
Abstract
Air pollution is one of themajor 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

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

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

specialists.Thisconcernisfurtheramplifiedbythepresenceof limestone-

based stone heritage sites, such as the UNESCO-listed Persepolis and

the Naqsh-e Rostam historical complex. These monuments, composed

primarily of calcite, are highly susceptible to direct and indirect erosion

and degradation caused by acid rain. This research aims to identify the

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

erosion of cultural heritage and stone monuments. Through a review

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

major sources of air pollution in the Marvdasht plain were identified

and evaluated. The collected data were analyzed using qualitative and

quantitative methods. To measure the impact of air pollution, air

samples were collected from Persepolis and Naqsh-e Rostam as key

stone heritage sites, as well as from the Marvdasht Petrochemical

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

of NO2, SO2, O2, andNH3 in the air samples weremeasured using ion

chromatography and stoichiometric calculations. The findings of this

studyindicateahighpotentialforpollutant-induceddamageintheregion..
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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 fromtheMiddle
Paleolithic period to the Islamic era, highlighting
its importance. The fertility 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
(UNESCO, 1972). Among the most prominent
sites in this area are Persepolis, Naqsh-e Rostam,
andNaqsh-e Rajab. Today, industrial development
in Marvdasht Plain, particularly in close proximity
to these rock-cutmonuments, poses amajor 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

selected tomeasure sulfur dioxide, nitrogenoxides,
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
Naqsh-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 (Cheremisinoff, 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 various polycyclic aromatic
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hydrocarbons (PAHs) like naphthalene,
anthracene, pyrene, and phenanthrene (Kuna-
Gwoździewicz, 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 et al., 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 Naqsh-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,
combinedwithmoisture, 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
PersepolisandNaqsh-eRostamusinggassamplers,
followed by ion extraction via ion chromatography
and concentration measurements, revealed the
presence of significant levels of nitrogen dioxide

(NO2), sulfur dioxide (SO2), ammonia (NH3),
and ozone (O3), along with high concentrations

of nitrite (NO2-), nitrate (NO3-), sulfate (SO4²-

), and ammonium (NH4+) ions. A comparison
of these results with air samples analyzed from
the Marvdasht Petrochemical Complex indicates

ر  نگر ر احو  نگ صاار  آ نا  و اندآ همتر

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 Naqsh-e Rostam sites.
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کید

ــا حر ــا نه ــ  ــ  ــد  ــد  ــض ع  ــک  ــو  ــو آ
ــ ک ــد، ن ــدد ش ــع و ــا   اــو ش  ــژ   طحــ س
ــهر ــد. ــر ــار  هدــد عــر  ــز  ــو نــگر ــر
ــ  ــا  ــ  ــ  ــق نا ــ م  ،ــو  ــع و ــد  ــ  ،ــ ر
ــ  ــا آ ــهر  ــد ب ــخ ا ــر  ــا  ــو  .ــ ــ و ــ ا
ــژ  ،ــو  ــو آ  ــا آ ــ  ــر ذرأ ــئ س ،ــ نطق ــ   ــا ه 
تخصصــا ــر  ــد ــ د ــ   ــ نطق ــت نع ــعو ــ  ــ و ــا 
ــو نــد، نــد  گــر ــ چــآ .ــ ــر ــبد نــگر ــر
ــحو  خمشــد هــا ــجمو ظــر ،ــکآ تاــا ــا ــنگ ــر
ــت س ــ ر ــ  ،ــا آ ــ  .ــ  ــ  ــ   ،ــت ق ــخ ا
ســتق ــو ،ــخر  ــار ســتعد ــد ــاا رــر  ،ــو
نــدآ ــنا ــانا ــد ــا ــژ ــ ،ــ  ســتند. ،ســتقر ــا
 ــگ رن ــر  ــا ر ــر  ــا ندآ ــ  ــر أ ــر   ــ نطق ــو 
 ــر ظ ــ نا ــر   ــ  ،ــ طاع ــ   .ــ ــد  ــا ج ــنگ  ــا آ
ــ ــو نــدآ ــنا ــره ،شــگااآ  ــد ــار جــا
ــا  ــ ر  ،ــ ا ــا  ــدد.  ــا   ــا نا ــ ر
ــر أ ــنج  ــو نظ ــد. تر ــر  ــ ح  ــ جز ــو  ــم   ــف 
ــو ن ــتق  ــد مشخ ــا حو ــو   ــر مو ،ــو آ
ــو ن ــ ر ــم تر  ــ مچن  ــ نطق ــنگ  ــر  ــا 
  ــتفا ــا  ،ــپ ــد. جــا ــر ــ نــدآ نبــ ــره
NO2، SO2،O3ظــ ،تروــتو ــباحا جــا  ــو  ــر وار
ــ ــتا رــد. ــرد ــو  ــدر ــامو  NH3 
.ــ نطقــ  نــدآ ــنا ــآ ــا ــستا ندشــا ــژ

ــاحو خمشــد، ،ــن ــار ،ــو ــاندآ :یــد ا
.ــر ــ ،نگر ــر

.و تنا جا ،نا ا و  آ  جار تفا ور . آ مگا ر قا   تر

ر فا اص

4 ما ،فتا
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سئو سندو

د مید

اآ ر  فا شکدژ اتا

ر شگاژ ،نگر ـ خا
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قد

 ــک ،ــا ــتا  ــ ،ــر گــ
نطقــ ــ اــ رــبزر  ــر
ــدرر ،ــخا نظــر  ،ــ ــ . ــما
ــ   ــا ــا ــنگنا   ــاآ
مد  نــگر حو   آ عــاو ــم ــ
ار ــط ،آ ســب ــر ــد. شــا ــر
از، ــا و ــمچن  وــد،  ــر  ــا
تعــد اــتقر رــک  ــد ــو 
ــ گ ،ــ  ــر  ــد. و ــ نطق ــ   ــخ ا
رــمند   ــ رز  ــر  ــا ز ــ ر
ــاجمو مچــو ،ــاا  نــشخا  ــا آ
 ــا س .ــ  ،ــت ق  ــد مشخ ــا ه
ــ ط ،ــ  ــ  ــنگ   ــخ ا ــا حو
عب ــک  ــد ــو ــور ــح ــا نــنگا
 ــتق س ــد و ــا، خر ــر  ــا آ ــن زکا 
ــر ــرر ــاعب ســتر  ــاآ ــ ــا ــکاآ
خــش نــو بــا ــ  ــفا ،ــ  .ــ
ــر ــر ،نطقــ ــخا  نــگر ــا 
ــر ــو ــو ــتفا ــاندرآ  اــد ــ ــ

.(UNESCO, 1972) ــر 

ــتقر  ــر ــ  نا ــعو ،ــا ــ ــا
ــ ره  ،ــخ ا ــا حو ــک ز  ــا آ
ــما ــ نطق ــگ رن ــر  ِــ  ــا دهد
ــنگ اآ جد ــار تما ،ســئ ــ .
دهد ــا  عــطا ــر ــر  ــر ــقو 
ــ  ــفا ــتا  ا خســت نــو ،ــوو
ــ ــو ــا ،ــمچن نــد. أــد ــمند، ــر
ــ ردار  ــک  ــو ن ــر ــژ  ــگا ا
ــت م ،آ ــا آ  ــ ا ،شــو ــگرر قاــد
آــکار ــا ــوو ــ ــم اــد. نــد
أــر ،ــطح ــاندآ ــا ــد ــ ــو
ــر  . ــخ ا ــا آ ــد گه  ــ ف ــر  مــتق س
ــر ــخا تــا   اــر ــژ ،ــا ــ
ــا ندآ ــو  ــ  ــ ــا  اــر ــ 
د، ــکآ ــنگ ــاآ ــط ــر ــرأ ــ ــطح
ــ   ــد د ــ ر ــ  ــو  ــد آن ــ نا
ــ نــگر ــر ــار  قــش ــ آندــا

ننــد. فــا نطقــ

ــو ــاندآ نــ  ــدجا عــاطا مــد
ــ مدــاً ،1383 ــا 1373 ــا ــا  ،ــا ــتا
ــو آ ــز  ،آ   ــت  ــا تص ــر  ــهر 
نــو ،ــوو ــق ــا  ــنا  ــا
ــ رت ــر  ــر  ــو  ،ــد آن ــ نا ــ رز
.)Khosh akhlagh & HassanShahi, 2002)ــ
ــاندآ ــا حــد ــاز ــر
ــا طاع ــا  ،ــ  ــتر   ــز  ــ ر ــو 
.ــ ــد ش ــا ج ــ ن ــ   ــتر س  ــ ا
ح   ــو 1383 ــا  ــ ــشژ ــتا
ــعو  ســ ــح قــاحق رــز ــا ســ
 ــو ــاندآ ــر مرــز ــا ،ــر شــگا ــدا
ــ نا جتمــ ــو هــم ــ نا  ــر ــهر
اندآ ظــ ــ  شــا ــد، جــا ،ــمتر
ــ  CO  CO2،NO2، SO2 ــ م ،ــو ــد ت
ــم  ،نطقــ ــا ــروو  ــاغر ــر
  ــهر ــرما  اوــت ــو
ــا  ــد  ،ــر نو  ــر   ــ ا ــا ا
ــوو ــع   مــد خــ ،ــمچن .ــ
ــژ ،نعــت ــاعا  ــا  ،نطقــ ــو 
شــا ســتر ــاندرآ  ،ــمتر ــنا
Air Pollution Research Unit, 1998; Haddad,)ــ 
ــو ر 1396 ــا  ــ  گــر، ــشژ  .(2004
ــ  ا دــو  ــا ــو ــاندآ ــر
ــ  مــ ــد، جــا ــر ــتاهر  ــد ن
شــا    ا وــد ــز  ــا  ــاآ
 ــدتر ــد ــ ــ  ــا ــ  ،نطقــ
 ــا ــرخا ــژ ،آ طحســ شــک
ر ــر و ،ــ  ا تــو  ــا ــاا

.(Karami et al., 2018)ــ  ــ رت

ــ مدــاً ژــا، ــ مــا  ،ــا ــا
ــر أ  ــدتر ــا ندآ طحســ ــا بع
ــد تــر ــدا نــگر ــر ــر آــا تمــا
ــا ندآ ــر أ ــ ا  ــ طاع ،ــ رنا .ــ 
ــر ــر  ،ــ نطق ــخ ا ــا حو ــر  ــو 

ر  نگر ر احو  نگ صاار  آ نا  و اندآ همتر



24

ر و حفاظند صلنا

| 1403 ستاز | 22 پیاپ شما | 4 شما | هفت ا

ــژ ســا ــ ــو ــا ــد. ظــر
ــا  ــ ــشژ  ،نــگر ــر ــاحو
ــا ــنا  گــرا ــز ــد، جــا 1398
ــر  ــد أ ــا  ــا، حو ــ   ــو ــو آ ــط ح
ــا ج ــ  ــد، مشخ  ــت ق ــ نا
،ــم تر ــا جتم ــو مچ ــز  ــ نا ــا 
ــ   .(Fadaei et al., 2019)ــر ــر  ــو ــو
ــا ندرآ  ــو  ــا ندآ ــو  ــ ره ،ــ قا
ــ ا ــر  ــ نطق ــنگ  ــر  ــر  ــا آ شــا ر
،ــگا آاش  ــد  ــا ر  ــر ظ ــا طاع
ــرمو ،نظــو ــم .ــ ــد ــح
،ــتق  خمشــد ــاحو ــو 
 ،نطقــ ــنگ ــر اــا نــو
نبــ ــره نــو ،ــر ــمتر 
ــتفا ا ،ــپ ــد. جــا ،ــر ــ نــدآ
،ــ تر ــا و ــد ق ،ــو  ــر وار  

ــد. ــرد موــا  ــووآ  فاــو ،تــر
ظــ ،1تروــتو  ــبا حا ــا ج ــا  ،ــ مچن
،(SO2) ــرو ســد ،(NO2) تــر ســد
ــدر ــامو  (NH3)ــا وآ  (O3) 

ــد. ــبحا ــو 

ژنا

نطقیاغرعیو )

  ــا ــتا رــما  ــر ــ
ــا  ،ــرنو - رــما حــو ــتا
ــ  ــ  .ــ  ــد  ــ  ــر  اوــت 
 ــر  ــاا آخــز ــو ــزر خــ  ــ
ــ رزا  ــ ر  ــک  ، ــر  ــد و
Ansari)  ــما ــر  نطقــ اــ
ــط  آ فــا ــگا .(Lari & Ansari, 2016
ــ  ــو ن  ــر  ،ــما    ــ  ــر ت 1542 ــا 

نطق خا احو  خش ندر قش  )(ر تاهر  )(ا تا عو قش :ا .1ک

  )(ق  )( تق ،)( خمشد نگ ر احو  ما :ا ،)(ر  

خمشد(. ها ر گاا نا رز :نب(ر

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), Naqsh-e Rostam (center), and Naqsh-e Rajab (left) in
the Marvdasht Plain (Source: Documentation Center of the Persepolis World Heritage Site).
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ــتاهر .ــو حــد ســتاو ــاد
،ــ رت ــر  ــتر س ــ  ــ   ــ  ،ــ ر
ــا  ــتا  ــتا هر ــ رمعر  ــ رز
،ــتاهر ــ ــافا ــره  .ــو حســو
 .ــر ــا ــس ــو  مــ ــو ــ ــو
ــر  ــ حو ،ــ م ــو  ــما   ــر  ــ ن
ــق ــخا ــحو  خمشــد هــا
ــو  ــر نو ــ ن  ،ــ مچن ــد. تر ــا 
ــد ــا ــا ،ــتق ــخا ــحو ،ــس
ــاحو  ــاآ ،ــ ــر . ــر ،ــاآ ــ 
ســتاو ــاخ ــار  تعــد ــخا
ــدد.  ــد رن ــ ر ــ   ــژ   ــ نطق
ــ و ــ ره  ــک  ،ــ  ــ  ــز ا
،ــ ــو آ  ــتاا ــامد رــک
ــ نجــ ــز  ــامد  دــو ــو
ــاقا ،ــر .ــ ــد ــا نطقــ ــ   
ــخ ا ــا پ  ــا حو ــو  ــا مد ــ 

.)1 ــک ( ــترد س ــ  ــط  

وآ  و )

 ــاحد ــ ،ــژ ــ 
ــرد  ــانا ــز  2فعــا ــرمو
Fadaei et)ــاآ ــر  آندــا  حــد عــد
ــر ــو ــو ــرآ ــاندآ نهــا ،(al., 2019
ا موــر ــو   ،نظــو  ــر رتنــد. ــر
،ــرو ســد ــرد  ــ ــد ــتفا ــژ
هــ تنــد. اــ   ــاوآ ،تــر ــادس
 ،ــر و ــد س  ــر ت ــد س آــ م
ــتفا  ــود(  ــا  IVL ــر )گ ا ــر مو
تهــا  ــا  ــابا تــر ــ  ــ ــد
 آمــ ــر ،ــمچن .ــو ــرمو ــو
تــر اــ آرــکا ــا 3ا موــر ،ــاوآ 
ــرؤ قــ زوــ ــاا ،آ  ــ ــد،
  ــتند  ــد آم ــو  ــ و ــ ا 
ــدتر ــاوآ   ــاکوو نــر
ــد. ر ــر و ــر مو ــ و  ــو و آ ــا 
4ــ دآ ــا گم ــر   ــا  ــو  ــا م ــو 
،ــر ت ــا  دــتا  ــا وح  ــدد  ــ ه
رــد. ــاآ ppm 2۰ ــا 1ظــ ــا فاــو  ــتر

ا ــا رمو ــر ت  ــتفا  ــو  ــا رب
ــر ــوتا  ــد دســد ،ــد دــد ــا
ســر  وتا ،ــتا دســد ،NO2 موــر
،ــ تا ــا رن ،ــد ــتر ،SO2 ــر مو ــر 
ــ ر   ــر مو ــر  ــر قط آ  ــر س
ــر  ــو ا  ــر قط آ ،ــر س ،ــ تر ــد 
ــاوح  ،ــ  ــر  ــد. و ــا وآ ــر مو
ــتخر  ــر  ــد  ــد سر  ــ آ ــو ار
ــدو آ   فاــو  ــتر ــاو
ــد. ــتفا ــووآ  تــر ــاو ــتخر ــر

ــر ضــا ــا نطقــ ــ  ــرمو
 ــتق ــحو ــ ،ــر ــمتر
خمشدخمشــد هــا ــر ــحو ــ
3 ــ نطق ــر  ( ــ مو 12 ــو جم   ــ ر جــا
حــ ــر ــر ،ــمچن ــد. آمــ )ــمو
 ــا ــاد ــو ــ مو ــ  آاــا، ا 
ــ  ــتگا   ــتفا  ــا   شــگااآ  ــا ندآ
ــا تر ــا، ندآ آــ م ــر  ــد.  ــ ه ــو 
1۰ ــد ــ ا ــارمو  ــده
ــ    ــد رتن ــر  ــر وظ ــو  ــر ع  
ــا   ــا رب ،ــا  ــد، و ــا ــر أ  ،ــد
ــ  ــا تر ــد   ــ  ــدد.  ــ حاظ ــا 
 ــدتخر ــاو ،ــکناور عــا
 ــتفا  ــا   ــدد   ــر  دــتا  ــا وح
،ــتر ــاو ظــ ،ــو ــروار ــتگا
ــر  ،ــپ ــد. ــع ــووآ  فاــو ،تــر
ــر د ــا ندآ ظــ ،تروــتو ــباحا
  تــر ســد ظــ ،ــا ــ ــر ــد.
ظــ ،تــر ــو    ظــ ،ــتر ــو
رو ســد ظــ  ــووآ ــو   ــاوآ

ــد. ــبحا ــر ت ــو   

واندآ

ــام تاــا ــا ــو ــ ــو ــاندآ
ونــد ــ ــو  ســتو  ــدا
ــ ح ــا ا ــ و ــم  ــا  ــت و ــو 
ــ ــ ــا ســئ ــا ،(Zhu et al., 2009) ــود
ــد نــدآ ــا ــا ــ طــر ــ  ــ

ر  نگر ر احو  نگ صاار  آ نا  و اندآ همتر
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ــا ندآ ــما   ــا وآ ،ــ مو ــر  ــد. ن
 ــر ــ ــا  ،ــر ــر ــطح
،ــرنا .ــو آ ــز ــعب ــاندرآ  ــاس
 آ قــد ــا مســتق طــ ــا ــ نــدآ
 ــ ح  آ ــذ   ــد و ــز  ــ ا ــا  
نــدآ  آ ــوم نــد، ــر ــعب ــد ــ
ــ ــفعا  ــک .(Speight, 2017: 355) ــر ــق
ــوآ ،ــ تــ اــ قــو ــو ــد ــر
ــد ــعر آ ــو  ــتوا ــو ضــو ــو
،ســا ــد ــر نــف ــرأ ــ ــو ،ــ
ــت م ــر مچن  ــو ،ــاو ،ــاا

.(Nevers, 2000)ــ ــد  ــ  ــند، ا

ــ ــو ــوآ  ــعا اــد ــعر ــ ــر
ــانب ــر آ ــ أــد ــ آجــا  ــا ــد،
ــاع نــو موــد ،ــ طحســ
ــر ظ ــگ رن ــر  ــا  ــ رب ــ با  ــ نا
 ــر گو ــا  ــو  ،ــا  ــ  ــا  .ــو  ــ رت
ــر  ــز آرخا ــو  ــو آ ــر   ــف عر ،آ
ــوآ ،ــا ــ ــر .ــر شــنها نــگر ــر
ــا ــو  ــر  ــرقا ضــو  ــ بــا ــو
ــو ــا ــ ــح ــو  ــام ــر ــا
ــر  ــو  آ ــع ب ــز  ــا  ــد دو ــو صن
ــو ــ حــو اــد، تــا ــز ــا
ــتحکا  ــا ــا  تــنا با ــا ژ ــ ضع
ــخ ا  ــر ن ــا آ ــو   ــک  ــ د تاــا
ود ــو ــوآ ،ــرنا .ــو ــح آ  ــوو
ــ ز ــ ر  ــ  ــو  ــ عر ــ ا ــو ن
ــار د ،ــح  ــام ــا ــ ــعبر
خر رآنــد  ــر ختــ  نــگر ــر ــعب

.(Vahidzadeh, 2009) ــد ن ــدد ش  آ

ــ ــ آ ــام بــار ــو، ــخت ــا 
ــ ــ بــار ،خســ ــود: ــقس  ــت
زر؛   اتاــا ، ــد؛ و ا ــک
آــا  خــش ــ ــا ــام بــار ،ــو 
ــو  ا آ بــار ــ ــد. ضــو ا ــا 
ــا م ــا ن  5ــ او ــد رآن ــر أ حــ
،تــر  ــسد ظــر آ ــاکا ــا
ــد ــ ا ــر غ ــا  ، ــا  مــا  ــ مچن

ــادس ظــر ترــا  ــدا ــادس ــ 
ــ   ــ م ــود.  ــ بد فوــو   ــر ت
ــ  ــو  ــکا آ ــا  ــ حس ــ  ــا رب
ــ   ــ ت ــر ر شــخ ــد  ــ   ــا آ ظــ
ز ،طــر ــن  .ــو ــز حــر ــتاآ
ــا ب ــر خ ــا آ ــد و ــو   ــا رب ــ 
ــا ــو  ــو ــ  ــاس ــر اــد. ــت
ر ــا ــود، ــذ ــعب ــاندرآ ــر  
أر حــ نهــا ،نــو بــار  ــر ظــر گــر،
ــر ــاک ــ ننــدجز ــاترا ــعا
 بــار ــ ــ ،ــا ــ ــا ــود. ــبد
 ــا آ ــذ  ــکا   ــو  ــر ذجم ــ ا
 ــت  ــ  .ــد  ــو  ــع ب ــا ندرآ ــ ر
ــتند س ــر ع 6ــد ا آ ــا ندآ ــ  ــا رب

.(Lorenzo et al., 2018)

ــر ــا ــدا ــ ــدا آ ــاندآ
رــر   ــداا ــح  ــو ــاد
ــح  ــت بــار ــ ســتند. قــا ــجز
د،  ــ و  جــاا ــاو  تــا جمــ
تشــا ا ــا  ــ ــاندآ  ــت آ ــژ
نتق آ اســت  اــا ــر  ــا انــد
ــ آ ــتا،  ــ   .(Wu et al., 2014: 28) ــود 
ــ  ــو ــاندآ آرــکا7، ســح  ــفا
ــاندآ .ــ ــر ــقس ــوا  ــ ــت 
 نــدآ ــنا  ســتقماً ــ ســتند ــو ،ــ
،ــر ســد انــد بــار ــا  ــود ــو
ــا  ــ ع   ــرو ــد س ،ــر ت ــد س
ــاندآ ،ــقا  ســتند. کــر 1۰  متــر طــر
ــا فع  ــ ع  ــا م ــان ــر   ــ وا
رــد ــک ــد،  ــ ــر ــو  ــ
حســو ــر ــ بــار ــره  ــک  

.(Hamilton et al., 2009: 10) ــو 

(CO2  CO)ر سید   ر ووسید

ــ ــ ع  ــو  ،ــ  ا ــ ر ــد سوو
  ــر  ــو  ــا ندآ ــ رر ــر   ــ 
ــناا ــر  ــر اــو تــر ــر 
ــا  ــوا  ــ  ــ ا ــر ت .ــو  ــد و
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ــ ــد ن جــا ــ ر ــد سوو ،ــ ر ــد س
اعا  ــق ــا ر  آ ــد 7۰  ــ
ــد  ــا ش ــا حقق .ــو  ــو   ــ مق
ــهرا  عمــو ــاظ ــا ــر ووســد ــ
ــا  ــو  ــر  ــه وا ــر أ ،ــو ر ــا ح 
ــ ــر قاــر ــم ــ رنــد ،ــد ــاا
Erfan Manesh & Afioni, 2008:)ــ  ــر ض ــا س
تماــا صا  ــبآ ســتقماً ا ــ .(186-187
ــ ق ــ  ــا  ــد، من  ــخ ا اــن  
. ــتق رس ــر أ ،ــ ر ــد س ــد و  آ
ــرر رــر 1۰ ــد ــر ووســد وــد نــ

ــد.  ــر ســد وــد نــ 

2C + O2 → 2CO

2CO + O2 → 2CO2

CaCO3 + CO2 . H2O Ca(H CO3)2

MgCO3 + CO2 . H2O Mg(H CO3)2

عــا ــو،  ــر ســد ظــ ــز
ــ ــد ــو ــمت ــ   ــا م ــان
 زن  ــس ــانار وــد ــز ــو
ــز ــ آجــا  .ــو ــخا ــکآ اــن
 ــتر ش ــر ر 1۰۰ ــد  ــ س ــا رن ــ 
ــد  وــد غــر ــ ،ــ ــس نــار

ــو نجــر ــخا ــا آ ــار  ــخر ــ .

رواسید

ــو ــر  (SOx) ــرو ــادس شــک
ــا  ــا ا  ــ؛  ــ و ــ ا ــا  ــو 
ــاا  ــ ــا  اــد، ــز SO3 شــک
 ــ ــرند ــو نــ ــ ــا

:(Amoroso & Vasco, 1983)

S + O2 SO2

SO2 + O2 2 SO3

ــا وــد اــد، ــوو ا ــز ــ آ خــا ــر
ــد: شــک فوــو ــد   ــدر SO3

SO3 + H2O H2SO4

ــژ ،ــعو ــا   تاــعو اشــو 
تــر ــ ا ــ تشــا ،ــهر ــنا 
ــت رشــمگ ــز ــد، ا ــ س اــو
.ــ  ــر ط ــد م ــا گر  ــک  ــو ن 
ــر قا  ــر و ــا   ــر  ،ــ ف  ــن  ــا 
ــد س ،ــد ر ــر ت  ــ   ــتند س ــ خت
ــصا  ــا آ  ــر  ا ــ ننــد. وــد فوــو
ــو بد فاــو ــ آــا ــا نــ   شســت

.(Watt et al., 2009: 12)

SO2 + O2 + H2O → SO42- + 2H+

ــد ــ ســب فوــو ــد ــرنحصر ــژ
 ــا ــاس ــ ــر ــ ــ ــ ــتر
ــ  ــ م ــ    ــن ا ــا س ــا خ ــا ش ،آ
ــک ش ــر ز ــا و ــا  ــد    ــت 
وــد ،ــاوآ ــا نــ  ــد ــ ــد.
فاــو ــووآ  (NH4)2(SO4) ــووآ فاــو
ــد و ــا م  ــر  ــ  ــد ن (NH4HSO4)
ننــد. جــا خــر طحســ ــر  ســتند
  ــود ــ آ  ــو مــا ــ
ــط ــ ،ــا ــا ــا ــا ســب ــو ــر

.(Parashar et al., 1987) ارــد

یتراسید

ــا ــا ــا تــر ــر  ــ ،تــر ــادس
ــا   ضــو ــا  ــس اــو
ــک  ــود، شــک NOx ــکا ــ  ــو ــا 
ــود.  ــو حس ــو  ــا ندآ ــ رحر 
ــد ــانا تــر ســد ــو فــ ،جمــو 
NO، NO2، NO3، N2O، N2O2، ــا ــ ــ
NOادس ،ــ ــ  N2O5اــند. N2O4
ــد.  ــتر ش ــ م ــو  ــو آ ــر ظ  NO2 
ــر ت ــا تف ــر قا  ــ خت اــو 
ا ،ثــا ــر ســتند. ــو کــوو تاــا 
 ــد 3 ــ ــا  ،ــ تــر اــد ــعب
ــو  ــر .ــ ــد شــک تــر  ــنا
NOx ــا ــد، قــ ــو ــوآ  تــر ســد
مــا قربــاً . نــ ــ  شــتر ــه تــو

(وح)

(وح)

(وحا)

(وحا)

ر  نگر ر احو  نگ صاار  آ نا  و اندآ همتر

)1 ط

)2 ط

)3 ط

)4 ط

)5 ط

)6 ط

)7 ط

)8 ط
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.ــ NO ــو  ،ــو نــدر ــو  ــ NOx
ــد س  ــ  ــو،  ــوو ــاظ ــا  ،ا ــ 
جــا  درــا ــا ــر  NO2 ــ ــد
ر  ــامتو ــ شــک نــ وــد، ــو
.(Erfan Manesh & Afioni, 2008: 189-190) آ

N2 + O2 2NO

تــر ــوخ ــد ــر ــا ــذ ــ راــر نــ(

)ــو ــتما ــ ــم ــ عــا

2NO +O2 2NO2

ــاتاا  ــ صا ــط ــر NO2 شســ ــز 
ــر مت دــا ش ــ  ــاً طع ــ  ،ــ  SO2  ــر مت
ــو  ــو حص  فاــو  ــ  ــب س ــر ت
ــد. ا ــا   ــد ظحا ــا خ  ــ صا
ــزااقــ ،تــر ــادس گــر هــ أــر
 ــر ت ،ــ   .ــ  SO2 ــو دس  ــا آه
مــ فاــو ــر  ــز اا ــو ن ــ صا ــر 
ــ ر  ــ خت ــا ن ــو  ــکا   ــد ن

:آ

SO2 + NO2 + H2O→ SO42- + 2H++ NO

ــ ر ــ   ــ  ــز  (NO) ــر ت ــد سوو
ــبد (NO2) تــر ســد ــ ــودس
ــسد ــکا  جــا  ،ــها   ــو
ــ تر ــد  ــ  ،)ــ  آ ــو وک آ ــأ نش ــ (
ــ  ــ تر ــد  ــد.  ــ ا ــر غ (HNO3)
ــو ــو عــر  ــت ــ ــ ــو ــد
ــر ســئ ــ  ، ــطو ــو ــ ــما ــ
. ــا  ــ م شــ  ــر  ــ  ــا  ــنا

NO + O3 → NO3. + O2

NO2 + NO3.+M → N2O5 + M

N2O5 + H2O → 2HNO3

 ــا  اــد ــتوا ــو ــو  هشــا ــتا
ــا ــبد ــ نجــر ــ ــد دشــا ــ طــر

:ــو ــتر ــد ــ  ســد

NO2 + 2H2O + O2 → 4HNO3

ثــر  ــا ــد ــد ــو تــر ــادس
حــ شــتر ــنار اــن ــود. ــوآ ــنا
ــس نــار ــر رــد ــر ــتر ــد أــر
ــو ــوح   ــد ــبد ــس تــر ــ 

:(Amoroso & Vasco, 1983(

CaCO3 + 2HNO3→Ca(NO3)2 + H2O + CO2

 ــاوآ کــوو ا ود ــمچن ــتر ــد
)ــو( ووآ تــر ــ ــفد م  ــدنــ
ــا ان ــت  ــ  ــ م ــ  ــد. ما ــا ج 
ــو  ــر اطر ،ــا ــو ــا   ــد
 ــر  ــژ  ،آ خــر ــر   ــو  ــ ترد
رآنــد ــ ــر .ــ ــدد ــاس ،ــخا اــن
 ــما ــام ــدا نــ ــ ــو
Krochmal &) ــو وــد ــر ــو ــک ــ ،ــو

:(Kalina, 1997

NO + O2 → NO2

NO + O3 → NO2 + O2

NO2+ OH → HNO3

HNO3+NH3 → NH4NO3



ــا متو ــا ننددس ــ رر  ــک  
ــف ادــتا ،آ ــا ــم ــ ــ ــ
ــد ــد و NO2 ــدد. ــ نظ آ ــا ــر  ــو
ــ  ــ   ــو  ــز تو ــد و ــو  ــا ج 
ــا ــر  ــژس ــ ــ ــ نــد آ ــژس
رآنــد، ــ  جاــد. O3 وــد ــ ــها  O3
N2 ــا O2 کــوو ــM  ــوو ــ اگــر hѵ
 .ــ  ــا ــر  ــذ ــر  ــ ــ
NO2ــ   NO ــد و ــ ن ــ   ــد  ــد و
ــر ج ــ  ــا ب ــا ن ــ  ــد. ن ــد س
آــد. ــو  ــامتو ــان 
ــا م ــو  ــ ن ــو حص ــو،   ــو و 
 ــ نز ،ــن  ــا  دــو  ــ و ــد  ــد و
ــا دس ــز  ًــو عم .ــ  ــر گ اــو 
.)2 ــک( ســتند ــر غ  ــ  ــو 
ــا قا ــا، ا ــتا،  ــر   ــر  

)9 ط

)1۰ ط

)11 ط

)12 ط

)13 ط

)14 ط

)15 ط

)16 ط

)17 ط

)18 ط

)19 ط

)2۰ ط
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ــد و ــر أ ــتق س ــو  ــطح  اــ و 
اــن  ــر ــز فاــو مــر ، .
آ ــ ن  ــ   ــد و ــر أ ــخ ا ــت س

.ــ ــد  شــا

NO2 + hv→ NO +O

O +O2 +M → O3 + M

NO +O3→ NO2 + O2

SO2 + O3 + H2O → SO42- + 2H+ + O2

SO2+)فاــو  ــا ن   ــ  ــ  ــ و ــد ا
SO2) ــکا تــر  فاــو  وــر ــاس (O3

.ــ  (+ NO2

)وزا( زرا8

اد ــا ــا ــع نــدآ  وزــا ــا زرــا
 ــ ســتند کرتــر ۰/1 ــا  ــر اوت ــ ــا ع ــا 
ــعا ــو ــا .(Kalberer, 2015) رندــد ا ــ
ــو زرــا ــر ــناو ــو  ــ ــفخت
(VOCs)9ــر آ بــار نــو  ــ ،
ــد. آن ــو  ــو تن ــ نا   ــود  تــنا 
ــر ــفخت ــا ،ــو ــ نــدبق 

 ــد  ــ  ــ  ــ  ــو  ــتفا  ــا و
Erfan Manesh & Afioni,)  ســتگ  ــا
 ــع اــد  ــ »بــا  ــر« ــم  .(2008
ــو  ــر  ــو   ــا ــد ان ــا عا ــا ر
ــ  ــا ــدا  ــ »ــو« ،ــو فتــ
ــا ــز خــا ــر  ــر ــر رآنــد 
 ــا ض  ــد رن ــ ا  ــ  »ــ « ــدد، 
ــ  ــو  ــ فت ــن ر  ــ  »« ،ــو 
ــد و ــ س اــو ــ ا ــر ت ــا ر 
ــو آ ــا  ــر   ــو  » ــ «  ــود 

. اــ  ــو 

ــا ج ــا  ــد و ــر ز ــک  ــ   ــک ش
ــدو ــاکتر وــد  مــک ــوا اتاــا
،ــو ،ــز اتاــا انــد ــخا ــاا ــ
ارز ــدو ــر رــاد. آ ــنگ  صنــو
د شــک  ــنر  ــزاا قــ  ــد
 ــ .ــ ــد رفوــو ــد ــتر
،ــا م ــا ن  ــد ع  ــ ا ــا  ــد ا
هــر  ــود ــخا ــاآ  ــوــز ــو
مــ دــف  ــا ــا نبــ نــو نکــ مــ 
ــر أ ــد. نن ــث  ــو آ  ــنا ــ ــد نن
 ــر  ــا  بــر جــا  ــد ــر   ــ
ــد ــا ــاضا  ــ ــخا اــن ــطو
Hackney,)ــ  ــد  ــا ب ،ــ و ــا   ــ و

.(1984: 105; Watt et al., 2009
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ــر ر  ــ خت ــا  ــا گاا  ــااا 
ــو  ــ م  ــم  ــو  ــ  ــد  ــو  ــا ه
 ــخت ــارفس ــا   ــر ــانا  آندــا
 ســت ــ ح ،ــا غر ،ــا م ،ــت نع ــ م
شــخ  آندــا ــ ننــددو ــنا ــناو
ــ آ ــ  ــو  ــااا  ــ  ــ م  ــد. نن
ــ م اــا  ــکا رآ ســ ــ ح  ــفا
ســتر قــاحق جــا ــا ــ ــر ــا ــا ــو
هــمقــ ســتمر، ــر  عــطا ــاا  ــ 
ــاندآ نــدبق  ــرد ،ــانا 
ــا  ــاآ ــا ــر رــد. فــا طحســ

 سد   سد ، ا رغ .2ک

(Amoroso & Vasco, 1983)

Figure 2. Daily Variations of Ozone, Nitrogen Oxide,
and Nitrogen Dioxide Index (Amoroso & Vasco,

1983)
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وــد ــنا ــره هاــا، ــ  ــدنتشر
: بانــد طحســ ــاندآ

،ــذ ــنا ــم  ــخت ــنا  عــا ــعا
ــز ــتخر ،ظــا ،ــمتر ،ســا ،ــام
اــو صــر ظــر  ــ  ــ ــ نا ــار  
ســ ح ــ ــتوا بــار ــاآ  ــس
.(Rosenfeld & Feng, 2011: 57) اــند ــم اــز

ــر ،ــا  ــ قــ  مــ ــاندرآ
اــو ننــدصر ــگا ــنا ،ــهر
ــز  ــا جاا  ــا  ــا ندآ  ــ س
ا ــاعا  ــا فــ تقــا ــژ ،ــا

.(Preston & Chester, 1996: 26)

ــاو  ــتفا  ســتر شــا ــمچن
ــو ــ  ،ــت نع ــا آ  ــمو  ،ــا م
جز  ــا حصو  ــنتز بــار ــاآ
ــنا  ــک نــو ،ــو ســ ــح ــ آــا
.(Kland, 1988: 315) ــو  تــنا  ــو آ ــ 

نطق  عا  نایعا

ــاندآ ــ ــنا  ــدو جــااا  ــنا
،ــخت ــنا ــا   ــود حســو ــو
بر ــنا  ــام ــو وــد ،ســا ،ــمتر
ح ــوآ   ــه شــتر نعــت شــا ــا
Cheremisinoff, 2002: 53; Rosenfeld) ــد ســ
ــد و ،صــر ــا رب  ــو  .(& Feng, 2011
ــد ون ــو  ــ و ــ  ــد ر ــا اا ــا اع 
ــود.  ــر ط ــو  ــر  ــد آن ــ ا ــو ن
فوــو  ــد س ا ــد  ــتا ش ،ــا  ــو 
ــ ا ــ نا  ــ س اــو  ــر ت ــا ر 
ــه ــا ــ  ــ ــو وــد ننــدوآ
اــگا اش .ــ ــتر ش ــ م  ــر  ــا ار
ــا م ــا اا  ــ   ــا اا ،ــ ف
ــ ــرو ــادس وــد تــر ــر ــنا  ــز
Harrison, 2001: 588; Erfan Manesh) ــد  ــما
 ــاس ،ــ ــر .(& Afioni, 2008: 203

ــا بــر ــنا  عــا  ــزر ا حصــو
ــر  ســتق ســئو ،ــاتماا  ــا

تماــا ــ ــو ــا ســتند. ــو ــ زرــا
،ــا م ــو  ،ــو ت ــر  ،ــ و ــر، آ ــد ان
 ــب ــق ،ــا  ــ ،ــفاآ ،ــو  ــو 
نــدطع  خــ ،ــرا ــر مــا  ــفا
ــو  ــ  ــا ندآ ــ خت ــو  ــد   ــ و
 ــا ندرآ  ــ ر ــر   ــ مچن .ــو 
ــز ــادس کاــا، ــخت ــو ،ــا
ــانار  ــکآ بــار ،ــ  ــآ ــو
ــود ــو  ســتر ــو ــت ر  ــا  ــ 
ــو نهــا زرــا ــ ــود اجــا ــت 
جــا کــ ــود، تاــا تعــد ــاآ ــا
ســر ــو ــاو ــا   ــکا ــان
.(Semeniuk & Dastoor, 2018) ننــد ســه 

ــ نطق ــ م  ،ــا  ــتا  اــهر   ــا س
ــتاهر  ســتند. ــخت عــا  ــن ،ــر
ــن ،ــرر عــد انــد عــا ،ــر
ــک  .ــو  ــ ا ــو  ــ  ــن  ــ   ــ آ
آ نطقــ ــ عــا ــرنحصر ــاژ 
ــا س جــ ،ــتخر   ــا ف ــگا ن  ــ  ــ
 .ــو  ــ نتق ــو  ــ  ــ ع   ا ــا 
ــز  ،ــا ع ــا ج اــهر  ــتر ش  ــتا،  ــ 
ــو ــف  ــا ــاس ــو ــاندآ
ــر   ــ  ــ ا رــمگ ش ــو  ــ نا ــ 
ــ م  .(Haddad, 2004) ــو حســو دــتا
،ــا ت ــر ظ ــا ا ،ــا ع ــ  ــو ر ــا ندآ
ــو   ــد  ــت رند ادفــو  ،ــا وز
،11ــ ترآ ،1۰ــ فتا ــد ان ــ ندق ــا اآ
Kuna-Gwoździewicz,) ناتر13ســتند ،12ــرا
 ــوو ــو ــد ــا بــار ــ .(2013
ــنآ ــو ننــدزاا ــز ــمچن  ــح
ــاآ ــاک ــ   نــ ــر ــ
ــبد ــاآ ــافتو انــد قــند
ــا ،ــک ــاان ــت ــ ــ ــود
ــ ســتند. ــر ــاس  ــد )ــد( ــد
ــادس ــ ســب ــد ــاا جــا  ــو
.(Gurr, 1971) ــد شــتر ــد ،تــر  فوــو

ــدو رــز 189 عــد ،تــر ــو ــار 
نطقــ  نعــت رــز  ــاا ،ــن عــد  ــ
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،ــ هر ــ   .)1 ــد ( ــد  ــا نا ــ ر
ــز جــااا ،ــن عــا انــد رــز  ــر
ــو  ــد و ــا جتم ،ــر ــد ن ــ اا ــر ظ
ــم تر ــ جتم ــژ  ،ــا متر  ــا م
قــ وــد، ــر  ــع ــ ،ــر
،رنا ننــد. فــا نطقــ ــو ــوآ  همتــر
ــ نب ــ ره ــو ن ــر ــم تر جتمــ
ــحو  ــز ــا  ــ ،نطقــ  نــدآ

، ــر ــتق  خمشــد هــ ــخا
.ــو عــر

)یر(ریمتر جتم )

ــ  ــو ن )ــر (ــ ر ــم تر ــ جتم
1342 ــا   ــر  ــم تر ــ نا ــد و ــد 
ــاآ ــ ــام ــاو وــد نظــو ــدو
تــرو 45 ــ ا  ــر ــ .ــر ــعا ــ 

عا نو

(Activity Title)

رز عد

Number of)
(Centers

رز عا از  حصو

(Products and Activity Details)

نعد

(Stone Mining)
14

رر  آن ،ن  عا  

(Includes rubble stone, limestone, and marble quarries)

 ام حصو  و ود
امتر

Chemical and Petrochemical)
(Products

10

بار  وا ا ،اآ  مو  حصو ا ا
وا  صنو ا ود ،د صف فت ارآ ا ،

نندزم ارآ  انندا 

Includes manufacturing pesticides, fertilizers and nitrogen)
compounds, refined petroleum products, synthetic fibers,

(soaps, detergents, and cleaning products

داآ  ذ حصو

(Food and Beverage Products)
60

،با حصو ود ،و  او ر اآ اذ ود ا
حصو ود ،بن ارآ ود ،توحصو ود

انسر ،ند و ندست کر،  ند ود ،تشا

Includes animal and poultry feed production, bakery)
products, meat products, dairy products, starch-based
products, sugar and confectionery production, packaged

(grains, and canned food production

کرازحصو

(Fabricated Metal Products)
11

نا ،تمااز حصو ،ونوآ را ا
و ود ،ور طعا ا ،نعتاا ا ،ندست
،بزا ،ار ،زنو نعتام ،ز اشک

کار ،وتا

Includes aluminum containers, metal building materials,)
packaging industries, industrial mold manufacturing, wrought
iron components, metal barrels, industrial metal coating,

(pressing, molding, metallurgy, and machining

.ر نطق نعت  دو رز  ااا ،عا اآ .1د

able 1. Statistics of Mines, Factories, and Industrial Production Centers in the Marvdasht Region..

ر  نگر ر احو  نگ صاار  آ نا  و اندآ همتر
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ــز  ــر  ــا جــا  ،ــر ــهر 
ــم تر ــ جتم .ــ  ــد  ــ  ــ ر ــ 
ــخا ــاحو ــر نــو هــ  ــر

.)3 ــک(  ــر ــتق  خمشــد

ــا ه  ــر هر ــا  ــ ر ــم تر ــر 
تــر  ــتر ــد ، ،ــاوآ وــد ــد
ــ جتم ــ  ــع و ــد   ــر  اــ  ــا آ ــو وآ
ــ م  .ــ ا ــ  ــد د ــا د ــد  ــا 

عا نو

(Activity Title)

رز عد

Number of)
(Centers

رز عا از  حصو

(Products and Activity Details)

ز ر ا حصو

(Non-Metallic Mineral Products)
55

حصوا ،چ  ما ،تو اا و ا ا
 ک ر ،فاآ ود ،سور تماا کر  فا

نر 

Includes concrete, cement, and gypsum products, non-)
refractory ceramic and clay building materials, asphalt
(production, stone cutting, shaping, and polishing

زجه  آا ا

Machinery and Equipment)
(Manufacturing

6

آا ا ،وا جااا آا ا ا
زجه ،ومپر  م و ،و تگا ا ،عد

ر و ا ،ککا

Includes rice milling machinery, mining machinery, block-)
making machines, pumps and compressors, mechanical
(equipment, and pipe and profile manufacturing

وو ق ا

(Motor Vehicles)
4Includes)وو ق ا حقا  طعا ،د ا  

(manufacturing vehicle bodies, parts, and accessories

کت  کتحصو

(Rubber and Plastic Products)
18

ند ست ،کا  وا ،صر کبا ر و ا ا
مر کت عب و ،قز کت طعا ،عد آ
طعا ،رتا  و ، و ،  اآ و ،ق 

ا کت

Includes disposable containers, plastic bags and films,)
bottled water packaging, injection-molded plastic parts,
plastic transport boxes, polyethylene irrigation tape,

polyethylene pipes, polystyrene blocks, and blow-molded
(rubber components

ف  ا ارآ  

(Coke and Petroleum Products)
3

ا رر  نعت ر ،د صف فت ارآ ا  
ا ا پسو  ژس

Includes refined petroleum products, industrial bitumen,)
(and filling oxygen and liquefied gas cylinders

اصنو ار ود

(Other Manufactured Goods)
8

ز ،ر نا ،ماب نا ،ذا حصو  اذ ا ا
کز

Includes paper and paper products, furniture industries,)
(leather industries, and medical instruments
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ــد  ــ  ــو  ــد  ــر هر ــ  ــا د
ــد  ، ،ــا وآ ــد و ــد د ــا د ،ــو 
ــر ر 1۰ ــا ع ــر ــا  ــو وآ ــر ت  ــتر
،ــکا آ ــر  ــا د ــ مچن  ــ د ــا د
 .)2 ــد ( ــر  ــا  ــو آ  ــ رر ،ــو تا
ــا وــد ــر  ــمد ــاد ،ــعو ــ 
 ــر ــمتر ــو ــاوآ   ــر  ــدد
ــا  ــر  ــ  ــد.  ــر هر ــ  1395 ــا 
ند. وــد  ــ 1۰73۰۰۰  ــاوآ ــ 677۰۰۰
ــد و ــ  ــا  ــو   ــد  ــو  ــ جتم ــ 
قاــر   ــخت حصــو ــو 16  ــ شــغو
Air Pollution Research Unit,) نــد وــد ــواو
ــ  ــا اع  ــک  ــت نع ــا ب   ــو  .(1998
ــا ــا ــا ــار ــا ًعمــو ــ ــ ــمتر
.ــو دش ــز ندــر  ــا ،ــر اــهر
ــد ــدهد نعــت جتمــ ــ  ــا ــاآ
، ــما نطقــ ــخا  ــع ب ــح ــر 
ــرا  ــاناا  ــر تــد مــا  ــ رنــد
ــ  جتمــ ــ ــا ــا اــدرصم ــ

ــد. و  شــد ــع ب  ــخا نطقــ

ر  سترشا )

دســا ــر  ــور ــ ــر ــ
نــ اــز، ــ  ــر آ مچــو
خــ ــ  ــع و  ــت  ــا ش ــر  ــو ط
ــ تــر ــو ســتر ــک ــ ــتاهر 
ــ ــنجا ــا  خــز ــد ــو .)4 ــک(
،ــد تع ــا زا  ــا ا ــر م ــ ترکع ــا 
ــا عا .ــ  ــ نطق ــا ش آ ــد أنن
ــت   ــت نع ــو  ــ ا ــ   ــا ش
ــم  ــک  ــ  ــز  ــا آ ــا   ــد جا
،آــر   ــا  ،ــر ط اــت س ــا  ،آ 
ــو حص ــ رمد .ــر  ــر  ــتفا  ــو 
 نــد غنــد ،توــ ،آ ــو ،آ نــد ــا 
  شــ ــر ــط شــتر اــز ــو  ــو 
انــد حصــو ــمچن .ــ  تصــا ــو
 تــو  ــو ،جــاا ،ــ اــبز، ،ــگرو
اــر  دــا  ــو  ــور ــژ ــم
 ــ ه ــد، و ــ ن  ــ ر ــ نطق  ــد تع

ــد.  ــ عا حصــو ــ  ندــت س

تق حو ترو 17  خمشد ها ر ترو 15 ا  ر متر جتم عو .3ک

(Google Earth).

Figure 3. Location of the Marvdasht Petrochemical Complex, 15 km from the Persepolis World Heritage Site and 17
km from the Naqsh-e Rostam Site (Google Earth).

ر  نگر ر احو  نگ صاار  آ نا  و اندآ همتر
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ــر جــ ــا ــ ــر، اــا 
 ــد   ــ  ــ ر  آــ   ــا  ــو حص
آــا وــا،  ــتفا ،شــا ــا
ــ  .ــ  ــ ات ــ ز ــا م ــا  
طــر ،حصــو کــرم هبــو ــر ــر،
ــتفا  .ــ  ــت  ــر م ــز   طحــ س
 وــا ــژ ،بــار ــ  ــد  ــ
،ــو ــر ا ــد د ــ ز ــو ــا، آ
 ــ   ــا رب ــ  ،ــد خنن ــا ا ــر 
ــا ــو ــاآ ــ ــربد ــز ــاس

،ــخ ش ــطح  ــا  ــو ر ــا  ــا   ــد م
ــاآ ــو انــد. ــا ــو  ــع ــو
ــمو  وــا ــو  ــز ــر مســتق أــر ــها
ــاو ــو  ــ ا ــ  ــا  ، ــتفا ــو 
 ــمو ــرا ،نطقــ ــ  شــا ــنت
ــد مدــاً  ــم ــو ــا ــد آــا
ــو ن .ــو  ــا ج ــد  ــ آ ــو  ــ  ــ و
ــتفا )نوا( ــم مــا  ــر ــا  ،ثــا
 اــ ــز ــگرو شــ ــر ــ ــو
 ــا و ــو  ندــت  ،ــ   .(Haddad, 2004)

(Factory) / اا
رهر ا

Year of)
(Operation

(Product Type)/حصو و
   ،ر

Capacity, tons/)
(day

(Chemical Fertilizer) / ام و1963

(Ammonia) /او111آ

(Urea 46% Nitrogen) / تر د 46 145

(Nitric Acid)/تر 136د

(SodaAsh) /و1972
(Sodium Carbonate) د نار240

(Sodium Bicarbonate) / ر و60

(Expansion Plan) /ستر ر
1985

(Ammonia) /او1200آ

(Urea) /1500

(Nitric Acid 58%)/ د 58تر 1034د

 د 34/5 وو تر

)Ammonium Nitrate 34.5% Nitrogen(
650

1994(Argon) / و15آ

(Chlor-Alkali) / کا 1988ر

(Liquid Chlorine) / ا 61ر

Hydrochloric Acid) / د 33در د
(33%

182

(Caustic Soda) / آو و137

(Sodium Hypochlorite) /  30آ

(Perchlorine) /رر1995(CalciumHypochlorite) / س رپو15

(Methanol) / وتا1990(Methanol) /ت ک255

.(Air Pollution Research Unit, 1998) ر متر دو .2 د

Table 2. Shiraz Petrochemical Production (Air Pollution Research Unit, 1998).
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کاذــر ــ ــو نطقــ  ــتفا ــو ــمو
،ــا ــا ــ ــا  ــر ــا ســ؛
 آجــا  ســتند. نکــر  ــآ ،ــا ــور، وــا
ــر  ــا حو ــک ز  ــا ش ــا 
،ــت ق  ــد مشخ ــو مچ ،ــ نطق ــگ رن
ــاآ ــط ــ بــار ــ تقــا تمــا ــد، ــر
 وــد  زــاــد ــرا ــر  ــخا
.ــو ــا آ ــ  ــار  ــآ ــو ــد

ــخت ــو  ــتفا  ســتر اشــا
نعــت ــاآ  ــمو ،ــام ــاو
حصو  ــنتز بار ــد آ ــ نجر ًعمــو
Kland,) ــو ــح ــ آهــا ــجز  ــا
 ــا نــو ــ ،آ ــار بــار  ــاس .(1988
ــ  شــا ســتر ــاعا ــط ــ  ــتذ
بــار  ــا ــاس ــتفا  ــا آدــد، ــو
ثــا نــو ســتند. نعــ ــ  ــا ــام
ــا ــا16، شــرا15، اــا14،
19ــاکرد رــا18، ــا، ــا17،
 ــرار نعــت ــام ــاو  ــاس
ــز ــه  تــاجم ــح  شــا نعــ
ــد ن تصــا ــو  ــ   ــط ح ــا ندآ 

.(;Kodavanti et al., 2014 Talcott, 2013)

ــاو  ــتفا  ــا ــاوآ ــر
ــدش ــآ ــ شــک ــا،  ــام
ــا   ــد ن  ــو  ــو  ــو حص ــا قا
ــو ــاندآ ــط ــ  ــو ــز شــا
ــفاتأ ــد. ــز ــد  ــر نطقــ
ــ  ــر  ــا ش   ــ ِ   ا دــو 
ــا آ ــا ر  طحــ س ــئ س ــ   ــ 
ــ ــز ا ــادا ــاآ  هــر ــر ــا   ــد
 ــا ــد ــ طحســ ــادا اــد.
ــمچن  ــرو ،ــ ر ،ــر ت ــو ــاندآ
ــ  ــ  ــ  ــو  ــ  ــر   ــ تا ،ــ ر 
تــد فــا ــدند  ــا ــا ــا ــو
ــوا آ ــ  ــ  ــا آج  .(Karami et al., 2018)
ــر ــا ــوــا تــر ــاندرآ 
 ــا آه  ــ ا ــا ندآ ــ ره ــد، ر
 .ــو ونــد ــر ســد ا  اســتر ــع
ــ ــا تــر اســت ــو ــ اســتر ــع
ــود،  ــ نتق ــو  ــ  ــا اع  ــ آ ــط 
ــو  ــ  ــد نن ــد و ــم تر ــرآ  ــو 
کاــا ــود. ــد ــکو ــر ــاچو
زرــا  ــا ــو ــ ــم  ــآ ــادس 

.(El-Hinnawi & Hashmi, 1987) ســتند

 ا ق  م بک  خش مر خمشد  تق حو ا آ جا  شا  ستر .4ک

.(Google Earth)ر نطق

Figure 4. The Extent of Agricultural Lands and Their Proximity to the Naqsh-e Rostam and Persepolis Sites, Along
with a Section of the Road Transportation Network in the Marvdasht Region (Google Earth).
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 قــ  مــ ــاعا  ــق ــا عــد
ــاخ  ــژ ،شــو ــخت اــتا
ــا ج  ــا  ــه  ،ــد ع  ــ نع  ــا ش
 ــ م اــا ر  ــتفا  ــد.  ــو  ــو آ
ســت ــح ــاوآ ــ ــژ ــو انــد قــ
قــ  مــ ــاعا  ــا ــخا ــاا 
کز ــعو  ــد .(Maddah & Jafari, 2022)ــ
ــ  ــمعــز ــا مــر ،ــر ــهر ــق 
ــ ــ  وــا، عــد ــدد ــز آ بــ
ــا ،ــمچن .ــ ــهر ــاندآ جــ ــز
ــخت ــدو ــز  شــا  ــنا ــعو
شــتر ــا قــ  مــ  ــرر جــ ،نطقــ 
ر  نطقــ شــتر ــوآ ــاقد ــر ــ  ــد
ــم  ــر ــر ــاا اــر، ــا  .ــ ــر
ــهرا ــ بــا ــبک  فهــا ـــ ــر ــاو
رــتـ ــا انــد ،ــر ــتاهر اــتا 
ــخا ــاحو  ــاس ــکز  ــ ــا
ــو ــاندآ ــنا ــره نــد، بــو
  )2 ــر صو( ــتند س ــ نطق ــا  ــر   ــا 
ــد. ر ــر  ــا ندآ ــا تش 2۰ــط  ــ نا ــر 
ــد تع ــاا ــا  ــ نطق ــگرر ،ــ  ــر 
ــژ  قــ  مــ ــز ــا ــع ب  ــخ ا
ــ  ــ و .ــو  ــو  ــد ان ــ  ــو ص 
ــ ق ــ  ــز  ــر  ــاد  ــ  ــا  ــ  
ــو صــا ــخا ــاحو  ــا آ ــکز 
ــر ــ ــ ،ســت ــتق  خمشــد
ــز ــر حوــا، ــ  نظــر ــد ــر

.ــ  ــذ رأ ــز  ــط ح ــا ندآ

ــو  ــ  ــ ع ،ــا  ــ ق  ــ م ــ ن 
 ــت   ــ  ــو  ــد ر ــا آ  ــ ق ــا 
ــز  ــو م ــا، آه ــد ع ــا نا ــکا  ــو
ســب ــاد ــو ــ ــر ــ  ــوآ ــد 
ــر  ،ــو  ــر  ــا  ــا   ــ  ــر رظ .
ــرنحصر نــدآ تــگو ــوو ــق ــ
ــو   (Malakutian, 1996) نــد جــا  ــو
اــت )ــز( ــر ــاو  ــرمو
ــا نا ــ ا ــا ندآ ــو  ،ــ ق ــا  ــ خت

ادس ظــر ــو ،ــا تــر رآنــد  .ــ
ــا  ــتر اس  ــ مچن ،ــر ت  فوــو  ،ــ ر
ــدد، ش تــو  ــ ا ــو  ــ  ــا رد
ــ ق  ــ م  ــ زر ،ــ رنا ــود.  ــو  
ــز س ــ ق ــ ح ــد آن ــ ز  ــا 
طحســ ــر ،ــ ــارز وــد ــا  ــد

.(Bel & Holst, 2018) ــد نن ــا ج  ــر خ

یح ح

ــعا ــو ــ ــو ــا ،ــدو جــااا  ــنا
ــو ــ   آندــا  ــف خت ــاو ــد ا ،ــو
ــق نا  ــد. نن ــ نتق ــا   آ اــت س ــا 
،ــ ر ،ــو  ــ  ــت ق ــا  ،ــا اآ ــد ان
ــو ،فهــا رـــ ــا  خمشــد 
ــو دــاآ  ــذ حصــو جــااا
ــم  ننــد. وــد تنــو حصــو ــ ــد
،ــ و  ــکر،  ــد ن ــ  ــو  حصــو ــ 
،اــا  ،ــا ع مــ ــفد،  ــ ر ،نشــ 
،ــر  تــو ،ــوا ،جاــبز انســر ــو
ــابن  ــا  ــو   ــو ،بــا  مبرــر
صر ــ حصــو ــ  ــدر وــد .ــر ــا
ــه ،ــا ــر صــر ــ   ــا ــر
نــد. جــا ســ ــح نــدآ  ــهوا
ــام بــار  ــدو ــنا ،ــ ــر
ــو حص ــا ه ــ ف ــ  اــت  ــر  ــف خت
،(Air Pollution Research Unit, 1998) نند ــتفا
و اــا  ــام دگهد بــار انــد
ــ ســتند. ــذ حصــو ــز ــره  ــ
 ــز آـــ بــار مدــاً ــ ــام اتاــا
ــکا  ــا ندرآ  ــتند، س ــ اآ اــتر 
 ــسد اتاــا جــا ــا  ننــد ــر
وــد ــخت ــطو  مــک اــو ،ــر تــر

.(Kosseva, 2013) ننــد

ــنا ،ــر ــتاهر ــنا  ــاس 
 ســتند عــا کــت  ــز حصــو ــدو
Haddad,) ننــد ــر ــا  ــفخت حصــو
 ونوآ ،زوــ صــر کبا ــر ظــر ،(2004
ور طعــا ،ــد ــکار حصــو ،کــت
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ــو  ،ــت نع ــا ا ،ــو رش ــ ن ،ــز 
.شــا ــام  ــگا ــو ،ــز اشــک
ــا ــنا ــ ــاندآ  مــد خــ
 ــ ــ ــداا ــز ــادس  ــدو ــز
 ــا اج ــا ن ــت  ــو ر ــا ح
ــنگ اتاــا ــا  ــ رن   ــد ن جــا
 ــا ،ــس ــگزا ــر ــ ،نــار  ــکآ
ــخ ا اــن  ــ خر ــ ا  ــود  ــ زن
،ــر ــر ظ ،ــز  ــ   ــا س ــد س ــد. ر
کا  ــت  ســتند ــر ،ــا  ــبا ،ــا
 ــنجا آــأ ــود. نتقــ گــر ــکا ــ
ــ  ــر  ــنگ  ــز  ــا م  ــا دس ــ 
ــد  ــد ــاا ــ  ســب ــرخر ــر
ــد  ــما  ــنا  ــو  ــ  ــ و  

.(;Baedecker et al., 1992 Saba et al., 2018)

ــد ان ــز  ــد ودنن ــز  ــر گ ــ نا  ــا س
ــرنحصر ــژ ســتند. آ ــادس  ــونوآ
ــر  ــد   ــد انن ــ ا ــو نوآ ــد س
ــا  ــد  ــت با ــا  ــ و ،ــ ــطو 
ــط  آ ،ــط  ــ   ــر  ــد س ــ  ــد تع
.ســ ــ  ــ ا گــر  ــد ــا  ــا ــو
ــ ــونوآ ــتخر عــا ــکز  ــدد ــ
ــنا .(Grimaud et al., 2017)ــ دشــا ــا 
ــت  ــ   ــ  ــز  ــر ص ــا  ــر  ــد و
ســتند ؤر ــاس نــدآ بــار وــد  ــد، ــر
ننــد،  ــح ــ ــ نــدآ بــار مــد 
ــر ــر ــ ســتند رــتا ــاسد
ــکا  ــا ن ــا ج ــا ن ،ــو  ــب س
ــا  ــند، ر ــو  ــا  ــا  ــ  ــر   ــود 
ــداا ــادس وــد ــو نــا، ــ جــا
آــا ــا جــااا ــود. ترــا 
 ــو  ــد و ــ نا ــ مچن  ــت نع ــز جه 
ــرار ــنا  گــر ــت ،تماــا ــزجه
ــکاآ ــخت ــاندرآ ــا ــ ســتند نطقــ ــ
 ــا  ــر م  ــر  آ ــا رب ،ــر خت 
ــو  ــا رب ــ  ــ م  ــد. نن  ــو  ــ 
 ــو  ــب  ــا س ــ  ــر  ــا  ــا دن ــ 
،ــح ــ ــدو ــاوا ــر آ ــا ــامز

ــا ع ــا س ــا کا ــ  ــو  ــا  ــا بق 
ــو ا ــاو  ــ ــر    ــود ــبد
تاــا  ــ خر ــا  ــ و ــد؛  ــز س ــ ق
ــ  ــود  ــ ــدــا ــو ــ ،
ــر س  فوــو   ــر ت ــا دس ــد و ــ ر

.(Gilbert & Patrick, 2017) ننــد

ــ عا ــز  ــر و ــ نا ــ ر ــ نطق 
نطقــ نــدآ ــز  ــهوا ــه ــ ــد
ــو حص ــا  ،ــا ر ــد ان ــع نا ــد. 
هــم قــ ،ــو ــ ســت ــنا  ــذا
نعــ  ننــد. فــا ســ ــح ــوآ 
ــو ــ  ــر ــادس  ــا  ــر قا ،ــار
ــ   ــب  ــا  ــر ص  ــو  ــ نتق
 .(Kanagaraj et al., 2015)ــ ــ ــاس نعــ
ــ ح ــ  ــد  ــا آ ــو  ــ و ــا ندآ
ــ ســت  ــاذا ــنا  ننــد.  ســ
21ــطح نند عا ــو  ــاس  ــمچن ،ــو
ــا ــو ــ .ــو ــتفا 22ــوگز انــد نعــت
آرز ـــ ــآ ــا اتاــا  ســا جــا
ح ــا آ  ــ ــو  ــاس ــود ــو
ــود  ــو ستش  ــد  آ  ــت  ــتند، س
ــنگ ــام جــا ــا ــمچن .(Pletnev, 2001)
ســتر اــو ،)23اــو مــ( ــرج ــو
.(Ying, 2006) ــو جــا ــنگ ــاآ  ــر
ــو ــ  ســت  ــاذا ــ نا گــر، ــر 
اس ــ ننــد  ــح ــ ــرز ــا قاــر
ــو تقــا  قــ ــر  ــت  ــو ــدا

.(Bajpai, 2017) ــود اــا

ــاعا ــ ــا ــنا ــااا  گــر ــک
 ــنجا  ،ــا  ،ــ ر اــهر  ــر   آ
،ــو  دــا ش ــو  ــا حمدآ ــر ظ ــا خ
امتر  ــام حصــو ــا  ود نا
،نــآ ــا ،ــژس آ ظــر بــار ــ ــ
ــاو ،شــا ــاآ  اــا
اوــا، ،ســا ــا ،فــت ــارآ ،ــام
ــر ص ــا  ــت اار ــو   ــب  اــتر 
حصــو ــد و ــا ن  ــ نا ــ  ــد. نن ــد و
ــز  ــا  ــ  ــو  ــو  ــد ودنن ،ــو  ــ 

ر  نگر ر احو  نگ صاار  آ نا  و اندآ همتر
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ــر ت ، ،ــ تر ــد  ،ــا وآ ــ م  ســتند؛
،ــو آ ،)ــو تا  ــو ا(ــب  ــا ک ،ــو وآ
Mossavar) ــت نع ــا نار  ــا ج ــا ا
ســفاا،  ــاس وــد ــمچن .(Rahmani, 1981
ــا ــر، راتا24ــا، ،آ ــور ــارو
ــاا  ــ  ــزء  ــز  ا ــا عا  ــو صن
ــو نکــ ــر  ــد و حصــو ــ  ســتند.
ــما طحســ ــاندآ ــراطر 
ــد چ ــا  ــا  ــا م اــ کاس ــا  ــد، 
نند وــد ــوا ــاطر ــاس ــاندآ اــد
ــد رخر ــز  ــر ت  فوــو  ــا دس  ــ 
فــ تــو ،مــد ــو .(Zangeneh et al., 2011)
اــو  ــا ،ــنز انــد فــت حصــو 
 ــ ف ــ نع ــ  ــت س ــ نا ــ مچن  ــ س
ــز  ــه ،ــم تر نعــ ــد ان ،ا ــا عا
ــ تــو ــر  ــد. ــو ــ آ بــار تشــا 
ــهوا قاــر ،ــر ســد ــر ،بــار
ــر اــد. تشــا ــو  ــز ــر آ بــار 
ــن رد اــو ــناا تــر ــر   ،ــ
ــا ــا ــا ــاح  ــژس قــر ــ ــ ــ
اآ اتاــا  ــاس ــد،  شــا ــ 
ــو ــ ســتق ــو ــ ــود وــد قــند
ــود نتقــ ــا ــ اــا ــر ــر ــا ــد

.(Garcia et al., 1992)

ــد تمــا ــ ــ آ ــوا کتــ
 ــر  ــ  گــر ــا م ــا رب ــا  ــا  ــد
،ثا ــر . ــو ــز تــر  ــرو ــادس
د، ــرا ــنا ثــر  ــ 25ــنووتر بــار
فعــا  عــ ــد   ــا  pH ــد ون ــت
 ــاس ننــد. ــد  ــا  ــو 
ــوو ــق ــا وــد ــنا انــد گــر، ــنا
ــز  ،ــت  ــت حصــو ــد و ــ نا 
 ســتر ــ ــد ودنن  ــا  ــ نا ــر  
ــ ه  ــا  ــ نا ــ  ــتند. س ــد آن ــا رب
،ــ رقر اــنتز   ــا 26  ــر  ــا ج
،29نــز ــ ،28ــرا ،27ــتا انــد بــار 
ــ ق ــا 31اآتر  ــا س  3۰ــ وو
 ــن ،ــنوو اتاــا ننــد. ــتفا

ســتند ــا ــکاآ ــاندآ ــزء نــز
هــا  32تکــ ــا ــا شــتر ــو ــ
ــ  ــر  ــا س اتاــا  ــ  ــود.  تــنا 
ــ ا  ــد  ــن  ــت ا ــتند، س ــا ع ــد 
ــ آ ــا  ــاس  آهــا ننــد
نــگا  .(Mustafa et al., 2018) ــ ــار
ــا تم اــ ش ،ــو  ــ  ــر  ــا ب  ــتفا 
آهــا   بــار ــ ــحر ــتعما ــت ــا
ــد. ن ــا ج ــر ذابر ــا آ ،ــ ح ــ 

ــطو انــد ــاا  ــر بــار ــ شســت
آ اتاــا   ــر   ــ ا ــخ ا ــنگ 
مــد ســم جت  ــ ــو ــوا  ــا
.(Liu et al., 2018)  ــ   ــز  ــنگ  ــ ا 
ــر ــا ــد،  ــژ ــم ــز رــا بتــ
ا ــستا ــر اتاــا ،خــر ــا ــ
pH ــا  ــح ــر ــد ــا   ــد ــد
ــاا شــدد  ــا ــر ،5/1 ــا 4/3 ــد
.(Duan et al., 2018) ــد ن ــا ش ــو   ــد 
 ــد ز ــو  ــد  ــا ا  ــا  ــ خر
ــر  آ ــر أ ــد او  ــاد   ــو  ــا ج آ
ــدند  ــا باــد، شــهو نــد ــنگ ــاآ 
 .ــو  ــاآ ــ ــ ــد ــاس ــاآ
ــا ــ نهــا ــو ــد ــوو ــ ــ ــر ــ
،ــر اند ،ــنا  ــاس   ،ــد تصــا
ــ ا ــ ح ــب س ــ و ــا   ــع و  ــ 
ــط  ــا ندآ ،ــا  ــا  ــد  ،ــ  ــ و
ــا ع ــگا بح اــبن   ــ و ــط  ــا آ

ــود.

ــنا ــو نــدآ ــز ــر نظــو
خمشــد، ــاحو  ــ ــر  وظــر،
ــر ــ مو ــ ــر ــم تر  ــتق
گــو  33ــنجم ــارآ  ــتفا ــا  ــد
ــ مــو ــ جمــو  ،34هنکــ ــا ــاآ
مــو ــ ــها   ــد؛ ــرگا ــدآ
مــو ــو ن ــ اآ کــر ــ ــا ــر  ــد 
 ــ ا ــ تا ــد. آ ــ  ــ نطق ــر   ــد رآن
ــر  ــطو ــر د  ــر وار اــاد
ــد   ــا ش 5 ــک   ــر وار ــا نحن
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ــاد  ــ مو ــ  ،ــ جز ــا رد  .ــ
ــد آن ــ ور  ــا   ــز م ــو  ــو ن ــز 
ــا  ــز م ــو  ــو ن ــا مو ــ  ــد.  ــر 
ــ ر ــا  ــ طا ــاو ــو صن ــ  ــتفا
ــارآند ــر ــ ــدد ــر ــا ــو ــد
ــد دو ــ و ،ــر وار ــز اآ  ــا

.)5 ــک( شــد ــا نا آ 

ــا ــا ،ــ شــخ مــو  ــ ــوما
)تــر ســد نــدآ ــ ــور(ــتر ــوآ
) ــد آن ــ  ــو ر( ــر ت ــو آ ،ــ ق 7/89
نــدآ ــ ــور( فاــو ــوآ ،قــ 12/91
رآنــد ــا ــا  قــ 18/37 )ــرو ســد
ــو ر( ــو وآ ــو ا ــر  ،ــو  ــا و ــ م
ــا  ــا ا ــ  .ــ ــ ق 19/66 )ــا وآ ا ــ 
ــد ع  ــتگا  ــد 5ســآ ــ رت ظــر
ناــار ــد ــرغ ــ ــو ــا ــدد. ــبحا
شــخ ،ــو  ــر وار ــتگا   ــد تفا

ــو شــگااآ مــز ــو ــمو ــ ــو
 ــ د ــر غ  ــت د ــا نا ــ ا ــد آن
ــ کرمن ۰/۰1 ــد   آ ــ  ــو ر ــر وار
ــو ــ ــامو  گــر، ــر  .ــ
 ــ ــد دشــا ــدد، ــز اآ  آمــ ــد 
ــط  ناــار دــما ،ندآ ور ــا ــا
ــد ــرغ  ــر ــرتگر ــرغ ــ ــر
ــو دشــا ــهوا ــو ناــار ــککتر
ــن نح ــ  ــر مااگ ــد رتگر ــ  ــر  .
ــ ــتو   بــو ــر ــر ــار ــو
ــ تا .ــ ــد  شــخ ناــار ــو ــ 
د  نــدآ ــر قــد ــح  ــجز  ــا
ــد شخ ــ ور ــر   ــ  ــد  ــز  3
.ــ ــد  ــ ــو آ ظــت قاــر

ــارد  دآــ ــتا ــ ــو ــا
شــخ ،ــدجا ــاح  ــجز  ــم
ــا س ــو   ــوو ــاندآ ــر قا ــ  ــو

جز  ندما روار ر .اآ 12 عد  دانا او ام ااد  ا مو .5ک

حو و :ر  اد(، مو( شگااآ  د ود مز و :آ  . نطق  ور روار

.ر متر و بز:  خمشد، حو و رز:  ،تق

Figure 5. Graph of Chemical Separation of Identified Species in 12 Experiments. Each Chromatogram Represents
Three Chromatographic Analyses for a Specific Region. Blue Line: Laboratory-Generated Clean Air (Control
Sample), Turquoise Line: Naqsh-e Rostam Site Air, Red Line: Persepolis Site Air, Green Line: Marvdasht

Petrochemical Complex Air.

ر  نگر ر احو  نگ صاار  آ نا  و اندآ همتر
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ــ ــاد  ــد شــد ــع ــ  ــو ــا
شــا ــجز ــتا .ــ ــژ ــو آ ــ اــد
 آندــا ظــ ــ عــن بــا ــ نــد
ــ ــاندآ مــا   ــو ــمتر ــ نا
ــا ــا ــاس ــاظ ــا ــنا ــ جــا 
 ــتق خمشــد، ــاحو  ــود،
دشــا متــر ســب ــ ظــت ــا ،آ ــر ــح

رــد.

یرتیج

ــتاآ ــ آهــا ــد ــز  ــو ــاندآ ــا
ســ ــح ــر خــر ــاآ وــد حــر ظــ
ــد نعــت ــد .گــذ ــار نــگر ــر 
ــ خت ــ نا جــا  ضــو  ــر ــ نطق
ــ  ــار ــر ،ــخا ــاحو ــا
وــد ــنا ــره .ــ ــر ــقو  حوــا
ــا  ــ ر ــ   طحــ س ــا ندآ

 ظــا ،ــمتر ،ســا ،ــام ،ــذ ــنا
ظــر  ــ ــ ســتند ــا  ــ  ــن ــا ع
ــر  آ ــر ظ  ــ   ــ س اــو  ــر ص
ــو    ،ــا ب  ــر  ــد ان ــتوا ــا رب
ــتفا ،مچن أرذد. ســ ــح ــ ــام
ــو هب ــر  ــا ش ــمو   ــا م ــا و 
ســتر شــا ــر  ژ ،حصــو ــف
.ــ  ز  نطق  وآ ز ،ــ ا 
 ــ ــز  ــآ انــد ــ ــکم ــام
ــ ــو ننــدوآ ــو گــر  ،حصــوــر
.ــ وــد ــ نطق ــر  ــد ند ــف ن ــر  ــ 

ــز ــا قــم  ــر ،ــ ــر
ــود.  تــنا  ــ نطق  ــد آن ــ نا ــو ن
ــم تر ــ جتم ،ــو آ ــ نا ــ ره  ــک 
ــاحو ــو  ــرمو .ــ ــر
ــتفا ــا ــتق  خمشــد ــخا
ــو وــا ــتخر  ا ــارمو 

.زاآ امو ر و  ا ر   ندآ ر  دآ  ظت قار .3 د

Table 3. Concentration values of each pollutant in gaseous and ionic forms for analyzed samples.

و

(Pollutant type)

نطق

(Region)

تر

(NO2-)

سد

تر

(NO2)

تر

(NO3-)



(O3)

فاو

(SO42-)

سد

رو

(SO2)

ووآ

(NH4+)

اوآ

(NH3)

شگااآ مز و مو

(Laboratory clean air
sample-Control Sample)

--------

خمشد حوو مو

(Persepolis Site Air Sample)
8.41300.94108.310.81300.5272.2

تق حوو مو

(Naqsh-e Rostam Site Air
Sample)

8.8136.20.95109.511.1133.60.4765.3

ر متر و مو

(Marvdasht Petrochemical
Complex Air Sample)

9.6148.61.01116.424.22910.5475

g
mL

µg
mL

µg
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µg
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ــا ظ ــر د  ــو  ــر وار ــتگا 
مچــو ــاندآ ــر ضــو ندشــا
،(SO2) ــر و ــد س ،(NO2)ــر ت ــد س
ــا  ــر قا ــر م (O3)   (NH3)ــا وآ
فاــو  ،(NO3-)ــر ت ،(NO2-)ــ تر ــا و
.ــ  ــا حو ــ   )NH4+) ــو وآ  (SO42-)
ــو  ــد ــز اآ ــامو ــا  ــ تا ــ  ســقا
بــا ــ ــد شــا ــر ــمتر جتمــ
ــ  ــا عا  ــا ندآ ــ ظ ــ  ــا عن
جــا  ــ ــاندآ مــا   ــو جتمــ
ــانا ــا ــاظ ــا ــمتر ــنا
ــا  ــت ق  ــد مشخ ــا حو  ــدد، 

ــود.  دــا ش ــر مت ــا ظ

 نطقــ ــنگ ــاآ جــا  اــد آندــا ــ
ــاطر ــد بــار ــ ،ــو ــد ــذ ــا
اتاــا  ــر ــا ــا مــر  ــدبد
ــو ــخر ــار ــو  آنــد ــر ــنگ
ــو مــر بــار ــ ــود. نطقــ نــگر
 ــر  ــو ف ــخ ا اــن  ــذ نا  ــط  
 ــن ــا تاــا ،ــح pH غــر ــا  ــد ون
ــک آ ــنگ  ــا آ ــژ  ــد. نن ــو ر ــ د
ــ ر ــ  ــ ر ــ  ــخ ا ــا حو 
ــز ــد ــع ــاوح رــر  ــد، ــتس

ــود.  ــ خر  ــح  ــا 

گزپا

ــر  ــما ــر تــر ــاآ ،قــدر ــ 
شــا ار شــهد ــد  آ شــگا ــم
تــر ــاآ  ،شــااآ جــا  ــمند مــکا 
نــر شــگا حتــر ــتا ــا دحمــد
 ــ مچن  ــا، ره اــا ش ــ  ــا فه
ــار تــر ــا اــر ــمام ــامکا
ســعو ــاآ  ــور ــر هنــد ــا ،ــنس
ها ــر ــاگاا ــا مــکا  ــترخع
ــا رمو  ــکا م ــ ن  اــا ا-ا

.ــو ــژ شــکر  ــد ،ــژ ــ

.د :نا ضا

ــر جــت ــقا ــ :عنــو  ــا یــاا
 نــگر ــر شــگاژ  ــدگا ــشژ
ــا آ ــا ر ــد رآن ــ "طاع ــو ن ــا  ــگر ر
ــ  ــ  "ــو  ــا ندآ ــر أ ــ ح ــر خ
عنــو ــما ــا  14۰۰ ــا  1399اــا ــ ا 
 خــش ــمچن .ــ ــد جــا ــوذ شــگاژ
ــر ــگاا ــو ــر ــ شــگااآ ــانز

.ــ ــد ــ أ اــا ا -ــا ــا ه

ــژ ــ ــا ــا ــا: ــ ــتر
ــتر ــا بــاکا ــا  ــ اســندو ــات 

. 

وا

1. Stoichiometry

2. Passive sampling methods

3. Ogawa

4. Sigma-aldrich

5. Photolysis

6. 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 / Agrichemicals

18. Nematocides

19. Biocides

20. Line Source

21. Surfactant

22. Texapon
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23. Sorbate 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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