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Introduction

Historical monuments, representing invaluable cultural heritage, are vulnerable to
corrosion, a gradual deterioration caused by chemical reactions with the environment.
Constructed from various materials like stone, metal, wood, and concrete, each material
faces distinct corrosion risks; metals like iron and bronze oxidize, while stone erodes from
acidic rainwater. Environmental factors like pollution, humidity, temperature fluctuations,
and saltwater exposure can expedite corrosion, with urban areas at higher risk due to
industrial pollution and marine sites due to salt aerosols. Preserving these monuments
involves a delicate balance between authenticity and structural integrity, requiring
corrosion prevention measures such as inspections, cleaning, coatings, and corrosion-
resistant materials. Funding, especially for economically disadvantaged regions, and
interdisciplinary collaboration among conservation, engineering, chemistry, and cultural
heritage experts are vital. Climate change compounds the challenges, exacerbating
corrosion risks through unpredictable weather patterns and extreme events, particularly
affecting coastal monuments facing saltwater intrusion and accelerated decay. In
essence, safeguarding historical monuments demands unified interdisciplinary efforts to
protect our shared cultural heritage.'?

Atmospheric corrosion poses a significant threat to historical metal artifacts and
monuments, making it essential to analyze corrosion products, determine authenticity,
and understand contributing factors. Factors such as relative humidity, particulate matter,
and gaseous pollutants like sulfur dioxide and carbon dioxide can accelerate corrosion.*
When exposed to the atmosphere, artifacts accumulate layers of corrosion products that
can lead to substantial damage. Extensive research efforts worldwide have focused on
the corrosion and preservation of copper and its alloys, including bronze and brass.>®
These studies encompass laboratory investigations, corrosion mechanism elucidation,
and assessment of corrosion reactions and rates in various settings.?° This article studies
two corrosion cases in historical monuments affected by atmospheric conditions in Iran
and the USA.”8

Atmospheric corrosion in the metal pool of Ali Qapu palace in Isfahan, Iran

Iran, a middle east country, boasts a wealth of ancient and culturally significant sites, from
ancient palaces like Persepolis to intricate Persian architecture. However, the natural
process of corrosion, exacerbated by Iran's climate and environmental conditions, poses
a notable threat to these treasures. Corrosion can take the form of stone erosion, metal
oxidation, and damage from pollution in populated cities like Tehran and Isfahan.®

Isfahan, which served as the capital of Iran during the Safavid era (1501-1736 CE),
houses the magnificent Ali Qapu Palace located in Nagsh-e Jahan square (Fig. 1). This
palace was originally constructed during the Safavid period with a dual purpose: to serve
as the royal court and as a hub for managing the affairs of the nation. The construction of
this impressive structure took place in five distinct stages, culminating in the addition of a
grand porch featuring a central pool. The pool's perimeter is crafted from pristine white
marble, while the floor and walls are adorned with metal sheets intricately attached to the
marble surface. However, today, this once-vibrant pool lies dry and exposed to the
bustling urban environment of Isfahan, a city with a rich history and culture. The pool has
three fountains, one at the center and two evenly spaced across its surface. Additionally,
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there are two likely deliberate drainage holes, with one located in a corner and the other
on one side of the pool. The pool exhibits a consistent black-brown patina, indicative of
prolonged corrosion and oxidation in Isfahan's urban environment. (Fig. 2) Conservators
he corrosion levels, prompting efforts to identify the underlying
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corrosion mechanisms.®:10

Fig. 1. a) An aerial perspective of Nagsh-e Jahan Square, highlighting the position of the Ali Qapu Palace
on the Western side of the World Heritage Site as viewed on Google Earth. b) Ali Qapu Palace from an
Eastern view, c) Plan of the porch of the Ali Qapu Palace showing the central placement of the pool on the
porch.” © Mehri Raoufifar, Omid Oudbashi, 2023, Licensed under CC Attribution 4.0 International License.
http://creativecommons.org/licenses/by/4.0/.

Various analytical techniques such as optical microscopy (Fig. 3), ICP-OES, SEM-EDS,
and X-ray diffraction have been employed to investigate the pool's composition and
corrosion mechanism. The findings reveal that the pool's covering comprises numerous
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Fig. 2. The metal pool of Ali Qapu Palace. The writing  Fig. 3. Low-magnification images (10x) of metal
boards labelled from A to D referring to the weights of  sheet details: a) black-brown patina, b) visible
the sheets. Picture C is a personal signature probably  metallic constituent in inscriptions, ¢) contaminations,
from the metalworker or copper trader.” © Mehri ) green corrosion layer with a large crack.” © Mehri
Raoufifar, Omid Oudbashi, 2023, Licensed under CC  Raoufifar, Omid Oudbashi, 2023, Licensed under CC
Attribution 4.0 International License. Attribution 4.0 International License.
http://creativecommons.org/licenses/by/4.0/. http://creativecommons.org/licenses/by/4.0/.
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copper sheets interconnected using both copper and lead nails. Corrosion on the copper
sheet surfaces manifests as copper oxide and copper trihydroxychlorides. The corrosion
process within the metal pool, particularly copper oxidation, arises from the interaction
with chloride and sulfide-contaminated airborne particulate matter, notably dust, leading
to the formation of copper (ll) compounds.”

Corrosion from the chemical perspective

Isfahan faces air pollution characterized by various pollutants, including dust, O3, NHs,
NOz2, formaldehyde, as well as different types of particulate matter (PM)."" Meteorological
conditions impact the corrosion rate of outdoor metals. For instance, exposure to humid
results in the formation of a protective layer called cuprite, which helps shield the metal
from further corrosive damage. The corrosion in the copper pool primarily occurs because
of the initial reaction between copper and oxygen in the air within a nanometer-thin water
layer (adlayer) on the metal surface, which serves as an electrolyte with some dissolved
ions and acids deriving from the air pollution. This process involves the straightforward
oxidation of copper, leading to the formation of cuprite as an internal patina.'? Electron
transfer, ions such as chlorides, and moisture play a crucial role in corroding copper,
initiating a reversible hydrolysis reaction that results in the formation of pale green,
powdery basic copper chlorides like atacamite and paratacamite conduction, and copper
migration within the metal layers contribute to this corrosion mechanism. Alternating dry
and wet corrosion cycles or the formation of insoluble corrosion products on metal
surfaces can accelerate corrosion when moisture is absorbed during the wet cycle. When
exposed to high relative humidity and oxygen, copper ions react with chloride to form
copper chloride (nantokite), which then transforms into various copper
trihydroxychlorides, including atacamite, paratacamite, and botallackite.? Sulfur dioxide in
the open air also accelerates metal corrosion, with copper's initial reactions being
influenced by humidity and sulfur dioxide concentration, leading to the formation of sulfurs
and sulfates, while sulfur dioxide is absorbed by particles and transforms into sulfuric acid
(H2S04). Copper sulfates change and transform to copper trihydroxychlorides in the
presence of chloride ions and low concentrations of SO2.'3

Influence of environment on the Statue of Liberty

The Statue of Liberty, a symbol of freedom and democracy, was a gift from the people of
France to the United States and holds a rich history. Designed by French sculptor Frédéric
Auguste Bartholdi and completed in France in 1884, it was disassembled and shipped to
New York City, arriving in 1885. The statue's assembly on Liberty Island (formerly
Bedloe's Island) was completed in 1886. A collaboration between France and the United
States, the statue was meant to commemorate the centennial of American independence
and symbolize the enduring friendship between the two nations. Standing at 151 feet and
1 inch, the statue is a colossal neoclassical figure of a robed woman representing
Libertas, the Roman goddess of freedom, holding torch and tabula ansata (a tablet
evoking the law) with the date of the Declaration of Independence. Today, the Statue of
Liberty remains an iconic symbol of liberty, democracy, and the immigrant experience in
the United States.™

The restoration of the Statue of Liberty in 1986 aimed to address galvanic corrosion
between its copper skin and wrought iron framework. When two different metals come
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into contact (known as galvanic corrosion), one metal becomes more cathodic, gaining
protection at the expense of the other metal's faster dissolution. An illustrative example of
this is the corrosion of the steel support structure on the Statue of Liberty due to contact
with its (more noble) copper exterior. Over time, the gaskets that originally separated the
copper from the steel deteriorated, allowing direct metal-to-metal contact. Consequently,
the steel corroded, producing expansive corrosion byproducts that caused perforations in
the copper surface, as depicted in Figure 5. Galvanic corrosion can lead to failures in
various applications, including electronics and household plumbing components.
However, during this process, researchers noticed variations in the composition of the
corrosion layer (patina) at different locations on the statue. This raised concerns because
patina is both aesthetically significant for copper or bronze objects and plays a crucial
role in protecting the underlying metal substrate.’8

The composition of the patina on the Statue of Liberty has changed over time (Fig. 4).
Recent analysis showed the presence of antlerite, a mineral with a higher sulfate content,
which was not found in samples from 1905. This change is attributed to acid rain, which
has become more prevalent in the last few decades. It is theorized that acid rain is
attacking the original brochantite mineral, converting it into antlerite, which is more
soluble, potentially increasing the rate of copper loss from the statue. This change in
patina composition has also contributed to the variation in patina color observed on the
statue, which was uniformly green in the 1960s but has evolved over the same period as
the increase in acid rain in the Northeast United States. The mineralogy of the Statue of
Liberty's patina can be influenced by various environmental factors, not just acid rain.
Sulfur dioxide gas and sea salt are among the contributors, with atacamite, a basic copper
chloride, found in the patina. To comprehend the patina's mineral composition, it's
essential to consider the impact of aqueous species like H*, SO4%, CI, as well as OH-,
HCOgs", and NOgs", which are present in the environment. Studies have shown that acid
rain in New York City, at the measured levels, doesn't significantly affect the patina's
mineralogy or solubility. The variation in color patterns on different parts of the Statue
results from a combination of factors

Build-up of voluminous
Corrosion Products

Copper Skin

Wrought Iron
Armature

Copper Rivets

Copper Saddle

Fig. 4. a) Head of the Statue of Liberty on display at Fjg. 5. Galvanic corrosion-induced perforation of the

Champ-de-Mars, Exposition Universelle, Paris, 1878, copper skin on the statue of Liberty.! © 1996, American
and b) in New York city in 2010. The copper skin  gSociety for Metals International

shows signs of aging and corrosion.'* © 2023, NPS
Photo, HUM Images/Universal Images Group via
Getty Images
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like sea-salt deposition, rainwater exposure driven by winds, and metallurgical
considerations related to copper sheet treatment.?

Human, Cultural, and Environmental aspects

The presence of corrosion in historical places entails multifaceted human and
environmental concerns. On the human side, corrosion threatens safety by weakening
structures, potentially leading to accidents. Health issues may arise due to exposure to
toxic corrosion byproducts, and the corrosion's visual impact diminishes the cultural and
aesthetic value of these sites. There's also a risk of losing cultural heritage significance.
Corrosion in historical monuments presents a multifaceted challenge with far-reaching
cultural, economic, and identity-related implications. These cherished landmarks are
vulnerable to the corrosive forces of time and the environment. The gradual deterioration
of historical structures due to chemical reactions with their surroundings threatens to
erase valuable cultural heritage and knowledge about past civilizations. The materials
used in constructing these monuments, such as metals, stone, wood, and concrete, each
respond differently to corrosion, making preservation a delicate balancing act.'”8

Workers involved in restoration face occupational hazards. On the environmental front,
corrosion can release pollutants, contaminate soil and water, and disrupt ecosystems.
Chemical treatments used in corrosion mitigation require careful management.
Additionally, the production of restoration materials contributes to energy consumption
and resource use, making sustainability considerations increasingly vital. Achieving a
delicate balance between corrosion mitigation and these intricate considerations
necessitates meticulous planning and sustainable practices to preserve historical sites
while safeguarding people and the environment.'%16

Economical aspects

On the economic front, corrosion carries substantial costs. Restoring and preserving
corroded historical structures can be exorbitantly expensive, including expenses for
cleaning, repairs, and protective coatings. Ongoing maintenance efforts for corrosion
prevention add further financial strain, and the visual impact of corrosion can deter tourists
and reduce tourism revenue. Structural damage may necessitate costly repairs and
temporary closures. Inside these monuments, valuable artifacts and art collections are at
risk, requiring costly conservation efforts. Rising insurance premiums due to corrosion-
related risks represent an additional financial burden, and the allocation of resources to
corrosion management can divert funding from other heritage preservation or
development projects. Investing in research and development for innovative corrosion
prevention methods is vital but entails initial costs. Despite these economic challenges,
these monuments are vital to preserving our shared cultural and historical heritage,
making the preservation of historical landmarks a complex but necessary endeavor.'%20

Summary
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Environmental corrosion of historical places refers to the gradual deterioration and
damage of heritage sites and structures due to exposure to natural and man-made
environmental factors. This corrosion can result from various elements, including air
pollutants, humidity, temperature fluctuations, and biological agents. Over time, these
factors can lead to chemical reactions that weaken or degrade the materials used in
historical buildings, monuments, and artifacts.

All countries (here exemplified by Iran and the USA) experience corrosion issues due to
various factors such as pollution, humidity, temperature fluctuations, exposure to
saltwater, and the presence of specific corrosive pollutants like sulfur dioxide. These
environmental conditions contribute to the corrosion of historical structures and artifacts,
emphasizing the global challenge of preserving cultural heritage in the face of natural
processes like corrosion. Efforts to mitigate atmospheric corrosion involve monitoring and
analyzing the specific factors affecting a site, implementing protective measures, and
often necessitating restoration work to preserve the historical significance of these
locations. Understanding and addressing environmental corrosion is crucial for the long-
term preservation and conservation of our cultural heritage.
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Environmental Impact

Cultural heritage corrosion is influenced by factors like building materials, climate, and
pollution, particularly air pollution from substances like SO2, NOx, PM10, and Os. Recent
studies stress the importance of considering multiple pollutants for risk assessment.
Access to current air quality data is crucial for environmental assessments and risk
management of cultural heritage. Chemical reactions with pollutants can lead to corrosion
and reduce the lifespan of heritage objects. Higher pollution levels accelerate this
process.’3

Tidblad et al. summarized a 25-year review of the International Co-operative Program on
Materials' Effects, which examined the impact of multi-pollutant exposure on cultural and
historical legacies. While SO2 was previously considered a significant factor in heritage
corrosion, increasing automobile traffic has raised concerns about nitrogen compounds,
ozone, and fine particulate matter levels in the air. Interestingly, SO2 levels have
decreased in most of Europe. Recent studies have identified a new multi-pollutant
situation where ambient SO2 has become less significant in corrosion mechanisms due
to its reduced presence. Instead, HNOs and O3 are now considered the primary pollutants
causing corrosion on cultural heritage sites in urban areas.?3

Elevated NO2 levels in urban areas lead to increased HNO3 production, while lower O3
levels are expected in such environments. Due to these intricate atmospheric interactions
involving both photochemical and dark chain reactions, assessments of cultural heritage
at risk should consider the multi-pollutant condition.-2

Recent experimental programs, involving both lab and field research, have established
dose-response functions for the corrosion of historical materials. The European
Commission-funded research project Multi-Assess - Model for Multi-Pollutant Impact and
Assessment of Threshold Levels for Cultural Heritage facilitated calculations and
corrosion maps for materials like carbon steel, zinc, copper, bronze, and Portland
limestone. These maps encompass the most corrosive pollutants, including SO2, NOz,
O3, and PM10, under current multi-pollutant conditions. As a result, the multi-assess
model has been used to create city-scale and national corrosion maps. Risk assessments
for restricted areas have been conducted in various regions, including the Czech Republic
and Spain, as well as individual cities like Istanbul and London.23 For instance, Tzanis et
al. conducted sampling campaigns using passive samplers in Athens, Greece, to assess
the multi-pollutant environment (SO2, NO2, Os, and HNO3). They also employed structural
metals, glass, stone, and concrete samples in Athens to evaluate the exposure effect of
atmospheric conditions.? Istanbul's ancient peninsula, with its significant cultural heritage,
has been the focus of recent studies, primarily involving the characterization and
recording of the current stock. While there are numerous publications available for
evaluating air quality in the Istanbul metropolitan area, only a limited number of studies
have addressed the risk assessment of air pollution exposure for the historical peninsula.*
Researchers conducted a risk assessment on UNESCO sites (UNESCO World Heritage
Centre - World Heritage List Statistics), focusing on air pollution's impact on Cultural
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Heritage in Europe, spanning from 1980 to 2010, involving limestone, bronze, and copper.
Results indicated that reduction policies effectively decreased SO: pollution and acid rain,
leading to less surface recession in limestone. However, copper and bronze corrosion is
more influenced by climate factors like temperature, rain, and humidity, potentially limiting
the impact of air pollution control policies on metals. Positive effects of pollutant reduction
on Cultural Heritage preservation are evident in changing risk levels for UNESCO sites
between 1980 and 2010. Initially, 91% of limestone sites, 54% of copper sites, and 1% of
bronze sites exceeded acceptable corrosion limits set by CLRTAP (2014). By 2010, none
of the sites exceeded these limits. Corrosion levels significantly decreased for all
materials from 1980 to 2000, reflecting improved preservation. However, a slight increase
in corrosion levels occurred from 2000 to 2010, possibly due to higher PM10
concentrations in 2010.56

Looking ahead, Europe is expected to remain below acceptable corrosion limits for
limestone, bronze, and copper conservation. Only a few areas in the Balkans and Turkey
may slightly exceed these limits. Reducing pollutant concentrations remains crucial for
material conservation as it reduces surface recession and corrosion. By 2030, only a few
areas in Eastern Europe may experience slightly higher corrosion rates for copper and
bronze.>’

Cost and benefit analysis

The cost of preserving historical monuments from corrosion can vary significantly
depending on factors such as the size and condition of the monument, the materials used
in its construction, and the chosen preservation methods. In this article, a few examples
of preservation projects and their associated costs are discussed.?

The Statue of Liberty, a symbol of freedom and an iconic monument, underwent a major
restoration project in the 1980s. The restoration included cleaning the copper surface,
repairing corroded sections, and applying a new copper skin. The total cost of this
restoration was approximately $87 million at the time.®

The Taj Mahal in India has undergone several conservation efforts to combat corrosion
and pollution damage. These preservation projects have cost millions of dollars over the
years. For example, a 2018 project allocated around $4.2 million for cleaning and
restoration work.'®

The Colosseum in Rome is another iconic historical monument that has required ongoing
preservation efforts. A recent phase of restoration, completed in 2016, cost approximately
€25 million (around $30 million USD). This project included cleaning, structural repairs,
and corrosion control.'®

Historic restoration and preservation offer numerous benefits, not only in terms of
safeguarding cultural heritage but also for communities, economies, and the environment.

Culture: Historical monuments serve as a tangible link to the past, connecting present
generations to their cultural roots and heritage. They reinforce a sense of cultural identity
and pride, reminding people of their shared history and traditions. These monuments
provide a direct and tangible connection to history, allowing people to see, touch, and
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experience the structures and artifacts of their ancestors. By bridging generational gaps,
they foster continuity and understanding across age groups. Often deeply rooted in a
culture's history and heritage, these monuments represent significant events, figures, or
traditions that have shaped a community or nation. When individuals visit these sites, they
experience a profound sense of belonging, feeling connected to a larger narrative that
extends beyond their own lifetimes. Historical monuments play a vital role in preserving
cultural traditions, customs, rituals, and values. They also evoke a sense of cultural pride,
instilling an appreciation of one's cultural heritage. In educational contexts, schools often
incorporate visits to these monuments into their curricula, providing students with
immersive learning experiences. Symbolically, these monuments can represent a nation's
struggle for independence, the achievements of great leaders, or the enduring values of
a society, carrying powerful messages about a culture's core principles. Overall, historical
monuments are living connections to the past, offering a profound way for people to
engage with their cultural heritage and gain a deeper understanding of their roots and
traditions. 10"

Education: Preserving historical monuments offers several significant benefits to
education. Historical monuments provide students with real-world, hands-on learning
experiences, allowing them to see, touch, and interact with history. They offer a visual
and tangible connection to the past, making history more accessible and relatable.
Preservation efforts often involve multiple disciplines, such as history, archaeology,
architecture, and conservation, providing students with a broader understanding of these
fields. These monuments often showcase remarkable art and architecture, fostering an
appreciation for different artistic styles and cultural expressions. Visiting historical
monuments encourages critical thinking and analysis, as students can ask questions,
formulate hypotheses, and engage in discussions about historical context and
significance. Many educational curricula incorporate visits to these sites, aligning
classroom learning with real-world experiences. Students can explore specific aspects of
a monument's history, architecture, or cultural significance, fostering independent
research skills. Exposure to well-preserved historical monuments instills an appreciation
for cultural heritage and promotes cultural understanding and tolerance. It also provides
a context for understanding broader historical events and periods, helping students grasp
the impact of specific events and the lives of historical figures. Learning about historical
figures and their accomplishments at these monuments can serve as inspiration for
character education. Additionally, exposure to historical monuments can inspire students
to become advocates for heritage preservation, fostering a sense of responsibility for
protecting their cultural and historical legacies. Overall, preserving historical monuments
enriches education by providing unique, multidisciplinary learning opportunities that
enhance critical thinking, cultural appreciation, and a deeper understanding of history and
heritage."

Environment: Many historical sites are found in populated areas where there may be
water and air pollution concerns. Reducing pollution sources near these sites is frequently
done as part of repair and preservation operations. For instance, efforts to enhance air
quality, lower car emissions, and regulate industrial pollutants can result in healthier air

3
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and water in the region. This not only benefits the monument but also improves the
neighboring ecosystems' and citizens' access to a healthy environment. A few historical
sites are situated in regions with distinctive natural environments or ecosystems.
Extensions of preservation efforts can be made to save these ecosystems, preserving
biodiversity, and advancing broader environmental objectives. This strategy makes sure
that historical monuments' natural surroundings are preserved, which is beneficial for both
wildlife and plant species. Additionally, climate change can significantly impact cultural
heritage due to gradual climate shifts, sea-level rise, and extreme events. While research
in this area has increased, most studies focus on Europe, with limited representation from
other regions. The protection of monuments from these climate-related problems can be
achieved through preservation activities. For instance, storm surge defenses can protect
ancient buildings along the coast, while architectural improvements can increase
resilience to extreme weather. By reducing vulnerability to climate-related disasters, these
efforts aid in climate change adaptation and environmental protection. The impacts of
temperature fluctuations, precipitation changes, moisture levels, wind intensity, sea-level
rise, desertification, and the interplay between climate shifts and air pollution on cultural
heritage have been recognized as threats by UNESCO (UNESCO World Heritage Centre,
2007). This recognition led to the issuance of a policy document in 2008, stimulating
further related research. A report by the International Council on Monuments and Sites
(ICOMOS; ICOMOS Climate Change and Heritage Working Group, 2019) summarized
key climatic factors, mechanisms, and impacts, drawing from expert consultations. This
review aims to synthesize predictions of change based on previous scientific literature,
offering a comprehensive perspective on the impacts of climatic stressors on cultural
heritage.'?13

Economy: Numerous reports addressing the economic consequences of historic
preservation, consistently highlight three principal economic impacts:

Increased Property Values: Preserving historical monuments and revitalizing historic
neighborhoods significantly boosts property values in the area. These places offer a
unique charm with elegant architecture and rich cultural history, making them highly
desirable to live in. Residents feel a strong connection to their community's heritage,
driving up demand for homes. Historic preservation maintains the area's appearance and
integrity, creating an attractive living environment that commands higher real estate
prices. Developers and investors are drawn to these neighborhoods, further increasing
property values through renovations and new projects. Community events, cultural
festivals, and heritage tours in historic neighborhoods enrich residents' lives and attract
visitors, showcasing the area's distinct character. This revitalization leads to local
economic growth, with new businesses opening and higher property tax revenues
benefiting the community. Additionally, historic preservation projects reduce blight and
crime rates, contributing to higher property values.'41°

Job Creation: Preserving historical monuments requires a skilled workforce in restoration,

conservation, and cultural interpretation. This leads to job opportunities across various
sectors, including construction, hospitality, education, and tourism. Skilled tradespeople,
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architects, artisans, educators, and museum staff are essential for restoration projects.
Historical sites attract tourists, benefiting the hospitality and tourism sectors. Educational
programs, event management, and community engagement also create employment
opportunities. Overall, historical preservation not only safeguards cultural heritage but
also contributes to local economic growth through job creation in diverse fields.

Economist Donovan Rypkema highlights that rehabilitation of historic buildings is labor-
intensive, with most laborers spending their income locally, thus boosting the economy.
In California, rehabilitating historic buildings creates more jobs (31.1 per million dollars)
than manufacturing (21.2) or new construction (26.5). Moreover, each million dollars
invested in rehabilitation adds over $833,000 to local household incomes, surpassing
manufacturing ($554,000) and new construction ($753,000).

In Colorado, historic preservation activities generated $843 million in household earnings
between 1981 and 2010, supporting jobs in various sectors. A study found that historic
building rehabilitation injected $1.5 billion into Colorado's economy over 20 years,
creating 21,327 jobs and $522.7 million in household earnings. Texas also credits historic
rehabilitation for creating thousands of jobs in various industries, including construction,
manufacturing, and tourism. Arkansas, the Los Angeles Conservancy, and New York
report substantial job creation and economic growth due to historic preservation
efforts.4.16

Increased Heritage Tourism: Historic preservation has a profound economic impact,
particularly through heritage tourism. Cultural heritage tourism, a growing segment of the
travel industry, benefits communities by attracting visitors. Reports from multiple states
demonstrate the positive economic influence of cultural heritage tourism. For instance, in
Arizona, in-state cultural heritage visitors brought in $6 million, while out-of-state visitors
contributed $2 billion. Similarly, Colorado's heritage tourists generated $3.1 billion for the
state in a single year. Texas identified over 11% of its travelers as heritage travelers,
contributing about $1.45 billion annually. Tennessee's tourism industry, with a substantial
portion attributed to heritage tourism, generated $10.3 billion in direct revenues, and
created 16,700 jobs. Studies also show that historic and cultural tourists spend more
money, take longer trips, and stay in commercial lodgings more frequently, making this
niche an essential result of historic preservation efforts.'#17

Historic preservation positively impacted cities like Alexandria and Savannah, with
significant increases in tourism following preservation activities. Arkansas estimated that
16% of its tourists visit cultural or historic sites, contributing $890 million annually. New
York, with a massive tourism industry, drew 115 million visitors, and historic sites played
a crucial role in this economic success. California, with its iconic landmarks, has a
substantial tourism industry, surpassing most states in direct travel spending. While the
exact percentage attributable to cultural heritage travelers is not tracked, preserving these
landmarks is essential for the state's continued economic success.'”-18



Maryam Khalilvand Nahid: The Impact of Corrosion on Historical Monuments (Part 2)

Conclusion

In conclusion, the impact of environmental conditions on historical monuments varies
significantly based on geographic locations. Proactive preservation efforts are required to
protect cultural heritage and reduce pollutants since corrosion has a negative
environmental impact on historical monuments. These efforts not only safeguard the
environment by eliminating sources of pollution, but they also generate major financial
benefits through the creation of jobs, an increase in real estate values, and heritage
tourism. Although the expense of protecting historical monuments from corrosion varies,
doing so is worth it in the long term for society, culture, and the environment. We can
safeguard the environment, promote economic growth, and leave a lasting legacy for
future generations by protecting our cultural assets.
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