Journal of Research on Archaeometry, 2021; 7 (2): 159-182
Journal of Research on

Archaeometry

R DO 10.52547 /jra.7.2.159 URL: https:/ /jra-tabriziau.ir/

Review Papers @
CrossMark

A Review of Biodeterioration in Iranian Historical
Monuments with Emphasis on Porous Architectural
Materials

Mehdi Zabihi 1, Mohammad Sohrabi *2, Mohammad Hassan Talebian 3, Abdolmajid
Nortaghani 4

1, Ph.D. Student in Microbiology, Iranian Research Organization for Scientific and Technology, The
Museum of Iranian Lichens, Tehran, IRAN
2, Assistant Professor, Iranian Research Organization for Scientific and Technology, The Museum of
Iranian Lichens, Tehran, IRAN
3. Associate Professor, Department of Architecture, Faculty of Architecture, University of Tehran,

Tehran, IRAN
4 Assistant Professor, Department of Architecture, Faculty of Engineering, Golestan University,
Gorgan, IRAN
Received: 21/09/2021 Accepted: 21/12/2021

Abstract

Iran is known as one of the top 10 countries in this field with its various historical-artistic works
made of stone and brick. It is the historical monuments that determine the antiquity, history, and
civilization of each land. Physical, chemical, and biological factors in co-operation, from coexistence
to antagonism, cause biodeterioration. The biodetetrioration of historical monuments and art in
countries with ancient history and having historical buildings has been considered by many scientists.
Any adverse change in the properties of materials that occurs through the vital activities of living
organisms is called biodeterioration. Living organisms that can cause biodeterioration are known as
biodeteriogens. These factors cause biodeterioration by forming biofilms on surfaces. Substances that
are altered and degraded by the activities of organisms are divided into two categories: organic and
inorganic. The development of specific biological species in specific structural materials is determined
by the nature and properties of the materials (mineral composition, pH, relative percentage of
different minerals, salinity, moisture, and texture). It also depends on specific environmental factors
(e.g. temperature, relative humidity - RH, light conditions, oxygen, nitrogen, level of atmospheric
pollution, wind, and rainfall). In this article, the biodeterioration factors of historical-artistic works
made of porous materials in Iran have been studied to evaluate the factors affecting the activity of
organisms and their reproduction on historical-artistic works and to understand the mechanisms
related to biodeterioration and design appropriate solutions for use protection and repair.
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Introduction

Iran is known as one of the top 10 countries in this field with its various historical-artistic works
made of stone and brick. There are many magnificent monuments throughout the country that are
rich in structural diversity and aesthetics. Chogha Zanbil, Shahr-e Sukhteh, Persepolis Palace
Complex, Taq Kasra, Behistun Inscription, Gonbad-e Qabus tower, and Soltanieh tower, and Arg-e
Bam are some of the most famous architectural monuments in Iran [22]. Antiquities, statues, and
monuments are exposed to the effects of physical, chemical, and biological decay, and in the
meantime, they have been mostly destroyed by organisms, severe and irreversible decay. This damage
and deterioration not only destroys the aesthetic value but also poses challenges for researchers
exploring the evolution of ancient civilizations. Deterioration is defined as the loss of structural
properties over time resulting from the activity of external agents or the leaching of materials.
Deterioration of monuments is a phenomenon that causes the loss of materials or the formation of
new materials that are artistically and historically undesirable. The biodeterioration of historical
monuments and art in countries with ancient history and having historic buildings has been
considered by many scientists. Any adverse change in the properties of materials that occurs through
the vital activities of living organisms is called biodeterioration. In this article, the biodeterioration
factors of historical-artistic works made of porous materials in Iran have been studied to evaluate the
factors affecting the activity of organisms and their reproduction on historical-artistic works and
understand the mechanisms related to their biodeterioration and design appropriate solutions for use
conservation and restoration [2,3].

Organisms involved in biodeterioration:

Both artifacts and art-historical artifacts stored in museums and artifacts outside the enclosed space
have been largely exposed to degradation processes by macro- and micro-organisms (e.g., rodents,
birds, plants, insects, lichens, algae, bryophytes, fungi, bacteria, cyanobacteria ( commonly known as
biodeteriogens. Bio-damages of building materials can be divided into different categories. Harmful
effects of organisms may be aesthetic, biogeochemical, or biogeophysical (table 1). Apart from the
inherent characteristics of organisms in the immediate environment, many ecological factors affect
the biodetetioration of the substrate [16].

Ecological aspects and bioreceptivity of biodeterioration:

The development of specific biological species in specific structural materials is determined by the
nature and properties of the materials (mineral composition, pH, relative percentage of different
minerals, salinity, moisture, and texture). It also depends on specific environmental factors (e.g.
temperature, relative humidity - RH, light conditions, oxygen, nitrogen, level of atmospheric
pollution, wind, and rainfall). Weathering of building materials, including their bio-receptivity
capacity, is influenced by their chemical nature, physical structure, and geological origin, such as
igneous, sedimentary, or metamorphic rocks. During the period of microbial contamination, the
physicochemical properties of the mineral substrate generally change and increase the subsequent
bio-receptivity [14,21,43].

Methods of studying the factors involved in biodeterioration

Assessing the factors affecting the microbial activity and their proliferation on works of art and
understanding the mechanisms associated with biodeterioration is necessary to design appropriate
strategies for conservation and restoration. To assess biological hazards, it is important to measure
both the total amount of microbes in the indoor environment and the art surface. Studies using non-
artificial sampling methods and molecular approaches to investigate the role of microorganisms in
the degradation process provide a deeper understanding of the phenomena of biodeterioration[49].
Traditional culture methods for the isolation and identification of microorganisms are very useful in
the biological assessment of cultural heritage. Culture-based methods are still the most common
method for studying the physiology of microorganisms. However, traditional culture techniques
separate less than 1% of the microbial community, but molecular methods in detecting, identifying,
and to some extent determining the number of microorganisms in cultural heritage objects are
expanding. The use of molecular biology in cultural heritage has been used to identify the
development of microorganisms in minerals or organic matter in museums and archives. Molecular
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biology performs sensitive studies on microbial contamination of artwork based on DNA genome
sequence analysis [50].

Types of substrates exposed to biodeterioration

Substances that are altered and degraded by the activities of organisms are divided into two categories:
organic and inorganic. Dividing biodeterioration into different subjects is appropriate but artificial.
Inorganic materials such as glass, metals, and rocks are present at the site of historical monuments
and are exposed to biodegradation. A variety of materials such as paintings, wood, paper, leather, and
leather are made from organic materials [67]. All rock materials can be bio-absorbed and therefore
can be partially colonized. Microbial communities exist in stone objects, including cultural heritage
assets located outside the home. These works clearly show that different types of substrates are
colonized by diverse microbial communities consisting of bacteria, cyanobacteria, fungi, and lichens.
The most common building materials in Iran's cultural regions are often mud, which is everywhere.
Flowers can be produced in the form of bricks. One of the useful tools for diagnosing
biodeterioration of bricks is an integrated microscopic method that allows the quantitative and
qualitative description of degraded and original materials. Biodeterioration usually starts at the micro-
level or even below the micro-level without being noticed. Once started, it can gently affect the
internal structure of the material. Mortars and concrete substrates are workable paste that hardens
and adheres to building blocks such as stone, brick, and concrete building blocks. Laboratory analysis
of concrete samples has shown that many organisms such as fungi (yeasts, Cladosporium, Mycelia,
Hyphae, etc.), bacteria (Actinomycetes, Thiobacillus, etc.), algae (the most famous diatom algae), and
even protozoa can be found in concrete matrices. Due to its composition, porosity, and roughness,
the first material to be successfully cloned by cyanobacteria and algae is the mortar. These clones are
probably related to the capacity of these substrates to retain water for a long time [74,77,80].

Control of organisms involved in biodeterioration

Biodeterioration control has become a global necessity for the preservation of cultural heritage, and
research has been strengthened by this need and by increasing knowledge about biodegradation
processes. Removing the microbial community from any particular level is an intervention that must
be carefully evaluated. Interdisciplinary research projects between restorers and scientists, including
microbiologists, geologists, and chemists, are needed to assess the role of microorganisms in the
biodeterioration of cultural heritage objects and their feasibility [88,90].

Conclusion

Although it is well established that microorganisms can cause serious damage to works of art and
antiquities, knowledge of the exact mechanisms of biodeterioration is still fragmented and requires
more attention. The development of new identification methods will give us a broader understanding
of the diversity of existing organisms and may expand our knowledge of the new types of microbial
metabolism that occur in these habitats. In this article, the main activities and mechanisms involved
in the biodegradation of cultural heritage were described, and the importance of identification,
protection, and cleanup methods in this area was emphasized. However, very few studies have been
conducted on the activity of biodeterioration organisms in Iran and antimicrobial and preventive
measures should be initiated.
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Fig. 1. Problems caused by biodeterioration on historical monuments: 1-2) Cuneiform in Biston inscription; 2-3) Images
related to Persepolis; 3-4) Bricks the Gonbad-e Qabus tower
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Table 1: The most important factors of biodeterioration of antiquities and their relationship with physical and chemical

damage.
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Fig. 4. Preliminary studies on biodeterioration: 1-2)
non-destructive and destructive sampling; 3-4)
Culture media for the growth of factors involved in
biodeterioration; 5-6) Use of light microscope and

electron microscope.
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