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Abstract

Air pollution is one of the major challenges of modern life, exacerbating
environmental crises, particularly in developing countries, and posing

a serious threat to cultural heritage. Marvdasht, due to its ongoing

development, is among the regions facing this issue. The presence of

numerous historical sites registered on national and world heritage

Knowledge of

Conservation and

lists has made the impact of air pollution—especially considering the

region's industrial expansion—a significant concern for cultural heritage

Restoration
specialists. This concernis furtheramplified by the presence of limestone-
based stone heritage sites, such as the UNESCO-listed Persepolis and Vol.7,Issue.4,
the Nagsh-e Rostam historical complex. These monuments, composed Serial_No.22, 2025
primarily of calcite, are highly susceptible to direct and indirect erosion
and degradation caused by acid rain. This research aims to identity the https://ker.richt.ir

sources of air pollutants in the region and assess their impact on the

etosion of cultural heritage and stone monuments. Through a teview Pages: 19 to 45

of theoretical sources, field investigations, and laboratory analyses, the Corresponding Author

major sources of air pollution in the Marvdasht plain were identified
and evaluated. The collected data were analyzed using qualitative and Hamid Fadaei

uantitative methods. To measure the impact of air pollution, air .
q p P " Assistant Professor, Research

samples were collected from Persepolis and Nagsh-e Rostam as key )
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stone heritage sites, as well as from the Marvdasht Petrochemical
of Cultural Relics, Research

Complex, the primary pollution source in the area. The concentrations

of NO2, 502, O2,and NH3 in the air samples were measured using ion Institute of Cultural Heritage

chromatography and stoichiometric calculations. The findings of this and Tourism, Tehran- Iran.
studyindicate ahigh potential for pollutant-induced damage in the region..
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Introduction

The Marvdasht Plain, located in Fars Province, is
one of the largest and most fertile plains in the
region. This area holds significant historical value,
containing archaeological remains from the Middle
Paleolithic period to the Islamic era, highlighting
its importance. The fertlity of the plain has
contributed to the emergence of civilizations
since the fifth millennium BCE, evidence of
which is scattered across the landscape in the
form of ancient mounds and archaeological sites,
creating a unique historical-natural landscape. The
preservation of this cultural landscape is of great
significance as part of the region’s heritage values
(UNESCQO, 1972). Among the most prominent
sites in this area are Persepolis, Nagsh-¢ Rostam,
and Nagsh-e Rajab. Today, industrial development
in Marvdasht Plain, particularly in close proximity
to these rock-cut monuments, poses a major threat
to the cultural heritage of the region. Concerns
regarding the gradual erosion of these sites
have led to increasing emphasis on reassessing
the environmental air pollution monitoring
methodologies in these areas (Fadaei et al., 2019).
Previously, some studies have explored specific
pollution sources in Marvdasht Plain, including
petrochemical industries, agricultural pollutants,
and road transport emissions, as well as their
impact on public health (Air Pollution Research
Unit, 1998; Haddad, 2004; Karami et al., 2018).
However, assessing the threats posed by these
pollutants to the cultural heritage of Marvdasht
Plain, which is one of the most visited tourist

destinations in the country, remains a high priority.

Materials and Methods

Due to the functional limitations of the passive
sampling method (Fadaei et al., 2019: 103), this
study measured only inorganic air pollutants. For

this purpose, two specialized gas samplers were
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selected to measure sulfur dioxide, nitrogen oxides,
ammonia, and ozone. A Swedish IVL Plunger gas
sampler was used to collect nitrogen dioxide and
sulfur dioxide, while an American Ogawa sampler
was employed for ozone and ammonia collection.
The required chemical reagents were obtained
from Sigma-Aldrich. The prepared standard
solutions, including nitrate, nitrite, and sulfate,
had concentrations ranging from 1 to 20 ppm.
Additionally, solutions used in the filters of both
gas samplers were prepared. Triethanolamine
and hydrogen peroxide solutions were used
to extract nitrite and sulfate ions, respectively,
while deionized water was employed to extract
nitrate and ammonium ions. Air sampling was
conducted in three locations: the outdoor area of
Marvdasht Petrochemical Complex, within the
World Heritage site of Persepolis, and inside the
Nagsh-e¢ Rostam complex. A total of 12 samples
(three from each site) were collected. To ensure
accuracy and efficiency, a blank air sample free
of pollutants was prepared in the laboratory
using an air aspirator device. After extracting ions
via ion chromatography, the concentrations of
nitrite, nitrate, sulfate, and ammonium ions were
determined, and pollutant concentrations were

calculated using stoichiometric methods.

Results & Discussion

Among various industries, petrochemical, textile,
chemical production, and agriculture-related
industries have the highest share of environmental
pollution (Cheremisinoft, 2002: 53; Rosenfeld
& Feng, 2011: 57). Investigations have identified
189 production facilities, including stone quarries,
factories, and industrial centers in the Marvdasht
region. Industrial and mining pollutants include
gases such as methane, isobutane, hydrogen

sulfides, and wvarious polycyclic — aromatic
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hydrocarbons ~ (PAHs)  like

anthracene, pyrene, and phenanthrene (Kuna-

naphthalene,

Gwozdziewicz, 2013: 7). Extensive agricultural
activities in the Marvdasht Plain, along with the
use of various chemical fertilizers and industrial
pesticides, release different synthetic compounds
and their degradation products into the
environment (Kodavanti etal., 2014; Talcott, 2013:
401). Additionally, the number of vehicles and
transportation activities significantly contribute to
air pollution (Madah & Jafari, 2022: 77). The results
of air pollutant concentration measurements
in the sampled areas are presented in Table 1.
Quantitative measurements indicate alarmingly
high pollution levels in the archaeological sites of
Persepolis and Nagsh-e Rostam, posing a severe
threat to these heritage sites. This serious issue
demands urgent attention to mitigate its impact

on the region’s cultural heritage.

Conclusions

The results of the study on the major pollution
sources in the Marvdasht Plain—including
mining and industrial activities, agriculture with
extensive use of fertilizers and pesticides, and
road transportation—highlight the high potential
for environmental damage. These pollutants,
combined with moisture, penetrate the surface and
pores of historical stones, gradually altering the
stone’s structure by changing the environmental
pH. Air sampling from the historical sites of
Persepolis and Nagsh-e Rostam using gas samplers,
followed by ion extraction via ion chromatography
and concentration measurements, revealed the
presence of significant levels of nitrogen dioxide
(NO?), sulfur dioxide (SO2), ammonia (NH3),
and ozone (O3), along with high concentrations
of nitrite (NO2"), nitrate (NO3"), sulfate (SO4*
), and ammonium (NH4") ions. A comparison
of these results with air samples analyzed from

the Marvdasht Petrochemical Complex indicates

a significant correlation between pollutant
concentrations and the industrial facility. The same
pollutants detected at very high concentrations
near petrochemical industries were also found—
albeit at relatively lower levels—within and around

the Persepolis and Nagsh-e Rostam sites.
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Figure 1. Top: Map showing the location of Fars Province (right), Marvdasht County (center), and the distribution of
a selection of historical sites in the Marvdasht Plain (left).

Bottom: Views of the stone heritage sites of Persepolis (right), Nagsh-e¢ Rostam (center), and Nagsh-e Rajab (left) in
the Marvdasht Plain (Source: Documentation Center of the Persepolis World Heritage Site).
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Figure 2. Daily Variations of Ozone, Nitrogen Oxide,
and Nitrogen Dioxide Index (Amoroso & Vasco,
1983)
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Figure 3. Location of the Marvdasht Petrochemical Complex, 15 km from the Persepolis World Heritage Site and 17
km from the Nagsh-e Rostam Site (Google Earth).
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Table 2. Shiraz Petrochemical Production (Air Pollution Research Unit, 1998).
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1. Stoichiometry

2. Passive sampling methods

3. Ogawa

4. Sigma-aldrich

5. Photolysis

0. Persistent organic pollutants (POPs)
7. US Environmental Protection Agency
8. Aerosols

9. Volatile Organic Compounds (VOCs)
10. Naphthalene

11. Anthracene

12. Pyrene

13. Phenanthrene

14. Fungicides

15. Pesticides

16. Herbicides

17. Agrochemicals / Agtichemicals
18. Nematocides

19. Biocides

20. Line Soutrce

21. Surfactant

22. Texapon
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23. Sotbate salt

24. Mercaptan

25. Nitrotoluene
26. Rub off

27. Meta-xylene

28. Para-cresol

29. Ethyl benzene
30. Toluene

31. Nitro-aromatics

32. BTEX (benzene, toluene, ethyl benzene,
xylene)

33. Chemometrics

34. Box-Behnken
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