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Technical and Vocational Education in Libya and ways to develop it to meet
the needs of the labor market.

Hoda Omar Omran

Department of Educational Planning and Administration, College of Education, University of
Derna, Libya

Corresponding Author: hudaomaromran@gmail.com

Abstract

The study aimed to analyze the reality of technical and technological education in Libya and ways to develop
it to meet the needs of the labor market. The study also attempted to shed light on technical, technological,
and vocational education institutions and the neglect, deteriorating services, and negative phenomena they
suffer from, which have negatively affected the decline in the level of education in Libya. This has led to a
decrease in the quality of outputs and the inability to utilize them in economic development. Therefore, it is
necessary to identify the obstacles and difficulties facing technical and vocational education, to provide an
accurate and realistic assessment of its needs, resources, and capabilities, and to work on developing a
general framework for a realistic and implementable plan in light of the available resources. Overcoming the
various problems in technical and vocational education also requires decision-makers to increase attention to
this aspect and allocate resources and incentives so that technical and vocational education can attain the
necessary status to participate in serving comprehensive development in Libya.

Keywords: Economic Development, Labor Market, Libya, Technical and VVocational Education
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‘Abstract
In this

study, the importance of the mechanical and electrical properties of high-carbon steel

was highlighted due to its wide industrial applications. The aim of the research was to investigate the
effect of heat treatment at the austenitization temperature on the hardness and electrical conductivity of
high-carbon steel. To achieve this, six samples of high-carbon steel were heat-treated using an electric
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furnace at a

temperature of 950°C, followed by cooling using different methods. Hardness and

electrical conductivity tests were conducted on the samples before and after heat treatment. The results

showed a sign
martensite du
annealing coo

ificant impact of the heat treatment, with an increase in hardness due to the formation of
ring water quenching, and a noticeable improvement in electrical conductivity with
ling.

Keywords: Heat treatments, austenite, electrical conductivity, carbon.
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Abstract

The aim of this study was to track the changes (dynamics) that occur in nitrogen (N),
phosphorus (P)and potassium (K) during stages of decomposition of fallen brown needle litter
of Aleppo pine trees (Pinus halepensis Mill) growing in the Green Mountain region — Libya. To
achieve this goal ,the Aki technique was followed( bag technique in three locations 800, 600,
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Ll / padY)

Jeall A8haia B (Pinus halepensis Mill) csiad) s siall Jlasy Auidl 43,0 (&)%) Jlad JYA (o Sl 403800 jualind) AiSalin

and 400 meters above sea level,(800) Sidi EI Hamri Forest, (600) Ain Al- Hofrah, (400)
Mansoura Sanatorium) and the experiment began in the fall and continued until the spring the

results of this

study, which were in the direction of previous studies and confirmed those

studies, indicate that in the first of days of the process, decomposition is the occurrence of a
leaching process for the macronutrients N, P and K estimated in this research, followed by an

accumulation
the amount of

stage, (Accumulation) and that the initial concentration of these nutrients affected
lost concentrations and accumulated in the Aleppo pine residues, and the fertility

of the site also affected the quality of the fallen brown needle leaves and their response , the rate
of decomposition varied depending on the location where the fortification was carried out ,it was

shown that the
therefore, this
storehouse of

Keywords:
brown needle

2se remains are an important store of nitrogen and phosphorus, potassium,
layer of fallen remains of forest tree must be preserved, which is considered a
nutrients and determinant of growth in those forests and their sustainability.

Aleppo pine, AlGabal Alakhdar, Libya , Nitrogen, Phosphorus, Potassium,
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The study aimed to identify the degree of using social media to identify and access tourist sites
and destinations by students of the Faculties of Tourism and Archaeology at the Universities of Tobruk,
Omar Al-Mukhtar, and Al-Jafara, and the Higher Institute of Tourism and Hospitality in Benghazi.

The questionnaire forms were distributed, and 147 valid questionnaires were obtained for
analysis using the statistical package program (SPSS-26) to analyze the study data and reach accurate
scientific results. The descriptive approach was relied upon to describe the phenomenon accurately.

The results of the study showed that the level of use of social media to access tourist sites and
destinations by students of colleges and higher tourism institutes is noticeably high, meaning that social
media contributes to promoting tourist sites and destinations, with no statistically significant
differences between the average responses of participants to their use of social media to learn about
tourist sites and destinations and access them that can be attributed to gender and academic stage.

While there were statistically significant differences attributed to the university variable, one of
the study's most important recommendations was to develop organized electronic plans by the state to
promote tourist sites and destinations, in addition to developing an appropriate strategy by the Libyan
Ministry of Tourism to maintain a balance in attracting social media users to the tourist destinations
they wish to visit.

Keywords: social media, tourism promotion, tourist destination, tourist sites.
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Abstract

The feasibility of kibbled carob in the diet of Nile tilapia was evaluated in an 8-week feeding trial. four
isonitrogenous and isocaloric diets with including kibbled carob (0, 2, 4, and 6%), 180 fish of initial
weight 3.43+0.13 g were divided into 4 groups with triplicate, each replicate 15 fish. the Final weight,

weight gain. s

pecific growth rate and survival rate were not significantly different between all the

groups. food conversion rate was significantly reduced at 2% kibbled carob inclusion compared to

anther groups.

fish moisture content, crude lipid and fiber were not significantly different between all

experimental treatments. the protein significantly increased in fish fed 4% kibbled carob while crude
ash significantly decreased in fish fed 2% kibbled carob The levels of triglycerides and cholesterol in
the blood showed a significant decreased with the increase inclusion of kibbled carob in the
experimental diets. Based on the results of the current study, it can be concluded that introducing

kibbled carob

as an effective non-traditional feed material in designing tilapia diets up to 4% of diet

without any harmful effects on the performance and general health of the fish.

Keywords: kibbled carob, Tilapia, Growth, body composition.
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ABSTRACT

During the first decade of the twenty-first century, significant advancements were made
in machine measurement engineering, design, and control. Signal processing and the study of
its characteristics serve as fundamental pillars in numerous scientific disciplines, particularly
in applied sciences such as engineering, science, computer science, and space science etc.
Frequency is a crucial factor influencing the characteristics and shape of signals. Frequency
plays a crucial role in determining the characteristics and shape of signals, making its
measurement essential in numerous industrial and research contexts.

This paper aims to design and simulate a frequency measurement system for analogue
signals. The frequency measurement range extends from 1Hz to 65khz, with an error rate of
approximately 0.1% for frequencies exceeding 60KHz Based on developed board IDE, of the
PIC16F84 microcontroller, the control function and frequency calculation of the input signal
are designed and implemented. The analogue signal to be measured is converted into a pulsed
signal with the same frequency across two circuits, respectively. The first filter circuit isolates
and removes all DC components of the signal, while the second circuit is a zero-crossing
circuit (ZCD) for generating a pulsed signal with the same frequency as the original signal.
The output of the second circuit serves as an input to the microcontroller. The C programming
language is utilized for the development panel of the controller. Results are displayed on an
LCD screen connected to the control panel, demonstrating the system's efficacy in accurately
measuring frequency. The findings indicate that the proposed frequency measurement system
is reliable and effective for a wide range of applications in both industrial and scientific
research.

Keywords: PIC16F84 microcontroller, Frequency, LCD, C programming language, IDE.
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INTRODUCTION

The Conventional frequency meters can be constructed using standard hardware
circuit combinations. However, this approach involves an extended development period and a
complex debugging process. Furthermore, due to the interference among electronic
components, which adversely affects accuracy, and the disadvantage of substantial size,
traditional frequency meters no longer meet contemporary requirements. In contemporary
practice, frequency meters are typically constructed utilizing Field-Programmable Gate
Arrays (FPGASs), microcontrollers, and a series of integrated circuits (ICs) (Zheng, 2022). In
the present days, numerous methods exist for measuring the frequency. Ordinarily used
methods encompass interpolation and cursor method (Zhi-Wen et al., 2012), precision
frequency measurement method, frequency difference multiplication method (Yang, 2012),
phase comparison method (Du et al., 2018) , direct frequency measurement method and
period measurement method(Su et al. 2017). Nevertheless, the initial approaches have certain
limitations. The interpolation and cursor techniques, designed for analogue circuits, introduce
complexity and instability to circuit design. The frequency difference approach, primarily
utilized for assessing frequency stability, exhibits poor resistance to interference. While the
equal precision frequency measurement method offers high accuracy and swift operation, it
predominantly relies on programmable logic devices (PLD), necessitating more intricate
programming. Frequency accuracy and stability measurements typically rely on the phase
comparison technique, with the precision of these measurements being limited by the
constraints of the hardware equipment.

The objective of this paper is to develop a device for measuring sinusoidal signal frequencies
using the direct frequency measurement technique, specifically implemented on the
PIC16F84A microcontroller. This microcontroller is recognized for its robust capabilities and
ease of customization, making it an ideal choice for this application. The direct frequency
measurement approach is employed to enhance the accuracy and efficiency of frequency
detection. The signals are typically processed through advanced filtering techniques and zero-
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crossing circuitry to certify that the signal amplitude conforms to the TTL input specifications
of the microcontroller.

System Architecture

Sinusoidal signals are normally passed through a filter and a zero-crossing circuitry to
formulate the signal amplitude compatible with TTL input of microcontrollers. The frequency
and period of the resultant pulse train are then measured by the microcontroller. The internal
timer of the crystal-based microcontrollers provides reasonably accurate results. The display
normally consists of LCD device interfaced to one of the ports on the microcontroller.

LCD displav

I

Zero cross circuit —»| Microcontroller

|

\ 4

Y

signal filter

Figure 1. block diagram a frequency meter

1. Microcontroller

According to data sheet (Microchip Technology Inc. 1996-2013, n.d.), The PIC16F8X is a
group in the PIC16CXX family of low-cost, high performance, CMOS, fully-static, 8-bit
microcontrollers. It utilizes an advanced RISC architecture. PIC16F84 devices possess
enhanced core features, an eight-level deep stack, and multiple internal and external interrupt
sources. The separate instruction and data buses of the Harvard architecture facilitate a 14-bit
wide instruction word with a distinct 8-bit wide data bus. Furthermore, a substantial register
set is employed to achieve a high level of performance. In addition, it incorporates up to 68
bytes of RAM, 64 bytes of Data EEPROM memory, and it contains input and output Ports
which involve 13 1/O pins. A timer/counter is also integrated. In Figure (2), A PIC16F84
Microcontroller is shown.

RA2 =— [ |1 — 18 [ | =— RA1
RA3 =—= []| 2 17 [ | =— RAO
RA4TOCKI —=— [| 3 16 [ | =— OSCL/CLEKIN
MCLR — [ | 4 16134 15 [ | — oOscxCLKOUT
Ves —= [ | 5 14 [ | =—— “oo
RBOINT -— [ | 6 13 [ | =— RB7
RBl1L =— [ | 7 12 || =—= RB6
RB2 =— [ | 8 11 [ ] =—= RBS
RB3 =—= [ | o 10 ] =—= RB4

Figure 2. PIC16F84 Microcontroller (Microchip Technology Inc. 1996-2013, n.d.).
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2. Filter Circuit

A Passive RC filters attenuate undesired signals by selectively allowing the passage of
sinusoidal input signals based on their frequency, with the most basic configuration being a
passive low-pass filter network. In low-frequency applications (up to 100kHz), passive filters
are typically constructed using simple RC (Resistor-Capacitor) networks. These filters lack
amplifying elements and consequently do not provide signal gain; therefore, their output level
is invariably lower than the input (‘Passive Low Pass Filter’, n.d.).

Channel A Channel B Channel C Channel D
V/Div 1.00 v 1.00 v 5.00 vV 5.00 vV
Offset -200.00 mV 0.00 Vv -20.00 V -60.00 V
invert Normal Normal Normal Normal
Coupling DC AC ofr ofr

Figure 3. Input/Output signal of ZCD
3. Zero Cross Circuit Detector (ZCD)

The zero cross circuit detector (ZCD) involves integrated circuit LM358 and transistor
2N2222 (‘Zero Crossing Detection Circuits Examples, Applications and simulations’, n.d.).
The circuit generates an output signal equivalent to the incoming analogue signal, maintaining
the same frequency with logical values (1-0) (Irmak et al. 2011). The circuit output is
connected to the RA4 pin of the PIC16F84 microcontroller. Figure (3) shows the
Sinusoidal input and pulse output signal of ZCD.

4. Liquid Crystal Display (LCD)

LCD is an electronic presentation module which produces a visible image by utilizing
liquid crystal. It displays characters, numbers and special characters. Resolution 16x2
character display (16-character columns and 2-character rows). Character size Approximately
5x7 dot matrix. Operating voltage 5V. (Supports common TTL levels) (Mark Palmer, n.d.).

5. Push Button Switch

The push button switch is a kind of switch that comprises of a basic electrical technique or
an air switch technique to turn on or off (Farnell, n.d.).
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6. Software Design

The Proteus Design Suite is an Electronic Design Automation (EDA) software utilized
primarily by electronic design engineers for designing schematics and electronic prints for
manufacturing printed circuit boards (Arif et al., 2024). In this proposed system, the software
is employed for schematic design, and microcontroller simulation.

The system was simulated on the PIC16F84 development board. The program is written in C
language in IAR Workbench IDE. The IAR Workbench IDE (integrated development
environment) is a professional IDE for PIC, including a C/C++ compiler, the code analysis
tools C-STAT and C-RUN, and the C-SPY debugger (Mohammed et al. 2021).
DESIGN METHODOLOGY

The direct frequency measurement means that the number of alterations in unit time.
thus, the F,. In order to measure F, , the “t” is set to the reference.
Generally, “t” is assumed T,. The pulses number of the signal is counted in the T, time, which
the number is N,.

A
v

T¢

Reference Signal

vessreasgra— JULLULULUUULTIITTUNL

‘<—Nx—>

Figure 4a. Direct Frequency Measurement Method (Su et al., 2017).

If the counter starts counting, the measured signal is generating N, pulses in T, Time.
The frequency of the measured signal would be:

FE, = Ny x F¢

In the system, T is set to 1 second to make the count equals the measured frequency.
By using the timer flow interrupt, the microcontroller can calculate the interrupt number in the
delay time. The formula is shown as following:

Frequency = 256x% timer_flow_interrupt + TMRO

Counting the number of interrupts

< [
< »

v

Figure 4b. Direct Frequency Measurement
Method(Su et al.. 2017)
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The output of a ZCD is connected to PORTA pin 4 of PIC16F84 microcontroller, which the
reason is the only one timer/counter that is RA4. This method of frequency measurement
depends on the counter mode of TMRO, thereby achieving count of interrupt number. The
PIC16F84 has one 8-bit prescaled timer/counter. In counter mode, the TMRO is incremented
either on rising or on falling edge of pin RA4/TOCKL. I configured the counter mode, thereby

count the number of interrupts in the delay time.

Table 1.Registers Values

Register Value
OPTION 0x20
INTCON 0xa0

v

Initialize PORTA,

Save the rising edge hnumber
and calculate the frequency

TIMRO/COUNTER, and LCD

v

Count the rising edge
number <

NO

Y
Display on LCD16L

END

Figure 5. Flowchart of the Program

Results

LCD displays the frequency value that is measured through calculation of the

function. Data of the experiment are presented in the following table:

Table 2. Data of experiment

The input Analogue Measured frequency
signal frequency [Hz] [Hz]
1 1
10 10
100 100
1000 1000
10000 10002
20000 20007
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30000 30017
40000 40030
50000 50046
60000 60066
65000 65078
66000 460
Discussions
The findings presented in Table 2 indicate that at low frequenues speC|f|caIIy within

the range of 1 H - 3 3 . observed
that the errors associated with frequency measurement tend to increase as the frequency of the
incoming signal rises. Notably, when the frequency surpasses 65 kHz, the frequency meter
displays inaccurate values. This discrepancy can be attributed to insufficient delay time
during the measurement process. While the underlying principles of frequency measurement
are reasonable, the inherent uncertainty in the interrupt response time of the microcontroller
introduces potential for error.

The microcontroller tasked with executing multiple interrupt commands, which leads
to impulse errors and further compromise the accuracy of the frequency readings (Wei.C et al.
2006). Thus, improvements in delay time and interrupt handling are necessary to enhance
measurement precision at higher frequencies.

Conclusion

The paper has been successfully presented an effective measurement system. In This
system the analogue signal is converted to a pulse signal and connected to the microcontroller
via two electronic circuits. Frequency meter has been tested from 1 Hz to 65kHz by using an
approach of counting interrupt number. The system is designed using Programmable
Integrated Circuit PIC16F84 microcontroller. The results demonstrated that the system
performs well enough to meet the anticipated requirements.
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ABSTRACT

1 recent decades, human activities have increasingly negatively impacted the environment, driven by factors
such as globalization and intensifying competition. In response, a modern approach to Human Resource Management
(HRM), known as Green Human Resource Management (GHRM), has emerged. GHRM aims to integrate eco-friendly
practices into organizational operations while maintaining business competitiveness. This study contributes to the
existing body of knowledge by exploring the impact of GHRM on service quality within small and medium-sized
enterprises (SMEs) in Tripoli, Libya. A quantitative research methodology was adopted, with data collected through a
survey administered to a randomly selected sample of 100 employees working in various SMEs in Tripoli. Ethical
approval was obtained from the relevant Libyan authorities, and the surveys were distributed both electronically and in
person, in compliance with institutional permissions. The collected data were analyzed using multiple regression
analysis to test the study’s hypotheses. The findings indicate that employees in Libyan SMEs possess a moderate
understanding of GHRM practices. Furthermore, the results demonstrate a statistically significant positive relationship
between GHRM and service quality. Based on these findings, the study recommends that service-oriented industries
prioritize the adoption of GHRM practices to enhance service performance, improve organizational outcomes, and
promote environmental sustainability.

Keywords: GHRM, Human Resources, Libyan SMEs, Service Quality, Sustainability, Tripoli.
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INTRODUCTION

The effects of globalization have led to significant environmental changes and the depletion of
natural resources, raising serious concerns about the future. In response to these challenges,
businesses have begun to adopt green practices to mitigate their environmental impact (Smith &
Lewis, 2017; Johnson, 2019). Human resources management has long been recognized as a crucial
component in achieving sustainability within organizations. It has become evident that integrating
environmental factors into human resource practices is essential for fostering a culture of
sustainability. Implementing sustainable business practices enables companies to maintain their
competitive edge while contributing positively to the environment.

Previous studies have emphasized the role of supportive managerial behaviors in promoting
green human resource practices within organizations (Renwick et al., 2016). For instance, studies
have shown that the implementation of green training programs significantly increases employees'
environmental awareness and commitment to sustainability goals (Tang et al., 2018; Jabbour et al.,
2019). Moreover, businesses that adopt green human resource management practices, such as green
recruitment and performance management, often report enhanced organizational performance and
improved employee satisfaction.

This study aims to investigate the extent to which green human resource management practices
impact service quality in small and medium-sized enterprises (SMESs) in Tripoli, Libya. Given the
scarcity of research focusing on the application of green human resource practices in the Libyan
SME context, this study seeks to fill this gap and provide valuable insights for both academia and
practitioners. The findings are expected to demonstrate that adopting green human resource
management practices can significantly enhance service quality and organizational sustainability in
SMEs, thereby offering a competitive advantage in the market.

Additionally, companies that embrace green practices are generally perceived as having a
stronger brand image and a more substantial market presence (Delmas & Pekovic, 2018; Shah,
2019). Rewarding employees for their environmentally friendly behaviors has been shown to boost
organizational commitment and job satisfaction (Ahmad, 2015; Yong, Yusliza, & Ramayah, 2020).
In this competitive environment, it is crucial for organizations to enhance employee awareness and
motivation regarding environmental issues to remain viable and successful.

One of the primary challenges faced by SMEs, especially in developing countries like Libya, is
maintaining competitiveness amidst the pressures of globalization. To survive and thrive, these
businesses must maximize their outputs while minimizing inputs, and human resources
management plays a critical role in this process (Nawangsari & Sutawidjaya, 2019; Senyucel, 2018;
Mullins, 2019). By adopting green human resource management practices, SMEs can improve
employee motivation and productivity, reduce operational costs, and ultimately, enhance service
quality.
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This research is particularly relevant as it is among the first to explore the impact of green
human resource management on service quality within the context of Libyan SMEs. It is
anticipated that the findings will contribute significantly to the literature on green human
resource practices and provide a practical framework for implementing sustainable management
strategies in similar settings.

HUMAN RESOURCES MANAGEMENT

Green Human Resources Management

nce management (Renwick et al., 2013; Opatha & Arulrajah, 2014). GHRM seeks to
the negative environmental impact of business operations by promoting sustainable
among employees and fostering a corporate culture that values environmental
responsibility (Kim, Kim, & Choi, 2019). This integration helps organizations to not only
comply with environmental regulations but also to create a competitive advantage by improving
their reputation and operational efficiency.

The adoption of GHRM practices has been shown to significantly influence employee
attitudes and behaviors, leading to improved job satisfaction, organizational commitment, and
overall performance (Dumont, Shen, & Deng, 2017; Pham et al., 2019). For example, green
recruitment practices attract environmentally conscious employees, while green training
enhance employees’ awareness and competencies related to environmental
management (Yusliza, Ramayah, & Othman, 2015; Jabbour, Santos, & Nagano, 2010).
Furthermore, green performance management and reward systems can motivate employees to
engage in environmentally friendly behaviors, thereby contributing to the organization’s
sustainability goals.

Green Human Resources Management in Healthcare Services

The application of GHRM in healthcare services is particularly critical due to the sector’s
substantial environmental footprint. Healthcare facilities generate a significant amount of waste,
including hazardous materials, and consume large quantities of energy and resources (Jabbour &
Santos, 2008; Jackson et al., 2011). Implementing GHRM practices in healthcare can help reduce
environmental impacts through initiatives such as green procurement, waste management, and
energy-efficient facility management. GHRM in healthcare also focuses on engaging healthcare
professionals in sustainability efforts, promoting green behaviors, and integrating environmental
objectives into clinical and administrative practices.

Studies have shown that adopting GHRM in healthcare settings not only improves
environmental performance but also enhances the quality of patient care by creating a safer and
healthier workplace (Longoni, Golini, & Cagliano, 2014; Pham et al., 2019). For instance, green
training and development programs educate healthcare staff about sustainable practices such as
reducing energy consumption, minimizing waste, and using environmentally friendly products
(Govindarajulu & Daily, 2004; Ahmad, 2015; Zibarras & Coan, 2015). Additionally, green
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recruitment and selection processes can ensure that new hires are aligned with the organization’s
sustainability values and goals.

Integrating GHRM into the healthcare sector is crucial for fostering a culture of
sustainability that extends beyond compliance and involves all stakeholders, from management
to frontline staff (Kapil, 2015; Yong et al., 2020). This holistic approach helps healthcare
organizations to not only reduce their environmental impact but also to improve organizational
performance, employee engagement, and patient satisfaction.

E QUALITY

ervice quality is a critical factor in determining the success and competitiveness of
ions, particularly in the service sector (Parasuraman, Zeithaml, & Berry, 1988;
, 1984). It refers to the ability of an organization to meet or exceed customer

the context of small and medium-sized enterprises (SMEs), especially in developing
s like Libya, service quality plays a pivotal role in building customer trust and
reputation. Due to limited resources and market challenges, maintaining high service quality is
crucial for SMEs to differentiate themselves and remain competitive. For Libyan SMEs,
delivering consistent and high-quality service can lead to customer satisfaction, retention, and
business growth, which are essential for their survival and success in a competitive market.

everal models have been developed to measure service quality, with the Service Quality
(SERVQUAL) model being one of the most widely used (Cronin & Taylor, 1992; Jain & Gupta,
2004). SERVQUAL evaluates service quality by comparing customer expectations with their
perceptions of the actual service received (Seth, Deshmukh, & Vrat, 2005; Kasiri et al., 2017).
The gap between these two measures provides insights into areas where service improvements
are needed (Parasuraman et al., 1988; Ladhari, 2009). Other models, such as the Service
Performance (SERVPERF) model, focus on performance-based measures of service quality,
arguing that customer perceptions of service performance alone are sufficient to assess quality.

For SMEs in Libya, understanding and improving service quality requires a customer-centric
approach, where businesses actively seek feedback and continuously work on enhancing their
service delivery processes. This approach not only helps in meeting customer expectations but
also in identifying and addressing any service gaps, thereby leading to improved customer
satisfaction and loyalty.

THE EFFECT OF GREEN HUMAN RESOURCES MANAGEMENT ON SERVICE
QUALITY

Green Human Resources Management (GHRM) has been recognized as a strategic tool
to enhance not only environmental sustainability but also organizational performance, including
service quality (Renwick et al., 2013; Pham et al.,, 2019). By integrating environmental
objectives into HR practices such as recruitment, training, and performance management,

SJST Vol.07 No 01 2025 97



The relationship between green human resources management (GHRM) and service quality Embarak & Almabruk

organizations can foster a culture of sustainability that permeates all levels of the organization.
This alignment between GHRM and service quality is particularly significant in service-oriented
sectors, where the quality of service delivery directly impacts customer satisfaction and loyalty.

The implementation of GHRM practices can positively influence service quality in
several ways (Jabbour et al., 2010; Yong et al., 2020). First, green recruitment and selection
processes attract employees who are committed to sustainability, thereby ensuring that the
workforce is aligned with the organization’s environmental goals (Ahmad, 2015; Zoogah, 2011).
This alignment enhances employees’ sense of purpose and motivation, which in turn improves
their service delivery and customer interactions. Moreover, green training programs increase
employees’ awareness and knowledge of sustainable practices, enabling them to deliver services
that are not only efficient but also environmentally friendly.

Incorporating GHRM into performance management systems further strengthens the link
between sustainability and service quality (Dumont et al., 2017; Yong, Yusliza, & Ramayah,
2020). By setting clear environmental objectives and evaluating employees based on their
contributions to these goals, organizations can reinforce the importance of sustainability in their
daily operations (Jackson et al., 2011; Jabbour & Santos, 2008). Reward and recognition systems
that acknowledge employees’ green initiatives can also enhance their commitment to providing
high-quality, sustainable services.

the context of small and medium-sized enterprises (SMES) in Libya, where resource
constraints and environmental challenges are prevalent, adopting GHRM practices can be
particularly beneficial. By integrating sustainability into their HR practices, Libyan SMEs can
improve not only their environmental performance but also their service quality, which is crucial
for maintaining customer trust and competitiveness in the market (Elbaz & Haddoud, 2017; Abid
& Ahmed, 2020). For example, implementing green training and development programs can
equip employees with the skills and knowledge needed to reduce waste and improve the
efficiency of service delivery, thereby enhancing overall service quality.

Overall, the adoption of GHRM practices can lead to a significant improvement in service
quality by creating a workforce that is engaged, motivated, and aligned with the organization’s
sustainability goals (Yusoff, Nejati, & Kee, 2018; Zaid et al., 2018). This, in turn, can result in
higher customer satisfaction, loyalty, and a positive organizational reputation. As such, GHRM
serves as a Vvaluable strategy for SMEs in Libya to enhance their service quality while
contributing to broader environmental and social objectives.

METHOD
Population and Sample of the Research

The population of this study comprises employees working in small and medium-sized
enterprises (SMESs) located in Tripoli, Libya. These SMEs operate in various sectors, including
manufacturing, services, and retail, and play a significant role in the local economy. The types of
companies included in this study are small-scale manufacturing firms producing goods such as
textiles and food products. Due to practical constraints such as time, accessibility, and resource
limitations, a convenience sampling method was used to select participants. The sample size was
determined to be 100 employees, representing different positions such as managers,
administrative staff, and operational employees. This sample size was calculated based on
Krejcie and Morgan’s (1970) sample size determination table, which recommends a sample size
of 100 for a population of 1,500 to achieve a 95% confidence level with a 5% margin of error.
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Additionally, this sample size aligns with similar studies in the field of GHRM and service
quality, ensuring the findings are statistically reliable and generalizable to the broader population
of SMEs in Tripoli. This sample is considered sufficient to provide an initial understanding of
the relationship between green human resources management (GHRM) practices and service
quality in Libyan SMEs.

Data Collection Tools

ata for this study were collected using a structured questionnaire, which was divided
into two primary sections to measure the independent and dependent variables. The
questionnaire was developed based on established scales from the literature, ensuring reliability
and validity in the measurement of the constructs.

1. Green Human Resources Management (GHRM) Scale: The independent variable, Green
Human Resources Management (GHRM), was measured using a 28-item scale adapted from
Jabbour (2010) and Shah (2019). This scale assesses the extent to which various GHRM
practices are implemented in the organization across the following seven dimensions:

reen Job Design (4 items): Measures the incorporation of environmental sustainability
in job roles and responsibilities (e.g., “My job includes responsibilities that focus on
environmental sustainability”).

reen Recruitment and Selection (4 items): Assesses the extent to which green criteria
are integrated into the recruitment and selection process (e.g., “The organization
considers candidates' environmental values during recruitment”).

reen Training and Development (4 items): Evaluates the provision of training
programs aimed at enhancing employees' environmental awareness and skills (e.g., “The
organization provides training on environmental management practices”).

reen Performance Management (4 items): Measures the inclusion of environmental
objectives in performance evaluation and management systems (e.g., “Employees are
evaluated based on their contribution to environmental sustainability™).

e Green Compensation Management (4 items): Assesses the alignment of compensation
and reward systems with environmental performance (e.g., “Employees receive rewards
for their environmental contributions”).

e Green Occupational Health and Safety (4 items): Evaluates practices aimed at
ensuring workplace safety and health in an environmentally friendly manner (e.g., “The
organization promotes safety measures that also consider environmental impact”).

e Green Employee Relations (4 items): Measures the efforts to engage employees in
sustainability initiatives and promote environmentally friendly behaviors (e.g., “The
organization encourages employees to participate in environmental initiatives”).

Each item was rated on a 5-point Likert scale, ranging from 1 ("Strongly Disagree") to 5
("Strongly Agree™).

2. Service Quality Scale (SERVQUAL): The dependent variable, Service Quality, was
measured using the SERVQUAL scale developed by Parasuraman, Zeithaml, and Berry (1988).
This scale, consisting of 22 items, assesses service quality across five dimensions:
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e Physical Attributes (4 items): Evaluates the appearance of physical facilities,
equipment, and personnel (e.g., “The organization’s facilities are visually appealing”).

e Assurance (4 items): Measures the ability of employees to instill confidence and trust in
customers (e.g., “Employees have the knowledge to answer customer questions”).

e Responsiveness (4 items): Assesses the willingness of employees to help customers and
provide prompt service (e.g., “Employees are always willing to help customers™).

eliability (5 items): Evaluates the ability to deliver promised services dependably and
accurately (e.g., “The organization delivers its services as promised”).

mpathy (5 items): Measures the provision of caring and individualized attention to
customers (e.g., “Employees give customers personal attention™).

was also rated on a 5-point Likert scale, ranging from 1 ("Strongly Disagree") to 5
("Strongly Agree™).

he questionnaires were distributed both online and in person to ensure a broad and
representative sample. Ethical approval for the study was obtained from the relevant Libyan
authorities, and all participants were informed about the purpose of the study and provided
consent before participation.

Research Model

The research model for this study posits that the various dimensions of Green Human
Resources Management (GHRM)—namely, Green Job Design, Green Recruitment and
Selection, Green Training and Development, Green Performance Management, Green
Compensation Management, Green Occupational Health and Safety, and Green Employee
Relations—have a direct impact on the overall Service Quality, which is represented by the
dimensions of Physical Attributes, Assurance, Responsiveness, Reliability, and Empathy. The
model hypothesizes that effective implementation of GHRM practices leads to improved service
quality in Libyan SMEs.

Green Human Resources
Management

[ Green Job Design ]\

Green Recruitment and
Selection

Green Training and
Development

Green Performance Service Quality in
Management J Libyan SMEs

- - - L _
Green Compensation | |

Management

[ Green Occupational
Health and Safety

Green Employee |
Relations

Figure 1. Model of the study
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Research Hypotheses

The hypotheses formulated in this study are derived from the research objectives and the
theoretical framework that underpins the relationship between Green Human Resources
Management (GHRM) practices and service quality in Libyan SMEs. The research objectives
focus on identifying the specific dimensions of GHRM practices that influence service quality
and evaluating their significance. Accordingly, the hypotheses aim to test whether each
dimension of GHRM has a positive and significant impact on service quality to address the
research objectives comprehensively. This approach ensures that the hypotheses align with the
study’s goals while maintaining theoretical and empirical relevance. Based on the research
model, the following hypotheses were formulated:

[ ]
-

11: The green job design dimension of green human resources management practices
as a positive and significant impact on service quality in Libyan SMEs.

=0

°
-T

12: The green recruitment and selection dimension of green human resources
1anagement practices has a positive and significant impact on service quality in Libyan
MEs.

wn 3

e H3: The green training and development dimension of green human resources
1anagement practices has a positive and significant impact on service quality in Libyan
MEs.

wn 3

e H4: The green performance management dimension of green human resources
1anagement practices has a positive and significant impact on service quality in Libyan
MEs.

w 3

e« H5: The green compensation management dimension of green human resources
1anagement practices has a positive and significant impact on service quality in Libyan
SMEs.

3

e« H6: The green occupational health and safety dimension of green human resources
management practices has a positive and significant impact on service quality in Libyan
SMEs.

e H7: The green employee relations dimension of green human resources management
practices has a positive and significant impact on service quality in Libyan SMEs.

Data Analysis Methods

The collected data were analyzed using the SPSS software. Descriptive statistics were
used to measure the mean scores and standard deviations for each variable. Reliability analysis
was conducted using Cronbach’s alpha to help determine whether a collection of items
consistently measures the same characteristic.
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Multiple regression analysis was performed to test the hypotheses and determine the
relationship between green human resources management (GHRM) and service quality. Before
conducting the regression analysis, the assumptions of normality, linearity, and homoscedasticity
were verified. Pearson correlation analysis was also employed to examine the relationships
between the independent and dependent variables.

Additionally, factor analysis was carried out to confirm the validity of the measurement

model and to identify the underlying factor structure of the GHRM and service quality scales.
Exploratory factor analysis (EFA) was conducted initially, followed by confirmatory factor
analysis (CFA) to validate the constructs used in the study. The results will be presented in the
findings and discussion part.
Table 1: Skewness and Kurtosis Values
Variable n Skewness Kurtosis
Green Job Design 100 0.324 -0.982
Green Recruitment and Selection 100 0.398 -0.754
Green Training and Development 100 0.217 -0.862
Green Performance Management 100 0.489 -0.693
Green Compensation Management 100 0.792 -0.321
Green Occupational Health and Safety 100 0.447 -0.832
Green Employee Relations 100 0.558 -0.783
Green Human Resources Management 100 0.473 -0.692
Physical Attributes 100 -0.172 -0.972
Assurance 100 -0.298 -0.803
Responsiveness 100 -0.137 -0.873
Reliability 100 -0.267 -0.789
Empathy 100 0.061 -1.032
Service Quality 100 -0.138 -0.798

Upon reviewing the values, it is evident that the skewness and kurtosis coefficients for each
variable fall within the acceptable range of -3 to +3 (Kline, 2011). This indicates that the data
distribution approximates normality. Consequently, parametric test techniques were employed in
the study. To test the research hypotheses, normality, reliability, correlation, exploratory factor
analysis, and multiple regression analyses were conducted. The relationship between green
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human resources management and service quality was analyzed using the Pearson correlation

coefficie
assessed

FINDIN

nt, while the impact of green human resources management on service quality was
through multiple linear regression analysis.

GS AND DISCUSSION

In this section, the analyses conducted to test the research hypotheses are examined. The tests

included
analysis.
Factor A

Reliabil

Cron
assess tr
construc
the relia
presents

normality, reliability, correlation, exploratory factor analysis, and multiple regression
The data collected for the research were analyzed using SPSS 24.0, while Confirmatory
nalysis (CFA) was performed using AMOS 21.0 to examine the factor structures.

ty Analysis

bach’s Alpha is used in this study as a measure of internal consistency reliability to
e interrelatedness of items within each scale. It evaluates whether the items in a
[ consistently measure the same underlying concept, making it suitable for determining
bility of the scales employed in this research (Tavakol & Dennick, 2011). Table 2
the reliability analysis using Cronbach’s alpha values for each of the scales used:

Table 2: The reliability analysis using Cronbach’s Alpha

Variable Items Cronbach’s Alpha
Green Job Design 4 0.921
Green Recruitment and Selection 3 0.909
Green Training and Development 4 0.902
Green Performance Management 4 0.935
Green Compensation Management 5 0.948
Green Occupational Health and Safety 3 0.933
Green Employee Relations 3 0.951
Green Human Resources Management (Total) 26 0.976
Physical Attributes 2 0.836
Assurance 7 0.925
Responsiveness 4 0.880
Reliability 5 0.926
Empathy 4 0.894
Service Quality (Total) 22 0.966
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According to Cronbach’s alpha coefficient, the reliability of the scales ranges between 0 and
1. Based on Nunnally's (1967) criteria, a scale is considered unreliable if its alpha is below 0.40,
has low reliability if between 0.40 and 0.60, is quite reliable if between 0.60 and 0.80, and is
highly reliable if above 0.80. In this study, all scales and sub-dimensions exhibit high reliability
(Cronbach’s Alpha > 0.800).

Confirmatory Factor Analysis (CFA)

In this study, Confirmatory Factor Analysis (CFA) was performed using AMOS 21.0 to
evaluate the factor structures of the measurement models. The results of the analyses are
presented in the following tables.

Table 3: Goodness-of-Fit VValues for the Green Human Resources Management Measurement Model
Index Good Fit Acceptable Fit CFA Values
X2 X X 725.812
df X X 275
X/df <3 <5 2.639
RMR <0.05 <0.08 0.061
GFI >0.95 >0.90 0.894
AGFI >0.90 >0.85 0.861
NFI >0.95 >0.90 0.937
TLI >0.95 >0.90 0.950
CFI >0.97 >0.90 0.959
RMSEA <0.05 <0.08 0.068

The CFA results for the Green Human Resources Management (GHRM) scale indicate
that most of the indices fall within the acceptable fit range (GFI is close to the acceptable
threshold). This suggests that the data is compatible with the GHRM scale. The model structure
with 7 sub-dimensions and 26 items was confirmed.

Table 4: Goodness-of-Fit Values for the Service Quality Measurement Model

Index Good Fit Acceptable Fit CFA Values
X2 X X 678.459
df X X 195

X/ df <3 <5 3.478
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RMR <0.05 <0.08 0.028
GFl >0.95 >0.90 0.905
AGFI >0.90 >0.85 0.879
NFI >0.95 >0.90 0.912
TLI >0.95 >0.90 0.925
CFl >0.97 >0.90 0.940
RMSEA <0.05 <0.08 0.065

The CFA results for the Service Quality scale show that the indices are within acceptable
limits. The data is compatible with the Service Quality scale, confirming the model structure
with 5 dimensions and 22 items.

Table 5: Regression Analysis

Model |Independent Variable Beta t p R? F
Green Human Resources
1 0.493 10.432 0.000 0.245  115.673*
Management
Green Job Design 0.205 2.610 0.010
Green Recruitment and Selection -0.041 -0.354  0.724

Green Training and Development 0.219 2.432 0.016

Green Performance Management -0.084 -0.823 0412
2 0.305 21.451*

Green Compensation Management -0.026 -0.264  0.792

Green Occupational Health and

0.471 4523  0.000
Safety

Green Employee Relations -0.174 -1.574  0.118

Dependent Variable: Service Quality, *p < 0.05

In this study, service quality is treated as a composite construct representing an overall
evaluation rather than being analyzed through its individual dimensions. This approach aligns
with prior research that conceptualizes service quality as a higher-order latent variable,
integrating multiple dimensions into a unified framework (Parasuraman, Zeithaml, & Berry,
1988). Small and medium-sized enterprises (SMEs) often assess service quality as a general
measure to evaluate overall customer satisfaction and organizational performance rather than
dissecting it into specific dimensions (Cronin & Taylor, 1992). Hence, this study reflects real-
world business practices where managers focus on aggregate service quality outcomes. Many
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studies examining the impact of organizational practices, such as green human resource
management (GHRM), on service quality have opted for global measures rather than domain-
specific ones (Ren, Tang, & Jackson, 2018). This allows for a clearer assessment of the general
effect of GHRM practices without over-complicating the analysis.

Treating service quality as a single dependent variable simplifies the analytical process,
reduces multicollinearity issues, and prevents inflation of Type | errors that may arise when
testing multiple dependent variables simultaneously (Hair, Black, Babin, & Anderson, 2019).
The primary objective of this study is to evaluate how various dimensions of GHRM practices
collectively influence perceptions of service quality rather than isolating effects on specific
service quality components. This approach is particularly relevant when seeking to provide
strategic recommendations for SMEs where improvements in service quality are targeted
holistically. Empirical evidence suggests that the sub-dimensions of service quality are
interrelated and often load onto a single factor representing overall service quality (Grénroos,
2007). Therefore, combining these dimensions into a unified construct ensures the validity and
reliability of the measurement model.

Model 1 Analysis

odel 1 examines the relationship between Green Human Resources Management
(GHRM) and service quality in Libyan SMEs. The regression results indicate a moderate
relationship between GHRM and service quality with R = 0.493, suggesting a statistically
significant association between these variables. The R2 value of 0.245 implies that 24.5% of the
variance in service quality is explained by GHRM practices, and the adjusted Rz = 0.242
supports this explanatory power after adjusting for the number of predictors.

he F-statistic (F = 115.673, p < 0.001) confirms the overall significance of the model,
indicating that the predictors included in the model collectively explain variations in service
quality. The standardized coefficient (B = 0.493, p < 0.001) further highlights the strength of this
relationship. Specifically, a one-unit increase in GHRM practices is associated with a 0.493-unit
increase in service quality.

However, it is important to clarify that this analysis reflects a statistical association rather
than a causal relationship. While the results support the hypothesis that GHRM practices are
positively correlated with service quality, causation cannot be definitively established without
experimental or longitudinal designs.

Model 2 Analysis

Model 2 investigates the effects of specific dimensions of Green HR practices on service
quality. The R2 value of 0.305 suggests that the predictors collectively explain 30.5% of the
variance in service quality, while the adjusted R% of 0.290 accounts for potential overfitting,
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providing a more generalizable estimate. The F-statistic (F = 21.451, p < 0.001) indicates that the
model is statistically significant.

Analyzing individual predictors reveals that only Green Job Design (B = 0.205, p =
0.010), Green Training and Development (B = 0.219, p = 0.016), and Green Occupational Health
and Safety (B =0.471, p <0.001) show statistically significant relationships with service quality.
These findings imply that increasing efforts in these areas of GHRM practices is associated with
improvements in service quality.

In contrast, Green Recruitment and Selection (f = -0.041, p = 0.724), Green Performance
Management (f = -0.084, p = 0.412), Green Compensation Management (§ = -0.026, p = 0.792),
and Green Employee Relations (B = -0.174, p = 0.118) do not exhibit statistically significant
relationships with service guality. These dimensions may require further investigation, as their
lack of significance could result from sample characteristics, measurement limitations, or
contextual factors specific to Libyan SMEs.

he results demonstrate statistically significant associations between specific GHRM
practices and service quality rather than definitive causal effects. The relationships observed
can be attributed to theoretical frameworks that emphasize how sustainable HR practices
influence employee behavior, organizational performance, and service delivery (Ren et al.,
2018).

hile the findings highlight strong correlations, they should be interpreted cautiously,
as causality cannot be inferred based solely on cross-sectional data. Further research using
longitudinal methods or experimental designs could help establish causal links between these

Hypotheses Testing Results
Based on the analysis:

e H1 (Green Job Design), H3 (Green Training and Development), and H6 (Green
Occupational Health and Safety) are supported as they show significant positive
relationships with service quality.

e H2 (Green Recruitment and Selection), H4 (Green Performance Management), H5
(Green Compensation Management), and H7 (Green Employee Relations) are not
supported, as they lack statistical significance.

Practical Implications

The findings suggest that businesses should prioritize investments in Green Job Design,
Green Training and Development, and Green Occupational Health and Safety to enhance
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service quality. These practices likely improve employee skills, organizational sustainability,
and workplace safety, contributing to better service outcomes.

For dimensions that did not show significant relationships, companies may need to re-
evaluate implementation strategies or tailor these practices to better align with organizational
goals and employee needs.

Discussion

he findings of this study highlight that Green Human Resources Management (GHRM)
practices, specifically green job design, green training and development, and green occupational
health and safety, exhibit significant and positive associations with service quality in small and
medium-sized enterprises (SMEs) in Tripoli, Libya. These results underscore the importance of
embedding sustainability principles within HRM practices to improve organizational
performance and service delivery.

Green Job Design and Service Quality

he results demonstrate that green job design has a significant positive effect on service
quality (p = 0.205, p = 0.010). This finding aligns with Jabbour et al. (2010), who emphasize that
integrating environmental responsibilities into job descriptions increases employee motivation
and performance. Similarly, Renwick et al. (2013) found that clearly defined green roles enhance
employee accountability, leading to improvements in service delivery.

his relationship can be explained through the lens of role clarity theory, where
employees with well-defined green job roles feel empowered and engaged in their tasks,
fostering commitment to service excellence. In the Libyan context, this effect may also reflect
the growing awareness of environmental sustainability and the adoption of green practices to
improve service quality in SMEs.

Green Training and Development and Service Quality

The study finds a significant positive effect of green training and development on service
quality (B = 0.219, p = 0.016). This result is consistent with Ahmad (2015) and Dumont, Shen,
and Deng (2017), who report that green training programs enhance employees’ environmental
awareness and skillsets, enabling them to implement sustainable practices effectively.

These findings align with human capital theory, which suggests that training programs
improve employee competencies, translating into higher service quality. In Libya, this
relationship highlights the importance of capacity building to foster eco-friendly behaviors,
especially in SMEs, where green awareness is still emerging.

Green Occupational Health and Safety and Service Quality
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The strongest positive relationship in the study was observed between green occupational
health and safety and service quality (B = 0.471, p < 0.001). This finding supports Longoni,
Golini, and Cagliano (2014), who emphasize that organizations prioritizing employee safety and
environmental responsibility tend to create better working environments and deliver higher-
quality services.

This relationship may be attributed to the fact that safe and healthy workplaces lead to
higher employee morale, productivity, and loyalty, which, in turn, reflect positively on service
delivery. For Libyan SMEs, focusing on green safety practices can be particularly impactful,
given the limited resources and the need to create efficient and sustainable systems.

Non-significant Effects of Other GHRM Practices

ontrary to expectations, the study found that green recruitment and selection, green
performance management, green compensation management, and green employee relations did
not exhibit significant effects on service quality.

his result may be explained by the early adoption phase of GHRM practices in Libya,
where SMEs are still developing their frameworks and focusing on basic implementation rather
than strategic integration. Studies like Jackson et al. (2011) and Zibarras and Coan (2015)
highlight that comprehensive GHRM strategies require mature organizational structures, which
may still be lacking in the Libyan context.

urthermore, the non-significant effects may reflect the context-specific challenges faced
by SMEs in Libya, including resource constraints, limited awareness, and the absence of
regulatory frameworks supporting sustainability practices.

Implications for SMEs in Libya

The findings suggest that Libyan SMEs can significantly enhance service quality by
focusing on green job design, training, and occupational health and safety. These practices are
practical and impactful steps toward sustainability and competitiveness in markets increasingly
driven by environmental concerns.

As the study does not provide direct causal evidence of implementation success across all
domains. Instead, the findings are based on statistical associations that reflect potential linkages
rather than causation. Future studies could adopt longitudinal designs or case studies to validate
these effects in real-world applications.

Comparative Insights
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Compared to studies conducted in other regions, such as Tang et al. (2018) in China and
Yusliza, Ramayah, and Othman (2015) in Malaysia, the findings emphasize the importance of a
context-specific approach to GHRM implementation.

While universal benefits of GHRM practices have been observed globally, this study
reveals that their effectiveness in Libya depends on the local business environment, regulatory
structures, and the maturity of adoption. For example, Libyan SMEs may need to focus on
foundational practices like job design, training, and safety before expanding to more complex
areas of GHRM, such as compensation systems or employee relations.

This highlights that while external contexts may share broad similarities in terms of
economic challenges and sustainability goals, the specific dynamics in Libya require a phased
adoption strategy tailored to its unique socio-economic conditions.

CONCLUSION

This study was conducted to determine the effects of Green Human Resources
Management (GHRM) on service quality, based on the participation of employees working in
small and medium-sized enterprises (SMEs) located in Tripoli, Libya. The study holds
significance as there is limited research on GHRM in the context of Libyan SMEs, particularly
regarding its impact on service quality. Participants were asked 26 questions covering the sub-
dimensions of GHRM, including green job design, green recruitment and selection, green
training and development, green performance management, green compensation management,
green occupational health and safety, and green employee relations. Additionally, 22 questions
were posed to assess the sub-dimensions of service quality, namely physical attributes,
assurance, responsiveness, reliability, and empathy.

The findings revealed that some GHRM practices, such as green employee relations,
green recruitment and selection, green performance management, and green compensation
management, do not have a significant impact on service quality. However, it was observed that
green job design, green training and development, and green occupational health and safety have
a significant and positive effect on service quality. It is crucial for SMEs offering service-related
activities to adopt a management approach that prevents employees from losing motivation and
trust in their work. Meeting the expectations of both employees and customers is only possible
through an effective management and quality system.

With the increasing competition and globalization in today’s world, environmental
awareness has gained more importance, leading to the emergence of sustainable practices such as
Green Human Resources Management. The study results indicate that employees in Libyan
SMEs are not yet fully informed about the concept of GHRM. To contribute to sustainability, it
is essential to integrate GHRM practices into existing human resources management, rather than
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solely relying on traditional HRM practices. Moreover, improving employee motivation through
GHRM practices can yield positive results in terms of service quality.

Firstly, developing the green recruitment process can make employees more
environmentally conscious in both their personal and professional lives, which will facilitate
effective management of processes, especially in extraordinary situations. Providing green
training to employees can raise their awareness and knowledge about environmental
sustainability. As there is still limited research in the Libyan context regarding the impact of
GHRM on service quality, it is hoped that this study will contribute to the literature. Future
studies could expand the scope by exploring other service sectors, thereby broadening the topic
and its implications.
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ABSTRACT

This experiment was carried out in the Shahat Forest to evaluate A. Cyanophylla's ability to accumulate heavy
metals and absorb them from contaminated soil to potentially clear those heavy metals and rebuild ecosystems. Heavy
metals, which include (Zn, Fe, Cd, and Pb) were measured in A. Cyanophylla tissues (aerial parts, roots parts) and
soils (0-40 cm) depth beneath. Results showed that concentrations of heavy metals did not exceed the permissible limits
of the World Health Organization (WHO), and A. Cyanophylla was efficient in pulling and accumulating heavy metals
within its tissues where the Bioaccumulation Factor (BAF) for (Zn, Fe, Cd, and Pb) was (2.2, 6.7, 2.1 and 1.6),
respectively, and the Bioconcentration Factor (BCF) for heavy metals in root parts was more than that of aerial parts
for all elements, and the Translocation Factor (TF) was also less than 1 for all elements, which means, A. Cyanophylla
can be considered as a potential bioaccumulator with phytostabilization strategy. The results of statistical analysis (p
<0.05) showed significant differences in concentrations between plant parts.

Keywords] Acacia Cyanophylla — Cumulative - Heavy Metals — Shahat.
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INTRODUCTION

In nature, heavy metals are substances that can cause cancer and mutagenesis (Gola et al.,
2016). Moreover, they are extremely persistent in the atmosphere due to their non-biodegradable
nature, which permits deadly quantities to rapidly accumulate (Chandrajith et al., 2005; Naser, et
al., 2009; Taghipour & Mosaferi, 2013; Mng'ong'o, et al., 2021; Khan et al., 2023). Plants play an
important role in environmental evaluation and cleaning, by eliminating heavy metals (Young et al.
2014). Plants usually use two defense strategies to deal with heavy metal toxicity: avoidance and
, and through these two mechanisms, plants maintain intracellular heavy metal
concentrations below toxic threshold levels. Avoidance strategies refer to the ability of plants to
limit the uptake of heavy metals and their translocation into plant tissues via root cells, which act as
the first line of defense at the extracellular level through a series of mechanisms including root
adsorption, precipitation of metal ions, and metal exclusion. Once heavy metal ions enter the
cytosol, plants adopt resistance strategies to cope with the toxicity of accumulated metal ions, which
is the second line of defense at the subcellular level through various mechanisms such as
inactivation, chelation, and compartmentalization of heavy metal ions (Hall, 2002; Dalvi &
Bhalerao, 2013; Yu et al., 2019; Kraj et al., 2021; Thakur et al., 2022; Moustakas, 2023).

n terms of metal accumulation, plants can be classified into three categories: heavy-metal
accumulators, heavy-metal excluders (or non-accumulators), and indicator plants. Heavy-metal-
accumulating plants exhibit a concentration ratio of the metal within the plant to that in the soil
greater than 1. In contrast, non-accumulating plants display a significantly lower ratio, while
indicator plants maintain a ratio close to 1 (Cunningham & Ow, 1996; Gleba et al., 1999; Mcintyre,
2003; Ghosh & Singh, 2005; Rascio & Navari-lzzo, 2011; Yan et al., 2020; Khan et al., 2023;
Chitimus et al., 2023; Kord et al., 2024). In the context of phytoremediation, plants employ various
strategies such as phytostabilization, phytoextraction, rhizodegradation, and phytovolatilization to
either stabilize (passive phytoremediation) or actively absorb (active phytoremediation)
contaminants from their environment (Tangahu et al., 2011; Chitimus et al., 2023).
Phytostabilization and phytoextraction are the main methods of heavy metal removal by plants,
especially legumes (Hao et al., 2014). Phytostabilization involves using metal-tolerant plant species
to immobilize heavy metals below ground and reduce their bioavailability, thus preventing their
migration into ecosystems and reducing the chance of metals entering the food chain. Selection of
the right plant species is essential for phytostabilization (Gerhardt et al., 2017). To meet the
requirements for highly effective phytostabilization, plants must be tolerant to heavy metals. Plant
roots play a vital role in immobilizing heavy metals, stabilizing soil structure, and preventing soil
erosion. Therefore, plants must have a dense root system and be able to produce a large amount of
biomass and grow rapidly (Marques et al., 2009; Tangahu et al., 2011; Yan et al. 2020; Venegas-
Rioseco et al., 2021). Due to their symbiotic relationships with nitrogen fixers (rhizobia) and other
microorganisms, members of the leguminous family may be hyperaccumulators of heavy metals,
Most are associated with mycorrhizal fungi and can absorb more heavy metals from landfill
leachate than non-legume species (Yang et al., 2003; Khermandar et al., 2016).

Plant family is one of the main factors affecting the distribution of heavy metals in the
above- and underground parts of plants. Plants from the Poaceae family accumulate fewer chemical
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elements in their aboveground parts than other plants (Chaplaygin, 2018). The genus Acacia
comprises shrubs and trees that are part of the Mimosoideae subfamily within the Fabaceae family.
Approximately 960 of the approximately, 1300 species that made up the genus Acacia were native
to Australia (Dulama et al., 2012).

Some species of Acacia have potential for phytoremediation because of their rapid growth,
large biomass, extensive rooting, and ability to withstand environmental stresses. In addition, these
trees form symbiotic nodules with nitrogen-fixing bacteria, enhancing soil fertility (Galiana et al.,
1990; Awal, 2024). Acacia, a plant native to the arid zone, showed signs of hypertolerance,
accumulated high levels of heavy metals, and had the potential to accumulate more of these
elements (Khermandar et al., 2016). According to a greenhouse study, sludge-treated sand tailings
provided Acacia mangium and Acacia auriculiformis with significant amounts of Pb, Cd, As, and
Hg accumulation (Aba-Alkhil & Moftah, 2013). More significantly, several studies have
documented the Acacia species' growth responses and capacity to accumulate Cd in hazardous, Cd-
contaminated environments, in addition to their tolerance to heavy metals (Zhang et al., 2022).
However, some plant species limited the transference of heavy metals to the aerial parts by
accumulating them in their roots. Among these species was Acacia albida Bentha (Anoliefo et al.,
2008; Mganga, 2014). Furthermore, the roots of the Acacia mangium and Acacia auriculiformis
seedlings accumulated 1.5-2.0 times more heavy metals than the stems and leaves (Rathna Kumari
& Nagaraja, 2023). The zinc concentrations in the root tissues may suggest that Acacia victoriae is
a suitable choice for phytostabilizing zinc-contaminated soils (Mahdavi & Khermandar, 2015).
Approximately 80% of the heavy metals in Acacia farnesiana were found in roots with low (TF)
and high (BAF) (Maldonado-Magafia et al., 2011).

Additionally, the Acacia mangium L's bioaccumulation factor (BAF) value indicated that the
heavy metals Hg, As, Cd, and Pb were not accumulated in the leaves of the plant, but rather were

aboveground tissues, suggesting that AcaC|a wctorlae is a viable choice for phytostabilizing Pb-
contaminated soils (Khermandar et al., 2016). The Zn concentration gradients in the various
sections of the Acacia victoria seedlings are arranged as follows: roots, shoots, and leaves, with
high (BCF roots parts) values indicating that the roots have accumulated more metal than the shoots
and leaves (Mahdavi & Khermandar, 2015).

his experiment was carried out in the Shahat Forest to evaluate A. Cyanophylla's ability to
accumulate heavy metals from contaminated soil. Additionally, what strategy mechanisms are
utilized by A. Cyanophylla in dealing with heavy metals.

Material and methods

Study area: The study was conducted in 2023, in a site exposed to sewage in a forest inside Shahat
city, located (at 32°49'40"N 21°51'44"E) which has a mild climate that tends to be warm and rainy
in winter and hot in summer; where the maximum temperature in the studied area varies from
35.3°C in summer to 20.1°C in winter. The minimum temperature ranges from 20.2°C in summer
and 7.5°C in winter (Othman & Al-Habbat, 2023).

Sample collection: Five mature A. Cyanophylla trees were selected to conduct this study. Fresh
samples of A. Cyanophylla trees from aerial and root parts and soil parts at the depth (0 cm - 40 cm)
were collected in polyethylene bags and transported to the laboratory for analysis. Five macro
elements including total Nitrogen (N), Phosphorus (P), Potassium (K), Calcium (Ca), and Sodium
(Na), four heavy metals including zinc (Zn), Iron (Fe), cadmium (Cd), and lead (Pb) were analyzed
in the samples of A. Cyanophylla tree parts and soil parts.
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Sample Preparation: The Collected samples were homogenized and crushed into small
particles, decomposed by dry digestion method for determining various metals. First, the
crucibles and the glass wares used in the experiment were washed with distilled water and then
dried in an oven. The weight of each crucible was made constant by keeping it in a muffle
furnace at 750 °c for one hour, then transferred to a desiccator and weighed. The purpose was to
remove all the moisture. This action was repeated till the weight became constant. A known
quantity, of 2g of each sample (aerial part, root part of A. Cyanophylla trees, and soil parts) was
introduced into the porcelain crucible.

he crucibles were burned at around 200 °C until the end of organic matter smoke
generation. The crucibles were kept in a muffle furnace at 600 °C for 5 hours and then cooled to
room temperature in the desiccator for 40 minutes. The obtained white ash is moistened with a
few drops of deionized water. An aliquot of 2.0 mL of concentrated HCI is added, left in contact
for 10 minutes, and filtered into 100 ml volumetric flasks. The volume was adjusted to the mark
with deionized water. All samples were performed in triplicates (Ahmad et al., 2018; Huang et

1-Total Nitrogen (TN %) and total phosphorus (TP g kg™) in soil samples were determined
using an automatic elemental analyzer (Elementar Vario Max CN, Germany) and the Olsen
method, respectively (latrou et al., 2014; Zhao et al., 2022).

2-Total potassium (TK), Sodium (Na), and Calcium (Ca) g kg* were determined using an
inductively coupled plasma mass spectrometer (ICP-MS) (Agilent 7500ce) (Nogueira et al.,
2013; Zhao et al., 2022).

3-Trace elements (Iron, Zinc, Cadmium & lead) mg kg* were determined by atomic absorption
spectrophotometer (AAS) (Oumlouki et al., 2021; Cardoso-Silva et al., 2013).

Biological factors:

1- Bioconcentration factor (BCF) is described as the ability of plants to accumulate elements
from the substrate. It can be measured for each plant part, such as roots, stems, and leaves using
the equation:

BCF= Cplant part\CsoiI

Where Cpiant Shows the accumulation of heavy metals in the plant part (aerial or roots) and Cesoil
denotes the amount of heavy metals in the soil. BCF values more than 1 demonstrate the
potential success of a plant species for phytoremediation (Nouha et al., 2024).

2-Translocation factor (TF) is an important tool used to assess a plant’s potential
for phytoremediation purposes. It is calculated from the ratio of the element's presence in the
plant's aerial parts to that, in the plant's roots parts using the equation (Nouha et al., 2024; Wu et
al., 2011).

TF = Metal(aerial parts)\Metal(roots parts)

A (TF) value greater than 1 in the metal phytoextractors and less than 1 in the metal
phytostabilizer species was observed (Mellem et al., 2012; Pandey et al., 2012; Mishra and
Pandey, 2019; Khermandar et al., 2016).

3-Bioaccumulation factor (BAF) is used to calculate metals' transfer from soil to various plant

parts (total biomass) using the following equation:

BAF = Cplant\csoil
Where Cpiant Shows the accumulation of heavy metals in the plant (total biomass) and Csil
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denotes the amount of heavy metals in the soil. (BAF) values more than 1 demonstrate the
potential success of a plant species for bioaccumulation. (Khermandar et al., 2016; He et al.,
2021; Hussain et al., 2022). Plants having both (TF) and (BAF) >1 can be employed as
phytoremediators. (BAF) values greater than two are regarded as high (Usman et al., 2013). If a
plant has (BAF) >1 and (TF) <1, it can be used as a phytostabilizer; if it has (BAF) <1 and (TF)
>1, it can be used as a phytoextractor (Sopyan et al., 2014; Takarina & Pin, 2017).
Statistical analysis

The obtained data were subjected to the statistical analysis of variance ANOVA of the
combined analysis in completely randomized design (CRD) and the least significant difference
(LSD) at 0.05% was used to compare the means of treatments using CoStat software (Pacific
Grove, CA, USA) (Ott and Longnecker, 2015).

The result

1

rom Table (1), an increase in the concentration of N, P, K, Ca, and Na was noticed,
whereas in aerial parts were (1.63%, 0.096, 1.4, 3.5, and 0.377 g kg?) for (N, P, K, Ca, and Na)
respectively, in roots parts were (1.05%, 0.030, 0.998, 2.5 and 0.308 g kg™*) for (N, P, K, Ca, and
Na) respectively and in soil parts were (0.56%, 0.080, 0.103, 3.1, and 0.102 g kg™) for (N, P, K,

Ca, and Na), respectively.
Table (1) The macro elements in A. Cyanophylla and soils

Parts N% Pgkg? K gkg? Cagkg? Na g kg
Aerial 1.63 0.096 1.4 3.5 0.377
Roots 1.05 0.030 0.998 2.5 0.308

Soils 0.56 0.080 0.103 3.1 0.102
From Table (2) We note that there are significant differences at (p < 0.05) between the

plant’s parts and soil's contents, where the root parts contained the highest concentration of
heavy metals, followed by the soil parts, and finally the aerial parts, whereas concentrations of
heavy metals of aerial parts were (0.751, 1.01, 0.059, and 0.084 mg kg*?) for (Zn, Fe, Cd, and
Pb), respectively. Heavy metals of roots parts were 1.103, 6.51, 0.098, and 0.166 mg kg™) for
(Zn, Fe, Cd, and Pb), respectively, and heavy metals of soil parts were (0.823, 1.12, 0.0725, and
0.155 mg kg™?), respectively. Table (2) shows that the root parts contain the highest quantity of
heavy metals, and the accumulation was in roots > soil parts > Arial part. On the other hand,
Table (2) also shows that A. Cyanophylla tends to accumulate heavy metals in its root parts and

limits them to transfer to aerial parts.
Table (2) Concentration of heavy metals in A. Cyanophylla and soils

parts Zn mg kgt Fe mg kg'* Cd mg kg* Pb mg kg
Aerial 0.751¢ 1.018 0,059¢ 0.0848
Roots 1.1034 6.514 0.0984 0,166
Soils 0.8238 1.128 0.07378 0.155%

From figure (1) we find that the (BCF) of the aerial parts did not exceed (1) for all heavy
metals whereas were (0.9, 0.9, 0.8, and 0.5) for (Zn, Fe, Cd, and Pb) respectively, while the
(BCF) of the root was greater than (1) for all heavy metals whereas were (1.3, 5.8, 1.3 and 1) for
(Zn, Fe, Cd, and Pb) respectively. Also, looking at the (TF) value, we find that it did not exceed
(2) in all heavy metals whereas were (0.6, 0.2, 0.6, and 0.5) for (Zn, Fe, Cd, and Pb) respectively.
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On the contrary, the (BAF) value exceeded (1) for all heavy metals whereas were (2.2, 6.7, 2.1,
and 1.6) for (Zn, Fe, Cd, and Pb) respectively, On the other hand, figure (1) showed that roots
parts contain the highest quantity of heavy metals and all indicators (BCF aerial parts, BCF root
parts, TF, and BAF) indices that A. Cyanophylla tend to absorb heavy metals from the soil to the
root parts but restrict it by phytosablization strategy from transfer to aerial parts.

8
7
6
5
4
3
2
1 I{ Tl L}
0 J. mm— J. L
Zn Fe Cd Pb
BCF aerial parts BCF root parts
TF BAF

2 per. Mov. Avg. (BAF)

Figure (1) Comparing biological factors

The discussion

An increase in the concentration of N, P K, and Na due to the content of sewage water
(Smith and Giller, 1992; Yu et al., 2022). Also, the high concentration of K is due to the
presence of several minerals that contain this element, such as feldspar, mica, and illite (Ben
Mahmoud, 1995). Regarding the Ca concentration, its increase is due to the soil's original
material, which is characterized by a high level of calcium carbonate (Ben Mahmoud, 1995). The
concentrations of heavy metals did not exceed the permissible limits of the World Health
Organization Standards (WHO, 1996). The root parts contain the highest quantity of heavy
metals. The accumulation in roots was greater than in the aerial parts. This was mentioned by
(Masvodza et al., 2013; Gerhardt et al., 2017; Lago-Vila et al., 2019), who reported that some
heavy metals' absorption in root parts was greater than aerial parts in some legume plants. Also,
looking at the (TF) value, we find that it did not exceed 1, and this leads us to the fact that A.
Cyanophylla accumulated heavy metals in the root system. Similar results were also observed by
(Smith & Giller, 1992; Majid et al., 2011; Masvodza et al., 2013; Mganga, 2014; Khermandar et
al., 2016). Also, the (BAF) indicates that A. Cyanophylla can be considered a bioaccumulator, as
the (BAF) value exceeded 1 for all heavy metals, according to the report of (Majid et al., 2011,
Khermandar et al., 2016). On the other hand, figure (1) shows that Acacia tends to accumulate
heavy metals in its root parts, limiting its transfer to aerial parts, according to (Anoliefo et al.,
2008; Mganga. 2014; Raj, 2019). According to (Anoliefo et al., 2008; Maldonado-Magaria et al.,
2011; Mganga, 2014; Sopyan et al., 2014; Khermandar et al., 2016; Takarina & Pin, 2017;
Suman et al., 2018; Rosli et al., 2021; Rathna Kumari & Nagaraja, 2023) Acacia employs a
phytostabilization strategy to accumulate heavy metals below ground, but it is not considered
important in the phytoremediation processes because it accumulates the heavy metals in the root
system area, while the process of phytoremediation requires accumulating heavy metals in the
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aerial parts (not root parts) in order to facilitate the process of harvesting it, which is reported by
(Usman et al., 2013; Mishra and Pandey, 2019; Venegas-Rioseco et al., 2021; Nouha et al.,

2024).
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