cadl G, B aladl sl=s¥) Al (AY* YY) YaxmdlY £ alaal)

Recevd at: 2022-08-15 Accebted at: 2022-09-28 Availabal online: 2022-11-27
A Al Jlaadl el (AL oyl 3 A e g3l Qi3 dpaas] Cilapy aladiil
The Use of zinc oxide nanoparticles for the inhibition the biodeterioration of
Archaeological lime stones

DA JlaS daaa s alall ae Jale saal
(ae) sl Arals /Y1 A4S dpae g HEY) ape i Sl (ae) LBT aresi Alasl
Mohamed Kamal. Khallaf Ahmed Adel Abd Elhalem Mousa
Professor, Dean of the Faculty of Archeology, archaeologist-restoration
Fayoum University. ahmedarchaeology2010@gmail.com
mkkOO@f:;loum.edu.eg (4 Q) Asd e
‘ M - X £
ST S0 ey eastsns Saally (slandl sl ae b Sl
(me) DAl daals oaslsi il 4 (seas) asail) dnals /LB AIS BV dilaay Ciga

Sameh Al-Tayer

Faculty of Nanotechnology - Cairo University .
drsameheltayer@yahoo.com

Abeer Fouad Elhagrassy
Leacture in mural painting restoration
department ,Faculty of Archaeology, Fayoum
University.
afa0l@fayoum.edu.eg

1 padlal)

dra A AAY) Appall landU el Calil) Jayin 8 Live il Sl 2l o alasin Al Gl gl
) Lasliire Lt ws B Al Jead P ) chul) e Glase Jie @ G cbulal Glaga
Aspergillus niger , Aspergillus flavus , Rhizopus stolonifer , Alternaria alternata , Aspergillus )
Bacillus cereus and Bacillus subtilis ) (wis (w0 Wi ) 4Lyl ¢(nidulans and Rhizopus oryzae
B g Y1 g jSaall aladinly Glasal) andy blese @lijll ausl Gilaa juiass & o Bacillus anthracis
22.32) e sk haugie ae oo S0 JSEN 335 @il Gilgaa o Copelal Ally (gl aaad) 3 Ly il aaa e ST
-(nm : 54.85 nm
Al pglals A1 dan) g Al Ayynlls Appladl) (uliaB g Sae el Tl 50 Al Gl s b LS
ab g Algaall Aagal) dal)l Gl ga Jayin e ((ppmYTa,YY) 5 (ppm1o,vA )€ il 2l Gl 3,08
a6l 58 pxe il casly gl GLb b aa e ey ool il sl Cilasn Gl 2y Y e Class
Laal il oas dysanl) daslid) 8 Daadl (Gl (e daphall oda sl g cdia e sail) e dlgpeall A28 Ll L)
) e LilasS Jelim Vs oY) (s
A Slaal) el ety hadll 64 i il Gl auST Gl fesSee all Lalill sAdal) cilalst)

Abstract:
The aim of this research is studying the effect of using Zinc Oxide nanoparticles to inhibit the
bio-deterioration of the archaeological limestones and applied the nanoparticles on the Temple of
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Hershaf, Ehanasia, Egypt. Swabs were isolated from the archaeological surfaces during the four
seasons and morphologically identified to (Aspergillus niger, Aspergillus flavus, Rhizopus
stoloniferna, Alternaria alterans and Rhizopus oryzae), in addition of (Bacillus cereus and Bacillus
subtilis, Bacillus anthracis) as genus of bacteria.

Zinc oxide particles were prepared in the laboratory and the particles were examined by
Transmission Electron Microscope (TEM) to confirm the size of the particles which showed that the
Zinc Oxide grains take hexagonal and spherical shapes with an average diameter of (22.32: 54.85
nm).

Hence, the antimicrobial activity of fungal and bacterial species isolated from archaeological
surfaces was studied. The study showed the ability of Zinc Oxide particles (with concentrations
615.38 (ppm) and (769.23ppm) to inhibit the growth rate of the isolated microorganisms. After two
months from applying Zinc oxide nanoparticles on the replica, swabs were taken and implanted
again in Petri dishes, and the results confirmed that none of the isolated microorganisms was able
to grow again.

This method is considered as one of the modern methods of biological treatments, and it is a safe
method for the conservators and the visitors and does not chemically interact with archaeological
stones.

Keywords: Antimicrobial activity- Nano Zinc oxide- Fungi- Bacteria- Archaeological stone.
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