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Abstract

Nagsh-e¢ Rostam is the name of a stone heritage site with memories from the Elamite, Achaemenid and
Sasanian periods, which is located in the south of Iran, in the north of Marvdasht city, five kilometers from
the Persepolis world heritage site. Proximity of polluting sources to this site, especially: Shiraz Petrochemical
company (located in the city of Marvdasht and 17 km southwest of Naqgsh-e Rostam), busy roads, extensive
agriculture in the region and the use of a large amount of chemical fertilizers and herbicides, as well as the
burning of plant residues on agricultural lands after harvesting crops, has caused many concerns for the
possible erosion of the stone reliefs of the site. Therefore, one of the most important goals of this research
is to identify and measure the amount of mentioned pollutants in Naqsh-e Rostam site with laboratory
studies. Smpling of the air in the region and headspace solid phase micro extraction (HS-SPME) were done
using synthetic fibers and gas samplers. Also, gas chromatograph connected to mass spectrometer and ion
chromatograph were used for analysis. The results show that the diversity and concentration of pollutant
species in Nagsh-e Rostam is very high and the most important source is related to the petrochemical
company. The historical and natural capacities of Nagsh-e Rostam site and other historical sites of the region
require that in the long term, the pattern of sustainable development of the region should be changed from
industries with high volume of environmental pollutants to tourism.
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Introduction

The concentration of industrial activities in the vicinity of historical sites causes the management and
protection of the sites to face many problems. One of the most important of these heritages and cultural
landscapes is the Nagsh-e Rostam site in Fars province, in the north of Marvdasht city and near Persepolis
world heritage site, which contains memories from the Elamite, Achaemenid and Sasanian periods and is
considered a sacred place. The activity of various industries near this site, especially Shirz petrochemical
company, is one of the most important problems (Fig 1). Because air pollutants along with humidity can
accelerate the process of chemical erosion of stone reliefs on the site. Transportation and busy roads near
Nagsh-e Rostam site are classified as linear sources of air pollutants in the region. Therefore, with the
hypothesis of the entry and impact of each of the above polluting sources on the stone heritage of Nagsh
Rostam, the most important goals of this research were to identify the pollutants in the site, determine the
concentration of different pollutant species and study its effect on stone erosion.

Materials and Methods

In this research, due to the different nature of air pollutants, two different gas sampling methods with
synthetic fibers (SPME) and gas samplers were used in order to investigate a wide range of pollutant
compounds. Headspace SPME is a method based on the equilibrium distribution of the analyte between the
solid phase and the liquid, solid or gas test sample (Pawliszyn et al., 2012, p. 135). In the present research,
several stages of homogenization and chemical synthesis were used to make SPME fibers with desired
properties. In order to activate the surface of the fiber and increase its ability to inhibit polluting species, the
Sol-gel method was used. After sampling with SPME fibers and establishing the balance of distribution of
analytes between the fibers and the upper space of the sample, the analytes were extracted by fiber absorbent
materials and injected into the gas chromatograph device so that the analytes can be thermally desorbed in
the injection valve of the device. In this research, the maximum analysis time of fiber samples was considered
to be 60 minutes by applying the same temperature and pressure program on all samples. The models of
chromatography devices used were: gas chromatograph (model 7890 of Agilent company) connected to a
mass spectrometer (model 5975 of Agilent company), Ion chromatography equipped with a conductivity
detector (model 950678 of Naver company). Also, XRD and XRF instrumental methods were used to
identify the types of stones of Nagsh-e Rostam and their compositions and elements. In this research,
samples were taken from the following places (Tab 1):

- The air inside Nagsh-e Rostam site (Fig 3-4).

- The air around Marvdasht petrochemical company (Fig 5).

- The air around transportation roads (Fig 6).

- The air while burning the plant residues of agricultural lands (Fig 7).

Also in order to compare the effectiveness and accuracy of the tests, 10 control samples without any
pollutants were sampled by air aspirator device in the laboratory and analyzed under the same conditions.

Results

The results showed that a number of chromatograms were very similar to each other in terms of structure
and percentage of components, so they were classified into 3 groups (Fig 8-10, Tab 2-4). From the air around
Petrochemical Company, as a place where the possibility of air pollutants was high, 2 samples were recovered
and analyzed successfuly (Fig 11, Tab 5). In order to identify the types of pollutants produced from traffic
and transportation on the roads near Naqsh-e Rostam and trace their presence in the samples inside the
Nagsh-e Rostam, out of the total of 8 recovered samples, 1 sample was successfully analyzed (Fig 12, Tab
5). From the sampling in the agricultural lands, 2 samples were recovered (Fig 13, Tab 5).

Discussion

Mount Hossein, on which the reliefs of Naqgsh-e Rostam are carved, is a type of limestone formation
interlayered with thin layers of marl. Also, the results of the analysis of stones with X-ray fluorescence (XRF)
device show the highest amount of calcium oxide in the samples (Tab 6). The most important pollutants that
threaten the stone heritage of Nagsh-e Rostam can be categorized into aromatic compounds, fertilizers and
pesticides, fatty acids and oils.

- Among the monocyclic aromatic structures identified are: ethylbenzene, nitrobenzene, hexachlorobenzene,
nitrobenzene, bengenesulfonic acid, ortho-nitrotoluene, metacresol, anisol (all identified in Nagsh-e Rostam,
petrochemical and road samples) and compounds: paraxylene, paracresol, pytidine, aniline and acetophenone
(identified in the samples of Naqsh-e Rostam and Petrochemical).

- At least six of the identified pollutants are in the category of polycyclic aromatic compounds, which are:
acenaphtylene and phenanthrene (identified in Nagsh-e Rostam and Petrochemical), naphthalene (identified
in Nagsh-e Rostam, Petrochemical and road samples), pyrene (identified in Nagsh-e Rostam, petrochemical,
agricultural land and road samples), anthracene and benzoanthracene (identified in Nagsh-e Rostam,
petrochemical and agricultural land). All these compounds have the potential to damage stone structures,
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because these compounds are classified as heavy hydrocarbons (Lamichhane et al., 2016) and by condensing
on limestones, they provide the basis for stone erosion.

- Some of halogenated aromatic structures, including the bromophenol compound (identified in Naqsh-e
Rostam, petrochemical and agricultural lands) can release hydrobromic acid in the environment when
exposed to sunlight and sufficient humidity. These acidic residues are strongly involved in the destruction of
limestone structures. These halogenated compounds, which are mostly stable in the environment, form a
chain of radical reactions and in the long time, they remove the carbonate and hydroxyl parts of stone
structures (Starck—SWicchowicz et al., 2017).

- The types of pesticides that were identified and measured are: diazinon, fenitrothion, ethion (identified in
the Nagsh-e Rostam, petrochemical, agricultural lands and road samples), toxaphene (identified in the Nagsh-
e Rostam, petrochemical and agricultural lands), methidathion (identified in the Nagsh-e Rostam,
Petrochemical and in road samples), chlorpyrifos and coumaphos (identified in Naqsh-e Rostam and
Petrochemical). These anomalous environmental compounds can directly and indirectly release different
types of corrosive acids in the environment (Buurma, 2017; Carvalho et al., 2010) and cause the destruction of
stone structures much faster than acid rain.

- Fatty acids identified include: acetic anhydride, caprylic acid, palmitic acid, myristic acid and arachidic acid
(identified in petrochemical), oleic acid (identified in petrochemical and agricultural lands), cerotic acid
(identified in petrochemical, agricultural lands and road samples).

Therefore, according to the geographical location of Nagsh-e Rostam site, which is located in the northeast
of the petrochemical company, it can be expected that part of the air pollution caused by this complex will
penetrate into Naqsh-e Rostam site with the prevailing west winds and also southwest winds (Fig 14). The
highest monthly humidity in the region belongs to the seasons of December to February, which is directly
related to the amount of rainfall in this period, and on the other hand, the possibility of air inversion, which
causes an increase in air pollutants in the region, is usually higher in these months (Fig 15).

Conclusion

The results show that the diversity of pollutant species is very high, so that its diversity in Nagsh-e Rostam
site includes 52 different pollutant species. Also, in this research, a wide range of air pollutants were identified
in Petrochemical company (120 types of pollutants), in transportation roads (120 types of pollutants) and in
agricultural lands (60 types of pollutants). According to the results of the identification of pollutants in Nagsh-
e Rostam site and its compliance with the species identified in the region, especially with Shirz petrochemical
company, this industrial complex can be considered as one of the most important soutces of environmental
pollution in the region. The combination of pollutants identified in Naqgsh-e Rostam will have an important
effect on the erosion of the stone heritage of this site. All these compounds in the presence of moisture,
along with hydrogen interactions with water molecules, cause the destruction of carbonate structures in
limestone, and the long-term result is a decrease in the hardness of the stone structure and the appearance
of deep cracks in it. Considering the existence of important and numerous cultural heritage sites in the
Marvdasht Plain, such as the sites of Nagsh-e¢ Rostam and Persepolis, as valuable heritage resources, it is
suggested that issues related to the sustainability of native lifestyle patterns, professions and handicrafts and
sustainable development based on natural-cultural tourism in the region, to replace industrial development
with high pollution.
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Figure 3. Place of sampling in Nagsh-e Rostam site, Yelow circles: placement of synthetic fibers, Black

squares: sampling of stones
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Figure 4. The sample of synthetic fiber and its placement near the stone heritage of Naqgsh-e Rostam site
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Tab 1. Collected samples of pollutants by each location
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Figure 5. Left: aerial view of the area of Shiraz petrochemical company and sample places of recovered

synthetic fibers (Google Earth), Right: general view of the factory. (Review of Urea Producers’ Sales in
Februrary, 2019)
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Figure 6. Places of installing synthetic fibers on roads (yellow dots with RO code) and using gas samplers

in agricultural lands (pink dots with Fa code)
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Figure 7. Burning of plant residues of agricultural lands near to Naqsh-e Rostam and sampling of
pollutants with a gas sampler
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Figure 8. Chromatogram of group 1 samples in Nagsh-e Rostam, Black line: sample code 01, Blue line:

sample code 07, Red line: control sample
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Tab 2. The results of the analysis of group 1 pollutants in Nagsh-e Rostam
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Figure 9. Chromatogram of group 2 samples in Nagsh-e Rostam, Black line: sample code 07, Blue line:
sample code 10, Red line: sample code 15, Green line: sample code 16, Yellow line: control sample
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Tab 3. The results of the analysis of group 2 pollutants in Nagsh-e Rostam
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Figure 10. Chromatogram of group 3 samples in Nagsh-e Rostam, Black line: sample code 17, Blue line:

sample code 19, Red line: sample code 20, Green line: control sample
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Tab 4. The results of the analysis of group 3 pollutants in Nagsh-e Rostam
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Figure 11. Chromatogram of petrochemical samples, Black line: sample code 01, Blue line: sample code 02,

Red line: control sample
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Figure 12. Chromatogram of the sample recovered from the road, Blue line: road sample, Red line: control

sample
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Figure 13. Chromatogram of samples collected from agricultural lands in two different seasons, Black line:
sample after harvesting crops at the beginning of summer and burning plant residues, Blue line: sample
from the cold season in mid-autumn, Red line: control sample
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Tab 5. Types of pollutants identified in the petrochemical company, roads and agricultural lands along with
the inhibition time and identification of each species in the gas chromatography device
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Tab 6. The results of qualitative identification (XRD) and chemical composition analysis of stones (XRF) in the
historical site of Nagsh-e Rostam
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Figure 14. Wind direction diagram in the region (wind rose of the Persepolis synoptic meteorological

station, statistical period 1973-2021)
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Figure 15. Long-term graph of relative humidity percentage in the region (Persepolis synoptic
meteorological station, statistical period 1973-2021)
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