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Biodeterioration of art monuments is defined as a 

natural phenomena where microorganism in his  

 

life circle is deteriorating  

 

various organic substances, 

 as well as natural resins  

or cellulose fibres.  

 

 

 

 

        

Biodeterioration 



 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

        

Biodeterioration – The main subject 



 

 

 

 

 

  
 
 
  

 

 
 
  

 

 
 
  

 

 
 
  

 

 
 
  

 

 
 
  

 

 
 
  

 

 Biodeterioration of wood and bricks 



 

 

 

 

 

released from various kind of  

filamentous fungi as : 

 

hydrolytic and cellulolythic enzymes  

and organic acids 

 

accelerates further hydrolysis of cellulose fibres 

from paper or canvas ground.  

  Biodeterioration  products 



 

 

Fungal growth conditions 
 

pH from 5 to 7,  

high relative humidity 60 to 90 % 

jointly with temperature from 20 to 30C  

 

significantly  promotes this process.  

 

This phenomena on one side represents a life circle 

of  various microorganisms present on art 

monument,  

but on the other side, it could represent a serious 

problem for a restorer  



     Biodeterioration of pastel ground   

     Mechanisms   
 

    Fungal infection is developing on the pigment covered  

     porous painted surface 

        

                                  The main sources  

                

                  Starch glue and some organic wastes,  

                             from various fixatives.  

                    

                                The main promotors 

                            

                               50% relative humidity  

                           temperature from 20 to 30C        



Aspergillus niger, stereo microscope magnification 12 x 



Mechanism  of  fungal infection on pastel surface 



Consequences 

Secretion of TCA cycle organic acids, mostly citric, 

oxalic, malic of fumaric acids could react with pastel 

pigment transferring it to its salts decolourising  

 

Secretion of lypolytic, hydrolytic and cellulolytic 

enzymes  

 

The influence of secreted organic acids on the paper 

fibres often results as a brownish circles and spots 

of carbonised  cellulose fibres.  



   Consequences of  filamentous fungi biodeterioration on pastel 

Stereo microscope, magnification 25 x 



     Filamentous fungi spores on pastel surface  

   Scan electron microscope magnificarion 1000 x 



 

 

Prevention 
 

The presence of some pigments based on copper, tin and 

lead oxides and salts usually block local infection, while 

the other pigments plays a neutral role.  

 

Dry atmosphere and air circulation in  exhibition halls 

inhibits the growth of fungal micelle as the natural 

protector  

 

 



Portrait of Miss Lunaček, sample of microbial population 



              Filamentous fungi hyphae on pastel surface                          

 Scan electron  microscope magnificarion 150 x 



Aspergillus niger hypae on cellulose  fibers 

Optical microscope magnification 100x 

 
 
  

 



Portrait of Miss Lunaček, sample of microbial population 



Restauration and pre-restauration 

 

Drying of the whole painted surface as well as the and  

  its ground in the dry chamber 

     

 Mechanical cleaning of fungal mycelia from the  

           painted surface  

  

          Sterilisation of whole picture using gaseous    

  formaldehyde for denaturation  

                       of fungal mycelia and spores 

  



H.Froschel : fungal infectet pastel                      After restoration 



Conservation of  pastel 

Conservation of  pastel painted surface a solution of 

Benz - isotiazolone in ethanol ( 1 : 4 ) (in previous 

experiments Sn-butilate in ethanol  1 : 4 ) was 

sprayed on the  inner side of the protecting glass  

 

Thin layer of this preservant enables indirect contact 

of its vapours and pastel surface in the distance of  a 

    few millimetres 

 

 



Biodeterioration of oil ground 

 

                                Mechanism 

Fungal infection of flaxen canvas bases start from the 

background of oil picture. It is influenced by micro 

condense of water that a results as a microtransport of 

water from outlet walls towards inner exhibition walls.  

                                  

    Promotors 

 With increased spring or autumn humidity and the 

temperatures from 20 to 30C fungal infection of  lime 

canvas impregnation in the back side of the oil picture 

starts.  



Biodeterioration of oil ground 

 After consuming the available organic 
compounds from the  surface of lime areas 
fungal growth is penetrating into a lime-chalk 
ground where fungal hyphae are growing from 
the backside towards the surface.  

 

 The increasing of the amount of fungal biomass 
and the activity of its metabolic products, 
enzymes and organic acids, results in stretching 
of the painted surface.  

 



Mechanism  of  fungal infection of  flaxen canvas 



Fungal infection of  flaxen canvas 

 
 
  

 



Aspergillus niger, stereo microscope magnification 12 x  



Filamentous fungi and canvas fibers 

Scan electron microscope magnificarion 150 – 1000 x 



Consequences 

After consuming the available organic compounds 

from the  surface of lime areas fungal growth is 

penetrating into a lime-chalk ground where      

fungal hyphae are growing from the backside    

    towards the surface  

 

A part of the growth of fungal mycelia usually 

stops when organic compounds from lime are 

exhausted, but a part of infection that represents       

cellulose degradable fungi is still in progress.  

 

 



Consequences 

                         Secretion of lypolytic, 

            hydrolytic and cellulolytic enzymes  

     

    Under the attack of  fungal xylanases and 
organic acids, cellulose fibres start crumbling 
and the whole parts of the canvas background 
      finally disappeared  

 

   The rest of painted surface and chalk-lime 
ground rest without a support so it breaks at 
 first mechanical stroke and holes in the   
   pictures finally appear 

 

 



Restauration and pre-restauration 

                                    Drying 

            of the whole painted surface as well as  
        its ground in the dry chamber 

     

                           Mechanical cleaning                       

        of fungal mycelia from the painted surface  

                              

                   Sterilisation of whole picture 

    including frame, underframe and unframed 
picture with gaseous formaldehyde that enables 

        denaturation  of fungal mycelia and spores 

  



 

 
 

                     Dubbing of the canvas 

 on vacuum table, and covering the holes with 

wax mass. Next step is related to the classical 

   restoration procedures  

 

                            Preservation 

For conservation of oil  picture backside and 

the wooden parts of the frames a solution of 

Benz - isotiazolone in ethanol ( 1 : 4 ) in spray 

    form would be recommendable 

 

Conservation 
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