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Table 8-2 Classification of Air Pollutants

Major class Subclass

Examples

Inorganic gases  Oxides of nitrogen
Oxides of sulfur
Oxides of carbon
Other inorganics

Organic gases Hydrocarbons

Aldehydes and ketones

Other organics
Particulates Solids

Liquids

N,O, NO, NO,

S0O,, SO,

CO, CO,

03, HaS, HF, NH;, Cly, Rn

Methane (CH,), butane (CyH, ). octane (CyH, ).
benzene (CgHg), acetylene (C,H,). ethylene (C;Hy)
Formaldehyde, acetone

Chlorofluorocarbons, PAHSs, alcohols, organic acids
Fume, dust, smoke, ash, carbon sool, lead. asbestos
Mist, spray, oil, grease, acids
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€PM,,
. Combustion particles, organic
Human hair compounds, metals, etc.
50-70 pm < 2.5 pm (microns) in diameter
(microns) in diameter

orm,
Dust, pollen, mold, etc.
< 10 pym (microns) in diameter
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PM e, Superior Airways

Coarse particles:
PM <10 um

-

- Larynx

Inferior Airways
Fine particles:
PM <25 um

Trachea Ultrafine particles

Alveoli PM <1 pum

Bronchi

Bronchioles
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Eigenvalue

osls ya 5leads zlpewl adgl sloadse (-F) Jouo

Initial Eigenvalues
Component
Total % of Variance Cumulative %
1 6.590 54.920 54.920
2 1.677 13.974 68.894
3 1.315 10.957 79.851
4 971 8.092 87.943
5 .790 6.582 94.525
6 657 5.475 100.000
7 7.438E-16 6.198E-15 100.000
8 2.926E-16 2.438E-15 100.000
9 1.128E-16 9.404E-16 100.000
10 6.470E-17 5.391E-16 100.000
11 -1.474E-17 -1.228E-16 100.000
12 -2.262E-16 -1.885E-15 100.000
Scree Plot
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OS] (olaite sk yg=e Jo> (Varimax) hg, 4 adgl claadlie iz > 5l aw wbad 85
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varimax s > 5l ox LQQT Sy » (W psie) yolie (61351 g oot zlZeiul Lol adlse aws (V+-F) Jgoo

Component
1 2 3
cd 0.20 0.98 0.03
Cr 0.89 0.42 043
Cu 0.48 0.07 0.62
Ni 0.12 0.22 0.76
7n -0.32 0.99 -0.63
Pb -0.15 0.74 0.18
Ti 0.71 0.01 0.25
Sr 0.89 0.42 -0.07
Sc 0.70 0.08 0.45
Mn 0.89 0.42 -0.37
Si 0.76 0.18 0.33

Extraction Method: Principal Component Analysis.
Rotation Method: Varimax with Kaiser Normalization.

a. Rotation converged in 4 iterations.
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1 um EHT = 10.00 kV Signal A = SE2 User Level = Expert
f 1 WD = 6.5 mm Mag= 10.00KX User= GSI

S00t) Lalls )5 IS 59,5 SalS 5 500 3 (VO-F) Uit

unn. C | norm. C | Atom C
[wt-%] | [wt-%] | [at.-%]
Carbon K series | 319 521 14.11
Oxygen | K series | 376 32.11 26.58
Fluorine | g gerjes | 0.62 0.54 0.54
Sodium | K geries 1.64 1.95 1.66

Element Series

Magnesium | g geries 123 220 1.36
Aluminum | g gepries | 532 10.62 13.20
Silicon K series | 15.14 15.53 14.52
Sulfur K series | 231 2.63 1.35
Potassium | K gerjes | 0.64 0.55 0.52
Calcium | g geries | 792 10.20 10.32
Titanium | g geries | 0.10 091 0.85
Iron K series | 782 5.34 5.32
Zinc K series | 124 1.13 1.10
Gold M series | 16.37 12.62 10.21
Total = 101.74
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Abstract

The aim of this study was to determine the concentration of heavy metals and morphology and
mineralogy of PM, s samples collected from air pollution monitoring station in Haft-Tir square
(Central Tehran). For this purpose, PM,s samples were collected from this station by low-
volume sampling device on Teflon filters during 5 months (May-September 2017). Based on the
obtained results, variations in metal concentration in all months of sampling time showed almost
the same trend arranging in order of Zn>Ni>Pb>Cr>Cu>Cd. Comparing the mean concentration
of metals with international permissible limits showed that the concentration of Pb and Cr in
PM, s samples was lower than that of recommended by the World Health Organization (WHO)
while the average concentration of Cd and Ni in the samples was higher than those of USEPA
recommended limit. According to non-cancerogenic health risk assessment, the risk index (HI)
for both children and adults groups varied as Cd>Pb>Cr>Ni>Zn>Cu. Also, the health quotient
(HQ) for all the studied metals was found to be less than 1, indicating that non-carcinogenic
effects will not pose for both age groups. The highest risk of carcinogenicity among metals was
about 5.3 x10™ for children and 4.9 x10™ for adults. Based on scanning electron microscopy
images, PM,s are observed as a shapeless or irregular, rod-shaped, irregular spherical,
completely spherical, sheeted, as well as as long chain aggregates or single crystals in the
samples. Therefore, according to morphological characteristics, PM;s have both geogenic and
man-made origin in the study station. Based on the chemical composition obtained from X-ray
energy diffraction spectroscopy (EDS), C, O, Si, Al, Fe, Ca, S, F, K, Mg, Na and Cl are present
in detectable concentrations in PM;s samples. According to the results of X-ray diffraction
(XRD) analysis, clay minerals (kanite and illite), quartz and calcite were found as major
minerals, gypsum and dolomite minerals were identified as minor minerals and wiistite and
halite minerals were identified as rare mineral phases.

Keywords: Particulate Matter, PM2.5, Heavy metals, Hazard index, Haftetir square, Tehran



Y.
i W? /3
Shahrood University of Technology

Faculty of Earth Sciences

M.Sc. Thesis in Environmental Geology

Geochemical and mineralogical study of Particulate Matters
collected from air pollution measuring station in HaftTir
Square, Tehran

By:
Mahsa Sadat Gohari

Supervisor:
Dr. A. Qishlaqi

October 2020



