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Introduction
Aquaculture is a process of controlled cultivation of freshwater and marine organisms, mainly for human consumption 
and the renewal of fish stock [1]. It is highly dependent on the water quality which should be continuously monitored to 
undertake preventive actions in case of anomalies. Also, special attention should be paid to the environmental effect of 
aquaculture systems with an aim to reduce it as much as possible [2]. The water quality analysis includes control of several 
parameters, such as oxygen level, pH, chemical substances and others. Marine pollution is caused by various sources, from 
ships (e.g. oil spills) to onshore industries (e.g. toxic waste, chemical dissolutions). In case of aquaculture production, the 
decomposition of fish feed has the greatest impact but the infrastructures themselves also contribute. Materials immersed 
in saltwater can cause chemical anomalies by their decomposition. This is emphasized in case of ships where various 
antifouling coatings dissolve and release harmful substances, such as copper [3]. These substances enter the biosystem of 
marine organisms and can, by consumption of fish and mussels, affect human health. The deposition of uneaten feed on the 
seabed slows down the growth of marine flora and their degradation creates a chemical imbalance. The level of harmful 
substances, e.g. nitrogen and phosphorous, increases and leads to eutrophication of the marine area [4]. To reduce the 
negative impact of aquaculture production on the environment, greater funds are invested in monitoring systems and sensor 
networks to control the water quality and ensure a healthier environment.

Methodology and equipment
This study contributes to the preservation of the ecosystem, by installing a stationary multiparameter probe in an aquaculture 
farm, that collects real-time data about seawater quality and enables issuing alerts if a sort of anomaly appears. The 
aquaculture farm is located in the lower part of the Krka River estuary, characterised by a frequent inflow of freshwater that 
alters the salinity and a higher level of copper concentration harmful for marine organisms [3]. The specific characteristics 
make the location a valuable source of data for an environmental study. The multiparameter probe (EXO2, YSI, Xylem) 
has 7 ports, one port reserved for a central wiper and 6 ports for holding the sensors for temperature, conductivity, pH/
ORP (Oxidation-Reduction Potential), dissolved oxygen, turbidity and depth. Other parameters that cannot be directly 
measured (such as total dissolved solids) are calculated through built-in correlations. The central wiper automatically 
cleans the surface of the sensors to prevent the growth of fouling and marine organisms, e.g. algae and mussels. The probe 
ensures a sampling rate of at least 1 Hz and data export in various formats (MIS, CSV, ASCII,…). The probe is located in 
an aquaculture farm at depth around 2 m (within the halocline) near an onshore workstation, which facilitates data transfer 
due to easy access to energy and an Internet connection. In-house program was developed to collect the data from the probe 
every 10 minutes.

Results
The first measurements were conducted during July and August 2021. The data were analysed following the FAO guidelines 
for aquaculture production [5]. The temperature ranges from 24°C to 28°C, as expected for the summer months. The 
majority of fish species has the optimum performance at temperatures of about 15°C, while at temperatures above 20°C 
they consume less food [5]. The optimal pH range for fish is from 6.5 to 8.5 [5] and the results show good values in a range 
from 7.74 to 7.97. Oxygen requirements depend on the cultivated species and increase at a higher temperature [5]. The 
results show a range from 5.6 mg O2/L to 9.1 mg O2/L. Salinity results show a greater range due to the inflow of freshwater 
and its position at the halocline, which harms marine organisms and needs to be further analysed. Turbidity shows low, 
controlled values and occasional peaks.
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Concluding remarks
Early results obtained by the described real-time monitoring system indicate that it is fully operable and appropriate for 
application in any type of aquaculture farm. Further measurements will give a better overview of the water quality during 
different seasons when greater precipitation and colder weather could have an effect on the water parameters. A larger 
database will enable more accurate analysis and preparation of guidelines for improving the work of aquaculture farms to 
reduce the environmental impact and establishing a balanced marine ecosystem.
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