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Na* 764 913 2.69 .163 239 312 730 .050 .350 469 1.354 .103
K* 271 708 1.20 .308 .309 442 1.170  .170 254 467 878 .188
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Table 2. Seasonal index of the coefficient of divergence for cations (Cn) and anions (An) in the dust fall particles
at three stations of Sanandaj (A), Khorramabad (B), and C) Andimeshk
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Table 3. Seasonal correlation of coefficient of divergence (CD) of cations (Cn) and anions (An) and meteorologi-
cal parameters at the three studied stations of Sanandaj (A), Khorramabad (B) and Andimeshk (C)
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Table 4. Comparison of seasonal means of cations and anions in dust fall particles among the three studied stations
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SO* .007 2 .003 .667 548
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Table 5. Pearson correlations between cations and anions in the dust fall particles among studied satations of
Sanandaj (A), Khorramabad (B) and Andimeshk (C)
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(Significance at 0.01) so,s S maw jo (5o cnots
6)“)&5;“ pae NS

Seas gblie 1o (Sd bl 5 baS & jgon Colla

ol g )bl Glp Mane ael dgze o

)l 3929 515 375 250 S5t ol 3 1) (ool (S rizmem 1355 o0
9 NO3 s oblp 5 oK) ,o (Behrooz er al., 2017)
Sy Azl Sl o] )3 prizman § =0.671 p<0.05)Mg>*

59,5 S0 50 05250 (6la )5l 5 byl (eSilis dunlie
el Syl g bl 5 eraiies ol a0y s JL
o pd S Sl lid ]y e 90,5 alyd canale leo
55 Shgize (e (2l Dol (LI 3529 55 (2151
b olrlox s @bl Gl (550 4w col 3 )Le 4

P <0.05)K" s F (r=0.815 p <0.01) Na" 4 CI' Lo
aS 0 eaalive (r=0.661 p<0.05) Ca** ¢ F «(r=0.671
3,8 0925 CaF, s KF NaCl ,las SL.S 5 oo oo lid
LS Az 534S Aind (6 S a9, Sl S < 3> NaCl

(Rashki ef al., 2013) sas s 7, jpame sldazl s ud

TRl o oylads VA 0,90 ¢ dames pole aslilad

A-



S5 9 pPhdegOgame

Loy o

! Hygroscopic Aerosols

2 Coefficient of Divergence
3 Multiple Range Test

* Passive

5 De-ionized

¢ Heater

" Ultrasonic

8 Whatman

° Flame Photometry

1 Ton Chromatography

Al- Harbi, M., 2015. Characteristics and compo-
sition of the falling dust in urban environment.

International Journal of Environmental Science and
Technology. 12, 641-652.

Behrooz, D.R., Sari, E.A., Bahramifar, N. and Kas-
kaoutis, D.G., 2017. Analysis of the TSP, PM,,
concentrations and water-soluble ionic species in
airborne samples over Sistan, Iran during the sum-
mer dusty period. Journal of Atmospheric Pollution
Research. 8, 403-417.

Birgani, A.H., Mirnejad, H., Feiznia, S. and Mc-
Queen, K.G., 2015. Mineralogy and geochemistry
of atmospheric particulates in western Iran. Journal
of Atmospheric Environment. 119, 262-272.

Cao, J., Wang, Q.Y., Chow, J.C., Watson, J.G., Tie,
X., Shen, Z.X., Wang, P. and An, Z.S., 2012. Impacts
of aerosol compositions on visibility impairment in
Xi’an, China. Journal of Atmospheric Environment.
59, 559-566.

Cheng, Ch.M., You, F.M., Cao, J. and Jin, Zh., 2012.
Spatial and seasonal variability of water-soluble
ions in PM, ; aerosols in 14 major cities in China.

Journal of Atmospheric Environment. 60, 182-192.

Hojati, S., Khademi, H., Cano, A.F. and Landi, A.,
2012. Characteristics of dust deposited along a tran-
sect between central Iran and the Zagros Mountains.
Journal of Catena. 88, 27-36.

Lo 31a5 lacaS 5 g5 g o aslllas slagysy g 4l
0 5 CaedS e o I ake ) ol wisd oo (U
o)l )l 99,5 3 o e wilen (6055 oS S
oy A Gl (Sacad )10 dalllas 0550 0 s
30 ol 4 5o @S> (culilga sla il 5 (2 STy
Olpl st o ke 505 Slasd (la Shy oS ol (i
5 yod ) Ny 5o )18 (olilen sl yal )y b o
Cople wge Slllas slaolSins] o e (Siaon 4
Sl ol 50,5 s LSy Lt 5 oS

&L

Huang, X., Liu, Z., Zhang, J., Wen, T., Ji, D. and
Wang, Y., 2016. Seasonal variation and secondary
formation of size-segregated aerosol water-soluble
inorganic ions during pollution episodes in Beijing.
Journal of Atmospheric Research. 168, 70- 79.

Indoitu, R., Orlovsky, L. and Orlovsky, N., 2012.
Dust storms in central Asia: spatial and temporal

variations. Journal of Arid Environments. 85, 62-70.

Jaradat, Q.M., Momani, K.M., Jbarah, A.Z.Q. and
Massadeh, A., 2004. Inorganic analysis of dust fall
and office dust in an industrial area of Jordan. Jour-
nal of Environmental Research. 96, 139-144.

Javed, W., Wexler, A., Murtaza, G., Ahmad, H.R.
and Basra, S.M.A., 2015. Spatial, temporal and
size distribution of particulate matter and its chem-
ical constituents in Faisalabad, Pakistan. Journal of
Atmosfera. 28, 99-116.

Kang, Ch.H., Kim, W.H., Ko, H.J. and Hong, S.B.,
2009. Asian dust effects on total suspended particu-
late (TSP) compositions at Gosan in Jeju Island, Ko-
rea. Journal of Atmospheric Research. 94, 345-355.

Kang, E., Han, J., Lee, M., Lee, G. and Kim J.Ch.,
2013. Chemical characteristics of size-resolved
aerosols from Asian dust and haze episode in Seoul
Metropolitan City. Journal of Atmospheric Re-
search. 127, 34-46.

1WAl o) oyl VA 0,50 ¢ damea pole aslilad

A



ey O g0 Jolore (sla gy duglae

Khuzestani, R.B. and Souri, B., 2013. Evaluation of
the heavy metal contamination hazards in nuisance
dust particles, in Kurdistan province, Western Iran.
Journal of Environment sciences. 25, 251346-1354.

Lagzi, 1., Meszaros, R., Gelybo, G. and Leelossy, A.,
2013. Atmospheric Chemistry. E6tvos Lorand Uni-
versity, ELTE Faculties of Science Student Founda-
tion, Hungary.

Lawerence, C.R. and Neff, J.C., 2009. The contem-
porary physical and chemical flux of Aeolian dust: A
synthesis of direct measurements of dust deposition.
Journal of Chemical Geology. 267, 46—63.

Lee, B.K. and Hieu, N.Th., 2013. Seasonal ion char-

acteristics of fine and coarse particles from an urban

residential area in a typical industrial city. Journal of
Atmospheric Research. 122, 362-377.

Liu, D., Abuduwaili, J., Lei, J. and Wu, G., 2011.
Deposition rate and chemical composition of the Ae-
olian Dust from a Bare Saline Playa, Ebinur Lake,
Xinjiang, China. Journal of Water, Air, & Soil Pollu-
tion. 218, 175-184.

Ma, Y., Wang, Z., Tan, Y., Xu, S., Kong, S., Wu, G.,
Wu, X. and Li, H., 2016. Comparison of inorganic
chemical compositions of atmospheric TSP, PM10
and PM2.5 in northern and southern Chinese coastal
cities. Journal of Environmental Sciences. 55, 339-
353.

Mmari, A.G., Potgieter-Vermaak, S.S., Bencs, L., Mc-
Crindle, R.I. and Grieken, R.V., 2013. Elemental and
ionic components of atmospheric aerosols and asso-
ciated gaseous pollutants in and near Dar es Salaam,

Tanzania. Journal of Atmospheric Environment. 77,
51-61.

Miri, A., Ahmadi, H., Ekhtesasi, M.R., Panjehkeh,
N. and Ghanbari, A., 2009. Environmental and so-
cio-economic impacts of dust storms in Sistan re-
gion, Iran. International Journal of Environmental
Studies. 66, 343-355.

Norouzi, S., Khademi, H., Ayubi, Sh., Cano, F.A.
and Acosta, A.J., 2017. Seasonal and spatial varia-
tions in dust deposition rate and concentrations of
dust-borne heavy metals, a case study from Isfahan,
central Iran. Journal of Atmospheric Pollution Re-
search. 8, 1-4.

Rashki, A., Eriksson, P.G., Rautenbach, C.J.D.W.,
Kaskaoutis, D.G., Grote, W. and Dykstra, J., 2013.
Assessment of chemical and mineralogical charac-
teristics of airborne dust in the Sistan region, Iran.
Journal of Chemosphere. 90, 227-236.

Shen, Z.X., Cao, J.J., Arimoto, R., Zhang, R.J., Jie,
D.M,, Liu, S.X. and Zhu, C.S., 2007. Chemical com-
position and source characterization of spring aero-
sol over Horqin sand land in northeastern China.

Journal of Geophysical Research. 112, 1-15.

Shen, Zh., Wang, X., Zhang, R., Ho, K., Cao, J.J.
and Zhang, M., 2011. Chemical composition of wa-
ter-soluble ions and carbonate estimation in spring
aerosol at a semi-arid site of Tongyu, China. Journal
of Aerosol and Air Quality Research.10, 360-368.

Singh, A., Rastogi, N., Patel, A. and Singh, D., 2016.
Seasonality in size-segregated ionic composition of
ambient particulate pollutants over the Indo-Ganget-
ic Plain: Source apportionment using PMF. Journal
of Environmental Pollution. 219, 906-915.

Tam, W.W.S., Wong, T.W., Wong, A.H.S. and Hui,
D.S.C., 2012. Effect of dust storm events on dai-
ly emergency admissions for respiratory diseases.
Journal of Respirology. 17, 143-148.

Wang, Sh., Wang, J., Zhou, Z. and Shang, K., 2005.
Regional characteristics of three kinds of dust storm
events in China. Journal of Atmospheric Environ-
ment. 39, 509-520.

Wang, Y., Zhuang, G., Tang, A., Yuan, H., Sun, Y.,
Chen, Sh. and Zheng, A., 2005a. The ion chemistry
and the source of PM, , aerosol in Beijing. Journal of
Atmospheric Environment. 39, 3771- 3784.

Wang, Y., Zhuang, G., Sun, Y. and An, Z., 2005b.

TRl o oylads VA 0,90 ¢ dames pole aslilad

AY



S5 9 pPhdegOgame

Water-soluble part of the aerosol in the dust storm
season- evidence of the mixing between mineral and
pollution aerosols. Journal of Atmospheric Environ-
ment. 39, 7020-7029.

Yang, Y.Q., Hou, Q., Zhou, C.H., Liu, H.L., Wang,
Y.Q. and Niu, T., 2008. Sand/dust storm processes
in Northeast Asia and associated large-scale circu-
lations. Journal of Atmospheric Chemistry Physics.
8,25-33.

Zhang, Q., Shen, Zh., Cao, J., Ho, K., Zhang, R.,
Bie, Z. and Chang, H., 2014. Chemical profiles of
urban fugitive dust over Xi’an in the south margin
of the Loess Plateau, China. Journal of Atmospheric
Pollution Research. 5, 421-430.

Zhang, T., Cao, J.J., Tie, X.X., Shen, Z.X., Liu,
S.X., Ding, H., Han, Y.M., Wang, G.H., Hoa, K.F.,
Qiangd, J., Lie, W.T., 2011. Water-soluble ions in at-
mospheric aerosols measured in Xi’an, China: sea-
sonal variations and sources. Journal of Atmospher-
ic Research. 102, 110-119.

Zou, J., Liu, Z., Hu, B., Huang, X., Wen, T., Ji., D.,
Liu, J., Yang, Y., Yao, Q. and Wan, Y., 2017. Charac-
teristics of the chemical compositions of aerosols in
the North China Plain and their impact on the visi-
bility in Beijing and Tianjin. Journal of Atmospheric
Research. 201, 235-246.

TN

3
/o)

1WAl o) oyl VA 0,50 ¢ damea pole aslilad

AY



(o

>
W
‘/ﬁ;;

N

o

Environmental Sciences Vol.18/ No.1/ Spring 2020

71-86

Comparison of soluble ions in dust fall among various latitudes in western Iran

Nahid Mahmoodimahpash and Bubak Souri”

Department of Environmental Sciences, Faculty of Natural Resources, University of Kurdistan, Sanandaj, Iran

Received: 2018.12.22  Accepted: 2019.04.20

Mahmoodimahpash, N. and Souri, B., 2020. Comparison of soluble ions in dust fall among various latitudes in
western Iran. Environmental Sciences. 18(1): 71-86.

Introduction: Dust particles moved by air streams influence the quality of the environment. Chemical compounds
of these particles are influential on the life’s quality of the residents of every region. Dust fall particles originat-
ed from the soil erosion has caused many problems for the residents of western Iran during recent years. Iran’s
geographical location in the vicinity of Iraq, Syria, and Saudi Arabia, where are major sources of dust, alongside
issues such as climate change are among the roots for making and worsening this critical phenomenon. Hence,
investigation and recognition of characteristics of this phenomenon including chemical characteristics of it may
help the adaptation of pre-emptive measures and reaching scientific clues to control harms of this phenomenon.
The main objective of this study was to compare the concentration of soluble ions in dust fall particles among

various latitudes in western Iran.

Material and methods: Simultaneous samplings were conducted monthly for one year in three cities i.e. Sanan-
daj, Khorramabad and Andimeshk using the passive method. The obtained data were then analyzed by Excel and
SPSS v.23. For comparison of chemical characteristics of the dust fall particles, Coefficient of Divergence (CD)
and Duncan’s Multiple Range Test (MRT) were applied.

Results and discussion: The results showed that calcium and sulfate with a concentration of 0.271 and 0.592
mg.g!, respectively, had the highest concentration among the studied dust fall samples. High calcium concentra-
tion confirmed that the dust fall on the three stations had natural origins, which were mainly calcareous soils and
geological formations. Additionally, a high concentration of sulfate implied a share of evaporated sediments, par-
ticularly gypsum (hydrated calcium sulfate), among the studied dust fall particles. Calculation of CD also showed
that chemical characteristics of dust falls in the three stations were mostly similar (CD < 0.5). Correlation of CD

*Corresponding Author. £mail Address: bsouri@uok.ac.ir
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between cations in Sanandaj and Khorramabad and the wind factor (r= 0.99, p< 0.05), anions of Sanandaj and
Andimeshk and rainfall (r= 1, p<0.01) and moisture factors (r= 0.89, p< 0.05), respectively, demonstrated that the
meteorological factors influence chemical characteristics of dust fall particles. MRT also showed that sodium as
a highly soluble element had different concentrations throughout the three stations in the spring season (< 0.05).
Moreover, compounds such as CaSO,, Ca(NO,),, Mg(NO,),, NaCl, KF and CaF, were found in the three stations,
which confirmed the presence of gypsum, anhydrite, and halite in the dust fall particles.

Conclusion: Environmental conditions in various latitudes influence the chemical characteristics of dust fall par-
ticles from various aspects. Nevertheless, values and changes in the concentration of soluble ions in the dust fall
including Ca**, Mg*, Na’, and K* cations and NO*, SO,*, CI', and F anions in the three stations of Sanandaj,
Khorramabad, and Andimeshk were mainly similar. Hence, it can be concluded that the dust fall on the three stud-

ied cities originated from the same sources.

Keywords: Dust fall particles, Soluble ions, Coefficient of divergence, Multiple range test, Western Iran.
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