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Abstract

Cultural heritage has always been the focus of many civilizations and therefore, it needs to be
preserved for future generations. From prehistoric times, when grandeur and beauty were the aims
of architecture, stone was the most widely used durable material. Biodeterioration of the stone
monuments, one of the most important causes for the loss of the cultural heritage, is defined as any
undesirable change in the properties of a material caused by the action of biological agents such as
fungi, bacteria, cyanobacteria, lichens and plants, as well as animals such as insects. The world
heritage of Persepolis, for example, has been unprotected from biodeterioration for the centuries,
and has unfortunately not been addressed during this time. The purpose of this study is to provide
a new perspective on the study of the destructive biological factors affecting this historic site to
provide a framework for future studies and serious consideration of the biological debate in
conservation and restoration issues. Therefore, the presence of various factors possibly derived
from the action of animals, vascular plants, mosses, fungi, lichens, green microalgae, and
photosynthetic and non-photosynthetic bacteria were investigated. Based on objective observations,
the presence of biodegradation factors affecting floors and the all sides of walls of various buildings
in Persepolis was qualitatively investigated. Based on the results, the studied areas were classified
into four classes with very high, high, medium and low risk. In addition to the initial estimate of
biodiversity, the factors affecting the biodegradation of Persepolis were presented for the first time
and the critical points for the presence of destructive factors were determined. Lichens exist
throughout Persepolis and have proved useful in archaeological studies, since their growth can be
chronologically employed to measure the age of rocks and indeed ancient monuments, their radial
growth increasing logarithmically over time based on the assumed specific rate. In this study, the
presence of lichens has been investigated from the perspective of biodeterioration, their presence at
the microscopic scale can intensify the weathering and biodeterioration of the rock. Such action is
not visible to the naked eye but leaves irreparable damage to the stone surface. It was estimated that
this complex process at Persepolis is the result of more than 15 different Vascular plant species and
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5 Non-vascular plant (mosses), 16 or 17 different species of birds, 3 to 5 species of snails and 2 to 4
species of reptiles and insects. It was shown that the establishment of a biomonitoring laboratory at
Persepolis is the important task of studying the action of microorganisms since it is estimated that
more than 20 strains of non-photosynthetic bactetia, more than 10 taxa of cyanobacteria, about 15
plants and mosses, more than 130 lichen species and 20 species of non-lichen fungi are involved in
the biodegradation of Persepolis. The results are the estimative and provide the basis for more
detailed studies to monitor the factors involved in biodegradation, which is one of the necessities of
this World Heritage Site.

Keywords: XRD, Persepolis, Biodeterioration, Conservation and Restoration, World Cultural
Heritage, Critical points, Biodiversity.
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Fig.1: The map of Persepolis and its geographical location. 1) Main stairway; 2) The Gate of Nations; 3) Sepahian Street;

4) The Unfinished Gate; 5) 32-columned Hall; 6) Hall of a Hundred Columns; 7) Treasury; 8) Queen's palace (harem and
museum); 9) Palace 'D'; 10) Hadish Palace; 11) Palace 'H'; 12) Thatcher Palace; 13) Central Palace; 14) Apadana Palace.
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Fig 2: The View of biodegradation in different parts of Persepolis by plants. 1) The base of the column in the Treasury
Palace; 2) The entrance stairs; 3) The plants on the wall of the entrance stairs; 4) The northern area of the palace; H; 5)

The plants around Thatcher Palace; 6) Annual plants around the palace of Hundred Columns; 7) Moss of Dal Palace; 8)
Moss on the rocks of Apadana Palace.
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Fig 3: Images of macro-scale biological factors that play an important role in the biodeterioration of Persepolis: 1) The
presence of lizards in Persepolis; 2, 4-5, 7) The nesting of various insects on the surface of rocks; 3) The presence of birds

and their nesting activites among the rocks; 6) Human activities and their consequences; 8-9) The movement of snails on
the historic rock surfaces.
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Fig. 4: 1-2) View of the outer surfaces of biopits from the growth of Bagliettoa lichen; 3-5) The Scanning Electron
Microscopy (SEM) images of biopits; 6) The presence of plant pollen inside the biopits.

AP | 199 Gl g les gl 6 ot qouiiuis JLus


http://jra-tabriziau.ir/article-1-236-fa.html
http://dx.doi.org/10.29252/jra.6.1.175

[ DOI: 10.29252/jra.6.1.175 ]

Downloaded from jra-tabriziau.ir at 13:48 +0330 on Saturday March 6th 2021

. < . . e ; e . ak
slg2 il o SlaSiuw 30U pohu g g S SguS S S350 Jolge ilsue Uil / OlSes 9 2lig wg@b

§ elpdSgel e s Slas &l

013 ol (§yee g (9Suwg e Syilet e slag )b
odbodly S oliulojl , bl I (leges 48 wgus oo
2 Slaass Cowl sdalin B F-F polai & S5 50 4
| i gladisS 5 b i 53l abl ogad oyl
sl gillis S ) (S Bl zslas (59, 5l lag 8

LSS Y-Y

bz,6 . -Y

L as s (S92)S 90 Sidgyigpin ldgge lag )b
0l bdtlw S Bl 5l &S 2g3 Coww gl b)lgsd
3l g B Jits g ilod 4 o] bl oo wslis
oI55S B8 Ae e v gt ¢ lgilard ol & 1l
Lo 5 455 gshon oy 3 Togio 53,5 a |,
Ao U )L5 [36] 1ty b 399 el (sSemn
223 el plo jl snlete (2l )l b (it
Wl cp i pogad ool 33 g Mmoo JSi5 |,
S ohgl by 2l

29 bl J) S Bgad () pr9e08 o €55 len & yse il (glb 425k 5l 0adplonl cbeutS 4y bigyye yyslai 0 IS5

(¥ slodsonly cusS by 519,80 baslps (5 a8 a4 blo Jygo (slaaild Sy Wge (cadsS 90 slocsyiSh (¥ £ odio cutS bayme
CulS (0 folow slag B culled I iU gl (¥ fhiiud Cute p,5 (sla wS'sS )S0LS oS S | oaddngs (o9Swg,Suo (slads Ml
Gl iS5l ol (2B la guuiS biad il &S (690 ey ySuo pgaal (5 foluw (slaz BB b Silaiw yo slag )6 & bgyye

Fig 5: Images related to cultivations carried out in different parts of Persepolis World Heritage. 1) Culture sample of
bacteria in nutrient culture medium; 2) Mucoid bacteria producing pinkish-purple pigments cultured under
microaerophilic conditions; 3) Microscopic slides prepared from imaginary culture showing gram-positive cocci. 4)
Biopits Due to the activity of black fungi; 5) The culture related to meristematic fungi or black fungi; 6) Light microscope
image showing fungal conidia from culture.
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Fig 6: Pictuers 1-6) A close-up epilithic and endolithic lichens on the surface of the historic rock surfaces of Persepolis.
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