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Introduction: One of the most important contaminants in the cement industry are environmental suspended particles (PM2.5 and PM10), which cause respiratory and pulmonary diseases in humans.
Materials and methods: This descriptive - analytical study was carried out
in 2016-2017 on the peripheral particulate matter of Khash cement plant.
Sampling was performed at 8 environmental stations of Khash Cement Company in spring, summer, fall and winter. A total of 576 samples were sampled
of peripheral particulate matter.
Results: The amount of particulate matter was PM2.5 2.82 to 24.63 µg/m3, respectively. The highest PM2.5 content was obtained in spring (24.32±2.51 µg/
m3). The lowest amount of particulate matter PM2.5 in different seasons were
measured in substation (P<0.05). The amount of particulate matter was PM10
19.98 to 68.22 µg/m3, respectively. The highest PM10 content was obtained in
autumn (64.92±3.76 µg/m3). The lowest amount of particulate matter PM10
in spring and summer were measured in substation (P<0.05), but the lowest
amounts in the autumn at the entrance door and in winter was observed in
wastewater treatment.
Conclusion: In this study, the amount of PM2.5 and PM10 peripheral particulate matter in Cement Company was lower than WHO and USEPA standard.
According to the results it can be stated that the suspended particles Khash
Cement Company environment for human respiration were within acceptable
limits.
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Introduction
Nowadays, air pollution is one of the major problems of urbanization and industrial life and the
lives of all people in society have been affected
by this problem. The cement industry is one of
the key industries in developing countries which
are widely used in various projects. However,
this industry is considered one of the most polluting industries [1, 2]. The cement structure is

composed of materials such as silicon dioxide,
iron oxide, aluminum oxide and calcium oxide
[3]. The cement and its related industries have
long been regarded as one of the most important
environmental pollutants. For this reason, monitoring and control of environmental pollutants is
of particular importance in this industry [4].
Solid particles emitted from the cement industry
without any precise control over them almost in-
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variably invade our living space and over time
and accumulate the environment of these gases
and particles, humans, plants and animals have
been seriously threatened [5, 6]. Air pollutants
due to the cement production process and its diffusion to the environment, depending on the nature of the contaminant and the exposure time,
because various complications and diseases in
humans, animals and plants and the synergistic
effect on it, will have other air pollutants [7].
Environmental pollutants are one of the main
pollutants from the cement production process.
According to the World Health Organization
(WHO) estimates in the early years of the 21st
century, air pollution caused by particulate matter alone has killed about 800,000 people and
is the thirteenth cause of human deaths [8, 9].
Airborne particles are those of solid or liquid
dispersants larger than one molecule in diameter (0.0002 µm) and smaller than 500 µm. As
a branch of pollutants, these materials are very
diverse and complex, and their particle size and
chemical composition, such as their concentration in the air, is an important feature of these
materials [10, 11]. Suspended particles are
sometimes in the form of live particles such as
bacteria, algae, molds and spores, or in the form
of non-living particles, including substances
such as organic compounds; dust and sea salts
are classified. Suspended particles are composed
of the decomposition and disintegration of large
pieces of material or the aggregation and aggregation of smaller particles, including molecules.
The main source of suspended particulate matter
by artificial sources of contamination includes
the production and formation of aerosols (dispersed particles) of the main gas contaminants
[12, 13].
High concentrations of suspended particulates
are dangerous for humans, especially those with
a history of respiratory illness. Diseases such
http://japh.tums.ac.ir

as upper respiratory tract infections, pneumonia, pulmonary inflammation, cancerous effects,
bronchitis, shortness of breath, heart disorders,
adverse effects on the chest, and effects on defense and purification mechanisms are major
particulate effects are suspended on humans [14,
15]. Therefore, identifying, investigating and
monitoring the effects of air pollution on ecosystems has led to the development of environmental monitoring plans and sound planning with the
aim of improving the output of industries to the
environment and consequently these measurements can be improved [16].
The purpose of this study was to determine the
concentration of PM2.5 and PM10 suspended particles in different Seasons of Khash cement company from Sistan and Baluchestan province.
Materials and methods
Research location
Khash city is located in 2 km from Zahedan, the
capital of Sistan and Baluchistan province. The
city has a warm and dry climate with a height of
2 m above sea level. Khash cement Ccompany is
the oldest cement production plant in the southeastern region of Iran in Sistan and Baluchestan
province.
Sampling
This descriptive - analytical study was carried out
in 2016-2017 on the peripheral particulate matter
of Khash cement plant. Sampling was performed
at 8 environmental stations of Khash cement
company in spring, summer, autumn and winter.
A total of 228 samples of peripheral particulate
matter were sampled. The exact location of the
stations under study at Khash cement company is
presented in Table 1.
Parameters measurement
The standard method (No. BS-EN-12341) was
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Table 2. Results of PM2.5 peripheral particulate matter of Khash Cement Company (µ/m3), 2016-2017
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Statistical
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SPSS 24 was used for data analysis and Excel for drawing tables and diagrams. Kolmogorovhttp://japh.tums.ac.ir
Smirnov test was used to evaluate the normality of the data. T-test3 was used
to compare mean
The amount of particulate matter was PM10 19.98 to 68.22 µ/m , respectively. In the spring
and autumn seasons, the highest PM10 content was observed at scale station (P<0.05). In

*

Comparison of mean PM2.5 in different seasons showed that the amount of PM2.5 in spring
was higher than other seasons (P<0.05). Also, autumn season had the lowest amount of PM2.5
peripheral particulate matter (P<0.05) (Table 2).
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particles fall into the group of very fine particles that contain particles of diameter 0.1
µm or less. In terms of surface area, these particles are the most dominant airborne
particulates but have a small share in the overall mass of the airborne particles. These
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and compression of secondary particles. PM10
particles include all particles (fine particles, fine
particles, and coarse particles) with a diameter of
10 μm or less [21, 22].
Airborne particulates of natural and human origin
have significant effects on climate, the environment and human health [23]. Large structures such
as cement factories that bring large amounts of
dust particles into the environment always cause
significant problems. Therefore, considering the
level of contamination of these structures and
the use of modern methods to control the pollution created by them such as bag filters, baggage,
electrostatic precipitators and hybrid filters can
greatly reduce environmental and health damage.
Especially reduce the harmful effects for the staff
in this area. In general, it can be concluded that
an increase in the concentration of dust particles,
in particular dust generated by industrial activity
and a decrease in air quality, have adverse effects
on human health in the long run [2, 24].
Conclusion
The particulate matter PM2.5 and PM10 in environment of Khash cement company were lower
compared to the standard 25 and 50 µg/m3 . According to the results, it can be stated that the suspended particles in environment of Khash cement
company for human respiration were within acceptable limits.
Financial supports
This research was conducted with the financial
support of Khash cement company.
Acknowledgements
The results of this research are supported by Cement Khash Company. The authors of the article
thank the esteemed management and HSA unit of
Khash Cement Company.

225

Competing interests
The authors declare that there are no competing
interests.
Ethical considerations
Ethical issues have been completely observed by
the authors.
References

1. Zhao D, Chen H, Li X, Ma X. Air pollution and its influential factors in China’s hot spots. Journal of Cleaner
Production. 2018; 185: 619–627.
2. Cai S, Wang Y, Zhao B, Wang S, Chang X, Hao J. The
impact of the air pollution prevention and control action plan on PM2.5 concentrations in Jing-Jin-Ji region
during 2012–2020. Science of the Total Environment.
2017; 580: 197–209.
3. Al Smadi M, Al-Zboon K, Shatnawi K. Assessment of
Air Pollutants Emissions from a Cement Plant: A Case
Study in Jordan. Journal of Civil Engineering. 2009; 3
(3): 265-282.
4. Hadei M, Yarahmadi M, Jonidi Jafari A, Farhadi M,
Hashemi Nazari SS, Emam M, et al. Effects of meteorological variables and holidays on the concentrations
of PM10, PM2.5, O3, NO2, SO2, and CO in Tehran
(2014-2018). Journal of Air Pollution and Health.
2019; 4 (1): 1-14.
5. Santibañez DA, Ibarra S, Matus P, Seguel R. A five-year
study of particulate matter (PM2.5) and cerebrovascular
diseases. Environmental Pollution. 2013; 181: 1-6.
6. Malley CS, Kuylenstierna JCI, Vallack HW, Henze DK,
Blencowe H, Ashmore MR. Preterm birth associated
with maternal fine particulate matter exposure: a global,
regional and national assessment. Environment international. 2017; 101: 173–182.
7. Abu-Allaban M, Abu-Qudais H. Impact assessment of
ambient air quality by cement industry: A case study
in Jordan. Aerosol Air Quality Research. 2011; 11 (7):
802-810.
8. Anderson JO, Thundiyil JG, Stolbach A. Clearing the air:
A review of the effects of particulate matter air pollution on human health. Journal of Medical Toxicology.
2012; 8 (2): 166-175.
9. Madungwe E, Mukonzvi T. Assessment of distribution
and composition of quarry mine dust: case of Pomona
stone quarries, Harare. 2011.
10. Amaral SS, de Carvalho JA, Costa MA, Pinheiro C.
An overview of particulate matter measurement instruments. Atmosphere. 2015;Sep 6(9):1327–1345.
11. Kobza J, Geremek M, Dul L. Characteristics of air
quality and sources affecting high levels of PM10 and
PM2.5 in Poland, Upper Silesia urban area. Environmental Monitoring and Assessment. 2019; 190 (9): 515.
12. Terrouche A, Ali-Khodja H, Kemmouche A, Bouziane

http://japh.tums.ac.ir

226

E. Shahri, et al. Evaluation of particulate matter...

M, Derradji A, Charron, A. Identification of sources of
atmospheric particulate matter and trace metals in Constantine, Algeria. Air Quality, Atmosphere & Health.
2016; 9(1): 69–82.
13. Hwang SH, Park DU. Ambient Endotoxin and Chemical Pollutant (PM10, PM2.5, and O3) Levels in South
Korea. Aerosol and Air Quality Research. 2019; 19(4):
786-793.
14. Faraji M, Nabizadeh Nodehi R, Naddafi K, Pourpak
Z, Alizadeh Z, Rezaei S, et al. Cytotoxicity of airborne
particulate matter (PM10) from dust storm and inversion conditions assessed by MTT assay. Journal of Air
Pollution and Health. 2018; 3 (3): 135-142.
15. Nabizadeh R, Hadei M. Developing codes for validation of PM10, PM2.5, and O3 datasets using R programming language. Journal of Air Pollution and
Health. 2019; 4 (1): 73-80.
16. Brook RD, Rajagopalan S, Pope III CA, Brook JR,
Bhatnagar A, Diez-Roux AV, et al. Particulate matter air
pollution and cardiovascular disease. An update to the
scientific statement from the American Heart Association. Circulation. 2010; 121(21):2331–2378.
17. McMurry PH. A review of atmospheric aerosol measurements. Atmospheric Environment. 2000; 34(1214): 1959-99.
18. World Health Organization. Health effects of particulate matter. Policy Implications for countries in eastern
Europe, Caucasus and central Asia. Copenhagen: WHO
Regional Office for Europe. 2013.
19. United States Environmental Protection Agency. Air
Quality Planning and Standards. https://www3.epa.
gov/airquality/cleanair.html. Accessed 20 October
2017. 2012.
20. Ta W, Wang T, Xiao H, Zhu X, Xiao Z. Gaseous and
particulate air pollution in the Lanzhou Valley, China.
Science of the total environment. 2004;320(2-3):16376.
21. Chang LT, Chuang KJ, Yang WT, Wang VS, Chuang
HC, Bao BY, et al. Short-term exposure to noise, fine
particulate matter and nitrogen oxides on ambulatory
blood pressure: A repeated-measure study. Environmental Research. 2015; 140: 634–40.
22. Zhao D, Chen H, Sun X, Shi Z. Spatio-temporal variation of PM2.5 pollution and its relationship with meteorology among five megacities in China. Aerosol and Air
Quality Research. 2018;18(9):2318–2331.
23. Li R, Cui L, Li J, Zhao A, Fu H, Wu Y, et al. Spatial and
temporal variation of particulate matter and gaseous
pollutants in China during 2014–2016. Atmospheric
Environment. 2017; 16: 235–46.
24. Toledo VE, de Almeida Junior PB, Quiterio SL, Arbilla
G, Moreira A, Escaleira V. et al. Evaluation of levels,
sources and distribution of toxic elements in PM10 in
a suburban industrial region, Rio de Janeiro. Brazilian
Environment Monitoring and Assessment. 2008; 139(13): 49-59.

http://japh.tums.ac.ir

