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policy-making and executive programs, the absence or inadequacy of suitable and efficient la-
boratory equipment and facilities, the failure to allocate sufficient financial resources for labor-
atory-based research, and the lack or weakness of regulations to systematize sampling from
historical objects and artifacts. Sampling constitutes the foundation of numerous laboratory
studies grounded in heritage, which, beyond scientific protocols, necessitates a clear and defined
framework of legal regulations—a framework that adheres to domestic legal requirements and
considerations, particularly in the issuance of permits for sampling from historical objects and
fabrics. The process of sampling and conducting analyses on samples from historical artifacts, Copyright: ©2025 by the Authors. This
especially in archaeometry, is profoundly influenced by political and security constraints. These article is an open access article distributed
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historical research exceedingly difficult, while, on the other hand, the exigency to undertake
such investigations abroad has exacerbated Iran's dependency on foreign institutions. In cit-

cumstances where fluctuations in political relations with advanced nations (predominantly

Western) impede effective measures in laboratory activities—such as the importation of equip-

censes/by-nc/4.0

ment, the establishment of comprehensive and sophisticated laboratories, or the dispatch of
samples to reference laboratories abroad—at minimum, emphasis can be placed on the formu-
lation of laws and guidelines that facilitate and systematize the domestic sampling process. This
approach propels research endeavors with minimal administrative and technical impediments,
insulated from individual predilections and subjective perspectives. Such a measure can serve as
an invaluable instrument for administrators and scholars in justifying the imperative of labora-
tory research within the realm of cultural heritage, averting administrative and scholarly disarray,
and ultimately furnishing a conducive milieu for autonomous scientific advancements in archae-

ological sciences and enhanced preservation of Iran's cultural heritage.
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and the absence of scientific databases, undermining the country’s
scientific and security standing. Cultural heritage, as national
Introduction wealth, holds political and security significance alongside socio-

cultural value, necessitating rigorous preservation. Inherent limi-

Laboratory research in Iran faces challenges such as finan- . . . . .
y & tations of historical artifacts—such as bans on sampling or trans-

cial, human, and temporal resource constraints, restrictive laws . . . .
’ ’ p ’ ’ porting them to labs—complicate research. Micro-sampling and
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minimal invasive techniques are vital, yet research success depends
on sample quality and quantity. A “representative sample” must
reflect the study population, have appropriate size, and be me-
thodically selected. Adhering to ethical, legal, and scientific prin-
ciples in sampling ensures result credibility and reproducibility.
Many countries establish standardized frameworks for sampling,
balancing research needs with heritage preservation. As Oddy
(1984) notes, improper sampling (e.g., oversized or non-repre-
sentative samples) undermines studies. Effective sampling re-
quires alignment with research goals and strict compliance with
protocols. Institutionalizing ethical guidelines strengthens re-
search legitimacy, enabling findings to inform preservation strate-
gies. Thus, integrating scientific rigor with cultural sensitivity is key
to advancing heritage studies while safeguarding irreplaceable ar-
tifacts.

Necessity and Importance

The integration of quantitative scientific approaches in Iran’s
cultural heritage sciences has become imperative due to the inter-
disciplinary nature of modern research and advancements in tech-
nical fields such as archacometry (Razani & Taghvi, 2024). Ar-
chacometric analyses—spanning materials like ceramics, metals,
and organic remains—rely fundamentally on systematic sampling,
advanced laboratory techniques, and precise data interpretation
(Artioli, 2010). Accurate sampling is as critical as analytical preci-
sion, as flawed methodologies compromise the validity of scien-
tific outcomes, particularly for mineral and organic cultural mate-
rials (Shackley, 1998). Laboratory activities, including sampling,
are not merely ancillary but foundational to bridging theoretical
knowledge and practical application. They foster critical thinking,
problem-solving, and empitical validation, essential for both nat-
ural sciences and humanities. In cultural heritage, scientific test-
ing—such as chemical composition analysis, dating, and authen-
ticity verification—plays a pivotal role in conservation and histor-
ical interpretation. Quantitative data derived from sampling enable
robust statistical analyses, testing hypotheses, and refining theo-
ries. However, Iran’s heritage sector faces unique challenges: the
intrinsic material and symbolic value of artifacts often restricts in-
vasive sampling, necessitating non-destructive, in situ analyses.
Additionally, stringent ethical and legal protocols frequently limit
sample sizes or mandate post-analysis restitution, undermining
methodological rigor. These constraints, compounded by finan-
cial and infrastructural gaps, hinder comprehensive laboratory
studies, even when funding is available. The absence of stand-
ardized guidelines for sampling exacerbates these issues, creating
ambiguities in permissible methods, sample volumes, and docu-
mentation. Addressing these challenges requires a dual focus: ad-
vancing non-invasive technologies (e.g., portable spectrometers)
to minimize physical intervention and establishing clear, context-
sensitive regulatory frameworks. Such measures would balance

preservation ethics with scientific demands, ensuring data

reliability while safeguarding heritage integrity. Ultimately, system-
atizing sampling protocols and prioritizing laboratory infrastruc-
ture are vital to advancing Iran’s archacometric capabilities, fos-
tering interdisciplinary collaboration, and enhancing global contri-

butions to heritage science.
Methodology

This study adopted a qualitative research design, utiliz-
ing semi-structured interviews with experts in cultural heritage
and laboratory sciences. Participants were selected via purposive
sampling, focusing on individuals with ditect experience in chal-
lenges associated with historical artifact research. Data from inter-
views were analyzed through thematic analysis, framed around
predefined categories of challenges (e.g., resource constraints, le-
gal barriers) and solutions (e.g., micro-sampling, standardized pro-
tocols). Themes were systematically coded and synthesized to ad-
dress the research objectives. The findings were organized into
coherent narratives, highlighting actionable strategies to enhance
laboratory-based research and preservation practices while adher-

ing to ethical and scientific standards.

Results

Challenges in Conducting Laboratory Testing and Sampling
of Historical-Cultural Artifacts in Iran

The identification, documentation, and preservation of cul-
tural heritage in Iran face multifaceted challenges, particularly in
specialized research, laboratory activities, and sampling. These
challenges stem from diverse factors: inadequate infrastructure in
domestic specialized laboratories, reliance on foreign laboratories,
fluctuating international scientific collaborations due to sanctions,
informal sampling of cultural artifacts, neglect of expert oversight
in sampling processes, custodial mismanagement of cultural as-
sets, weak research and conservation governance, and insufficient
storage facilities for cultural materials. These issues collectively
hinder the pace and quality of scientific research in cultural herit-
age, undermining the reliability of laboratory-based findings.

Challenge 1. Lack or Inadequacy of Specialized Laboratories.
Challenge 2. Dependency on Foreign Scientific and Laboratory
Centers:

Challenge 3. Volatile International Political Relations and Their
Impact on Cultural Heritage.

Challenge 4. Informal Sampling and Weak Legal Frameworks for
Heritage Laboratory Research.

Challenge 5. Neglect of Expert Oversight in Sampling Processes.
Challenge 6. Custodial Mismanagement and Weak Governance in
Cultural Resource Preservation.

Challenge 7. Insufficient Storage Facilities for Cultural Artifacts.
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Solutions for Preserving Cultural Resources and
Systematizing Sampling of Historical-Cultural Ar-
tifacts in Iran

Given that sampling cultural and archaeological artifacts is
essential for understanding and preserving heritage—and that data
derived from such studies advance archaeological sciences—the
following strategies are proposed to standardize sampling pro-
cesses and enhance the quality of cultural heritage research:

1. Developing Comprehensive Sampling Guidelines and Revis-
ing Existing Laws.
2. Training and Capacity Building for Existing Specialists and
Recruitment of New Experts.
3. Infrastructure Development and Adoption of Advanced La-
boratory Methods.
4. Enhancing Infrastructure and Improving Cultural Resource
Management Systems for Sample Storage and Organization.
5. Establishing Internationally Collaborative Heritage Net-
works Under National Regulatory Frameworks.

a) Implementing Supervisory Mechanisms for Heritage Sam-
pling and Testing.

b) Promoting Multilateral Collaboration in Heritage Sample

Studies.

Discussion

The multifaceted challenges in Iran’s heritage research span-
ning scientific, political, and regulatory domains reveal systemic
deficiencies in infrastructure, governance, and international en-
gagement. Reliance on East Asian laboratories (e.g., China, Japan,
South Korea), while a pragmatic response to geopolitical sanc-
tions, underscores Iran’s vulnerability to external dependencies
and domestic technological gaps. This reliance not only limits ac-
cess to cutting-edge methodologies but also exposes research out-
comes to geopolitical volatility, as seen in shifting international al-
liances and restricted scientific exchanges. Crucially, the absence
of standardized protocols for sampling artifacts—particularly
those outside excavation contexts—exacerbates administrative
bottlenecks and ethical dilemmas. For instance, informal sampling
practices, driven by ambiguous legal frameworks, risk damaging
irreplaceable artifacts and undermining data credibility.

Addressing these issues demands institutionalizing transpat-
ent, context-specific guidelines for sample size, documentation,
and analytical methods. Such protocols must align with interna-
tional standards while accommodating Iran’s unique legal and cul-
tural constraints. Parallel investments in non-destructive technol-
ogies (e.g., portable XRF, 3D imaging) could minimize invasive
sampling, preserving artifacts while enhancing analytical precision.
Modernizing domestic laboratories is equally urgent; upgrading in-

frastructure would reduce reliance on foreign facilities and foster

localized expertise in archacometric techniques like chemical com-
position analysis and radiocarbon dating.

Strengthening multilateral partnerships, despite political ten-
sions, remains critical. Collaborative frameworks with global insti-
tutions could facilitate knowledge transfer, equipment acquisition,
and joint publications, mitigating isolation caused by sanctions.
Concurrently, centralized oversight by entities such as the Re-
search Institute for Consetvation and Restoration is vital to
streamline processes, enforce ethical standards, and allocate tar-
geted funding. Dedicated grants for archacometric studies, cou-
pled with training programs for heritage professionals, would
build capacity in sampling methodologies and data interpretation.

Ultimately, harmonizing preservation ethics with scientific
rigor requires systemic teforms. By prioritizing infrastructure
modernization, legal clarity, and international collaboration, Iran
can transform its heritage research paradigm—balancing conser-
vation imperatives with advancements in archaeological sciences,
thereby securing its cultural legacy while contributing to global

heritage discourse.

Conclusion

Preserving cultural heritage is a multifaceted imperative. Sampling
cultural materials remains a critical yet contentious method for sci-
entific inquiry. Laboratory research on historical artifacts priori-
tizes non-contact, non-destructive techniques or relies on pre-an-
alyzed reference samples to avoid physical intervention. However,
the absence of a clear legal framework for sampling outside ar-
chaeological excavation permits poses significant challenges. Cur-
rently, sampling is only regulated under fieldwork authorizations,
leaving non-excavation contexts unaddressed. This legal vacuum
creates administrative and ethical ambiguities, compounded by
unclear protocols for sample size, documentation, and methodol-
ogy. To address these issues, establishing transparent, binding reg-
ulations for sampling is essential. Advancing non-destructive ana-
lytical technologies and upgrading domestic laboratory infrastruc-
ture can reduce reliance on invasive sampling. The Research Insti-
tute for Conservation and Restoration of Historical-Cultural Arti-
facts could streamline processes by centralizing testing and over-
sight. Allocating dedicated funding for archaeological and labora-
tory projects, coupled with domestic grants and international col-
laborations, would bolster independent research while mitigating
dependency on external resources. Although stringent protocols
may slow research progress, they are vital for safeguarding herit-
age. Ultimately, harmonizing preservation imperatives with scien-
tific advancement through robust legal and institutional frame-

works will foster sustainable progress in heritage science.
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Figure 1. Accumulation and release of study samples in the courtyard of
the cultural heritage of one of the provinces. from the Mirasbashi Media
(Atyabi, 2024, October 21).
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of the National Museum before the object organization project (March,
2010).
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