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Highlights

 Stimulated IRT test has been achieved in the aim at detecting early biofilms settled on the stone monuments.  Singular Value Decomposition (SVD) is usually used to decrease the thermal artefacts at the surface of a work of art and to improve the detection of flaws inside a painting and not visible at its surface.  The new goal of the SVD is to detect the early development of biofilms before greening thanks to the first EOFs.

Conclusion Detection of biofilms on stone by IRT

Biological development on stone monuments causes aesthetic degradations. In this context, the early detection of bacterial biofilms as the pioneer colonizers, by stimulated IRT allows to react more rapidly and effectively before the greening of the walls. the novelty of our study was to use SVD to detect the biofilms on stones. While the raw thermogram detected the heterogeneities as micro-fossils inside the stone, the first EOF of SVD highlighted biofilms as a variation of energy at the stone surface.

Accelerated biofouling test

State of the art

Biofouling is the settlement and the growth of micro-organisms on buildings. It is often regarded as a nuisance responsible of aesthetic defects and damages building materials. Organic film develops first on the inert surface by ions absorption then pioneer micro-organisms as bacteria, fungi, cyanobacteria aggregate each other, stick to the surface and secrete EPS (extrapolymeric substances). The climatic conditions and the subtrate like stone which supplies water and mineral substances, help to the biotope development and favor the settlement of other organisms as algae, moss and lichen. 

Stones colonised by biofilms
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• Thirty-two discs of extruded polystyrene has been spread inside a colourful plaster block at 5 mm depth to simulate flaws (a).

• Excitation energy was set up halogen lamps (500 W as a crenel type for 1 min).

• The first EOFs is influenced by the energy deposit at the surface and was subjected to the colour. The next EOF from EOF3 highlighted the discs shape at the expense of the colourful patterns (b). • The device (a) included a short ring flash which excited stones for 5 ms with a power of excitation of 3000 J. The heat diffusion has been recorded by a bolometer camera (5 s, 50 Hz).

• 3 small samples of Courville limestone (dimensions: 2 x 2 x 1 cm) have been collected at 6 months of outdoor exposure for the biological colonization (b).

• They have been compared to non-colonized stones at the same temperature and humidity by stimulated IRT (c).

• The photothermal response (c) after the excitation of the three colonised stones was similar to the control ones: the intrinsic properties as microfossils (pink spots) and porosity (black colour) were detected by pulsed IRT but not the biofilms on the stone surface.

• In SVD, the first EOF highlighted variations between samples colonised by biofilms and controls without biofilm (d). 
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  )Mosses and grass growth on a stone gargoyle(Avioth Basilica- France) An outdoor biofouling test has been set up from november 2016 and is still running in Rheims city (North Eastern part of France). A platform supports different stone samples for analysis. The small samples (2 x 2 x 1 cm) are collected every month and bigger ones stayed to the end of the experiment (a).Courville Stone is very used in major buildings and monuments in Rheims and the surroundings of Paris. It is a limestone withmicrofossils like foraminifera (Miliolidae and Orbitolistes complanatus), bivalvia and gasteropoda (b). Its intrinsic properties as porosity, capillarity, roughness favor the biological development on the surface.
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 a Outdoor biofouling test with Courville stone samples on a steel platform.

( b )

 b First 4 experimental EOF calculated from SVD (a) plaster block with colourful square patterns

( d )

 d Comparison between non-colonised stones and colonized stones in row IRT treatment and SVD decomposition for EOF 0 Non-colonised stones Stones colonised by biofilms (a) IRT is stimulated by a ring flash on stone surfaces. Temperature variations are recorded by a bolometer camera. Photo of stone samples in row IRT image