NUKILEAR

MALAYSIA

THE APPLICATION OF NUCLEAR TECHNIQUES
FOR CHARACTERIZATION AND PRESERVATION
OF ARTIFACTS OBTAINED FROM

SHIPWRECKS

NeIutEe g
<,§5§.¢': “ (‘.““ ./,{/%
X

(R T



The Application of Nuclear Techniques for the Characterization and
Preservation of Artifacts Obtained from Shipwrecks

Chief Editor: Mahdi E. M.
mahdiezwan@nm.gov.my

Design: Azlan Shah Nerwan Shah
Editorial Board: Hishamuddin Husain, Izura 1zzuddin, Suhaila Hani Ilias

Contributors: Laurent Cortella, Hasrizal Shaari, Mohd Fitri Abdul Rahman, Ruzairy Arbi, Nadira
Kamarudin, Roshasnorlyza Hazan, Muhamad Faiz Azizan, Muhammad Rawi Mohamed Zin, Azlan
Shah Nerwan Shah, Siti Aishah Ahmad Fuzi, Izura Izzuddin, Irawati Munajat, Mohd. Radhi Ismail,
Department of National Heritage, Sasiphan Khaweerat, Kunthida Chimma, Sokha Tep, Nero
Austero, Rusyanti, Lukman Ajiz, Lynn Chua, Myint Myint Oo, Afroza Khan Mita, Anas Alwaheba,
Yosha Alamri, Fadhil Abed Allawi, Roya Rafiee, Zaid Daoud, Walid Iskandarani, Shamma Khamis
Aisaee, and Azra Yaqub

Copyright Infringement Notice:

All content, including but not limited to text, illustrations, diagrams, photographs, and any other form
of intellectual property in this book, is protected by copyright law. Unauthorised reproduction,
distribution, or dissemination of any part or whole of this work is strictly prohibited and is subject to
legal action. Any use or reproduction, including but not limited to digital, mechanical, photocopying,
recording, or any other method, without the express written permission of the author or the relevant
organisation is forbidden. Any violations will be pursued vigorously under applicable copyright laws
and may result in legal consequences. For permission to use or reproduce any portion of this book,
please contact the chief editor at mahdiezwan@nm.gov.my.

Cataloguing-in-Publication Data
Perpustakaan Negara Malaysia

A catalogue record for this book is available
from the National Library of Malaysia

elSBN 978-967-2706-21-2

Agensi Nuklear Malaysia,
Kumpulan Teknologi Bahan,
Bahagian Teknologi Industri,

43000, Kajang, Selangor, Malaysia.

3 JANUARY 2025

i|Page


mailto:mahdiezwan@nm.gov.my
mailto:mahdiezwan@nm.gov.my

FOREWORD

The Regional Training Course (RTC) workshop, titled "The application of nuclear techniques for
characterization and preservation of artifacts obtained from shipwreck," took place at the Hatten
Hotel in Melaka from 23" to 27" October 2023, organized by the International Atomic Energy Agency
(IAEA). At national level, the Malaysian Nuclear Agency organized this remarkable event in
collaboration with the Department of Museums Malaysia, supported by Department of National
Heritage and Melaka Museum Corporation (PERZIM).

The primary objective of this workshop was to equip delegates with the knowledge and skills
required to employ nuclear techniques in characterising and preserving artifacts retrieved from
underwater shipwrecks. Thirty-three (33) delegates from a diverse array of seventeen countries,
including Bangladesh, Cambodia, Indonesia, Iran, Iraq, Jordan, Lebanon, Myanmar, Oman, Pakistan,
Palestine, the Philippines, Singapore, Thailand, Vietnam, France, and Malaysia, came together for this
intellectual voyage. The program featured thirteen informative oral presentations, complemented by
field trips and hands-on activities at the Kota Lukut Museum (Negeri Sembilan), the shipwreck site
in Melaka and the Malaysian Nuclear Agency.

The resounding success of this program is evident, as it provided delegates with invaluable
insights into the methodologies and techniques underpinning the preservation of shipwrecked
artifacts through comprehensive oral and poster presentations. Additionally, the demonstration
during field trips allowed delegates to examine these approaches and the associated instruments
closely. Notably, this workshop fostered a vibrant atmosphere of networking and knowledge sharing
among delegates, which is expected to spawn collaborative research endeavours within the
overarching ambit of cultural heritage preservation under the auspices of the IAEA. The organisers
are fervently optimistic that this workshop is but the first instalment in a series dedicated to the noble
cause of safeguarding our cultural heritage for generations to come.

This book is a tangible testament to the wealth of collective knowledge cultivated and
generously shared among the workshop's esteemed delegates. It represents an invaluable written
repository of a pivotal facet of cultural heritage preservation. Our primary objective is to disseminate
this knowledge to the broader public, with the sincere intention of sparking interest and fostering a
deeper appreciation for this vital field.

Hishamuddin Husain, PhD
Course Director

3" January 2025

Malaysia
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I THE APPLICATION OF NUCLEAR TECHNIQUES FOR THE CHARACTERIZATION AND
OF ARTIFACTS OBTAINED FROM SHIPWRECKS

1. BACKGROUND

Nuclear technology has witnessed a century of remarkable achievements in energy production,
medical treatment, and materials characterization. The once-elusive and enigmatic realms of science
were rendered accessible thanks to nuclear technology's discovery and continual refinement. This
remarkable innovation has forged numerous uncharted pathways for scientific exploration.

One of nuclear technology's lesser-known and seldom-discussed applications is preserving our
cultural heritage, specifically focusing on solid artifacts. In the context of this book, "artifacts"
encompass an array of materials, including pottery, ships, and various archaeological sites. Many of
these relics have been unearthed from antiquity, but the limitations of past technologies hindered a
comprehensive understanding of their historical significance.

The proliferation of nuclear technology and its derived techniques has endowed seemingly
ordinary artifacts with a profound historical tapestry. X-rays, for instance, can deconstruct an artifact,
unveiling its intricate constituents and shedding light on the mysteries of our past societies.
Meanwhile, gamma rays serve as a guardian, arresting the relentless march of bacteria and fungi that
threaten to disintegrate invaluable and delicate artifacts.

Moreover, nuclear techniques can perform miraculous restoration on damaged artifacts,
enabling us to glimpse into the minds of our forebears. This is particularly crucial in regions where
the harsh climate takes a toll on ancient and fragile treasures. Following restoration, scholars from
diverse backgrounds can comprehensively analyse these artifacts, further unravelling the mysteries of
bygone eras.

This book presents the collaborative efforts of scholars who straddle the realms of science and
art. Traditionally seen as disparate disciplines, these scholars have deftly found a harmonious middle
ground where their scientific expertise complements the insights of historians and artists. Together,
they orchestrate the renaissance of our past, a tantalising journey that beckons all to explore and
appreciate.
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I THE APPLICATION OF NUCLEAR TECHNIQUES FOR THE CHARACTERIZATION AND
PRESERVATION OF ARTIFACTS OBTAINED FROM SHIPWRECKS

2. CULTURAL HERITAGE CHARACTERIZATION
AND PRESERVATION

This chapter embarks on a meticulous and multifaceted journey into the realm of cultural heritage

characterization and preservation, casting a spotlight on the subjects that came under scrutiny during
the IAEA-sponsored workshop titled "The Application of Nuclear Techniques for Characterization
and Preservation of Artifacts Obtained from Shipwrecks." Held between 23" and 27" October 2023,
it served as an intellectual crucible where experts and scholars converged to unravel the intricate
tapestry of preserving our historical treasures.

As we navigate through this chapter, we begin with a compelling exploration of the maritime
history of the Malay Peninsula, which bears witness to a plethora of shipwrecks scattered beneath its
waves. These submerged vessels are poignant testimonies to the stories of seafaring civilizations and
maritime trade routes. We delve into the challenges and opportunities inherent in uncovering and
preserving the secrets locked within these underwater time capsules.

A central pillar of our discussion revolves around applying nuclear sources and techniques,
which emerge as indispensable tools to safeguard and restore retrieved artifacts. Gamma rays,
neutrons, and X-rays, harnessed with precision and care, can unveil the concealed details of these
relics. They enable us to peer beneath the layers of history, transcending the boundaries of time and
the encroachment of decay, allowing us to capture the essence of moments long past.

Further segments of this chapter illuminate the unique and intricate facets of cultural heritage
preservation. We delve into the meticulous care taken to preserve geoarchaeological sites, ceramic
potteries, and waterlogged wood, each presenting its challenges and rewards. Through the discerning
lens of nuclear and imaging techniques, we explore the historical significance and witness the scientific
ingenuity that underpins these endeavours.

These discussions underscore the vital role of collaborative research and technological
innovation in cultural heritage preservation. The convergence of expertise from diverse fields,
including archaeology, science, and technology, drives these achievements. Ultimately, this chapter
serves as a testament to the power of human curiosity, ingenuity, and cooperation in the timeless
pursuit of preserving our cultural legacy for generations yet unborn.
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| 2. CULTURAL HERITAGE CHARACTERIZATION AND PRESERVATION

2.1 Ancient Shipwrecks in Malay Archipelagos Waters

Name: Hasrizal Shaari
Date of Presentation: 23" October 2023
Email: riz@umt.gov.my

In the heart of the Malay Archipelago, where the azure waters of the

South China Sea caress the shores of Malaysia, lies a treasure trove of
history submerged beneath the waves. These waters hold the secrets of
ancient maritime trade routes, where Chinese junks, Thai vessels, and -ra
Southeast Asian ships once sailed, laden with precious cargo. Today, these sunken relics provide a
window into the past, offering invaluable insights into the rich tapestry of cultures and civilizations
that once thrived in this maritime crossroads.

Malaysia, with its vibrant history, boasts a significant number of underwater archaeological sites.
Governed by the National Heritage Act (Akta 645), these underwater cultural heritage sites are
scattered across the Malaysian waters, ranging from the ancient port of Malacca to the sunken Bidong
Shipwreck, each with its unique story.

Malaysian waters house a diverse array of shipwrecks, each representing a different era and
purpose. Ancient shipwrecks dating back centuries provide glimpses into the maritime trade networks
of the Malacca Sultanate and the Majapahit and Srivijaya kingdoms. World War-era shipwrecks are
silent witnesses to the turbulent times of the past century. Foreign fishing vessels and forfeited
shipwrecks add to the mosaic of maritime history found beneath the waves.

According to maritime historian Flecker, ancient maritime trade routes in the South China Sea
were bustling with activity between the 13™ and 17" centuries. Three distinct ship types dominated
these waters: the majestic Chinese Junk, the traditional South China Sea vessels, and the Southeast
Asian lashed lug ships. These vessels, with their unique designs, facilitated trade, cultural exchange,
and the movement of people across the archipelago.

Excavating these sunken treasures is no small feat. The Bidong Shipwreck, located within the
National Heritage Zone, required a massive operation involving skilled divers and meticulous
recording of artifacts. Preservation and storage are vital aspects of these endeavors, ensuring these
artifacts are protected for future generations.

While these shipwrecks offer invaluable insights, they also pose challenges. Overloaded ships,
unpredictable sea conditions, accidents, wars, and miscalculations have led to the sinking of these
vessels. The discovery of remnants, such as burnt wood fragments and stoneware containers, sheds
light on the challenges faced by ancient mariners. Techniques like X-Ray Fluorescence (XRF) analysis
reveal the composition of these artifacts, providing clues about their origin and purpose.

Strewn across the Malaysian waters are protected zones, such as Pulau Upeh in Melaka and
Bidong Island in Terengganu, where these underwater cultural heritage sites are safeguarded.
Understanding the significance of these sites not only enriches our historical knowledge and
emphasizes the importance of preservation and conservation efforts.
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I Ancient Shipwrecks in Malay Archipelagos Waters

As we delve into the depths of Malaysia’s underwater cultural heritage, we embark on a
fascinating journey through time. These shipwrecks, with their tales of trade, exploration, and cultural
exchange, offer a glimpse into the past that is both awe-inspiring and humbling. By unraveling the
mysteries of these ancient vessels, we connect with the seafaring souls of our ancestors, appreciating
the enduring legacy of maritime heritage in the Malay Archipelago. The slides in the upcoming section
detail the work done on this.
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Ancient Shipwrecks in Malay Archipelagos Waters

Regional Training Course on “THE APPLICATION OF NUCLEAR TECHNIQUES FOR
CHARACTERIZATION AND PRESERVATION OF THE ARTIFACTS OBTAINED FROM THE SHIPWRECK”

p

» A WARISAN
ILsi i3 jjula
JABATAN WARISAN NEGARA

Anaengts v_,,p@wrecks in Malay Archipelagos
s Wafters

£~ ~in

ASSOC. PROF. DR. mAsmzAL am SHAARI
Director
Centre of Research and Field Services (CRaFS),
Universiti Malaysia Terengganu (UMT)

Email: riz@umt.edu.my

National Heritage Act(Akta 645)
PART IX Underwater Cultural Heritage

Section 61
Discovery of underwater cultural heritage

Section 62
Possession, custody or control of moveable underwater cultural heritage

Section 63
Declaration of underwater cultural heritage

Section 64
Protected zone

Section 65
Salvage and excavation works to be licensed

Section 66
Ownership of underwater cultural heritage found during survey, salvage and excavation
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Ancient Shipwrecks in Malay Archipelagos Waters

A rohaeological Oites in Malaysia

ARCHAEOLOGY SITES IN MALAYSIA

No STATES SiTES ToTAL
LAND _UNDERWATER
1 KEDAH 57 q 61
2 PERLIS 67 5 67
3 PULAU PINANG 6 5 11
a KELANTAN a7 a 51
5 TERENGGANU 17 6 23
6 PAHANG 109 17 126
7 PERAK 208 6 214
8 WP KUALA LUMPUR 2 - 2
9 WP PUTRAIAYA = = E
10 SELANGOR 33 7 40
11 NEGERI SEMBILAN a7 14 61
12 MELAKA a1 31 72
13 JOHOR 39 24 63
14 WP LABUAN 8 ) 16
15 SARAWAK 39 11 50
16 SABAH 18 10 28
GRAND TOTAL 738 149 887

Sources: Department of National Heritage (JWN), Malaysia

Ancient
Shipwreck

Type of
Shipwreck in
Malaysia

Foreign Fishing Vessels
Forfeited Shipwreck

World War
Shipwreck

8| Page



Ancient Shipwrecks in Malay Archipelagos Waters

Ancient

Shipwrecks

In Reality: Shipwrecks Discovery in Malay Archipelagos are
embedded in the subsurface layer of the seabed

COPYRIGHT VAR

Conter of Government in Malay Arofipelagos
And Maritime FCistory
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Ancient Shipwrecks in Malay Archipelagos Waters

I Age of Discovery

o

Colonization Periods
Portuguese
(1511-1641 CE)

) Dutch
(1598-1942 CE)
(1641-1824 CE)

MARITIME HISTORY

NUSANTARA

o

o

O

Malay Kingdom
Malacca Sultanate
(1400-1511 CE)
Majapahit
(1293-1527 CE)
Srivijaya
(6711025 CE)

Thai Kingdom
Sukhothai
(1238-1448 CE)
Ayutthaya
(1351-1767 CE)

Chinese Dynasty
Ming
(1368-1644 CE)

Tipe of Anciont Maritime OB 1n Midlgy Archppelges
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Ancient Shipwrecks in Malay Archipelagos Waters

Type of Ancient Maritime Ship in Malay Archipelagos

According to Flecker (2015), between the 13th and 17th centuries, three varieties of ships actively utilised the
SCS trade route:

1) Chinese Junk

2) SCS Tradition (Thai)

3) Lashed lug (Southeast Asian)

(1) (2) (3)

Table 2. Shipwrecks in China and Southeast Asia with documented structure

Shipwreck Designation Century Type (Origin)
Turiang Wreck, Malaysia 15th Chinese Junk

Bakau Wreck, Indonesia 15th South China Sea Tradition
Royal Nanhai Wreck, Malaysia 15th South China Sea Tradition
Pandanan Wreck, Philippines 15th South China Sea Tradition
Pataya Wreck, Thailand 15th-16th South China Sea Tradition

Hoi An Wreck, Vietnam 15th-16th South China Sea Tradition

Ko Kradat Wreck, Thailand 16th South China Sea Tradition
Lingga (Indonesia) Lash-lug
Klang Aow (Central Gulf of Thailand) 16th South China Sea Tradition
Wreck, Thailand
Binh Thuan Wreck, Vietnam 17th Chinese Junk
Vung Tau Wreck, Vietnam 17th Chinese Lorcha

Modified after Flecker (2015)

How About Malay Ships?

Pinisi Malay Jong
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CStactors that caused the sinking of the ancient ship

Overloaded
Ships

. ! Sea
leul iti
Miscalculation Condition
/

Fire
Accident

Sailing of Ships from China or the Thai Kingdom occurs during the
Northeast Monsoon Season

Outbreak in
South China

Sea Condition
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Ancient Shipwrecks in Malay Archipelagos Waters

Overloaded

The Ancient Merchant Ship Compartments

o No Ballast Tank.
o Do now know the specific maximum weight of the cargo.
o The stability of the ship depends on the arrangement of the cargo.

Stability of modern merchant ship — Ballast Tank

Miscalculation

The illustration of the ship sinking because it hit the Great Barrier Reef, Australia
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Ancient Shipwrecks in Malay Archipelagos Waters

The battle between Dutch-Portuguese at Malacca Port in 1606

Burning Ship due to fire accident

Fire Accident

In the case of the Bidong Shipwreck
o Burning wood fragments

o Small stoneware container clinging to
melted metals.

© X-Ray Fluorescence (XRF) shows the
concentration of elements are iron
(27.86%) > silicon (24.87%) >
aluminium (0.73%) > sulphur (0.71%)
> potassium (0.24%).

o The high content of iron and silicon in
the analysed melted metal suggests
that there is a mixture between
elements from melted metal {iron)
and also the element from stoneware
which is silicon.

o In general, the melting points of iron
alloys and steel occur at higher
temperatures, between 1,205°C and
1,370 °C
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SIoritage Rrotactad Seone

UNDERWATER CULTURAL HERITAGE
PROTECTED ZONE IN MALAYSIA

Labuan, Federal Territory Protected Zone Pulau Upeh, Melaka Protected Zone

UNDERWATER CULTURAL HERITAGE
PROTECTED ZONE IN MALAYSIA

Tanjung Tuan, Melaka Protected Zone Tioman, Pahang Protected Zone

+00Rle
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Ancient Shipwrecks in Malay Archipelagos Waters

UNDERWATER CULTURAL HERITAGE
PROTECTED ZONE IN MALAYSIA

Bidong Island, Terengganu Protected Zone

Conclusion

» Shipwreck study is very important;

» to know the past information about the ancient maritime trading
routes

» to understand about underwater cultural heritage values

» to protect, preserve, and conserve the national underwater cultural
heritage

* Malay Archipelagos is very important in east-west maritime trading
activities
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ASSOC. PROF. DR. HASRIZAL SHAARI
DIRECTOR
CENTRE OF RESEARCH AND FIELD SERVICE (CRaFS),
UNIVERSITI MALAYSIA TERENGGANU.
Email: riz@umt.edu.my
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| 2. CULTURAL HERITAGE CHARACTERIZATION AND PRESERVATION

2.2 Discovery of Shipwreck and Policy related to Underwater
Cultural Heritage in Malaysia
Name: Ruzairy Arbi

Date of Presentation: 23* October 2023
Email: ruzairy@heritage.gov.my

The maritime landscape of Malaysia is a mirror reflecting the nation's

historical significance as a pivotal maritime center, with its waters serving
as a repository for a trove of submerged historical narratives. Unseen by M HATTF
most, these undersea vestiges hold the tales of ancient trade, cultural AT
exchanges, and the evolution of seafaring in the region. The emergence of maritime archaeology
within Malaysia has, in recent years, surfaced a myriad of underwater cultural heritage (UCH) that
beckons scholarly attention and protection.

In the quest to chart the historical course of Malaysia's maritime prowess, researchers have
delved into the depths to discover shipwrecks that serve as time capsules. These underwater sites are
rich with artifacts like ceramics, coins, and navigational instruments that date back centuries. For
instance, the revelation of an ancient shipwreck near Pulau Melaka has been pivotal, furnishing
evidence of the nation's trading heritage with the discovery of coins tracing back to the reign of Sultan
Mahmud and even to the colonial currencies of the Dutch and Portuguese eras. Moreover, the
excavation of 'Ding Ware' porcelain bowls offers concrete proof of historical transnational trade and
cultural interplay.

Despite the excitement of these findings, the conservation of Malaysia's UCH is fraught with
obstacles. The allure of underwater treasures has not only piqued the interest of historians but also
looters, who threaten the integrity of these sites. The relentless drive of modern development,
manifested in land reclamation and sand dredging operations, coupled with the adverse impacts of
climate change, poses additional risks to preserving these submerged historical assets.

Confronted with these perils, there has been a marked response from both governmental and
non-governmental entities. Legal frameworks have been reformed to fortify the protection of UCH,
and international partnerships have been invigorated. For example, the UNESCO 2001 Convention
on the Protection of the Underwater Cultural Heritage, which Malaysia ratified in 2009, serves as a
foundation for legislative and protective measures. The slides in the upcoming section detail the work
done on this.
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DISCOVERY OF SHIPWRECK AND POLICY RELATED TO
UNDERWATER CULTURAL HERITAGE IN MALAYSIA

RUZAIRY ARBI
HERITAGE REGISTRY DIVISON
NATIONAL HERITAGE DEPARTMENT MALAYSIA

Intfroduction

» with about 1900 nautical miles of shore and about
160,000 nautical miles of the territorial waters.
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\

Peninsular Malaysia at the
Crossroad

Al leost az sarly ¢
shigss plying the mdjer
regional commerce,

Malay peninsuio offered a number of parls thal became famous al various imes over
the century.
e.g.: Kadah is ane of the earliest, Pahang, Terengganu, Toman and Melaka.

Until today. the peninsula s sHill seen as a significant shipping lane for most
shipping activi have to ply the Straits of Melaka

Wrecks in Malaysian Waters

Qver 50 wrecks has been firmly identified which dales lo as early
as 3rd century AD,

However, recently a Malaysian scholar estimated over 6,000
e believed to lie in the waters of Malaysia.

More than 20 of
been excava

Historic Wrecks comprise of frading vessels (Portuguese, Dutch
and Chinese junks) and warships (Porfuguese, Duteh, WWII British
and Japanese).

mains fogetherwith it

. their cargo or other
d natural context: and
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Some Definition...

Underwater Cultural Heritage Underwater Archaeology

of the culturesin

Malaysian Territorial Waters

In 1940, the government of the Federation of Malaya agreed to become a member state
of the 1958 Geneva Convention on Teriforial Seas and Contiguous Zones (TSC).An official
United Nations (UN) document (Document A/CONF.19/L.15) records that the Federation of
Malaya also parficipated in the Second UN Conference on the Law of the Sea (UNCLOS Il)
in 1940 in Geneva, Switzerland.

When the Federation of Malaya was reconstituted as the Federation of Malaysia in 1963,
Malaysia actively participated in the Third United Nations Conference on the Law of the
Sea (UNCLOS IIl) which took place from 1973 to 1982 in New York.

UNCLOS lll succeeded in establishing the 1982 Law of the Sea Convention (LOSC), a
multilateral treaty that governs the maritime domain fo this day. LOSC has replaced the
use of TSC which was agreed by Malaya before in 1940.

Malaysia is a member countfry fo the LOSC in 1994. In order to enforce the provisions of
the LOSC in domestic law, Malaysia has enacted the Territorial Seas Act 2012 (TSA).

In general, the 1982 UNCLOS provides that a coastal state can claim up to 12 nautical
miles of tenitorial sea measured from the coastal line.

Historical
(=77)
KEDAH
PULAU PINANG
PERAK
SELANGOR
NEGERI SEMBILAN
MELAKA
JIOHOR
KELANTAN
PAHANG
TERENGGANU
SARAWAK
SABAH
WILAYAH PERSEKUTUAN LABUAN
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WWII Sites/Shipwreck in
Malaysian Territorial Waters

PULAU PINANG

KELANTAN

Tarikh
WL Tapak/ Kapal Karam
1

20 Oqos 1943

11 Januari 1944

14 Mel 1945

1944

22 November 1944

11 November |944

8 Disember 1941

19 Disernber 1941

24 Januarl 1941

WWII Sites/Shipwreck in
Malaysian Territorial Waters

IERENGGANU

Tarikh
Tapak/ Kapal Karam

10 Disember1941
10 Disember 1941
10 Disember 1941
15 Disember]941
21 Disember 1941
Ponddhon 1900-an kuoosana
16 Mei 1945

14 Janoari 1945

WWII Sites/Shipwreck in
Malaysian Territorial Waters

Tarikh
i GIPTRFapatitm -

SARAWAK

Hiyashl Maru

{lapaness Mercha

HNLMS K-XVI

1y 50t o KXV Coss)

HUMS Shinonome:
apansse De o)

28 Novernber 1944

24 Disember1941

24 Disember1941

23 Disember1941

24 Disember 1941

17 Disemberl 741

26 November 1941

14 Januari 1945
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WWII Sites/Shipwreck in
Malaysian Territorial Waters

WILAYAH PERSEXLITUAN
LABUAN

Tarikh
Tapak/ Kapal Karam

14 Oktober 1944
14 Okiober 1944
26 September} 944
| Oktober 1944
1 Oklober 1944
1 Oktober 1944
8 Jun 1945
14 Oktober 1944
14 Oktober 1944

19 Novermnber 1944

Laws Relating to Malaysian Marin &
Maritime Activities

NATIONAL HERITAGE ACT 2005

(ACT 645)
» Department of National
Heritage

TERRITORIAL SEA ACT 2012

(ACT 750)
+ Department of National

CONTINENTAL SHELF ACT 1966
Heritage

Malaysian Underwater Cultural Heritage:

Provision under National Heritage Act 2005 (Section 2, 61 - 66)

Section 61 - Interpretation UCH

Section 62 - Discovery of Underwater Cultural Heritage

Section 63

- Possession, Custody Or Control Of Moveable Underwater

Cultural Heritage

Section 64

Section 65

- Declaration of underwater cultural heritage Protected zone

- Ownership of underwater cultural heritage found during

survey, salvage or excavation

Section 66

- Declaration of National Heritage

EXCLUSIVE ECONOMIC ZONES
+ Department of National * Depariment of National
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Research & Methodology in
Underwater Archaeology

1) Survey Geophysic 2) Salvage Conservation
> ‘Magnetomeics Excavation » In-situ

» Side Scan Sonar ireaie
Air Lifting » Wreck

iti Beam s
conservation

Mapping
i Pho Artifact
Bathymetry nologGIREEE A conservation
Sub-bottom Profilar Plotting R "
epositor
Metal Detector Recording i

~pe : Zonin
a2 Sampling g

Ground Penetrating - Exhibition
Radar = Dredging

Reconst jon
Earth Resitivity Meter Probe econstructio

and Electrical .
SO i
maging System Grabbing Restoration

Underwater Cultural Heritage —
Need statement

LITERATURE STUDY/REPORT/CHANCE FINDS

UNDERWATER SURVEY — SFOTTED AREAS

DIVING & SALVAGE

CONSERVATION - CURATIVE AND PREVENTIVE
COMPREHENSIVE REPORT AND STURY (DOCUMENTATION)
RECONSTRUCT, RESTORE AND DRAWING

EXHIBITION — ARTIFACTS AND MODEL OR REPLICA

SITE — REGULAR MONITORING & INFORMATION BOARD
ENFORCEMENT

>
>
>
>
| 4
>
>
>
>

THE SCIENTIFIC METHODS USED IN UNDERWATER
CULTURAL HERITAGE/ ARCHAEOLOGY RESEARCH

CONSERVATION = CURATIVE AND PREVENTIVE
CONSOLIDATION

DISINFECTION

RESTORATION

PROVENANCING

DATING

VERIFICATION OF AUTHENTICITY
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STUDY ARCHAEOLOGY USING NUCLEAR TECHNIQUES

ARCHAEOLOGICAL OBJECTS WITH ACCURANCY, IDENTIFYING
\, STRUCTURES AND ORIGIN

OPTICALLY STIMULATED LUMINESCENCE
FISSION TRACK DATING
PETROGRAPHY
CORROSION ANALYSER
OURIER TRANSFORM INFRARED SPECTROSCOPRY
X RADICGRAPHY AND NEUTRON RADIOGRAPHY
\NNING ELECTRON MICROSCOPY

Side Scan Senar

EXCAVATION & SALVAGE

Suction
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Fieldwork & Conservation

» Sonar Image on Prolected Zone
of Tanjung Tuan, Negeri Sembilan

PROTECTED ZONE IN MALAYSIA
Tanjung Tuan, Melaka

Tarikh Warla: 10 MEI 2011

No. Warta: P.U.(B)255

Keluosan ZYDL: 141.40-km/p
Koordinat: (Lafitud , Longitud)
Point (A] : 2466667 ,101.78333
Point (B) : 2484647, 101.824667
Point (C) : 2403333, 46
Point (D) : 2403333, 10

Point (E]

Point (F)
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Pulau Upeh & Pulau Besar, Melaka

Tarikh Warta: 10 MEI 2011

No: Warta: P.U.(B)255

Keluasan 7YDL: 384.47-km/p
Koordinat: |Latitud |, Longitud)
Poinl (A) ; 2202489 , 102.15482
Polni (B) : 2103319, 102.42152
Point (C) 2. 102.38893
Point (D) : 2.062497 . 102.15402

Googh

Pulau Tioman, Pahang

Tenikh Waorlc: 10 MEI 2011

No. Warta: P.U.(B)255
Eelucsan 7YDL: 7048.60-km/p
Koordinat; {Lalitud . Longitud)
Point (A) 2.780228 | 103.52248
Point (B) 1 2860222

Poiml [C] : 2909978

Point (D) 3.037533

Point [E) @ 2371644

Point [F)

Poinl [G)

Paint (H)

Wilayah Persekutuan Labuan

Tarikh Warta: 23 SEPTEMBER 2011
No. Warta: P.U.(B)508

Keluosan ZYDL: 526.24-km/p
Koordinat: (Latitud , Longitud)
Poind (A) 5.128069 , 115.29863
Point (8) 15.129539,115.08574
Paint (C)

Point [D)

Point [E)

Point (F)

Point (G]
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Pulau Bidong, Terengganu

Tarikh Warta: 2 FEBRUARI 2018
No. Worta: P.U.(8)60
Eeluasan ZYDL: 4.0 -km/p
Koordinat: (Lafitud , Lony
Point (A) : 562576

Point (B) : 5.612383

Point (C) : 54039

Point (D) 5618151

The
Approximate
Location of
Shipwrecks

Singtai

Longquan
Terengganu 4

MALAYSIA

in Peninsular
Malaysia

Nanyang
Desaru

Turiang

Pontian Boat, 3@ - 5 Century

ontian, South
d to 3rd - 5th

d stitched-plank
| of Southeast Asia

Oldest example of Foi 4
plank-built vessel }

e
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Turiang, £1370

in 1998 about 100 nautical miles
outh China Sea found at & depih of over
42 metres.

» Chinese vessel made of wood constructed
h large iron nails.
=d cargo of Chinese, Vieinamese and
pottery.

Chinese celadon jar
decorated with corve

floral design " ;
-

Longquan, £1400

nprised of Chinese celadon, Sisatchanalai
chotai ware.

Sukhotai ware with
fish decorated plate

d about 40
ian coast,

beam 21,000 ceramics
comp blue and white, and
5 hanalai don
) found were red and

th cover, an jvory.
nze elephani-
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- Royal Nanhai, £1460

Sisatchanalai celadon piate.

=] of about 22 mefres
consiruction include

bulkheads joined by wooden
al Southeast

mainly of Thai storage
ars and Sisatchanalai
covered box.

Jar from the Thai Black decor
Maenam Noi kiln. box from Sisatchanalai kil

Nassau, 1606

n 1993 on sandbank near Cape Rachado, Port Dickson o
) and part of the vessel was buried under 3

svation being financed by the Mala
1 MARE of Oxford University, Natfional Un
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- Nassau, 1606

| 722

Company ship found about 2
s from Mersing coast in Johor.

e Thai stoneware, over 120 fin
a VOC mark over it, nearly 90
phant tusks.

A Tiningot from Risdam shipwreck

1 Company.
oden ship measured 30 meires long, excavated in 1993.

24,000 intact pieces mainly ef high guality Chinese blue and wi
and small earthenware figurines decorated with colourful enar
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Desaru, £1830

)1 at a depth of 20
ufical miles
oast in Johor. \(j-..

| some 30 mefres ‘;\

(..’

3

include Chinese blue
hite from both
and Dehua, Yixing
and Guandong

- Desaru, 1830

Yixing teapot from

r

Wood maintainance work from

Yesury shipwrecks

Semarang, 1895
(SS Saint Pancrass)

in Permatang
th of § meters. The length
ound +120 meters.

ases and vessel frames are
fs on the vessel
surface of the

hip structures and arfifacts
en identified are part of Luan {bow)
r chain, boiler,
provide early
e vessel,

fy
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Penjom, 19t Century AD

n and revealed the
at the battorm
hore by the

currents by the flocds.

ents of the vesse! are

ynd in the site
f hip's hullhad
was an attempt to dismantle
- On the sast side, there s o
rs long horizontally in a hole
ng the flood. Tha findings of the survey
ream of the river resulted
od of various sizes and

adiscove
(1810-19 manufacturing
in the town of Hatod, Swansea, England.
e datao, the ship
h, builtinthe' 1

preliminary research fallowing the El-
omenon at that time causing the river
nee lavel and highlighting the
< in the middle of the
00 meters from the river

NKiNg
cct location not
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Kudat Clipper, 18 Century

nption was based

of a copper iron

‘Muntz Patent

¢ . - _
t the shi e
sh p ]
olliding with a reef
Straits of
ilipines.

National Heritage Department in
2010.

claimed, According to its history,
vinessed several episodes of war
- elaka,

d written by Rev. Fr. Rene Edouarde Cardon
948) in his paper 'The Porfuguese of Melaka'
at the llha das Naos or Pulo Malaca was
laka or Pulau Java. The island is
s de Tralo' or large trade canac
oming from China and Japan.

dings - The structure of an old ship and a
Sultanate

rom the era of Sultan Mahmud 1488-1511 while the
currency and Porluguese cumency. A nall -si
vas also found in the shipwreck discovery a
vas made around the 8th to 14th century AD at a de
found in the surface areg,
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Defining the Risk...

» Land reclamation

» Sand dredging

» Looters/relic hunters

» Commercial exploitation

» Non-scientific salvage/excavation
» Fish Net - Trawlers

» lllegal Salvagers

» Military Dumping Areas

» Climate Change

Joint Collaboration

» FEDERAL LEVEL » STATE LEVEL
1. DEPARTMENT OF MUSEUMS 1 STATE SECRETARY

MAEA »  STATE EXECUTIVE COUNCIL -
MALAYSIA NUCLEAR AGENCY HERITAGE, CULTURE. & TOURISM

NATIONAL ARCHIVES OF MALAYSIA 3 STATE MUSEUMS

NATIONAL HYDROGRAPHIC
CENTRE, MALAYSIA

MARINE DEPARTMENT
MALAYSIA MARITIME

» INTERNATIONAL LEVEL
1. UNESCO

2. SPAFA - SEAMEO REGIONAL CENTRE
ENFORCEAEN S FOR ARCHAEOLOGY AND FINE ARTS

A 3. ICOMOS ~ THE INTERNATIONAL
MARITIME INSTITUTE OF MALAYSIA COUNCIL ON MONUMENT AND SITES

MINISTRY OF FINANCE
10. UNIVERSITIES

Survey on the Malacca Territorial Water NHD-NHC-RMN.

Malacca. Mei 2006

ational Heritage Department, National Hydrographic Centre
on historical survey research at the Protected Zone of Pulau U
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Joint Mission to O-16 & K-XVII,
Malaysia-Netherland. Tioman Island,
Territorial Waters, July 2019

> nd ing to verify the

Next Joint Mission - Malaysia-Netherlands.
Tanjung Datu . Tumpat - Territorial Waters,
2024

» Malaysia and Netherlands are fo embark on a the Joint
Diving Mission to verify the precise location and condition of
the two (2) submarines which are believed to have sunk in
the Dutch war graves of vessels during the Second World
War, respectively on 19 December 1941 (O-20) off the coast
of Kelantan and (K-XVI) off the coast of Sarawak, Borneo.

Underwater Archaeology Research on Pulau Bidong, JWN-UMT.
Stesen Penyelidikan UMT, Pulau Bidong, Terengganu. Oktober 2017

oration between National Heritage Dept. & UMT on underwater
alvage at the Protected Zon Pulau Bidong whereby 306 artefacts
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Royal Malaysian Navy — Mawilla 1, foiled Viets attempt, JWN-NAVY.
Tanjung Gelang, Coast of Kuantan. 25 November 2014

an Navy (RMN] successfully folled the altempt ¢

tnam who fried o pilfer the freasures of Brifish shipv
s and HMS Repulse from the Second World War about
of Kuantan.

Malaysian Maritime Enforcement Agency detained a Viets boat,
JWN-APMM. Tanjung Gelang, Coast of Kuantan. 25 August 2015

2015; the Malaysian Martime
y [(APMM] detained a
on 64.9 nautical
elang. Kuantan
ed to have stolen
warship that sank in
itish Government
and ship
s HMS Repulse
' 18 Mac 2014

50

PoW & Repulse, WW2 Shipwreck
Case of Tanjung Belungkor 2023

» The llouf‘r‘dl Heritage Department (JWN) has received a complaint report
e human bones and object of a ship believed to be the Brifish v
f Wales and HMS Repulse at 60 nautical miles off the of Kuantan t
s which has been salvaged by Chinese Vessel and taken to the
r. Johor.As @ result. investigation is camied out NHD with Royal Mals
Force Maritime Enforcement Agency Malaysia and Royal Navy Malaysia, it we
ber of ship objects were found, including ron plates, anchors, engines, bullets
bor bs. ship propellers and copper which are believed fo be part of the salvaged ship
components. -

40| Page



Discovery of Shipwreck and Policy related to Underwater Cultural Heritage in Malaysia

PoW & Repulse, WW2 Shipwreck
- Case of Tanjung Belungkor 2023

DODGY DREDGER
‘NOTORIOUS'
SO I THE REGION

PoW & Repulse, WW2 Shipwreck
- Case of Tanjung Belungkor 2023

Asean Underwater Archaeology Workshop on Alternative
Solution and Extended Frontier. Mannok Shipwreck Site,
Klaeng Rayong, Thailand. 1-18 March 2016

» Train local underwater archaeologists as well as ASEAN countries on the actual
method of camying out underwater archeological excavation work and systematic
data collection fechniques.

J—
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Conference on the Protection Underwater Cultural
Heritage. Makassar, Indonesia. 19-20 September 2017

ASEANTUNESCO Conference
on the Protection of Underwater
Cultural Heritage

First Meeting of International Scientific Committee of
Indentured Labour Route Project.
Republic of Mauritius. 30 October - 2 November 2017

Lawatan Delegasi dari Maritime Heritage Research Division,
National Research Institute of Maritime Cultural Heritage Korea.
Department of National Heritage, Kuala Lumpur. 22 November 2017

» The courtesy of delegalion of & people from Marifime Hertage Research Division
National Research Institute of Maritime Cultural Hertage Korea is aimed at sharing
data and information.

Q
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Asean Underwater Archaeology Workshop on
Applying GIS in Underwater Archaeology.
Chantaburi, Thailand. 19-26 February 2018

Seminar on Malaysia International Dive Expo (MIDE).
Kuala Lumpur. 4-6 May 2018

International Conference on Archaeology.
Miri & Niah National Park, Sarawak.
26-28 September 2019

» Parficipation of 250 participants and 8 presenters from within the country and 10 from
apbroad from Thailand, Cambodia, Vietnam, Japan, and Australia. The program was
implemented for three days beginning with twa days of conference sessions and one day
for site visit to Niah cave,

o ————
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Forum On Safeguarding and Reviving The Shared
Maritime Cultural Heritage of Southeast Asia.

Jakarta & Belitung, Indonesia. 4-2 November 2019

Bual Suvarnadhipa: Kapal Karam Penjom.
LOOM by IKATAN x ICOMOS Malaysia. 5 August 2021

after the flood fide in
Kampung Pagar,
Pahang. Pahang in
early 2021.

The discussion of the ’ \ \ SIRI WEBINAR ARKEOLOGI DAN BUAL
187 century vassel AANAN ARISAN ALAM MELAYU 2021/2022 SURVARNADVIPA
frame was found - B

Bengkel Garis Panduan dan SOP Arkeologi.
LOOM by Archaeology Division, DNH.
7-8 September 2021
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Books & Articles

). Pulau Kelumpang, Kuala Selinsing, Perak. Warsan
Aalaysia. Kuala Lumpur: Jabatan Warisan Negara.

7 (2013). Warisan Kebudayaan Bawah Alr dl Malaysia. Warisan
A laysia. Kuala Lumpur: Jabatan Warlsan Megara.

). Perisytiharan Zon Yang Dilindungi. Wansan Arkeolagi
ig. Kuala Lumpur: Jabatan Werisan Negara, (74)

2 (2013). Kapal Karam di Peralran Malaysia. Warisan Arkeclogl
ia. Kuala Lumpur: Jabatan Warisan Negara. (78-81)

Books & Articles

%2 Mohd, Rohaizat Abdul Wahab, & Zuliskandar Ramii {2018}
Persilangan Teorl dan Pembuktion Asal Usul Perahu di Alam
Melayv. Prosiding Seminar Atkeologi Kebang e-4 20
Kuala Lumpur: Jabatan Warisan Negarc. (338)

Yazid Othman, & Fanzah Iderds (2018). Bandar Diraja Pekan
Pahang: Penyelamatan dan Penggalian Haram Relik
Arkeologl. Prosiding Seminar Arkeclegi Kebangsaan ke-4 2018
Kuala Lumpur: Jabatan Warisan Negara, |

Books & Articles

7 Asyaari Muhammad (2014]. Arkeclogi Marifim di
Kawasan Perairan Pulau Bidong, Terengganu: Pra-
Tinjavan. Jurnal Warisan. Jilid 1, Bil.1, Kuala
Lumpur: Jabatan Warisan Negara. (180)

Ruzairy Arbi (2021). Safeguarding Malaysia's c
Underwater Cullural Herilage: The Legal
Framework. Malaysia: A Marifime Nation
1, BiL3, Kuala Lumpur: Marifime Insfitute
of Malaysia
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Books & Articles

‘7 Ruzairy Arbi (2019). Pemuliharaan dan Pemeliharaan Warisan
Arkeologl Malaysia. Bicara Arkeclogl. Siri Kenali Arkeclogi
No.1, Kuala Lumpur: Jabatan Warisan Negara. (44)

7 Mohd. Roholzat Abdul Wahab (2019]. Penemuan Simbol
Universal Pelaut Pada Perahu Tradisional Melayu di Pantal Timur
Semenanjung Malaysia. Bicara Arkeologi. Siri Kenali Arkeologi
Ne. 1, Kuala Lumpur: Jabatan Warisan Negara. (74)

B‘c“n“ 7 Boszley Bee Basrah 8ee (2019). lkonografi Kapal Karam:
KEO‘OG‘ Mevrentas Zaman Dalam Menjelaskan Arkeologi Maritim
nR dan Sejarah Marilim. Bicara Arkeclogi. Sirf Kenall Arkeolog
No.l, Kuala Lumpur: Jebatan Warisan Negara. (93)
EONOR

o
oy el LATID OTHMA
WA

Underwater Archaeology in
Malaysia: Current & Future

» Tostrengthen legal enforcement fo protects underwater cultural heritage.

The establish a research station to camy out relevant works such as nautical,
maritime archaeology, ceramic institute, eic,

To create of public awareness regarding underwater cultural heritage.

To collaborate of an action plan for further intemational cooperation-
joining research and set up database network regarding underwater
cultural heritage.

To explore of new methods and techniques for survey, excavation, salvage
and conservation.

Conclusion

The Malaysian authorities are fully aware of the activities of underwater
treasure hunters and have clready taken sleps fo curb looting using our
existing marine enforcement agency, marine pelice and naval forces.

We are now ready to conduct any research, survey and excavation based
on our capacily and support from local and foreign experts by
cooperating with various agencies including universities and non-
governmental agencies.

Hopefully all these parficipations, guides and cooperation from all
depariments and agencies will enhance skills and knowledge in order to
preserve our underwater cultural heritage sites in Malaysia.

By establishing regional cooperation in term of marine archaeological
research and fraining would be an imporfant step towards safeguarding
our common underwater cultural heritage.
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2.3 Application of Nuclear Techniques for Characterization and
Preservation of Artifacts: Principle and Application of Nuclear
Techniques for Artifact Preservation

Name: Laurent Cortella

Date of Presentation: 23" October 2023
Email: laurent.cortella@cea.fr

Ovur cultural heritage is a testament to the human experience, a legacy that

connects us to our past and shapes our understanding of the world. As
guardians of this heritage, we face the constant challenge of preserving
artifacts that, over time, become fragile and vulnerable to decay. To safeguard
these treasures, science has provided us with a tool that might seem more at home in a medical setting
or a science fiction novel than a museum: gamma radiation.

Gamma radiation is commonly associated with medical treatments and energy production, but
its application in conserving cultural artifacts is a lesser-known yet significant facet. This innovative
approach to conservation uses gamma rays to both disinfect and consolidate fragile items, ensuring
that they endure for future generations to admire. But as with any technology, it’s crucial to understand
the intricacies and implications of its use.

To appreciate the utility of gamma rays in conservation, we must first understand their nature.
Gamma rays are a form of electromagnetic radiation, similar to visible light or X-rays, but with much
higher energy. This high energy makes gamma rays adept at penetrating materials. This property can
be harnessed to eliminate biological threats, such as bacteria and insects, that would otherwise degrade
artifacts over time.

The process of gamma disinfestation utilizes these rays to target and eradicate these biological
pests, effectively halting their destructive impact. The doses used are cumulative and calculated with
precision to ensure effectiveness without compromising the artifact's integrity. However, this
treatment is not without its side effects. For instance, a common consequence is the darkening of
transparent materials. Fortunately, this is often reversible, at least to some degree, restoring the artifact
closer to its original state.

Yet, not all effects are so easily remedied. High doses of gamma radiation can lead to the loss
of mechanical properties or analytical information irreversible changes. This poses a significant
concern, as it may alter the very essence of the artifact, stripping away not just its physical stability but
also its historical context.

In the domain of gamma consolidation, the application of gamma rays serves to strengthen the
physical structure of artifacts, especially those comprising organic materials like wood or textiles. The
process can alter some fundamental physical properties of these items, and unlike gamma
disinfestation, the effects are not reversible. Subsequent interventions to restore or repair the artifacts
are often compromised, so deciding to use gamma consolidation is a matter of ethical consideration.

The ethical dilemma arises from the irreversible nature of these interventions. Once an artifact

undergoes gamma consolidation, its original state can never be fully reclaimed, and future
conservation efforts may be limited. It's a path taken cautiously and only when other conservation
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methods fall short. Such a choice is typically reserved for situations where the artifact is in dire
straits—where it’s the last chance for survival, like saving a polychromed wooden sculpture on the
brink of collapse or preserving the functionality of complex composite items.

In the case of archaeological finds, such as artifacts composed of metal and waterlogged wood,
gamma radiation can be the key to preventing further deterioration. Moreover, after the treatment,
maintaining a special conservation environment is crucial to ensure the longevity of these pieces.

The use of gamma radiation in conservation is justified when it's the best available solution to
maintain the integrity of an artifact. It is not a first-line treatment but rather a last resort, a delicate
balance between the potential risks and the imperative of preservation. The goal is to keep the artifact
as close to its original condition for as long as possible.

For non-specialists, understanding the concept of nuclear treatments in conservation may seem
daunting. However, it's simplified when one considers that the primary variable in these treatments is
radiation dosage. The success of the intervention depends on precise dose calculations and
optimisations that limit the undesired side effects.

As we move forward, the diversity of conservation techniques continues to grow, offering us a
spectrum of methods to honor the uniqueness of each heritage piece. Gamma radiation is not a
panacea for all conservation woes but rather another tool in our arsenal, a testament to our ingenuity
and commitment to cultural preservation.

In conclusion, the application of nuclear techniques in preserving cultural artifacts provides us
with an interesting compromise. While not without its risks and ethical considerations, gamma
radiation offers a means to stabilize and save our heritage, ensuring that the stories and achievements
of our ancestors endure. As we harness the power of gamma rays, we hold a mirror to the past,
reflecting not only the artifacts themselves but also our dedication to preserving the narrative of
humanity. The slides in the upcoming section detail the work done on this.
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ARC-Nucléart : A Unique Structure
for Cultural Heritage Conservation
Both a laboratory and a workshop

3000 m? facilities : iradiation facility, large scale freeze-dryers, i
impregnation tanks (large scale, up fo 14 meters long), i
restoration workshops, storage rooms, chemical and
biological analysis laboratories

ARC-Nucléart : An Unique Structure
for Cultural Heritage Conservation
Both a laboratory and a worksho

A multidisciplinary team of 18 people: biologist, chemists, physicists,
technicians, mechanic, photographer, conservators, curator, administrative

ARC-Nucléart : A Unique Structure
for Cultural Heritage Conservation
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at international level it
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IAEA Promoting Nuclear Techniques for Cultural Heritage
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Curative Conservation
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IAEA Promoting Nuclear Techniques for Cultural Heritage
Supported by different Coordinated Research Programs (CRP)

= Nuclear Analytical techniques in Archaeological Investigations (19926~2000)

« Applications of Nuclear Analytical Techniques fo Investigate the Authenticity of Art
Objects (2004~2009)

= Application of Large Sample Neutron Activation Analysis Techniques for Inhomogeneous Bulk
Archaeological Samples and Large Objects (2008~2012)

« Application of Two- and Three-Dimensional neutron
imaging with Focus on Cultural Heritage research
(2012~2018)

* Developing radiation tfreatment methodologies and new Resin
Formulation for Consolidation and Preservation of Archived
Materials and Cultural Heritage Artifacts (2015~2020)

* Development and implementation of CH
preservation using ionizing radiation technology
(2022-2026)

Bangladesh, Brazil, Croatia, Cuba, Egypt, France, Hungary, Italy,
Japan, Poland, Portugal, Republic of Korea, Romania, Thailand,
Tunisia, Turkiye, and Vietnam

IAEA Promoting Nuclear Techniques for Cultural Heritage

Numerous international and regional initiatives

2017 - IAEA Technical Meeting on Developing Strategies for Safe Analysis of
Paintings and Paint Materials, Amsterdam.

2018 - IAEA Technical Meeting on Strategies for the Preservation and
Consolidation of Cultural Heritage Artifacts through Radiation Processing, Zagreb.

2019 - IAEA Regional Training Course on the Use of Radiation Techniques for
Cultural Heritage Preservation and Consolidations, Yogyakarta.

2020 - IAEA Virtual Workshop on Conservation of Paper-Based Material in
Cambodia, Phnom Penh.

2021 — |IAEA Virtual Regional Training Course on Preservation of Cultural Heritage
Objects and Archived Materials using lonizing Radiation, SGo-Paulo.

2021 - IAEA Technical Meeting on Radiation
_oTechnologies for Cultural Heritage

I Preservation and IAEA Regional Workshop on
Radiation Technologies for Cultural Heritage

@ Preservation, Grenoble.
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Gamma Rays

A “nuclear" radiation
Coming from unstable nucleus (radioactive atoms)

An “ionizing"’ radiation
which, when finally interacts with matter, will ionize other atoms,
but can't generate radioactivity (no nuclear reaction)

Gamma Rays

A radiation producing
biological effects
which, according to the dose,
can cause damages on cells,
and even the '
. death of the
affected organism

A penetrating radiation
due to its
low interaction probability

A $0Co Irradiator Dedicated to Cultural Heritage
~ 2000 TBq Co (max 3700 TBq)

Industrial
sealed sources

Source rack

1.6 m large,
0.9 m high

double enclosed
capsule of stainless
steel (inox 316L)
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A $0Co Irradiator Dedicated to Cultural Heritage

Pool irradiator

Dose rate ranging
from hundreds
of Gy/h to few kGy/h

Multipurpose or Industrial Irradiator

Large gamma radiation processing facility designed to treat
standard package

Up to 10° TBq and even more
Dose rate ranging from kGy/h to tens of kGy/h

radiation shield

Radiation Processing Using E-Beam and X-Ray
Electric machines
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Radiation Processing Using E-Beam and X-Ray
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Definition: Cultural Heritage

What is meant by "cultural heritage"?

The term “cultural heritage” encompasses several main categories of heritage:
Cultural heritage

* Tangible cultural heritage:

* movable cultural heritage (paintings, sculptures, coins, manuscripts)

» immovable cultural heritage (monuments, archaeological sites, and so on)
* Intangible cultural heritage: oral fraditions, performing arts, rituals

Natural heritage

natural sites with cultural aspects such as cultural landscapes,
physical, biological or geological formations

national-cultural-heritage-laws / FAQ

Unesco-dotobase-of-

[Hig

Pt
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Definition: Conservation-Restoration

Resolution on a terminology for conservation
« Conservation (preservation):

ensuring its accessibility to present and future generations. Conservation embraces
prevenfive conservation, remedial conservation and restoration.

= Preventive conservation:
all measures and actions aimed at avoiding and minimizing future
deterioration or loss. They are carried out within the context or on the

interfere with the materials and structures of the items.

- Remedial (or inferventive) conservation:

all actions directly applied to an item or a group of items aimed at
arresting current damaging processes or reinforcing their structure.

* Restoration:
all actions directly applied to a single and stable item aimed at facilitafing ifs

all measures and actions adimed af safeguarding tangible cultural heritage while

surroundings of an item, but more often a group of items, whatever their
age and condition. These measures and actions are indirect — they do not

appreciation, understanding and use. New Defhi 2008

ICOM-CC (intemational Council Of Museum - Committee for Conservalion)

Process of Cultural Heritage Conservation

Remedial conservation:
“all actions directly applied to an item

or a group of items aimed at A

arresting current who, what & why?
damaging processes [ :
Conuervation problem?
or |Assessment Condition
s x
inforcing their structure” s N
reinforcing their siruciure F—— _'3e_msd_i_a'_cgr§e_r_vgti_°r1:
g
Archlve/storage
Accessibility?
Terminology - Presentation
15! Triennial Conference, -
New Delhi,

Radiation for Cultural Heritage Conservation

Remedial conservation:

arresting current
damaging processes

Biocidal treatment
by simple exposure
to gamma rays

reinforcing their structure

Consolidation ,‘\i&{;im

with radio-curable

resins SIETR
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Biodeterioration

Biocidal treatment

by simple exposure to gamma rays
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Effect on Inert Material: A Matter of Dose

lonization

Excitation
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Harmlessness: A matter of dose

cancers observed above 100 mGy
deterministic effects

Classical medical X-ray imaging: 0.2 - 2 mGy
Annual natural dose: 1-10 mGy
Stochastic effects on humans,
deterministic effect: 4- 10 Gy

Lethal dose for humans by
Minimum insect eradication dose: 500 Gy
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Some uncommon customers

* Frozen baby mammoth * Mummies

Consolidation by Radiation-Curing Resin

“Nucléart” method: Consolidation by densification in two steps

Radio-curing

First Step: Impregnation

Vacuum / Pressure Impregnation

Microporosity have to be filled with radio-
curing resin by this impregnation process.
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Second step: Radio-curing

Radio-induced cross-linking by gamma irradiation

& resin staying in microporosity
4

2y ial -

o Ny @.‘ v 3
Styrene / unsaturated gamma imadiation ) Thermoset plastic
polyester resin

Solidification of the impregnated

Irreversible Method: Must Be Justified

function

+ “Last chance” technic » Conservation of the + Archaeological waterlogged
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Official Deontology for Cultural Heritage

Historical and general ethical rules are provided by international
organizations:

ECCO

* "“"Code of Ethics and Guidelines for Practice"

AIC (American Institute for Conservation)

« "Convention concerning the protection of the world cultural and nay/gl

heritage UNESES “N[SE”
(United Nations Educational, Scientific and Cultural Organization)
« "Code of Ethics for Museums" o

ICOM (International Council Of Museum) et L]

Guidelines for professional can be provided by professional organizations:

« "E.C.C.QO. Professional Guidelines"
C
(European Confederation of Conservator-Restorers Organization) C
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Goal and Ethic of Remedial Conservation

“All remedial conservation is infended primarily to stabilize or "“""‘“ s )\/
retard the deterioration of the heritage and to diminish future - DL
risk without compromising its material and historical integrity.” e

CONSTL DE LFUROM

Conservation- -Restoration of Cultural Heritage in less

i than 1000 words...
The conservator-restorer [...]

* [...] is personally responsible to the owner, to the heritage and to society.

« [...] shall respect the aesthetic, historic and spiritual significance and
the physical integrity of the cultural heritage [...] GD

¢ [...] should limit the treatment to only that which is necessary

* [...] use only products, materials and procedures, which]...] will
not harm the cultural heritagel...] and be as easily and completely
reversible as possible.

= should [...] document[ed...] any conservation / restorafion

intervention [...] Professional Guidelines (Il) Code of Ethics
Art.3; 5;8;9,10

195972y

E.C.C.O.

Justification - Limitation Principle

Management of the risk

« Is the intervention justified (better than alternative, including doing
nothing),

* Is the level of the intervention optimized to keep the artifact “as
close to its original” within the efficiency requirements that will
ensure that it will be for "as long as possible”.

» [s the intervention limited fo the minimum,
"only what is necessary’.

Here, the risk regards the unlike deterioration
of the cultural significance of heritage

Harmlessness Principle

« Interventive action, as any active process that intends to have
effective results, can not be completely without consequences.

Harmlessness shall only be considered as an ideal
objective one may approach.

« It is of firstimportance however, to accumulate the best
knowledge of potential sides effects, in order to limit them and to
evaluate if they are acceptable or not.
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Reversibility Principle
« Contrary to the second principle of thermodynamic

* Implicit acceptation of harmfulness.

* Although it is regarded as crucial by the proponents of
deontology, this principle is also very often regarded as only
theoretfical by many practitioners.

Some practical points:

 Theoretical reversibility doesn't mean practical reversibility,
particularly when applying fo a whole object

» Irreversible treatments could impede new conservation operations
restoration to follow, even local intervention

* If not reversible, added material (e.g. for reinforcement)
should pollute future analysis, even on samples.

Conservation Issues

Historical Value — Aesthetic Value - Physical Nature

Methodology of the Conservation-Restoration

+ Examination and documentation (state report)

» Diagnostic:
Is there any matter with the artifact? What is it2
« Conservation-restoration objectives:
Which significance has to be preserved? (the conservation issue)

+ Conservation-restoration project:

How this significance can be preserved?
» Conservation-restoration realization:

Is the realization conform fo the projecit?

- Control and evaluation of the freatment, documentation:

How did the treatment reach the objectives 2
Is there actually any change after treatment?
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Required Competences

The conservator restorer is a professional who has the training,
knowledge, skills, experience and understanding to act with the aim
of preserving cultural heritage.

E.C.C.0.Professional Guidelines (Il) Code of Ethics
» Cultural knowledge (history of art ...)

* Documentation methods

» Theories and ethic of conservation

» Theoretical knowledge of materials

* Fundamental knowledge of the scientific methodology to solve the
problems of conservation

« Scientific knowledge of behavior of material

* Technologies of implementations of methods

The Stakeholders

* The responsible of
the cultural value:

the curator

¥ % L dian * The other specialists:
L the specialists of
£ characterization,
- W the archaeologist,
« Theresponsible ofthe =~ the historian
conservation project: ..
the restorer- B®E &
conservator "« The specialists of the freatment:

the scientists
the technologists

Gamma Disinfestation and Harmfulness

A Non Contact Technique

Minimum intervention:
* No arm by mechanical contact
= as no matter in contact with the artifacts nor added fo,
it is supposed not fo leave fraces.

As any physical intervention, it can lead to physical stress:
+ lonizations (chemical consequences)
« Excitations
= Side effects
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Gamma Disinfestation and Justification

Is disinfestation justified?
« only if disinfestation is justify!
« if curative disinfestation is needed

Is gamma disinfestation justified rather than other techniques?
- Reliability
 Treatment through packaging,
« Cold freatment,
« When alternative freatment could arm

Gamma Disinfestation and Limitation

Treatment shall be limited to only what is necessary
 Threshold for insect eradication
» No threshold for fungicidal freatments (how much is necessary?)

No clear definition of unacceptable limits

(concept of acceptable adverse side effects is not part of ethic)

» depends not only on physico-chemical properties of target
materials, but also on significance of the artifacts

As doses have to be considered as cumulative,
treatment shall be limited to only one

Gamma Disinfestation and Reversibility

Expected biocidal effect is irreversible

About side effects:

- First side effect, darkening of fransparent material, is almost
always reversible or at least partially reversible,

« atthe contrary, loss of mechanical property or of analytical
information at very high doses is always totally irreversible.
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Gamma Consolidation and Ethical Consideration

It hardly modify some basic physical properties

It is not reversible

Subsequent intervention are mostly jeopardized

However...

Gamma Consolidation and Justification

Justified as the best compromise:
“no better alternative technics can save the integrity”

Some concrete cases:
« last chance for polychromed wooden sculpture,
» conservation of functionality,

« composite metal and waterlogged wood in archeological
artifacts,

+ special conservation environment after freatment.

as close to its original, as long as possible

When justified, and after optimization that limits side effects,
nuclear technics can represent an interesting compromise in
order to stabilize the integrity of many cultural arfifacts.

Diversity in conservation techniques should offer the
opportunity to find the most respectful methods for the
uniqueness of each heritage artifact.

Nuclear techniques are just more available conservation
techniques

Using nuclear technics, non specialist will be helped in understanding
nuclear treatments concept as they are mainly one single variable
dependent: the dose.
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Thank you for your attention
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2.4 Analysis of Cultural Heritage Using Neutron-Induced Prompt
Gamma-Ray Techniques (NIPGAT)

Name: Mohd Fitri Abdul Rahman
Date of Presentation: 23" October 2023
Email: fitri@nm.gov.my

Cultural heritage, with its diverse artifacts, often hides secrets that
challenge historians and archaeologists. In recent years, advanced
scientific techniques have revolutionized how we uncover these mysteries,
shedding light on ancient civilizations and their creations. One such
groundbreaking method is Neutron-Induced Prompt Gamma-Ray Techniques (NIPGAT), a
powerful tool that enables scientists to analyze cultural artifacts non-destructively.

Imagine a 700-year-old stone adorned with carvings and inscriptions, shrouded in mystery about
its origin and composition. This artifact, the Inscribed Stone "Basu Bersurat," was discovered in
Terengganu, Malaysia. Thanks to NIPGAT, scientists embarked on a scientific journey to unravel its
secrets.

NIPGAT emits neutrons into a sample material, stimulating gamma rays through interactions
with the elements present. This technique allows researchers to identify components and their
percentages within the analyzed material, providing valuable insights into its composition. What sets
NIPGAT apart s its non-destructive nature, making it a safe and effective method for cultural heritage
analysis.

In the case of the Inscribed Stone "Batu Bersurat," scientists from the Malaysian Nuclear Agency,
in collaboration with the International Atomic Energy Agency IAEA), conducted a comprehensive
study using NIPGAT. The stone, listed as a high-value antiquity by UNESCO, had puzzled
researchers due to the lack of scientific data about its composition and origin.

Through meticulous geological studies, researchers examined the stone's shape, surface, grain
size, color, and other physical properties. They also explored various locations, such as rivers and
waterfalls, to collect samples of similar stones. These samples, including granite and dolerite, were
analyzed using NIPGAT to compare their compositions with that of the Inscribed Stone.

The results were astounding. NIPGAT analysis revealed distinct patterns in the elemental
composition of the Inscribed Stone, setting it apart from other samples. Elements like aluminum (Al),
silicon (Si), and titanium (T1) displayed unique signatures, providing valuable clues about the stone's
origin.

The study's findings challenged historical accounts, revealing that the Inscribed Stone was made
of dolerite, not granite, as previously reported. Dolerite, a dark-colored igneous rock, was commonly
used in ancient civilizations for various purposes, including sculptures and monuments.

This breakthrough showcases the power of NIPGAT in rewriting history and deepening our
understanding of ancient cultures. By analyzing the elemental composition of artifacts, scientists can
trace their origins, decipher their purpose, and appreciate the craftsmanship of ancient civilizations.

NIPGAT's applications extend beyond historical artifacts. Scientists utilize this technique to
analyze metals, alloys, semiconductors, geological and environmental samples, biological specimens,

69| Page


mailto:fitri@nm.gov.my

I Analysis of Cultural Heritage Using Neutron-Induced Prompt Gamma-Ray Techniques (NIPGAT)

and even rare earth elements in ores. Its versatility and non-destructive nature make it a valuable tool
in various scientific fields.

In addition to its analytical capabilities, NIPGAT contributes to the preservation of cultural
heritage. By understanding the composition of artifacts, conservators can develop appropriate
preservation methods, ensuring these treasures endure for future generations to admire and learn
from.

The study of cultural heritage using techniques like NIPGAT exemplifies the marriage of
science and history, unraveling the mysteries of our past one artifact at a time. As technology advances,
the secrets of ancient civilizations become more accessible, enriching our knowledge and appreciation
of human history.

In conclusion, NIPGAT is a testament to human ingenuity, enabling us to delve into the past
with unprecedented precision. Through its non-destructive analysis, we can preserve the integrity of
cultural artifacts while unraveling their stories. As we continue to explore the depths of our heritage,
NIPGAT will undoubtedly play a pivotal role in uncovering the hidden gems of our shared history.
The slides in the upcoming section detail the work done on this.
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Mohd Fitri Abdul Rahman
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Neutron-Induced Prompt Gamma-Ray
Techniques (NIPGAT)
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Content:
1. Introduction

Techniques (NIPGAT)
3. Case Studies
4. Summary

2. Neutron-Induced Prompt Gamma-Ray

Introduction
* There are 2 methods of analysis based on neutron
activation.

1. Neutron Activation Analysis (NAA) — Delay gamma
2. Neutron-Induced Prompt Gamma-Ray Techniques
(NIPGAT) — well known as a PGNAA

* This method is proven to be effective and safe to use.
» This method of analysis is to identify the type of element
and the total percentage of analyzed material.

71| Page



Analysis of Cultural Heritage Using Neutron-Induced Prompt Gamma-Ray Techniques (NIPGAT)

Introduction

* Neutron-Induced Prompt Gamma
Techniques (NIPGAT) method is
essentially similar to the NAA:method.

* The difference is; NAA is Reactor Base |

NIPGAT using radioisotope and its ;

equipment portable and can be taken td’

the field
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Neutron-Induced Prompt Gamma-Ray
Techniques (NIPGAT) PRINCIPLE

* The neutron source emits neutrons and
enters the target medium of the samplé
material. a

* The penetrating power depends on the type
of material in which neutrons can interact
deeply with the nuclei of the elements
present.

» This interaction will produce gamma rays

through two fast neutron reactions.
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Neutron-Induced Prompt Gamma-Ray
Techniques (NIPGAT) PRINCIPLE

* Non-destructive
Techniques

* Easy sample

Techniques

Usage

* Determination of H and B impurity levels in metals, all
semiconductors.

» Multi-element analysis of geological and environmental samples
for major components Al, Si, K, Ca, Ti and Fe and minor or frace
elements H, B, CI, V, Mn, Co, Cd , Neodymium (Nd), Samarium
(Sm) and Gadolinium (Gd).

» Multi-element analysis of biological samples for major and mine
elemenisH, C, N, Na, P, S, Cl and Potassium, (K) and frace
elements B and Cd.

* Determination of rare earth elements in ore and some rocks,
except Cerium (Ce) and Promethium (Pm).

* Analysis of Iron (Fe), Cerium (Cr), Ni, Mn, and B in stainless steel
and iron ore samples.

&
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Case Studies

In-Situ Compositional
Analysis and Provenance
Study of the Historic
Terengganu Stone (the
Inscribed Stone “Batu
Bersurat”) using Neutron-
Induced Prompt Gamma-Ray
Techniques (NIPGAT)

Case Studies

TAEA/COORDINATED RESEARCH PROJECT
VPRI (5)IAEA......

NAMES AND AFFILIATION OF PROJECT MEMBERS:

Jaafar Abdullah!, Lahasen@Normanshah Dahing?, Roslan Yahya!, 3

Mohamad Rabaie Shaari*, Airwan Affandi Mahmood* and Hearie
IMalaysian Nuclear Agency, Malaysia.

Tajul Anuar Jamaluddin? »
2National University of Malaysia

Mohd Yusof Abdullah?, Nor Ainah Mahmud?
3Terengganu State Museum, Malaysia.

Case Studies

Inscribed Stone of Terengganu

BATU BERSURAT PIAGAM

TERENGGANU (BBPT) -

v" About 700 years old

v Has the oldest carvings and the first
Jawi script found in Malaysia.

v Listed as high value antiquities by
UNESCO.

However, it is still shrouded in mystery —
in terms of the TYPE OF STONE and ITS
ORIGIN that until now there is no
scientific data or clear evidence on this
matter.
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= To unravel this question scientifically, the
Malaysian Nuclear Agency in collaboration
with the International Atomic Energy
Agency (IAEA), has conducted a scientific
study through the Coordinated Research
Project (CRP) program.

= This study also involves The National
University of Malaysia, (UKM) and
Terengganu State Museum.

= The study focuses on GEOLOGY FIELD
and NIPGAT ANALYSIS

Case Studies

GEOLOGICAL STUDY

* Stone shape - tabular and
well rounded.

* Determination : bulk river
stone

* Smooth surface make it
suitable platform for
crafting words.

* Grain size - fine
and homogeny.
* Colour —dark gray.

- Biological structure — o

spacing and cracked

« Sign of
climate
chipped on !
surface.

Kelanten trver - wady soil
structure and stony delorite

Lot Haan wtecfll - Therock
s of Geie ek biacks

Stdy at the Mussra - awlysis fest of
Faeld werk - NIPGAT aualysis study 10 G the Batu Bervurat Piagam Terenggnos
Uppst Lawit Ris Laks Keavir

iyt [ o rucmmaysa gy

:.mﬁﬂ;" ;-‘::;;::m .x waterfall- Dolerite rocks Sehayu Waerfull - thas ares 13
Ke Bandioo are tabslir i Varice sizes wdstlain by coarse-g1ained

Crunite 1ocks with u porplynitic. -7

=

Lafis watecill - The sosks sce dile
deforite and grwste vock
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GEOLOGICAL STUDY

Observations on location of the Inscribed Stone
discovery — Tara River, Terengganu.

- Buluh village is an island
sandbar left by the
Terengganu River
rejuvenation activities.

- Inthe east, the island is
bordered by the River Tersat
flowing from the south-west.

al Tara River.

- The estimated topography
height is less than 20m above
sea level,

Settlements are generally concentrated in the highlands and the shoulder of the
island shelf. Terengganu River meander groove that has left the ground is now
characterized by low alluvial river flat and is currently used as agricultygal land.

n AQTN bk tdaisysin m i RATER T B W ISR g 1y

GEOLOGICAL STUDY

Observation at Sekayu River and Panchor River.

» Dolerite found in various structure — fine grain and coarse grai
dark and light in colour.

« Various size and shape of stone blocks.

» Sekayu river is shallow with narrow and fast stream.
possibility of inscribed stone taken from this place due to difficult
to transport via raft or boat.

GEOLOGICAL STUDY

Early finding: high possibility of source location is upstream of Panchor
River.
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GEOLOGICAL STUDY

Comparison: Granite stone vs river stone

Terengganu inscribed stone

NIPGAT ANALYSIS

* The system consist of;
- HPGe detector
- Neutron source, Californium-252 (Cf-252), 1.6 mCi
- Digidart and data processor
- Neutron howitzer
- Lead filter (6mm)

Sample staging

NIPGAT ANALYSIS

Material and method

* Dolerite stone samples from various river in Malaysia were ¢
Granite stone also taken to deny history fact.
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NIPGAT ANALYSIS

Material and method

« Series of Dolerite stone sample;
- Lawit river, Terengganu
- Panchor river, Terengganu.
- Lembah pangsun river, Selangor.

« Series of Granite stone to be compared to Dolerite
stone.

« Irradiation time for each scan at the sample is 1
hour.

RNURLEAR

NIPGAT ANALYSIS

Material and method
* Weathered surfaces were cleaned with no speci
treatment, to represent original feature of
Inscribed stone.

* Sample is set between the NIPGAT system.

NIPGAT ANALYSIS

In-situ Scanning, Terengganu’s State Museum

* Scanning at original Batu Bersurat
Piagam Terengganu
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Sample

NUKLEAR
WETATETR

NIPGAT ANALYSIS

scanning at Field, Terengganu

Sample

NIPGAT ANALYSIS

scanning in lab, Nuclear Malaysia.

Result

40000
35000
30000

25000

Netarea
N
8
8

15000

10000

5000

& Discussion

Net area of element vs energy

A(1779) == Dolerite Panchor

~=—Batu Bersurat Terengganu
==—Dolerite pangsun
= Dolerite Lawit di Muzium

Terengganu
—=—Granite

Si (3539)
Si (4934)

Ti (6418) Fe (7631)
Na (6395) Ti (6760) Fe (7645)

1500

2500 3500 4500 5500 6500 7500
Energy (keV)
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Result & Discussion

* Large different of net area for Al can be seen on
graph.

» Area of Al for Dolerite Pangsun is extremely higher
than Dolerite from Panchor, Lawit and inscribed
stone.

¢ Al for Dolerite Pangsun is similar to Granite.

* Net area of Si is for inscribed stone is low compared
to Dolerite from other places. The different is
extremely large to Net area of Si in Granite.

* For Ti, inscribed stone seems similar to Dolerite
from Lawit and Panchor. Net area for Ti in Granite
and Dolerite Pangsun is very low to be compared to
inscribed stone.

Result & Discussion

Net area of element vs energy
40000

35000 4 —=—Batu Bersurat Terengganu
—=—Dolerite Panchor

30000
AL(1779)

25000
o
000
-
@
=z
15000

10000 A
$i (3539) Ti (6418) Fe (7631)
Si (4934 Fe (7645)
5000 e Na (6399) 1; (5760) Y

1500 2500 3500 4500 5500 6500 7500
Energy (keV)

Result & Discussion

* Dolerite Panchor pattern seems simila@to
the inscribed stone.

: L)
* However, the area for Al, Si, Ti and Fe is
slightly higher for Dolerite Panchor
compared to inscribed stone. \_\
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Result & Discussion

Net area of element vs energy

45000 1

40000 1 Al (1779} —— Batu Bersurat Terengganu

== Dolerite Pangsun

35000

30000
85000
©

;oooo -

15000

10000 - Si (3539) s Ti (6418) Fe (7631)
ki Na (6395) i)

5000 - (6760)

1500 2500 3500 4500 5500 6500 7500
Energy (keV)

Result & Discussion

* Dolerite Pangsun has extremely higher netare =
of Al compared to the inscribed stone.

* Net area for Ti is low compared to inscribed
stone.

[ § R wnenemiopsn [ wwrucenmosysa govmy

Result & Discussion
Net area of element vs energy
40000
35000 - ~=—Batu Bersurat Terengganu
30000 Al(1779) === Dolerite Lawit di Muzium
Negeri Terengganu
25000
©
4
=000
=
=z
15000
10000
Ti(6418) Fe (7631)
5000 SI(4934)  Na(83%) 750 U O
0
1500 2500 3500 4500 5500 8500 7500
Energy (keV)
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Result & Discussion

* Dolerite Lawit pattern seems similar to t
inscribed stone.

* However, the area for Al, Si, Ti and Fe is slight v
higher for Dolerite Lawit compared to inscribec
stone.

Result & Discussion

Net area of element vs energy

40000 AI(1779)

35000 == Batu Bersurat Terengganu
—— Granite
30000
25000
o
%)000
2
15000
Si (3539)
10000
S (4934)
Ti (6418) Fe (7631)
5000 N&(620) 13 grp0y o)
0 T T T v
1500 2500 3500 4500 5500 6500 7500

Energy (keV)

Result & Discussion

* Pattern of inscribed stone is exactly differgnt from
Granite stone.

« Different of Al net area is extremely large.

* Si pattern also at far and Ti for granite is very lo
be compared to Dolerite from another place.
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Result & Discussion

Net area of element vs energy

40000
35000 == Batu Bersurat Terengganu,
== Dolerite Lawit di Muzium
30000 A(1779) P
== Dolerite Panchor
25000 A
]
&
g 20000 4
15000 A
10000
S1(3539) Ti (6418) Fe (7631)
Si(4934) Fo (7645)
5000 Na (63%5) 1. 6760)
0
1500 2500 3500 4500 5500 6500 7500

Energy (keV)

Result & Discussion

* Dolerite Lawit in Nuclear Malaysia shows
different pattern from Dolerite Lawit in
Muzium Negeri Terengganu and Doleri

Panchor.
)
B

* Al peak is very low compared to the others.

Result & Discussion

Energy peak spectrum for activated elements.
Prompt Gamma count of element vs energy

— Dolerite Panchor
- Batu Bersurat Terengganu
H (2223) Dolerite Pangsun
Dolerite Lawit di Muzium Negeri Terengganu
— Granite Panchor
~ — Dolerite Lawit di ANM

100000 -

Ti (6760)
Ti (8418)

Count

Fe (7631)

100 "
1000.00 2000.00 3000.00 4000.00 5000.00 6000.00 7000.00 8000.00

Energy (keV)
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Conclusion

* For now, inscribed stone seems similar to' dolerite
stone from Lawit and Panchor, Terenggafiu. 5

* More samples from other place are h"éeded to
determine the provenance of this inscribed ston

»
* The inscribed stone is made of dolerite and not
granite as reported in the history.

]
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IAEA-TECDOC-537

PROMPT GAMMA
NEUTRON ACTIVATION ANALYSIS
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AND INDUSTRIAL PROCESS CONTROL
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PTLPNATIONAL ATOARC ENERGY AGENCY
AND HELD I8 VENA, 30 ARSI FERRIARY 88

https://inis.iaea.org/collection
/NCLCollectionStore/_Public/2
1/030/21030302.pdf

AEA.TRECCOC 100

Technical data on
nucleonic gauges
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LLCHNICAL ASPLET FOR OPLEATING FORTABLE FROMP L CASDEA
SEUTRON ACTIVATION ANALYMS (PGNAAL OF TERENGGANT ISSORINED
STONE

AL e 0 B, . Vi 'L 308 Dibing NI Yool ' Al T A Db, 24 X
ANAGA YA Moot T ECuh AQA Rak M K S ‘A A Matssend’ A M Ty

Pt it T et vy It is o g ot
ke o et Agrae 1 P 43080 Ky omg S
Sz Gaclogs. Palan AT
Unsrerats Kobugmans Saisrais. 350 VI Dangs. Mabevia

Lt Maiouen oy Tvegren,
W Loy ks Toimmggonn Trermpsiess Muwys

St ot sy g Sy s s i & vegpenton s sem s
ooy -t iy Sy oot 4
ke dnm & T s Lo st wmdes Wi esan s M St T se

Borwaedn e pray famma pemma 017 14 s

[ https://inis.iaea.org/collecti
(o e ey e b e g o o i SO on/NCLCollectionStore/_Pub
ol lwed m mxcien wcineges [IMY] Avag wilh G ey sl G ond of ser comgiec liC/47/111/47111925.pdf

PGNAA is a non-destructive analytical technique.
What does this mean in the context of cultural
heritage analysis?

A.lt does not require specialized equipment

B. It is quick and easy to perform

C. It does not harm or damage the analysed objects
D.It can be conducted without trained personnel

What type of information can be obtained through
PGNAA in the analysis of cultural heritage?

A.DNA sequences of artifacts

B. Chemical composition of materials
C. Fossil dating

D.Social history of a civilization
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Which atomic particles are typically used to induce
nuclear reactions in PGNAA for cultural heritage
analysis?

A.Protons
B. Electrons
C. Neutrons
D.Photons

>
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2.5 Application of Science and Technology 1n Marine
Archaeological Studies
Name: Hasrizal Shaari

Date of Presentation: 24" October 2023
Email: riz@umt.gov.my

In marine archaeology, the confluence of science and technology has

unveiled a significant chapter of history by excavating shipwrecks along
the East Coast of Peninsular Malaysia. This region, historically a pivotal
maritime route influenced by monsoonal winds, has witnessed the emergence =
of a unique underwater heritage site known as the Bidong shipwreck.

The discovery of the shipwreck, an incidental find by a local fisherman in 2012, sparked a series
of scientific inquiries and archaeological pursuits helmed by Assoc. Prof. Dr. Hasrizal Bin Shaari from
the Universiti Malaysia Terengganu (UMT). The site, now a gazetted National Heritage Zone,
underwent its first excavation phase in November 2017. This pioneering endeavour was not merely
about uncovering relics from the past but also about protecting Malaysia’s rich underwater cultural
heritage.

The excavation team, comprising around 25 divers contributing a cumulative 2760 man-hours,
meticulously documented and rescued 306 ceramic artifacts during the initial phase. These items
provided valuable insights into the trade activities that thrived in the region centuries ago. The
ceramics, consisting of earthenware, stoneware, celadon, and porcelain, originate from the 13" to 16"
centuries, with links to the Sawankbalok kilns in north-central Thailand.

A sophisticated suite of technological tools aided the archaeological process. Multibeam
echosounder systems, such as the Klein 4900 Side Scan Sonar (SSS), offered high-resolution acoustic
seabed images, facilitating the identification and mapping of potential shipwreck sites and artifacts.
These images, captured by the sonar system towed by boat, revealed a detailed mosaic of the seabed,
allowing for strategic planning of the excavation process.

The second phase of excavation, conducted in September 2022, advanced the research further
by employing subsurface mapping techniques to reveal the wood remains of the ship, which had been
butied due to sedimentation. This phase intensified the focus on the ship's structure and provided
additional artifacts for study.

The artifacts recovered underwent rigorous recording, treatment, and preservation processes.
The conservation approach balanced both destructive and non-destructive methods, ensuring the
preservation of the artifacts' physical integrity while allowing for in-depth scientific analysis. This
analysis entailed comparing similar artifacts in Southeast Asia, notably with collections in the
Southeast Asia Ceramic Museum at Bangkok University and the National Maritime Museum in
Chanthaburi, Thailand.

The scientific scrutiny extended beyond the ceramics, with wood fragments from the shipwreck
undergoing analysis to determine the ship's age and origins. Species such as Shorea Roxburghii and
Hopea spp., tropical trees from the region, were identified, offering clues to the ship's construction
materials.

Future analytical plans include petrography studies of the ceramics and colour reflectance
analyses, which will contribute to the body of knowledge concerning ceramic production and trade in
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historical Southeast Asia. Manuscripts detailing these findings are in various stages of preparation and
review, promising to add a new narrative to the story of the Bidong shipwreck based on the latest
excavations.

In conclusion, the Bidong shipwreck excavation exemplifies the fusion of geoscience and
archaeology within the broader scope of social sciences. The application of nuclear techniques for
characterising and preserving artifacts underscores the interdisciplinary nature of the contemporary
archaeological practice. Through these scientific endeavours, a new understanding of the Monsoon
Civilization's maritime history is emerging, painting a richer picture of the past for scholars and the
public alike. The slides in the upcoming section detail the work done on this.
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Regional Training Course on “THE APPLICATION OF NUCLEAR TECHNIQUES FOR
CHARACTERIZATION AND PRESERVATION OF THE ARTIFACTS OBTAINED FROM THE SHIPWRECK”

LI iy
Uzma Archaeological Resoarchy U M T L[ﬁj ij'ﬁ LS‘ iji!lz
JABATAN WARISAN NEGARA

Application of Science and Technology in Marine
Archaeological Studies

ASSOC. PROF. DR. HASRIZAL BIN SHAARI
Director
Centre of Research and Field Services (CRaFS),
Universiti Malaysia Terengganu (UMT)

Email: riz@Qumt.edu.my

. Background of the'Stug
« Study tocation
* EXcaVation phaseszmzl ™

#Result of the.Excavation

* Further Studies
e APlaj'hr\l\ing
.+ Gonclusion

Background of Study
~ Underwater
Archaeology Study
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S { ~ Geoscience + '
g { _Archaesiopy. .| GEOARCHAEOLOGY
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Shipwrecks in the East Coast Peninsular Malaysia
(Monsoon Civilization)

Malaysian waters are important for trading route

Located in between Northeast and Southwest Monsoon
blow

BACKGROUND

* Accidental meeting by local fisherman Encik
Zazeri Ajang Yusof in 2012

* The registered excavation license code is
T/BSW/S/17(1)

» 1% excavation November 2017 JWN.PP.600 / 3/3
(3)

* Gazetted of the site as a Heritage Protection
Zone in 2018

2" Excavation in September 2022

MOTIVATION

* This is the first shipwreck in shallow waters in
Terengganu and close to the UMT research station.

X!..Af.«'esfﬁ * Conducting proper scientifii.: excavations, protection
«em=se= and conservation of the artifacts found.

py
% * Responsible for protecting the country's underwater
cultural heritage.

Location of the Bidong Shipwreck

Google Earth st :\

N\
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UMT Marine Nature Research Station

=~

P— "
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WAKlSAN
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MULTIBEAM DATA AQUASITION
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MULTIBEAM IMAGES

acoustic

system

High-resolution

Klein 4900 Side
Scan Sonar (SSS)

Survey Activity at the Archaeological Site the
Bidong Shipwreck

sonar of

The seabed survey was carried out by a
research team from the Institute of
Oceanography and Environment (INOS), UMT.
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SSS data were collected by boat towed
~18 m above the seabed at a speed of
4 knots (1.5 m/s); the slant range was
50 m, transmitting at frequencies of

100 kHz and 400 kHz.

The mosaics image of the Bidong
Shipwreck Site produced from the

side scan sonar

Determination of potential shipwrecks and artifacts on the

Divers
image
from the
Side Scan
Sonar

seabed

Potential
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i

Ceramics

Main-Axis
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Massive Operation
* Involved ~25 Divers

* 2760 Man-hours

Among the Artifacts
Discovered during the
1%t phase excavation

306 Discovered
Ceramics
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2"d Phase Excavation - 2022

+ -

Survey for seabed and sub-surface
= mapping at Bidong shipwreck
archaeological site (September 9, 2022)

NORTH
|
@ - g {

2022

2017
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Subsurface Image dan in-situ photo show the wood remain that
has been buried due to sedimentation process
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ARTIFACTS RECORDING,
TREATMENT AND STORING

SR . TS v ASEDEA -
Near Sawankhalok, north central Thailand. From 13th century and continued until the 16th

century. Animal figurines, bowls, plates and boxes. Opaque and greenish glazed
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Relative Comparison - Southeast Asia Ceramic
Museum Bangkok University, Thailand

Relative
Comparison -
National Maritim

Museum
Chanthaburi,
Thailand
Ceramics
hidrokinetik | I‘
Sosbnolpies Earthenware Stoneware S Porcelain
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Natural Rocks Artificial Rock

Rocks and Minerals

Igneous Rocks
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Granite Pumice Gabbro
Sedimentary Rocks
w e S et
Sandstone Breccla Limestone  Conglomerate

Metamorphic Rocks
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Schist Marble Quartzite Gneiss
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Further Research
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Future analytical planning:

- Petrography study of the ceramics
- Color reflectance of the ceramics

Manuscripts in pipeline

1. Potential Application of Seabed Mapping in
Underwater Archaeological Research in Malaysia: A Review (Under
review)

2. The Preliminary Dating of the Bidong Shipwreck, Malaysia (Under
review)

3. The Origin of The Bidong Shipwreck, Malaysia (draft and will be
submitted soon)

4. New Narrative of the Bidong Shipwreck Based on the Second
Phase Excavation (draft)

5. Mineral composition of ceramic from the Bidong Shipwreck (draft)

6. Microstructure of discovered ceramics from Bidong Shipwreck
(draft)
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| 2. CULTURAL HERITAGE CHARACTERIZATION AND PRESERVATION

2.6 Application of Nuclear Techniques for Characterization and
Preservation of Artifacts: Focus on Disinfestation and
Disinfection: Biocidal Treatments of Collections

Name: Laurent Cortella

Date of Presentation: 24" October 2023
Email: laurent.cortella@cea.fr

Preserving our cultural heritage is paramount, and technological
advancements have opened up new avenues for protecting artifacts from
the ravages of time. One remarkable method that has gained prominence
is the application of nuclear techniques in preserving and characterising -
artifacts. This article delves into the fascinating world of using nuclear technology to safeguard our
precious historical treasures.

Artifacts, whether ancient manuscripts, sculptures, or delicate textiles, are susceptible to
biodeterioration caused by insects, fungi, and other microorganisms. One of the groundbreaking
solutions to combat this threat is gamma rays, a form of ionizing radiation. Controlled exposure to
gamma radiation can effectively eradicate wood-boring insects, fungi, and other pests that
compromise the integrity of artifacts.

The effectiveness of gamma rays in eradicating insects is a matter of dose. Through meticulous
research, scientists have determined specific doses that cause the death of cells and, consequently, the
affected organisms. Certain insects, such as eggs, are more sensitive to radiation, making them easier
to eradicate. This precise control over the radiation dose ensures the preservation of artifacts while
eliminating the threats posed by pests.

In addition to insects, fungi pose a significant threat to various artifacts, especially those made
of organic materials like paper and wood. Gamma irradiation, coupled with concurrent treatments,
has effectively controlled postharvest diseases like Botrytis cinerea in cut roses. The dose required for
fungicidal treatment depends on the species and the initial biological load of the artifact. Striking the
right balance is crucial to ensure the artifact remains intact while the fungi are eliminated.

While the application of ionizing radiation is highly practical, it has challenges. Controlling the
dose rate, considering factors such as distance to the radiation source and the object's thickness, is
essential to avoid overexposure. Scientists meticulously monitor the artifacts' color, physical integrity,
and molecular structure to guarantee they remain unchanged during the preservation process.

Preserving vast collections, such as those in the National Archives, presents unique challenges.
The discovery of mold-contaminated documents necessitated a large-scale solution. Fumigation with
ethylene oxide, while practical, raised safety concerns due to the dangerous nature of the chemical.
To address this, scientists explored alternative methods, including irradiation, ensuring both the
artifacts and the preservation experts remain safe.

As technology evolves, so do preservation techniques. Innovations include disinfecting frozen
artifacts, such as an Egyptian mummy after a flood, and addressing organic remains from medieval
burials. On-site interventions, biocidal cleaning, and irradiation in airtight packaging are among the
methods employed to mitigate the challenges posed by biodeterioration.

Applying nuclear techniques in artifact preservation represents a remarkable intersection of
science, art, and history. By harnessing the power of controlled radiation, experts can safeguard our

104 | Page



I Application of Nuclear Techniques for Characterization and Preservation of Artifacts: Focus on Disinfestation and
Disinfection: Biocidal Treatments of Collections

cultural heritage for future generations. As we continue to explore innovative methods, the legacy of
our ancestors remains not only preserved but also celebrated, ensuring that the wonders of the past
continue to inspire and captivate us in the years to come. The slides in the upcoming section detail
the work done on this.
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Application of Nuclear Techniques for
Characterization and Preservation of Artifacts

Focus on Disinfestation and Disinfection:
Biocidal Treatments of Collections
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Fighting Against Biodeterioration

Biocidal treatment
by simple exposure to gamma rays
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Biocidal Effect of Gamma Rays

Radiation producing biological effects

which by its action on certain molecules
involved in life,
can cause
the death of the cells,
and, according
to the dose,
the death of
the affected organism
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Fungicidal Treatment
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Side Effects and Harmlessness: A Matter of Dose
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* Ornaments

o

® AEZM '”W‘ DEH N A
Jade § o ™
S o - =
Turquoise } A ‘ . . %
P11 olepslazdi | = cie = e
5 H
“w
g
5
4 |
T T
o 1o 1000
1Gy 1 kGy
>
Color Behavior
* Ornaments -
» AE;000 w’;m‘_“"‘—'
& Limastona Parcdleli o S0 e
N 1 ; s
| o Caicite
N \ Porcelan 74
A cio ==== ..
Marbie c n
3 “
g & o=
. § g
b i ,_;:,/3/'"‘ al
.
Color Behavior
* Ornaments

T
.

» A._EZQQQ Vw7 i
£
o 2 [ ™
Vv Atre o Prat € ‘ -
17 cvee one )
o =
1 - 3 I
Bone wory s cie m=mw .,
2 g
I " H g
§ [
iy db
" w
o ° i
= ’
R ' i =2
N Sl
" - ‘ ,Q" H,'
2
~ o HE.5
4
.................. " W S I —
3 as A_:g-:":. 7
¥ a wou 1000 10000 100000 000000
(Gy)
16y 1 kGy 1 MGy
113

Page
|Pag



I Application of Nuclear Techniques for Characterization and Preservation of Artifacts: Focus on Disinfestation and

Disinfection: Biocidal Treatments of Collections

Color Behavior
* Polychrome layer

e

iC s

|

AE;500 e
TR 3
Aoy £ = -
covmis £
A Aase gure (3 pers: (]
Avntne Gum (72 lapern) §
7 linoil  Arabic Gum % cie s
| ]
B ' ]
of T f |
P 0% z
” —_— =4 3 V‘,ﬂ(
4 : -
16Gy 1 kGy 1 MGy
.
Color Behavior
* Polychrome layer
‘. AE;000 i
. - | i
E < »
M4 - S ﬁ
::::nu-..mr E
ey $ Gle e
g $ H
= (™
S
200 kGy 3. : a8
0 kGy
" L — -
: |
.
Color Behavior
* Polychrome layer -
AL o
£ o B s
e E o
o ®
ot Mm 2
T =
‘{ s 3
A ey Cruran” § E
200 kGy 3 ey
g
0 kGy -
.

114 | Page



I Application of Nuclear Techniques for Characterization and Preservation of Artifacts: Focus on Disinfestation and
Disinfection: Biocidal Treatments of Collections

Color Behavior

* Polychrome layer =

o~
AE Wiy ra v aey
» 22000 1
=
€
g S o . o
¥ i
.‘ £
o4 Dchae &
3 i 2 1
oz Cadekin 3 Cie === ..
S e =) —
e mtudocenind c
£ et = Tl
® w
200 2
Gy -
x &
B w
" g3 18
2
10

Color Behavior
* Polychrome layer

s

|4t R
e

“ AE; 000

"Rde Tod

Credee S
Alutm vy Blach
kpwden Thwn Wie

A Wodseuc Bane

Ve 972

-
]
E
w
2
'
© £
<
=)
€
=
[

004Gy

Color Behavior

* Dyes -
% AEHIOG
£
E
» 5
g
£
i Homa 8
. E
§ §
adye) E i
50\ ? b
)
) g
yes 2
i jE -
| 1 0 1000 v:m 160000 1000003
(Gy)
1Gy 1kGy 1 MGy

115 | Page



Application of Nuclear Techniques for Characterization and Preservation of Artifacts: Focus on Disinfestation and

Disinfection: Biocidal Treatments of Collections

Physical Integrity Measurement

« Tensile strength
measurement

High uncertainty on measurement due
to the non reproducible nature of

natural organic material involved in
cultural heritage collection

T
10

15
Strain (%)

25

Physical Integrity Measurement

" Tensile strength (related to the non-irradiated reference)

Wood

)
$

& ‘F‘" " Insect Eradication

H

1Gy 1 kGy

§ }. Fungicide Troatment
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1 MGy

Physical Integrity Measurement

Tensile strength (related to the non-irradiated reference)
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N
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Physical Integrity Measurement

Tensile strength (related to the non-irradiated reference)
14

Textile

L3

§ F;Funglcldn treatment |

i b—’ Insect eradication

e ey
1Gy 1kGy 1 MGy

Reliability: the control of the dose

To ensure and control that we obtain the target dose ...
(... without exceeding the dangerous doses for the object)

= Dose = Dose rate (intensity) x exposure duration

Can be calculated and measured
Dose rate depends on:

-
¥ ®
&7 A
WOp~ & AMIN-

S5 5%
FON .

ds |

dispersion according to the attenuation according to the
distance fo the source thickness and density of the object
(geometry of the object) (weight and geometry of the object)

Example of an Insects Eradication Treatment

= s | Japanese palanquin
¢ - 3 in lacquered wood

with metal
decorations,

i 19% ¢,
Saint-Rémi Museum,
Reims, France.
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Example of an Insects Eradication Treatment

Japanese palanquin

o o in lacquered wood
Mid-irradiation Reversal with metal
decorations,

oh'c,,

Saint-Rémi Museum,
Reims, France.

Japanese palanquin

Integration dose cumulation
in lacquered wood
on the exposure time with metal
with half-irradiation turnaround decor?;i'?ns,
| g C.,
Saint-Rémi Museum,

d Reims, France.

Twiee 1 h30min F
of iradiation )

Control with optical dosimeter Japanese palanquin
in lacquered wood

with metal
decorations,

19t c.,

Saint-Rémi Museum,
Reims, France.

Face 2 (milieu)
Coté gauche (haut-centre)
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Thousands of Collections Treated for Disinfestation

« Furniture «Wooden [Z-k * Archaeological wooden
sculptures 4 artifacts :

Euation
Yirgn - 187
Charess Duabin

non

» Ethnological
artefacts

* Books and
orhives

* Musical :

. * Natural history
insfruments S :

e SPECIMENS

Abwl tesory dovens
- 20 ¢ ~Lancwy, Frams

Private and Public Collections of Furniture

Church Sculpture
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Church Sculpture

Church Sculpture

Chambors, Christ on the Cross, 16t c.

Lacroix, XXe 5., Musée de Fessy

Objets ethnographiques, Collection
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Historical Artefact

Sedan Chair,
1752 Paul Pastre Museum,
Marsillargue

Archaeological Waterlogged Organic Material

- Treatment targeting the anaerobic flora of1500 Gallo-Roman votive
offerings preserved in waterlogged state under water in small plastic
bags (approximatively 20 m3).

Disinfestation of the mummy of Ramesses Il

-

Lo v
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Disinfestation of the mummy of Ramesses Il
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Khroma, the baby mammoth
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Paper behavior under irradiation

Degree of Polymerization Tensile Strength
(Intrinsic Viscosity)

(values relative to the non-iradiated reference)

(values reiative to the non-irradiated reference)

14 14
Wilkder et o, 194, 47556 ’

12 A Atauet i 1398 Fmcte ke
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Paper

Molecular weight distribution measured by

[ H

~—Unirradiated

Moise, V., Stanculescu, |

i . H
Steric Exclusion Chromatography (SEC) .~HO OH-0 o__,,...Ho OH
/O\N\O%OW Liaisons
o) “HC OHS ©Intra-moléculaires
H
_.~HO OH-0 0_,.,.<-HO OH
/OW O/%O\N\
i) “HO OH 0O ~
H H

Thermogravimetric and calorimetric study of cellulose
paper at low doses of gamma irradiation

. & Meltzer, V.
J Therm Anal Calorim (2014) 115: 1417.
"Paper deterioration by mold is more

Liaisons

Intermoléculaires

John Havermans 1

Paper
Use in many countries in the world

USA
+ (1982) Alan Mason Chesney Medical Archives,
Johns Hopkins Medical Institutions, Boston, MA
* (1997) The Morgan Library, Fort Collins, CO

The Netherlands
* (2006) Collections du Palais de la Paix de La Haye

Brasil, Germany, Poland,
Romania, Argenting, ...
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Fungicide Treatment of 11 linear kilometers of
National Archives

A large scale disaster
* Discovery on the fifth basement floor: 5 em of water covering 8 000 m? (July
2015, after the storage building closed for more than one year due to
structural weaknesses)

« 56 000 standard folders boxes
« 1 482 rolls of planes, packaged or nhot
* 443 portfolios of planes ...

55% of packaging contaminated with mold

Fungicide Treatment of 11 linear kilometers of
National Archives

A conventional solution:
Fumigation with ethylene oxide

* A mastered technique approved by the French
competent cultural authorities &
» But very dangerous product that implies drastic

regulatory rules
9 b4 OXYDE D'ETHYLENE

* No facilities in capacity of processing P

b/
such a volume of - i i
archives in less than six AW 11350 Peut provoguer b cancer
years H 340~ Peut induire des anomalies génétiques.

H 331 = Tangue par inhalation.

H 319~ Provoque une sévire initation des yeux.
H 335 =Peut imiter les voies respiratowes.

H 315 -Provoque une iritation cutande.

Nota : Les conseds de prudence P sont sélectionnés selon fes cntéres
de lannexe 1 du réglement CE 0" 1272/2008

200-845-9

Fungicide Treatment of 11 linear kilometers of
National Archives

Biological efficiency: Preservation from side effect:

« 2 main genus of molds: Aspergillus (2 * Abundant literature on effect of gamma
species) and Penicillium (2 species). Other iradiation.englassice dithiv ?@_‘_e\”_c"
genus: Botrytis, Trichoderma... = X . i

* Inoculated cellulose disks placed on a
culture medium before to be iradiated with
0,2, 3, 4,5 6 and 8 kGy,

* 3kGy lead to 100 % inhibition rate on three
species and fo 97% inhibition rate on
Penicillium sp. .
(green with yellow exudates) 48,

minimum dose = 3 kGy maximum dose = 10 kGy
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Fungicide Treatment of 11 linear kilometers of
National Archives

Standard folders boxes: Industrial facilities Non standard format or material at
ARC-Nucléart iradiator

/ arc
( nucle
& art

N aoi
tow

* High capacity (50 to 100 pallets per week)

=STERIS

A0 S o T g

1170 pallets

+ Complementary studies
+ Good mastery of DUR even on large pallefs  « Non automated procedure

o

Fungicide Treatment of 11 linear kilometers of

Non-standard archival support materials:

* Tracing paper (rolls, porlffolios and long archival
storage box),

» Argentic photographs (portfolics and long archival
storage box)

* Architecl
blueprint e N L
{portfolios) 5* ‘ o

Measurements:

. FTIR . -y Ii
» Colorimetry : S— = o | e
o= i 2| e )
a 'y o0 oace | J
. i . b
’ : o e

National Archives

Fungicide Treatment of 11 linear kilometers of

(plane rolls) storage boxes
(various)

National Archives
* Roll Cage Trolley + Long archival » Portfolios

(various)
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Fungicide Treatment of 11 linear kilometers of
National Archives

» Simulation Double Cage Trolley
and pilot 50 cm from the Cumulative dose after reversal

expen'menfafion source rack (simulation of 6 hours on each side)
- Archives nalionales, ANF77, Lot 2 : calques en rouleau

Dose rate 12001250 Double Roll (60 cm x 160 cm, 1,2 m high, 180 kg)

11501200
st 20 sources, 1767 1B af 22/08/2016

10301100
®1000-1050
|850-1020
a902-963
@A50-800

max = 9,6 kGy

"150-200 02125 W10571 @065 ©O758 @655 @455 BIAE  giga
-;Z,‘-;:c 8717512 M10105 o859 ©F-75 ©558 @4<5 M253  gig3 MOy
|50 ®1-115 @960 D885 ©657 @555 w354 w226 mosd

Fungicide Treatment of 11 linear kilometers of
National Archives
Statistical Biological Control

Systematic Routine Dose Control

ATP Test (growing activity)

Loborotoire do Recherche gos Mo=umonts Mistorinuer

[Tmiy=es &

Treatments Addressing New Issues

2020 - Rescue of a frozen Egypﬂan mummy after a flood
* Fungicidal freatments at frozen state before its

freeze-drying

Eiggrten rnameyy of Musnior Gy vt =
<roa 190 ¢ 06 - Montaegls, Frmce.
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Treatments Addressing New Issues

S 2020 - Disinfection of humid organic remains from a medieval abbot burial
§ awaiting “laboratory excavation"

= Sanitary and conservation
bactericidal and fungicidal
freatments

Ao 4 SN ramans - 337 ¢ ~Solsicn, France

Treatments Addressing New Issues

2021 - Disinfestation of a Gallo-Roman ex-voto released by a glacier

Treatments Addressing New Issues

2022 - Disinfection of paintings from two chapels infested by Serpula lacrymans
* On-site infervention for hermetic packaging
* Biocidal cleaning of the packaging before transport
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Treatments Addressing New Issues

2022 - Disinfection of paintings from ftwo chapels infested by Serpula lacrymans
* Iradiation in the airtight packaging

Treatments Addressing New Issues

2022 - Disinfection of paintings from two chapels infested by Serpula lacrymans
» Suction of the dead spores

Post Treatments for Mitigation of Side-Effects

» Reversibility of center of color « radio-activated »
(or « radio-induced ») by irradiation
in fransparent materials

Using UV lamps
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Thank you for your attention
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| 2. CULTURAL HERITAGE CHARACTERIZATION AND PRESERVATION

2.7 Scanning Electron Microscopy and Energy Dispersive X-ray
Analysis: Application in Artifact Characterization
Name: Nadira Kamarudin

Date of Presentation: 24" October 2023
Email: nadira@nm.gov.my

In 2 world where the past is continually interwoven with the present,

preserving cultural heritage is a testament to human history and identity.
As we move into the 21* century, our methods to conserve and understand
these artifacts have become more sophisticated, blending the lines between
science, technology, and art.

One of the most intriguing developments in this field is the use of gamma radiation in the
conservation process. Traditionally, the thought of exposing ancient manuscripts and books to
radiation has been met with concern, primarily due to the fear of potential damage to these delicate
materials. However, recent studies have begun to shed a more positive light on this technique,
suggesting that it could be a vital tool in the fight to preserve our cultural heritage.

The concern regarding gamma radiation stems from its powerful energy, which can alter the
very structure of cellulose - the organic compound that forms the basis of paper. Yet, researchers are
finding that controlled doses of gamma rays can effectively sterilise historical documents and books,
eliminating biological contaminants such as mold and bacteria without harming the paper itself. This
breakthrough presents a promising solution to the risks posed to human health by contaminated texts
and halts the destruction of cultural artifacts in infested archives.

To thoroughly understand the impact of gamma irradiation on paper, scientists have conducted
extensive studies comparing the effects of different radiation doses on cellulose. For instance, a
sample of Whatman No.1 CHR paper, a standard reference material in filtration and laboratory
processes, was subjected to high doses of gamma radiation. The results, examined under a Scanning
Electron Microscope (SEM) at a magnification of 5000 times, provided crucial insights into the
microscopic changes occurring within the papet's structure. These findings are invaluable, enabling
conservators to determine the optimal radiation levels that can be applied safely to various materials.

Another aspect of cultural heritage that benefits from modern scientific methods is the analysis
and characterization of textile-metal thread embroidery, a craft that adorns many historical artifacts.
Over time, these metal threads can tarnish, losing their luster and making it challenging to appreciate
the original beauty of the pieces. To address this, conservators turn to Energy-dispersive X-ray
spectroscopy (EDX), a technique that allows for the elemental analysis of the threads.

Through EDX, it is possible to identify the precise elements that compose the threads,
providing percentages by weight. For instance, an analysis might reveal significant amounts of silver
(Ag) and gold (Au) alongside other elements like carbon (C) and oxygen (O), offering clues to the
item's age and the techniques used in its creation. The elemental composition can also help to verify
the authenticity of the artifact, distinguishing between genuine antique pieces and more modern
replicas.

Further investigations into the microstructure of these threads are conducted using SEM
micrographs, which offer a view into the morphology of samples at 400 times magnification. By
examining these images, specialists can determine the manufacturing techniques employed in creating
the threads. The presence or absence of mechanical strains or patterns, such as longitudinal striations,
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can indicate whether the threads were "beaten and cut" or produced using later techniques like "cast,
drawn, and rolled." Such details not only help to authenticate the artifacts but also provide a window
into the historical manufacturing practices.

The significance of SEM and EDX in cultural heritage studies must be considered. These
methods have become instrumental in solving archaeological puzzles and investigating various objects
of art and culture. By correlating microchemistry with microstructure, scientists can uncover a wealth
of information about an artifact. Beyond determining its composition and microstructure, these
techniques can often trace the raw materials to their geographical origins, cross-referencing findings
with extensive databases to confirm the artifact's authenticity.

Understanding the materials that make up cultural artifacts is crucial for their conservation. It
allows conservators to create conditions that prevent further degradation and apply restoration
techniques sympathetic to the original methods used to make these pieces. By using advanced
scientific tools, conservators can ensure that the physical reminders of our collective past are
preserved not just for current enjoyment but also for the benefit of future generations.

As we continue to develop and refine these technologies, the field of cultural heritage
conservation is evolving into an interdisciplinary arena where history meets cutting-edge science. The
melding of these disciplines is not just about preserving the physicality of artifacts but is also a
commitment to maintaining a tangible connection to the narratives, knowledge, and aesthetics they
carry. The ongoing advancements in conservation science are a beacon of hope, assuring that the
stories and accomplishments of our ancestors will not be lost to the ravages of time. The slides in the
upcoming section detail the work done on this.
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~ Scanning Electron Micrgscopy ™}
B and Energy Dispersive*X-ray \
- analysis: .
Application in Artifact
Characterization
Nadira Binti Kamarudin
Senior Research Officer
Material Technology Group

Industrial Technology Division
Malaysian Nuclear Agency &

Regional Training Course (RTC) on The Application of Nuclear Techniques for Characterization and Preservation of The Artifacts
Obtained from The Shipwreck 24 October 2023-Melaka.

Contents:

1: Introduction

2: Basics of Scanning Electron Microscopy (SEM)

3: Basics of Energy Dispersive X-Ray Analysis (EDX) ‘
4: Advantages of SEM-EDX in Artifact Characterization

5: Limitation of SEM-EDX in Artifact Characterization

6:Case study done by other Researcher
7:Case study done in Malaysian Nuclear Agency
8:Conclusion

Intfroduction

In order to do scientific study of materials
associated with art and archaeology we need...

Metats and
Corrosion

Produict *Highly interdisciplinary profession
*Requires expertise in

*Physical science

*Forensics

Textiles and

*Humanities
*Engineering
Collaborations are critical to success

Gates G (2014) Discovering the material secrets of art: tools of o
cultural heritage science. Am Ceram Soc Bull 93(7):20-27

Nuklear Malaysia
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Scientific analytical tools for artfifact characterization

* Stereomicroscope * XRD

* UV-Vis spectrometer * FTIR

* Fluorescence Spectrometer * PIXE
* Computer Tomography * And the list goes on expanding by time

* Radiography
* XRF

& ’
Nuklear Malaysia

Scanning Electron Microscope (SEM)

A Scanning Electron Microscope (SEM) is an advanced microscopy technique that
uses a focused beam of high-energy electrons to illuminate a specimen. Unlike
traditional optical microscopes that use light, SEM relies on electron interactions
with the sample's surface to produce detailed, high-resolution images.

Applications:

* Detailed imaging of surfaces at nanoscale resolution.

* Analysis of morphology, topography, and composition of various materials.

* Widely used in fields such as materials science, biology, geology, and
archaeology.

Q )
Nuklear Malaysia

Sample-Electron Interaction

The scanning electron microscope (SEM) produces images
by scanning the sample with a high-energy beam of
electrons.

When the electron beam hits the surface of the sample, it
penetrates the sample to a depth of a few microns,
depending on the accelerating voltage and the density of
the sample.

As the electrons interact with the sample, they produce
secondary electrons, backscattered electrons, and
characteristic X-rays.

These signals are collected by one or more detectors to form
images which are then displayed on the computer screen.

Nuklear Malaysia
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Energy Dispersive X-Ray Analysis (EDX)

Energy Dispersive X-Ray Analysis (EDX) is a technique often coupled with SEM
to provide elemental analysis of a sample. When the electron beam interacts
with the specimen, it causes the emission of characteristic X-rays from the
atoms in the sample. EDX detects and analyzes these X-rays to determine the
elemental composition of the material.

Applications:

* Identification of trace elements and impurities.
* Characterization of chemical composition in a wide range of samples. D

* Elemental analysis of materials without the need for extensive sample preparation.

X o
(L
Nuklear Malaysia

-

all the different elements that it contains.

Nuklear Malaysia

Electron beam EDX
* Detection of the X-rays, which are generated
somple from the electron-sample interaction, is also
Auger electrons Secondary widely used to perform elemental analysis of
electrons the sample.

Backscatter
Sashions * Every material produces X-rays that have a
CHarscsaststic specific energy; X-rays are the material’s
S fingerprint. So, by detecting the energies of X-
Al i rays that come out of a sample with an
Fluorescent X-fays unknown composition, it is possible to identify

@ X
Topagraphicat Compesitionat: Microsnalysis ~
Secondary Electron Image (SE1) | Backscattered Hectron image (851) Energy Dispersive Spectrascopy (ED5) Nuklear Malaysia
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Advantages of SEM-EDX in Artifact Characterization

The combination of Scanning Electron Microscopy (SEM) and Energy Dispersive X-Ray Analysis (EDX)
brings several advantages to the table, making them powerful tools for artifact characterization:

1.High-Resolution Imaging:

SEM provides exceptionally high-resolution images, allowing researchers to visualize and capture
intricate details at the nanoscale.

Enables the examination of surface structures, textures, and fine features of artifacts with
unprecedented clarity.

2. 3D Imaging Capability:

SEM's ability to generate three-dimensional images provides a comprehensive view of the
topography and morphology of artifacts.

Essential for understanding the spatial relationships between different components of complex
structures.

Nuklear Malaysia

Advantages of SEM-EDX in Artifact Characterization

3.Elemental Analysis with Energy Dispersive X-Ray Analysis (EDX):

SEM is often coupled with EDX, enabling simultaneous imaging and elemental analysis.
Facilitates the identification and quantification of elements within artifacts, contributing to a
thorough characterization.

4. Non-Destructive Nature:
SEM allows for non-destructive imaging, preserving the integrity of delicate or valuable artifacts.
Ideal for examining artifacts that cannot undergo traditional destructive analytical techniques.

5. Versatility Across Materials:
From metals and ceramics to biological specimens, SEM accommodates a wide range of materials for
analysis. Offers a versatile approach to studying artifacts from various disciplines.

6. Sample Surface Sensitivity:
SEM is particularly sensitive to the surface of samples, making it suitable for investigating surface @@
modifications, coatings, or contamination on artifacts.

Nuklear Malaysia

Advantages of SEM-EDX in Artifact Characterization

7. Advancements in Sample Preparation Techniques:

Ongoing developments in sample preparation techniques have enhanced the compatibility of SEM
with diverse artifact types. Reduced requirements for elaborate sample preparations, making the
technique more accessible.

8. Educational and Outreach Value:

SEM's visually striking images have significant educational and outreach potential.

Captivating visuals generated by SEM contribute to public engagement and the communication of
scientific discoveries.

SEM-EDX serves as a cornerstone in artifact characterization, offering researchers a powerful and
versatile tool for exploring the minute details that shape our understanding of historical, cultural,
and scientific contexts.

&
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Limitation of SEM-EDX in Artifact Characterization

SEM-EDX is a powerful tool for artifact characterization but it does have some limitations, especially
when applied to characterizing valuable artifacts. Some of them are:

1. Sample Preparation Challenges:

The preparation of samples for SEM-EDX analysis can be time-consuming and may require special
techniques. For delicate or valuable museum artifacts, the preparation process may be limited to
non-destructive methods.

2. Surface Sensitivity:
SEM is primarily surface-sensitive. It may not penetrate deep into the material, limiting the analysis
to surface features. This can be a drawback when studying the internal structure of artifacts.

3. Beam Damage:
The electron beam in SEM can cause damage to some materials over time. This is particularly
relevant for sensitive artifacts with organic components or fragile surfaces. @

o
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Limitation of SEM-EDX in Artifact Characterization

4, Charge Accumulation:
Insulating materials can accumulate charge during SEM analysis, leading to imaging artifacts and
distortion. Conductive coatings or other measures are often required to mitigate this effect.

5. Limited Elemental Range:

While EDX is excellent for identifying and quantifying elements, it may have limitations in detecting
light elements. Elements with low atomic numbers may not produce strong X-ray signals, making
their analysis less reliable.

6. Quantitative Accuracy:
Achieving accurate quantitative results with EDX may be challenging, and calibration is necessary for
precise elemental quantification. Environmental conditions can also affect results.

e
—
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Limitation of SEM-EDX in Artifact Characterization

7. Small Field of View:
SEM typically has a smaller field of view compared to other imaging techniques, limiting the amount
of the artifact that can be examined in a single view.

8. Cost and Accessibility:
SEM-EDX equipment can be expensive to acquire and maintain. This may pose challenges for smaller
museums or institutions with limited budgets.

9. Resolution vs. Depth of Field Trade-off:
Achieving high resolution in SEM images may come at the expense of depth of field. This trade-off
can limit the simultaneous detailed imaging of both surface and subsurface features.

10. Artifact Size Constraints: 0
The size of the artifact may affect the feasibility of SEM-EDX analysis. Extremely large or irregularly
shaped artifacts may be challenging to analyze effectively. @
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Limitation of SEM-EDX in Artifact Characterization

11. Limited to Solid Samples:
SEM-EDX is primarily designed for solid samples. It may not be suitable for the analysis of certain
types of artifacts, such as liquids or gases.

12. Complexity of Interpretation:
Interpreting SEM-EDX results requires expertise, and misinterpretations can occur. Collaboration
with experts in SEM-EDX analysis is crucial for accurate artifact characterization.

Despite these limitations, when used judiciously and with proper consideration of these challenges,

SEM-EDX remains an invaluable tool for studying museum artifacts, offering unique insights into
their composition and structure.

1
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Case Studies done by other
Researchers
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" * Conservators noticed the presence of a white crystalline material
Venefldn glOSS Ewel' on the surface of the Venetian glass Ewer (Figure(a) and (b)) while

preparing it for exhibition.
Tl

* Because this artwork was created in the late 19th or early 20th
century with the intention of appearing ancient or antique, the
question arose whether the accretion indicated an unstable glass
composition or if it was evidence of the “antiquing” process used
by the creator and, therefore, ought to be preserved as part of
the object’s history.

Extracting a small sample that included the glass and the
accretion for SEM-EDS analysis showed with certainty that the
white material had been applied, because fluorine was detected
only in the accretion, not in the underlying glass substrate (Figure
(c) and (d)).

* In this case, material analysis informed the proper conservation of
the object during its preparation for exhibition—the accretion
was evidence of the maker’s antiquing technique, thus it was
preserved

Elliott and J. Giaccai, "The technical analysis of a glass Ewer.
Salviati & Co.," The Journal of the Walters Art Museum, 70-71,133~
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* Koran fragments dated to the 10th-11th centuries AD, parchment, and
ink were investigated by the SEM-EDX methods.

A microanalysis of the parchment revealed carbon and oxygen in its
composition (and thus confirmed the organic nature of this object of
study), as well as Si, Na, K, Ca, Mg, Cl, and S. The presence of some
elements may be related to the parchment processing aimed at imparting
it with a certain hue.

¢« + The manuscript text was written in inks of three colors: black, red, and
green. An analysis showed that part of the red ink contains mercury and
that it was made based on vermilion or cinnabar (Hg$). Possible cinnabar
sources are the river rock near the town of Takab (western Iran) or the
mines near Fergana.

* At the same time, a number of red paint samples exhibited the presence
R. Bahadori, F. Bahrololoomi, and N. M. of iron and oxygen; i.e., part of red ink was made based on ochre (a
Kashani, Proc. 39 Int. Symp. on

Archeometry, Leuven, Belgium, 2012, p.
324

mixture of iron oxide with clay). Another component of red ink was based
on an organic pigment. Green ink contained copper salts and black ink
contained mainly carbon, with a small amount of iron impurity, although
a final conclusion on the composition of this pigment has not been
drawn.

* Based on the EDX data and the established composition of the pi@_ents,
one can fo late suggestions about the sources of their origi
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Possible factors wood degradation

It was found in that a thermal treatment at temperatures in the
range of 190-240°C may cause formation of microcracks and
structural decomposition, which manifests itself in a separation of
lamellae. An increase in temperature in the presence of moisture
and under pressure leads to the softening of lignin (a natural
polymer formed on the walls of woody vegetable cells). This process
may be accompanied by changes in cellular membranes and the
formation of holes in pine wood

The metal corrosion products from the metal environment of an
artifact, particularly iron ions, are catalysts for cellular-wall
decomposition reactions. Metal ions can be accumulated in the
intercellular space to form a replica of the original wood structure in
the course of time b
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Possible factors wood degradation

Mechanical effects cause wood destruction, which
begins in the direction parallel to fibers, at the
boundaries between cells, independent of the load
direction

The most hazardous and destructive damage of wooden
articles is caused by fungi. Traces of fungus infection can
be found after several days. Fungi, which grow in cracks
and holes, may lead to a significant damage after several
months. 5
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Possible factors wood degradation

Treatment procedures used in conservation and cleaning
or gluing may also lead to the degradation of
archaeological wooden objects.

Thus, gaining insight into the wood degradation
processes helps one develop a protocol for
reconstructing and preserving wooden artefacts.

G
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Authenticity (forgery)

The image shows human hair and
nylon fibres.

o hitpsimywopn training

—i;-'f'-’ :
S
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Authenticity (ancient or not?)

J?de c’°°°d':|e Effigy.Pendant (15.7¢m 50| marks from abrasives on carved jade, provide evidence that
high) carved in Atlantic Watershed-style  he|ps distinguish between ancient and modern techniques and can
and attributed to ancient Costa Rica inform questions of authenticity.

(b) Toolmarks are difficult to discern on Crocodile’s surface in this
10-mm long photomicrograph.

(d) SEM micrograph of silicone impression

SEM micrograph shown in Figure (d) clearly shows a surface
prepared using loose abrasives.

Ancient American societies carved jade extensively using loose
abrasives that created irregularly and variably sized marks.

Modern cottage industries also supply collectors with carved jade
objects that imitate ancient production, although these techniques
make use of fixed abrasives that leave marks appearing as fine,
regularly spaced parallel lines.

N
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Conservation Of Metallic Embroidery Threads In Historic
Textile Objects

g -y

Nuklear Malaysia

Full scale = 1.71 k county Cursor: 53675 keV A
11 188

Full scale = 111k counts Cursor: 54075 ke B
1-321%

SEM images of the yellow metal threads (C and D)
and black metal threads (E and F), we can see the corrosion over the threads &)
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Studies done Nuclear Malaysia
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Ceramic (S1)- Nassau Ship Wreckage

SEM micrograph of 51 cross

The difference in density of layer
glaze and base material of the

sample can easily be

distinguished.

section at 250x magnification. EDX analysis result for base and glaze

Nuklear Malaysia

Wreckage

Ceramic (S1)- Nassav Ship

o~
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Seramik ($2)- Nassau Ship Wreackage
 Element |
(o]

Al

Si

K

Ca

Fe
Au

135
2.58
4.26
1.04
19.17
0.56
71.04
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Seramik (S2)- Nassau Ship Wreackage

o c 13.32
15.21
si 1.76
ca 37.92
Au 71.04
An
co si Au

10 4 £ 800 1008 (1]
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Degradation of Hoabinhian Skeleton Collection

Prehistoric human skeletons between 6,000-8,000 years old

The surface of the bone that has experienced
deterioration that is likely from the effects of
fungal growth.

The surface of the black fungus in figure 2
has dried and elemental analysis shows that
there are bone elements that have been
corroded similar to the fungus. This proves
that fungi are also biodeterioration agents
that contribute to the fragility of the
skeleton collection.

Nuklear Malaysia

Crystal microstructure growth. These
crystals are scattered throughout the
bone fragments and are very fragile.
Elemental analysis shows that the
crystals formed are likely calcite
crystals.

Precipitation of hydroxyapatite crystals
when they react with moisture and
also the sediment that is soil.

The results of elemental analysis show

the complex elements of bone and also
soil represented by high Si content

| Nuklear Malaysia
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Study of gamma irradiation dose for cellulose samples

G
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¥
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» Conservators  constantly  facing  problem  for
preserving artifact due to biodeterioration.

* The microorganisms that feeds

ST
3 ey

on cellulose,
_;,::_ E dangerous for the material can cause severe health
' 1}.-'-!

i problems for conservators and archivers.

The current practice :chemical fumigation
» only effective for surface disinfection
* it is carcinogenic, extremely flammable and explosive
* contaminate the indoor air.
* The use of gamma radiation : been some argument about the use of
radiation, out of fear of damaging the paper by radiation.

* This work to study the effects induced by gamma radiation on cellulose.

* Gamma irradiation as a convenient method to solve the risks posed to human health by contamination of

b&ks and
papers, and to stop the destruction of cultural heritage artifacts in infested libraries and archives. \
| Nuklear Malaysia
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Radiation Damage to cellulose at Higher Dose

Control

10kGy

SEM Result 5000 x magnification for Whatman No.1 CHR
paper irradiated at higher dose

uklear Malaysia
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ANALYSES AND CHARACTERIZATION OF TEXTILE —
METAL THREAD EMBROIDERY

The tarnished metal threads

O
Nuklear Malaysia

EDX elemental analysis

£ Layeroed Irsacge 1
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The surface of S1 shows no mechanical
strains or longitudinal striations. It also
shows no specific patterns. This indicate
that “beaten and cut” manufacturing
process was implemented in producing
sample S1.

Sample S2 clearly shows longitudinal
striations which prove that these two
samples were produce using a latter

100 um

S1 S2 technique, “cast, drawn and rolled”. These
; . findings proven that sample S1 has shown
Morphology of samples view by SEM micrograph at 400 authentication by the way it is produce.

times magnification

| Nuklear Malaysia
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Conclusion

* The ability of electron microscopy to make the correlation between
microchemistry and micro structure is vital in cultural heritage studies.

* SEM and EDX is widely used to solve archaeological problems and investigate
various objects of culture and art.

* Understanding of material is crucial to conserve artefact

* These method allow one not only to determined the microstructure of material
and elemental composition of the artefact; but sometimes determined the raw
material it was made of; establish the geographic region of the origin of this
material and lots more compared to databases to ensure the authenticity of the
artefact.
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2.8 X-Ray Diffraction (XRD) and X-Ray Fluorescence (XRF)
Technique: Application in Artifact Characterization

Name: Roshasnorlyza Hazan
Date of Presentation: 24" October 2023
Email: roshasnotlyza@nm.gov.my

In archaeology and cultural heritage preservation, scientists and

researchers employ cutting-edge techniques to unravel the mysteries
hidden within ancient artifacts. One such powerful method is X-ray .Qi >
technology, including X-ray Fluorescence (XRF) and X-ray Diffraction W
(XRD), which provides valuable insights into the composition, structure, and historical significance
of these treasures.

X-ray Fluorescence (XRF) analysis, a non-destructive analytical technique, allows scientists to
determine the chemical composition of various materials. By irradiating a sample with X-rays, this
method induces fluorescence in its atoms, revealing the elements present and their concentrations.
This technique has proven instrumental in studying artifacts like ancient coins, vases, and rare books.

XRF analysis operates on fluorescence intensity, where the emitted X-rays are analyzed to
identify specific elements. This method offers several advantages, including non-destructiveness, ease
of operation, and the ability to analyze solid, powder, and liquid samples. Despite its usefulness, XRF
does have limitations, such as interferences between elements and limited depth of penetration into
the sample.

In conjunction with XRF, X-ray Diffraction (XRD) analysis provides detailed information
about the crystallographic structure and physical properties of materials. By analyzing the diffraction
patterns produced when X-rays interact with a crystalline sample, scientists can identify different
crystalline phases and gain insights into the material's composition and structure. This method aids in
the identification of authentic artifacts by comparing their XRD patterns with those in reference
databases.

Researchers use these techniques to study various artifacts, each offering unique challenges and
discoveries. For instance, in the case of ancient coins, XRF analysis helps identify the metal
composition, allowing historians to trace the coin's origin and historical context. Similatly, ancient
vases provide valuable insights into ancient civilizations, with XRD analysis revealing the techniques
used in their production and authentication.

Rare books, often susceptible to degradation over time, benefit from X-ray analysis techniques
to preserve their cultural heritage. XRF analysis can determine the composition of inks and pigments
used in illustrations, shedding light on the book's origin and historical significance. Additionally, XRD
analysis aids in understanding the paper's composition and response to environmental factors, guiding
conservation efforts.

One of the significant advantages of these X-ray techniques lies in their ability to preserve the
integrity of artifacts. Unlike traditional methods that might require destructive testing, XRF and XRD
analyses ensure that the artifacts remain intact for future generations to study and appreciate.
Furthermore, these techniques are fast, accurate, and minimize sample preparation, making them
invaluable tools in archaeology.
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In summary, the synergy between X-ray Fluorescence and X-ray Diffraction analyses has
revolutionized the study of ancient artifacts, enabling researchers to delve deeper into history. By
uncovering the secrets of ancient coins, vases, rare books, and various other artifacts, scientists
continue to enrich our understanding of human civilization and preserve our cultural heritage for
generations. The slides in the upcoming section detail the work done on this.
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X-Ray Diffraction (XRD) a

X-Ray Fluorescence (XRE

Technique:
Application in artifact characterization
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X-RAY SPECTRUM
X-ray spectrum as a function of

K, |
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X-Ray Fluoresc

X-ray spectroscopy was first used "

in 1909 when Charles G. Barkla He obtained the Nobel Prize
from Britain found a connection (Physics) in 1917 for this work
between x-rays radiating from a
sample and the atomic weight of

the sample
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What is XRF analysis

An analytical method to determine
the chemical compaosition of all kinds
of materials.

Sometimes used to determine the
concentration, thickness and
compositions of layers and coatings.

The wavelength of fluorescence is
characteristic of the element being
excited, measurement of this
wavelength enable us to identify the
fluorescing element.

Working Principles of XRF

Fluorescent X-ray

.AE=E2-EO=K]3

Primary X-ray
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The intensity of the Her{f\: ngfgsrceer?égt of The process of In most cases the innermost
fluorescence depends : : ; jetecting and analyzing K and L shells are involved
intensity makes possible 5 in XRF d :
on how much of that the quantitative the emitted x-rays is in etection.
element is in x-ray determination of an called “X-ray fA typical . sgectrun;
beam. element. Fluorescence Analysis.” Tom an iriadlated sampla
e will display multiple peaks

of different intensities.
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K. Land M Spectral Lines

** K - alpha lines: L shelle-
transition to fill vacancy in K
shell. Most frequent transition,
hence most intense peak.

o
o

K - beta lines: M shell e-
transitions to fill vacancy in K shell.

< L-alphalines: M shell e-
transition to fill vacancy in L
shell.

% L -beta lines: N shell e-
transition to fill vacancy in L
shell.
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Comparisons of Methods used
for Elemental analysis

Techniques Neutron Atomic Inductive EDXRF
activation Absorption couple plasma
analysis (NAA) | Spectrometer | (ICP)
(AAS)
Steps involved Pack, irradiate, Dissolution. Dissolution, Pack,
cooling, count measure measure measure
Minimum time for | 6 hours 4 hours 4 hours 4 min.
analysis
Range of 0.1ppm — 30% ppb - 0.1% ppt—0.1% 1 ppm
application upwards
Nature of analysis | Non-destructive | Destructive & | Destructive & | Non-
& simultaneous | single element | single element | destructive
&
simultaneous

Why XRF?

* It is non destructive

* It is easy to operate and can handle variety of sample sizes.
* Good resolution, improved detection limit.

* Direct analysis on solid, powder, and liquid.

* Saves times analysis over conventional equipment.

* Fast and accurate.

* Minimum sample preparation.

Limitation XRF?

* Availability of commercial certified reference material. Interferences
between some elements (high levels of one element may give a false
positive for another due to overlapping emission lines and limited
resolution of ~0.2 keV FWHM)

* Depth of penetration — 1 to 5 micron.
* Sizes of less than 1mm cannot be analyse alone.

* Generally detection limits for metals is not so %ood ( 20ppm = 50 ppm ).
Must use alternate technique to measure sub-ppm levels

(TXRF, GFAAS, ICP-AES, ICP-MS)

* Accuracy: XRF is predominantly a surface analysis technique (X-rays
penetrate few mm into sample)

* No info on chemical form of element (alternate technique required for
speciation)

* To get more accurate results, one must homogenize the samples and calibrate
instrument response using authentic standards
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Types of Sample XRF?

10cks, minerals, ores, coramics, mk ghass, polymers small pl&m mum

XRD analysis

XRD is a nondestructive technique
that provides detailed information
about the crystallographic structure,
chemical composition, phases and
physical properties of a material
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Why choose XRD analysis?

Phase identification can be Eerformed by
In an XRD, comparing XRD patterns obtained from

different unknown samples to patterns in reference co,:,ge,erﬂgs;ve
crystalline databases. This process is like matching compound
phases give fingerprints in a crime scene investigation. database is
different maintained by
diffraction ICDD
patterns. (International
Center of
Diffraction Data).
>
XRD PRINCIPLE
Diffracted
Beam

Difiraction Angle

Incident X-ray Beam e e 25\

T e -
/me:xgraphn: Planes

Incident Angle

Bragg’s law:

nA= 2d sin 6

ICETH

Imaularsze

POWDER SAMPLE
XRD PATTERN AND STRUCTURE

The d-spacing of the lattice plane depends on the size of the basis cell and determines the
position of the peaks.

The intensity of each peak is due to the crystal structure, the position of the atoms in the unit
cell and its unique thermal vibration.

The width and height of the peak can determine the current state of the sample such as
particle size.
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Application XRF and XRD
in artifact characterization

CASE STUDY 1 ANCIENT COIN
Results : Arab coin (Side 1)

Analytical Results
Element Result Unit 3o

Cu 58103 % 0.079
Zn 36410 % 0.056
Pb 1838 % 0.025
Sn 1134 | % 0030
Si 0984 % 0.203
Fe 0556 % 0.005
Ni 0370 % 0.004
I 0258 | % 0.043
To 0.165 % 0.028
Ca 0158 % 0.016
Mn 0024 % 0.004

Matching

Candidate DIff. Factor

£3604 0.65081

PCED

Sample Information

Name‘ o Arab coin (Side 1)

Meas

Date 2018-03-15 11.43.56

Group [ Qual-Quant. | easy-air!

Comment  Artifak

Operator

Sample

Image

e

CASE STUDY 2 ANCIENT VASE

XRD ANALYSIS

Analyte Calibration |Compound | Measured | Used |Concentration Unit | Calculation| Status
status formula (kcps) (keps) method

Na Calibrated Na20 0.176 | 0212 0.195 | % | Calculate
Mg Calibrated MgO 1.418 1.710 0426 | % | Calculate
Al Calibrated. A203. 15792 | 21837 22081 %%

[ Si Calibrated Sio2 89.870 | 124.979 42.035 | % | Calculate
P Calibrated P205 10.872 | 15.408 3.288 % | Caleulate
S Calibrated SO3 3.021 3.962 1.045| % | Caleulate
Cl Calibrated Ci 1.438 1.331 0302 | % | Calculate
K Calibrated K20 13.381 | 15645 4.151 | %/ Calculate

l Ca Calibrated CaO 88.696 | 104.599 34.206 EA Calculalel
TT canprared TIOZ T.U57 0982 US32 %| C
Cr Calibrated Cr203 0.190 0.079 502.5 | ppm | Calculate
Mn Calibrated MnO 0.401 0.261 0.115 % | Calculate
Fe Calibrated Fe203 10.774 | 11.080 5345 % | Calculate
Ni Calibrated NiO 0.584 0.321 991.6 | ppm | Calculate
Cu Calibrated CuO 0.450 0.139 3753 | ppm | Calculate
Zn Calibrated Zn0 1.047 0915 0.117 | % /| Calculate
Rb Calibrated Rb20 5.241 2.862 577.8 | ppm | Calculate
Sr Calibrated SrO 6.677 5532 0.167 % | Calculate
Y Calibrated Y203 2.709 0.889 246.7 | ppm | Calculate
Zr Calibrated Zi0o2 4.871 2.808 718.1 | ppm | Calculate
Pb Calibrated PbO 0.887 0318 294.0 | ppm | Calculate
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m“ XRD ANALYSIS
1
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2.9 Standard Operating Procedure Conservation & Restoration of
Artifacts - Ceramics

Name: Muhamad Faiz Azizan
Date of Presentation: 24" October 2023
Email: faiz@jmm.gov.my

I the rich tapestry of human history, few objects tell the tales of past

cultures like ceramics. From the intricate porcelain of ancient China to % _
the rustic terracotta of the Mediterranean, ceramics are a tangible link to “v
our ancestors. However, these artifacts, while they've sutvived centuries, are

not impervious to the ravages of time. Conservation plays a critical role in preserving them for future
generations. Here's an accessible guide to understanding and preserving these timeless treasures.

Ceramics are crafted from clay, shaped, and then hardened by heat. The process creates a
material that can endure for millennia. But despite their seeming resilience, ceramics are vulnerable to
many potential issues. Ceramics can suffer from glaze diseases, such as crazing, a network of fine lines
on the glaze surface, or shivering, where the glaze peels off due to tension between the clay body and
the glaze. Blisters and pitting can also occur during firing when gases fail to escape.

The process that gives ceramics their strength—the firing—can also make them vulnerable.
Underfired objects are less durable and more porous, leading to problems like salt damage. Even well-
fired ceramics aren't immune to trouble. Adhesives used in repairs can fail, and contaminants like
soluble salts can wreak havoc if conditions aren't stable.

The key to ceramic conservation is maintaining a stable environment. Fluctuations in
temperature and humidity can be particularly destructive. The ideal conditions for preserving ceramics
are temperatures between 15-25°C and relative humidity levels of 40-60%. Keeping these conditions
stable, with minimal variations, is crucial. Ceramics need a consistent climate because they expand and
contract with temperature changes and absorb and release moisture with changes in humidity. Such
movements can cause glazes to crack and salts to crystallize or redissolve, leading to damage.

When handling ceramics, one must be cautious. It is advisable to use disposable rubber gloves
or clean hands. Objects should be carried one at a time, with support at the base and the sides, and a
padded tray can be used to transport groups of objects. Storage is another vital consideration.
Ceramics should be kept in a stable, dust-free environment without stacking, which can cause stress
and breakage.

Before any cleaning or treatment begins, a thorough examination and documentation of the
object are essential. This step helps in understanding the item's condition and in planning the
appropriate conservation measures. Dry cleaning methods are preferred over wet or chemical
treatments. If wet cleaning is necessary, it's important to test water, solvents, and any other chemicals
on an inconspicuous part of the object to ensure they do not cause damage.

Desalination is a crucial step for objects recovered from burial or marine sites. It's essential to
keep these objects from drying out before the process is complete, as the crystallization of salts within
the ceramic pores can cause disintegration.

For repairs, selecting the suitable adhesive is critical. The chosen adhesive should be
reversible—meaning it can be removed without damage to the original material—and have good aging
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properties. Repairing ceramics is a methodical process that requires patience and precision to restore
the object while maintaining its historical integrity.

The conservation of ceramics is a meticulous and thoughtful process, requiring a deep
understanding of the material, its environment, and its potential risks. By adhering to the guidelines
of maintaining a stable climate, careful handling and storage, and appropriate cleaning and repair
techniques, we can help preserve these precious links to our past. Through such dedicated efforts, we
ensure that future generations can enjoy and learn from these historical objects, just as we do today.
The responsibility lies with us to protect these cultural artifacts, not just as art pieces but as vessels of
the human story. The slides in the upcoming section detail the work done on this.
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REGIONAL TRAINING COURSE

The application of nuclear techniques for characterization
and preservation of the artifacts obtained from the shipwreck

Standard Operating Procedure Conservation
& Restoration of Artifacts - ceramics

23-27 OCTOBER, 2023
Melaka, MALAYSIA

Muhamad Faiz bin Azizan
Conservation Division
Department of Museums Malaysia

Content

Terminology
Conservation Division
Ceramic Introduction
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Examination
Deterioration

Curative Conservation
Restoration

Preventive Conservation
Summary

Terminology to characterize the conservation of tangible
cultural heritage

At the 15th Triennial Conference held in New Delhi in September 2008, ICOM-CC
adopted a3 luti on a inol for

communication in the intemational professional and public fora and in the

wservation to facilitate
literature, since the same word may currently have different meanings in

different places.

ICOM-CC adopted the following terms. “preventive conservation®, “remedial
conservation”, and “restoration” which together consttute “conservation” of
the tangble cultural heritage. These terms are distinguished according to the

alms of the measures and actions they encompass.

FICOM-CC - Committee of Conservation

ICOM-CC

Education ¢
Cons:

sining in

>

Terminology for conservation

The definitions of the terms are as follows:

Conservation - all measures and actions aimed at safeguarding
tangible cultural heritage while ensuring its accessibility to present
and future generations. Conservation embraces preventive
conservation, remedial conservation and restoration. All measures
and actions should respect the significance and the physical

properties of the cultural heritage item.

Preventive conservation - all measures and actions almed at
avoiding and minimizing future deterioration or loss. They are
carried out within the context or on the surroundings of an item,
but more often a group of items, whatever their age and condition,
These measures and actions are indirect - they do not interfere
with the materials and structures of the items. They do not modify

their appearance.
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Conservation Division DMM

- The Conservation Division of the Department of Museums Malaysia is resporsible for ensuring that the department's collections are in good condition and

preserved. This objective is realized through research and conservation of artefacts,

Focus Activities

Preventive Conservation

To conduct analysis, research, treatment and preservation of the
enuzeum . obfections:for: the::pumoses: of et iition; :stormge; > Action taken to provent the natural deterioration of an ebject owing to

educationand dozumentation environmental conditions such as temperature, humidity, lighting and pests

16 canry out works fo prevent damage anc.to'repaicarieiacts such as insects, fungi and air pollution

To menitor the temperature control system, humidity, lighting and

pests in the collection stores and museum galleries
Curative Consenvation

To provide training and advisory services on conservation to staff
and relevant agencies »  Curative consarvation is action taken to treat an object that is deterorating,

Itis aimed ot halting the deterioration process

Restoration

»  Trestment procedure that s undertaken with the gim of restoring cultural
artefacts to they natural <tate by using materiaks similar to their original

materials

CERAMICS

Introduction

The term ceramic is used to describe a variety of fired clay objects. The transformation
of an earthy substance by fire produces a durable material, examples of which have

survived from ancient times until the present.

Ceramics became an important trade item and produced according to the needs of
trade in ancient times. This fact is proven by the discovery of ceramic fragments that
have varlous colors, shapes, decorative patterns and slzes found in archaeologlcal sites

and also underwater excavations,

The major ceramic categories are earthenware, stoneware and porcelain.

CATEGORIES

Earthenware bodies are derived from naturally occurring secondary clays. Porcelain body is made from 50 % kaolinite, 25 % feldspar and 25 % gquartz or flint. It is
Earthenware consists of clay that is fired and polished. The manufacturing fired to a high temperature of 1400 °C to produce a vitreous, while, non-porous ceramic
is more to traditional production process. Firing process at temperature of with a glassy fracture surface. Porcelain is defined as 2 high-quality ceramic because of its
950 *C - 1200 °C. The color after firing process is yellowish brown or unique characteristics of decoration and physical strength. The content materials and
reddish, The characteristics of clay pottery are waterproof, porous, easy to manufacturing techniques are cleary different from the production of clay pottery,

break, soft and non-acidic.

bodies are 1 of modified y clays, fired to
high temperatures of 1200 “C to 1300 “C to produce a wtrified, hard and
durable ceramic. The porosity of stoneware is < 3 % and colours include

wehite, buff, grey and black.

Moany fuether distinctions may be made within these groups according to the type of body, decoration, style or function of the object.
it is important to assess ceramic objects before treatment, as the type of ceramic obviously affects the treatment options.
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Examination

Condition Report
Before any treatment, examine the ceramic:

+ the condition of the ceramic structure;

the extent of previous repalrs;

any unfired decoration or blistering, weak and flaking glaze

the presence of stains and residues.

Pay particular attention to any unfired decoration or weak and flaking glaze,
because if these are undetected they could be damaged during treatment,
Note the presence of any stains and residues as these indicate the history and
use of an object and, depending on their significance, it may be appropriate to
retaln them. Use notes, drawings and photographs te document the condition

of the ceramic before it is treated. Record all observations and pertinent

investigations.
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Deterioration &

Although ceramics are in the inorganic category that
are usually less affected by environmental factors,
there are also factors that can affect the condition of

the ceramics,

{21 Surface damage due 1o salt canzamirenian an a small caramic jar.
() A cerame that also hes surface demage due te contamination from salt
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Deterioration

The most common ceramic conservation problems include:

+ breakage;

* deterioration of previous repairs;

+ flaking painted decoration or glaze;
* soiling or staining;

* lossand cracking

+ damage from salt efflorescence.

Agent of Deterioration

PHYSICAL
FORCES

Deterioration

Breakage
Careless handling
Stacking

Support

Previous repairs
Weak joint
Inappropriate material
Mismatching

Irreversible material

Flaking painted decoration or glaze
Submerged

Envirenmental factors

Deterioration

Breakage

Careless handling - Most ceramics beeak due 1o
careless handling. Example, ceramics that have a stem
must be handled carefully by avoiding lifting from the

stem.

Stacking - Ceramics are moved stacking In one
container without any barriers can also cause the

break due to physical force during movement.

Support - Improper support can also cause damage 10
the ceramic

Previous repairs

Weak Joint - Ceramics that have been repaired have a
weak point on the joint part,

Inappropriate material - The mistake of using an
inappropriate  material can change the coler in a

certain period of time.

Mismatching - of ceramic implants is also cause a
problem,

Imeversible materlal - Not using adheswes
ded in ceramic

Flaking painted decoration or glaze

Submerged - Ceramics that have been submerged for &
long time at the bottom of the sea will have barnacdles
ond shells attached to the ceramic area. This effect will

cause motlfs and giazed areas to come off.

Erwironmental factors - RH is a greater concern for
ceramics contaminated with salts. When the RH rises
above a certain critical RH, the salts defiquesce [they
absoch enough maisture to form a salution) and later
will crystaliize when the RH falls below this critscal RH
During the drying and crysiallzing stage, the salt
solution moves towards the zone of evaporation and
crystals grow to the point of exploding the pore
structure. The resultant flaking of the ceramic is called

spalling,
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Deterioration

Sailing or staining Loss and cracking Damage from salt efflorescence
Poliutants Fragile
Inappropriate cleaning agent Incorrect relative humidity

Deterioration

Solling or staining Loss and cracking Damage from salt efflorescence

Pollutants - In a dusty or polluted emwirenment, Fragile - Archacological material may be more fragile Damage from salt contamination maey occur in

ceramics will become dirty if not protectad from dus to the leaching of components duning bunal unwashed objects recovered from buned or

particulates, If dirt is left on the surfoces of objects, underwater sites, As the object dries, chiorde and
Incorrect refative humidity - High RH {above 65%)

particularly porous, fow-fired or unglazed ceramics, sulphate salts form crystals which expand and braak
meuld can coour on ceramic surfaces if there are even

staining can develop: Dirt can also lodge in cracks and up the ceramic. Signs of salt damage are white
emall amounts of solling, olls and food residues

areas of repalr, resulting in unsightly discolouration crystals on the surface, shallow pits on the ceramic

Earthenware objects are more likely to be affected due
. body or mising  spots  of  glaze
inappropriate deaning agent - Using an inappropriate to their porosity.

cleaning agent can leave dust on the ceramic.

Curative Conservation

Cleaning

As cleaning removes dirt which could otherwise be embedded further during subsequent
treatment stages, It is usually the first stage of a conservation treatment. Cleaning techniques

which may be applied to ceramics include:
* brushing;
*  Vacuuming;

* wiping with damp swabs

* Chipping
*  Wipes
The use of this i needs to be handled with more care to prevent the ceramic surface

from being scratched, worn and chipped
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Curative Conservation
Brushing

* A soft brush method on the ceramic surface to remove dust and
dirt that sticks to the collection. However, before this method is

carried out, the conservator needs to first identify the type of

dirt to be cleaned. which results from the deterioration process
such as peeling of the glaze. cleaning must be thorough to avoid

damage to the surface.

Curative Conservation

Vacuuming

* Taking into account the fragile physical factor of ceramic and
may experience peeling of the glaze, the suction power must
be adjusted to the minimum level. In addition, the vacuum
nozzle part must be connected to a flexible rubber part and
lined with gauze at the end. This is to prevent ceramic

fragments from sticking.

Curative Conservation

wiping with damp swabs

* Always test potential solvents on an inconspicuous part of the
ceramic to ensure that they have no adverse effects. Try salvents

such as methylated spirits, alcohol and acetone on stubborn

stains. Apply these with cotton swabs. If using acetone, take
care, avoid contact with skin, wear eye protection and do not

Inhale the vapours
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Curative Conservation

Chipping

« The chipping method is used when the sweep technique is
unsuccessful in removing dirt, The effect of prior conservation
such as excessive adhesive material and the effect of
restoration amaong the examples. Likewise if there is growth of
salt that harms ceramics. The use of scalpel blade are among
the appropriate methods to use, The adhesive part must be

moistened first so that it is easier to scrape.

Curative Conservation

Wipes

* The process of wiping ceramics using a damp cloth to
remove dirt is the safest method that can be applied and
also the most economical step without using any equipment
and materials, However, the physical condition of the
ceramics must be taken inta account for fear that the cloth

will get stuck on the shell.

Curative Conservation

Joining

* The Paraloid B-72 can be directly applied to one of the
break edges and the pieces immediately joined together.
They should be then set down In a stable position while the
adhesive sets, Setting time can vary with the thickness of the
fragments and the ambient temperature and humidity, and
can be anywhere from several minutes to several hours, Low-
fired earthenware, terracotta, and pottery require that the
edges be sealed or "primed” prior to any adhesive application
so that the solvent is retained in the adhesive long enough

for the adhesive to set.
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Restoration

Restoration

= The restoration of cultural property involves using what exists, and
Is known of, an artifact to produce a representation of the complete
object as it would have been in its earlier form. Ceramic vessels,
having a large representation In the archaeological recerd and being a
nice ohject for display purposes, are often chosen to be restored to

their original state,

= The restoration of 2 ceramic, can enly be attempted, if a full profile
of the pot exists, the rim, body, base and handle(s) exist, then the
missing areas can be filled to match the original shape. Dental wax
and Plaster of Paris is often used as a fill matenal because it can be

easily carved and is reversible.

Preventive Conservation

Storage and Display

* Protect ceramic objects against dust, harmful vapours and

physical damage in storage. Achieve these aims by:

+ storing ceramic objects in boxes, closed cupboards or on shelves

that are not subject to vibration, jarring or shock;

keeping objects clearly visible and accessible so that handling is

minimised;

* using metal cabinets in preference to unsealed wooden
cupboards or display cases. These latter units may emit organic
acid vapours which are harmful to low-fired, unglazed ceramic

objects;

Preventive Conservation

Storage and Display
+ padding objects in boxes with bubble wrap or acid-free tissue paper;

« lining shelves with inert polyethylene foam sheet or acid-free paper

and leaving enough space around each object for easy access; and

* not stacking objects. If stacking is unavoidable, as in the case of plates,
separate objects with acid-free paper that has been cut to size and

limit the height of the stack.
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Preventive Conservation

Handling

Take care when handling ceramic materials as they are often fragile and easily broken.

Observe the following guidelines when handling ceramics:
avoid unnecessary handling;

use clean, bare hands or disposable rubber gloves;

check for any breakages, cracks or old repairs;

remove any loose parts such as lids before moving;

do not pick up objects by handles or protruding parts;

carry only one object at a time. Place one hand underneath the base and use the other

hand to support the side of the object; and

if 2 quantity of objects need to be moved, use a tray lined with bubble wrap, a thick, clean

towel, cottonwool or crumpled tissue paper and pad between each object

Preventive Conservation

Environment

Ceramics are generally less sensitive to extremes or fluctuations in environmental conditions
than materials |ike paper, wood and ivory. As this applies only to objects in good condition
however, it is wise to protect all ceramics by storing or displaying them in a stable environment,
with temperatures in the range 15 - 25 “C and within a relative humidity range of 40 - 60 %.
Limit temperature and relative humidity fluctuations to 4 *C and 5 % respectively within any
24 hour period.

Extremes, or sudden changes in temperature and refative humidity levels may cause susceptible
ceramics and glazes to crack. If an object has been contaminated by soluble salts, fluctuations in
relative humidity may cause disruption to the clay and glaze as the salts either crystallise or

redissolve.

Avoid heat build-up from lighting sources. For display, place lighting outside showcases and if

possible direct light onto ceramic objects by reflection rather than direct illumination,

Summary

Maintain ceramics In a stable environment with temperatures in
the range 15 - 25 °C, within a relative humidity range of 40 - 60 %
and with maximumn variations of 4 “C and 5 % respectively within

any 24 hour period

Avoid or sudden in sre and relative

humidity to minimise damage to glaze, ceramic or adhesives
Store In a stable dust-free environment. Avold stacking.

Handle carefully, with disposable rubber gloves or clean, bare

hands.

Carry objects one al @ Lime, with support provided al the base and side,

Use a padded tray to carry a group of objects

Framine and document objects thoroughly before beginning cleaning ar

olber Lrealment

Use dry cleaning methods before wet or chemical treatments Test

waler, solvents and any olher chemicals which come into contacl with

ceramic materials, on an Inconspicuous part of the object

Desalinate objects recovered lrom burial or marine sites. Do not aliow

objects 1o dry bel

¢ desalination is complete.

For repairs, choase adhesives that are reversible and have good ageing
properties, Methodically plan and execute the joining of broken

ceramics
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2.10 Application of Nuclear Techniques for Characterization and

Preservation of Artifacts: Focus on Consolidation Using
Radio-Curable Resin

Name: Laurent Cortella
Date of Presentation: 24" October 2023
Email: laurent.cortella@cea.fr

Preserving artworks is an intricate process that combines artistry with
scientific innovation. In the realm of art conservation, one method has
emerged as a ground-breaking technique: the use of radio-curable resin.
This revolutionary approach, championed by experts like Laurent Cortella, .
harnesses nuclear techniques to characterize and preserve artifacts, ensuring their 10ngev1ty for
generations.

Radio-curable resin consolidation involves impregnating wooden artifacts with a specialized
resin that solidifies under controlled irradiation. This method, developed in the 20" century, has
become a pivotal tool in art restoration. The process begins by selecting an appropriate artifact, often
suffering from severe damage or decay due to factors like xylophagous attacks.

The first application of radio-curable resin in cultural heritage took place at ARC-Nucléart. In
this instance, intricate parquet flooring by Hache cabinetmakers, dating back to the 18" century,
underwent innovative treatment. The chosen resin, MMA (Methyl Methacrylate), was ideal due to its
low solvent properties, ensuring minimal risk to the existing glues.

The impregnation process is a meticulous endeavor. The wooden artifact is first subjected to a
vacuum, ensuring it is air-free. Subsequently, the resin is incorporated, filling the microporosity of the
wood. Under controlled pressure and nitrogen atmosphere, the resin permeates the entire volume of
the artifact, ensuring its complete impregnation.

Radio-curable resin consolidation offers numerous advantages. It significantly enhances
mechanical strength, ensuring the artifact's structural integrity. The homogeneous polymerization
achieved through gamma radiation penetration is unmatched, even for substantial pieces. Additionally,
the resin's chemical stability, coupled with its hydrophobic nature, protects against fungi, bacteria, and
insects.

However, the technique has limitations. The artifact's weight increases, sometimes exceeding
that of the original wood. Moreover, wood tends to darken, albeit more prominently on raw surfaces.
Despite these drawbacks, the irreversible process remains invaluable, especially in conserving
archaeological waterlogged wood and artifacts facing their last chance at restoration.

Conserving polychromed wooden sculptures presents unique challenges. The styrene in the
resin can potentially dissolve certain polychromed layers. Thorough testing is imperative to prevent
any damage. Additionally, unexpected uplifts of polychromed layers have been observed, a
phenomenon attributed to resin shrinkage during radio-curing.

In response to these challenges, ongoing research aims to improve the treatment. Scientists are
formulating new, styrene-free radio-curable resins that are reversible and safer. Innovations like the
use of well-known substances such as Paraloid B72" in acrylate monomer base have shown promise,
indicating a continuous evolution in art conservation.
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The marriage of art and science in conserving cultural heritage is awe-inspiring. Radio-curable
resin consolidation is a testament to human ingenuity, enabling the restoration of artworks that might
otherwise be lost to time. The preservation of our artistic heritage continues to advance, ensuring that

the beauty of the past remains a beacon of inspiration for future generations. The slides in the
upcoming section detail the work done on this.
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Beaumont de-Lomogr, Farce. 174 ¢
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Application of Nuclear Techniques for
Characterization and Preservation of Artifacts

Focus on Consolidation Using
Radio-Curable Resin
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Innovation
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Louis de Nadaillac Irradiateur du Centre d'Etudes Nucléaires de Grenoble
1936-1973 . Mis en service en 1967

First Application

« Historically, the first application for cultural heritage in ARC-Nucléart

— _ 2 Inlaid parquet flooring by Hache

-  cabinetmakers (18th c.) in the lounges of the
Hotel du Connétable de Lesdiguiéres, having
served as wedding rooms when the building
was used as Grenoble City Hall between 1867
and 1967
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First Application

Irradiation Y

2
MMA monomer Radiation-induced radical PMMA homopolymer
(Methyl Methacrylate) polymerization after creation  (po}y.methyl methacrylate)

Liquid of a free radical Solid

“MMA was chosen because it is a bad solvent” (little risk of dissolving the glues)

First App

e

e
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ary to March 1970:
185 m2 - Initial thickness 32 to 33 mm Decision - Es*abllShmg the needs -
Resinous support: 25-28 mm Implementation of the fools
Inlaid layer: 2 to 2 mm depending on wedr (oak, cherry, chestnut, walnut, sycamore)

Approximately 4.5 to 5 m3 of wood (2 tons) 45cm x 45¢m squares (over 700)

Borders 50 cm x 3 m maximum

2300 0 Sramm A0 Bt Ahshleam 0

First Application
Start of freatment on March 16, 1970
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First Application

End of treatment on April 13th, 1970

First Application

» Average impregnation rate of 93% (weight approximately doubles to reach 4.5
tones after freatment)

» Some deformation: “113 squares (out of more than 700) had to be pressed with
heating in order to facilitate replacement”

In link with constraint imposed by the shrinkage during polymerization of MMA

resins of the order of 20% by volume 2

.
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The « Nucléart » Consolidation

After this first feedback, a new styrene-polyester resin was
chosen with less shrinkage (around 10% by volume)

T

Grenoble, France

Vierge & I'Enfant au baidaquin, Noiron-aur-Seine
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Consolidation by Radiation-Curing Resin

“Nucléart” method: Consolidation by densification in two steps

Radio-curing

Impregnation

First Step: Impregnation

Microporosity have to be filled with radio-curing resin
by this impregnation process.

Styrene / Unsaturated Polyester Resin

Unsaturated polyester prepolymer, in solution in an unsaturated
monomer (styrene)

» 48% styrene and 52 % polyester (in mass)
in order to obtain a viscosity around 100 centipoises (mPas)
at 25°C (viscous liquid like olive oil)
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Vacuum / Pressure Impregnation of Porous Material

Vacuum step:
Degassing
to be free of air

(one night,
Primary vacuum)

Vacuum

Blowhole

3 e
e T——

Incorporation
of the resin

by the bottom

Vacuum / Pressure Impregnation of Porous Material

Blowhole

Pressure step:
under
nitrogen
atmosphere

(5-6 bars,

I day,

fo be sure

the resin
impregnate
the all volume)

Nitrogen Pressure

Vacuum / Pressure Impregnation of Porous Material

Blowhole
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Vacuum / Pressure Impregnation of Porous Material

Evacuation
Blowhole
Nirase Prssurs of the remain
of resin
the impregnated L
resin
stay in the
porosity
thanks to
capillary forces
Impregnability
Depends on the wood species, the state of degradation, and of the geometry

e e

the objective is the complete filing of the lumen

An intermediate step

Cleaning: A key step !l

h = e
But there is time to do it, carefully...
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Second step: Radio-curing

Solidification of the impregnated resin staying in microporosity

Copolymerization of siyrene polyester

Resin: Unsaturated polyester
in solution of sfypn R
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Copolymerization of styrene-polyester

~/ S [f,f”q)tainirw a thesmoset plastic

Irradiation for radio-curing

Crosslinking velocity is controlled by the dose rate

* The temperature elevation due to the exothermic copolymerization can be
controlled in order to stay less than 60°C (dose rate from 0,5 fo 1 kGy/h,
depending on the size of the object)

Artifact is wrapped with tissues
and plastic films fo absorb
any bleeding of the
resin, and to balance
evaporation and
exothermic pic...

Irradiation for radio-curing

* Irradiation can be stopped to clean again the wood surface after some time
of iradiation, when resin reach the state of a gel that sfill can be solved,
taking off any resin residue
on the surface.

Irradiation can then proceed
until complete in-situ polymerisation
of the resin (total dose of ~30 kGy)

179 | Page



I Application of Nuclear Techniques for Characterization and Preservation of Artifacts: Focus on Consolidation Using
Radio-Curable Resin

Benefits and drawbacks

A (very) limited practice:
 Artifact take weight (it can double, meaning that sometimes there is more resin
than wood !)

« Wood tends to darken more or less, as if it were wet (colors are enhanced), but
this effect is more noticeable on the raw wood, and became less marked on
patinated wood or low on polychromic layers

« It is absolutely ireversible

On balance
« It is very efficient to recover high-quality mechanical strength,
* Thanks to the penetrating power of gamma radiation, polymerization is extremely
homogeneous, even on large piece of wood,
« It has very good chemical stability and low interaction with original organic
material, given the hydrophobic nature of the resin.

+ It offer a kind of long-lasting protection against fungi, bacteria and insects,
and protection against the exchange of moisture of the ambient atmosphere
(but it isn't the aim of the freatment, and it isn't absolute protection).

Must be justified

* Last chance technic » Conservation of the * Trealment of
function archaeological

—_— waterlogged wood

-
——
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Suzannecourt, saint Vincent, 18th c.

First intervention before consolidation

“Nucléart” consolidation

Assembly

filling

Fine putty

olor
retouching
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The “Martha” Consolidation: A Figurehead of a
Schooner of the 19" Century
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The “Martha” Consolidation: A Figurehead of a
Schooner of the 19" Century
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The “Martha” Consolidation: A Figurehead of a
Schooner of the 19t Century
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The “Martha” Consolidation: A Figurehead of a
Schooner of the 19" Century

Irradiatio W

ZONE CONTROLEE
YWY
I
ACCES Il!_u!lll

¥

The “Martha” Consolidation: A Figurehead of a
Schooner of the 19t Century

The “Martha” Consolidation: A Figurehead of a
Schooner of the 19" Century
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The “Martha” Consolidation: A Figurehead of a
Schooner of the 19t Century

Before.

Vicq, saint Maurice,
early 18" c.

Vicq, saint Maurice,
early 18" c.

,,,,,
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Broken Legs of an Equestrian Statue

Vicgq, saint Maurice,
early 18" ¢.

Broken Legs of an Equestrian Statue

Vicq, saint Maurice,
early 18" c.

Vicq, saint Maurice,
early 18" c.

185 | Page



I Application of Nuclear Techniques for Characterization and Preservation of Artifacts: Focus on Consolidation Using

Radio-Curable Resin

Risk with polychromed wooden sculpture

of some polychromed layers

Some tests must be
performed before impregnation

* Styrene can be solvent * Unexpected uplift of polychromed
layers have been observed on some
rare cases, surely generated by
shrinkage of resin during radio-curing

Chamouyx, saint Jean, 18" c.
- Partial impregnation of the very degraded base

Chamoux, saint Jean, 18" c.
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Chamouyx, saint Jean, 18th c.

« Color follow-up

AE from 2to 5

AE = 2.61

AL=2.17
A2=0.36 AE = 2.43

Ab=1.03

Blue:

AL=4.25
Aa=-0.72 AE =4.87

- o s Ab=2.27

for average Impregnated Non-impregnation

Zone of measurement ¢= -y

Styrene Risk

* lammable liquid

» Explosive vapor

* Nervous system hazard and earing loss
at very high concentrations

* Listed as "reasonably anficipated to be a human carcinogen”
by the American Department of Health and Human Services, 2011.

+ Classified as "probably carcinogenic to humans”
by International Agency for Research on Cancer (IARC), in prep.

Improving the « Nucléart » Treatment

Formulation of new radio-curable resin

- Styrene-free  +Safer in relation to the Howiip:serle 2

« Reversible risk of styrene and
explosive atmosphere

Well known Paraloid B72® in
acrylate monomer base

CHy
CHy

o.

ey o o)

1 o
o

2]

) i

reatment N:CI:\.-,/\/\CW

‘ MAM-MABU-Paraloid B72

- B 40/30/30 Wi%
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Thank you for your attention
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2.11 Application of Nuclear Techniques for Characterization and
Preservation of Artifacts: Focus on Treatments of
Archaeological Waterlogged Wood

Name: Laurent Cortella

Date of Presentation: 24" October 2023
Email: laurent.cortella@cea.fr

In the heart of Atles, France, a remarkable piece of history was

unearthed: a Roman chariot wheel, a silent witness to the grandeur of
the first century. However, such artifacts, especially those crafted from
wood, face the relentless threat of degradation over time. The challenge for .
conservators is not just to halt this decay but to reverse it, ensuring that these historical treasures
endure for future generations.

Waterlogged archaeological wood in historical sites, often laden with iron and sulfur, presents
a unique dilemma. When these elements combine, they form pyrite, also known as fool's gold, which,
when exposed to air, can acidify and accelerate the deterioration of the wood. The conservation
community recognizes this as a formidable foe, and experts have been crafting innovative solutions
to this problem.

The methodology advocated here is both meticulous and ground-breaking. It begins with a
poultice—a soft, moist mass of material—comprising 10% sodium carbonate and 5% disodium
sebacate, with the balance being water. This concoction is applied to the affected wood, serving a dual
purpose. The sodium carbonate works to neutralize the acidic environment that promotes pyrite
formation, while disodium sebacate acts as a chelating agent, binding to iron ions and hindering their
ability to react with sulfur.

This preventive treatment is critical in safeguarding artifacts like the Roman chariot wheel
discovered in Arles, as well as the more massive Gallo-Roman Barges found in the same region. These
barges, once a common sight along the waterways of Roman Gaul, today offer an invaluable glimpse
into the engineering and daily life of ancient times. Preserving them is not just about maintaining the
physical structure but also about protecting the historical narrative they carry.

The conservation process for these ancient relics is comprehensive. After the initial application
of the poultice, the wood undergoes a pre-treatment phase before being treated with radio-curable
styrene-polyester resins. This innovative treatment involves using resins that harden when exposed to
radiation, providing sturdy support to the waterlogged wood without air drying, which can cause
shrinking, warping, or cracking.

This process, however, has its challenges. The high consumption of polyethylene glycol (PEG),
a polymer used in the conservation process, is notably expensive. PEG plays a crucial role in replacing
the water within the wood's cellular structure, helping to maintain its shape and integrity. The financial
implications of using such materials highlight the balance that must be struck between effectiveness
and practicality in the field of conservation.

Despite these challenges, the commitment to preserving history is unwavering. As we venture
into an era where the past is more tangible than ever, thanks to these conservation efforts, the focus
shifts to sustainability. The conservation community is continually seeking ways to optimize these
treatments, reducing costs without compromising efficacy.

189 | Page



Application of Nuclear Techniques for Characterization and Preservation of Artifacts: Focus on Treatments of
Archaeological Waterlogged Wood

The work being done in Arles serves as a testament to the dedication of conservators around
the world. It's a delicate dance between science and art, where each step is carefully choreographed to
ensure that the stories etched in wood and stone are not lost to time. Preserving the Gallo-Roman
Barges and the Roman chariot wheel is not just a triumph of conservation technologys; it is an ode to
the past, an acknowledgment of the ingenuity and craftsmanship of our ancestors.

In essence, the conservation of waterlogged archaeological wood is a narrative. It speaks of the
resilience of human heritage against the ravages of time. It tells a tale of modern-day guardians who
wield science as their sword and dedication as their shield. The endeavors in Arles resonate with a
clear message: our past is a mosaic of memories worth preserving, and through innovation and care,
we ensure that this mosaic continues to inspire awe and wonder for generations to come.

As we advance, the conservation community's efforts will remain crucial in the fight against
time and decay. It's a battle fought in the quiet corridors of history, a labor of love that demands our
utmost respect and support. For in preserving these fragments of our past, we uphold the very essence
of our civilization, ensuring that the wheels of history continue to turn unimpeded and everlasting.
The slides in the upcoming section detail the work done on this.
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Application of Nuclear Techniques for
Characterization and Preservation of Artifacts

Focus on Treatments of Archaeological
Waterlogged Wood
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Malacca, 2023 October 23h-27'" Laurent CORTELLA, from I a7 for |AEA

Preservation of archaeological organic material in
natural environment

Where main pests (insects and fungi)

don't « eat » the wood or organic material
* because there is no life (desert)
» because it is foo cold (permafrost)

» because there is ho oxygen
* immersed in water
= or buried in sediment saturated with water

Shape is conserved,
wood is waterlogged

Degradation in water

* Macroscopic damages
* Mechanical degradation: Erosion by courant, Mechanical stress due to the
Archimedean thrust
* Biological degradation: Perforation by roots (reeds), growth of algae

* Microscopic damages

» Biological degradation: Anaerobic bacteria (enzymatic action, sulfate
reducing bacteria)

+ Chemical degradation: Hydrolysis of cellulose

H H,0

HS0, &
H O-Hi0—%
\0"\‘./,7',‘04_-\5 N
,e\O‘, /0 0
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Solubilization and leaching of cellulose
Loss of mechanical strength of the cell wall
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Handling
» Archaeological objects often appear more stable and resistant
than they actually are.

» The sediment provides support for fragile artifacts. Removing them
directly may cause them to support their own weight.
T T | R

B
fish-trap, Pont- Seine, France, 15t ¢.

Taking Out of Large Artifacts From Archaeological Sites

Taking Out of Large Artifacts From Archaeological Sites
« Substitution of sedimentary support
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Taking Out of Large Artifacts From Archaeological Sites
« Dismantling

La Couzonnalre, Lyon, France, 18th ¢.

Principle of cellular collapse

Modern wood: .
Py Drying of waterlogged wood

('- )"\) Release of free water Release of bound water

N I\ r~~
i (o? & )¢ < )

d \ad =t

-t Non de de@d wood:
Lignin and cellulose Cell wall can support capillary force, but then fiber refraction causes
cell wall with more shrinkage

or less bound and
free water
(from green wood
to dry wood)

.-OG\‘——K

Degraded wood:
Capillary force causes collapse before irreversible breaks and shrinkage

First priority: Collapse MUST be avoided

Always maintain archaeological wood
in a wet state before fo be freated

)("\

Drying in air without treafmenf is
forbidden

Watering, conditioning in a waterproof
film, or keeping immersed in water
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Irreversible collapse
* Volume loss > 50%

Air Drying

OV Vv

o+ 7 hours o+ 12 hours o + 18 hours

W o W

t,+ 26 hours  t,+37 hours t,+ 55 hours  t,+ 72 hours

>

Pictures from Romisch-Germanisches Zenfralmuseumn (RGIM), Mainz, Germany

Behavior of very and slightly degraded wood

Slightly degraded
wood (heartwood)

Very degraded wood
(sapwood # bark)
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2 types of deformation during drying

Modern wood Archc:vi%lzgical
de?é?ric?’rgon shrinkage STQE&Z +
Volume loss <10 % >50 %
Reversibility Yes No

Impregnation of Polyethylene Glycol

* To reinforce the cell wall : PEG of high molecular weight, a solid
but soluble polymer

Molecular Fusion Solubility in Water
0 H Weight (kg.mol?) | Temperature Range |a 20°C (%Weigth)
H 0" PEG 2000 2000 48-52 °C 60
n
~
"Bﬂ)‘

PEG 4000 4000 53-57 °C 50

Impregnation by osmotic exchange

« Liquid diffusion of polyethylene glycol into the wood, tending
fowards an balance of concentrations on both sides

PEG

H,0
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Classical impregnation at ARC-Nucléart

» Impregnation in 2 successive baths to avoid osmotic shock that
could lead to dehydration ... and collapse

Ne
E ,
15-20 % PEG - 35-40% PEG
4 to 6 month 4 to 6 month

* No way to predict the time necessary

to reach equilibrium, that depends on mony porc:me‘rers (surfoce
condition, surface to ratio volume, state of degradation...)

» By default, it is necessary to "oversize the durations”

Quality of the bath

Extraneous material

» Suspended matter:
* Mineral or inert organic matter coming
from the archaeological material

* Dead or alive microorganism

» Dissolved substances:
+ Dissolved gases (bad smells)
* Chemicals (e.g. biocides)
» Salts, dyes ...

Filtration and U.V. biocide treatment

Freeze-Drying
Wood is still filled with liquid

Release of water must be done in solid to gas phases to avoid
capillarity forces

. E 1000
- Step 1: Freezing of water §
+ PEG solutionat -30°Cc & *®
(in the wood) - 2-3 days =

0,5 rlnbar
« Step 2: Vacuum, to trigger 0.1
the sublimation of water 30°C o) e 100
2_3 Weeks 0,01 Temperature (°C)
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Freeze-dryer

Cooling

Primary pump

water&
Gaavapo

Main vessel Cold trap

Impregnation with saturated « syrup » of PEG

just like « candied fruit in sugar »

2 more baths, at 55-60% and 75-80%

« Baths must be heated to overpass the solubiliTy limit at ambient
temperature

15-20 % PEG 35-40 % PEG 55-60 % PEG 5010 60°C
4 to 6 month 4 to 6 month 4 to 6 month 75-80 % PEG
4 to 6 month

Drying in « wet » atmosphere

After cleaning of the surface

« At room temperature,
impregnation solution is solid

=No more capillarity forces

« Slow drying
from 95 %RH to 60 %RH
around one year of drying
=To avoid humidity gradient
in the wood that could lead
to shrinkage of the surface
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Lake Paladru: The Peasant Knights of the One Thousand Year

Thousands of artifacts freated since the 70's

Original “Wet Nucléart” technique for waterlogged wood

as archeological waterlogged wood can not be dried without
previous tfreatment.

50%
50 % Acetone 75 % Acetone 90 % Acetone

100 % Acetone

50% Acetone 25% Acelone 10% Acetone

o, :
50 % Resin 75 % Resin 90 % Resin 100 % Resin

Archaeological Wood Treated with Nucléart
Technique

To improve mechanical strength, or to insure stability in humid
conditions and to avoid corrosion

thanks to the use of hydrophobic resin

Matérie! ¢'scastifage, XVNe =
Sart-haio
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« Tirez les premiers, messieurs les anglais ! »
(“English Genflemen, Please Fire First")

Impregnation by successive
'bafhgaf atmospheric pressure)
(double osmotic exchange)]

Gun carriage from HMS Stirling Castle, 177 c.

« Tirez les premiers, messieurs les anglais ! »
(“English Genflemen, Please Fire Firstl")

To limit the acidification of wood and the formation of pyrite in the presence of suffur and iron elements)

g — . e Y T
\Wrapping before irradiation to
adsorb resin in excess:

Gun carmiage from HMS Stirting Castle, 17" c.

« Tirez les premiers, messieurs les anglais ! »
(“English Genflemen, Please Fire Firsi")

Jommeacldcalonmdmﬂ#nhndondmkhﬂnmdﬁmﬂbnékm_e_dx;
i 3 ~ .

| First part of iradiation
peforel jellified

Gun carriage from HMS Stirling Castie, 17" c.
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« Tirez les premiers, messieurs les anglais ! »
(“English Genflemen, Please Fire Firsti”)

To limit the acidiication of wood and the formation of pyrite in the presence of sulfur and iron elements
Cleaning the bright fraces as
resin is sfill in gel form

Gun carriage from HMS Stiriing Castle, 17 ¢

« Tirez les premiers, messieurs les anglais ! »
(“English Genflemen, Please Fire Firsit")

—

Second part of iradiation
until complete curing

To limit the acidification of wood and the formation of pyrife in the presence of sulfur and Fron elements)

Gun carriage from HMS Stirling Castle, 17* c.

« Tirez les premiers, messieurs les anglais ! »
(“English Genflemen, Please Fire First")

To limit the acidification of wood and the formation of pyrife in the presence of sulfur and ron elements.

Gun carriage from HMS!Stirling
Castle, 17 c.
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« La réponse frangaise » (e french response)

Waterlogged before freatment

Afer treatment

“Pierrier”, Le Havre, France, 16" c.

A long and complex technique

« |1 to 2 years of impregnation, «» still the best in terms of conservation of the

« alot of handling to change the bath inifial volume of waterlogged wood

» very efficient to avoid corrosion when metal

+ explosive risk using bath with lol of acetone .
> is present near the wood,

and styrene at atmospheric pressure,
» A technigue that provide encouraging

+ lot of waste, . R e el o S
results in the presence of sulfide compounds

* expensive.

The new “mixed Nucléart” tfreatment

A combination of conventional treatment before
applying Nucléart treatment as for dry wood
Conventional PEG impregnation but Vacuum/Pressure styrene polyester
AR s with low PEG content '
3 $ (20% in water)

impregnation

and radio-
curing
before :

freeze-
drying
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Toward the best compromise

Pro
PEG + Freeze-drying PEG Saturation « Nucléart » technic
« Universal technique  « Less fechnical » Very good
- Don't need very consolidation
« Wood looks like special facility * Very stable
wood » Good consolidation  « The shortest time of

tfreatment (6-8
months)

» Can adapt easily
even for big
dimension

Toward the best compromise

Cons
PEG + Freeze-drying PEG Saturation « Nucléart » technic
» Poor consolidation * Very long (up to 3 * Irreversible
« Unstable with years) « Heavy
humidity « Difficult o manage . Need an irradiator
« Promote corrosion plastic deformation and vapor pressure
of associated * High consumption vessel
metals and of PEG (more - Double process
apparition of pyrite expensive)

in presence of sulfur

H A

Prevention of Pyrite Formation and Acidification

Pyrite formation on waterlogged archaeological wood in presence of iron
and sulfur is one of most important problems that the conservation
community is facing

Pretreatment before treatment with radio-curable
styrene-polyester resins

Poultice of
(10%Na,CO, +)
5% Disodium

Sebacate+ 85%H,0
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Gallo-Roman Barge, Arles, France
(i
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© R. Benahi/ Studio Atlantis/ CG13 / Mdaa
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Gallo-Roman Barge, Arles, France
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Gallo-Roman Barge, Arles, France
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2.12° Nuclear as Scientific Approach in Characterization and
Preservation of Cultural Heritage Artifact
Name: Muhammad Rawi Mohamed Zin

Date of Presentation: 27" October 2023
Email: muhammad_rawi @nm.gov.my

The mysteries of historical artifacts, sunken for centuries in shipwrecks
or buried under layers of earth, have long captivated the human
imagination. How do we uncover their secrets without causing damage?
This is where the power of nuclear science comes into play, offering a non-
destructive peek into the past.

At the intersection of high technology and archaeology, nuclear techniques have revolutionized
our approach to characterizing and preserving cultural heritage artifacts. This presentation highlights
the use of these techniques, focused on artifacts recovered from shipwrecks.

To understand how nuclear techniques aid in artifact analysis, one must first grasp how radiation
interacts with different materials. When radiation encounters any substance, it can be absorbed or
scattered by the atoms within. This interaction is pivotal to the characterization of materials.

Each material has a unique ability to attenuate or weaken, radiation, which can be measured. By
examining how much radiation passes through an artifact, scientists can infer its composition and
structure. This is particularly useful for reviewing objects that have corroded over time, such as ancient
metal weapons and tools.

Neutrons and gamma rays are powerful probes that can penetrate deeply into materials without
destroying them. By directing these rays at artifacts and analyzing how they are altered upon exit,
researchers can identify different elements and compounds within the object.

The magic of the process lies in the emitted radiation spectrum, which acts as a unique identifier,
almost like a fingerprint, of the material being tested. This 'prompt gamma spectrum' can reveal the
elemental composition of an artifact, while 'neutron tomographic images' offer a glimpse into its
internal structure.

Neutron tomography is akin to a highly sophisticated X-ray that can distinguish between light
and heavy elements, a task beyond the capability of conventional X-rays. This makes it ideal for
inspecting the intricate metalwork of ancient firearms or the delicate, fossilized remains of biological
specimens.

The process involves taking two-dimensional projections of an object from various angles using
neutron radiation. These projections are then mathematically reconstructed to form a 3D image.
Known as the Radon transform, this technique allows for the visualization of the internal features of
an artifact without any physical intrusion.

3D CT further enhances our ability to visualize the internal structure of cultural relics. By
compiling multiple tomographic images taken around an object, it's possible to create a three-
dimensional volume image. Such detailed views can reveal secrets locked within the artifacts, like the
internal mechanisms of a corroded lock or the hidden layers of a mummified relic.
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These nuclear techniques have been applied to various artifacts with astounding results. For
instance, gamma and neutron radiography have been used to examine corroded rifles from
shipwrecks, revealing details that the corrosive effects of seawater had been concealed for ages.

Another fascinating application is the study of fossilized specimens, such as spiders, where
neutron radiographs can discern the fine details of their leg structures or the delicate intricacies of
their heads. Such insights are invaluable to paleontologists and archaeologists who strive to
understand the biological and cultural aspects of ancient life.

To harness these advanced techniques, professionals in the field must receive specialized
training. The IAEA, through its training centres, equips researchers and conservationists with the
knowledge to apply these nuclear methods effectively. This training ensures that cultural heritage
artifacts are not only studied with great precision but also conserved for future generations.

Integrating nuclear science into cultural heritage preservation represents a profound leap
forward. It allows us to unravel the past with an accuracy and care that was once unimaginable. As we
continue to refine these methods, the stories of human history, long silent, can now be told with the
vivid detail they deserve, thanks to the innovative use of nuclear technology. The slides in the
upcoming section detail the work done on this.
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IAEA RTC On The Application of Nuclear Techniques for Characterization and
Preservation of the Artifacts Obtained from the Shipwreck

27" October 2023
Muhammad Rawi Mohamed Zin, PhD
DDG (R&D) @
Malaysian Nuclear Agency @
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Contents

« Radiation Interaction with matter

* Power to attenuate radiation by matter

» Probing matter by neutron/gamma radiatior

» Prompt gamma spectrum — potential
artifact 1D/signature .

+ Neutron Tomographic image — potential »,
artifact 1D/signature

[

Incident ionizing radiation
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Power to attenuate radiation by Matter
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Power to attenuate radiation by Matter
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Gamma radiograph of rifel A
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Tomography Projection and 3D tomography of mulﬁeleme}ﬂ‘/sample

3D-CT back ‘ 3D-CT front

Tomogrqphy 3D-CT left 3D-CT right
NUKLEAR UNTUK RAKYAT

Another Examples

Neutron radiograph of
the legs section (A)
for fossilized spider

ufn radiograph of
the head section (B)

NUKLEAR UNTUK RAKYAT

1"

Thank You Very Much
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2.13 Application of Nuclear Techniques for Characterization and
Preservation of Artifacts: Lessons Learned on Preservation of
Cultural Heritage Artefacts

Name: Laurent Cortella

Date of Presentation: 27" October 2023
Email: laurent.cortella@cea.fr

The "Lessons Learned on Preservation of Cultural Heritage Artefacts"
presentation explores how nuclear techniques are applied in conserving
and preserving culturally and historically significant artefacts. As heritage
conservation faces the dual challenge of preserving the artefacts' integrity .
while eradicating biological threats, such as insects or fungi, radiation-based methods have emerged
as a highly effective tool. These techniques, which include radiography, gammagraphy, neutron
diffraction, and electron microscopy, offer unparalleled insights into the internal structure and
composition of artefacts without causing physical damage.

One of the central themes of the presentation is the biocidal application of ionising radiation.
This technique has been extensively used to eliminate biological infestations such as insect larvae,
mould, and fungi, which often endanger valuable artefacts. Irradiation treatments have successfully
protected ancient wooden sculptures, textiles, and paper-based artefacts in Romania, Brazil, and
others. For example, in France, the irradiation of 17"-century polychrome wooden sculptures was
used to eradicate insects, showcasing the precision and effectiveness of this method. Similar
techniques have been applied worldwide, including in Egypt, Japan, Mexico, and Malaysia.

A significant advantage of radiation-based treatments is that they do not introduce harmful
chemicals or residues, which can sometimes occur with traditional preservation methods. The absence
of chemical agents helps ensure that future analysis or conservation efforts on these artefacts will not
be compromised. While concerns have been raised about the potential for radiation to induce changes
in the material properties of artefacts, such as altering mechanical strength or distorting chemical
bonds, studies show that at the doses used for biocidal purposes (in the range of 10 to 25 kGy), these
side effects are minimal. Moreover, essential characteristics like morphology, elemental composition,
and even the carbon-14 ratio—critical for dating artefacts—remain largely unaffected. Thus, the
integrity of the artefacts is preserved both structurally and compositionally.

The presentation also explores various case studies demonstrating the successful use of
radiation techniques in heritage preservation. One notable example is the fungicidal treatment applied
to the mummy of Ramses II in 1977. Before irradiation, extensive studies were conducted to ensure
that the treatment would not induce artificial ageing or otherwise compromise the mummy’s materials.
These preparatory studies allowed for the precise application of irradiation, successfully eradicating
harmful fungi without affecting the mummy’s composition. After treatment, Ramses II was encased
in a sterile transparent box, ensuring long-term preservation under controlled conditions.

Another compelling case discussed is that of Khroma, the frozen baby mammoth. Due to
potential biohazards, the mammoth had to be irradiated before further studies could be conducted.
This process neutralised biological threats and facilitated subsequent scientific research by delaying
biological decay, allowing the research team to study the specimen in more controlled conditions.
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In addition to biological preservation, nuclear techniques are vital in analysing and dating
artefacts. Methods like neutron activation analysis, X-ray fluorescence (XRF), and particle-induced X-
ray emission (PIXE) provide detailed elemental analysis, which helps understand the composition and
provenance of artefacts. For example, using neutron activation in studying Ramses II revealed traces
of pigment in his red hair, providing valuable historical insights.

The presentation emphasises that nuclear techniques offer potent solutions for artefact
preservation, but there are still limitations and uncertainties. The speaker highlights that today's best
techniques may become obsolete as technology advances. This underscores the importance of
balancing the immediate need for preservation with the long-term unknowns of how such treatments
might be perceived or evolved.

In conclusion, nuclear techniques are revolutionising the field of cultural heritage preservation
by providing efficient and minimally invasive solutions for both conservation and characterization.
Through case studies and the widespread application of these methods, the presentation underscores
their growing importance while advocating for ongoing research and the cautious application of such
powerful tools in the ever-evolving field of heritage preservation.
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Archive Disinfestation in Netherland
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Nucléart Consolidation in the world

* Mexico * Romania

The first object consolidated i Romania using Nucléart technology was an
ethnographnc object belonging to the Golesti Museum (Fig 219)

FIG 219 Photographic presewsanion of the first seriez of expersment: on irradistion
conzolidarion af porow: arsefact: at IRASM under the azzizsance of ARC-Nucléart specializs:

Consolidation with radiocurable resins in the world
« Brazil

. Serbia, Thailand,
Egypt, etc.
and Now Malaysia

S3o Jerénimo, Museu do Palécio dos Bandeirantes, Sao Paolo, Brazil

Characterization and Preservation
Some common concerns

Nuclear Techniques for Cultural Nuclear Techniques for Cultural

Heritage Science: Heritage Conservation:

* Radiography, gammagraphy, * Biocidal freatment (insect
neutrography, electronmicroscopy eradication, fungicidal freatments,

e Elemental analyses (XRF, PIXE, XANES, efc.)

NAA, efc.) + Consolidation with radio-curable

* Crystallography (XRD,neutron resins
diffraction)

* Dating

» Can radiation induced side effect in cultural heritage ?
 Can radiation distort or impede future analysis ?
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High Doses in Characterization
 Trapping of electron leading to coloring of transparent material,
(kGy)

» Modification of mechanical strength due to broken bonds and
cross-linking, (ten of kGy and beyond)

« Chemical change triggered by radiation-induced radicals, (ten of
kGy or hundred of kGy)

* fTemperature-induced effects (at least hundred of kGy)

- Knocked out of atom with heavy or very energetic particles, giving
rise to vacancies and molecular defects

Pixe, synchrotron uCT, SEM

Access to Future Analysis after Irradiation

Generally speaking
» Living information is loosed.

« Chemical bonds can be affected,
but biocidal doses dose not means lot of ionization

Meorphology hardly could be disturbed
(iradiation does not involve fransfer solid of matter, if not after
significant chemical effects)

* Elements are not fransformed
(no nuclear reaction — no acfivafion, apart neutron analysis)

Dating

« Carbon 14 ratio is not affected (no activation)

* Thermo-luminescence dating is no more valid
(natural dose used for dating is modified
by artificial disinfestations dose)

» Dendrochronology is not affected
(no morphologic changes)
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Ramsess I| Mummy

Ancient DNA Analysis

0.25 lesions per Gy
for one million base pairs

= about one lesion for 400 base pairs at 10 kGy

DNA interrelatedness
analysis (family relationship)
have been made on 20-25
kGy irradiated Qilakitsoq
invit mummies (15'" century)

Khroma “DNA is clear and'its
nuclear DNA occurs in large
quantifies”

(pers. com. Regis DeBruyne)
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Preservation of Cultural Heritage Artefacts

: Lessons Learned on

Others

No problem encountered
* Polychromies analysis.

* Organic remains analysis....

FTIR
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Quizz

«Is an artifact becoming radioactive after irradiation
treatment?

*What is the order of magnitude of the dose used in
biocidal treatments of cultural heritage artefacts?

Quizz

What is the definitive contra-indication of biocidal
treatments by ionizing radiation?
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Quizz

*What is the dose better not overpass for pure
cellulosic material?

Quizz

- Are all consolidation using radio-curable resins
theoretically inreversible ?

Quizz

*What are the three main reasons that can justify the
use of styrene polyester radio-curable resin to
consolidate an artifact knowing that the technique is
irreversible, both practically and theoretically?
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Thank you for your attention

225 | Page



HAPTER

O

CURRENT EFFORTS IN
CULTURAL PRESERVATION

BY COUNTRY




I THE APPLICATION OF NUCLEAR TECHNIQUES FOR THE CHARACTERIZATION AND
PRESERVATION OF ARTIFACTS OBTAINED FROM SHIPWRECKS

3. CURRENT EFFORTS IN CULTURAL
PRESERVATION BY COUNTRY

Wiithin this chapter, we embark on a journey through the diverse cultural heritage characterization
and preservation endeavours of numerous countries. This compilation encompasses various nations,
including Bangladesh, Cambodia, Indonesia, Iran, Iraq, Jordan, Lebanon, Myanmar, Oman, Pakistan,
Palestine, the Philippines, Singapore, Thailand, Vietnam, France, and Malaysia. Each nation possesses
a rich tapestry of cultural heritage shaped by its unique historical, geographical, and social contexts.

The core constituents of their cultural legacies often include various materials, including metals,
wood, and ceramics. These invaluable artifacts bear the imprints of past civilisations, with their own
stories to tell. These relics' complex and varied nature necessitates a tailored approach to their
characterization and preservation. Indeed, it is a realm where no one-size-fits-all solution applies.

In this chapter, we embark on a journey through the characterization and preservation efforts
of the aforementioned countries, unveiling the intricacies of their respective endeavours. We explore
the dedicated work of scholars, archaeologists, and scientists, each applying their specialized
knowledge and techniques to safeguard and document their cultural treasures. From the analysis of
ancient shipwrecks to the meticulous conservation of delicate ceramics, these efforts stand as a
testament to each nation's heritage's rich diversity and historical significance.

As we delve into the specifics of each country's contributions, we gain a deeper understanding
of the challenges they face and the innovative approaches they employ to preserve their unique
cultural legacies. This chapter serves as a window into the fascinating and dynamic world of cultural
heritage characterization and preservation across the globe, demonstrating the dedication and
commitment of these nations to safeguarding their past for the benefit of future generations.
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3.1 Implication of Environment Factors towards Preservation of
Artifacts

Name: Azlan Shah Nerwan Shah, Siti Aishah Ahmad Fuzi
Country: Malaysia
Email: azlanshah@nm.gov.my, aishahfuzi@nm.gov.my

The preservation of cultural heritage stands at the intersection of
historical significance and scientific advancement, encapsulating a {
profound narrative of human endeavor through the annals of time. Within th1s
scholarly domain, the conservation of archaeological artifacts and ecofacts emerges
as a pivotal aspect of understanding the chronology and evolution of past civilizations. This is
particularly pertinent in the changing climate, which exacerbates the degradation of these historical
repositories.

The interdisciplinary efforts spearheaded by the Heritage Unit of the Malaysian Nuclear
Agency's Materials Technology Group epitomize the symbiosis of cutting-edge scientific
methodologies and the exigencies of cultural heritage conservation. The group's pioneering work is
characterized by the meticulous excavation and analysis of archaeological materials, drawing upon
sophisticated techniques to uncover, characterize, and conserve the remnants of yesteryears.

The arsenal of technological tools deployed in this scholarly pursuit includes ground-penetrating
radar for subterranean detection of artifacts, complemented by X-ray diffraction analysis and scanning
electron microscopy to elucidate their compositional intricacies. Radiocarbon dating, facilitated by
benzene synthesis lines, provides chronological context, while portable X-ray fluorescence
spectrometry renders elemental analysis with precision.

Restorative interventions employ methodologies such as neutron activation analysis to ascertain
material provenance and composition, while metal coating techniques and book disinfection practices
ensure the longevity of these artifacts against ongoing environmental threats.

The scholarly implication of this research is clear: the impacts of environmental factors across
diverse climates on artefactual deterioration are critical considerations in the formulation of
conservation strategies. The comprehensive understanding of these effects is indispensable for the
implementation of effective preservation and restoration measures that are grounded in scientific
empiricism.

The Malaysian Nuclear Agency's initiative is emblematic of an enlightened approach to heritage
conservation, wherein empirical research and innovative application coalesce. This venture is not
merely a conservationist campaign but a scholarly imperative that underscores the urgency of
preserving our cultural patrimony against the relentless tide of ecological change.

In extending an invitation to the academic community and the public at large, the Malaysian
Nuclear Agency beckons further inquiry into the intricate processes underpinning the preservation of
our collective cultural legacy. It is through such scholarly discourse and collaborative engagement that
the vestiges of human history will continue to inform and enrich future generations.
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Implication of Environment Factors towards Preservation of Artifacts
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Shah, A.S.N & Fuzi, S.A.A.
Materials Technology Group, Industrial Technology Division, Malaysian Nuclear Agency

Abstract

Cultural heritage is a valuable prehistoric asset that must be preserved, The discovery of heritage objects such as artifacts and ecofacts can help to
establish a chronology of human civilization, which is the foundation for the evelution of a nation. However, the volatility of the weather regime
attributed to significant climate change has accelerated the deterioration of objects in varied locations caused by local geological parameters. The
rapidity of geomorphological processes such as weathering and erosion has transformed the composition of the original igneous, sedimentary, and
metamorphic rock materials to residual soils with varying characteristics. Humidity, temperature, soil condition, ground water penetration, microbial
activity and salinity all have an indirect impact on the degree of deterioration of artefacts buried in the natural environment. This factor must be
considered for the purpose of intervention so that the restoration and preservation can be effectively applied using scientific approaches,
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Conclusion

In conclusion, it is imperative to take into account the impact of environmental factors in various climates on the deterioration of artefacts, as this
knowledge is crucial for the preservation and restoration of these valuoble objects. Both nuclear techniques and conventional methods can be
employed to analyse the composition and genesis of artefacts that hold significant cultural and heritage value.

Contgetus for more information:

Eharm Lgov.mY, NS
Qzianshg LgC https:/ [www.nuclearrm a.govamy
@ aishahd A psill p g "y
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3.2 Materials Characterization of Artifacts

Name: Siti Aishah Ahmad Fuzi, [zura [zzuddin
Country: Malaysia
Email: aishahfuzi@nm.gov.my, izura@nm.gov.my

Pottery shards from a shipwreck in Pulau Besar, Melaka, and textiles

from the Terengganu Museum hold whispers of historical narratives,
stories that are pieced together through meticulous scientific analysis. This
narrative explores the materials characterization of these artifacts, a journey that
entwines the past with the present through the lens of modern technology.

Imagine the white base color of ceramics found underwater, a ship's lost cargo from centuries
past, now lying silent on the ocean floor. These remnants, discovered in the depths near Pulau Besar,
Melaka, speak of their origins, which may be traced back to the United Kingdom, the Netherlands, or
even the Ming Dynasty. The use of kaolin clay in their construction is evident from their color, a detail
that offers a glimpse into the ancient potters' craft.

To unravel the secrets of these ceramics, scientists turned to Field Emission Scanning Electron
Microscopy (FESEM), which magnifies the surface to reveal the minutiae of its microstructure and
morphology. At 500 times magnification, a tale of two similarities and an odd one out emerged — two
samples shared a likeness while the third presented a higher number of pores. Such details, invisible
to the naked eye, are crucial in understanding the conditions and techniques under which these
potteries were fired.

Furthering this scrutiny, X-ray Diffraction (XRD) revealed the crystal structure of the samples.
Although they shared similar XRD spectra, variations in peak intensities indicated differences in
crystallinity, which may suggest varying kiln temperatures or cooling rates, each affecting the final
strength and porosity of the pottery.

Moving from the sturdy remnants of ceramics to the more delicate domain of textiles, the study
dives into the fibrous world of traditional fabrics. In museum collections, textiles are among the most
captivating artifacts, their value as much in their beauty as in their storytelling. Yet, their true revelation
comes from understanding the materials and methods that wove them into existence.

Fourier Transform Infrared Spectroscopy (FTIR) provides a non-destructive means to identify
the types of fibers used in these textiles. By analyzing the infrared spectra, which captures the
vibrations of molecular bonds within the material, scientists can determine the substance of the textile.
For instance, a high intensity at 1623 cm™ corresponds to the vibration of amide protein, indicating
silk, while a peak at 1055 cm™, related to C-O stretching, points to cotton. Viscose reveals itself
through a peak at 1028 cm™, also linked to C-O stretching.

This analysis was applied to samples from the Terengganu Museum, identifying various types
of textiles such as the intricate kain batik kotak, the finely threaeded ain benang halus, the elegant kain
selendang terekam, and the luxurious kain songket. Bach fabric, with its distinct peak position and
intensity, narrates a different aspect of cultural heritage, from the attire of the common folk to the
regalia of the elite.
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In another instance, neutron radiographic images of Nassau pottery, facilitated by the neutron
imaging facility at PUSPATI TRIGA Reactor, allowed researchers to differentiate the density of glaze
and base material. Through a 250X magnified cross-section from an SEM micrograph, the layers and
composition of the glaze versus the clay body were distinctively visible, further detailing the
craftsmanship of historical potting techniques.

The work of the Cultural Heritage Research & Conservation Unit, Materials Technology Group

at the Malaysian Nuclear Agency, transcends simple analysis. It is a homage to the legacy of
craftsmanship and a testament to the unending quest for knowledge that defines our species.
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POTTERY FROM SHIPWRECK IN PULAU BESAR, MELAKA

In reference to the motif, it is possible to assume that the pottery
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DETERMINATION THE TYPES OF TEXTILES USING
FOURIER TRANSFORM INFRARED SPECTROSCOPY

In museum collections, textiles are the most fascinating items and highly valued.
Textiles can be made from a variety of materials and processes. Determining the type
of textile in cultural heritage is important for understanding the techniques and
malerials used in the past. To determine the type of textile, Fourier Transform
Infrared spectroscopy can be used. It is practical to distinguish between various types
of materials and (-m.-xlualmg1 the quality of textiles by examining the infrared spectra of
textile fibers based on their peak position and intensity of the peak. This non-
destructive technique allows fast and insightful findings for evaluating fibers.

2 1.5

Kain batlk kotok  Kain benang halus Koin selendang Kain songket
terekam
Sample of textiles from the Terengganu Museum

Kain batik kotak

. Hul;h intensity at 1623 cm-1 which

ngs to vibration of amide
protein

« Type of textile: Silk

Kain benang halus

« High intensity at 1055 cm-1 which
belongs to C-O stretching

« Has peak at 892 cm-1

« Type of textile: Cotton

Kain selendang terekam
« peak at 1028 cm-1 which belongs

to C-0 stretching band

« Type of textile: Viscose

Kain songket
« High intensity at 1623 cm-1 which
belongs to vibration of amide
protein
Type of textile; Silk
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Infrared spectra of different types of textile
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Conclusion

The types of textile successfully determine
using peak position and intensity of infrared
spectra.
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Neutron
Nassau pottery conducted via Neutron
imaging facility at PUSPATI TRICA
Reactor.

NASSAU SHIPWRECK

‘
. ..

Radiographic images of

The difference in
density of glaze and
base material of the
sample can easily be
distinguished at
250x magnification
from cross section
of SEM micrograph.
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3.3 Ceramics

Name: Irawati Munajat, Mohd. Radhi Ismail
Country: Malaysia
Email: irawati@jmm.gov.my; radhi@jmm.gov.my

Ceramics, a term encompassing a diverse array of fired clay
objects, is a testament to human ingenuity and the transformative
power of fire. From ancient to the modern era, these artifacts have been a canvas
for cultural expression, their durability allowing them to survive through millennia. .
The categorization of ceramics is based on several factors: the composition of the clay used, the
temperature and process of firing, and the application of glaze, if any.

The clay, a product of the earth’s tireless geological processes, forms from the weathering of
igneous and metamorphic rocks. Primary clays are found at their original site of formation, typically
purer due to their lack of transportation from their source. There are three main categories of
ceramics, distinguished primarily by their firing temperatures and resultant porosity and color range.
Earthenware, the most porous, is fired at temperatures ranging from 600 to 1100°C and often exhibits
colors like yellow, buff, grey, red, and brown. Stoneware is less porous, fired between 1200 and
1300°C, and commonly found in white, buff, grey, and black hues. Porcelain, fired at about 1400°C,
is non-porous and known for its pure white, translucent body.

Despite their resilience, ceramics are not immune to deterioration. Common conservation
challenges include breakage, the degradation of previous repairs, flaking decorations or glaze, soiling,
staining, and damage from salt efflorescence. Salt efflorescence, in particular, is a notable concern, as
it manifests as a crust on the ceramic surface, which can cause further damage to the glaze and painted
decoration.

The field of ceramic conservation has evolved to address these issues, focusing on preventive
measures and active treatment. Preventive conservation aims to mitigate potential damage by
controlling the environment where the ceramics are kept. Ceramics, while generally less sensitive to
environmental fluctuations, fare best in stable conditions. Ideal environments maintain temperatures
of 15-25°C and relative humidity levels of 40-60%, with minimal fluctuations within any 24 hours.
Handling and storage are also critical components of preventive conservation. Ceramics should be
handled as little as possible, with clean, bare hands or disposable gloves, and without grasping fragile
parts like handles or protrusions. When moving multiple objects, it's advised to use trays lined with
shock-absorbent materials.

Storage and display settings should be chosen to minimize the risk of damage. This includes
using non-reactive shelving materials, ensuring adequate space around each object, and avoiding
stacking. Metal cabinets are preferred over wooden ones for storing unglazed ceramics, as wood can
emit organic acids detrimental to the artifacts.

When active treatment is necessary, cleaning, stain removal, and joining broken pieces are
undertaken. Techniques must be chosen carefully to avoid further damage. Cleaning can involve
gentle brushing or chemical treatments, depending on the type of soiling and the ceramic's condition.
Stain removal and joining require a delicate balance of chemical knowledge and artistry to ensure that
the repairs are effective and aesthetically sympathetic to the original.
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In conclusion, ceramics are a rich part of our cultural heritage, offering insights into past
civilizations and artistic practices. The preservation of these artifacts is a complex interplay of science
and art, requiring detailed knowledge of the materials and processes involved in their creation and
degradation. Through the meticulous conservation work, these historical objects can be safeguarded
for future generations to study and appreciate.
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Ceramics Deterioration
Introduction The most common ceramic conservation
The term ceramic is used to describe a variety of fired problem:

* breakage;

clay objects. The transformation of an earthy
substance by fire produces a durable material,
examples of which have survived from ancient times
until the present.

The basic criteria for categorizing ceramics are clay
composition, firing process and glazing. Clays are
formed from the weathering of metamorphic and
igneous rocks in the earth’s crust, by the action of hot
gases, chemical and physical erosion. Primary clays are
found at their site of formation and are quite pure.

L3

deterioration of previous repairs;

flaking painted decoration or glaze;

soiling or staining;

loss and cracking; and

damage from salt efflorescence (figure: 1&2)

Ceramic Categories

Earthenware 600 -1100 °C
Stoneware 1200 to 1300 °C
porcelain 1400 °C

Preventive Conservation

Ceramics are generally less sensitive
to extremes or fluctuations in
environmental conditions.

Storing or displaying them in a stable
environment,

Temperatures in the range 15 - 25 °C
Relative humidity range of 40 - 60 %.
Limit temperature and relative
humidity Fluctuations : 4 *C and 5 %
within any 24 hour period

Sudden changes in temperature and
relative humidity levels may cause
susceptible ceramics and glazes to
crack. Adhesives used for repairs may
also be adversely affected.

Treatments

=

Cleaning

Stain Removal

>15% yellow, buff, grey, red
i and brown
<3% white, buff, grey and
. black
pure white translucent
nOn-pOI'OUS Figure 2: damage from salt efflorescence

body

* Avoid unnecessary handling;

*» Use clean, bare hands
disposable rubber gloves;

» Check for any breakages, cracks or
old repairs

* Remove any loose parts such as
lids before moving;

* Do not pick up objects by handles
or protruding parts (figure 3)

= If a quantity of objects need to be
moved, use a tray lined with
bubble wrap, a thick, clean towel,
cotton wool or crumpled tissue
paper and pad between each

or

Figure 3:

Storing ceramic objects in boxes, closed
cupboards or on shelves that are not
subject to vibration, jarring or shock;
* Keeping objects clearly visible and
accessible so that handling is minimised;
* Using metal cabinets in preference to
unsealed wooden cupboards or display
cases. These latter units may emit
organic acid vapours which are harmful
to low-fired, unglazed ceramic objects;
* Padding objects in boxes with bubble
wrap or acid-free tissue paper;
* Lining shelves with inert polyethylene
foam sheet or acid-free paper and
leaving enough space around each
object for easy access; and not stacking
objects.

Joining
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3.4 The Discovery of Ancient Shipwreck and Melaka Sultanate
Artifacts at Pulau Melaka Archaeological Site, Melaka
25 March — 31 March 2021

Name: Department of National Heritage
Country: Malaysia

o g
Email: - WAR"SAN

. o . JABATAN WARISAN NEGARA
I the dynamic tapestry of Malaysia's history, the recent archaeological

undertakings at Pulau Melaka have stitched an intricate new patch. The

Department of National Heritage, under the Ministry of Tourism, Arts, and

Culture Malaysia, in tandem with the Melaka State Government and Melaka

Museum Corporation (PERZIM), embarked on a pivotal research and excavation mission. This
initiative, grounded in the National Heritage Act of 2005, was not merely an academic pursuit but a
custodial one aimed at enriching historical knowledge and safeguarding the cultural sanctity of
Melaka's historical treasures.

Pulan Melaka, once known as Pulan Jawa, has been transformed from its original state through
extensive land reclamation. The island's storied past includes its role in the colonial era. It serves as
an anchorage for "Naos de Trato," the colossal trading carracks that navigated the bustling trade routes
from the East. The historical significance of this site was first chronicled by Rev. Fr. Rene Edouardo
Cardon in his seminal work, "Portuguese Melaka," in 1934, offering insights into the island's pivotal
role in regional commerce and conflict.

The catalyst for this archaeological journey was a report from the National Heritage Department
on 17" September 2020 detailing the serendipitous discovery of remnants from the Melaka Sultanate
and a shipwreck in a mangrove swamp near Pulan Melaka. This discovery promised a glimpse into the
maritime prowess that characterized the Sultanate era.

The first phase of the excavation revealed a treasure trove of historical relics that whispered
tales of yore. Archaeologists meticulously unearthed timbers from ancient ships, hidden beneath layers
of silt and time within the swampy embrace of Pulau Melaka. Old coins and fragments of ceramics
accompanied these skeletal remains of vessels that once mastered the seas, each piece a silent narrator
of the island's grand narrative.

The coins and ceramics are not mere artifacts; they are a testament to the cultural and
commercial exchanges that flourished under the Sultanate's influence. The ship timbers speak of
craftsmanship and maritime technology that was advanced for its time. This technology allowed the
Sultanate to thrive as a nexus of trade and cultural exchange in the region.

The significance of these findings cannot be overstated. They provide tangible links to the
Sultanate of Melaka's history, offering insights into the economic, cultural, and political landscape of
the era. As the excavation progresses, the artifacts will undergo meticulous analysis to glean more
information about their origins and the stories they hold.

The Pulan Melaka site thus serves as a palimpsest, with each layer of soil revealing a new chapter
in Melaka's history. This ongoing excavation not only contributes to the historical tapestry of Malaysia
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but also underscores the importance of preserving such sites. Through these relics, we glean the
knowledge of our past, illuminating the path to our future.

As the Department of National Heritage and its partners continue to delve into the depths of
Melaka's history, they not only recover artifacts; they resurrect the spirit of an era that shaped the very
fabric of Southeast Asia's history. These discoveries at Pulan Melaka are not just remnants of history;
they are beacons that guide us in understanding the complexities and the rich cultural heritage of
Malaysia.
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OF ANCIENT SHIPWRECK AND
SULTANATE ARTIFACTS AT
ARCHAEOLOGICAL SITE, MELAKA

CH - 31 MARCH 2021

Introduction

The Department of National Heritage, Ministry of Tourism, Arts and
Culture Malaysia, in collaboration with the Melaka State Government
and the Melaka Museum Corporation (PERZIM), conducted research and
studies to uncover and protect the state of Melaka's historical treasures.
This research has one basic goal: to increase knowledge and
understanding of history while also developing and conserving
archaeological sites in compliance with the National Heritage Act of
2005 (Act 645).

Pulau Melaka, also known as the original name of Pulau Jawa is an island
that has gone land reclamation. According to its history, Pulau Jawa has
witnessed several episodes of war during the conquest of Melaka City.
Records related to this island have been documented by Rev, Fr. Rene
Edouardo Cardon (1877-1948) in his paper Portuguese Melaka (Cardon, R.
1934). This island is the anchorage area of "Naocs de Trato" or large trade
carracks going to or coming from east.

Findings

On September 17, 2020, National
Heritage Department (JWN) has
received reports of the discovery of
Melaka Sultanate artifacts and the
structure of a shipwreck found in a
mangrove swamp area near Pulau
Melaka, A number of artifacts from
the Sultanate of Melaka were
discovered during a field survey on
Pulau Melaka.

Summary

Excavation work of Melaka Sultanate
Artifacts and Historic Shipwrecks on
Melaka Island, Melaka phase 1 has
successfully uncovered archaeological
relics in the form of ship timbers, old
coins and ceramic shards buried in the
swampy ground.
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3.5 The Study of Thai Cultural Artifacts through Transdisciplinary
Approach: An Implication towards Nuclear Science &
Technology

Name: Sasiphan Khaweerat

Country: Thailand
Email: sasiphank@tint.or.th

In heritage conservation and scientific exploration, a remarkable

transdisciplinary collaboration in Thailand is setting a precedent for
cultural research and preservation. Spearheaded by the Thailand Institute
of Nuclear Technology (TINT), this project epitomises the intersection of
science and the humanities, offering an insightful glimpse into the meticulous care of Thal cultural
artifacts.

Thai cultural heritage, a tapestry of history and artistry, is integral to the nation's identity. To
safeguard these treasures for future generations, TINT, in alliance with various esteemed institutions,
including the Fine Arts Department, Chaosampraya National Museum, Chulachomklao Royal Military
Academy, and the Faculty of Fine and Applied Arts at Chulalongkorn University, has embarked on

an ambitious journey.

The focal point of this initiative is the study and conservation of artifacts through a unique
blend of nuclear science and technology. Advanced imaging techniques such as neutron tomography
and gamma radiography are employed to peer into the very fabric of historical objects. These non-
invasive methods allow scientists to analyse and characterise materials without causing any damage to
the artifacts, thus maintaining their integrity and authenticity.

Neutron tomography, for instance, utilises the penetrating power of neutrons to create detailed
cross-sectional images of objects, revealing their internal structures in ways that conventional X-rays
cannot. Gamma radiography takes this a step further by providing high-resolution images that
showcase the composition and condition of artifacts, detecting any internal decay or structural
weaknesses that may not be visible to the naked eye.

A testament to the project's success is the creation of mock-up samples that serve as
benchmarks for the study. These carefully crafted replicas not only aid in the understanding of ancient
crafting techniques but also serve as educational tools that help disseminate knowledge about Thai
heritage.

Acknowledgements for the project's achievements are largely due to the synergistic
collaboration between experts from varied fields. The convergence of nuclear scientists,
archaeologists, curators, and artists has facilitated a comprehensive approach to artifact preservation,
blending scientific rigour with cultural sensitivity.

This transdisciplinary method has implications far beyond the borders of Thailand. It
exemplifies how integrating different scientific and cultural disciplines can lead to enhanced
preservation techniques, ensuring that the legacy of past civilisations continues to enlighten and
inspire.

The impact of this project is multifaceted. Not only does it contribute significantly to the
conservation of national heritage, but it also advances the field of nuclear science and its application
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in the arts. As such, this venture stands as an extraordinary achievement for the nation, showcasing
the potential for nuclear science to play a pivotal role in the stewardship of cultural heritage.

In conclusion, the study of Thai cultural artifacts through a transdisciplinary approach melding
nuclear science and technology is a pioneering effort that highlights the dynamic capabilities of
contemporary science in preserving the past. As we move forward, initiatives like these will ensure
the endurance of our shared global heritage, enabling us to pass on the rich tapestry of human history
to the generations that will follow.
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through Transdisciplinary Approach
An Implication towards
Nuclear Science & Technology

Sasiphan Khaweerat :
Thailand Institute of Nuclear Technology
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The strong collaborations between TINT, Fine Arts
Department, Chacsampraya National Museumn &
Chulachomklao Royal Military Academy and
Faculty of Fine and Applied Arts Chulalongkorn
University lead to the extraordinary achievement
for the nation.
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3.6 Conservation of Artifacts from Phanom-Surin Shipwreck,

Thailand

Name: Kunthida Chimma
Country: Thailand
Email: kunthida_chi@finearts.go.th

The Phanom-Surin shipwreck, unearthed in 2013 in the Samut Sakhon

province of Thailand, marks a significant find in the annals of Southeast
Asian maritime history. Dating back to the 9" century CE, the discovery of
this ancient sea-going vessel, constructed using the sewn-plank technique

prevalent in Arabian and Western Indian shipbuilding traditions, has provided a unique window into
the region's past trading and cultural exchanges.

The ship's remnants, including wooden structures and fiber ropes, bore the marks of natural
degradation, a common fate for materials long-submerged in aquatic environments. The excavation
process was meticulous, with organic and inorganic materials surfacing from the depths. Among the
organic finds were rattan-braided ropes, grain, betel nuts, and various animal remains, while the
inorganic collection comprised potsherds, seashells, and items made of bronze.

The mission to conserve these artifacts was twofold: firstly, to apply scientific methods to
preserve the integrity of these historical pieces and, secondly, to gather information that would not
only enrich our understanding of the Phanom-Surin shipwreck but also inform future research and
conservation efforts for underwater cultural heritage.

The conservation process began with a primary assessment to classify and evaluate the
deterioration of the artifacts, discerning both internal and external factors contributing to their current
state. This scientific approach led to treatments tailored to the nature of each artifact—be it organic
or inorganic—ranging from cleaning and desalination to consolidation. Once stabilized, these pieces
were either stored or displayed, with environmental conditions meticulously controlled to ensure their
continued preservation.

To delve deeper into the material composition and changes post-conservation, cutting-edge
techniques such as X-ray Diffractometry (XRD) and X-ray Fluorescence (XRF) were employed. The
XRD technique was instrumental in analyzing the crystalline structure of the artifacts, offering insights
into the degree of crystallinity before and after the conservation process. Similarly, the XRF technique
facilitated qualitative and quantitative elemental analysis, a crucial step in understanding the
composition of the artifacts. For instance, the study of metal artifacts revealed a composition of
copper-tin alloys—a finding further substantiated by SEM-EDX analysis to ensure data accuracy.

The study of a small metal bowl through X-ray Radiography exemplified the non-destructive
approach to understanding the artifact's condition and composition without causing further damage.
This method underscored the meticulousness required to preserve the integrity of such historical
items.

Looking ahead, the establishment of the Conservation Science Center, anticipated to be
completed in 2024, promises a dedicated space for the continued conservation and study of
underwater artifacts. This facility is set to house state-of-the-art laboratories for both conservation
and analytical instrumentation, marking a significant step forward in Thailand's commitment to
cultural heritage preservation.
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Through these concerted efforts, the Phanom-Surin shipwreck not only offers a glimpse into
the rich maritime past of Thailand but also sets a precedent for the scientific conservation of
underwater artifacts, ensuring that these silent witnesses of history are preserved for future
generations to study, appreciate, and learn from.
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1. Introduction

In 2013, Phanom - Surin shipwreck was found in Samut Sakhon province, Thailand. The date of the shipwreck around the 9th
century CE. This is the earliest shipwreck was found in Thailand. The ancient shipwreck is a massive sea-going vessel with a sewn-
plank technique that common used for a ship of the Arabian region and Western India. Some part of the shipwreck, such as woods
and fiber ropes, were severely rotten by natural degradation. After excavation in underwater site, many artefacts about organic and
inorganic materials were found in this shipwreck. Organic materials consist of ship structures, rattan-braided ropes, grain, betel nut,
fish bones, animal bones, fragments of animal skin and firewood. Inorganic materials consist of potsherds, seashell and bronze.

2. Objective

4, Characterization

1. To conserve artifacts from the Phanom - Surin
shipwreck site in Samut Sakhon province by using scientific
methods

2. More information regarding the conservation of
artifacts obtained from the Phanom — Surin shipwreck site
has been acquired, and this information will be useful for
future research.

3. The results of the conservation study on artifacts
from the Phanom - Surin shipwreck can be utilized to
develop knowledge and provide guidelines for the
conservation of artifacts from underwater cultural heritage in
\_ other areas.

3. Conservation Process

el
/" Primary assessment : To be classify and assess the
/ deterioration of the artifacts to find the cause of
deterioration from internal and external factors by using the
scientific method.

Treatment : Cleaning, desalination and consolidation depend
on the type of artifacts.

Storage and Exhibition : After the artifacts are in stable
condition those are stored or exhibited with controlled
environmental conditions appropriate for the type of artifact.

The methods of conserving artifacts can be divided into
two types, which include organic artifacts and inorganic

artifacts.
W
[ Cleaning | Cleaning |
— . E
| Desalination Desalination
$ S
Elimination and control J [Tg\
of microorganisms "‘
[ Consozdation 7‘ |M
. ® 4
[ Drying

b &

\' K(-ray Diffractometer (XRD) Technigue

[ The utilization of an X-ray diffraction analyzer for the
purpose of analyzing the crystalline structure and
determining the degree of crystallinity of the samples,
enables comparisons of crystallinity and the degree of
crystallinity that occurred before and after conservation.

X-ray Fluorescence (XRF) Technigue

The X-ray Fluorescence (XRF) technique is a method
that uses tools for the analysis of elements in a sample,
capable of both quantitative and qualitative analysis. It can
/ be applied to various fields of study and research. The
analysis results are as shown in the table below:

Figure 1. Metal small bowi!

Table 1: Analysis Results of Metal Artifacts Using XRF Technique
The ratio of tin (5n) to

The position

Tin
| analyzed "ﬂ_ Fopee ) copper (Cu).
) st EA) |46
Fl 5 38 153
3 55 38 Tas

The analysis results indicate that the sample is a
group of Copper-Tin Alloys, which are formed by mixing
copper (Cu) with alloying elements of tin (Sn).

This technique is often used with SEM-EDX to
reconfirm the analysis results for the accuracy of the data.

X-ray Radiography Technique

Utilizing X-ray Radiography for
analysis artifacts:
« 2D, 3D Imaging of internal structures

B @
L

Figure 2. 30 images
5. Future Plan

non-destructive

The Conservation Science Center where consist of
conservation laboratory, analysis instrument laboratory and
conservation of underwater artifacts laboratory buildings,
will be completed in 2024.
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3.7 Conservation-Treatment and Preservation of Artifact
Collection derived from Shipwreck in Cambodia

Name: Sokha Tep
Country: Cambodia
Email: tep.sokha77@gmail.com

For centuries, the maritime silk route has been a significant artery of

commerce and culture, particularly between Cambodia and two ancient
civilizations—India and China. The roots of these connections date back to
the 2™ century BCE when Indian traders, in their quest for gold, reached the
coasts of Southeast Asia. These traders were not just merchants of material goods but also bearers of
cultural elements that profoundly influenced Cambodian society in areas such as religion, architecture,
literature, and governance.

"Indianization" describes how Indian culture was assimilated into the Khmer civilization,
enduring until the 15" century. This cultural osmosis was facilitated through ongoing trade and
interaction, leaving behind a legacy that remains evident in Cambodia's religious and architectural
landscapes.

China's engagement with Cambodia commenced in a significant way in the year 234 when
Chinese ambassadors and investors made their presence felt. The Kingdom of Funan, which existed
from the 1* to the 6™ century CE, was notable for its shipbuilding capabilities, crafting vessels large
enough to carry between 70 to 500 persons. The archeological site known as "Oc Eo" bears testimony
to this era, with findings that include coins, ceramic goods, and wooden Buddhas, all suggesting a
vibrant hub of trade and cultural exchange.

The Kingdom of Funan's influence and connections with China are well-documented in
Chinese historical records, especially during the 5" and 6* centuries. Following the decline of Funan,
the Kingdom of Chenla, which prevailed from the 6® to the 8" century CE, continued these ties with
China. These connections were further cemented during the Angkor period, from the 9" to the 15"
century CE, when the Yuan dynasty sent an ambassador named Chiev Ta Quaun to the region. The
abundance of ceramic artifacts from various Chinese dynasties—Tang, Song, Yuan, Ming, and Qing—
found in Cambodia provides evidence of these sustained interactions.

In modern times, Cambodia boasts a coastline of ~450 km, stretching from Kep to Koh Kong
province, with the international port of Sihanoukville serving as a testament to the country's enduring
importance as a maritime hub. In recognition of its rich underwater cultural heritage, Cambodia
ratified a convention with UNESCO in 2001 to protect this legacy. This commitment was enacted by
the Cambodian Assembly in 2007, highlighting the nation's dedication to preserving its maritime
history.

Underwater archaeological research has uncovered around 15 shipwrecks off the Cambodian
coast, but so far, only two significant wrecks have been thoroughly studied: the Koh Sdech Shipwreck
and the Koh Ta Kiev Shipwreck. These submerged treasures offer a glimpse into the Khmer maritime
prowess and serve as a link to the past, showcasing the vital role that naval trade routes played in
shaping the history and culture of Cambodia. Through these explorations, the depths of the Khmer
ocean continue to reveal the story of a nation that once stood at the crossroads of civilization,
embodying the confluence of Indian and Chinese influences that have sculpted its unique cultural

identity.
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Conservation-Treatment and Preservation of Artifact Collection derived from Shipwreck in Cambodia

CONSERVATION-TREATMENT AND PRESERVATION

OF ARTIFACT COLLECTION DERIVED FROM
SHIPWRECK IN CAMBQDIA

ABSTRACT
Cambodia have long connected with India since BCE 2™ century by maritime silk route when India
businessmen turned to look for gold trade In Southeast Asia. We were influent civilization : culture,
religion, architecture, literature , and Royal social government . Furthermore, we have connected with
China which Chinese Amb dor and came in Cambodia in year 234, they recorded Royal
Chronology in during Kingdom of Funan (1*- CE 6" century) could build ship which could take 500 to
700 person on the ship. International port called ' OC’' Ceo “ found coin , ceramic trade, wooden
Buddha. The evidence of influent Indianization had connected until 15" century, Cambodia also had
long connected with China by maritime silk route. Depending Chinese records wrote Kingdom of Funan
in 5% — & century. Until Kingdom of Chenla (6% ~CE 8") had connected with China , and in 13"
century, during Yuan dynasty sent Ambassador call Chiev Ta Quaun to Angkor period ( 9" -CE 15"
century). As for evidence of ceramics found in late 9% century , ceramic products in Thang dynasty, and
# consequence found ceramics in Song dynasty, Yuan dynasty, Ming and Qing dynast.

Cambodia presently exist coastiine about 450 km from Kep, Kampot, Shinaoukville, and Koh Kong
province. International port in located in Sihanoukvilie. We have ratified convention with UNESCO in
2001 on Underwater Law of Cultural Heritage Protection, this law was agreed to apply by Assembly in
2007. In the purpose of Underwater Research found around 15 shipwrecks. So far, only two shipwreck
found which are Koh Sdech Shipwreck and Koh Ta Kiev shipwreck in Khmer Ocean.
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Conclusion
Cambodia history of maritime silk route have long connected India and China. We have influent
culture, literature, religion, architecture, Royal chronology during Kingdom of Funan. Internation
port called Oc¢’Eo. We could build ship took 500 -700 person. There are two shipwreck discobery:
1)Koh Sdec shipwreck(15" century) and 2)Koh Takeive shipwreck fond 2018 (date 15'"). Most of
ceramics have conserved, ivory tube, planks. Ceramics Trade used by highland people or Khmer
Doeurm “Chhorng”” at Areng Valley. Ceramic were important cargos in past because of
requirement usage in daily life. It indicated ust the human social connection, Conservation of
artifacts save cultural heritage.
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- Restoration : Miliput is good for
porcelain restoration because
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PEROPLE: EVIDENCE FUNERAL RITUAL
PRACTICE(15-17™ CENTURY).

There are Mae Nam Noi jars, Si
Satchanalai Celadon, Sukhothai

ware traditional pots, Angkorian fars,
and blude and white bowls derived
from China.

Blu and white;)und at K;h Ta
keiv shipwreck in 2018 by Navy
Team.
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3.8 Protecting Our Heritage: Towards the Future of the Museums

Name: Nero Austero
Country: Philippines
Email: nero.austero@nationalmuseum.gov.ph

The Philippines boasts a profound maritime legacy, featuring

catalogued treasures, pristine beaches, a haven for divers exploring
sunken vessels, and coral reefs showcasing nature's intricate craftsmanship.
While the marine conservation efforts in the Philippines encompass marine
organisms, preserving maritime objects has received comparatively less attention. To rectify this gap,
the Underwater Archaeology Unit was established in 1982 under the aegis of the Underwater Cultural
Heritage Division of the National Museum of the Philippines. This unit has been actively exploring
shipwreck sites across the Philippine archipelago.

These sites harbor a wealth of artifacts, ranging from actual ship remnants and pottery to
metallic fragments, sterns, and other nautical relics. Analyzing these artifacts presents a formidable
challenge due to their varied nature and the centuries-long submersion in seawater. Conventional
methods prove inadequate, necessitating the adaptation of techniques tailored for the nuanced
examination of these invaluable historical remnants.

Given the fragile and brittle nature of these artifacts, employing non-invasive techniques
becomes imperative. The potential damage from contact or invasive methods underscores the
irreplaceable nature of these artifacts. In response to this challenge, non-invasive nuclear techniques
for characterization have been proposed. These well-established methods minimize the risk of damage
to the artifacts, addressing the delicate task of preserving our cultural heritage.

One such method involves using a portable X-Ray Fluorescence device (pXRF). This compact,
lightweight apparatus utilizes X-rays to determine the elemental composition of a sample, proving
highly effective as an on-site tool. The minimal sample preparation required ensures expediency
without compromising accuracy. Analysis of shipwrecks from the pre-colonial era in the Philippines
revealed traces of Sulfur and Potassium, leading researchers to infer the presence of gunpowder on
these vessels.

When artifacts are damaged or fragmented, salvaging and subjecting them to additional analysis
techniques, such as X-ray diffraction (XRD), becomes essential. XRD involves bombarding the
sample with X-rays and collecting scattered electrons for more in-depth elemental analysis, providing
nuanced insights into the nature of the cargo and the vessels.

Another valuable method for displaced or damaged samples involves C-14 carbon dating. This
method determines the sample's age, shedding light on its historical timeframe. The work of Lacsina
(2020), for instance, utilized this method to analyze recovered Bufuan boats, concluding that these
boats date back to the 8" — 10" century.

The dedication and perseverance of the Underwater Archaeology Unit, coupled with access to
cutting-edge characterization methods, ensure the continuous protection and restoration of the
Philippines' cultural heritage for future generations.
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The emergence of the Underwater Archaeology Unit in 1982

towards the present Maritime and Underwater Cultural Heritage PXRF analysis revealed

Division of the National Museum of the Philippines carried out the leaded tin-copper alloy bronze
discovery and excavation of several shipwreck sites in the Philippines.  rings from the Investigator

Most of these underwater sites contained vast number of Shoal.
archaeological materials, that require material conservation and

> Compositional pXRF
analysis. ploo %

spectroscopy showed leaded
tin bronze alloy materials used
to manufacture early hand-
held guns recovered from ship-
wrecks plying the seas of the
pre-colonial Philippines,

PXRF analysis also revealed
possible traces of gunpowder
such as shulphur (S) and po-
tassium (K).

Most underwater archaeological materials have been submerged
in the water for over hundreds of years that they became so dilicate
to handle.

Hence, micro and or non-invasive techniques should be used to
conserve their significance for the future generations. Over the years,
several nuclear methods and techniques have already proven their
reliability and have been broadly utilized in the field.
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3.9 The application of Nuclear Techniques for Characterization of
the Artifacts in Sumatra, Indonesia
Name: Rusyanti

Country: Indonesia
Email: rusyant08@gmail.com

In the verdant landscapes of Sumatra, Indonesia, the subterranean

realms of Hariman Cave cradle a history reshaping our understanding of
the region's past. Nestled in the southern swathes of Sumatra, this cave has
become the epicentre of a significant archaeological discovery, revealing the
earliest metal artifacts ever found in the Indonesian archipelago. The finds, comprising bronze
socketed axes and bracelets dating from the fourth century BC to the first century AD, are not just
remnants of bygone eras; they symbolize the dawning of the Metal Age in Sumatra and may be
connected to the island’s participation in the international Maritime Silk Road.

This profound discovery was made possible by employing advanced nuclear techniques to
characterize these artifacts. As the bronze pieces emerged from the protohistoric occupation layer,
their significance became clear—they are the harbingers of a technological revolution in Sumatra,
marking a time when metal began to dominate stone. The intricate production of these items was not
a simple feat; it required a sophisticated understanding of metallurgy, including the complex process
of alloying copper with tin, lead, and arsenic to create bronze and the precise control of furnaces and
fire necessary for metalworking.

Further research using portable X-ray fluorescence spectrometry (pXRF) has illuminated
another aspect of Sumatran prehistory—identifying obsidian sources. This non-invasive technique
has traced the origins of obsidian samples from Merangin and Sarolangun, revealing three distinct
sources in Jambi. The meticulous application of principal component analysis (PCA) and the
Independent Sample T-Test has differentiated between these sources, adding two previously
unknown obsidian sources to the existing three identified by eatlier studies. This advancement
enriches our comprehension of the material procurement and trade networks that flourished in
southern Sumatra.

In a parallel stride, the Lampung lowlands of Sumatra serve as a canvas for understanding the
evolution of pottery. A battery of scientific techniques, including X-ray fluorescence, X-ray
diffraction, inductively coupled plasma mass spectrometry (ICP-MS), petrography, and
thermoluminescence, has been deployed to analyse the shape, dating, and origins of Lampung
potsherds. These fragments of clay, which once took the form of bowls, cups, and vases, now reveal
the daily life of a society spanning from the 12" to the 20" century. Through qualitative methods and
the innovative use of Rhinoceros software, researchers have reconstructed these artifacts, suggesting
that the pottery was predominantly produced in the Kayx Agung Palembang and Bakung Udik regions.

The synergy of these scientific explorations—whether it be through the analysis of metal
artifacts, the sourcing of obsidian, or the study of ancient pottery—paints a picture of a society that
was both complex and connected. The artifacts from Hariman Cave and the insights into Sumatra’s
material culture offer a window into a transformative era in Indonesia’s history. They tell a story of
technological innovation, burgeoning trade routes, and cultural exchange, emphasizing Sumatra's role
in the broader narrative of Southeast Asian history.
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o® BRIN The application of Nuclear Techniques for Characterization of the Artifacts in
% -w e Sumatra, Indonesia
The rise of the Metal Age in Sumatra: Evidence from Harimau Cave in Multiple-Sources Identification of Obsidian in
South Sumatra Merangin and Sarolangun (Sumatra) Based on Portable X-Ray
Harry Octavianus Sofian and Traman Simanjuntak Fluorescence Spectrometry (pXRF) Determination

Several sites in Sumatra reveal bronze artefacts in the Dong Son style of Vietnam. Mohammad Ruly Fauzi, Andy S Wibowo, dan Rhis Eka Wibawa

Excavations in Harimau Cave in the southern part of Sumatra recovered bronze and iron
artefacts from the protohistoric occupation layer. The bronze artefacts are socketed axes
and bracelets that date from between the fourth century BC and the first century AD.
These are the oldest metal artefacts thus far found in Sumatra and Indonesia in general.
Hence, the bronze artefacts from Harimau Cave may be an Indication of the rise of the
Metal Age on Sumatra, which coincides with the emergence of the international Maritime
Silk Road.

Artefacts were found in the top layer of the stratigraphic unit. Eight of them were made of
bronze and four of iron. These objects are fragmentary and highly corroded, Our study
focused on the bronze artefacts, which are socketed axes (three pieces), bracelets (three
pleces) and two unidentified pleces. Bronze is a metal alloy of the elements copper (Cu),
tin (Sn), lead (Pb), and arsenic (As). When copper is combined with other metals, the melt-
Ing range of the resulting alloy is narrower than that of copper. Producing metal objects is
not an easy task, because multiple complicated production steps are needed, as well as
knowledge about metals, furnaces and fire control (Haryono 2001; Scott 1991).
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Figure 1: Metal artefacts from Harimau Cave.

Note: Antefact Nos 1-8, 0n the ieft, have been examined with Xty lluarescence Portable X-Ray Fluorescence analysis (pXRF) on obsidi les from gin and
Sarclangun proved the existence of three different obsidian sources in Jambi. It is
fakd o 4 * o obtained through the determination of pXRF on the particular trace elements: Bb, Sr,
A S o O Tailh| leaow Zr,Y, Nb, Ti and Mn. The results are then analyzed by the Principal Component Analy-
4 Sovhend bvae o g X x sis (PCA) to aange the same obsidian sources. This result is then corroborated with
(L i - i the Independent Sample T-Test. This analysis reveals the similarity in trace-element
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Uiocas S x x concentration amongst the same source, as well as their differences within different
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& Senoehits vathout st x X from Sarolangun that have never been reported before. As a result, there are five
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Shape, Datings, And the Origin of Potsherds in Lampung Lowlands,

Sumatra
Rusyanti, Iwan Setiavian, and Akbar Adhi Satrio

i

Fig. 1 The Potshond samples from Lampung Sublication: Maditira Widpa 76 (2) 107:122

X-ray fluorescence, X-ray diffraction, inductively coupled plasma mass spectrometry (ICP-MS), Petrography, and Thermoluminescence carried out to analyses the shape, datings, and the
origin of the Lampung potsherds. Qualitative methods were also used to reconstruct the results of selective sampling using the Rhinoceros software supported by a histarical approach.
The purpose of this research is 1o know the favourable varieties of form, chronology, and origin of Lampung pottery in general. Dominant pottery containers common for daily use such as
bowls, cups, and vases. The chronology of pottery covers from the 12th to the 20th century, and the origin of pottery production is suggested to be manufactured around the Kayu Agung
Palembang and Bakung Udik regions, in Lampung.

Layou! by Putra Kam Joya
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3.10 Conservation: Desalination Treatment of Artifacts excavated
from the Soil
Name: Lukman Ajiz

Country: Indonesia
Email: lukmanajiz@gmail.com

. . . . . 1
"T'his article delineates the systematic conservation procedures undertaken

by The National Museum of Indonesia to preserve iron artifacts excavated ¥
from Central Java, detailing the scientific methodologies employed and the
resulting stabilization of these culturally significant items.

In historical preservation, The National Museum of Indonesia is at the forefront, responsible
for conserving iron artifacts retrieved from archaeological sites. These items, while rich in historical
significance, are often afflicted with corrosion—a manifestation of the relentless onslaught of time
and environmental conditions. The museum's conservation team, in conjunction with the Indonesia
Heritage Agency and the National Research Institute of Cultural Heritage of South Korea, has
developed a meticulous conservation regimen to mitigate these effects and ensure the artifacts’
longevity for scholarly and educational purposes.

The artifacts in question, primarily composed of iron, as confirmed by portable XRF analysis,
exhibit varying degrees of corrosion. The initial conservation stage entails a desalination process—a
pre-emptive measure against further corrosive damage. Each artifact is enshrouded in a wire mesh
fabric tailored to its form, which serves the dual purpose of maintaining structural integrity and
facilitating the treatment process.

These prepared artifacts are then subjected to a 0.1M Sodium Sesquicarbonate (SSC) solution,
adhering to a strict ratio of 100 grams of artifact to 1000 mL of solution. The desalination process
spans over eight days, with artifacts immersed for 24-hour intervals. This phase necessitates rigorous
monitoring of the temperature and chemical composition of the solution to ensure optimal
desalination.

After desalination, the artifacts undergo de-alkalization using distilled water for five days to
diminish chloride content further and adjust pH levels towards neutrality. The artifacts are
meticulously rinsed with distilled water post each immersion cycle to eradicate any lingering solution,
a critical step in preventing the recurrence of corrosive processes.

The subsequent phase involves drying the artifacts through alcohol soaking and oven-drying at
105 °C to preclude any moisture retention that could potentially reinstate corrosion. Post drying, a
structural assessment is conducted to determine the necessity for consolidation—if the artifact
exhibits structural deterioration or loosening.

The conservation process culminates with applying a Paraloid solution in acetone, serving as a
protective layer against future environmental threats. This carefully orchestrated conservation process
has yielded significant reductions in chloride levels, from a precarious 93.1 ppm to a much safer 8.87
ppm. Moreover, the pH levels have been successfully moderated to near neutrality, indicating the
artifacts' readiness for storage or display devoid of imminent degradation risks.

This academic discourse not only sheds light on the specific conservation techniques applied
but also underscores the collaborative nature of the conservation efforts. The empirical results
presented here validate the effectiveness of the methodologies, which have been vital in preserving
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the integrity of these artifacts, thus contributing to the broader understanding of Indonesia’s cultural
heritage.

In conclusion, the conservation practices employed by The National Museum of Indonesia
serve as a paradigm of scientific rigour in historical preservation. The successful stabilization of these
artifacts is not merely a triumph of conservation science but also an invaluable contribution to the
continuity of Indonesia's historical narrative.
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S5 Conservation: Desalination Treatment of
Artifacts Excavated From The Soil
Lukman Ajiz

National Museum of Indonesia, Indonesian Heritage Agency,
Ministry of Education, Culture, Research, and Technology Republic of Indonesia
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Introduction

The National Museum of Indonesia has
several collections of excavated metals
artifact from the soil, with some of them
being displayed in exhibition rooms.
These unearthed findings are in poor
condition and require maintenance.

One of the treatments performed Iis
desalination to ensure their preservation
meets the standards and is suitable for
future display.

Rinsing the Collection

with Distilled W ater,
Measuring pH and

Chloride Content

The desalination process Is carried out for 8 days, repeating steps 3-5,and
then followed by a dealkalization process for 5 days.

Object Condition Dealkalinization Process
The dealkalization process is almost the same as the desalination
The samples used are from process, with the only difference being the solution used.
excavations around a river In Desalination uses SSC (Sesquicarbonate) solution, while
Central Jave, Indonesia. The dealkalization uses distilled water (Aquades),

condition of the samples shows
corrosion on almost the entire
surface and some minor chipping
in certain areas,

The primary constituent material
of the samples is Iron (Fe) chack by
XRF Analyzer Portable.

Sample Drying Process
The sample isimm ersed
or soaked in alcoholand
then placed in an oven
(105°C) for drying.

I'reatment (1)
'

The chloride content (Cl) decreases during the first desalination process

Sample Weighing (DS-1) from an initial level of 93.1 ppm to 40.9 ppm in Desalination-2 (D$-2),

W eighing the samples to and a steady decrease continues from DS-5 to DS-8, reaching a value of 8.87
determine the amount of

solution needed for the

ppm.
desalination process.

hlonde content

Dealkalinization
helps reduce the
chloride level to
206 ppm.
The acidity level
(pH) shows a | do
~ relatively minor 5 3
\  — i decrease from 5
el 4 Protg:ting the Samples from 10.98 to 10.88 ; [ o on
A== : Erosion during the | b 3 ! i~
This is done by wrapping the desalination 51 062 D53 [BA D36 058 D87 CE8 DAL ol Da
collection with fine wire m esh process.When
fabric sewn around it, following doallalinisation
the shape of the sample. is performed that -,
the pH decreases
significantly to "
reach a neutral
level, which is pH ‘*ui—- 1N e wm we 0w o

Desalination Process o] o
Thesamples are Immersed In 2 0.1M 7.09. '. \‘fi\--\‘ ok
Sodium Sesquicarbonate (SSC) i s
solution with a ratio of 00 gram s of 2
the sample equivalentto 000 mL of :
Sodium Sesquicarbonate solution.
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Conclusion

The desalination method using a sodi icarb lution is
effective in reducing chioride levels, thereby pwtecung the sample and
preventing surface corrosion.

Recommendations for further treatment include consolidation if the
Desalination is carried out by immersing the sample in a chamber sample is loose or deteriorated, and coating it with Paraloid in acetone
containing 0.1M Sodium Sesquicarbonat solution for 24 hours. before exhibition or storage in a storage room.
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3.11 National Collection of Singapore

Name: Lynn Chua
Country: Singapore
Email: huiru_chua@hotmail.com

In the vibrant city-state of Singapore, preserving cultural heritage is a ¥
sophisticated endeavour that intertwines tradition with cutting-edge

science. The National Collection Conservation Services, a beacon of this
effort, is the guardian of more than 300,000 artifacts, each a piece of the
intricate mosaic of Singapore and Southeast Asia's history. These artifacts range from middle-aged
antiquities to contemporary art, meticulously stored, documented, managed, and cared for at the
Heritage Conservation Centre (HCC).

Established in 2015, the Conservation Science Lab within the centre is staffed by approximately
40 conservation professionals, along with a dynamic team of scientists, interns, fellows, and
volunteers. The lab is organized into four specialized sections—Painting, Paper, Objects, and
Textiles—each dedicated to the meticulous catre and restoration of the collection.

The analytical capabilities of the lab are robust. From light microscopy to Fourier Transform
Infrared Spectroscopy (FTIR) and from Scanning Electron Microscopy coupled with Energy
Dispersive X-ray Spectroscopy (SEM-EDS) to Raman and X-ray fluorescence (XRF), the equipment
and techniques at their disposal are as diverse as the artifacts they examine. Other tools like Pyrolysis
Gas Chromatography Mass Spectrometry (Py-GC/MS) and spectrophotometers play crucial roles in
materials characterization, while preventive conservation is supported by microfadeometers and
Relative Humidity & Temperature (RH & T) chambers.

The centre’s imaging capabilities are equally impressive, offering Visible Spectrum (Vis),
Ultraviolet Fluorescence (UVF), Infrared Reflectography (IRR), multispectral imaging, X-ray, and
even Computed Tomography (CT) scanning at the Singapore General Hospital (SGH). These imaging
techniques reveal past secrets, hidden layers of paintings, and insights into the materials that compose
ancient treasures.

One such investigation involved the sampling from a silver flask of the Tung shipwreck, leading
to a synchrotron study of lead arsenate transfer in Peranakan glass beads. Research collaborations
extend beyond the lab's walls, involving conservators, curators, archaeologists, heritage scientists, att
interest groups, and universities in Singapore and internationally. These collaborations have led to
significant projects, like the analysis of 14™-century Temasek gold ornaments and the study of salt
efflorescence on archaeological ceramics.

The lab has also researched the fading pink of Peranakan Textiles using Surface Enhanced
Raman Spectroscopy (SERS) and Liquid Chromatography Mass Spectrometry (LC-MS). Optical
Photothermal Infrared (O-PTIR) imaging has unveiled the composition of zinc soaps in Peranakan
portrait paintings, and studies into the glazing techniques of Changsha kiln porcelain have shed light
on ancient artistic methods.

Moreover, the Conservation Services supports exhibitions across 11 museums and heritage
institutions, managing research and projects while leading preventive working groups focused on
combating pests, mould, and the adverse effects of light, humidity, temperature, and pollutants.
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In their outreach efforts, the Conservation Services has engaged the public with initiatives like
the “Little Conservators” program and professional development workshops, including a lacquer
workshop that delved into the intricacies of this ancient art form.

At the heart of these endeavours is the commitment to preserve Singapore’s rich heritage—a
testament to the past and a legacy for future generations. Through this fusion of traditional
conservation techniques and modern science, Singapore ensures that its storied past continues to
illuminate the way forward.
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3.12 Investigation  Cultural Heritage in  Myanmar and
Thermoluminescence Laboratory
Name: Myint Myint Oo

Country: Myanmar
Email: myintmyintoo.arch@gmail.com

Tucked away in the resplendent Southeast Asian landscape, Myanmar,

often heralded as the "Golden Land," is a nation steeped in rich cultural ,.;.i"'
heritage. This heritage encompasses many tangible and intangible treasures,
illuminating the country’s storied past. However, the preservation of these .
artifacts is not without its challenges. The country's relics face threats from natural disasters, such as
earthquakes—the notable ones occurring on 8 July 1975, with a magnitude of 5.6, and on 24 August
2016, with a magnitude of 6.8—as well as fire, lightning, floods, winds, and landslides. The heavy
rainfall typical of its climate, coupled with high humidity levels averaging 70% and temperatures
around 25-26°C, exacerbates bio-deterioration. Human activities, including mishandling, neglect,
vandalism, and illicit digging by non-archaeologists, also pose significant risks.

To combat these threats and ensure the longevity of Myanmar's cultural artifacts, specific
interventions have been identified as essential. These include investigating and analyzing heritage
items, calculating their absolute dating, monitoring environmental effects, conserving them against
bio-deterioration, and utilizing advanced nuclear techniques.

Since joining UNESCO in 1949, Myanmar has welcomed the collaboration of numerous
international expert teams dedicated to conserving and preserving its cultural heritage. These experts
have brought with them a suite of sophisticated nuclear techniques, such as energy-dispersive X-ray
Fluorescence (ED-XRF), X-ray Diffraction (XRD), Scanning Electron Microscopy (SEM), Nuclear
Magnetic Resonance (NMR), Thermogravimetry (TGA), and ATR-FTIR. These methods have
revolutionized how artifacts are studied and conserved.

One of the profound examples of the application of these technologies can be witnessed in the
conservation efforts of wall paintings. Through the meticulous restoration, the vivid details and
vibrant colors of these paintings, which had faded over time, have been brought back to life. The
transformative process, evident in the 'before' and 'after’ states of the artworks, underscores the
effectiveness of the techniques used.

Another notable conservation effort is seen at the Nyaung-gan Bronze Age Cultural Heritage
Zone. Here, the cleaning and conservation procedures have reinstated the original splendor of the
artifacts, which had been lost to time and neglect. Similarly, the restorative work on bones and
earthenware artifacts demonstrates the remarkable progress made. The meticulous cleaning processes,
coupled with the conservation work, have not only arrested further deterioration but have also
enhanced the artifacts' resilience against future damage.

This intricate blend of science and art in the service of heritage conservation is not just about
maintaining physical objects. It is about preserving the essence of Myanmart's cultural identity.
Through these advanced techniques, the country safeguards the touchstones of its history, ensuring
that future generations will have a tangible connection to their past. This interdisciplinary approach,
where heritage conservation meets nuclear science, exemplifies the progressive stride of Myanmar in
safeguarding its historical legacy. It is a testament to the country's commitment to nurturing its cultural
heritage amidst the rapid pace of modernity.
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IAEA REGIONAL TECHNICAL COOPERATION PROJECT RAS1027
CULTURAL HERITAGE IN MYANMAR AND
THERMOLUMINESCENCE LABORATORY

Myint Myint Oo
Field School of Archaeology (Pyay), Myamnar

Regional Training Course on the Application of Nuclear Techniques for Characterisation and Preservation of Artefacts obtained from Shipwreck
RAS1027-2300242

INTRODUCTION

Myanmar known as the Golden Land, because Myanmiar has very rich cullural heritage both tangible and intangible cultural properties. Myanmar's Cultural Heritage vulnerability Natural
disaster (Earthquake; 8 July 1975(5.6 magnitude) and 24 August 2016 (6.8 magnitude), Fire, Lightening, Flood, Wind , Land side), Climate and environment (Heavy rain water), Bio-
deterioration (Tropical climate, Temperature 25-26 °C, 70% Humidity), Human vandalism (Mishandling, neglect, vandalism , illicit digging of sites by non-archaeologists).

For our country the specific needs for interventions in cultural heritage are :

«» To Investigate and analysis for cultural heritage
«» To calculate the absolute dating
<+ To monitoring the environmental effects
+“ To conserve the Bio-deterioration
<+ To apply the nuclear techniques.

Our country has joined UNESCO since 1949, so many international expert teams collaborated to preserve and conserve for our Cultural Heritage. These expert teams used the nuclear
Techniques, such as Energy Dispersive X-ray Fluorescence (ED-XRF), X-ray Diffraction (XRD), Scanning Microscopic (SEM), Nuclear magnetic resonance (NMR),
Termogravimetry(TGA) and ATR-FTIR,

the

After Cleaning

During the bone
conservation
work
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3.13 Conservation and Preservation Practice in Bangladesh

Name: Afroza Khan Mita
Country: Bangladesh
Email: mitaafrozakhan@gmail.com

The preservation of cultural heritage is a critical task that holds immense

importance for countries like Bangladesh, where history seeps from every
nook and cranny. The nation has laid the groundwork for conservation
and preservation practices through a robust legal framework, consisting of -
the Antiquities Act of 1968 with its 1976 amendment, the Conservation Manual of 1922, the
Archaeological Works Code of 1938, and the Antiquities Preservation Rules of 1986. These laws and
regulations form the bedrock of efforts to safeguard the rich tapestry of Bangladesh's past.

Regarding practical measures, Bangladesh adopts several standard practices in archaeological
conservation and preservation. Heritage Impact and Condition Assessments are routinely conducted
to gauge the status of sites and artifacts. Before any conservation work begins, 3D Architectural
Documentation is created to record the condition of these historical treasures in meticulous detail.
Structural Conservation follows this to preserve the integrity of archaeological sites and artifacts,
alongside Chemical Conservation to address any deterioration at the molecular level. After the
conservation and preservation processes are complete, Architectural Documentation is updated to
reflect the interventions and their outcomes.

The Bangladesh Atomic Energy Commission (BAEC), particularly through the Microbiology
and Industrial Irradiation Division (MIID) of the Institute of Food and Radiation Biology (IFRB),
has been actively involved in cultural heritage-related activities since 2015. In collaboration with the
National Archive of Bangladesh (NAB), the BAEC has focused its research on the preservation of
archival materials using ionizing radiation. This technique has proven effective in extending the life
of precious archival documents without causing further damage.

BAEC's partnerships with various organizations, including the Department of Archaeology
(DOA), the Bangladesh National Museum (BNM), and the National Archive of Bangladesh (NAB),
underscore the collective commitment to cultural heritage preservation. Looking forward, there are
ambitious plans to enhance the preservation and characterization of cultural heritage objects. A key
element of this strategy is to increase the use of less destructive methods of atomic energy in the
characterization and conservation-preservation of cultural heritage-related objects. This signifies a
shift towards techniques that minimize harm while maximizing the preservation of historical integrity.

Furthermore, there is a focus on team building within the BAEC, which is critical for the future
success of these endeavors. By fostering a collaborative environment, the Commission aims to bolster
its capability to preserve the nation's cultural heritage for future generations. The approach is both a
testament to Bangladesh's dedication to its past and a beacon for innovative preservation techniques
in the future. It's a delicate balance between embracing modern technology and honoring ancient
legacies, and Bangladesh is at the forefront of this intricate dance of conservation and preservation.
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3.14 Application of Nuclear Techniques in Jordan and Preservation
of Cultural Heritage Remains in Jordan
Name: Anas Alwaheba, Yosha Alamri

Country: Jordan
Email: anas.kloub@jaec.gov.jo, yalamri@jordanmuseum.jo

In the heart of Jordan's bustling capital, where the historical

tapestry of East Amman meets its modern western counterpart,
stands The Jordan Museum. This prestigious national institution, which
opened its doors in 2013, is more than a mere repository of artifacts; it is a beacon
of cultural heritage preservation, illuminating over 1.5 million years of Jordanian
history. The museum's mission is to collect, preserve, and exhibit the nation's archaeological treasures,
and in doing so, it serves as a custodian of the past for future generations.

The Jordan Museum boasts many objects that chronicle the country's rich past, from prehistoric
times to contemporary culture. These objects are meticulously organized by material and condition to
ensure their longevity, showcasing the museum's commitment to conservation. In addition to the
artifacts on display, the museum houses thousands of items in storage, spanning more than 2,000
square meters of meticulously designed space. Equipped with modern climate control systems, fire
suppression technologies, and robust security measures, the museum's storage facilities offer an
optimal environment for preserving invaluable artifacts. This state-of-the-art infrastructure has
garnered trust internationally, with numerous foreign expeditions entrusting their sensitive
archaeological finds to the museum's care.

Beyond its role as a cultural hub, The Jordan Museum integrates cutting-edge nuclear
technologies to further the preservation of its treasures. This integration of science and heritage is
part of a broader national initiative supported by the Jordan Atomic Energy Commission (JAEC),
established in 2008, and the Jordan Research and Training Reactor, inaugurated in 2016. These
institutions represent Jordan's investment in nuclear technology, not only for energy but also for
advancing scientific research and cultural preservation.

One such application is the Gamma Irradiation Facility, which has been operational since 1994.
Initially starting with a Gamma cell, the facility expanded in 2000 when the International Atomic
Energy Agency (IAEA) provided an Industrial Gamma Irradiator through a technical cooperation
project. This technology is versatile, serving both research and industrial purposes. It is used to
irradiate research samples and calibrate dosimeter systems. Additionally, it provides sterilization
services for medical supplies, pharmaceutical raw materials, and even consumer goods such as spices
and cosmetics. However, its potential for artifact preservation remains untapped.

Another pivotal component of Jordan's scientific landscape is the lon Beam Analysis Facility,
which houses Particle-Induced X-ray Emission (PIXE) and Rutherford Backscattering Spectrometry
(RBS). These sophisticated analytical techniques are invaluable for routine analysis in archaeology,
biomedical research, geology, and environmental sciences.

The collaborative efforts between the Jordan Museum and the JAEC, with the acknowledgment
of international partners like the IAEA and the Malaysian Nuclear Agency, underscore the importance
of interdisciplinary cooperation in preserving cultural heritage. The fusion of nuclear techniques with
archaeological conservation promises a new frontier in the stewardship of historical artifacts.
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In conclusion, The Jordan Museum not only serves as a guardian of Jordanian heritage but also
stands as a testament to the nation's forward-thinking approach in marrying the past with the future
through technological innovation. It is a clear reflection of Jordan's dedication to both its history and
its progressive strides in scientific research, ensuring that the story of Jordan's rich cultural tapestry is
preserved and told for many generations to come.
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Jordan atomic energy commission was established in 2008, while
Jordan research and training reactor was established in 2016.
However, Gamma irradiation facility was established in 1994,
starting by Gamma cell, while in 2000 TAEA supplied the facility
with Industrial Gamma irradiator through TC project. Gamma cell is
used to irradiate research samples and small size samples also to
calibrate dosimeter systems.

Where Industrial Gamma Irradiator provides sterilization services to

medical  disposable companies, kidney dialysis  units,
pharmaceuticals raw materials, veterinary, herbs, spices, and
cosmetics.

Not yet Gamma facility used for artifacts preservation nor XRD and
XRF techniques used for characterization.

Ton beam analysis facility in Jordan, is a combination of particle-
induced X-ray emission (PIXE) and Rutherford backscattering
spectrometry (RBS) mainly used for routine analysis in
archaeological, bio-medical, geological and environmental sciences.

Jajyl,

IRDAN
MUSEUM

I'he Jordan Museum is a national institution that aims at the
preservation and presentation of Jordan's cultural heritage. It is
Jordan’s new national museum of archaeology and history, opened
in 2013 and located at the heart of Jordan's capital, where East
Amman meets its western half. The museum galleries cover 1.5
million years of Jordanian history and archaeology. Thanks to the
Department of Antiquities, the Jordan Museum has. on loan,
thousands of objects from all periods and regions of Jordan. The
museum’s facilities include conservation laboratories and workshop,
a research library, photography studio and a large storage area for
archaeological and folklore objects.

The collection of The Jordan Museum is divided into the exhibited
and the stored objects. These objects are organized by physical
material in order to guarantee its conservation, The museum storage,
with a total size of more than 2.000 m’, has been equipped with
modern systems (o maintain a suitable environment for musenm
collections, to extinguish fires inside the warchouse. and to protect
and secure stored artifacts from damage and theft. As a result of
these investments, many foreign expeditions have asked to keep
sensitive artifacts discovered during excavations in The Jordan
Museum.
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3.15 Application of Nanomaterials Nano TiO; for Conservation of
Cultural Heritage in Iraqi Musuem
Name: Fadhil Abed Allawi

Country: Iraq
Email: fadilallawi73@gmail.com

I cultural heritage preservation, the application of advanced materials is
revolutionizing how we protect and maintain historical artifacts. Among
the materials leading this change is nano-sized titanium dioxide (nano-
TiO,), a compound showing great promise in the conservation efforts within
the Iraqi Museum.

Nano-TiO, has been successfully synthesized in four distinct crystalline forms: amorphous,
anatase, a mixed anatase-rutile phase, and rutile. These forms are tailored through meticulous control
of the calcination process, with temperatures ranging from 120 to 900°C. The characterization of
these particles is a complex process involving a suite of analytical techniques such as X-ray diffraction
(XRD), scanning electron microscopy (SEM), X-ray Fluorescence (XRF), Atomic Force Microscopy
(AFM), and Fourier-transform infrared spectroscopy (FTIR).

The production methods include the sol-gel and hydrothermal approaches. In the sol-gel
process, utilizing titanium tetraisopropoxide (TTIP) in acidic and alkaline media yields spherical
particles. Interestingly, in highly acidic conditions, less aggregated and larger TiO; particles are formed,
whereas in more neutral to basic conditions (pH 7 and 9), the particles are smaller and more prone to
agglomerate. The hydrothermal method presents a diverse particle morphology with reduced
agglomeration when acetic acid is used, while phosphotungstic acid results in smaller particle sizes
and higher agglomeration.

The practical applications of nano-TiO; are vast within the conservation domain. Stone
artifacts, often victims of environmental weathering and surface erosion, can be protected and
consolidated with nanocomposites. Such treatments enhance the stone's resistance to water while
maintaining its breathability, a crucial factor in preventing further degradation. These
nanocomposites, particularly when integrated with Paraloid B-72, have significantly improved
consolidating marble surfaces.

Wood, another common material used throughout history, often discolors and degrades due to
exposure to atmospheric conditions and UV radiation. A UV-cured nanocomposite lacquer based on
nanoscale TiO, has proven effective in shielding wood surfaces from these damaging effects,
preserving both the integrity and appearance of the wood.

The preservation of bones and ivory presents its challenges, as these materials comprise
minerals, collagen, and water. They are prone to chemical and biological deterioration, which leads to
cracking and pulverization. Applying nano-TiO; in consolidation processes has shown to be beneficial
in mitigating these issues, thereby preserving the structural integrity of archaeological bones and ivory
pieces.

Metals, with their susceptibility to environmental corrosion, also benefit from the protective
properties of nano-TiO; coatings. These coatings form a barrier against the chemical reactions that
lead to corrosion, effectively extending the life and preserving the appearance of metal artifacts.
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Nano-TiO; stands as a testament to the innovative approaches employed in preserving our
cultural heritage. These advancements not only maintain the structural integrity of historical objects
but also ensure that they can be enjoyed by future generations, providing a tangible link to our past.
The intersection of nanotechnology and heritage conservation is a burgeoning field that promises to

offer increasingly sophisticated solutions to age-old problems of decay and degradation.
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Nano sized titanium dioxide has been
successtully produced in four crystalline
forms (amorphous, anatase, anatase-rulile
and rutile).

X- Ray diffraction pattern showed the
formation of four crystalline forms of titanium
dioxide at whole studied calcination
temperatures from 120 to 900°C.

Application on stone surfaces and conslidation
Environmental weathering and surface erosion are
always some of the most prevalent deterioration factors
responsible for the decay of most of the stone artefacts
and disfigure the surface details beyond reparation.

= el ¥ L
Nanocomposites have been found more suitable for
the purpose of consolidation with improved
properties such as permeability to water vapour and
at the same time impermeability tiquid water, along
with chemical andphotochemical stabilityty.(nano-
TiO2) in the Paraloid B-72 network have improved
consolidation properties as observed on marble
surfaces

The morphology of prepared nano titanium dioxide obtained from

AFM analysis and SEM images shows:

A. In sol-gel method with TTIP as source materials acidic and
alkaline media the shapes of particles is spherical but in high
acidity case the less aggregates and bigger TiO. particles is
formed. The size of particles at higher pH=7, 9 values is smaller
and agglomerate.

B. In hydrothermal method Non uniform shape of particles with low
agglomeration is observed by using acetic acid. Agglomeration
and small particles size is observed by using phosphotungstic
acid.

Protective coating for wood

Wood surfaces exposed to atmospheric conditions tend to get
discoloured over a period of time due to UV radiation. To protect
wood surfaces, nanoscaleTiO, based UV-cured nanocomposite
lacquer has been found to play a significant role.

Application for bone and ivory consolidation

Bones are mainly composed of 60—70 wt% minerals, 20-30
wt%collagen and 10% water. Chemical deterioration of
mineral phase, decomposition of collagen and biodeterioration
cause cracking and pulverisation of archaeological bones
Surrounding atmospheric condition, overall, also plays a vital
role in the degradation of archaeological bone surface

Application on metal as protective coating
Application on metal surfaces as protective coating

Most of metals are susceptible to environmental corrosion
which occurs as the resulf of a chemical reaction between the
metal and its surrounding.
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3.16 Artifacts Obtained from Shipwreck in Iran

Name: Roya Rafice
Country: Iran
Email: rrafiee@acoi.org.ir

In the exploration of Iran's rich cultural heritage, the nexus between

technology and archaeology has yielded a novel approach to the
preservation and understanding of antiquities. Notably, the employment
of nuclear techniques has shown promise in safeguarding and scrutinizing
the remnants of history, though its application has been primarily confined to

terrestrial artifacts, such as paintings. Yet, its potential in characterizing and conserving underwater
relics, especially those reclaimed from shipwrecks, remains largely untapped.

The Persian Gulf, with its bustling ports and strategic maritime routes, has been a witness to
history's ebb and flow. Bushehr port, in particular, serves as a living museum beneath its waters,
harboring secrets from bygone eras. The significance of this region extends back to the Sassanid era,
as evidenced by the discovery of torpedo-shaped ceramics and pottery, which not only depict the
artistic endeavors of the period but also illuminate the extensive commercial networks that thrived
along the shores of the Persian Gulf.

This underwater trove, however, is not limited to Sassanid artifacts. The Achaemenid period,
another golden age in Iranian history, has also left its indelible mark. A detailed examination of silver
artifacts from this epoch, conducted by Oudbashi and Shekofteh in 2015, underscores the
sophisticated metallurgical practices of the time. Through techniques such as Scanning Electron
Microscopy coupled with Energy Dispersive X-ray Spectroscopy (SEM-EDX), and optical
metallography, researchers have been able to decipher the composition and manufacturing processes
of these relics, revealing a nuanced understanding of the Achaemenid's craftsmanship.

It is not only the artifacts themselves that tell a tale but also the sunken vessels that once carried
them. The northern Persian Gulf's seabed is studded with shipwrecks, silent sentinels of maritime
history, many of which date back to the tumultuous years of the Iran-Iraq war. Although the exact
count of these sunken ships remains unknown, they are often discovered through the cargo and
remnants that have washed ashore ot lie shallow beneath the waves. The full extent of these
underwater caches has yet to be uncovered, as deepwater surveys have not been conducted, suggesting
that a wealth of historical artifacts remains hidden in the depths.

The interplay of archaeological finds from various periods—ranging from the Late Parthian era
to the early Islamic centuries—highlights the complexity of Iran's historical narrative. Items such as
olive oil, wine, and cereals, once transported in these torpedo-shaped ceramics, speak volumes about
the trade practices and economic interconnectivity of the region. Moreover, the presence of bitumen-
coated interiors in these vessels offers a glimpse into the ingenuity applied to overcome the challenges
of maritime transport.

The discovery of glazed jars and pottery in hues of turquoise and green further enriches our
understanding of the Sassanid period. These artifacts not only serve as physical evidence of the
Sassanid's artistic expression but also as markers of Iran's historical ties with Arabian, East African,
Indian, and East Asian nations.
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Despite the richness of the findings, challenges persist. The technology to fully document and
preserve these underwater artifacts is yet to be fully implemented. The potential for using nuclear
techniques akin to those applied in preserving land-based cultural heritage holds great promise. It
beckons a new frontier in archaeological conservation, one that bridges the gap between the ancient
and the atomic age.

In summary, Iran's submerged artifacts present a mosaic of historical narratives waiting to be
pieced together by the hands of modern science. As we stand on the brink of uncovering these
submerged chronicles, the fusion of nuclear science and technology with traditional archaeology could
well be the key to unlocking the secrets of Iran's maritime legacy.
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In our country, the effects of nuclear techniques such as
electron beams and gamma rays have been investigated to
preserve cultural heritages such as paintings, but nuclear
techniques have not yet been used to characterization and
preservation of artifacts obtained from shipwreck sites
underwater marine environment.

Characterization, conseryation and preservation

Oudbashi & Shekofteh (2015), investigated four silver
artefacts dated to Achaemenid period, found in Hamedan
region, to identify manufacturing/ shaping process as well as
alloy composition. The examined objects consist of two bowls,
one decorated plate and one decorated spoon with the head of a
felidae (Figure 1). SEM-EDX method has been applied on
cross section samples to determine chemical composition of the
alloys and the phases and optical microscopy (Metallography)
and SEM techniques were used to study of microstructure and
manufacturing/shaping procedure. The results showed that all
samples were made of silver-copper alloys with different
amount of copper in each artefact. Other elements have
detected in minor/trace contents such as As. Pb, Cd, Al, S. Two-
phased microstructure could be observed in two Achaemenian
silver bowls because of the high amount of copper in alloy
composition. Two other artefacts include single phase
microstructure depending on low content of copper in alloy
composition.

Figure 1, Four silver objects from Ebr-e Sina Museum, Hamedan, B-1 and B-2: large silver bowls, S-1:
spoon with the head of felldae decoration and P-1: silver plate with lob and petal decorations.

Shipwrecks in the northern Persian Gulf are a common feature
of the seabed. Shipwrecks are one of the oldest and most
abundant man-made structures found all around the world.
During the Iran-Irag war between 1980 and 1988, 400
commercial ships were attacked.

However, the exact number of sunken ships is not known. All
discoveries are based on the identification of cargo shipments
found in the shallow sea.

Deepwater surveys have not so far been conducted.
Therefore, surface-mounted measuring devices used for
recording submerged historical shipwreck need to be employed.

Underwater archacological surveys in the shallow seas oft the
coast of Bushehr port have brought to light a large variety of
Sassanid pottery. But the remains of cargo material, wreckage
of ships have not so far been found.

The Bushehr port is a potential region for underwater
archaeology. The site is located 500 m from the coastline of the
Bushehr port, between the customs wharf and the Bushehr city
council building,

Sporadic occurrence of potsherds, some intact pots and apart
of stone anchor indicated the presence of a sunken ship near
the shores of Bushehr Peninsula. The torpedo shaped pottery,
medium-sized crocks with four horizontal handles and a
number of medium sized glazed crocks of turquoise colour and
a few small vessels were found in the sediment, which suggest
that the site can be dated precisely (Figures 2-4).

Figure 3. The monochrome glazed jars,
the coast off the Bushebr port

Figure 2. Discovered torpeda crock from
shallow coasts off the Bushchr port.

The torpedo-shaped ceramics belong to the Late Parthian
to the end of the Sassanid period. During the first two
centuries after the Islamic period valuable liquids such as
olive oil, fish salt profit, wine and sometimes cereals were
transported from the Iranian ports to the destinations along
the Arabian coasts of the Persian Gulf, the Indian
subcontinent, East Africa and East Asia. The inside of
these ceramics was coated with bitumen to waterproof
them. The turquoise glazed and green coloured pottery
found at the sites is good evidence to establish links with
the Arabian, East African, Indian and East Asian trading
nations, suggesting the widespread Sassanid commercial
network in the Persian Gulf.

Along with torpedo shaped pottery and stone anchor,
another typical pottery of the Sassanid period was the
turquoise pottery.

Figure 4, Variety of pottery discovered in the shallow walers off the Bushehr port

Tofighinn H. (2019). Shipwrecks off the Bushehr port i the Persian Gulf. €LRRANT SCIENC 117010); 1 6%0-
1692

Ouifbashi and Shekofleh. (2015) Chenncal and mictosttuchizal analvsis ol some Achacmenian silver alloy
anclacts from  Hamodan, westem lran. Penodico di Mingralogia, 84, 3A (Special Issuc), 419434,
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3.17 Palestine

Name: Zaid Daoud
Country: Palestine
Email: zaidsdaoud@gmail.com

I the heart of the Middle East, the State of Palestine is a testament to

the resilience and the rich tapestry of human history, culture, and religious
significance. This land, cradled by the Mediterranean and marked by the
footsteps of myriad civilizations, bears the indelible marks of the Greek, Roman,
Byzantine, Crusader, and Islamic eras, each layer adding to the complex mosaic of its heritage.

The Palestinian Ministry of Tourism and Antiquities, a pillar established with the inception of
the Palestinian Authority in 1995, is the guardian of this legacy. The Ministry is a fortress of cultural
preservation, housing various departments including Protection, Excavations, Museums, and
Restoration, alongside the National Register and several others devoted to nurturing the tourism
sector.

The Ministry's endeavors are far-reaching, spanning the protection of ancient sites, overseeing
systematic excavations, and the meticulous work of restoration and conservation. These activities are
essential in maintaining the integrity of Palestine's cultural assets and in providing a window into the
past for both locals and visitors alike. The National Register, maintained by the Ministry, serves as a
comprehensive catalog of the country’s treasures, ensuring that each artifact, site, and historical
narrative is documented, studied, and preserved for future generations.

The religious landmarks dotting the Palestinian landscape are not only of historical and cultural
value but also of profound spiritual importance. As the birthplace of the Abrahamic religions,
Palestine is a sanctuary for those seeking to connect with a faith that has shaped much of the world's
history. The Ministry's role extends to these sacred spaces, upholding their sanctity and ensuring they
remain accessible to the faithful from around the globe.

Investing in the cultural heritage sector is also an investment in the future of Palestinian tourism.
By preserving the past, the Ministry of Tourism and Antiquities is paving the way for sustainable
tourism that educates and inspires. This tourism does not merely seek to show but to tell a story — the
story of a land etched with the narratives of countless generations, a crossroads of civilization, and a
keeper of sacred chronicles.

The work of Daoud and his colleagues at the Ministry is a continuous dialogue with history, an
effort to ensure that the physical remnants of Palestine's past continue to speak to us with clarity and
truth. It is a task that requires patience, precision, and a deep respect for the layers of history that
make up the fabric of Palestinian identity.

In conclusion, the State of Palestine, through its Ministry of Tourism and Antiquities, stands as
a steward of its own narrative, diligently working to conserve its rich historical and cultural inheritance.
This is not merely an academic exercise but a vital, living process that reaffirms the Palestinian
commitment to their heritage and shares it with the world as a testament to their enduring spirit and
the universal value of their legacy.
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Palestine

Palestine is distinguished by its resilience, history, and rich cultural heritage due to the
successive civilizations that have influenced it since the Stone Age, including the Greek,
Roman, Byzantine, Crusader, and Islamic eras in all their stages. It also houses some of the
most significant religious landmarks in the world, as it is the cradle of the Abrahamic religions.
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STATE OF PALESTINE
Ministry of Tourism & Antiquities

Zaid Daoud
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Archaeology at Cairo University,
specializing in Restoration.

Currently pursuing a master's degree
in Archaeological Restoration at the
University of Al -Quds.

Employed at the Department of
Archaeological Restoration and
Preservation in the Palestinian Ministry

of Tourism and Antiquities.

The Palestinian Ministry of Tourism and Antiquities was established,
Museums and Restoration, the National Register, and otherwith the
beginning of the establishment of the Palestinian Authority in 1995 .The
Ministry contains many general departments and departments, such as the
Department of Protection, Excavations departments related to tourism.
This institution works in all its sectors to preserve cultural heritage and

develop the tourism sector.
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3.18 PIXE Contribution for a Database on Phoenician Pottery

Name: Walid Iskandarani
Country: Lebanon
Email: w.iskandarani@cnrs.edu.lb

The quest to unravel the mysteries of the past often leads scholars and
archaeologists to probe the ancient relics that have withstood the test of
time. Among these relics, pottery is unique, offering information about the
cultural, economic, and artistic landscapes of bygone eras. The Phoenician i
civilization, known for its extensive trade networks and cultural richness, has left behmd a trove of
ceramic artifacts that intrigue scholars today. A recent study, spearheaded by a collaborative team
from the Lebanese Atomic Energy Commission in Beirut and the Institute of Studies on the Ancient
Mediterranean, CNR, in Rome, Italy, has made significant strides in expanding our understanding of
Phoenician pottery through Particle Induced X-ray Emission (PIXE) analysis.

The study's focal point was to enhance the existing database of chemical compositions of
archaeological ceramics. The researchers sought to integrate new data from hinterland sites, mainly
targeting the ancient cult place of Kharayeb, located in the rural hinterland of Tyre, southern Lebanon.
This site, which dates back to the Persian and Hellenistic periods, offers a unique lens through which
the interplay of Hellenistic influences in the Phoenician world can be observed and understood.

PIXE analysis has proven instrumental in characterizing the archaeological pottery from
Phoenicia, which has included both hinterland and coastal sites in Lebanon. A notable finding from
this research is the high calcium concentration in the pottery, a detail confirmed by thin-section
analysis. This elemental signature has helped differentiate between locally produced items and those
that may have been imported from coastal regions.

The implications of this research are manifold. Firstly, it addresses whether the figurines and
other ceramic items were locally produced or imported, thus providing insights into the economic
and cultural dynamics of the region. Secondly, it sheds light on the techniques used in ancient pottery
workshops, tracking the evolution from the Iron Age to the Hellenistic period—a time marked by
significant changes, such as the introduction of the double mold technique.

Furthermore, the differentiation between Persian and Hellenistic figurines is particularly
striking. The study reveals that unlike the Persian figurines, the Hellenistic ones belong to a more
consolidated group, indicating a possibly streamlined production process or a narrower range of
sources for the raw materials.

The research team's ambition continues beyond the current findings. Plans are underway to
extend the study to include other archaeological pottery of Phoenician character from the
Mediterranean. This expansion is expected to provide a more comprehensive view of the Phoenician
civilization's material culture, offering archaeologists and historians valuable data to decode further
the complex tapestry of interactions that defined the Mediterranean in antiquity.

In essence, this academic pursuit stands as a testament to the power of modern analytical
techniques in breathing new life into ancient artifacts. By applying PIXE analysis to Phoenician
pottery, the team has not only broadened the scope of our existing databases but has also paved the
way for future discoveries that will deepen our understanding of historical production processes,
trade, and cultural exchange in the Mediterranean region.
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Summary
it is proposed to study the Phoenician ancient cult place of
Kharayeb, in the rural hinterland of Tyre, southern of Lebanon,
dated to Persian and Hellenistic periods. Rural contexts, in fact,
are particularly helpful in evaluating the complexity and
variability of the so called “Hellenism” and of “Greek cultural
influences” in the Phoenician world.

Enlarge the existing database, using PIXE,
mainly from coastal sites in Lebanon, on
chemical composition of archeological
ceramics with the implementation of new
data, from hinterland this time.

Understand if the figurines were locally
produced or imported from the coast and
how was the process of production connected

to the sanctuary.

Obtain information about the technique of
production of ancient pottery workshops, in
view of the transition from the ancient system
of production, typical of the Iron Age, to the
new system of the Hellenistic period {with the
introduction of the double mold technique)
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This study will be extended to include other archeological pottery of Phoenician character from around the
Mediterranean
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3.19 Shipwreck Artifacts in Oman

Name: Shamma Khamis Aisace
Country: Oman
Email: shammakhamis23@gmail.com

Perched at the southeastern edge of the Arabian Peninsula, Oman is a

land where the past whispers through the relics submerged in its
surrounding waters. The Sea of Oman to the northeast and the Arabian
Sea coupled with the Indian Ocean to the southeast have cradled Oman’s
maritime history, safeguarding its stories beneath waves and tides. Among the most intriguing
narratives are those emerging from the shipwrecks off its coasts, particularly from the Al Hallaniyat
islands, where an astrolabe tympan disc was recovered—a beacon from the past guiding us through
the maritime history of Oman.

This astrolabe tympan disc, a navigational instrument used by ancient mariners to discern the
position of the stars and planets, is crafted from leaded bronze and adorned with intricate decorative
features. The discovery of such an artifact provides not only a physical connection to Oman’s rich
seafaring history but also a testament to the advanced technological capabilities of past civilizations.

The conservation of this artifact is a tale of meticulous scientific endeavor. Before its
restoration, the disc was stored in tap water at a cool 5°C for two years—a preservative measure to
forestall further deterioration. The X-ray examination of the Sultan Qaboos University Hospital’s
radiography department revealed that although the object had undergone partial mineralization, it
retained most of its metallic core. This finding was pivotal, indicating that despite centuries beneath
the sea, the disc had not lost its essence and could be restored.

The methodology for conserving such a historically significant artifact had to be as precise as
gentle. After the prolonged submersion in tap water, the disc exhibited low chloride levels, an
encouraging sign for conservators. Chlorides, often the harbingers of corrosion for metal artifacts
retrieved from marine environments, were absent to the extent that after three weeks, the chloride
level of the object’s solution dropped to 0 ppm. This indicated that the object was ready for the next
phase of conservation.

In a final bath of distilled water, the disc was allowed a respite, ensuring any residual chlorides
were diffused from the metal, a crucial step to stave off future corrosion. The subsequent stage
involved solvent drying in ethanol for one hour. This process was not merely about drying the artifact;
it was about protecting it. The ethanol served a dual purpose: it displaced the water to prevent flash
corrosion—a rapid rusting that can occur when metals are exposed to air after being submerged for
long periods—and prepared the object for mechanical cleaning.

The transition from recovery to restoration is a meticulous process that requires knowledge of
ancient artifacts and modern conservation techniques. The astrolabe tympan disc’s journey from the
oceanic depths to conservation showcases the dedication of Oman to preserving its maritime heritage.
It reflects a broader commitment to understanding and safeguarding the artifacts narrating Oman’s
historical relationship with the sea. Through such painstaking efforts, we are reminded that preserving
our cultural heritage is not just about maintaining objects from our past but about understanding the
legacy of human ingenuity and ensuring its endurance for future generations to admire and study.
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Shipwreck Artifacts in Oman

Oman's location

Oman is situated in the south eastern corner of
the Arabian Peninsula. It is surrounded by the sea
on two sides, the Sea of Oman to the Northeast
and the Arabian Sea and the Indian Ocean to the

Southeast.

Shipwreck artifacts

Astrolabe tympan disc recovered from Al
Hallaniyat islands on the coast of Oman. The
object was stored in tap water at 5 Co for two
years prior to conservation. The object is a leaded
bronze tympan disc with decorative features. The
object was X-Rayed within Sultan Qaboos
university hospital radiography department. X-Ray
reveals the object to be partially mineralised but to

contain the majority of a metal core.

be X-Ray: 30 scconds at 120kv

Conservation Methodology

Following two years in storage the object was found to have
low chloride levels. The chloride level of the objects solution

dropped to Oppm after a period of 3 weeks in tap water. The

object was then placed in a final bath of distilled water to
allow for better diffusion of any residual chlorides. Prior to
mechanical cleaning the object was solvent dried in ethanol
for one hour to quickly remove water and prevent flash

corrosion upon drying.
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3.20 Status of Conservation and Characterization of Ancient
Cultural Heritage Artifacts in Pakistan
Name: Azra Yaqub

Country: Pakistan
Email: drazrayaqubl@gmail.com

In the cradle of ancient civilizations, Pakistan holds a tapestry of human
history woven over thousands of years. This country's cultural heritage,
with its archaeological troves and architectural marvels, forms an unbroken
narrative from prehistoric eras to the sophisticated Mughal period. It is a
narrative punctuated by the grandeur of Mobenjo-Daro and Harappa, the spiritual aura of Buddhist
monasteries and stupas in the Gandhara region, the elegance of Mughal architecture, and the colonial
imprints of British structures.

At the intersection of preservation and study, institutions like the Pakistan Institute of Nuclear
Science and Technology (PINSTECH) and the Department of Archaeology and Museums (DOAM)
are custodians of this legacy. They are not merely conserving artifacts but are also deciphering their
stories through advanced scientific methods.

Recently, through the collaboration under the RAS/1027 project, a significant stride was made
with the signing of a Memorandum of Understanding (MOU) between DOAM and PINSTECH on
23 September 2022. This partnership has propelled nuclear science in analysing and preserving
heritage artifacts, bringing to light the elemental compositions of objects that once adorned the
ancient Indus Valley or the revered halls of Gandhara.

In the bustling capital city of Islamabad, within the walls of the DOAM Museum, handheld
XRF (X-ray fluorescence) devices have meticulously scanned about 30 ancient artifacts. This non-
destructive technology peels back the layers of time, revealing the elemental makeup of these historical
treasures without causing any damage.

The scientific endeavors at PINSTECH are not confined to the museum's corridors. The
institute has a 10 MW swimming pool-type reactor, PARR-I, and a 27 kW tank-in-pool type reactor,
PARR-II, with a 10-20 MW PARR-IIT under construction. These facilities enable a range of studies,
from carbon dating, which determines the age of archaeological finds, to X-ray and neutron
radiography, which unveil the internal structures of these silent sentinels of history.

The first Workshop on Conservation Science, held in June 2023, became a confluence of
knowledge and expertise. With distinguished talks delivered, the event illuminated the path for the
future preservation of cultural artifacts. The exchange of expertise was further enriched by the visit
of Korean experts from the Korea Cultural Heritage Foundation (KCHF) and DOAM members to
PINSTECH, marking a day of international cooperation and shared commitment to heritage
conservation.

Looking ahead, PINSTECH plans to extend its analytical prowess to the study of ancient coins
and other artifacts, ensuring that even the smallest piece of history is given a voice. The institute also
emphasizes the preservation of paper, an often overlooked but crucial carrier of historical knowledge.

Pakistan's journey in heritage conservation is a testament to its reverence for the past. It is a
commitment set in stone and metal, in the molecules of paper and the contours of coins—a promise
to safeguard the echoes of ancient wisdom for generations to come.
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STATUS OF CONSERVATION AND CHARACTERIZATION OF ANCIENT CULTURAL
HERITAGE ARTEFACTS IN PAKISTAN
A. Yaqub', N. Siddique', Y. Faiz', T. Saced?
! Pakistan Institute of Nuclear Science and Technology (PINSTECH), P.O. Nilore, Islamabad, Pakistan
’Department of Archaeology and Museums (DOAM), Government of Pakistan, Islamabad, Pakistan

Badshahi Mosque (1673 CE)

Pakistan at a Glance Shah Juhan Mosque (1647 CE)
Pakistan’s cultural heritage dates from prehistoric era |

* ‘The archaeological remains of Mohenjo-daro,
Harappa and several other sites from the Indus
Valley Civilization (3000 16 1500 BC)

®* The archacological remains of  Buddhist
Monasteries & Stuppas in the Ghandhara region
(500 BC to 500 AD) at Taxila

*  Mughal Gardens, Forts and Tombs (900 to 1500
AD)

* Buildings and structures of British period Mehargarh (7000 to 2600 BC) Harrapa (7000-2500 CE
il PINSTECH About RAS/1027 Project
— —
Project Outcomes
*  Signed an MOU with the Department of 5
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Regional Training Course on the “Application of Nuclear lechnigues for Characterization and Preservation of Artefacts Obtained jrom Shipwreck ™, Malacca, Malaysia, 23 10 27 Oct, 2023
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I THE APPLICATION OF NUCLEAR TECHNIQUES FOR THE CHARACTERIZATION AND
PRESERVATION OF ARTIFACTS OBTAINED FROM SHIPWRECKS

4. CONCLUDING REMARKS

As we conclude this comprehensive exploration, it is evident that our journey through the

multifaceted landscape of nuclear technology, cultural heritage, and preservation has unveiled an
extraordinary tapestry of human ingenuity and collaboration.

The backdrop of nuclear technology, which has evolved over a century of remarkable
achievements, spans diverse domains from energy production to advanced medical treatments and
materials characterization. What was once shrouded in enigma and elusiveness has become an
accessible frontier of scientific exploration. Nuclear technology's enduring legacy lies in its ability to
redefine the boundaries of what is possible, with each milestone carving new pathways for innovation
and discovery.

This book has skilfully illuminated one of the lesser-known and rarely-discussed applications of
nuclear technology - the safeguarding and unravelling of our cultural heritage, primarily solid artifacts.
These artifacts, ranging from pottery to ancient ships and archaeological sites, bear silent witness to
the rich tapestry of human history. Many of these relics, shrouded in antiquity, have remained
tantalising puzzles due to the constraints of earlier technologies, which limited our comprehensive
understanding of their historical significance.

The proliferation of nuclear technology and its associated techniques has heralded a profound
transformation, infusing what were once unremarkable relics with deep historical significance. X-rays,
gamma rays, and neutron sources have emerged as revelation tools, capable of dissecting artifacts
down to their minutiae, enabling a deeper understanding of our ancestral societies and the echoes of
their existence.

The power of nuclear techniques goes beyond mere observation. They stand as vigilant
custodians against the relentless passage of time and the corrosive forces of bacteria and fungi,
threatening to erode our invaluable artifacts' delicate surfaces. Through nuclear interventions, we have
acquired the means to protect and prolong the life of these fragile treasures.

Moreover, nuclear techniques have assumed the role of artful restoration, breathing life into
damaged relics. This restoration serves as a window into the innovative minds of our forebears and
helps us piece together the jigsaw puzzle of our history, enabling us to bridge the temporal gap that
separates us from ancient civilisations.

Perhaps one of the most inspiring revelations of this book is the harmonious coexistence of
scientific and artistic realms. Traditionally perceived as disparate disciplines, the collaboration between
scholars straddling both worlds underscores the limitless possibilities that unfold when we embrace
the fusion of expertise. Historians, scientists, archaeologists, and artists have synergised their
knowledge and skills, orchestrating the revival of our past and offering all an enthralling invitation to
explore and appreciate the treasures preserved for generations to come.

Furthermore, we have journeyed through the intricate world of cultural heritage
characterization and preservation, a domain illuminated by the intellectual crucible of the IAEA-
sponsored workshop. This chapter has informed us of techniques and methodologies and immersed
us in the fascinating maritime history of the Malay Peninsula, teeming with shipwrecks, each
harbouring its own stoties of seafaring civilisations and trade routes.
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| 4. CONCLUDING REMARKS

The chapters have underscored the pivotal role of nuclear sources and techniques. These
essential tools have unlocked the concealed details of these relics. The precision and care with which
gamma rays, neutrons, and X-rays have been employed have enabled us to transcend the boundaries
of time, presenting us with profound insights into our past societies.

The subsequent sections of this chapter have delved into the preservation of geoarchaeological
sites, ceramic potteries, and waterlogged wood, each boasting its own set of challenges and rewards.
Through the discerning lenses of nuclear and imaging techniques, we acknowledge the historical
significance of these artifacts and witness the scientific prowess that underscores the preservation
efforts.

Lastly, this book has taken us on a global tour of current cultural heritage characterization and
preservation efforts by countries with rich and diverse legacies. From the Southeast Asian nations of
Bangladesh, Cambodia, Indonesia, Malaysia, and the Philippines to the Middle Eastern regions of
Iran, Iraq, Jordan, Lebanon, Oman, and Palestine, and even to European nations like France, these
countries have shared their unique approaches to safeguarding their cultural treasures. This chapter
provides a window into the fascinating and dynamic world of cultural heritage characterization and
preservation, underlining the dedication and commitment of these nations to protect their historical
riches for future generations.

This book invites us to celebrate the nexus of nuclear technology, art, and cultural heritage. It
beckons us to recognise the power of collaboration, innovation, and unyielding dedication to
preserving our collective history. As the final chapter of our exploration, let it serve as a conclusion
and a call to action - a reminder of the immense value of our cultural heritage and the inspiration to
continue the voyage of discovery, preservation, and appreciation for future generations. It is a
testament to the enduring power of human curiosity and the indomitable spirit of exploration that
has brought us this far and will continue to guide us into the future.
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