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Abstract The laser-induced breakdown spectroscopy system (LIBS) had been designed for analysis of two samples of
Iraqi soil in Basra (Zubair and Faw) via analysis of induced plasma emissions that generated via high peak power laser pulse,
the system that design consist of Nd:YAG laser passively Q-switched with output laser pulse energy (120mJ@21064nm) and
(10ns) pulse duration, the laser beam was focused via converging lens with a focal length (100mm) that had generated
(15.28*10°W/mm?) power intensity, optical spectrum analyzer with spectrum range of (320-740 nm) and (0.2nm) optical
resolution had been used to analysis of emitted plasma spectrum, three emission lines had been recorded (383.96, 393.40 and
394.44 nm) which are compared with NIST database, the research had focus on Uranium element in the soil, that is
considered as the most dangerous pollutants on the environment and a major cause of cancer in Basra.
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1. Introduction

With the development of weapons of the war and the need
for more kill and destruction the great nations was directed to
the non-conventional weapon, The DU (depleted uranium)
had been used in military weapons due to its ability to
penetrate armored vehicles, tanks and bunkers [1], this
weapons had been used in several places in the (Balkans)
during 94-95, (Bosnia Herzegovina), during 99 (Kosovo,
Serbia) and used in Iraq during (1991 and 2003) especially in
the areas of southern Irag, where there were major battles.

The use of this weapon caused a large radiation
contamination in the environment of the southern Iragi
regions, especially Basra, the Depleted Uranium led to
radiation contamination of soil, water and air, that had led to
huge injuries to cancer diseases in children and the
destruction of the environment and civilian life [2], There
have been many studies for conducting surveys to examine
the soil and remnants of these weapons with several
techniques as Nuclear radiation examination, in this work
our team had develop a new technology for spectral analysis
of plasma emission that induced from the soil after
breakdown via high peak power laser pulse. The
Laser-Induced Breakdown Spectroscopy (LIBS) technique is
one of the potentially growing applied techniques used in the
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field of elemental analysis, because of its simplicity and
non-contact nature [3], (LIBS) technology is an analytical
promising detection technique for solid, liquid and gaseous
samples [4], A low-energy pulsed laser (typically tens to
hundreds of mJ per pulse) will be focus via lens in to sample
surface to generate plasma that vaporizes a small amount of a
sample, the plasma emissions will be collected and then
directed to the spectrometer for analysis by optical fiber
cable, a high resolution CCD spectrometer had operate to
disperse the light that emitted by exciting atoms, ions, and
molecules in the plasma [5], Figure (1) show the basic
schematics of LIBS system.
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Figure (1). A schematic of a general apparatus for LIBS illustrating the

principal components [5]

The LIBS is quantitative analysis methods that can be
divided into two models the first one with calibration curves
and the calibration-free LIBS (CF-LIBS) method [6], the
fundamental theory of the classical CF-LIBS states that the
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quantitative accuracy is considerably related to the
intensities of spectral lines and the plasma temperature [6,7].

The classical CF-LIBS theory based on main condition
that plasma is optically thin and in local thermodynamic
equilibrium (LTE), the intensity of the measured emission
line can be expressed as [6-9]:
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Where:

k and i are the upper and lower level of the transition.

A is the emission wavelength of transition between the
energy levels Exand E;

F is an experimental parameter that takes into account the
optical efficiency of the collection system as well as the total
plasma density and volume

Cs is the concentration of the emitting species s

Ay is the transition probability for spontaneous emission
from the state k to i

Ok is the degeneracy of the k level

kg is the Boltzmann constant (1.38 x 102 m? kg s K™)

T, is the plasma temperature

Us(T) is the partition function of the emitting species s at
the plasma temperature T.

The partition function can be calculated by:

Us(T) = X g exp(;BETk j @
e

The spectral parameters of Ay, gk, and E, can be obtained
from the National Institute of Standards and Technology
(NIST) and the values of F, C,, and T, can be determined
from the experimental data, by simplify Eq (1) we get:
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By compared the Eq (3) to simple liner equation:
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Then we can define:
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According to Eq (4) each spectral line can be draw the
Boltzmann plot by x and y, coordinates. The slope m is
related to the plasma temperature and intercept s is
proportional to the logarithm of the species concentration.

The electron density were calculated using Eq (5)

Ng >1.6x102TY2(AE)3cm® ()
The F factor can be determined by Eq (6)
F =hcL/4x (6)

Where L is the characteristic length of the plasma.
Also the F factor can be determined by normalizing to
unite the sum of the species concentration

Co == XU, (T)exp(ds) =1 (7)

The concentration of the species s in the sample can be
calculate by Eq (8)

Co = U, (T)exp(s) ®)

The concentration of element is given by the sum of the
concentrations of neutral and ionized species, Saha equation
relating in the two consecutive charge states | and Il of a
element, which can be written as [10,11]:
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Also we can be written Eq (9) as:
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The laser beam diameter was (5 mm) that focused using a
(100 mm) focal length lens, the laser spot size at the target
surface can be calculate used Eq (11) [12].

fx AxM?2
D

d=127x (11)
Where:
f is the focal length of the focus lens.
D is the diameter of the laser beam at the lens.
M is the beam quality. A factor M2 is used to describe the
deviation of a beam from a theoretical Gaussian.
The laser power density can be described by Eq (12).

. E 1
Power density = —x —
4 d
TX| —
( 2]

2. Equipment and Test Devices

The solid state laser passively Q-switched (Nd:YAG)
operated at the fundamental wavelength of 1064 nm, 120mJ
with a pulse duration of 10 ns was used for plasma excitation.
The fundamental diameter of the laser beam was (5mm) that
is focused onto the sample by a lens with a focal length of
(200mm), the diameter of the focused on the sample was
(0,3mm), the peak power of the laser pulse (12 MW) and
power intensity (15.28*10°W/mm?). The sample is placed in
the sample holder in ambient atmosphere, the emission from
plasma is then collected in front of the plasma with
observance to the laser beam direction, plasma emission was
collected by 15mm diameter imaging lens, and focused onto
optical fiber type (SMA, 50um/0.22 NA), which deliver the

(12)
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plasma light to the entrance slit of spectrum analyzer model
(CCS-100) with (1200 Line/mm) grating and 20-um slit
dimension, Which serves to deflect light according to
wavelength and then reversed by mirrors to detect and
convert optical signals to digital, and then moves the digital
signal to the application, which shows us the spectral lines
for the sample and then analyzed. During LIBS analysis of
lead samples, geometric position of the material surface with
respect to laser beam incidence is one of the factors that
affect the results. Two samples of Iragi soil from Basra
(Zubair and Faw) had been fetched for test, a pressed powder
pellet is prepared from 3.0 gram of each soil. Hydraulic
pressure machine model (Auto Series) is used to press
powder without binder at (5.0 ton) to a disc of 1.0 cm
diameter and 5.0 mm thickness.

Also we had check the previous research to find a spectral
analysis technique to detect the uranium residues in soil as
X-Ray fluorescence (XRF) or Energy dispersive X-ray
analysis (EDX), All references indicate that these techniques
are unsuitable for screening the uranium element [13],
Inspections of the radioactive uranium component should be
careful to avoid exposure to radiation, so any close-up
screening technique is dangerous.

3. Result and Discussion

Operate of the LIBS system with 400ms delay time for the
first sample (Zubair soil) had shown the below result Figure
).

The database of NIST and ocean-optics Inc., had be used
to analyze the two spectrums for detect the optical emissions
spectrum lines of Uranium element.
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Figure (2). Plasma emissions of Zubair soil

Table (1). The analytical lines of the (U) metal by LIBS technique of
Zubair soil

Atom AMnm) | el A st AMnm)
ul 383.96 0.0546 383.963 0,003
ull 393.40 0.343 393.538 0.138
ul 394.44 0.06124 394.382 0.048

The second sample (Faw soil) also had been tested with
the same condition and under atmospheric pressure that
show below result Figure (3).
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Figure (3). Plasma emissions of Faw soil

Table (2). The analytical lines of the (U) metal by LIBS technique of Faw
soil

Atom Anm) | el A nisT AMnm)
ul 383.94 0.0573 383.963 0.023
ull 393.45 0.296 393.538 0.088
Ul 394.43 0.0384 394.382 0.058

Three emission lines of Uranium had been detected at
(383.96, 393.40 and 394.44 nm) in UV spectrum region of
both samples.

4. Conclusions

In this work, we have constructed a LIBS system by using
a portable commercial spectrometer from Thorlabs Inc.
equipped with CCD detector to identify spectral lines
emitted from the soil, the database from NIST and
ocean-optics also used to select and detect the element
according to emission lines, the sample Lab laser we also had
use to completed the system that offer fast and low cost
technology, for develop the system we will go to wide range
and higher resolution spectrometer and faster CCD detector
to get more spectrum and increase the limit of detection, for
the developing of the system to calculate the concentration of
uranium element in the soil we must get the emission
parameters from references as (Aki, AE, gk and g;) that is
main part to calculate the plasma parameters and
concentration via (CF-LIBS) technology.
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