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Abstract

the utilization of gamma rays with a high energy is common in the treatment of water
contaminated with organic matter. Although it is an effective method for treating water
contamination with biological contaminants. The effect of these rays on soil contamination
with oil has not been investigated. In light of this, the impact of radiation on soil contaminated
with oil was studied the effects of these rays on the physical and chemical properties of oil in
the treated soil after being exposed to gamma rays at various dosages was studied. The
nuclear lab of the Physics Department, Faculty of Science, University of Kufa, Iraq processed
three samples of oil-contaminated soil. The International Atomic Energy Agency (IAEA) in a
close setup, all samples may be radioactively irradiated concurrently at dosages of 0, 11, 30,
and 70 krad. The area of experimentation in the Kufa University, Faculty of Science, Ecology
Departments for 30 days. The main results have been reduction in TOC, DO, COD, in
contaminate soil with oil for all radiation doses. This demonstrates the utility of radiation
technology in contaminate soil with oil treatment and the possibility of using irradiation
technology in the biological treatment in such kind of contaminate soil. This is an effective,
new, and fast method of treatment.
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Introduction

The strongest type of electromagnetic radiation is called a gamma ray. It has a 10 keV
(kilo-electron-volt) power level for several hundred keV. When compared to other sources of
radiation like alpha and beta rays, it is thought to be the most penetrating, also it more
dangerous than alpha and beta with compare [1]. Since its discovery, researchers have been
scrambling to develop fresh methods for handling tainted water, particularly sewage. This
innovative technology was envisioned as a tool for plant development projects [2, 3]. mutations
in the plant caused by the use of radioactive fertilizers or by light radiation applied to seeds
or plants, [4]. Ionizing radiation includes gamma rays, which interact with atoms or molecules
to create free radicals in cells that, depending on the radiation exposure amount, can either
kill or cause mutations or changes in plant cell components. These impacts include
modifications to the antioxidant system, an increase in phenolic chemicals, and alterations
in photosynthesis, as well as changes in the structure and metabolism of plant cells [5]. These
impacts include modifications to the antioxidant system, an increase in phenolic chemicals,
and alterations in photosynthesis, as well as changes in the structure and metabolism of
plant cells [6]. Soil polluted with petroleum hydrocarbons has been successfully cleansed
using irradiation heating in place for the first time after being used in its complete
configuration at a genuine location. Economically, a network of separate antennas driven by
a single low power irradiation generator would be the idea behind the irradiation energy
delivery to the soil. This investigation's success paved the way for a second, much larger field
test employing irradiation heating to cure soil tainted with petroleum hydrocarbons. A
irradiation heating system with low power generators has great flexibility, is inexpensive, and

places no limitations on the quantity or configuration of antennas.

Material and Methods

2.1 Soil sample collection

On October 15, 2022, soil samples were taken from three polluted locations at an oil-
refining complex Najaf in the Iraqi . Water lay around ten meters below the field's surface. Due
to previous uses of the land, petroleum hydrocarbon compounds from leaking storage tanks

were present in the soil.
2.2 Soil irradiation

In the nuclear lab of the Physics Department, Faculty of Science, University of Kufa,
three soil samples were processed. The International Atomic Energy Agency's (IAEA) Cs137
source was used in a closed system to administer radiation to the first group (G1) at a dose of
11 krad, the second group (G2) at a dose of 30 krad, and the third group (G3) at a dose of 70
krad. A Canadian-made cell that uses the radioactive source Cs 137 to determine the dose

rate of two Mrad/hr and radioactivity of 50 kCi and this device was used since January 1985.
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To ensure that each sample received a uniform dosage of radiation, the samples were put in

a cylinder that was 16 cm in diameter and 20 cm high[7 ].
2.3 Physical and chemical measurements of Soil samples

A multi photometer was used to measure the pH, EC, salinity, and dissolved oxygen
(DO), while a turbo meter was used to measure turbidity. Prior to beginning the
measurements, all of the aforementioned instruments were calibrated. The American Public
Health Association (APHA) (2003) describes the techniques used to test total TDS, total TSS,
total organic carbonate (TOC), and carbon dioxide (COD).

2.4 Statistical investigation

Measurable investigations were calculated using the measurable program SPSS (Ver.
17), accounting for significant differences between medicines. Slightest Critical Contrasts

(LSD) Test by Fisher, guaranteed for importance level.

1. Results and Discussion:
1.1 Testing of the soil both before and after radiation therapy

Due to the significant activity of gamma rays, which can alter the characteristics of
contaminants soil, Table 1 demonstrated that ionizing radiation has a radical effect on total
organic matter (TOC) in soil [8]. Sludge's increased soluble organic matter may be the cause

of this.

Tables 1 and 2 list the fundamental characteristics of the test soil. The soil's bulk
density ranged from 1.69 to 2.12 g/cm3, while its porosity ranged from 15.35 to 25.92%. The
tested soil has a lower porosity than ordinary soil. It was as a result of the site's compaction
and combination with material from other locations. As a result, the tested soil's bulk density
might increase and its porosity might decrease. The tested soil samples had a moisture

content of 7.76-22.20%.

The results showed that as radiation dose was increased, EC remained constant Table
1 . This is accurate because soil's dissolved salts are what give it its EC and hardness. In
contrast to organic salts, which are not extremely conductive when dissolved in soil, inorganic
salts are. Additionally, the salinity value does not change as the radiation dosage rises since
radiation doses do not destroy inorganic materials. Values were constant as a result Table 1
[9]. With an increase in radiation dose, pH rose. Table 1 This suggests that soil irradiation
causes pH values to generally rise. This increase was brought on by more hydroxyl radicals
as a result of enhanced hydrolysis and radiation dose-related deterioration. Free hydroxyl
roots are significantly more concentrated because the G value of OH (G-OH) increases in

comparison to other free radicals.

The DO concentration values in Table 1 drop as the radiation dose rises. In the presence

of hydrogen, free radicals like HyO,, HO,, Oz, and CsHsOH (OH), which are potent oxygen
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receptors, cause these electrons to interact with the oxygen. decreased dissolved oxygen

concentration.

As the radiation dose increased, the COD values became less valuable. The eradication
of the bacteria in charge of oxygen consumption caused this decline. Microorganisms are well
known for being extremely susceptible to radiation pulses. Additionally, chemical molecules

present in biological systems can be broken down by the radiation energy Table 1 [9].

According to (Table 1), total dissolved solids (TDS) revealed a different outcome. At low
radioactive doses at the beginning of the treatment, the soluble solids concentration
decreased; this was followed by a rise in soluble solids concentration as the absorbed
radioactive dose increased [10]. This might be as a result of dimmers or trimmers forming or
dissolved organic materials being converted into simple molecular molecules. Then, in areas
with high radiation levels, sediments and sludge at the bottom were melted due to the high
dosage effect, raising the concentration of TDS. The values fell short of the experiment's

beginning [11].

Table 1 The average values of the chemical parameters for soil samples examined before

and after exposure to various doses of radiation.

Parameter first value | First Affect | Second Affect | Third Affect | Final
(mg/l) dose dose dose Value
(krad) (krad) (krad) (mg/l)
TOC 1870 11 460*
30 254*
70 30*
EC 2.3 Does not | Does not affect Does not | n
(mmhos/cm) | affect affect
PH 6.8 11 7.3
30 8.6
70 8.9*
DO 9.6 11 7.4*
30 7.6*
70 7.8*
COD 1676 11 85*
30 120*
70 130*
TDS 11250 11 1460*
30 1780*
70 2132*
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According to Duncan Multivariate, the data with an asterisk (*) were substantially

different, P< 0.05.

To remove soil-borne volatile and semi-volatile hydrocarbons, irradiation heating is a
very successful method, and it works particularly well for polar molecules [11]. Comparatively
straightforward to implement and reliable in wuse, this strategy. 3.0 hours of the
decontamination process were spent using a steady irradiation power without the use of
water. In general, the main impacts seen throughout the irradiation warming procedure were
the same throughout the laboratory tests, despite the increased soil pollutant concentration
and heating inhomogeneities caused by the larger soil volume [13]. The amounts of BTEX
(benzene, toluene, ethylbenzene, and xylene), as well as C6-C9, are listed in Tables 3 through
7. It is obvious that hydrocarbons in the C6-C9 range significantly polluted the soil.
Additionally, 0.57 mg/kg of BTEX was found in the soil. Most treated samples exhibit
noticeably lower concentrations of hydrocarbons than untreated samples. Numerous
hydrocarbons' concentrations were found to have significant decrease. The volatilization of
BTEX by irradiation heating may be the cause of its elimination. Due to sampling restrictions,
soil might differ at the two sampling points. As a result, in certain instances, after the
irradiation procedure, the pollutant concentrations increased. The disadvantage will be
overcome by either increasing the irradiation time or supplying irradiation energy to the soil

through a network of separate antennas [14].

The remediation of contaminants, however, may be combined with degradation and
evaporation in tables 3-6 as well as co-evaporation. The development of steam by the
irradiation energy caused contaminants to be co-evaporated from the soil for the C10-C40
organic compounds without decomposing them. The wetness in damp soil acts as a good
irradiation absorber, allowing the evaporated steam to trap pollutants and remove them from
the soil while also absorbing irradiation radiation. The wetness might have a significant
impact on the duration of the irradiation heating operation, the recorded soil temperature was
between 30 and 35 C. Due to soil's transparency, this is the case [15] to heat up energy. The
majority of energy is transferred straight to moisture and hydrocarbon molecules, which warm
up electrically. Energy savings in the remediation process are an advantage. According to
Dauer-Man et al., decontaminating one ton of soil using irradiation heating can reduce

operating expenses by 77% compared to using a conventional incineration technique [14].

On the other hand, a quick reorientation of molecular dipoles in the rapidly varying
external electromagnetic field is what causes the molecules' temperature to rise. However,
irradiation heating, which is crucial for in situ cleanup techniques, may achieve significantly
greater penetration depths in the meter-range. Heat is generated inside the soil volume when
using irradiation. The installed power affects the heating rates that can be achieved [15].
Because the remediation of soil by irradiation heating is dependent on the use of high-grade
electrical energy, the efficiency of heat generation in the soil is a critical parameter for
measuring the economic side of this technique [16]. It is important to maximize how

irradiation energy is converted into heat in the required soil volume [17]. The length of the
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antenna is also influenced by the depth of the contaminated soil layer that needs to be treated.

a system of separate antennas, each powered by a single irradiation would be the most feasible

solution for the irradiation energy delivery to the soil.

Table (2) the tested soil's physical and granular characteristics.

Bulk Particle
Depth (cm) density density O/Porosity Sand (%) (yClay Silt (%)
gem®)  wem®) "

0-35 1.57 2.32 26.92 69.86 10.38 13.97
35-85 1.91 2.34 22.41 69.27 11.71 14.22
85-135 1.95 2.36 16.74 45.50 30.37 29.23
135-165 1.52 2.21 20.54 43.52 28.36 42.82
165-195 1.81 2.41 23.87 70.94 25.83 8.82
195-245 2.52 2.47 16.91 69.34 16.21 19.21
245-360 1.95 2.28 15.32 82.57 7.39 7.08

Clay (particle size: 0.002 mm), silt (particle size: 0.05-0.002 mm), and sand

(particle size: 1-0.05 mm).

Table (3) The tested soil s moisture content.

Depth  Distance

0.4 m (%) 0.55 m (%) 1.0 m (%)
0.5-1.0m 8.56a 823b 8.26a 16.45b 5.45a 7.67b
1.5-2.0m  15.44a 15.43b  14.95a 6.96b  13.56a 15.56b
2.5-3.0m 16.71a 15.28b 15.67a 14.73b  18.73a 32.20b
3.5-40m 14.19a 13.24b  15.36a 14.96b 16.63a 16.57b

Moisture content of the tested soil in brackets: (a) before irradiation; (b) after irradiation.
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Table (4) Toluene concentrations at different depths and starting points in soil

heated by irradiation.

Depth Distance
0.4 m 0.55 m 1.0 m
(mg/kg) (mg/kg) (mg/kg)
0.5-1.0m MGn 0.29d -R MGn 0.19d -R 0.18n MGd 100r
1.5-2.0m MGn MGd -R MGn 0.29d -R MGn MGd -R
2.5-3.0m MGn MGd -R MGn MGd -R 0.26n 0.14d 46.2r
3.54.0m 0.57n 0.23d 59.6r MGn MGd -R 0.29n 0.37d -R
n Initial concentrations., d Residual concentrations., r Removal efficiency.
Table (5) M-xylene and p-xylene initial and residual concentrations after
microwave heating at various distances and depths.
Depth Distance
0.4 m 0.55 m 1.0 m
(me/kg) (mg/ke) (mg/kg)
0.5-1.0m MGn MGd -R MGn MGd -R MGn MGd
1.5-2.0m 0.20n MGd 100r 0.14n MGd 100r 0.13n 0.31d -R
2.5-3.0m MGn MGd -R MGn MGd -R MGn MGd
3.54.0m 0.20n MGd 100r 0.14n MGd 100r 0.13n 0.31d -R

Initial concentrations., d Residual concentrations., r Removal efficiency.

Table (6) O-xylene initial and residual concentrations in soil heated by irradiation

at various distances and depths.

Depth Distance

0.4 m 0.55 m 1.0 m

(mg/kg) (mg/kg) (mg/kg)
0.5-1.0 m MGn MGd -R MGn MGd -R MGn MGd
1.5-2.0 m 0.50n MGd 100c MGn MGd -R 0.23n 0.25d -R
2.5-3.0 m MGn MGd -R MGn MGd -R MGn MGd
3.5-4.0 m 0.50n MGd 100c MGn MGd -R 0.23n 0.25d -R

Initial concentrations., d Residual concentrations., r Removal efficiency.
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Table (7) C6-C9 initial and residual concentrations after microwave heating at

various distances and depths..

Depth Distance

0.4 m 0.55 m 1.0 m

(mg/keg) (mg/kg) (mg/kg)
0.5-1.0m MGn 22.5d > MGn 38.2d -R MGn MGd -R
1.5-2.0 m MGn MGd -R MGn 32.7d -R MGn MGd -R
2.5-3.0m 76.7n 18.6d 75.0c 36.2n MGd 100c 1056n 65.0d 90.3c
3.5-4.0m 16.70n 72.3d 96.2c 904n MGd 100c 1803n 1394d  25.1c

n Initial concentrations., d Residual concentrations., r Removal efficiency.

2. Discussion

The most powerful effect of radiation irradiation on the treatment of soil was the
elimination of organic materials. The current work demonstrates that irradiation heating is a
time- and cost-efficient method for cleaning up soil that has been contaminated with
petroleum hydrocarbons and volatile organic chemicals. Irradiation heating can remove the
contaminated soil without disturbing it or excavating it. There is very little exposure of the
general public and staff to the contaminated site, and the remediation is permanent. The
irradiation heating system is rather straightforward and is easily created. In order to stimulate
the direct volatilization of pollutants out of the soil, this procedure entails infusing irradiation
into the site[18]. The reactor created for this investigation has proven to be capable of
successfully removing organic chemicals from contaminated soil. The results show that
irradiation energy may safely clean up even polluted soils. Irradiation heating can be thought
of as the adaptive technology for remediating hydrocarbon-contaminated soil because different
types of soil can be treated. The remediation process can also be completed in a limited
amount of time. A lot of information on the engineering, physical, and chemical aspects of
irradiation application was made available by the successful testing[19]. General conclusions
are formed regarding the appropriateness, competitiveness, and preferred application
domains of irradiation heating. These findings, in our opinion, promote additional study into
irradiation heating systems for the treatment of polluted soil. This innovative method offers
the chance for on-site, large-scale industrial in situ treatment of hydrocarbon-contaminated

soil.

www.minarjournal.com
148


http://www.minarjournal.com/

Volume 6, Issue 1, March 2024

References:

[1] AT Ali, MA Guda, Al Oraibi, IK Salih, AH Shather, AT Abd Ali, AL Azzawi, HA Almashhadani
"Fe 3 O 4 supported [Cu (ii)(met)(pro-H) 2] complex as a novel nanomagnetic catalytic system
for room temperature C-O coupling reactions." RSC advances vol. 13 No. 32 : pp.22538-
22548. 2023

[2] DM Husayn, MA Guda, Husayn, "Effect of zinc oxide nanoparticles on biomarkers of
chlorophyll and carotene in some wild plants." AIP Conference Proceedings. Vol. 2787. No. 1.,
2023.

[3] DM Husayn, MA Guda, Husayn, Duea Mahdi, and Muthik A. Guda. "Response of some
wild plants in antioxidant enzymes by zinc oxide nanoparticles." AIP Conference Proceedings.
Vol. 2787. No. 1, 2023.

[4] MO Hammad, MA Guda, " Effect of Phytosynthesis silver oxide nanoparticles on multidrug-
resistant Klebsiella pneumonia isolated from children," Eur. Chem. Bull, vol. 12 No. (1),

pp.1655 — 1669, 2023.

[5] AHK Al-Hasnawi, MA Guda . "Comet Assay Technique Value as a Response on Zinc Oxide
Nanoparticales in Trigonella foenum-graecum Plant.", International Journal of Advanced

Multidisciplinary Research and Studies Search, vol. 4, no. 3, pp. 809-814, 2023.

[6] AY Rahi and MA Guda, " Effect Biosynthesis of fenugreek leaves nanomaterial on some

plant's germination using saline water,". Revis Bionatura., vol. 8, no. 2, pp. 1837-1746, 2023.

[7] OAR Owied, MAM Guda, HI Taher, MAA Abdulhussein," Plants Anatomical Engineered By
Nanomaterials. ,"” Revis Bionatura, vol. 8, no. 2, pp. 44-48, 2023.

[8] MA Guda, EARA Semysim, "Response of A Medicinal Plant Peganum Harmala To Iron Oxide
Nanoparticles F304 (Nps)," Journal of Pharmaceutical Negative Results, vol. 34, no. 3, pp. 289-
308, 2022.

[91 MM Alabassi, MA Guda, MA Muhammed, "The removal efficiency of natural nano-
coagulant produced from Phragmites communis, Schanginia aegyptiaca and Portulaca
oleracea in wastewater treatment," International Journal of Aquatic Biology, vol. 10, no. 2, pp.
181-186, 2022.

[10] FS Al Bayati, DHH Almansoori, MA Guda, FM Al-Asady "The study of using Spirulina
platensis and Chlorella Vulgaris algae as an antibacterial agent for Escherichia Coli and

Proteus Vulgaris." Al-Kufa Uni. Biol vol. 14, no. 2, pp.1-8, 2022.

[11] ZH Thajeel, MA Guda, NH Mutlag, BS Jabbar, " Investigation the effect of irrigation with
magnetized saline water to improve the vegetative growth and the anatomical characteristics
of the tomato plant (lycopersicon ...," International Journal of Agricultural & Statistical Sciences,
vol. 16, no. 2, pp. 181-186, 2020.

[12] GL Hakeem, MA Guda, MM Alabassi, AJT Altamimi, HAN Alhadrawi "Use of wild plant

species as indicator of some heavy metals in the soil of General Company for tire industry in

www.minarjournal.com

149


http://www.ijherjournal.com/

MINAR International Journal of Applied Sciences and Technology

Najaf Governorate." IOP Conference Series: Materials Science and Engineering. Vol. 870. No. 1.

IOP Publishing, 2020.

[13] A. H. Assi," Non-Productive Time Reduction during Oil Wells Drilling Operations, Journal
of Petroleum Research and Studies", vol. 11 No.36, pp. 34-50, September 2022.

DOI: http:/ /doi.org/10.52716/jprs.v12i3.541

[14] J. T. Shakib, V. Kanani, P. Pourafshary, "Nano-clays as additives for controlling filtration
properties of water-bentonite suspensions.", Journal of Petroleum Science and Engineering,
Vol. 138, pp. 257-264, 2016. https://doi.org/10.1016/j.petrol.2015.11.018

[15] A.H. Assi, "The Effect of Micro and Nona Silica Addition on the Filtration and Mud Cake
of Drilling Fluid.", Journal of Petroleum Research and Studies, Vol. 40, pp. 41-58, 2023.

DOI: http://doi.org/10.52716/iprs.v13i3.694

[16] B. Rajani, and S. Suresh. "Biosynthesis of ZnO/SiO2 nanocatalyst with palash leaves’
powder for treatment of petroleum refinery effluent.” Resource-Efficient Technologies Vol. 3,
No.36, pp. 528-541, 2017.

[17] MA Guda, SJ Hadi, KK Alasedi, FJ Alduhaidahawi, L Saheb, MF Ali, " Antioxidant enzyme
response of medical plant Persian Fenugreek (Trigonella foenum-graecum L.) to irrigation with
irradiations treated water," international journal of research in pharmaceutical sciences, vol. 12
No. (1), pp.442 — 445, 2021.

[18] Y. He, L. Qin, and H. Huang, “Calcium-enhanced retention of humic substances by carbon
nanotube membranes: Mechanisms and implication”, Journal of Membrane Science, Vol. 629,

119273, 2021. https://doi.org/10.1016/j.memsci.2021.119273

[19] S. Guo, Y. Wan, X. Chen, and J. Luo, “Loose nanofiltration membrane custom-tailored
for resource recovery”, Chemical Engineering Journal, Vol. 409, 127376, 2021.
https://doi.org/10.1016/j.cej.2020.127376

www.minarjournal.com
150


http://www.minarjournal.com/
http://doi.org/10.52716/jprs.v13i3.694

