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FOREWORD

will find it of interest and will acquire the
background
needed
for
detecting
biodeterioration phenomena in the earlier
steps.

C. Saiz-Jimenez
Instituto de Recursos Naturales
Agrobiología, CSIC, Sevilla, Spain

y

Microorganisms can be responsible for the
destruction of monuments, buildings and
cultural
heritage
assets.
Common
methods include microbial cell counting
and
isolation
and
subsequent
identification of isolates. These methods
are not only time-consuming but also have
the disadvantage that relatively large
amounts of sample materials are needed.
It is therefore of great interest to provide
fast, straightforward methodologies, as
conventional methods involve the use of
complex
taxonomic
and
ecological
approaches. In present days, molecular
biology is needed for having information
on non culturable microorganisms, whose
roles in the biodeterioration processes are
unknown. To this end, a concerted action
on
molecular
microbiology
as
an
innovative conservation strategy for
indoor and outdoor cultural assets
(COALITION) was launched by the
European Commission in April 2000.
The objectives were:
To identify, introduce and enhance the
use
of
molecular
biology
and
biotechnology techniques suitable to be of
interest
in
the
field
of
conservation/restoration of the cultural
heritage.
To obtain information on the type of
microorganisms colonizing different and
representative materials, by producing an
inventory
of
the
microorganisms
associated with the damages to cultural
assets.
To disseminate the advantages of using
molecular techniques for diagnostic
purposes to end-users.
COALITION fosters cooperation and
dissemination
between
scientists,
conservators and restorers inside and
outside the European Union and training
of molecular microbiology techniques.
This Advanced Course is one of the main
dissemination activities of the concerted
action and we hope that the participants

As concluding activity COALITION will
organise an International Congress on
Molecular Biology and Cultural Heritage in
Sevilla, Spain, 4-7 March 2003, which is
open to all participants interested in
biodeterioration problems. A number of
cases studies as well as communications
reporting
applications
of
modern
molecular tools for diagnosis will be
presented. I cordially welcome you to this
Advanced Course and invite you to attend
the International Congress.

Session 1.
Processes

Biodeterioration

MICROBIAL CONTAMINATION AND
INSECT INFESTATION IN ORGANIC
MATERIALS

Nieves Valentín
Centro de Investigaciones
CSIC, Madrid, Spain

Biologicas,

Historic collections in museums archives
and libraries are basically made of organic
materials that are hygroscopes and
sensitive to biodeterioration processes.
Often, collections are located in historical
buildings
that
maintain
microenvironments
appropriated
for
the
development of fungi, bacteria and
insects, on their objects including
cellulose cultural properties (books,
textiles,
furniture,
paintings,
wood
sculptures),
proteinaceous
objects
(parchment, vellum, mummies, leather)
and synthetic materials.
The activity of fungal and bacterial
species is supported by many factors
such as: environmental relative humidity,
temperature fluctuations, light, nature of
nutrients on the material, moisture
content in it, physical properties of the
surface
of
the
object,
moisture
adsorption-emission mechanism in the
support, pH, dust, osmotic pressure,
environmental air movement and its depth

2

COALITION
No. 6(1), February 2003
of penetration in the objects, oxygen and
carbon dioxide concentrations in the
atmosphere, and the presence of microclimates that may induce condensation.
However, the moisture content in a
material is one of the most important
factors for microbial growth because it
determines the water available for the
germination of microbial spores. Many
fungal and bacterial species start their
development depending on the available
moisture on the surface of an object. The
risk of microbial contamination in a
material can be evaluated by the water
activity number (aw). Most microorganisms can grow in a range of aw of
0.6-0.98. Bacteria require aw higher than
0.95, and fungi need lower aw for their
development (commonly in a range of
0.70-0.85).
The chemical alteration of historic
materials by microorganisms is due to
their metabolic products including organic
and inorganic acids, alkalis, chelating
agents, enzymes and pigments. Enzymes
including
cellulases,
proteases,
ßglucosidase and many organic/inorganic
acids produced by microbial cells are
involved in the hydrolysis of cellulose and
proteinaceous materials. Penicillium and
Aspegillus strains are harmful to paper
and textiles because they have a high
level of cellulolytic activity and grow in
materials with a moisture content of 78%. These conditions can be obtained in
cellulose objects exposed to 63-65%
relative humidity (RH). Paper exposed to
50% RH had a moisture content of 7.4%
at 22°C. These conditions have been
considered to be ideal for paper
conservation. In contrast, paper exposed
to 63% RH at 20°C had a moisture
content of 7.9% level which has been
considered as a risk for fungal growth.
The main compounds of proteinaceous
materials such as parchment, leather, or
mummy skin are collagen, elastin,
albumin, globulin and keratin. Parchment
is
particularly
susceptible
to
biodeterioration due to its hygroscopicity,
manufacture method and pH. Microbial
analyses
have
demonstrated
that
parchment is more sensitive to be
colonised by bacteria than by fungi. In

fact, a pH in a range of 4-6 favour fungal
growth. In contrast, the optimum pH for
the development of bacteria is in the
range of 7.5-8.5. Consequently the
alkaline pH of parchment induces bacterial
growth.
The composition of leather is similar to
parchment. However, to manufacture
leather, skins are treated with tannins that
produce alterations of the physical and
chemical properties of the proteinaceous
support. Skins can be tanned using
different methods: oil process, vegetable
tanning,
chrome
tanning,
The
development of fungi and bacteria in
leather depends on the treatment of the
material. Tanned leather has a pH in a
range of 3 to 5, which is appropriate for
fungal growth. Vegetable tanned leathers
have glycosides, for this reason they are
more susceptible to fungal growth than
chrome-tanned supports. Chrome-tanned
leather protects the support against fungal
activity due to the fungicide effect of
chrome. Iron and copper pigments also
inhibit microbial development. However,
there are also some strains of Penicillium
and Paecilomyces that are tolerant to
chrome compounds; among bacteria
Thiobacillus can use iron substrates.
Some fungi can grow on tanned leather
and use the fats of the support as source
of carbon. Some aerobic bacteria and
specially various anaerobic strains of
Bacillus and Clostridium can damage
leathers that have a high moisture
content.
The biodeterioration of proteinaceous
materials is detected by stained spots,
loss in tensile strength, and hydrolysis of
the proteinic compounds. Among the
microorganisms that commonly growth on
proteinaceous materials, it has been found
that anaerobic bacteria are the most
deleterious to parchment. Collagen can be
hydrolysed by collagenase produced by
bacteria such as Clostridium. Strains of
Bacillus,
Pseudomonas,
Sarcina,
Bacteroides induce collagen degradation in
anaerobic conditions They have been
isolated in mummies. Bacillus subtilis
exhibits very high activity in hydrolysing
collagen at 95% RH approximately. Other
proteins and lipids of parchment may also
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be altered by enzymes that are products
of aerobic fungal and bacterial species.
Over the past, biocides were commonly
use to eliminate biological agents in
museums and others heritage institutions.
However, toxic chemicals, fungicides and
bactericides, have toxic compounds that
affect health of people and produce
alterations to chemical and physical
properties of treated materials. Now, the
most frequent methods used for microbial
control include non-toxic procedures such
as air ventilation, low temperature and
low oxygen environments.
Air ventilation is an appropriate method to
avoid microbial development in both,
contaminated environment and objects. It
has been found to be a long term
preventive conservation system. Recent
investigation showed that fungi and
bacteria stop growing when exposed to
low-level but constant ventilation. The
minimum air change/hour required to
minimise RH fluctuations and decrease
microbial growth in both the environment
and collections depends on the air flow
ventilation rate, the temperature, and the
volume of the room and type of objects.
Air microflora can remain inactive even at
a high RH (80%) if an appropriate air
change per hour is maintained. To
decrease or stop microbial growth in
heavily
infested
objects,
continued
ventilation should be applied at low air
flow rate. Air temperature and RH will
depend on the environmental condition
outdoor.
Ventilation has been found a useful,
simple and safe alternative to air
conditioning systems and also a method
of treating infected objects. However, it is
important maintenance, housekeeping, of
the building and microclimate control
through the monitoring of environmental
conditions to avoid re-contamination of
cultural collections.
Insect infestation is another serious
problem in Mediterranean and tropical
museums and libraries. It usually affects
to large collections and also to wood
structures of the building.

In this context, an integrated pest
management involving building and
historic materials is essential to guarantee
the eradication of all the developmental
stages of insects. Pest control plans
should include, identification of insects
and investigation of their ecology and
behaviour. In addition, the distribution and
frequency of species isolated from art
objects should be analysed to determine
the risk and degree of infestation in the
museum or archive.
Many insecticides applied in heritage
institutions have been forbidden. They
usually have toxic chemicals and react
with art supports. Over the last 10 years,
the most common non-toxic methods
utilised for pest eradication involves low
oxygen
environments,
and
thermal
shocks.
Nitrogen has been the gas most
frequently used to create low oxygen
environments in low permeability plastic
bags,
showcases
and
anaerobic
chambers. However, these treatment
systems are expensive and difficult to
handle for de-infesting objects of large
size. To avoid these problems, various
prototypes of portable equipment, which
work in situ producing large volumes of
nitrogen, and which allow the treatment
of delicate and ancient objects in large
environment
bubbles,
have
been
developed. The research carried out with
equipment systems that produce anoxia
environments, has indicated the minimum
oxygen concentrations required to achieve
complete insect mortality for different
environmental conditions and exposure
time. The technique, has been used for
de-infesting
book
collections,
large
polychrome sculptures and natural history
objects.
In the case of thermal shocks, it should
be considered that high temperatures in a
range of 50 to 75ºC have a lethal effect
for a short exposure on the insects in all
the stages of the live cycle. In fact, most
of the Anobiidae can be eliminated with
50ºC for 12 hours or 60ºC for 6 hours.
However, this treatment should be used
with bagged objects to avoid drastic
changes in the moisture content.
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Dimensional changes can occur when
heating delicate artefacts. For this reason,
the use of these techniques should be
very restrictive. It should be remembered
that above 55ºC most proteins and lipids
are damaged.
Cold shock occurs from zero to –20ºC
approximately. Some insects can survive
exposure to temperatures between zero
and –30ºC. Also there are species that
show freezing tolerance after a treatment
at -60ºC. Most of the species in historic
materials achieve 100% mortality at
temperature in a range 0 to –34ºC for 12
hours to 5 days. In general, it is required
–34ºC to eliminate termites, -30ºC for
anobide and –25ºC for dermestide.
However, no consensus on lethal
temperatures
has
been
reached;
researchers using identical species and
experimental approaches have recorded
different results. The effect of cold and
heat shock on insects is time dependent
and may be different during the stages of
the life cycle.
Molecular biology techniques could be an
excellent tool for the identification of
microbial and insect species. In addition,
it is only required a minimum amount of
sample to achieve the most accurate
results.
The
use
of
genetically
manipulated
species
could
produce
biological agents that are unable to use
cellulose as a substrate. It would be
possible induce mutation of genes
involved in cellulase and protease enzime
production. These new technologies
should be developed for the design of
innovative systems to be used in the
conservation of historic collections.

BIODETERIORATION

PROCESSES
INORGANIC SUBSTRATA

ON

Luisa Tomaselli
CNR-ISE, Sezione di Firenze, Italy
The term biodeterioration refers to
undesirable changes in a material caused
by living organisms. It is complex
phenomenon. Usually the alteration of the

constitutive material, or substratum, of
works of art by living organisms starts
with the establishment of these latter on
a substratum in an advanced state of
deterioration. In fact, over the time both
physical characteristics and chemical
composition of works of art suffer
alterations.
In
the
case
of
macroorganisms, we may frequently see
higher plants and at time animals living on
fissures or holes of works of art, causing
serious damages, which can also affect
the structural stability. Therefore it is
evident
that
biodeterioration
can
contribute to physical and chemical
decay.
When microorganisms represent the
deterioration agents their effect on decay
may be not so clear, because the
phenomenology may be similar to that
caused by physical and chemical
processes. It is however widely accepted
that microbial activities contribute to
deterioration of inorganic substrates in
connection with other causes of decay,
among which weather factors such as
temperature changes, rain, wind erosion,
freezing and thawing, leaching by acid
rain and many others. Biodeterioration
research has focused chiefly on bacteria,
algae, fungi and lichens; mosses and
liverworts have received comparatively
less attention because their impact has
been considered primarily aesthetic.
Inorganic materials have always been
good substrates for a large number of
different microorganisms. They include
both
prokaryotic
and
eukaryotic
organisms.
Phototrophic
bacteria,
specially cyanobacteria, chemolithotrophic
bacteria and chemoorganotrophic bacteria
are prokaryotic organisms. The eukaryotic
microorganisms
include
phototrophic
organisms
such
as
algae
and
chemoorganotrophs
such
as
fungi.
Organisms, which use atmospheric CO2
are autotrophs; those that use light as
energy source are called photoautotrophs,
or phototrophs, while those that derive
the energy from the oxidation of inorganic
compounds are called chemolithotrophs.
Organisms that are unable of CO2
utilisation and derive their cellular C from
the oxidation of organic compounds are
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called
chemoorganotrophs,
heterotrophs.

or

A particular group of microorganisms
living on inorganic substrates is that of
lichens. They are a symbiotic association
between a fungus and a phototrophic
microorganism, usually a green alga
and/or a cyanobacterium.
In addition to the above reported
terminology, some scientific papers use
the terms copiotrophic, oligotrophic or
poikilotrophic organisms for indicating
diverse nutritional groups. Copiotrophic
organisms are those that can grow and
multiply in the presence of an abundance
of nutrients, whereas oligotrophs are
those that grow on media containing very
low levels of nutrients, eventhough they
may also be able to grow on richer media
(Poindexter, 1981). The term poikilotroph,
introduced by Krumbein (1988), indicate a
nutritional group that has the potential to
survive under prolonged conditions of lack
of energy sources and/or water for the
metabolic activity. According to this
author poikilotrophic microorganisms are
the true stone dwelling organisms, since
they are able to survive on the extreme
and
permanently
disturbed
rock
environment (Gorbushina et al., 1999).
Microorganisms
living
on
inorganic
substrate form more or less complex
communities structured in biofilms, or
microbial mats. Microbial biofilms are
assemblages of microbial cells embedded
in a complex matrix of extracellular
polymeric substances (EPS). Indeed EPS
represent the cement that bind microbial
development and ensure its adhesion to
the substrate, protect cells against
dehydration, and represent storage of
organic carbon. They play an important
role in the formation of biofilms. Microbial
biofilms grow practically on any inorganic
substrate, altering the original colour and
aspect by development of populations
with variously pigmented cells, by
entrapment of dust, soot and particulate
matter into the EPS, or by oxidation
processes of substrate elements. Usually
environmental pollution, representing a
source
of
nutrients,
considerably
increases the growth of microbial biofilms

and thus deterioration processes. Organic
nutrients can come from different
sources, as well as from the biofilm itself,
like cell debris, products of microbial
metabolism, among which EPS and
organic acids. Besides cell excretion
products
cellulolytic,
amylolytic
or
proteolytic activity of fungi and bacteria
provide
enough
nutrients
for
the
development
of
complex
microbial
biofilms.
Phototrophic microorganisms
Phototrophic microorganisms, basically
microalgae and cyanobacteria, commonly
form the most abundant community
occurring in microbial biofilms on art
works exposed to solar or artificial light
(Ortega-Calvo et al., 1993; GómezAlarcón et al., 1995, Lamenti et al., 2000
a, Tomaselli et al., 2000 a). These
variously pigmented
organisms
can
develop and originate stable colonisation
of inorganic substrates whenever suitable
conditions of light, temperature and
moisture occur (Tiano et al., 1995). They
require for growth only light, CO2 and
some mineral salts. They are primary
producers
of
organic
C.
Many
cyanobacteria can also fix atmospheric
N2. Thus they are considered pioneering
organisms. The algae comprise a large
and
heterogeneous
assemblage
of
relatively simple organisms, which exhibit
a great diversity in size and appearance.
Algal colonisation and survival on
inorganic substrates is highly dependent
on water availability, while cyanobacterial
colonisation is not so strictly related to
water supply. Indeed cyanobacteria are
favoured by their widespread capability of
EPS excretion. EPS facilitate fast
hydration and slow release of moisture.
Moreover, they confer resistance to
environmental stress (light, temperature,
and dryness), and exert a protective
effect against grazing owing to their
property in aggregating cells and particles.
Cyanobacterial EPS are mainly formed by
polysaccharides of anionic nature for the
presence of uronic acids, sulphated
residues or carboxylic groups. Therefore
they have a main role in the adhesion of
cells to the substratum, in the complexion
of cations and leaching activity. Unlike
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cyanobacteria only few algae do produce
EPS.
Specific microbial properties such as EPS
excretion and oligotrophy support the
initial colonisation. In the unicellular green
microalga Coccomyxa the oligotrophic
capacity and the hydrophobicity of cell
surface ensured the attack and adhesion
to surface of newly restored marble
statues in the Boboli Gardens of Florence
(Italy)(Lamenti et al. 2000a). Thus giving
rise to the process of colonisation and
biofilm formation (Tomaselli et al. 2000b).
Survival and development of phototrophic
microorganisms is ensured by the
presence of specialised cells, reproductive
bodies,
EPS
excretion
and
other
mechanisms. Cyanobacteria and algae,
like some other organisms, are able to
synthesise
considerable
amount
of
pigments, chiefly under light and stress
conditions. Many of these pigments have
an important role in protecting organism
against high light intensities and UV
radiation, but they have deleterious
effects on the substrate surface causing
staining very difficult to remove during
cleaning procedures.
Chemolithotrophic bacteria
Chemolithotrophic bacteria, like the
ammonia- and nitro-oxidans, and the
sulphur-oxidans use for their biosynthetic
processes inorganic sources such as
reduced
ammonium
and
sulphur
compounds that are oxidised to nitric acid
and sulphuric acid, as end products.
Though the released acids possess a
corrosive action, the importance of these
organisms in deterioration processes is
still an open question, due to the similarity
of their effect to that of atmospheric
pollutants.
Chemoorganotrophic bacteria
Chemoorganotrophic
bacteria,
or
heterotrophic bacteria, include a variety of
genera mainly widespread on inorganic
substrates containing traces of organic
material.
DNA-based
techniques
of
identification highlighted several new
genera not previously detected with
conventional methods, and indicated the
large biodiversity of these inhabitants of
inorganic substrates (Rölleke et al. 1996).
Heterotrophic bacteria excrete organic

acids that have a corrosive action, thus
participating in the destruction and
disintegration of the inorganic substrate.
Urzì and co-workers (1991) documented
biocorrosive and biodeteriorative activities
-weight loss of marble slabs- of a strain of
the genus Micrococcus. Therefore the
occurrence of these bacteria has a great
significance.
In
general
chemioorganotrophic
bacteria,
the
majority of them do not have markedly
coloured cells, do not produce evidently
visible biofilms as do the phototrophic
ones
(Lamenti
et
al.,
2000
b).
Nevertheless there are some exceptions,
and they could be involved in alterations
affecting the colour of substrate surface.
Species of the genus Micrococcus, which
synthesize a number of carotenoid
pigments ranging from yellow to red, can
give rise to spectacular example of stone
staining. The massive development of this
organism on the marble facade of Siena's
Cathedral is highly explicative (Tiano and
Tomaselli, 1989). Other examples of
surface staining by bacterial colonisation
are caused by species of Pseudomonas,
by
actinomycetes,
expecially
Streptomyces which is one of the most
abundant bacterial genera deteriorating
works of art (Williams, 1985; Albertano
and Urzì, 1999). Many of these bacteria
produce black pigments, melanins, which
are responsible of the black staining of
stone surfaces (Saiz-Jimenez, 1995).
Thus bacteria may cause discoloration not
only through their own pigments or also
through the release of organic acids. In
addition hyphal growth and penetration
into the surface can cause mechanical
damages (Sorlini et al., 1987).
Fungi
Fungi represent a microbial group usually
occurring on deteriorated works of art,
especially when organic compounds are
present. They are heterotrophic organisms
and require a source of organic C for
growth, like chemoorganotrophic bacteria,
so their colonisation is usually subsequent
to that of phototrophic organisms from
which they derive organic nutrients.
Nevertheless, the increased deposition of
airborne organic pollutants can support
their growth and they behave as primary
colonisers. A particular group of fungi
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highly aggressive is represented by black
fungi, which are one of the causes of
biodarkening of stone surfaces (SaizJimenez, 1995; Wollenzien et al., 1995).
These organisms synthesize melanin-like
pigments, which confer more resistance
to the attack of other microbes and
protect against high UV radiation. Up to
recent times the peculiar aspect and the
dark pigmentation of cells of these
organisms was misinterpreted and the
black spots produced on stone surface
were confused with deposition of abiotic
atmospheric contaminants (soot, dust).
Black fungi have a great significance as
deterioration agents because they have
boring capacity, produce biopitting and
have a widespread distribution (Dornieden
and
Gorbushina,
2000).
In
the
Mediterranean climates they can represent
up to 90% of the fungal flora of rocks
(Urzì
and
Krumbein,
1994).
The
detrimental attack of black fungi is
essentially a physical process, by
penetration of mycelium since many
strains do not excrete organic acids
(Diakumaku et al., 1995). Moreover the
production
of
extracellular
polysaccharides by many fungi contribute,
as in other microorganisms, to the
process of substrate deterioration.

stone deterioration. Interaction between
biological agents and substrate may
causes different degrees of damage from
colour changes to pitting or cratering,
exfoliation and detachment of parts of the
substrate. Microorganisms may cause
damage over long period of time, working
slowly on the substrate because of
nutritional deficiencies or unfavourable
growth
conditions.
One
of
the
mechanisms
shared
by
different
microorganisms is the expansion and
contraction of biological material, such as
EPS, cell turgor pressure, directional
growth and mechanical penetration in
natural spaces or in fissures and cavities.
Drying and moistening cycles can favour
the processes and lead to the separation
of mineral grains. Other mechanisms
involve acid excretion, cation complexion,
biosolution and leaching. Microorganisms
can live on the surface or penetrate into
the substrate. Algae usually live on the
surface, while cyanobacteria usually
establish themselves surface parallel at
different depths according on light
penetration into the substrate. Other nonphototrophic microorganisms can live on
the surface or deeply penetrate into
substrate, in fissures or cavities, or can
bore it through their activity.

Lichens
Lichens represent a different microbial
group largely widespread on stones,
where they may cover large areas with
their pigmented thalli. Their role in stone
biodeterioration
is
well-documented
(Jones and Wilson, 1985). They cause
physical damage through the penetration
of hyphae into substrate and chemical
damage through the excretion of organic
acids (mainly oxalic acid) and other
organic
compounds
with
chelating
capacity complexing substrate mineral
cations. Sometime it could be better to
avoid lichen thalli eradication since they
may exert a sort of protective coating on
the stone surface.

Oligotrophic capacity, or ability in
scavenging
nutrients,
represents
a
decisive step that allows the initial
colonisation of substrate by a specific
organism,
which
can
successively
originate a microbial succession with more
detrimental ativities.

Concluding remarks
Our understanding of the interaction
between biological agents and stone
materials has increased greatly in the last
three decades. This is due to a systematic
multidisciplinary approach to the study of

Thus many properties of true inorganic
substrate-dwelling microorganisms are
extremely important in the processes of
biodeterioration. Knowledges of the
potential deterioration activity of these
microorganisms could effectively improve
the restoration process.
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Session 2. Modern Diagnostic
Techniques
MODERN DIAGNOSTIC TECHNIQUES ON
ISOLATES

J. Heyrman, J. Swings
Ghent University, Belgium
Introduction
It is currently well acknowledged that
microorganisms can be responsible for the
destruction of cultural heritage, together
with several environmental conditions,
ageing and the chemical structure of the
substrate.
This
knowledge
was
established by numerous researches, as is
discussed in reviews on the role of
microorganisms in various art objects,
such as stone, painting, wood, paper,
masonry, leather, parchment, glass and
metal (Kowalik, 1980; Griffin et al., 1991;
Montegut et al., 1991; Bock and Sand,
1993; Ciferri, 1999; Warscheid and
Braams, 2000). Restoration efforts do not
always obtain the expected result, and
sometimes they even accelerate the
deterioration process. Ideally, restoration
works should take biodecay in account as
an integral part of the global deterioration
process. In this ideal scenario, an
inventory of the existing microorganisms
associated with the damage of selected
objects of art should be included in any
restoration project.
Though it is true that a reliable
characterisation of the microbial flora on
an object of art awaiting restoration
would help the conservators in choosing
the appropriate cleaning and restoration
measures, these data are not achieved by
simple diagnostic methods (or at least not
for all microbial groups involved). It is
easy to detect the presence of
microorganisms, by visual, microscopic
investigation or plating experiments, but
this does not result in a characterisation
of the microbial community that can
easily be compared. In the light of future
conservation, comparable data are very
important since only these will lead to
more
general
conclusions
on
the
composition and metabolic capacities of
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Fig. 1. Photographs showing visual biodeterioration on mural paintings and scanning
electron microscopy (SEM) images of the biofilm present. (A) Figure of Christ depicted in
the chancel vault of the Saint-Catherine chapel of castle Herberstein (Austria), showing
black discolouration due to microbial growth. (B) SEM picture of a biofilm sample
associated with the black discolouration observed, showing a dominance of bacteria. (C)
Head of Joseph, detail of the mural painting ‘Adoration of the Magi’, depicted on the
west wall of the Lutheran church of Greene-Kreiensen (Germany). This painting is
overgrown by brown round growth spots that are dominated by fungi as shown by SEM
(D).
the microbial community associated with
biodeterioration. Therefore, the use of
genomic techniques that result in
reproducible and accessible data (e.g.
sequencing) should be encouraged in
biodeterioration research.

biofilm. Structural damage is observed as
cracking and disintegration of the paint
layer, formation of paint blisters, and
degradation of support polymers or of
glues and binders resulting in detachment
of paint layer from the support.

This part of the workshop wants to give
an overview of some of the existing
detection methods with a focus on
isolation and subsequent characterisation
of bacteria. It is further discussed that for
bacteria the use of a combination of
characterisation techniques (polyphasic
taxonomy) resulted in the description of
several novel bacterial species isolated
from mural paintings (Wieser et al., 1999;
Altenburger et al., 2002 a, b; Heyrman et
al., 2002 a, b, 2003 a, b), which
indicates that there is a clear need for
such
research
in
the
field
of
biodeterioration.
Finally,
some
perspectives
and
future
research
directions are given.

Microscopic investigation
Using scanning electron microscopy
(SEM) microorganisms present on a small
piece of an object can be directly
visualised. In this way, it can be assessed
which groups of micro-organisms are
present. Figure 1 shows an SEM picture
of two different microbial biofilms.
Further, SEM pictures can show the
interaction of a biofilm with the substrate
they grow on.

Detection in situ
Visual detection
Growth of microorganisms on objects of
art can result in visible aesthetic and
structural damage. Some examples of
visual damage on mural paintings are
given in Figure 1. On such substrates
aesthetic
damage
implies
pigment
discolouration, stains and formation of a

Isolation of microorganisms
Different sampling techniques can be
summed up. On the one hand microbial
biofilms can be removed with a sterile
scalpel or pencil, or with a cotton swap.
Such samples are subsequently diluted in
physiological water, for dry biofilms
preferably including a rehydration step
(e.g. 2h at 4°C in 10% polyethylene
glycol, with 0.1% peptone and 0.05%
Tween 80; Andersson et al., 1995), and
transferred to a wide variety of growth
media (solid or liquid) depending on the
groups one wants to investigate. On the
other hand, microorganisms can be
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directly transferred to solid (agar) media
by gently pressing an agar plate on the
object or by using adhesive tape strips
(Urzì and De Leo, 2001). The biggest
disadvantage of analysing the microbial
community depending on cultivation is
that it has been shown that a large part of
the community remains uncultured.
Culture-independent methods exist to
supplement the data obtained, but such
an approach has the disadvantage that no
strains are obtained that can be used in
laboratory experiments or that can be
characterised using different techniques
to allow comparison with other studies.
Characterisation
of
the
microbial
community
Morphological characterisation
In the past, characterisation studies of the
biodeteriorative community were often
limited to growth on specific media
followed by morphological studies. In
such studies, characterisation is limited to
investigation of cell and colony shape. For
many microorganisms, and for all bacterial
strains, such data can at best give an
indication of which genera are present,
but do not result in comparable data at
the species level.
Rapid characterisation of bacteria by
FAME GC, API and BIOLOG
Several techniques exist that allow rapid
characterisation of bacterial isolates
through comparison with a database of
reference strains. Such techniques are for
example based on the composition of
fatty acids in the cell wall (Fatty Acid
Methyl Ester Gas Chromatography),
biochemical tests (API miniaturised test
systems) or growth on different carbon
sources
(BIOLOG).
However,
the
commercial databases linked to these
techniques only include very common and
clinically important bacteria and therefore
these techniques are often not suitable to
characterise the bacterial community
adapted to living on objects of art.
Genomic techniques for grouping
Several techniques can be used for
determination of the genomic diversity
among isolates and for grouping them into
clusters of related strains. Examples for
bacteria are Ampflified Ribosomal DNA

Restriction Analysis (ARDRA; Heyndrickx
et al., 1996) and rep-Polymerase Chain
Reaction
genomic
fingerprinting
(Versalovic et al., 1994). Both techniques
are based on the separation of DNA
fragments of different lengths by
gelelectrophoresis in a agarose gel. After
staining with Ethidium Bromide this
results in a specific band pattern for each
isolate. With ARDRA the DNA fragments
are obtained by cutting PCR-amplified
ribosomal DNA with different restriction
enzymes, while rep-PCR is based on the
use of conserved, repetitive, extragenic
DNA sequences as primers in a PCRreaction
and
amplification
of
the
fragments lying in between. Both
techniques are reproducible and relatively
rapid, but to be used for identification
they require an extensive database.
Genomic characterisation – 16S or 18S
ribosomal DNA sequencing
Ribosomes play an essential role in the
synthesis of proteins. Because of their
importance, several parts the gene coding
for these molecules (ribosomal DNA) are
highly conserved, while others are more
variable. This characteristic of the
ribosomal DNA makes it very suitable to
study evolutional relationships between
strains. Therefore, sequencing of the
rDNA (especially the bacterial 16S rDNA
molecule) has become a widely applied
technique in microbial characterisation,
and currently large and accessible
databases exist for comparison.
Sequencing by the method of Sanger et
al. (1977) uses a PCR-reaction in which
the normal dNTP’s (deoxy-nucleoside-triphosphate) are added as well as
fluorescently labelled ddNTP’s. Fill-in of
the latter will stop polymerase activity in
the PCR-reaction (no additional dNTP’s
can be added to the sequence). The PCRreactions finally results in fragments of
different length that all contain a
fluorescently labelled ddNTP at the end
(ddATP, ddTTP, ddCTP and ddGTP are
labelled with a different colour). The
fragments are separated on a gel and will
pass a laser eye according to their length
(the smallest fragments are fastest and
will pass first). By reading the fluorescent
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label, the computer will read the sequence
from the passing fragments.
The use of sequencing in the field of
biodeterioration of objects of art has
demonstrated the presence of novel
bacterial species from mural paintings and
stone monuments (Heyrman and Swings,
2001; Piñar et al., 2001; Urzì et al.,
2001).
Description of novel bacterial species
Generally recommended and accepted
criteria for delineating bacterial species,
state that strains with a level of DNA
relatedness below 70% or with a
difference in 16S rDNA sequence
similarity greater then 3% are considered
belonging to different species (Wayne et
al., 1987; Stackebrandt and Goebel,
1994). It is further accepted in bacterial
taxonomy that phenotypical data (e.g.
morphology, growth conditions, growth
on different carbon or nitrogen sources,
etc.) should be in accordance with the
species delineation proposed on the basis
of genotype. Description of novel species
thus requires DNA-DNA relatedness
studies (if 16S rDNA sequence similarities
with closest related species are above
97%)
and
extensive
phenotypic
characterisation. The use of the different
techniques
described
(polyphasic
approach) on bacterial isolates from
deteriorated mural paintings resulted in
the description of several novel species
(Wieser et al., 1999;Altenburger et al.,
2002 a, b; Heyrman et al., 2002 a, b,
2003 a, b).
Perspectives
Biodeterioration research should reflect
more the needs of the conservators. At
the current stage of biodeterioration
research this is difficult, since no
consensus has been reached on the
dominant
microflora
contaminating
objects
of
art
and
its
precise
biodeteriorative potential. There is a clear
need for more studies that characterise
the microbial community using molecular
techniques that allow reliable comparison
(e.g. sequence analysis). When the
knowledge on the causative agents of
biodeterioration will further expand,
specific DNA-probes can be designed to

detect
them
in
situ.
Also,
the
development of microarrays will become a
possibility.
Such
microarrays
could
contain genes for the detection of specific
micro-organisms as well as genes coding
for
enzymes
involved
in
the
biodeterioration process.
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COMMUNITY ANALYSIS

Sabine Rölleke
Genalysis GMbH, Luckenwalde, Germany
The presentation will provide some
background
information
on
microorganisms as possible deteriorants
of cultural heritage. We will enter into the
world of microbial ecology and suggest
some answers to the question “Why are
bacteria and fungi important to object of
art and why can`t we live without
them?”. In recent years, several methods
have been developed that allow for the
analysis of microbial communities, most
of which are based on molecular
fingerprinting. The presentation will
discuss some of these methods with
regard to their efficacy, costs and
benefits.
Furthermore, we will give some good
practice examples in preservation work,
as well as some lessons to be learned

from microbial eradication strategies and
repercussions
on
cultural
heritage
conservation.
Some two years ago, we proved the
impact of microorganisms in cultural
heritage deterioration and suggested an
analytical
method
by
which
all
microorganisms present on an object of
art can be identified. However, the
manual approach of such procedures and
the lack of internal standards did not
allow this method to be applied in a
broader context. Now, we are able to
offer a standardized genetic procedure
that allows for reliable analysis of all
bacteria and fungi present in that sample.
In turn, the microbial communities living
on and from art can be fully reflected. For
the first time in restoration history, this
approach allows for a distinct restorators'
intervention with a view to ensuring
sustainable cultural heritage protection.
By way of methodological background,
the identity of microorganisms can be
analyzed based on Denaturing Gradient
Gel Electrophoresis (DGGE) techniques.
Such an analysis of ribosomal RNA gene
fragments is the latest state-of-the-art
technology to identify microorganisms.
DNA fragments of bacteria need to be
extracted from the sample material and
amplified by PCR. The DNA fragments will
be separated in accordance with their
sequence composition. Single bands will
be obtained in a matrix, each of which
represents one bacterial species. The
method applied allows for the direct
identification of bacterial species present
in a sample without shot-gun cloning of
ribosomal fragments. The sequence
information
obtained
is
regularly
compared with sequences of known
bacterial species. Sequence comparison
with other known bacteria in a data base
allows for the identification of bacteria.
As regards the company, in July 2000,
Genalysis Ltd. has been established as a
centre of excellence for the identification
of microorganisms. The application of
latest high-tech molecular approaches
ensures a high degree of innovation. The
biotechnology company offers routine
analysis of microorganisms in different
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sample materials (e.g., stone, glass), and
has particular competence in the analysis
of microorganisms on objects of art.
Highly specialized expertise exists in the
use of patented DNA/RNA fingerprinting
methods. Genalysis Ltd. applies modern
DNA/RNA extraction methods for which
only small amounts of sample material is
required. Genalysis Ltd. implements a
number of projects in cooperation with
Universities and other private laboratories.
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Daniela Pinna
Soprintendenza per il Patrimonio StoricoArtistico di Bologna/OPD, Italy
The prevention of biodeterioration of
cultural heritage uses different methods in
order to inhibit or slow down the
biological growth through the modification
of environmental parameters as well as of
some characteristics of the material to
make them unfavourable to biological
development. It is not required to change
all the parameters conditioning the
growth, being sufficient the modification
of only one of them, over or below the
tolerance range of the species. A
preventive approach identifies the special
environment which organisms need for
growth, whether a microenvironment like
the
corner
of
a
shelf
or
a
macroenvironment like a whole room, and
control it.
In spite of the common opinion that
prevention is essential, nevertheless the
persons involved in conservation think
that it can be achieved with a great afford
because it needs a very long time to
undertake inspections and controls of
collections. If for example an insect
infestation has been found, a correct
procedure
entails
that
the
staff
establishes where the insects came from,
why there is a favourable environment for
them and finally how to prevent a new
colonisation. Initially it takes a lot of

personal time indeed but, once it is set
down, a preventive control is easy to
maintain and does nor require a lot of
time.
As biodeterioration phenomena change if
works of art are placed indoor or outdoor
as well as the consequent operations, the
two different environments are separately
analysed.
Indoor environment
We should keep the environment of
museums, libraries, archives in a thermohygrometric condition which is the more
possible stable and within correct ranges
using different methods. Anyway, there
are some situations, like hypogeous ones,
which can be difficulty modified. The
ranges of T and RH can vary according to
the materials and/or the climate of the
region housing the building. With regard
to T, most objects are kept at about 20°C
while RH is usually kept at 50-60% in
temperate climates. There are some
artefacts which require different values.
This is the case of photographs (RH 2030%, T 2-20°C depending on the
supports), paper (RH 40-55); leather and
parchment (RH 40-55%, T 4-10°C). In
general, most organisms prefer warm
humid conditions for growth but some
can exist in cooler, dryer situations.
There is a direct relation between T and
RH. When the temperature increases, the
air expands and there is more space
among the gases for water to enter as
water vapour. With a decrease of T, there
is the opposite situation: the air is unable
to hold the water vapour. If the T
decrease goes on, the saturation point is
reached and water vapour condenses,
being converted to liquid state. So, if
there is a decrease of T in a closed box,
we will have an increase of RH. But, if the
box is filled with adsorbent materials, like
organic materials, RH will change only a
little because the materials work as
buffers adsorbing water at RH increase
and desorbing water at RH lowering. This
is the case of museums, libraries, archives
which contain materials with an organic
composition. For this reason it is
necessary to control continuously T and
RH in the macroenvironment but it is
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necessary as well to monitor these
parameters in the microenvironments (e.g.
areas behind the paintings or between the
wall and shelves filled with books) where
the control of macro-environments can be
not sufficient. In fact it must be
underlined that almost all the activity of
fungi and insects in museums occurs in
the microenvironments.

-

-

-

Organic materials contain molecules of
water which are in dynamic equilibrium
with the atmospheric water vapour. Old
materials are often stiff and dry because,
with the passing of time, they are
exposed
to
many
environmental
fluctuations (they adsorb and desorb
water many times). There is a loss of
water at each fluctuation because the
bonds between water and the organic
molecules are lost and the organic
molecules bind to each other. So old
materials are more resistant to the attack
of fungi and insects. Therefore at the
same T and RH some materials contain
sufficient moisture to support biological
activity while others have not. In other
words,
there
are
materials
more
susceptible
to
biodeterioration.
To
evaluate
this
characteristic,
the
conservator should know the moisture
amount of every material at a given RH. In
relation to the recommended ranges of T
and RH, it is possible that, if a material
contains sufficient moisture, a biological
growth can happen even if the room has
T and RH controlled.
With regard to insects control, standard
procedures cannot be recommended
because each collection is unique. The
preventive methods to adopt must be
suited depending on the parameters of the
collection
(material
of
objects,
environment of the storage area, nature of
the collection and staff availability). In
general, the main steps to prevent insects
infestation are:
-

regular maintenance mainly using
vacuuming
maintenance of correct environmental
parameters and recording them
examination of incoming objects on
arrival, preferably in a separate
receiving room

-

identification of the materials and
determination of their vulnerability to
insects
use of traps for monitoring insect
activity and the location of the
problem
inspection of the suspected places
and of the objects with analyses of
dust, exuvia-found near the object
contact with an entomologist to assist
in problems of identification, ecology,
etc.
documentation of the surveys, the
inspections, the treatments.

The prevention from contamination by
microrganisms spores and the control of
the environment to prevent development
of spores are carried out through:
-

-

control of moisture in air, in materials
and in microenvironments
use of protective dust covers for
heritage objects in storage, when
being
moved
and
during
use
(documentation,
research,
conservation, exhibit, etc) and regular
maintenance of storage areas
ventilation of microenvironments
aerobiological analyses in suspected
places
use of sterile aqueous solutions for
cleaning and treatments
assessment of solutions in relation to
their ability of conidia activation.

Chemicals reported in the literature to be
conidial activators of specific fungi are
acetone, alcohols, glycerol, detergents
(e.g. Tween), nutrients in the substrate
(casein, yeast extract). Also heating is a
conidial activator, do not use aqueous
solutions unless absolutely necessary.
Prevention from biodeterioration can deal
with problems related to light which is
made of electromagnetic waves. We can
see only wavelengths within the range
400-700 nm but we have an interaction
also with UV and infrared waves. The
materials of heritage artefacts can be
deteriorated
by
any
light
which
accelerates their ageing processes. Light
is also the primary source of energy for
the photosynthetic organisms. With
regard to biological growth, we can carry
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out the lowering of light intensity, the
reduction of lighting time and the
elimination of infrared rays which produce
heat.
Another aspect of this parameter
concerns its relation with insects. The
larvae and the termites avoid light while
the most adults of insects can see the UV
rays. The light traps are just based on the
insects capability of being attracted also
by this radiation.
Outdoor environment
The outdoor interventions on humidity,
water, temperature and light can be
carried out in few cases but they can help
in limiting the biological growth. The
covers (e.g. in an archaeological area)
reduce the humidity in the air and into the
materials as well as the stagnant water;
the protective treatments can be useful
because, reducing stone porosity, make it
more water-repellent. Finally, the periodic
maintenance is the main way to prevent a
biological colonisation in an outdoor
environment.
A particular aspect of outdoor prevention
concerns the problem of birds. Metallic
needles or nets are usually set to prevent
their rest. Anti-stop gels have been
applied on the bulges of monuments;
these products, causing birds to lose their
balance, were quite successful but they
can interfere with stone. In other cases
sounding systems were used; they
provoke the removal of birds producing
particular sounds (e.g. of a predator) at
intermitted times.

AA.VV. 1996. Conservazione dei materiali librari, archivistici
e grafici. Allemandi & C. Editore, Torino.

THE CONTROL OF BIODETERIORATION

Ornella Salvadori
Soprintendenza speciale
Museale Veneziano, Italy
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The
aim
of
treatments
against
biodeteriogens is to control or to eradicate
their growth. The effectiveness of these
operations depends on the methods and
the products chosen, on the species that
have to be killed and their stage of
development (e.g. for insects). Generally
the treatment can kill all organisms and
microorganisms but does not give any
kind
of
protection
for
future
recolonisation. Prevention strategies are
necessary to avoid new and rapid growth;
this is often the principal, and sometimes
the only way of preventing biological
colonization. Recently some products
where the biocide is held in a resin or in a
mortar were developed for the restoration
of stone with the purpose of realeasing
the biocide with time and improving the
efficacy of these compounds over long
periods (Nugari and Salvadori, 2002).
The control of biological growth requires
further in-depth analysis, which should
fulfill the following aims:
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- evaluate the effectiveness of methods
and products against macro- and
microorganisms deteriorating artifacts
(target biodeteriogens)
- assess their harmlessness on substrate
- define methods for testing and
evaluating methods and products
- define the best method of treatment
- evaluate long-term effects of treatments
and interactions with other products
which can be used during restoration
- single out new, alternative and nontoxic methods to disinfect and disinfest.

Florian, M.L. 1997. Heritage eaters, insects and fungi in
heritage collections. James & James, London.
Atti del Convegno “Climatologia applicata alla conservazione
dei beni archeologici e storico-artistici”, Trento 22-24
ottobre 1998. Provincia Autonoma di Trento, Servizio
Beni Culturali.
Caneva, G., Nugari, M.P., Salvadori O. 2001. La biologia nel
restauro. Nardini Editore, Firenze.
Normal 39/93. 1994. Rilevamento della carica microbica
dell’aria, CNR-ICR.

Any treatments should be recommended
only after accurate diagnosis to detect the
colonizing macro- and microflora and
evaluate their role in the deterioration
process.
When
organisms
and/or
microorganisms are not responsible for

The most successful method recently
applied is based on electrostatic impulses.
An equipment gives out electrostatic
impulses along cables made of stainless
steel which are placed on the areas to be
protected.
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serious damage, or the effectiveness of
the treatment is uncertain, no treatment
should be carried out. Moreover the risk
of repeated treatments should be carefully
evaluated and avoided.
A certain treatment can be indicate for
controlling biodeterioration in
several
materials and its application on different
or composite materials must be carefully
evaluated. The knowledge of the
physiology of organisms is particularly
useful in the case of physical treatments.
Moreover moisture content of the
substrate, temperature and time/exposure
may often influence the effectiveness of
many methods. Tests of effectiveness
against the biodeteriogen should be
performed in the laboratory and/or in situ.
Selected
procedures
can
strongly
influence the results, and a diverse
pattern of behavior of chemicals has
frequently been found between laboratory
and in situ conditions, depending on the
type of microorganisms as well as on
practical conditions. Laboratory tests may
therefore have a limited prediction value
with regard to the microbicidal activity of
biocides on stone surfaces (Koestler and
Salvadori, 1996). Isolated microorganisms
used in efficacy tests are much more
sensitive than those present in biofilms,
which are far less susceptible to biocides,
so the spectrum of activity of chemicals
could be significantly affected.
A careful appraisal of harmlessness on the
substrate in the short and/or long-term
should be made, and then chemical and
physical effects of the treatments on the
materials should be attentively evaluated.
Many factors affect the interaction of
chemicals with materials. The most
significant, as in the case of efficacy, are
the chemical composition of the product,
the conditions of use (concentration,
method of application, duration on
substrate, etc.), the physical and chemical
properties, as well as the state of
conservation of the object and the
environmental conditions during the
treatment.
The time of action of a treatment varies in
relation to the products, the methods, the
organisms or microorganisms to be

removed, as well as the temperature and
relative humidity.
Control methods which can be employed
against
biodeterioration
of
cultural
heritage
are
mechanical,
physical,
chemical and biological.
Mechanical methods
They involve the physical removal of
biodeteriogens by hand or simple tools
such as scalpels, scrapers, brushes,
vacuum cleaners etc. These methods do
not completely solve the problems as it is
almost impossible to remove completely
biodeteriogens and can often damage the
substrate. When properly employed by
restorers, they can be useful coupled with
chemical methods.
Physical methods
The suitability of control methods based
on physical factors are attentively
evaluated
and
used
as
possible
replacements
to
chemical
control
especially in museums and archives. The
methods more frequently used to date
are: electromagnetic radiation (gamma,
Röntgen (X), and far ultraviolet (200-280
nm)), freezing, heat and low-frequency
electrical current.
They are more used for indoor treatments
on organic materials; they frequently
induce
less
interactions
with
the
constitutive materials of objects than
those induced by the use of chemicals but
they also present some adverse effects.
Electromagnetic radiation
Gamma radiation is effective against
insects in all stages of development and
microorganisms
including
spores
depending on the dose (Brokerhof, 1989;
Pointing et al., 1998). Lower organisms
are more resistant to radiation than higher
ones: the lethal dose for insects (adults
are more sensitive than larvae and eggs)
is 1 kGy, while fungi are killed with a
dose from 5 to 18 kGy. Recommeded
dosage for complete sterilization is 25
kGy; temperature during irradiation is very
important, higher temperature can reduce
the required doses. Advantages: good
penetration power, simple and rapid
operations, possibility of treating a lot of
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material at one time. Disadvantages:
effective doses can cause cellulose
depolimerization and degradation of
proteic materials, paper and leather
become more susceptible to microbial
attack after treatment, and the effects of
radiation are cumulative
Röntgen (X) radiation has similar effects
to gamma irradiation but was not so
largerly used. Disadvantages: can induce
change in lead pigments and reduction of
tensile strenght in cotton.
Ultraviolet rays have been used especially
against microorganisms on stone and
plasters with good results (Bartolini et al.,
1999). They have germicidal activity
between 200-280 nm (UV-C) with a
maximum of efficiency at 253,7 nm. They
cannot be used on organic materials.
Advantages: very simple to use, low cost.
Disadvantages: poor penetration power,
they cause a photo-oxidation of some
materials (cellulose, proteins) and interact
with several pigments.
Freezing
The use of sub-zero temperatures
(freezing) is used for eradication of
insects. When living cells (80-90% water
content) are subjected to low temperature
ice crystals may form. Freezing is
time/temperature dependent. A period of
48 hours at –20°C should be sufficient,
but a treatment for 72 hours is now
generally recommended (Florian, 1997).
Heat
Dry or wet heat has traditionally been
used in the disinfection and disinfestation
of organic materials. Most insects are
killed at 55°C for at least 1 hour. With
lower temperatures higher exposure time
(some hours) is necessary (Stengaard
Hansen and Vagn Jensen, 1996). Many
materials are negatively affected with
long exposures to high temperature.
Low-frequency electrical current systems
are used to keep birds from roosting on
monuments.
Chemical methods
Chemical
substances,
biocides
or
pesticides, are used. They are classified

depending on their chemical nature
(organic
and
inorganic
compounds,
quaternary
ammonium
compounds,
phenolics,
nitrogen
containing
compounds, urea derivatives, etc.) or on
the target pest species (bactericides,
fungicides, algicides, insecticides, etc.).
Products with a wide-spectrum of action
are generally used. In choosing chemicals,
the following characteristics have to be
considered:
high
efficiency
against
biodeteriogens, harmlessness on the
physico-chemical
characteristics
of
materials, low toxicity for the operators,
low risk of environmental pollution
(Caneva et al., 1991).
The efficiency is in relation to the dose of
product (quantity of pesticide/unit of
surface or volume of air), the spectrum
and the persistence of action. Other
factors may affect the effectiveness of
biocides, among which there are the
utilized concentrations, the type of
substrate, the solvent used (e.g. water
hardness can reduce the activity of
quaternary ammonium compounds, while
alcoholic solutions can increase their
penetration power and sometimes their
stability), the contact time, temperature
and
relative
humidity
during
the
treatment, weather conditions (wind, rain)
for outdoor applications and light
intensity.
The mode of action of biocides is too
frequently unknown and consequently the
timing of the application is often wrong,
or recommended concentrations are
doubled or trebled in an attempt to
improve effectiveness sometimes with
negative and irreversible consequences on
the final result. Biocides can be divided
into two main categories: those that act
through contact and those able to inhibit
some metabolic activity of target
microorganisms, and consequently need
more time to exploit their action. Thus a
better knowledge of chemical and
physical properties, such as solubility,
stability,
incompatibility
with
other
chemicals etc., of the active ingredients
and/or of the commercial products
employed should be acquired by restorers.
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All pesticides are characterized by a
certain toxicity. Generally the use of
chemicals with low toxicity is preferred,
but operators must always take several
precautions according to the level of
toxicity of the products they are using.
Many pesticides used in the past are now
forbidden; legislation of different countries
regulate and restricte the methods and
products which can be used avoiding
most toxic ones and those representing
severe environmental pollution problems.

past. Nowadays their use is more and
more rare, restricted or forbidden in some
countries for toxicological reasons (some
of them have carcinogenic properties).
Several gases can react with the materials
inducing
polymerization,
oxidization,
corrosion,
shifting
the
colours
of
pigments,
etc.
(Raychaudhuri
and
Brimblecombe, 2000) and can be retained
by objects for long time representing a
health risk for people working in archives
and museums.

Non-gaseous biocidal compounds are
generally diluted in distilled water or
organic solvents at low concentrations
(usually 0.1-3%). The method of
application varies according to the biocide
formulations, the constituent materials
and the state of conservation of the
artwork and usually consists in spraying,
brushing,
application
of
poultices,
injection, thermal fogging or fumigation.
Thermal fogging can be used for aerial
disinfection in archives and libraries. The
biocide is aerosolized by means of an
aerosol electrical generator and diffuse in
the atmosphere as very fine fog
composed by microdroplets (average
diameter of about 1 µm). Thermal fogging
is more effective on fungal spores
suspended in the air than fumigation
(Rakotonirainy et al., 1999).

Anoxic atmospheres
They represent a viable alternative to
conventional fumigation with toxic gases
and consist in a reduction of oxygen
concentration generating
an
anoxic
atmosphere (Valentin, 1993; Florian,
1997; Hanlon and Daniel, 1998). They
are suitable especially to eradicate insects
adult, larva, pupa and egg; fungi are
sensitive but fungal spores can survive.
The oxygen concentration is generally
reduced less than 0.1-0.2% by chemical
oxygen scavengers or by the replacement
of oxygen with other inert gases like
nitrogen, carbon dioxide, argon or, more
rarely, helium; nitrogen is currently the
preferred gas. Temperature, relative
humidity and exposure time are strictly
related to the mortality rate. Oxygen
concentration, temperature and relative
humidity in the bags containing the
artifacts should be constantly monitored.
The exposure period is considerably
longer (several weeks) than that generally
used with toxic fumigants and varies
depending on the species of insect pest,
the dimensions of objects and the
temperature
during
the
treatments.
Although no analyses were performed it is
supposed
that
anoxic
eradication
treatments do not cause any kind of
damage
to
materials
because
no
alterations in their appearance has been
noticed, but further researches are
necessary to definitively clarify the
matter.

Fumigation
Fumigation is a method of eradicating
fungi and insects by exposing objects
(especially organic materials) to a toxic
gas in an airtight chamber or in perfectly
sealed spaces. The main advantage of
fumigation is the better penetration of the
active compound into the material than
liquid compounds, pressure can be
reduced
increasing
even
better
penetration, and the short time necessary
for the treatment (generally one or two
days). Moreover a large amount of
materials can be treated at the same time,
and thus this method is particularly useful
for museum collections. Fumigants require
highly trained applicators because of their
toxicity and hazard. Ethylene oxide,
methyl
bromide,
sulphuryl
fluoride,
hydrogen
cyanide,
phosphine,
formaldehyde and thymol are the
compounds more commonly used in the

Biological methods
They are based on the use of antagonistic
or parasitic species controlling target
pests. They are applied especially in
agriculture; their use in the field of
cultutal heritage is almost limited to the
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introduction of pheromones for monitoring
insects in museum and archives (Ackery
et al., 1999).
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