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Biological Issues in Kitora Tumulus
during Relocation Works of the Mural Paintings (2008)

Rika KIGAWA, Chie SANO, Hajime MABUCHI, Tomohiko KIYUNA*,
Nozomi TAZATO*, Miyuki NISHIJIMA* and Junta SUGTYAMA**

In January 2004, excavation of the Kitora Tumulus took place and the relocation of the
paintings started. However, after people began to go into the tumulus, we started to see fungal
growth. In the beginning, fungi such as Trichoderma sp., Penicillium sp. and Fusarium sp.
were seen inside the tumulus. Ethanol was mainly used to kill and remove such fungal colonies,
as it was thought to be one of the mildest of fungicides with respect to the pigments used in the
murals. In early 2005, small colonies of viscous gel appeared on some parts of the walls. In the
summer of 2005, the viscous gels (biofilms) suddenly developed to form biofilms on the plaster
walls. In the fall of 2005, small holes with black substances inside became obvious on the plaster
walls; the holes seemed to have developed from the back side of the plaster. Such holes might
have been caused by the activity of microbes, especially by an acetic acid bacterium,
Gluconacetobacter sp. The acetic acid bacterium had been isolated from one of the black
substance from a hole of the ceiling.

In 2008, almost all of the paintings on the side walls and the star charts on the ceiling were
relocated, except for those which might have been hidden by a thin layer of mud on the walls. By
a survey in June 2008, species of the fungal genera Penicillium, Clonostachys, Cladosporium,
Phialophora, Ophiostoma, Cylindrocarpon, Phialocephala and Trichoderma were isolated
from the eight gel samples from the interior of the stone chamber. But the basidiomycetous
fungus Burgoa sp. and the anamorphic fungus Acremonium (sect. Gliomastix) sp. were not
isolated this time. An acetic acid bacterium, Gluconacetobacter sp., was isolated from three
samples out of eight, which suggested that this bacterium might spread to various parts of the
stone chamber's interior. As this bacterium was shown to decompose CaCOs, there is strong
concern on its effect on the plaster.

Chemicals to treat microbes in Kitora Tumulus has been selected from consideration of their
efficacy on microbes, possible adverse effects on paintings and toxicity to human. Mainly, ethanol,

™ CQ@) have been used depending on conditions

isopropanol, formalin and isothiazolones (Kathon
of the plaster or the stones and purposes. Selection and the way of using the chemicals must be
carefully designed in line with the timing of further relocation of the plaster. Some chemicals
might be a carbon source to encourage growth of some microbes or secretion of acids by them.

Special caution to such side effects is necessary.

*TechnoSuruga Laboratory Co., Ltd.
*2 TechnoSuruga Laboratory Co., Ltd., Tokyo Office, professor emeritus at the University of Tokyo



