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Abstract : Sultan Hassan Mosque is one of the most important mosques in Egypt and the
Islamic world because of its special architectural style. However, many causes of its limestone
deteriorations were found. Moreover, it is exposed to the influence of ground water caused by
sewage. Therefore, the study examines the environmental factors. Chemical analyses by X-ray
diffraction and X-ray fluorescence and scanning electron microscope were also conducted.
Microbial deterioration of limestone was studied on samples taken from Sultan Hassan
mosque, the Islamic monument located in Cairo, Egypt. Stone samples were collected by non-
destructive methods from outdoor and indoor of the mosque and were tested for inhabitance
by microflora (bacteria and fungi), outdoor and indoor airospora was also investigated. Gram
positive and Gram negative bacteria were isolated of which Baillus was dominant genus
recovered from all samples, where Aspergillus was the most prevalent among fungi. Only
Bacillus had shown the ability to dissolve calcium carbonate unlike other tested bacteria or
fungi. Fucidic acid concidered an accurate antibiotic against most bacterial isolates where
fluconazole was slightly more effective than sodium azide on fungi.
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Introduction
Archaeological history of Sultan Hassan mosque

The reign of the Mamluks in Egypt was characterized by massive architecture to construction['].
Mamluk sultans were interested in the construction of religious buildings with a distinctive architectural
style[’]. One of them is Sultan Hassan complex (1356-1361 A.D.) that has wonderful floral decorative
patterns[’] and is one of the greatest architectural installations in the Muslim world figure (1.c.) [**°.] The
mosque comprises four iwans[] surrounding an abolition fountain of a perfect design [?].

Field Observations and Deterioration Causes

Limestone was extensively used in the Egyptian buildings from the pharaonic period until now [*]. It
mainly consists of calcium carbonate. Because of its physical and chemical properties, it is susceptible to many
weathering factors, especially heat, humidity, and atmospheric pollutants. Also, it is characterized by high
porosity which allows the penetration of water, causing severe damage. Additionally, they contain many
microorganisms that stimulate damage growth. Accordingly, there is a need for urgent solutions, particularly to
the bacterial damage.
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Weathering processes of the limestone cause many changes to the mineral, physical, and chemical components
and in the size of its granules['°].Humidity, temperature, sunlight and ground water play a great role in the
limestone’s damage, especially salts which cause severe damage [*']. Furthermore, microbiological damage
causes a change in the stones and it is probably caused by environmental reasons. Thus, conditions of air
pollution and their ability to help the microbiological growth should be defined [ *] .Because of their exposure,
in urban environments, to many air pollutants, bacterial growth is stimulated, resulting in many acids that affect
limestone buildings[**]. The physical and mechanical abrasion and dissolution interact on the several stages of
the deposition cycle[**]. For example, crystalline salts cause pressure that harm stone construction [*].
Therefore, damage caused by salt migration should be documented to identify its causes and indicate the most
appropriate treatment methods [*°]. It is noted that pore space in the damaged area of the limestone depends on
the proportion of crystallized salts ['"]. Microorganisms’ deterioration of the archaeological stone was
extensively studied [*°].

Stone monuments with direct exposure to environmental conditions are affected not only by physical
and chemical weathering but also by biological activities of stone dwelling microorganisms[**]. This consortium
of heterogeneous microbial species causes physical alteration of the material structure by penetration of
bacterial and fungal hyphae and by differential mechanical pressure as a result of shrinking and swelling cycles
of the adhesive biofilms (figure 1. a & d), it also forms a pigmented biofilm that covers the sculpture and other
stone structures forming of thick black crusts figure (1. e & f) [©?#]. Chemical modification of the mineral
support by acidolytic and oxide or reductive corrosion processes generated by products of the microbial
metabolism [**? Jreported that mixed microbial populations exacerbate physical weathering of limestone. The
role of bacteria and fungi in the deterioration of stone have been studied by a considerable number of stone
investigations [*+%>% ].

Bacteria produce large amounts of exopolymer (EPS), the main constituents of EPS are polysaccharides
in addition to lipids, pigments, and proteins. The EPS serve as a reservoir for nutrient and energy storage for
bacteria. They also protect bacteria from desiccation, erosion, disinfectants and antibiotics. The EPS may also
play a major role in the deterioration of stone cultural heritage materials (figure 1.b &d) [*]. Because of
heterotrophic nature of fungi, they can transform inorganic metabolites to organic supports which they can
utilize by excretion of several metabolites such as inorganic and organic acids™.

The present work aimed to investigate the biological cause of biodeterioration of archeological
limestone of Sultan Hassan mosque in Cairo- Egypt and suggest proper methods of treatment.
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figure (1) a) A general view of Sultan Hassan Mosque’s entrance, b) Disintegration of the limestone
surface, c) Exfoliation of the hard crust on limestone surface, d & e) Black pigments on the limestone
surface as a result of microbial deterioration, e) Discoloring and salt efflorescence.
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Materials and methods

Nondestructive of the limestone samples were collected from the archaeological site (Sultan Hassan
Mosque in Cairo)

Petrographic Examination

Polarizing microscope units (LEV 100 POL) were used to the petrographic studies of the samples using
Nikon polarizing microscope.

X-ray Diffraction (XRD)

XRD Unit, Assuit University, Model PW 1710 control unit Philips, Anode Material Cu, 40 K.V, 30
M.A, 2 Cita from 4 to 60.

Chemical Composition by XRF

Identifying the chemical composition of all samples was carried out by X-ray fluorescence analysis
(XRF), JEOL JSX Element Analyzer with Energy Dispersive X-Ray Fluorescence system (EDXRF)- in the
Central Lab, South Valley University.

Scanning Electron Microscope (SEM)

JEOL JSM- 5500 LV Scanning Electron Microscope (JEOL, Japan), Central Lab, South Valley
University.

Estimation of airborne microorganisms

The exposed plate method was used to estimate the aerospora of Sultan Hassan mosque. Nutrient agar
and Czapek's (CZ) agar media were used for isolation of bacteria and fungi, respectively. The plates were
exposed for five minutes. Nutrient agar plates were incubated at 37 °C for 72 h while CZ plates were incubated
at 28 °C for 7 d. The developed colonies were counted in plates and the average number of colonies per three
plates was determined.

Isolation of micro-organisms from deteriorated limestone

A variety of non-invasive techniques were applied for isolation of micro-organisms from deteriorated
parts of limestone. These techniques were represented by

i- Cotton swabs: sterile and dry cotton swabs were rubbed on the surface of the deteriorated parts over an area
of 2cm?, under aseptic conditions, kept in sterile bag at 4°Cuntil used for inoculation as mentioned above®.

.ii-Small stone slices: naturally exfoliated stone slices from the monument surface were used as samples. 1- 3
mm sized particles were sprinkled onto the agar.

iii- Adhesive tape method: [%], an adhesive tape strip was pressed firmly over the surface of compact
alterations. The tape was affixed onto a sterile glass slide and was stored in the dark at 4°C until observation.
For light microscopy, sections approximately 1x1cm were cut from adhesive tape samples.

Identification of microbial isolates

The bacterial isolates were tentatively identified on the basis of classification schemes published in
Bergey’s Manual of Systematic Bacteriology[*’]. Identification of fungal isolates was performed according to
Raper[*'] and Gilman[*].

Screening for calcium carbonate- dissolving microorganisms

Bacterial isolates were tested for calcium carbonate dissolution by growing colonies on Deveze- Bruni
medium, the constituents (g L’l): glucose, 5 g; yeast extract, 1 g; peptone, 1 g; K;HPO,, 0.5 g; MgSO,, 0.01 g,
NaCl, 5 g; NH4(SO,),, 0.05 g; MgCl,, CaCOs; 5g and 1.5% agar), incubated at 37 °C for 7 days [*]. Fungal
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isolates were grown on modified Czapek's (CZ) agar medium in which glucose is replaced by CaCOj3, incubated
at 28 °C for 14 days. Bacteria and/or fungi that dissolve CaCO3 can be distinguished due to the apparent halo of
a clear zone around the colony.

Treatment with antimicrobial agents

The most dominant bacterial isolates were treated by 10 different antibiotics (polymixin 300 UI,
rifampin 5Spg, amoxicillin 20/10pg, penicillin 6pg, gentamicin 10pg, tobramycin 10pg, cefoxitin 30pg, fucidic
acid 10pg, chloramphenicol 30pg and nalidixic 30ug acid). Agar disk-diffusion method was used[*]. The most
dominant fungal isolates were treated with different concentrations (25, 50, 75, 100, 150 and 200) ug of sodium
azide and floconazole as fungicidal agents using the agar well diffusion method [**].

Results
Petrographic Investigation

Study of the thin sections under the polarizing microscope, shown in fig. ( 2. a, b, ¢ & d), illustrated
that limestone grains contain fossils or skeleton fragment of the fossils of foraminifera, specially Nummulites
composed of calcite. The Dolomites occur as a filling for cracks or dissolved wholes with some trace of
gypsum. In addition, Sparite calcite occurs in the internal voids of fossils. Micritic calcite is the main mineral
composition.

Figure (2 ) Sparite calcite (S C) in the internal structure after the dissolving of the original materials due
to diagenesis; N = Nummulites, M C = Micertic Calcite, C= Calcite.

XRD Analysis

XRD patterns shown in figures. (3. a, b& c) of the samples illustrated that their main minerals are
Calcite, quartz, gypsum, and halite. The percent of calcite is larger than quartz with some traces of gypsum and
halite.
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Figure 3(a, b& c) X-ray diffraction of limestone from Sultan Hassan Mosque
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XRF Analysis

The chemical analysis of the limestone revealed that there was a decrease in the percent of SiO, (0.53-
0.51- 0.50), Al,0O; (0.14-0.06- 0.18), and MgO (0.11- 0.12- 0.11), respectively and an increase in the percent
of CaO (56.46- 56.42- 56.32), SO; (0.14- 0.13- 0.16), P205 (0.07- 0.05- 0.08) and Fe,0O; (0.05- 0.04- 0.02)
table (1), respectively. Gypsum was formed when calcium carbonate reacted with sulfur dioxide.

Table (1) XRF results of the limestone’s samples

Main Constituents | Sultan Hassan Sultan Hassan Sultan Hassan
Wit% Mosque  limestone | Mosque Mosque
(a) limestone limestone (c)
(b)
SiO, 0.59 0.56 0.57
TiO, 0.02 0.04 0.05
Al,O; 0.13 0.12 0.15
Fe,0; tot. 0.06 0.05 0.08
MgO 0.12 0.13 0.10
CaO 54.28 54.33 54.41
Na,O 0.45 0.43 0.47
K,0 0.04 0.05 0.06
P,Os 0.06 0.07 0.04
SO3 0.12 0.13 0.16
Cl 0.35 0.34 0.38
LOI 43.74 43.71 43.49
MnO 0.018 0.017 0.017
NiO 0.004 0.004 0.005
SrO 0.015 0.016 0.015

Scanning Electron Microscope (SEM)

a b c d

Figures (4) a) Limestone with some micropores and phenocrystals, b) Lim-mud facies, salt cover the
limestone components and micro pores, ¢) Fractural developed and substitution of carbonates by
gypsum, d) micropores and damage in the internal structure of the limestone

Estimation of airborne microorganisms

Five airborne bacterial genera (Bacillus, Micrococcus, Staphylococcus aureus, Streptomyces sp. and
Pseudomonas aerugenosa) were recovered from out and indoor of the Sultan Hassan mosque. Results in table
(2) reveal that Bacillus was the most common genus comprising (25 and 28) % of total bacteria from outdoors
and indoors, respectively. It was represented by four species of which Bacillus cereus was the most frequent
comprising (10 and 18) % of total bacteria from outdoors and indoors, respectively. Gram negative bacteria
were of low occurrence and were represented by Pseudomonas aerugenosa comprising 1% of total bacteria
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from both outdoors and indoors. On the other hand, thirteen airborne fungal species belonging to seven genera
were isolated. Aspergillusniger was the most prevalent, comprising (22.29 and 39.82) % of total fungi from
outdoors and indoors, respectively. Alternariaalternata was of moderate occurrence comprising (6.67 and
4.4)% of total fungi from outdoors and indoors, respectively. The remaining genera were less frequent than the
preceding ones. Colonies without visible sporulation within 14 days of incubation were considered as sterile
mycelia.

Table (2): Percentage frequency of airborne microorganisms isolated from outdoor and indoor of Sultan
Hassan mosque.

. Frequency %
Genera and species Outdoor T 1ndoor

Bacteria
Bacillus cerius 10 18
B. subtilis 5 6.5
B. megatherium 8 2.5
B. circulans 2 1
Micrococcus luteus 10 15
M. ruseus 4 1
Staphylococcus aureus 2.5 1
Streptomyces sp. 1 1.5
Pseudomonas aerugenosa 1 1
Fungi
AspergillusnigerTiegh 13.3 22.2
A. flavus Link 8.89 8.89
A. glaucus Link 0 2.2
A. nidulans (Eidam) G. Winter 0 2.2
A. sydowii (Bainier&Sartory) Thom and Church 0 2.2
A. fumigatusFresen 0 2.2
Penicilliumchrysogenum Thom 2.2 0
P. coylophilumDiercKX 2.2 2.2
Alternariaalternata (Fr) Keissl 6.67 4.4
Cladosporiumcladosporoids (Frsen) G. A. de
\ries 2.2 0
Ulocladiumcharatum (preuss) E. G. Simmons 2.2 2.2
Drecshslerasp. 2.2 0
Humicola sp. 0 2.2
Sterile mycellia 4.4 4.4

Isolation of microorganisms from deteriorated limestone

i- Cotton swabs: According to data in table (3), eight species belonging to four bacterial genera were recovered
from samples collected from outdoor of Al- Sultan Hassan mosque. The genus Bacillus showed maximum
frequency, it was represented by four species, B. cereus, B. subtilis, B. megatherium and B.circulans. Table (2)
also shows that eight species belonging to four fungal genera were recovered from outdoor of which Aspergillus
was the most common genus comprising (25.6 and 28.64) % of total fungi from outdoors and indoors,
respectively. Zygomycetes represented by Syncephalastrumrhizopi were emerged from indoor samples
comprising 3.6% of the total fungi.
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Table (3): Percentage frequency of microorganisms recovered from outdoor and indoor of Sultan Hassan
mosque using swab method.

. Frequency %
Genera and species Outdoor 1 Indoor

Bacteria
Bacillus cereus 17.78 20.83
B. subtilis 2.2 4.4
B. megatherium 2.2 2.2
B. circulans 2.2 0
Micrococcus luteus 0 2.2
M. ruseus 2.2 2.2
Staphylococcus aureus 2.2 0
Pseudomonas aerugenosa 20.83 20
Fungi
AspergillusnigerTiegh 14.3 7.14
A. flavus Link 10.7 10.7
A. glaucus Link 3.6 3.6
A. terreus 0 3.6
A. sydowii (Bainier&Sartory) Thom and Church 3.6 3.6
Penicilliumchrysogenum Thom 7.14 3.6
P. coylophilumDiercKX 3.6 0
P. duclauxiDelacr 0 3.6
SyncephalustrumrhizopiVuill 0 3.6
Alternariaalternata (Fr) Keissl 0 3.6
Cladosporiumcladosporoids (Frsen) G. A. de
\ries 3.6 0
Ulocladiumcharatum (preuss) E. G. Simmons 0 7.14
Humicola sp. 3.6 0
Sterile mecellia 3.6 0

ii-Small stone slices: Data in figure (5a) show dominance of Gram positive bacteria represented by Bacillus
and Micrococcus comprising 92.69 %of the total recovered bacteria. On the other hand, only Aspergillus was
recovered from deteriorated stone slices of Sultan Hassan mosque. It was represented by A. flavus, A.sydowii
and A. niger, comprising (40, 40 and 20) % of total fungi, respectively (figure 5b).

H Bacillus cereus 769
m Aspergillus.
H B. circulans niger
R A. flavus
& Micrococcus
ruseus A. sydowii
B Pseudomonas
gerugenosa
(a) (b)

Figure (5): Percentage frequency of bacteria (a) and fungi (b) recovered from deteriorated limestone of
Sultan Hassan mosque
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ili- Adhesive tape: Light micrographs figure (6) shows different fungal conidia revealed from outdoor and
indoor samples which were tentatively identified as Alternaria,Drecshslera, Cladosporiumand Ulocladium.

T
et LT 57

Figure (6): Fungal conidia growing on walls of Sultan Hassan mosque, Alternaria (a), Drecshslera (b),
Cladosporium(c) and Ulocladium (d), collected using adhesive tape method.

Screening for calcium carbonate- dissolving microorganisms

Figure (7) shows of carbonate- dissolving bacteria recovered from Sultan Hassan mosque by different
technique. Three strains of Bacillus cereus (1), (3) and (5) isolated from stone, air and walls (using swab),
respectively. Two strains of B. subtilis (4), (6) were recovered from walls using swab method. B. circulans was
isolated from stones. None of the fungal isolates were found to be carbonate- dissolving.
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Figure (7): Zone of clearance of carbonate- dissolving Bacillus cereus (1), (3), (5); B. circulans (2) and B.
subtilis (4), (6), on DB medium.

Treatment with antimicrobial agents:

Table (4) summarizes the results of using ten antibiotics on six bacterial strains from the infected
limestone. Penicillin had no effect on any of the tested bacterial strains, where fucidic acid was the most
effective. Noticeably, Gram positive bacteria were more susceptible than Gram negative bacteria.

Table (4): Bacterial susceptibility for different antibiotics:

Bacterial strains
Diameter (mm) of zone of inhibition
2121, o |B |3
- - - o _Q
Antibiotics S 3 § § § S g
0 n | S o S € c
> > o O | >wn|O o
= | = |23/ 2325382
S| 5 |sz2s8 gtz
m | m |[S3S2|H 348
Polymixin 300 Ul 10 | 14 - - 12 | 10
Rifampin 5ug 14 | 18 - 15 | 29 | 24
Amoxycillin 2010 p 15 | 17 - - 15 | 15
Penicillin 6 g - - - - - -
Gentamicin ug 19 | 22 | 27 | 16 - -
Tobramycin 10 ug 12 | 17 | 20 | 15 | 16 | 17
Cefoxitin 30 ug 12 6 - - - -
Fucidic acid 10 pg 25 | 21 | 12 | 26 | 19 | 30
Sgloramphenlcol 30 1161111161 - | 19
Nalidixic acid 30 g 22 - - 15 | 11 | 15

Results in Table (5) show the effect of two antifungal compounds: sodium azide and floconazole. At
concentration of 25 pugm, sodium azide had no effect on fungal growth except for Syncephalustrum sp.pgm.
Growth of Penicilliumcoylophilum was inhibited at 150 pgm. Therefore, All tested isolates were inhibited at
concentration of 200 pugm. Inhibition zones ranged between (6-25) mm. Treatment with fluconazole inhibited
conidial growth of all the tested fungi where mycelial growth only developed. Inhibition zones ranged between
(6-20) mm. Alternariaalternatawas susceptible to all applied concentrations (25- 200) mg.
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Table (5): Effect of antifungal compounds on fungal species isolated from Sultan Hassan mosque

Diameter (mm) of zone of inhibition
. Floconazole Sodium azide
Genera and species .
Concentrations (ugm)

25 50 100 150 200 |25 50 100 150 200
AspergillusnigerTiegh - - - - 6 | - | - 6 7 8
A. flavus Link -| -] 6 7 20 - |7 | 8 |13 ]| 20
Penicilliumchrysogenum Thom - - - 9 | 15| - |12 13 | 13 | 16
P. corylophilumDiercKX - - 6 8 | 13 | - | - - - 6
SyncephalustrumrhizopiVuill - | -124 15|19 |9 |11| 16 | 17 | 25
Alternariaalternata(Fr) Keissl 68| 9 | 12|15 | -|6]| 6 7 | 13
Cladosporiumcladosporoids(Frsen) G. A. de Vries 8 | 15|20 | -|6| 8 | 12| 15
Ulocladiumcharatum (preuss) E. G. Simmons - | - 6 8 9 | - 7 7 8

Discussion

XRD analysis and studies of the thin sections under the polarizing microscope illustrated that the
limestone was subjected to several decay processes such as a dissolution of the original materials in the internal
structure of fossils that were replaced with sparite calcite in the presence of dolomite due to the dolomitization
process in which surface or underground water contained high concentration of Mg, causing the alteration of
calcite into dolomite. However, the presences of gypsum indicated that the stone subjected to cycles of dry and
wet affected stability. XRF results showed that the stone was mainly composed of CaCO3; with CaO (54.28 -
54.41%). Additionally, P,Os existed due to the skeleton fossils fragment and some bones. Presences of So3
indicated the presence of gypsum. Hence, the stone was susceptible to several processes of diagenesis and
climate change.

Weathering in Sultan Hassan Mosque is manifested in the scaling, corrosion, color change, loss of some
stone parts, and salt. Where peeling in the different limestone parts, some thin surface layers began to separate
as a result of a change in the chemical or physical composition. Color change as a result of the growth of micro-
organisms. Due to damage of the biodiversity, limestone’s grains lose coherence. Furthermore, dirt on the
limestone surface appears as dust and clay granules working on color change. Ground water also has a
significant effect on the limestone because of the absence of a good sewage network in the study area. Salt
weathering is one of the most important causes of the limestone’s deterioration because of the efflorescence of
salts, forming a salt crust, and color change. Examining the damaged samples illustrated the presence of high
porosity and the high percentage of clay material with iron oxides and gypsum. In addition, examining the
geological section showed the presence of decomposition in the surface layer which absorbs the clay minerals
in limestone allowing water spillover of the crystal mud *, because when it absorbs water, it expands resulting
in internal micro-cracks. As a result of changes in temperature and humidity caused by the migration of soluble
salts from ground water internal micro cracks constantly cause segmentation of stone [*'].

SEM examination illustrated that mud covered granules calcite and that many pores appeared and
separate granules in the form of fine clay granules. Also, it showed that there were some micro pores resulting
from granules calcite’s damage enriched by the solvent causing loss of coherence. Salt crystallization caused
the growth of granulated gypsum and limestone superficial damage. It is proved that halite spread in the
Egyptian soil and that gypsum refers to the presence of ion sulfur as a result of the microbiological activity or
air pollution. Additionally, damage rates increase caused by the successive cycles of drought and wetness[ *].

Table (1) shows that there is a difference in the proportions of actress forms of damage elements, as
follows (Si, Al, Fe, and S), and that they commensurate with the basic element of the construction material (i.e.
Ca). Their ratios refer to the mechanical deterioration affecting the surface of the stone, caused by various
factors that classify deterioration into three stages, as follows:

The elements were rated, as follows: Fe,Oz; (0.06%), Al,O3 (0.13%) and SiO, (0.59%). They were
compared to the basic element, i.e. CaO (54.28%) table (1). Such ratios were caused by the effects of dirt, dust,
and a few aerosols, resulting from industry and air pollution.
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(@) The ratios of elements differed, as follows: Na,O (0.43%), SiO, (0.56%), SO; (0.13%), Cl (0.34%), K,O
(0.05%), and Fe,03 (0.05%) compared to the basic element, i.e. CaO (54.33%) and others (i.e. Na, K, and
Cl). However, (Al) disappears by the dirt and dust figure (). These differences may be caused by wetness
and drought cycles because of the operations between air temperature and changing sources of moisture,
such as ground water, sewage, and relative humidity.

(b) The observed effect of deterioration outlined the factors through the different values of the elements,
reflecting the fluorescence of some salts, such as: CI (0.38%), SO; (0.16%), SiO, (0.57%), Al,O3 (0.15%),
Na,O (0.47%), Fe,O3 (0.08%), and K,O (0.06%) compared to the key element, i.e. CaO (54.41%) table (1).

Many XRD results were obtained that match those of XRF, in terms of outputs weathering affecting the
guantity and quality of the limestone figure (3. a, b& c). It is also noted that calcite is the main component of
limestone used as a building material.

Weathering of lime stones in monuments is not only a result of physic-chemical processes but also
microbial deterioration is involved. The majority of microbial spores of indoor environments are derived from
outdoor environments where they can be carried into monument buildings by air movement or by visitors.
Slight increase was recognized in microbial counts of indoor than those of outdoor of Sultan Hassan mosque,
this could be due to higher humidity. These findings come in agreement with Ammar[**] who proved that the
highest numbers of fungal spores inside Khofo pyramid may be attributed to the high number of visitors.
Similarly,[*"] illustrated that microbial population numbers indoors can equal or exceed the numbers found
outdoors in common soil. Bacillus followed by Micrococcus were the most frequent genera among airborne
bacteria revealed from Sultan Hassan mosque, where Gram- negative bacteria were less frequent, the results of
present study is in correspondence with Awad[*] who found that Bacillus and Micrococci were the major
components of Gram-positive bacteria isolated from aerosols in a four-storey flourmill building located in Giza,
Egypt, while Gram- negative bacteria were found in low numbers.

Maximum percentage frequency reported forAspergillusamong airborne fungi, while minimum
percentage frequency reported for AlternariaCladosporium, Penicillium, Ulocladium, Humicola and
Drecshslera.

Urzi[42] recorded that Aspergillus, Penicillium, Alternaria, Ulocladium,Cladosporium, aureobasidium,
Fusarium, and Pomaare most common isolates of terrace of Missina Museum at Sicily, Italy. Similar results
were reported by Gupta[*], Kavita[*]and Shelton [*].

Airborne spores and cells may be deposited onto the wall surfaces by gravitational settling or carried by
the wind or by visitors[*].Most stone inhabiting heterotrophic microorganisms need very low nutrient
requirements which may be provided by remains of polluted air or animal remains and secretion [*'].

High stone porosity and rough surface which are significant contributory factors in promoting microbial
colonization[*®]. Bacterial species of Bacillus, Micrococcus, Pseudomonas and Staphylococcus were recovered
from deteriorated walls of Sultan Hassan mosque. Similar results were demonstrated by Ciferri[*]Jwho isolated
species of Pseudomonas, Arthrobacter, and Streptomyces from deteriorated wall paintings. On the other hand,
Pepe[*] illustrated that two bacterial genera, Bacillus and Paenibacillus, were found in wall paintings in
various churches in Italy.

Comparable investigations were established by Schabereiter-Gurtner[*'];Pifiar[*’]; Rélleke[>*].

Present study depicts that Aspergillus spp. was the most pridomenant throughout swab samples.
Comparable results were reported by Abdelhafez[*® ], who isolated Aspergillus, Penicillium, Fusarium,
Rhizopus, Acremonium, Stachybotrys, Cladosporium andAlternaria from deteriorated archeological marble in
Mohamed Ali palace, EI-Ghory Mosque and Mosque of EI-Kady Abdel- Baset in Cairo, Egypt. Isolated fungal
genera such as Alternaria, Ulocladium,Cladosporium and Humicola contain melanin pigments causing color
change of lime stone, they form small colonies and mycelia in the cracks and between gypsum crystals causing
superficial peeling of stone. These findings come in agreement with Frank- Kamentskaya [**] who reported that
Aureobasidium pullulans, Cladosporium sphaerospermum were colonizing in decaying marble and limestone
monuments in Saint Petersburg, Russia, in all stages of the black crust development. On the other hand, De la
Rosa-Garcia [*] found fungi isolated from degraded stone surfaces at the ancient Mayan site of Uxmal,
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Yucatan, Mexico belonged to the genera: Aureobasidium, Cunninghamella, Fusarium, Paecilomyces and
Penicillium. Comparable results were is tablished by other invistigators (Urzi [*°] ; Hirsch [*']; Gaylarde [*®]).

Vegetative forms of Alternaria, Drecshslera, Cladosporium and Ulocladium were collected using
adhesive tape method. Their ability to survive prolonged and extreme dryness is characteristic of such cells
which colonizing walls exposed to the sever environment. They also produce dark pigments to which provde
protection against uv, which also result in wall pigmentation.Gaylarde and Gaylarde[**] &[*] reported that
Gloeocapsa, Synechocystis, Cladosporium and Aureobasidium were the major microbial genera collected from
biofilms on buildings of historic interest in Latin America. Similar findings were detected by Sterflinger and
Krumbein [*].

Limestones are often extremely porous which provides an optimum environment for microorganisms
beneath the stone surface. Endolithic bacteria as well as fungi were recovered from Sultan Hassan deteriorated
limestone during this investigation.

Endolithic microorganisms have been isolated from unusual or extreme environments such as deserts,
caves and the deep subsurface [*], [**]&[*].

Since CaCO; is the main mineral constituent of limestone, it was expected that the carbonate-dissolving
bacteria may be keystone species in limestone weathering. In the present investigation, such species were
isolated. All carbonate-dissolving recovered belonged to the genus Bacillus. It was remarkable that the strain
with the highest ability to dissolve carbonate was endolithic which supports its role in increasing stone porosity
and weathering. This agrees with Subrahmaniyam [33] who isolated carbonate-dissolving bacteria were
affiliated to families (Bacillaceae and Staphylococcaceae) and Actinobacteria from ‘Miliolite’, a bioclastic
limestone, from Gopnath, Gujarat, Western India. Li [®] and Li [*] illustrated the involvement of Bacillus sp.
in carbonate dissolution. Fungi isolated during this work were incapable of dissolving CaCOg, such result
disagree with Li [*"] who reported that fungi played an important role in carbonate-dissolving of limestone.

Sodium azide had mycocidal effect against all tested fungi with different concentrations (25 up to 200)
pgm. Similar results were reported by Abdelhafez [18] who concluded that 100 ppm of sodium azide was the
best treatment to stop the growth of fungal species belong to Aspergillus, penicillium, Acremonium,
Fusariu,Rhizopus, Cladosporium,Alternaria and Stachybotrys isolated fromdeteriorated archeological
marbletaken from defferent locations in Cairo, Egypt. Also, sodium azide was applied annually to pine nursery
beds as an effective fungicide [*®*]. Moreover, Kumi [*] reported that sodium azide treatment significantly
reduced both fungi and bacterial populations of plots located at the George Washington Carver Agricultural
Experimental Station (GWCAES), Tuskegee University, Tuskegee, Alabama.All tested fungi were susceptible
to different concentrations of fluconazole. These findings come in agreement with Patel [°] who reported high
sensitivity of ocular fungi to fluconazole amphotericine B and ketoconazole.On the other hand, Mikami ["*]
illustrated that fluconazole, miconazole and itraconazole were effective against Aspergillus fumigatus, Candida
albicans and Cryptococcus neoformans grown on different media.

Conclusions

Investigations of Sultan Hassan Mosque were conducted in the bacteria and fungi of the limestone ["4].
Laser can be used to removing the surface layers of soot deposited on the surface of the stone ["*]. Additionally,
Acrylic polymers were used to preserve the archeological buildings made of sandstone and limestone because
of their ability to form a protective layer on the surface of the stones treated [*]. Such treatment can be applied
to reduce the degree of fragility of stone exhibition deteriorated by the modifying properties [*°]. Therefore, the
design of conservation treatment should include regeneration of these properties so that the stone be able to
exist environment ["°]. The results obtained in this study also highlight that microorganisms (bacteria and fungi)
were involved in lime stone deterioration. Damage is caused due to penetration of bacterial and fungal mycelia
resulting in increasing the porosity of stone as well as forming of thick crusts. Melanin- producing fungi
(Alternaria, Ulocladium, Cladosporium, Humicola) are main factors of stone pigmentation. Also, calcium
carbonate- dissolving Bacillus strains enhance limestone weathering. Application of antimicrobial agents such
as fucidic acid and fluconazole may limit the microbial growth and therefore reduce stone deterioration.
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