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Legal protection for Sudanese cultural heritage in accordance
with national and international legislation

Dr. Amani Nour eldaim Mohamed
Dr. Elsadig Ahmed Mohamed Mofarih
Abstract

The paper maintains by the cultural heritage of Sudan. It is one
of the identification tools used when talking about the contribution of a
nation to human history. therefore, countries have taken many tools for
protection according to which they can safeguarding their cultural her-
itage as a non-renewable resource., the nation loses an inherent compo-
nent of its identity and cultural heritage. Necessary to develop many of
the protection mechanisms, but the legal aspect represented by legisla-
tion and laws remains the main tools of protection mechanisms that
ensure the safeguarding of its cultural and cultural values. Sudan was
one of the developed countries in establishing an administration con-
cerned with the cultural heritage management, and that was in 1902,
followed by the development of the first antiquities law in Sudan in
1905 and remained in force until 1952, and then amended in 1999 by
the antiquities protection law in an attempt to safeguarding and protec-
tion for antiquities in order to remain a witness to the civilization of this
people Since the cultural heritage of any country is considered part of
the universal human cultural heritage, it is necessary to take into con-
sideration the international legislation, conventions and laws developed
by international bodies and organizations in order to preserve for man-
kind its civilized and cultural memory due to what happened after the
Second World War and the destruction that accompanied cultural sites
and objects in many countries.
Key words: Cultural heritage .safeguarding , conventions, Laws and legislation
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Protecting cultural heritage in Morocco Interaction between
international agreements and national legislation to preserve the
cultural identity
A. Hakima Abdul Rahman bin Al Arabi
Abstracts:

Heritage includes both tangible (real estate, furniture, artifacts, ar-
chival materials, and documents) and intangible (linguistic, geographi-
cal names, scientific, audiovisual, in addition to many elements of liv-
ing heritage). This irreplaceable heritage serves as a fundamental
testament to human activities in the past.This article reviews the nation-
al legislations enacted to protect heritage as well as the international
agreements established in this context. The aim is to emphasize the ne-
cessity of enhancing cooperation among countries, authorities, and civ-
il society to preserve and promote this heritage. This will enable schol-
ars and researchers to study and interpret it in order to enhance its value
for future generations.

Keywords: Cultural heritage, Morocco, decree, regulation, law, char-
ter, international agreements, protection, promotion.
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Flotation method for extracting plant samples from archaeological sites
A.Mokhtar Maalialdeen Mokhtar
Abstract :

‘Due to the importance of archaeobotany as one of the main
sciences supporting archaeology, the remains of plant seeds found in
archaeological sites are collected, analysed and interpreted. These seeds
explain the interactions between humans and plants and provide essen-
tial information about the palaeoenvironment, climate patterns and how
plants were cultivated, harvested, prepared and stored. Systematic sci-
entific laboratory methods have been developed to ensure accurate
monitoring of archaeological sites. One of the most important methods
is water flotation. This method focusses on separating the plants re-
mains from the soil.

Keywords: Archaeobotany, archaeology, methods, water flotation,
plant remains.

: doudd|
0 391 @8Ikl & Al Lla) dulyds patsn @il edsll 4l ol LT o le G, 28
Lolad) odgly .40 391 @ 3lskl & Ladde stsll 5S¢ 01 datdl ISVl ooal (a Buoly o
I LA & a9 Mirocremians © B, =39 no g0 Lo Lyt SV 0 ousll 450

02025 jlia - 41446 La) - (g9=1llg aalgll aaell- digiuw g_uoo_‘nﬁm.olcroﬂ.a.llobo



apiillgalgall po il ilisall plsinsdl pugaillady b

Dby Layes pLall Ggro Jio Lyte aaSd ygoe I glasds 85, oxbl el Lawsy 0-SeY
293 Jte 80, sl Lgosy 0See 0l LA) el (a9 Macroremins 8,8l Llad! Layl
Liusbly sladVl coSy3 dole] G Leslsdl gaace Sl Lladl odn aeludy Lapeyg Lguslly
L8ymn Lgle (s 5Sg g (o2LLl § AUl Oolysl] 039 dwlys s dslwy &LIISy dgudll
Ce o oy id) Bleodl e SLLAI 535 d8,ma9 5401 el § 8BSl ClS ) OLL glgl
ST 0wz - sladly dgyll Gugilally slgadly (adasdl) 5539015 el § Lazs ool wlly pluscudl
Comy e-odlly Cdilly Gidlly Cgmmdly s9dadl o B g Blskl § e ged SLLAT Olalse
LLE! s glsY) odm e Blaol) 3, bl 3T g0 Cagdoatlly olibly medidls oomitl] yimyg LA
Basly o Jshe JSio dss) Osz la-280 I (1865) gl duslyd ,SIL suedly ¢ A3l
sl e By Bl Lyds Hoie) 03 0Ll 8ys-nsn H3dy o Bls Slawhyall pu 3l s
Sl e s5-2S G pmagmtll iy 85L159 s9-bas gss g ¢ ;i) Eaod g yenenl
Laalyd o1,k S5kl 3 ALl 8oLy 31 s Lo oy 391 Ll o) Cpasdl Skl b 4y 3V
e odd| o2le

O Cligs IS e 40 3V ghadlly OULAI L Soleiw pusiws dlose 4ol 50
GUL) sg-dhaid L A8LS (o J3I OLI A3LS oY ISy olbl plusci s el gtyg doy )
LA e GBI Jead e gogmill desy dldag (eI I

IS 39 do ) (s doygaasll LA Joad §-dos g0 pgsdll dlasd ol Bugll O
o S diuslos oo Lodisg 5 31 gislsial 5-Sg -l ALl dls b Blaig deS (30 oS
Jeedoxtl] sy oo ecaly ) s 3 Abbgioell &Ll Slg bl LS 2rnz B3lsiuly pmygmdl] proy
Jeosll & ssad) Sy 92l Joszs Sl dblagy Sligsll ddlsn Asgw O] L) USes oS
BSOS Syl dilgasdls L) LLa) dolaiwl J5luws 3l 55l & dsllb) 5Se V. lacl
S gl phasi o) 3] U O L oo e 1)l Ogadly JUB LS )09 o ls e
(Watson 1976:79) ¢, -8 Le diumg dball OIS OULI 8okl § )95 dulis O [pog=il]
: dda ol s

G pall bls dossiw] Loais 1905 oLl JI oo gl dlas) Hs-iiin plisciw] padl dssy
1968 plsll 33 « gl Ul Csdall e OLSLAI Lyl ol wd Ludwig Wittmack  GLAYI
pasiwl giJ) Stuart Struever i doxcs )Y ode § pgmil Sladl gwlgll plas ] O
Ll § dxall Jeass T sl sk o3 « Hugh Cutler Ll ple Sluogs Jos sl dil
0y J9Y Ay hall (3 03 LS « J5-0UY) § (nm850 § landixiwd David French dhaulsy 1969
e=9=dl s, 3 Hans Helbaek daulgy 1969 ple (igS s m850 § Lowl 0yt Wi §
- OLsdl § il b agS § 80 JoY LIV Buslung
: @Eodd] Alaa

¢ @2LLl o8 & Basluall dpsll) &IV gaz 5o U5V L) dewle) Blaall aol o
Losos 7SVIs 5 SYN & 31 LE Lalyd 500 5ot 5550 Ay BY) Sl yandl 3 Léls doxid

02025 jilia - n 1446 Loy - (g=uydllg aalgll aaell-digiuw gjopéaﬁoml.cro)la.llobp




Jlizo puall plleo jlizo ]

Spall LU Jlosiy dwlydy gazs eooxd] gro—us « dowdlsll sy Syall o 3V LRI, 59
idole gugmll s (s meiiul 5Sg ) Slsbl 0is gal gng « domslg)l yts

delll) 53T sgabas Il A5L sl

3555 5l sabs 3 ol pllaeg plaslS luz Spkall dilsdl LlaJl

sy Llaidly &)yasdlS & yead] Slgall

dsamll Olyagmll @by ,adly exsdl Jie 655l olis

s & 3V Slghl Bsleiul Jolye

:d3Y) bladl § & 391 olsbl 3olatul dolies Gllas pasls oSe

L3V Cesly I gl

sl

&3 Slsh) 5,8

Ao 3V slghl duwlys

s ool didos & dausitud] Oolusl

09l 44 dgoy

0.255Le3 dsehd

0o 0.5¢0.3 025 (Jbye) Jslio degace

S ey b ST

- Olie ST

- Bylotu)

(olig 0555 O Jads) Jslye

elo Ol
: uoadd] Qilgla>

G Lol ddy e o Ol v 0l Cm « g9ud) el Olg s e 5 SHl o Bow
bl polST @ Lattss ooty « ) ) (e Ldsd] ) Joad) ko 4 3ty e @35k
JS sllas]s daall 089 gyl g3 Bylotul logme gosr9 dlditlly dadsdl il LIS (o
iz) e I olSYI s puce Blelye oz boS 5580 e Jagant) Jmsbto 035 Loglo
A5V Olghasdl gL Cosus .« dusl s slio] Gluas

- lalimads ygg LI Luld

celell e L S

02025 Ly - 01446 i) - o9<uydllg aalgll aaell- digisw g_uoo_‘uf)o.t.olcroﬂ.a.llobo



uiillgalgall podlilllisall puiudl pgaillady b

LA e sl S

- bl Sl Gy body aSyes ey LUl el yo0

- pad! e E5L slgbl egdbal io HUanY)

s § Jodbe 0555 48 0.5 95Sole LI (wlie (JUs,2) 4485 3Ss e oLl LS
- ole 0.25 5L

gl oo ALl Slsbl Lamss o dubasdl oda 1,85 3ol

JI 8LV Lis zg coahll g0 pyssall dlas § ool 0931 Lin 85LaY1 oz
Gluo¥l Jte slLbl gl s 5ol o8 5L st (6,1 dygasdl L) pasy eUls O
Olaglue ass LY dladie GlusS Lads! Coos Ol iood] oo ely =l ol 8y sall g3l5alls
Bl el § dgudll dal e dad

e O § 0550 Ol d—adyy o JLoysl 855 oz JoalSIL Ll o988 asy
Olomdls « domeiibl 593l 3855 ] $992 43 m ) hdoal] OY 8 3Lkl uoitd] dm il s
Ll prauny JLpall adas @ C8)l 85 a0Y LBl e S Shis] sy dlasll LS
(0o 0.25 5l 0100.5 JLie) dzryuia dSuds 3o (ulSYI 03 9555 ¢ 1 ST gy iz O
oS g8 § s o 30 Jls o> @0 JSb s dsgmhis

Jdod) (e Lpldsg dhdod S o OLigles 9l Golo @ Ly=og ] Sl Blas u sy
Laslgsl apuoy iy ) Olides sl,2Y Joasbl JI (z354)

P oot dilos usy 4y )

Lély Ja s GULall Balsiwd s o gmgmd] dpals O S5 Ol Cozo doybl 0da §
N LY Ll e aasl @ Layl aslus

sl gogy du il oe Sy s e Jlis 055y o] s 5Lyl 5, 2xg
Bumly dUS (5950 Vs Giying ddg Ol ezw dmidy diey Cazo ($I (Sutwdh maine e Jid]
SesSI a3V Bl s Lad Comd) o Lgdlaz domy «ied O vy LSS sz ¥
505 hasdl ey ol Lal L S| USCiy dodlys dlgw 0939 ... pllaslly 5,5l HLsdll S
Lath & oy e O dosy S 8L Guaddl ds bl (e My Je @ Lpddss ot OLL Ly
AL L) plosh aqusd |pgee dwhyd) Gl ¢ dwhyul) Lo 30 lgheudy Laj 89
s>

s Buaelably @39 it ol oo 53l G goud] pgmdl) dponl (oSS
)92l 5Sie9 8,85t doas) LaisSe § 0—aSS Lablie Ol des LS ¢ dslall LRI ol
dI @398 e Lako 3 50 31 dasdl dlgug dpaldl Jgadl iy plsll Blgul gne § Lanls
Gl agzdly CBelly sLbl (e 2 SI) ) 2l Ll Lynedlas (ng « oSy ddl) dlygwg -]
pacs elIS 1 A8LoYls « ,gzmbly (JLoysll) Jslbill d s oot LI Soliehl ga s ke
GbUL e woasll § Lslal U clode 3529

n ' 02025 jilia - 01446 ay- o=yl xlg]la:ﬂl-é;gxmgjépﬁaﬁd.}o.krojléllébp




Jlizo puall plleo jlizo ]

: Eotdd] Cldes pars Zudgd Joua Gl

slb) Blof o I § LV Cliss iy oS (2) 63) By 450 Olus WlS) 53 isi (1) 63 Brge

(Usort)) oS ol § il 3501 ) 9 s pusgs (6) 63 Bygo0 promd] Ay Lo L7 g gurgs (5) 09y yg0

02025 Ly - 01446 i) - o9<uydllg aalgll aaell- digisw g_uo.o_‘uf)o.l.olcroﬂ.a.llobo




ayiill galgall oagilillcilisell g it il aygeilladsdy

: &Z1plly yokadl

(1) A.Arranz-otaegui, Quaternary International , vol 457, Nov 2017, pp.
60-73,Evaluating the impact of water flotation and the state of the wood in
archeological wood charcoal remains :Implications for the reconstruction of
past vegetation and identification of firewood gatheing strategies at Tell Qar-
assa North (South Syria) .

(2) Sara Essert and Renata Sostaric,Acta Botanica Crotica, vol 75, No.1. April 2016,
A comparison of the influences of flotation and wet sieving on certain carbon-
ized legume and cereal remains .

(3) China P.Shelton and Chantel E.White,Journal of field archaeology ,vol 35, No 3,
Sept 2010, pp.316-326, The hand -pump flotation system: A new method for
Archaeobotanical recovery.

(4) Streuver,American Antiquity,vol 33, No 3, Jul 1968, pp. 353-362, Flotation for
the recovery of small-Scale Archaeological remains .

(5) Ladislav Varadzin et al, Journals Antiquity , Vol 97(391), Dece 2022, pp1-7, The
shaqaldud Archaeological project (sudan): exploring prehistoric cultural adapta-
tions in the sahelian hinterlands.

(6) Watson, P.J. 1976. In pursuit of prehistoric subsistence: Acomparative account
of some contemporary flotation sysetems. Mid-Continenal Journal of Archae-
ology 1(1):77-100.

(7) W. Fredrick limp , Journal of field archaeology, Vol 1, 1974 , pp. 337-342, Water
Separation and Flotation processes.

(8) Fuller,D.Q Identification primers and phylogenetic frameworks for Old World
archaebotany 28. Jan. 2023 ,pp. 1.

02025 jilia - n 1446 Loy - (g=uydllg aalgll aaell-digiuw g.uopﬁaf)mo.l.:ro}la.llobo




02025 jlia - 41446 La) - (g9=1llg aalgll aaell- digiuw g_uoo_‘uﬁm.olcroﬂ.a.llobo

g1 pold - djegs pliad

ﬁhll i (3 ot G| bt el il
et ] Jhoud| e (ol L Joouid| il (w09

JSliey gaioeh) tpie - Cuoly -Calid] dsole 1l dunwdo _

Shd) - Aol deall

bl e - 2 ,5055d) dsals BV agme - Cols 1l ducwho
Shzdl - hwsYl Oyl g Lasd)
HEV-\ L iAWY
& rolbl Jos Colol Gl dughl ol,all e sgall bl s ] dalyil] ode Gy
=5 - dsld! Bl DL Bliaiul e Wl g95))) SeSuldl (250 doolig dilag )l 8581
I dwdic) oY) s g L 5 S O Y] dsilss ColS yoaSUl ie dyddd] GLLSYI O
solonkl 3B Ll Bunis dogie (s cg-all bl w5 1359 ()8 e sg-all Lyade balud
d=2Y) 55m) XRD Jolos (31,2951 pamdl] IS s o] § Josdl dmo s dslog))l
Sl dads ) ol o Ol (A 5ol di ) d=iV1) XRF J_dos «(dow!
Labasdl JSLagly 40 331 A8V Joloss ) dahyll s A gudll 5 oloxk) § Laslgsh d oLl
S iy Jte slaadl] etohl dlosl dmzlye (ol U] po¥sSnns (g Jio @lse e
rolodl § dwld)] Joasll B,y Las bl dsall yblel) Gosl Ggd dubl) 1855 .09l iws
ol o 38uadl els 5Lianl e 5 Sl m ddlag)l
Aiall Jbled] dsleg ) 85a)) o) Jlos Sidead! Hle §oSdead | 1dumrbiah] SLodSUI
The use of geochemistry in the classification of quarries and the
impact of working in them on the health of workers in ancient times.
Haitem Bouazza
A.Benkacir Boubaker
Abstract
This study aims to shed light on occupational diseases that affect-
ed quarry workers during the Roman period, particularly pulmonary
silicosis caused by inhaling crystalline silica dust. While physical inju-
ries such as fractures were common, the focus here is on respiratory
diseases that have not been previously highlighted. Additionally, the
study introduces a new methodology to examine the impact of Roman
quarries on workers’ health in antiquity through petrographic examina-
tion, X-ray diffraction (XRD), and X-ray fluorescence (XRF) analysis
of quarry samples, to measure the proportion of crystalline silica types
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in ancient quarries. The study is based on the analysis of archaeological
evidence and skeletal remains from sites such as Pompeii and Hercu-
laneum, along with a review of the works of ancient historians like
Pliny the Elder and Strabo. The study provides a deeper understanding
of the health risks associated with the harsh working conditions in Ro-
man quarries, with a focus on the prevalence of silicosis among work-
ers.

Keywords: Silicosis, silica dust, quarry workers, Roman period, health
risks.
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Abstract:

This research examines the Interaction between translation
and archaeology, with a focus on how interpreting ancient texts
enhances our comprehension of historical civilizations. By analyz-
ing examples such as the Rosetta Stone, Meroitic writings, and
ancient Nubian inscriptions, this study underscores the crucial
function of translators in overcoming linguistic and cultural barri-
ers in archaeological findings. Additionally, it investigates the ob-
stacles encountered when translating ancient languages and evalu-
ates the influence of contemporary technologies on the translation
methodologies in archaeological practice. The paper also explores
the ethical considerations in archaeological translation, the role of
interdisciplinary collaboration, and the impact of translation on
public engagement with archaeological discoveries.

Keywords: Translation, Archaeology, Ancient Texts, Cultural Ex-
change, Rosetta Stone, Meroitic, Nubia, Egyptology, Digital Epig-
raphy, Machine Learning.
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1. Introduction:

The field of archaeology draws upon various disciplines to
uncover the past, with the translation serving as a vital instrument
for interpreting the textual remnants left by ancient societies. The
interplay between translation and archaeology is essential for de-
coding the social, cultural, political, and religious aspects of his-
torical civilizations. Beyond mere linguistic interpretation, trans-
lation offers insights into the worldviews and customs of ancient
peoples (Jones, 2018).

This study aims at exploring the mutually beneficial rela-
tionship between translation and archaeology, highlighting key
achievements, persistent challenges, and technological advance-
ments that have shaped this interdisciplinary practice. Further-
more, it delves into the ethical considerations that arise in the pro-
cess of translating and interpreting ancient texts, the importance of
collaborative efforts between linguists and archaeologists, and the
role of the translation in making archaeological discoveries acces-
sible to the public.

1. The Role of Translation in Archaeology:
1.1 Early Discoveries and the Importance of Translation:
Translation has been a cornerstone of archaeological re-
search since the field’s inception. A seminal moment in both disci-
plines occurred with the unearthing of the Rosetta Stone in 1799.
This artifact, bearing identical text in Greek, Demotic, and Egyp-
tian hieroglyphs, provided the key to deciphering hieroglyphic
writing. The groundbreaking work of French scholar Jean-Francois
Champollion in 1822 not only marked the birth of Egyptology but
also demonstrated the profound impact of translation on archaeo-
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logical understanding (Gardiner, 1969).

The decipherment of the Rosetta Stone opened up a vast
trove of information about ancient Egyptian civilization, allowing
historians and archaeologists to read and interpret texts spanning
thousands of years. This breakthrough highlighted the critical role
of translation in bridging the gap between modern scholars and
ancient cultures, enabling a more comprehensive understanding of
historical contexts, belief systems, and social structures. (Ray,
2007).

1.2 Cross-Cultural Exchanges through Translation:

In the realm of archaeology, translation extends beyond lin-
guistic interpretation; it serves as a portal into ancient cultural in-
teractions. The Mediterranean and Near Eastern regions, where
civilizations such as the Egyptians, Greeks, and Persians interact-
ed, exemplify how translation facilitated the exchange of knowl-
edge, religious concepts, and administrative practices (Bryan,
2020).

Archaeological findings in Nubia illustrate this dynamic, re-
vealing how Egyptian rulers employed their language as a tool for
governance and cultural influence over the Nubian people. This
exemplifies translation’s role in both cultural dominance and adap-
tation (Adams, 1977).

The study of these cross-cultural exchanges through transla-
tion provides valuable insights into the mechanisms of ancient di-
plomacy, trade relations, and the spread of ideas across geograph-
ical boundaries. (Smith, 2003).

1.3 Translation as a Tool for Understanding Material Culture:

While textual translation is crucial, the concept of translation
in archaeology extends to the interpretation of material culture as
well. Archaeologists often need to “translate” the meaning and
significance of artifacts, architecture, and artistic representations
from one cultural context to another. This process involves not
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only linguistic skills but also a deep understanding of historical,
social, and cultural contexts.(Hodder, 2012).

For instance, the interpretation of Egyptian tomb paintings
requires not just the translation of accompanying hieroglyphic
texts but also an understanding of Egyptian religious beliefs, artis-
tic conventions, and social hierarchies. This broader concept of
translation in archaeology emphasizes the need for a holistic ap-
proach that combines linguistic expertise with anthropological and
historical knowledge. (Baines, 2007).

2. Case Studies in Archaeological Translation:
2.1 The Rosetta Stone:

The Rosetta Stone stands as an iconic example of transla-
tion’s pivotal role in archaeology. Discovered by Napoleon’s
troops during their Egyptian campaign, this artifact features a sin-
gle decree inscribed in three scripts: Greek, Demotic, and Egyp-
tian hieroglyphs. Scholars well-versed in ancient Greek initially
focused on translating the Greek portion, establishing a foundation
for decoding the other two scripts (Clarysse, 2010).

The subsequent breakthrough by Jean-Francois Champollion
in deciphering the hieroglyphs opened the floodgates to millennia
of Egyptian historical records, revolutionizing our understanding
of this ancient civilization (Gardiner, 1969). Champollion’s work
demonstrated the power of comparative linguistics and the impor-
tance of bilingual texts in deciphering unknown languages. (Rob-
inson, 2012).

The impact of the Rosetta Stone’s translation extended far
beyond Egyptology. It set a precedent for the decipherment of oth-
er ancient scripts and highlighted the potential of translation in
unlocking the secrets of long-lost civilizations. The methodologies
developed during the decipherment process continue to influence
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modern approaches to translating unknown languages in archaeo-
logical contexts. (Pop, 1999).
2.2 The Meroitic Scripts:

Among the lesser-understood writing systems of ancient Af-
rica, the Meroitic script, used by the Kingdom of Meroe in pres-
ent-day Sudan, stands out as a persistent challenge. Despite nu-
merous scholarly attempts, the Meroitic script remains only
partially deciphered, hindering a comprehensive understanding of
Meroitic culture and history (Edwards, 2004).

The Meroitic language, written in both hieroglyphic and cur-
sive scripts, was used from around 300 BCE to 400 CE. While the
script has been deciphered, allowing for the reading of Meroitic
texts, the meaning of many words remains unknown due to the
lack of a known related language. This ongoing struggle to trans-
late Meroitic texts exemplifies the complexities inherent in lin-
guistic archaeology, particularly when dealing with isolated writ-
ing systems or limited textual evidence. (Rilly & de Voogt, 2012).

The case of Meroitic scripts highlights several important as-
pects of archaeological translation:

1. The challenges of deciphering languages without clear
linguistic relatives.

2. The importance of contextual information in understand-
ing ancient texts.

3. The potential for future breakthroughs as new archaeo-
logical evidence is discovered.

4. The need for interdisciplinary collaboration in tackling
complex translation problems.

2.3 Nubian Texts and Egyptian Influence:

The Kingdom of Kush, which held sway over Nubia,
produced a wealth of inscriptions heavily influenced by Egyptian
hieroglyphics. These texts, found in locations such as the Meroé
pyramids and Jebel Barkal temples, represent a fusion of local
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traditions with Egyptian religious and political symbolism. Trans-
lators’ efforts to interpret these inscriptions have illuminated the
complex relationships between Nubian and Egyptian rulers
(O’Connor, 1993).

This translation process has revealed how Nubian society
adapted Egyptian religious practices to align with their own
social and political structures (Trigger, 1996).

The study of Nubian texts provides valuable insights into:

1. The processes of cultural adaptation and hybridization in an-
cient societies.

2. The use of writing systems as tools of political and religious
legitimacy.

3. The evolution of language and script in response to external
influences.

The case of Nubian texts also demonstrates the importance of
considering the broader historical and cultural context when
translating ancient inscriptions. Translators must be aware of the
complex power dynamics and cultural exchanges that influenced
the production of these texts.(Smith, 2003).

2.4 The Dead Sea Scrolls:

The discovery of the Dead Sea Scrolls in the mid-20th centu-
ry presented a unique challenge and opportunity for archaecologi-
cal translation. These ancient Jewish texts, written primarily in
Hebrew with some Aramaic and Greek, have provided invaluable
insights into the development of Judaism and the background of
early Christianity. (VanderKam & Flint, 2002).

The translation of the Dead Sea Scrolls has involved multiple chal-
lenges:
1. The fragmentary nature of many texts, requiring careful
reconstruction.
2. The presence of previously unknown variants of biblical texts.
3. The need to understand the specific religious and histori-
cal context of the Qumran community.
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The ongoing work on the Dead Sea Scrolls demonstrates the evolv-
ing nature of archaeological translation, as new technologies and
methodologies continue to shed light on these ancient texts. (Tov,
2001).

3. Challenges in Translating Ancient Texts:

3.1 Linguistic Gaps and Lost Context:

One of the primary hurdles in translating ancient texts is the
absence of linguistic and cultural context. Many ancient languag-
es, such as Meroitic or Linear A, have few modern counterparts,
complicating the translation process. The scarcity of comprehen-
sive bilingual texts comparable to the Rosetta Stone further im-
pedes efforts to decode these languages (Houston, 2004).

Translators must often rely on comparative linguistics, draw-
ing parallels with related languages or earlier forms of known lan-
guages. This process is inherently speculative and can lead to mul-
tiple interpretations of the same text. The challenge is further
compounded by the vast temporal distance between the creation of
these texts and their modern translation, resulting in potential mis-
understandings of cultural references, idioms, or context-specific
terminology. (Baines, 2007).

3.2 Preservation Issues:

The physical condition of ancient texts presents another sig-
nificant obstacle. Many inscriptions, manuscripts, and artifacts
have deteriorated due to environmental factors, warfare, and hu-
man activity. Translators often work with fragmentary or incom-
plete texts, which can lead to interpretative gaps or potential mis-
understandings (Trigger, 1996).

The Dead Sea Scrolls, discovered in the mid-20th century,
exemplify this challenge, as they were found in varying states of
preservation, necessitating meticulous efforts to reassemble and
translate the fragmented documents (Tov, 2001). Similar challeng-
es are faced in the translation of papyri, clay tablets, and other
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perishable materials that have survived from antiquity.

Preservation issues not only affect the physical readability of
texts but can also lead to the loss of crucial contextual information.
For instance, the degradation of pigments in painted inscriptions
may obscure subtle details that could influence translation and in-
terpretation. (Scott, 2016).

3.3 The Interpretive Nature of Translation:

Translation of ancient texts extends beyond mere linguistic
conversion; it is inherently interpretive. Translators must make
critical decisions about how to render ancient concepts in modern
language. These choices can significantly shape our understanding
of ancient civilizations. For instance, the interpretation of certain
terms in ancient Egyptian texts has sparked scholarly debates
about the nature of Egyptian kingship and religious practices (Bry-
an, 2020).

The interpretive nature of translation raises several important
considerations:

1. The potential for multiple valid interpretations of a single text.
2. The influence of the translator’s cultural background and aca-
demic training on the translation process.

3. The need for transparency in explaining translation choices and
uncertainties.

4. The ongoing nature of translation work, as new evidence and
perspectives emerge.

3.4 Dealing with Untranslatable Concepts:

Ancient texts often contain concepts, terms, or cultural ref-
erences that have no direct equivalent in modern languages. These
“untranslatable” elements pose a significant challenge for transla-
tors and archaeologists alike. Examples include religious concepts,
social structures, or technological terms specific to a particular an-
cient culture. (Pym, 2014).

Translators must decide whether to leave such terms un-
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translated, provide explanatory notes, or attempt to find the closest
modern equivalent. Each approach has its advantages and draw-
backs, potentially affecting the reader’s understanding of the text
and its cultural context. (Venuti, 2008).

4. Modern Technologies in Archaeological Translation:

4.1 Digital Epigraphy:

Recent years have witnessed a transformation in the field of
epigraphy through digital innovations. These advanced tools en-
able archaeologists to capture high-resolution images of inscrip-
tions and enhance the legibility of faded or damaged texts. Fur-
thermore, these technologies facilitate global scholarly
collaboration, allowing researchers to share data and offer new
interpretations efficiently. (Perrault., 2021).

Key advancements in digital epigraphy include:

1. 3D scanning and modeling of inscribed objects.

2. Multispectral imaging to reveal hidden or faded text.

3. Digital databases for storing and comparing epigraphic data.

4. Online platforms for collaborative translation and annotation.
These technologies not only improve the accuracy of translations
but also democratize access to ancient texts, allowing scholars
from around the world to contribute to the translation process.
(Terras, 2006).

4.2 The Emergence of Machine Learning and Al in Transla-
tion:

Machine learning and artificial intelligence (Al) are increas-
ingly playing a role in the translation of ancient texts. Al algo-
rithms can process vast datasets of ancient inscriptions, identify-
ing patterns and suggesting potential translations for undeciphered
scripts. These technological advancements hold promise for sig-
nificant breakthroughs in understanding complex languages such
as Meroitic or Linear A (Bry et al., 2019).

The applications of Al in archaeological translation includes:
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1. Pattern recognition in unknown scripts.

2. Automated reconstruction of fragmentary texts.

3. Analysis of linguistic features across large corpora of ancient
texts.

4. Predictive modeling for testing translation hypotheses.

While Al and machine learning offer exciting possibilities, they
also raise questions about the role of human expertise in the trans-
lation process and the potential biases inherent in algorithmic ap-
proaches. (Dombrowski, 2014).

4.3 Virtual and Augmented Reality in Archaeological Transla-
tion:

Virtual and augmented reality technologies are beginning to
play a role in the visualization and interpretation of ancient texts
and their archaeological contexts. These technologies allow re-
searchers and the public to experience ancient inscriptions in their
original settings, providing valuable contextual information that
can aid in translation and interpretation. (Forte, 2015).
Applications of VR and AR in archaeological translation include:
1. Virtual reconstructions of ancient sites with integrated trans-

lations of inscriptions.
2. Augmented reality apps that provide real-time translations

of artifacts in museums.
3. Interactive 3D models of inscribed objects that allow for de-

tailed examination from multiple angles.
These technologies not only enhance the translation process but
also offer new ways of engaging the public with ancient texts and
their meanings. (Champion, 2015).
5. Ethical Considerations in Archaeological Translation:
5.1 Cultural Sensitivity and Representation:

The translation of ancient texts raises important ethical con-

siderations regarding cultural sensitivity and representation. Trans-
lators and archaeologists must be aware of the potential impact of
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their interpretations on modern cultural and political identities,
particularly when dealing with texts related to indigenous peoples
or contested historical narratives. (Colwell-Chanthaphonh & Fer-
guson, 2008).

Key ethical considerations include:

1. Respecting the cultural significance of texts to descendant com-
munities.

2. Avoiding anachronistic or culturally insensitive translations.

3. Acknowledging multiple perspectives in the interpretation of
controversial texts.

4. Ensuring appropriate access and benefits to source communi-
ties.

5.2 Transparency and Academic Integrity:

Given the interpretive nature of archaeological translation,
maintaining transparency and academic integrity is crucial. Trans-
lators should clearly communicate the uncertainties and assump-
tions in their work, allowing for critical evaluation and alternative
interpretations. (Wylie, 2003).

Best practices for ethical translation in archaeology include:

1. Providing detailed documentation of translation methodolo-
gies.

2. Clearly distinguishing between direct translation and inter-
pretive reconstruction.

3. Acknowledging the contributions of all team members and
previous scholars.

4. Ensuring open access to primary data and translations where
possible.

5.3 Balancing Accessibility and Accuracy:

Translators and archaeologists face the challenge of making
ancient texts accessible to a broader audience while maintaining
scholarly accuracy. This balance is particularly important in muse-
um displays, popular publications, and digital presentations of ar-
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chaeological findings. (Merriman, 2004).

Strategies for addressing this challenge include:

1. Providing layered information with both simplified and detailed

translations.

2. Using multimedia approaches to explain complex concepts.

3. Collaborating with education specialists to develop appropriate

materials for different audiences.

4. Regularly updating public-facing translations as scholarly un-

derstanding evolves.

6. Interdisciplinary Collaboration in Archaeological Transla-

tion:

6.1 The Importance of Cross-Disciplinary Teams:

Effective archaeological translation often requires collaboration

between experts from various fields, including linguistics, archae-

ology, history, anthropology, and computer science. This interdis-

ciplinary approach allows for a more comprehensive understand-

ing of ancient texts within their cultural and historical contexts.

(Hodder, 2012).

Benefits of interdisciplinary collaboration include:

1. Combining linguistic expertise with archaeological context.

2. Integrating historical and anthropological perspectives.

3. Applying advanced computational methods to translation
challenges.

4. Developing innovative approaches to preservation and analysis.

6.2 Bridging Academic and Technology Sectors:

Collaboration between academic institutions and technology
companies is becoming increasingly important in advancing ar-
chaeological translation. This partnership allows for the develop-
ment and application of cutting-edge technologies to address long-
standing challenges in the field.

Examples of academic-industry collaboration include:
1. Partnerships with tech companies to develop Al translation
tools.
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2. Collaboration with imaging specialists to enhance epigraph-
ic techniques.
3. Working with virtual reality developers to create immersive
educational experiences.
6.3 International Cooperation and Knowledge Sharing:
Archaeological translation often involves texts and artifacts
from cultures that span modern national boundaries. International
cooperation is essential for sharing resources, expertise, and ac-
cess to archaeological sites and materials.
Initiatives to promote international collaboration include:
1. Multinational research projects focused on specific languages
or regions.
2. Digital platforms for sharing epigraphic data and translations.
3. International conferences and workshops on archaeological
translation.
4. Exchange programs for scholars.
Conclusion:-

Translation plays a vital role in the field of archaeology, serv-
ing as more than just a tool for linguistic decoding. It provides a
window into the complex relationships between ancient societies,
allowing archaeologists to reconstruct historical narratives, cultur-
al practices, and daily life experiences of long-gone civilizations.
From the groundbreaking decipherment of the Rosetta Stone to the
ongoing challenges posed by the Meroitic texts, translation has
been instrumental in expanding our understanding of the ancient
world.

The advent of modern technologies, including digital epigra-
phy and Al-assisted translation, offers new avenues for advancing
the field. These innovations not only enhance our ability to deci-
pher and interpret ancient texts but also facilitate collaborative ef-
forts among scholars worldwide. However, these technological
advancements also underscore the persistent challenges in trans-
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lating ancient languages, reminding us of the complexity inherent
in bridging vast temporal and cultural divides.

As we continue to unearth new archaeological findings and
refine our translation methodologies, the synergy between transla-
tion and archaeology will undoubtedly yield further insights into
our shared human heritage. This interdisciplinary approach not
only enriches our understanding of ancient civilizations but also
highlights the enduring importance of cross-cultural communica-
tion and interpretation in the study of human history.
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Nanotechnology in Archeology |

Nanotechnology in Archeology

Abstract:

Nanotechnology has become at the forefront of the most im-
portant and exciting fields in physics, chemistry, biology, engineer-
ing, archaeology and many other fields. nanotechnology will be one
of the main techniques in the future. the term “nanotechnology” re-
fers to the material manufacturing techniques that its internal gran-
ule’s dimensions range from 1-100 nanometers (nm).The process of
preserving and maintaining antiquities is one of the most complex
topics in materials science because it requires an overlap of multi-
disciplinary expertise ranging from architecture and materials de-
velopments in materials science have shown that many of the com-
plex problems that cultural heritage suffers from can be solved very
effectively with the intervention of chemistry, physics and other var-
ious sciences.Recently, many nanomaterials have been applied in
the treatment and maintenance of many archaeological materials
(artifacts) of different types, whether located in museums or those
found in open environments in archaeological sites in order to im-
proving their properties, strengthening and protecting them against
various damage factors. Nanomaterials have multiple advantages by
strengthening or cleaning which started to help solving many prob-
lems of antiquities which made the new nanomaterials of great im-
portance in the development of many new applications in conserva-
tion of antiquities (monuments and artifacts).

Key words: Nanotechnology, Nanomaterials, Nanometers, Mate-

rials Science, Cultural Heritage, Museums.
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Introduction

Over the past few years, a little word with big potential has
been rapidly insinuating itself into the world’s consciousness. That
word 1s “nano.” It has conjured up speculation about a seismic
shift in almost every aspect of science and engineering with impli-
cations for ethics, economics, international relations, day-to-day
life, and even humanity’s conception of its place in the universe
(Mark Ratner, Daniel Ratner, 2002, 7).

On December 29, 1959 at the California Institute of Tech-
nology, Nobel Laureate Richard P. Feynman gave a talk at the An-
nual meeting of the American Physical Society that has become
one classic science lecture of the 20th century, titled “There’s
Plenty of Room at the Bottom.” He presented a technological vi-
sion of extreme miniaturization in 1959, several years before the
word “chip” became part of the lexicon. He talked about the prob-
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lem of manipulating and controlling things on a small scale. Ex-
trapolating from known physical laws, Feynman envisioned a
technology using the ultimate toolbox of nature, building nanoob-
jects atom by atom or molecule by molecule. Since the 1980s,
many inventions and discoveries in fabrication of nanoobjects
have been a testament to his vision. Nanotechnology literally
means any technology done on a nanoscale that has applications in
the real world (B. Bhushan, 2004, IX).

Nanotechnology encompasses production and application
of physical, chemical and biological systems at size scales, rang-
ing from individual atoms or molecules to submicron dimensions
as well as the integration of the resulting nanostructures into larger
systems. Nanofabrication methods include the manipulation or
self-assembly of individual atoms, molecules, or molecular struc-
tures to produce nanostructured materials and sub-micron devices.
Micro- and nanosystems components are fabricated using top-
down lithographic and nonlithographic fabrication techniques.
Nanotechnology will have a profound impact on our economy and
society in the early 21st century, comparable to that of semicon-
ductor technology, information technology, or advances in cellular
and molecular biology. The research and development in nano-
technology will lead to potential breakthroughs in areas such as
materials and manufacturing, nanoelectronics, medicine and
healthcare, energy, biotechnology, information technology and na-
tional security. It is widely felt that nanotechnology will lead to the
next industrial revolution (B. Bhushan, 2004, V).

The word “Nano” means dwarf in Greek language. Use it as
a prefix for any unit like a second or a meter and it means a billionth
of that unit. A nanosecond is one billionth of a second. And a nano-
meter is one billionth of a meter—about the length of a few atoms
lined up shoulder to shoulder. A world of things is built up from the
tiny scale of nanometers (J. Dutta & H. Hofmann, 2005, 7).
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Nanoscience is, at its simplest, the study of the fundamental
principles of molecules and structures with at least one dimension
roughly between 1 and 100 nanometers. These structures are
known, perhaps uncreatively, as nanostructures. Nanotechnology
is the application of these nanostructures into useful nanoscale de-
vices. That isn’t a very sexy or fulfilling definition, and it is cer-
tainly not one that seems to explain the hoopla. To explain that, it’s
important to understand that the nanoscale isn’t just small, it’s a
special kind of small (see figurel).

Anything smaller than a nanometer in size is just a loose
atom or small molecule floating in space as a little dilute speck of
vapor. So nanostructures aren’t just smaller than anything we’ve
made before, they are the smallest solid things it is possible to
make. Additionally, the nanoscale is unique because it is the size
scale where the familiar day-to-day properties of materials like
conductivity, hardness, or melting point meet the more exotic
properties of the atomic and molecular world such as wave-parti-
cle duality and quantum effects. At the nanoscale, the most funda-
mental properties of materials and machines depend on their size
in a way they don’t at any other scale. For example, a nanoscale
wire or circuit component does not necessarily obey Ohm’s law,
the venerable equation that is the foundation of modern electron-
ics. Ohm’s law relates current, voltage, and resistance, but it de-
pends on the concept of electrons flowing down a wire like water
down a river, which they cannot do if a wire is just one atom wide
and the electrons need to traverse it one by one. This coupling of
size with the most fundamental chemical, electrical, and physical
properties of materials is key to all nanoscience. A good and con-
cise definition of nanoscience and nanotechnology that captures
the special properties of the nanoscale comes from a National Sci-
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ence Foundation document edited by Mike Roco and issued in
2001:

One nanometer (one billionth of a meter) is a magical point
on the dimensional scale. Nanostructures are at the confluence of
the smallest of human-made devices and the largest molecules of
living things. Nanoscale science and engineering here refer to the
fundamental understanding and resulting technological advances
arising from the exploitation of new physical, chemical and bio-
logical properties of systems that are intermediate in size, between
1solated atoms and molecules and bulk materials, where the transi-
tional properties between the two limits can be controlled (Mark
Ratner, Daniel Ratner, 2002, 11-12).

Nanotechnology is a new word, but it is not an entirely new
field. Nature has many objects and processes that function on a
micro- to nanoscale . The understanding of these functions can
guide us in imitating and producing nanodevices and nanomateri-
als.

Billions of years ago, molecules began organizing them-
selves into the complex structures that could support life. Photo-
synthesis harnesses solar energy to support plant life. Molecular
ensembles are present in plants, which include light harvesting
molecules, such as chlorophyll, arranged within the cells on the
nanometer to micrometer scales. These structures capture light en-
ergy, and convert it into the chemical energy that drives the bio-
chemical machinery of plant cells. Live organs use chemical ener-
gy in the body. The flagella, a type of bacteria, rotates at over
10,000 RPM (B. Bhushan, 2004, 2).

This is an example of a biological molecular machine. The
flagella motor is driven by the proton flow caused by the electro-
chemical potential differences across the membrane. The diameter
of the bearing is about 20—-30 nm, with an estimated clearance of
about 1 nm. In the context of tribology, some biological systems
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have anti-adhesion surfaces. First, many plant leaves (such as lo-
tus leaf) are covered by a hydrophobic cuticle, which is composed
of a mixture of large hydrocarbon molecules that have a strong
hydrophobia. Second, the surface is made of a unique roughness
distribution. It has been reported that for some leaf surfaces, the
roughness of the hydrophobic leaf surface decreases wetness,
which is reflected in a greater contact angle of water droplets on
such surfaces (B. Bhushan, 2004, 2).

Nanotechnology is a term that has entered into the general
and scientific vocabulary only recently but has been used at least
as early as 1974 by Taniguchi. Nanotechnology is defined as a
technology where dimensions and tolerances are in the range of
0.1-100 nm (from size of the atom to about the wavelength of light)
play a critical role. This definition is however too general to be of
practical value because it could as well include, for example, top-
ics as diverse as X-ray crystallography, atomic physics, microbial
biology and include the whole of chemistry (J. Dutta & H.
Hofmann, 2005, 9).

Nanotechnology has become at the forefront of the most im-
portant an d exciting fields in physics, chemistry, biology, engi-
neering, archaeology and many other fields. Since, it has given
great hope for scientific revolutions in the near future that will
change the direction of technology in many applications in differ-
ent fields of knowledge, so nanotechnology will be one of the main
techniques in the future.

The antiquities of any country are considered as precious
treasures of its civilizations. Antiquities are looked at as the visible
and readable reference for those ancient civilizations, antiquities
could also be a documented base for any new achievements of
mankind. Given the importance of this heritage, there are many
academic and administrated institutions interested in preserving,
maintaining and documenting it. Various covenants were also cre-
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ated between countries for this reason. However, there are many
problems facing these heritage sites of different types which affect
their lifespan as well as their efficiency. These problems are either
environmental, economic, or social, resulting from the lack of cul-
tural awareness of those who deal with these cultural heritage sites.

The process of preserving and maintaining antiquities is one
of the most complex topics in materials science because it requires
an overlap of multidisciplinary expertise ranging from architec-
ture and materials technology to analytical chemistry and advanced
physics. Recent developments in materials science have shown
that many of the complex problems that cultural heritage suffers
from can be solved very effectively with the intervention of chem-
istry, physics and other various sciences.

Recently, many nanomaterials have been applied in the
treatment and maintenance of many archaeological materials (arti-
facts) of different types, whether located in museums or those
found in open environments in archaeological sites in order to im-
proving their properties, strengthening and protecting them against
various damage factors. Nanomaterials have multiple advantages
by strengthening or cleaning which started to help solving many
problems of antiquities because nanoparticles of new properties
and different from those with a larger partial size “more than 100
nanometers” which made the new nanomaterials of great impor-
tance in the development of many new applications in the field of
treatment and conservation of antiquities (monuments and arti-
facts).

Therefore, it has become necessary to search in modern
technical methods and materials used in maintenance and resto-
ration operations, as well as strengthening and protection process-
es, especially those that follow the nanotechnology method due to
the success of this technology in all fields and various sciences
through its evaluation and study of its efficiency without violating
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the heritage using it with full confidence in the sustainability of the
inheritance through it.
Nanomaterials in Art and Cultural Heritage

The ruby-red color of many stained-glass windows from the
Medieval era was a consequence of embedded nanoscale metallic
particles within the glass (see figure 2). These rich colors in stained
glass, like the metallic sheens associated with naturally embedded
nanoparticles in many ceramics, were appreciated and highly val-
ued by artisans, patrons, and laymen alike. Stained-glass artisans
sometimes treasured small vials of materials that we know were
metallic oxides, obtained from special mines and handed down
within their families with careful instructions on how to work with
them, when the size of material particles is reduced to the na-
noscale, optical properties—particularly color— can be dramati-
cally affected. In such cases, the wavelength of light is very close
to the size of the particles themselves, which causes the way that
color is reflected, scattered, or absorbed to be dependent on the
size and shape of the nanoparticles themselves (Michael F. Ashby,
Paulo Ferreira, Daniel Schodek, 2009, 29).

There was no scientific understanding of these phenomena
at the time, nor were there deliberate attempts to produce what we
now know as nanomaterials.

One of the most interesting specimens is the Roman-era Ly-
curgus cup. Roman glassware has often been used to characterize
the material cultural achievements of the late Roman Empire.
Glassproducing techniques were highly developed, and workman-
ship was superb. In the Lycurgus cup, now housed in the British
Museum, the 324 AD victory of Constantine over Licinius in Thra-
ce was represented through the death of an enemy of Dionysius,
Lycurgus, who is shown being overcome by vines. The most re-
markable characteristic of this goblet is that under normal external
lighting conditions the glass appears green, but when lighted from
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within, it assumes a strong red color (see figure3 ) (Michael F.
Ashby, Paulo Ferreira, Daniel Schodek, 2009, 30).

The Lycurgus cup has now assumed an almost iconic status
in the nanomaterial field as an early example of the surface plas-
mon phenomenon, in which waves of electrons move along the
surface of metal particles when light is incident onto them.

Analyses have demonstrated that the glass in the Lycurgus
cup contains rather small amounts of gold powder embedded with-
in it (on the order of 40 parts per million). These tiny metallic
particles suspended within the glass matrix have diameters compa-
rable to the wavelengths of visible light. As a consequence, a form
of plasmonic excitation (an oscillation of the free electrons at the
surface of a metal particle at a certain frequency) can occur. Light
reflections are enhanced as the waves are highly absorbed and
scattered, reducing transmission. This absorption has an orienta-
tional dependence. Interestingly, other colors aside from the red
and green seen in the Lycurgus cup could be achieved by altering
metal particle sizes. In the cup, however, color properties depend
primarily on reflection when the light is external to the cup and on
absorption and transmission when the light source is internal (Mi-
chael F. Ashby, Paulo Ferreira, Daniel Schodek, 2009, 30).

Many Medieval and Renaissance ceramics have surfaces
characterized by a remarkable iridescent metallic shine (see fig-
ure4 ). This form of ceramic decoration, a type of luster, appeared
in the Middle East in the ninth century or before and subsequently
spread through Egypt, Spain, and other countries. A particularly
fine period of development occurred in Spain with Hispano-Mor-
esque ware, a glazed ceramic made by Moorish potters largely at
Malaga in the 15th century and later at Manises near Valencia in
the 16th century (Michael F. Ashby, Paulo Ferreira, Daniel Scho-
dek, 2009, 30-31).

To produce this type of lusterware, a glaze was first applied

02025 jilia - 41446 La)- (g9=1yllg aalgll aaell- digiuw g_uoo_‘uﬁo.wlcro_}.l.a.llobo



A.Noha Osman Khogali Mohmed

over a design and the piece fired to produce a thin, hard coating.
Glazes were based on dry powdered minerals or oxides, which
commonly included tin and copper. After the first firing, the luster
coating, consisting of metallic pigments (normally copper or silver
compounds) mixed with clays, was brushed on over the glaze.
Then the piece was fired again but at a lower temperature and
within a reducing atmosphere (a condition whereby a reducing
agent chemically causes a change in a material with metallic com-
pounds to a metallic state by removing nonmetallic constituents as
it is itself oxidized by donating free electrons). Afterward the piece
was cleaned and polished to reveal the resulting metallic sheen
(Michael F. Ashby, Paulo Ferreira, Daniel Schodek, 2009, 31).

Later examples include the “tin-glazed” pottery of 15th and
16th century Italy and the “copper glazed” lusterware porcelains
of Wedgwood in early 19th century England. Several studies of
medieval lusterware via transmission electron microscopy (TEM)
have been undertaken to understand the composition and micro-
structure of luster. Results have clearly indicated that various lus-
ter characteristics can be described in terms of the presence of dif-
ferent levels of silver or copper nanoparticles within the glassy
matrix. The associated surface plasmon effects cause the appealing
metallic sheen to develop. Again, though the artisans producing
lusterware lacked an understanding of the chemical processes that
achieved the optical effects and were unaware that their empirical
processes led to the creation of nanoparticles, the craft-based de-
velopment of the requisite knowledge was remarkable.

Similarly intriguing was the development of the beautiful
blue paint found in the murals and pottery of the ancient Mayan
world (see figure5 ). The Mayan blue has long been admired for its
marvelous color qualities as well as its inherent resistance to dete-
rioration and wear over long periods of time.
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Nanotechnology for Cultural Heritage Preservation:

Cultural Heritage is an invaluable patrimony of society, em-
bracing virtually all the artifacts, works of art, objects and intangi-
ble attributes that convey artistic, historical or anthropological val-
ues. The preservation of such patrimony is the only way to
effectively transfer it to future generations, in order to continue the
intellectual progress of society while conserving the ancient and
modern cultural traditions that characterize our world. Besides in-
tellectual and aesthetic aspects, the preservation of Cultural Heri-
tage allows its valorization and exploitation, with considerable
economic advantages. Given its importance, it is not surprising
that Cultural Heritage has gathered in the last decades the attention
of different professional characters that provided approaches to
address numerous conservation issues. In fact, the variety of deg-
radation phenomena that affect works of art mirrors the vast array
of materials that have been used by mankind since early ages.
Therefore both conservators and scientists are involved in finding
effective solutions to counteract aging processes due to the action
of light, temperature, relative humidity and microorganisms,
chemical degradation and physical erosion, or to anthropic causes
such as industrial pollution, vandalism, or the mere handling of
artifacts. Moreover, restoration interventions can prove—and have
often proven—detrimental in the long term whenever scientific
criteria are not followed. Based on the experience acquired in the
past decades, the use of products that exhibit as much as possible
the same physico—chemical properties of the treated artistic or his-
torical substrates (i.e. “compatible” materials) has been highlight-
ed as a valid principle to grant the durability of treatments and to
minimize drawbacks. For instance, the treatment of carbon-
ate-based wall paintings with low-compatibility materials such as
synthetic organic coatings and adhesives can lead to the alteration
and degradation of the painted surface, and compatible inorganic
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materials have been successfully proposed as an alternative for the
consolidation of these works of art (Piero Baglioni , David Chela-
zzi , Rodorico Giorgi, 2015, 1).

A multidisciplinary approach to conservation issues is the
key for a successful intervention, and the cooperation between sci-
entists, conservators, art historians etc. is fundamental for the re-
finement of restoration materials and techniques.

Finally, a “cure” must be found, meaning that tools and ma-
terials are to be developed to counteract, stop, and ideally revert
the degradation process. Regarding the latter task, which is the
focus of this Compendium, materials science has provided a fun-
damental contribution, and in particular colloids science and nano-
sciences have emerged in the last four decades as fields of para-
mount importance, being the source of concepts and tools that
have improved dramatically the effectiveness, reliability and dura-
bility of restoration interventions (Piero Baglioni , David Chelazzi
, Rodorico Giorgi, 2015, 2).

Conservation:

Conservation and restoration of works of art and other forms
of cultural heritage have been a constantly evolving pursuit in
which nano-based techniques play increasingly valuable roles (see
figures 6&7). A great number of factors can play a role in the deg-
radation of artworks. For instance, microbial growth can have a
range of detrimental effects on various media. Significant damages
can be inflicted on both paintings and sculptures by the many pol-
lutants in the atmosphere. The problem of nitric oxides in polluted
atmospheres slowly degrading the surfaces of marble statues and
marble buildings from ancient times is well known. In wood arti-
facts, acids can cause degradation of the cellulose structure pres-
ent.

Paintings that are exposed to air and elements can become
covered with foreign particles that change visual appearances and
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begin to act mechanically on the artifact. The paint itself as well as
the substrate that has been painted on can begin to crack. There
can be a loss of cohesion between paint layers on various media.
Particles can flake off.

Among the greatest of our cultural treasures are Medieval
wall paintings done in the fresco technique. They adorn many Me-
dieval buildings, particularly in Italy. In the buon fresco method,
pigments mixed with water were applied to freshly placed and
still-wet lime mortar after initial carbonation, thus embedding the
pigments well into mortar (or, more precisely, into the crystalline
structure of the newly formed calcium carbonate). Paintings not
only had marvelous color and visual qualities, they were quite sta-
ble as well. With time, however, salts can begin migrating through
pore structures in the mortar due to dampness and other reasons,
and salt crystallization can occur. The consequence is that severe
degradation can occur in the form of flaking of paint layers or
powdering of colors. Deeper damage can occur to the overall po-
rous structures as well. Damaging salts or particulates can also
come from wind-blown sources (Michael F. Ashby, Paulo Ferreira,
Daniel Schodek, 2009, 32-33).

These and other sources and types of damage have long
plagued curators and owners of these delicate frescoes. Many ear-
ly attempts to conserve artworks ultimately did more damage than
good. At one time, for example, varnishes were used over paint-
ings in a misguided attempt to protect them. These now-darkened
varnishes are a major problem in restoration efforts today. In more
recent years, less problematic acrylic polymers such as ethyl meth-
acrylate (paraloid) as well as others have been used to consolidate
wall paintings. Even the best of current techniques, however, can
still result in some type of change, not be very effective, or simply
be short lived (Michael F. Ashby, Paulo Ferreira, Daniel Schodek,

2009, 35).
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This technique has been widely used throughout the world
and has led to the development of other sophisticated techniques
as well.

Researchers at the Center for Colloid and Interface Science
(CSGI) at the University of Florence have extended the Ferroni-Di-
ni method using nanomaterial technologies. Calcium hydroxide
would be especially desirable for conservation use with carbon-
ate-based materials because of compatibility. A saturated calcium
hydroxide water solution, known as lime water, has been used, but
its low solubility has presented problems. The use of calcium hy-
droxide suspensions has been explored, but these are not stable
enough and create surface effects. Researchers at the Center ex-
plored the use of dispersions of nanosized calcium hydroxide in
nonaqueous solvents. Nanoparticles of this type can be obtained
from a simple homogeneous phase reaction in hot water. Going to
smaller sizes changed the physical and chemical features of the
calcium hydroxide particles. Nanoparticle sizes ranged from 10
nm to 200 nm and were found to be able to penetrate within pore
structures of wall paintings and limestone and without leaving sur-
face effects (Michael F. Ashby, Paulo Ferreira, Daniel Schodek,
2009, 35-36).

The particles increased cohesion to the painted layers. After
a short period of time, the calcium hydroxide particles were found
to react with carbon dioxide in the air and create a greatly im-
proved binder in the host material, thus consolidating it. The pro-
cess essentially replaces calcium hydroxide lost during degrada-
tion. The same methods have been applied to many fresco paintings,
including at the Maya archeological site of Calakmul. Interesting-
ly, this consolidation method can be applied to other materials,
including ancient brick mortar.

Using approaches similar to that just described, nanoparti-
cles can also be used for conserving or restoring old textiles, paper,
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and wooden objects (see figures8 ).

Deacidification processes can be used to stabilize docu-
ments and increase the life of these papers, but these methods are
expensive and slow. Nanoparticle-based paper treatments have
been suggested for use to achieve more efficient and long-lasting
deacidification.

Smaller particles allow easier penetration and more com-
plete dispersion (see figure9). The approach generally suggests an
improved way of dealing with one of our most delicate preserva-
tion problems.

The work on cellulose structures described previously has
led to other applications. In the 17th century the royal battle galle-
on Vasa was built on the order of King Gustavus Adolphus of Swe-
den (see figure10). The ship was built of large oak, and its two gun
decks held 64 bronze cannons. On its maiden voyage on August
10, 1628, the Vasa fired a farewell. A sudden squall caused it to
list, and water poured through still open gun ports. The vessel cap-
sized and sank with great loss of life. Amazingly, the ship’s largely
intact hull was salvaged in 1961. To prevent the hull from drying
out, shrinking, and decaying, preservationists immediately treated
it with polyetheylene glycol (PEG) by intermittent spraying and
slow drying. It was moved to the Vasa Museum in Stockholm,
where alarming rates of acidity increases in the wood were ob-
served and again threatened the hull by acid wood hydrolysis. Sul-
furic acids were proving especially harmful. The development of
sulfurs was traced back to metabolic actions of bacteria in the har-
bor water and was subsequently oxidized by the iron released from
longcorroded bolts as well as from more recent ones put in during
salvaging. Preservation efforts focused on removing iron and sul-
fur compounds. Neutralization treatments using alkali solutions
helped in only outer wood layers and can potentially cause cellu-
lose degradation itself (Michael F. Ashby, Paulo Ferreira, Daniel
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Schodek, 2009, 36-37).

A new method of neutralizing the acids by the use of
nanoparticles has recently been explored by the group from the
University of Florence, mentioned previously. The immediate
preservation focus was to slow the production of acids inside the
wood and, if possible, remove the iron (or render it inactive) and
sulfur.

Conclusion:

Work with nanotechnology has only recently been emerging
in the conservation area, but initial results look very promising.
For instance, the airborne pollutants from traffic or smog, which
are known to attack the surface of sculptures and architectural
monuments made of marble and other stones that form part of the
cultural experience of our finest urban environments, might be
combated with the self-cleaning. Indeed, the potential value of
inert self-cleaning surface treatments would be literally enormous,
but considerable gaps must still be bridged before we can safely
benefit from these new nanotechnologies (Michael F. Ashby, Pau-
lo Ferreira, Daniel Schodek, 2009,37-38).

In the last few decades, the conservation of cultural heri-
tage has become a topic of interest worldwide, due to the need to
preserve the authenticity of artifacts and constructions, as well as
the history of mankind. Classic examples of artifacts include stone
tools, wooden tools and objects, metal or personal ornaments and
ceramic vessels. Due to the age of these objects and the external
degradation factors, their structure is severely affected. For exam-
ple, wood materials are constantly subject to several serious deg-
radation factors, such as biological or chemical degradation, which
more or less affect the structural integrity and mechanical strength
of these materials.

Therefore, research scientists are still focusing their re-
search to discover more appropriate new materials and their appli-
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cations to conserve and restore human heritage items for future
generations.
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(Figurel ) Sequence of images showing the various levels of scale
(Michael F. Ashby, Paulo Ferreira, Daniel Schodek, 2009, 3).

(Figure2 ) Window from Chartres Cathedral. The intense colors of
many Medieval stained-glass windows resulted from nanosized
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metal oxide particles added to the glass during the fusion process
(Michael F. Ashby, Paulo Ferreira, Daniel Schodek, 2009, 30).

(Figure3) The Lycurgus cup looks green when light shines on it but
red when a light shines inside it. The cup contains gold nanoparti-
cles (Michael F. Ashby, Paulo Ferreira, Daniel Schodek, 2009, 31).

(Figure4) Medieval lusterware, circa 16th century, Manises, Spain.
The glaze was made by firing metal oxides (Michael F. Ashby,
Paulo Ferreira, Daniel Schodek, 2009, 22).
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(Figure5) Mayan wall painting from Cacaxtla, Mexico. The in-
tense blue results from an amorphous silicate substrate with em-
bedded metal nanoparticles and oxide nanoparticles on the surface
(Michael F. Ashby, Paulo Ferreira, Daniel Schodek, 2009, 32-33).

(Figure6) Conservation work was carried out in the 1970s using the
Ferroni-Dini method for cleaning from sulfatation and consolida-
tion of frescoes. Pre and post-restoration images under raking light
(Michael F. Ashby, Paulo Ferreira, Daniel Schodek, 2009, 34).
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(Figure7) According to undocumented tradition, the face of the
saint is a self-portrait of the artist, Beato Angelico. Pre- and
post-restoration under glazing light (Michael F. Ashby, Paulo Fer-
reira, Daniel Schodek, 2009, 34).
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(Figure8) Acid paper. (Michael F. Ashby, Paulo Ferreira, Daniel
Schodek, 2009, 36).

(Figure9) Nanoparticles of calcium hydroxide on paper—deacidi-
fication (Michael F. Ashby, Paulo Ferreira, Daniel Schodek, 2009,
36).

(Figurel0) The Vasa sank in 1628 and was salvaged in 1961. Orig-
inally treated with PEG, the hull was still threatened by acidifica-
tion (Michael F. Ashby, Paulo Ferreira, Daniel Schodek, 2009, 37).
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