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Abstract: Protecting the environment from all types of pollution is a key issue, especially air pollution in particular,
because of that, the ecosystem as a whole is under threat. Sudan is one of the vast African countries, covering an area of
about one million square miles, and suffering from air pollution. One of the causes of this pollution is the large number of
cars and factories that use gasoline. Car exhausts and factory nozzles emit kinds of gases such as carbon monoxide, lead,
sulfur and other gases that contribute to air pollution. Due to the large volume of use of gasoline in cars and factories, the
low quality of purification and treatment leads to the production of gases that are extremely harmful to the environment.
Therefore, it is necessary to examine and determine the components of benzene used in Sudan. The technique of Laser-
Induced Breakdown Spectroscopy was used to characterize the benzene samples taken from different regions, and the
results showed that they contain carbon and hydrogen that are the main component of benzene, in addition many elements
harmful to the environment such as (Pb, Hg and Zn), which can cause cancer diseases, and can also cause great harms to
animals, plants and soil.
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where the very high field intensity initiates an avalanche
ionization of the sample elements, giving rise to the so-called
breakdown effect, the formation of the plasma Occur when
the focused laser achieves a certain threshold for optical
breakdown, which generally depends on the environment and
the target material [3, 4].

Laser-induced break down spectroscopy, or LIBS, has
been advancing significantly over the last decades. It can
be used for characterizing solids, liquids and gases and
can return results rapidly, with very little damage to the
sample. Not only that, but also the samples can be
analyzed from a distance away from the source of the
(LIBS). Unlike some analytical tools that require samples
being brought to a lab. For example, LIBS is being used to
detect surface contaminants in a few nuclear reactors
around the world, in this case The lasers used in these
systems is located several meters away from the reactor

1. Introduction

Many scientific, military, medical and commercial laser
applications have been developed since the invention of the
laser in 1958. The coherency, high monochromaticity, and the
ability to reach extremely high powers are all properties
which allow for the specialized applications [1].

Laser analysis based on optical detection method is called
laser spectroscopy. Spectroscopy involves stimulating as
ample and the analyzing the resultant spectrum in the range
of electromagnetic radiation emitted or absorbed by the
sample that makes Spectroscopy is a vital as an analytical
tool [2].

The Laser Induced Breakdown Spectroscopy (LIBS)
technique is based upon the analysis of the atomic emission
generated close to the surface sample. The emission is
observed once a laser pulse is focused on the sample surface,
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surface and yet is still able to function effectively. These
systems keep most of the instrumentation behind shielding
material, with only a mirror and a lens (which is used to
steer and focus the laser beam respectively) exposed to the
nuclear radiation [3].

LIBS is a very useful technique, Through it the elements
that formed materials can be recognized and identified easily
and fast way, under any atmosphere. It requires very small or
even no sample preparation.

It is very sensitivity technique and capable of producing
low limits of detection (LOD). LIBS can be considered as a
non-destructive technique since it involves negligible amount
of mass for analysis (micro). LIBS can, in principle, be
applied in any atmosphere, even in hostile environments,
therefore, it is very handy for insitu analysis and in-process
monitoring of the product [5].

2. Materials and Method
2.1. Materials

Materials used in this work as samples were three types of
benzene. It was collected from different stations in Sudan.

Benzene is an organic chemical compound with the
molecular formula C¢Hg. Its molecule is composed of 6
carbon atoms joined in a ring, with 1 hydrogen atom attached
to each carbon atom. because its molecules contain only
carbon and hydrogen atoms, benzene is classed as a
hydrocarbon as shown Figure 1.

Benzene is a natural constituent of crude oil, and is one of
the most elementary petro chemicals. Benzene is an aromatic
hydrocarbon and the second [n] —annulene ([6]-annulene), a
cyclic hydrocarbon with a continuous pi bond. It is
sometimes abbreviated Ph—H. Benzene is a color less and
highly flammable liquid with a sweet smell. It is mainly used
as a precursor to heavy chemicals, such as ethyl benzene and
cumene, which are produced on a billion kilogram scale.
Because it has a high octane number, it is an important
component of gasoline, composing a few percent of its mass.
Most non-industrial applications have been limited by
benzene's carcinogenicity.

Figure 1. Ring Formula of Benzene.

The empirical formula for benzene was long known, but
it's highly poly unsaturated structure, with just one hydrogen
atom for each carbon atom, was challenging to determine.

Archibald Scot Couperin 1858 and Joseph Loschmidt in 1861
[5]. Suggested possible structures that contained multiple
Double bonds or multiple rings, but too little evidence was
then available to help chemists decide on any particular
structure.

Benzene is classified as a carcinogen, which increases the
risk of cancer and other illnesses, and is also a notorious cause
of bone marrow failure. Substantial quantities of
epidemiologic, clinical, and laboratory data link benzene to a
plastic anemia, acute leukemia, bone marrow abnormalities
and cardiovascular disease [6, 7]. The specific hematologic
malignancies that benzene is associated with include: acute
myeloid leukemia (AML), aplastic anemia, myelodysplastic
syndrome (MDS), acute lymphoblastic leukemia (ALL), and
chronic myeloid leukemia (CML) [8].

The American Petroleum Institute (API) stated in 1948 that
"it is generally considered that the only absolutely safe
concentration for benzene is zero" [9]. There is no safe
exposure level; even tiny amounts can cause harm. The US
Department of Health and Human Services (DHHS) classifies
benzene as a human carcinogen. Long-term exposure to
excessive levels of benzene in the air causes leukemia, a
potentially fatal cancer of the blood-forming organs. In
particular, acute myeloid leukemia or acute nonlymphocytic
leukemia (AML & ANLL) is not disputed to be caused by
benzene [10]. TARC rated benzene as "known to be
carcinogenic to humans" (Group 1).

As benzene is ubiquitous in gasoline and hydrocarbon fuels
that are in use everywhere, human exposure to benzene is a
global health problem. Benzene targets the liver, kidney, lung,
heart and brain and can cause DNA strand breaks,
chromosomal damage, etc. Benzene causes cancer in animals
including humans. Benzene has been shown to cause cancer in
both sexes of multiple species of laboratory animals exposed
via various routes [11].

2.2. Instrumentation

The experimental set up used in this work is shown in
figure 2 and schematically are depicted in figure 3.

Figure 2. The Experimental Set up.
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Figure 3. Schematic Representation of Used Setup.

This setup was composed from the following equipments
and tools.

2.2.1. Laser

Figure 2 shows Q-switched Nd-YAG laser was used here
with two wavelengths: 1064 nm and 532 nm, this Q-switched
Nd-YAG laser was used to deliver laser beam at 532 nm,
with 20 ns pulse duration and 2 Hz repetition rate. The pulse
energy was 100 mj.

2.2.2. Spectrometer

To record the emission spectra, a spectrometer type was
used. The Ocean Optics USB 4000 Spectrometer is designed
from the USB 2000 Spectrometer to include an advanced
detector and powerful high-speed electronics to provide both
an unusually high spectral response and high optical
resolution in a single package the result is a compact, flexible
system, with no moving parts, that's easily integrated as an
OEM component [12].

The laser to be used is chosen depending on the
application, the laser induced breakdown spectroscopy (LIBS)
and its main characteristics of using short laser pulses as an
energy source to evaporate samples and excite the emission
of electromagnetic radiation from its elements and / or
molecular fragments, so we use Nd-YAG laser [13].

2.2.3. Optical Fiber

The optical fiber used to collect spectra was supplied by
Ocean Optics. It is type UV=VIS model Q p 600-2-UV-BX
600 pm diameter and two meter length silica core.
Surrounding the core is a doped-fluorine silica cladding. A
buffer material is then applied. A buffer coats the core and
cladding, strengthens the fiber and reduces stray light even
further. In most assemblies polyimide is used as the buffer;
other assemblies use aluminum or a crylate. Then a jacketing
is applied over the, cladding and buffer to protect the fiber
and provide strain relief [14].

2.2.4. Software

The software (Spectra Suite) used in this work was
supplied from Ocean Optics and it is a completely modular,
Java-based spectroscopy software plat form that operates on
windows, Macintosh and Linux operating systems.

e —
e
Unknown
Collection lenses material
Delay generator
This software can easily manage multiple USB

spectrometers each with different acquisition parameters in
multiple windows, and provides graphical and numeric
representation of spectra from each spectrometer. Using
Spectra Suite, one can combine data from multiple sources
for applications that include up welling/down welling
measurements,  dual-beam  referencing and process
monitoring [15].

3. Results and Discussion

LIBS spectrum of sample 1 in the range of (200 to 900)
nm as figure 4 shows.

It shows clear peaks and by comparison with the
wavelengths recorded in some references, we found that
these wavelengths describe the components of benzene as
listed in Table 1.
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Figure 4. LIBS Spectrum of Benzene Sample No. 1.

Table 1. Analysis of LIBS Emission Spectrum of Sample No 1.

Wavelength (nm) Intensity (a.u.) Element
210.39 124.719101 CIvV
221.83 167.41573 CII
224.80 167.41573 WI
238.80 147.191011 Pbl
248.13 108.314607 Bel
260.48 146.516854 cl
278.56 121.797753 Coll
316.18 113.707865 CII
366.13 127.191011 HI
387.66 104.044944 CII
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Wavelength (nm) Intensity (a.u.) Element ‘Wavelength (nm) Intensity (au) Element
428.92 109.438202 Tilll 488.17 137.078652 Cdin
439.73 106.741573 TilV 506.19 133.033708 Krll
471.91 120.449438 Zrl 520.93 124.719101 Zrl
541.84 109.662921 Krll 532.96 135.730337 Ol
559.68 133.033708 Silll 549.34 111.011236 Fel
590.08 124.494382 Krll 557.71 153.483146 Eul
638.37 153.483146 Fell 672.45 105.617978 cl
703.00 130.11236 Nil 707.14 112.359551 WI
710.01 167.191011 CI 717.17 139.775281 Tilll
719.09 112.359551 Hgl 762.30 133.033708 Fel
720.22 112.134831 CI 789.04 139.775281 SI
735.21 128.764045 Til 799.07 123.370787 Krl
743.95 112.259551 Agll 811.44 161.797753 Lalll
763.86 161.797753 BIL 821.80 105.393258 GdI
769.20 142.47191 CI 835.90 105.393258 HI
789.00 120.449438 SI 846.70 105.393258 HI
794.30 117.752809 Ol 850.24 105.393258 HI
797.77 157.752809 Scl 858.597 108.089888 Cll
808.60 117.752809 Lal 862.60 133.033708 WI
831.42 161.797753 HI 877.03 112.359551 CdIt
882.04 108.089888 Ol 878.98 123.370787 Gel

LIBS spectrum of sample 2 in the range of (100 to 900) Figure 6 shows clear peaks in the range of (200 to 900) nm.
nm. Figure 5 shows clear peaks and by comparison with the = By comparison with the wavelengths recorded in some
wavelengths recorded in some references, we found that references, we found that these wavelengths describe the
these wavelengths describe the components of benzene as  components of benzene as listed in Table 3.
listed in Table 2.
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Figure 5. LIBS Spectrum of Benzene Sample No. 2.
Figure 6. LIBS Spectrum of Benzene Sample No. 3.
Table 2. Analysis of Emission Spectrum of Sample No 2.
= Table 3. Analysis of Emission Spectrum of Sample No. 3.

Wavelength (nm) Intensity (au) Element
180.94 113.707865 Mnll Wavelength (nm) Intensity (au) Element
195.31 106.741573 Nelll 206.89 111.011236 CVI
209.69 116.404494 Znl 210.39 127.415730 CVI
215.72 117.752809 NelV 224.22 106.741573 Fell
240.44 113.033708 CIv 224.73 157.752809 WIIL
266.86 138.426966 SII 240.82 144.044944 Arll
271.20 124.719101 Eulll 251.64 105.393258 Fell
291.59 105.393258 Fel 265.97 127.415730 Sill
318.35 105.393258 ClI 283.82 120.674157 Fell
326.36 131.685393 Till 314.24 108.314607 Tml
334.72 120.674157 Xell 323.31 131.460674 SIIT
346.76 106.741573 Til 335.89 115.05618 Hfl
371.50 124.719101 OI1I 344.66 137.078652 Hgl
402.25 123.370787 Tml 369.71 135.730337 HI
420.63 152.134831 Mnll 400.24 108.314607 Til
432.67 116.404494 Fel 423.32 131.685393 Ol
437.13 176.853933 CI 446.75 119.101124 Cell
453.40 145.393258 YI 450.73 119.101124 SI

483.82 172.808989 Tilll 454.06 120.449438 Fel
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Wavelength (nm) Intensity (au) Element
464.89 112.359551 Nell
493.20 119.101124 CI
497.06 123.370787 WI
500.60 111.011236 Sil
505.21 116.404494 CI
514.92 135.730337 Fell
532.77 119.101124 NII
538.03 157.752809 CI
545.34 106.741573 Gdl
552.65 139.775281 Mol
557.92 139.775281 Xel
563.19 164.494382 WI
570.53 112.359551 Til
583.07 145.168538 VI
586.60 106.741573 WI
597.42 203.146067 HfI
607.95 135.730337 Mol
613.50 123.370787 VI
620.55 1230370787 CIIL
631.36 168.539326 Nel
634.85 139.775281 FI
685.18 159.101124 Fell
690.42 112.359551 Krl
697.44 123.370787 Till
703.00 120.674157 Nil
706.51 120.674157 Hel
717.33 193.258427 WI
727.87 137.078652 Silll
733.45 123.370787 NdI
746.00 123.370787 Tilll
754.78 123.370787 Fel
763.83 119.101124 Til
767.40 116.404494 Hgl
774.68 132.808989 Krl
787.35 152.134831 OIII
792.52 149.438202 Fell
797.83 170.11236 Till
813.90 137.078652 Fell
841.33 160.449438 HI
864.26 131.685393 Eul
871.26 105.393258 Coll
880.38 112.359551 Arll

Element Sample No. 1 Sample No. 2 Sample No. 3
Intensity (a.u) Intensity (a.u) Intensity (a.u)

Tm 0 123.370 108.314

Ge 0 123.370 0

Cl 0 108.089 0

Zr 120.449 124.719 0

Y 0 145.393 0

Zn 0 116.404 0

Sc 157.752 0 0

La 117.752 0 0

Pb 147.191 0 0

Be 108.314 0 0

F 0 0 139.775

Table 5. Comparison between ions in the three samples.

Sample No. 1 Sample No. 2 Sample No. 3

Table 4. Comparison between the elements in the three samples.

fon Intensity (a.u) Intensity (a.u) Intensity (a.u)
CIv 124.719 113.033 238.426
CII 281.123 0 123.370
Coll 121.797 0 105.393
cl 250.561 211.011 0

Tilll 109.438 312.584 123.370
TilV 106.741 0 0

Krll 234.157 133.033 0

Silll 133.033 0 137.078
NelV 0 117.752 0

Fell 0 0 659.325
Agll 112.259 0 0

BII 161.797 0 0

Mnll 0 265.842 0

Nelll 0 106.741 0

SII 0 138.426 0

Eulll 0 124.719 0

Till 0 131.685 293.483
Xell 0 120.674 0

OlIlI 0 124.719 152.134
CdlIl 0 249.438 0

Lalll 0 161.797 0

WIII 0 0 157.752
Arll 0 0 256.404
Sill 0 0 127.415
SIIT 0 0 131.460
Cell 0 0 119.101
Nell 0 0 112.359
NII 0 0 119.101

Element Sample No. 1 Sample No. 2 Sample No. 3
Intensity (a.u) Intensity (a.u) Intensity (a.u)
C 421.744 176.853 395.258
H 288.988 316.179 296.179
Fe 153.483 465.846 383.595
Ti 128.764 106.741 339.775
Hg 112.359 0 253.483
Kr 0 123.370 245.168
Eu 0 153.483 131.685
Nd 0 0 123.370
Ni 130.112 0 120.674
He 0 0 120.674
w 167.415 133.033 394.606
Ne 0 0 168.539
Hf 0 0 318.202
Mo 0 0 275.505
A% 0 0 268.539
Xe 0 0 139.775
Gd 0 105.393 106.741
Si 0 0 111.011
S 120.449 139.775 119.101
O 108.089 135.730 131.685

From the results obtained in this research one can conclude
that:

The essential atoms forming the samples of benzene
(Hydrogen and Carbon) appeared with great amounts while
other elements such as (Pb, Be, Zr, Ni, Hg, Ti, Sc, La, Zn, Tm, Y,
Eu, Kr, Gd, Cl, Ge, Hf, Mo, Xe, V, Mo, Ne, He and Nd) were
appeared with little amounts relative to the essential atoms. Also,
these elements were found in varying quantities in the three
samples, as the figure 4 shows. Some of them were found in the
three samples and some were found in two samples and there
was not found in the third sample and some of them were found
in one sample only, and this is due to the different regions from
which the samples were collected.

(C, H. Fe, Ti, W, O and S) atoms were found in the three
samples with different amounts.

Some of the elements that have been discovered in
benzene samples such as (Pb, Hg and Zn) are among the
elements that may cause extensive environmental damage at
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the human (some of which cause cancer, such as lead),
animals, and plants.

Note that the samples contain lead, which is the first to
have the type of toxicity. Lead has been criminalized in a
wide range of toxic effects and is considered a durable heavy
metal ubiquitous. Exposure to this element may harm
humans and cause diseases such as cancer and affect the
functions of the kidneys, liver and lungs, as well as in
wildlife. The lead balance is a real threat to public health,
especially in developing countries. Therefore, the competent
authorities in Sudan must solve this problem and make the
benzene unleaded or reduce its quantity as a minimum [16].

Among the group of contaminants, Hg toxicity is
considered to be an important contributor to the overall
health risk presented by contaminants in the environment.

Mercury is a toxic and non-essential metal in the human
body. Inorganic mercury compounds are water soluble with a
bioavailability of 7% to 15% after ingestion; they are also
irritants and cause gastrointestinal symptoms. Upon entering
the body, inorganic mercury compounds are accumulated
mainly in the kidneys and produce kidney damage. In
contrast, human exposure to elemental mercury is mainly by
inhalation, followed by rapid absorption and distribution in
all major organs. Elemental mercury from ingestion is poorly
absorbed with a bioavailability of less than 0.01%. The
primary target organs of elemental mercury are the brain and
kidney. Elemental mercury is lipid soluble and can cross the
blood-brain barrier, while inorganic mercury compounds are
not lipid soluble, rendering them unable to cross the blood-
brain barrier. Elemental mercury may also enter the brain
from the nasal cavity through the olfactory pathway. The
blood mercury is a useful biomarker after short-term and
high-level exposure, whereas the urine mercury is the ideal
biomarker for long-term exposure to both elemental and
inorganic mercury, and also as a good indicator of body
burden [17].

4. Conclusions

The laser induced breakdown spectroscopy (LIBS)
technique is very accurate. LIBS is capable to detect almost
all the elements and ions in the benzene samples and can be
used as diagnostic technique for investigation of elements in
liquid samples.

5. Recommendations

From the results, the followings can be suggested as future
work:

Improving the quality of benzene in Sudan by eliminating
the toxic elements (Pb, Hg and Zn).

LIBS method can be considered in the future for analysis
of many classes of organic compounds.

Diode pulse lasers can be used to overcome the laser flash
lamp background.

Study the percentage of the heavy elements in the benzene.

Study the effect of the addition of chemical improvements

on the benzene that used in Sudan.
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