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ANALYSIS OF THE MICROBIAL COMMUNITIES
FROM A RESTORED TOMB IN THE
NECROPOLIS OF CARMONA (SEVILLA,
SPAIN)
MULTIDISCIPLINARY RESEARCH FOR THE
CONSERVATION OF CULTURAL HERITAGE

Advanced
Research
Training
on
the
Conservation of Cultural Heritage (MESTCT2004-51395) is a Host Fellowship for Early
Stage Research Training. This Marie Curie
Action, funded by the European Commission,
started in May, 2005. The main objective is
the training of researchers in the early stage
of their professional career. The training is
focused on the acquisition of integrated
humanistic,
scientific
and
technological
competencies in the field of Cultural Heritage.
This research training on specific and interconnected areas, which likely corresponds
with some of the most innovative, in terms of
research
and
application
of
novel
instrumentation,
is
developped
in
a
multidisciplinary environment which includes
archaeology, chemistry and material science,
physics, geology and biology.
The CSIC Thematic Network on Cultural
Heritage, as host institution of this Marie Curie
Action, dedicates this issue of COALITION to
the dissemination of some of the preliminary
results obtained by the fellows.
Thus, Ekaterina V. Akatova writes on the
microbial communities of a restored tomb in
the Roman Necropolis of Carmona (Seville),
Solenne Gaspard presents a paper on the
application of LIBS to cultural assets, Liz K.
Herrera reports on a study of baroque
artworks by non-destructive techniques,
Zuzana Jurasekova shows the application of
vibrational spectroscopy for identification and
characterization of natural dyes employed in
cultural assets, Joeri Kaal describes the fire
history of Galicia, Francesca Stomeo analyses
the bacterial communities from Doña Trinidad
Cave (Ardales, Spain), and Malgorzata
Walczak reports on the characterization of
modifications in polymer films by means of
LIF.
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E.V. Akatova, J.M.
Gonzalez, C. SaizJimenez
Instituto de Recursos Naturales y Agrobiologia
de Sevilla, CSIC, Sevilla, Spain
Introduction
The protection and conservation of the
European Cultural Heritage is a matter of
global relevance. Increasing deterioration of
materials (stone, brick, leather, paper, wood,
paintings, metals, etc.) is causing great
concern. Atmospheric pollution, urbanization,
tourism,
groundwater
fluctuations
or
inappropriate conservation treatments all play
a role which need to be investigated.
Sometimes tourism causes a negative impact
on the monuments and constitutes a real
danger for the preservation of cultural sites.
Some sites, like subterranean monuments
(caves, catacombs, tombs, etc.) are exposed
to intense modifications of its microclimate
due to visits (i.e., lamps, ventilation, openings
to
the
exterior,
doors,
etc.).
That
modifications result in change of microclimate
and the appearance of conspicuous biofilms
that cover walls and ceilings, in contrast with
areas restricted to visitors in which biofilms
were not observed (Sanchez-Moral et al.
2005).
The colonization of stones by microorganisms
has been reviewed extensively (Saiz-Jimenez
1994, 2001). Visible microbial growth and
associated pigments leads to undesirable
aesthetic changes in historical monuments, as
well as its deterioration and, occasionally,
destruction. One of the first colonizators are
phototrophic
microorganisms,
such
as
cyanobacteria and algae (Ortega-Calvo et al.
1993). Bacteria and fungi are heterotrophic
microorganisms that benefit from organic
matter synthesized by phototrophs.
The biodeteriorative mechanisms include the
excretion of aggressive metabolism products
such as organic acids and inorganic acids, as
well as the mechanical destruction by
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There is a need of safeguard and protection of
the European Cultural Heritage and this only
can be done by promoting the application of
science and technology.
Ideally, an inventory of the existing
microorganisms associated with the damage
of selected objects of art should be included in
any restoration project. The effectiveness of
restoration treatments depends on the
methods and the products chosen. Generally
the treatment should kill all microorganisms
but does not give any kind of protection for
future recolonisation, and so the restoration
efforts do not always obtain the expected
result, and sometimes they even accelerate
the deterioration process.
This study aims to analyze the microbial
communities developing on mural paintings
and walls of the Tomb of Servilia (Roman
Necropolis of Carmona, Seville, Spain), after a
restoration process; and to compare with
those microbial communities that were
present before the treatment.
Study site
The Roman Necropolis of Carmona (Seville,
Spain) represents one of the most significant
burying sites in Southern Spain used during
the 1st and 2nd centuries A.D. At the time of
its use, cremation predominated over the ritual
of burial and therefore the site consists mainly
of underground family chambers that contain
a number of niches holding the funerary urns.
The form of the Tomb of Servilia differs
greatly from those of the other tombs. It is a
monumental structure reproducing a luxurious
underground mansion in Hellenistic style. It
consist of a covered gallery and a funeral
chamber that has a trapezium-shaped ground
plan and is covered by a pointed vault.
Because of its monumental form the tomb is
thought to have belonged to a powerful
Roman family. The wall of the funeral
chambers, were decorated with rich mural
paintings, although, at present, only a few
fragments remain.
The Roman Necropolis was
largely soluble calcarenite of
Lower Pliocene that is highly
easily affected by weathering
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carved into a
the Messinianporous and is
and processes

of microkarstification. One of the most
characteristic effects of these processes is the
crystallization of abundant salts at specific
sites as a consequence of evaporation.
Methods
In order to determine the changes of the
microbial
communities
after
restoration
treatment we applied culture-independent
techniques along with bioinformatics and
statistics methods, which allow the detection
of microorganisms in situ without the
requirement for growth on specific culture
media (Gonzalez and Saiz-Jimenez 2004).
Moreover, it is demonstrated, that cultivation
methods recover less than 1% of the total
species of the microorganisms present in
environmental samples (Giovannoni et al.
1990, Ward et al. 1990).
PCR-amplification of the 16S rRNA-encoding
gene (16S rDNA) fragments is followed by
separation of these fragments by Denaturing
Gradient Gel Electrophoresis (DGGE). To
identify the microorganisms, cloning of 16S
rDNA PCR products was performed and
selected clones analyzed following the
protocols described by Gonzalez et al. (2003).
Results and discussion
DGGE analysis of 16S rDNA fragments was
used to examine the effects of the restoration
treatment on microbial communities of the
Tomb of Servilia. In Figure 1 are shown the
DGGE patterns of the 16S rDNA fragments
(primers 341F-GC and 518R) amplified from
three samples: before treatment (BS), and at 8
(U21) and 20 (YYY) months after restoration
treatment. Each of the three samples
produced a distinct DGGE fingerprint.
A

B

Figure 1. Microbial communities from the Tomb of Servilia. A:
DGGE patterns of bacterial communities, B: DGGE patterns of
phototrophic communities. BS is a sample taken before
restoration, U21 was taken 8 months after restoration, and YYY
was obtained 20 months after restoration.

3

COALITION
No. 14, July 2007
By comparing DGGE profiles of the microbial
communities representing each sample, one
can observe the increasing in the number of
microorganisms after biocide treatment (Figure
1 A). Most of these microorganisms persist
after 20 months of treatment. The use of
biocide did not eliminate the microbial
community from the Tomb of Servilia, rather
introduced an extra element of risk for the
conservation of the tomb. Such element is the
selection of new microorganisms which has
resulted in a different community structure at
the treated site.
This fact denotes that the recolonization of
the tomb walls, over 20 months, lead to a
more complex microbial community than the
one existing before restoration treatment. It
indicates that the restoration treatment
(cleaning, use of quaternary ammonium
compounds and consolidation) had not any
definite action on the prevention of bacterial
growth. Moreover, the data suggest that the
microbial
community
present
before
restoration treatment was reestablish shortly
after the treatment.
The monitoring for phototrophic members of
the microbial communities denoted important
changes (Figure 1 B) between the samples
before and 8 months after treatment, in a way
similar to that the described for bacteria.
Sequencing of libraries of samples before
restoration treatment, resulted in detecting
Actinobacteria (54,5 %), Proteobacteria (22,8
%), Bacteroidetes (14 %), and Cyanobacteria
(8,7 %). The bacterial community of the
sample, taken 8 months after restoration
treatment contained Actinobacteria (37 %),
Proteobacteria (31,5 %), Cyanobacteria (14
%), Bacteroidetes (8,5 %), Firmicutes (6 %)
and Nitrospirae (3 %). The bacterial
community of the sample taken 20 months
after restoration treatment contained bacteria
phylogenetically related to Actinobacteria (44
%), Bacteroidetes (34,5 %), Proteobacteria
(15,5 %) and Cyanobacteria (6 %). These
results suggest a decreasing of Gram-positive
bacteria and an increasing of Gram-negative
bacteria in the microbial community of the
sample taken 8 months after restoration when
compared with the untreated one. On the
other hand, the reverse is true for the
microbial community of the samples taken 20
months after restoration. Since quaternary
ammonium compounds are degraded by Gram-
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negative bacteria (McBain et al. 2004), the
biocide can be used as carbon source. The
exhaustion of the biocide-carbon source,
promoting the growth of Gram-negative
bacteria, will lead to the predominance of
Gram-positive bacteria in the microbial
community develoved after 20 months
treatment, similar to that observed in the
microbial community before treatment.
Actinobacteria was the most dominant group
in
all
samples.
The
abundance
of
Actinobacteria in subterranean environments
has been previously reported in numerous
studies and this group constitute common
members of the microbial community (Monte
and Ferrari 1993, Groth et al. 1999, Laiz et al.
2002). Since the Actinobacteria are generally
heterotrophic microorganisms, their growth
must be dependent on organic matter being
transported from the surface into the tomb.
Hence, although Actinobacteria take part in
biodeterioration
processes,
they,
and
particularly Streptomyces, may act as
antagonists to many different fungi that
makes them promising candidates for
biocontrol agents (Getha and Vikineswary
2002, Sharma et al. 2005).
In spite of DGGE banding patterns are
subjected to PCR bias due to DNA extraction
methods, potential preferential amplification,
and the formation of chimeras (Wintzingerode
et al. 1997), generally, the banding patterns
obtained in this study can be considered to
reflect the most abundant rRNA types in the
community.
Our data have shown i) that the application of
quaternary ammonium compounds had non
mid- or long-term biocide effects on the
microbial communities thrieving on mural
paintings, and ii) that the effectiveness of
restoration treatments can be evaluated by
using a genetic fingerprint.
In conclusion, the monitoring of restored
monuments over time and the knowledge on
microbial
communities
structure
and
biodiversity can lead to better understanding,
interpretation and prediction of the effects
that biocide treatments may produce on
Cultural Heritage assets.
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APPLICATION OF LASER INDUCED
BREAKDOWN SPECTROSCOPY (LIBS) TO
CULTURAL HERITAGE

S. Gaspard, M. Oujja,
E. Rebollar, M.
Castillejo
Instituto de Química Física Rocasolano, CSIC,
Madrid, Spain.
Introduction
Laser Induced Breakdown Spectroscopy (LIBS)
is an analytical technique in which a powerful
laser beam is focused on a sample. As result
of irradiation, some amount of material is
ablated and a plasma is formed. Light emitted
by the plasma is composed of spectral lines
characteristic of the elements present in the
sample. By analyzing this light, it is possible to
deduce the elemental composition of the
material (Cremers 2006).
LIBS features several advantages that are
interesting for the analysis of Cultural Heritage
objects. The analysis can be performed in situ
and only requires an optical contact with the
object. The technique doesn't need sampling,
nor sample preparation. Furthermore, LIBS is a
very rapid technique, as the information is
recorded
with
a
single
laser
pulse
measurement. The technique is micro
destructive, as the material ablated from the
surface is minimal. In addition, LIBS allows
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depth profiling information, by applying
successive laser pulses on the same spot.
The LIBS technique is currently used to
characterize the elemental composition of
different materials, as a tool for laser cleaning
diagnostics and for the determination of
stratigraphies (Fotakis 2006). Qualitative and
quantitative analyses have been carried out,
for example on pigments, stones, metals, inks,
and biomaterials.
We report on two applications of this
technique: the analysis of black-and-white
silver-gelatine cinematographic films (Gaspard
et al. 2007) and of lead glasses (Carmona
2007).
Experimental setup
The LIBS system used for the experiments has
been described previously (Castillejo 2003).
Laser irradiation is carried out with the 4th
harmonic of a Q-switched Nd:YAG laser
(Quantel Brilliant B, pulses of 6 ns, repetition
rate 10 Hz, 266 nm). The laser wavelength
was chosen to ensure minimum thermal
damage to the samples and better in-depth
resolution. The samples located inside a
vacuum chamber evacuated down to 3 Pa are
irradiated by the focused laser using a ƒ=10
cm lens allowing to achieve fluences up to 15
J/cm2. Vacuum and high fluences are needed
to provide a bright and well expanded ablation
plume. The emitting plasma is collected at
right angles to the laser beam by means of
two quartz lenses (ƒ1=4 cm, ƒ2=10 cm) and
a periscope inserted between the lenses. The
purpose of the periscope is to rotate the
plasma image by 90º so that the expansion
direction lies along the orientation of the
entrance slit of the spectrograph allowing a
more efficient signal collection. The emitting
plasma was analysed with a 0.30 m
spectrograph
(TMc300
Bentham,
1200
grooves/mm, 500 nm blaze) coupled to a
time-gated intensified charged-coupled device
(ICCD 2151 Andor Technologies), with
temporal and spectral resolutions down to 2
ns and 0.2 nm respectively. The temporal gate
was operated at zero time delay and temporal
observation window of 3 µs. For the results
presented here, a 300 nm long-pass filter was
installed in front of the spectrograph to
prevent second order diffraction peaks
appearing in the spectra.
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Characterization of cinematographic films by
LIBS
The emulsion-coated transparent plastic base
film has been the main carrier for production
and preservation of motion picture contents
since the 19th century. The conservation of
materials pertaining to the photographic and
cinematographic heritage has motivated
diverse works (Abrusci 2004), to study the
degradation processes of cinematographic
films and to optimize the conditions of
conservation.
A typical cross section of a cinematographic
film is shown in Figure 1. A protective layer,
consisting of a transparent superficial
crosslinked gelatine coating of about 1 µm
thickness, covers the surface of the emulsion
to protect the film. A photographic emulsion,
of about 20 µm thickness, is composed
basically of gelatine (60-70%) where the lightsensitive silver halide salts, the film
developers and the hardening agents are in
suspension. A polymeric support, about 120
µm thick, consists of cellulose triacetate and
triphenylphosphite added as plasticizer or fire
retardant in a concentration of about 10-15%
by weight.
Protection layer, 1 µm
Photographic emulsion, 15-20 µm

Polymeric support, 120-140 µm

Figure 1. Scheme of a cross section of a cinematographic film.
The tickness of the layers is indicated.

Gelatine is a natural protein derived from
collagen. Due to its favourable physical and
chemical
properties
gelatine
was
the
dominating
vehicle
for
silver
halide
photographic materials for more than a
century (De Clercq 1995). The photographic
gelatine is mainly type-B, obtained from
collagen of cattle bone by an alkaline pretreatment.
The objective of this research was to explore
the applicability and potential of LIBS for the
analysis of black and white silver gelatine
cinematographic films. We determined the
elemental composition of materials used in
cinematographic films, polymeric support and
gelatine and the stratigraphy of the
cinematographic film.
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atomic and molecular emissions of gelatine. In
addition to these, emission lines corresponding
to silver Ag (I), iron Fe (I), lead Pb (I) and
chrome Cr (I) are observed.

600

Wavelength/ nm
Figure 2. LIB spectrum of a type-B gelatine film with high Bloom
value and crosslinking degree.

First, gelatine films were prepared to assess
the capability of LIBS to characterize this
material. Due to its high purity and low
content of alkali residues, the gelatine used in
photographic emulsions have a high bloom
value and is crosslinked in order to obtain a
suitable dimensional stability of the image
support. The bloom value characterizes the gel
strength resistance and measures the gelatine
quality.
The spectra of gelatines show the presence of
atomic Ca (I), Ca (II) and Na (I) that have their
origin in the alkaline treatments and impurities
of the bones and cartilages from which
gelatine is obtained (Figure 2).
The spectra also show atomic emissions
attributed to C (I), C (II), O (I), N (I) and H (I),
and molecular emissions of OH, CN, C2 and
CH. These species come from the amino acid
structure of the gelatine.
The polymeric support consists of cellulose
triacetate
and
triphenylphosphite
as
plasticizer. Samples of commercial cellulose
triacetate (Aldrich) and samples of the
polymeric support were studied. The spectrum
of the polymeric support shows the presence
of atomic C (I), Ca (I), H (I), Na (I) and P (I)
and molecular emissions assigned to OH, CN,
CH and C2. Phosphorus lines P (I) are also
clearly observed in the spectrum. Although
their intensity was found very low, these
emissions are assigned to the plasticizer,
triphenylphosphite, and are not present in the
spectra corresponding to cellulose triacetate.
Samples of cinematographic film were
obtained by cutting pieces of 2 x 2 cm2 from
cinematographic black and white silver halide
films. The stratigraphy of the film (Figure 3)
was studied by delivering successive pulses
on the same spot of the sample to yield the
elemental composition of different layers of
the film. For a black area of the film, the
spectra from 1st to the 5th pulses contain the

ISSN 1579-8410
www.rtphc.csic.es/boletin.htm

Figure 3. Succesive LIB spectra of a black zone of a
cinematographic film obtained by applying the indicated number of
laser pulses on the same spot of the sample, reaching the depth
indicated.

Silver is present in the light-sensitive halide
salts used for preparing the emulsion. Fe and
Pb are constituents of the film developer,
typically ferrous oxalate. Some salts of these
heavy metals can also be present as impurities
of gelatine. Cr is included in the composition
of hardening agents, as chrome alum, used to
improve the mechanical properties of the
emulsion. The emissions obtained from the 6th
until the 30th pulse although weak, correspond
to the material of the polymeric support.
The LIB spectra of the white areas of the film
are similar to the ones corresponding to the
black zones, except for those emissions
corresponding to silver, which are relatively
absent, indicating the efficient extraction of
silver halides during the developing process of
the photographic film.
The results show the potential of LIBS for the
chemical and structural characterization of the
different layers of the cinematographic films,
as well as for extracting information on the
chemical composition of the gelatine, the
developers and hardening agents employed.
Finally, these investigations provide relevant
information to improve the storage conditions
of the cinematographic archival films.
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Several samples with different chemical
composition, representative of the most
frequently found historical glass objects, were
selected. Glasses containing different amounts
of PbO, i.e. 0, 10, 24 and 30 wt.% were
used. There are current commercially available
glasses, model glasses prepared in the
laboratory with similar chemical composition
than those of the historical and small original
historical
glass
pieces.
The
chemical
composition of the original historical glass
samples was determined by XRF on powder
bulk samples, using a Philips wavelength
dispersed X-ray spectrometer, model PW
1404, equipped with a tube of rhodium. In all
the samples the SiO2 content varies between
46 and 74 wt.%. Other oxides such as ZnO,
BaO, K2O and Na2O are present in the glass
composition. PbO contents varies from 0 to
30 wt.%.
Figure 4 shows a typical LIB spectrum
obtained
in
the
experiments.
The
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Figure 4. LIB spectrum of a glass that contains 30 wt. % of PbO.

The Pb (I) lines involved in the quantitative
measurements were identified at 363.96,
368.35, 373.99 and 405.78 nm. The S/N
ratio of the Pb lines observed in the spectrum
was higher that 20. Finally, characteristic lines
of some minor elements (chromophores), like
Mn (I) and Cu (I) were observed.
For the quantitative determination of the PbO
content (Figure 5), an experiment was carried
out to measure the intensities of the main four
characteristic lines of Pb (I) previously
mentioned. The ratio between the absolute
intensity of the lines of Pb (I) and Si (I) line at
390.55 nm were plotted against the PbO
content in the bulk. Silicon was used as an
internal standard. A linear behaviour was
found. From the minimum measurable relative
intensity of Pb to Si lines, it is estimated that
the calibration allows the reliable detection of
PbO contents above 1 wt. %.
I(Pb 405.78 nm)/I(Si 390.55 nm)

Due to the particular scarcity and fragility of
lead oxide glass objects, there are few
references about lead glasses (Carmona 2005)
and there are not previous studies concerning
the quantitative determination of the lead
oxide content by LIBS. Moreover, the
corrosion degree of this kind of glass objects,
resulting from exposure to serious chemical
attack under acid and basic conditions, has
never been characterized. The results obtained
may
be
useful
to
facilitate
further
conservation and restoration tasks for lead
glass pieces of historical origin.

characteristic lines of the most representative
elements in the glass samples could be
assigned. These are Si (I), Si (II), Ca (I), Ca
(II), Na (I)and Pb (I).

Intensity/ a.u.

Lead determination in glasses by LIBS
There is a high amount of precious lead
crystal glass pieces in museums and private
collections. The knowledge of the estimated
lead oxide content of historic glass objects is
important in order to allocate the provenance,
origin and period of manufacture. There are
three main types of silicate glasses:
conventional soda-lime, potash-lime and lead
glasses. In the last category, the named
sonorous glass contains at least 10 wt. % of
ZnO, BaO, PbO and K2O, independently or as
a whole. The name crystal, crystal glass or
lead glass is referring to a specific kind of
glass that contains at least 24 wt. % of PbO.
When the lead oxide content is equal or higher
than 30 wt. % the glass is named superior
glass or sparkling lead crystal glass (UNE
1979).
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Figure 5. Ratio of absolute intensity lines of Pb (I) at 405.78 nm
to Si (I) at 390.55 nm as a function of the PbO content in the
glasses.

Glass samples were submitted to an artificial
weathering process. They were subjected for
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200 hours to three kinds of chemical attack:
neutral solution (distilled water), acid solution
(HCl 6 M) and basic solution (NaOH 1 M/
Na2CO3 0.5 M). The surfaces of the glass
samples after weathering were observed by
scanning electron microscopy (SEM) and
energy dispersive X-ray spectrometry (EDX)
(Jeol JXA-840, 15 kV, Rontec microanalysis).
Samples immersed into the acid solution
showed dealkalinised surfaces (the contents
of K2O and Na2O strongly decreased). SEM
micrographs show intense corrosion traces
with cracks and mass losses. After 200 hours,
an almost complete PbO leaching occurred.
Glass samples immersed into alkaline solution
suffered less chemical attack.
To study the effect of corrosion on the
composition of the surface of the glass
samples, several successive laser pulses were
applied on the same spot of the sample.
Changes in the spectra, taken after successive
laser pulses, are apparent on samples exposed
to acid attack. In fact, the spectrum
corresponding to the first laser pulse does not
display emissions attributed to Pb (I) and to
Na (I). However, these emissions appear when
a second laser pulse is applied on the surface
and their relative intensity increases when
more pulses are applied. This indicates a
strong surface dealkalinization that is caused
by the acid solution. For glasses treated with
neutral solution (distilled water) or with basic
solution, no significant changes were
observed upon successive laser irradiation.
The calibration curves were used to estimate
the content of PbO on the surface of the
glasses exposed to acid and alkaline
weathering. After the first laser pulse, by the
interpolation of the relation between the
intensity of the previously mentioned Pb and
Si lines it was possible to estimate the derived
content of PbO at the surface. The results
confirm the strong surface dealkalinization of
the samples submitted to acid attack.

which enabled the calibration of the lead
content of the samples. LIBS was able to
provide information on the effect of corrosion
on the composition of the surface that is
softer under basic attack compared with
degradation occurred under acid attack.
Finally, it is concluded that the LIBS technique
can be an useful tool to study the origin and
provenance of a wide range of historic lead
glasses,
allowing
also
the
validation,
characterization and verification of their
authenticity.
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This work undertakes a validation of the LIBS
technique for the study and chemical analysis
of the rare but historically important leadcontaining
glasses.
The
quantitative
determination of the PbO content in glasses
allows the differentiation of distinct kinds of
lead glasses (sonorous, 10 wt.% PbO; crystal,
~ 24 wt.% PbO; and superior crystal glass
with more than 30 wt.% PbO). Good linear
fits were obtained for the dependence of the
ratio between the intensity of Pb (I) and Si (I),
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STUDY OF BAROQUE ARTWORKS BY NONDESTRUCTIVE TECHNIQUES

an appropriate restoration intervention a broad
testing program was development.

L.K. Herrera, A. Duran,
M.C. Jimenez de Haro,
J.L. Perez-Rodriguez, A.
Justo
Instituto de Ciencia de Materiales de Sevilla,
CSIC, Sevilla, Spain
Baroque artworks from (XVI-XVII c), i.e.
canvases, mirrors, metals artefacts and wall
paintings, were studied by different methods,
to solve technical historical problems to
deduce the original appearance and to
establish the chemical and physical conditions
of restoration and conservation. Several
methods such as optical microscopy (OM);
Fourier transform infrared spectroscopy
(FTIR), scanning electron microscopy (SEM),
X-ray energy dispersive spectrometry (EDX),
X-ray diffraction (XRD) with Goebel mirror,
Grazing angle and synchrotron radiation (SR)
µXRD were used.
Baroque canvases
The famous baroque painter Pedro Atanasio
Bocanegra was an outstanding student of
Alonso Cano and painted a very special
collection of the large format canvases about
the life of San Ignacio (Herrera et al. 2005).
The aim of this study on six paintings is
analytical examination of paint samples taken
from different points of the canvas dating
from the 1600 AD (Figure 1). It was carried
out using XRD, SEM observation as well as
EDX spectrometry and FTIR (both in reflection
and transmission mode). This resulted in the
identification of materials to solve art
technical historical questions, the deduction of
the original appearance and the establishment
of the chemical and physical condition for
restoration and conservation.
The present research is focused on chemical
description of the organic and inorganic
components, particularly in the stratigraphy
sequence, the pigments and binders, the
superficial varnishes, etc. In order to elucidate
the painting technique, the state of
preservation, the process of decay and the
cleaning tools for the design and execution of
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Figure 1. Some of the Bocanegra paintings

The six paintings are composed of
heterogeneous mixtures of organic and
inorganic compounds with an often complex
multi-layered build-up.
Macroscopic and microscopic studies are
carried out on paint samples derived from the
canvas. These samples are unique and in
limited supply. Assuming that they are
representative for an area under study,
valuable general information about the
painting can be deduced, which is described
bellow.
Small samples were collected from zones near
to areas already damaged of the six paintings.
Twenty samples were analyzed, extracted
from different representative zones of the six
paintings. These samples were prepared as
cylinder moulds and were embedded in epoxy
resin as follows: the paint sample was placed
on top of the hardened block and carefully
covered with resin and then it was cast and
left curing for 24 h at room temperature. After
that, the sample was cut to expose a face
showing the cross sections of paint layer,
finally the surface was carefully polished on a
rotating disc covered with abrasive SiC-papers
characterized by various grade (800-1200)
and finished with a cloth (Herrera et al. 2006).
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These different cross-sections have been
investigated by OM and SEM, which are
established techniques in painting studies.
Separate layers, pigment particles and organic
constituents can be visualized well in paint
cross sections. EDX results in a semiquantitative spectrum of the elements in the
paint cross-section. For the study by XRD of
the paintings, the conventional BraggBrentano parafocussing
geometry
(θ-2θ
coupled) was used. FTIR enables to define the
composition of organic materials. The surface
of the cross section must be perfectly planar
in order to obtain good reflections.

This research is focused on mirrors (XVII
century) found in significant artworks and
considered as representative of the Spanish
Cultural Heritage. They became opaque due to
the environmental effects. The central
question of this work is whether it is possible
to explain the state of the amalgam layer of
the ancient mirror measuring the change in
diffraction profiles along the thickness of the
amalgam. This study was carried out in two
mirrors from XVIIth century one from
ornament of the Santo Domingo church of
Granada and the other one from ornamenting
of Cristo del Llano church of Jaen.

In this work, we identify some pigments
present in the different six-canvases of Pedro
Bocanegra. Observation by optical microscope
of the cross sections reveals in that the
paintings on canvas consist at least of six
different layers. The second layer on the
canvases in twenty samples is composed of
gypsum, argillaceous earth, iron oxides and
animal glue mixed in different proportions.
Gypsum and animal glue have been confirmed
by FTIR spectroscopy. The white pigment is
attributed to lead white and calcium
carbonate, and the XRD diffraction patterns of
the powder sample confirmed the presence of
cerussite,
hydrocerussite
and
calcium
carbonate. EDX analyses of the red pigment
identify Hg, and S and XRD diffraction
patterns of the powder samples confirmed the
presence of cinnabar. Some samples contain
yellow pigment in the pictorial layer; EDX
analyses identify Pb and Sn. The elemental
composition and the distinctive particle
morphology lead to the conclusion that the
yellow pigment is the lead-tin yellow
(Pb2SnO4). The blue pigment was examined
using SEM/EDX and show that the blue
pigment contains potassium, calcium, iron,
cobalt, silicon and arsenic. In the semiquantitative analysis the percentage of
potassium decreases, this indicated that the
blue pigment is degraded. The green pigment
is composed of particles with high Cu content.

In this work, a qualitative analysis of the
crystalline phases of the amalgam surface of
ancient mirrors was done based on the grazing
incidence X-ray diffraction technique. With
this technique, one can perform a depth
profile of the sample obtained by varying the
incidence angle of the X-ray beam with
respect to the sample surface. The efficiency
of this technique is well established in the
field of thin layers and multilayers. The
morphology of amalgam layer was studied by
scanning electron microscopy (SEM), and the
elemental analysis of the amalgam was done
by energy dispersive X-ray spectrometry
(EDX). X-ray photoelectron spectroscopy
(XPS) was used to characterize the atomic
composition.

Compositional depth profiling of amalgam of
two ancient Spanish mirrors
The glass mirrors backed with a tin-mercury
amalgam, called commonly the amalgam
mirror, were studied as produce between the
sixteenth century until the beginning of the
twentieth (Morser 1961). The Venetian mirror
industry dominated the market until the middle
of the seventeenth century (Hadsund 1993).

ISSN 1579-8410
www.rtphc.csic.es/boletin.htm

SEM / EDX results show that the amalgam
layer is composed of tin and mercury. This
study supplies information on the variability in
the chemical composition of the amalgam
surface of the mirror. Also with this technique
the identification of morphologic structure of
tin oxides was done. Cassiterite (SnO2) and
romarchite (SnO) were found in the surfaces
of both mirrors but in different proportions in
the surface (Figure 2).
For the study by X-Ray Diffraction (XRD) of
the most external layers of the amalgam the
conventional Bragg-Brentano parafocussing
geometry (θ-2θ coupled) is not useful. Due to
the penetration of the X-ray beam, the
diffracted intensity of the most external layers
is very weak and the crystalline composition
cannot be measured. For that reason the
grazing angle technique was used, in which
the X-ray beam impinges on the sample at a
small angle (θ between 1º and 5º) (Figure 3),
and stays fixed during the detector scan. By
the small incidence angle, only X-ray signals
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of the sample surface are registered. Variation
of the incidence angle enables detection of a
depth profile of the different layers in the
altered amalgam.
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Figure 2. EDX spectrum of chemical composition of tin oxides and
their morphological structure.

All the data were collected on a Siemens D5000
θ-2θ
Kristalloflex
diffractometer
equipped with grazing incidence attachment (θ
fixed and 2θ scan), which consists of a long
soller slit with a 0.4º divergence and LiF (100)
monochromator crystal in parallel mode
configuration. Classical coupled θ-2θ scans
diffraction were used when it was necessary
(Herrera et al. 2007).
600

Gy
Gy
Cass

Gy

Gy

Gy

500

Cass

5º (θ)

Cass

Lin (Counts)

400

Gy

Rom

Gy

Rom

Gy

Gy

Gy

baroque mirrors. Finally, from methodological
point of view, grazing incidence X-ray
diffraction technique was necessary to be
used in the non-destructive depth profiling
study of amalgam mirrors
Study of the external surface of metal
artefacts by non destructive analysis using
Goebel mirror
The study of external surfaces of materials
coming
from
Cultural
Heritage
gives
information about its degradation processes.
This knowledge allows us the election of
appropriate methods to carry out the
restoration of historical artefacts. X-ray
diffraction with Goebel mirror is a nondestructive technique to characterize directly
the present compounds on the surface of
materials without the need of sampling.
Graded multilayer optics creates a highly
parallel incident beam while suppressing Kβradiation. By capturing a large solid angle, the
mirror turns unusable radiation into a useful
parallel beam (Figure 4). The Goebel mirror
enables the investigation of irregularly shaped
sample surfaces and reduces the requirement
for the exact sample positioning. These
characteristics are very important in the study
of samples belonging to the Cultural Heritage,
especially the archaeological ones, since in
most of the cases samples cannot be taken to
be studied by the conventional method of
powder diffractometry (Duran et al. 2007).
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Figure 3. XRD patterns of the reflecting layer of the Granada
mirror under incidence angles 1º (θ) and 5º (θ).

The mirror from Granada presents an extreme
degree of alteration, as the reflecting layer
(SnHg amalgam and metallic Sn) has
disappeared; this alteration layer is only
constituted of cassiterite (SnO2), with a small
proportion of romarchite (SnO). In the Granada
mirror gypsum was found in the surface layer,
touching the wall which is covered with
plaster (gypsum) supporting the mirror.
In conclusion, the combined use of SEM/EDX,
XPS and XRD provide a good insight into the
surface chemical structure of two ancient
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Figure 4. Non destructive XRD
diffractometer with a Goebel mirror.

analyses:

Bragg-Brentano

Using this technique we analyzed the upper
layer of two Roman samples, one is a metallic
Roman arrow point that is composed of iron.
By means of Goebel mirror, it was possible to
identify that the upper layer of the sample
contained calcite and quartz, deposited during
the burial in the soil. Also vesuvianite traces
were found, possibly due to reaction between
the soil components and the iron. (Figure 5).
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Figure 5. XRD pattern of the metallic Roman arrow point in BraggBrentano geometry with a Goebel mirror.

The other Roman sample is a button
composed of bronze. The XRD pattern using
Goebel mirror allowed to characterize only the
external layer and the diffractogram showed
that the surface contained calcite, quartz and
feldspar that were deposited from the soil
where the sample was found. (Figure 6).
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Synchrotron techniques are particularly suited
for non-destructive study or to the micro
characterization
of
different
materials
including organic and inorganic ones, either
amorphous or crystalline. New developments
in synchrotron radiation techniques result in a
significant advance to study the samples at
micrometer size scale through the combination
of
different
non-destructive
techniques
(Pantos 2005). The most employed till now
have been synchrotron X-ray fluorescence and
diffraction and, to a lesser extent, small angle
scattering (on wood, bone and hair) and
infrared microscopy. The synchrotron beam
can be focused in sub micrometric spots,
allowing the examination of very small
samples. The list of artwork studied by using
SR is made up of a large variety of materials.
Table 1 shows several Cultural Heritage
materials and their properties that can be
studied by SR (Bertrand et al. 2006).
Earthy pigments varying from dull yellow to
red and brown are commonly called ochre in
paintings. The colour is given by the presence
of different iron oxyhydroxides and oxides.
High
mineralogical
variability
can
be
demonstrated when natural ochres are
compared.
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Figure 6. XRD pattern of the Roman button in Bragg-Brentano
geometry with a Goebel mirror.

Characterization of iron oxide pigments by
means of micro X-Ray diffraction experiments
The use of synchrotron radiation (SR) sources
by materials scientists for Cultural Heritage
studies is still comparatively new. Synchrotron
radiation sources dedicated to the study of
materials have been in existence for about 20
years. Synchrotron is a source of intense,
bright light of variable wavelength mostly in
the hard and soft X-rays; the principal
properties of synchrotron radiation are as
follows:
High flux and brilliance, able to
produce a fast data collection and the
possibility to use small sample size (small
beam footprint 2D and 3D studies to submm/micro length scale). Possibility of
wavelength tunability and choice of energy
region to suit the problem.
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The natural ochres are composed of iron
oxyhydroxides and oxides mixed with clay
minerals (kaolinite, illite, smectites, etc.). The
characterization of the phases present in
ochre pigments by X-ray diffraction is difficult
because the analysis is performed in microsamples (cross-sections). The pigments are
present in a narrow layer its percentage being
very low and its reflecting power being weak
in comparison with other phases present in
the sample. Other techniques used in the
identification of ochre pigments are optical
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microscopy, scanning electron microscopyenergy dispersive X-ray spectroscopy (SEMEDX) and infrared spectroscopy (FTIR). In the
case of samples from Cultural Heritage, due to
the small quantity of material and the mixture
with other different compounds, it is
necessary to perform the microanalysis using
micro X-Ray diffraction.

techniques. Marie Curie Conference: 20. Manchester:
European Commission.
Herrera, L.K., Durán, A., Jiménez de Haro, M.C., Justo, A., PérezRodríguez, J.L. (2007). Compositional depth profiling of
amalgam of ancient Spanish mirrors by grazing –incidence
XRD. TECHNART Abstracts book. Lisbon.
Morser, F. (1961). A study of glass surface deterioration by
moisture. The Glass Industry 42: 244-286.
Pantos, E. (2005). Synchrotron radiation in archaeological and
cultural heritage science. In M. Uda, G. Demortier and I. Nakai
(eds.) X-rays for Archaeology: 199-208. London: Springer.

Experimental work was done on sample
embedded in a resin to prepare thin crosssections. At least three cuts of the same
sample were analyzed and averaged. Several
thicknesses were tested and it turned out that
4-5 µm was the most appropriate thickness.
The physico-chemical signatures of the
pigments, preparation layers and binding
media are necessarily related with relevant
practices and know-how of the artists.

VIBRATIONAL

Trace elements in iron pigments were
analyzed. The thin cross sections were
analysed to identify their trace element
signature. A focused X-ray micro-beam was
successively tuned at 28 keV for global
experiment. The X-ray fluorescence signal
integrated over each single layer was detected
against the X-ray micro-diffraction pattern
collected in transmission with a bi-dimensional
detector. From this signature, in the first layer
or the painting it could be possible to identify
some trace of monazite. We note the
variability
in
the
compositions
of
oxyhydroxides into the pictorial layer. This
work reports on SR µ-XRD data collected at
the beamline ID18F in the European
Synchrotron Radiation Facility in Grenoble
from two samples of earth-based pigment
extracted from mural paintings from of Church
of San Agustin in Cordoba. The identification
of these phases was recorded with high
resolution (15 µm ×-15 µm).
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SPECTROSCOPY AS AN
ANALYTICAL TOOL IN THE IDENTIFICATION
AND CHARACTERIZATION OF NATURAL
DYES EMPLOYED IN THE CULTURAL
HERITAGE

Z. Jurasekova, C.
Domingo, J.V. GarcíaRamos, S. SánchezCortés
Instituto de Estructura de la Materia, CSIC,
Madrid, Spain
Introduction
The identification of dyes used in works of art
is essential for dating, restoring and
conserving artwork and for studying art
history in general. There is a wide range of
works focused on the analysis of inorganic
pigments (Chen et al. 2006). In contrast,
organic dyes have been less studied although
natural pigments have been used as coloring
materials in Cultural Heritage artworks
throughout the history. Their analysis remains
still extremely difficult, because they are very
fluorescent, susceptible to being degraded at
certain conditions and usually present at trace
concentrations or highly dispersed in very
complex objects. In fact, a milestone task in
the Cultural Heritage study is the finding of
suitable
and
sensitive
analytical
nondestructive techniques which could allow their
study in situ without a sample removal
(Wyplosz 2003).
Vibrational spectroscopy (Raman and infrared)
provides very useful fingerprint spectra for the
identification of natural organic dyes.
Particularly, Raman spectroscopy has been
firmly established as an invaluable technique
for the identification of materials found in
works of art and the Cultural Heritage (Smith
and Clark 2001, Burgio et al. 2001, Smith and
Clark 2004). It affords important molecular
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structure
information
once
the
high
fluorescence is overcome. In addition, this
technique allows for the study of microscopic
samples with great spatial resolution when a
microscope is used as a sampling accessory.
Raman spectroscopy is also a noninvasive
technique whose employ is desirable in cases
where no sampling is allowed. Nevertheless,
the application of Raman technique to the
study of organic pigments has been limited by
the strong fluorescence background of natural
organic dyes under laser excitation and the
low sensitivity of Raman. A phenomenon that
can significantly enhance the Raman intensity
is the Surface–enhanced Raman scattering
(SERS). By means of SERS, the inherent
limitations of Raman spectroscopy are readily
overcome thanks to the use of nanostructured
metal surfaces to enhance the signal and to
quench the fluorescence at the same time.
The intensity of the normally weak Raman
scattering is increased by factors as large as
108 for compounds adsorbed onto a SERS
substrate, allowing for trace-level detection
(Chen et al. 2006).
The vast majority of organic coloring materials
belong to the chemical classes of flavonoids
(yellow), anthraquinones (red), and indigoids
(blue). Their coloring properties are known
since antiquity in many civilizations. These
dyes were largely used for textiles (Schweppe
and Winter 1998, Wyplosz 2003, Teslova et
al. 2007). In particular, natural dyes were the
main source of textile colour until the mid- to
late-19th century. Flavonoids are polyphenolic
compounds categorized according to chemical
structure into flavonols, flavones, flavanones,
isoflavones, catechins, anthocyanidins and
chalcones. Flavones and flavonols (3hydroxyflavones) are the main chromophores
among all the flavonoid natural yellow dyes
(Ferreira et al. 2004). The most widely used
and traded flavonoid-containing yellow dyes in
western Europe included Reseda luteola L.
(weld), Chlorophora tinctoria Gaudich. (old
fustic), Genista tinctoria L. (dyer’s greenweed)
and bark from Quercus velutina Lamk.
(quercitron bark) (Ferreira et al. 2002, 2004).
In spite of the enormous importance of the
flavonoid compounds, only few Raman studies
applied to flavonoids have been published so
far. Generally, only a limited number of Raman
spectra of natural dyes are available in the
literature (Bell et al. 1997, Burgio and Clark
2001). In addition, few SERS studies have
been published so far on flavonoids
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(Jurasekova et al. 2006, Teslova et al. 2007),
although the SERS spectroscopy has been
successfully applied to other natural dyes (for
example, anthraquinone dyes (Cañamares et
al. 2004, Chen et al. 2006).
In this work we present the Raman and SERS
spectra of several representative flavonoid
molecules (Figure 1) which structure varies
depending on the presence of double bond
and/or carbonyl group as well as on the
number and position of substituted hydroxy
groups. In this study a special attention was
paid on the molecule quercetin (Figure 1a)
since it displays larger antioxidant properties
with respect to other flavonoids.
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Figure 1. Molecular structure and atomic numbering of flavonoid
compounds: a) quercetin (hereinafter called QUC), b) kaempferol
(KPF), c) luteolin (LUT), d) apigenin (APG), e) taxifolin (TAX), and
f) catechin (CAT).

Experimental details

Materials

Flavonoids were purchased in their highest
purity from Sigma-Aldrich and used without
further purification. Stock solutions of the dye
in ethanol (Merck) were prepared at a
concentration of 10-2 M. All the reagents
employed were of analytical grade and
purchased from Sigma and Merck. The
aqueous solutions were prepared by using
triple distilled water. Silver colloids were
prepared by reduction of silver nitrate with
trisodium citrate dihydrate (Lee and Meisel
1982), hereinafter called AgC colloid, or with
hydroxylamine hydrochloride (Leopold and
Lendl 2003), hereinafter called AgH colloid.
The colloids were activated before adding the
dye. This activation consisted in a partial
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aggregation of the colloidal particles and, to
accomplish this, 40 µL of 0.5 M potassium
nitrate solution were added to 1 mL of the Ag
colloid. Nitric acid and sodium hydroxide were
employed to vary the pH value. In the latter
cases no nitrate was added, since the nitric
acid and the hydroxide also induced colloid
aggregation.
The solid sample for FT Raman spectroscopy
was prepared by placing the powdered
compounds in a metal holder. In the case of
the IR spectrum, the solid flavonoid
compounds were dispersed in KBr pellets.
Samples for the UV-Vis spectroscopy in water
were prepared by adding an aliquot of the dye
solved in ethyl alcohol up to a concentration
of 10-5 M.

representing the A-ring absorption. UV-vis
spectral profile of the individual flavonoid
molecules depends on the number and
position of hydroxyl groups (Rice-Evans et al.
1996, Bohm 1998). These data agree with
the fact the larger is the number of -OH
groups, the larger is the red shift of the
absorption band (Table 1).
Table 1. Relationship between hydroxyl group arrangements and
absorption maxima

Flavonols
Quercetin
Kaempferol

OH Arrangement

Band Positions

3, 5, 7, 3´, 4´
3, 5, 7, 4´

367 nm
362 nm

5, 7, 3´, 4´
5, 7, 4´

347 nm
339 nm

3, 5, 7, 3´, 4´

289 (326sh) nm

3, 5, 7, 3´, 4´

279 nm

Flavones
Luteolin
Apigenin

Flavanones
Taxifolin

Catechins
Catechin

SERS spectra with excitation at 785 nm,
632.8 nm and 514.5 nm were recorded in a
micro-Raman Renishaw RM2000 instrument,
working under macro conditions. The laser
power at the sample was approximately 2
mW.
FT-IR transmission spectra were recorded with
a Bruker IFS 66 spectrometer provided with a
DTGS detector. The spectral resolution was 8
cm-1 and 500 scans were obtained from each
sample. UV-Vis absorption spectra were
recorded with a Helios γ spectrometer. The
samples were put in 1-cm optical path quartz
cuvettes.
Results and Discussion

UV-Vis spectroscopy

Figure 2 shows the UV-visible spectra of the
studied
flavonoids.
Two
characteristic
absorption bands can be seen: a band in the
300-385 nm range (Band I) representing the
B-ring (Figure 1) absorption, and another one
in the 240-285 nm range (Band II),
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347
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362
367

289

Absorption (a.u.)

FT-Raman spectra were obtained by using a
Bruker RFS 100/S spectrometer. Radiation of
1064 nm from a Nd:YAG laser was used for
excitation. The resolution was set to 4 cm-1
and a 180º geometry was employed. The
output laser power was 50 mW in the solid
samples, 150 mW in the case of SERS
measurements and 300 mW in the case of the
flavonoid solutions. The Raman spectra
displayed in this work are the result of
averaging 1000 accumulations.

255
264

Instrumentation

400

450

500

550

Wavelength /nm
Figure 2. UV-Vis spectra of the following flavonoids: QUC (red),
KPF (blue), LUT (green), APG (olive), TAX (orange), and CAT
(royal).

The OH in position C(3) seems to have a
stronger influence than the C(3´) one on the
absorption spectrum, specially on Band I. This
was deduced from the higher red shift
observed for QUC and KPF compared to LUT
and APG, respectively (Jurasekova et al.
2006). The UV spectra of flavanones (i.e. of
TAX) are slightly different since they exhibit a
very strong maximum (Band II) between 270
and 295 nm, namely 289 nm, and only a
shoulder for Band I (for TAX at 326 nm). Band
II exhibits two components which intensities
depend on the substitution by –OH groups of
the B-ring. In monosubstituted B rings the
upper component is stronger (it appears at
264 nm and 267 nm, in the cases of KPF and
APG, respectively). In contrast, in the case of
flavonoids bearing a di- or tri-substituted Bring the lower component is the strongest one
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(Rice-Evans et al. 1996). Therefore, the
absorption maxima for an unknown flavonoid
pigment can be of considerable help in
assigning it to the appropriate flavonoid class
and to predict its chemical properties (Bohm
1998).

Raman and SERS spectroscopy

Raman/SERS intensity (a.u.)

Figure 3 shows the FT-Raman spectra of
flavonoids in the solid state (coloured
spectra). In general, all the pigments show a
similar spectrum below 1000 cm-1 owing the
similar skeletal structure. Among all flavonoid

molecules, TAX and CAT exhibited stronger
differences in this region due to their
structural differences. In particular, TAX does
not posses of double bond C(2)=C(3) (Figure
1e) whereas the Raman spectrum of CAT
presents relevant changes due to the lack of
both the double bond C(2)=C(3) as well as
the keto group C(4)=O in its structure (Figure
1f). The main differences between all
flavonoids are found in the 1400 - 1000 cm-1
region, where δ(O-H) and ν(C-O) motions
appear, because of the different distribution of
-OH groups in the studied molecules.

QUC

LUT
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KPF
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C AT

*

*
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W avenumber /cm -1

600

400

*

* *

1600 1400 1200 1000
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800

W aven um ber / c m

600
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-1

Figure 3. Raman spectra of solid and SERS spectra (10-5M) of flavonoid molecules: QUC (red), KPF (blue), LUT (green), APG (olive), TAX
(orange), and CAT (royal). Note: * indicates the anomalous Raman band of aggregated AgC colloid appeared in SERS spectra (Sánchez-

Cortés and García-Ramos 1998).

This points out the importance of the
vibrational spectra in the identification of
these compounds.
The analysis of SERS spectra (Figure 3, black
ones) is not easy owing to the large difference
observed
with
respect
to
the
solid
compounds. In general, the observed spectral
changes
demonstrated
that
flavonoids
undergone a chemical change when adsorbed
on AgC. For instance, the appearance of new
bands with respect to the Raman of the solid
or the solution at lower wavenumbers (at 479
and 418 cm-1 in the case of QUC and at 479
and 422 cm-1 in the case of KPF) suggests
this chemical change. In general, two labile
chemical groups can be identified in
flavonoids: point 1, corresponding to the
catechol-like moiety (B-ring with hydroxyl
groups in ortho-position) and point 2
corresponding to the C-ring, mainly in
flavonoids bearing a hydroxyl group in position
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α with respect to the keto group (Jurasekova
et al. 2006). The case of APG is particular as
it does not undergo strong chemical
degradation owing to the absence of these
two labile points in its structure whereas TAX
and CAT give rise to weak SERS bands.
However, in the SERS spectrum of TAX new
bands at 478 and 421 cm-1 (similar to those
registered in the SERS spectra of QUC and
KPF) are observed indicating that this
molecule also undergoes chemical changes
upon adsorption on the metal surface although
this change is weaker than in the case of KPF.
This fact points on the importance of the –OH
group in position α regarding the double bond
in the molecular unstability. In general, the
degradation process, deduced from the SERS
spectra, is similar to that observed for other
polyphenols such as catechol or gallic acid
(Sánchez-Cortés and García-Ramos 2000,
Sánchez-Cortés et al. 2001, Alvarez-Ros et al.
2001) what seems to be in good agreenment
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In principle, the flavonoid degradation is a
drawback in the detection since it could
hamper their identification by spectral and
chromatographic
techniques.
In
fact,
analytical data for (photo)degraded unknown
dyes usually differ significantly from unaged
references or standard results. This is due to
the poor light-fastness properties usually
displayed by flavonoids, thus making them
susceptible to photochemical processes,
including fading. Colour loss by fading is a
consequence of photochemical degradation
changes to the molecular structure. This is
often the case with yellow dyes on ancient
textiles (Ferreira et al. 2002). Therefore, the
study of flavonoids degradation products
could serve as a tool to characterise the
original flavonoid compounds and hence the
dye sources, using these products as actual
markers for the identification of the original
molecules. Furthermore, the study of
degradation mechanisms and intermediate
compounds of flavonoid degradation, could
provide
useful
information
about
the
conservation
and
the
preservation
of
flavonoid-containing artworks.

In this section we analyse in more detail the
SERS spectra of QUC. QUC (Figure 1a) is one
of the most common flavonols widely
distributed in the plant kingdom that has
attracted the attention of many researchers
because of its biological and pharmaceutical
properties (Middelton and Kandaswami 1994).
QUC and its glycoside quercitrin are the main
components
of
the
natural
dyestuff
quercitron, extracted from the bark of the
quercitron, or black oak (Quercus velutina
Lam.). QUC is also found in Persian berries, a
dye derived from the berries of shrubs of the
Rhamnus genus (Hofenk de Graaff 2004).

1642

In principle, the flavonoid degradation is a
drawback in the detection since it could
hamper their identification by spectral and
chromatographic
techniques.
In
fact,
analytical data for (photo)degraded unknown
dyes usually differ significantly from unaged
references or standard results. This is due to
the poor light-fastness properties usually
displayed by flavonoids, thus making them
susceptible to photochemical processes,
including fading. Colour loss by fading is a
consequence of photochemical degradation
changes to the molecular structure. This is
often the case with yellow dyes on ancient
textiles (Ferreira et al. 2002). Therefore, the
study of flavonoids degradation products
could serve as a tool to characterise the
original flavonoid compounds and hence the
dye sources, using these products as actual
markers for the identification of the original
molecules. Furthermore, the study of
degradation mechanisms and intermediate
compounds of flavonoid degradation, could
provide
useful
information
about
the
conservation
and
the
preservation
of
flavonoid-containing artworks.

Spectroscopic characterization of QUC

IR Absorption/Raman (SERS) intensity (a.u.)

with possible photo-oxidation degradation
products of QUC supposed by Ferreira et al.
(2002).

400

200

Figure 4. Vibrational spectra of QUC: a) IR (solid in KBr) b) FTRaman (solid), c) FT-Raman (20 mg/mL QUC in Ethanol), d) FTRaman (20 mg/mL QUC in DMSO), e) FT-Raman (20 mg/mL QUC
in 0.5 M NaOH), f) SERS (10-5 M QUC, AgC colloid). All FT-Raman
and SERS measurements were registered at λexc=1064 nm.

For the analysis of QUC SERS spectra a
previous assignment of vibrational bands is
necessary. The joint analysis by Raman and IR
spectroscopy is very useful since these
techniques
afford
a
complementary
information on the
vibrational bands,
depending on the polarity and polarizability of
the analysed vibrational modes. For instance,
the bands seen at 1662, 1520, 1317 and
1167 cm-1, are very strong in IR (Figure 4a),
and this allowed their assignment to the
ν(C=O), ν(C=C)/δ(C-OH), δ(C-OH) and ν(COH) vibrations (Cornard et al. 1997, MendozaWilson and Glossman-Mitnik 2004).
FT-Raman spectra of QUC in the solid state
(Figure 4b) and in solution (Figure 4c,d,e)
show spectral changes due to the different
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479

low pH are similar to those obtained at pH
neutral and may correspond to QUC products
which are not favored by the molecular
ionization. However, the SERS at high pH may
correspond to species induced by a previous
ionization which should be better seen by
using the excitation wavelength at 514.5 nm
as these species are more resonant at this line
according to the absorption spectra observed
at high pH (Figure 7).
Of special interest is the analysis of the
fingerprint region below 1000 cm-1. On
increasing the pH the strong bands at 420 and
478 cm-1 became a unique band at 445 cm-1
(at pH 6.1), and then shift to 443, 561 cm-1
(above pH=10.0). This changes suggest the
formation of adducts involving the C-ring
rather than the B-ring at a pH interval between
6.1 and 10.0, while at higher pHs also the Bring is involved in the QUC polymerization.
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Figure 5. SERS spectra of 10-5 M QUC on AgH colloid (pH=6.1)
registered at excitation line: a) 1064 nm, b) 785 nm, c) 632.8 nm,
and d) 514.5 nm.

The chemical structure of QUC, and, of
consequence, the interaction with metal, is
strongly affected by pH, as suggested both by
SERS (Figure 6) and UV-Vis spectra (Figure 7)
of QUC registered at different pH in solution.
The most significant changes in the SERS
spectrum occur at high pH. It is difficult to
distinguish the influence of ionization and
chemical degradation in the SERS spectra at
high pH, although the first should have a
dramatic influence in the QUC degradation
mechanism. The SERS spectra recorded at
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molecular state with respect to the formation
of intramolecular and intermolecular hydrogen
bonds in solid state and the interaction with
the solvent and the ionization at high pH. The
Raman spectrum at alkaline pH (Figure 4e)
shows significant frequency shifts in relation
to the Raman in solution owing to the
deprotonization of the molecule as well as to
the structural changes induced at alkaline pH
as deduced also from the UV-Vis spectra of
QUC at different pH (Figure 7). The SERS
spectrum of QUC (Figure 4f) is very different
due to the chemical changes undergone by
this molecule on the metal surface. The
analysis of SERS spectra at different
excitation wavelengths (Figure 5) reveals the
formation of multiple degradation products
which are resonantly selected by changing the
excitation wavelength.

1200

1000

800

-1
Wavenumber /cm

600

400

Figure 6. SERS spectra of QUC (10-5 M) on AgC colloid registered
by λexc=785 nm at pH: a) 3.9, b) 4.5, c) 5, d) 5.8, e) 6.1, f) 9.5,
g) 10.5, and h) 11.8.

This latter result is in a good agreement with
the UV-Vis spectra of QUC at different pH
(Figure 7). The absorption band at 311 nm
associated with A-ring (Band II) increased
when the pH is increased to 9.5 indicating the
opening of the C-ring (Figure 1a) leading to
degradation products. When the pH is further
increased above 10.0 the absorption decrease
corresponding to the Band I reveals the
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Figure 7. UV-Vis spectra of 10-5 M QUC at pH: 3.1 (black), 4.7
(red), 6.1 (green), 7.6 (blue), 9.5 (cyan), 10.2 (magenta), 11.9
(orange), and 12.3 (olive).

Conclusions
A detailed vibrational characterization was
accomplished for a group of flavonoids with
related structure. The comparison of the
normal Raman spectra of solid and solution
and the corresponding SERS spectra of
flavonoids showed important differences, thus
suggesting that these molecules undergo a
clear chemical change upon adsorption on the
metal surface. It was also observed that these
chemical changes mainly depend on the
flavonoid structure. Other relevant and
additional structural information were obtained
from the SERS spectra registered at different
excitation wavelengths and at different pH
values.
The powerful analytical properties of SERS
technique together with a good knowledge of
the
vibrational
features
of
flavonoid
compounds may allow their unambiguous
identification in more complex systems.
Nowadays, we are developing methods of
analysis of flavonoids in real artworks.
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ON THE FIRE HISTORY OF GALICIA

J. Kaal 1 , F. Criado
Boado 1 , A. Martínez
Cortizas 2

quantify black carbon (BC), i.e. the common
denominator of all burning residues (e.g.
partially charred organic matter, charcoal and
soot), does not exist. This is mainly a
consequence of the differences between the
various BC phases, but also of our lack of
knowledge on how BC evolves from a
chemical point of view that renders it very
difficult to identify, let alone quantify, ancient
BC or its derivatives. In this short
communication the various lines of evidence
pointing to a central role of fire events are
summarised, followed by a discussion on the
implications of this hypothesis.

1

Instituto de
Estudios
Gallegos
Padre
Sarmiento, CSIC, Santiago de Compostela,
Spain; 2Departamento de Edafología y Química
Agrícola, Facultad de Biología, Santiago de
Compostela, Spain.
Introduction
The area of Campo Lameiro (NW Spain)
harbours one of the largest concentrations of
rock art in the northwest of the Iberian
Peninsula. By means of the creation of a
museum, it is designed to become a major
tourist attraction. However, due to the lack of
archaeological remains in the soils surrounding
the petroglyphs, methods that are not
conventional in archaeology were needed to
unravel the anthropogenic history of the area.
The chemical fingerprint of the organic matter
is studied for this purpose.

Figure 1. Macroscopic charcoal content and radiocarbon ages (2σ
cal BP) of a soil profile from Campo Lameiro.

While biomarker-evidence of ancient crop
cultivation and stock-breeding systems was
looked for, it seems likely that any such signal
was disturbed by the intense fire regime of
the area. There are several arguments for
studying the fire history of the area in detail:
(1) human-induced deforestation by use of fire
had been hypothesised to start around 55006000 BP, (2) frequent occurrence of fire may
indicate cultivation-regeneration cycles, and
(3) if a significant amount of the organic
matter had been thermally altered, this should
have great consequences on the evolution of
the soil because burning residues are known
for their resistance against biodegradation,
and thereby change the current theories on
the genesis of the soil type involved (Atlantic
ranker).

Abundance of large charcoals
The landscape of the study area has been
formed in the course of thousands of years of
erosion and sedimentation (colluviation) and
therefore the depth profiles of the colluvial
soils reflect a historical record. As the soils
contain large charcoal particles (> 2 mm,
obtained by wet sieving of soil) throughout
the profiles, the concentration profile of such
macroscopic charcoal fragments reveals
evidence of burning episodes. Figure 1 shows
an example of a soil with the macroscopic
charcoal content curve, and some radiocarbon
ages. It appears that charcoal is concentrated
in three soil layers. Macroscopic charcoal is
unequivocal evidence of fire, but its
concentration is only small - between 0 and 6
g/ kg soil.

Unfortunately, the impact of fire on organic
matter chemistry is still a source of
controversy. A standardised method to

Micromorphology & SEM
Analysis of cut epoxy-impregnated soil blocks
with scanning electron microscopy (SEM)
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revealed unambiguous evidence of charred
organic matter, i.e. homogenised cell walls
(Figure 2A). Also, SEM micrographs indicated
that the majority of the BC fragments had
undergone
strong
fragmentation
and
degradation.
Analysis of thin sections (impregnated soil
blocks cut to a ~20 µm film on glass)
indicated that the soils are also loaded with
smaller charcoals. Sometimes these were
easily recognised, such as in Figures 2B and
2C, where the charcoal fragments occur
isolated or in a brown-coloured organic matrix,
respectively. Others, as shown in Figure 2D (a
charcoal fragment in the top-left corner of the
photo), cannot be easily distinguished from
non-charred organic matter. The opaque and
largely “amorphous” organic matter in that
particular photo is commonly thought to be
the product of melanisation (i.e. the process
of dark colouring of organic bodies by
accumulation of very dark to opaque organic
plasma), but its resemblance to charcoal
suggests that this very dark to opaque organic
plasma may well be derived from BC.
Image analysis of 216 photos from four soils
allowed us to infer that at least 10% of the
organic matter derives from fire residues, but
much more BC may be present in the twilight
fractions of the organic matter as opaque
organic plasma.

Figure 2. Various BC appearances. A:
microscope; B-D: petrographic microscope.

scanning

electron

Organic matter chemistry
The lack of knowledge on the chemical
composition of ancient BC severely limits our
knowledge on the impact of charring on
organic matter preservation over long time
scales. Black carbon is oxidised and attacked
by decomposer organisms after its formation,
and with time it increasingly resembles the so-
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called “highly aromatic humic acids”.
Although increasing evidence seems to
indicate that these “highly aromatic humic
acids” are actually derived from BC, our
current lack of unambiguous proof of this
parity renders it virtually impossible to
demonstrate whether ancient organic matter
had undergone charring or not.
Characterisation of BC is traditionally achieved
with solid state 13C NMR (nuclear magnetic
resonance). However, this method’s structure
resolving power is very limited as it can only
determine chemical environments of individual
C atoms, not the arrangement of these atoms.
Pyrolysis-GC/MS allows for a more detailed
characterisation of BC, but is not often
performed for that purpose as the pyrolysis
step
that
precedes
GC/MS
separation/identification
invokes
thermal
alterations that may interfere with those
invoked by natural fire.
Table 1. Summary of component class distribution obtained using
pyrolysis-GC/MS. Average and standard deviation of 27 samples
(bottom sample of the profile in Figure 1 omitted). PAH =
polycyclic aromatic hydrocarbon. TIPA = total identified peak
area.
benzonitrile &
PAHs
Total
benzenes
quinoline
(% of
aromatics
(% of TIPA)
TIPA)
(% of
(% of
TIPA)
TIPA)
Average
31.9
3.7
6.4
82.0
St. Dev.
4.1
0.9
1.7
4.8

Table 1 summarises the results of pyrolysisGC/MS of NaOH-extracted organic matter
from the soil profile shown in Figure 1. The
pyrolysate is dominated by benzenes (mainly
benzene
(compound
1)
and
toluene),
polycyclic aromatic hydrocarbons (PAHs, e.g.
naphthalene, compound 2), N-containing
compounds (e.g. benzonitrile, compound 3),
carbohydrates
(predominantly
furans,
compound 4), lipids (straight-chain aliphatics)
and (methoxy)phenols. Especially the large
amounts of benzenes, benzonitrile and PAHs,
and the sum of all aromatic pyrolysis products
including heterocyclic aromatics (Table 1), are
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widely accepted as evidence of thermal
modifications. The pyrolysis step is almost
certainly
not
responsible
for
these
modifications, as pyrolysis-GC/MS of a myriad
of different non-charred biomolecules does not
yield large amounts of these compounds.
The very low contribution of levoglucosan
(compound 5) and other levosugars, which are
the major pyrolysis products of intact
polysaccharides,
indicates
that
the
carbohydrate component is highly degraded.
Indeed, Pastorova et al. (1994) showed that
heating of cellulose prior to pyrolysis-GC/MS
causes a loss of levoglucosan and a relative
increase in the contribution of furans, and
PAHs at higher temperatures. The PAHs are
inversely related (r2 = 0.74, P < 0.001) to
the sum of all carbohydrate markers (Figure
3), which may suggest that the PAHs
originate from carbohydrate material that was
modified
during
fire
evens.
If
this
interpretation is correct, the decrease in PAHs
and increase in carbohydrate markers around
6000 BP (ca. 90 cm, see Figures 1 and 3)
indicates a drop in burning temperature around
that time. A dramatic increase of human
impact on the landscape is known to initiate
around 6000 BP, so this potential change in
burning temperature may represent a change
in the nature of the fire from natural forest fire
to human-controlled burning of less-developed
vegetation
communities,
which
may
reasonably be expected to have taken place at
lower temperatures.

Figure 3. Carbohydrates (in blue) and polycyclic aromatic
hydrocarbons (PAHs, in red) as determined by pyrolysis-GC/MS.

In
summary,
pyrolysis-GC/MS
yields
circumstantial evidence of burning (highly
aromatic organic matter and the presence of
fire markers such as PAHs). Whether the
PAHs-to-carbohydrate ratio indeed reflects a
change in burning circumstances has yet to be
elucidated.
ISSN 1579-8410
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Ramifications

Archaeology

The abundance of charcoals and highly
aromatic organic matter in all samples strongly
suggests that fire has been very important in
the area for at least 8000 years. The
deforestation of NW Iberia around 5500-6000
BP coincides with a drastic change in the
PAHs-to-carbohydrate ratio. We speculate that
this event marks the change from the
incidence of natural forest fires to controlled
burning afterwards. If this is correct, the area
could well have been used by ancient
societies as early as 6000 BP. The large
charcoal fragments could then derive from
carbonized heather stands that were allowed
to recover periodically to allow the soil to
recover.

Black Carbon composition

The high resolution sampling approach
provided important knowledge on the
composition of ancient organic burning
residues. PAHs may be the product of
incomplete carbohydrate combustion at high
temperatures.
Highly
aromatic
humic
substances again showed circumstantial
evidence of thermal modifications. Benzonitrile
is suggested as a potential BC marker when
analysed
by
pyrolysis-GC/MS.
This
information brings us closer to understanding
the contribution of BC to resistant organic
matter, and the recognition of this material by
pyrolysis-GC/MS.

Soil genesis

Present theories of the evolution of the
dominant acidic soils of the studied area focus
on stabilisation of organic matter by “active
Al” released upon weathering of the parent
rock, (i.e. migmatitic granite). Charring is now
put forward as a complementary reason for
the organic matter’s resistance to microbial
decay. The formation of resistant organic
matter through fire, in combination with
sorptive preservation of Al-organic matter
complexes, may well explain how large
amounts of organic matter have accumulated
in a humid temperate climate such as that of
Galicia.
Acknowledgements

J.K. thank the EU 6th FP for a Marie Curie EST Fellowship
(MESTCT-2004-513915).

References
Pastorova, I., Botto, R.E., Arisz, P.W., Boon, J.J. (1994). Cellulose
char structure: a combined analytical Py-GC-MS, FTIR and NMR
study. Carbohydrate Research 262: 27-47.

23

Back to index

COALITION
No. 14, July 2007
is proportional to the metabolic activity and
growth developed by that organism (Molin and
Givskov 1999, Mills et al. 2004). Using
molecular methods we can assess those
microorganisms present in an environment as
well as those showing activity and actually
participating in the colonization processes
going on at the studied site.

ANALYSIS OF THE BACTERIAL

COMMUNITIES ON PAINTINGS AND
ENGRAVINGS IN DOÑA TRINIDAD CAVE
(ARDALES, MALAGA, SPAIN)

F.
Stomeo,
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Jimenez.
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Saiz-

Instituto
de
Recursos
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Agrobiologia, CSIC, Sevilla, Spain.

This study represents a first attempt to
understand the microbial communities present
in the Cave of Doña Trinidad, Ardales, Spain.
y

Introduction
Caves often contain rock art paintings some
of them dated from the Palaeolithic period,
over 20,000 years old. At present, most
known rock art paintings are affected by
progressive biodeterioration (Holden 2002,
2003, Allemand and Bahn 2005, Sire 2006)
and the control and preservation of these
environments is a serious problem gathering
the interest of scientists and conservators. In
the Mediterranean area, several examples of
Palaeolithic paintings have been found in
caves such as La Pileta and Doña Trinidad,
both in Malaga (Spain).
Microorganisms often colonize cave walls.
This colonization can result in serious negative
effects on the conservation of these
prehistoric sites. As a result, the type and
number of microorganisms should be studied
in order to attempt their control and design
preservation strategies (Gonzalez and SaizJimenez 2004). A number of techniques are
being developed to study the microbial
communities
in
natural
environments
(Gonzalez and Saiz-Jimenez 2004). The use of
culturing methods results in the detection of a
low number of microbes from these
environments. Recently, molecular techniques,
based on the information present in nucleic
acids, are gaining importance since they allow
the detection of microorganisms without the
requirement for growing them on culture
media (Ward et al. 1990). In the last years,
scientists are introducing the possibility of
detecting the microorganisms present in an
environment through molecular analyses
based on DNA, as well as the microorganisms
showing metabolic activity at the same site by
RNA-based molecular studies. While the DNA
is present in every organism at a relatively
constant rate, the abundance of RNA per cell
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This cave was discovered in 1821, but it was
not until 1918 that H. Breuil found and
studied its prehistoric paintings and carvings.
The cave has a length of 1.5 Km and contains
several chambers and galleries. The interior
contains
labyrinths
of
columns,
an
underground lake, and beautiful formations of
stalactites and stalagmites. The cave contains
paintings and engravings which date back
about 20,000 years old belonging to the
Upper Paleolithic Age (Cantalejo et al. 2006).
Herein, we focus on the detection of specific
microbial groups and the analysis of their
diversity in order to evaluate their potential
risks involved in the conservation of the cave.
Materials and methods

Sampling

Two sampling sites were selected for this
study: L-12, a red-pigmented area in the cave
wall, and M-13, a dust deposit collected from
the engravings of snakes. Samples were
collected under aseptic conditions into sterile
tubes. Samples for culturing procedures were
stored on ice while those for nucleic acid
analyses were preserved in RNA latter solution
(Ambion, Austin, TX, USA) to avoid
degradation by RNases and maintained at
-80°C.

Culturing methods

The medium used was TSA (Trypticase-Soy
Agar) which contains a complex composition
based on peptone-like compounds suitable for
the growth of a wide variety of heterotrophic
microorganisms
growing
under
aerobic
conditions. Incubation of these cultures was
performed at 28°C for up to one week.
Differential colonies detected on the solid
media were transferred to fresh media,
isolated and identified by 16S rRNA gene
amplification and sequencing as described
below.
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Extraction of nucleic acids

DNA was extracted using the NucleoSpin
Food DNA extraction kit (Macherey-Nagel,
Duren, Germany) following the manufacturer’s
recommendations. Total RNA was extracted
using the RNAqueous4PCR kit (Ambion,
Austin, TX, USA). The protocol for total RNA
extraction includes DNaseI treatment to
remove any DNA present in the final RNA
extract. A reverse transcriptase reaction was
carried out to obtain the complementary DNA
(cDNA) to the 16S rRNA genes to be
amplified.
The
reverse
transcriptase
Thermoscript (Invitrogen, Carlsbad, CA, USA)
was used in this study with a 16S rRNA genespecific primer, 518R (5’–ATT ACC GCG GCT
GCT GG), at an annealing temperature of
55°C for 1 h. A standard amplification
reaction by PCR followed this step.

DNA amplification

Amplification of bacterial 16S rRNA fragments
from genomic DNA was performed by PCR
using the primer pair 27F (5’-AGA GTT TGA
TYM TGG CTC AG) and 907R (5’-CCC CGT
CAA TTC ATT TGA GTT T) from extracted
DNA and 27F and 518R (Gonzalez et al.
2003) from cDNA. ExTaq (Takara, Shiga,
Japan) was the DNA polymerase used for
PCR,
following
the
manufacturer’s
recommendations. Thermal conditions for the
amplification reaction consisted on the
following steps: 95ºC for 2 min; 30 cycles
(unless otherwise stated) of 95ºC for 15 s,
55ºC for 15 s and 72ºC for 1 min; and 72ºC
for 10 min.

Molecular fingerprinting

Fingerprints of the microbial communities
were obtained by Denaturing Gradient Gel
Electrophoresis (DGGE) following the method
described by Muyzer et al. (1993) and
Gonzalez and Saiz-Jimenez (2004). The primer
pair used for amplification of DGGE suitable
DNA fragments was: 341F-GC (5’- CC TAC
GGG AGG CAG CAG and a GC-rich tail
attached at its 5’ end) and 518R (Muyzer et
al. 1993, Gonzalez and Saiz-Jimenez 2004).
Amplification conditions were as described
above with the exception of an extension step
of only 30 seconds. Migration markers
(Escherichia coli and a Streptomyces sp.) were
used throughout this study as reference for
locating the position of cloned fragments in a
microbial community fingerprint obtained by
DGGE and facilitate sample comparisons.
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Cloning and identification of microorganisms

PCR products were purified by the JetQuick
PCR
purification
kit
(Genomed,
Bad
Oeynhausen, Germany) and cloned using the
TOPO-TA cloning kit (Invitrogen, Carlsbad,
CA, USA). The 16S rRNA libraries obtained
were used to identify the microbial
components of the community. A previously
described screening method (Gonzalez et al.
2003) was followed with these libraries.
Selected clones were sequenced.

Nucleotide sequence analysis

Sequence data was edited using the software
Chromas,
version
1.45
(Technelysium,
Tewantin, Australia). Homology searches from
the nucleic acid sequences were performed
using the Blast algorithm (Altschul et al.
1990)
at
the
National
Center
for
Biotechnology Information (http://www.ncbi.
nlm.nih.gov/Blast/). Sequences were checked
for putative chimeras using Ccode as
described by Gonzalez et al. (2005).
Results and discussions
Both culturing and molecular methods were
applied to the study of the microbial
communities in samples from the Cave of
Doña Trinidad. Culturing methods allow the
detection of the fraction of microorganisms
present in the sample and able to grow on the
medium and conditions provided in the
laboratory.
Among
the
microorganisms
detected by culturing methods the most
abundant were the Actinobacteria and
Firmicutes. The most frequently encountered
genera in samples L-12 and M-13 were
Streptomyces
(the
most
abundant),
Micromonospora, and Saccharothrix, all three
belonging to the Actinobacteria, and the
genera Bacillus and Paenibacillus among the
Firmicutes. Other cultured microorganisms
often found in the cave were the GammaProteobacteria (e.g. Pseudomonas) and BetaProteobacteria (e.g. Ralstonia). Red-pigmented
areas of the cave walls were also represented
by cultured microorganisms belonging to the
Alpha-Proteobacteria (genera Ochrobactrum
and Rhizobium). In sand and dust deposits
collected from the engraving cavities we
detected by culturing methods a significant
proportion of Gamma-Proteobacteria of the
genera Pseudomonas and Acinetobacter.
Figure 1 shows microbial community
fingerprints of the two studied samples and
the identification of some of the detected
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DNA bands from cultures and a DNA-based
molecular survey.
Molecular techniques revealed the presence of
a relatively diverse microbial community. The
detected microorganisms belong to the groups
Alpha-, Beta-, and Gamma-Proteobacteria, the
Firmicutes, Actinobacteria, and Bacteroidetes.
The most abundant were the AlphaProteobacteria representing around 46% of
sequenced clones, followed by the GammaProteobacteria with a 27% of sequences.
Other groups showing around 8% of
sequenced clones were the Firmicutes and the
Beta-Proteobacteria. The Bacteroidetes and
Actinobacteria
were
also
significant,
representing over 5% of sequences.
DNA- compared to RNA-based analysis
showed the presence of metabolically active
Alpha-Proteobacteria in a high proportion (over
50% of sequenced clones) in a sample taken
from
deposits
on
the
snake-shaped
engravings. Other bacterial group detected
from a RNA-based molecular survey were the
Gamma-Proteobacteria,
Firmicutes,
Actinobacteria, and Bacteroidetes. Thus,
Alpha-Proteobacteria might be playing a
critical
role
in
Doña
Trinidad
Cave
biogeochemistry.
Comparisons of culturing vs. molecular
methods (both DNAand RNA-based
strategies) revealed clear differences among
the bacterial groups detected. For instance,
several bacterial phyla had never been isolated
before even if they are frequently detected by
the culture-independent methods used during
this study. Most bacteria detected by
molecular methods were related to previously
uncultured
microorganisms.
Therefore,
defining the potential role of these
microorganisms in cave biodeterioration and
biogeochemistry is not an easy task. Further
research and efforts on the culturing of these
microorganisms is required.
Cave microbiology is strictly regulated by
environmental factors. While most caves,
including Doña Trinidad Cave, show fairly
constant conditions throughout the year,
changes in that equilibrium could result in
fluctuations in the microbial community
composition. Strict management should be
reinforced to maintain the natural conditions
of this cave in order to avoid accelerated and
unpredicted negative microbial effects on its
conservation.
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M13 L12

Ec

St

Bacillus (Firmicutes); isolate F6-S13 (a)
Bacillus (Firmicutes); isolate F6-S4 and –S5 (a)
Pseudomonas (Gamma-Proteobacteria); clone M13-B1, -B8 and -C10 (b)
Bacillus (Firmicutes); isolate R17-S1 (a)
Jeotgalibacillus (Firmicutes); clone L12-15.1 (b)
Bacillus (Firmicutes); isolate S18-S1 and G7-S6 (a)
Pseudomonas (Gamma-Proteobacteria); isolate S18-S2 (a)
Pseudomonas (Gamma-Proteobacteria); isolate N14-S12 and R17-S2 (a)
Oceanobacillus (Firmicutes); isolate R17-S5.2.2 and
Renibacterium (Firmicutes); isolate F6-S9 (a)
Bacillus (Firmicutes); isolate S8-S7 (a)
Acinetobacter (Gamma-Proteobacteria); clone M13-D2 (b)
Bacillus (Firmicutes); isolate B2-S8 (a)
Escherichia (Gamma-Proteobacteria); clone L12-12 (a)
Bacillus (Firmicutes); isolate B2-S8.2 (a)
Deinococcus (Thermus-Deinococcus group); clone L12-54 (b)
Ralstonia (Beta-Proteobacteria); isolate G7-S2 (a)
Brevibacterium (Actinobacteria); isolate G7-S14 (a)
Paenibacillus (Firmicutes); isolate G7-S11 (b)
Micromonospora (Actinobacteria); isolate E5-S10 (a)
Defluvibacter (Alpha-Proteobacteria); clone L12-22 (b)
Corynebacterium (Actinobacteria); clone L12-16.1 and -7 (b)
Manjusharmella (Gamma-Proteobacteria); clone L12-4 (b)
Alpha-Proteobacteria; clone L12-22.1 (b)
Aminobacter (Firmicutes); isolate G7-S13 (a)
Rhizobium (Alpha-Proteobacteria); clone M13-C12 and -E7 and L12-B12 (b)
Streptomyces (Actinobacteria); isolate A1-S3 (a)
Ochrobactrum (Alpha-Proteobacteria); clone L12-A11 (b)
Prevotella (Bacteroidetes); clone L12-A25.1 (b)
Streptomyces (Actinobacteria); isolate B2-S6 (a)
Kitasatospora (Actinobacteria); isolate B2-S5.1 (a)
Streptomyces (Actinobacteria); isolate N14-S11 (b)
Streptomyces (Actinobacteria); isolate E5-S13 (a)
Streptomyces (Actinobacteria); isolate Y21-S7 and –S8.2 (a)
Saccharothrix (Actinobacteria); isolate N14-S19 and –S22 (a)
Saccharothrix (Actinobacteria); isolate N14-S4 (a)

Figure 1. Microbial community fingerprints by DGGE analysis of
two samples from Doña Trinidad Cave and the location of the
DNA band (16s rRNA gene fragment) corresponding to the
identified microorganisms. These microorganisms were either
cultured (a) or detected from DNA-based molecular surveys (b).
M-13 sample corresponded to material collected from the
engraving cavities; L-12 corresponded to a red-pigmented area.
Arrows indicate the location of two migration markers
corresponding to Escherichia coli (Ec) and Streptomyces sp.
(St).
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Introduction
Laser Induced Fluorescence (LIF) technique,
due to its sensibility and non destructivity, is
an important tool used within variety of
applications, such as biochemistry, biophysics
and medicine. LIF can be used to investigate
the chemical and physical properties of
organic compounds; however in the case of
polymers, the intrinsic fluorescence is
unspecific, so in order to analyze their
properties by LIF the incorporation of
fluorescent additives is necessary.
In this work we report on two applications of
this powerful technique. We used LIF to study
the photochemical modifications induced in
doped polymer films by irradiation with CO2
laser and to characterize the fluorescent
response of polymeric sensors to the presence
of organic contamination.
Study of photochemical modifications induced
in polymer films by irradiation with CO2 laser
Laser polymer ablation and processing offers a
broad spectrum of scientific applications
covering removal, surface modification and
film deposition [Lippert et al. 2003]. The
objective of the work presented in this
paragraph was to investigate the mechanisms
of interaction between IR laser irradiation and
polymer films. We study the TEA CO2 laser
ablation of films of poly(methyl methacrylate),
PMMA, with average molecular weight 996
kDa (Aldrich) doped with photosensitive
compounds iodo-phenanthrene (PhenI) and
iodo-naphthalene (NapI) from Aldrich. Such
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system can be considered as a simple model
of an artistic paint layer where pigment
particles are immersed in a polymer matrix.
Films were prepared by casting on CaF2
substrates solutions substrates solutions of
the purified polymer and of the dopant
dissolved
in
dichloromethane
to
a
concentration of 1.2 wt.%. Typical film
thicknesses were in the range of 90 to 120
µm.
The targets were irradiated in air by the
focused output of a CO2 laser (Lumonics K103 TEA, 100 ns fwhm) tuned to a
wavelength of 10.59 µm in resonance with
the γ(CH) mode of the dopants and with the
O-CH3 rock mode of PMMA [Gaspard et al.
2007]. The linear absorption coefficients of
the prepared films at the irradiation
wavelength were around 150 cm-1 (as
measured on a Perkin Elmer 1600 IR
spectrometer).
The formation of photoproducts in irradiated
areas of the films was monitored by LIF. A
pump-probe scheme is employed in which the
laser
pumps
the
samples
and
CO2
fluorescence of photoproducts is induced by
excitation at 266 nm with the frequency
doubled output of a dye laser. Both laser
beams are incident at 45º onto the sample
(the pump beam focused down to ≈ 5 mm2
and the probe beam to a somewhat smaller
size). A delay unit (SR DG535) controls the
pump and probe time delay and the gating of
the detection system. The induced emission
from the area of the sample irradiated by a
single pulse is collected, perpendicularly to the
propagation direction of the lasers, by a f= 4
cm focal length lens onto the entrance slit of a
0.30 m grating spectrograph (TMc300
Bentham, 300 grooves/mm) and the spectrum
is recorded by a time gated ICCD detector
(2151 Andor Technologies) interfaced to a
computer. A cut-off filter (>300 nm) is used
for blocking any probe beam scattered light.
ICCD delay and detection gate of 0 and 100
ns respectively are employed for fluorescence
detection (corresponding to the lifetime of ArH
(Michaelian et al. 1973).
Monitoring of the LIF spectra reveals the
formation of photoproducts on the irradiated
areas of the films. Similarly to what is
observed upon UV irradiation (Rebollar et al.
2006a) the spectra of PhenI and NapI doped
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films show the presence of PhenH and NapH
respectively by virtue of the 1B3u → 1A1g
emission band (at ~ 365 nm PhenH; at ~
335 nm NapH).
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Figure 1. a) Dependence of NapH product formed upon a single
pulse at 10.59 µm on a 1.2 wt. % NapI/ PMMA 996 kDa film with
laser fluence, measured at a pump and probe delay of 500 ms; b).
Kinetics of PhenH formation upon irradiation at a fluence of 5
J/cm2. Continuous lines are the results of numerical simulation.

Figure 1 presents the dependence of
photoproduct fluorescence with laser fluence
(for film doped with NapI) and delay (PhenI).
Based on assumptions of photothermal bulk
ablation model the numerical simulation for
the experimental conditions was realized in
MatLab. The results of the calculations are
shown on Figure 1 as continues lines. As can
be observed obtained data suggest that the
employed model can satisfactorily explain the
experimental results.
Characterization of fluorescent response to
the presence of organic vapors
The effect of the indoor environment on
objects stored in museums and archives has
been lately a subject of increasing awareness
(Hatchfield 2002). While light exposure,
relative humidity and temperature are usually
monitored and controlled, gas pollutants and
atmospheric particulates have received much
less attention despite their deleterious effect
on indoor Cultural Heritage objects. In some
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cases, when objects are stored in airtight and
confined boxes, like display cases or storage
containers, either the container material or
some of the stored objects can act as
pollution source. It is well known that wood
materials can release formic and acetic acid
vapours which are highly corrosive for metal
or calcareous objects.
Several approaches have been considered for
quantitative measurements of indoor specific
pollutants, mostly based in passive and active
sampling (Gibson et al. 1997, Van den Brink
et al. 2000). Chemical and gas sensing relies
very often in the use of polymeric materials
that are either electroactive, photoactive or
conducting (Adhikari et al. 2004). Sensors
based in thin polymeric films offer a series of
advantages in comparison with other
alternatives, as the diffusion time of the
contaminant is shortened, increasing the
capacity for real time monitoring.
Following previous studies (Rebollar et al.
2006b), in this work, films of polymers doped
with
fluorescent
probes
have
been
investigated aiming at developing sensors of
the presence of volatile organics in the
environment. The starting materials consist on
a polymeric matrix of PMMA doped with the
amino
aromatic
fluorescent
probes
dansylamide (DNSA) and its functional
dendrimers with a generation grade from 0 to
2. DNSA features a donor-π-acceptor
structure; its fluorescence band has been
shown to be sensitive in solution and inserted
in polymeric films both to changes in
micropolarity and microviscosity of the
medium showing solvatochromic emission
band shifts up to 79 nm (Bosch et al. 2002).
Therefore this compound is a good candidate
to be used as active species for sensing of
organic contaminants.
The sensitivity of the target materials to the
presence of contaminants was checked by
measuring their laser induced fluorescence
spectra. The samples were prepared by
incorporating the fluorescent molecular probes
DNSA, G0DNSA, G1DNSA and G2DNSA in
PMMA (average molecular weight 120 kDa,
Aldrich). Solutions with a 0.01% chromophore
concentration
were
casted
on
quartz
substrates. LIF spectra were recorded upon
laser excitation at 355 nm from a Q-switched
Nd:YAG laser (6 ns pulses) in vacuum, after
exposure to an atmosphere of contaminating
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acetone vapour and after evacuating the
system to the initial pressure. Results for
PMMA-based materials show that the
fluorescence bands of the dopant experience
significant
changes
in
positions
and
intensities. A maximum red shift of about 22
nm is observed in the case of PMMA/G2DANS
films (Figure 2).

Rebollar, E., Villavieja, M.M., Gaspard, S., Oujja, M., Corrales, T.,
Georgiou, S., Domingo, C., Bosch, P., Castillejo, M. (2006b).
Pulsed laser deposition of polymers doped with fluorescent
probes. Applied Physics A 84: 171-180.
Van den Brink, O.F., Eijkel, G.B., Boon, J.J. (2000). Dosimetry of
paintings: determination of the degree of chemical change in
museum-exposed test paintings by mass spectrometry.
Thermochimica Acta 365: 1-23.
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Figure 2. Fluorescence of film PMMA/G2DNSA upon laser
excitation at 355 nm in vacuum (black line), upon exposure to
acetone vapour (red line) and after the evacuating system to the
initial pressure (blue line).

The measured modifications indicate the
suitability of the target materials for sensing
contaminating vapours.
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Aims
The ultimate goal of the Meeting is to share
choices that have been made, to foster
scientific confrontation and give a contribution
to the analysis and settlement of solutions
needed for an appropriate conservation of
cultural property, bearing in mind the objective
of working out a Risk Map on the enormous
historical
and
artistic
heritage
that
characterizes the countries within the
Mediterranean basin.

Conference Topics
 Non-destructive
investigating
techniques
 Innovative mobile equipment
 Environmental
investigation,
monitoring and safety (indoor/outdoor)
 Microanalysis techniques
 Innovative intervention techniques
 Guidelines for drawing up a Risk Map
on the Mediterranean Basin Cultural
Heritage
 The role of Foundations for the
conservation of Cultural Heritage
More information:
salvatore.mineo@centrorestauro.sicilia.it
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14TH INTERNATIONAL BIODETERIORATION
AND BIODEGRADATION SYMPOSIUM
Giardini Naxos, Italy, 6-11 October 2008

Aims

LACONA VII
Lasers in the Conservation of Artworks
Madrid, Spain, 17-21 September 2007

Aims

LACONA VII continues the tradition of
previous LACONA conferences with an
increased number of participants and
contributors in every event of the series.
The field of LACONA has gained enormously
in importance in the last decades with a
number of monuments of high historical and
artistic value (e.g. St. Stephens Cathedral in
Vienna, Notre Dame of Paris, Santa Maria dei
Fiori, Florence, etc.) been cleaned or measured
by laser. In the Spanish arena the list of
monuments that have been restored using
lasers include Cathedral of Seville, Burgos
Museum, several Mudejar style churches in
Aragón (World Heritage listed), Cathedral of
Jaca, Cathedral of Santiago de Compostela,
etc. As a consequence of the research carried
out and the practical demonstration of the
advantages of laser tools, the use of lasers
has been increasingly implemented worldwide
in the activities related with artwork
conservation and management.

Conference Topics

 Laser cleaning, innovation, case
studies, evaluation
 Laser based techniques for analysis
and diagnostics
 Imaging, 3D documentation and
modelling
 Optoelectronic devices and sensors
 Applications of nanophotonics in
Cultural Heritage
 Projects, Networks

More information:
http://www.lacona7.es
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The IBBS-14 Symposium is dedicated to
different topics dealing with biodeterioration
and biodegradation of organic and inorganic
materials including cultural heritage objects,
medical devices, corrosion of metals and other
applied aspects such as hydrocarbons and
pollutants biodegradation and techniques
applied to the study of microorganisms
involved in these processes.
It takes place every three years, assembling
scientists from different parts of the World.
It is the first time this Symposium has been
organized in Italy: and Sicily is a wonderful
place to stay combining the scientific aspect
of the Symposium with the unique landscape,
typical Sicilian food and works of art of
different époques (from prehistorique to
modern time). Attendants of this Symposium
will enjoy all these aspects.
The IBBS-14 scientific presentations, the
poster discussion and workshops are located
close to each other in a resort village and will
allow close contact among the participants to
discuss their own experience in addition to the
scientific sessions.

Conference Topics
 Biofilms and biofouling
 Microbiologically influenced corrossion
(MIC)
 Biodeterioration of works of art and
Cultural Heritage
 Biodegradation of oil hydrocarbons
 Biodegradation of lignocellulosics
 Biodegradation of persistent organic
pollutants
 Biodegradation and energy production
 Bioremediation
of
contaminated
waters
 Bioremediation of contaminated soils
 New methods and nanotechnologies in
Biodeterioration, Biodegradation and
Bioremediation
 Biodiversity
of
microorganisms
involved
in
Biodeterioration,
Biodegradation and Bioremediation
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 Biodeterioration
materials
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More information:
www.ibbs-14.org

Positions available
Project “Advanced Research Training on the
Conservation of Cultural Heritage”
This Early Stage Training Action is a
multidisciplinary approach for the study of
conservation of cultural assets and materials.
Two mid-term (17 and 10 months) and 3
short-term (6 months) research and training
stages are available.
The topics and places are the following:
(17
months). Instituto Eduardo Torroja de
Ciencias de la Construccion (IETCC),
Consejo Superior de Investigaciones
Cientificas, Serrano Galvache 4, 28033
Madrid, Spain.

1.

MORTARS AND CONCRETE IN MONUMENTS

2.

ASSESSMENT OF THE DURABILITY OF BUILDING
MEANS OF NON-DESTRUCTIVE
(10 months). Instituto de
Geología
Economica
(IGE),
Consejo
Superior de Investigaciones Científicas.
José Antonio Novais, 2, Facultad de
Ciencias
Geológicas,
Universidad
Complutense, 28040 Madrid, Spain.
STONES

BY

TECHNIQUES

3.

CHROMATIC DETERIORATION OF NATURAL AND

(6 months).
Instituto Eduardo Torroja de Ciencias de la
Construccion (IETCC), Consejo Superior de
Investigaciones
Cientificas,
Serrano
Galvache 4, 28033 Madrid, Spain.

ARTIFICIAL MATERIALS IN FAÇADES

4.

ATOMIC FORCE MICROSCOPY FOR THE STUDY OF

(6
months). Instituto de Ciencia de Materiales
(ICMSE),
Consejo
Superior
de
Investigaciones
Cientificas,
Americo
Vespucio s/n, 41092 Sevilla, Spain.

CULTURAL

5.

HERITAGE

ASSET

SURFACES

Eligibility criteria
This action supports the initial training of
researchers, typically during the first four year
of their research careers, starting at the date
of obtaining the degree which would formally
entitle them to embark on a doctorate. We are
looking for young and highly motivated
individuals with a MSc in Geology (positions
1, 2 and 5), Material Sciences (position 3),
and Chemistry or Physics (position 4). Other
related specializations will be also considered.
The candidates should have a strong
background and currently undertaking studies
in a subject area similar to that of the training
site. A high level of English skill is required.
The applications should include experience in
the field of research, aptitude of the candidate
to carry out an individual training/mobility
project, capability for integration in a research
team, potential for excellence, impact and the
benefit of the proposed training to the
individual fellow’s research career and their
origin country, academic degree obtained and
date, list of scientific publications and
participation in congresses, willingness to
carry out an intense research training
programme, and potential interest in a
multidisciplinary research based on Cultural
Heritage.
The positions are not available to Spanish or
EU citizens with residence in Spain, but to EU
citizens.
Applications
Candidates are invited to send an application
letter indicating the position requested, a
European CV and two reference letters to the
project coordinator: Prof. Dr. C. Saiz-Jimenez,
Instituto
de
Recursos
Naturales
y
Agrobiologia, Apartado 1052, 41080 Seville,
Spain. Email: coalition@irnase.csic.es
Deadline for submission of applications: 1st
September 2007. On 15th September 2007
the candidates selected will be invited to send
the documents requested for holding a
temporary position.

DEGRADATION AND CONSERVATION TECHNIQUES
OF ARCHITECTURAL HERITAGE (6 months).
Instituto de Geología Economica (IGE),
Consejo Superior de Investigaciones
Científicas. José Antonio Novais, 2,
Facultad
de
Ciencias
Geológicas,
Universidad Complutense, 28040 Madrid,
Spain.
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