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Conclusion and Perspectives

Results

Since several centuries, external and internal surfaces of medieval stained glasses are altered as they are exposed to water (rain episodes, humidity, condensation/drying cycle). These conditions favour the development of microorganisms (fungi, bacteria and algae) that can contribute to the alteration. The bioalteration is defined as the direct or indirect interaction between an inorganic surface and micro-organisms leading to a physico-chemical alteration of the surface. The bioreceptivity of a material is defined as its potential to be colonized by microorganisms depending on several properties (porosity, roughness, chemical composition). The bioreceptivity of stained glasses and the interactions between glass and micro-organisms are based primarily on the nutrient requirements. Elements such as Ca, Fe, K, Mg, Mn and P are found in glass and are essential micro-and macronutrients for microbial development. Moreover, the presence of Mn in medieval glasses is linked to a specific browning pathology that may involve Mn-oxidizer bacteria. The aim of this work is to study the development of Mn-oxidizer strain in presence of several model glasses with various Mn and Fe content and to investigate its impact on the alteration of these glasses.
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The browning pathology (@ Ferrand thesis 2013)

Glass Samples

According to the potash-lime-silica composition of stained glass windows, a fiveglass panel with only variable Mn and Fe contents (between 0 and 2 oxide wt%) was selected and prepared in high temperature furnaces.

Glass synthesis detailed in [3]

Experimental Strategy

Batch dissolution experiments were carried out in a minimalist liquid medium for 7 days at 25°C and in the presence of the pure bacterial strain, Pseudomonas putida, chosen for its ability to oxidize Mn.

Schematic representation of bacteria/glass interactions (according to V. Valbi) VM2FO glass powder (100-200 µm)

Initial pH : 6.5 Initial S/V : 14.2 cm -1 

P.putida growth in presence of the 5 glass panel NL(Mn) of dissolution experiment of glass with P.putida

 The bioreceptivity of the 5 samples tested seems to increase in this order : VM1F1 < VM0F2 = VM0F0 < VM1F0 < VM2F0.

 Only one or two Mn wt% in the glass is responsible for a significant increase bacterial growth compared to control experiments, and the production of Mn oxides on the glass surface.

This work was supported by the French National program EC2CO (Ecosphère Continentale et Côtière).

Compositions of model glasses (in oxide wt.%)

 The mobilization of Mn by the bacteria causes the acceleration (almost doubled) of the hydrolysis rate of these glasses compared to Fe-bearing glasses.

 Although iron is expected to be used by bacteria as a nutrient, its presence inhibits bacterial growth.  Toxicity threshold of iron ?  Role of iron redox ?

1. Bacterial growth  The presence of Mn alone stimulates bacterial growth.

 The presence of Fe alone has no effect on bacterial growth.

 Mn-Fe competition inhibits bacterial growth.

Chromatic variation

 Appearance of a green coloration in the culture containing one of these three glasses : VM1F0, VM2F0 or VM1F1.

 The green coloration is a marker of pyoverdine. (Meyer et al., 1997) 3. Mn behaviour  Mn disappears from the solution after 5 days only in experiments with Mn-bearing glasses.

Pyoverdine

 Mn-Oxydes (MnO 2 ) forms at the surface of VM1F0, VM2F0 glasses.

 For Mn+Fe bearing glass VM1F1, only a fraction of dissolved Mn turns into MnO 2 oxide phases.

 The brown phases are observed in experiments where the presence of PVD is suspected 4. Impact on dissolution kinetics  In the presence of P.putida, the Mn-bearing glass VM2FO dissolves 1.5 times faster than the corresponding Fe-bearing glass VM0F2.

 The presence of P.putida and the high mobilisation of Mn from VM1F0 and VM2F0 glasses impact on the global dissolution of the glasses.

NL(Si) of dissolution experiment of glass with P.putida Pyoverdine (Perez et al., 2020) 
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