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a b s t r a c t

The use of Compactus shelves by libraries and archives is a good solution to optimize the storage space
and prevent dust deposits on books. However, they are probably the cause of severe cases of fungal
colonization in historical library materials. A typical phenomenon occurs as a spread of white mycelial
growth forming scattered spots, mainly on volumes with leather or fabric bindings. Recent studies have
identified the xerophilic fungus Eurotium halophilicum (anamorph Aspergillus halophilicus) as responsible
for this kind of contamination. A similar situation was found inside the Library of Humanities (BAUM), at
Ca' Foscari University, Venice (Italy). Various sampling methods, including cotton swabs and adhesive
tape, were adopted to isolate fungi from books and a set of aerobiological analyses was performed to
characterize the environment of the repository. The presence of E. halophilicum on both books and in the
indoor air was confirmed by direct observation of adhesive tape samples, microscopic observations and
molecular methods. Moreover, Aspergillus creber and Aspergillus protuberus belonging to the revised
group Aspergillus section Versicolores, were also isolated for the first time in Italian conservation
environments.

© 2014 Elsevier Ltd. All rights reserved.

Introduction

The proper management of particular indoor environments,
such as libraries or museums, is not always adequate to preserve
their contents from various kinds of degradation. The best envi-
ronmental conditions for preserving books and paper products,
according to the Italian recommendations (MIBAC, 2001), are
19e24 �C air temperature and 50e60% relative humidity. However,
these conditions turn out to be suitable for the development and
growth of several microfungi and bacteria which need little free
water and which can colonise materials with a very low water

activity (Hocking,1993; Slonczewski et al. 2010; Borrego et al. 2012;
Lavin et al. 2010).

Over the last few years, some authors have described a peculiar
fungal colonization associated with books in several Italian ar-
chives and libraries (Pinzari and Montanari, 2011; Montanari et al.
2012). In all the cases, the damaged books were stored inside
movable shelves of the Compactus type, i.e. closed metal cabinets
which, sliding on guide rails, can be compacted and therefore
minimize the space required for book storage. These kinds of
shelves are considered suitable for preserving books from light
degradation and dust deposits. However, without an efficient
climate control system, movable shelves can create a micro-
environment which supports the growth of particular fungal
species, involving the spread of infections which damage books as
white spots of mycelium appear on them. The main agent
responsible for this kind of fungal contamination has been identify
as Eurotium halophilicum C.M. Chr., Papav. & C.R. Benj. (anamorph
Aspergillus halophilicus), a xerophilic fungus with high tolerance to
water stress. The minimum water activity observed for its

* Corresponding author. Tel.: þ39 041 234 8939; fax: þ39 041 2348977.
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germination and growth of this species is 0.675 (Christensen et al.
1959). Because of its particular requirements, this fungus has been
isolated from dry food and indoor dust in association with
Aspergillus penicillioides and dust mites (Christensen et al. 1959;
Samson and Lustgraaf, 1978; Hocking and Pitt, 1988; Abdel-
Hafez et al. 1990; Aiqing et al. 2011). It has recently been associ-
ated with books and paper biodeterioration, and in particular to
the presence of very particular micro-niches inside museums, li-
braries or archives, capable of developing also when the overall
environmental conditions seem perfect for the conservation of
Cultural Heritage. These niches are characterised by scarce venti-
lation and the presence of a water vapour gradient that can lead to
the condensation on some particular materials after sudden drop
of temperature or nighteday thermo hygrometric cycles. These
peculiar, often very local, conditions together with soaking events
in usually dry environments seemed to favour the development of
osmophilic and xerophilic fungal species (Michaelsen et al. 2010;
Sterflinger, 2010; Pinzari and Montanari, 2011; Montanari et al.
2012). Similar colonization patterns and microscopic features
observed in several Italian case studies suggest that E. halophilicum
might have a large distribution in repositories with Compactus
shelves, but its detection may be largely underestimated. In-
adequacy of sampling procedures and the very slow growth of the
fungus on most media are probably the main reasons for previous
underestimations.

In the spring of 2013, a widespread fungal contamination was
discovered inside one of the libraries of Ca’ Foscari University,
Venice (Italy). Stored on Compactus shelves, more than 27,000 old
books were found to be spotted with a white growth similar to
typical colonization by E. halophilicum and the aim of this studywas
to verify if it is indeed due to this fungus. Aerobiological analyses
were carried out to characterize the repository environment in
order to find a connection between airborne fungi and the observed
phenomena of book deterioration.

Materials and methods

Sampling area

Sampling was performed in a repository of the Library of Hu-
manities (Biblioteca di Area Umanistica, BAUM), at Ca' Foscari
University, Palazzo Malcanton Marcor�a, in Venice (Italy). The re-
pository covers an area of about 150 m2, is located in the second
underground floor, and is furnished with 50 two-row Compactus
shelves. After an initial inspection in early 2013, the origin of the
fungal colonization was identified in a corner far from the
entrance, marked Area 1 in Fig. 1a. In this area, the manuscripts
and oldest books of the University collection were stored inside
blocks of shelves, which had been kept closed for several months,
because of the damage to the sliding tracks (pers.comm. library
director).

The fungal growth had spread to eight neighbouring Compactus
shelves and was also found on some isolated volumes stored in five
shelves of the second row. More than 27,000 Cinquecentine, man-
uscripts and books, especially volumes with leather or fabric
bindings dating to the XVI-XIX centuries and belonging to the
historical collection of Ca' Foscari University, had been colonized by
a white spotted growth (Fig. 1b). The environmental conditions of
the repository corresponded to the recommendations of the Italian
Ministry for Cultural Heritage (T ¼ 23 �C and RH ¼ 56.3%) (MIBAC,
2001), but apparently, a lack of ventilation inside the Compactus
shelves and condensation of water on the books during winter, due
to lowered environmental temperature, had probably promoted
the germination of fungal spores and allowed contamination to
spread.

Book sampling

Five books were sampled with various methods to isolate the
fungal colonies: (1) sterile cotton swabs (Cultiplast, LP Italiana Spa,
Milan, Italy) were wiped over the spots which had developed on
the spines of bindings and then inoculated in 9-cm Petri dishes; (2)
sterile nitrocellulose membranes (Advantec MFS, Inc., Dublin, CA,
USA; 0.45m pore size, 47mmdiameter) were gently pressed on the
spots visible to the naked eye on the covers of contaminated books
for 10 s and then transferred to Petri dishes; (3) pieces (6� 2 cm) of
Fungi-Tape™ (Scientific Device Laboratory, Des Plaines, IL, USA;
1 mm thick, no. 745) were pressed over the spots to collect fungal
structures and then deposited on sterile glass slides for microscopic
observation; (4) active sampling with Sampl'air Lite (Biom�erieux,
Florence, Italy) with an air sample volume of 100 L (flow rate 100 L/
min) was performed directly from the book covers, fungal struc-
tures being collected directly into Petri dishes. As a result of a
previous selection of low water activity media, Malt Extract Agar
added with 15% NaCl (MEA 15%) (Christensen et al. 1959) and
supplemented with 0.05 g/L chloramphenicol to limit bacterial
development was used as the most appropriate selective culture
medium. All the Petri dishes containing the inocula were then
transferred to the laboratory and incubated at 25 �C for 7e14 days.

Microbial air sampling

The air inside and outside the repository was analysed, to
determine the level of fungal contamination. Five sampling areas
were chosen according to a centrifugal scheme related to the pri-
mary colonization area and in respect to the single point of
entrance/exit (i.e., of air exchange; Fig. 1a). Three replicas were
made for each location. Both active and passive sampling was
carried out to collect fungi directly from the air and the hourly
viable particles settling on surfaces. To verify the presence of E.
halophilicum and, in general, of xerophilic and halophylic fungi,
MEA 15% supplemented with 0.05 g/L chloramphenicol was chosen
to collect airborne fungi. Active sampling was performed with a
Sampl'air Lite sampler (Biom�erieux, Florence, Italy) with 9-cm Petri
dishes, flow rate 100 L/min and sample volume of 100 L. The
sampler was placed 1.5 m above the floor, to represent the
breathing zone of a standing person. The total numbers of colony-
forming units (CFU) in each sample were calculated according to
the conversion table provided by the supplier; results are presented
as CFU per cubic meter of air (CFU/m3) (Peto and Powel, 1970).

For passive sampling, 9-cm Petri dishes were exposed to air
particles for 1 h, 1 m above the floor and at a distance of about 1 m
to obstacles, to determine the Index of Microbial Air Contamination
(IMA) expressed as CFU/dm2/h (Pasquarella et al. 2000).

After samplings, the dishes were closed, labelled, transferred to
the laboratory and incubated at 25 �C for 7e14 days.

Optical and scanning electronic microscopic observation of sample
tapes

The strips of adhesive tape (Fungi-Tape™) used for sampling the
book bindings were observed under a optical microscope (Axio
plan, Zeiss, Germany) at 200� and 400� magnification. Micro-
graphs were acquired with a digital camera (AxioCam ERc5s, Zeiss)
connected to a PC with ZEN 2011 software (Zeiss).

Fragments of tapes were observed under an EVO 50 (Zeiss),
scanning electron microscope (SEM). The tapes were placed in
phosphate buffer (pH 7.0), fixed in glutaraldehyde buffer for 2 h,
rinsed in distilled water, post-fixed in 2% OsO4 for 12 h at 5 �C,
dehydrated in an ethanol series, taken to amyl acetate, and critical
point-dried in a Polaron E�3000 dryer (Quorum Technologies,
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Ringmer, UK) with carbon dioxide. The samples were then coated
with gold (Baltec Sputter Coater) for analysis in High Vacuum
mode. Sputtering was performed under an Argon gas flow at a
working distance of 50 mm, 0.05 mbar of pressure and 40 mA
current for 60 s, to obtain a gold film about 15 nm thick. Some
samples were gold-coated and observed by SEM without previous
fixation, to evaluate any formation of artefacts and the natural
degree of dehydration.

Fungal identification

Fungi were identifiedwith a polyphasic approachwhich couples
morpho-physiological features with molecular studies. After
determination of genera according to macroscopic and microscopic
features (Christensen et al. 1959; Raper and Fennell, 1965; Pitt,
1979; Pitt and Hocking, 1997; Klich, 2002; Samson et al. 2004),
the fungal strains were transferred to the media recommended by
the authors of selected genus monographs for species identifica-
tion. Molecular identification was performed by amplification and
sequencing of internal transcribed spacers (ITS), b-tubulin and actin
genes (White et al. 1990; Gardes and Bruns, 1993; Carbone and
Kohn, 1999; Bensch et al. 2012). The resulting sequences were
compared with reference sequences in online databases provided
by the CBS-KNAW Fungal Biodiversity Centre (The Netherlands)
and the NCBI National Center for Biotechnology Information (US).
The fungal sequences and corresponding species identifications
were deposited in GenBank under accession numbers
KM264279eKM264297 and KM502176eKM502208. All fungi are
preserved at the Mycotheca Universitatis Taurinensis (MUT) of the
Department of Life Sciences and Systems Biology, University of
Turin (Italy).

Statistical analyses and diversity assessment

The BrayeCurtis Index was applied to the airborne microbial
population in order to describe similarity among sampling areas,
with XLSTAT 2014.4.01. A significant dissimilarity level of 0.95 was
applied. The Simpson Diversity Index was also calculated to explain
the level of species diversity inside the repository, according to the
formula: 1 � D ¼ 1 e

P
(n/N)2, where n is the number of colonies

per morphological fungal species and N is the total frequency of the
corresponding colony in the population (Magurran, 1988; Nunes
et al. 2013).

Results and discussions

Book sampling

The uniform spread of fungal colonization was visible to the
naked eye on all sampled books, as white spots of varying sizes,
ranging on average from 0.2 to 1 cm in diameter (Fig. 1b). Direct
observation of Fungi-Tape™ samples by optical microscope showed
various fungal structures, such as mycelium, conidiophores and
conidia, mainly belonging to Aspergillus spp. Uniseriate radiate to
columnar conidial heads and ellipsoidal conidia of quite variable
size (5e7.5 � 5e9 mm) were observed. The shape, ornamentation
and dimensions of these conidia were consistent with those of the
anamorphous state of E. halophilicum, namely Aspergillus hal-
ophilicus (Fig. 2) (Samson and Lustgraaf,1978). Short bare “hairs” on
the hyphae were visible even at 200� magnification, and even
clearer under SEM. These hairs were found in fixed, gold-coated
and directly sputtered samples, thus confirming that they were
not an artefact of preparation.

Fourteen species belonging to eight genera were identified
(Table 1). Sterile swabbing, nitrocellulose membranes and active
sampling favoured the isolation of five, nine and eight taxa,
respectively. Although the nitrocellulose membranes isolated the
highest number of species, they did not isolated E. halophilicum.
Instead, active sampling isolated all the species isolated by sterile
swabbing and also some others. Several authors have already
demonstrated the effectiveness of nitrocellulose membranes for
fungal isolation fromvarying types of substrates (e.g., Florian, 2002;
Manente et al. 2012). The most frequent fungal species found in our
case were Aspergillus creber and Penicillium brevicompactum.
A. creber, belonging to the recent revisited section Versicolores
(Jurjevic et al. 2012), was found on stored books for the first time;
P. brevicompactum is well-known as one of the most xerophilic
Penicillia (Hocking and Pitt, 1988). E. halophilicum was preferen-
tially isolated by sterile swabbing and active sampling very close to
the contamination on the books. Although its white growth was
visible on all the book covers, its isolation was difficult and spo-
radic, and samples were obtained from only one volume. These
results match literature reports of this species. After initial large-
scale expansion, due to the sudden availability of water on the
books, identifiable as mycelium sporification, E. halophilicum stops
growing and its starving mycelium acts passively as a sort of trap
for other airborne spores. A hypothesis still to be proven is that this

Fig. 1. a: Map of the five sampling areas inside the repository of Library of Humanities (BAUM), Ca’ Foscari University, Venice (Italy). b: white fungal growth on book covers.
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starvingmycelium provides the substrate for the growth or survival
of spores and propagules of other fungi. This may explain why old
contaminations in libraries are due to fungal species other than the
E. halophilicum, although its presence on materials can very often
be documented by molecular methods and SEM imaging.

Colonies of another xerophilic fungus, A. penicillioides, were also
frequently isolated from books. Already in 1978, this fungus was
associated with E. halophilicum by Samson and Lustgraaf (1978) as

cohabiting in house dust, emphasizing the possibility what it was
responsible for allergic reactions and lung disease. This species was
also been isolated from dry food and indoor environments, such as
museums, archives, shelving and carpeting (Samson and Lustgraaf,
1978; Pitt and Hocking, 1997; Samson et al. 2004). In particular,
A. penicillioides has often been associated with the mycoflora iso-
lated from old contaminated books and manuscripts (Pinzari and
Montanari, 2008; Michaelsen et al. 2010; Montanari et al. 2012).

Fig. 2. SEM and optical microscope images of fungal structures sampled from books with adhesive Fungi-Tape™. a: Optical bright field microscopy imaging of E. halophilicum
hyphae, conidiophore, and conidia; b: HV SE SEM image of gold-sputtered samples of E.halophilicum: details of rough lenticular ascospores still assembled in an ascum (arrow) and a
typical haired conidiophore with vescicle and conidiogenous cells surrounded by many ornamented conidia. c: HV SE SEM image of gold-sputtered samples of E. halophilicum;
details of rough lenticular ascospores, with shallow furrows bordered by low-ridged ascospores, assembled in an ascum (arrow). d: HV SE SEM image of gold-sputtered samples of a
germinating conidium of E. halophilicum: details of a germinative tube (arrow). e: HV SE SEM image of gold-sputtered samples of E. halophilicum haired hyphae with trapped conidia
belonging to two different species, characterized by different dimensions, shapes and ornamentations (simple arrow ¼ E. halophilicum, arrow with asterisk ¼ a different fungal
species).
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Microbial air sampling

The results of microbial air sampling demonstrated a gradually
decreasing contamination gradient from area 1 toward the exit of
the repository (Table 2). The source of colonization in area 1was the
most contaminated of all the sampled sites, followed by area 2
(2000 and 1620 CFU/m3, respectively) and they presented the
highest fungal similarity (dBCS ¼ 0.84). These loads were ten times
higher than in the other sampled areas, which ranged between 101
and 29 CFU/m3, with low similarity indices (0.06 < dBCS < 0.4). The
total fungal loads in areas 1 and 2 were higher than those reported
in similar studies (Karbowska-Berent et al. 2011; Pasquarella et al.
2012; Nunes et al. 2013). They were also higher than the
150 CFU/m3 value recommended for Italian libraries (MIBAC, 2001),
and even higher than other international recommended limits,
which indicated a maximal contamination value of 1000 CFU/m3

for archives (Borrego et al. 2010; Nunes et al. 2013). The data from
passive sampling recorded a lower yield compared with active
sampling, with 4e44 CFU/m2/h. The absence of CFU from the
passive sampler in the area 5 may be explained by the lack of
settling microbial particles able to grow on the selective media
used, or by the different ventilation system outside the repository.

Several fungal patterns were found in the sampled areas,
highlighting the variety of mycological species found in a quite
small space (150 m2), and the Simpson Diversity Index ranged
between 0.5 and 0.9 (Table 2). Area 4 had the highest fungal di-
versity, perhaps because of the continual passage of workers and
students. Area 1 also had the lowest value of fungal variability,
perhaps be due to the particular environmental conditions be-
tween the shelves, with very low air exchange rates.

Morphological and molecular analysis isolated 76 different
fungal taxa, belonging to eleven fungal genera (Table 3). Aspergillus
was the most frequent genus (82.4%), followed by Penicillium
(14.7%) and Cladosporium (1.4%). The remaining isolates presented
low frequency, between 0.8% and<0.1%. Themost abundant species

were A. creber (55.7%), Aspergillus protuberus (25.7%), Penicillium
chrysogenum (11.5%) and P. brevicompactum (3.1%), characterizing in
particular the colonization source in area 1 and the surrounding
area 2. Found also on the sampled books, these species are common
indoor fungi (Samson et al. 2004; Jurjevic et al. 2012).
P. chrysogenum and P. brevicompactum, in particular, have also been
associated with the biodeterioration of Cultural Heritage materials
(Zyska, 1997; Montemartini Corte et al., 2003; Sterflinger, 2010).
Conversely, the genera Cladosporium (1.4%) was peculiar to transi-
tion areas 4 and 5, together with other outdoor fungi such as
Pleosporales sp., Embellisia sp., Schyzophillum sp. and Botrytis sp.
(Pitt and Hocking, 1997; Samson et al. 2004). Area 3 showed a
mixture of fungi also found in the other areas, both indoor, such as
Aspergillus spp. and Penicillium spp. (Gallo, 1993; Zyska, 1997;
Sterflinger, 2010) and outdoor, such as Fusarium sp. and Alternaria
sp., were found (Pitt and Hocking, 1997; Samson et al. 2004).

Fungi collected with passive sampling were limited to a few
colonies of A. penicillioides, Aspergillus proliferans, Penicillium cor-
ylophilum and Penicillium italicum. Active sampling may have
revealed their presence, but they could not be isolated due to the
high number of CFU/m3.

The sampled air did not allow isolation of colonies of E. hal-
ophilicum. This result emphasizes how the presence of this fungus
may easily be neglected or underestimated during air quality and
conservation surveys in libraries and archives, as it is difficult to
isolate from the air and grows slowly in vitro.

Conclusions

Fungal contamination caused by a proliferation of E. hal-
ophilicum was identify inside the Library of Humanities (BAUM) at
Ca' Foscari University, Venice (Italy). Its presence was found on
books and in the nearby surrounding indoor air, but could not be
isolated by aerobiological analysis, probably because of its poor
susceptibility to air dispersion. It appears that it may proliferate and

Table 1
Fungal diversity from various sampling procedures on books, with GenBank accession numbers.

Fungal species Number of books Methods of isolation Accession number

Aspergillus creber Jurjevic, S.W. Peterson & B.W. Horn 4 S, A, M (*)
Penicillium brevicompactum Dierckx 3 S, A, M KM502183
Aspergillus penicillioides Speg. 3 S, A KM502180
Aspergillus protuberus Munt.-Cvetk. 2 S, A (*)
Eurotium halophilicum C.M. Chr. Papav. & C.R. Benj. 1 S, A KM502179
Aspergillus jensenii Jurjevic, S.W. Peterson & B.W. Horn 1 A KM502178
Lecanicillium kalimantanense Kurihara & Sukarno 1 A KM264285
Eurotium chevalieri L. Mangin 1 M (*)
Aspergillus versicolor (Vuill.) Tirab. 1 M KM264292
Penicillium chrysogenum Thom 1 M (*)
Cladosporium ramotenellum K. Schub., Zalar, Crous & U. Braun 1 M KM264294
Epicoccum nigrum Link 1 M KM264283
Phaeospheria typharum (Desm.) L. Holm 1 M KM264282
Gloeophillum abietinum (Bull.) P. Karst. 1 M KM264291

S ¼ sterile swab; A ¼ active sampling; M ¼ nitrocellulose membrane.
(*) Fungal species that have only been identify using morphological approach.

Table 2
Fungal air contamination values in book repository, active sampling (AS, CFU/m3) and passive sampling (PS, CFU/dm2/h) with standard deviations (STD). Total number of fungal
taxa and Simpson Diversity Index presented for each sampled area and for entire environment of repository.

Sampling areas inside the deposit AS (CFU/m3)
mean ± st. dev.

PS (CFU/dm2/h)
mean ± st. dev.

Number of fungal taxa Simpson's index of fungal population

1: Right corner far from the entrance, between shelves 2000 ± 610 44 ± 9 5 0.5
2: Corridor close to the area 1 1620 ± 80 35 ± 8 8 0.6
3: Left corner far from the entrance, between shelves 81 ± 1 11 ± 5 12 0.8
4: Entrance 101 ± 12 4 ± 2 22 0.9
5: Storage room adjacent to the deposit studied 29 ± 13 0 7 0.7
Total 3831 94 27 0.6
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spread only during its first period of growth, after which, it is
difficult to isolate, even from contaminated surfaces with visible
fungal growth. This is why its spreadmay also be attributed to other
strategies, such as dust mites. A. penicillioides was also frequently
isolated from books in association with E. halophilicum, probably
because of the similar behaviour and low water requirements of
both these species. Aerobiological analysis revealed high fungal
concentrations, exceeding Italian recommended limits for libraries,
inside the repository and in particular close to the source of colo-
nization between shelves. A. creber, A. protuberus, P. chrysogenum
and P. brevicompactum were the species most frequently isolated.
Moreover, A. creber and A. protuberus belonging to the Aspergillus
section Versicolores group were also detected for the first time in-
side the Italian repository environment. The use of sampling media
suitable for halophilic and xerophilic fungal species inside archives
and libraries emphasizes a very peculiar ecological dynamic in
these indoor environments, as unsuspected and little investigated
niches are occupied.

Apart from the biodegradation of very old books, our results
should be considered in relation to the effect which these poorly
studied fungal species may have on human health. In theory, most
of the identified species, such as Aspergillus and Penicillium spp.,
and their high concentrations in closed environments, may cause
health problems for both library workers and visitors. Rapid di-
agnoses, frequent dusting and effective ventilation should all be
ensured, to prevent fungal contamination of materials.
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Abstract 
The secondary metabolite production of several fungal strains of Aspergillus creber, A. jensenii, A. 
penicillioides, A. protuberus, A. vitricola, Cladosporium cladosporioides, Eurotium chevalieri, E. 
halophilicum, Penicillium brevicompactum and P. chrysogenum, were characterized by LC-
MS/MS. All were isolated from both air and book covers as well as settled dust from a 
contaminated library in Venice (Italy). For A. creber and A. jensenii, we identified sterigmatocystin, 
methoxysterigmatocystin, versicolorin A and related precursors and side metabolites from the 
biosynthetic pathway. Deoxybrevianamid E, neoechinulin A, pseurotin A and D and rugulusovin 
were principally detected from the strains of E. halophilicum, an emerging fungal contaminant 
implicated in book contaminations in specific indoor niches. The analysis of settled dust produced a 
wide range of toxic or bioactive fungal metabolites. A total of 45 different metabolites were 
identified in different concentrations, in particular with high contribution of asperglaucide, 
alamethicin, andrastin A, terrecyclic acid and neochinulin A. As bacterial metabolite, only 
chloramphenicole was detected. This study increased the knowledge about metabolite production of 
less-known fungal species and improved information about the indoor presence of further fungi not 
detected by aerobiological sampling. The results emphasize how routine dusting operations are 
necessary and essential in order to avoid any microbiological development and potential health 
implications of students and workers. 
 
 
Keywords 
Mycotoxins, indoor environment, book contamination, settled dust, Eurotium halophilicum 
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1. Introduction 
The theme of microbiological hazards related to enclosed environments and indoor spaces is still a 
big subject of discussion worldwide. In the last years, several studies have pointed out the critical 
microbiological contribution towards airway infections, impaired immune function, bronchitis, 
asthma, recurrent airway infections and extreme fatigue (Miller and McMullin, 2014; Nielsen, 
2003; WHO, 2009). Inside libraries and archives, for example, the management of increasing fungal 
contaminations due to inadequate conservations, such as malfunction of air conditioning systems, 
lack of cleanliness, exchange of contaminated collections or materials, has become a complex and 
expensive problem, for book conservation but also for the health of workers and students 
(Flannigan and Miller, 2011; Micheluz et al., 2015; Zielińska-Jankiewicz et al., 2008).  
The directive of 2000/54/EC and the Italian regulation (D.Lgs. 9 April n.81) describe the 
microbiological risks at work, classifying biological agents in four risk groups according to their 
level of risk of infection. Many bacteria, viruses, parasites and fungi are listed, including 
microfungi e.g. Aspergillus fumigatus. However many fungal toxigenic species that may be present 
in the indoor environments are not included and only few workplaces have been described in terms 
of fungal occurrence (Gutarowska et al., 2014). As concerns museum, libraries and archives, the 
Italian Ministry for Cultural Heritage provides guidelines for microbiological limits (750 CFU/m3 
for total bacterial load and 150 CFU/m3 for fungal load) (MIBAC, 2001). Several studies have 
examined these kinds of environments by aerobiological analysis (Borrego et al., 2010; Nunes et 
al., 2013; Pasquarella et al., 2012), and some of them have also considered the occurrence of 
microorganisms in the dust (Apetrei et al., 2009; Karbowska-Berent et al., 2011; Maggi et al., 
2000) and the indoor mycotoxin-potential (Gutarowska et al., 2014). 
Fungi can be present in indoor environment distributed by airborne particles, remaining in 
suspension for a period of time determined by air movements and their aerodynamic diameters, and 
they can undergo sedimentation as settled dust (Karbowska-Berent et al., 2011; Maggi et al., 2000). 
The airborne particle and dust compositions in libraries and archives depend on the building, on the 
seasons, on activities going on therein, on the state of collections and on the occurrence of 
exceptional events, as floods. They could perform potential biodeterioration activities when the 
microclimatic conditions and the water activity (aw) of the preserved materials exceed the level risk 
(20 °C and 65% of RH, 10% water content and aw = 0.65 in the materials) and allow them to 
germinate and growth (Maggi et al., 2000). 
The fungal genera accounting for mycological contamination of library and archive collections 
include Alternaria, Aspergillus, Botrytis, Chaetomiun, Cladosporium, Fusarium, Mucor, 
Penicillium, Stachybotris, Trichoderma spp. These genera include species well-known for their 
being allergenic and/or toxigenic (Karbowska-Berent et al., 2011; Zielińska-Jankiewicz et al., 2008; 
Zyska, 1997). Mycotoxins are low-molecular-weight secondary metabolites produced by fungi that 
have been demonstrated to play a crucial role in their natural habitants against bacteria, other fungi 
but also plants, animals and humans (Nielsen, 2003; Miller and McMullin, 2014). Their production 
depends on the type of substrate available, temperature, humidity and the presence of certain trace 
elements or other microorganisms (Gutarowska et al, 2014). These metabolites are excreted into the 
substrate or can be present onto fungal cells, and they can become airborne being in the dust or 
inside conidia or spores fragments (Fischer and Dott, 2003). If airborne fungal spores are inhaled, 
the human body could be expose to primary and secondary metabolites, with possible health 
problems as acute kidney failure (ochratoxin), central nervous system damage (tremorgenic 
mycotoxins) and damage the upper respiratory tract (Stachybotrys chartarum) (Fischer and Dott, 
2003). For these reasons, mycotoxins were recognised as a potential hazard, especially for the 
occupational and indoor hygiene (Fischer et al., 2000, 2003; Flanning and Miller, 2011). 
The aims of this work were to determine the potential mycotoxin occurrence inside a contaminated 
environment of a library’s repository in Venice (Italy). The major fungal species isolated both from 
the air and from contaminated books were analysed for their capability to produce mycotoxins. 
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Moreover, mycotoxin analyses of settle dust were performed in order to estimate the potential 
health hazard of the librarians. 
 
2 Materials and methods 
 
2.1 Study site and sampling 
Air and dust samplings were performed during the spring and autumn seasons of 2013 in a 
repository of the Library of Humanities (Biblioteca di Area Umanistica, BAUM), at Ca’ Foscari 
University, Palazzo Malcanton Marcorà, in Venice (Italy). The repository is located in the second 
underground floor and covers an area of about 150 m2. Two rows of 50 Compactus® shelves were 
disposed mainly for the storage of the manuscripts and oldest books of the Ca’ Foscari University 
collection. Five sampling areas, both inside and outside of the repository, were chosen in order to 
characterize the indoor environment and the spread fungal contaminations on the books. The details 
about active air sampling are given in Micheluz et al. (2015). Settled floor dust samples were 
collected in the four areas inside the repository, corresponding to the same air sampling areas, by a 
conventional household vacuum cleaner with a power level at least 780 W and new dust bags 
(Table 1). After sampling for 2 min/cm2, the dust bags were closed by plastic tape, transferred to the 
laboratory and stored at -20 °C until their extraction. The areas of deposit floor sampled varied from 
1.5 to 4.5 m2. The environmental conditions of the repository were 19.6 °C and 51.8% of RH and 
22.7 °C and 54.7% of RH during the spring and autumn samplings respectively. These parameters 
are in accordance with the Italian recommendations (MIBAC, 2001). 
 
������ �� Dust sampling areas inside the contaminated repository of Library of Humanities, 
(BAUM), Ca’ Foscari University of Venice (Italy). Sampling surfaces (m2) are included. 
Sample Sampling location Sampling surface (m2) 
Area 1 Right corner far from the 

entrance between shelves 
1.5 

Area 2 Corridor close to area 1 4.3 
Area 3 Left corner far from the 

entrance, between shelves 
3.8 

Area 4 Entrance of the repository 4.3 
 
2.2 Selection of relevant fungal species  
The species-specific fungal characterization of the repository provided important information about 
the features of the fungal spreading, identifying Eurotium halophilicum as the main responsible of 
that kind of contamination, as reported by Micheluz et al. (2015). In the present study, different 
strains of the most prevalent fungal species isolated both from the air, occurring with highest colony 
forming unit (CFU) counts, and from book covers were investigated for their mycotoxin-production 
ability. In particular, Aspergillus creber, A. jensenii, A. penicillioides, A. protuberus, A. vitricola, 
Cladosporium cladosporioides, E. chevalieri, Penicillium brevicompactum and P. chrysogenum, 
together with strains of E. halophilicum were selected for this purpose. The list of fungi with their 
detailed information and accession numbers is reported in the Table 2. All the fungi are preserved at 
the Mycotheca Universitatis Taurinensis (MUT) of the Department of Life Sciences and System 
Biology, University of Turin. 
To detect a wide range of metabolites and toxins, each strain was growth on different media, 
depending also of its nutrient requirements: yeast extract-sucrose agar (YES) and Czapek-yeast 
autolysate agar (CYA) were used for A. creber, A. jensenii, A. protuberus, C. cladosporioides, E. 
chevalieri, P brevicompactum and P. chrysogenum, while MEA15% and YES added with 15% 
NaCl (YES15%) were used for A. penicillioides, A. vitricola and E. halophilicum. The media were 
prepared according to the literature (Christensen et al., 1979; Samson et al., 2004). The strains were 



� ON:�

three-point inoculated on the media in 9-cm Petri dishes and incubated for 7 days (14 days for 
strains of A. penicillioides and A. vitricola, and 35 days for strains of E. halophilicum) at 25 °C. 
 
Table 6 List of fungal species isolated from the contaminated repository and selected for their 
secondary metabolite production analysis by LC-MS/MS. MUT numbers and GenBank accession 
numbers are included. 

Fungal species MUT no. GenBank 
accession number 

Source 

A. creber Jurievic, S.W. Peterson & 
B.W. Horn 

MUT 470  Book cover 
MUT 5691  Book cover 
MUT 5527  Book cover 
MUT 5690  Indoor air 
MUT 5689  Indoor air 

A. jensenii Jurievic, S.W. Peterson & 
B.W. Horn 

MUT 480 KM502178 Book cover 

A protuberus Munt.-Cvetk. MUT 5693  Indoor air 
MUT 5487 KM502193 Indoor air 

Aspergillus penicillioides Spegazzini MUT 481  Book cover 
MUT 5694  Indoor air 
MUT 5525  Book cover 
MUT 5537  Book cover 
MUT 5692  Book cover 

Cladosporium cladosporioides 
(Fresen) G.A. de Vries 

MUT 5536  Indoor air 
MUT 527  Indoor air 

Eurotium chevalieri L. Mangin MUT 472  Indoor air 
E. halophilicum C,M, Chr., Papav. & 
C.R. Benj. 

MUT 482 KM502179 Book cover 
MUT 5534  Book cover 
MUT 5535  Book cover 

Penicillium brevicompactum Dierckx MUT 536 KM502183 Book cover 
P. chrysogenum Thom MUT 5493 KM502200 Indoor air 

MUT 5492 KM502204 Indoor air 
 
2.3 Mycotoxin analysis 
From each fungus on each type of medium one agar disk (1 cm in diameter taken from the marginal 
part of the fungal colony, including mycelium, conidia and cleistothecia for Eurotium spp.) were 
punched out using a cork borer and treated with 4 μL of extraction solvent (acetonitrile/water/acetic 
acid 79:20:1, v/v/v). The extraction was performed for 1.5 h using a Universal Table Shaker 709 
(ASAL srl, Milan, Italy) and subsequently centrifuged for 10 min at 3000 rpm (MPW-251 
centrifuge, MPW Med. Instruments, Warsaw, Poland). The extracts were transferred into glass 
vials, and 500 μL aliquots were diluted with the same volume of dilution solvent 
(acetonitrile/water/acetic acid 20:79:1, v/v/v). After appropriate mixing, 5 μL of the diluted extract 
was injected into LC-MS/MS system without further pre-treatment.  
In the case of dust samples, the materials were collect by sterile brush inside glass vials and then 
weighed. Different aliquots of extraction solution, from 4 to 8 mL were added, depending of the 
different dust amount. The extraction and the dilution of the samples were made as for fungal 
samples. 
Analysis of mycotoxins was performed with the recently updated multi-toxin method, which cover 
320 analytes, as described by Malachová et al. (2014). As mass-spectrometer, a QTrap 5500 LC-
MS/MS System (Applied Biosystems, Foster City, CA) equipped with TurbolonSpray electronspray 
ionization (ESI) source was used connected with a 1290 Series HPLC System (Agilent, Waldbronn, 
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Germany). Chromatographic separation was performed at 25 °C on a Gemini C18-coloum, 150 x 
4.6 mm i.d., 5 µm particle size, equipped with a C18 4 x 3 mm i.d. security guard cartridge 
(Phenomenex, Torrance, CA, US). 
ESI-MS/MS was performed in the time-scheduled multiple reaction monitoring (MRM) mode both 
in positive and negative polarities in two separate chromatographic runs per sample by scanning 
two fragmentation reactions per analyte. The MRM detection window of each analyte was set to its 
expected retention time ±27 sec and ±48 sec in the positive and the negative modes, respectively. 
Confirmation of positive analyte identification was obtained by the acquisition of two MRMs per 
analyte. The LC retention time and the intensity ratio of the two MRM transitions agreed with the 
related values of an authentic standard within 0.1 min and 30% rel., respectively. Quantification 
was performed using external calibration based on serial dilution of multi-analyte stock solution 
(Malachová et al., 2014). 
 
2.4 Statistical analyses of dust samples 
The Bray-Curtis Index was applied to the mycotoxin results of dust samples in order to describe 
similarity among sampling areas, with XLSTAT 2015.1.03. A significant dissimilarity level of 0.95 
was applied. 
 
3 Results 
 
3.1 Metabolite patterns in the investigated fungal cultures 
A total of 36 metabolites were detected in the strains belonging to the 10 investigated fungal 
species. Different metabolite were observed for each fungus and also between the strains of the 
some species, remarked with percentages % in Table 3.  
A. creber, A. protuberus and A. jensenii, belonging to Aspergillus section Versicolores, produced a 
similar metabolite pattern in comparison to A. versicolor (Nielsen, 2003): methoxysterigmatocystin, 
sterigmatocystin and several biosynthetic precursors (averantin, averufanin, nidurufin, norsolorinic 
acid and versicolorin A and C) as well as orsellinic acid were detected at high levels. The strains of 
A. protuberus (also belonging to Aspergillus section Versicolores) differed from the other species 
by the lack of aspergamid, deoxybrevianamid E, methoxysterigmatocystin, tryprostatin B 
production.  
A. penicillioides’ strains were characterized by the production of asperglaucide, while the strain of 
A. vitricola produced only the unspecific metabolites brevianamid F and cyclo(L-Pro-L-Tyr) (data 
not shown). This low production was also observed for the strains of C. cladosporioides, and only 
the presence of emodin was reported. 
The species belonging to the genus Eurotium were characterized by the production of neoechinulin 
A. Moreover, for E. halophilicum, other metabolites were detected, such as chaetoviridin A, 
deoxybrevianamid E, pseurotin A, pseurotin D, rugulusovin, stachybotryamide and tryprostatin B. 
The strains of P. chrysogenum produced andrastin A and B, meleagrin, roquefortine C, secalonic 
acid D, as well as chrysogin, fulvic acid, neoxaline, oxaline and roquefortine D. For one strain (P. 
chrysogenum MUT 4593) the production of citreorosein, demethyl sulochrin and emodin was 
recorded as well. Finally, for the strain of P. brevicompactum, deoxybrevianamid E, emodin, 
mycophenolic acid and orsenillic acid were identified.  
�

��������Secondary metabolites produced by the selected fungal species.  
Metabolite AC AJ APE APR CC EC EH PB PC 
Andrastin A       X 
Andrastin B       X 

Aspergamid A 
X* 

(80%) X      
Asperglaucide  X     
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Averantin X X  X     
Averufanin X X  X     
Averufin X X  X     
Chaetoviridin A       X   
Chrysogin       X 

Citreorosein 
X* 

(60%) X 
X* 

(75%) 
X* 

(50%)    X 
X* 

(50%) 
Demethylsulochr
in       

X* 
(50%) 

Deoxybrevianam
id E X X 

X* 
(25%)   X X 

Emodin X X  X 
X* 

(50%) X  X 
X* 

(50%) 
Fulvic acid       X 
Meleagrin       X 
Methoxysterigma
tocystin X X      
Mycophenolic 
acid      X 
Neoechinulin A    X X  
Neoxaline       X 
Nidurufin X X  X     
Norsolorinic acid X X  X     
Orsellinic acid X X  X    X 
Oxaline       X 

Pseurotin A     
X* 

(33%)  

Pseurotin D     
X* 

(33%)  
Roquefortine C       X 
Roquefortine D       X 
Rugulusovin     X  
Secalonic acid D       X 
Stachybotriamide       X   
Sterigmatocystin X X  X     

Sydonic acid 
X* 

(40%) X  X     

Tenellin     
X* 

(33%)  
Tryprostatin B X X    X X 
Versicolorin A X X  X     
Versicolorin C X X  X     

*: Positive fraction metabolite production for the strains of the same fungal species, (%). 
AC: A. creber; AJ: A. jensenii; APE: A. penicillioides; APR: A. protuberus; AV: A. vitricola; CC: C. 
cladosporioides; EC: E. chevalieri; EH: E. halophilicum; PB: P. brevicompactum; PC: P. chrysogenum. 
 
3.2 Metabolite patters in dust samples 
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From dust samples, 46 different microbial metabolites were detected (Table 4), including 25 
metabolites recorded for the fungal cultures, 19 compounds attributed to other fungal species, one 
bacterial metabolite and one plant toxin. In particular, metabolites of the following microbial taxa, 
Alternaria (alternariolmethylether, altersetin, macrosporin), Ascochyta (ascochlorin), Aspergillus 
(aspergamid A, asperglaucide, averufanin, sterygmatocystin), Beaveria (beauverucin, tenellin), 
Chaetomiun (chaetomin), Fusarium (enniatin B, monocerin), Mycosphaerella (usnic acid), 
Penicillium (andrastin A and B, cyclopenol, meleagrin, skirin, o-methylviridicatin, viridicatin, 
viridicatol), Stachybotrys (stachybotryamide, stachybotrylactam), Trichoderma (alamethicin, 
chrysophanol) were detected, while the other metabolites could be attributed to more than one 
genus of indoor fungi (Laatsch, 2005). Only 21 metabolites were found in all the sampled areas and, 
overall, the most abundant were asperglaucide (58%), alamethicin (13%), andrastin A (10%), 
mainly belonging to Aspergillus spp., Trichoderma spp. and Penicillium spp. Moreover, area 2 was 
also intensely characterized by the presence of terrecyclic acid, typically produced by A. terreus 
(Laatsch, 2005). The sampling area 4, corresponding to the entrance of the repository, presented the 
broadest fungal metabolite spectrum with 39 different compounds produced by at least 12 different 
fungal genera, while area 1, corresponding to the highest fungal contamination (Micheluz et al, 
2015) was characterized by 34 different metabolites, belonging to 11 different fungal genera. 
Finally, the samplings carried out between shelves corresponding to the areas 3 and in the corridor 
called area 2 had recorded 32 and 27 different metabolites respectively, and ascribable to 10 
different fungal genera (Laatsch, 2005). Generally mycotoxin similarities were found among all the 
repository’s areas. In particular, area 4 was recognised to have the lowest level, dBCS = 0.26, if 
compared with areas 2 and the highest level, dBCS = 0.62, if compared with area 3. 
 
Table 8 Secondary microbial metabolites detected in settled dust samples from the four areas inside 
the contaminated repository. Quantification values are average of replicates. 
Metabolite 
 

Area 1 
μg/kg (±STD) 

Area 2 
μg/kg (±STD) 

Area 3 
μg/kg (±STD) 

Area 4 
μg/kg (±STD) 

Alamethicin 3368.0 (±273.0) 1924.1 (±417.6) 229.2 (±381.4) 3.6 (±0.7) 
Alternariolmethylether 4.3 (±0.5) - 1.8 (±0.5) 2.1 (±0.5) 
Altersetin 524.4 (±90.3) 53.4 (±10.3) 32.1 (±15.6) 3.7 (±7.5) 
Andrastin A 3372.4 (±338.6) 186.0 (±372.0) 436.5 (±361.4) 66.7 (±133.3) 
Andrastin B 16.1 (±5.8) - 0.2 (±0.4) - 
Ascochlorin - - 1.6 (±0.4) 10.4 (±4.0) 
Asperglaucide 2273.7 (±292.9) 14562.7 (±48) 2688.0 (±627.3) 5404.4 (±103.2) 
Averufanin - - 0.1 (±0.3) 0.5 (±0.3) 
Averufin 2.5 (±0.3) 9.7 (±0.7) 0.9 (±0.1) 3.9 (±1.1) 
Beauvericin - 0.8 (±1.5) - - 
Chetomin - 23.8 (±41.2) - 15.4 (±10.3) 
Chloramphenicol 1.2 (±0.0) 44.4 (±4.6) - 7.2 (±1.0) 
Chrysophanol 2.7 (±5.5) 13.7 (±27.3) 44.6 (±23.4) 30.3 (±12.4) 
Citreorosein 15.1 (±7.0) - 4.0 (±8.0) 21.5 (±5.2) 
Cyclopenol 43.2 (±7.8) - 2.9 (±5.7) 7.3 (±3.0) 
Emodin 11.0 (±2.1) 15.2 (±0.8) 20.8 (±21.2) 16.6 (±1.4) 
Enniatin B 0.3 (±0.1) 0.3 (±0.2) - 0.1 (±0.0) 
Ilicicolin B - 9.0 (±6.4) 0.5 (±1.0) 15.9 (±1.6) 
Lotaustralin 3.6 (±0.6) - 6.4 (±1.0) 5.1 (±1.4) 
Macrosporin 6.1 (±1.1) - 4.9 (±0.8) 4.5 (±0.7) 
Meleagrin 102.4 (±16.3) 130.5 (±18.6) 0.6 (±1.3) 18.9 (±8.5) 
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Methoxysterigmatocystin 5.2 (±0.4) 4.8 (±0.0) 5.7 (±2.1) 27.0 (±1.9) 
Monocerin 1.6 (±0.4) - 2.8 (±0.3) 5.6 (±0.4) 
Neoechinulin A 1184.3 (±112.8) 59.0 (±9.9) 42.5 (±14.9) 28.7 (±2.8) 
Neoxaline 1.3 (±0.1) 3.2 (±0.3) 0.5 (±0.2) 0.7 (±0.5) 
Nidurufin - - - 1.1 (±0.3) 
O-Methylviridicatin 4.3 (±0.7) - 0.7 (±0.3) 4.7 (±0.5) 
Physcion 203.9 (±145.0) - 146.3 (±47.5) 232.5 (±105.3) 
Quinocitrinine A - - 0.3 (±0.3) 0.5 (±0.5) 
Roquefortine C 16.3 (±1.9) - - - 
Rugulusovin 4.7 (±1.5) 8.5 (±1.2) 8.6 (±0.9) 4.3 (±0.3) 
Skyrin 4.6 (±1.2) - - 0.6 (±1.2) 
Stachybotryamide 1.4 (±0.0) 60.5 (±5.6) - 2.0 (±0.7) 
Stachybotrylactam 1.4 (±0.3) 93.2 (±12.3) 1.0 (±0.3) 14.2 (±1.2) 
Sterigmatocystin 17.4 (±0.4) 6.1 (±1.5) 2.1 (±0.2) 12.8 (±1.0) 
Sydonic acid - - 0.9 (±1.7) 53.5 (±4.2) 
Tenellin 38.1 (±11.6) 545.5 (±326.1) - 17.3 (±2.2) 
Terrecyclic acid - 3149.3 (±241.6) - - 
Usnic acid 13.9 (±2.0) 26.7 (±8.6) 26.7 (±10.6) 6.4 (±3.1) 
Viridicatin 3.8 (±1.2) 26.7 (±14.1) 0.5 (±1.0) 3.2 (±2.0) 
Viridicatol 116.3 (±24.5) 40.8 (±30.0) - 11.1 (±22.3) 
 
4. Discussion 
The analysis of 22 strains belonging to 10 selected fungal species produced a wide range of 
secondary metabolites, confirming the metabolite pattern for those already well-known (Nielsen, 
2003) and improving information for the less-known fungi. The cultivation onto proper media have, 
in fact, let them the opportunity to produce the maximal range of metabolites and the results are 
usefully as first step to understand their potential abilities in real environments. As reported by 
Micheluz et al. (2015), A. creber was the most prevalent fungal species and because of its recent 
identification as separated species from A. versicolor (Jurievic et al., 2012), its mycotoxin 
production needed to be study in more details. This species, together with A. jensenii and A. 
protuberus, showed the capacity to produce sterigmatocystin, comparable with results of other 
authors (Engelhart et al. 2001; Jurievic et al. 2013; Nielsen et al. 1999). This metabolite is a 
biochemical precursor in the biosynthesis of aflatoxins, showing weak toxicity, mutagenicity, 
carcinogenicity and citotoxity in both in vitro and in vivo studies and it has been recognized as a 2B 
carcinogen by the International Agency for Research on Cancer (Bloom et al., 2007; Jurievic et al., 
2013; Nielsen, 2003; Tuomi et al., 2000). Methoxysterigmatocystin were also detected for these 
species, except for the strains of A. protuberus. This metabolite is produced by Aspergillus spp. 
known to produce sterigmatocystin, as A. versicolor and Emericella nidulans. However, very few 
studies have addressed methoxysterigmatocystin, mostly concerned contamination by A. versicolor 
(Nielsen et al., 1999). Other typical metabolites of A. versicolor, such as averantin, averufanin, 
averufin, nidurofin, norsolorinic acid and versicolorin A and C, were detected in all the three 
species belonging to the Aspergillus section Versicolores. Moreover, sydonic acid, typical of A. 
sydowii, aspergamid A, typical metabolite of A. ochraceus (fungal species that belongs to 
Aspergillus section Circumdati) and unspecific metabolites as citreorosein, deoxybrevianamid E 
and emodin were identified (Laatsch, 2005).  
Only the presence of the alkaloid asperglaucide characterized the samples of. A. penicillioides, 
which, as the other species belong to Aspergillus section Resctricti, i.e. A. restrictus and A. 
vitricola, is considered a stress selected species, with a poor production of secondary metabolites 
(Frisvad, 2015; Itabashi et al., 2006; Peterson, 2008; Tamura et al., 1999). For A. vitricola, in fact, 
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no records were detected, as well as for C. cladosporioides, that only a sporadically presence of 
emodin was emerged.  
All the Eurotium strains showed the production of the typical metabolite neoechinulin A (Butinar et 
al., 2005; Slack et al., 2009). About E. halophilicum strains, some of the samples were 
characterized by the production of pseurotin A and D and tryprostatin B, already known as typical 
metabolite of A. fumigatus (Huang et al., 2010), as well as deoxybrevianamid E, rugulosovin and 
tenellin. Finally, two compounds typically belonging to other fungal species were pointed out: 
chaetoviridin A from Chaetomium sp. and stachybotryamide from Stachybotrys sp. (Laatsch, 2005). 
For these two compounds, all related MRM transitions exhibited peaks with the correct intensity 
ratios and a small, but yet significant, difference in retention time compared to the authentic 
standards. 
Another fungal species frequently isolated from the environment studied was P. chrysogenum, well 
known as common indoor airborne fungus (Nielsen, 2003). Typical metabolites identified were 
chrysogin, demethylsulochrin, meleagrin, roquefortine C, roquefortine D and secalonic acid D, as 
reported by many authors (Frisvad et al., 2004; Gutarowska et al., 2014; Nielsen, 2003). The 
production of andrastin A, andrastin B, citreorosein and fulvic acid are typical for Penicillium spp., 
while oxaline was previously signalled only by P. atramentosum, P. crustosum, P. glandicola and 
P. oxalicum as well as neoxaline, which is typical for P. atramentosum, P. coprobium and P. 
tulipae (Frisvad et al., 2004; Laatsch, 2005). 
As considers P. brevicompactum, prevalent production of mycophenolic acid was detected, with 
lower presences of citreorosein, deoxybrevianamid E, emodin and orsellinic acid. 
 
Several toxic fungal metabolites were detected in settled, previously airborne, dust, which indicates 
the real potential of their inhalation exposure inside the repository. Most of them could be attribute 
to the fungal species analysed, but the hypothetical presence of other fungi not isolated from the 
indoor environment studied were pointed out. Generally, the results have emphasized the presence 
of the metabolite asperglaucide (2273.7 - 14562.7 µg/kg), potential indicative of xerophilic fungi as 
A. penicillioides and A. restrictus, but also plant’s metabolite (Itabashi et al., 2006; Wu et al., 
2011). Anyway, the particular structural characteristics of the repository do not permit a big air 
exchange with the outside and the source of asperglaucide is more likely of fungal origin. Inside the 
repository, A. penicillioides was identified both as airborne fungus and book colonizer. Already in 
1978, A. penicillioides, together with E. halophilicum, was associated with house-dust mites, 
emphasizing the possibility that it was responsible for allergic rhinitis and lunge disease (Samson 
and Lustgraaf, 1978). In several studies, this fungus was also isolated from dry food and indoor 
environment, such as museums and archives (Pitt and Hocking, 1997; Samson et al., 2004). In 
particular, A. penicillioides has often been isolated from old contaminated books and manuscripts 
(Michaelsen et al., 2010; Micheluz et al., 2015; Montanari et al., 2012). 
Elevated concentrations of Trichoderma viride peptaibol alamethicin were also detected in the dust 
samples (3.6 - 3368.0 µg/kg), higher than those reported in similar studies concerned indoor 
environments (Täubel et al., 2011; Vishwanath et al., 2011). Micheluz and collaborators (2015) did 
not detect this species during the fungal analysis of the library, maybe due to specific low water 
activity medium used for the sampling, but the abundant presence of this typical metabolite in dust 
could be significant inside the library and for the preservation of book collections, especially 
because of the cellulolytic activity of Trichoderma sp. towards to textiles, paper and timber (Yang 
et al., 2007; Zyska, 1997). Moreover, Trichoderma sp. is a common indoor dust fungus, well-
known to be implicate with damp and mouldy buildings and adverse human health effects (Larsen 
et al., 1996; Lignell et al., 2008; Nielsen et al., 2003). 
The occurrence of typical indoor fungi Penicillium spp. was pointed out by high concentrations of 
andrastin A (66.7 - 3372.4 µg/kg) whereas other typical Penicillium metabolites, as cyclopenol (2.9 
- 43.2 µg/kg), quinocitrinine A (0.3 – 0.5 µg/kg) and skirin (0.6 – 4.6 µg/kg) (Laatsch, 2005).  
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High concentrations of neochinulin A were probably indicative for the presence of Eurotium spp., 
with concentration of 28.7 µg/kg in area 4 and up to 1184.3 µg/kg in area 1. This data corroborates 
with the previous findings of Micheluz et al. (2015). 
Specifically related to area 2, high concentrations of terrecyclic acid, a typical metabolite of A. 
terreus, were detected (3149.3 µg/kg). This sesquiterpene metabolite was recognized as possessor 
of broad-spectrum antimicrobial and antitumor activity, and the fungus is normally used against 
plant pathogens (Hyder et al., 2009; Turbyville et al., 2005). Its presence was pointed out also in 
house-dust samples as well as deteriorated books and manuscripts (Abdel-Hafez et al., 1990; 
Michaelsen et al., 2010) but not by Micheluz et al. (2015). Another metabolite found in all the areas 
with the exception of area 2 was physcion (146.3 - 232.5 µg/kg). As chrysophanol (2.7 - 44.6 
µg/kg) and emodin (11.0 - 20.8 µg/kg), this metabolite is an antraquinone derivate, produced by 
fungi, such as Aspergillus spp. and Eurotium spp., as well as derived from plants (Laatsch, 2005). 
The concentrations of methoxysterigmatocystin (4.8 – 27.0 µg/kg) and sterigmatocystin (2.1 – 17.4 
µg/kg) in the dust samples were comparable with studies concerned severe moisture 
damage/dampness problems (Bloom et al., 2007; Engelhart et al., 2002), while small amounts of 
stachybotryamide (0.5 – 4.1 µg/kg) and stachybotrylactam (1.1 µg/kg, only for area 4), belonging to 
Stachybotrys chartarum, were detected in dust samples. The occurrence of this fungus in the dust, 
not detected by Micheluz et al. (2015), could be possible because it was frequently isolated from 
house-dust, as well as building materials. Furthermore, S. chartarum is well-known as strong 
cellulolytic species and great secondary metabolite producer, such as highly toxic macrocyclic 
trichothecenes (Bloom et al., 2007; Li et al., 2005; Nielsen, 2003). 
Several other metabolites belonging to fungi not analysed in this study were detected in the dust 
samples, even if in low concentrations. Alternariolmethylether (1.8 – 4.3 µg/kg), altersetin (3.7 - 
524.4 µg/kg) and macrosporin (4.5 – 6.1 µg/kg), for example, are Alternaria spp.’s metabolites, 
while enniatin B (0.1 – 0.3 µg/kg), ilicicolin B (0.5 – 15.9 µg/kg) and monocerin (1.6 – 5.6 µg/kg) 
are typical for Fusarium spp. and chetomin (15.4 – 23.8 µg/kg) for Chaetomiun spp. (Laatsch, 
2005). These fungal species are common outdoor fungi but they were often isolated also from 
indoor environments on books and documents (Gallo, 1993; Pitt and Hocking, 2009; Samson et al., 
2004; Zyska, 1997). Metabolites as usnic acid (6.4 – 26.7 µg/kg), beaverucin (0.8 µg/kg) and 
ascochlorin (1.6 – 10.4 µg/kg) may come from to outdoor organisms and fungi, such as lichens or 
Mycosphaerella nawa, Beauveria bassiana, and Ascochyta vicinae respectively (Laatsch, 2005).  
As bacterial metabolite, only chloramphenicole (1.2 – 44.4 µg/kg) was detected, especially in 
corresponding of area 2. This metabolite probably derives from Streptomyces spp., Gram-positive 
bacteria that commonly occur in the soil, but also in indoor environments with strong problems of 
moisture damages and dampness (Rintala et al., 2004).  
The analysis of settled dust samples increased the knowledge about the microbial community inside 
the repository and, consequently, given more information to conservators about proper preservation 
and management of book collections.  
Finally, it remains to determine the level of mycotoxins in native bioaerosol in order to estimate the 
real health hazards for librarians. Regular dusting operation and frequent inspections should be 
ensured, to prevent microbiological contamination and ensuring healthy and safe working 
environments. 
 
Supplementary material 
Table S1 Secondary metabolite concentrations produced by selected fungal strains on Yeast 
Extract-Sucrose agar (YES), Czapeck-Yeast Autolysate agar (CYA), Yeast Extract-Sucrose agar 
with 15% of NaCl (YES15%) and Malt Extract Agar with 15% of NaCl (MEA15%). Results are 
reported as ng/cm2 of agar disk. 
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Element Weight% Atomic%  
         
C K 37.94 56.98  
O K 24.41 27.52  
Na K 6.89 5.41  
Mg K 0.31 0.23  
Si K 0.62 0.40  
S K 10.33 5.81  
Ca K 4.89 2.20  
Br L 0.79 0.18  
Au M 13.82 1.27  
    
Totals 100.00   

Element Weight% Atomic%  
         
C K 46.61 63.10  
O K 25.46 25.88  
Na K 4.81 3.40  
Al K 0.35 0.21  
Si K 0.62 0.36  
P K 1.21 0.64  
S K 7.07 3.59  
Cl K 0.34 0.16  
Ca K 4.81 1.95  
Au M 8.71 0.72  
    
Totals 100.00   

 

Element Weight% Atomic%  
         
C K 34.81 52.97  
O K 28.08 32.08  
Na K 8.15 6.48  
S K 9.33 5.32  
Ca K 3.66 1.67  
Au M 15.97 1.48  
    
Totals 100.00   

 

Element Weight% Atomic%  
         
C K 40.42 55.75  
O K 31.60 32.72  
Na K 7.83 5.64  
Si K 0.32 0.19  
S K 7.06 3.65  
Ca K 2.94 1.22  
Au M 9.82 0.83  
    
Totals 100.00   
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Element Weight% Atomic%  
         
C K 33.36 51.07  
O K 27.22 31.29  
Na K 8.62 6.89  
Si K 0.39 0.25  
S K 11.99 6.88  
Ca K 5.18 2.38  
Au M 13.25 1.24  
    
Totals 100.00   

 

Element Weight% Atomic%  
         
C K 37.50 55.92  
O K 28.54 31.95  
Na K 7.20 5.61  
Si K 0.24 0.15  
S K 6.52 3.64  
Ca K 2.56 1.14  
Au M 17.44 1.59  
    
Totals 100.00   

 

Element Weight% Atomic%  
         
C K 58.58 84.51  
N K 0.30 0.37  
O K 10.73 11.62  
Na K 1.24 0.93  
Au M 29.15 2.56  
    
Totals 100.00   

 

Element Weight% Atomic%  
         
C K 66.66 83.89  
O K 14.50 13.70  
Na K 1.51 0.99  
Al K 0.19 0.10  
Au M 17.14 1.32  
    
Totals 100.00   

 

Element Weight% Atomic%  
         
C K 79.12 90.07  
O K 10.31 8.81  
Na K 0.73 0.44  
Au M 9.84 0.68  
    
Totals 100.00   
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Element Weight% Atomic%  
         
C K 39.60 59.75  
O K 22.88 25.91  
Na K 5.82 4.59  
Mg K 0.49 0.37  
Al K 0.52 0.35  
Si K 0.94 0.61  
S K 8.75 4.95  
Ca K 4.27 1.93  
Au M 16.72 1.54  
    
Totals 100.00   

 

Element Weight% Atomic%  
         
C K 42.57 59.49  
O K 26.17 27.45  
Na K 7.50 5.47  
Mg K 0.26 0.18  
Al K 0.32 0.20  
Si K 0.56 0.33  
S K 8.40 4.40  
Ca K 3.78 1.58  
Au M 10.45 0.89  
    
Totals 100.00   

 

Element Weight% Atomic%  
         
C K 34.54 51.90  
O K 28.53 32.19  
Na K 7.28 5.72  
Al K 0.22 0.15  
Si K 0.50 0.32  
S K 11.25 6.33  
Ca K 4.97 2.24  
Au M 12.70 1.16  
    
Totals 100.00   

 

Element Weight% Atomic%  
         
C K 43.86 61.55  
O K 27.15 28.59  
Na K 6.17 4.52  
Si K 0.29 0.17  
S K 5.71 3.00  
Ca K 2.15 0.91  
Au M 14.67 1.25  
    
Totals 100.00   

 

Element Weight% Atomic%  
         
C K 47.04 66.61  
O K 23.28 24.75  
Na K 4.83 3.58  
S K 4.84 2.57  
Ca K 1.98 0.84  
Rb L 0.84 0.17  
W M 0.53 0.05  
Au M 16.65 1.44  
    
Totals 100.00   

 



� �����0�

�
�
�
��� � C%� �� ?�����
� 0� ��� ��
� ������� ���	
���	 ���	��������� �� "$
����� 0��%� 
�$
����� ��� �� ���� �� ��
� ���� ������ ��
����	
������

�
�

�
�

�
�

Element Weight% Atomic%  
         
C K 43.74 58.24  
O K 31.00 30.99  
Na K 7.77 5.40  
Si K 0.31 0.18  
S K 7.06 3.52  
Ca K 2.67 1.06  
Au M 7.45 0.61  
    
Totals 100.00   

 

Element Weight% Atomic%  
         
C K 79.88 98.49  
Au M 20.12 1.51  
    
Totals 100.00   

 

Element Weight% Atomic%  
         
C K 34.60 52.90  
N K 5.96 7.82  
O K 21.70 24.91  
Na K 7.26 5.80  
S K 9.10 5.21  
Ca K 3.76 1.72  
Au M 17.63 1.64  
    
Totals 100.00   

 

Element Weight% Atomic%  
         
C K 40.53 54.42  
N K 8.11 9.34  
O K 24.86 25.06  
Na K 6.86 4.81  
S K 8.48 4.27  
Ca K 3.71 1.49  
Au M 7.44 0.61  
    
Totals 100.00   
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Element Weight% Atomic%  
         
C K 38.02 53.56  
N K 8.59 10.37  
O K 24.80 26.23  
Na K 6.16 4.53  
S K 5.87 3.10  
Ca K 2.33 0.98  
Au M 14.23 1.22  
    
Totals 100.00   

 

Element Weight% Atomic%  
         
C K 66.11 78.29  
N K 13.15 13.36  
O K 7.32 6.51  
Na K 1.34 0.83  
Cl K 0.22 0.09  
Ca K 0.25 0.09  
Au M 11.62 0.84  
    
Totals 100.00   

 

Element Weight% Atomic%  
         
C K 83.54 99.10  
N K -11.73 -11.94  
O K 12.00 10.68  
Na K 1.37 0.85  
Mg K 0.26 0.15  
Cl K 0.29 0.12  
Au M 14.27 1.03  
    
Totals 100.00   

 

Element Weight% Atomic%  
         
C K 74.52 91.19  
N K -2.77 -2.91  
O K 10.34 9.50  
Na K 1.41 0.90  
Cl K 0.24 0.10  
Au M 16.25 1.21  
    
Totals 100.00   

 

Element Weight% Atomic%  
         
C K 61.57 76.88  
N K 3.07 3.28  
O K 18.31 17.16  
Na K 2.03 1.33  
Mg K 0.24 0.15  
Cl K 0.22 0.09  
Au M 14.57 1.11  
    
Totals 100.00   
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Element Weight% Atomic%  
         
C K 48.12 70.19  
N K 11.15 13.94  
O K 10.46 11.45  
Na K 2.21 1.68  
Ca K 0.31 0.14  
Cu K 0.68 0.19  
Au M 27.08 2.41  
    
Totals 100.00   

 

Element Weight% Atomic%  
         
C K 53.23 67.69  
N K 17.17 18.72  
O K 11.41 10.90  
Na K 1.68 1.12  
Mg K 0.24 0.15  
Cl K 0.28 0.12  
Ca K 0.23 0.09  
Au M 15.76 1.22  
    
Totals 100.00   

 

Element Weight% Atomic%  
         
C K 51.11 65.25  
N K 15.41 16.87  
O K 13.94 13.37  
Na K 2.74 1.83  
S K 2.69 1.29  
Cl K 0.18 0.08  
Ca K 0.76 0.29  
Au M 13.17 1.03  
    
Totals 100.00   

Element Weight% Atomic%  
         
C K 43.86 67.76  
N K 8.13 10.77  
O K 9.47 10.99  
Na K 3.94 3.18  
Mg K 0.27 0.20  
S K 6.51 3.77  
Ca K 1.97 0.91  
Au M 25.87 2.44  
    
Totals 100.00   

 

Element Weight% Atomic%  
         
C K 44.93 71.13  
N K 8.39 11.39  
O K 7.24 8.61  
Na K 2.75 2.28  
Mg K 0.27 0.21  
S K 4.40 2.61  
Cl K 0.32 0.17  
Ca K 1.12 0.53  
Cu K 0.64 0.19  
Au M 29.94 2.89  
    
Totals 100.00   
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Element Weight% Atomic%  
         
C K 71.41 91.81  
N K -4.62 -5.10  
O K 10.70 10.33  
Na K 1.77 1.19  
Cl K 0.39 0.17  
Au M 20.34 1.59  
    
Totals 100.00   

 

Element Weight% Atomic%  
         
C K 52.76 69.05  
N K 8.19 9.19  
O K 16.96 16.66  
Na K 3.00 2.05  
S K 2.72 1.33  
Ca K 1.30 0.51  
Au M 15.07 1.20  
    
Totals 100.00   

 

Element Weight% Atomic%  
         
C K 98.53 113.80  
N K -20.72 -20.52  
O K 6.48 5.62  
Au M 15.71 1.11  
    
Totals 100.00   

 

Element Weight% Atomic% 
        
C K 81.87 98.67 
Au M 18.13 1.33 
   
Totals 100.00  

 

Element Weight% Atomic% 
        
C K 80.46 96.77 
O K 2.17 1.96 
Au M 17.37 1.27 
   
Totals 100.00  
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Element Weight% Atomic%  
         
C K 37.52 54.60  
O K 28.44 31.08  
Na K 8.55 6.50  
S K 9.22 5.03  
Ca K 3.91 1.71  
Au M 12.36 1.10  
    
Totals 100.00   
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Element Weight% Atomic%  
         
C K 41.29 56.56  
O K 30.49 31.35  
Na K 8.08 5.78  
S K 8.09 4.15  
Ca K 3.51 1.44  
Au M 8.54 0.71  
    
Totals 100.00   

 

Element Weight% Atomic%  
         
C K 38.14 60.66  
O K 16.63 19.86  
Na K 6.81 5.66  
S K 14.96 8.91  
Ca K 6.96 3.32  
Au M 16.50 1.60  
    
Totals 100.00   

Element Weight% Atomic%  
         
C K 36.29 53.87  
O K 29.58 32.96  
Na K 7.72 5.98  
S K 8.00 4.45  
Ca K 3.05 1.36  
Au M 15.36 1.39  
    
Totals 100.00   
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Element Weight% Atomic%  
         
C K 37.46 55.23  
O K 25.42 28.13  
Na K 8.67 6.68  
S K 12.00 6.63  
Ca K 5.25 2.32  
Au M 11.20 1.01  
    
Totals 100.00   

 

Element Weight% Atomic%  
         
C K 70.44 88.58  
O K 10.09 9.53  
Na K 0.70 0.46  
Au M 18.78 1.44  
    
Totals 100.00   

 

Element Weight% Atomic%  
         
C K 68.31 91.59  
O K 5.91 5.95  
Na K 0.57 0.40  
Au M 25.21 2.06  
    
Totals 100.00   

 

Element Weight% Atomic%  
         
C K 70.95 87.99  
O K 10.85 10.11  
Na K 0.76 0.49  
Cl K 0.26 0.11  
Au M 17.18 1.30  
    
Totals 100.00   

 

Element Weight% Atomic%  
         
C K 75.44 88.65  
O K 11.06 9.76  
Na K 1.02 0.62  
Cl K 0.23 0.09  
Au M 12.25 0.88  
    
Totals 100.00   
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Element Weight% Atomic%  
         
C K 66.43 87.42  
O K 10.41 10.29  
Na K 0.71 0.49  
Au M 22.45 1.80  
    
Totals 100.00   

 

Element Weight% Atomic%  
         
C K 72.16 89.46  
O K 9.22 8.59  
Na K 0.95 0.61  
Au M 17.67 1.34  
    
Totals 100.00   

 

Element Weight% Atomic%  
         
C K 63.45 85.92  
O K 11.38 11.57  
Na K 0.70 0.50  
Au M 24.47 2.02  
    
Totals 100.00   

 

Element Weight% Atomic%  
         
C K 66.54 87.71  
O K 10.01 9.91  
Na K 0.81 0.56  
Au M 22.63 1.82  
    
Totals 100.00   

 

Element Weight% Atomic%  
         
C K 66.33 88.15  
O K 9.49 9.47  
Na K 0.68 0.47  
Au M 23.50 1.90  
    
Totals 100.00   
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