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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 bacteria, 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 Hundtred 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.

5 3ybs i ool i ke BT ol Ll
J13] ol S p B e
09)5 Ja_.wy ‘L;‘-‘“’ L;LmM ) L;.)}w)ﬁ

vy | 1799 gl o lesJgl 6 o «pouiinds Jbus

2 by S oSt Cupe 5 cbili> 5 )l
Jeage gl pUls (b > S (Sdgwyd 9 (Sdjlen
a8l Canl 0 6ty SlolS (Fusb BT (585 o


http://dx.doi.org/10.29252/jra.6.1.175
https://dorl.net/dor/20.1001.1.24764647.1399.6.1.12.6
http://jra-tabriziau.ir/article-1-236-fa.html
http://dx.doi.org/10.29252/jra.6.1.175
https://dorl.net/dor/20.1001.1.24764647.1399.6.1.12.6
http://jra-tabriziau.ir/article-1-236-fa.html
http://dx.doi.org/10.29252/jra.6.1.175
https://dor.isc.ac/dor/20.1001.1.24764647.1399.6.1.12.6
https://jra-tabriziau.ir/article-1-236-fa.html

[ Downloaded from jra-tabriziau.ir on 2023-03-14% ]

[ DOR: 20.1001.1.24764647.1399.6.1.12.6 ]

[ DOI: 10.29252/jra.6.1.175]

lg2 il o SlaSiuw 3l pohu g s SSguS S S550 Jolge ilsuo Uil 7 0liSes g 2l g \_SMCJLM[,

e Olaalids Y-Y
sl b il (o opl ()0 e 5 Jlise Slaaliv
dcgamme ;0 Dlal Oyguody (2o YAV 40
2 00bans Sloadd &l p dpder c55 Sl Sl
sy ypmo [16-18] ol g abiind o L
L ()l ymasiged bl Sl laalia () JSC3)
SISdtuno gy jl o3latl b g (055 38 slasdy,
S SaJde Sy 90 b Syl ]
o290 9 DSC-HX1 MY (gla Joo ol yulw
oils 5l eslawl 90 HS £+ Canon PowerShot SX

AR (59

S35 5o S Chanlit Y
5 5a> 9 3925 ARSI (Sl (35 ol
2o g g Shgle daSiuls (b JS5) g )6
JLagl ol Sl 3 sigge J i bl
oS5 L 0 bl ol Jue (635 gy Sie g2 il
L AN i ly )99 @55y Sem 9l A
Sylgo (B pd b el (ly WO slaiS5
sdalio (gl yio duo i b3lley SdS Ul isy
O S )d GBSl 8,8 | @eSgySee pj

A5 10y 4 (505 conno]

95591 D9 g S Olaalin £-Y
9 P laSiw zohaw )3 lag Shgluw § oz
95 S Sen 3l da ] 3985 Bos (fine (o2
«Sw GE_..: )l &Luu 3_43 Sy ‘J_ul Ao oolas!
g Cuil y Sl dbge jl 2yl ane S | ewd
S S ol B3 ‘_g)jé]a.n.o oK szy U
Loy ooy dn o) U ey jl pogasee slaydg o)
ol Jolygbdny Clea dod )3 g Cuwd By S >
Lo diges ] Cund 45 o g Blo  daw b 0 03
SHe i3 (plagy (S9SN QgSwg Sue oS> bawgs
ulA)l_w =20 OK_MA)LO)T ER Yy (FE—SEM)

> ogds [8] )l (K e o (glog)S
g e (Sm) (Sdgu cge o (Jame Jalge
pas [14] a5yl <y yol cpl g 3 dlge (S ol
—olidpg— | 38> el lwlid 4y ang
5 baese o L] Joolss 890 5 s (slanygust
Al oo () (Sogep 105 3 ol oKly ()
Siasjy) SlaSinw 5 (bei B (sl (st L
ool Gian ks Jlo 5 95 Ll il @l oyl
Jelse e s9is ) Slase )35 dg cadllae ()
S0 o ) ) (S5 B s
o8a0 Byl paed CBan ol dudionr 59 Sl &l yo
2 delge ol £55 Lk ()St0ye (9,8 Ll 1 5o ale
AT 5 adior €55 Jla Sl (Siw sl i
bl g Jaly cge ) (8 Ol & iy

ol & Sy

L gy g g .Y

s 55 il iy )Y

Sl (kS 63 ol gl 50 3 r 250
5313 )8 Sl (s tnshS umis 3 Loy g cutnge
B s ol o W g i s sl o gl
2500 By b dw g Gy 065 p S dsgesro oyl
e G5 () S 3l )8 cudagpe B> (495
e od s S s (o o )] &S (S (5550
Ol il 0ubZ8ly il Cubag e cudd pdaw | YL
6lano Giliso gyl olul 1 Sl Slyso degares
83193 «539)9 (LS =l alie (slaludd o Lol )
LS g doo 18 LT 2 el (LS <o
(PP )25 EE (hadn 8 )l 2L (535 5
00 Sl o g I ZI 0jg0 b aSlo IS ¢plosl 5lg,0
) iy G5 Alo (Sl BT (S imen el
(o) 055 3 dpbor €55 (B Jloud (5 ploghsS s
I (o 5 Jlad (5 ptaghs” g 52) ekl 108
2 48 At Glubo g oliobe Gl BT o inte
J15,16] 25yls 5,8 aden cov  (Soo3

1199 il g lgseJal o loid iy Jw | 1VA


http://dx.doi.org/10.29252/jra.6.1.175
https://dorl.net/dor/20.1001.1.24764647.1399.6.1.12.6
http://jra-tabriziau.ir/article-1-236-fa.html
http://dx.doi.org/10.29252/jra.6.1.175
https://dorl.net/dor/20.1001.1.24764647.1399.6.1.12.6
http://jra-tabriziau.ir/article-1-236-fa.html
http://dx.doi.org/10.29252/jra.6.1.175
https://dor.isc.ac/dor/20.1001.1.24764647.1399.6.1.12.6
https://jra-tabriziau.ir/article-1-236-fa.html

[ Downloaded from jra-tabriziau.ir on 2023-03-14% ]

[ DOR: 20.1001.1.24764647.1399.6.1.12.6 ]

[ DOI: 10.29252/jra.6.1.175]

&R . .
= CJL‘LAL? R liwl s g jy solilad g5

2 odd gLl (o58ugSe Jolge Ngd oo (S0,
i g yiSlgils

=Y

obls N-Y

9,0 5 Hlals Wil L;ASJ ols 5l b bl
L Laly o (¥ Jsed) Laoss aile oigl pé olalS
e A 013438 gy bl (SU
LacShs b ool (Sjslen JSal & gl b
el Loy o izl o 5 (sleutn) (slaolSaumd
Epose 2 s Sl dlea il GlalS s S)ked
dys ] o slad 0 (ol claly Coge g cbilis
o Loaiy) ady aiile (58 sla sy, b g Gl
o3 sl Bl maw b (g sles! 4 byl 358
Sl 1y de) K> Gow jl g S9d e G |y G2t g
slod, S 3yl oo ol p oS )| sl g Ol 5
lp 1y 3layge I olge 35 (5 pgas ¥ JSC3) aLS
polyd Clydo b SO jelen Jslss plw Cis
5yLogd glatz o Jslse (l geoe & A o
) (S Og b B oloml 1503 (29,5 Jelse
55 Sl Sl Abgms alicubis 1 walys
3l slad o ol 688 by s & e
Ul ol g dbgma 3 alS anb Ad) 535 ol
Slas as slue claalin b g Cand ol ) (S
olals 0 wowl 458 )3 O e (Su,l ddais oyl
> 5 Pl S s 3 gl g g34]
i odn i |08 Fosgan byjled GBS Sy
(DY oglas ¥ JS3)

ol Y-
Ll (i (S3g0)8 Czmy 3 |y (oo Wi ()ygil>
(25 Y L se SO gl e (peld oy
L oY5ab goo | (80 o )lse 5 BN n &Y b
L;.)}_w)é [Sva—) c(u -y Jg_w) mej 3.))_4 .)l_,w>|

1va | 1799 gl g les gl 6 o «pouiinds Jbus

N8 adllaosyge (il (gmino 5 (ole sl Siagi:
MIRA2 TESCAN SEM jl oslizal | yyluss .1i29 5
Rt d)b).:);ya; 15.00kv )l.:J9 2

L o SL cuis .o-Y

b J gy slns 5L sy ol e
g g (LB) by bygd obpsSh S glalaome
2 SBoyigym slag Sl ad) cga | o) (gdse
)1 odla ! l_» l_bd_»w A eola ) css ja.._’x.a
5 B4 gileli heuwsn (gl bl (5l
oo yaumbsSSl din dw 5l o L0 03l S
89y y= 03D S L;Layuj9l§ yvec LSL"" 5 NAY
B o pdrge (Nisdgdyge laisl S sl laee
Lo 59l gjlwpalls | puamy clesyd 9 28,5
L) 95Sue Cumen oy polaiods S (55l S
W) fnlzdl giream 9 Jiw

2 3> (el )l gananb Y
s (539w 50

09, 93 A e dmmj (S3gwy8 )3 JBD () Jelse
W54 (3 0a b Lol lg S g baeudlS g Slo
albie bl e bolgs cnl (29,5 SUSE 5 (gaailo
S5 Jelse 88 &0 [3,6,7,1920] Lale
Waidion 59y 0l glwlid 9ySle b cudyd s
aile gl g sasl e 5 sasgl plals Jol
Mol i BA S5 g Lo et Laos iy
S0y JBil 5l slod S Chdo €S g S
5 LSS daSil> daig pShgilow donsySL aloa
Ll lg S dan 93 o Joli |, Lag )8
G 9 A5y (Foldte (So3leST (la S 03,55
ST e 5 Ty 5 cikiee (sl lucs slox


http://dx.doi.org/10.29252/jra.6.1.175
https://dorl.net/dor/20.1001.1.24764647.1399.6.1.12.6
http://jra-tabriziau.ir/article-1-236-fa.html
http://dx.doi.org/10.29252/jra.6.1.175
https://dorl.net/dor/20.1001.1.24764647.1399.6.1.12.6
http://jra-tabriziau.ir/article-1-236-fa.html
http://dx.doi.org/10.29252/jra.6.1.175
https://dor.isc.ac/dor/20.1001.1.24764647.1399.6.1.12.6
https://jra-tabriziau.ir/article-1-236-fa.html

[ Downloaded from jra-tabriziau.ir on 2023-02-1% ]

[ DOR: 20.1001.1.24764647.1399.6.1.12.6 ]

[ DOI: 10.29252/jra.6.1.175 ]

Y < > . . - < a L3 . o ‘m
lg2 il o SlaSiuw SRl pohu o i SSgu8 S S350 Jolge lsue Linl 7 pliSes g ol g wg@b

ohle op e JSiie | dutier €58 (o)l dbgxe
g LacSgelo jl (o g)S () 5usy By an Gl
g o Uy calise

Sinyge N dlge o] @Y 0ib S5 (ggu g o
725 095 L)l b ol )
L ohgle S o0 wal8 e Sils g lag )6 dans St
B Il s Lol oo > (i3 oy 9 S o
P b e adiie (lacied )3 (05)Sue Jelgs

B lagygins | (S5 & byrpe gt 4 () (GlalS bwg e 58 Gilisee (laisy )0 () (Sdged Jl les Y S

oblS (7 o0 28 GBlLbl Als (0 H I Jloss abgs (¥ 463959 (&b e (595 LS (¥ 4609)9 slaSh (Yo fg bl
BIsLT 218" dbgme (lacSiw (59 slaojs (A < &8 clamojs (V £ gim do 18 GlLbI dllucSs

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 vatious 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.
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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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Tablel: the presence of biological agants that are involved in the biodeteroration of Persepolis world heritage site, based

on the position and qualitative field observations.
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