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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 23rd to 27th 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  
3rd January 2025 

Malaysia 
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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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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 23rd and 27th 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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2.1 Ancient Shipwrecks in Malay Archipelagos Waters 
 
 

Name: Hasrizal Shaari 
Date of Presentation: 23rd 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 
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 13th and 17th 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. 
 

mailto:riz@umt.gov.my
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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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2.2 Discovery of Shipwreck and Policy related to Underwater 
Cultural Heritage in Malaysia 

 
Name: Ruzairy Arbi 
Date of Presentation: 23rd 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 
most, these undersea vestiges hold the tales of ancient trade, cultural 
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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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: 23rd October 2023 
Email: laurent.cortella@cea.fr 
 

 

Our 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 

mailto:laurent.cortella@cea.fr
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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. 

 
 
 
 
 

  



| Application of Nuclear Techniques for Characterization and Preservation of Artifacts: Principle and Application of   

   Nuclear Techniques for Artifact Preservation 
 

50 | P a g e  
   

 



| Application of Nuclear Techniques for Characterization and Preservation of Artifacts: Principle and Application of   

   Nuclear Techniques for Artifact Preservation 
 

51 | P a g e  
   

 



| Application of Nuclear Techniques for Characterization and Preservation of Artifacts: Principle and Application of   

   Nuclear Techniques for Artifact Preservation 
 

52 | P a g e  
   

 



| Application of Nuclear Techniques for Characterization and Preservation of Artifacts: Principle and Application of   

   Nuclear Techniques for Artifact Preservation 
 

53 | P a g e  
   

 



| Application of Nuclear Techniques for Characterization and Preservation of Artifacts: Principle and Application of   

   Nuclear Techniques for Artifact Preservation 
 

54 | P a g e  
   

 



| Application of Nuclear Techniques for Characterization and Preservation of Artifacts: Principle and Application of   

   Nuclear Techniques for Artifact Preservation 
 

55 | P a g e  
   

 

 



| Application of Nuclear Techniques for Characterization and Preservation of Artifacts: Principle and Application of   

   Nuclear Techniques for Artifact Preservation 
 

56 | P a g e  
   

 



| Application of Nuclear Techniques for Characterization and Preservation of Artifacts: Principle and Application of   

   Nuclear Techniques for Artifact Preservation 
 

57 | P a g e  
   

 



| Application of Nuclear Techniques for Characterization and Preservation of Artifacts: Principle and Application of   

   Nuclear Techniques for Artifact Preservation 
 

58 | P a g e  
   

 



| Application of Nuclear Techniques for Characterization and Preservation of Artifacts: Principle and Application of   

   Nuclear Techniques for Artifact Preservation 
 

59 | P a g e  
   

 



| Application of Nuclear Techniques for Characterization and Preservation of Artifacts: Principle and Application of   

   Nuclear Techniques for Artifact Preservation 
 

60 | P a g e  
   

 



| Application of Nuclear Techniques for Characterization and Preservation of Artifacts: Principle and Application of   

   Nuclear Techniques for Artifact Preservation 
 

61 | P a g e  
   

 



| Application of Nuclear Techniques for Characterization and Preservation of Artifacts: Principle and Application of   

   Nuclear Techniques for Artifact Preservation 
 

62 | P a g e  
   

 



| Application of Nuclear Techniques for Characterization and Preservation of Artifacts: Principle and Application of   

   Nuclear Techniques for Artifact Preservation 
 

63 | P a g e  
   

 



| Application of Nuclear Techniques for Characterization and Preservation of Artifacts: Principle and Application of   

   Nuclear Techniques for Artifact Preservation 
 

64 | P a g e  
   

 



| Application of Nuclear Techniques for Characterization and Preservation of Artifacts: Principle and Application of   

   Nuclear Techniques for Artifact Preservation 
 

65 | P a g e  
   

 



| Application of Nuclear Techniques for Characterization and Preservation of Artifacts: Principle and Application of   

   Nuclear Techniques for Artifact Preservation 
 

66 | P a g e  
   

 



| Application of Nuclear Techniques for Characterization and Preservation of Artifacts: Principle and Application of   

   Nuclear Techniques for Artifact Preservation 
 

67 | P a g e  
   

 



| Application of Nuclear Techniques for Characterization and Preservation of Artifacts: Principle and Application of   

   Nuclear Techniques for Artifact Preservation 
 

68 | P a g e  
   

 

 
 
 



| 2.  CULTURAL HERITAGE CHARACTERIZATION AND PRESERVATION 
 

69 | P a g e  

 

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

 
Name: Mohd Fitri Abdul Rahman 
Date of Presentation: 23rd 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 "Batu 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 is 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 (Ti) 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, 
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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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2.5 Application of Science and Technology in Marine 
Archaeological Studies 

 
Name: Hasrizal Shaari 
Date of Presentation: 24th 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 13th to 16th 
centuries, with links to the Sawankhalok 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 
buried 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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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: 24th 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 
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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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2.7 Scanning Electron Microscopy and Energy Dispersive X-ray 
Analysis: Application in Artifact Characterization 
 

Name: Nadira Kamarudin 
Date of Presentation: 24th October 2023  
Email: nadira@nm.gov.my 
 

 

In a 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 21st 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 paper'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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2.8 X-Ray Diffraction (XRD) and X-Ray Fluorescence (XRF) 
Technique: Application in Artifact Characterization 

 
Name: Roshasnorlyza Hazan 
Date of Presentation: 24th October 2023  
Email: roshasnorlyza@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 
technology, including X-ray Fluorescence (XRF) and X-ray Diffraction 
(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. Similarly, 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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2.9 Standard Operating Procedure Conservation & Restoration of 
Artifacts - Ceramics 

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

 

In 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 
our ancestors. However, these artifacts, while they've survived 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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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: 24th 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 longevity for 
generations. 
 

Radio-curable resin consolidation involves impregnating wooden artifacts with a specialized 
resin that solidifies under controlled irradiation. This method, developed in the 20th 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 18th 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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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: 24th October 2023  
Email: laurent.cortella@cea.fr 
 

 

In the heart of Arles, 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. 
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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 technology; 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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2.12 Nuclear as Scientific Approach in Characterization and 
Preservation of Cultural Heritage Artifact 

 
Name: Muhammad Rawi Mohamed Zin 
Date of Presentation: 27th 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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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: 27th 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 17th-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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3. CURRENT EFFORTS IN CULTURAL 
PRESERVATION BY COUNTRY 

 
Within 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 this 
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.



| Implication of Environment Factors towards Preservation of Artifacts 
 

228 | P a g e  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 



|3. CURRENT EFFORTS IN CULTURAL PRESERVATION BY COUNTRY 

229 | P a g e  
 

3.2 Materials Characterization of Artifacts 
 
Name: Siti Aishah Ahmad Fuzi, Izura Izzuddin 
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-1 corresponds to the vibration of amide protein, indicating 
silk, while a peak at 1055 cm-1, related to C-O stretching, points to cotton. Viscose reveals itself 
through a peak at 1028 cm-1, 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 kain benang halus, the elegant kain 
selendang terekam, and the luxurious kain songket. Each 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 250× 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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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.

mailto:irawati@jmm.gov.my
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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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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 
Email: - 
 

 

In 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. 
 

Pulau Melaka, once known as Pulau 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 17th September 2020 detailing the serendipitous discovery of remnants from the Melaka Sultanate 
and a shipwreck in a mangrove swamp near Pulau 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 Pulau 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 Pulau 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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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 Thai 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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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 9th 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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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 2nd 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 15th 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 1st to the 6th 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 5th and 6th centuries. Following the decline of Funan, 
the Kingdom of Chenla, which prevailed from the 6th to the 8th century CE, continued these ties with 
China. These connections were further cemented during the Angkor period, from the 9th to the 15th 
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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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 Butuan boats, concluding that these 
boats date back to the 8th – 10th  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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3.9 The application of Nuclear Techniques for Characterization of 
the Artifacts in Sumatra, Indonesia 

 
Name: Rusyanti 
Country: Indonesia 
Email: rusyanti08@gmail.com 
 

 

In the verdant landscapes of Sumatra, Indonesia, the subterranean 

realms of Harimau 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 earlier 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 12th to the 20th 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 Kayu 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 Harimau 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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3.10 Conservation: Desalination Treatment of Artifacts excavated 
from the Soil 

 
Name: Lukman Ajiz 
Country: Indonesia 
Email: lukmanajiz@gmail.com 
 

 

This 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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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 care 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 Tang 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, art 
interest groups, and universities in Singapore and internationally. These collaborations have led to 
significant projects, like the analysis of 14th-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 
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 Myanmar'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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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 Ion 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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3.15 Application of Nanomaterials Nano TiO2 for Conservation of 
Cultural Heritage in Iraqi Musuem 

 
Name: Fadhil Abed Allawi  
Country: Iraq 
Email: fadilallawi73@gmail.com 
 

 

In 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-
TiO2), a compound showing great promise in the conservation efforts within 
the Iraqi Museum.  
 

Nano-TiO2 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 900oC. 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 TiO2 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-TiO2 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 TiO2 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-TiO2 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-TiO2 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-TiO2 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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3.16 Artifacts Obtained from Shipwreck in Iran 
 
Name: Roya Rafiee 
Country: Iran 
Email: rrafiee@aeoi.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 or 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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3.17 Palestine 
 
Name: Zaid Daoud  
Country: Palestine 
Email: zaidsdaoud@gmail.com 
 

 

In 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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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 
civilization, known for its extensive trade networks and cultural richness, has left behind 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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3.19 Shipwreck Artifacts in Oman 
 
Name: Shamma Khamis Aisaee 
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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3.20 Status of Conservation and Characterization of Ancient 
Cultural Heritage Artifacts in Pakistan 

 
Name: Azra Yaqub 
Country: Pakistan 
Email: drazrayaqub1@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 Mohenjo-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-III 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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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 stories of seafaring civilisations and trade routes. 
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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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