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Abstract

The aim of this research was to measure the radiation exposure rates in three selected locations
in southern part of Irag (two in Nassireya, and one in Amara) resulted from the existence of
depleted uranium in soil and metal pieces have been taken from destroyed tank and study
mathematically the concentration of Depleted Uranium by its dispersion from soil surface by winds
and rains from 2003 to 2007.

The exposure rates were measured using inspector device, while depleted uranium
contamination in soil samples and tank's metal pieces were detected with Solid State Nuclear Track
Detectors (SSNTDs).

The wind and rain effects were considered in the calculation of dispersion effect on depleted
uranium concentration in soil, where the wind effect were calculated with respect to the sites nature
and soil conditions, and rain effect with respect to dispersive-convective equation for radionuclide
in soil. The results obtained for the exposure rates were high near the penetrated surface, moderate
and low in soil and metal pieces. The Depleted Uranium concentration in soil and metal pieces have
the highest value in Nassireya .The results from dispersion calculation (wind & rain) showed that
the depleted uranium concentration in 2008 will be less than the danger level and in allowable
contamination range.

Introduction If the deposition takes place on surfaces
When measuring isotopic ratios in other than soil that are exposed to rain and
environmental samples it is important to other metrologica phenomena, the surface
realize that uranium may sometimes become deposit will be partly washed off. Surface
depleted (or enriched) in some of its isotopes deposits on soil will penetrate into the topsoil
due to natural processes such as chemica layer with time. The dispersion of DU in soil is
weathering. Depleted Uranium (DU) is a by- governed by convective-dispersive equation
product from the process used to enrich natural [1].
uranium ore for use as fuel in nuclear reactors Jones in 1991 used track detectors in
and nuclear weapons. evaluating uranium concentrations in samples
In weapon use ,when penetrator impact on of surface soil in USA [2].
ground surface ,a portion of its DU mass is Alhilli, studied in 1998 the effect of using
transformed into aerosols or fine particles and radioactive weapons in soil and air in selective
thrown into the surrounding air .These locations in the south of Irag [3].Mohammed
aerosols and fine particles are normally study (1996) consists of measuring the
depleted in measurable quantities on the natural radioactivity for surface soil samples
surroundings ground or on other surfaces for different locations and depths [4]. Tawfiq
within about 100m from impact. in (1996) indicated the concentration of

After initial deposit, it is possible that fine a-emitters in soil samples in a-Tiwetha city
DU dust particles are resuspended into the near of Baghdad, by using track detectors [5],
atmosphere together with soil-dust by wind or Also Tawfiq in 1996 indicated the uranium

human activities, leading to secondary air concentrations in soil samples in northern
contamination. These particles are then Rumela in the south of Irag, using the same
deposited once more on the surrounding way of detecting [6].

ground and other surfaces.
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Methods and Materials Instruments Used in
Work
The locations were selected and the
samples were collected with respect to the
environmental basics and United Nation
Environment Program (UNEP) recommend-
ations. These instruments below were used for
collecting samples:
1. Polyethylene bags.
2. Hand trowel.
3. Auger.
4. Portable detector instrument (inspector).
And for self safety, specia suit was used
from, dress, gloves, glasses, mask and boots.

Soil Sampling

Inspector device was used to locate the
contaminated spots, three sites locations were
visited, the first location was in Nassireya
which were contained destroyed tank,
measurements were taken for the penetrators
hole in tank and for the whole tank body, and
for the soil inside the tank, soil and pieces of
metal were collected from there.

The second location in Nssireya near (Ur
company), the location was used for collection
parts of destroyed tanks and vehicles. Soil and
large pieces of metal were taken from the
location.

Third location in Amara (kumait), the
visited location; contains destroyed tank, the
soil sample and pieces of metals were taken.
The three locations were far from the public
homes in the two cities.al locations shown in
Fig.(1,2) and three respectively.

The soil samples were collected with a
depth of (0-30 cm) and put in a strong nylon
bags (5 Kg), the weight of samples were about
(1-4 kg).

ST 1 I ... -.;-;.
Fig.(1) :Location (1).

Ahmed A. Mohammed

Fig.(3) : Location (3).

Lab. Work

The soil samples were dried by exposing
to air for four days as recommended [7] with
respect to good store conditions. After drying
soil samples, the impurities (like small metal
pieces and plants) were removed and then
crushed and sieved to about 2mm diameter
[8,9] before the beginning in the treatment
work, the samples were |eft for 28-30 days to
reach the equilibrium state for the
radionuclides that exist in soil [7,10].

Experimental Procedure for
concentration measurement in soil
The soil samples were prepared as
previous suggesting .0.5 g of soil samples
were mixed with 0.1 g of methylcellulose
powder (CsH100s) used as a binding material.
The mixture was pressed by using a
mechanical compressing device with force
equal to (5 tons) into a pellet of 1 cm diameter

uranium
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and 1.5mm thickness.

The pellets were covered with CR-39
detector and put in a plate of par affin wax at a
distance of (5 cm) from neutron source (Am-

Be), with flounce of thermal neutron
(3.024 10° necm?® and flux (510°
ncm?s?), to obtan induced fission
fragments from the

After the irradiation time (7 days),

(CR-39 ) detectors were etched in (6.25N)
NaOH solution at temperature of 60 °C for
(6 hr), then the induced fission tracks density
were recorded using the optical microscope.

The meta's samples were cut in small
pieces and irradiated as the above procedure
for soil. The density of fission tracks () in the
samples was calculated according to the
following relation [11].

Track detectors (2)=Average number of total
pits(tracks)/Area of field view.

The uranium concentrations in soil
samples were measured by comparison
between track densties registed on the
detectors of the sample pellet and that of the
standard geological sample pellets from the
relation [12, 13, 14]:

Cx(sample)/

poX(sample)=Cs(standard)/ ps(standard).....(1)
Cx=Cs.( ax/ ps).

Values of the standard concentration and
densities were taken from the best fit of the
straight line shown in Fig.(4).
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Fig.(4) : Relation between standard track
density and standard U concentration.
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Where:

Cx, Cs are the uranium concentration in
unknown sample and standard respectively in
ppm.

oX, ps are the track density of unknown
sample and standard sample respectively in
(track/mm?).

Results and Discussions
Exposure Rate.

Inspector device was used in sampling
procedure, the exposure rates for samples
collected are shown in Table (1).

Table (1)
Exposure Rates

Exposure Rate
(mR/hr)

12

0.12

0.1

Ssl, Ss2, Ss3, SsA

and S5 0.75

Various locations

on tanks body 3.637,0.287 and 0.8

It appears from the results for soil samples,
S1 (1.2 mR/hr) have the highest value, because
it was collected from inside the tank.

For the metal samples it was very hard to
take the metal near the penetrated surface,
because of its high contamination, so the metal
pieces collected were found burying in soil,
inside and outside the tank.

Measurements for some spots in tanks
body were taken, the highest value of the spots
were near the penetrated surface (3.637
mR/hr).

All the results exceeded the allowed level
of radiation exposure rate (35 mR/y or 0.004
mR/h) [15], this value differs from place to
another depending on the geographical nature
of regions and soil. The results were exceeded
the allowed value for hundred times (180-900)
times. This exposed the receptors (who will be



near this soil or tank metal for a long time) to
danger on their life.

The very high values have been taken from
places near the damaged region in the tank and
the relatively low were from places far from
the tank.
Disperson of Radionuclides Pollutants
Calculation

Radionuclides pollutants exposed to
natural phenomena (winds & rain) which lead
to transportation from its original location to
other locations and contaminated large areas
with time.

It was important to make (reverse analysis)
to the uranium concentration data to find the

expected original  concentration  values
(concentration at 2003), by using the equation
[3]:

Co=CrtCoXN+CaXN eeeeiiiieiieeeeeeeenn, 2
where

Co= Original expected concentration.

C,= Samples concentration in 2003.

C,= Concentration dispersed yearly by
Winds.

Cs= Concentration dispersed yearly by
Rains.

n=no. of years.

The pollutants dispersion was
calculated in the three dites, the concentration
unit was converted to pg/m® by using the
specific activity as the equation below:

Cx1= [Co/SP.A]X p5X Dy x 10°(g/gm)

Where:

Cx1: Radionuclide Concentration (ug/m?).

Co. Original Radionuclide Concentration
(Ba/kg).

Sp.A: Specific Activity for U = 12354 Bg/gm
3].

[pl:,:-:l 1171.2 Kg/m® (calculated in laboratory).
Dp: Soil Depth = 0.3m.

Soil Contamination

Radioactive contamination concentrated in
the surrounding of destroyed tank where about
70% of DU converted to aerosols dispersed in
this region [16]. This region was about 8 m?,
its width about 5 m.
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Dispersion of Pollutants by Winds
(Saltation & Creep) and (Suspension).

In this region of Irag the soil have a
high sand percentage. For this reason the
movement by (saltation & creep) represent
75% from total movement and for
(Suspension) about 25%[17,18].

With loss of (43.2 Kg) for 1m per year,
while the annual movement was about 75m
[19, 20]. The caculation of dispersion by
winds was performed as follows:

The concentrations for the three sites were
converted from Bo/kg to pug/m® using eq (1),
named with C'1 and for the same three
samples concentrations in (ug/Kg), named
with C" 2.

For one year:

C 3 (ug) = 43.2 (Kg/mYy) - 8 m*” C 2
(MO/KQ) e 4

C 4=025" C’ 3 (5)

C 44=C" 48 (6)

C 5=075" C’ 3 (7)

C™ 55=C" 5/8..iiiiieeeee (8)

Cxx (ug/m?) = Cx1-Cx44-CX .............. (9)

Where:
Cx3: Total amount of soil lifted by wind
per year (ugm).

C" 4: Soil lifted by suspension (lg).
C’ 44: Soil lifted by suspension (ug/m?).
C' 5. Soil lifted by saltation and creep

(H9).
C’ 55: Soil lifted by saltation and creep,
(Hg/m?).

Cxx: Concentration after wind effect.

The concentrations of DU obtained
were 15.822, 8.252 and 5.712 ppm in 2003
reaching at 2007 with concentrations of
12.284, 6.406 and 4.434 ppm for site 1, site 2
and site 3 respectively. It was regarded that
uranium concentrations on the soil surface
decreases gradually from 2003 to 2007 in the
three sites, Figs. (5 6) and (7). As these
calculations the expected concentration of DU
(in 2008) on the soil surface will be less than
the accepted level of 0.3 to 11.7 ppm of
depleted uranium [21].
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Fig. (5) : Relation between DU
concentration & time (wind effect , site 1).
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Fig.(6) : Relation between DU concentration
& time (wind effect , site 2).
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Fig. (7): Relation between DU concentr ation
& time (wind effect, site 3).
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Fig. (8) Theremoval of Depleted Uranium
(wind effect) in the three sites.

Migration of Pollutantsin Sail Profile.

The concentration of migrated uranium
was calculated by using eg.(11),assuming a
single radionuclide of uranium [3]

'|..'!.t

Cojin = (3;;:)_ Bf +1]C

VAL
(EJCE—LJ

where
AX= gpace segment.
At=timeinterval.
Rf= (8 +pK)
i = Represent the location.
J — Represent the time.
where the soil profile represented
by a column of (AX = 0.3 m), (Ar = 1 year),
(P20=1171.2 Kgim®), (6 =0.2 mi/ml) and
(k=1230 ml/g) [3]. The concentrations were
found to be 15.822 ppm, 8.2ppm and 5.712
ppm in 2003. In 2007 the concentrations were
15.489 ppm, 8.078 ppm and 5.591 ppm for site
1, site 2 and site 3 respectively.
The results showed that the concentrations
were also decreased from 2003 to 2007 for the
three sites, Figs. (9, 10) and (11).
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Fig.(12) : Overall removal of Depleted
Uranium for three sites (rain effect).

The very dlight decrease in DU
concentration from the soil surface was
observed because of the soil nature (i.e., high
adsorption for the nuclide and akaline
condition (pH >7,[3])), where the uranium
came in contact with organic matter and
minerals(less than 100um) the uranium will
initially be sorbed to these minerals and
organic matter particularly in PH range (6-8)
[1]. After years the contamination might reach
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the ground water. The overall removal of
uranium by (wind and rain) are shown in
Fig.(13).
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Fig.(13) : Overall removal of uranium by
(wind & rain).

Soil and Metal Samples.

Three soil samples and five metal
samples were detected by nuclear track
detectors method, the results are shown in
Table (2).

Table (2)
DU concentrationsin different samples.

Description Conc.(ppm)

Sail

Sample(Nassireya),Sitel 1252

Sail
Sample(Nassireya),Site2

Soil Sample(Amara).

Metallic surface

Metallic surface

Metallic surface

Metallic surface

Metallic surface

S1 have the highest concentration (12.52
ppm) because it was collected from inside the
destroyed tank, most of metal samples have
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approximately the same value of DU
concentration (about 6.5 ppm).

Conclusions

The study of DU exposure rates and
mathematically dispersion in soil caused by
wind and rain for three Iragi sites, showed that
the exposure rate were hundred times higher
than the alowed limit and that will lead with
the time for any receptor (who exposed
continuously to this soil) to health damages,
exposure rates were from (0.75 to 3.6 mR/hr).

The DU concentration in soil had the
highest value in Nassireya (12.52 ppm), and
approximately equal value (about 6.5 ppm) in
metal pieces.

While for the dispersion of DU in soil the
results were indicated the decrease in DU
concentration on soil surface gradually from
2003 to 2007 by the wind effect. The DU
concentration were decreased from 15.82 to
12.28ppm, from 8.25 to 6.4ppm and from
5.712 to 4,43ppm a sitel, site2 and sSite3
respectively.

The rain effect was not significant because
of high adsorption of this kind of soil in south
region of Iraq in addition to its alkaline nature
(pH >7), the DU concentrations were
decreased from 15.822 to 15.48 ppm, 8.25to0
8.07 ppm and 5.71 to 5.59 ppm at sitel, site2
and site3 respectively. The DU concentration
will be less than the allowed level in 2008.
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