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Abstract

We tested collecting abilities of nanofibers prepared from polyvinyl alcohol and calcofluor (PVAC) for an odorological
trace collection. Our study revealed that spectrum of odorological traces trapped on nanofibrous PVAC adsorbents, is
more stable and reproducible compared to commonly used ARATEXTM. 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
adsorbent ARATEXTM with PVA and PVAC nanofibers can vastly increase the accuracy of trace collection and, thus,

significantly improve forensic investigations.

Keywords
chitin, chitosan, forensic mycology

Introduction

The skin, as the human body’s largest organ, is
colonized by numbers of diverse microorganisms such
as bacteria, fungi, microscopic mites and others. In
another words, a skin microbiome is individually spe-
cific [1-3] due to sweat composition, used cosmetic
products [4], etc. Skin microbial populations release
a lot of various specific metabolites into the surrounding
environment contributing, thus, to specificity of the
individual human odour [5]. Clearly, this provides an
efficient potential source of information for forensic
investigation and personal identification for the criminal
praxis. Unfortunately, highly sensitive and specific
adsorbents are still missing.

This study has been focused on fungal metabolites,
especially chitin and chitosan molecules. Clearly, fungal
metabolites are an important part of any human odoro-
logical trace. Fungi known as abundantly invading
human skin, contain chitin and chitosan as a natural part
of their cell wall. Fungi have also a high number of
chitinases, enzymes metabolizing chitin a chitosan and,
thus, producing a diverse spectrum of chitin and
chitosan metabolites [6, 7]. The metabolites could be
collected and identified.

We have tested nanofibers from a mixture of PVA
(polyvinyl alcohol) and calcofluor (PVAC). Calcofluor
is a fluorescent dye known as binding chitin and
chitosan molecules, and, thus, commonly used as
a fluorescent stain for rapid detection of fungi and other

microorganisms [8]. We have studied specificity and
capacity of PVAC nanofibers to trap odorological traces
and compared them with PVA nanofibers and
ARATEX™, used as the golden adsorbent standard in
criminology [9, 10].

Material and methods

Collectors and their characterization

ARATEX™ was obtained from CHLUM-TEX LLC.
Samples of PV A adsorbent and PVAC were obtained as
a present from commercially available source. To
determine average nanofiber diameters and adsorbent
structure, electron scanning microscopy (SEM) was
used. Fibrous samples were coated with a thin layer of
gold using a rotatory pumped coater Quorum Q 150R S
device (Quorum Technologies, Lewes, UK) and
analyzed by SEM (Vega 3, Tescan). To determine
average fiber diameters, 100 fibers were randomly
chosen and fiber diameter was measured using Tescan
software and then the average value was measured and
calculated.

Collection of odour traces

A hand pump with defined volume (400 mL) was
employed for collection of odour traces. We put 0.35 g
sample of the studied adsorbent into the pump chamber.

Lekar a technika — Clinician and Technology 2018, vol. 48(4), pp. 131-135

ISSN 0301-5491 (Print), ISSN 2336-5552 (Online)



ORIGINAL RESEARCH

The pump chamber was connected by a silicone hose to
the 750 mL glass jar containing the culture of the black
bread mold (Rhizopus stolonifera). During the experi-
ment, 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.

Analysis

The prepared samples were analyzed by liquid
chromatography and mass spectroscopy to determine
molecules adsorbed on the adsorbent surface. Prepared
samples were incubated in 3 ml of methanol. After
centrifugation, 100 pl of the extract was diluted in
900 pl of water and analyzed. The chromatographic
separation of analytes was achieved by Agilent 1290
Infinity UHPLC system with a C18 column (Zorbax
Eclipse Plus C18 RRHD; 2.1 mm x 100 mm; 1.8 um;
Agilent Technologies). 5mM 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 soft-
ware to exact masses and the probable summary
formulas of detected signals were created.

Statistics

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

Results

Microscopic analysis of PVA and PVAC adsorbent
showed and proved submicron fiber diameters.
The average fiber diameter was determined as
0.65 £ 0.32 pm for PVA fibers, and 0.72 = 0.37 um for
PVA fibers enriched with calcofluor. In contrast to PVA
and PVAC adsorbents, ARATEX™ was consisted from
microfibers with average diameter 14.1 + 4.7 um. Thus,
PVA and PVAC adsorbent fibers are approximately
20 times thinner than fibers of ARATEX™.

All samples were exposed to traced molecules as
described in Methods, and adsorbed molecules were
analyzed. We have identified 1043 different molecules
interacting with our sorbents. Figure1l shows the
graphical representation (heatmap) of concentrations of
molecules adsorbed on our sorbents, with the cluster
analysis. Clearly, the spectrums of adsorbed molecules
significant differed. This analysis is even better shown

and presented in Figure 2 depicting the results of RDA
analysis, where each adsorbent is characterized by
different distribution in the reduced dimension scale.

To quantify trapped molecules, the Venn’s diagram of
number of molecules detected at least once was prepared
(Figure 3). In comparison, 472 unique molecules
interacted with ARATEX™ (of those 341 exclusively)
392 molecules (232 exclusively) interacted with PVAC
and 403 molecules (219 exclusively) were adsorbed on
PV A nanofiber samples.
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Fig. 1: The heatmap with detected compounds above 1.2
mil interacting with the sorbent. The scale is in decadic
logarithm. For the heatmap which depicts all detected
molecules - see The Appendix.
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Fig. 2: The results of the RDA analysis of the concen-
trations of interacting molecules with our PVA, PVAC
nanofiber samples and ARATEX, respectively.
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Fig. 3: Venn’s diagram of the molecules detected
trapped on the sample at least once. PVAC stands for
polyvinyl alcohol nanofibers enriched with calcofluor,
A (Aratex) and PVA for nanofibers from polyvinyl
alcohol.

Discussion

The suitability of ARATEX™, the golden standard
for odour trace collection, to collect effectively metab-
olites from air has been tested in this study. The obtained
results were compared with novel PVA and PVAC
nanofiber-based adsorbents. We have proved that
ARATEX™ has only limited abilities to trap a full
spectrum of molecules. In addition, the total number of
trapped molecules by ARATEX™ was comparable to
nanofibrous samples despite of a significantly higher
mass of compared to nanofibrous PVAC and PVA
samples. We suppose that this observation reflects
a significantly larger specific surface area of nano-
fibrous samples compared to ARATEX™. This,
naturally, opens a possibility for next development of
nanofibrous samples from a more complex polymer
composition to substitute ARATEX™. Nanofibrous
adsorbent would have plenty of advantages compared to
the traditional adsorbent. First, nanofibers are fabricated
from well soluble molecules. Thus, a significantly lower
adsorbent mass would significantly decrease a back-
ground for any liquid chromatography analysis which

has been shown as a more sensitive for analysis
compared to a gas chromatography. Second, PVA and
PVAC nanofiber-based adsorbents showed a different
spectrum of entrapped molecules. Thus, we can expect
that next development of nanofiber-based adsorbent
from a set of several suitable polymers would fully
substitute currently employed ARATEX™ in forensic
analysis. Third, nanofibrous adsorbents significantly
enlarged the number of entrapped molecules. 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,

Last but not at least, there is the possibility of nano-
fibers providing us with the tool for investigation of our
skin microbiome.

Conclusion

Our results show that the traditionally used odour
trace collection methodology could be significantly
improved by application of suitable nanofibrous
material. Novel nanofiber-based adsorbents could be
prepared and are currently under development in our
laboratories. Another option is functionalization of
ARATEX™ with PVA and PVAC nanofibers. This
could increase the accuracy of trace collection and, thus,
significantly improve the forensic investigation. There
are several ways how to functionalize ARATEX™
with PVA and PVAC nanofibers as our preliminary
experiments have shown. Functional samples are
currently under development.
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Appendix 1. The heatmap of mostly abundant detected compounds interacting with the sorbent. The scale is in decadic
logarithm.
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