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Application of urease-producing bacteria induced
carbonate precipitation for conservation and restoration of

ancient property
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ABSTRACT



The objective of this research was to isolate ureolytic bacteria which
capable of inducing carbonate precipitation from agricultural soil, digested sludge
and surface of historic pagoda in order to apply as biological method for
conservation of historical antiques and ancient remains. 96 morphologically
different isolates were found to form CaCO, precipitation on urea-CaCl, agar
medium. Among them, 19 isolates were confirmed to be ureolytic bacteria by
changing in color of urease test agar medium. 6 out of 19 isolates (G2, G9, G27,
P30, S12, and S14) showed urease activities over 0.15 unit/ml. The conditions for
urease activity were optimized by varying pH of media (7, 8, and 9), urea
concentrations (25, 50, 100, 200, 300, and 400 mM), and CaCl, concentrations (15,
30, and 60 mM). It was found that the isolate G27 could induce carbonate
precipitation at the higest level of 3.1 mg/ml dry weight, when the culture was
incubated at 30 °C for 16 h on the optimized media containing 50 mM urea and
30 mM CaCl,, pH7. For identification the full sequence of 16S rDNA (~1,400 bp)
of the isolate were investigated. The result showed that G27 was Gram-positive
bacteria and classified as Sporosarcina koreensis . Induction of calcium carbonate or
calcite precipitation on surface and subsurface of the support blocks (used as
ornamental stone) by Sporosarcina koreensis G27 was, then, determined by
microbial plugging of sand column. The results showed the highest precipitation
rate at 0.08 mg/g of sand/day. Examination by scanning electron microscope
revealed the bacterial cells located in the middle of calcite crystal as nucleation
sites. Weight increase through biomineralization experiment was carried out on
different sizes of support blocks and conducted in liquid medium (urea-CaCl,)
under shaking condition for small blocks and stationary condition for large blocks.
The consolidation efficiency of the newly formed calcite was determined by
ultrasonic treatment at different incubation times. Increases of weight were
observed in samples cultured under both conditions. Maxiumum weight increases
were found with the small blocks after incubation for 20 days while the large

blocks subjected to bacterially induced mineralization showed much lesser



damage than the small blocks and controls after sonication. The findings further
suggest a potential use of microbial calcite precipitation process in remediation of
the surface and subsurface of porous materials. Method for application of the
ureolytic bacteria for conservation of ornamental stone was, then, studied by
spraying or painting the bacterial culture prepared in urea-CaCl, broth onto the
surface of support blocks (6x12x6 cm). The results indicated that the highest
calcium carbonate precipitation was induced when the 50 ml culture of
S. koreensis G27 (2.O><1O7 cfu/ml) was sprayed or painted onto the surface of
support blocks. In addition, decrease of water absorption rate was also observed
in test support blocks. This finding indicated the possibility of application of the
ureolytic bacteria which capable of inducing carbonate precipitation on surface of
the support materials could be used for conservation of buildings, ornamental and

monumental stones as an alternative surface treatment.

Executive Summary
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