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Fungi are widely recognized as major biodeteriogens
of both modern and historical buildings/monuments.
Different fungal taxa have been isolated from cultural
heritage monuments/structures depending on climatic
conditions, humidity level and surface material for
fungal colonization. Deterioration of such monuments
by fungi is through assimilatory biochemical and non-
assimilatory mechanisms. This article provides infor-
mation on fungi infesting historical monuments/sites
across the globe and their management by various bio-
cidal compounds. The preventive methods and potency
of various essential oils against fungal growth on cul-
tural heritage materials are also critically reviewed.
The available information supports the use of essential
oils for surface treatment or vapour exposure to pre-
vent mould infestation on heritage monuments. Essen-
tial oils may also function as fungicidal agents in
biocidal formulations/coatings.
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tural heritage, fungi, historical monuments.

FUNGI are major agents which cause deterioration of heri-
tage buildings and monuments. Humid conditions encour-
age fungal biofilm to grow on the surface of historical
buildings and allow slow degradation of the surface due
to interaction with the products of microbial metabolism'.
The importance of fungi was highlighted in 1930 with the
discovery of the antibiotic penicillin by Alexander Flem-
ing’. Besides various benefits, fungi also have some disad-
vantages’. They exhibit pathogenicity and are responsible
for food spoilage, toxin production, infection on humans
and biodeterioration of water-damaged buildings'*™.
Among all the negative effects, our specific concern is the
biodeterioration of historical buildings by moulds. Nowa-
days fungal contamination in houses/buildings is a com-
plicated problem and shows variable sign effects like
fading of paint colour, destructions of building, unpleasant
odour, etc. Such destruction not only affects houses, but
also threatens historical monuments and art museums.
According to the type of building deterioration, fungi can
be classified into four categories’. First is plaster fungi
which are mostly found in damp bricks and plaster of
buildings, e.g. Coprinus spp., Peziza spp. and Pyronema
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domesticum. Second is stone fungi, mostly found on
stone buildings, e.g. Botrytis spp., Mucor spp., Penicil-
lium spp. and Trichoderma spp. The third type is paint
fungi which cause discolouration of paints in buildings,
e.g. Alternaria alternata, Aspergillus spp., Aureobasi-
dium pullutans, Penicillium spp., Cladosporium herba-
rum, Fusarium oxysporum and Phoma violacea. The
fourth category is metal and sealant fungi which cause
disfigurement of metal, glass and sealants, e.g. Cladospo-
rium resinae, Aspergillus niger, Aurebasidium pullulans,
Chaetomium globosum, Geotrichum spp., Penicillium
luteum and Trichoderma viride'.

Fungal species involved in deterioration depend on
environmental conditions of the area. Temperature, humi-
dity and chemical nature of the substratum and low avail-
ability of water (ay) are the main parameters that
influence fungal growth®. Fungi cause biodeterioration
through the penetration of their mycelium into the surface
of building material and by the action of metabolic prod-
ucts like organic acids, mycotoxins and pigments which
cause structural changes on buildings™'’. The rising
population of arthropods in heritage sites will lead to in-
crease in the fungal infection level as they contribute to
the mortality of arthropods, disposal of organic matter
and growth''.

Fungal growth reduces the actual beauty of the heritage
monuments. Thus the prevention of fungal growth on her-
itage buildings, and their treatment are necessary to pre-
serve them. Limited methods are reported for the control
of moulds in buildings. This article discusses fungal de-
gradation of heritage monuments and possible manage-
ment options.

Fungi on culture heritage monuments

Fungi are present everywhere: air, water and soil, and
they affect our daily life both directly and indirectly.
Biodeterioration of cultural heritage monuments is one of
them. There are many heritage structures where fungal
deterioration has been reported-not only from India, but
all over the world. Ancient artwork and paints on build-
ings were made of organic materials such as egg yolk,
casein, linseed, poppy seed, etc. These organic substances
attract microorganisms, including fungi and provide a
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Table 1. Cultural heritage monuments/structures and their associated fungal flora
Location Fungal species Reference
Ancient museum, Austria Aspergillus sp. 66
Acropolis of Athens, Greece Alterneria, Phoma 67
Marble monuments of Crimea in Eastern Europe Alterneria, Phoma 67
Ancient temples of Delos of Greece Alterneria, Phoma 67
Historical Archive of the Museum of La Plata, Argentina Scopulariopsis sp. and Fusarium sp. 68
The Tomas Roig Museum Aspergillus, Penicillium and Cladosporium 69
The Felipe Poey Museum Aspergillus, Penicillium and Cladosporium 69
Gwalior Fort, India Alterneria, Aspergillus, Curvularia, Penicillum and Fusarium 70
Sitadevi Temple, Chhattisgarh, India Aspergillus flavus, A. fumigates, A. niger, A. scalrotium, A. temari, 71
Cladosporium oxysporum, Curvularia lunata, Curvularia clavata,
Fusarium sp., Mucor sp., Mycelia sterilia (white),
Paecilomyces variotii, Penicillium chrysogenum, Penicillium sp. and
Trichoderma viride
Sandstone monument, Eifell Lock, Serbia Bipolaris spicifera 72
Granite monument, Monument of the Unknown Hero, Serbia Epicoccum nigrum 72
Mahadev Temple, Bastar, India Aspergillus scalrotium, A. niger, Aspergillus fumigatus, 73
Arcemonium scatrotium and Paecilomyces varioti
Lascaux cave, France Alternaria alternata, Aspergillus fumigatus and A. niger 74
Stone monument of Dharmarajika, Taxila Cladosporium herbarum, Curvularia lunata, Dematium spp., 75
Fusarium oxysporum, Mucorhiemalis, Penicillum, Chrysogenum,
P. frequentans and Rhizopus oryzae
Mohamed Ali Palace, Cairo, Egypt Aspergillus niger, A. flavus, A. fumigates, Penicillium stolenferme, 76
Fusarium oxysporium
El-Ghory Mosque and Mosque of EL-Kady Abdelbaset, Fusarium oxysporium, Rhizopus oryzae, Cladosporium herbarum, 76
Egypt Alternaria, Stachybotrys chartarum
The Painted Cave of Lascaux, France Fusarium solani 77
Cathedral of Salamanca, Spain Penicillium, Fusarium, Cladosporium, Phoma and Tricoderma 78
Chapel of Castle Herberstein, Styria, Austria Acremonium, Engyodontium, Cladosporium, Blastobotrys, 79
Verticilllium, Mortierella, Aspergillus and Penicillium
Carrascosa del campo Church, Cuena, Spain Penicillium and Fusarium 80
Parish Church of St Georgen, Styria, Austria Acremonium, Engyodontium, Cladosporium, Blastobotrys, 79
Verticilllium, Mortierella, Aspergillus and Penicillium
Caestius Pyramid, Rome, Italy Cladosporium cladosporioides and Alternaria alternata 81
Pisa Tower, Italy Sporotrichum 82
Klippe statues in Hangzhou, China Cladosporium, Penicillium, Coniosporium and Alternaria 83
Arbroath Abbey, Scottish monument, Scotland Cladosporium, Penicillium and Phialophora lignicola 84
Linlithgow Palace, Scotland Acremonium sp. and Penicillium sp. 84
St Andrews Castle, Scotland Acremonium 84

substrate for their growth. Fungi are mostly found on build-
ing stones, mortar and plaster because of their degrada-
tion activity and also being extremely erosive'’. Table 1
provides the list of selected monuments and occurrence
of destructive fungi on them.

Fungal deterioration on cultural heritage
monuments

The colonization of fungi on cultural heritage monuments
causes aesthetic and physical damage to them. The defor-
mation of heritage building surface is due to the presence
of a thin layer of dormant/active fungi and their metabolic
products such as various acids and pigments. The destruc-
tion of monuments is altered by the type of fungus, and
nature of the surface and surrounding environmental con-
ditions'’. Hence in tropical or highly humid areas, there is
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considerable biofilm formation'. Fungal deterioration is
caused by three types of mechanisms: chemical, physical
and mechanical'>'’. Fungal deterioration mechanism con-
sists of diagenesis, colour alteration, oxalate formation,
physical penetration of fungal hyphae and destabilization
of stone texture, bioweathering by secreted acids and che-
lating property of secreted acids'’*’. Table 2 describes
the major microbial activities which are responsible for
deterioration of constructional material.

Discolouration of cultural heritage monuments is pri-
marily due to fungi as they are highly pigmented and their
growth may be seen by the naked eye. In the physical
method, lesions generally appear on the surface. Lesions
up to 2 cm in diameter and depth on stone are called bio-
pitting, which is caused by black fungi*®. Stone surfaces
inhabited by these fungi appear spotty or even completely
covered by black layers due to strong melanization of the
cell walls of these fungi.
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Table 2.

Microbial activities associated with the deterioration of construction materials®

Microbial activity Damage caused

Material affected

Surface growth
Acid production Corrosion, erosion
Hydrolytic enzyme

Chelation

Growth of microbial filaments

Corrosion, etching

in permeability

Discolouration, water retention

Increased fragility, erosion

Physical damage to surface, increase

Concrete, ceramic tiles, stones, bricks,
plaster, wood, plastic, paints, roof tiles

Concrete, stones, metals

Wood, paint

Metals, concrete, stones, glass

Concrete, stones, plaster, painted surface

Building deterioation mechanism
/ \\
> h
Indirect method
(non-assimilatory deterioration)

Direct method
(assimilatory biochemical deterioration)

Figure 1. Types of bio deterioration mechanism.

Several filamentous fungi like Aspergillus glaucus
were reported to produce acids on concrete through che-
mical deterioration method”’. Scanning electron micro-
scopy (SEM) studies revealed that Fusarium was
responsible for weight loss and calcium release from con-
crete by the penetration of hyphae into the structure'. The
stone surface could demineralize due to a variety of inorga-
nic and organic acids produced by the fungi*®. Mechani-
cally, filamentous fungi maypenetrate the weakened parts
of a building and also more easily when the surface has
extra nutrients in the form of dirt or bacterial biofilm**".
Granite, calcareous limestone and marble are easily be
penetrated by black fungi®.

In the physical, chemical and mechanical mechanism
types, building materials are affected by various fungi
either directly (using these compounds as nutrients) or
indirectly (causing solubilization through the action of
metabolites)’'. Biodeterioration on concrete, cement and
stone surfaces is triggered by two mechanisms (Figure 1).
First is the direct method called assimilatory biochemical
deterioration, which occurs when fungi use building mate-
rials as a source of nutrients and grow on them. The
second is indirect method, i.e. non-assimilatory, which oc-
cur when the metabolites produced by the fungi react
with the building materials®®>. The indirect method causes
solubilization of building materials by acid production,
alkalinity reduction or enzymatic processes™>*>’.

There are some external and internal factors responsi-
ble for deterioration of building surfaces. The external
factors include climatic conditions such as humidity,
temperature, frost and thawing®®.

These alter the growth of microorganism whereas
microflora present in the environment also affect the de-
gradation mechanism?®”. The internal factors include type
of building material present like concrete, cement and
mortar that have mineralogical similarities such as calcium
silicate, aluminate, silica, aluminium compound, sulphate,

37-39
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mica and feldspars®. Thus, the biodeterioration mechan-
isms for all types of materials are the same™.

Conservation techniques

A building can achieve biodegradation resistance by
effective and long-lasting treatment techniques, which
will inhibit/restrict the growth of biospores. To preserve
the architecture, selection of microbial-resistant building
materials and protective coatings should be preferably
guaranteed before treatment®'. The important control
techniques are explained below.

Surrounding conditions and construction techniques

Biodeterioration depends upon properties of materials
used in the building construction, like porosity and per-
meability, as well as the environmental conditions. Com-
plete analysis of materials and their processing as well as
a detailed study of the surrounding environment like hu-
midity and temperature should be done before constructing
any building. The protection of building materials against
biodegradation may be primarily achieved by moisture re-
duction at the infected place and high-pressure water or
fine-part dry cleaning and application of disinfecting sa-
nitizers (e.g. hydrogen peroxide, eventually combined
with conserving agents, iso-thiazole derivatives). Pre-
planning is mandatory for the control of run-off water,
drainage and roof protection*'. Water-blocking sites should
be restricted first before any treatment on the historical
buildings. The number of arthropods in heritage sites
directly influences fungal infection. So it is necessary to
reduce their population to decrease fungal contamination
as it is responsible for the mortality of arthropods, disposal
of organic matter and fungal deterioration''. The treat-
ment method may be helpful for curing from biodegrada-
tion. Further treatment also enhances the resistibility of
material against microbes.

Protective coatings

The protecting coatings may alter the environmental con-
ditions to reduce microbial growth by reducing humidity
and altering the surrounding pH. Biodeterioration may be
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Table 3. Biocides effective against specific fungi
Biocides Fungus Reference
IPA, Biowash, PUFAS, Ima anti, Alternaria alternata, Aspergillus fumigates, A. niger, A. ustus, A. versicolor, 86
Biosheen, Boramon Clasosporium cladosporiodes, C. sphaerosphermum,

Penicillum aurantiogriseum, P. chrysogenum, P. simplicissimum,

Rhizopus stolonifer, Scopulariopsis candida, Ulocladium and Alternaria
Benzalkonium chloride Bipolaris spicifer and Epicoccum nigrum 72
Dichloro-xylenol (600 ppm) Aspergillus parasiticus, Fusarium oxysporium and Stachybotrys chartarum 76
Thymol (700 ppm) Fusarium oxysporium, Aspergillus flavus and Stachybotrys chartarum 76
Penta-chlorophenol (400 ppm) Aspergillus fumigates, Aspergillus oryzae, Penicillium oxalicum and 76

Acremonium kiliense
Sodium azide (100 ppm) Fusarium oxysporium, Aspergillus parasiticus and A. niger 76
p-Cresol (600 ppm) Aspergillus niger, A. oryzae and Fusarium oxysporium 76
Hetrerocycle pyrazolo pyrimidine derivatives Aspergillus niger, A. flavus, Penicillium frequentans and P. granulatum 87

prevented using microbial-resistant materials. Fungi
mainly occur in damp places where moisture content is
high. High level of moisture on building materials sup-
ports fungal growth*>. The preservation of historical
buildings may be done using protecting coatings, which
can repel water and control moisture level. Defensive
materials such as plasters, consolidates, water-repellants,
fillers as well as fixatives and organic binders may be
used for preservation®. If the threat of microbial infection
and subsequent biodegradation processes is proven, the
selections of protective solutions should consider their
microbial resistance to avoid initiation, reoccurrence or
even acceleration of microbial impacts on the materials**.
The main characteristics of microbial-resistant building
material are minerals compounds, moisture absorbency,
diffusivity and alkalinity. The protective materials used
in building conservation possess performance parameters
such as transparency, absence of colour, good chemical
stability, deep penetration, solidification strength and anti-
flaking properties. These protective coatings may be
acrylic, silane, silicon-based products and hybrid organic
materials. The inorganic materials such as silicates of so-
dium, potassium, lithium and other compounds have also
been successfully applied in conservation effects**>'. So,
the microbial resistance of protecting materials must be
preferably tested with material-specific microbial consor-
tia under laboratory conditions as well as in situ in the
materials/objects™.

Application of biocides

To enhance the durability of restoration and conservation
treatments on building by biodeterioration, the use of
biocides as additives might be unavoidable®®. Antimi-
crobial active substances can be mainly distinguished as
alcohols, aldehydes, organic acids, carbon acid esters,
phenols and their derivatives, halogenated compounds,
metals and metal-organic substances, oxidative com-
pounds, enzymes, surface-active compounds and various
synthetic organic products. Biocides have been frequently
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utilized®. Sodium-penta-chlorophenate was found to be
effective in controlling the growth of fungi at 2% concen-
tration. It showed 100% inhibition of fungal colonies™**.
Table 3 presents the list of all effective biocides.

Antifungal essential oils from plants

Biocides are toxic chemicals which can affect both
microbes and higher organisms, including humans. The
most common fungi A. alternata shows inhibition by essen-
tial oils of Abies sibirica, Thymus pulegiodes, Carum
carvi, Mentha piperita, Citrus bergamia, Eucalyptus glo-
bulus and Syzygium aromaticum™. Clove oil was found to
be effective against most building fungi, whereas vapours
of peppermint oil were reported to be effective against
Sclerotinia®®”’. Clove oil also has antifungal activity at a
concentration up to 25% (refs 58—60). The antimicrobial
activity of clove oil is attributed to the presence of euge-
nol (2-methoxy-4-allyl phenol). This compound has a
wide spectrum of antimicrobial effects®'.

The volatile essential oils of Citrus aurantifolia and
Citrus reticulata have significant antifungal potency
against building fungi®®. The anise and garlic oils showed
the best anti-fungal effect against fungi on Cuban and
Argentine heritage structures, whereas oregano oil was
even able to inhibit sporulation of fungi’®. Table 4 shows
a list of essential oils exhibiting anti-fungal potency
against a range of fungi. The above-mentioned studies re-
veal that many essential oils possess antifungal activity
against building fungi. These findings support the appli-
cation of essential oils for surface treatment*®.

Other techniques

Microwave heating system also showed effective results
at 2.45 GHz electromagnetic radiation against fungal con-
tamination. This method was effective at 65°C for 3 min
(ref. 59). Nano-silver suspension at 5-15 ppm exhibited
effective results as a biocide. Thus nano-silver additive in
paints and coatings may prevent the growth of fungus®.

CURRENT SCIENCE, VOL. 121, NO. 12, 25 DECEMBER 2021



REVIEW ARTICLE

Table 4. Name of essential oils against specific fungi

Essential oils Fungus Reference
Abies sibirica Alternaria alternata, Aspergillus niger, Aspergillus versicolor, Cladosporium sphaerospermum, 86
Penicillium chrysogenum, Penicillium simplicissium and Rhizopus stolonifer
Thymus pulegiodies Alternaria alternata, Aspergillus niger, Penicillium chrysogenum, Penicillium simplicissium, 69, 86
Scopulariopsis sp. and Fusarium sp.
Carum carvi Alternaria alternata, Aspergillus niger, Aspergillus versicolor, Cladosporiums phaerospermum, 87
Penicillium chrysogenum and Penicillium simplicissium
Mentha piperita Alternaria alternate, Aspergillus versicolor, Cladosporium sphaerospermum, Penicillium chrysogenum, 86, 88,
Rhizopus stolonifer, Mucor racemose, G. candidum and A. niger 89
Citrus bergamia Alternaria alternata, Aspergillus versicolor, Penicillium chrysogenum and Penicillium simplicissium 86
Eucalyotus globules Alternaria alternate, Aspergillus versicolor and Cladosporium sphaerospermum 86, 88
Syzygium aromaticum Alternaria alternata, Aspergillus niger, Aspergillus versicolor, Cladosporium sphaerospermum, 86, 89
Penicillium chrysogenum, Penicillium simplicissium and Rhizopus stolonifer
Carum copticum Penicillium sp., Fusarium sp., Curvularia sp., Alternaria sp. and Aspergillus nidulans 71
Ocimum sanctum Penicillium sp., Fusarium sp., Curvularia sp., Alternaria sp. and A. idulans 71
Cinnamomum zeylanicum Penicillium sp., Fusarium sp., Curvularia sp., Alternaria sp. and A. idulans 71
Pinuspinaster Penicillium sp., Fusarium sp., Curvularia sp., Alternaria sp. and A. idulans 71
Cedrusdeodara Penicillium sp., Fusarium sp., Curvularia sp., Alternaria sp. and A. idulans 71
Syzygium aromaticum Aspergillus niger, Aspergillus clavatus, Penicillum sp. and Fusarium sp. 89
Origanum vulgare A. niger, A. clavatus, Penicillum sp. and Fusarium sp. 89
Allium sativum A. niger, A. clavatus, Penicillum sp. and Fusarium sp. 89
Pimpinella anisum A. niger, A. clavatus, Penicillum sp. and Fusarium sp. 89
Origanum vulgare Scopulariopsis sp. and Fusarium sp. 69
Rosmarinus officinalis Bipolaris sp. and Epicoccumnigrum 73
Lavandula angustifolia Bipolaris sp., Epicoccum nigrum and Penicillium sp. 73
Citrus limon Aspergillus niger and Geotricum candidum 89
Artemisia nilagirica Aspergillus flavus, A. niger, Fusarium and Penicillium notatum 90
Ageratum conyzoides Didymella bryoniae and Rhizoctonia solani 7,91
Ailanthus excels Candida albicans and Saccharomyces cevervidiae 7,92
Albizia lebbeck C. albicans and S. cerevisiae 7,92
Artemisia annua C. albicans 7,92
Caesalpinia cristata C. albicans 7,92
Calotropis gigantean Rhizoctonia solani and C. albicans 7,92,93
Medicago sativa Cladosporium cladosporoides 88, 94

The water-repellent coating with antifungal essential oil
may be another way to prevent fungal deterioration. Con-
crete sealers like liquid sealer LS-S, Magik impregnator,
WEB-CBX, RIK-seal medium gloss, KONEX WRA-
2318, Evercrete DPS, La Guard PWC with essential oil of
peppermint and eucalyptus were tested as antifungal coat-
ings against wall fungi®. Antifungal properties were exhi-
bited by super-hydrophobic nanoparticles with or without
essential oils like arborvitae, oregano and thyme oil to re-
duce the growth of moulds*. The latest alternative is
green nanotechnology in which Bacillus species produce
metabolites with antifungal activity. This may be a sus-
tainable option because it is eco-friendly and harmless to
humans® .

Conclusion

Historical monuments are our heritage. Microbial conta-
mination not only slowly deteriorates such monuments,
but also destroys our culture hidden in them. The correct
identification of fungi is important, as not all of them
equally destructive. A profuse number of fungi are
involved in the deterioration process based on climate
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conditions and materials of heritage monuments, but the
predominant ones are Aspergillus, Fusarium, Cladospo-
rium, Curvularia and Penicillium. There are three types
of fungal deterioration — physical, chemical and mechani-
cal, and two principles of mechanism. First is the direct
method known as assimilatory biochemical deterioration
in which the fungi can use the monument material as a
source of nutrients and grow on them. The second is the
indirect method also known as the non-assimilatory me-
thod, in which the metabolites produced by the fungi
react with the building materials. Fungi colonize both
inorganic and organic surfaces and survive and multiply
according to the nature, humidity, temperature and avail-
ability of water in the surrounding. All these variables in-
fluence the number and diversity of species involved in
the deterioration pattern (discolouration, acid production,
corrosion, chelation, etc.). The conservation of heritage
monuments is a complex process involving an extremely
heterogeneous range of elements. Due to excessive,
variables treatment of fungal deterioration is a challenging
task and needs immediate action. Proper cleaning of herit-
age sites may be useful to prevent fungal deterioration in
the initial stage. Protective coatings, e.g. water-repellants,
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organic binders and fixatives may be applied on the monu-
ments, but parameters such as transparency, chemical
stability, penetration and solidification should be consi-
dered before wuse. Sometimes susceptible materials
present in the coatings, themselves are attacked by the
fungi. To tackle this problem, biocides must be utilized.
Fungicides can easily penetrate the pores of building sur-
faces and remain there for 2-5 years depending upon their
chemical composition. Inorganic nanoparticles, like Ag,O,
TiO,, ZnO, etc. show better capability to preserve cultur-
al heritage monuments. Toxicity of chemical biocides not
only kills the microbes, but affects human health and the
environment. Eco-friendly treatments may be an excellent
alternative to conserve these monuments. Green biocides
from natural sources may be an alternative to toxic chem-
icals. Specific organisms like the genus Bacillus have
been suggested as decontaminating approach against fungal
deterioration but further studies are needed to assess their
harmlessness and effectiveness. The antifungal potential
of several essential oils also exhibited encouraging results
on fungal contamination. There are a variety of reasons
that phytochemicals may be considered to control fungal
growth on heritage structures. Further studies on essential
oils-based green biocides would be useful to develop eco-
friendly, renewable, cost-effective, long lasting and feas-
ible protective coatings which provide better treatment
for fungal degradation in heritage buildings.

1. George, R. P., Ramya, S., Ramachandran, D. and Kamachi Mudali,
U., Studies in biodegradation of normal concrete surface by fun-
gus Fusarium sp. Cem. Coner. Res., 2013, 47, 8-13.

2. Ligon, B. L., Penicillin: its discovery and early development. Sem.
Pediatr. Infect. Dis., 2004, 5, 52-57.

3. Baum, C., El-Tohamy, W. and Gruda, N., Increasing the productivity
and product quality of vegetable crops using arbuscular mycorr-
hizal fungi: a review. Sci. Hortic., 2015, 187, 131-141.

4. Shoemaker, R. C. and House, D. E., Sick building syndrome (SBS)
and exposure to water-damaged buildings: time series study, clinical
trial and mechanisms. Neurotoxicol. Teratol., 2006, 28, 573-588.

5. Al-Hindi, R. R., Al-Najada, A. R. and Mohamed, S. A., Isolation
and identification of some fruit spoilage fungi: screening of plant cell
wall degrading enzymes. Afr. J. Microbiol. Res., 2011, 5, 443-448.

6. Voth, D. E. and Ballard, J. D., Clostridium difficile toxins: mecha-
nism of action and role in disease. Clin. Microbiol. Rev., 2005, 18,
247-263.

7. Verma, R. K., Chaurasia, L. and Katiyar, S., Potential antifungal
plants for controlling building fungi. Nat. Prod. Rad., 2008, 7,
374-387.

8. Straus, D. C., Cooley, J. D., Wong, W. C. and Jumper, C. A., Stu-
dies on the role of fungi in sick building syndrome. Arch. Environ.
Health: Int. J., 2003, 58, 475-478.

9. Gorbushina, A. A., Life on the rocks. Environ. Microbiol., 2007,
9,1613-1631.

10. Isola, D., Selbmann, L., Meloni, P., Maracci, E., Onofri, S. and
Zucconi, L., Detrimental rock black fungi and biocides: a study on
the Monumental Cemetery of Cagliari. In Science and Technology
for the Conservation of Cultural Heritage, CRC Press, London,
UK, 2013, pp. 83-86.

11. Jurado, V., Sanchez-Moral, S. and Saiz-Jimenez, C., Entomogen-
ous fungi and the conservation of the cultural heritage: a review.
Int. Biodeter. Biodeg., 2008, 62, 325-330.

1558

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

. Sterflinger, K., Fungi as geologic agents. Geomicrobiol. J., 2000,

17, 97-124.

. Hall-Stoodley, L., Costerton, J. W. and Stoodley, P., Bacterial bio-

films: from the natural environment to infectious diseases. Nature
Rev. Microbiol., 2004, 2, 95.

. Allsopp, D., Seal, K. J. and Gaylarde, C. C., Introduction to Bio-

deterioration, Cambridge University Press, 2004.

. Dakal, T. C. and Cameotra, S. S., Microbially induced deteriora-

tion of architectural heritages: routes and mechanisms involved.
Environ. Sci. Eur., 2012, 24, 36.

. Blanchette, R. A., A review of microbial deterioration found in

archaeological wood from different environments. Int. Biodeter.
Biodeger., 2000, 46, 189-204.

. Warscheid, T. and Braams, J., Biodeterioration of stone: a review.

Int. Biodeter. Biodeger., 2000, 46, 343-368.

. Pavia, S. and Caro, S., Origin of films on monumental stone. Stud.

Conserv., 2006, 51, 177-188.

. Adeyemi, A. O. and Gadd, G. M., Fungal degradation of calcium,

lead and silicon bearing minerals. Biometals, 2005, 18, 269-281.
Banfield, J. F., Barker, W. W., Welch, S. A. and Taunton, A., Bio-
logical impact on mineral dissolution: application of the lichen
model to understanding mineral weathering in the rhizosphere.
Proc. Natl. Acad. Sci. USA, 1999, 96, 3404-3411.

Burford, E. P., Fomina, M. and Gadd, G. M., Fungal involvement
in bio weathering and biotransformation of rocks and minerals.
Mineral. Mag., 2003, 67, 1127-1155.

Burford, E. P., Kierans, M. and Gadd, G. M., Geomycology: fungi
in mineral substrata. Mycologist, 2003, 17, 98-107.

Crispim, C. A., Gaylarde, P. M. and Gaylarde, C. C., Algal and
cyanobacterial biofilms on calcareous historic buildings. Curr.
Microbiol., 2003, 46, 79-82.

Harley, A. D. and Gilkes, R. J., Factors influencing the release of
plant nutrient elements from silicate rock powders: a geochemical
overview. Nutr. Cycl. Agroecosyst., 2000, 56, 11-36.

Monte, M., Oxalate film formation on marble specimens caused
by fungus. J. Cult. Herit., 2003, 4, 255-258.

Grbic, M. V. L. and Vukojevia, J. B., Role of fungi in biodeteri-
oration process of stone in historic buildings. Proc. Natl. Acad.
Sci. US4, 2009, 116, 245-251.

Kubicek, C. P., Punt, P. and Visser, J., Production of organic acids
by filamentous fungi. /nd. Appl., 2010, 10, 215-234.

Griffin, P. S., Indictor, N. and Koestler, R. J., The biodeterioration
of stone: a review of deterioration mechanisms, conservation case
histories and treatment. Int. Biodeter., 1991, 28, 187-207.
Koestler, R. J., Charola, A. E., Wypyski, M. and Lee, J. J., Micro-
biologically induced deterioration of dolomitic and calcitic stone
as viewed by scanning electron microscopy. In Proceedings of the
Fifth International Congress on Deterioration and Conservation of
Stone, Switzerland, 1998, pp. 617-626; https://repository.si.edu/bit-
stream/handle/10088/42895/mci27366.pdf?sequence=1&isAllowed=y
Gutarowska, B. and Czyzowska, A., The ability of filamentous
fungi to produce acids on indoor building materials. Ann. Micro-
biol., 2009, 59, 807-813.

Gaylarde, C., Silva, M. R. and Warscheid, T., Microbial impact on
building materials: an overview. Mater. Struct., 2003, 36, 342—
352.

Kumar, R. and Kumar, A. V., Biodeterioration of Stone in Tropical
Environments: Overview, Getty Publication, Los Angeles, USA,
1999; https://books.google.co.in/books?hl=en&lr=&id=D_7NzES5-
vKSO0C&oi=fnd&pg=PR7&dq=4.9.%09Kumar,+R.,+and+Kumar,+
A.+V _+Biodeteriorationtof+stone+inttropicaltenvironments:+an+
overview.,+Getty+Publications,1999&ots=yXv4n]_Doo&sig=1JS-
XtTvUmylZh31XL9m2 QOT_n4d#v=onepage&q&f=false

De Moraes Pinheiro, S. M. and Ribas Silva, M., Alteration of con-
crete microstructure by biodeterioration mechanisms. In Proceedings
of the Conference Microbial Impact Building Materials, Lisbon,
Portugal, 2003, pp. 48-57.

CURRENT SCIENCE, VOL. 121, NO. 12, 25 DECEMBER 2021



REVIEW ARTICLE

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

Berthelin, J., Microbial weathering processes in natural environ-
ments. Phys. Chem. Weather. Geochem. Cycles, Kluwer Academic
Press, The Netherlands, 1988, pp. 33-59; https://doi.org/10.1007/
978-94-009-3071-1_3.

Robert, M. and Berthelin, J., Role of biological and biochemical
factors in soil mineral weathering. In Interactions of Soil Minerals
Natural Organics and Microbes, SSSA Special Publication, USA,
1986, pp. 453—495.

Hamalédinen, V. et al., Enzymatic processes to unlock the lignin
value. Front. Bioeng. Biotechnol., 2018, 6; https://doi.org/10.3389/
fbioe.2018.00020.

Sterflinger, K. and Pifiar, G., Microbial deterioration of cultural
heritage and works of art — tilting at windmills. Appl. Microbiol.
Biotechnol., 2013, 97(22), 9637-9646.

Vollertsen, J., Nielsen, A. H., Jensen, H. S., Wium-Andersen, T.
and Hvitved-Jacobsen, T., Corrosion of concrete sewers — the
kinetics of hydrogen sulfide oxidation. Sci. Total Environ., 2008,
394, 162-170.

Juan, Y., Jiang, N., Tian, L., Chen, X., Sun, W. and Chen, L.,
Effect of freeze—thaw on a midtemperate soil bacterial community
and the correlation network of its members. Biomed. Res. Int.,
2018; https://doi.org/10.1155/2018/8412429.

Krumbein, W., Microbial interactions with mineral materials. Int.
Biodeter., 1988, 7, 78-100.

Warscheid, T., Prevention and remediation against biodeteriora-
tion of building materials. In Proceedings of the Second Interna-
tional RILEM Workshop, Microbial Impact on Building Materials,
2004; http://demo.webdefy.com/rilem-new/wp-content/uploads/2016/
10/pro044-004.pdf

Jain, A., Bhadauria, S., Kumar, V. and Chauhan, R. S., Biodeterio-
ration of sandstone under the influence of different humidity levels in
laboratory conditions. Build. Environ., 2009, 44, 1276—1284.
Wendler, E., New materials and approaches for the conservation
of stone. Environ. Sci. Res. Rep., 1997, 20, 181-198.

Koestler, R. J., Warscheid, Th. and Nieto, F., Biodeterioration:
risk factors and their management. In Saving our Cultural Herit-
age: the Conservation of Historic Stone Structures, John Wiley,
New York, 1997, pp. 25-36.

Michoinova, D., New materials for the protection of cultural heritage.
2007; http://www.teilar.gr/dbData/ProfAnn/profann-c14b547b.pdf
Favaro, M., Mendichi, R., Ossola, F., Russo, U., Simon, S., Tomasin,
P. and Vigato, P. A., Evaluation of polymers for conservation treat-
ments of outdoor exposed stone monuments. Part I: photo-oxida-
tive weathering. Polym. Degrad. Stabil., 2006, 91, 3083-3096.
Avnir, D., The Sol-Gel-Xerogel Transition, Hebrew University,
Jerusalem (Israel), 1993; https://apps.dtic.mil/dtic/tr/fulltext/u2/
a276647.pdf

Le Metayer-Levrel, G., CastanierOrial, G., Loubiere, J. F. and Per-
thuisot, J. P., Applications of bacterial carbonatogenesis to the
protection and regeneration of limestones in buildings and historic
patrimony. Sediment. Geol., 1999, 126, 25-34.

Fabbri, P., Messori, M., Montecchi, M., Nannarone, S., Pasquali,
L., Pilati, F. and Toselli, M., Perfluoropolyether-based organic—
inorganic hybrid coatings. Polymer, 2006, 47, 1055-1062.

Haas, K. H., Amberg-Schwab, S., Rose, K. and Schottner, G.,
Functionalized coatings based on inorganic—organic polymer and
their combination with vapor deposited inorganic thin films. Surf.
Coat. Technol., 1995, 111, 72-79.

Bartholome, C., Beyou, E., Bourg-Lami, E., Chaumont, P. A. and
Zydowicz, N., Nitroxide-mediated polymerizations from silica
nanoparticle surfaces: ‘graft from’ polymerization of styrene using
a triethoxysilyl-terminated alkoxyamine initiator. Macromole-
cules, 2003, 36, 7946-7952.

Von Plehwe-Leisen, E., Warscheid, Th. and Leisen, H., Studies of
long-term behaviour of conservation agents and of microbiological
contamination on twenty years exposed treated sandstone cubes.
In Proceedings of the 8th International Congress on Deterioration

CURRENT SCIENCE, VOL. 121, NO. 12, 25 DECEMBER 2021

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

and Conservation of Stone (ed. Riederer, J.), Rathgen-Forschungs-
labor, Berlin, Germany, 1996, vol. 2, pp. 1029-1037.

Jin, Q. and Kirk, M. F., pH as a primary control in environmental
microbiology: thermodynamic perspective. Front. Environ. Sci.,
2018, 16; https://doi.org/10.3389/fenvs.2018.00021.

Sharma, K., Microbiological impacts on the cultural heritage. Int.
J. Comp. Internet, Manage., 2011, 19, 56.1-56.5.

Garg, K. L., Jain, K. K. and Mishra, A. K., Role of fungi in the dete-
rioration of wall paintings. Sci. Total Environ., 1995, 167, 255-271.
Duke, J. A., Bogenschutz-Godwin, M. J., duCellier, J. and Duke,
P. K., Handbook of Medicinal Herbs, CRC Press, Boca Raton,
Florida, USA, 1987; https://mirror.explodie.org/Handbook%200f%-
20Medicinal%20Spices%20.pdf

Edris, A. E. and Farrag, E. S., Antifungal activity of peppermint
and sweet basil essential oils and their major aroma constituents
on some plant pathogenic fungi from the vapor phase. Food/
Nahrung, 2003, 47, 117-121.

Borrego, S., Valdés, O., Vivar, 1., Lavin, Guiamet, P., Battistoni,
P. and Borges, P., Essential oils of plants as biocides against micro-
organisms isolated from Cuban and Argentine documentary heritage.
ISRN Microbiol., 2012, 1-7; https://doi.org/10.5402/2012/826786.
Cuzman, O. A., Olmi, R., Riminesi, C. and Tiano, P., Preliminary
study on controlling black fungi dwelling on stone monuments by
using a microwave heating system. /nt. J. Conserv. Sci., 2013, 4,
133-144.

Hasheminejad, N., Khodaiyan, F. and Safari, M., Improving the
antifungal activity of clove essential oil encapsulated by chitosan
nanoparticles. Food Chem., 2019, 275, 113-122.

Rakotonirainy, M. S. and Lavédrine, B., Screening for antifungal
activity of essential oils and related compounds to control the bio-
contamination in libraries and archives storage areas. Int. Biode-
ter. Biodeger., 2005, 55, 141-147.

Campaniello, D., Corbo, M. R. and Sinigaglia, M., Antifungal
activity of eugenol against Penicillium, Aspergillus and Fusarium
species. J. Food Prot., 2010, 73, 1124-1128.

Verma, R. K. and Devi, D., Studies for antifungal activity of
selected concrete sealers on white cement panels. Int. J. Sci. Eng.
Tech. Res., 2015, 4,2081-2087.

Fidanza, M. R. and Caneva, G., Natural biocides for the conserva-
tion of stone cultural heritage: a review. J. Cult. Herit., 2019, 38,
271-286.

Benkovi¢ova, M., Kisova, Z., Buckov, M., Majkova, E.,
Siffalovi¢, P. and Pangallo, D., The antifungal properties of super-
hydrophobic nanoparticles and essential oils on different material
surfaces. Coatings, 2019, 9, 176.

Kakakhel, M. A., Wu, F., Gu, J. D., Feng, H., Shah, K. and Wang,
W., Controlling biodeterioration of cultural heritage objects with
biocides: a review. Int. Biodeter. Biodegr., 2019, 143, 104721.
Sterflinger, K., Fungi: their role in deterioration of cultural herit-
age. Fungal Biol. Rev., 2010, 24, 47-55.

Diakumaku, E., Gorbushina, A. A., Krumbein, W. E., Panina, L.
and Soukharjevski, S., Black fungi in marble and limestones — an
aesthetical, chemical and physical problem for the conservation of
monuments. Sci. Total Environ., 1995, 167, 295-304.

Lavin, P., de Saravia, S. G. and Guiamet, P., Scopulariopsis sp.
and Fusarium sp. in the documentary heritage: evaluation of their
biodeterioration ability and antifungal effect of two essential oils.
Microb. Ecol., 2016, 71, 628—633.

Rojas, T. I., Aira, M. J., Batista, A., Cruz, I. L. and Gonzélez, S.,
Fungal biodeterioration in historic buildings of Havana (Cuba).
Grana, 2012, 51, 44-51.

Bhatnagar, P. and Jain, S. K., Alternative control techniques
against fungal colonization for preserving monument deteriora-
tion. Int. J. Curr. Microbiol. Appl. Sci., 2014, 3, 40-43.

Gupta, S. P. and Sharma, K., Biodeterioration and preservation of
Sita Devi temple, Deorbija, Chhattisgarh, India. /nt. J. Conserv.
Sci., 2011, 2, 89-94.

1559



REVIEW ARTICLE

73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

84.

Stupar, M., Grbi¢, M. L., Dzami¢, A., Unkovi¢, N., Risti¢, M.,
Jeliki¢, A. and Vukojevié, J., Antifungal activity of selected essential
oils and biocide benzalkonium chloride against the fungi isolated
from cultural heritage object. S. Afr. J. Bot., 2014, 93, 118-124.
Gupta, S. P. and Sharma, K., The role of fungi in biodeterioration
of sandstone with reference to Mahadev temple, Bastar, Chhatis-
garh. Rec. Res. Sci. Technol., 2012, 4, 18-21.

Bastian, F. and Alabouvette, C., Lights and shadows on the conser-
vation of a rock art cave: the case of Lascaux cave. Int. J. Speleol.,
2009, 38, 6.

Abdelhafez, A. A. M., El-Wekeel, F. M., Ramadan, E. M. and
Abed-Allah, A. A., Microbial deterioration of archaeological marble:
identification and treatment. Ann. Agric. Sci., 2012, 57, 137-144.
Farooq, M., Hassan, M. and Gull, F., Microbial deterioration of
stone monuments of Dharmarajika, Taxila. J. Microbiol. Exp.,
2015,2,36-41.

Dupont, J., Jacquet, C., Dennetiere, Lacoste, S., Bousta, F., Orial,
G. and Roquebert, M., Invasion of the French Paleolithic painted
cave of Lascaux by members of the Fusarium solani species com-
plex. Mycologia, 2007, 99, 526-533.

Hoffland, E., Kuyper, T. W., Wallander, H., Plassard, C., Gorbu-
shina, A. A., Haselwandter, K. and Sen, R., The role of fungi in
weathering. Front. Ecol. Environ., 2004, 2, 258-264.

Berner, M., Wanner, G. and Lubitz, W., A comparative study of
the fungal flora present in medieval wall paintings in the chapel of
the castle Herberstein and in the parish church of St Georgen in
Styria, Austria. Int. Biodeter. Biodegr., 1997, 40, 53-61.
Goémez-Alarcon, G., Munoz, M., Arino, X. and Ortega-Calvo, J.
J., Microbial communities in weathered sandstones: the case of
Carrascosadel Campo church. Spain. Sci. Total Environ., 1995,
167, 249-254.

Caneva, G., Nugari, M. P., Ricci, S. and Salvadori, O., Pitting of
marble Roman monuments and the related microflora. In Proceed-
ings of the 7th International Congress on Deterioration and Con-
servation of Stone, Lisbon, Portugal, 1992; https://www.
researchgate.net/publication/284652846 Pitting_of marble roman_
monuments_and_the_related_microflora

Monte, M., Biogenesis of oxalate patinas on marble specimens in
fungal culture. Aderobiologia, 2003, 19, 271-275.

Li, Q., Zhang, B., Wang, L. and Ge, Q., Distribution and diversity
of bacteria and fungi colonizing ancient Buddhist statues analyzed
by high-throughput sequencing. Int. Biodeter. Biodeger., 2017,
117, 245-254.

85.

86.

87.

88.

90.

91.

92.

93.

Suihko, M. L., Alakomi, H. L., Gorbushina, A., Fortune, 1., Mar-
quardt, J. and Saarela, M., Characterization of aerobic bacterial
and fungal microbiota on surfaces of historic Scottish monuments.
Syst. Appl. Microbiol., 2007, 30, 494-508.

Evans, L. V. (ed.), Biofilms: Recent Advances in their Study and
Control, CRC Press, 2003.

Levinskaité, L. and PaskeviCius, A., Fungi in water-damaged
buildings of vilnius old city and their susceptibility towards disin-
fectants and essential oils. Indoor. Built Environ., 2013, 22, 766—
775.

Kumar, M. and Verma, R. K., Fungi diversity, their effects on
building materials, occupants and control — a brief review. J. Sci.
Ind. Res., 2010, 69, 675-661.

. Lingan, K., Antifungal activity of Artemisia nilagirica essential

oil from the Western Ghats, Nilgiris against food borne fungi.
J. Appl. Microbiol. Biochem., 2018, 2, 2—6.

Igbal, M. C. M., Meiyalaghan, S., Wijesekara, K. B. and Abey-
ratne, K. P., Antifungal activity from water extracts of some
common weeds. Pak. J. Biol. Sci., 2001, 4, 843-845.

Kumar, V. P., Chauhan, S., Padh, H. and Rajani, M., Search for
antibacterial and antifungal agents from selected Indian medicinal
plants. J. Ethnopharmacol., 2006, 107, 182—188.

Kurucheve, V., Ezhilan, J. G. and Jayaraj, J., Screening of higher
plants for fungitoxicity against Rhizoctonia solani in vitro. Indian
Phytopathol., 1997, 50, 235-241.

Yadava, R. N. and Tiwari, L., New antifungal flavone glycoside
from Butea monosperma O. Kuntze. J. Enzyme Inhib. Med. Chem.,
2007, 22, 497-500.

. Banach, M., Szczyglowska, R., Pulit, J. and Bryk, M., Building

materials with antifungal efficacy enriched with silver nanopar-
ticles. Chem. Sci. J., 2014, 5, 1-5.

ACKNOWLEDGEMENTS. R.K.V. thanks the Council of Scientific
and Industrial Research, New Delhi for financial support under mission
mode programme (HCP-0018). We thank Director, CSIR-Central
Building Research Institute, Roorkee for support and permission to
publish this paper.

Received 26 December 2019; revised accepted 19 October 2021

doi: 10.18520/cs/v121/i12/1553-1560

1560

CURRENT SCIENCE, VOL. 121, NO. 12, 25 DECEMBER 2021




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


