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Table 1. Detection limit of ICP-OES (ppm)

o P i u pwv-ies P il wo ass P sl us
Element Detection limit Element Detection limit Element Detection limit
Na 10 Fe 100 Cr 2
Ti 10 Cs 0.5 Ba 0.2
p 10 Sc 0.1 Mg 10
Nb 1 La 10 As 1
Pb 0.5 Ni 1 Mn 5
Te 0.01 Mo 0.3 Co 0.5
Th 1 S 50 Zn 0.5
y 0.2 K 10 Rb 0.1
TI 0.2 Cd 0.1 Be 0.1
U 1 Sn 1 Ag 0.1
% 1 Sr 0.1 Al 10
Eu 0.1 Ce 0.5 Cu 0.5
Ga 0.3 Yb 0.1 Ca 10
Sm 0.3 Er 0.1 Se 1
Ge 0.1 Nd 0.3 Dy 0.3
Zr 1 Gd 0.3
\ 2 Li 0.3
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Table 2. Time, origin and mineralogy results of the samples
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Sampling site Date Mineralogy analysis results Origin areas
ol 4-/\VF cdls e (b o lsS s £ o) bl
Abadan 2011.4.13 Calcite, Quartz, Polyhalite, Halite Areas 1,4
olsb CINY 35055 S 2l ¥y gble
Abadan 2011.6.2 Halite, Calcite, Quartz Areas 1, 3
ol 4-/YIVA o) udla YooY Gbli
Abadan 2011.5.18 Halite, Gupsum Avreas 2, 3
5lsal -\YIYE kil onglys 5,158 S Fo) bl
Ahvaz 2012.4.14 Calcite, Quartz, Dolomite, Illite Areas 1, 4
ol DTN S 5 lgS OsY ) Gblus
Abadan 2012.5.3 Quartz, Calcite Areas 1, 3,5
5lsl WY JIUSRVEIICUNN RN SR L Yo sbls
Ahvaz 2012.5.23 Calcite, Quartz, Dolomite, Feldspar Areas 1, 2
5lsal NFNY Ot 55lsS eenlS” Yo abls
Ahvaz 2012.6.2 Calcite, Quartz, Gupsum Areas 1, 2
5lgl A JUUUL I FOVRVE FCSUETN I [ gCON N ICIVORN SN K GRCIV L5 YoV g\ bl
Ahvaz 2012.6.19 Calcite, Quartz, Dolomite, Illite, Kaolinite, Feldspar, Gupsum Areas 1,2, 3

Table 3. The amount of elements in several samples of dust in different centers (ppm)

&b WA NYIYY RAIANAS 1YY/ YNy 1YY/ Y Y.
Date 2012.4.14 2012.5.23 2012.6.2 2012.6.19
Lito ailate f 5 Gbla Y o5\ bl Y o5 bl YY) bl
Origin area Areas 1, 4 Areas 1, 2 Areas 1, 2 Areas 1, 2,3
daie dilais 5lgal 5lgal ol 5lgal ol 5lgnl
Destination area Ahvaz Ahvaz Abadan Ahvaz Abadan Ahvaz
As 4.34 6.4 6.7 4.6 3.6 5.78
B 26.5 36.9 38.2 28.64 21 30.12
Co 26.44 34 31 29.38 20.4 37.05
Cr 89.09 63.2 116.3 46.84 1479 90.9
Cu 16.05 14.4 34.6 12.46 30.9 15.95
Hf 5.08 5.1 10.3 3.66 10.7 4,92
Li 15.47 16.5 25.9 13.41 25.1 16.42
Mn 405 409 623.7 402 523.7 444
Mo 1.72 2.4 0.5 3.72 1.3 1.82
Ni 101 131 93.2 130 115.8 160
Pb 14.22 9.5 155 24.89 6.6 18.64
S 8112 12251 16854 23869 14761 17869
Sr 280 264 459.2 373 565.9 297
Th 6.49 7.8 15.4 3.48 12.2 6.09
Ti 3053 2953 3648.3 1912 3182.1 2845
u 5.74 7 - 5.42 34 6.19
\% 69.8 70.3 99.5 55.07 97 72.65
Zn 107 143 107.2 991.83 80.5 150
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Table 4. EF of different elements in Khuzestan dust (ppm)

bwgio oyl o 30 &l &l 30 buwgio cdale Sl HeS S S8 sl

paie Ol Amount of
I o S [¥+] ! asmgs ol Sl yo yolie dliay 5 S d enrichment
Elemens  Average(dust)  Maximum(dust)  Average(crust) EF (average) EF (maximum)
As 12.7 98.4 5 35 27.4 ol ks very intense
B 26 36.9 17 21 3 lawsgie Medium
Ba 308.7 477.1 390 11 17 oS Low
Be 1.2 1.8 2 0.8 13 oS Low
Bi 0.5 0.5 0.2 35 3.5 Lgie Medium
Cd 0.3 1.8 0.1 52 279 sl L veryintense
Ce 38.1 68.2 42 13 23 oS Low
Co 21.8 37.1 25 1.2 2.1 oS Low
Cr 107.5 147.9 119 13 17 oS Low
Cs 4 6 2.6 21 3.2 Loy Medium
Cu 35.1 53.4 24 2 3.1 lawsgie Medium
Ga 9.5 139 16 0.8 1.2 oS Low
Hf 7.7 124 3.7 2.9 4.7 lawsgie Medium
Hg 0.1 0.1 0.1 2 3.1 Lgie Medium
Ho 0.9 11 0.8 1.6 2 oS Low
La 29.9 56.8 18 2.3 4.4 Lgie Medium
Li 20.2 26.2 11 2.6 3.3 Lo Medium
Lu 0.3 0.4 0.3 1.2 1.7 oS Low
Mn 534.2 656 10000 0.1 0.1 3 I8 0959 No
Mo 14 3.7 11 17 4.7 Lasgie Medium
Nb 15.3 20.7 12 1.8 24 oS Low
Nd 21.6 31 20 15 2.2 oS Low
Ni 98.7 160 51 2.7 4.4 Lo Medium
P 888.5 1430 1000 1.2 2 oS Low
Pb 30.2 119 12.6 3.3 13.2 RVRw Intense
Pr 4.9 7.3 5 14 2 S Low
Rb 104.5 160.6 58 25 3.9 Lo Medium
S 10553.9 23869 62 237 536.5 Qs Culgis Ex. intense
Sh 0.4 0.6 0.4 15 1.9 oS Low
Sc 9.3 12.2 22 0.6 0.8 3,185 394 No
Se 0.1 0.3 0.1 2.3 4.6 Lo Medium
Sm 3.9 6.4 3.9 14 2.3 oS Low
Sn 3 5.8 21 2 3.8 Lo Medium
Sr 421 584.1 325 18 25 oS Low
Ta 1 1.9 11 13 24 oS Low
Th 1 13 0.6 25 3.2 Lgie Medium
Th 114 155 5.6 2.8 3.9 Lo Medium
Ti 2867.5 3951 6000 0.7 0.9 3,185 394 No
Tl 0.6 0.8 0.9 1 1.2 oS Low
Tm 0.2 0.4 3 0.1 0.2 RYRYRYESN No
U 45 6.2 1.4 44 6.1 Sai-lawgie  Med- intense
\% 84.6 1135 131 0.9 1.2 oS Low
w 1.1 1.3 1.9 0.8 0.9 3,105 5924 No
Y 14.4 195 20 1 14 oS Low
Yb 1.7 2.3 2 1.2 1.6 oS Low
Zn 3129 687.3 73 6 13.1 Qo Intense
Zr 145.1 195.8 123 1.6 2.2 oS Low
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Fig. 5 - EF of some trace elements and heavy metals in dust of Khuzestan
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Introduction: Khuzestan Province is one of the regions of Iran which has been most affected by the newfound
phenomenon of dust storms due to recent droughts. Dust storms, which in some cases are considerably
concentrated and accompanied by a reduction of horizontal view to 20 meters, causes various problems such
as harmful effects to human health, absorption or dispersion of sunlight and affecting the region’s temperature,
a negative impact on agricultural activities, reduced visibility and road transportation problems and tens of
health, environmental and economically undesirable effects. So, due to the importance of the issue, a
mineralogical and geochemical study of dust storms has been conducted in order to determine their probable
sources, the environmental characterization of existing elements in dust and their role in polluting the
environment.

Materials and methods: In order to conduct dust sampling, a glass table was designed with edges to the height
of 5 centimetres and an area of 1.5 square meters. In this matter, from April 2011 studies were conducted for
2 years in Khuzestan Province (Abadan, Ahvaz and Bostan). Through investigating previous studies and
extracting the specified focuses, five sources have been identified for dust entering the country. 30 dust samples
were collected and analyzed for elemental and mineralogical analysis conducted. The mineralogical analysis
was conducted by using powdered samples and a Siemens XRD diffraktometer D5000 ICP-OES JY70 PLUS
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and an ICP Optical Emission Spectrometer (model Varian 735-ES) were utilized for elemental analysis. All
the tests were conducted at the laboratories of the Geological Survey and Mineral Explorations of Iran.

Results and discussion: According to previous studies, during finding sources through investigation over the
period from 2011 to 2012, 50 sources were identified, namely that much of the dust storms which have affected
Khuzestan Province during 2011 and 2012 originated from the following regions. Region 1: Northwest Iraq
and eastern Syria, both sides of the Euphrates River (with at least 9 cases of dust storms over the 2 years).
Region 2: wetlands and dried lands in southern Irag (Mesopotamia) with at least 5 ases of dust storms in
Khuzestan. Region 3: neighbouring and northerly lands of Lake Tharthar in Iraq with 4 cases of dust storms.
Region 4: western areas of Iraq (Anbar Province) and eastern Syria (Hamus Province) with 3 cases of dust
storm occurrences over two years. Region 5: northern borders of Saudi Arabia and the East of Jordan with 2
cases of dust storms during the period studied. Mineralogical studies of dust in the destination area showed
that there are calcite, quartz, clay minerals and an insignificant amount of dolomite, gips and feldspar in the
focus areas of regions 1, 3, 4; and halite, dolomite, quartz, and gypsum in the southern focus areas of Iraq
(region 2). This, then, associates the sedimentary environment related to erosion and evaporation (dried lakes
and wetlands and sediments of old lakes) as the geological source of these particles. Most of the heavy metals
and toxic and radioactive elements in the dust are highly enriched. These enrichments are influenced by
hydrocarbon materials and upstream processes of the oil industry, contamination caused by repeated wars and
use of microbiological and chemical weapons containing radioactive elements, accumulation of clay particles
due to the high absorption capacities of some of the heavy metals, drying up of wetlands and land of the source
region and creating evaporating conditions, most of which is anthropogenic.

Conclusion: The storms entering Khuzestan Province derive from dried up wetlands and lakes and the
sediments of old lakes and high enrichment, creating an unusual level of elements in dust due to the high
absorption capacity of the elements into clay particles resulting from hydrocarbon materials. It is also caused
by effects of the imposed war on Iran (with Iraq) and the drying of wetlands because of human activities.

Keywords: Dust storms, Sources, Sedimentary geochemistry, Mineralogy, Khuzestan Province.
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