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Abstract

The present study examined the characteristics of dust from sandstorms that
occurred over Baghdad and Ramadi cities, middle of Iraq, from February 2009 to
July 2010. The texture of the dust samples were ranged from sandy silty clay
(71.4%) to sandy clayey silt (28.6 %).The mineralogical composition of the sand
fractions included Quartz (52.2%, ), feldspar (6.4%, ), calcite (33%, ), gypsum
(5.6%, ), dolomite (1.5%,) and heavy minerals (1.3%,). The clay minerals present
included Chlorite, Illite, Montmorillonite, Palygorskite and Kaolinite. The results
of heavy minerals analyses indicated that they were opaque heavy mineral,
pyroxene, hornblende, zircon, chlorite, epidote and garnet.

The Uranium concentration average absorbed dose and average external effective
dose were calculated for dust of sandstorm at 2-4/7/2009 and 3-4/4/2010 for both
cities Baghdad and Ramadi. The results for specific activity of uranium were in
range of (5.43-9.56 Bg/kg) and the absorbed dose range (2.19- 5.46 nGy/h)for
sandstorm at 2-4/7/2009 and the average specific activity of uranium was in range of
(7.32- 18.96 Bg/kg) and the average absorbed dose (3.27- 8.98 nGy/h) for sandstorm
3-4/4/2010. All the results were lower than critical dose level, but the culmination of
the dose of more than one sandstorm may have a damage effect.

Keywords: Sandstorm, Geochemistry, mineralogy, Radioactive Characteristics.
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1-Introduction

Dust and sand storms are seasonal events in Iraq and other countries in the Middle East. Dust
storms that affect Iraq are of two types, firstly, local dust storms (rising and suspended dust storms)
that raise from the inside lraqi regions secondly, regional dust storms that reached Iraq from cross
neighboring countries such as the effects of North African storms and Middle East storm . The dust
particles consist mainly from clay, silt, sand particles and organic matter. The dust storms had bad
effects on health of human life. These sandstorms comprise particulate matter of natural and
anthropogenic origins. The fine particulate matter (less than 50 microns in diameter) affects the
environment and human health to varying degrees.

Al-Farrajii (1) concluded that Dust storms in Irag occur more frequently during spring and summer,
with an average of 20 days per year, by Northerly and northwesterly winds, where wind velocity may
exceed 100 km/h, which raises dust storms. Wind speeds may reach their maximum by midday in July
(average 3.3 m/s). Mineralogy and geochemistry of dust storm particles may be more diagnostic of
their sources (2). Winds that blow over the soil will pick up a variety of dissolved and Suspended
substances including salts, organic compounds, soil particles and substances that are potential
pollutants.  Suspended solids are important pollutions which consist of suspended minerals and other
suspended solids such as soil, Wash off plowed fields, fertilizers and construction urban areas.

High concentrations of inorganic trace elements occur in soils. These trace elements pose a threat
to human health. Recent surveys of winds have shown that trace and radioactive metals concentrations
can be elevated and appear to be strongly associated with the geologic setting of the irrigated area.

The source of heavy metals can be divided into two sources, natural and artificial. The source of
heavy metals in dust storms are mainly natural, include geologic sources such as rocks formation,
soils, and transported sediments by winds and dust storms, while the artificial sources include
industrial sources that supply the heavy metals to the air and causing contamination of the atmosphere.

Many workers and writers dealt with the problem of dust storms over Iraq. They concluded that the
trace matels should be a priority for evaluation in all dust storms studies, and , considered that the
study of dust storms is important and vital in Iraq ,(3,4,5).

Inhalation is the most important pathway for public exposure toradioactive elements such as
uranium compounds. Marouf (6), estimated that the annual effective dose equivalent due to the
inhalation of uranium compounds contaminating the soil. He concluded that the dose is less than the
annual dose limit of the public recommended by the IAEA. The heavy metals of the most importance
that designated as priority pollutants by USEPA and the Uranium concentration average absorbed dose
and average external effective dose were studied in this research for dust of sandstorm blown on
Baghdad and Ramadi cities.

Exposure to uranium and its compounds can cause adverse health effects due to its chemical
toxicity and radiologic hazard caused by absorption of radiation emitted from uranium and its decay
products. At high levels, uranium may cause chemical toxicity. The low level of radioactivity emitted
causes less concern. Exposure to uranium and other heavy metals in large doses can cause changes in
renal function, resulting in renal failure, (7,8,9,10,11).

The aims of the present work were to study Some Geochemical, textural and Radioactive
Characteristics of dust from sand storms that occurred over Baghdad and Ramadi cities, middle of
Iraq, from February 2009 to July 2010. Dust samples were collected form dust storms at different
places throughout Baghdad and Ramadi cities. The samples were thoroughly, mixed and analyzed for
the heavy, light, clay minerals, trace metals, grain size analyses, as well as measuring of the Uranium
concentration average absorbed dose and average external effective dose for dust of sandstorm for
both cities Baghdad and Ramadi.
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Figure 1- Location map.

2-Materials and Methods
2.1 Dust samples

The dust samples were collected for the period from February 2009 to July 2010 from Baghdad and
Ramadi cities, Figure 1. The total number of studied dust storm was 20 during (2009- 2010),11 in
2009,and 9 in 2010, Table 1.

The samples were collected from the roofs of buildings (> 3m from the earth’s surface) using either
large-volume plastic basins or using the cyclone, with 1.65 meter high by rotating the air inside the
instrument using an electrical motor to pull and suck the air inside the instrument, (12). The weights of
the collected samples varied from 250 to 1500 g. The collection time varied, depending on the
duration of each sandstorm, from 8 h to more than 24 h.

Table 1- The studied regional dust storms over Iraq for the years (2009-2010)

No. Date of dust storm No. Date of dust storm
1 17-2-2009 11 30-7-2009

2 20-2-2009 12 [@13-4-2010
3 27-2-2009 13 [&]:-4-2010
4 9-3-2009 14 13-5-2010

5 9-6-2009 15 1¢-5-2010

6 17-6-2009 16 6-1-2010

7 28-6-2009 17 23-6-2010

8 2-7-2009 18 2¢-6-2010

9 4-7-2009 19 19-7-2010
10 29-7-2009 20 Y.-7-2010

2.2 Textural and mineralogical analyses:

Grain size analyses of the collected samples were performed using sieving and pipetting methods
following Folk (13) ,to determine the sand, silt, and clay fractions . Microscopic examination by
applying Carver( 14) method to study the light minerals and heavy minerals, and X-ray diffraction
method were used to identify the different minerals present.
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2.3 Heavy metal content:

The heavy metals: Pb, Zn, Cd, Ni, Cu, Co, and Fe were analysed for all dust samples by using the
Atomic absorption spectrophotometry.
2.4 Radioactive Characteristics

The Uranium concentration average absorbed dose and average external effective dose were
calculated for dust of sandstorm at 2-4/7/2009 and 3-4/4/2010 for both cities Baghdad and Ramadi,
according to Mahdi et al, (15) and Marouf (6) methods.

3-Results and Discussion
3.1 Dust sample texture:

Grain size analysis was performed by using standard sieves and hydrometer after washing samples
on sieve No. 230 by distilled water, (table 2).  The results of the particle size analyses for both cities,
indicate that the texture of the dust samples according to Folk’s classification (13), were ranging from
the higher percentages of sandy silty clay (71.4%), to the relatively less common sandy clayey silt
(28.6 %). Where, in Baghdad, the dust samples comprised mainly clay (min=26%, max= 65%,
mean=51.1%), silt (Min=27%, max= 51%, mean= 35.6%), and sand(min=8%, max= 18%,
mean=12.4%) , while ,in Ramadi , the dust samples comprised mainly clay (min=20%, max= 71%,
mean=55%), silt (min=18%, max= 63%, mean= 32%), and sand(min=8%, max= 18%, mean=13%).

The results of grain size distribution reflect that most of dust texture are clay and silt with less
guantities of sand, actually, the reason that high values of clay and silt depends on the energy of the
wind that form the dust storm which carries the grains of less than 63 micron in dryness season.
Actually, the results reflect that they are in accordance of other studies results, whom found that the
texture of dust storms in lraq are mostly silt and clay with less amount of sand, and these different
quantities depend on the wind speed and the energy of transportation of these fractions.(16,17
,18,19,20).

Table 2-.Grain size analyses of the studied dust samples during the period from February 2009 to July 2010.

Location Date of dust storm % clay % silt % sand Texture*
20-2-2009 62 27 11 Sandy silty clay
27-2-2009 56 35 9 Sandy silty clay

Baghdad 9-3-2009 50 32 18 Sandy silty clay
9-6-2009 38 50 12 Clayey sandy silt
4-7-2009 65 27 8 Sandy silty clay
30-7-2009 26 51 13 Clayey sandy silt
4-4-2010 58 27 16 Sandy silty clay
14-5-2010 56 34 10 Sandy silty clay
24-6-2010 60 28 12 Sandy silty clay
20-7-2010 40 45 15 Sandy clayey silt

Minimum 26 27 8

Maximum 65 51 18

Average 51.1 35.6 124
17-2-2009 65 20 15 Sandy silty clay

Ramadi 9-3-2009 36 50 14 Clayey sandy silt
17-6-2009 60 23 17 Sandy silty clay
28-6-2009 20 62 18 Sandy clayey silt
2-7-2009 60 27 13 Sandy silty clay
29-7-2009 23 63 14 Sandy clayey silt
3-4-2010 70 18 12 Sandy silty clay
13-5-2010 71 21 8 Sandy silty clay
6-1-2010 66 24 12 Sandy silty clay
23-6-2010 65 22 13 Sandy silty clay
19-7-2010 69 23 8 Sandy silty clay

Minimum 20 18 8

Maximum 71 63 18

Average 55 32.0 13.0
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3.2 The Mineralogy of Dust Samples:

Light and Heavy minerals percentages of dust Samples for sand size fraction were studied by using
polarized microscope. The result reflects that the light minerals reach 98% of the sand fraction, while
the heavy minerals equal to 2% as a maximum. Heavy minerals were separated from light minerals by
using bromoform (Sp. Gr. 2.89). Light and Heavy minerals were mounted on slides in Canada balsam
and about 300 mineral grains were counted, from random fields, in each slide, in order to study their
petrographic and mineralogical characteristics.

The percentages of the different minerals were computed. The light minerals that were recognized
in the dust samples are Quartz (52.2 %,), feldspar (6.4%, ), calcite (33%, ), gypsum (5.6%, ), dolomite
(1.5%,) and heavy minerals (1.3%,).

The results of heavy minerals analyses indicated that the following percentages were existed,opaque
heavy mineral, pyroxene, hornblende, zircon, chlorite, epidote and garnet.

A- Mineralogy of dust samples by using X-Ray Diffraction Analyses:

The dust storms samples were examined by X-Ray diffraction method (XRD).Samples were
prepared as (Bulk sample) in order to study non-clay minerals in the 26 angle range between (2- 40)
degree. The results indicate that the recognized minerals are quartz, feldspar, calcite, and gypsum. The
results were in agreement with Al- Jannabi and Ali Jawad, (21), Hamparsoum, (22), Al-Sultani, (23),
and Awadh ,(24), studies of non-clay minerals in soils, sand dunes and dust storms of Irag.

The clay minerals in the studied samples are recognized and identified on the basis of special

diffraction pattern of each mineral, using the methods for clay sample preparation for XRD analyses.
The results show clay minerals for the different slides were, Chlorite, Illite, Montmorillonite,
Palygorskite and Kaolinite.
The presence of Palygorskite and Kaolinite among the clay minerals reflects the arid and semi-arid
climatic conditions. The formation of chlorite mineral reflects arid and semi arid climate with alkaline
environment, while, the Illite minerals are very common in desert soils. The sources of clay minerals
are from the different sediments and rock formations that exposed through the wind rote, (25,16,27).
The results of clay minerals are in concordance with other studies of clay minerals in soils, sand
dunes, alluvial plain and dust storms, (16,17, 21,28,29,30).

3.3 Toxic Trace Elements Analyses and Their Effect:

Suspended solids are important pollutions which consist of suspended minerals and other suspended
solids such as soil, wash off plowed fields, and fertilizers. Inorganic trace elements are commonly
present at low levels in nature and there is already a natural level of tolerance. There is, however, a
fine division between natural tolerance and toxicity. The trace elements (Pb, Fe, Cu, Co Cd, Ni and
Zn), are designated as priority pollutants by many researchers, (23,31,32,33,34,35). In the present
research, those seven heavy metals concentration (Pb, Fe, Cu, Co Cd, Ni and Zn), were analyzed by
using atomic absorption, from 4+ samples of dust storms which have been collected from Baghdad,
Ramadi Cities . The results reflect that the maximum mean concentration of trace metals is the Fe
(674 ppm for Baghdad and 538.6 ppm for Ramadi ) and the minimum is the Cd ( 11.7 ppm for
Baghdad and 14 ppm for Ramadi) ( Table 3). Their minimum, maximum, and health effects are
discussed as follow:

The maximum and minimum values of Fe were in Baghdad (914 ppm and 472ppm) with mean
value of 674ppm and in Ramadi( 970 ppm and 134ppm) with mean value of 538.6 ppm. The iron
element increment above the allowed level will be harmful to health which means if level increases
over (0.3 Mg/ L)( 36).

The maximum and minimum values of Pb were in Baghdad (189 ppm and 51ppm) with mean value
of 100.4ppm and in Ramadi(193 ppm and 40 ppm) with mean value of 98 ppm. This element
causes stimulation to bronchial mucosa of respiratory system which results cause of allergy and
asthma and causes bone weakness if its rate increases in human body . The Pb vapors resulting
from fuel compounds because of full burn evaporation will complexes in the environment through the
vapors produced from cars which get bad negative effects on living. The human body may take the
lead through air which ranges between less than (4 Mg /day) and more than (200 Mg/ day) according
to area where he lives (31).
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The maximum and minimum values of Zn were in Baghdad (155 ppm and 84 ppm) with mean
value of 121.6 ppm and in Ramadi( 158 ppm and 34ppm) with mean value of 90 ppm. Decrease rate
of zinc in males will be going with cardiac chronic diseases.

The maximum and minimum values of Ni were in Baghdad (162 ppm and 31 ppm) with mean value
of 95.3 ppm and in Ramadi( 166 ppm and 62ppm) with mean value of 106.5 ppm. Zinc element
regarded important to human growth and animal growth. The nickel can effect kidneys and causes
vertigo, bronchitis, Asthma(31,37).

The maximum and minimum values of Cu were in Baghdad (53 ppm and 30 ppm) with mean value
of 31.3 ppm and in Ramadi( 96 ppm and 21ppm) with mean value of 46 ppm. The Copper element is
one of the non important elements to human body and will be poisonous if its rate increases. it’s
increment in the human blood and liver tissues will cause the Wilson disease which results in changes
in tissues of brain and liver and ophthalmic cornea .

The maximum and minimum values of Co were in Baghdad (37 ppm and 8 ppm) with mean value
of 21.7 ppm and in Ramadi( 35 ppm and 10ppm) with mean value of 15.5 ppm. Cobalt element is
important for human and animals. If cobalt rate increase rats will cause disturbances in some important
organs ( 31) .

The maximum and minimum values of Cd were in Baghdad (27 ppm and 4 ppm) with mean value
of 11.7 ppm and in Ramadi( 25 ppm and 3ppm) with mean value of 14 ppm.

Cadmium poisoning result damages the kidneys and hypertension and takes place the calcium. It
has accumulative effect to human body and cause bony damage. The highest level allowed for
cadmium in air is (0.05 Mg/m3), (31, 36,37,38,39). The results of the heavy metals concentration are
in concordance with other studies of heavy metals concentration in soils, sand dunes, and dust storms,
(23, 33,34,35).

Table 3- The concentration of some trace metals (ppm) in dust samples obtained between February 2009 to July 2010.

Date of dust location Trace Metal (ppm)
storm Cd Cu Ni Zn Fe Co Pb
20-2-2009 16 36 102 155 914 12 121
27-2-2009 9 30 162 153 743 23 134
9-3-2009 13 37 148 130 718 34 62
9-6-2009 16 32 108 115 579 37 167
4-7-2009 12 42 31 139 528 19 160
30-7-2009 Baghdad 27 50 134 143 731 32 177
4-4-2010 9 52 102 96 725 18 51
14-5-2010 8 51 107 148 592 8 189
24-6-2010 4 30 31 153 739 22 74
20-7-2010 8 53 128 84 472 22 149
Min 4 30 31 84 472 8 51
Max 27 53 162 155 914 37 189
Mean 11.7 31.3 95.3 121.6 674 21.7 100.4
Cd Cu Ni Zn Fe Co Pb
17-2-2009 3 66 89 110 175 35 182
9-3-2009 16 23 166 96 635 34 178
17-6-2009 6 21 126 118 567 34 193
28-6-2009 25 54 97 139 542 24 48
2-7-2009 6 46 107 121 134 21 153
29-7-2009 Ramadi 9 59 79 34 884 10 62
3-4-2010 14 31 62 139 678 32 174
13-5-2010 20 35 85 109 562 33 130
6-1-2010 23 21 89 34 316 14 69
23-6-2010 9 52 166 158 562 10 51
19-7-2010 22 96 105 154 970 14 40
Min 3 21 62 34 134 10 40
Max 25 96 166 158 970 35 193
Mean 14 46 106.5 90 538.6 15.5 98
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3.4 Radioactivity measurement of selected dust storm samples:

Radio nuclides released to the environment from different sources may enter the atmosphere from
soil and affect the human health and environment. There are four chains present in the earth crust of
primordial origin namely uranium-238 series ( U?*®), thorium-232 series (Th**?),actinium Ac- series
and neptunium series ( 40). Radium R?® is one of the most important radionuclide’s in U?® series due
to its long life (1620 years) and it may deposit in bones ,( 6,41,42).

The radioactivity was measured in disintegration/second (d/sec) and by using the Curie (Ci) unit,
which is the radioactivity of one gram of Radium R**° .
, Where :
1 Ci =3.7 x 10" d/sec.
In recent years the Curie (Ci) unit is changed by other unit the Bequerel (Bq)
Where :
1 Bg=2.703 x 10™ Ci =1 d/sec = 2.7 x 10™"* gm Radium

In this study Uranium concentration average absorbed dose and average external effective dose
were calculated for dust of sandstorm at 2-4/7/2009 and 3-4/4/2010 for both cities Baghdad and
Ramadi.

Uranium is a hard, ductile, silver-white, radioactive metal, with very high density. In air, it is coated
by uranium oxide. The health effects of exposure to uranium compounds are chemical toxicity,
because uranium is a heavy metal, and radiation toxicity due to the radiation emitted by uranium
compounds following external or internal exposure. It is well established that doses of ionizing
radiation much higher than background levels can cause measurable increases in cancers and leukemia
after a delay of a few years. The degree of damage caused by radiation depends on many factors,
such as dose, dose rate, type of radiation, exposed body part, age, and health history. The unit of
measurement is in Bg/Kg, in which 12X10° Bg/Kg of U*® is equal to 1 ppm, (40). The results of the
activity concentration of U?® in selected dust storms were compared with the results of other
researchers.

Concentrations of uranium in the world soil ranges from 0.7 to 11 ppm and it may sometimes reach
a value of 15 ppm especially in farmland soil due to the extensive use of phosphate fertilizers. Mean
and median values of uranium in the world soils are 1 and 2 ppm respectively, (43).

Also, the Absorbed Dose,(D), was measured in the dust samples ,as follow:
D=AE/Am

Where:

D = the actual Absorbed Dose (measure in rad unit, 1 rad =0.01 Joul . kg™ ).
AE = Average energy

Am = Unit mass

The rad unit was changed according to the International Standards Units to Gray (Gy) unit,
where: YGray = 100 rad

The results for specific activity of uranium was in range of (5.43-9.56 Bg/kg) and the absorbed dose
range (2.19- 5.46 nGy/h)for sandstorm at 2-4/7/2009 and the average specific activity of uranium was
in range of (7.32- 18.96 Bg/kg) and the average absorbed dose (3.27- 8.98 nGy/h) for sandstorm 3-
4/4/2010.

By comparing the activity concentrations of uranium of the studied dust samples, with those of the
world average soil, it is clear that the present values are within normal range. Ali,(44), studied the
specific activity of uranium of Baghdad soil, the results indicate a range of 7.5 to 15.8 Bg/kg with an
average of 12.9 Bg/kg . While Marouf, et al.,( 6) , results for their studies of the specific activity of
uranium of Baghdad soil, indicate a range of 49 to 80 Bqg/kg ( with error range of 9 Bg/kg). while,
Mahdi, et al,(15), in their study of the specific activity of uranium of dust storms samples in middle
and west Iraq during 2007 and 2008, found that the average specific activity (6.475-22.680 Bg/kg)
and the average absorbed dose (2.777-9.729 nGy/h) for dusty storm 17/4/2008.and they concluded that
all their results were lower than allow level, but the culmination of the dose of more than one dusty
storm may have a damage effect.

63



Proceeding of the 1% Conference on Dust Storms and their environmental effects, 17-18 Oct. 2012

Moreover, it is believed that the climatic parameters (Temperature, wind speed, wind direction) play
an important role in affecting the dust (as in suspended dust, rising dust and dust storm) in the air and
consequently the uranium concentration in air. Infact, this finding is in agreement with Al-Ubaidi,
(45), conclusion . Therefore ,more monitoring and analysis is in need for early prediction of the
accumulation of the radioactive nuclei in air ,also ,the accumulation of such doses for long time has a
bad effect on human health comparing with UNSEAR Standards with the range 10- 200 nGy/h).

4-Conclusions
The present study has given rise to the following conclusions:

1)

2)

3)

4)

5)

6)

1- The main texture of most dust samples were sandy silty clay 71.4%, and to less extent sandy
clayey silt 28.6%, that depend on the energy and velocity of the wind from the regional dust
storm which carries these grains.

2- The light minerals that were recognized in the dust samples are Quartz (52.2 %,), feldspar
(6.4%, ), calcite (33%, ), gypsum (5.6%, ), dolomite (1.5%,) and heavy minerals (1.3%,). The
results of heavy minerals analyses indicated that the following percentages were existed,opaque
heavy mineral, pyroxene, hornblende, zircon, chlorite, epidote and garnet.

3- The presence of Palygorskite and Kaolinite among the clay minerals reflects the arid and semi-
arid climatic conditions. The formation of chlorite mineral reflects arid and semi arid climate with
alkaline environment, while, the Illite minerals are very common in desert soils. The sources of
clay minerals are from the different sediments and rock formations that exposed through the wind
rote. Consequently, the stable heavy minerals may reflect such geological formations as the
regional dust storms blowing from western desert of Iraq.

4- The trace elements (Pb, Fe, Cu, Co Cd, Ni and Zn), are designated as priority pollutants. The
results reflect that the maximum mean concentration of trace metals is the Fe (674 ppm for
Baghdad and 538.6 ppm for Ramadi ) and the minimum is the Cd ( 11.7 ppm for Baghdad and
14 ppm for Ramadi). The dust storms loads were depend on the direction of the wind and the
geological formations the desert land, different geological formations, Sabkha, irrigated land,
agriculture land that were in their path way.

5- Uranium concentration average absorbed dose and average external effective dose were
calculated for dust of sandstorm at 2-4/7/2009 and 3-4/4/2010 for both cities Baghdad and
Ramadi. All the results were lower than critical dose level, but the culmination of the dose of
more than one sandstorm may have a damage effect.

6- During the strong dust storm affected Baghdad, and other Iragi countries, reports from the Iraqi
ministry of health and statistical analyses that have been done by researchers for many cases in
many hospitals in Baghdad and the governorates indicated that many people were taken to
hospitals after sustaining breathing problems ,asthma, bronchitis and lung diseases.

5-References

1.

2.

Al-Farajii FA ,2000 .Compating desertification and sand storms in Irag. In: Part IV—case studies
of-DUS sand-dust storms in Asia, part IV, Chapter 8.

Shi Z, Shao L, Jones T, Lu S., 2005, Microscopy and mineralogy of airborne particles collected
during severe dust storm episodes in Beijing, China. J Geophys Res 110:D01303.
doi:10.1029/2004 JD005073

Iraqi Meteorological Department, 2011, General Climatological Data of all Meteorological
Stations, directorate of climatology, and directorate of Hydro- and Agricultural Meteorology,
Ministry of Transportation/ Iragi Meteorological Organization.

Al-Dabbas ,M., Abbas ,M. A. and Al- Khafaji, R.,2010.The Mineralogical and Micro-organisms
Effects of Regional Dust Storms over Middle East Region, The 4" International conference on
Water Resources and Arid Environments (2010).

Nasif ,Raad M., 2011 Study the Texture Composition of Some Blowing Dust Storms on The
Ramadi City in 2010 year, Mustansiriya Univ., college of science, Journal of Science
,vol.22,No.7.

Marouf,B.A. ,2012. Assessment of Possible Health Effects of Potential Exposure to Uranium
Contamination in the Tuwaitha/Ashtar Village Area, Irag: Health Effects Due to Uranium
Contamination in Iraq,ASTF special publication ,UAE.

64



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

Proceeding of the 1% Conference on Dust Storms and their environmental effects, 17-18 Oct. 2012

International Atomic Energy Commission (IAEC) ,1996. Basic radiation protection standards
from ionizing radiation and radiation sources. Safety series reports No. 115, IAEA, Vienna.
Morton L, Evans C, & Ester G ,2002. Natural uranium and thorium distributions in podzolized
soils and native blueberry. J Environ Qual 31:155-162.

International Atomic Energy Agency(IAEA) ,2002. Dispersion of radioactive materials in air and
water and consideration of population distribution in site evaluation for nuclear power plants.
Safety series No. NS-G-3.2. Vienna, Austria.

International Atomic Energy Agency (IAEA) ,2003. Environmental contamination by naturally
occurring radioactive materials (NORM) and technological options for mitigation. Technical
Report Series No. 419. Vienna.

BEIR ,2006, Health risks from exposure to low levels of ionizing radiation. BEIR VII- Phase 2
(Free Executive Summary). National Academy of Science, U.S. http://www.nap.edu.

Al- Khafaji, R. M. N., 2009. Effects of Dust Storms on Some lIragi Territories , Ph.D., thesis,
College of Science, University of Baghdad.

Folk, R.L., 1974. petrology of sedimentary rocks, Hemphill, Austin, p.182 .

Craver, R. E., 1971. Procedures in sedimentary petrology, John willey, Newyork, p. 653.

Mahdi , Kh. H., Nasif, R. M. and yassin, K. A. j., 2011, Measurements of radioactivity pollution
of dusty storms in middle and west parts of Iraq at 2007 and 2008. Kufa Univ. Journal of Physics,
Vol.2, No.3.

Al- Ali, J.T., 2000. Study the structure of texture and mineralogy which Aeolian sediment and
quantitative in Basrah, M. Sc. Agriculture coll. University Of Basrah.

Al-Ali, J. T., 2003. Dust Storms Contribution of Khor Al-Zubair and Khor Abdallah Deposits,
Journal of the Iragi geographical society, No. 53.(In Arabic)

Al-Ali, J.T. ,Abdul Jabbar CH. and Hassan, H., 2005. Effect of Marshlands drying process on
regional dust fallout, Wade Al- Rafedian Magazine No. 16, pp. 261-272 (In Arabic).

Kukal,z.and Saadallah,A.,1970, Compostion and rate of deposition of reccnt dust Storm
Sedimentin Irag.Cospic prominerologiia geologii, p.227-234,(1970).

ROPME,,1985.Dust fallout in the northern part of the . ROPME Arid, Final report of the
Regional organization For the protection of the Marine Environment, Kuwait(1985).

Al-Jannabi, K. Z. and Ali Jawad, 1988. Origin and nature of s and dunes in the alluvial plain of
southern Iraq, Journal of Arid Environments, 14, 27-34 .

Hamparsoum, A. K., 2002. Geomorphologic and mineralogical study of sand in AI-MASSAB
Al-AMM, Journal science Agriculture , 33,2.(In Arabic) .

Al — Sultani, A. R.A., 2006. Pollution Air and soil Nahrawan regions East of Baghdad in heavy
metals producing from stones factors , Unpub. M.Sc. Thesis, Geology Dept., Sci. College, Univ.
of Baghdad. (In Arabic).

Awadh,Salih Muhammad ,2011. Geochemistry and mineralogical composition of the airborne
particles of sand dunes and dust storms settled in Iraq and their environmental impacts,Environ
Earth Sci,Accepted: 5 November 2011 online

Degens, E.T., 1965. Geochemistry of sediments, A brief survey prentice — Hall, Engle wood,
cliffs, Hew jersey, 342.

Grim, R.E., 1968. clay mineralogy , 2™ ., ed ., Mc Grow-Hill book , New York , p. 596.

Millote, G., 1970. Geology of clays, Springer — verlag , New York , Heidelberg , Berlin , p. 429.
Al-Rawi, I. K., 1977. Sediment logical study of the alluvial plain deposit in Dewania area, M. sc.,
thesis, Dept of Geology of Sci. Univ. of Baghdad. 138p.

Dougramedji, J.S., 1986. Study for the characteristics of physical and Mineralogical to some soils
and sand dunes in Irag, proceeding of the first symposium in fixed the sand dunes and controlled
of desertification, the center Arabic for studies the Arid regions.(In Arabic) .

Dougramedji, J. and Asador, Hamparsoum. K., 1996. Geomorphological and Mineralogical
study for some sand dunes near to Saddam river which covered for surface soils strata . , J. the
scientific and Agricultural Iraqi, 27, 2. PP. 9-17(In Arabic).

WHO, 1996. Air Quality Guide Lines for Europe, Copenhagen, World Health Organization,
Regional office for Europe.

65


http://www.nap.edu/

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42,

43.

44,

45,

Proceeding of the 1% Conference on Dust Storms and their environmental effects, 17-18 Oct. 2012

Prospero , J. M. ,1999. Long — rang transport of mineral dust in the global Atmosphere , impact
of African dust on the environment of the south east United state s , the national academy of
sciences colloguium , geology mineralogy and human welfare ,vol. 96 ,issue 7 :3396-3403 .
Poschl, U. , 2005. Atmospheric aerosols: composition, transformation, climate and health
effects, Angew. Chem. Int. Edit., 44: 7520-7540 .

Schmaltz J., 2007, NASA images, MODIS Rapid Response Team, Goddard Space Flight Center.
Wahab Z. A., 2007. Environmental analysis to Geographical factors influential the quantity and
quality of Fallen air in DhiQar governorate, M.Sc. thesis in geography collage of education
university Of Basrah .

Hem J.D., 1989. Study and Interpretation of the chemical characteristics of natural water,
U.S.G.S. water supply, Washington, paper 2254, p 264.

Hodges, L., 1973. Environmental pollution survey emphasizing physical and chemical principles,
New York, Holt Rinehart and Winston.

WHO, World Health Organization, 2004. Manual for the virological investigation of polio,(4"
ed.).

Al-Saad H. T. and Abed S., N., 2006. The contamination Air, Univ. of Basrah, center Science
Sea, First edit, p. 84-85 (In Arabic).

Eisenbud, M., and Gesell, T., Environmental Radioactivity, 4th edition, Academic press, USA.
1997

Marouf BA, Mohamad AS, Taha JS, & Al-Haddad IK ,1992. Population doses from
environmental gamma radiation in Irag. Health Phys 62:443-444.

Marouf BA, Mohamad AS, & Taha JS 1993 Assessment of exposure rate and effective dose
equivalent in the city of Baghdad due to natural sources of radiation. Sci Tot Environ 13:133-137.
Ali K. K. and Al- Sheikh, Z.,2009. Natural Radioactivity of the Southeast Limb of Gaara
Depression — West Of Iraq,Proceeding of 3* scientific conference of the College of Science,
University of Baghdad,1917-1923.

Ali, S.M.,2012. Environmental risk and pollutant movement in the soil and shallow water system
within Baghdad area, Unpub. Ph.D. Thesis Univ. Baghdad.

Al-Ubaidi, K. H. , 2006 . Identification and Measurements of natural and industrial radioactive
pollutants in environment of Baghdad City using gamma spectrometry and solid state nuclear
track detector ~ CS-39,Unpub. Ph. D. thesis, Education coll./ Ibn Al- Haitham Baghdad Univ.,
P.58 (In Arabic).

66


http://rapidfire.sci.gsfc.nasa.gov/

