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A Natural History Museum/Ukrainian research 
collaboration, conducted throughout the Russian 
invasion, is helping to save the country’s historic 

artworks 

 Research conducted on 11th century frescoes in Saint Sophia Cathedral, a 
UNESCO World Heritage site in Kyiv has been carried out to establish the cause of 
evident biodeterioration  

 DNA and microscopic studies of deteriorated areas have enabled researchers to 
conclude fungi are responsible for the damage – this diagnosis should enable the 
preservation of these – and other historic works of art in the future 

 The researchers from the National Academy of Sciences of Ukraine have found 
solace in being able to complete this research, despite the ongoing occupation 
and immense human tragedy taking place in Ukraine 

 Natural History Museum researchers led the final work on the paper as their 
Ukrainian colleagues were forced to put their lives on hold. It has been dedicated 
to ‘the courageous Ukrainian people’ 

 

Assessing damage of the 11th century frescoes in St Sophia’s Cathedral Kyiv 
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Researchers from the Natural History in London have collaborated with researchers from the 

National Academy of Sciences of Ukraine to establish the cause of damage to the world-famous 

Medieval murals in Kyiv’s Saint Sophia Cathedral - one of Ukraine's most important cultural 

sites.  

These murals, which were painted on the walls of the Saint Sophia cathedral in around 1000CE 

are some of Ukraine’s most significant artworks. It had become apparent they were under threat 

when they began to develop dark spots and flaking away. In a bid to protect and restore the art, 

research was carried out to establish the type of microscopic organisms that were living on the 

walls and causing this damage.  

The research began long before the Russian invasion of Ukraine and was disrupted by the 

attacks on the country – which also included attacks on the country’s unique cultural treasures.  

Initial investigations in Kyiv involved the Ukrainian team taking DNA samples from the walls of 

degraded areas of the cathedral and then comparing these to samples from areas free of 

damage. From this, they were able to see that, whilst the levels of bacteria in both regions were 

similar, the damaged parts of the church had much higher levels of fungal DNA.  

The Ukrainian researchers discovered cracks and voids within the fabric of the walls and some 

unusual large crystals that were entirely unlike the general fabric of the plaster. A chemical 

assessment concluded that this was an organic substance secreted by the fungi.  

Research, using microscopic techniques at the Natural History Museum in London established 

that the crystals were calcium malate, a by-product of malic acid secreted by the fungi to feed 

on inorganic nutrients in the plaster. The fungi were dissolving the plaster and producing 

crystals that were tearing the plaster fabric.  

The crystals are formed from the reaction between the malic acid and the calcium from the 

plaster. Malate is a very common substance, produced in the cells of every living organism, but 

very rarely excreted. It has been reported in murals only two times before, in the Monastery of 

Pedralbes in Barcelona and in the tomb of Tutankhamun. 

The presence of abundant calcium malate in the damaged areas poses an important question 

probably linked to fungal adaptation. For some unknown reason, researchers think, the 

environmental condition of the cathedral is causing the fungi to release it, rather than other 

much more common substances. The crystals deposited within and behind the plaster work are 

breaking it apart and causing it to degrade.  

Now that the researchers in Kyiv know exactly what is going on in the walls of the cathedral, 

they hope to be able to prevent it and preserve the murals for years to come.  

Ukrainian researcher Marina Fomina, lead author on the paper, says: “Russia’s attempts to 

violently destroy and assimilate so much of our cultural identity meant the work to preserve 

Saint Sophia and this precious artwork was even more urgent. It is a huge relief to understand 

the cause of this damage and enable its conservation for our national and world cultural 

heritage.” 
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Dr Javier Cuadros, a senior researcher at the Natural History Museum and a co-author of the 

paper, played a crucial role in getting the paper over the finishing line.  

“We were collaborating with them throughout this devastating time. However, when Kyiv was 

attacked it was impossible for our colleagues to continue working because they had to suspend 

everyday life and flee their homes. 

“I’m very happy to have been able to play a role in this research. The discovery means a lot to 

our Ukrainian colleagues and will help preserve their legacy and other historic artworks for 

future generations. 

“Hearing about the support they gave each other in their communities has been a lesson in 

human solidarity and maintaining cohesion in the most challenging of times. We dedicated the 

paper to the courageous Ukrainian people whose resilience is so admirable.' 

The paper is published in the November 2022 edition of International Biodeterioration & 

Biodegradation. 

Ends 
 
Notes for editors  

Natural History Media contact: Tel: +44 (0)20 7942 5654/ (0)779 969 0151 Email: 
press@nhm.ac.uk  
 
 
About the Natural History Museum 
 
The Natural History Museum is both a world-leading science research centre and the most-
visited indoor attraction in the UK last year. With a vision of a future in which both people and the 
planet thrive, it is uniquely positioned to be a powerful champion for balancing humanity’s needs 
with those of the natural world. 

It is custodian of one of the world’s most important scientific collections comprising over 80 million 
specimens accessed by researchers from all over the world both in person and via over 30 billion 
digital data downloads to date. The Museum’s 350 scientists are finding solutions to the planetary 
emergency from biodiversity loss through to the sustainable extraction of natural resources. 

The Museum uses its global reach and influence to meet its mission to create advocates for the 
planet - to inform, inspire and empower everyone to make a difference for nature. We welcome 
millions of visitors through our doors each year, our website has had 17 million visits in the last 
year and our touring exhibitions have been seen by around 20 million people in the last 10 years. 
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