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Abstract

This study aimed to develop a proposed framework for activating the role of the Water
Quality Laboratory in managing industrial wastewater risks at a dairy manufacturing plant in
the Kingdom of Saudi Arabia. The study was based on the increasing importance of water
quality laboratories in supporting environmental management systems improving risk
management practices reducing environmental impacts resulting from industrial wastewater
and ensuring compliance with national regulations and international water quality standards.
The importance of this research has grown alongside the rapid industrial expansion in Saudi
Arabia the increasing volume of industrial wastewater and the need to strengthen laboratory
monitoring and analytical capabilities to protect water resources preserve the environment
and contribute to sustainable development in line with the objectives of Saudi Vision 2030.
The study also sought to highlight the strategic role that water quality laboratories can play
by moving beyond routine testing toward proactive environmental risk assessment and

supporting decision makers with reliable scientific information.

The study adopted the descriptive analytical approach as the most appropriate methodology
for achieving its objectives. Relevant literature environmental regulations technical standards

and current laboratory practices were reviewed and analyzed to evaluate the existing role of

the Water Quality Laboratory in the selected dairy factory and to identify strengths

weaknesses and opportunities for improvement. A structured questionnaire was used as the
primary data collection instrument and was distributed to a sample of 180 employees
representing top management quality management environmental health and safety
production maintenance operations and laboratory departments in order to evaluate their
perceptions regarding the laboratory's contribution to industrial wastewater risk management
the challenges affecting its effectiveness and the most appropriate mechanisms for enhancing

its performance.

The findings demonstrated that the Water Quality Laboratory constitutes a fundamental
component of the industrial wastewater risk management system and that improving
laboratory performance directly contributes to enhancing environmental monitoring early
detection of pollution sources and reducing operational and environmental risks. The results
also indicated that activating the laboratory's role requires advanced analytical equipment
effective quality assurance and calibration programs compliance with ISO/IEC 17025

laboratory accreditation requirements and continuous development of laboratory personnel.




Participants showed a high level of agreement regarding the importance of strengthening
periodic monitoring programs continuous analysis of wastewater quality indicators and
integrating laboratory results into environmental risk management and organizational
decision making. The study further identified several challenges including the need to
modernize laboratory infrastructure improve coordination among departments and maximize

the use of laboratory data in proactive environmental planning.

Based on these findings the study proposed an integrated framework for enhancing the role
of the Water Quality Laboratory through upgrading laboratory infrastructure modernizing
analytical equipment implementing internationally recognized laboratory quality
management systems strengthening digital transformation in laboratory information
management establishing integrated databases linked to environmental performance
indicators and improving coordination between the laboratory and all relevant departments.
The study also recommended adopting proactive monitoring systems early warning
mechanisms artificial intelligence applications and advanced data analytics to improve
industrial wastewater risk management support environmental sustainability achieve
regulatory compliance and enhance operational performance within dairy manufacturing

plants in the Kingdom of Saudi Arabia.

Keywords: Water Quality Laboratory, Industrial Wastewater Risk Management, Dairy

Industry, Water Quality, Environmental Management, Sustainability, Saudi Arabia.
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