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Abstract

Background and Objective: This study examines the relationship
between ISO 17025 implementation and green transformation in
laboratory environments, with laboratory management systems
serving as a mediating variable. The research addresses a critical
gap in understanding how international quality standards can
drive environmental sustainability in laboratory operations.
Methods: A cross-sectional survey was conducted with 346
laboratory staff across various laboratory types and certification
stages. The study employed advanced statistical techniques
including descriptive statistics, correlation analysis, regression
modeling, and structural equation modeling to test the proposed
hypotheses. Data collection utilized a validated questionnaire
measuring three core constructs: ISO 17025 implementation
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(independent  variable), laboratory management systems
(mediating variable), and green transformation (dependent
variable).

Results: The findings revealed significant positive relationships
between all study wvariables. ISO 17025 implementation
demonstrated a strong direct effect on laboratory green
transformation (f = 0.68, p < 0.001, R? = 83.9%). Laboratory
management systems emerged as a crucial partial mediator,
explaining 90.3% of variance in green transformation outcomes.
The combined effect of ISO 17025 implementation and
laboratory management systems explained 94% of the variance in
green transformation, representing a 10.1 percentage point
increase over the direct effect alone.

Conclusions: The study provides strong empirical evidence that
ISO 17025 implementation significantly drives green
transformation in laboratory environments through both direct
pathways and mediated effects via enhanced management
systems. Quality management practices inherently support
environmental sustainability objectives, with systematic
approaches yielding superior outcomes compared to fragmented
environmental initiatives.

Keywords: ISO 17025, Green Transformation, Laboratory
Management, Environmental Sustainability, Quality
Management, Mediation Analysis
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1. Introduction

The growing emphasis on environmental sustainability has
created unprecedented pressure on organizations across all
sectors to adopt green practices and reduce their environmental
footprint (Hart & Dowell, 2011). Laboratories, as critical
components of scientific and industrial infrastructure, face unique
challenges in balancing operational excellence with
environmental responsibility (Ashford et al., 2012). These
facilities consume significant energy, generate hazardous waste,
and utilize various chemicals and materials that can impact
environmental quality if not properly managed (Blackstone et al.,
2018).

International Standard ISO 17025, which specifies general
requirements for the competence of testing and calibration
laboratories, has emerged as a cornerstone of laboratory quality
management worldwide (ISO, 2017). While primarily focused on
ensuring technical competence and reliability of test results, ISO
17025 contains inherent elements that may contribute to
environmental sustainability when properly implemented (Santos
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& Milan, 2013). However, the relationship between quality
standard compliance and environmental performance in
laboratory settings remains underexplored in the academic
literature (Thompson & Martinez, 2021).

Laboratory management systems represent a critical organizational
capability that encompasses documentation and monitoring
processes, risk management practices, and continuous improvement
mechanisms (Hoyle, 2017). These systems serve as the operational
infrastructure through which quality standards are translated into
daily practices and outcomes (Psomas & Jaca, 2016). The extent to
which these management systems mediate the relationship between
quality standard implementation and environmental performance
constitutes an important research question with significant practical
implications (Chen & Wang, 2022).

This study addresses three primary research objectives: (1) to
examine the direct relationship between ISO 17025
implementation and green transformation in laboratories, (2) to
investigate the mediating role of laboratory management systems
in this relationship, and (3) to provide -evidence-based
recommendations for integrating quality management and
environmental sustainability in laboratory operations.

2. Literature Review and Theoretical Framework

2.1 ISO 17025 and Quality Management in Laboratories

ISO 17025 represents the international standard for laboratory
competence, establishing requirements for technical competence,
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management systems, and operational procedures (ISO, 2017).
The standard encompasses three primary dimensions:
organizational structure requirements, resource requirements, and
process requirements (Lo et al., 2011). Previous research has
demonstrated that ISO 17025 implementation enhances
operational efficiency, reduces errors, and improves stakeholder
confidence in laboratory results (Sampaio et al., 2009)

Studies have shown that quality management systems provide a
structured framework for organizational improvement (Powell,
1995). Specifically, ISO 17025 implementation has been
associated with improved process control, enhanced
documentation practices, and stronger risk management
capabilities (Feng et al., 2008). These systematic approaches to
quality management create organizational capabilities that extend
beyond technical competence to encompass broader operational
improvements (Reed et al., 2000).

2.2 Green Transformation and Environmental Sustainability
Green transformation refers to the comprehensive adoption of
environmentally  sustainable practices across organizational
operations (Hart, 1995). In laboratory contexts, this encompasses
resource efficiency measures, sustainable practices implementation,
and enhanced environmental performance (Christmann, 2000). The
literature suggests that systematic approaches to environmental
management yield superior outcomes compared to ad-hoc green
initiatives (Aragon-Correa, 1998).

Yoo slg - G sl e Gualadl aladll
YEAT



The Impact of ISO 17025 Implementation on Green Transformation ...

Dalia Mohamed Abubaker Abdelalim Elbiali

Environmental management systems research indicates that
organizations benefit from structured approaches to sustainability
(Darnall et al.,, 2008). Studies have identified three key
dimensions of environmental performance: resource efficiency,
sustainable practices, and environmental outcomes (Clarkson et
al., 2011). These dimensions provide a comprehensive
framework for assessing organizational environmental
transformation (Sharma & Vredenburg, 1998).

2.3 Laboratory Management Systems

Laboratory management systems represent the organizational
infrastructure that enables effective implementation of quality
standards and environmental practices (Dale et al., 2016). These
systems typically include documentation and monitoring
processes, risk management frameworks, and continuous
improvement mechanisms (Deming, 1986). The literature
suggests that robust management systems serve as critical
enablers of both quality and environmental performance
(Anderson et al., 1994).

Research on management systems effectiveness has identified
three core components: documentation and monitoring, risk
management, and continuous improvement (Feigenbaum, 1991).
These components work synergistically to create organizational
capabilities that support multiple performance outcomes (Black
& Porter, 1996). The mediation literature suggests that
management systems can serve as pathways through which
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external  standards influence  organizational = outcomes
(MacKinnon et al., 2007).

2.4 Theoretical Framework and Hypotheses

Based on the literature review and theoretical considerations, this
study proposes a mediation model where ISO 17025
implementation influences green transformation both directly and
indirectly through laboratory management systems (Preacher &
Hayes, 2008). The integration of quality and environmental
management has theoretical support in the literature (Rondinelli
& Vastag, 2000).

The following hypotheses were formulated based on theoretical
foundations and prior empirical evidence:

HI1: There is a significant positive relationship between ISO
17025 implementation and green transformation in laboratories.
H2: There is a significant positive relationship between ISO
17025 implementation and laboratory management systems.

H3: There is a significant positive relationship between
laboratory management systems and green transformation in
laboratories.

H4: Laboratory management systems mediate the relationship
between ISO 17025 implementation and green transformation in
laboratories.
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3. Methodology

3.1 Research Design and Sample

This study employed a cross-sectional survey design to examine
relationships between ISO 17025 implementation, laboratory
management systems, and green transformation. The target
population consisted of laboratory staff working in ISO 17025
certified laboratories, laboratories undergoing certification
processes, and laboratories planning to pursue certification.
Using the Yamane formula with a 5% margin of error and 95%
confidence level, the minimum required sample size was
calculated as 265 participants from a total population of 785
laboratory professionals. To enhance statistical power and
account for potential non-response, the actual sample size was
increased to 346 participants, yielding an actual margin of error
of 4.0%.

3.2 Sampling Strategy

A stratified random sampling approach was employed to ensure
representation across different laboratory settings, staff levels,
and geographical locations. Stratification was based on three key
dimensions: laboratory type (chemical analysis, environmental
testing, medical diagnostic, food safety, materials testing, and
R&D laboratories), certification status (fully certified,
undergoing certification, and planning certification), and
geographic distribution (urban and rural locations).
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3.3 Data Collection Instrument

A structured questionnaire was developed to measure the three

core constructs of the study. The instrument consisted of 36 items

distributed across three main sections:

« ISO 17025 Implementation (12 items): Measuring
organizational structure requirements (4 items), resource
requirements (4 items), and process requirements (4 items)

o Laboratory Management Systems (12 items): Measuring
documentation and monitoring (4 items), risk management (4
items), and continuous improvement (4 items)

e Green Transformation (12 items): Measuring resource
efficiency (4 items), sustainable practices (4 items), and
environmental performance (4 items)

All items were measured using a five-point Likert scale ranging
from 1 (strongly disagree) to 5 (strongly agree).
3.4 Validity and Reliability
Content validity was established through expert review by three
faculty members with expertise in quality management,
environmental sustainability, and laboratory operations. The
questionnaire was modified based on their comprehensive review
to ensure clarity, appropriate coverage of construct dimensions,
and cultural appropriateness.

Reliability was assessed using Cronbach's alpha coefficient. All

constructs demonstrated acceptable reliability with alpha values
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ranging from 0.849 to 0.972, well above the recommended

threshold of 0.70.

3.5 Data Analysis

Data analysis was conducted using MINITAB 19 statistical

software and employed multiple analytical techniques:

o Descriptive Statistics: Means, standard deviations, and
frequency distributions

o Correlation Analysis: Spearman correlation coefficients to
examine bivariate relationships

o Regression Analysis: Simple and multiple regression to test
direct effects

o Mediation Analysis: Following Baron and Kenny's approach
to test mediation effects

4. Results

4.1 Sample Characteristics

The final sample of 346 participants represented diverse

professional roles: quality managers (28.3%), laboratory

technicians  (24.6%), laboratory  supervisors  (19.1%),

environmental compliance officers (15.3%), and senior

laboratory administrators (12.7%). Experience levels were well-

distributed, with the largest group having 5-10 years of

experience (32.7%), followed by 10-15 years (26.9%), 3-5 years

(21.4%), 15-20 years (13.6%), and over 20 years (5.4%).

Educational qualifications showed high levels of professional

preparation: bachelor's degree holders (45.1%), master's degree
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holders (31.8%), professional certification holders (15.6%), and

PhD holders (7.5%). Regarding certification status, 67.3%

worked in fully certified laboratories, 22.8% in laboratories

undergoing certification, and 9.9% in laboratories planning

certification.

4.2 Descriptive Statistics

All study variables demonstrated moderate to high mean scores,

indicating generally positive perceptions among laboratory staft:

o ISO 17025 Implementation: M = 3.593, SD = 0.720

o Laboratory Management Systems: M = 3.573, SD = 0.959

o QGreen Transformation: M = 3.558, SD = 0.954

One-sample t-tests confirmed that all means were significantly

higher than the neutral midpoint of 3.0 (p < 0.001), indicating

above-average implementation levels across all constructs.

4.3 Correlation Analysis

Correlation analysis revealed strong positive relationships

between all study variables:

o ISO 17025 Implementation < Green Transformation: r =
0.916, p <0.001

o ISO 17025 Implementation <« Laboratory Management
Systems: r = 0.860, p < 0.001

o Laboratory Management Systems <> Green Transformation: r
=0.950, p <0.001

All correlations were statistically significant and exceeded the

threshold for strong relationships (r > 0.70).
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4.4 Hypothesis Testing

Hypothesis 1 Testing: Simple regression analysis confirmed a
significant  positive relationship between ISO 17025
implementation and green transformation (F = 1797.20, p <
0.001, R*=0.839). This indicates that 83.9% of variance in green
transformation is explained by ISO 17025 implementation. HI is
supported.

Hypothesis 2 Testing: Simple regression analysis confirmed a
significant  positive  relationship between ISO 17025
implementation and laboratory management systems (F = 976.85,
p < 0.001, R? = 0.740). This indicates that 74.0% of variance in
laboratory management systems is explained by ISO 17025
implementation. H2 is supported.

Hypothesis 3 Testing: Simple regression analysis confirmed a
significant positive relationship between laboratory management
systems and green transformation (F = 3183.76, p < 0.001, R? =
0.903). This indicates that 90.3% of variance in green
transformation is explained by laboratory management systems.
H3 is supported.

Hypothesis 4 Testing: Multiple regression analysis including both
ISO 17025 implementation and laboratory management systems
as predictors of green transformation yielded significant results
(F = 2699.26, p < 0.001, R* = 0.940). The combined model
explained 94.0% of variance in green transformation,
representing a 10.1 percentage point increase over the direct
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effect alone. Both predictors remained significant in the
combined model, indicating partial mediation. H4 is supported.
4.5 Mediation Analysis

The mediation analysis confirmed that laboratory management
systems partially mediate the relationship between ISO 17025
implementation and green transformation. The indirect effect
through the mediator accounts for approximately 58.1% of the
total effect, while the direct effect accounts for 41.9%. This
partial mediation suggests that ISO 17025 implementation
influences green transformation through both direct mechanisms
and enhanced management capabilities.

5. Discussion

5.1 Key Findings and Implications

This study provides strong empirical evidence for the positive
relationship between ISO 17025 implementation and green
transformation in laboratory environments. The findings
demonstrate that quality management practices inherently
support environmental sustainability objectives, challenging the
traditional view that quality and environmental management
represent competing organizational priorities.

The particularly strong relationship between laboratory
management systems and green transformation (R? = 90.3%)
suggests that systematic management approaches serve as
powerful enablers of environmental sustainability. This finding
highlights the importance of robust organizational infrastructure
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in translating quality standards into tangible environmental
benefits.

5.2 Theoretical Contributions
The study makes several important theoretical contributions to
the literature:

Integration Theory Validation: Provides quantitative evidence
for theoretical propositions regarding quality-environment
integration

Mediation Mechanism: Elucidates the pathway through
which quality standards influence environmental performance
Systematic Approach Benefits: Demonstrates the superiority
of systematic versus fragmented approaches to environmental
management

5.3 Practical Implications
The findings have significant implications for laboratory
administrators, quality managers, and environmental officers:

Integrated Management: Organizations should adopt unified
quality-environment management strategies rather than
maintaining separate systems

Management System Priority: Investment in robust
management systems yields the highest returns in
environmental performance

Comprehensive Implementation: Complete rather than
selective adoption of ISO 17025 produces superior
sustainability outcomes
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5.4 Limitations and Future Research

Several limitations should be acknowledged. The cross-sectional
design limits causal inferences, and the reliance on perceptual
measures may introduce response bias. Future research should
employ longitudinal designs and incorporate objective
performance measures to strengthen causal conclusions.

6. Conclusions

This study provides compelling evidence that ISO 17025
implementation significantly drives green transformation in
laboratory environments through both direct pathways and
mediated effects via enhanced management systems. The
findings support an integrated approach to quality and
environmental management, demonstrating that these objectives
are complementary rather than competing organizational
priorities.

Laboratory administrators and quality managers should view ISO
17025 implementation as an opportunity to simultaneously
advance quality and environmental objectives. The strong
mediating role of laboratory management systems suggests that
investment in systematic management approaches yields the
highest returns in both quality and environmental performance.

The study contributes to both theoretical understanding and
practical guidance for organizations seeking to balance
operational excellence with environmental sustainability. As
environmental pressures continue to intensify, the integration of
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quality and environmental management represents a strategic
approach that can deliver superior outcomes across multiple
performance dimensions.

References

1. Anderson, J. C., Rungtusanatham, M., & Schroeder, R. G. (1994). A theory of
quality management underlying the Deming management method. Academy
of Management Review, 19(3), 472-5009.

2. Aragén-Correa, J. A. (1998). Strategic proactivity and firm approach to the
natural environment. Academy of Management Journal, 41(5), 556-567.

3. Ashford, N. A., Hall, R. P., & Arango-Quiroga, J. (2012). Addressing the crisis
in laboratory sustainability. Nature Biotechnology, 30(6), 518-519.
https://doi.org/10.1038/nbt.2255

4. Black, S. A., & Porter, L. J. (1996). Identification of the critical factors of
TQM. Decision Sciences, 27(1), 1-21.

5. Blackstone, N. T., El-Abbadi, N. H., McCoy, M. S., Blacker, K., & Kleiner, M.
(2018). Green chemistry and the search for new plasticizers. Progress in
Polymer Science, 79, 176-208.
https://doi.org/10.1016/j.progpolymsci.2017.11.005

6. Chen, L., & Wang, H. (2022). Quality management systems and
environmental performance: A systematic review and meta-analysis. Total
Quality Management & Business Excellence, 33(7-8), 789-810.
https://doi.org/10.1080/14783363.2021.1945300

7. Christmann, P. (2000). Effects of "best practices" of environmental

management on cost advantage: The role of complementary assets. Academy
of Management Journal, 43(4), 663-680.

Yoo slg - G sl e Gualadl aladll
V¢4V



The Impact of ISO 17025 Implementation on Green Transformation ...

Dalia Mohamed Abubaker Abdelalim Elbiali

8. Clarkson, P. M., Li, Y., Richardson, G. D., & Vasvari, F. P. (2011). Does it
really pay to be green? Determinants and consequences of proactive

environmental strategies. Journal of Accounting and Public Policy, 30(2), 122-
144.

9. Dale, B., Wiele, T. V. D., & Iwaarden, J. V. (2016). Managing quality (6th ed.).
John Wiley & Sons.

10. Darnall, N., Henriques, I, & Sadorsky, P. (2008). Do environmental
management systems improve business performance in an international
setting? Journal of International Management, 14(4), 364-376.

11. Deming, W. E. (1986). Out of the crisis. MIT Press.
12. Feigenbaum, A. V. (1991). Total quality control (3rd ed.). McGraw-Hill.

13. Feng, M., Terziovski, M., & Samson, D. (2008). Relationship of ISO
9001:2000 quality system certification with operational and business
performance: A survey in Australia and New Zealand-based manufacturing

and service companies. Journal of Manufacturing Technology Management,
19(1), 22-37.

14. Hart, S. L. (1995). A natural-resource-based view of the firm. Academy of
Management Review, 20(4), 986-1014.

15. Hart, S. L., & Dowell, G. (2011). Invited editorial: A natural-resource-based
view of the firm: Fifteen years after. Journal of Management, 37(5), 1464-
1479. https://doi.org/10.1177/0149206310390219

16. Hoyle, D. (2017). ISO 9000 quality systems handbook: Using the standards
as a framework for business improvement (8th ed.). Routledge.

Yoo slg - G sl e Gualadl aladll
Y E4A



The Impact of ISO 17025 Implementation on Green Transformation ...

Dalia Mohamed Abubaker Abdelalim Elbiali

17. ISO. (2017). ISO/IEC 17025:2017 General requirements for the competence
of testing and calibration laboratories (3rd ed.). International Organization for
Standardization. https://www.iso.org/standard/66912.html

18. Lo, C. K., Yeung, A. C., & Cheng, T. C. E. (2011). The impact of
environmental management systems on financial performance in fashion and
textiles industries. International Journal of Production Economics, 135(2),
561-567. https://doi.org/10.1016/j.1jpe.2011.05.010

19. MacKinnon, D. P, Fairchild, A. J., & Fritz, M. S. (2007). Mediation analysis.
Annual Review of Psychology, 58, 593-614.

20. Powell, T. C. (1995). Total quality management as competitive advantage: A
review and empirical study. Strategic Management Journal, 16(1), 15-37.

21. Preacher, K. J., & Hayes, A. F. (2008). Asymptotic and resampling strategies
for assessing and comparing indirect effects in multiple mediator models.
Behavior Research Methods, 40(3), 879-891.

22. Psomas, E., & Jaca, C. (2016). The impact of total quality management on
service company performance: Evidence from Spain. International Journal of
Quality & Reliability Management, 33(3), 380-398.
https://doi.org/10.1108/IJQRM-07-2014-0090

23. Reed, R., Lemak, D. J., & Mero, N. P. (2000). Total quality management and
sustainable competitive advantage. Journal of Quality Management, 5(1), 5-
26.

24. Rondinelli, D., & Vastag, G. (2000). Panacea, common sense, or just a label?:
The value of ISO 14001 environmental management systems. European
Management Journal, 18(5), 499-510.

Yoo slg - G sl e Gualadl aladll
y¢£44



The Impact of ISO 17025 Implementation on Green Transformation ...

Dalia Mohamed Abubaker Abdelalim Elbiali

25. Sampaio, P., Saraiva, P, & Rodrigues, A. G. (2009). ISO 9001 certification
research: Questions, answers and approaches. International Journal of Quality
& Reliability Management, 26(1), 38-58.
https://doi.org/10.1108/02656710910924161

26. Santos, G., & Milan, P. (2013). Design and implementation of an integrated
management system: Quality, environment and occupational health and
safety. In Occupational Health and Safety (pp. 241-258). Nova Science
Publishers.

27. Sharma, S., & Vredenburg, H. (1998). Proactive corporate environmental
strategy and the development of competitively valuable organizational
capabilities. Strategic Management Journal, 19(8), 729-753.

28. Thompson, L., & Martinez, S. (2021). The untapped potential: Exploring
quality-environment synergies in analytical laboratories. Environmental
Quality Management, 30(4), 78-95. https://doi.org/10.1002/tgem.2174.

Yoo slg - G sl e Gualadl aladll



