is characterised by different distribution
in the reduced dimension scale.

Figure 3 shows the Venn’s diagram of number of
molecules caught at least once. In comparison, 472
unique molecules interacted with ARATEX™ (of those
341 do not interact with other adsobents) 392 (232
unique) ones interacted with PVAC and 403 (219
unique) ones was adsorbed on PVA. This means, that
792 unique molecules are adsorbed by only one
adsorbent, and only 251 by more than one, of those only
52 unique compounds are adsorbed by all our
adsorbents.

Fig. 1: The heatmap of the concentration of the
detected compounds with respect to the sorbent. The
scale is in decadic logarithm.
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Fig. 2: The results of the RDA analysis of the
concentrations of interacting molecules with our
sorbents. The sorbents’ patterns are clearly different,
suggesting distinctive ways of the interaction.

Fig. 3: Venn’s diagram of the molecules detected at
least once. PVAC describes polyvinyl alcohol
enriched by calcofluor, A (Aratex) and PVA pure
polyvinyl alcohol nanofibers.

Discussion

In this pilot study, we tested if it is possible to
effectively collect forensing metabolites from air using
ARATEX™, PVA and PVAC adsorbent. Also, we
attempted to estimate which adsorbent type is the most

appropriate for this task. All tested adsorbents had
fibrous and highly porous structure that could be
suitable as air filter. In comparison to microfibrous
ARATEX™, fibres of PVAC and PVA are sub-micron
sized that have higher specific surface area than
microfibrous one to collect molecules. Surprisingly, our
results showed that ARATEX™ adsorbent was better in
number of caught molecules. Even though, PVA and
PVAC in this type of detection highly different affinity.

In case of combining all three adsorbents, the number
of detected molecules can rise from 472 to 1043 giving
the rice of accuracy up to 1034,

Moreover, there is the possibility of nanofibers
providing us with the tool for investigation of our skin
microbiome.

Conclusion

Our results show that functionalization of commonly
used adsorbent ARATEX™ with PVA and PVAC
nanofibers can vastly increase the accuracy of trace
collection and, thus, significantly improve the forensic
investigation.

Rewiever A: Describe technique, how to added PVA
or PVAC to ARATEXtm, as you write in conclusion. It
is technically realizable? If no, rewrite the text of
conclusion.
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