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Figure 2. Blue team (left) and red team (right) in Scenario A
Blue Team Actors

a. Two F-16 jets with the same specifications; each has five hundred bullets, three radar-guided missiles, three
heat-guided missiles, sixty chaff countermeasure missiles used to deceive enemy radar units, and eighty-eight flare
countermeasure missiles used to deceive heat-guided missiles. Both jets are equipped with laser, radar, and optical
sensors. At the beginning of the scenario, both jets have a speed value of 500 knots, a heading value of 0 degrees,
and an altitude of 30,000 feet. The distance between the two jets is approximately 3 km. For the examination in
Scenario A, only these two F-16 jets with the same specifications were assigned artificial intelligence.

b. The F-22 jet serving as the commander; for Scenario A, this jet was assigned the rule-based action function of
the FIVE.

The actions taken by the F-22 in sequence according to this function are as follows:

X It declares itself as the commander to the other actors in the team.

x Ifit detects one or more undestroyed enemies nearby using its radar, laser, and other sensors, it sends a message
to its teammates indicating the FIVE actor number of the detected enemy.

X If the teammates send a message that they have hit the enemy, it continues to move and search with sensors by
changing its heading degree.

X As can be understood, this jet does not have the ability to actively attack. Its sole task is to identify detected
enemies as targets for its teammates.

Red Team Actors

Three SU-35 jets: Each jet has one hundred fifty bullets, three radar-guided missiles, three heat-guided missiles,
eighty-eight chaff missiles, and eighty-eight flare missiles. All three jets are equipped with laser, radar, and optical
sensors. For Scenario A, these three jets were assigned the rule-based action function of the FIVE.

According to this function, the actions taken by the SU-35 jets in sequence are as follows:

X Using its radar, laser, and other sensors, it identifies the closest undestroyed enemy it detects nearby as the
target.

x If the distance to the target enemy is within the range of the heat-guided missiles, a heat-guided missile is fired
at the enemy. If the distance to the enemy is greater than the range of the heat-guided missiles, radar-guided
missiles and bullets are fired at the enemy.

2.1.2 Scenario B

Scenario B is essentially the same as Scenario A. In the cooperative scenarios discussed in the thesis, to measure
the effects of centralized command and messaging on reinforcement learning performance, in this scenario, the F-
22 acting as the commander in the blue team is prevented from giving orders to the F-16 jets about potential
enemies. This arrangement was made through the rule-based function assigned to the F-22 actor mentioned in
Scenario A. The F-16 jets assigned with artificial intelligence are not prevented from messaging each other; the
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actors can send messages by selecting “turn”, “target”, “fire”, “turn off radar”, and “enemy target identified” from
their action spaces.

2.2 Software Design

RLIib is a comprehensive, open-source software library used for implementing, training, and deploying
reinforcement learning (RL) algorithms. It is written in the Python programming language and is built on top of a
distributed computing framework called Ray. Ray is a system designed for large-scale, parallel, and distributed
applications. RLIib leverages this system to efficiently run a wide variety of RL algorithms for both single-agent
and multi-agent environments [1]. The RLIib Environment Class is the fundamental class used to establish the
relationship between RL algorithms and the environment discussed in the scenarios section. RLLib has basic
environment classes labeled as "OpenAl Gym Environment" and the derived "RLLib MultiAgent Environment."
These classes have two main functions: reset and step. A learning episode starts with the reset function, and the
step function is called throughout the learning process. Here, the return values of these two functions are filled
with information obtained from the FIVE. In order to train agents’s policy networks for both CT-CE and DT-DE
methods, Proximal Policy Optimization is used [2]

The aforementioned value spaces and functions are expressed with discrete values instead of continuous values.
The reason for this is that discrete values both simplify the representation of the problem and accelerate
computational operations on the RL side. With discrete values, observation and action spaces are expressed as
finite, countable sets of probabilities, which significantly facilitates the convergence of rewards to a finite value
compared to infinite, continuous data [3]. For example, the DQN (Deep Q Networks) algorithm, developed by
working on Atari 2600 games, uses only discrete action spaces to utilize the neural network for searching action-
value functions based on a table. However, it is impossible to create such a table if infinite-continuous values are
used with DQN [4]. Many algorithms developed like DQN are based on discrete values, such as the Q-learning
algorithm first introduced by Watkins in 1992 [5] and the RL study by David Silver in 2016 using deep neural
networks and tree search in the game of Go [6]. There are many methods in the literature for discretizing
continuous values such as speed and orientation angle. In the method called manual discretization by J. Kober and
others [3], continuous data is divided into specific regions and made discrete. The data spaces and functions used
in the thesis are also discretized using this method.
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Figure 3. Simple diagram that shows design of the software

If we need to examine the types of data important for these environment classes:
a. Actors

As previously mentioned, the differences between a centralized agent environment and a discrete multi-agent
environment have been examined in the thesis study. The fundamental difference between these two environments
on the software side is that the number of artificial intelligence actors is one in a centralized single-agent
environment and two in a discrete multi-agent environment.

As shown in Figure 3, the data of the two entities in the FIVE scenario is sent integrally (blue arrow) to the single-

agent environment. Subsequently, the rewards calculated inside are used to update a single policy, and the actions
decided by the policy are sent back to the FIVE integrally (red arrow). In the context of multi-agent RL, this
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architecture is known as Centralized Learning-Centralized Execution (CT-CE). In the multi-agent environment,
two artificial intelligence actors and their policies are created. The data of the two artificial intelligence actors are
matched with the data of the corresponding entities in the FIVE according to their names.

As shown in Figure 3, the observation data of the “F-16_01 entity in the FIVE is used to train the artificial
intelligence agent numbered “01”, and the observation data of the “F-16_02” entity in the FIVE is used to train
the artificial intelligence agent numbered “02” (blue arrows). The actions decided by the agents’ policies (ppol
and ppo2) are sent to the corresponding entities in the FIVE (red arrows). This discrete multi-agent structure is
classified as Decentralized Training-Distributed Execution (DT-DE) in the context of multi-agent RL. In the DT-
DE design, the data spaces and functions detailed in the continuation of the section are defined separately for each
actor in the environment and matched with the relevant actors.

b. Observation Space

Observation data is created by processing the data collected from the FIVE environment into a form that RLIib
can use. Some of these observation information are as follows: Actor position information, Actor ammunition
information, Actor sensor information, Actor damage information, Actor communication information. Due to the
multi-agent nature of the problem observation data about the other entities also added to actors’ observation spaces:
Is other entity friendly/enemy information, other entity’s relative position information, Is other entity detected by
sensors information, Is other entity within weapon range, other entity’s overall health information.

c. Action Space

As mentioned earlier, the actions of an entity in the FIVE environment are possible using certain sub-functions
written in the FIVE infrastructure. For this reason, the action space containing the actions that the RL algorithm
can select is a subset of these sub-function sets, which are limited in number and scope. This set is defined as a
“MultiDiscrete” space consisting of six categories within the scope of RLIib.

These categories are speed actions, orientation angle actions, altitude actions, sensor actions, weapon actions,
message actions.

d. Reward Function

As mentioned by G. Veviurko and others [7], there are infinite ways to define a reward function. Each different
reward function can lead to completely different learning processes. While most successful RL studies use
handcrafted reward functions, some studies are directly inspired by human learning processes. In many RL studies,
rewards have a sparse reward structure. In a sparse reward structure, the agent only earns points when it completes
its task. Solving problems using RL with such reward structures is difficult. To address this issue, a dense surrogate
reward system has been developed. Dense surrogate rewards are calculated based on the agent’s current state and
its distance to the goal. However, this method requires precise calculations and observations for adjusting
intermediate rewards, as the agent may develop suboptimal policies that exploit these intermediate rewards and
get stuck in a specific loop [7]. In all the experiments conducted within the scope of the thesis, predetermined
rewards proportional to 0.5-2.0 per agent were used. The results of these rewards' magnitudes and existence were
not evaluated within this thesis.

e. Episode Termination Indicator

In Reinforcement Learning (RL), a signal is needed to indicate the end of an episode. In RLIib, this signal is
referred to as the “done” flag. During the episode, this flag is set to false, and when the episode ends, it is set to
true. In the thesis work, the end of the episode is determined by whether any agent in a multi-agent environment

has completed its episode. Whether an agent has completed its episode is evaluated using the following conditions:
Agent is eliminated, All enemies are eliminated, All teammates are eliminated, Attack area is abandoned.

3 RESULTS

3.1 Experiment 1

In the first experiment, learning environments CT-CE and DT-DE were compared using Scenario A.
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Figure 4. Comparison of the average episode reward (vertical axis) in Centralized training (red) and Decentralized
training (blue) learning environments with respect to the number of steps (horizontal axis) in Scenario A

As can be seen in Figure 4, the CT-CE environment received higher rewards at the start of learning compared to
the DT-DE environment. Assuming that both environments have two FIVE virtual entities and rewards per virtual
entity are centered around values between 0 and 2.0, a reward value of 4 can be considered the target reward for
Scenario A. The environment that first approached this value of 4 was CT-CE, which did so around 300,000 steps.
DT-DE, on the other hand, reached this value at the 550,000th step.

0 100k 100k 300k S00k 500k

Figure 5. Comparison of the average CPU usage (vertical axis) in Centralized training (red) and Decentralized
training (blue) learning environments with respect to the number of steps (horizontal axis) in Scenario A

Figure 5 indicates that DT-DE is generally at a disadvantage compared to CT-CE in terms of CPU (resource)
usage.
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Figure 6. Comparison of the average time spent per training iteration (vertical axis) in Centralized training (red)
and Decentralized training (blue) learning environments with respect to the number of steps (horizontal axis) in
Scenario A
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When evaluating training time, Figure 6 shows that the duration of a training iteration in CT-CE is approximately
twice as short as in DT-DE. This is again due to training two policies simultaneously in the DT-DE environment.

LT 100k 1 S0k 200k 250k 0k i iy

Figure 7. Comparison of the average episode rewards (vertical axis) of ppol (red) and ppo2 (green) in
Decentralized training environments with respect to the number of steps (horizontal axis) in Scenario A

According to the policy-based metrics in Figure 7, the policy ppol (red), associated with the F-16_01 virtual entity
closer to the enemy in Scenario A of the DT-DE environment, learned faster compared to the policy ppo2 (green)
associated with the F-16_02 virtual entity farther from the enemy. Policy ppol reached a reward value of 2.0 in
about 250,000 steps, while policy ppo2 took about 550,000 steps to achieve this reward value. This difference may
be due to the greater distance of the enemy from the ppo2 virtual entity. An important assumption here is that non-
identical (the virtual actors in the thesis have different distances from the enemy) actors show distinct learning
outcomes in DT-DE environments.

In the CT-CE environment, due to the central structure, random actions assigned to these virtual entities (selected
actions used in varying sequences sometimes for F-16 01, sometimes for F-16_02) might not leverage such
individual advantages.

3.2 Experiment 2

In the second experiment, learning environments CT-CE and DT-DE were compared using Scenario B. As
previously mentioned, the only difference between Scenario B and Scenario A is that the messaging feature of the
commanding F-22 aircraft is turned off. This section will examine both the differences between CT-CE and DT-
DE and the effects of having a directing virtual entity in these environments.

50k 100k 150k 200k 250k 300k 350k 400k 450k 500k 550k

Figure 8. Comparison of Episode Reward Mean (vertical axis) against Steps (horizontal axis) for Scenario A (Red)
where the commander can issue commands and Scenario B (Blue) where the commander cannot in Centralized
environment
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Primarily, as seen in Figure 8, having a commanding virtual entity (red) in the CT-CE environment provided a
noticeable advantage in training compared to not having one (blue). With the commander’s support, the central
policy reached a reward value of 4 in approximately 350,000 steps, while without the commander, this reward
amount could not be reached even after 650,000 steps.

A

S0k 100k 150k 200K 250 300k 350k 400k 450k 500k 550k

Figure 9. Comparison of Episode Reward Mean (vertical axis) against Steps (horizontal axis) for Scenario A (Red)
where the commander can issue commands and Scenario B (Blue) where the commander cannot in Decentralized
environment

Surprisingly, the average reward difference between the two scenarios in the DT-DE environment is much smaller
compared to the CT-CE environment (see Figure 9). Indeed, up to the 550,000th step, Scenario B, where the
commander cannot give orders, performed better in terms of reward value than Scenario A. This may be because
the commander’s command information in the CT-CE environment is significantly more effective compared to
the DT-DE environment. In CT-CE, the agent establishes a faster and more precise relationship between the
information received from the commander and the action to be performed, while in DT-DE, the effect of this
message on individual policies might be reduced, making it harder to establish a relationship between individual
actions and the commander’s orders. The fact that the DT-DE environment reached much higher reward values
towards the end of the training may point to this.

0 100k 200k 300k A0k 500k 600
Figure 10. Comparison of the average episode reward for Scenario A (green) where the commander can give
orders versus Scenario B (purple) where the commander cannot give orders in the Decentralized environment, and
for Scenario A (red) versus Scenario B (blue) in the Centralized environment, with respect to the number of steps

To reach a more precise and general conclusion, as seen in Figure 10, in the CT-CE environment, training with
the commander’s orders in Scenario A reached a reward value of 4.0 most quickly and created the most stable
training graph. Secondly, DT-DE scenarios showed better results compared to the CT-CE environment trained in
Scenario B.
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Figure 11. Comparison of the Average Time Spent per Training Iteration (vertical axis) against Steps (horizontal
axis) for the DT-DE (purple) and CT-CE (blue) environments trained on Scenario B

Furthermore, as seen in Figure 11, DT-DE training took significantly longer than CT-CE training in Scenario B.

4 CONCLUSION

In this thesis, the effectiveness of a decentralized cooperative multi-agent reinforcement learning method was
investigated in a real-time military tactical environment simulation developed by HAVELSAN. Similar to real-
time strategy games, this simulation emulates defense and attack scenarios with various inputs and actors. Within
the scope of the thesis, air attack scenarios were developed involving friendly aircraft learning action selection
through multi-agent reinforcement learning methods and enemy aircraft making decisions based on rule-based
algorithms. The results of the two main methods used in the training of friendly aircraft, Decentralized Training -
Distributed Execution and Centralized Learning - Centralized Execution, were compared.

The study compared the CT-CE (Centralized Training, Centralized Execution) and DT-DE (Decentralized
Training, Decentralized Execution) learning environments and highlighted the advantages and limitations of each
method. DT-DE provides significant advantages, particularly in terms of scalability and flexibility, by allowing
training to be parallelized across computer clusters located in different geographical locations, thus supporting a
broader simulation environment.

The experiments initially showed that CT-CE achieved higher reward values. However, the adaptability of DT-
DE and its performance improvements over time during the learning process have demonstrated that this method
can also be highly effective in the long run. Additionally, as expected from the experiments, the DT-DE
environment, which trains two different policies simultaneously, consumed more resources and time.

The thesis revealed that both DT-DE and CT-CE have their own unique advantages and disadvantages. For
instance, CT-CE allows for fast and coordinated decision-making processes due to its centralized control
mechanism; however, it also comes with the risk of affecting the entire system in case of a system-wide error or
interruption. In contrast, DT-DE, with each agent making decisions independently, limits the impact on other
agents even if a problem occurs within the system. This independence enhances system resilience while providing
diversity in learning processes.

In conclusion, this thesis has demonstrated the applicability and potential of decentralized cooperative multi-agent
reinforcement learning methods in air attack scenarios. The study has made significant contributions, particularly
for military simulations and strategic training programs. Future work should involve comparing CT-CE and DT-
DE methods over longer training periods to observe convergence to higher reward values. Additionally, the success
of a Centralized Learning - Decentralized Execution environment, which combines Centralized and Distributed
training methods, can be measured on these scenarios. Furthermore, instead of mixed-task scenarios used in this
study, fully cooperative task scenarios can be compared in multi-agent training environments.
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Abstract

Artisanal dairy products are versatile ecosystems composed mainly of pathogenic and lactic acid bacteria (LAB).
These later can be isolated from animals, fruits and vegetables. The aim of this study was to isolate LAB from
some Algerian artisanal dairy products and tested their technological properties.

Artisanal dairy products samples were collected from western Algeria. LAB strains were isolated and identified
by classical phenotypic and biochemical analyses such as: Gram tasting, Catalase test, oxydase test, growth at
different temperatures, at different pH and the ability to grow in the presence of 4% and 6.5% NaCl. strains isolated
were evaluated for several technological activities (lipolytic potentiel, proteolytic potentiel and acidyfing
potentiel).

All strains have been isolated in this study were catalase negative, oxidase negative and gram positive. The
microscopic examination showed different forms and arrangements: cocci and bacillus cells in pairs and clusters.
Among the isolated LAB, 17 were grown at pH 5 and 12 at pH 4. Some of these strains were grown at a 37 °C, at
a 15 °C and others at 45 °C. In the other hand some of strains were grown at a 4% and others at 6.5% NaClL
Technological activities showed that all strains were presented proteolytic acticvity with diametre zones ranged
from (12mm to 29mm) except S44 no activity was observed and lipolytic activity was observed by three strains.
The result of acidyfing potentiel revealed that some tested strains were able to reduce the pH of lactic acid bacteria
to values lower than 5.5 progressively after 6h.

The findings were revealed that strains have been presented significant technological activities, they are considerd
as starter culture and can be used in food industry.

Keywords: Lactic acid bacteria, Artisanal diary product, Starter culture, Proteolytic activity, Acidifing potentiel
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Abstract

This paper presents an in-depth study of the TIG (Tungsten Inert Gas) welding process under direct current with
the use of helium as a shielding gas, focusing on the coupling between cathode and arc. Using advanced modeling
techniques, including the COMSOL Multiphysics software, we examine how Lorentz strength contributes to this
coupling. The Lorentz force, which results from the interaction between the electric current and the magnetic field,
plays a crucial role in the stability and dynamics of the electric arc. By incorporating this contribution into our
model, we aim to improve the simulation accuracy of the TIG welding process. Our results highlight the
importance of the Lorentz force in arc formation and maintenance, as well as its influence on the fusion bath
characteristics. This research offers new perspectives to optimize welding parameters and improve the quality of
welds made with direct current and helium as protective gas.

Keywords: TIG welding, Modeling, Cathode/arc coupling, Direct current, Helium, Lorentz force
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Abstract

The study has been motivated by the remarkable characteristics of zinc oxide (ZnO): high exciton binding energy
at 60 MeV and large band gap is 3.44 eV at low temperatures and 3.37 eV at room temperature, significant
refractive index, high optical transparency and excellent electrical conductivity and low absorption coefficient in
the visible region. ZnO has various application areas such as photocurrent, photocatalyst, light emitting diodes,
gas sensors, transistors and solar cells Because of its excellent optical, electrical, and mechanical properties. ZnO
thin film have been prepared by various deposited techniques such as Sol-Gel (dip coating, spin coating....), spray
pyrolysis, Atomic Layer Deposition, Thermal Evaporation, Magnetron Sputtering and. Among these techniques
for fabricated ZnO thin film, the Sol-Gel has various advantages such as cost-effective, controllable, simple, easy
and large area applications.

In this study, synthesis of Zinc oxide (ZnO) thin film as a starting material dip-coating technique sol-gel method,
this film of ZnO was annealed at 500 °C. The structural and optical properties of prepared ZnO thin film were
measured by X-ray diffraction (XRD), Ultraviolet spectroscopy (UV-visible), FESEM image revealed morphology
and the EDX verified the elemental respectively. These results; it was shown that thin film is hexagonal wurtzite
phase and a preferred orientation along the [101] direction (JCPDS card no. 00-036-1451) and no secondary phases
were observed.

Keywords: Dip-coating, Sol-gel, UV-visible, EDX, FESEM, XRD
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Abstract

The green synthesis of silver nanoparticles (AgNPs) using plant extracts is an environmentally friendly and
sustainable method for creating nanomaterials with special properties. However, synthesis factors such as extract
concentration need to be optimized to produce stable, spherical AgNPs in high yields.

In this study, several plant extract concentrations (0.25 mg/ml, 5 mg/ml, 15 mg/ml, and 25 mg/ml) were
investigated for the green synthesis of AgNPs. The reaction mixture included AgNO3 (5 mM) as precursor, plant
extract as biocatalyst, and borax buffer (pH 9). Results were obtained by measuring the absorbance of the solution
after synthesis and 24 hours later.

The results showed that an extract concentration of 5 mg/ml was the optimum concentration to produce higher
yields of stable spherical silver nanoparticles. The absorbance plot shows that nanoparticles produced at this
concentration exhibit a high absorbance peak at 411 nm, indicating that more nanoparticles are being generated.
Furthermore, after 24 hours, the absorbance peak at 411 nm was still greatest at this concentration, indicating
greater nanoparticle stability over time. Lower concentrations (0.25 mg/ml) showed lower absorbance peaks,
indicating reduced nanoparticle yields, while higher concentrations (15 and 25 mg/ml) showed lower absorbance
peaks, probably due to nanoparticle aggregation at these concentrations.

In conclusion, an extract concentration of 5 mg/ml appears to be the best compromise between high yield and
long-term stability of spherical AgNPs. This concentration should be used to further optimize the green silver
nanoparticle synthesis method to produce AgNPs with enhanced biological activities.

Keywords: Silver nanoparticles, Green synthesis, Plant extract, UV-visible
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Abstract

The adobe construction method, rooted in indigenous knowledge and widely used in various regions like Ethiopia,
Colombia, and China, involves creating blocks from raw earth materials like soil, straw, and fibers. This
sustainable technique has historical significance, offering simplicity, accessibility, and sustainability in building
practices. Studies have shown that adobe blocks can exhibit excellent strength and durability, making them a viable
alternative to traditional mud houses, especially in regions where conventional construction materials are scarce
or economically challenging to access. The composition of adobe blocks typically includes a mix of soil, plant
fibers, and binding agents, contributing to their mechanical strength and compact structure. By preserving the
ancestral knowledge and techniques of adobe construction, communities can maintain their cultural heritage while
addressing modern housing needs in a sustainable and environmentally friendly manner..

Keywords: Soil, Earth materials, Construction method, Strength
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Abstract

There are indications that cannabidiol (CBD), present in the Cannabis sativa L., inhibits the activation of the
Hedgehog (Hh) signaling pathway associated with certain skin cancers. Given the anatomical location of the non-
metastatic tumors, the topical cutaneous route allows for non-invasive and direct administration. Additionally,
using smaller amounts of the drug and generating site-specific toxicity reduces the chances of producing side
effects. However, as the stratum corneum barrier prevents the direct penetration of many molecules, the use of
drug delivery systems is beneficial. The objective of this work is to optimize the encapsulation of CBD in solid
lipid nanoparticles (SLN) and nanostructured lipid carriers (NLC) for future use in the topical treatment of skin
tumors with Hh overactivation.

Two solid lipids, Witepsol® E85 and Compritol® 888 ATO (C888), and a liquid lipid for the NLC, Transcutol®
HP (TRC), in combination with the surfactants Poloxamer 188 (P188) and Tween 80 (T80), were employed.
Different concentrations and combinations of lipids and surfactants were tested while maintaining a constant CBD
concentration. The obtained formulations were monitored over time and characterized using dynamic light
scattering, TEM, Turbiscan Lab Expert, and RP-HPLC. Additionally, the cytotoxicity on the SK-Mel-28 cell line
was determined using the MTT assay.

The main results demonstrated that CBD has been successfully encapsulated in SLN and NLC with high
encapsulation efficiencies (>70%). The SLN composed of C888:T80:CBD presented the highest encapsulation
efficiency (106 + 4%), the lowest polydispersity (< 0.2), and an average hydrodynamic diameter of 180 nm. These
SLNs showed a moderate tendency toward instability at 37°C; however, the mean size did not change considerably
for 30 days at 4°C. The NLCs with C888:P188:TRC:CBD exhibited higher cytotoxicity than CBD, while SLNs
with C888:T80:CBD had similar effects to CBD after 24 hours of incubation.

Keywords: Cannabidiol, SLN, NLC, Skin, Cancer
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Abstract

Ecosystems and human health are both seriously threatened by soil contamination, especially when it comes to
heavy metals. This study aims to investigate the geographical variability of lead (Pb), chromium (Cr), and
cadmium (Cd) in the soils in the northern Iraqi district of Shekhan. The present study used geostatistical methods
to examine the spatial distribution of heavy metals. The results are intended to further our knowledge of heavy
metal offer guidance for managing and mitigating soil contamination. The Shekhan field is an oil field located in
northern Iraq. It spans approximately 280km? and contains oil reserves in formations dating back to the Cretaceous,
Jurassic, and Triassic periods. The majority of the production comes from the Upper Jurassic fractured carbonates.
As of April 2020, over 70 million stock tank barrels of oil had been produced from the field, with estimated
reserves of 578 million stock tank barrels. 60 soil samples of the plowing layer (020 cm) were taken.
Geostatistical approaches based on ordinary kriging (OK) and Inverse distance weight (IDW) were used to the
spatial distribution and map of heavy metals. The result indicated that significant variations in the heavy metals
concentrations within the studied locations are shown by the coefficients of variation (CV) for cadmium (Cd), lead
(pb), and chromium (Cr) (46.703%, 42.575%, and 46.627%, respectively). This variability suggests the complex
relationship between different anthropogenic and environmental variables and soil contamination by heavy metals.
The accuracy of the IDW and OK models were validated through high R? values obtained via cross-validation,
demonstrating strong predictive performance with R? values of 0.79 for Cadmium (Cd), 0.85 for Lead (Pb), and
0.88 for Chromium (Cr). These results confirm the efficacy of IDW in accurately representing the spatial patterns
of heavy metals in the area. The results are intended to further our knowledge of heavy metal mobility and offer
guidance for managing and mitigating soil contamination.

Keywords: Soil pollution, Heavy metals, Geostatistic, ordinary kriging (OK), Inverse distance weigh (IDW),
Shekhan region

1 INTRODUCTION

Ecosystems and human health are both seriously threatened by soil contamination, especially when it comes to
heavy metals. A combination of man-made and natural processes contributes to the build-up of contaminants in
the soil, including lead, mercury, cadmium, and arsenic. Many detrimental consequences, such as decreased
productivity of soil, water quality issues, microbial community upheaval, long-term environmental repercussions,
erosion, and even health hazards, can result from oil contamination of soil. Remediation methods, soil
supplements, containment strategies, monitoring, and appropriate oil handling and transportation management are
all necessary to lessen these consequences. Climate conditions, plant presence, geomorphology, and parent
material all have an impact on natural pedagogical processes such organic matter decomposition and rock
weathering. The complex and highly time-dependent soil structure is the result of these processes interacting over
various geographical and temporal scales. The parent material of a soil has a major influence on its heavy metal
content; some soils naturally have high concentrations of heavy metals because of the weathering of specific types
of rock. For example, trace elements such as nickel, chromium, and manganese have been found in volcanic and
metamorphic rock [1]. These minerals’ basic crystalline structures disintegrate during weathering, releasing and
transporting these elements into surface and groundwater systems as well as the topsoil. However, the amounts
of heavy metals in soil have significantly grown due to human activity. Pollutants are introduced and soil structure
is mechanically altered by urban and industrial activity. Significant quantities of lead and cadmium are released
during industrial and transportation combustion processes, frequently in conjunction with zinc from tire wear.
Zinc, copper, chromium, and nickel are introduced into the soil via industrial wastes, and contaminants from metal
extraction mining activities are released into the atmosphere and end up in adjacent soils and rivers. A further
factor in the pollution of soil with heavy metals is agricultural activities. Copper, nickel, zinc, and cadmium build
up in the topsoil as a result of long-term, intense agricultural land usage, especially with regular pesticide
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treatments [4]. Assessments of soil pollution are made more difficult by this contamination since it becomes more
difficult to distinguish between anthropogenic and natural causes. Determining the causes of pollution and creating
remediation plans need an understanding of the regional variability of heavy metal concentrations. Agricultural
production and food safety may suffer if heavy metals are present in soil at hazardous amounts. For soil
management and pollution mitigation to be effective, it is crucial to distinguish between anthropogenic
contamination and natural background levels. Anthropogenic activities including smelting, driving, home
activities, and garbage disposal cause heavy metal levels in soil to be raised, especially in urban areas. Heavy metal
levels from these sources have often been shown to be high in studies on urban soil pollution in different cities. In
order to alleviate these issues, soil contamination has been more thoroughly studied and mapped using
geostatistical techniques. Geostatistics offers sophisticated techniques to measure the geographical characteristics
of soil properties and facilitate spatial interpolation. With this method, the spatiotemporal fluctuation of soil
parameters is seen as a random process that depends on both place and time. Geostatistics provides strong tools
for analyzing geographical uncertainty and performing hazard evaluations by integrating spatial coordinates into
data processing. The spatial distribution of heavy metals is modeled and concentrations in unsampled regions are
predicted using geostatistical analysis techniques such as conventional kriging, disjunctive kriging, and indicator
kriging. These techniques for interpolation and uncertainty estimates make use of the stochastic theory of spatial
correlation. For environmental contamination research, indicator kriging—a nonparametric geostatistical
technique is especially helpful since it employs a binary indicator modification of the data to lessen susceptibility
to outliers.

The activities of a petroleum business involved in large-scale petrol mining have a considerable impact on soil
degradation in the Shekhan Sub-district of Duhok City, located in the north of Iraq. A large agricultural region has
been impacted by heavy metals. The geographical variability in soil concentrations of heavy metals caused by
these human activities is thought to have a negative impact on agricultural productivity. The distribution patterns
of' heavy metals may be found by geostatistical analysis, which also makes it possible to determine the main sources
of pollution and evaluate the total effect of these sources on environmental health and agriculture.

The purpose of this study is to predict the geographic variations of lead (Pb), chromium (Cr), and cadmium (Cd)
in the soils of the Shekhan district in northern Iraq. In this study, the distribution of heavy metals was investigated
using geostatistical techniques, namely inverse distance weighting (IDW) and ordinary kriging (OK). The findings
should increase our understanding of the spatial variation of heavy metals and provide direction for controlling
and reducing soil pollution.

2 MATERIAL AND METHOD

2.1  Study Area
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Figure 1. Study area
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An oil field in northern Iraq is called the Shekhan field. With oil deposits found in minerals that date back to the
Cretaceous, Jurassic, and Triassic eras, it covers an area of around 280 km? (figure 1). The cracked carbonates of
the Upper Jurassic provide the majority of the output. The field produced more than 70 million stock tank barrels
of oil as of April 2020, and its estimated reserves were 578 million stock tank barrels. The field has two production
facilities, PF-1 and PF-2, each with five production wells and a combined capacity of 40,000 barrels per day. The
field has been exporting crude oil since December 2013, initially by truck and later through spur pipelines
connected to the Atrush export pipeline. The expansion project to increase production to 55,000 barrels per day
was suspended in March 2020 due to market uncertainty caused by the Covid pandemic. Oil contamination in soil
can have various negative effects, including reduced soil productivity, water pollution, disruption of microbial
communities, long-term environmental impacts, erosion, and potential risks to human health. To mitigate these
effects, containment measures, remediation techniques, soil amendments, monitoring, and proper management of
oil handling and transportation are essential.

2.2 Soil Sampling and Laboratory Analysis

Sixty soil samples of the plowing layer (0-20 cm) were taken in the study region are shown in figure 1. Samples
were dried in a 75°C oven for 72 hours. Each soil sample was digested in the presence of aqua region (a 3:1
combination of nitric acid HNO3 and HCIO4) using 0.5 g of each soil sample. The analysis of the soil samples
used to determine the presence of heavy metals follow. Shimadzu’s atomic absorption spectrophotometer (AA-
7000) and graphite furnace atomizer (GFA7000) were used to measure the presence of heavy metals in the filtrate
of the samples at the Environment Directorate in Duhok City.

2.3 Descriptive Statistics of Soil Heavy Metals

The descriptive statistics of soil heavy metals (max. min., mean, standard deviation, kurtosis, skewness and CV
%), were obtained using the SPSS program (IBM Corp., Armonk, NY, USA) for the heavy metals contained in
the soil. Based on the SD and skewness values, the distribution pattern of three soil heavy metals of soil was
calculated.

2.4 Ordinary Kriging Method

A geostatistical interpolation technique is ordinary kriging. The points that are closest to the estimated point are
given more weight than those that are farther away if the data is spatially highly continuous. The weight is chosen
so that the predicted variance is minimized. As a result, the semi variogram theory underlies the estimation of the
value Z*v(x) of the point acquired by the conventional kriging method, which is derived by linearly combining
sample points that fall within the estimated point's impact range (Equation 1). The calculation method is Equation

[4].
ZS(SO)ZZ/L‘Z(SJ M

Where, Ai is the weight for the observation z at location Si. In kriging, the weights Ai are calculated by equation
(1) so that z*(Sy) is unbiased and optimal (minimum squared error of estimation). The nugget and sill values were
obtained to analyze the spatial dependence of the data. An appropriate variogram model was fitted, which allowed
for the determination of the range, indicating the extent of spatial correlation within the dataset. Variogram analysis
was conducted using software Python 3.8. Specific packages and libraries employed included pykrige in Python,
which provided functions for variogram calculation and model fitting.

2.5 Inverse Distance Weight (IDW)
The interpolation mapping in this study was conducted using the IDW method with ArcGIS 9.2 software. The
IDW method is based on the following interpolating function:

I =L2(Wg)+ Z [Wij(z/. —z(avg))] ©)

j=1j#i

where Zj is the value of variable Z at all other locations (where j 6%4 i); S, is the variance of variable z; zi is the
value of variable z at location i; Z(avg) is the average value of z with the sample number of n; where Wij, a weight,
is the reciprocal of the distance dij between points i and j. A distance band may also be used to calculate weight
Zij; samples falling inside the band are assigned the same weight, while samples outside the band are assigned a
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weight of zero (Equation 2). The IDW method is a straightforward interpolation technique that uses nearby
measured values to estimate a value for an unmeasured location. It assigns greater weight to points closer to the
prediction location, with the weights decreasing as distance increases [7]. In this study, the IDW method was
applied with 12 neighboring samples for the estimation of each point, ensuring a robust and accurate spatial
prediction of heavy metal concentrations in the study area.

2.6 Accuracy Assessment of the Estimations Model
Using the "Random selection within subsets" feature in GIS, the observation data set was randomly divided into
70% training and 30% testing. To evaluate the performance of the models, the coefficient of determination (R2),

were obtained by R studio (Equation 3), mean absolute error (MAE) (Equation 5), root mean squared error (RMSE)
(Equation 4), and mean absolute percentage error (MAPE) (Equation 6) were employed.

3)

“

(6))

27Vl 100 (©6)
Vi

3 RESULT AND DISCUSSION

3.1 Descriptive Statistic of Soil Heavy Metals

The analysis of heavy metal concentrations in soil samples from the study area provides valuable comprehensions
into the environmental and industrial impact of metal pollution. Table 1 summarizes the descriptive statistics for
Cadmium (Cd), Lead (Pb), and Chromium (Cr) concentrations, including minimum, maximum, mean, standard
deviation, kurtosis, skewness, and coefficient of variation (CV). It was found that the soil samples had an average
cadmium value of 1.705 mg/kg and a standard deviation of 0.796 mg/kg. A little platykurtic and negatively skewed
distribution is indicated by the values of kurtosis and skewness, which are -0.521 and -0.705, respectively.
According to these results, the research region may have a moderate degree of Cd contamination, which might
have an impact on both ecological integrity and human health. However the mean concentration of lead was 2.643
mg/kg, with a standard deviation of 1.125 mg/kg. The contamination of lead (pb) in soil is frequently associated
with past use of leaded gasoline and industrial pollutants. While the skewness number (0.266) shows a moderately
positive skewness, the kurtosis value (-0.662) implies a somewhat platykurtic distribution. The relevance of lead
pollution in the research region is highlighted by these data, emphasizing the necessity for environmental
monitoring and remedial methods.

The mean concentration of chromium (Cr) was found to be 2.399 mg/kg, accompanied with a standard deviation
of 1.118 mg/kg. This is in line with research conducted in industrialized regions, where Cr contamination in soil
is frequently linked to waste disposal and metal processing [2]. A somewhat leptokurtic distribution is indicated
by the kurtosis value of -0.941 and a moderately negative skewness is suggested by the skewness value of -0.667.
The result of the current study is consistent with the fending of the previous study. [6] suggested that the industrial
processes and agricultural methods have been linked to soil pollution with heavy metals including Cd, pb and Cr.
Significant variations in the heavy metals concentrations within the studied locations are shown by the coefficients
of wvariation (CV) for cadmium (Cd), lead (pb), and chromium (Cr) (46.703%, 42.575%, and 46.627%,
respectively). This variability suggests the complex relationship between different anthropogenic and
environmental variables and soil contamination by heavy metals. These findings are consistent with other research
carried out in industrialized and urbanized areas when compared to earlier literature. Though they could differ
from those in other geographic settings, it is crucial to identify the unique local causes and sources of heavy metal
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contamination in the studied region. According to WHO, the concentration of cadmium considered safe in soil
generally ranges between 1-2 mg/kg [8]. According to the results obtained, the mean value of cadmium is 1.705
mg/kg, which is within this limit and may threaten environmental health. In addition, the coefficient of variation
is 46.703%, which indicates that cadmium distribution is highly variable.

In addition, WHO limits for lead are generally below 50 mg/kg [8]. As a result of the analysis, the mean value of
lead was found to be 2.643 mg/kg, which is well below the WHO limits and at a safe level. The coefficient of
variation of 42.575% indicates that the distribution of lead is also highly variable.

Table 1. Descriptive statistic of heavy metals (0-20 cm) depth
Heavy Metals Min Max Mean Standard Deviation Kurtosis = Skewess CV (%)

Cadmium (Cd)  0.121 2.75 1.705 0.796 -0.521 -0.705 46.703
Lead (pb) 0.752  0.493  2.643 1.125 -0.662 0.266 42.575
Chromium (Cr) 0.217  3.82  2.399 1.118 -0.941 -0.667 46.627

According to WHO, the limits for chromium are generally less than 100 mg/kg [8]. As shown in Table 1, the mean
value of chromium was 2.399 mg/kg, which is well below the WHO limits and can be considered safe. The
coefficient of variation is 46.627%, indicating that the distribution of chromium is highly variable.

Accordingly, the results obtained seem to be in line with the soil quality guidelines set by WHO. The average
value of cadmium is approaching the WHO limits and is at a level that requires caution. For lead and chromium,
the values are well below the WHO limits and are considered safer. The coefficients of variation for all metals are
high and it is possible to say that these metals exhibit a heterogeneous distribution in the soil.

3.2 Spatial Distribution of Soil Heavy Metals

Geostatistical methods, such as ordinary kriging and inverse distance weighting (IDW), were used to evaluate the
spatial distribution of soil heavy metals, namely cadmium (Cd), lead (Pb), and chromium (Cr). The capacity of
these techniques to interpolate and display the geographical variability of pollutant concentrations in
environmental investigations is well known.

The spatial distribution maps for cadmium (Cd), lead (Pb), and chromium (Cr) reveal distinct patterns of
contamination in the study area (figure 2). Cadmium shows high concentrations in the northwest, extending
through the center to the southeast, indicating significant sources possibly from industrial activities, agricultural
practices. Lower concentrations in the northeast suggest less contamination there. The northeast and west-south
regions have higher lead (pb) concentrations than the north. This pattern reflects a more concentrated distribution
with discrete hotspots of high concentration and suggests several sources of pollution, such as industrial pollutants,

Although chromium is distributed rather evenly over the region, it is likely due to a variety of causes, including
diffuse contamination from farming methods, natural soil levels, and industrial activity. With no notable hotspots,
the homogeneity indicates a constant presence of chromium. Overall, these geographical distribution patterns show
the causes and methods of heavy metal contamination dispersion, contribution important information for creating
focused remediation plans and reducing the negative effects of heavy metal pollution on the environment and
human health.

3.3 Ordinary Kriging Analysis

Heavy metals in soil samples are subjected to standard kriging analysis, which offers significant findings into the
regional variability and dependency of lead (Pb), chromium (Cr), and cadmium (Cd). Table 2 provides specific
information on the kriging model’s parameters, such as fit model sill, nugget, range, and spatial dependency. The
spherical model was selected as the best fit model due to its highest R? value and the visual appearance of the
variogram. The R? value, which represents the proportion of the variance in the dependent variable that is
predictable from the independent variable(s), indicated that the spherical model provided the most accurate fit to
the data among the tested models. Additionally, the visual assessment of the variogram, which depicts the spatial
dependence of the data, confirmed that the spherical model captured the spatial structure effectively. Thus, these
combined criteria supported the choice of the spherical model for this analysis. The nugget value of Cadmium
(Cd) is 0.61 and the sill value is 3.25, showing substantial fluctuation at short distances. The 1400 meter range
represents the length of time during which the spatial connection is meaningful. With a spatial dependence of
18.77%, a moderate level of spatial dependence is suggested. Values of spatial autocorrelation between 25% and
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75%, on the other hand, suggest moderate spatial dependence, while values below 25% indicate weak spatial
dependence, according to [3]. Cadmium (Cd), therefore, exhibits a strong spatial dependency, corresponding to a
somewhat uniform distribution with localized variability. The sill and nugget values for lead (pb) are 3.12 and 0.56
respectively. A longer spatial correlation than cadmium is shown by the range, which reaches 1560 meters.
According to [3], lead has a 17.95% spatial dependency, which is similarly classified as poor spatial dependence.
This suggests a rather consistent distribution of lead with minor regional variances throughout the research area.
The sill and nugget values of chromium (Cr) are the lowest of the three heavy metals, 4.08 and 0.23, respectively,
suggesting reduced fluctuation at short ranges. There is relatively little spatial autocorrelation, with a range of
1350 meters and a spatial dependence of 5.64%. This abnormally low spatial dependency points to a very
homogenous distribution of chromium with very few contained variations, indicating a uniform distribution
throughout the research region.

The results of conventional kriging analysis indicate that there is modest to very weak spatial dependency for all
three heavy metals. In general, a uniform distribution with irregular restricted variations is suggested by the low
spatial dependency values of chromium, lead, and cadmium. These results are in line with [3]'s categorization,
which states that values less than 25% suggest weak spatial dependency. The very uniform distribution of these
heavy metals in the soil samples is highlighted by this analysis, which offers important new information on their
geographical variability and their effects on the environment and agricultural health in the research area.

Table 1. Ordinary kriging parameters for heavy metals (0-20 cm) depth

Heavy Metal Model Sill  Nugget Range Spatial Dependence

Cadmium (Cd)  Spherical 3.25 0.61 1400 18.7692
Lead (pb) Spherical  3.12 0.56 1560 17.9487
Chromium (Cr) Spherical 4.08 0.23 1350 5.63725
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Figure 2. Spatial distribution of (a) Cadmium (Cd), (b) Chromium (Cr), and (c) Lead (Pb) respectively analysis
by ordinary kriging (0-20cm) depth

3.4 Inverse Distance Weighting (IDW) Analysis

Geographical distribution maps for chromium (Cr), lead (Pb), and cadmium (Cd) were created using the Inverse
Distance Weighting (IDW) geostatistical approach. IDW used nearby sampled points to estimate values in
unsampled sites; with closer points having a stronger effect. Figure 3 illustrate the spatial distribution map of soil
heavy metal (Cd, pb and Cr) at 2-20 cm depth obtained by IDW. High concentrations of cadmium (Cd) are mostly
seen in the northwest, although they are also seen in the center and southeast. These concentrations are probably
caused by industrial operations, agricultural activities, and natural formations. Reduced interpretations in the
northeast indicate low levels of cadmium contamination in that area. As the distance from the high-value locations
rises, the IDW interpolation displays a gradient from high to low concentrations. The lead (Pb) distribution map
shows that the northeast and west-south regions have greater levels of lead concentrations than the northern region,
suggesting that industrial pollutants, automobile exhaust, and agricultural runoff might be the possible causes. Low
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results in the northern region point to low lead pollution; it is due to the result of close-fitting environmental
restrictions or a decline in industrial activity. The distribution of chromium (Cr) on the globe is more consistent,
indicating extensive sources including industrial processes, agricultural practices, or background levels of the
element in nature. There are no notable hotspots, according to the constant distribution. The geographical
distribution of heavy metals is successfully shown by IDW, which offers insights into the origins of pollution and
dispersion mechanisms. To mitigate the effects on the environment and human health and to establish targeted
remediation programs, this knowledge is essential.
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Figure 3. Spatial distribution of Cadmium (a) Cd, (b) Lead (Pb), and (c) Chromium (Cr) respectively analysis by
IDW (0-20 cm) depth

3.5 Accurate Assessment of Interpolation Models

The current study utilized two popular interpolation techniques, including Inverse Distance Weighting (IDW) and
Ordinary Kriging, to map the spatial distribution of heavy metals in soil samples at 0-20 cm depth. These models
were chosen because to their capacity to provide continuous surfaces of pollutant concentrations and effectively
capture spatial variability. A geostatistical technique called ordinary kriging takes sample density variations and
spatial autocorrelation into consideration. By taking the weighted average of the adjacent sample points into
account, it offers a reliable estimate of the pollutant concentrations at unsampled sites. Taking spatial dependence
into consideration and producing smoother and more accurate spatial predictions is one of the main benefits of
ordinary kriging, however calculating the projected value at an unsampled site, inverse distance weighting (IDW)
interpolation is used. This method assigns greater weight to sample locations that are closer to the source and less
weight to them. This approach captures consistent changes in pollutant concentrations throughout the research
region more effectively than kriging, although being less complex and computationally demanding. Table 3
illustrated the RMSE, MAE, and R2 values for the three heavy metals: cadmium (Cd), lead (Pb), and chromium
(Cr) for both the Ordinary Kriging (OK) and Inverse Distance Weighting (IDW) interpolation models.

The results of the Cadmium model comparison show that the IDW model is more accurate in forecasting the
contents of Cadmium in soil samples than the OK model, with lower RMSE and MAE values. Additionally, the
interpolation model appears to be able to explain 79% of the variance in Cadmium concentrations, as indicated by
the R? value of 0.79 for IDW. This is indicative of a strong match. The IDW model predicts lead concentrations
more accurately than the OK model, as seen by the reduced RMSE and MAE values for lead in comparison. In
contrast to cadmium, lead concentration fluctuation is described by the interpolation model to the extent that it
explains 85% of the variance, as indicated by the R? value of 0.85 for IDW. The IDW model has superior accuracy
in forecasting Chromium concentrations, as seen by its lower RMSE and MAE values when compared to the OK
model. Of the three heavy metals, IDW has the greatest R? value (0.88), indicating that the interpolation model fits
the data quite well. the findings indicate that the IDW interpolation model performs better than the OK model in
terms of goodness-of-fit and accuracy when it comes to estimating the spatial distribution of heavy metals in soil
samples. This demonstrates the efficiency of IDW in collecting regional variations and generating accurate
continuous surfaces of the amounts of pollutants.
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Table 2. Accurate assessment of interpolation approaches (IDW and OK)

IDW OK
Heavy Metal RMSE MAE R2 RMSE MAE R2
Cadmium (Cd) 0.7509 0.01076 0.79 0.7646 0.00372 0.71
Lead (Pb) 1.1381 0.07111 0.85 1.0852 0.00798 0.66
Chromium (Cr) 1.1380 0.01023 0.88 1.1702 0.00038 0.57
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Figure 4. Spatial analysis of heavy metals at 0- 20 cm depth by suing variogram and simple graph, which illustrate
the spatial distribution between observation value and predict value of heavy metals (Cd, Pb and Cr) respectively

4 CONCLUSION

This study provides a comprehensive understanding of the concentrations and geographical distribution of heavy
metals such as lead (Pb), chromium (Cr) and cadmium (Cd) in soils (0-20 cm) depth in the Shekhan region of
Northern Iraq. In this study, geostatistical methods were used to analyze the distribution and mobility of these
heavy metals. The methods used include conventional kriging and inverse distance weighted (IDW) interpolation
techniques. Soil sampling and laboratory analysis revealed that heavy metals vary significantly in different
locations. The average concentration of cadmium was 1.705 mg/kg, lead 2.643 mg/kg and chromium 2.399 mg/kg.
The coefficients of variation (CV) of these metals were 46.703% for cadmium, 42.575% for lead and 46.627% for
chromium. These high variation values indicate that heavy metal pollution has a complex relationship and that
both anthropogenic and environmental variables play an important role. In geographic distribution analyses, the
IDW method was found to provide higher accuracy in determining the spatial distribution of heavy metals. The
IDW model performed better for cadmium with 79%, for lead with 85% and for chromium with 88% of the ratios
of explanation (R?). These results indicate that the IDW method is effective in capturing regional variability and
making spatial estimates of heavy metal concentrations.

In conclusion, heavy metal pollution in the study area is significant and is caused by both natural sources and
industrial and agricultural activities. These findings provide critical information for the development of targeted
remediation strategies to protect environmental health and human health. Continuous environmental monitoring
and implementation of effective pollution control methods are necessary for sustainable land management and
public health protection in the future.
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Abstract

The aims of this study is the identification of the by-products resulting from the degradation of an
organophosphorus pesticide (Diazinon) using the photo-Fenton process. The initial concentration of this pollutant
was set at 1 mg.L! as an approach to the real case. A new concept based on the coupling of the two techniques
was employed to identify the by-products of this degradation. QUECheRS extraction (quick, easy, cheap, effective,
rugged, and safe) (Lig/Liq extraction technique) dispersive solid phase extraction (d-SPE) was performed. The
extraction followed a well-defined protocol based on the principle of d-SPE extraction with an organic solvent in
the presence of salts and tampons to ensure the transformation of the molecules in the effluent to the organic phase.
The extract was evaporated (pre-concentration method) under a high-purity nitrogen stream. GC-MS/MS (gas
phase chromatography coupled with a triple quadrupole mass spectrometry) was used for the identification of by
-products resulting from the photo-degradation of Diazinon. The GC-MS/MS analysis method combined with the
QuEChERS extraction approach and the pre-concentration method showed excellent performance in detecting by-
products even at concentrations on the order of ng.L!. Sex by-products were identifier in this work: diazoxon,
triethyl phosphate, triethyl thiophosphate, 2-isopropyl-5-ethyl-6-methylpyrimidine-4-ol, 2-isopropyl-6-
methylpyrimidine-4-ol (IMP) and hydroxydiazinon. This methodology could be used to detect pesticides (at trace
levels) and their by-products in waters at very low concentrations (at ultra-trace levels).

Keywords: GC-MS/MS, QUECheRS extraction, Pesticide, photo-Fenton degradation, By-products identification
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Abstract

This work aims to optimize the degradation of an emerging pollutant (veterinary drug) by an advanced oxidation
process, namely Fenton. Preliminary tests have shown that the degradation yield can exceed around 60%, and 50%
in terms of TOC, who reach equilibrium after 20 minutes. The setting up of an experimental design, which is the
doehlert design, allowed us to optimize the degradation of this pollutant. The results of this plan are analyzed with
the JMP software, which gives us the optimal conditions for a better degradation performance who can reach 78%
in concentration and in 75% Totally Organic Carbon.

Keywords: Advanced oxidation process, Fenton, Emerging pollutant, Experimental design, Doehlert design,
Totally organic carbon
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Abstract

This study offers a comprehensive analysis of the optimization through the design of experiments methodology
for the decolorization of Acid Green (Ag25) using a FENTON-like process with CrVI, a common organic dye in
various industries. The primary aim of this research is to assess the impact of different variables on the efficiency
of decolorizing Green Acid 25 (Ag25). The design of experiments approach is employed to systematically plan
experiments that examine specific parameter combinations. These parameters encompass the concentrations of
hydrogen peroxide (H202) and chromium (V1) ions, the pH of the reaction solution, and the reaction duration.
The findings indicate intricate relationships among these parameters and their substantial influence on
decolorization efficiency. Optimal conditions for maximal decolorization of Acid Green are identified using the
design of experiments method with a standard “I. OPTIMAL” design. By applying these optimal conditions,
effective decolorization of Acid Green 25 (Ag25) is achieved, underscoring the efficacy of the FENTON-like
process in treating organic dyes. Furthermore, additional analyses are conducted to assess the energy efficiency
and economic implications of decolorizing (Ag25) through the FENTON-like process. In summary, this study
underscores the significance of experimental design in optimizing the decolorization of Green Acid 25 (Ag25)
using the FENTON method. The results obtained offer valuable insights for devising efficient and economically
feasible treatment strategies to eliminate organic dyes and chromate-containing wastewater, there by advancing
sustainable depollution technologies and contributing to environmental preservation in dye-reliant industries.

Keywords: Fenton like CRVI, Surface response, Acid green 25, Decolorization, I-optimal plan

1 INTRODUCTION

Human development and population growth have led to various changes in water resources and their distribution.
Currently, several health problems (infections, illnesses, deaths) are linked to drinking water. Although most
diseases such as typhoid and cholera are caused by classic pathogens, new pollutants causing similar diseases have
also been detected in water, posing a great challenge for its treatment [1]. The study of the degradation of organic
matter has been studied since the 1920s, which made it possible to develop biological purification. However,
biological treatment plants cannot treat substances that are difficult to biodegrade or toxic (persistent organic
pollutants) [2-4]. Conventional treatments (adsorption on activated carbon, membrane processes, coagulation-
flocculation, chemical oxidations, etc.) have the disadvantage of transferring pollution from an aqueous phase to
a new phase, thus creating a problem of secondary waste or regeneration of materials often very expensive[2]. For
this, a lot of research has recently focused on a new class of oxidation techniques called: Advanced Oxidation
Processes (AOP). These processes are based on the in-situ formation of hydroxyl radicals O which have an
oxidizing power greater than that of oxidants. The objective of the study was to demonstrate the ability of the
Fenton like process use a chromium hexavalent like catalyst and peroxide hydrogen like oxidant to remove Green
Acid dye from textile industry wastewater using a design of experiments method to predict and optimize the main
parameters that govern the process

2 MATERIAL AND METHOD
2.1 Chemicals Used
The chemicals used during this study are of analytical grade. We focused our study on textile dyes due to the

excessive use of these products in Algeria and their harmful effect on the environment. We have green acid 25 as
a model dye. The choice of dye studied meets the following criteria:
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High solubility in water,

Easy analysis by UV/Visible spectrophotometer,

Harmful to the environment in general and water in particular,

Widely used as models to test the effectiveness of a water treatment process.

2.2 Methodology

All optimization experiments were carried out in 100 mL glass beakers under normal temperature and pressure
conditions.

2.2.1 Fenton Like by CrVI

We treated a volume of 100 ml of a solution of green acid 25 with a concentration of 16uM (10 ppm), a solution
of 1L with a concentration of 10ppm was prepared by ultra pur water on the other hand a solution mother of
K2Cr207 to make dilutions for a concentration of 1.5mM was prepared. All experiments based on ionized water
being that solvent [5, 6].

During the long process for pH adjustment, we prepared 1N solutions of NaOH and H»SO4. The process consists
of coupling an oxidant which is hydrogen peroxide and a non-ferrous catalyst which is hexavalent chromium. The
optimization was carried out using the design of experiments methodology. In a 100ml beaker (25ml of CRVI
solution + 25ml of AG25) then the H>O; is added for a concentration of 10mM.

Then after determining the optimal parameters ([H,O:] = 10mM; [CrVI] = 1.5mM; pH = 6) we followed the
evolution of the treatment by monitoring using a UV-VISIBLE spectrophotometric technique. To better understand

the system, we have done the scavenger effect and the effect of electrolytes on the process in question.

Table 1. Experiment matrix given by optimal plan I obtained by JMP PRO 14 (Real variables)

Test Number pH Contact Temp tc [H202] mM [CrVI] mM Discoloration%
1 6 35 10 2,475 75
2 4.5 35 10 1.5 80.52
3 3 35 19.4 1.5 88.37
4 4.5 67.5 14.7 2.25 93.93
5 4.5 35 19.4 3 90.52
6 4.5 67.5 14.7 2.25 93.93
7 6 100 10 1.5 98.15
8 3 67.5 10 1.5 84.21
9 4.5 100 14.7 3 86.31
10 3 100 19.4 1.5 92.66
11 3 75.3 19.4 3 78.42
12 3 100 10 2.25 92.68
13 4.5 67.5 14.7 2.25 93.93
14 4.5 67.5 14.7 2.25 93.93
15 4.5 67.5 14.7 2.25 93.93
16 6 35 19.7 1.5 69.18
17 6 67.5 14.7 3 84.21
18 6 100 19.4 2.25 80.00
19 4.5 67.5 14.7 2.25 93.93
20 4.5 67.5 10 3 86.31
21 4.5 67.5 14.7 2.25 93.93
22 3 35 14.7 3 78.42

2.2.2 Sample Analysis
Monitoring the decolorization of green acid 25 during the “Cr(VI)-mediated Fenton” process was carried out by

removing an aliquot of the reaction mixture at the end of the treatment. The reading was carried out by UV-visible
spectrophotometer at A = 643 nm. The decolorization efficiency of AG25 was calculated using the equation:

1106



Optimization by the surface response methodology of a fenton like process by CrVI of ICENSTED 2024

an anthraquinonic dye type green acid 25

Dec% = 20 AL 100
A

0

Ao: absorbance of green acid dye 25 a initial state;
A: absorbance of acid green dye 25 at a time t after the addition of H,O»

3 RESULTS

3.1 Linear Regression Coefficient R*

M

The coefficient of determination provides information on the percentage of predicted variability. for the coefficient
of our model equal to 0.98 which means that 98% of the variability was predicted with a Pvalue less than 0.05 for

a confidence interval of 95%.

The graph (figure 1) confirms that the curve of the observed values as a function of the predicted values, perfectly
resembles a straight line, we see the close agreement which exists between the experimental results and the

predicted theoretical values. by the polynomial model.
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Figure 1. Predicted of experimental
3.2 Overall Model and Lack of Fit

Table 2. Analysis of variance (ANOVAS) and lack of fit

Setting Degree of Freedom Sum of Squares Mean Square Report F P-Value

Failure to fit 14 1231.6121 87.9723 30.0613  <0.0001*
Pure error 7 20.4850 2.9264 / /
Total error 21 1252.0972 / /

According to the above results, the model is significant with a (PValue <0.05), and hence the validity of the model
is adequate. This model could probably predict the experimental results of our FENTON-mediated homogeneous

oxidation process (in the presence of CrVI and H»O,) for the removal of green acid 25.

3.2.1 Effect of Factors

e Linear Effect: From Table 3 we see that the results of the linear effect show that three factors have a significant
influence on the discoloration of acid green dye 25 which represents our answer. The same results also show
that the factor X2 (the contact time) presents the lowest P-value which highlights the great impact on the
response (discoloration rate) and we clearly observe that there is an additional factor X4 ([CRVI] also presents

a P-value low shows the influence on the discoloration rate (response).

e Interaction Effect: The results obtained from the study carried out show that the interaction between the contact
time and the concentration of hydrogen peroxide has a great influence on the decoloration rate of green acid
dye 25, the coefficient of this couple (X2,X3) is significant with a P-value which is equal to (0.0001* < 0.05).
on the other hand we note that the interaction between contact temperature and the CrVI concentration has a
significant influence on the reduction of green acid 25 with a P value (0.0007%<0.05, subsequently the
interaction between pH and hydrogen peroxide and the interaction between pH and CRVI is significant.
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The effect of linear regression model factors is shown in the table below:
Table 3:Estimation of polynomial model regression coefficients
Term Estimate Standard error t ratio P-Value
Constant 93.9492992 0.646536 145.31 <.0001%*
Linearity
X1(3.6) -1.279645 0.548382 -2.33 0.0523
X2(35,100) 4.5878472 0.543939 8.34 <0.0001*
X3(10,19.4) -0.4836 0.532991 -0.91 0.3944
X4(1.5,3) -2.615367 0.571538 -4.58 0.0026*
Interaction
X1*¥X2 1.3816072 0.669301 2.06 0.0779
X1*X3 -3.267107 0.63276 -5.16 0.0013*
X1*X4 3.4658687 0.687884 5.04 0.0015%*
X2*X3 -5.211896 0.623921 -8.35 <0.0001*
X2*X4 -3.963805 0.683364 -5.80 0.0007*
X3*X4 0.6357652 0.671368 0.95 0.3752
Quadratic
X1*X1 -7.76982 0.956049 -8.13 <0.0001*
X2*X2 -0.315045 0.963337 -0.33 0.7532
X3*X3 -1.595266 1.10128 -1.45 0.1907
X4*X4 -3.469563 0.975923 -3.56 0.0093*

This influence means that the pH and the concentration of hexavalent chromium reach a maximum and then
decrease, which is in agreement with our results.

3.2.2 Mathematical Model

The results obtained are summarized in the form of a second degree polynomial equation, given in reduced
variables:

- 93.94+4.58%X2-2.61*X4-3.26*X1*X3+3.46*X1*X4-521*X2*X3

= 2
-3.96*X2*X4-7.76*X1*X1-3.46*X4*X4 @)

3.2.3 Experimental Validation of the Fenton Like Process by CrVI and Monitoring of the Study

(a) (b}

Figure 2. (a) Decolorization of acid green by Fenton like chromium hexavalent and (b) effect of eltrolyte on
process Fenton like

The study by the experiment design methodology allowed us to determine the optimal factors by the prediction
model to validate this result it is necessary to repeat the same experiments in the same condition governed by the
JMP prol4 software and continued the study of process, or even

e The effect of the oxidant alone,

e The catalyst effect alone,
e The effect of inhibition (scavenger),
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o Study of the decolorization of green acid 25 by Fenton like process by CrVI for different combinations.
4 CONCLUSION

The results obtained also demonstrated that chromium can indeed be used successfully as a catalyst in the Fenton
process for the degradation of green acid 25, it showed its reliability in an acidic medium pH = 4 and close to
neutral pH =6 unlike the classic FENON which uses iron as a catalyst which works just at an acidic pH. We
obtained an R2 = 0.98 and a P value < 0.05 which means that our process was carried out with a percentage of
98% and with an error < 5%.

However, it is important that the formation of hexavalent chromium can also have adverse effects on the
environment, but this information was taken into consideration by the storage of CrVI and the medium was
acidified in order to have the form of trivalent chromium which exists in nature without being a danger to the
ecosystem. And based on our research on scientific articles and previously applied processes, we found that our
process is responsible for the discoloration of ‘Acid Vert 25’ dye and also for the degradation of chromates, which
reduces the hexavalent chromium in our solution.

On the other hand, every year, a large amount of wastewater containing Cr(VI) is produced by the electroplating,
metal finishing, leather tanning and petroleum refining industries, requiring intensive treatment to prevent water
contamination. The addition of H202 can be a solution to industrial wastewater contaminated with Cr(VI) can be
used to degrade organic dyes before their pretreatment.
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Abstract

This research investigates the utilization of two-phase olive pomace, an abundant by product from olive oil
production, as a renewable energy resource via an innovative method involving greenhouse drying and
pelletization. The study evaluates the potential of greenhouse-dried olive pomace pellets as a sustainable biofuel.
The process involves drying the olive pomace in a controlled greenhouse setting, followed by pelletization to
improve its handling and combustion properties. The investigation assesses the energy content, combustion
characteristics, and environmental impacts of the produced pellets. The study highlights the sustainability of
greenhouse-dried olive pomace pellets as a renewable, eco-friendly energy option, his contributes to the
valorization of food waste and the advancement of sustainable bioenergy solutions.

Keywords: Pellets, Densification, Renewable energy, Greenhouse
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Abstract

Microplastics, widely found in aquatic ecosystems, are a rapidly growing environmental issue in the modern world.
These tiny plastic particles, smaller than 5 mm, enter natural environments through various human activities. The
Ergene River, located in the Thrace region, is a significant waterway in an area with intense industrial and urban
activities. This situation increases the risk of the river being exposed to microplastic pollution. This study examined
the sources and distribution of microplastic pollution in the Ergene River's surface waters. Water samples taken
from different river points were subjected to laboratory analyses, and the concentration, types, and potential
sources of microplastics were identified. The study aims to reveal the effects of microplastic pollution on the river
and to provide information on possible preventive measures by determining the sources of this pollution.
Understanding the situation in the Ergene River is crucial, considering the environmental and ecological impacts
of microplastics, their negative contributions to water quality, and their potentially harmful effects on aquatic life.
In this context, the findings are expected to significantly contribute to developing strategies for combating and
managing microplastic pollution.

Keywords: Aquatic ecosystems, Ergene river, Microplastic pollution, Sources, Distribution

1 INTRODUCTION

Microplastic pollution has emerged as a critical environmental issue in recent years, especially in aquatic
ecosystems [1]. Microplastics are plastic particles smaller than 5 mm and commonly found in water bodies
worldwide, originating from various human activities [2]. Their presence in aquatic ecosystems poses a significant
threat due to their persistence and potential to cause ecological damage [3]. Microplastics can affect water's
chemical composition [4], damage aquatic organisms’ physical structure [5], and reach humans through the food
chain [6]. The presence of microplastics, therefore, poses severe risks to water quality and biodiversity.

Various strategies and policies are being developed worldwide to reduce microplastic pollution. Efforts are
underway in various countries to reduce plastic use, encourage recycling, and improve waste management [7]. In
particular, physical, chemical, and biological methods are used to reduce microplastic pollution in water bodies
[8]. However, the effectiveness and applicability of these methods vary depending on regional conditions and the
characteristics of microplastics. The Ergene River, located in the Thrace region of Turkey, is a vital waterway
passing through an area characterized by intense industrial and urban development. This geographical and
economic context has increased the risk of exposure to microplastic pollution in the river's waters. This situation
indicates that current solutions may be inadequate and that regional solutions should be developed. Considering
the harmful effects of microplastics on water quality and aquatic organisms, understanding their distribution and
origin in the Ergene River is of great importance.

This study focuses on the sources and spread of microplastic pollution in the surface waters of the Ergene River.
The insights gained from this research are expected to contribute significantly to formulating effective measures
to combat and manage microplastic pollution. By analyzing water samples collected from various points along the
river, the study aims to identify potential sources of pollutants, quantify the factors contributing to microplastic
pollution in the region, and identify the concentration and types of microplastics present. The analysis is vital not
only to assess the river’s current state but also to inform future strategies to reduce this form of pollution. By
shedding light on microplastics’ environmental and ecological impacts in the Ergene River, this study aims to
provide a basis for future policy and conservation efforts to protect water quality and conserve aquatic life.
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2 MATERIAL AND METHOD

2.1 Sampling Points of the Study Area

In this study, surface water analysis was carried out to assess the microplastic pollution in the Ergene River and
specific regions around it. The sampling points in the study area were specifically selected to observe the
interactions between industrial and rural areas. These points include Cerkezkdy Organized Industrial Zone (OIZ)
(41°15'59.40" N - 27° 56' 28.71" E), Uzunhac1 Village (41°20'37.36" N - 27° 49' 43.18" E), Corlu OIZ (41° 10'
48.39" N - 27° 46' 30.26" E) and Adasarhanli (41° 03' 58.56" N - 26° 21' 44.02" E). Surface water samples were
collected from these strategic points and analyzed to determine the density, size distribution, and types of
microplastic particles. The data obtained played a critical role in understanding the level and distribution of
microplastic pollution in the river. Furthermore, surface water analyses revealed the effects of seasonal variations
and industrial and agricultural activities in the region on microplastic concentrations.

2.2 Surface Water Sampling

Sampling methods and frequency vary depending on the source and purpose. Samples taken at a specific time and
place represent that time and place, while samples taken from sources whose composition does not change over
time may represent a wider time period. Water samples from the sampling points were taken from different surface
water depths by tying steel wire to sterilized 2-liter glass jars. Samples were collected 30-40 centimeters below
the surface water, where mixing occurs fully. Sampling points were chosen to determine the effects of water inlets,
outlets, and coastal activities. Parameters such as pH, temperature, dissolved oxygen, and conductivity were
measured with a “Hach HQ40D Multimeter”. Each sample was labeled with information such as place and time
of collection. The samples were transported to the laboratory undisturbed and stored at +4°C [9]. Samples were
preserved and analyzed by the ‘TS EN ISO 5667-3 Water Quality’ standard [10].

2.3 Pre-Treatment of Surface Water Samples

For MP characterization, 100 ml of surface water samples were taken. Each sample was passed through tared
filters. Filtration was performed using a sieve set with pore sizes of 250-125-63 um. The solids retained in the
filters were backwashed with ultrapure water captured with a vacuum pump and then dried at 105°C for 1 hour to
measure the solids concentration. After drying, excess water in the sample was evaporated at 70°C. For organic
matter degradation by Fenton oxidation, 20 ml of 0.05M FeSO4.7H,0 solution and 30% H,O; were added to the
sample. The reaction was continued at 70-75°C for 30 minutes. After the HO, was completely evaporated in an
oven at 60°C, 6 g NaCl solution was added to the sample for every 20 ml. The microplastics were decomposed for
5-10 minutes, depending on the concentration. The supernatant microplastics were taken into centrifuge tubes and
centrifuged at 3500 rpm for 5 minutes before filtration. After centrifugation, the samples were filtered through
membrane filters with 0.45-1.2 pm pores; the filters were wrapped with aluminum foil and dried at room
temperature [11]. Microplastics were characterized by Fourier-transform infrared (FTIR) spectroscopy and
Scanning Electron Microscopy (SEM), and microplastics that could be airborne were detected with the witness
sample.

2.4 Identification of MPs

The presence of functional groups of MPs was determined in the wavelength range of 400-4400 cm™ in the JASCO
brand 6600 model FTIR analyzer. As a result of this process, the chemical structures of MPs and the presence of
functional groups were determined. To examine the surface morphology and structural features of the MPs in
detail, the 500 nm, 1 pm, 5 pm, and 10 um sized areas of the samples were imaged using high and low vacuum
detectors on a Quanta brand FEI FEG450 model FEGSEM device.

3 RESULTS

In the surface water analysis of Uzunhac1 Village, 433.56 mg of the 671.12 mg sample consists of plastic material,
while 237.56 mg of it consists of non-plastic materials. The polymer types in the sample include low-density
polyethylene (LDPE), polypropylene (PP), and cellulose. The amount of LDPE was determined as 151.65 mg, and
its density was 0.913 g/cm?. PP was 226.13 mg, and its density was 0.896 g/cm®. In addition, cellulose was detected
in the sample as 55.78 mg, with a 1.231 g/cm® density. In the surface water analysis of Cerkezkéy OSB, 124.78
mg of the 471.7 mg sample consists of plastic materials. The amount of non-plastic materials was measured as
346.92 mg. The polymer types detected are high-density polyethylene (HDPE), polystyrene (PS), and cellulose.
HDPE was recorded as 43.83 mg, and its density was 0.937 g/cm>. The amount of PS was 43.12 mg, and its density
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was 0.998 g/cm?®. The amount of cellulose was 37.83 mg, and its density was measured as 1.231 g/cm?. In the
Corlu OSB surface water analysis, 402.63 mg of the 639.12 mg sample consisted of plastic materials, while the
amount of non-plastic material was determined as 236.49 mg. The polymer types in the sample include HDPE,
PS, and cellulose. The amount of HDPE was 156.78 mg, and its density was 0.941 g/cm?; the amount of PS was
223.41 mg, and its density was measured as 0.998 g/cm®. In addition, cellulose was detected with an amount of
22.44mganda 1.231 g/cm? density. In the Adasarhanli surface water analysis, 445.85 mg of the 665.91 mg sample
consisted of plastic materials, while 220.06 mg contained non-plastic materials. The polymer types in the sample
include HDPE, polyamide (PA), and cellulose. The amount of HDPE was recorded as 159.85 mg, and its density
was 0.954 g/cm?; the amount of PA was recorded as 147.86 mg, and its density was 1.125 g/cm?*. The amount of
cellulose was measured as 56.81 mg, and its density was 1.231 g/cm?®. FTIR and SEM images of microplastic
analyzes are shown in Figure 1 and Figure 2, respectively.

‘\V( \’"“W"VWN Uzunhaci Village

A WW Cerkezkdy OIZ

‘W'f\/v— W C()rlu_ OlZ
v
\f"—\/"\w Adasarhanh
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Figure 1. FTIR analysis
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Figure 2. SEM images: (a) Uzunhaci Village, (b) Cerkezkdy OIZ, (¢) Corlu OIZ, (d) Adasarhanl

20 um (d)
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4 CONCLUSION

This study analyzed samples taken from different points of the Ergene River and revealed that microplastic
pollution in the region has a wide range of polymer diversity and morphological forms. SEM images showed that
microplastics are present in the form of particles, fibers, flocs, foam, and films. These results indicate that the river
is affected by various sources of microplastic pollution and that this pollution has a complex structure. Polymers
such as LDPE, PP, and cellulose were detected in the samples taken from Uzunhaci Village. LDPE can be found
due to plastics commonly used in agriculture, while the high amount of PP indicates the use of packaging materials.
The presence of cellulose may be due to the textile industry or agricultural waste. Since this region is known for
intensive agricultural activities, microplastics are thought to originate from such activities. HDPE, PS, and
cellulose were found in samples taken from the entrance of Cerkezkéy OSB. HDPE may come from industrial
packaging and rigid plastic products. The presence of PS indicates intensive use of food packaging and disposable
products. Cellulose, which may originate from the textile industry, was also found in this area. The presence of
intensive industrial activities at this point points to industrial wastes as the source of the detected microplastics.
Polymer species such as HDPE, PS, and cellulose were also detected in samples taken from the entrance of Corlu
OSB. This indicates that hard plastics, food packaging, and textiles are entering the river. The fact that Corlu OIZ
has intensive industrial activities increases the likelihood of contributing to microplastic pollution. HDPE, PA, and
cellulose were found in samples from Adasarhanli. HDPE reflects the widespread use of rigid plastic packaging,
while PA may be due to textiles. Cellulose indicates that natural fibers and textile wastes enter the river. The
prevalence of both industrial and agricultural activities in this region increases the complexity of microplastic
pollution. The microplastic species and morphological forms detected in the Ergene River result from various
regional human activities. Agriculture, the textile industry, plastic production, and consumer products are the main
sources of microplastic entering the river. Microplastics can negatively impact the environment and ecosystems,
both physically and chemically. In particular, potential impacts on aquatic life can lead to the accumulation of
toxic chemicals entering the food chain. The results obtained in this study show that microplastic pollution in the
Ergene River is a severe environmental problem. Further research and environmental regulations are needed to
solve this problem. Microplastic pollution should be tackled by considering the sustainability and environmental
impacts of the activities in the region.
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Abstract

In the study area, Paleozoic-aged Afyon Metamorphics, consisting mainly of schists and marbles, form the
basement rock group. Miocene-Pliocene sedimentary units and volcanics unconformably overlie this group.
Diatomite formations in the region are associated with the unit named Sogucak Pyroclastics (mainly andesitic
agglomerates). The unit contains diatomite zones in the north of Basagac and Karadirek villages (north Sandikli-
Afyonkarahisar). Pyroclastics are laterally and vertically transitional with other Pliocene-aged clastics and basaltic
lavas. Diatomite lenses show morphology depending on paleotopography, between certain levels of pyroclastics.
In diatomite zones, the color is mostly whitish, but there may also be variations in pink, yellowish pink, pinkish
yellow, brownish yellow, and beige. The coloration likely varies due to secondary iron oxide/hydroxide additions
and the humidity of the diatomites. Diatomites include opal bands, lenses and blocks in green, yellowish, and
rarely reddish colors, which can be quite large locally. In the Akar and Ayrilikli stream localities, there is a white-
beige colored diatomite zone in an area of 60 m x 30 m. The thickness of this zone is highly variable, ranging from
1.5 to 12 meters. Among the diatomite samples, some contain completely amorphous material, while others contain
approximately 10% Ca-smectite in addition to the amorphous component, based on XRD analysis. Some samples
also contain traces of illite-mica and quartz. There are changes in the chemistry of diatomites due to mineralogical
differences and secondary iron. The versatility of diatomite makes it valuable in various industries. Considering
that pure diatomite is preferred in some areas of use and smectite diatomites can be used in some areas, it is
understood that there is a significant diatomite potential in the region.

Keywords: Diatomite, Sogucak pyroclastics, Opal, Sandikli-Afyonkarahisar, Tiirkiye
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Abstract

Zinc — strontium — lithium phosphate glass doped with titanium dioxide with the composition (50 - x) P20S5 —
20Zn0O — 15510 — 15Li20 — (x)TiO2 where (0 < x <2 mol%) is investigated. The glass was prepared via melt
quenching method and their characterization of physical, structural, thermal, and mechanical properties are
characterized by using density and molar volume, X-ray diffraction (XRD), Fourier transform infrared
spectroscopy (FTIR), differential thermal analysis (DTA) and ultrasonic testing via pulse echo method. The
densities are found having decrease and increase with addition of 0.0 to 2.0 mol% TiO2. The molar volumes are
found increase at 0.5 mol% and decrease from 1.0 to 2.0 mol% TiO2. The absence of the broad humps at 20 to 30
degrees in XRD spectra, confirming the amorphous nature of the glasses. For the FTIR analysis, it found three
obvious peaks it was at 861 cm-1, 1279 cm-1 and 3636 cm-1. DTA values of Tg, Tc and Tm shows decrease
values from the curve due to decreasing in bond strength. The glass shows a good thermal stability due to the value
of temperature more not lower than 100 °C. Longitudinal and shear velocity were measured for glass system using
pulse echo method. Elastic properties such as longitudinal modulus, shear modulus, bulk modulus, young’s
modulus was calculated from the obtained values of ultrasonic wave velocities. There are two other physical
parameters was also calculated from these ultrasonic properties it was Poisson’s ratio and microhardness. The
ultrasonic results and other parameters indicate the rigidity and the creation of cross-link density of covalent bonds
glass system.

Keywords: Ultrasonic properties, Structural properties, Titanium dioxide
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Abstract

Managing energy resources within smart urban environments is a critical challenge in today's rapidly evolving
urban landscape, characterized by swift urbanization and increasing environmental concerns. This study examines
the challenges of optimizing peer-to-peer (P2P) energy trading within microgrids, presenting a comprehensive
framework for sustainable urban energy management. The rise of local energy communities represents a
significant shift, with prosumers actively adopting solar Photovoltaic (PV) systems and Battery Energy Storage
(BES). This research aims to clarify the intricate relationship between traditional grid interactions and emerging
P2P trading, all within the context of sustainable, community-focused energy practices.

The necessity to coordinate P2P energy trading within smart homes in microgrids is propelled by the significant
transformation in the global energy landscape. This shift, marked by a growing emphasis on sustainability and
decentralized energy systems, highlights the need to address the challenges of optimizing energy utilization
patterns. Strategic coordination of P2P energy trading within microgrids is essential to enhance overall energy
resilience, promote environmental sustainability, and fully exploit the potential of distributed energy resources.
Using the systematic approach of Mixed-Integer Linear Programming (MILP), this study addresses these pressing
coordination challenges comprehensively.

The findings highlight the crucial role of P2P systems in balancing supply and demand dynamics, democratizing
energy distribution, and facilitating the seamless integration of renewable energy sources within microgrid
environments. This research contributes to a greener and more resilient urban future by advancing our
understanding of energy management practices.

Keywords: Energy management, Optimization, Peer-to-peer (P2P) energy trading, Renewable energy

“kubranur.sahin@agu.edu.tr 1118



/ International Conference on Engineering, Natural Sciences,
/ and Technological Developments (ICENSTED 2024)

July 19-21, 2024

Advancing Turkish-to-English Translation: A Transformer-Based Neural Model
Approach

Nurzhan Amantay*!, Yasin Ortakci'

!Department of Computer Engineering, Karabuk University, Tiirkiye

Abstract

Machine translation (MT) represents a pivotal area within the field of natural language processing, continuously
striving for advancements. The transformer architecture, which employs the attention mechanism, has been
surpassed the popular neural models such as Recurrent Neural Networks (RNNs) and Bidirectional Long Short
Term Memory (BiLSTM) in terms of efficiency and memory usage. This paper investigates the application of the
transformer in a neural machine translation model for Turkish-to-English. The neural model was trained using the
Tatoeba Anki dataset, comprising 145,000 parallel Turkish-English sentence pairs. Our transformer model consists
of six encoders and six decoders, each with eight multi-head self-attention mechanisms. After training over 30
epochs, the model achieved an accuracy of 0.95 and a BLEU score of 0.4208. This results underscore the potential
of the transformer architecture in addressing the complexities of Turkish-English translation, particularly
considering the linguistic disparities and grammatical intricacies between the two languages. The paper provides
a detailed analysis of the model's architecture and implementation. The findings contribute to the understanding
of transformer-based MT systems and their applicability to languages that do not have a sufficient amount of text
corpora, such as Turkish.

Keywords: Neural machine translation, Transformer, Self-attention, Encoder&decoder

1 INTRODUCTION

The issue of linguistic barriers among individuals has been a long-standing concern for humanity. The act of
communication between individuals who speak different languages is made possible through the intermediary of
human translation. Nevertheless, the availability of high-quality human translation services remains a persistent
challenge, largely due to the limited number and high cost of such skilled individuals. The unavailability and
expense of human translation, coupled with the advances in Natural Language Processing (NLP) and computer
science, have given rise to the concept of Machine Translation (MT), which aims to automate the process of
translating languages.

MT is a significant task focused on using computers to translate text from one language to another. The early
studies in this field includes rule-based and statistical approach. However these approaches have difficulties in the
translation of long sentences. Then, deep learning based methods including Recurrent Neural Networks (RNN's)
and Bidirectional Long Short Term Memory (BiLSTM) are started to be investigated in the MT. Nevertheless,
these new techniques struggle with handling long text translations. A state-of-art neural model, transformers
supported with the attention mechanism [1], has emerged as a powerful alternative MT architecture.

On the other hand, an examination of the existing literature on MT of the Turkish language revealed a research
gap on translations from Turkish to English. The translation of Turkish into English is a challenging endeavour
due to the distinct linguistic features of Turkish and the intricate lexical composition and grammatical structure of
the language. Furthermore, the significant lack of Turkish-English text pair corpora represents another significant
challenge. Although there are some studies on the translation of Turkish into English in the literature that do not
employ transformer-based neural models, the quality of the resulting translations is still not optimal. Therefore, in
this study, we present a novel approach to address the challenges of Turkish to English MT by developing a
transformer-based neural network model.

Using the transformer in our MT model, we achieved a Bilingual Evaluation Understudy (BLEU) score of 0.4208

and an accuracy of 0.95 for Turkish to English translation. This high BLEU score and accuracy underscore the
effectiveness of our model. The results demonstrate that the self-attention mechanism in transformers is highly
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effective in capturing contextual information, resulting in notable enhancements in translation quality when
compared to existing methodologies. The contribution of this study can be summarized as follows:

e A transformer-based Turkish to English MT model with high quality translation capability is developed.

e Deep insights into the encoder-decoder structures in the transformers used in the MT from Turkish to English,
their numbers and the hyper-parameters to be used in the training are presented.

e This study has proposed an approach that greatly reduces the time cost of translation, which is one of the major
limitations of initial statistical and expression-based methods.

The rest of this paper is structured as follows. Section 2 provides a detailed related studies regarding MT. Section
3 describes the methodologies of proposed model. Details regarding the datasets, hyperparameter tuning and
evaluation metrics are presented in Section 4. Section 5 presents the results of study which covers the accuracy
and BLEU metric evaluations of the proposed model. Section 6 provides a comprehensive discussion of the results
of study, focusing on the interpretation and implications of the findings. Finally, the conclusion of the research is
provided in Section 7.

2 RELATED WORK

The preliminary methodology employed in MT is predominantly based on manually crafted translation rules and
linguistic expertise. Nevertheless, the intrinsic complexity of natural languages renders it difficult to account for
all linguistic irregularities through the establishment of manual translation rules. With the advent of large-scale
parallel corpora, an alternative approach, Statistical Machine Translation (SMT), which is based on the direct
learning of underlying structural elements such as word alignments and phrase sequences from parallel corpora,
has been proposed [2, 3]. Yildirim and Tantug explored an SMT-based method, re-ranking N-best lists in English-
to-Turkish MT using Google Translate Research API, achieving an 11.81% relative improvement in BLEU scores
by reordering candidate translations [4]. Similarly, El-Kahlout and Oflazer improved English-to-Turkish SMT by
using morphological information and local word reordering, achieving a 62% relative improvement in BLEU
scores with a score of 25.17 [5]. Yeniterzi and Oflazer put forth a methodology for translating from English to
Turkish that incorporates syntactic analysis at the source text level. This approach yielded a 39% relative
improvement in BLEU scores compared to a word-based baseline [6]. Yilmaz and Uguz developed a Turkish-
English MT system using Moses and the BOUN-ITU Turkish-English Parallel Corpus, achieving a BLEU score
of 17.02 and highlighting the benefits of shuffling corpus data and using a 4-gram language model [7]. Oflazer
and El-Kahlout improved English-to-Turkish SMT by representing sub-lexical units, achieving a BLEU score of
25.08 using Moses, SRILM, and GIZA++ on a corpus from international relations and legal documents [8]. The
findings of these studies have led to the conclusion that SMT is unable to model dependencies between words over
long distances, which results in a suboptimal translation quality.

The deep learning paradigm has led to the emergence of Neural Machine Translation (NMT) which is replacing
SMT as the dominant approach to MT [9-12]. The system offers a more straightforward end-to-end training
process and showcases state-of-the-art performance on a multitude of language pairs [13]. The initial NMT
architectures, including RCTM [10], RNNEncDec [12], and Seq2Seq [9], employ a fixed-length approach, wherein
the size of the source representation is fixed, irrespective of the length of the source sentences. These models
typically employ recurrent neural networks (RNNs) as the decoder network for generating variable-length
translations. However, it has been demonstrated that the efficacy of this methodology declines as the length of the
input sentence increases [12]. Giilgehre et al. improved NMT by integrating language models trained on
monolingual data using shallow and deep fusion, achieving up to 2 BLEU points improvement for low-resource
Turkish-English and Chinese-English and 0.39-0.47 BLEU points for high-resource German-English and Czech-
English [14]. Firat et al. developed a multi-way, multilingual NMT system that efficiently translates multiple
language pairs, achieving better quality than conventional SMT for low-resource Turkish-English and Uzbek-
English translations, with notable improvement for Uzbek-English due to linguistic similarities [15].

The limitations of classical NMT prompted the introduction of the attention mechanism by Bahdanau et al. [12],
which represents a significant advancement in the field of RNN architectures. This mechanism enables the
implementation of variable-length representations, a crucial aspect in the development of effective translation
models. The attention mechanism guarantees that the distances between any given source and target words remain
constant. As a result, the attention mechanism has facilitated the optimization process. The transformer employ
multi-layered neural networks and rely entirely on self-attention networks which include encoder-decoder
networks. Yirmibesoglu and Gilingér improved Turkish-English translation using morphologically motivated input
variations and data augmentation, achieving a BLEU score of 26.38 with a hybrid BiDeep and Transformer model
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trained on the SETimes parallel corpus and augmented monolingual data [16]. These findings indicate a need for
further investigation into the use of transformers in Turkish-English translation.

3 METHODOLOGY

3.1 Overview of Transformer Architecture

The transformer architecture represented a significant advancement in the field of NLP due to its ability to achieve
significantly faster training times and enhanced parallelization on Graphics Processing Units (GPUs). This was
achieved by computing the self-attention mechanism in parallel for all words in a sequence. Consequently, larger
models could be trained on extensive datasets, resulting in substantial enhancements in NLP performance.
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Figure 1. The transformer - model architecture

The transformer architecture for NMT typically adheres to the conventional encoder-decoder paradigm. In
comparison to RNN architectures, the Transformer employs a stack of identical self-attention-based layers in lieu
of recurrent units, thereby facilitating superior parallelization. In particular, when presented with an input
sequence, X = {x1,x2, - - -, xn}, expressed in source language (e.g., Turkish), the model is tasked with predicting
its corresponding translation, Y = {yl, y2, - - -, ym}, in target language (e.g., English).

Encoder: A closer examination of the model reveals that a transformer encoder is comprised of N, stacked layers
of neural networks, with each layer containing two sub-layers: a multihead self-attention sub-layer and a position-
wise Feed-Forward Network (FFN) sub-layer.

s* = Selfdtn(X* )+ X*, (1)
Fe(X*)=s"+FFN(S"), 2)

where X* e R + F* (X g ) e R represents the inputs and outputs of the k-th encoder layer. d is the hidden

dimension.
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Decoder: The decoder employs a comparable architectural configuration, augmented with an additional multihead
cross-attention sub-layer for each of the Ny decoder layers.

s* :SelfAttn(Yk)+Yk, (3)
c* = CrossAttn (S" JF¢ (XNG )) +5*, “4)
F(Y*)=cc* + FFN(c"), )

where Y* e R + F¢ (Yk ) e R™“, the inputs and outputs of k-th decoder layer.

3.2 Tensorflow Keras API

KerasNLP is a comprehensive NLP library designed to support the entire development cycle, from prototyping to
deployment. It provides modular components with state-of-the-art preset weights and architectures that can be
used out-of-the-box or customized for more control. As an extension of the core Keras API, KerasNLP integrates
seamlessly with existing Keras workflows, offering high-level modules that are implemented as Layers or Models.
This integration ensures ease of use and flexibility, making KerasNLP a powerful tool for developing and fine-
tuning NLP models.

3.2.1 Text Preprocessing and Text Vectorization

The text preprocessing involves defining a function Standardization to standardize text inputs by converting them
to lowercase and stripping specified punctuation characters. The function is then applied within the
TextVectorization layer for English text to ensure consistent and clean input data, improving the accuracy and
efficiency of subsequent vectorization and model training processes.

Text vectorization is performed using the TextVectorization layer in TensorFlow/Keras, which converts raw text
into integer sequences. For Turkish and English texts, separate TextVectorization layers are configured with
specified vocabulary sizes with 15,000 words and with 20 tokens sequence lengths. The layers are adapted to the
training texts to learn the vocabulary and prepare the text data for input into the neural network, enabling efficient
handling of text as numerical data.

3.3 Vast.ai - Cloud Computing Platform

In the training, we used vast.ai which is cloud computing platform that offers cost-effective and flexible GPU
resources for machine learning and Al tasks through a marketplace model that utilises surplus computing power.
It provides a user-friendly interface for deploying and managing workloads with support for frameworks such as

TensorFlow and PyTorch which allows for scalable resource allocation. Users can choose from a diverse range of
GPU options, including both older and high-performance models, and benefit from automation via APIs.

4 EXPERIMENTAL STUDY
4.1 Setup

Table 1. The hyperparameters used in training our MT model

Name Value
Encoder & Decoder 6
Multi Head Attention 8
Sequence lenth 512
Vocabulary size 30,000
Embedding dimension 256
Latent dimension 2048
Dropout rate 0.1
Batch size 128
Learning rate le-7
Number of Epoch 30

1122



Advancing Turkish-to-English translation: A transformer-based neural model ICENSTED 2024
approach

We trained our transformer model with six layers of both the encoder and decoder, each with eight self-attention
heads, a sequence length of 512, a vocabulary size of 30,000, an embedding dimension of 256, a latent dimension
0f 2048, a dropout rate of 0.1, a batch size of 128, a learning rate of 1e-7, and with 30 epochs (Table 1).

4.2 Dataset

As a dataset for Turkish to English translation, we utilized Tatoeba Anki corpora (Tatoeba.org) which consists of
145K parallel sentences. Tatoeba a valuable resource for language learners and linguists, offering a comprehensive
database of translated example sentence pairs in various languages. It is a collaborative source where members
can contribute by adding, translating, and reviewing sentences to ensure accuracy and expand the repository. It
also provides a wealth of diverse and comprehensive language content, which serves as an invaluable resource for
advancing research and development in the field of MT studies.To validate the performance of our model, we
splitted the dataset as training (70%), validation (15%) and test (15%) sets and the number of instances in each set
is detailed in Table 2.

Table 2. Used dataset pairs sentences for Turkish to English translation task

Dataset Pairs Count of Sentences Lines
Total Pairs 145105
Training Pairs 101575
Validation Pairs 21765
Test Pairs 21765

Dataset preparation involves creating datasets from the text pairs, batching, and mapping them using the
formatdataset function to structure inputs and targets for the model. The datasets are then cached, shuffled, and
prefetched for optimal performance during training. This organized data pipeline ensures efficient and scalable
training and evaluation processes.

4.3 Evaluation Metrics
To measure effectiveness of our MT model, we utilized the BLEU score and accuracy evaluation metrics.
4.3.1 BLEU Score

BLEU scores are expressed on a scale of 0 to 1. It is rare for a translation to receive a score of 1 unless it is an
exact replication of the reference text. It is unlikely that even a human translator would achieve a score of 1. The
number of reference translations per sentence has been found to have a significant impact on the score, with higher
scores being associated with more references [17]. BLEU was developed based on the premise that the closer a
MT is to a professional human translation, the better it is. The BLEU metric is designed to measure the degree of
alignment between SMT output and that of human reference translations. It should be noted that translations may
differ in terms of word usage, word order, and phrase length [17]. BLEU is a metric that is used to evaluate the
similarity between variable-length phrases in SMT output and reference translations. The weighted match averages
determine the translation score. There are various versions of BLEU, but the fundamental metric necessitates a
brevity penalty (Py), which is calculated as follows:

{ Le>r
B (6)
e(

1’”),cSr

where r represents the length of the reference corpus, while ¢ denotes the candidate translation length. The
fundamental BLEU metric is subsequently calculated according to the following formula:

N
BLEU =P, epo:n:O w, log p, )

The n-gram precision p, is calculated using n-grams with a maximum length of N. w, are positive weights that
sum to one. It should be noted that BLEU does not evaluate word and phrase position. This prevents SMT systems
from increasing their scores by using words that are known with an elevated level of confidence. The number of
permissible words for each candidate word is limited by the word count of the reference translation. The geometric
mean of the sentence scores is calculated for the entire corpus. [18].

1123



Advancing Turkish-to-English translation: A transformer-based neural model ICENSTED 2024
approach

4.3.2 Accuracy

Accuracy is used to quantify the proportion of correct predictions made by a model in relation to the total number
of predictions generated. In classification tasks, it is defined as:

Accuracy = Number of Correct Predictions/Total Number of Predictions (8)

For sequence models like transformers, especially for tasks like MT, accuracy is typically computed at the token
level. Each token in the predicted sequence is compared to the corresponding token in the reference (true)
sequence. Tensorflow Keras API [19] can calculates accuracy automatically during training and validation.
Accuracy metric in our model training context refers to token-level accuracy, which measures the proportion of
correctly predicted tokens out of all tokens in the sequences. This metric provides a straightforward way to gauge
the model’s performance.

5 RESULTS

5.1 Accuracy and Loss Evaluation

During the training and validation process through 30 epochs, the changes in the accuracy and loss are shown on
Figure 2. Our model managed to reach 95% accuracy, which indicates that the model learns effectively and is able
to accurately predict the target outcomes on the training data. While it keeps increasing through the epochs, it
levels off at around 88.1% from the 10th epoch onward. It is possible that the model is overfitting the training data,
which impairs its ability to generalize effectively to new data. It is also possible that the model's architecture or
training process is constrained, preventing it from attaining higher validation accuracy.

In terms of loss, it decreases consistently until epoch 10, suggesting that the model is getting better at minimizing
prediction errors in the training data. However, from epoch 10 onwards, it remains constant and even starts to
increase, raising concerns about potential overfitting.
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Figure 2. Results of accuracy and loss respective to number of epoch during training and validation
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5.2 BLEU Evaluation

For the BLEU metric, there is a steady increase during the training phase, reaching a score of 0.4208 after 30
epochs (Figure 3). This suggests that the model’s outputs are becoming increasingly grammatically correct and
more similar to the reference translations over time. However, the BLEU metric during the validation phase
follows a similar trend as observed in accuracy and loss. Specifically, it increases initially but then plateaus and
exhibits minor fluctuations from the 10th epoch onward, which may indicate overfitting.
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Figure 3. The results of the BLEU metric for both the training and validation sets are presented in relation to the
number of epochs

6 DISCUSSION

The model exhibited effective learning from the training data, as evidenced by the high accuracy and BLUE score
results in the validation phase. However, the stagnation observed after epoch 10 in the validation phase indicates
the possibility of overfitting. The reason for this is that the data set is insufficient in terms of quantity and quality.
Furthermore, this indicates the necessity for additional hyperparameter tuning. However, the high cost of each
training process represents a significant challenge for these studies.

The observed overfitting underscores the necessity for meticulous observation of training dynamics and the
implementation of strategies to mitigate this phenomenon. The objective is to enhance the model's generalization
ability and achieve higher BLEU scores, which will ultimately result in more fluent and accurate translations.
While a BLEU score of 0.4208 is a satisfactory starting point, future efforts will focus on incorporating higher-
order n-grams to provide a more robust assessment of translation quality and achieve scores closer to those
generated by human translators.

7 CONCLUSION

In this study, we developed and evaluated a transformer-based NMT model for Turkish-to-English translation.
Leveraging the transformer architecture, which has demonstrated superior performance over traditional RNNs and
BiLSTMs, our model successfully addressed the complexities inherent in translating between Turkish and English.
Our experiments utilized the Tatoeba Anki dataset, consisting of 145,000 parallel Turkish-English sentence pairs,
and achieved notable results. After training for 30 epochs, our model attained an accuracy of 0.95 and a BLEU
score of 0.4208. These metrics underscore the effectiveness of the transformer architecture in capturing the
contextual information necessary for high-quality translations. As a result, we developed an effective, efficient,
and high-quality transformer-based translation system for Turkish to English. Additionally, we provided insight
into the enhancement of MT with regard to the architecture and hyperparameter tuning. The findings from this
study demonstrate the potential of transformer-based models in addressing the challenges associated with Turkish-
to-English translation. This research not only advances the understanding of transformer applications in MT but
also sets the stage for further exploration into optimizing such models for languages with limited text corpora.

On the other hand, despite the high accuracy and BLEU score, our results indicate potential overfitting, as
evidenced by the leveling off of validation accuracy and the increase in validation loss after the 10th epoch. Future
work should focus on strategies to mitigate overfitting, such as incorporating regularization techniques, expanding
the dataset, or employing more sophisticated training regimens.
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Abstract

The appropriate type of maintenance (corrective, preventive or predictive) is chosen for each rotating machine
based on certain criteria, including: the cost of replacing equipment and the frequency of breakdowns, is one of
the main causes of machine breakdown rotating. Which are monitored and diagnosed in real time to increase their
lifespan and ensure their suitability.

The objective of this work is to study bearing fault diagnosis tools. We carried out precise and reliable machine
condition measurements, based on vibration analysis, wear index tracking and thermal imaging, to discover faults
and find suitable solutions to ensure. the proper functioning of the machine.

Keywords: Monitoring, Diagnostics, Infrared thermography, Vibration analysis, Rotating machine, Oil analysis
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Abstract

Recycling and recovery of waste have today become the right solution, which can offer new renewable and
sustainable resources, which contribute to the construction process in the field of civil engineering to protect the
environment. This work aims to recover brick waste in cementitious materials and their influence on the properties
and performances of these materials. The substitution rates of 25%, 50%, 75% and 100% of sand by brick sand on
the one hand and the same rate of natural gravel by those of crushed brick. The results of the mechanical
characteristics at 7, 14 and 28 days of mortars and concretes indicate a reduction in mechanical resistance,
acceptable for substitution does not exceed 25%.

Keywords: Cementitious material, Valorization, Brick waste, Mechanical resistance, Environment
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Abstract

Materials characterization is a crucial area of study since precise understanding of a material's electromagnetic
characteristics is necessary for a wide range of fascinating uses of the electromagnetic field. Accurate information
of these properties can be obtained using a variety of microwave techniques. Artificial neural network (ANN)-
based methods are crucial to these studies because they can accurately determine a material's electromagnetic
properties even in the presence of insuppressible measurement noise or when measurement accuracies drop at
critical frequencies like Fabry-Perot frequencies.

The ability to accurately extract electromagnetic properties from classical materials, such as dielectric, magnetic,
or magnetodielectric materials, has been demonstrated by ANN-based microwave materials. It is noted that chiral
or bianisotropic materials have not yet been treated with ANN-based microwave techniques. In order to accurately
extract the electromagnetic properties of bianisotropic materials, we will use an ANN-based microwave
approach.of bianisotropic materials.

Keywords: ANN, Bianisotropic materials, Materials characterization, Electromagnetic properties

1 INTRODUCTION

Determining the electromagnetic properties of a material is essential for various applications, including food
science [1], civil engineering [2], and biomedical engineering [3]. There are two types of microwave methods:
resonant and non-resonant [4]. Resonant methods are more accurate, but they are limited in that they can only
measure a small range of frequencies or a few different frequencies due to their frequency constraints [4]. The
main focus of this study is on nonresonant techniques, which are wideband and offer relatively high accuracy [4,
5].

Random placement of the sample into the larger measuring cells of nonresonant techniques is a major drawback.
In this case, transformation from planes the calibration is carried out (the calibration planes) to planes where the
sample surfaces are present (the measurement planes) is a necessity [5]. Analytical expressions could be applied
to eliminate such requirement [6—10]. In addition to this approach, artificial neural network (ANN) approach could
as well be implemented to eliminate the effect of such transformation factors on measurements of electromagnetic
properties of materials [11].

ANN approach is utilized in many diverse applications in recent studies [11-15]. In a recent study, we also
implemented for the first time in the literature the ANN approach for electromagnetic property extraction of a
special type of samples (bianisotropic materials) [16]. These materials have various properties including dissimilar
forward and backward reflection properties and broaden transmission spectra [17]. However, this study [16]
requires precise knowledge of sample thickness before starting to its electromagnetic property analysis. In this
study, we present some preliminary results of ANN-based electromagnetic property extraction of bianisotropic
materials without requiring the information of sample thickness.

2 MATERIAL AND METHOD
2.1 Problem Formulation
Fig. 1 illustrates a schematic view of a reflection-asymmetric bianisotropic material with length L located into a

measurement cell with length Lg = Loz + L + Log. It is positioned with no symmetry in the cell. In other words, Loz
# Lo2. Here, Lo1 and Lo the reference plane transformation distances.
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