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Abstract

Introduction: Khuzestan province in southwestern Iran is one of the most critical areas affected by dust
storms due to the arid climate and the abundance of desert areas in its western and southern parts. Dust
storms in these areas are among the most critical environmental issues. Air pollution, the development or
increase of respiratory diseases, reduced soil fertility, damage to crops, and reduced solar radiation are
among the most critical consequences of dust storms. Dust particles can absorb significant amounts of
heavy metals, which facilitate their transport on a large scale due to their fine particle size distribution.
Street dust is considered the major source of pollutants from a wide range of traffic, industrial emissions,
pesticides, and mining activities. Although many studies have been conducted to identify the origin and
pollution status of dust particles in the country, the assessment of pollution and source of street dust
particles during dust storms, especially in Ahvaz city, has received less attention. .Thus, this study was
conducted to: (1) identify the source of street dust in Ahvaz city, and (2): determine the level of
contamination to Pb, Zn, and Cu.

Materials and Methods: Dust and soil samples were collected respectively at 69 and 23 points from
streets and the surface soil (0-5 cm) in Ahvaz city in February 2015. To determine the particle size
distribution pattern in the dust samples, they were first dispersed in 1 M sodium hydroxide and 10%
sodium hexaphosphate solutions for 2 hours. Then, they were analyzed using A Malvern Hydro 20009
laser diffraction device. The ionic compositions of the dust and soil samples were also determined after
extraction from 1 (dust/soil): 5 (water) suspension with an advanced Meterohm 861 model ion
chromatography apparatus. The heavy metal contents of soil and dust particles were determined using
inductively coupled plasma (ICP) spectroscopy. To determine the Pb, Fe, Cu, and Zn contents, 0.5 g of the
dust or soil samples were digested with 60% nitric acid, and after 24 hours, the samples were heated for 0.5
hours at a temperature of 80 ° C. Then, they were filtered with Whatman 42 paper and finally were
examined using an Agilent 7000 inductively coupled plasma (ICP) spectrometer. To assess the degree of
street dust pollution in Ahvaz city, various indicators, including the single element pollution index and
Nemrow integrated pollution index, were calculated as the ratio of the concentration of each element in
dust samples to the same component's baseline value in the upper crust. Accordingly, values greater than 1,
it indicate different levels of pollution.

Results and Discussion: The particle size distribution in the studied samples showed a bimodal pattern
with more abundance of particles in the size of silt and fine sand. Accordingly, 57 to 89% of the particles
were in the silt size, and 5 to 16% were in the size of fine sand. The results also indicated that the
abundance of sodium, calcium, chloride, and sulfate ions was comparably higher than the local soils.
Similarly, the average concentration of each heavy metal was higher than those of the local soils and the
upper earth crust, which followed the order Zn> Cu> Pb. Accordingly, The average Pb, Cu, and Zn
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concentrations were 5.23, 6.37, and 6.89 times more than their corresponding values in the earth's upper
crust. Accordingly, and based on the values obtained from the pollution index (PI), all the studied elements
in the street dust of Ahvaz city could be categorized as highly polluted. The average of Nemrow integrated
pollution index was found 7.26, which shows a high pollution level for street dust in Ahvaz city
Conclusion: It seems that dust particles collected from streets and sidewalks of the Ahvaz city are mainly
originated from regional focal points in eastern and southeastern parts of the city. When Pb, Cu, and Zn
concentrations in the street dust of Ahvaz city and those reported from different cities in Iran and other
countries are compared, it is concluded that dust particles deposited over the streets and sidewalks in
Ahvaz county have a higher degree of pollution. Therefore, Prompt actions are needed to lower the risk of
these elements for the environment.
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Table 2- Selected physical and chemical characteristics of collected surface soils (0-5 cm) in Ahvaz city
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18.02 0.77 0.69 26.50 26.74 75.00 3.00 () Sand

16.20 0.63 0.40 44.00 47.56 86.00 14.00 (/) Silt

12.44 -1.67 0.13 21.00 25.69 43.50 9.50 (/) Clay

0.28 -0.98 0.16 8.28 8.31 8.82 7.84 pH

23.06 4.28 2.07 8.87 20.27 85.37 1.35 (dS/m) EC,

224.86 5.23 2.00 78.66 194.40 962.89 2.61 (meg/l) Soluble Na
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15.72 -0.10 0.60 23.85 22.83 61.93 2.72 (meq/l) Soluble SO,

7.47 0.95 0.65 28.13 27.54 3151 6.57 (mg/kg) Total Pb

25.36 3.56 1.47 80.84 76.16 152.90 53.55 (mg/kg) Total Zn

18.61 1.19 0.35 79.05 81.51 35.97 51.65 (mgrkg) Total Cu

32.15 1.97 1.05 36159 36872 69450 17.26 (mg/kg) Total Fe
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Table (3) Size distribution of street dust particles collected over the Ahvaz city

. S B
Shre Ol ol S S Skewness) sle ol A fle (HM) Sly3 o511 LS
(Standard deviation) ~ (Kurtosis) (Median) ~ (mean)  (max)  (min) Particle size class (um)
1.20 -0.645 0.291 6.07 6.103 8.28 441 <2
3.93 0.399 0.643 12.59 12.922 21.27 7.75 2-8
6.31 -1.457 -0.559 21.98 19.274 27.15 9.79 8-16
5.90 -1.513 -0.049 47.84 47.419 55.04  39.52 16-62
4.32 -1.569 0.565 6.94 9.007 15.24 4.46 62-125
2.55 -0.019 0.820 2.64 2.992 7.76 0 125-250
2.55 3.099 2.056 0.15 1.325 7.56 0 250-500
2.26 11.124 3.306 0 0.787 7.87 0 500-1000
0.22 3.933 2.231 0 0.091 0.65 0 1000-2000
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Figure (2) Particle size distribution pattern of selected dust samples collected from Ahvaz streets
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Figure (3) Long-term annual dust rose plot of Ahvaz city in winter season (Iran Meteorological Organization,

2017)
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Figure (4) Chemical composition of dust particles in terms of cations and anions content (meg/l)

e e S S wle oS Sl Jola xS S
CV) (Kurtosis)  (Skewness)  (Median) (Mean)  (Max) (Min) (lonic composition)
45.4 2.79 1.23 689.5 764.9 1757.8 6.20 CI
38.0 3.23 2.19 10.8 8.1 22.1 0.10 S0,%

135 1.23 1.06 0.8 0.7 1.4 0.01 PO,*
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28.1 1.97 1.36 215 25.1 40.9 0.90 K*
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35.4 3.25 2.29 66.2 73.1 129.4 1.40 Mg2+
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Table 5- Descriptive statistics of heavy metals in Ahvaz street dusts in comparison with their
average concentrations in local soils, mean of the world soils and upper crust

Fe Zn Pb Cu (Descriptives) s toT b asLi
15623.00 176.70  57.00 94.19 Minimum) sla>
29542.71 768.90 128.60 559.76 (Maximum) "l
19166.87  461.57 88.85 184.67 (Mean) 5L
18479.00 437.7 90.40 148.67 (Median) sL.

1.74 0.28 0.18 212 (Skewness) X,
3.25 -0.57 -0.25 3.84 (Kurtosis) ..z
16.00 41.30 44.60 60.10 CV) ol i o b
0.000 0.200 0.200 0.000 (Kolmogrov-Smirnove results) 'K-S ¢ 537 ol
3678251  76.16 2754 8150 (Mean of local s0ils) sihu slaes - SLs
50400.00 67.00  17.00  28.00 (Upper crust composition) " 6 5 «. »,
62.00 25.00 14.00 (Averageof world soils) "laess Sl L e

(M) 8 5 Sl 5l as 8" 600 g pranb-Co5 5 sad s 05057

Clez 9 Ol 2l Sl yel plo 9 51981 4ab SULS 5LE 9 55 5 oud ddlllae O3 Cdald 4w lio (1) J9or
Table (6) Mean comparison of metals studied in street dust of Ahvaz with other cities in Iran and

world
o BICPIRUP S Zn Cu Pb o
(Reference) Type of dust particles (mg/kg) City)
dran) of !
(This study) satls o (Street) jils 4616 1845 88.9 (Ahvaz) ;i sal
13 (Street) = 403.6 136.4 115.7 Shiraz) ;1 .=
25 (AtMOSPhEric) (s s 400.3 67.0 96.3 (Esfahan) oLl
23 (Street) = 214.3 74.3 56.5 (Khoramshahr) ,¢:e >
34 (Street) = 873.2 225.3 257.4 (Tehran) ol ¢
15 (Atmospheric) ¢ it 214.0 60.0 45.0 (Kerman) oL s
22 (Atmospheric) s ,ist  170.0 54.0 68.1 (Boushehr) ,¢s
37 (Atmospheric) ¢ it 243.0 47.0 - (Kermanshah) sLzt. s°
(Other cities around the world) ole> sls ¢2 ;Le
21 (Atmospheric) s jiwes! 206.3 7.7 22.2 (Riyadh, Saudi Arabia) s,
40 (Street) L= 408.0 98.0 119.0 (Beijing, China) -
4 (Street) = 206.0 84.0 197.0 Sivas, Turkey) _ s
30 (Street) jlls 1125 65.8 39.1 (Ottawa, Canada) 1,67
(Street) = 149.0 44.0 536.0 (Calcuta, India) «sis”
(Street) guls 412.0 123.0 180.0 (Oslo, Norway) s
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Table (7) Values of pollution index calculated for Pb, Zn, and Cu in Ahvaz street dust

j:_,ﬂql:éu S IS 5 ol sluarb (slad sas (Ao y3) Sl 3 9 slias
Number and frequency (%) of dust samples assigned to different categories of

pollution LS Sl ol &
s S T Lo g ST oS ST 9T 05 Mean)  (Maximum) (Minimum)  (Element)
(High pollution) (Moderate pollution)  dow pollution) (No pollution)
P1>3) @<PI<3) A<PI<2) PI=D
(100%) 69 — - - 5.23 7.56 3.00 Pb
(100%) 69 - - - 6.37 19.30 3.25 Cu
(98.5%) 68 1.5%)1 - - 6.89 11.48 2.64 Zn
eal yad SbLs 5Ué 95,5 55 (NIPI) 9105 (FogT G4z (as i oL (A) Jour
Table (8) Values of Nemerow integrated pollution index (NIPI) in street dusts of Ahvaz city
;A}ST Calizes (sla DS 53 0l (sduarb (Slad gui (Ao 3) Slsl 3 5 sl
Number and frequency (%) of dust samples assigned to different categories of pollution ool ST Jolas
Vo ST fege $ 1 SRestl AT 2T (Mean)  (Max) Min)
High pollution Moderate pollution Low pollution Pollution alert Not polluted
(NIP1>3) @<NIPI<3) A <NIPI<2) 0.7<NIPI<1) (NIPI<0.7)
69 (100%) 0 0 0 0 7.26 15.67 3.77
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