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INTRODUCTION: In museum and archives collection environments fungi are a critical artefact biodeterioration factor, whereas most infections are airborne. Poor ventilation and temperature
variations can produce water condensation points and adverse local micro-climates. These conditions favour fungal growth activity in specific museum exhibit areas; along these lines, colonizing
paper made documents is typically caused by species of slow-growing Ascomycetes, as well as mitosporic xerophilic fungi of the genera Aspergillus and Penicillium. Plus, some of the fungi present
in paper documents, surfaces and air from archives, libraries and museums are also a threat to human health. This work aims to show that the identification of a fungal genus or species on a
document does not necessarily mean this fungus is the actual cause. Showcases offer not always a protection for PM and specific airborne bacteria. In contrast, an enrichment of viable, cultivable
airborne bacteria inside the showcases was observed that may be related to a possible utilization of the exhibits materials as sources for growth.
METHODOLOGY: This work is a continuation of the research of Lazaridis et al. (2015 & 2017), that took place in the museum over a period of two years. The results used in the present work, are
shown in Figures 1-3. For microbiological assays, samples were collected 7 samples from exhibited paper materials and 5 from in and out of showcases) under semi aseptic conditions with sterile
swabs and scalpels, placed in a suspension of transport MRD medium (Maximum Recovery Diluent Merck until utilization on Sabouraud dextrose agar (SDA), and Cetrimide agar (CA, Bioprepare).
The microbial population was characterized based on macroscopic features of the colonies, and in micro morphology of the reproductive structures, that were observed in the optical microscope
Leica DM 2700M and the images were acquired with the digital camera Leica DC300F. The fungal populations were identified using SEM Microscopic observations were made through the JEOL
JSM 6510LV at high vacuum of 10-7 atm with an electron acceleration voltage 15 kV.

RESULTS
Microscopic observations of exhibited paper materials

Particulate matter mass concertation [1],[2]
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Figure 1: Indoor mass concentration (g/m3 of PM10 and PM2.1 ). In the case
of the museum, a relatively similar mass concentration of particles with a
diameter lower than 2.1m was measured 19.6 and 36.0 g/m, during spring
and summer periods respectively, which is associated with anthropogenic
sources outdoors (urban environment). Elevated PM10 to PM2.1 particle
fraction indicates infiltration of fine particles indoors, which are mainly
secondary in nature originating from chemical reactions of gaseous species.
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Figure 2: Seasonal variation of the 2 years average PM2.5 /PM10 ratios
indoors and the indoor/outdoor (I/O) PM10 ratios. The mean value of I/O
PM10 ratio over to one 1.38 which is correlated with high dust load in the
collections and resuspension of particles during the presence of people.
The mean value of PM2.5 /PM10 ratio was 0.88 this means that in the
museum indoors fine particles dominate.
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Figure 4: Photomicrographs shows: Samples DCJ26-c.up (A-C) and DCJ26-c.down (D-F): the two samples from the cover (red arrows), appear to have a disturbed surface
(cracking). In paper manufacturing, many compounds are added to increase the opacity or whiteness of the support. Kaolin, Al2Si2O5(OH)4, is the most common form of clay
added to paper as a filler. C and F show a cluster of mineral material containing Fe but also Ca and Si. It is a material juxtaposed with the fiber sand pressed on to them,
presumably deriving from phases following the preparation of the sheet, and not present in the pulp. The presence of Ba may be shows the use of an insecticide. Also, a thin
layer of barium sulfate is used to coat the paper base of many inkjets. Sample DCJ26-p16 (G-I). G and H shows the sample to have less damage since it is an internal page.
Photomicrograph I shows that the contains mainly Cu and is completely embedded by cellulose fibers, suggesting that it was present in the pulp. The photo scale for A,D
and G is 1μm.

Microbial culture media – Identification of the fungal strains

Bioaerosol measurements [2]
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Figure 3: Seasonal two years average concentrations of viable, cultivable
airborne microbes in museum. The highest values in the museum were
recorded during summer 2 years average sum in the museum indoors were
19.115 CFU/m3 in showcases 4397 CFU/m3 and outdoors 1394 CFU/m3 and
autumn 2 years average sum in the museum indoors were 12 925 CFU/m3
in showcases 5861 CFU/ m3 and outdoors 1222 CFU/ m3 Number of
samples: n= 16.
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Figure 5: Photomicrographs shows Sample DCJ-26bc. (A-C): A. Colonies of Aspergillus sp. on SDA plate after 5
days of incubation at 25οC B viewed by OM after LPCB staining and C by SEM Sample DCJ-26p16.
(D-F): D. Colonies of Penicillium sp. on SDA plate after 5 days of incubation at 25οC E viewed by OM after LPCB
staining and F by SEM. The yellow marks on A and B shows the point of sampling for SEM analysis.
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Figure 6: Photomicrographs shows A: General
view of the Criminology Museum of Athens;
B: Sampling process; C: Colonies of bacteria on
CA plate after 5 days of incubation at 25οC.

CONCLUSIONS
Summarizing, the increased concentrations of airborne bacteria and PM indoors indicate the presence of emission sources, like presence of people (visitors and employees), dust resuspension inadequate
cleaning, and storage conditions. The fungal species isolated from paper materials were Aspergillus sp. 71.42%, Penicillium sp. 14.28% and bacteria 14.30%. The air is not the only source of contamination
Surfaces are a resting site for fungal particles and often translate a wider picture in terms of fungal diversity. The identification of a fungal genus or species on a document does not necessarily mean this fungus is
the actual cause To overcome this issue, evidence suggests the need for various and simultaneous methods to be employed since no single method developed so far gives us the full picture.
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