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Abstract 

The study was aimed to test the applicability of the Ice-Clean® system (Sapio Group) for disinfect 

and cleaning the biological black patina on stone surfaces of the Pyramid of Caio Cestio in Rome. 

The methodology is based on the use of pellets of dry ice (solid carbon dioxide) which are projected 

at high speeds on the surface to be cleaned. By this methodology on the surface a dual action, 

physical, related to low temperatures, and mechanical, substantially abrasive, is obtained with 

minimum environmental impact. The evaluation of the Ice-Clean® method was carried out through 

analyses in situ and in laboratory. For checking the suitability of the system in the cleaning and 

disinfection of the marble surfaces the research has been developed on test areas comparing the Ice-

Clean® system with the traditionally method normally adopted for removing biological patina 

(disinfection alone and combined with ammonium carbonate cleaning). The analytical protocols 

have been stated in accordance with the responsible of the site, and with the participation of the 

restorers.  

The patina have been characterized by microbiological analyses before and after the treatments with 

different tested methods. In situ spectrophoto-colorimetric test and surface observations by micro-

watch were also performed. Few significant micro samples coming from the investigated areas have 

been analysed in laboratory by FTIR and SEM-EDS. 

 

 

Introduction  

 

The presence of black patina of predominantly biological genesis on monuments in outdoor 

exposure represents one of the mainly causes taking part in the deterioration phenomena of the 

stone surfaces. The settlement of cyanobacteria, algae and fungi, their growth and the subsequent 

convergence of colonies manifests itself on marble surfaces with the formation of patinas whose 

aspect may vary according to the species present, the age of the colonization, as well as to the 

surface conservation condition and surrounding environment. On bibliographical data and 

experience gained in the field, the taxonomical group more represented in black biofilm on the 

monuments is cyanobacteria (Cyanophyceae). The participation of cyanobacteria in the composition 

of microbial biocenoses exposed to the sun is in relation to their remarkable capacity for adapting to 

life under conditions of intermittent water supplies and strong luminous intensity. From an 

ecological point of view, the resistance of cyanobacteria, particularly the coccoid forms, to adverse 

environmental conditions may be explained by their type of metabolism that allows them to pass 

rapidly from a vegetative stadium to one of dormancy when the stone has dried up, and then enter 

an active phase again under favourable water conditions. Under arid conditions, the cells can 

wrinkled, due to the loss of water, and often undergo a process of encystment, resulting in a 

thickening of the cellular wall and enlargement of the possible external mucilage, transforming 

them into cells of resistance or spores, having a different pigmentation tending towards yellow-

brown or black.  
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This form of alteration is common on stone surface of monuments in outdoor exposition. The 

composition of black patinas of Caio Cestio’s Pyramid was studied to address the restoration 

intervention chooses. The monument is placed in the centre of Rome, in very high car traffic zone. 

In view of a future restoration of the Pyramid, an experimentation to check non - invasive methods 

for removing the black patina has been carried out (Fig. 1).  

 

.  
Figure 1. The black patina on marble surfaces of Piramide of Caio Cestio 

The aim of this study was to evaluate the efficacy for devitalizing and removing biological black 

patinas and the non-interference with stone surfaces of Ice-Clean® system (Sapio Company) in 

comparison with the normally adopted methods of biocide disinfection and cleaning with 

ammonium carbonate. The Ice-Clean® system – cryo micro blasting – is a cleaning technique 

consisting in high speed projection of very small solid-state carbon dioxide pellet on the surface to 

be cleaned. This process produces “dry ice-snow” which when compressed mechanically becomes 

dry ice in form of pellet. The cleaning and the consequential removing of biological patinas occurs 

thought two different actions. The physical effect due to low temperatures and a mechanical 

ablation related to the high adopted pressure (2-6 bar) (Fig. 2). The cleaning system was 

successfully applied to remove lichens and calcium carbonate incrustation on archaeological 

pavements [1], however never tested for devitalizing and removing microbiological patina. The 

environmental impact of this method is minimum, indeed any dangerous chemical residues are 

produced. The experimentation was carried out through analyses in situ and in laboratory by the 

Laboratories of Biology and of Materials Testing of ISCR, in accordance with architect M. G. 

Filetici
 
of the Archaeological Superintendence of Rome. In this paper the first consideration of 

applicability of the method will be presented. 

 

 

 

 

 

 

 

 Figure 2. Sapio Company operator using Ice-Clean® system  



Materials and methods 

 

To evaluate the efficacy of Ice-Clean® system in comparison with biocide, on the north-east wall of 

the Pyramid several squares homogeneous for alteration and patinas colour were selected.  

Preliminary test were carried out to establish the best efficiency of operative condition; efficacy and 

non interference with marble surfaces were considered. The condition adopted were nitrogen pres-

sure 6 bar, capacity pellet containers 40 Kg, angulation of connecting tube 15°, pellet diameter 3 

mm. 

In relation to the biological nature of alteration, the biocide chosen for tests was a benzalkonium 

chloride, the Preventol
®

 RI80 (LANXESS Energizing Chemistry), selected for the proven efficacy 

in disinfection of biological patinas with characteristics similar to those in exam [2]; the biocide 

was applied in a 2% aqueous solution, twice at seven days one treatment from another. 

The cleaning method used was the traditional chemical technique with ammonium carbonate in 

carbossi-methyl-cellulose compress.  

 

Microbiological analyses 

The characterization of the black patina was carried out before treatment through optical micro-

scope observations and specific cultural analyses, following the procedures in UNI-Normal 9/88 

rule (1990). 

After treatments, to assess the viability of photosynthetic microorganisms, observations by optical 

microscopy in fluorescent light (Leitz DMRB) equipped with a lamp HBO 50 W, 450/490 nm 

bandpass excitation filter and barrier filter at 520 nm were performed. Cultural analyses were also 

carried out. 

 

Physical and chemical investigations 

To verify any morphological modification of the stone material, investigation in situ by micro 

watch were carried out; the images were acquired by a video microscope (Keyence) with optical 

zoom (25x-175x), fibber-optic cable, a control unit and electronic control of the instrument and the 

light source, a Macintosh system was used for the acquisition and image processing [3]. 

To evaluate the colour changes induced by the treatments, measures of stone surface colour before 

and after test were conducted in situ by reflected-light colorimeter Chroma Meter CM 200 

(Minolta) using the CIE-LAB colour space system according to Normal 43/93 (1994). The results, 

mean of ten measures on three samples for treatments, were expressed as variations of L*, 

lightness, and a*and b*, tri-chromaticity coordinates; the total colour variation (∆E) was also 

calculated. 

Moreover to verify the non interference of the cleanings methods, morphological SEM – EDS and 

FT-IR analyses were performed. The samples were observed by electronic microscopy EVO60 

(Zeiss) with EDX Oxford Penta FET, in variable pressure (VP), and FT-IR analyses by a 70 

spectrophotometer Vertex (Bruker) in ATR modality. 

 

 

Results 

 

a. Characterization of black patina 

The alteration was resulted of biological genesis and constituted by several species of Cyanophy-

ceae and only one Chlorophyceae specie; these taxa are ubiquitous and cosmopolitan, present in 

water and in terrestrial environments. The results are summarized in table 1. 

The cyanobacteria and algae detected had colonized the surfaces of the marble (epilithic forms) and 

penetrated into stone (chasmolithic and cryptoendolithic forms). 

 

 



Table 1 – Cyanobacteria and green algae in analysed samples 

Cyanophyceae Frequence 

Gloeocapsa sanguinea +++ 

Gloeocapsa compacta +++ 

Chroococcidiopsis sp. +++ 

Chroococcus lithophilus ++ 

Calothrix parietina +/- 

Scytonema hofmanni + 

Phormidium foveolarum +/- 

Plectonema gracillimum + 

Chlorophyceae  

Chlorococcum minor +/- 

Legend: rare +/-; frequent +; very frequent ++; prevalent +++ 

 

The taxonomical group more represented in the microbial biocenoses has been that of cyanobacte-

ria (Cyanophyceae). The most abundant species were Gloeocapsa sanguinea (Fig. 3), Gloeocapsa 

compacta, Chroococcus lithophilus and Chroococcidiopsis genus sometime associated with hyphae 

of fungi belonging to the Dematiaceae family (Fig. 4). Numerous filamentous cyanobacteria be-

longing to the Scytonema hofmanni, Plectonema gracillimum (Fig. 3) and rare green algae 

(Chlorophyceae) were also detected.  

 

 

 

 

 

 

 

 

 
Figure 3. Gloeocapsa sanguinaea (a) and Plectonema gracillimum (b) under optical microscopy 

 

 

 

 

 

 

 

 

 
Figure 4. Colony of Chroococcidiopsis sp. (a) and some cells with fungal hyphae in lichenization stage (b). 

 

b. Control of microorganisms viability  

The results of microbiological analyses highlighted the most efficient treatment in devitalization of 

biological black patina was the traditional method, biocide application combined with ammonium 

carbonate cleaning. 

The observations under optical microscopy in fluorescent light showed that the disinfection with 

Preventol
®

 RI80 solution induced the devitalization of epilithic and endolithic microorganisms whe-

reas Ice-Clean® system permit the survival of some cells, particularly those of chasmolithic and 

cryptoendolithic species. These results demonstrated the microbial characteristics of patina strongly 

affect the efficiency of the dry-ice method.  

b a 

a b 



Nevertheless on the areas subjected to the dry-ice cleaning but followed by biocide disinfection the 

best result was observed whereas on the assays treated with biocide followed by ammonium car-

bonate cleaning, a major number of residual cells, also if died, were observed. The data confirmed 

the physical effect of Ice-Clean® system, due to low temperatures and mechanical ablation, deter-

mine a good removal of microbial cells if compared with traditional methods.  

 

c. Evaluation of surface color changes 

The data of stone chromatic variation induced by the different treatments showed that Ice-Clean® 

system was the most efficacy method in removing the black patina determining a whitening of the 

marble surface, as shown by the highest value of brilliance variation (∆L +35,7). The biocide treat-

ment alone, as expected, had induced only a low reduction of the black-brown color of patina (∆L 

+14), also if determine a good surface disinfection as the microbiological analyses had demonstrate. 

The disinfection with Preventol followed by chemical cleaning induced an increase of white (∆L 

+20,7). All the tested treatments caused a low reduction of the green and blue chromatic component 

(∆a and ∆b positive) without considerable differences. The application of Preventol
®

 RI80 solution 

on surfaces after Ice-Clean® cleaning did not produce significant color modification (Fig. 8). 

The total color change (∆E) highlighted the observed trend (Fig. 5). 

 

  
Figure 5. Color variation of the black patina after treatment with different method tested  

 

d. Video microscopy investigation  

The aim of micro-watch investigations was to determine if after treatments an increase of surface 

porosity and/or some new detachment of crumbling flakes were manifested.  

The surface affected by alteration was observed before treatments; the images acquired at different 

magnifications highlighted the black and green-black patinas with black particles included into the 

porous texture of the material (Fig.  6).  

 

   
Figure 6. Surface before treatment (50x and175x) 

 

Concerning the squares treated with Preventol
®

 RI80 followed by cleaning with ammonium car-

bonate supported by carbossi-methyl-cellulose, signs of abrasion of soft brushes used for removing 

treatment compress were evident even at low magnification (50x). After cleaning the texture of 

stone material was emphasized even if some black particles remained into stone porosity; the yel-

low-green color of the surface could be due to remaining photosynthetic cells (Fig. 7).  



 

    
Figure 7. Area treated with Preventol

®
 RI80 combined with ammonium carbonate after cleaning (50x ) 

 

The figure 8 shows areas treated with Ice-Clean® system; the removal of black patina was 

satisfying although, due to effect of high pressure, the edges of the calcite crystals appeared 

rounded and generally the gloss of stone seemed to be compromised. 

 

     
Figure 8. Area treated with Ice-Clean® system after cleaning (50x and175x) 

 

e. Microanalyses 

Because the micro-watch analyses did not clearly shown if the natural patina was preserved, 

morphological analyses by SEM –EDS and FT-IR acquisition were performed on micro samples  

taken from the area under examination.  

The samples resulted constituted mainly of calcium carbonate with traces of allumo-silicates of iron 

and potassium, probably due to the uplifting of the soil surrounding the monument (Figs. 9 - 10).  

 

      
 

Figure 9. Sample from ammonium-carbonate assay SEM-EDS morphological image and FT-IR spectrum 
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   Figure 10. Sample from Ice-Clean® system assay SEM-EDS morphological image and FT-IR spectrum 

                      



On the surface of all samples, pitting phenomena produced by the biological colonization removed 

by treatments were visible by SEM observation (Figs. 9 - 10). Any information were obtained re-

garding the natural patina (ossalates). 

 

Conclusion 

Analyzing the composition and frequency of the microbial populations discovered in the examined 

samples, it is possible to affirm the severe environmental parameters that characterize the site 

represent an obstacle to many living forms. Within the cyanobacteria group, it was found the 

diffusion of those species able to survive in a dormant state during critical period and those 

adaptable to growing inside fissures, cracks, below partially detached scales of the material or into 

the porosity of the marble. 

In the comparative evaluation of methods for disinfection and removal of biological black patina af-

fecting Pyramid of Caio Cestio, the treatment combining the biocide with ammonium carbonate re-

sulted the most efficacy; in this case an evidenced negative aspect was the  modest signs of abrasion 

due to the use of brushes, even if soft, observed by the video-microscope. 

The best cleaning efficiency was obtained with Ice-Clean system, as the measure of color changes 

demonstrate, but this method did not guaranteed the total devitalization of microbial community. 

The feature of the stone surface after treatment with Ice-Clean system seemed to have undergone 

no substantial changes; the observations in situ by video-microscope revealed a rounding of the 

edges of crystals, a phenomenon that did not seem to have produced a visible change in the surface 

porosity.  

It is necessary to point out that detachments and loss of small fragments were detected in the case of 

stone material partially powdering and/or mortar and fillings not adhering.  

In conclusion from the results of this first phase of experimentation, it is possible to assert the Ice-

Clean system could be used efficiently and safety for removing biological black patina only if fol-

lowed by a disinfection treatment and on stone surfaces in a good conservation condition.  

Further in situ and laboratory tests should be performed for a more complete evaluation of suitabil-

ity of the Ice-Clean system in cleaning biological patina.  
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