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IMPROVING THE EFFECTIVENESS OF ENVIRONMENTAL MONITORING AND
PROTECTION OF WATER RESOURCES

Abstract. Computer-integrated technologies using ion-selective sensors offer a modern and
automated approach for real-time monitoring of water resource quality by accurately measuring
specific ion concentrations. These systems combine miniaturized sensors, wireless data transmission,
and computer integration for continuous, remote analysis and management of critical water
parameters. The developed technologies enhance environmental protection efforts, optimize resource
management, and support sustainable water quality control through improved data collection and
decision-making processes.

Key words: ion-selective sensors, automated monitoring systems, sensor data processing, real-
time water quality control, flow-injection system

Introduction. Computer-integrated technologies for monitoring water resources using ion-
selective sensors are a modern trend in environmental monitoring, leading to automated systems for
collecting, processing, and analyzing data on the state of water objects. The use of ion-selective
sensors allows for highly accurate and rapid measurements of ion concentrations in water, which is
critical for assessing water quality and pollution.

The primary aim of work on computer-integrated technologies for monitoring water resources
using ion-selective sensors is to enable real-time, accurate, and remote measurement of specific ion
concentrations in water, supporting environmental protection, process control, and sustainable
resource management. These technologies integrate miniaturized ion-selective sensors with wireless
data transmission, cloud storage, and web-based interfaces, allowing for continuous, automated
monitoring of water quality parameters such as nitrate, ammonium, potassium, and other critical ions

Methods and Materials. These technologies contribute to more effective monitoring by
enabling continuous real-time control of water parameters, remote control systems, and integration
with computer networks for centralized information analysis. The implementation of such complexes
improves water resource management. It ensures greater efficiency in making management decisions
on environmental protection.

There are two approaches to computer-integrated technologies for monitoring water resources.
The first approach involves the use of combined ion-selective electrodes in monitoring (Fig. 1). The
second involves the use of a flow-injection method with thin-film solid-phase electrode-active
substances as ion-selective sensors.

A modern flow-injection ionometric water resource monitoring system consists of the following
main components:

« An ion-selective sensor that continuously analyzes the concentration of ions in the water flow.

* A flow chamber or channel through which the water sample passes for analysis.
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* An injection (introduction) system for standard solutions or reagents for calibration and
measurement accuracy improvement.

* An electronic unit for processing signals from the sensor with a digital-to-analog converter.

» A computer-integrated system for collecting, processing, and visualizing data, allowing real-
time monitoring of the state of the water body.

A graphical diagram of such a system shows: water inlet into the flow chamber, connection of
an ion-selective sensor, injection system for calibration reagents, data transfer via a computer
interface, where processing and output of results are performed.

Thus, the flow-injection ionometric system includes mechanical, electrochemical, and
computer components for accurate control of the chemical composition of water resources.
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Fig. 1. Computer-integrated technologies for monitoring water

Conclusions. The conclusions of the work can be summarized as follows. Computer-integrated
technologies represent a modern and effective approach to environmental monitoring, enabling
automated collection, processing, and analysis of water quality data through the use of ion-selective
sensors. The integration of miniaturized ion-selective sensors with wireless data transmission, cloud
storage, and web interfaces allows continuous, real-time, accurate, and remote measurement of
specific ions in water, which supports environmental protection, process control, and sustainable
water resource management. Two main technical approaches are highlighted: the use of combined
ion-selective electrodes and the flow-injection method with thin-film solid-phase electrode-active
substances. A typical flow-injection ionometric monitoring system combines mechanical (flow
chamber), electrochemical (ion-selective sensors), electronic (signal processing with digital-to-
analog conversion), and computer-integrated components for real-time water quality control. These
technologies improve monitoring effectiveness, enabling continuous real-time control, remote system
management, centralized data analysis, and better-informed decisions for water resource management
and environmental protection. Overall, this research confirms that computer-integrated ion-selective
monitoring systems enhance the accuracy, responsiveness, and usability of water quality monitoring,
contributing significantly to the protection and sustainable management of water resources
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