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Abstract. The article discusses the interaction of metabolic products of a wood-destroying fungus of
the dry rot species (Serpula lacrymans (Wulfen) P. Karst.) with a commonly used lime mortar. Mortar
samples used in the presented experiment were made mostly in laboratory conditions so as to make it
possible to set input conditions and to determine initial properties of the examined samples. Matured
lime mortar samples were placed in cultivation boxes with a growth of Serpula lacrymans and exposed
to its action for a predetermined period of time. For a comparison, mortar samples taken “in situ”
from real structures were also subjected to the experiment. The examined samples were subjected to a
thermal analysis and a comparative measurement by infrared spectroscopy (FTIR). The results of the
measurement of infected samples were compared with the results obtained in the reference (control)
samples. The experiment carried out was focused on assessing the presence of calcium oxalate, which is
secreted into the surroundings of the mycelium during the active growing of Serpula lacrymans.
Keywords: Dry rot, Serpula lacrymans, lime mortar, thermal analysis, infrared spectroscopy (FTIR),
calcium oxalate.

1. Introduction
Our working group focused on acquiring new knowledge in the field of detecting calcium oxalate in the
activity of Serpula lacrymans when in contact with
lime mortars, i.e., building materials containing calcium Ca2+ , which is typical of Czech buildings.
Serpula lacrymans is one of the brown rot fungi
whose activities cause significant material and financial losses in the order of millions of dollars a year in
many countries around the world [1]. This fungus is
the most common saprophyte and is considered to be
the most destructive and least controllable internal
wood-destroying fungus especially due to its ability
to transport water and nutrients over long distances.
The basic abiotic factors that affect the growth of
Serpula lacrymans include optimal temperature in
the range of 21-25 °C, pH value in the range of acidic
to neutral (optimally in the range of 4-5), limited
air movement, a culture water potential of not less
than -6 MPa, content moisture in the wood around
20 % [2, 3] and probably also a source of a divalent
ion such as calcium [1]. Among the characteristics
of the organism that rank Serpula lacrymans at the
top of the list of the most common wood-destroying
fungi in buildings [4] is the highly efficient transport
system that transports water, nitrogen, iron, calcium,
etc., through rhizomorphs and an efficient solubilization system. This allows the extraction of metal ions
(especially Fe2+ and Ca2+ ) from plaster and stone

around the mycelium [5], which the fungus then uses
to its advantage [6–8]. During its growth, Serpula
lacrymans regulates the pH of the substrate during its
own metabolic processes while oxalic acid (C2 O4 H2 )
is formed as a metabolic product [6, 9], which has
an effect on the decomposition of wood [10]. The
issue of oxalic acid in wood-destroying fungi and its
influence on the modification of the microenvironment
is extensively discussed in several specialist publications [10–13].

2. Aims
The presented study focuses on the issues of processes
taking place in mortars that are in contact with Serpula lacrymans. The objective is to monitor changes
and evaluate the use of the method of thermal analysis in assessing the formation of calcium oxalate in
lime mortars exposed to the effects of Serpula lacrymans. A thermal analysis is a method commonly
used in the evaluation of building materials (e.g., the
carbonation of concrete [14], ceramic and glass raw
materials [15], low-fired ceramics [16]) and was also
used in the evaluation of the patina formed on the
surface of dolomitic rocks used in the construction of
a Romanesque church in Spain [17].
Calcium oxalate is the most commonly found oxalate. Its occurrence is usually associated with the
activity of fungi in both natural and building environments. In living organisms and the environment, the
511

D. Cígler Žofková , J. Frankl, D. Frankeová

Acta Polytechnica

main forms are monohydrate (whewellite) and dihydrate (weddellite). The solubility of calcium oxalate
increases at pH<5. Its production can be influenced
by many factors (e.g., the carbon and nitrogen source,
pH of the environment, etc. [18]), which contribute
to the biological deterioration of the properties of
rock and mineral substrates, lignocellulosic materials
and, indirectly, to the change and loss of elements
(or traces) of cultural heritage [11]. Oxalate can be
potentially toxic and must therefore be eliminated
or separated from the cells of the organism. Oxalate
detoxification can be performed by means of degradation, which is a common property of wood-destroying
fungi [19]. Oxalate detection can be evaluated during
surveys of constructions as an indicator of the activity
of living organisms. This study also focuses on this
fact.

of 20 × 20 × 100 mm while making tests and complying with the requirements for fresh mortars pursuant to the prescribed ČSN EN 1015-3,7 standards
as amended. The specimens were stored for 6 days
in a moist environment (in a polyethylene bag), then
removed from their moulds and a day later transferred
to an air-conditioned room at 20 ± 3 °C and 60 ± 5 %
relative humidity where they remained for 30 days.
After the mortar samples were collected from the
building, they were stored in closeable microtene bags
and stored in their original condition in a cooling box
at a temperature of 15°C until laboratory measurements were performed.

3. Materials and methods

For our study, we used the thermogravimetric (TG)
analysis. During the heating of the measured specimens, the change in weight was continuously recorded
as a function of the rising temperature [23] on the SDT
Q600 instrument produced by TA INSTRUMENTS
in the temperature range of 25-1000 °C. For the purposes of the analyses, 20-30 mg of a sieved mortar
sample was weighed out into ceramic crucibles using
a standardized sieve of 0.063 mm in order to separate
the aggregate from the binder and to refine the results. The thermal decomposition was performed in
a nitrogen atmosphere at a heating rate of 20 °C per
minute for all measurements.

3.1. Organisms
Within the research activity, a pure form of Serpula
lacrymans culture was used, which was prepared by
inoculation in the laboratory of the biological degradation of material of the Institute of Theoretical and
Applied Mechanics of the CAS, v. v. i. In the
samples taken from a structure, the culture of the
wood-destroying fungus was determined after staining
it with AgNO3 solution on a Versamet Union 9666
epifluorescence microscope (Japan). The identification was performed by a comparison with keys [20]
and [21].

3.2. Culture medium and conditions
Culture vessels with a surface area of 210 × 140 mm
and a height of 60 mm were prepared in which the
test mortar bodies were exposed to the activity of
the wood-destroying fungus. A 10 mm layer of Malt
Extract Agar Base gel (w/Mycological Peptone – HiMedia Laboratories Pvt. Ltd.) was prepared at the
bottom of sterile boxes and a pure Serpula lacrymans
culture was inoculated onto it. The culture vessels
were placed in a climatic chamber with stable conditions at a temperature of 23.5 ± 2.5 °C and a relative
humidity of 65 ± 5 %. They were left there for 14 days.
During this time, the growth of the Serpula lacrymans
mycelium covered the entire bottom of the culture
vessels with a continuous layer.

3.3. Mortar test specimens
A lime mortar consisting of lime putty and aggregate in a ratio of 1:3 was chosen for the production
of test specimens [22]. Lime putty was made from
AQUA LIME PUTTY burnt lime (produced by AQUA
obnova staveb s.r.o.), aggregate (fraction 0/4 mm)
from the Straškov locality and lukewarm drinking
water from the water supply system. The test specimens were produced at room temperature with a size
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3.4. Verification of calcium oxalate
CaO crystals production by means
of thermal analysis

3.5. Infrared spectroscopy (FTIR)
The spread test samples of mortars used in the above
thermal analyses were further analysed on the iZ10
sub-module of the iN10 infrared microscope (Thermo
Scientific). They were measured using a transmission technique in a KBr tablet in the range of
4000-400 cm−1 with a spectral resolution of 4 cm−1 .

4. Results and discussion
Within the study, samples of a laboratory-prepared
lime mortar exposed to Serpula lacrymans were tested
under optimal conditions for its growth. Samples of
mortars taken “in situ” from a real building, where, at
the place of sampling, the presence of Serpula lacrymans had been recorded on a long-term basis, were
also subjected to thermal analyses. The results of the
analyses of samples of lime mortars damaged by the
activity of the wood-destroying fungus were compared
with samples that underwent the same temperature
and humidity conditions but which, however, were not
in contact with Serpula lacrymans. This is a control
measurement (so-called zero control).
The comparative measurement was performed by
means of the decomposition of calcium oxalate with
the general formula CaC2 O4 , the output of which is
shown in Figure 1. Calcium oxalate is the result of
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Figure 2. TG DTG curve of sample SD1.

Figure 1. TG/DTG curves of calcium oxalate CaC2 O4 .

the reaction of oxalic acid (C2 H2 O4 ) with a calciumcontaining material. In our study, the source of this
element is lime plastering.
Both the TG and DTG curves recorded in Figure 1
show the thermal decomposition of the whewellite
mineral in three partial steps (1, 2, 3) that are separated from each other by plateaus. These plateaus
correspond to thermally stable phases. The thermal
decomposition begins at 100 °C. From this point, the
dehydration of CaC2 O4 ·H2 O begins; crystal water
is released. This phase is completed at 205 °C. In
the following section, up to a temperature of 380 °C,
the formed anhydrous CaC2 O4 is thermally stable.
Between 380 and 545 °C, CO is then released while
CaCO3 is formed. Up to a temperature of 605 °C, the
calcium carbonate formed is thermally stable. Beyond
this point, its thermal decomposition to calcium oxide takes place and carbon dioxide is released. The
decomposition is completed at 825 °C. The individual
decomposition steps are described stoichiometrically
by the equations below.
CaC2 O4 · H2 O → CaC2 O4 + H2 O

(1)

CaC2 O4 −→ CaCO3 + CO

(2)

CaCO3 −→ CaO + CO2

(3)

From the test beams of the lime mortars (marked
SD1) produced in the laboratory, the surface of which
was overgrown with mycelium of Serpula lacrymans
for 56 days, the mycelium was mechanically cleaned
before sampling of the mortar sample and sampling
was performed from the surface of the tested specimens. Spread-out mortar samples (without aggregate)
weighing 21 mg were placed in the ceramic crucibles of
the TA instrument. The output of the measurement is
recorded in Figure 2, in which three peaks corresponding to the temperature range for the decomposition
of calcium oxalate are visible. The most significant
interval corresponds to the thermal decomposition of
CaCO3 in the range of 600-870 °C.

Figure 3. TG DTG curve of sample Hrádek nad Ohří.

Thermal measurements that followed were performed on mortar samples taken as part of a construction and technical survey of a structure in Hrádek nad
Ohří, where they had been exposed to the long-term
effects of Serpula lacrymans activity. The mortar
samples from the actual structure were treated similarly to the above-mentioned laboratory-prepared and
damaged samples. A ground plaster sample weighing
27 mg was taken from the surface part, from which
the Serpula lacrymans mycelium had been mechanically removed with a brush, and weighed into ceramic
crucibles. Three areas corresponding to the calcium
oxalate degradation peaks are visible in the measurement outputs, see Figure 3. In the first phase, water
is released, in the second phase, CO is released, and
the peak for the decomposition of CaCO3 is again the
most marked.
On the thermal analysis record (Figure 3), the results correspond to an approximate content of 10 %
CaC2 O4 in the measured sample (i. e., in the sieved
fraction). The proportion of calcium carbonate formed
by the transformation of calcium oxalate cannot be
quantified, because it partly belongs to the decomposition of CaCO3 contained in the plaster.
The temperature interval of the calcium carbonate
decomposition is slightly shifted in the experimental
measurements of the thermal analysis as compared
to the temperature range in the decomposition of the
comparative measurement of calcium oxalate. This is
probably related to the crystallization modification of
CaCO3 [24].
Control measurements were made on the lime plaster samples produced in the laboratory (marked R1).
The spread sieved samples weighing 23 mg were placed
in ceramic cups of the thermal analysis apparatus and
heated up to 1000 °C. The output of the measurement
is shown in Figure 4 and corresponds to the course
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Figure 4. TG/DTG curve of sample R1 (control).

of the thermal decomposition of a lime binder (plaster). At the beginning, the measured samples are
gradually dehydrated and, in the temperature range
of approximately 604-860 °C, a single distinct band of
decomposition of CaCO3 is recorded.
The above samples (SD1, Hrádek nad Ohří, R1)
were independently subjected to a comparative measurement by the FTIR method. The laboratoryproduced plaster samples overgrown with Serpula
lacrymans (SD1) and plaster samples from the structure (Hrádek nad Ohří) showed a similar course of
spectra as the plaster samples without the activity
of the biodeteriogen (R1) (see Figure 5 a, b, c). The
dominant features of the measured samples’ spectra
were bands extending from 1350 to 1550 cm−1 and
also bands of vibrations 875 cm−1 and 1800 cm−1 .
The outputs were compared with the stored library
spectra of CaCO3 , shown in Figure 5 (d), and SiO2 ,
the content of which in the measured samples was
expected. In the case of mortar samples from Hrádek
nad Ohří, bands that correspond to the presence of
calcium oxalate were recorded (∼1630 cm−1 , 1320
cm−1 and a weak band of ∼780 cm−1 ), whose library
spectra in a pure form are shown in 5 (e). The outputs of the FTIR measurement indicate the effect of
the period of time during which the measured sample
was exposed to the activity of the biodeteriogen. For
this method of measurement, the time period of 56
days, during which the mortar sample was exposed
to the activity of Serpula lacrymans, was insufficient
and this exposure did not have a significant effect on
the results as compared to the outputs in the plaster
samples taken from the structure.

5. Conclusions
As a part of the research, we used thermal analysis and
infrared spectroscopy (FTIR) techniques. Samples of
lime mortars produced in the laboratory and, for
a comparison, mortars taken “in situ” from a real
structure were also subjected to these two analyses.
The initial experiment using the thermal analysis
was focused on mortar samples with various forms
of surface damage caused by Serpula lacrymans activity. Figures 2,3,4 indicate slight changes in the
decomposition of the mortars observed in the thermal
measurements. The data obtained indicate changes in
the composition of the mortar samples in the absence
514

Figure 5. FTIR - spectrum of the sample SD1 (a),
Hrádek nad Ohří (b), R1 (c), CaCO3 (d), CaC2 O4
(e).

of the wood-destroying fungus (R1) and when there
is an activity of Serpula lacrymans on the surface of
the test specimens (SD1). However, it is not entirely
clear from the performed measurements to what extent the presence of CaC2 O4 is caused exclusively by
the influence of metabolic changes during the active
growth of Serpula lacrymans.
The most pronounced bands (peaks) in the thermal
analysis, corresponding to the first and second stages
of calcium oxalate decomposition, were recorded in
mortar samples exposed to the activity of Serpula
lacrymans. This phenomenon showed most markedly
in the case of the mortar sample taken from the structure where the activity of the wood-destroying fungus
was long-lasting. The bands (peaks) corresponding to
the decomposition of CaCO3 are of a similar intensity for all tested mortar samples and are recorded in
the same temperature range. For the weight losses
caused by the release of CO2 from CaCO3 , as shown
in the individual graphs (∆mC = 34.6 %; 33.6 % and
30.4 %), it is not possible to exactly determine the part
of carbon dioxide originating from the decomposition
of calcium carbonate from the binder of the mortar
and the part originating from the decomposition of
calcium oxalate produced by Serpula lacrymans.
The conclusions of the performed FTIR measurements correspond to the results of the thermal analysis
for all measured sets. The most prominent bands of
calcium oxalate were shown in mortar samples taken
from the structure where the activity of Serpula lacrymans was long-lasting.
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