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The effectiveness of digital communication in enhancing awareness and tourism
culture among university students.

Abdelgadir .F. A.Ali

FACULTY OF TOURISM AND ARCHAEOLOGY, OMAR AL-MUKHTAR UNIVERSITY

Abdelgadir.ali@omu.edu.ly

Abstract

The objective of this study was to shed light on and understand the role of digital communication
applications in promoting tourism awareness and the level of this awareness among university students.
The study was conducted using a descriptive analytical approach, relying on previous theoretical studies
to clarify this role, as well as the analytical aspect where a random sample was chosen from the study
population represented by students of humanities and social sciences at Omar Al-Mukhtar University,
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estimated at 194 individuals. A questionnaire was used as the main tool for data collection. The study
reached a number of results, the most important of which are: digital communication applications are
considered a main and important source of tourist information, as well as actively contributing to the
tourism promotion process and improving the perceived tourist image among tourists. They are also one
of the key means of promoting tourism awareness.

Keywords: Tourism, tourism awareness, tourism culture, digital communication applications.
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Abstract

The

seed is an essential element in plant production as it has a very significant impact on the success and

failure of natural regeneration of plants. This research was carried out in the laboratory of the Department of

Horticulture,

Faculty of Agriculture - Omar Al-Mukhtar University in Al-Bayda during the study season (2022-

2023). This study aimed to investigate the effect of applying some treatments on the germination of Delonix regia

poinciana see

ds belonging to the Fabaceae family. Under the conditions of this experiment, four treatments were

used, namely (soaking in boiling water for 10 minutes / soaking in 50% sulfuric acid H2So4 for 10 minutes /
mechanical scarification treatment only/ while the control treatment was limited to soaking in plain water) and

testing its eff
its effect on

Keywords:

fect on the germination percentage% after (20, 40, 60 days) of planting the seeds, as well as studying
some vegetative characteristics after 90 days of planting

Poinciana seeds, boiling water, sulfuric acid, Mechanical scratching.
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Given the importance of university faculty members in achieving the university's goals, and
the disparity in the quantitative and qualitative value in achieving these goals among them; it is
necessary for them to be subject to and work on improving the quality of university education and
developing it by increasing the effectiveness of the study performance and performing the roles
expected of them at the lowest cost in its interventions, processes and outputs through optimal
investment of available material and human services; On the other hand, the focus, in most of the
literature, was on clarifying how to use modern teaching strategies in education in a way that actually
leads to achieving the objectives set for the subject, whether cognitive, emotional or skill-based,
Using the descriptive analytical approach and through designing and evaluating the study tool - the
questionnaire - the study community was determined as faculty members at the Faculty of Islamic
Economics and Administration "Sayyid Bin Ali Al-Sanusi University - Al-Bayda City - Libya - in
order to achieve the following objectives:

* ldentifying the extent to which faculty members employ modern teaching
skills at the Faculty of Islamic Economics and Administration, Muhammad
Bin Ali Islamic University.

» Detecting obstacles in the strategies of modern teaching methods for faculty
members at Muhammad Bin Ali Islamic University.

» Providing recommendations regarding the necessary teaching skills "Raising
professional efficiency through specialized training programs in teaching
methods for faculty members - other than educators - Faculty of Islamic
Economics and Administration, Muhammad Bin Ali Al-Sanusi Islamic
University in light of the results of the current study.

The study provided recommendations, the most important of which are: Adding practical field
teaching to apply modern teaching strategies to faculty members.

Keywords: Modern teaching strategies, Faculty members, Obstacles to university education
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ABSTRACT

This study aims to investigate the effects of gamma radiation on some various lamp types while they
are operating in active power mode. The gamma radiation can degrade electronic devices, and understanding
its influence on the lamp's functionality is critical for applications in high-radiation environments. This
research quantifies the radiation resistance thresholds of incandescent, fluorescent, and other lamps. The
objectives are to determine the gamma radiation levels lamps can withstand before exhibiting performance
declines, identify the physical and chemical changes in the lamp components caused by radiation exposure,

and develop strategies to enhance lamp radiation hardness. The methodology utilizes controlled radiation

sources Co-60, to expose lamps to increasing dosages while monitoring electrical and photometric
parameters. Moreover, materials analysis and integrity assessments will also be conducted. Quantitative
performance data will be used to identify vulnerable lamp components and correlations between design factors
and radiation resistance. The findings will help guide the development of lighting solutions tailored for high-
reliability operation in the presence of gamma radiation. LED bulbs exhibited remarkable resilience to gamma
exposure. Only a 5% reduction in luminance was noted at 100 kGy, indicating a high level of radiation
hardness. The comparison illustrates that LED bulbs maintain performance closest to control samples,
followed by incandescent bulbs. CFLs and OLED panels are more susceptible to gamma radiation-induced

degradation.

Keywords: gamma radiation effects, radiation hardness, lamp resistance, lighting reliability, high-radiation

environments
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INTRODUCTION
Background

The ubiquity of electronic devices in modern life has led to their widespread adoption in
diverse environments, including those with high levels of ionizing radiation (NCRP, 2009). Gamma
radiation poses a particular threat to electronics as it can induce performance degradation or complete
failure through its interactions with device materials and components (Richardson, 1986 &
Jahinuzzaman , 2015). Lamps are integral parts of electronic systems across many sectors such as
healthcare, aerospace, defense, and nuclear industries. However, the impact of gamma radiation on
lamp operation and longevity is not thoroughly documented, especially when lamps are powered on
and illuminating. This knowledge gap needs to be addressed given the criticality of lighting in
applications where exposure to gamma radiation is inevitable.
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Problem Statement

Lamps employed in high gamma radiation environments are susceptible to reduced functionality,
unpredictable performance declines, and premature breakdowns (Javan. et al, 2014).

The radiation resistance thresholds of different lamp varieties have not been conclusively
characterized. Elucidating the precise effects of gamma rays on illuminated lamps and quantifying
their radiation hardness can inform the development of specialized lighting solutions with enhanced
reliability in radloactlve surroundlngs (Saleh et aI 2015) Moreover gmdellnes for the strategic
deploymer ] ] eptibility can be
formulat

2. To determine the failure radiation dosages that permanently damage the lamps' ability to
operate within manufacturer specifications (Xapsos, et al, 2009).

0 evaluate the physical and chemical changes induced in the constituent materials and
components of each lamp variety by gamma rays (Zanella. et al, 2012).

4. To propose design adaptations and material substitutions to enhance lamp radiation hardness
based on their failure modalities (MIL-STD, 2011).

Significance and Implications

This research will further the understanding of gamma radiation interactions with powered lamp
systems. The performance data can point towards the most suitable lamps for deployment in high-
gamma installations based on radiation tolerance thresholds (Schrimpf. et al, 2017). The findings will
also guide materials selection and design optimizations to engineer rugged, long-lasting lamps for
critical lighting needs in radioactive areas (Wijewarnasuriya et al, 2015). Radiation-hardened lamps
can enable safer and more productive human operations in gamma-rich environments spanning
healthcare, space exploration, defense, and nuclear power (Chen. et al, 2015).

Materials and Methods

This part provides details on the materials, experimental methods, and procedures employed to
evaluate the impact of gamma radiation on illuminated lamps.

Materials
Precise Sample Preparation and Material Selection:

This study encompasses conventional as well as state-of-the-art lighting technologies spanning
different materials, designs, and operating principles. Four common lamp varieties were selected as
test samples:

SJST Vol.06 No 01 2024 50



Investigation of Gamma Radiation Effects on the Resistance of Some Types of Lamps in Active Power Mode Elgade & Abdallah

e Incandescent bulbs (60W)

o Compact fluorescent lamps (14W)
o LED bulbs (9W)

e OLED panels (10W)

Ten samples of each lamp type were procured from commercial suppliers for the experiments. In
this experimental setup, four types of lamps were selected to evaluate the precise effects of radiation
on their performance and durability, with carefully chosen types featuring varied characteristics.
These include incandescent bulbs (60W) with a metal filament sensitive to heat, which may
experience resistance changes due to radiation effects; Compact Fluorescent Lamps (CFL) (14W),
containing ionized mercury gas and a ballast region known to be sensitive to radiation, potentially
exhibiting degradation in efficiency and structural integrity of the phosphor coating. LED lamps
(9W), relying on semiconductor technology with high radiation resistance, offer stable performance
under high doses, while OLED panels (10W), consisting of thin organic layers susceptible to chemical
changes under radiation, allow for chemical degradation analysis. Initial values such as brightness,
voltage, and color were carefully measured and recorded to serve as clear reference points for
subsequent changes. For preparation, all samples were carefully wired and secured to ensure stable
operational conditions during testing, guaranteeing consistent conditions for reliable performance
measurement.

Gamma Radiation Source and Shielded Exposure Cell Design:

To deliver high, prolonged radiation doses, a 5000 Curie Cobalt-60 source was utilized. This
source’s intense gamma emission provides deep material penetration, enabling analysis of internal
structural and chemical effects on the lamps. A highly shielded Gamma cell was constructed to
optimize dose distribution and safety, comprising multiple layers for maximum radiation protection.
The cell includes a5 cm outer lead layer to absorb the primary radiation, followed by a 1 cm cadmium
layer to provide an additional radiation barrier, and a 0.5 cm aluminum layer for further structural
stability and complete containment. A 10 cm lead-reinforced glass observation window was
incorporated for safe monitoring during irradiation without external radiation leakage. The internal
sample layout within the cell was meticulously arranged, with each lamp mounted at specific intervals
to ensure uniform exposure.

Laboratory methods:
Custom Fixture Design and Power Integration:

Firstly; Specially crafted radiation-resistant fixtures were manufactured to securely hold each
type of lamp during the experiment, ensuring their stability and resilience under high-intensity
radiation. Each fixture was equipped with thermal and radiation sensors positioned strategically to
capture real-time temperature and radiation changes throughout the experiment. Regarding power
integration, specialized radiation-resistant wiring and sockets were selected to provide each lamp with
the specified current and voltage for active mode. Power fixtures were equipped with programmable
power control systems that maintain stable current flow throughout the test, ensuring accurate
operation per manufacturer specifications. Additionally, smart timers were programmed to control
the on/off cycles automatically, providing maximum flexibility for switching without manual
intervention and capturing immediate radiation-induced changes.
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Radiation Dose Distribution and Precision Monitoring:

Secondly; High-precision, pre-calibrated dosimeters were placed next to each lamp inside the
cell to ensure precise recording of received doses. The doses were programmed to start at 5 kilo gray
(kGy) and incrementally increase in 5 kGy steps, reaching up to 100 kGy. This incremental exposure
allows for gradual monitoring of changes along the radiation spectrum. The dosimeters were
connected to a centralized monitoring system, providing real-time data on each lamp’s cumulative
dose, ensuring adherence to the specified dose levels and maintaining uniform dose distribution. The
integrated monitoring system allows for real-time adjustments, providing superior control and

preventin
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g undesirable overdoses.
ode Testing: Lamp Operation During Radiation Exposure

his mode, lamps were powered and operated during radiation exposure, creating a suitable
ent for observing dynamic changes in electrical properties such as resistance and voltage
iation influence. Each lamp was run according to its standard specifications, allowing the
2cts of radiation on the internal components to be studied, especially for incandescent bulbs
to show increased resistance due to radiation-induced ionization. Electronic analysis devices
ched to each lamp to monitor real-time changes in resistance and thermal fluctuations,
n-situ observation of voltage and current variations under continuous radiation conditions.
e mode also allows for monitoring immediate responses to radiation-induced changes, such
1ess reduction or thermal shifts, providing essential data on each lamp type’s response to
S exposure.

ment of Operational Characteristics

y photometric and electrical parameters were continuously measured to quantify the
| performance of the lamps during and after irradiation. This included luminance,
ce, color temperature, current draw, and output power. For studying the effects of gamma
on lamps and measuring performance, several equations related to illumination, resistance,
r consumption are relevant. Here are some equations that could apply in this context:

Electrical Resistance of Lamps:

R—V 1
_I(

)

R: resistance (ohms), V: voltage (volts), I: current (amperes).

The resistance may change due to gamma radiation, which can deteriorate the materials of the lamp,
altering the required current or voltage.

Change

in Luminance: To monitor changes in lamp brightness, the percentage change in

luminance can be calculated as follows:

ALYG = (

Linirinl_ Lz’rrﬁdz’ﬁra) w 1["](2]

inirinl

Linitiai: luminance level before radiation exposure.

Lirradiated: luminance level after radiation exposure.
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Radiation Dose and Performance Effect: When measuring radiation doses (such as in kilo
grays), the effect of dose on performance can be evaluated. Assuming lamp performance degrades
linearly with dose, we might have a simple relationship as follows:

P=P,— K xD(3)
Where Po: initial performance before radiation exposure ; D: radiation dose.

k: degradation constant, representing the lamp’s sensitivity to radiation.

Power Consumption:

Power consumption can be calculated using the equation:
P=VxI(4)

Where P: power consumed (watts).

Post-Irradiation Analyses

After each exposure trial, the lamps were removed from the gamma cell and underwent the
following analyses:

o Visual Inspection: Damage observation under magnification
o Optical Microscopy: Imaging internal structure
e FTIR Spectroscopy: Chemical changes
e SEM Imaging: Surface morphology
Control Samples

A set of four control samples for each lamp type did not receive any radiation exposure. The
controls provided baseline measurements to distinguish the effects of gamma irradiation on the test
lamps.

Data Processing

The operational measurements, dosimetry readings, thermal data, and materials analyses results
were collated, tabulated, and processed using statistical software to determine radiation damage
thresholds and failure points across the different lamp varieties. Where multiple safety measures were
instituted—such as dosimeter badges, lead shielding, and zone demarcations—to minimize
occupational radiation exposure throughout the testing.

Results and Discussion:

The results are divided into sections detailing the photometric and electrical parameter
measurements, post-irradiation analyses, and a comparison with control samples.

Photometric and Electrical Parameter Measurements:

Incandescent Bulbs:
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The incandescent bulbs showed a steady decline in luminance with increased gamma exposure.
The most notable change was observed after 50 kGy, with a 25% reduction in luminance, increasing
to 40% at 100 kGy. The current draw remained stable up to 50 kGy, then increased slightly,
suggesting filament deterioration.

Table 1: Incandescent Bulb Performance

Exposure (kGy)  Luminance Change (%)  Current Change (%)  Color Temp Shift (K)

0 0 0 0
25 -10 +1 +15
50 -25 +2 +20
75 -35 +3 +25
100 -40 +5 +30
40
30
20
10
0
10 0 25 50 75 100
-20
-30
-40
-50
== | uminance Change (%) Current Change (%) Color Temp Shift (K)

Fig. 1. Exposure effect on incandescent bulb performance.

Compact Fluorescent Lamps (CFLSs)

CFLs demonstrated significant sensitivity to gamma radiation. A 20% drop in luminance was
recorded at 25 kGy, and by 75 kGy, the lamps failed to illuminate. The current draw spiked at 50
kGy, indicating damage to the ballast.
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Table 2: CFL Performance

Exposure (kGy)  Luminance Change (%) Current Change (%)  Color Temp Shift (K)

0 0 0 0
25 -20 +10 +40
50 =50 +20 +80
75 -100 (failure) +30 N/A
100 N/A N/A N/A
100
80
60
40
20
0
0 25 50 75 100
-20
-40
-60
== | uminance Change (%) Current Change (%) Color Temp Shift (K)

Fig. 2. Exposure effect on CFL Performance.
LED Bulbs

LED bulbs exhibited remarkable resilience to gamma exposure. Only a 5% reduction in
luminance was noted at 100 kGy. The current draw and color temperature showed negligible
fluctuations, indicating a high level of radiation hardness.

Table 3: LED Bulb Performance

Exposure (kGy)  Luminance Change (%) Current Change (%)  Color Temp Shift (K)

0 0 0 0
25 -1 0 +5
50 -2 0 +10
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75 -3 0 +15
100 -5 0 +20
OLED Panels

The OLED panels began to show a decline in luminance at 25 kGy, with a significant 30%
reduction at 100 kGy. The current draw decreased, indicating reduced efficiency, and a slight red

shift in color temperature was observed.
Table 4: OLED Panel Performance
Exposure (kGy)  Luminance Change (%) Current Change (%) Color Temp Shift (K)
0 0 0 0

25 -15 -2 +30

50 -20 -3 +45

75 -25 -4 +60

100 -30 -5 +75
100
80
60
40
20
0

o\ 50 75 100
-20
-40
== | uminance Change (%) Current Change (%) Color Temp Shift (K)

Fig. 4. Exposure effect on OLED Panels

Post-Irradiation Analyses:

Visual and Microscopic Inspection:
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All lamps except for the LEDs showed some form of visual and microscopic changes post-
irradiation.

Table 5: Visual and Microscopic Inspection Summary

Lamp Type Visual Changes Microscopic Changes
Incandescent Glass blackening, filament distortion Filament surface irregularities
CFL Phosphor discoloration, ballast deformation Cracks in phosphor coating
LED None observed None observed
OLED Edge delamination Organic layer deterioration

Spectroscopic and Surface Morphology Analyses:

Spectroscopic analysis revealed chemical alterations in the CFL and OLED samples, while surface
morphology changes were detected in all lamp types except LEDs.

Table 6: Spectroscopic and SEM Analysis Summary

Type FTIR Changes SEM Changes
Incandescent None Filament thinning and breakage
CFL Ballast component breakdown Phosphor layer degradation
LED None None
OLED Organic material degradation Delamination and organic film breakdown

Comparison with Control Samples:
Control samples provided baseline data for comparison. Deviations in performance and material

integrity between the irradiated and control samples demonstrate the impact of gamma radiation.

Table 7: Comparison with Control Samples

Lamp Type Luminance Change (%) Current Change (%) Color Temp Shift (K)
Incandescent Control 0 0 0
Incandescent Irradiated -40 +5 +30
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CFL Control 0 0 0
CFL Irradiated -100 (failure) +30 N/A
LED Control 0 0 0
LED Irradiated -5 0 +20
OLED Control 0 0 0
OLED Irradiated -30 -5 +75

The comparison illustrates that LED bulbs maintain performance closest to control samples,
followed by incandescent bulbs. CFLs and OLED panels are more susceptible to gamma radiation-
induced degradation.

Failure Roint Analysis

Identifying the gamma exposure levels at which lamps failed to meet their operational
specifications provides critical data for defining radiation hardness.

Table 8: Failure Point Analysis:

Lamp Type Failure Point (kGy) Failure Mode
Incandescent >100 Luminance reduction, filament breakage
CFL 75 Complete failure to illuminate
LED >100 Minimal luminance reduction
OLED 75 Significant luminance reduction

LED bulbs did not reach a failure point within the tested exposure range, showcasing their
suitability for high-radiation environments.

Statistical Analysis:

The data was processed using statistical software to determine the significance of degradation
across lamp types. ANOVA tests confirmed that the effects of gamma radiation on lamp
performance were statistically significant (p < 0.05).

Table 9: ANOVA Test Results for Lamp Performance

Source SS df MS F p-value

SJST Vol.06 No 01 2024 58



Investigation of Gamma Radiation Effects on the Resistance of Some Types of Lamps in Active Power Mode Elgade & Abdallah

Lamp Type 215.34 3 71.78 29.87 <0.001
Gamma Exposure 1320.88 4 330.22 137.59 <0.001
Interaction 102.56 12 8.55 3.56 0.0002
Residual 144.22 60 2.40
Total 1782.99 79

Since

the p value for lamps and radiation exposure is less than 0.05, there is a difference in the

effect of radiation on lamp types; this means the interaction term indicates that the effect of gamma

exposure

on lamp performance is dependent on the lamp type.

Safety Precautions and Dissymmetry:

Throu
that radia

ghout the experimental trials, safety was paramount. Dosimeter badge readings confirmed
tion exposure to personnel was kept within safe limits.

Table 10: Dosimeter Badge Readings for Personnel Safety

Test Day Dosimeter Reading (uSv) Safety Threshold (uSv)
Day 1 1.0 50
Day 2 0.8 50
Day 3 0.9 50
Day 4 0.7 50
Day 5 11 50
Discussion:

The current research findings on the resilience of various lamps to gamma radiation align with and
extend knowledge from previous studies. Previous literature has indicated that solid-state lighting,
such as LEDs, tends to be more resistant to radiation compared to traditional lighting technologies
(Wijewarnasuriya. et al, 2015). This is consistent with our results, which demonstrate a minimal

decline in

LED performance, even at high gamma exposure levels (Table 3). The robustness of LEDs

under gamma irradiation can be attributed to the absence of filaments and the stability of the

semicond

uctor materials from which they are made (Chen. et al, 2015). Furthermore, the present

study's observation of negligible changes in LED color temperature and current draw has also been
supported by similar findings in the literature (Zanella. et al, 2012).
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Incandescent bulbs, while less durable than LEDs when exposed to gamma radiation, showed a
degree of resistance, with a notable drop in luminance observed only beyond 50 kGy (Table 1). This
finding contrasts with some earlier studies that suggested a more significant vulnerability of
incandescents to radiation due to filament degradation (Javan. et al, 2014). However, the current
study's detailed analysis revealed that the change in current draw was slight, suggesting that while the
filament does deteriorate, it remains functional up to relatively high doses.

3 W ast radia istant among the
tested lamp types. They showed significant performance decline at doses as low as 25 kGy and
complete failure at 75 kGy (Table 2). Previous studies have reported similar sensitivity in CFLs when
exposed to ionizing radiation, primarily due to the damage in the electronic ballasts and the
degradation of phosphor materials (Xapsos. et al, 2009). Our study's use of FTIR spectroscopy and
SEM imaging to investigate chemical and surface morphology changes corroborates these findings
and provides a more detailed understanding of the degradation mechanisms (Table 6).

Organic Light-Emitting Diode (OLED) panels, while a modern lighting solution, displayed a
considerable decrease in luminance with increased gamma exposure, with a 30% reduction by 100
kGy (Table 4). This is somewhat in line with earlier research, which has suggested that the organic
materials in OLEDs are prone to radiation-induced chemical changes, leading to performance
degradation (Jahinuzzaman. et al, 2015). The changes observed in OLED panels through FTIR
spectroscopy and SEM imaging (Table 6) confirm the vulnerability of the organic compounds to
gamma radiation.

Conclusion:

The present study enhances understanding of the degradation mechanisms in different lamp
types due to gamma radiation. The incandescent bulbs' filament deterioration (Chen. et al, 2015) is
evidenced by the increased current draw at higher doses, which indicates a reduction in filament
resistance typically due to thinning or partial melting (Table 1). For CFLs, the susceptibility is linked
to both the phosphor coating and electronic components. The increase in current draw and the
subsequent complete failure of illumination can be attributed to the breakdown of electronic circuits
within the ballast (Richardson, 1986).

LEDs' resilience is noteworthy and can be largely attributed to the stability and durability of
their semiconductor materials (Saleh & Weller., 2015). Unlike other lamp types, the lack of
significant chemical or physical changes to the LED components under gamma radiation (Table 3)
suggests that LEDs are a suitable choice for lighting in high-radiation environments.

For OLED panels, the degradation is primarily due to the organic nature of their light-emitting
materials. The radiation-induced chemical changes observed in the FTIR spectra (Table 6) align with
the hypothesis that gamma rays break down the organic compounds, impacting the electroluminescent
efficiency (IEC TR, 2014).

SJST Vol.06 No 01 2024 60



Investigation of Gamma Radiation Effects on the Resistance of Some Types of Lamps in Active Power Mode Elgade & Abdallah

For

CFLs, the vulnerability of the ballast components to radiation suggests that redesigning

these lamps for radiation-prone environments may necessitate the development of more robust
electronic controls (IEEE, 2004). As for OLEDs, the challenge lies in the inherent sensitivity of
organic materials to gamma radiation; hence, the search for more stable organic compounds or
protective encapsulation techniques should be a priority (NCRP, 2009).

The

experimental results conclusively demonstrate the varying levels of gamma radiation

resistance among different lamp types. LED bulbs exhibit superior resistance, suggesting their

potential

for use in high-radiation environments. Incandescent bulbs, while not as robust as LEDs,

also show a level of resilience. In contrast, CFLs and OLED panels are less resistant to gamma

radiation,
types.

with notable performance degradation and failure at lower doses compared to other lamp

These findings have significant implications for the strategic deployment of lighting solutions
in environments with potential gamma radiation exposure. Further research may focus on the
development of specialized lamps with enhanced radiation hardness, as well as the exploration of

additiona

protective measures for existing lamp technologies.

Recommendations:

The
lamps in
performa
indicates

findings of this study have important implications for the design and material selection of
tended for use in environments with high levels of gamma radiation. The superior
nce of LEDs suggests that they should be favored in such settings. However, the study also
that there is room for improvement in incandescent bulb design, perhaps by using more

radiation-resistant filaments or by incorporating shielding materials to protect the filament (MIL-
STD, 2011).

Future studies could expand upon these findings by exploring the long-term effects of lower-

dose radi
radiation.

ation exposure on lamp performance, as well as the operational impacts of other types of
Additionally, research into the recovery of lamps post-irradiation and the potential for self-

healing materials could provide further enhancements to lamp longevity and reliability in challenging

operation
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ABSTRACT

Background: The ABO and Rh blood group antigens are the most predominantly used blood group
antigens in clinical services and are utilized to shun transfusion reactiveness and maternal mortalities. The
present study aims to determine the frequency and distribution of ABO and Rh (D) in the two cities in
northeastern Libya, EL-Marj and Al-Bayda and make a comparison between the two cities according to
characteristics of blood groups in each one.

Methods: A retrospective study was carried out at the blood banks of two cities in the northeastern of
Libya EL-Marj and Al-Bayda by studying all records of the last years, and making comparisons between the
two cities. it collected information about 24823 donors from records of blood banks in both cities.

Result: the number of the donors that have been studied is 24823 donors. It shows the year 2021 has
more frequency for donors 9358 (37.7%). The most frequent ABO blood groups were O, then A (36.4%) and
(29.7%), respectively, whereas, the smallest frequent one was AB (8.9 %). As for the rhesus factor, the Rh-
positive comprised (84.9%) and the Rh-negative (15.1%) of donors.

Conclusions: The current study deduces that the most common blood group is O and the least common is
AB among the blood donors at Al-Bayda and EL-Marj cities in Libya. Concerning the Rh blood group
system, the Rh-positive donor's proportion was 84.9% and the Rh-negative was 15.1%.

Keywords: Blood group, ABO, Rhesus factor, Blood bank
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INTRODUCTION

Blood is the most important body fluid, that is liable for the conveyance of victuals, hormones,
and enzymes all over the body (Tesfaye, et al. 2015). It consists of two parts one is a fluid called
plasma and another is cells called blood cells (red blood cells (RBC), white blood cells (WBC), and
platelets). Concerning the cells, the RBC consists of a cell membrane containing many antigens that
are produced from glycolipids and glycoproteins. Predicated on the surface RBC antigens, more than
100 blood group systems have been recognized. nevertheless, the ABO and Rh blood group antigens
are the most predominantly used blood group antigens in clinical services and are utilized to shun
transfusion reactiveness and maternal mortalities (Singh , et al. 2018).

The ABO blood groups were the initial human blood group system that was disclosed by Karl
Landsteiner in 1901 (Garratty, et al. 2000). Then after that, Landsteiner and Wiener recognized the
rhesus factor of the blood group in 1941 (Rahman , et al. 2004). It has been demonstrated that both
these two systems are the chief, for blood transfusion purposes (Garg, et al. 2014).

Detection of the ABO blood group system freed the way to unearths in the field of
immunohematology, blood transfusion among people, unmatched pregnancy, forensics, physiology,
and the uncovering of else blood group systems (Jolly, 2000).

The ABO blood group scheme is split into four blood sorts depending on the existence or not of
A and B surface antigens. The blood groups are A, B, O and AB. ABO blood group system is
significant for the reason that A and B are vigorously antigenic and anti-A and anti-B are in a natural
manner happening antibodies present in the serum of persons missing the corresponding antigen.
These antibodies are able to bring out intravascular hemolysis in the event of mismatched transfusion
(Harmening, 2018).
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Rh antigens are very immunogenic. Out of 49 Rh antigens specified until now, the D antigen is
the primary. D-negative individuals yield anti-D if they encounter the D antigen during transfer or
conceiving which leads to hemolytic transfusion reaction or hemolytic illness of the embryo and
neonatal. On behalf of this reason, the Rh condition is monotonously estimated for blood donors,
transfusion receivers, and maternal care (Dean , 2005).

Besides their importance in blood transmission practice, the ABO and Rh blood groups are
beneficial in medical research, population inherited investigations, studying population migration
patterns as well as analyzing particular medicolegal matters, especially moot parenthood cases (Khan,
etal., 2004).

Anyone from mankind has the same blood group systems; despite that they vary in the prevalence
rates of certain types. The incidence of ABO and Rh groups differs obviously in dissimilar ethnicities,
racial groups, and socio-economic assemblies in various regions of the globe (Garg, et al. 2014). The
ABO and Rh groups distribution varies among different regions and races of the world. Blood group
A was the most frequent in Japan, while in India, B had the highest frequency, concerning blood
group O was the predominant blood group in other peoples such as Chinese, Africans, and Americans.
A study by Biruk Legese, in Ethiopia showed that blood group O was the predominant and was
followed by A, B, and AB and most of the blood donors’ blood groups were Rh-positive
(91.5%)(Legese, et al. 2021).

Sanjay Kumar Thakur, and et al (2022) conducted a study in India, which showed that the highest
proportion of blood group was B+Ve and the lowest proportion of AB-Ve (Thakur, et al. 2023),
Another study carried out in Saudi Arabia by Salwa Hindawi and others in 2023 demonstrates that
the highest frequency of one of the blood groups was B (47.3%) (Hindawi, et al., 2023), As well, a
study was performed in Australia to determine the prevalence of the blood groups and found that O
was the highest one (Hirani, et al., 2022).

The cognition of the spread of ABO and Rh blood groups in the community is cardinal for the
administration of blood bank storage. It is substantial to have knowledge of the distribution of blood
groups in any community. So the present study was designed for the aim to determine the frequency
and distribution of ABO and Rh (D) in the two cities in northeastern Libya EL-Marj and Al-Bayda
and make a comparison between the two cities according to characteristics of blood groups in each
one.

Methodology

Materials and methods:

The present retrospective study was carried out at the blood banks of two cities in northeastern
Libya EL-Marj and Al-Bayda by studying all records of the last years in (EL-Marj 2018, 2019, 2021,
and 2022) and (Al-Bayda from 2018 to 2022) and it had been obtained all information about the type
of blood group, gender and date of donation to determine the most spread blood group and make
comparison between the two cities. It collected information about 24823 donors from records of blood
banks in both cities.

Statistical analysis:

All data collected have been entered into the software package SPSS version 21 was used to
perform the statistical analysis, make tables, and draw figures.
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Ethical approval

The study did not require a review board approval. Because this study does not involve any
risk to participants and the participant's name is anonymous (no need to write the participant's name).
Furthermore, all the data have already been obtained from the participants in a cooperative way.

RESULTS

The present study considered a comprehensive study about the situation of distribution of
ABO and Rh factor blood groups in northeastern Libya because, we have taken data about all donors,
which came to blood banks in the last five years (from 2018 to 2022) in two cities (Al-Bayda and EL-
Marj) which are considered from large cities in the northeastern of Libya, where was the number of
the donors which have been studied 24823 donors (participants or subjects of the study), to identify
and study how the distribution of blood grouping between people in this region. In the beginning, as
can be seen in Table (1), it appears that the year 2021 has more frequency for donors 9358 (37.7%)

Table 1: Distribution of blood donors in (Al-Bayda and EL-Marj) according to each year of the years of study

Parameter frequency percent
2018 3221 13.0
2019 3563 14.4
ng;a"t‘zgze 2020 1351 5.4
2021 9358 37.7
2022 7330 205
Total 24823 100.0

Observable thing, when it had been looked at Table 2 that the most frequent ABO blood
groups were O then A (36.4%) and (29.7%), respectively, whereas, the smallest frequent one was AB
(8.9 %).

Table 2: Distribution of types ABO blood group for all the donors

Parameter frequency percent
A 7371 29.7
AB 2202 8.9
Blood group type B 6216 25.0
) 9034 36.4
Total 24823 100.0

As for the rhesus factor, the Rh-positive comprised (84.9%) and the Rh-negative (15.1%) of
donors as shown in Table 3.

Table 3: Distribution of the blood donors in accordance with the Rh factor

Parameter frequency percent
Rhuses factor neg:?lt-lve 3738 15.1
positive 21085 84.9
Total 24823 100.0

As regards the distribution in terms of gender the vast majority were male with 98.6%.
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Table 4: Distribution of the blood donors in consonance with gender

Parameter frequency percent
female 354 1.4
The Gender
male 24468 98.6
Total 24823 100.0

Although we did not obtain statistics on the number of donors in the city of El-Marj
in 2020, the number of donors there is more than in the city of Al-Bayda, and Figure 1 shows this.

Name of city  frequency percent
- Al-Bayda 11030 44.4%
Figure 1 : Distribution of the blood donors according to the city EL-Marj 13793 55.6%

The following tables show the comparison between the two cities of the study to obtain
some differences if there are any, this comparison has been in terms of many aspects such as the
distribution of donors in both cities concerning the type of blood group, Rh-factors, gender, and
year of donation to recognize any variances.

Table 5 : Comparison between Al-Bayda& EL-Marj cities according to results of each year

The City
The parameter Al-Bayda EL-Marj P value
Frequency Percent Frequency Percent

2018 2435 22.1 786 5.7 0.000
2019 2323 211 1240 9.0 0.000

'::fﬁ ';z;: 2020 1351 122 -- -- 0.000
2021 2072 18.8 7286 52.8 0.000
2022 2849 25.8 4481 32.5 0.000
Total 11030 100.0 13793 100.0
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Concerning differences between the two cities in the type of blood group Table 5 illustrates
that blood group O is a more frequent blood group in Al-Bayda and EL-Marj) 33.3 %, and 38.8%,
respectively, but there are differences, where B blood group is the second highest blood group
32.9% in Al-Bayda, while in EL-Marj city with few percentages of 18.6 % and comes in the third
rank.

Table 6: Comparison between the two cities according to ABO blood group

The City
The parameter Al-Bayda EL-Marj P value
Frequency Percent Frequency Percent
A 2766 25.1 4605 334 0.000
Blood group AB 955 8.7 1247 9.0 0.000
B 3632 32.9 2584 18.7 0.000
@) 3677 33.3 5357 38.8 0.000
Total 11030 100.0 13793 100.0
Table 7: Comparison between the two cities according to Rhesus-factor
The City
The parameter Al-Bayda EL-Marj P value
Frequency Percent Frequency Percent
Rhuses negative 978 8.9 2760 20.0 0.000
factor positive 10052 91.1 11033 80.0 0.000
Total 11030 100.0 13793 100.0

Table 8: Comparison between the two cities according to the distribution of Rh antigens per blood group among

donors
The City
parameters Al-Bayda EL-Marj
Rhuses factor Rhuses factor
i . Total X " Total
negative positive negative  positive
A 197 2569 2766 895 3710 4605
Si}% AB 102 853 955 241 1006 1247
group B 213 3419 3632 548 2036 2584
0] 466 3211 3677 1076 4281 5357
Total 978 10052 11030 2760 11033 13793
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Figure 2: Comparison between the two cities according to ABO blood group
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Figure 3: Comparison between the two cities according to the year of donation
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DISSCUSION

The present study identified how the way of the prevalence of ABO and Rh factors amongst
blood donors in northeastern Libya in the Al-Bayda and EL-Marj cities. The prevailing blood group
in this study was type O and the lowest spreading was AB. These findings are consistent with a study
in Tanzania, which likewise demonstrated the preponderant group to be O and the least frequent to
be AB (Jahanpour, et al. 2017). A similar study carried out in Al-Bayda city in October 2016 by
Kawakeb A.O.Saad concluded the same findings where blood group O was unearthed to be the
uttermost common type (30 %), succeeded by groups A (26%), while AB group was the least (Saad,
2016).

While in Another study conducted in India demonstrated that the extremely popular blood
group was B (32.07%) and the least common being AB (10.53%). Blood group ‘O’ and ‘A’ had the
same frequency (Garg, et al. 2014).

Furthermore, this study corroborated that Rh+ positive has the highest proportion of 84.9%,
whilst Rh- negative has the lowest percentage frequency of 15.1%, these findings go with Kawakeb's
study which was mentioned before where RH positive was 84 % donors and Rh negative was 16%.

CONCLUSION

The current study deduces that the most common blood group is O and the least common is
AB among the blood donors at Al-Bayda and EL-Marj cities in Libya. Blood group A (29.7%)
occupies second place beyond O, followed by blood group B(25%). Concerning the Rh blood group
system, the Rh-positive donor's proportion was 84.9% and the Rh-negative was 15.1%.
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LIMITATIONS

We faced some halts in conducting this study such as the data of blood donors at EImarj Blood

Bank in 2020 was not available because of the blood bank move from the old site to the new place so
didn't document any information about blood donation that year, in despite that, the new independent
establishment has improvement in the services for blood donation in the city. Other else, the the
majority of donors were male and very few females because some physiological condition makes
female blood donation very small, based on that, if anyone studies blood group and its relation to
gender, he should perform a survey and take random samples that must be equal.
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ABSTRACT

a dose-
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growth,
calcula

This study explores the inhibitory effects of thapsigargin on the growth of Saccharomyces cerevisiae. Utilizing
response approach, we evaluated the antifungal efficacy of thapsigargin at concentrations ranging from 0.1

to 5 mg/mL, incubated over 2 and 4 days. Results demonstrated a significant dose-dependent inhibition of yeast
with maximum inhibition observed at 5 mg/mL after 4 days. Specifically, the percentage inhibition was

ed as 63% compared to the control groups, which included ethyl acetate and sterile water. The findings indicate

that thapsigargin exerts potent antifungal effects on S. cerevisiae, with potential implications for food safety and
fermentation processes. This research fills existing gaps in the literature regarding the effects of plant-derived
compounds on beneficial yeast species, contributing valuable insights into natural antifungal strategies. The results
underscore the significance of Thapsia garganica as a viable candidate for further exploration in antifungal
applications, particularly in the context of food preservation and biotechnological processes.

Keywords: Thapsigargin, Thapsia garganica, Saccharomyces cerevisiae, Antifungal efficacy, Dose-response.
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INTRODUCTION

Thapsia garganica, commonly referred to as the "deadly carrot” due to its high toxicity to
livestock such as sheep and cattle, has been associated with various medicinal applications alongside
its toxic effects (Smitt et al., 1995). The toxic compound thapsigargin (Tg) is present in several parts
of the T. garganica plant. According to Abderrahim et al. (2013), Tg was first isolated by Christensen
and colleagues in 1978 as a skin irritant. The complete structure and absolute configuration of
thapsigargin were subsequently established in 1984 (Christensen, Norup, & Rasmussen, 1984).

Historically, the resin derived from the roots and fruits of T. garganica has been utilized in
traditional medicine to treat a range of ailments, including pulmonary diseases, female infertility,
catarrh, fever, and rheumatism (Andersen et al., 2015). Recent phytochemical investigations have
identified sesquiterpene lactones in Thapsia garganica, highlighting thapsigargin's potential for
therapeutic applications and antifungal studies (Li et al., 2020).

While existing research predominantly addresses the anticancer and antimicrobial properties
of thapsigargin (Alilou & Akssira, 2021; Li et al., 2020), there are notable gaps in the literature
regarding its effects on non-pathogenic yeast, specifically Saccharomyces cerevisiae.

Saccharomyces cerevisiae, commonly known as baker's or brewer's yeast, is a unicellular
fungus that has played a crucial role in food production for centuries. This yeast is primarily employed
in baking, brewing, and winemaking, where it ferments sugars to produce carbon dioxide and alcohol
(Parapouli et al., 2020). As a model organism in molecular and cellular biology, S. cerevisiae provides
valuable insights into eukaryotic cell functions, genetics, and metabolic pathways, making it a favored
choice for a variety of scientific studies (\Vanderwaeren et al., 2022).

Despite its recognized benefits, there are instances where inhibiting the growth of S. cerevisiae
is desirable. Contamination by unwanted strains can lead to spoilage in food products, adversely
affecting flavor and quality, particularly in fermented beverages (Bokulich et al., 2013). Additionally,
controlling yeast growth is critical in biotechnological applications for optimizing fermentation
processes and studying yeast metabolism (Arevalo-Villena et al., 2017).

Moreover, while S. cerevisiae is generally recognized as safe, it can pose risks for
immunocompromised individuals, potentially leading to opportunistic infections (Goldstein &
McCusker, 2001). Inhibiting the growth of S. cerevisiae may also serve as a strategic approach in
bioengineering and synthetic biology applications, where precise control over metabolic pathways is
essential for producing desired metabolites (Schindler, 2020).
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As the food industry seeks to mitigate spoilage and contamination risks, understanding the

dose-response relationship of thapsigargin in yeast cultures is particularly relevant. However, this

relatio

nship has not been extensively characterized, with limited studies exploring how varying

concentrations of thapsigargin influence yeast growth and viability over time. This study aims to

addres

s this gap by systematically investigating the inhibitory effects of thapsigargin on the growth

of Saccharomyces cerevisiae, focusing on dose-response correlations over defined incubation
periods. The specific objectives of this study include:

i. Eval
detern

ii. Un
thapsi
iii. Pr
food [
antifur

: inst S. cerevisiae by
ining growth inhibition at various concentrations and time points.

derstanding Mechanisms: Elucidating the mechanisms underlying the antifungal activity of
jargin in yeast, contributing to a deeper understanding of its action and potential applications.

oviding Practical Insights: Offering insights into the potential applications of thapsigargin in
yreservation and antifungal treatments, thereby supporting the industry's need for natural
1gal alternatives.

Table 1. List of Materials and Equipment

Material Supplier Concentration/Purity
Thapsigargin Sigma-Aldrich 5 mg/mL (stock)
Ethyl Acetate Sigma-Aldrich 99.8% purity

Potato Dextrose Agar (PDA)  Thermo Fisher Scientific -

Potato Dextrose Broth (PDB)  Thermo Fisher Scientific -

Saccharomyces cerevisiae L.  University of Salford, UK -

Eppendorf Tubes (1.5 mL) Eppendorf -
Sterile Pipette Tips Thermo Fisher Scientific -
Pipettes (1-1000 pL) Eppendorf -
Incubator Thermo Scientific Adjustable to 23°C
Shaker (for liquid cultures)  New Brunswick Scientific Gentle shaking
METHODOLOGY

Thapsigargin Preparation
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To investigate the effect of thapsigargin on Saccharomyces cerevisiae, a stock solution of
thapsigargin was prepared at a concentration of 5 mg/mL, dissolved in ethyl acetate. Serial dilutions
were performed on the stock to create working solutions at concentrations ranging from 0.1 mg/mL
to 5 mg/mL, covering a gradient that allowed for observation of dose-dependent responses in yeast
growth. These working solutions were stored in sterile, labeled containers and used within 24 hours
to ensure consistency and minimize degradation.

Yeast Culture Preparation

Saccharomyces cerevisiae L. cultures were sourced from the Alun Hughes Laboratory at the
University of Salford, UK. Initial cultures were maintained on PDA plates to ensure strain purity and
viability. The cultures were incubated at 23°C for 48 hours to allow colonies to grow under optimal
conditions, promoting reliable colony formation for subsequent inoculation in a liquid medium.
Colonies formed during this phase were used as a basis for liquid culture establishment, providing a
consistent and viable inoculum for experimental procedures.

Preparation of Yeast Liquid Cultures

Following the growth of colonies on PDA plates, a single colony of Saccharomyces cerevisiae
was carefully selected and transferred into 5 mL of PDB medium in a sterile environment. This
inoculated broth was incubated at 23°C with gentle shaking at 120 rpm for 48 hours. The purpose of
this incubation was to ensure that yeast cells were evenly distributed and in a growth phase suitable
for testing. This preparation allowed a controlled cell concentration, which was essential for ensuring
the reproducibility and accuracy of the experimental setup.

Experimental Setup for Thapsigargin Testing

For the testing phase, each experimental setup involved sterile 1.5 mL tubes containing 100 pL
of PDB medium. Each tube was inoculated with 1 uL of the S. cerevisiae liquid culture, establishing
the baseline growth environment for the yeast. Three conditions were tested:

1) Treatment samples containing 1 pL of thapsigargin at various concentrations

2) Solvent control with 1 pL of ethyl acetate (the solvent for thapsigargin)

3) A negative control with 1 pL of sterile water.
Each condition was prepared in duplicate to confirm consistency across trials and allow for statistical
validation of the results.

Incubation and Monitoring

After the addition of the treatment or control solutions, the tubes were incubated at 23°C for
periods of 2 and 4 days to assess both short-term and longer-term responses to thapsigargin.
Following each incubation period, cultures were subjected to serial dilutions to achieve appropriate
colony densities on agar plates. Dilutions were performed by transferring 100 uL of the culture into
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900 pL of sterile medium for a 1:10 dilution, which was further diluted to 1:100 and 1:1000 as needed
to reach countable colony numbers.

Plating and Colony Counting

From each of the three diluted samples, 100 puL was plated onto fresh Potato Dextrose Agar
(PDA) plates in duplicate to ensure reliable measurement. The plates were incubated at 23°C for 4
days to facilitate observable colony formation. After the incubation period, colonies were manually
counted on plates that exhibited between 20 and 100 colonies, following established best practices
for colony quantification. This approach allowed for the evaluation of thapsigargin's inhibitory effects
on Saccharomyces cerevisiae growth across the tested concentrations. Additionally, one photograph
of each agar plate was taken at the end of the incubation period to visually document the yeast colony
growth and the impact of the different thapsigargin concentrations.

Repetitions and Replicates

The experiment was repeated on three separate occasions, and the average colony count
was taken from these replicates. Additionally, each treatment condition (thapsigargin, solvent, and
water control) was run in duplicate within each experimental setup to allow for technical consistency.
This dual approach of biological and technical replicates ensured the reproducibility and reliability
of the observed growth patterns.

Data Analysis: Inhibition Percentage Calculation

The inhibition percentage of S. cerevisiae growth was calculated by comparing colony counts
from the thapsigargin treatments to those from the ethyl acetate control. The following formula was
used to calculate inhibition:

Cell Count with Treatment

x 100
Cell Count with Control (Ethyl Acetate))

Inhibition percentage = (1 =

Positive inhibition values indicated a reduction in growth compared to the ethyl acetate
control, while negative values, where colony counts exceeded control levels, indicated enhanced
growth in response to thapsigargin. This analysis allowed for the quantification of thapsigargin's
impact on yeast proliferation across a concentration gradient.

RESULTS

Dose-Dependent Growth Inhibition of Saccharomyces cerevisiae by Thapsigargin at 2 and 4
Days

The inhibitory effect of thapsigargin on Saccharomyces cerevisiae was assessed at both 2 and
4 days of incubation. Results indicate that thapsigargin's inhibitory effect increases with concentration
and time, with higher concentrations leading to more substantial inhibition across both time points.
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Colony counts and inhibition percentages, compared to the ethyl acetate control, are presented in
Table 2.

At 2 days, minimal inhibition was observed at 0.1 mg/mL, with inhibition becoming more
pronounced at 1 mg/mL and reaching substantial levels at 5 mg/mL. At 4 days, inhibition percentages
increased across all concentrations, highlighting a cumulative effect of thapsigargin over time.

Table 2. Colony Counts and Growth Inhibition of S. cerevisiae by Thapsigargin at 2 and 4 Days

Colony Count at 2 Inhibition at 2 Colony Count at 4 Inhibition at 4

Treatment Days (Mean + SD) Days (%) Days (Mean + SD) Days (%)
Water Control 110+5 -4.8 102 +4 -7.4
Etth Acetate 105 + 4 0 95+ 3 0

Control
Thapsigargin 0.1 97+ 6 76 85+ 5 10.5

mg/mL
Thapsigargin 1 7747 26.7 70+ 6 26.3

mg/mL
Thapsigargin 5 39 +5 62.9 35+ 4 63.2

mg/mL

Figure 1. Dose-Dependent Inhibition of Saccharomyces cerevisiae Growth on PDA Plates at 4 Days. Photographs
depict the growth of S. cerevisiae colonies treated with three different concentrations of thapsigargin.

a) Thapsigargin at 0.1 mg/mL, showing minimal inhibition
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b) Thapsigargin at 1 mg/mL, demonstrating moderate inhibition.

¢) Thapsigargin at 5 mg/mL, showing substantial growth inhibition.

Figure 2. Dose-Dependent Inhibition Curve of Saccharomyces cerevisiae Growth in Response to Thapsigargin
Treatment at 2 and 4 Days
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The graph shows the inhibition percentages of S. cerevisiae colony formation at thapsigargin
concentrations of 0.1, 1, and 5 mg/mL after both 2 days and 4 days of incubation. Inhibition
percentages are calculated relative to the ethyl acetate control, demonstrating increased inhibition
with higher concentrations and prolonged incubation.

DISCUSSION

This study explores the inhibitory effects of thapsigargin from Thapsia garganica on the
growth of Saccharomyces cerevisiae. The observed dose-dependent inhibition, particularly the
significant growth reduction, aligns with previous findings that demonstrate the antifungal properties
of various plant-derived compounds (Alilou & Akssira, 2021). This research adds to this by
suggesting a similar potential for growth inhibition in yeast, although the precise mechanisms in S.
cerevisiae warrant further investigation.

Strengths and Limitations

One of the strengths of this study lies in its systematic approach to assessing the antifungal
activity of thapsigargin through various concentrations and incubation times. The use of both ethyl
acetate and sterile water as controls enhances the robustness of our findings by providing a clear
baseline for comparison. However, a limitation of the study is the lack of exploration into the
mechanisms of action behind the observed inhibition. Understanding how thapsigargin interacts with
S. cerevisiae at the molecular level would provide deeper insights into its antifungal properties and
broaden the potential applications in food safety and preservation.

Additionally, while this study contributes valuable data regarding the antifungal potential of
Thapsia garganica, the sample size and conditions were limited to specific concentrations and
incubation periods. Future studies should explore a wider range of concentrations, varying
environmental conditions, and include more replicates to strengthen the findings and ensure their
applicability in diverse settings.
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Future Implications

The implications of this research are significant for both academic and industrial applications.
Given the rising concern over antifungal resistance in both clinical and agricultural contexts, Thapsia
garganica may serve as a novel source of antifungal agents that could complement existing
treatments. Future research should focus on elucidating the mechanisms by which thapsigargin affects
yeast growth and exploring the synergy between thapsigargin and other antifungal agents.

CONCLUSION

C yces cerevisiae growth
by thpS|garg|n Wlth hlgher concentratlons S|gn|f|cantly suppressmg colony formation. At a
concentration of 5 mg/mL, thapsigargin inhibited growth by approximately 63%, while at 0.1 mg/mL,
inhibition was only 10.5%, close to the natural variance observed in untreated samples. This trend
suggests that thapsigargin's antifungal activity against S. cerevisiae is concentration-dependent,
aligning with findings from similar studies where thapsigargin demonstrated potent effects at higher
concentrations but minimal impact at lower doses.

The ethyl acetate control inclusion validated that observed inhibition was due to thapsigargin
and not its solvent, as yeast growth in the ethyl acetate control closely mirrored the water baseline,
with negligible inhibition. This verification underscores the specificity of thapsigargin's inhibitory
effects on S. cerevisiae.
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ABSTRACT

Optical fiber communications are a critical infrastructure for modern data transmission, providing high
throughput and exceptional reliability over long distances. However, the integrity of the transmitted data remains
vulnerable to distortion, which increase the bit-error-rate (BER). This effectively arises due to the increased dispersion
resulted by the increase in the bit rate. Several correction codes have been developed to avercome this limitation, such
as Manchester, Reed-Solomon, and Reed-Muller, however most of them suffer from significant drawbacks including
high complexity, power consumption, and suboptimal error correction capabilities. The low density parity check
(LDPC) code has been introduced as an effective coding technique to overcome the aforementioned limitation due to its
attractive features, such as iterative decoding and parallel processing. This paper aims to verify the effectiveness of the
LDPC code by applying it side by side with other codes designed for the same purpose on an OFDM/QAM-based
optical communications system and comparing the performance. The performance is examined based on BER and
constraints using Optisystem software. The results confirmed the superiority of the LDPC code as it shows lower BER,
which contributes to increasing the transmission distance.

Keywords: Data Integrity, Error Correction Codes, Reed-Solomon codes, Manchester Codes, LDPC Codes.
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INTRODUCTION

Despite the remarkable development that fiber-optic technology has added to the field of
communications, which is the possibility of transmitting at high speeds over long distances,
transmission using optical systems is not completely free of errors that may result from some common
problems, such as scattering, dispersion, and attenuation (Kao & Hockham, 1966). Considering the
literature, several correction codes almed to reduce errors have been proposed such as Turbo codes,

eed-Mulle errou et al, 1993).

1999). What distinguishes LDPC is its sparse matrix, which reflects the ease of the algorithms used
in correction process (Richardson, 2001). Integrating LDPC codes into optical communications
brings several distinct advantages. For example, compared to Manchester and Reed- Solomon codes,
LDPC codes have the ability of iterative decoding due to the sparse matrix construction, which leads
to increased efficiency and reduced power consumption. In addition, LDPC codes are characterized
by its great ability for adaptation, which makes it suitable for working in a variety of environments.
Moreover, LPDC codes show great performance albeit with very noisy channels, especially optical
channels. Considering the increasing demand for faster and more reliable optical communication
systems, the potential of LDPC codes cannot be overstated. These features can contribute to creating
an optical communication environment capable of including new and advanced services. The research
stages related to LDPC codes witnessed multiple steps, starting with laying the foundation for the
theoretical concept by Robert Gallager in 1962 (Gallager, 1992) until reaching the stage of
implementation as a practical solution.

LITERATURE REVIEW

The research interval of LDPC codes has witnessed many pivotal studies, starting with the
foundations mounted by Robert Gallager in 1962 (Gallager, 1992). Fundamentally and effectively,
Gallager has contributed to promote to the LDPC codes as an effective error-correcting solution
especially in optical communications, as he successfully demonstrated the codes’ ability to approach
the Shannon limit. In doing so, Gallager has opened the door to more ambitious researches.
Researchers in (MacKay, 1997) have practically proven the effectiveness of the LDPC codes in
detecting and correcting errors, which effectively contributed to moving it from the theoretical
environment to being used as an effective tool that ensures data integrity. In order to reach a fair
evaluation, specifically in terms of complexity researchers in (Johnson & Weller, 2010) have
confirmed the superiority of the LDPC codes by comparing it with the Manchester code. Further
comparison was made with the Reed-solomon, which confirmed the superiority of the LDPC codes
especially for random detection capabilities in optical fiber communication (Lee & Park, 2016). The
feature of flexible adaptation of LDPC has been exploited by researchers in (Zhang Q et al, 2019).
They developed a modified LDPC structure that shows the capability to improve tolerance to phase
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noise and the nonlinearities in fiber-optic channels. Researchers in (Liu et al, 2020) went to examine
the LDPC codes correction capabilities at high-speed optical transmission, specifically at 400 Gpbs.
the results showed a significant improvement in the BER, which strongly nominate LDPC codes for
future optical fiber communications. Researchers in (Gupta et al, 2021) went to examine the
performance of optical systems using LDPC codes with advanced modulation techniques. Although
these methods requires coherent detection processes, they led to increase capacity and exhibited a
good resistance to channel impairments. In another context, researchers in (Peterson et al, 2022) have
developed a hardware-efficient LDPC decoder capable of reducing power consumption and
increasing the decoding speed. In a distinguished study (Zhang L, 2022), machine learning techniques
were comblned to the LDPC codes The resuIt was a detectlon system capable of adapting to changes

. Research 3 ged in the security
Issues of the optical networks In thls context, they mtroduced a form of highly secured optical
network based on the termed quantum- resistant LDPC codes. This diversity of research somehow
confirms the importance of the LDPC codes in the field of optical communications, thus the
possibility of its use as an effective tool in the next generations of optical communications networks.

CONTRIBUTION

In this paper, the authors seek to validate the effectiveness of the LDPC code in the field of
optical communications by applying it side by side with other codes (Reed-Solomon codes, and
Manchester codes) designed for the same purpose, that is to limit the dispersion effect, hence increase
data integrity, using an OFDM/QAM-based optical communications system and comparing the
performance. The performance is examined based on bit-error-rate constraints.

SIMULATION SETUP

Figure 1 describes the simulation setup. The data stream is first encoded by LDPC code. To
be mapped to a sequence of symbols, data is modulated using BPSK or QAM. Data then undergoes
OFDM modulation process which includes serial-to-parallel conversion, adding cyclic prefix,
applying the Inverse Fast Fourier Transform (IFFT). Data then undergoes parallel-to-serial
conversion before being optically modulated using Mach-Zhender (MZ) modulator. Finally, the data
is transmitted over the fiber optic channel. At the receiving side, data is converted from the optical
domain to the electrical domain using PIN photo detector. Then it undergoes an OFDM demodulation
process including serial-to-parallel conversion, removing cyclic prefix, applying the Fast Fourier
Transform (FFT), and performing parallel-to-serial conversion. Finally, data is converted back to its
original form after being demodulated and decoded using QAM demodulator and LDPC decoder,
respectively. The above mentioned steps are performed using LDPC codes, Reed-Solomon codes,
and Manchester codes. Table 1 lists the key parameters used in the simulation.

()]
s [ : S B P
F / F /
F ¢ F
T S P T S
Optical Fiber
Mz
OFDM Modulator OFDM
1 t Output
B:tua Encoder ModulatorHModulator @ emodulato emodulato Deeeler Data

PIN

Optical
Photodetector

Figure 1. Schematic representation of the simulation setup
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Table 1: Parameters used in the simulation.

System parameter Parameter value
Modulation QAM
Sample time 0.05*107° sec
Bandwidth 20 MHZ

Number of pilot subcarrier 4
LDPC rate 1/2, 3/4
Power source 10dBm
Attenuation (SMF) 0.2 dB/km
Dispersion (SMF) 16.75 ps/nm/km
Thermal noise 1.8x10%
Responsivity 1A/W
Dispersion slop (SMF) 0.075 ps/nm?/km
Dark current 10 Na
Shot noise Active

RESULTS AND DISCUSSIONS

T

his section reviews and discusses the obtained results to validate the effectiveness of the

LDPC code in optical fiber communications. A comparison will be made with other well-known
codes. The comparison will be conducted using the same bit rate (10 Gbps) to come up with a fair
judgment. Figure 2 shows the relationship between BER and distance using different codes (LDPC,
Reed-Solomon, and Manchester codes). The first and second curves in blue and red representing the
LDPC codes using (N = 1024, K = 2048), and (N = 128, K = 256), respectively. The curve in green
belongs to the Manchester codes has matched exactly to the green curve. The curve is in purple

belongs

to the Reed-Solomon codes has matched exactly to the yellow curve that representing

performance when no error correction is employed. Both don’t reflect any satisfying results.
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Figure 2. BER versus distance using different codes (LDPC, Reed-Solomon, and Manchester codes)

ooking at the curves, it is clearly evident that the LDPC code is the most superior. The
improvement in performance increases with the increase of N and K. This gives an indication that the
increase in the amount of processed data leads to improve the detection capabilities, as both N and K
represent the number of rows and columns in the parity check matrix, i.e., the information, and the
parity check bits that are added to detect and correct errors. However, an increase in the parity check
bits would lead to consume a part of the actual bit-rate. In Figure 3, simulation was run using

dispersion compensator.
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Figure 3. BER versus distance at different codes (LDPC, Reed-Solomon, and Manchester codes) using dispersion
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The curve in blue belongs to Reed-Solomon did not give any satisfactory results. It exactly
has matched the curve in red which represents performance when no error correction is employed.
The curve in purple belongs to Manchester codes shows much better performance compared to the
case in Figure 2. By observing all the curves, one can obviously notes the superiority of the LDPC
codes. As in Figure 3, in Figure 4 simulation was run using dispersion compensator and amplifier.
Looking at Figure 4, it can be concluded that performance can be improved with the use of Reed-

Solomon codes aNsMission is cc 8 carriers & ilots
0 -
-200
-400
—+—RS(255,239) 128
& subcarrier with DCF
& 600
o
-
800 RS (225,239) WITH
DCF
-1000 ¢ * ¢ * ¢
-1200 Distance(km)
Distance (km)
Figure 4. BER versus distance at Reed-Solomon codes using different subcarriers.
CONCLUSIONS

The results showed that the LDPC code gives positive results albeit without using
compensators compared to other counterpart codes, which confirms its superiority. The results also
showed the poor performance of the Reed-Solomon codes, even with the use of compensation
process, compared to the acceptable performance that have been exhibited by the Manchester codes
under the same condition. Overall, the results confirmed the superiority of the LDPC code due to the
low error rate it shows. A worth-mentioning point is that with the LDPC the increase in the amount
of processed data leads to improve the detection capabilities. However, the increase in the processed
data would lead to consume a part of the actual bit-rate because the amount of parity check bits also
increases.
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