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Abstract  
 
Within restoration practices, the biodeterioration is a common and hard problem, in 
particular on historic stonework conservation, where, together with weathering actions, 
enlarge porosity and increase the decay. The chemical action with biocides is the more used 
method to remove biological patina on monumental stone but, during the time, that approach 
reveal hazardous environmental and health impacts. In recent time, innovative biotechnology 
methods have been developed but used only to a minor extent; that is due to the less 
information about the interaction of the new products with stone material. The aim of the 
research is to propose innovative and safe bio cleaning products for historic stonework 
conservation and define the level of security in the interaction with stone material. The two 
biological biocides, that has not been investigated previously, are Natria, a Bayer products 
based on pelargonic acid, and New FloorCleaner, based on Bacillus species. The specimens 
for our research are made up from an historical stone material (earlier twenty century 
handmade bricks) and we used the Normal UNI 11551-1:2014, the European protocol for the 
evaluation of a cleaning method in the Cultural Heritage. Our results show that biocleaning 
products are harmless: overall, the research demonstrates the opportunity to use these 
products in the conservation field, for the treatment of biological patina of historical brick, 
because do not highlight problems and damages and are environmentally sustainable. 
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Introduction  

 
All stone materials, both natural and artificial, undergo a natural aging associated with a 

progressive deterioration altering the original aesthetic and technological features. The 
biodeterioration, term coined by Hueck (1965), is "any undesirable change in the properties of a 
material caused by the vital activities of organisms". Organisms that attack the stone material 
can be of two different type: autotrophic organisms (some bacteria, algae, lichens, mosses and 
vascular plants), able to feed themselves using only simple inorganic substances and use stone 
as nutrient source; while heterotrophic organisms (some bacteria, fungi, animals), which feed 
on organic substances produced by other organisms, using the stone substrate only as a support 
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for their growth. Stone material is part of natural biogeochemical cycles, when rock is 
deteriorated and reduced in various essential elements, such as nitrogen, carbon or sulphur, by 
chemical and physical actions: weathering exposure and water availability increase 
biodeterioration effects; for that reason mainly the outdoor artworks suffer the deterioration 
processes [1-4]. 

The biodeterioration is rarely caused by a single group of organisms and this depends on 
the complex interactions between different groups coexisting [5, 6]. The damage caused by 
microorganisms is closely related to the ability to adhere on the substrate; this is due to material 
characteristics and adhesion techniques of the microorganism. In the case of the stone material, 
hardness and mineralogical composition are important factors, in addition to the roughness and 
porosity of the surface, because irregularities are preferential points for adhesion [7, 8]. The 
more incisive bonding systems of microorganism are specialized structures as rhizines, rhizoids 
and roots that penetrate the surface (lichens, mosses and higher plants) or the biofilm formation 
that cement the body of the organism to the surfaces, such as algae. Biofilm is a polymeric 
substance, viscous and very dangerous that adheres closely on the substrate and is considerably 
important for the activation and development of alteration processes because inside them occurs 
a fluid retention and accumulation of aggressive metabolic compounds. The biofilm is able to 
maintain an environment very different from the surrounding, in terms of pH and chemical 
composition [7, 9]; biofilm may also collect particles and corrosive atmospheric pollutants able 
to increase the reaction rate of chemical corrosion [10]. Another characteristic of the 
microorganisms is their great adaptability to several environmental conditions and the capacity 
to thrive in every part of the biosphere, such in soil, on rock, in the oceans or in hot springs.  

Therefore the biodeterioration is an hard problem in the stones conservation field, 
although the stone is considered as one of the most durable materials [1, 2, 8, 10-12]: a large 
percentage of the world’s monuments is made by stone [13] and during the time were 
developed several treatments to contrast the damages of biological agents. 

Within the last two centuries, thanks to industrial and technological discoveries, new 
materials and products come to light: compared to the old natural derivatives, restorers and 
conservators prefer synthetic products, with physical and mechanical properties more stable 
during the time. In particular the chemical industry had provided a large number of synthetic 
products used in agricultural field to contrast biological attack, such as herbicides and 
fungicides [14, 15]. These products have been adopted by restorers with appreciable results in 
biodeterioration control, but often operators ignore the potential harmfulness for health and 
environment, especially indoor, where the chemical residues are dispersed with difficulty [16-
18]. 

Recently researchers have understood the toxicity of many synthetic products, widely 
used in the restoration of cultural heritage [19-21]. As a consequence, it appears clear that the 
use of new products derived from natural sources would be very welcome. In this context, the 
biology, biotechnology and green chemistry have a great and largely potential for the 
preservation and restoration of cultural heritage [22-24]. There are two approaches in this field: 
the development of polymers from renewable sources such as substitutes of petrochemical-
based materials [25, 26]; and the application of competitive microorganisms to contrast the 
growth of the colony and damage action [10, 27, 28]. 

In this context, we want to investigate for the first time the action of two biological 
biocides, currently not employed in cultural heritage conservation, but with excellent 
characteristics of use: 

• Natria: Bayer product based on pelargonic acid, used as a biocide for exterior surfaces 
such as garden path, walls or floors and is also used in organic farming; 

• New FloorCleaner: product based on probiotics, is used by various cleaning companies 
for the sanitization of surfaces in hospitals. This product is distributed in Italy by 
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Atena-α (Ferrara, Italy) and is part of Probiotic Cleaning Hygiene System made by 
Chrisal_Cleaning products (Lommel, Belgium). 

Natria is an herbicide with algaecide and fungicide properties, commercialized by Bayer 
Garden and the active ingredient is pelargonic acid, a nine-carbon fatty acid, isolated for the 
first time from the leaves of Pelargonium roseum, that causes an extremely rapid and 
nonselective burn-down of plants: it has been claimed to increase absorption of glyphosate 
while concurrently causing rapid desiccation of the tissues of treated plants. The action of 
Natria herbicide appears in a few hours after application, with leaf yellowing widespread and 
the desiccation of the affected parts in less than 24 hours. The herbicide exists in nature as 
essential oil and appears as colorless liquid, slightly soluble in water and with strong rancid 
smell [29]. The pelargonic acid not leaves residues and decomposes rapidly both on land and in 
the water environments: nowadays is legally employed in organic farming and in Italy it is 
currently used both in agriculture and for domestic use, such as cleaning of paths [30].  

New FloorCleaner is a surface cleaner with probiotic products (PIP), consisting in spore 
of Bacillus subtilis, B. megaterium and B. pumilus, able to colonize the surfaces on which is 
applied and to control the proliferation of other bacterial species, based on the principle of 
biological competition (law of Gause, 1934). This principle lies in the fact that two different 
species (bacterial and/or fungal), insisting on the same ecological microcosm, cannot coexist in 
stable equilibrium if they refer to the same nutrient substrates: one of them, usually the less 
demanding nutritional factors, become dominant over the other and being able to cause 
extinction. From a microbiological point of view, for the surfaces treated with probiotic 
products, the existing biofilm is in fact replaced by a new type of biofilm, mainly formed by the 
novel microorganisms artificially placed with the cleaning products [31]. These procedures can 
then be connoted as "bio-stabilization techniques" of one species over another, therefore 
implying not a biocidal generalized action, if not as a final effect against specific microbial 
species [32, 33]. 

For understand the potential harmfulness of the two biological biocides, we used the 
protocol UNI Normal 11551-1:2014 “Methodology for the evaluation of a cleaning method” 
[34]. The test is done on handmade bricks, because this stone material is the more characteristic 
in the architecture of Emilia Romagna (Northern region of Italy): during the centuries people 
use row material easy to extract along the Po River and Apennines deposits. For this reason 
Ferrara, the most populated city near the River Po Delta, has become famous as “town of 
bricks” [35-37]. 

 
Experimental 

 
For our research we evaluated the potential harmfulness of biocides on handmade bricks, 

produced in the beginning of the twentieth century, resulting from the demolition of a sugar 
manufacture chimney following the earthquake on 20 May 2012, at the Department of 
Engineering, Ferrara University (Italy) [38]. The stone material is a firebrick, with a very low 
open porosity, composed of sub-rounded pores with a size between 0.5 and 2 mm. The 
petrographic observation highlights the presence of small impurities (calcareous clasts and 
fragments of shells), probably due to the use of local clays [35], and the presence of micro-
fragments of carbon (coal), added to the clay with the purpose to strengthen the bricks 
resistance on high temperatures [39]. Laboratory analyses were carried out at the Department of 
Physics and Earth Sciences of the University of Ferrara and surface analyses were made in the 
UNIFE TekneHub laboratories. 

 
Stone Specimen Preparation 
In according to UNI Normal 11551-1:2014 [34] procedure, we used 16 specimens, 

measuring 50×50×20 (± 3)mm, and another 4 measuring 50×100×20 (± 3)mm: the variability of 
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measures is due to the manual cutting procedure, but not undermines the validity of the tests. 
Half of them will be used to test Natria and the other for New FloorCleaner. To obtain a smooth 
surface, the samples were treated with powder of silicon carbide (grain size P180 of the FEPA 
classification), subsequently washed with deionized water and dried in stove at 60°C for 24h; 
they were finally weighed and stored in a desiccator before treatment. 

In order to define the stone surface variation, all samples were analyzed before and after 
treatment with biocides: specimens with smaller area were treated on all top surfaces and 
involved in every analysis; the other samples are half treated on top surface and investigated 
only with SEM. 

The two biocides were solubilized in deionized water, according to the doses 
recommended by the manufacturer (Natria 200mL per liter, New FloorCleaner 10mL per liter). 
With a spray bottle, the solutions were then applied on the surfaces of the samples, in three 
applications every 48 hours; after all specimens are rinsed with deionized water. The aim of the 
treatment is to simulate a common cleaning action such as restoration procedure. 

 
Water Absorption by Capillarity  
The determination of water absorption by capillarity was carried out using the Normal 

UNI EN 15801: 2010 protocol [40]. The samples were laid in contact with water through a 
multiple layer of cotton wool; the measurements have been carried out at regular steps (1, 2, 3, 
4, 5, 8, 13, 20, 30, 40, 50, 60, 90, 120, 180, 240, 300min) and have been reported as Kg/cm2 

versus t (s1/2). The amount of water absorbed by the specimen per unit area Qi (Kg/m2) at time ti 
(s) is calculated as follows: 

 
(1) 

 

Where m0 and mi are respectively mass of the sample dry and at time ti, in Kg; A is the 
area of the specimen in contact with the water, in m2. 

The test equipment is completed with a stopwatch with accuracy 1 sec and analytical 
balance with accuracy 0.01g; the laboratory temperature is stable on 22 ± 2°C. 

Colorimetric analyses 
The evaluation of color change on brick surface was carried out by Konica Minolta 

spectrophotometer CM-2300D with spherical geometry and horizontal alignment. It was carried 
out a total of six measurements per specimen, for everyone we measured a set of L*a*b* values 
(CIE 1976) [41-52].  

The CIELAB color difference is expressed by the equation below 
 

 (2) 
 

ΔL* - lightness difference. 
Δa* - red/green difference. 
Δb* - yellow/blue difference. 
Colors are also described and located using the method of specifying their L*, C* and 

H* coordinates in according to the method described in the Normal UNI EN 15886:2010 
protocol [42], namely CIE 1994 (abbreviated to CIE94), with symbol ΔE94*. The CIE94 
formula is based on CIE lightness (ΔL*), Chroma (ΔC*), and hue (ΔH*) differences. It is 
important to determine the CIE94 because this incorporates factors that define the perception of 
color [43-52]. 

The samples were preconditioned before each series of measurements, in laboratory with 
constant temperature and humidity (22 ± 2°C, 45 ± 5% RH). It is preferred to use the mask with 
larger diameter (Ø 11mm), in order to have a measuring area wider and mitigate the effects due 
to lack of homogeneity on the surfaces.  
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Chemical analysis of the aqueous extract 
An untreated specimen, A10_Natria and B10_NewFloorCleaner samples were immersed 

in 100mL of deionized water and placed in agitation on vibrating platform for 72 hours. The pH 
and EC (Electrical conductivity) were determined electrometrically by parametric probe, the pH 
meter Oranion 4-Star, produced by Thermo Scientific. Major cations and trace elements were 
detected by Inductively Coupled Plasma Mass Spectrometry (ICP-MS) using a Thermo-
Scientific X Series instrument [53]. Accuracy and precision, based on the repeated analyses of 
samples and standards, were better than 10% for all the considered parameters. 

 
Surface analyses 
Analyses were performed using the Stereo Microscope Optika SMZ 168TL with 

integrated camera for scanning images. For each sample were selected 5 points of analysis, 
photographed at 0.7X and 1.5X magnifications, with light in a perpendicular position to the 
surface (zenith) and in grazing light (30 ± 5°). 

Four polished cross sections are extracted from 50×100×20mm samples: the profile is 
scanned by 7 points of analysis, at a constant distance, in order to see if the treatment has 
penetrated into the sample and caused damage. The analysis was carried out using SEM Zeiss 
EVO MA15 with Oxford Inca EDS analyser. 
 
Results and Discussion  

 
The treatment with the two biocides reveals a different activity: Natria stinks and leaves 

a white patina, whereas New FloorCleaner hasn’t these problems. That is due in particular to 
Pelargonic acid and the timing of the treatment, higher than the one prescribed by the 
manufacturer. Despite during the analyses procedures, in particular through the process of the 
water absorption, smell and white patina of Natria disappears.  

The results of water absorption analysis of the brick are in according with the 
performance of another raw material currently utilized by the Italian brick industry, with very 
low porosity and the significant percentage of micropores [54]. The water absorption results are 
illustrated in figure 1, Natria decreases the water absorption capacity of the brick, with 
waterproofing actions, because Pelargonic acid is an oil substance, but compared to a coating 
treatment [55] the percentage of reduction is very low, about 7% at 4 hour. New FloorCleaner 
reveals any changes. 
 

 
Fig. 1. Water absorption by capillarity of the handmade brick with and without treatments.  

Amount of absorbed water measured by weight at fixed time intervals: average values. 
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Colorimetric data in the CIE L*a*b* system prove no significant color variation 
occurred throughout the test: in figure 2 we can see a color difference acceptable for the cultural 
heritage field, under the perceive color difference of the human eye ΔE* = 2/3 [41, 56]. The 
high standard deviations are due to the presences of calcite fragments, with a color different 
from the background. In some case after the treatment, when the calcite agglomerate is great, at 
first sight these zones appear more white: the L* values are invariant but a* values, are higher 
and therefore more red. The augmentation of red component can prove the sensation of whiter 
appearance of calcite conglomerate. The b* values no change in this component. The ΔE94*, 
that describe the viewing reference conditions for perceived color difference, shows less values 
than ΔE* and confirms that the biocides activity is not invasive. 
 

 
Fig. 2. Correlation between ΔE* and ΔE94* color difference (a) in Natria treatment and 

 (b) in New FloorCleaner treatment: average values. 
 

The chemical analysis shows that the aqueous extract of the sample A10_Natria is 
comparable with the specimen without treatment: Natria have any chemical interaction with 
brick and few soluble components were detected in aqueous. Different speech instead for 
sample B10_NewFloorCleaner: compared to the aqueous extract of the untreated sample, there 
is a rise in conductivity (No_treatment 1.4mS/m, B10_NewFloorCleaner 5.45mS/m), sulphates 
have tripled (No_treatment 1,044ppm, B10_NewFloorCleaner 3,023ppm), while the cations 
calcium, sodium and magnesium are almost higher (No_treatment 810, 413 and 181ppm; 
B10_NewFloorCleaner 1451, 793 and 701ppm). The composition of the New FloorCleaner 
reveals the presence of cationic surfactants (< 5%) and anionic surfactants (< 5%) that cause 
this excess in ions correlated to salts (Fig. 3). However, there is no danger for environmental 
pollution, because the product is in accordance with European law [57] and its components are 
all biodegradable, as highlighted by the manufacturer's data sheet [58-60], but in future we have 
to do other investigations, because the regulation not take into account the effect of the product 
on the materials of historical and artistic interest, such as salts solubilization and efflorescence 
effects. 

 
Fig. 3. Chemical analysis of the aqueous extract: the graph shows  

the main anionic and cationic species detected. 
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The surface analyses performed using the Stereo Microscope confirm the harmless of the 

Natria and New FloorCleaner treatment, because there are no damage and changes in the 
surface state. Only on specimens treat with Natria is possible to observe residues of the biocidal 
product thickened in the microporosity, although at the macroscopic level is not visible (Fig. 4). 
 

 
 

Fig. 4. Residues of pelargonic acid on treated specimens: sampler A7, point 5,  
magnification 0,7X (a) before and (b) after treatment; sampler A3, point 1,  

magnification 1,5X (c) before and (d) after treatment.  
After treatment with Natria surfaces showed a white film. 

  
The SEM analyses on polished cross sections not reveals variation along the profile of 

every specimen treated: this confirm that the biocides solution penetrated into the sample not 
caused damage and modification in samples microstructures. 
 
Conclusions 
 

In this paper, a new cleaning strategy based on biological biocides, Natria and New 
FloorCleaner has been proposed and optimized to removal biological patina on stone materials, 
such as handmade bricks produced in the early years of the 20th century. The analytical 
procedure is according to protocol Normal UNI 11551-1:2014 [34], and involves the analyses 
of water capillarity absorption rate, the amount of color changing by spectrophotometer, the 
chemical analyses of aqueous extract and the surface analyses with Stereo Microscope and 
SEM: all observations are carried out before and after the treatment with the biocides [61]. 

Generally the study suggested the potential use of these bio based products as novel 
biocides in the cultural heritage conservation, suitable for the treatment of biological patina of 
historical brick, because do not highlight problems and damages, thanks to the absence of 
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interactions related to the treatment, such as decohesion, discoloration, or increase in porosity or 
fractures.  

Another important feature of biocides Natria and New FloorCleaner is its safety for 
health and environment: this is very important because it responds to the challenges of the new 
approaches in terms of biotechnology and the necessity of the restorers to use sustainable 
products [23, 24]. The pollution from the use of traditional biocides method is typically more 
severe and persistent in indoor environment, but also in outdoor area is significant, especially in 
applications on stone materials placed in parks and gardens, where there is a risk of damage on 
precious and rare plants. 

In addition to that, the treatment with these biological biocides is very easy and not 
requires applications with polyphasic approach, for example, combined with resin, 
polysaccharide, inhibitor substance or photodynamic treatment: simply, the diluted biocide is 
sprayed on the surface. An analyses of the cost of the biocleaning processes shows that the use 
of biological biocides Natria and New FloorCleaner is more convenient economically than the 
use of more common treatment or other biological approaches, such as enzymes or natural oil. 

Despite the peculiarities of the two products, there are still limits to knowledge, in 
particular on the interaction between biocides and different contaminating species: it is well 
known that the Pelargonic acid in Natria is poorly bioselective [29], and the biodeteriogen 
control of New FloorCleaner is currently well known only in field of sanitizing environments, 
such as hospitals and waiting areas [31]. Furthermore, there are no studies that define the 
persistence in time of the treatment on the surface, in particular in outdoor zone more exposed 
on weathering agents, where can make the application less effective over the time.  

The aim of this research is to study for the first time two biological biocides, currently 
no employing for conservation purposes; the future goal is to implement the research with the 
analysis of other stone materials and to improve knowledge on the interaction between the 
biocide and infesting species and test in situ the activity of biocides. 

The results obtained in this research are anyway positive and the data confirm that Natria 
and New FloorCleaner can be used on all artificial stone compatible with the petrographic 
characteristics of the samples examined, while safeguarding the operators health, the 
environment state and, secondarily, the health of users of the cultural heritage. 
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