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Abstract: The influence of the environment on the artefacts often translates (in absence of protecting
measures) into their damage trough physical, chemical or biological processes. Most artefacts (regardless of
their nature) are affected by the action of fungi. Previously it was shown that the most widespread fungi are
those of Aspergillus sp. and Penicillium sp. Developing new bioremediation recipes based on synthesized
chemical substances (with low or absent toxicity for humans and to the rest of the environment) can remove
the shortcomings of the currently used methods (gamma or UV irradiation, etc.).
This paper presents the synthesis and characterization of new materials (hydroxyapatite and its derivatives,
hydroxides of alkaline earth metals). Characterization of the synthesized materials was performed using
state-of-the-art analytical techniques (XRD, XRF, FTIR, thermal analysis). Characterization in terms of
antifungal action was performed using the diluted inoculum technique on culture media. The obtained results
allow us to hope for an alternative method for the removal of biodegradation, using selected synthesized
materials.
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Introduction
All the artefacts, regardless of their nature, can be affected by what are known as environmental fungi
(ACOEM 2011). This action (also known as biodeterioration) may lead to irreparable damage to the
artefacts, trough physical, chemical or biological processes, resulting both in economic loss and cultural and
artistic loss (KEOPANNHA 2008).
Fungal infestation can affect limestone, marble or other stones (making theme discolored and powdery on
the surface) (KUMAR & KUMAR 1999). Speaking of artefacts, the fungi most often attack paper
(manufactured paper being more susceptible because its content in starch, glue, vegetable proteins,
dyestuffs, pigments, and other additives that could provide nutrients) (KEOPANNHA 2008). Even though
less frequently, textiles are also affected, cotton being more susceptible than silk (ARANYANAK 1995).
Fungi breed most successfully on damp walls and can move from there to infest artefacts (FLORIAN 2002).
Besides its direct damage, moulds affect the artefacts through and indirect route: it attracts mould feeding
insects, and thus exposes cultural materials to further infestations by other biodeteriogens (PINNIGER
1989).
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Developing new bioremediation recipes based on synthesized chemical substances (with low or absent
toxicity for humans and to the rest of the environment) can remove the shortcomings of the currently used
methods (gamma or UV irradiation, etc.) (TIANO 2002; URZI & DeLEO 2010).
Lin e al. (LIN et al. 2008) presented the antibacterial effect of partially and totally strontium substituted
hydroxyapatite. Based on these data, our group has synthesized and analytical characterized (trough energy
dispersive X-ray fluorescence - EDXRF, X-ray diffraction - XRD, Fourier transform infrared spectroscopy FTIR, thermal analysis) a series of strontium and barium substituted hydroxyapatite. The efficiency of the
synthesized materials was evaluated by diluted inoculums technique on culture media.
Our group previously demonstrated that the most widespread fungi are belonging to Aspergillus sp.,
Penicillium sp. and, in lesser extent, Mucor Sp., as well as some synthesized materials for the remediation of
biodeterioration (FIERASCU et al. 2013).

Experimental
Materials
The strontium substituted materials were synthesized as follows: hydroxyapatite (HAP) was obtained as
follows: 0.25 mol Ca(NO3)2•4H2O (Merck KGaA, Germany) were dissolved in 250 ml distilled water; 0.25 mol
of (NH4)2HPO4 (Merck KGaA, Germany) were dissolved in 250 ml distilled water; the calcium containing
solution was put into a flask and heated to the temperature of 80 °C. The phosphorus containing solution
(with the pH adjusted to 10 with NH4OH – Chimreactiv, Romania) was added into the calcium containing
solution under vigorous stirring. The reaction was performed at 80 °C for 3 h, with the pH constantly kept at
10. After the reaction, the deposited mixtures were washed with distilled water, filtered, and rinsed with
ethanol (Merck KGaA, Germany). The ethanol-containing gel was dried in a vacuum oven at 45 °C.
SrCaHAP powder was prepared by the same recipe, by using a mixture of Ca(NO3)2•4H2O (0.125 mol) and
SrCl2•6H2O (0.125 mol, Merck KGaA, Germany) to obtain a Ca/Sr solution instead of the Ca solution used
for HAP synthesis.
For the SrHAP synthesis, 0.25 mol SrCl2•6H2O were dissolved in distilled water and the previously presented
procedure was followed. In order to obtain BaHAP, BaCl2 (Merck KGaA, Germany) was used instead of
SrCl2 in the upper recipe.
In order to avoid the possible damage to real artefacts, simulated artefacts were used, as previously reported
(FIERASCU et al. 2013).

Methods
Energy dispersive X-ray fluorescence analyses (EDXRF) were performed using a PW4025 MiniPal 2
spectrometer (PAnalytical). X-ray diffractions (XRD) were obtained by the use of a DRON UM1
diffractometer, operating at 32 kV and 25 mA, using Co Kα radiation (1.79021 Å). FTIR analyses were
performed on a FT-IR GX (Perkin Elmer) spectrometer. Thermal analyses were performed on a TGA/SDTA
851 (Mettler Toledo). All the obtained results were processed using a dedicated data analysis software
(Origin 8.0).

2

Fierascu R. | Ion | Fierascu I. – Synthesis and Characterization for Artefact Bioremediation

In order to determine the biological contaminants present on the surface of the materials we used the diluted
inoculums technique. For this type of analysis, samples are collected and suspended in sterile distilled water.
The samples are inoculated at the surface of a solid growth medium in Petri dishes; the liquid is dispersed
evenly on the surface of the plate (using a Drigalski rod, through tilt/rotation motions of the plate). The plates
are incubated at 28 °C for several days. The culture media used was solid Sabouraud (SS) (produced by
INCDMI Cantacuzino, Bucharest, Romania).

Results and discussions
Analytical characterization
The materials synthesized were characterized by EDXRF (Fig. 1 and 2), XRD (Fig. 3 and 4), FTIR (Fig. 5
and 6) and thermal analysis (Fig. 7 and 8).

Fig. 1 – EDXRF results for HAP/SrCaHAP/SrHAP
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Fig. 2 – EDXRF results for HAP/BaHAP

Fig. 3 – XRD results for HAP/SrCaHAP/SrHAP
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Fig. 4 – XRD results for HAP/BaHAP

Fig. 5 – FTIR results for HAP/SrCaHAP/SrHAP
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Fig. 6 – FTIR results for HAP/BaHAP

Fig. 7 – Thermogravimetric analysis results for HAP/SrCaHAP/SrHAP
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Fig. 8 – Thermogravimetric analysis results for HAP/BaHAP

EDXRF results show the lack of impurities in the synthesized materials. The FTIR spectrum presents strong
-1

-1

-1

3-

bands, as follows: bands around 600 cm , 955 cm and 1020 cm are characteristics for PO4 . The
-1

observation of the asymmetric P-O stretching vibration at 955 cm is a distinguishable peak, together with
-1

3-

the peaks around 600 cm , correspond to the triply degenerate bending vibrations of PO4 in hydroxyapatite,
similar to other data presented by the literature (MURUGAN R. & RAMAKRISHNA 2004, NEJATI et al.
2009). The fact that all FTIR spectra are identical suggests that all the compounds present the same basic
structure, respectively the isomorphic substitution on the hydroxyapatite structure.
The XRD results, similar to the literature (NEJATI et al 2009, LIN et al. 2008) prove the successful
isomorphic substitution, a fact not yet mentioned in the literature data, as well as the small dimensions of the
synthesized materials (in the nanometric range). Thermogravimetric analysis performed in air shows the
endothermic effects accompanying the loss of water through evaporation and dehydration. The absence of
other peaks indicates that the synthesized compounds are homogeneous and pure in composition.
The analytical results presented above prove the successful synthesis of the hydroxyapatite derivatives.

Antifungal activity
Characterization in terms of antifungal action was performed using the diluted inoculums technique on
culture media. The treatment was performed by pulverizing the simulated artifacts samples with the
synthesized materials suspended in isopropyl alcohol. After a period of 15 days, in which the samples were
kept for 15 days in a dark and humid environment (favorable for the fungi growth) (FIERASCU et al. 2013),
samples were collected in order to determine the efficiency of the treatment. The samples were inoculated at
the surface of solid Sabouraud medium in Petri dishes. The plates were incubated at 28 °C for seven days
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(except for blank sample, incubated for 120 h and sample D, incubated for 240 h). All the experiments were
carried out in triplicate. Representative results are presented in Fig. 9.

Fig. 9 – Results for the fungal growth after treatment: a – control (blank sample), b - HAP, c - SrCaHAP, d - SrHAP, e - BaHAP

The incubation of the blank sample was stopped after 120 hours due to the extensive growth of fungal
colonies. Sample D (sample after treatment with SrHAP) was kept for 240 hours in order evaluate the time
necessary for fungal colonies to appear. After that period, no colonies were identified. The incubated
samples prove the fact that alcoholic suspension of SrHAP is a very efficient antifungal agent. Nevertheless,
all synthesized materials present some antifungal activity, compared with the blank (control) sample. The
antifungal activity of the synthesized materials can be described as follows (higher antifungal activity to lower
antifungal activity): SrHAP > HAP > BaHAP > SrCaHAP.

Conclusions
Artefacts in general and especially paper artefacts are subjected to the fungal attack. The classical
preventive measures (special conditions for their storage) can often prove to be expensive and/or
inapplicable.
The present paper describes a study regarding the use of synthesized materials for the protection of paper
artefacts against biodeterioration. The obtained results prove to be superior to those obtained when using
natural extracts or other chemical compounds, previously reported by our group (HAP-barium hydroxide
mixture) (DUMITRIU et al. 2010). The efficiency of the synthesized materials can be described as follows
(higher efficiency to lower efficiency): SrHAP > HAP > BaHAP > SrCaHAP > control.
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The obtained results allow us to hope for an alternative method for the removal of biodegradation, using
selected synthesized materials.
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