Science and Technology for Cultural Heritage, 5 (1) - 19906t 63-08

Methods of evaluating biocides for the conservation of porous
building materials |

R. J. Koestler', O. Salvadori®

1. The Metropolitan Museum of Art, The Sherman Fairchild Center for Objects Conservation, 1 000 Fifth Avenue, New York, NY 10028
(USA)
9. Laboratorio Scientifico, Soprintendenza per i Beni Artistici e Storici di Venezia, Cannaregio 3553, 30131 Venezia (Italy)

Riassunto

La valutazione dell’efficacia di un biocida non & un’operazione facile a causa dei numerosi fattori che possono interferire
quando si eseguono trattamenti di questo tipo. La composizione mineralogica del substrato ed eventuale materiale «estra-
neo» che pud accumularsi sulla pietra possono ad esempio aumentare o diminuire I'efficacia di un certo prodotto. Il primo
fattore da prendere in considerazione ¢& il tipo di colonizzazione biologica tenendo conto che solitamente sono presenti
comunitd complesse di microrganismi ed organismi diversi, quali batteri, alghe, funghi, lieviti, licheni. Molti di essi
secernono metaboliti extracellulari (generalmente polimeri) che spesso si stratificano intorno alle comunita conferendo un
effetto protettivo. Probabilmente sono in parte ascrivibili a cid i risultati contraddittori spesso ottenuti tra le sperimenta-
zioni di laboratorio e quelle in situ.

Deve essere definito chiaramente anche Iobiettivo che si vuole raggiungere: ’eliminazione di microrganismi causa di un
disturbo «estetico», dei microrganismi deteriogeni o di tutti i microrganismi presenti? Parallelamente alle specie da elimi-
nare, per la scelta del biocida piu idoneo, dobbiamo considerare il tipo di substrato da trattare: I’efficacia di un biocida
pud essere infatti condizionata dalla composizione mineralogica della pietra. Nel corso del Congresso ¢ stato illustrato
come ad esempio la presenza di argille possa prolungare Pefficacia di un biocida. Ne deriva che la concentrazione pilt
idonea dovrebbe essere scelta non solo a seconda degli organismi bersaglio ma anche della composizione mineralogica del
substrato. ' .

Talvolta il biocida potrebbe indurre una maggior produzione di polimeri extracellulari, da parte dei microrganismi
associati a quelli bersaglio, che potrebbero conferire un certo effetto protettivo a tutta la componente biotica diminuendo-
ne conseguentemente l'efficacia. Le metodologia da utilizzare per la valutazione dell’efficacia dei biocidi dovrebbero tener
conto di tutti questi fattori.

Nel campo della microbiologia esistono disparate tecniche per valutare la carica microbica che potrebbero essere
applicate a questo tipo di studi ma sino ad oggi non ¢ stato fissato un protocollo comune di indagini, per cui di volta in
volta i diversi autori ne applicano alcune o altre. Un altro aspetto indispensabile da indagare preventivamente allapplica-
zione di biocidi & interazione che questi possono avere sul substrato. La scelta del biocida da adottare non deve infatti
tener conto solo degli organismi bersaglio da eliminare ma contemporaneamente non deve indurre alcuna variazione
fisico-chimica nel substrato; va inoltre ricordato che va attentamente valutata la compatibilita con gli altri prodotti
utilizzati nel corso della pulitura, del consolidamento o della protezione finale poiché talvolta potrebbero verificarsi delle
interazioni negative. :

I noto che molte resine utilizzate come consolidanti o protettivi possono rappresentare una fonte nutrizionale addizio-
nale per i microrganismi e quindi determinare, in condizioni ambientali favorevoli, una crescita microbica. Allo scopo di
prevenire tale possibilita sono state condotte recentemente alcune sperimentazioni che prevedono la miscelazione di
biocidi con consolidanti e/o protettivi. Sono comunque necessarie ulteriori ricerche per stabilire Pefficacia di tali procedu-
re, i risultati sinora emersi sono infatti contradditori.

L’Italia & stato uno dei primi paesi che ha sentito la necessita di stabilire metodologie analitiche comuni per lo studio
delle alterazioni dei materiali lapidei e la valutazione dell’efficacia dei trattamenti mediante la creazione delle commissioni
Normal. In questi ultimi anni Pattivita del Gruppo biologico (Normal B) si & focalizzata sui metodi di controllo del
biodecterioramento, settore affrontato in modo largamente empirico sino a pochissimo tempo fa. Sono stati pubblicati
quattro documenti (NORMAL 30/89 «Metodi di controllo del biodeterioramento», NORMAL 35/91 «Caratterizzazione
di biocidi e relativi principi attivi: schema di scheda», NORMAL 37/92 «Trattamenti biocidi: schema di scheda per
archiviazione dati», NORMAL 38/93 «Valutazione sperimentale dell’efficacia dei biocidi») ed & stato creato il Sottogrup-
po operativo «Interferenza biocidi-materiali lapidei», a carattere interdisciplinare, allo scopo di individuare i parameteri
pitt idonei ¢ le relative metodologie di indagine per la valutazione delle interazioni dei prodotti biocidi con il substrato.
Sarebbe comunque auspicabile la creazione di un gruppo di lavoro internazionale per la messa a punto di metodologie
analitiche comuni riguardanti questo settore.
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1. BACKGROUND

Evaluating the effectiveness of biocides on
porous building materials is complicated by the
large number of factors impinging upon the in-
terpretation process. There are many different
microenvironments within one stone type and
between different porous building materials, all
of which may alter the apparent effectiveness of
a particular biocide. In addition to variable
stone compositions, there is a wide range of ad-
ventitious material from the environment that
can accumulate on and in the stone, some of
which may enhance or impede the effectiveness
of any biocide applied to the surface. The prime
complication for biocidal effect is the ecological
community of biological organisms that may
colonize a surface or the inside of the stone. In
this community a succession of different micro-
and macro-organisms and their associated
secretory products (e.g., biopolymers) may be
found. Organisms rarely exist in isolation, they
usually rather exist in an often complex com-
munity of mixed types of organisms, such as
fungi, algae, bacteria, yeasts, and lichens. The
biological activity of these organisms involves
secretion of biomolecules into the environment
that often results in layers of biopolymers sur-
rounding and essentially protecting the com-
munity from harmful components of the en-
vironment, including the effects of biocides.
The contradictory results sometimes obtained

between laboratory tests and applications in

the field could be ascribed to these factors.

With all of this in mind, how can a standard
for evaluating the effectiveness of biological
products for use on porous building materials
be established? A workshop was held in Rome,
19-21 June 1995, entitled «Methods of evaluat-
ing products of the conservation of porous
builind materials in monuments». This work-
shop attempted to at least define the problems
associated with evaluation of products for these
types of materials. During the course of the dis-
cussions a number of suggestions and ideas
were put forth concerning standardization,
these are discussed below.
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2. CONSIDERATIONS FOR APPLICATION
OF BIOCIDES

Before applying any biocide to a surface, it is
necessary to understand how biocides function
in general, their toxicological characteristics
and how the specific product under considera-
tion is likely to react with the materials to be
treated and to any non-target organisms pre-
sent. A clear definition of the desired goals of
the biocide application should be understood.
For example, is the main object to remove the
visible discoloration of algae, or is the object to
remove all of the potentially damaging microor-
ganisms? If the goal is just to remove the
microbe(s) causing visual impairment of the sur-
face, then a single biocide product may be suffi-
cient. If the goal is to remove all microbes, then
a series of different biocides or a biocide with
larger spectrum of action may have to be ap-
plied. In either case, a testing procedure has to
be devised to assess the effect of the biocides on
the material itself, not just on their ability to
remove the target organisms.

Another consideration in biocide application
is the formulation and concentration necessary
to achieve the desired results. The actual con-
centration needed will vary from stone type to
stone type, and depend upon the quantity and
diversity of microbes present. Other complica-
tions may arise from the presence of biofilms
(these are essentially layers of biomolecules sec-
reted by the extant microbes) and pollutants
trapped in the biofilm. The type of builing
material will also affect the biocide. It has been
demonstrated that the effectiveness of the
biocide may last significantly longer when clay
is present, presumably due to the absorption of
the biocide into the clay (Young et al., 1995).
Therefore lower concentrations may be suitable
for these kinds of materials. On the other hand,
a biocide may induce non-target organisms to
secrete more biopolymers into the surround-
ings, thus providing protection for the target
and non-target organisms alike from the effects
of the biocide. In this latter case, it would
appear then during testing that a higher con-
centration of biocide would have to be em-




ployed to achieve the same effects on different
areas of the same stone. A further possibility is
that the biocide may interact with components
of the biofilm layers itself or with pollutants
trapped within the biofilm producing unex-
pected results (Prof. Ralph Mitchell, oral com-
munication).

Standards for assessing the effectiveness of
biocides must take into account the above fac-
tors if a realiable assessment of the biocide’s
effectiveness is to be achieved.

3. BIOLOGICAL QUANTITATIVE ASSESSMENT
METHODS

There are numerous methods available in the
field of microbiology for quantitative assess-
ment of microbes. These include the standard
procedures of MPN (most probable number)
approaches using slide and grid counting
methods, fluorescent staining and microscopy
procedures, nephelometry (density measure-
ments), laser particle counting techniques,
visual statistical sampling procedures, and
some of the newer procedures, employed in the
senior authors laboratory, of ATP-ATPase
Luminometer techniques, and Fourier trans-
form infrared spectroscopic techniques for the
measurement of respiration by products from
living organisms. Any of these procedures can
be adapted to assess for the effect and the effec-

tiveness of biocidal agents. For example, Koest-

ler & Santoro (1988) developed and tested a
statistical assessment regime for measuring the
growth of fungi on stone consolidating mate-
rials. In this procedure, a result from a com-
bination of sporulation scale index (Klaus-
meier, 1971), the percent coverage, and weight-
loss measurements were combined using Dun-
can’s Multiple Range test and Student-
Newman-Keuls test to statistically rank a series
of conservation materials for their susceptibility
to begin a food source for fungi.

There have been many approaches to assess-
ment of the effectiveness of a biocide. For
example, Grant & Bravery (1985) have pres-
ented a simple laboratory technique to evaluate
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biocides and coating on building materials.
This technique uses a vermiculite bed to main-
tain a moist environment around the stones to
be tested. Tiano et al. (1995), on the other
hand, have demonstrated a more involved pro-
tocol for assessing the behavior of selected
biocide formulates in vitro and in vivo using
HPLC chromatography and FTIR spectro-
scopy combined with water capillary and MIC
determinations. '

The effect of a biocide on a material’s surface
appearance has been assessed in a binary statis-
tical procedure by Koestler et al. (1993). The
procedure proved to be a rapid visual assess-
ment method easily employed by conservators
and restorers to screen out the most harmful
biocides before they were applied to the surface.
One key to the success of this method is agree-
ment on the types of changes to be assessed for.
For example, issues like change in color, change
in roughness, blanching effects, or other type of
visual indicators may be useful in gauging the
effect of a biocide on the appearance of the
stone. This does not necessarily indicate the
effectiveness of the biocide in eliminating a
target organism, but may keep one from turn-
ing a stone yellow when it should be white!
Other Authors measured the effects of some
biocides applied on marbles with different tech-
niques (Nugari et al., 1993a,b).

Many quantitative measures for the presence
of microbes have been conducted. Nieto et al.,
(in preparation) utilized the ATP-ATPase
reaction with luciferin in a Luminometer to de-
termine the utility of technique for measuring
biomass and the activity level (spore to rapid
growth state) present within fine art objects
composed of wood. The technique has worked
well in a defined system with three known spe-
cies of wood destroying fungi. It may be applic-
able to stone problems but would require a sig-
nificant research effort to define the conditions
under which the procedure would provide use-
ful information. Koestler (1993) has demons-
trated a procedure for measuring gas bypro-
ducts from organisms, insect or microbial, liv-
ing within or on top of fine art objects. This
procedure, using a Fourier transform infrared
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spectrometer, is sensitive to the ppm range, and
does not require sampling from the object. It
has been successfully used to quantitatively
measure biological activity before and after
biocidal treatments. This procedure is usable
for objects that can be accomodated in a la-
boratory setting, but not for entire buildings.

Many other techniques could be adapted
from standard microbiological methods.

4. BIOCIDES AND RESINS

During restoration projects, it is often recom-
mended that a water repellent with or without a
consolidant be applied to the stone. Application
of such a product runs the risk of adding a new
nutrient source for microbes to the stone
(Nugari & Priori, 1985; Koestler & Santoro,
1988; Salvadori & Nugari, 1988; Sorlini et al.,
1991). A series of test carried out by Santoro
& Koestler (1991) has devised a method for
evaluating the ability of a consolidant or water
proofing agent to support fungal growth. In
these tests, it was found that some seemingly
similar products had opposite effects: for ex-
ample one permitted fungi to grow easily while
the other did not. The procedure in particular
evaluated sporulation, percent coverage, and
weight loss in a statistical design procedure.
The implications of this work are that polymers
added to a material may lead to increase micro-
bial growth. So, while trying to control one set
of stone deterioration problems, we may in-
advertently be encouraging others. The mixed
microbial community in the biofilms on stone
produce many different biopolymers that no
doubt are a nutrition source for other microbes.
Adding a polymer during a conservation treat-
ment may be just another nutrient to some
microbes.

Attempts to control a good nutrient
consolidant/water proofing material using a
biocide mixed in with the product were per-
formed by various Authors (Grant & Bravery,
1985; Rasnowsky et al., 1988; Tudor et al.,
1990; Leznika, 1992; Mamonova et al., 1992;
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Tiano et al., 1995). The results of these experi-
ments do not yet permit to evaluate the real
effectiveness of these mixtures, and further re-
searches are necessary. Moreover it is necessary
to consider the methods of cleaning and the
substances used in the other phases of restora-
tion: biocides can react with these treatments to
turn the fresco or stone colour (Bettini et al.,
1988; Tudor et al., 1990).

5. NORMAL COMMISSION STANDARDS

Italy was one of the first countries in which the
necessity to establish common methods of
studying stone decay and treatments’ effective-
ness developed. In 1978 the NORMAIL Com-
mission was created with the aim to define a
series of «KNORMAL Recommendations» deal-
ing with this topic. Recently the Biological
Group focused its activity on the control
methods of biodeterioration to try to establish
some guidelines in a field largerly empiric until
that time.

The Normal Commission has published a
first set of suggested standards concerning
biocides’ use on stone materials. NORMAL 30/
89 «Methods to control biodeterioration» illustrates
the direct and indirect methods (manual,
physical and chemical) that can be used against
biodeterioration and different methodologies of
biocide application. NORMAL 35/91 « Character-
ization of biocides: scheme of card» refers to the col-
lection of necessary information about physical,
chemical, toxicological, and utilization data of
biocides and active ingredients. NORMAL 57/92
«Treatments with biocides: scheme of card to file datar
established how to gather a series of necessary
information about biocide treatments including
data about artwork, treated area, alterations,
analyses performed, application regime, pro-
ducts, effectiveness of the treatment, and de-
scription of other kind of intervention (clean-
ing, application of consolidant or water repel-
lent). Infact the information about biocidal
treatments in literature are abundant but often
defective, so it is impossible to compare data




and results or to perform a statistical analysis.
NORMAL 38/93 «Experimental evaluation of
biocides’ effectiveness» illustrates some tests useful
to evaluate the effectiveness of products in the
laboratory and of biocidal treatments in situ.
Moreover in 1991 the Subgroup «Biocides-
stone materials interference» (with biologists,
chemists, geologists and restorers) was created
with the aim to devise and standardize proce-
dures, on the basis of experimental work simul-
taneously performed in different laboratories,
to assess any collateral damage to the porous
building material being treated with biocides.

6. RECOMMENDATIONS FOR ACHIEVING PROGRESS
IN EVALUATING BIOLOGICAL PRODUCTS FOR THE
CONSERVATION OF BUILDING MATERIALS

Based upon the initial success of this first work-
shop on evaluating the effectiveness of biocides
for the conservation of porous building mate-
rials, some recommendations are presented.

1. A biocide is not a panacea for all micro-
bial problems and, indeed, a biocide should not
be used only for esthetic reasons.

2. The application of a simple biocide to
control all organisms is naive.

3. Biofilms on the surface may be exceeding-
ly complex. A biocide may actually encourage
the secretion of biopolymers by the organisms
present.

4. There is some question as to whether we
should be trying to remove the biopolymers
rather than the microbes directly, when clean-
ing of the surface is desired. There are many
studies in the biodeterioration and microbiolo-
gical literature that address aspects of measur-
ing for microbial activity that could be adapted
for use in evaluating the effectiveness of
biocides. What is required though is an interna-
tional body to evaluate the literature and diffe-
rent methodological approaches and then to re-
commend specific guidelines for evaluation pro-
cedures. A small working group meeting,
perhaps under ICCROM, or a EuroCare Pro-
ject, should be held to undertake this task.
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