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of active moulds on historical objects

Tomasz Sawoszczuk™ and Justyna Syguta-Cholewiriska

Abstract

The main purpose of these studies was to assess the possibility of applying the technique of solid phase microextrac-
tion (SPME)—-gas chromatography (GC)-mass spectrometry (MS) to detect the activity of moulds on historical objects,
based on the analysis of microbial volatile organic compounds (MVOCs). The studies were performed for selected
species of moulds, which were inoculated onto model samples of silk, cellulose, parchment and wool that had been
prepared on microbiological medium, in vials for headspace sampling. After a few days of incubation, the MVOCs in
the vials were sampled by using SPME fibre, and then they were analysed in the GC-MS system. The acquired chroma-
tograms were qualitatively and quantitatively assessed, and it was ascertained that among the identified compounds
are markers of mould activity which can be used to detect the vital mould growing on actual historic items. This
usefulness of the method was additionally confirmed by analysis of MVOCs emitted by keratinolytically active mould

inoculated on a sample of historical wool prepared in a Petri dish without a medium.
Keywords: Biodeterioration, Historic objects, MVOCs, GC/MS

Background

Moulds occurring in the museums, libraries, archives,
can be derived from various sources [1-3]. However,
they grow only at certain values of temperature and
relative humidity of air and at high water activity in the
object [4-6]. Therefore, the protection of historic objects
against biodeterioration relies primarily on keeping
the parameters of microclimate at an appropriate level
at the place of storage or exhibition of the objects [6].
However, it has been confirmed that some species can
develop on materials even at quite low water activity,
especially in the places with a low rate of air exchange [7,
8]. Also, malfunctioning of the heating, air-conditioning
or ventilation system may lead to sudden fluctuations in
temperature and humidity, potentially enabling the devel-
opment of microorganisms [5, 9]. A likewise serious risk
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is posed when the central heating system or the water
pipes failure, or when the roof is leaking [10]. All of the
circumstances described above may enhance the risk of
microbial growth on or within the object [11].
Nevertheless, even if there are any visible changes on
the object that suggest the presence of moulds, first of
all, it should be investigated if these moulds are active.
Based on this information the decision to disinfect the
object should be made. There is no need for disinfection
when the moulds are inactive. This is especially impor-
tant in the case of the naturally aged, brittle, historical
objects made of a protein material (silk, wool, parch-
ment) because the organic materials are very sensitive to
the destructive effect of most of the available disinfection
methods [12-18]. The investigation of moulds activity
should be done with a test method that can detect the
fungi growing on the surface of object as well as inside its
structure (a hidden growth of moulds inside the histori-
cal objects with complex structure). A method that meets
these expectations is the measurement of secondary
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volatile metabolites, which are emitted by active moulds
at every stage of their development [19-22]. The so-
called microbial volatile organic compounds (MVOCs)
easily diffuse through porous barriers like textiles [23,
24] so they can be used to detect moulds even if they are
growing inside the structure of a historical object [25,
26].

Although the moulds emit circa 150 MVOC:s, in the lit-
erature it has been proposed to detect the active myce-
lia of moulds based on the identification of the following
compounds: 1-octen-3-ol, 3-octanol, and 1-octen-3-one,
2-octanone, 3-octanone (classified into the so-called
eight-carbon compounds, Cg complex); heptanone, hex-
anone as well as terpenes and sesquiterpenes [22, 25,
27-32] However, the majority of articles related to stud-
ies of these compounds concern the analysis of MVOCs
emitted by moulds growing on building and construction
materials or in microbiologically contaminated rooms.
These analyses are mainly related to the assessment of
the health risk level for people staying in spaces with the
active fungi growth, in the context of the so-called sick
building syndrome (SBS) [20, 24-27, 29, 32]. Only few
authors analysed the MVOCs emitted by moulds grow-
ing on historic objects, e.g. on historic paper [21] or his-
torical cinematographic film [22]. An interesting paper
on the topic of the analyses of MVOCs with the regard
to cultural heritage objects has been presented by Joblin
et al. [23].

The main purpose of this study was to assess the pos-
sibility of detecting the activity of moulds on the his-
torical objects based on the measurements of MVOCs
carried out with the SPME-GC-MS method which has
been previously developed and optimized for this meas-
urement [19]. This study will also reveal the information
about the applicability of the new method. The investiga-
tions were accomplished for selected species of moulds,
which were inoculated onto various types of model sam-
ples and one real historical sample. After a specific time
of incubation, the MVOCs emitted by the fungi were
analysed in the GC-MS set. For the acquired chroma-
tograms, a qualitative and quantitative analysis was
performed in order to ascertain whether the identified
compounds included indicators of moulds activity which
might be used to detect fungi growing on actual histori-
cal objects.

Methods

Chemical reagents and microbiological media

All the chemical reagents used as reference substances
and for the preparation of microbiological media were
of analytical purity (Avantor Performance Materials,
Poland). One type of microbiological media was bought
as ready made-to-order preparations (BTL, Poland). The
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second one was prepared in a laboratory. The ordered
medium contained neither organic carbon nor nitrogen
nor sulphur that could be available for fungi, as it was
assumed on the basis of the list of ingredients provided
by the manufacturer. However, the absence of these
elements was confirmed indirectly by inoculating the
selected species of moulds on this medium (without an
organic material sample). No growth was observed after
2 weeks of incubation. The goal of the experiment was to
ensure that the main nutrient for moulds was the model
organic materials, which was placed on the surface of
the medium. Firstly, this was a way to confirm that the
chosen mould really has the cellulolytic or proteolytic
activity (when it can grow on cellulose, silk, parchment
or wool substrate, respectively). Furthermore, the appli-
cation of media without organic nutrients makes it very
probable that the volatiles emitted by moulds originated
mostly from the enzymatic decomposition of the organic
material and not from the metabolism of sugar which is
usually in the media. Media were prepared in the shape
of a slope (using 5 ml of medium) inside 20 ml sterile
vials designed for headspace (HS) sampling. One type of
medium used for cultivation of moulds was a modified
version of Weary and Canby’s medium (W&C) [33, 34].
The second type of medium was a modified version of
Czapek-Dox medium (Cz&D-BTL, Poland).

The W&C medium was prepared without keratin,
whereas the Cz&D medium did not contain sucrose. The
other components in the media, i.e. set of salts and agar,
were the same as in their unmodified version.

Model materials
The model samples that were chosen to resemble historical
objects were the following organic materials

+ Whatman cellulose filter paper (Sigma-Aldrich),
grammage 100 g m~2, thickness 200 pm, ash content
0.008%,

+ NOVO Test Paper 2 (KLUG-CONSERVATION,
Immenstadt, Germany), grammage 70 g m~2, 100%
bleached wood pulp, 12-15% kaolin, sized with resin
and with the addition of aluminium sulphate. pH 4.5
(adjusted with alum); without the optical brightening
agents,

o Natural degummed silk, grammage 8 g m™2
unbleached, undyed, Habutai type,

+ Natural wool fabric, 100% wool, unbleached, undyed,
plain weave, grammage 250 g per linear meter,

+ Handmade parchment, the limed calfskin, with-
out any additives or additional treatment, thickness
1.5 mm.

Samples of model materials were cut into pieces of
4 cm? area. For the experiment, samples were placed on
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the surface of a sterile microbiological media inside the
vials.

All samples of organic materials were disinfected prior
to the experiment. The procedure of samples disinfection
followed the one described in [19]. The applied disinfec-
tion methods caused a degradation of model samples
which results in a change in their structure and colour
[12-18].

The efficiency of sterilization was confirmed after ran-
domly chosen samples of model materials were incubated
on Potato Dextrose Agar (PDA, BTL, Poland) at 28 °C.
No growth of moulds was observed on the materials even
with incubation extended to 14 days.

Fungal species

The growth of 16 species of mould on the sterile model
samples, prepared on the W&C and Cz&D media, was
initially evaluated to select the species which can dete-
riorate the model materials. The fungi were purchased
as identified and certified species at the Belgian Coor-
dinated Collection of Microorganisms (IHEM Culture
Collection, Brussels, Belgium). For further investigations
only one species was chosen for each type of organic
material based on the observation of moulds growth
intensity on the samples. This has always been a mould
which growth was the most vigorous on a given mate-
rial. The fungal species chosen for this study have already
been isolated from historic objects [2, 3, 7, 8, 11]. The
list of studied species contained: Chaetomium globo-
sum THEM:6552, Aspergillus fumigatus THEM:1363,
Aspergillus niger IHEM:2312, Cladosporium herbarum
IHEM:5294, Trichoderma viride IHEM:3170. For each
species, an inoculum was prepared in the same way as it
was described in [19]. 0.1 ml of the spore suspension was
pipetted onto the model samples of materials, which were
placed on the surface of the medium inside the vials. The
next steps followed the procedure demonstrated in [19].

Historical sample

In order to confirm the results of measurements obtained
for the samples of model material, analyses were also car-
ried out on MVOCs emitted by moulds growing on an
actual historic artefact. The sample was a destroyed frag-
ment of the seventeenth century woollen textile, which
was removed during conservation, with dimensions
3 x 2 cm. The sample was disinfected in a chamber with
ethylene oxide, and then conditioned until the gas had
evaporated completely, as confirmed by GC—MS analysis.
The conditioned sample was cut into two pieces, each of
which was placed in sterile Petri dishes and then mois-
tened with a small amount of saline solution, so that the
samples were moist but not covered with water. In this
case, no microbiological medium was used. Next, one
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sample was inoculated with T. viride IHEM:3170 while
the other remained sterile as the reference sample. The
samples were incubated for 6 days at 23 °C.

In summary, the following set of samples was prepared
A. niger—silk—W&C medium
A. fumigatus—calfskin parchment—Cz&D medium
C. herbarum—NOVO test paper—Cz&D medium
T. viride—Whatman paper—Cz&D medium
C. globosum—wo0ol—W&C medium
T. viride—historical wool

The choice between W&C and Cz&D media for each
material—mould set was made based on the observation
of the intensity of fungal growth, which was influenced by
the composition of salts in the medium. In each case the
medium with the model sample which stronger intensi-
fied the growth of moulds was selected. By assumption,
the more intensive growth of moulds the higher MVOCs
emission could have been measured. Contrary, the stud-
ies on historical sample were carried out without any
medium to determine whether it is possible to measure
the MVOCs emission when the only substrate is the
wet sample of organic material which did not contain
microelements.

Headspace-solid phase microextraction

SPME (solid phase microextraction) was chosen as the
method of MVOCs sampling. The so-called sandwich
fibre consisting of three different sorbents (DVB/CAR/
PDMS) was chosen for MVOCs sorption [35]. Prior to
sampling, each SPME fibre was placed for an hour in
the injection port of the gas chromatograph (at 270 °C)
in order to desorb any volatile compounds present on
the surface of the fibre in accordance with the manufac-
turer’s instructions (fibre conditioning). The headspace
technique was chosen to sample the MVOCs on SPME
fibre in the vials. After piercing the septum, the fibre was
push out from needle to a depth at which the sorbents
were just over the developed mycelium. The sorption was
continued for 24 h to maximize absorption. The sam-
pling was carried out after 6 days of cultivation because
it has been confirmed in the literature [19, 32, 35] that
the highest MVOCs emission level is measured between
the 5th and the 7th day of cultivation. When adsorption
was completed, the needle was placed in the GC injec-
tor and desorption of MVOC:s started. The temperature
in the injector during desorption was 250 °C. Desorp-
tion was carried out for 15 min. This was sufficient time
to completely desorb all of the compounds from the sur-
face of the SPME fibre, what was confirmed by perform-
ing repeated desorption of the same fibre. No carry-over
effect of analytes was observed. The measurements were



Sawoszczuk and Syguta-Cholewiriska Herit Sci (2017) 5:20

repeated four times for ever set of mould—model mate-
rial—microbial medium.

The same measurement procedure was used to analyse
the so-called blank samples. Those were vials with media
and samples of the model materials on which no fungal
spores were inoculated. The chromatographs acquired
for these samples specify the volatile organic compounds
emitted from the media, the seal, and the cap materials,
which is the so-called background emission. These chro-
matograms were subtracted in the data analysis process
from the chromatograms obtained for samples inocu-
lated with moulds, to make sure that the further inter-
pretation of the results would only be carried out for the
MVOCs emitted by fungi growing on the samples.

The so-called sandwich fibre was also used for the col-
lection of MVOCs emitted by T. viride growing on the
sample of wool. The fibre was placed in a partly open Petri
dish and the needle was pulled out to be exposed just
above the inoculated or non-inoculated sample of wool,
respectively. The MVOCs were collected onto the fibre for
12 h in this case. After finishing the sorption, the fibre was
placed in the injector of the chromatograph, and the anal-
ysis was started. The measurements were repeated three
times for the sample of historical wool with and without
mould. It should be noted that in this case the analysis of
MVOCs was carried out for a mould growing on actual
historic wool sample without medium, sorption of the
microbial volatiles was carried out in a shorter time than
for the samples in vials, and additionally, the sorption
was performed in the open system. Results of this experi-
ment were to provide information whether it is possible
to carry out measurements of MVOCs emitted by moulds
developing on actual historic or artwork objects (without
microbial medium), in situ, i.e. in the museum, library or
archive, in the open system, in which concentration of
MVOC:s in the air decreases with the increase of the dis-
tance from the surface of the mould, due to diffusion.

Investigations of MVOCs emitted by fungi growing on
the model samples and the historic sample comprised
both the qualitative and the quantitative analysis. A cali-
bration was carried out with the aim of performing the
quantitative analysis of MVOCs which are the indicators
of the active growth of moulds. The calibration proce-
dure followed the one found in the article [19]. Alcohols:
1-octen-3-ol, 3-octanol and ketones: 1-octen-3-one,
3-octanone, 2-hexanone, 2-heptanone were used as ref-
erence compounds. The detection and quantification lim-
its were determined for each reference compound based
on standard deviation of the response and the slope of
calibration curve. The highest quantification limit was
found for hexanone which was the least abundant com-
pound in chromatograms acquired during the calibration
procedure. The quantification limit for hexanone was
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3.0 ug m~3. The quantification limits determined for all
other compounds were between 3.0 and 0.7 pg m~>. The
detection and quantification limits were also determined
for a group of terpenes and sesquiterpenes based on the
calibration procedure carried out for the reference odour
compounds mix ISO 17943 (Sigma-Aldrich). The limit
of quantification calculated for the least abundant com-
pound which was present in the reference odour mix,

geosmin, was 0.5 pg m—>,

GC-MS analysis

The analysis of the MVOCs was performed in the gas
chromatograph (GC, Trace 1310)—quadrupole mass spec-
trometer (MS, ISQ) system, manufactured by Thermo
Scientific Inc. (USA). The injector was equipped with a
liner intended for desorbing SPME fibres. During desorp-
tion of MVOC:s from the fibre, the injector was set to the
splitless mode. The parameters of the capillary column
and a temperature program of MVOCs analysis were the
same as the ones used for the investigations which are
described in [19]. The work parameters of the MS detec-
tor were almost the same as the ones reported in [19]. The
only exemption was the range of mass-to-charge ratio
which was scanned in MS. In this case, the range was
33-650 m/z. The MS worked in a total ion current mode
(TIC). Reference libraries (NIST/EPA/NIH Mass Spectral
Library) from NIST MS search program version 2.0 were
used to identify the MVOCs. When required, a reference
compound was used as a standard for confirming the
presence of particular volatile compounds.

Results and discussion

Selection of moulds

The moulds investigated in these studies have already
been described in literature as cellulolytic and proteo-
lytic species. A. niger IHEM:2312 was recognized as a
fungus capable to decay the silk [36, 37], A. fumigatus
IHEM:1363 shows collagenolytic properties [38, 39]. C.
herbarum IHEM:5294 and T. viride IHEM:3170 have cel-
lulolytic properties [3, 40]. C. globosum IHEM:6552 and
T. viride IHEM:3170 are known not only as cellulolytic
moulds but they possess a keratinolytic properties [25,
41, 42]. All of the mentioned species have been identi-
fied in the indoor air of museums, archives and libraries
[1-3, 8, 40]. These species have also been isolated from
the surfaces of historic textile and archival documents [3,
39-42].

Qualitative and quantitative analysis of the
chromatograms

Qualitative analysis

The detailed qualitative analysis of the chromatograms
acquired for MVOCs emitted by moulds growing on
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model samples was performed in the AMDIS program
(Automated Mass Spectral Deconvolution and Identifi-
cation System, version 2.70, 13 May 2011). Mass spectra
registered under the chromatograms were subjected to
deconvolution, and then an identification of volatile com-
pounds was carried out based on the reference librar-
ies (NIST/EPA/NIH Mass Spectral Library) which are
available in the NIST MS search program. The obtained
results demonstrate that each of the studied mould spe-
cies cultured on different model materials produces more
than 140 volatile organic compounds (Fig. 1). These com-
pounds belong to different groups of organic compounds
[22, 25, 32, 43]: hydrocarbons (heptane, isoprene),
aromatic hydrocarbons (benzene, styrene), alcohols
(1-octen-3-0l, 3-octanol, 3-methyl-1-butanol), aldehydes,
ketones (1-octanone, 1-octen-3-on, 3-octanone), organic
acids, ethers, esters (butyl acetate), terpenes (limonene),
sesquiterpenes (humulene, nerolidol, bisabolene), organic
compounds containing sulphur and nitrogen.

Qualitative analysis was focused only on the com-
pounds that could have been identified with probability
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higher than 90%. In some cases, when the probability
was lower than 90%, identification was confirmed by car-
rying out the analysis for the reference substances. This
was essential in the case of compounds that had already
been described in literature as the indicators of the active
growth of moulds. The results of analysis confirmed that
the individual profiles of MVOCs emitted by each mould
were different (Fig. 1). Moreover, it was possible to dis-
cover in each chromatogram the volatiles that were char-
acteristic only for a given mould. However, few of the
identified volatiles were emitted by all species regardless
of the type of medium and the type of organic sample on
which they grew. These were mostly the six-, seven- and
eight-carbon ketones as well as the eight-carbon alcohols.

The analysis of the microbial volatiles was focused on
the compounds with eight carbons in their chains, the so-
called Cg-complex MVOC:s [31], particularly the alcohols:
1-octen-3-ol, and 3-octanol; and ketones: 1-octen-3-one,
2-octanone and 3-octanone because they are indicators
of the moulds activity, as it was mentioned in the intro-
duction [22, 25, 30, 31]. These compounds are released in
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high concentrations and are adequate for detecting the
metabolic activity of many species [22, 30, 43]. Addition-
ally, it has been demonstrated in the literature that some
enzymatic pathways are finished at other volatile prod-
ucts like heptanone and hexanone beside or instead of
the Cg compounds [31]. Other authors have also shown
that terpenes and sesquiterpenes are useful bioindicators
of the mould activity [28, 44]. Thus, it can be determined
that all of the aforementioned groups of compounds are
bioindicators that can be used for the detection of the
vegetative mycelium because they distinguish between
active and inactive fungi.

Taking into account the arguments presented above, it
was assumed that the most important part of the quali-
tative analysis of the chromatograms was to determine
whether the moulds developing on the model materi-
als imitating historic objects, and on the actual historic
sample, emit volatiles belonging to all of the three above-
mentioned groups. Additionally, it was significant to find
whether the chromatograms acquired for MVOCs emit-
ted by moulds growing on protein materials contained
volatiles having a sulphur atom. The presence of sulphur
containing compounds confirms that fungi actually did
metabolize the specific protein material because fibroin,
keratin and collagen contain cysteine with sulphur atom.
The results of the qualitative analysis have been pre-
sented in Table 1.

Based on the data presented in Table 1 it can be con-
cluded that all of the species of mould emitted volatile
compounds belonging to the Cg complex, regardless of
the kind of material and microbial media on which the
fungi were incubated. Furthermore, in all of the cases the
studied fungi also emitted six- and seven-carbon ketones.
All species of moulds emitted terpenes and sesquiterpe-
nes. The emission of volatiles with the sulphur atom was
detected only for moulds growing on materials which
contained the proteins with cysteine in the polypeptide
chain. These were the esters of sulfuric acids with long-
chain alcohols. In the case of two species which grew on
the cellulosic samples no emission of sulphur contain-
ing compounds was detected. In this case, the media
and both types of paper did not contained organic com-
pounds with sulphur atom.

By analysing the data presented in Table 1 it can be
confirmed that the largest number of compounds consid-
ered as bioindicators of the metabolic activity of moulds
was emitted by A. miger IHEM:2312 growing on silk. A
slightly smaller number of the indicatory MVOCs was
emitted by the other four species growing on various
organic materials.

The chromatograms acquired for MVOCs emitted by
T. viride IHEM:3170 growing on the historical sample
of wool were subjected to a qualitative and quantitative
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analysis, using the same methodology as for the experi-
ment in the vials. It could be confirmed that 7. viride
IHEM:3170 growing on a sample of seventeenth century
wool emitted 2-octanone, 1l-octen-3-on, 3-octanone,
heptanone and three volatile compounds belonging to
the group of terpenes and sesquiterpenes. One of them
was geosmin.

Quantitative analysis

The MVOCs emitted by moulds growing on various
media were also quantitative analysed. This analysis was
carried out for compounds that are already defined in the
literature as indicators of the active growth of moulds.
These data were calculated after integrating the areas
under the peaks found for indicators in the chromato-
grams (Genesis Peak Integration, Xcalibur). The area
under the peaks was then converted into the correspond-
ing quantity of indicatory MVOCs expressed in [pug m ]
on the basis of the established calibration curves (see
“Headspace—solid phase microextraction”). The results
have been presented in Table 1.

A comparison of the quantities of indicatory MVOCs
emitted by the particular species of mould growing on
different samples demonstrated that the highest level of
emission was measured for A. niger IHEM:2312 grow-
ing on silk and for C. globosum THEM:6552 growing on
wool. Smaller amount of bioindicators was emitted by
C. herbarum THEM:5294 incubated on the samples of
acidic paper and the lowest emission was measured for
A. fumigatus THEM:1363 incubated on parchment and
T. viride IHEM:3170 incubated on Whatman paper. It
was three times lower than the emission determined
for A. niger IHEM:2312 and C. globosum IHEM:6552.
The obtained results are consistent with the literature
wherein comparisons of the proteolytic and cellulolytic
properties of the examined species of fungi have deter-
mined that the most active are A. niger and C. globosum
[36-38, 45—47]. The relatively low cellulolytic activity of
T. viride IHEM:3170 is not typical for this species [40]. Its
limited activity could be a consequence of the presence
in Whatman paper the long-fibre cellulose with many
crystalline regions which is difficult to decompose in
such a short period of time. Furthermore, the additional
measurements of mechanical properties which were car-
ried out for the Whatman paper samples confirmed that
the mean number of double folds required for breaking
the sample increased after hydrothermal disinfection on
average by five folds. Thus, this suggests that the cellu-
lose has been crosslinked and the number of crystalline
regions increased. The crystalline regions are difficult for
the hyphae of fungi to digest, therefore their metabolism
is limited and the emission of MVOC:s is lower. The low
proteolytic activity of A. fumigatus IHEM:1363 growing
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on parchment is also not typical for this fungus. In this
case probably the alkaline pH of limed parchment sam-
ple was inhibiting the metabolism of mould. The results
of calculations shown that for all of the studied sets of
mould—sample—medium the emission of compounds
which are indicators of the active growth of mould was
over their quantification limits established during the cal-
ibration procedure.

Trichoderma viride IHEM:3170 inoculated on the his-
toric sample of wool emitted three times smaller quan-
tity of the indicatory MVOCs compared with A. niger
IHEM:2312 cultivated on silk or C. globosum ITHEM:6552
on wool. The low level of MVOCs concentration measured
for T. viride IHEM:3170 growing on historical wool, when
no medium was used, was influenced by three factors: the
sampling was carried out in an open system; the time of
sampling was shortened to 12 h; and the only source of
nutrients for the mould was the sample of wool without a
medium containing microelements. In spite of these con-
ditions of sampling, the emission of compounds which
are indicators of the active growth of mould was over
their quantification limits established during the calibra-
tion procedure. The level of the mean emission measured
for the volatiles which are indicators of the active growth
of fungus was 19 pg m~>. Moreover, the measured level
of emission was equal to levels determined for T. viride
IHEM:3170 incubated on the Whatman paper samples.

Conclusions
The level of the indicatory MVOC emission, measured
both in closed and open system, was low; however, it was
above the quantification limit determined for every indi-
cator of the active growth of moulds. The obtained data
show that all the species of mould emitted volatile com-
pounds belonging to the Cg complex, regardless of the
kind of material and microbiological medium on which
they were cultivated. In all of the analysed cases, fungi also
emitted ketones with six- and seven-carbons as well as ter-
penes and sesquiterpenes. Among the MVOC:s emitted by
moulds growing on protein materials, volatile compounds
containing sulphur were identified. Those were mainly sul-
furic acid esters. This fact confirms the assumption that
fungi decomposed the organic materials on which they
were cultivated because each of the protein materials used
as the substrate contained cysteine, an amino acid having
a sulphur atom. The obtained results support the hypoth-
esis that the metabolic activity of moulds growing on the
organic materials imitating historical objects can be con-
firmed based on the detection of the aforementioned three
groups of the indicatory volatiles.

Moreover, the results of MVOCs measurements car-
ried out in an open system for 7. viride IHEM:3170
growing on the historical sample of wool without a
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medium confirmed that the mould emitted all of the
compounds reported in the literature as the indict-
ors of active moulds growth. Moreover, the concen-
trations of MVOC:s collected on the SPME fibre when
sampling was carried out in a relatively short time, in
an open system, are over the quantification limits deter-
mined during the calibration procedure. Thus, the fact
that measured concentrations of indicatory MVOCs are
high supports the hypothesis that these bioindicators
can be used to detect moulds actively growing on his-
torical objects.
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