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Abstract 

Degradation of materials will be initiated by biological growth of cyanobacteria, fungi, algae. 

The chief factors for growth of fungi are conductive i.e when moisture, heat, humidity and 

nutrients are present in right balance. Damp surfaces are readily colonised by microbial cells 

settling from the air. This leads to the formation of a biofilm, which can trap dust and other 

particulate materials, increasing its disfiguring effect. In addition, the biofilm can act as a 

reservoir for potentially dangerous microorganisms such as the bacteria responsible for 

legionnaires' disease and allergenic fungal and actinomycete spores. 

1. Introduction 

Roofing materials are exposed to the elements, namely wind, sunlight, rain, hail, snow, 

atmospheric pollution, and temperature variations and consequently degrade over time. Even 

the most durable materials are modified by deposition of ambient dust and debris, and may 

provide an opportunity for colonization by biological organisms such as cyanobacteria, fungi 

and algae. In this paper, we broadly review how bacteria fungi etc occurs and discuss several 

engineering strategies that are employed for improving the performance of roofing materials. 

2. Effects of Bacteria and Fungii Growth 

Uncontrolled excess moisture in buildings is a common problem that can lead to changes 

in fungal communities. In buildings, moisture parameters can be classified by location and 

include assessments of moisture in the air, at a surface, or within a material. a single critical 

moisture level to prevent fungal growth cannot be defined, due to a number of factors, 

including variations in fungal genera and/or species, temperature, and nutrient availability. 

Despite these complexities, meaningful measurements can still be made to inform fungal 

growth by making localised, long-term, and continuous measurements of surface moisture. 

Such an approach will capture variations in a material’s surface moisture, which could 

provide insight on a number of conditions that could lead to fungal proliferation[1] 
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  As far as biological growth on roofing surfaces is concerned, it is clear that a large 

variety of species is expected to be present. For example, some of the species of fungi that 

occur in soil may be expected to be present. However, the ultraviolet radiation incident on 

roofing can kill many organisms. We have noted earlier that the cyanobacteria Gloeocapsa 

infests mineral roofing granules, leading to black colored stains. In a study of biomass 

accumulation on single ply roofing membranes exposed in Oak Ridge, Tennessee [2], it was 

found by phospholipid fatty acid analysis that the biological growth was in this case 

primarily fungal in nature.  

  C. C. and P. M. Gaylarde [3] recently published a study of 230 biofilms found on 

the exterior of buildings in Europe and in Latin America. They classified the biofilms 

according to the predominant microscopic organisms found, of which the most important 

were various cyanobacteria, algae, and fungi. The substrate was important with, for example, 

fungi rarely found on mineral substrates and often on paint. Climate was believed to be 

important as well, with algae more prevalent at cool damp European sites and dark-colored 

cyanobacteria frequently found in tropical locations at elevations above 1000 m.  

  Dupuy [4], as cited by Ortega-Calvo [5], investigated the cyanobacteria that grew 

on monuments exposed to strong solar radiation and that could tolerate long dry periods. 

They include Calothti parietina and Chroococcus montanus as pioneer species, which are 

followed by species of Gloeocapsa, Nostoc and Scytonema.  

  In a detailed study of the fungal colonization of plasticized PVC outdoors in 

Manchester, United Kingdom, Webb et al.[6] used gene sequencing to definitively identify 

several of the species involved. The fungus Aureobasidium pullulans had the ability to 

extract metabolic carbon from the plasticiser in the intact PVC formulation, and was thereby 

able to initially colonize the surface after 25 – 40 weeks. Subsequently, a group of yeasts and 

yeast-like fungi, including Rhodotorula aurantiaca and Kluyveromyces spp., established 

themselves on the PVC after 80 weeks of exposure. In addition to A. pullulans, many of the 

observed fungi, e.g., Alternaria spp., Aspergillus spp., Paecilomyces sp., and Cladosporium 

sp., have previously been isolated from deteriorated PVC and are common colonizers of 

painted surfaces and building materials.In the roofing industry it is often not known exactly 

what species make up the biomass deposits on roofing. In fact, the terms algae and fungi are 

sometimes used interchangeably. However, it is well known that in humid climates, such as 
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the southeastern United States, the growth of biomass on roofing leads to visible stains. In 

some cases, it has been noted that staining does not occur near copper and galvanized (zinc) 

flashings.  

  In a patent by Narayan et al., [7] reviewing prior art, it is noted that algae growth 

on asphalt shingles can be inhibited by metal Zn particles, ZnO, ZnS, and cuprous oxide 

(Cu2O). Thus it appears that zinc and copper ions can inhibit biological growth.  

  A more recent patent [8] likewise discloses that Cu2O, either alone or with zinc 

compounds, is effective in roof granules, to prevent growth of cyanobacteria (such as 

Gloeocapsa) and also fungi.  

  Levinson et al. [9] investigated a number of light-colored PVC roof membranes 

that had been exposed for a number of years and that had obvious biological growth, 

presumably fungal in nature. The spectral reflectance was measured both before and after a 

number of cleaning procedures. In this way inferences could be made concerning the spectral 

absorptance of the substances removed.  

  Three different types of spectra were observed. First, optically thick black spots of 

biomass were found. Second, “organic carbon” with a spectrum similar to that in [10] was 

found. Third, “soot” with a broadband spectrum similar to that shown was found.  

  In this study of PVC roof membranes, [11]it was found that only partial cleaning 

can be performed by the use of soap and water, but that bleach is effective in removing 

residual stains. Biocides are often included in the formulation of polymeric materials such as 

PVC. As just one example, the compound OIT (2-n-octyl-4-isothiazolin-3-one) is used 

commercially for this purpose. Concentrations on the order of 10 ppm inhibit the growth of a 

number of common fungi [12]. However, premature leaching is an issue that must be 

addressed in material formulation 

  Microorganisms in biofilms on building surfaces include algae, bacteria and fungi 

and cause discolouration and degradation, but definitive information about preferences of 

microbial groups for given building substrates and how this is affected by environmental 

conditions is lacking. Major biomass in 230 biofilms from buildings in seven Latin American 

and six European countries was analysed. Substrates included composites (cement, mortar, 

concrete, brick), painted surfaces and dimensional stone. Cyanobacteria, mostly coccoid 

types, were most frequently present as major biomass in LA, followed by fungi, whereas in 
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Europe algae were most common, followed by cyanobacteria. Algae were more frequent than 

other groups on all substrates in Europe. Fungi, particularly uncommon as major biomass on 

stone, were more frequent on paint than on all other substrates (40% cf. 12%). 

Actinomycetes (frequently streptomycetes) were detected occasionally as major biomass, 

mainly on stone; climatic differences may explain the relative prevalence of this group in 

Europe[13] 

  Terrenzio et al. [14] discuss the thermal aging of the asphalt in roofing shingles as 

follows: In the diffusional model of asphalt aging, heat first promotes the diffusion of (lower 

molecular weight) oils out of the bulk of the asphalt. Then, some of the oils evaporate, and 

others are washed away because of photo-oxidation and subsequent solubility in water. 

Finally, oxygen diffuses into the system, resulting in the formation of more heptane-

insoluble, polar molecules known as asphaltenes. As the aging progresses, these diffusion 

processes may lead to final failure of the system (typically cracking) as the asphalt becomes 

harder and stiffer. 

  Cyanobacteria, primitive single-cell organisms, are common on roofing in humid 

areas such as the southeastern and northwestern parts of the United States. The accumulation 

of dead colonies of these cyanobacteria (sometimes called algae, but now recognized as a 

distinct group of microorganisms) is visually evident as dark stains on light colored roofing. 

One reference [15] indicates that the species Gloeocapsa is prevalent on damp rocks.  

  Research by a roofing granule company [16] has identified Gloeocapsa Magma as 

the most frequent cause of staining of roofing granules. Doubtless many other species can be 

present on roofing, including other cyanobacteria, algae, lichens, mildew, moss, etc. A lichen 

is a symbiotic combination of algae with a fungus; a fungus is a primitive plantlike organism 

that lacks chlorophyll. Mildew (e.g., on wood) is due to various species of fungus. Other 

examples of fungi are mushrooms, yeasts, rusts, and molds.  

  Generally, a useful test for identifying biological growth is the application of a 

fresh bleach solution. Inorganic stains such as soot and iron oxide are little affected by 

bleach, but most biological stains are lightened by bleach [17]. 

  Bacteria have been detected in high numbers on the surface of deteriorating stone 

[18], although their role in thedecay process has not yet been defined. It is suggested that 

they excrete organic acids, causing leaching of rock-binding materials, and produce 
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extracellular polymeric substances, which lead to water absorption and changes in porosity 

and permeability of the substrate [19]. They can also cause discoloration of the surface, 

which is particularly important in the case of monuments or other works of art [20]. 

3. Effects of moisture 

Moisture can cause decay of wood and hasten corrosion of metal. Two other deleterious 

effects of moisture are efflorescence, a sort of surface staining, and freeze-thaw damage. 

“Dry-rot” of wood requires the presence of significant quantities of water. The fiber 

saturation point, the maximum moisture content reached by wood in humid air but no liquid 

water, is usually about 25 to 30% by weight. Wood with less than about 20% moisture is 

considered immune from dry rot [18]. Rot is the result of fungal infection. There are several 

types of fungi that stain and infect wood, and fungal spores are usually widely dispersed in 

ambient air. Surfaces infected with actively growing fungi show thread-like features (hyphae) 

under microscopic examination. Some species of fungi consume just the cellulose portion of 

wood, some the lignin, still others both primary wood components. After decay, the wood is 

much less dense and fractures readily. After sufficient fungal growth, fruiting bodies such as 

toadstools form that release new spores into the air. 

4. Preventing Microbial growth 

 It will avoid difficult-to-clean areas, will not use rough textured surfaces and will ensure 

that the structure stays as dry as possible by incorporating dampproofing materials and using 

naturally draining (pitched) roofs. Internal spaces will be ensured adequate air circulation and 

materials which are particularly prone to microbial attack, such as wood, will be protected by 

suitable surface coatings. Application of water resistant coatings is a good strategy, but only 

when the material is well prepared beforehand. Applying such a coating over damp, or 

already infected, materials merely makes the problem worse, as the water necessary for 

microbial growth is prevented from escaping. However, the new "microporous" coatings 

have been designed to allow evaporation of water from the substrate whilst preventing the 

ingress of moisture from the environment. 

5. Conclusion 

 Both economic and health problems are caused by microbial growth on constructional 

materials. A whole range of microorganisms, apart from viruses, is involved and so treatment 

by conventional antimicrobial means is difficult. It is best achieved by environmental control, 
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in particular by manipulating the local humidity and temperature. Surface coatings can also 

be used to protect particularly susceptible materials like wood, but the coatings themselves 

can also be attacked by microorganisms. Biocides may be incorporated into these coatings or 

can be used directly on the surface of the material and this can be effective for a time. 

Engineers and architects can contribute by applying an awareness of the requirements of 

deteriogenic microorganisms to the design of constructions, ensuring that susceptible 

materials are not used in areas favorable for humid environments are protected by the 

application of appropriate surface coatings or incorporation of biocides. It is important to 

note that any ingress of moisture behind the coating will produce immense problems. 
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