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A system for studying the living environment of freshwater living fish
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1. Introduction

Freshwater fish such as carp, grass carp, catfish, pike, walleye are bred freely in rivers, lakes,
dams, and fishponds. In the rivers, the indicators of the water environment are not monitored, because
the constantly flowing water is relied on to maintain the normal conditions for the life of the fish.
They are only checked periodically by the state offices responsible for them. In fishponds, it is
desirable to constantly monitor the state of the environment, because a large amount of fish is grown
in a small volume, [1]. In the case of dams and lakes, because they are usually of larger volumes,
measurements are made less often to determine the quality of life of the environment, or they are not
made at all. The reaction is usually intuitive, according to the behavior of the fish. Exceptions are
small lakes used as fishponds [2]. In addition to these reservoirs, live fish are transported by vehicles
in tanks to intermediate pools (storage). In them, it is stored for short periods of about a week before
being transacted or delivered to customers [3]. In these environments, the state of the environment
should also be monitored, because there the fish are collected in small volumes, in which the main
indicators of the environment, such as dissolved oxygen (O), carbon dioxide (COz), water
temperature (T° C), especially during hot summer days. The change in indicators is also related to the
amount and activity of fish in the reservoir. Therefore, various methods and models have been
created, such as R-CNN [4] and YOLOV5-CNN to determine the amount of fish in turbid waters or
dark waters [5]. When it is established that due to changes in the environment, the fish population is
decreasing, new technologies are applied to minimize their impact [6]. In this regard, it is necessary
to periodically control the environment and maintain it within normal limits by adding oxygen, fresh
water and even ice. Another environment where it is important to maintain water quality is the fish
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breeding tank. In this regard, the use of a Smart 10T based monitoring system for fish breeding is
proposed [7]. This Jade Smart 1.0 system measures and visualizes in real time the values of three
main indicators: acidity (pH), water temperature and water turbidity. This avoids the need to
periodically manually check the environment. A disadvantage of the system is that it does not measure
the values of dissolved oxygen, carbon dioxide and ammonia, which are important indicators during
warm and hot days.

The development of technologies allows the use of mobile systems for rapid control of the state
of the aquatic environment in which the live fish is located so that it can be maintained within normal
limits. Such systems are mainly built to measure water temperature, pH and turbidity [8]. This can be
done in smaller reservoirs, such as fishponds, hatcheries, intermediate storage and transport tanks
located in vehicles, through systems that continuously measure the main indicators of the
environment and visualize them, informing the people who raise the fish, [1], [9]. In other water
environments, rivers, lakes and reservoirs, where volumes are large, it is more appropriate to
periodically make measurements by taking samples. This can be done through dedicated water
sampling devices and measurement systems that can be fixed in laboratories or mobile. In the present
work, the use of a mobile system for measuring the main parameters of the water in which live fish
are grown is proposed.

2. Description of the main indicators for water measurement

The study of the behavior of fish in freshwater basins is related both to their rearing for fishing
and to determining their migration and behavior. In recent decades, hydrotechnical facilities have
been built along major navigable rivers, which block the path of fish and impede their migration, [10],
[11]. The influence is strong during the daylight hours, when 45% of fish slow down their movement
due to obstructions in their path and this affects their behavior [12]. In addition, the water temperature
is also a serious factor, which determines when the fish will start their migration related to
reproduction, [13]. In recent decades, there have been major climate changes that affect the
environment in which fish live and breed. These changes force fish to adapt to them [14]. When the
change in the environment in which fish live is not related to human intervention, such as reducing
or increasing the water level in lakes, it does not deteriorate the habitat conditions of fish [15].

In the Republic of Bulgaria, the Program "2021BG14MFPR001" was adopted for the period
2021-2027, in which it is indicated that efforts are directed to introducing innovations in fish
production and reducing water pollution, by introducing effective and adequate systems and carrying
out of monitoring research, including the use of artificial intelligence [16]. In connection with the
implementation of the plan, cooperation with scientific organizations to carry out periodic research
is envisaged. The results of the research are scheduled to be published on the website of the Executive
agency for fisheries and aquaculture, [17]. Similar studies related to the quality of the environment in
which the fish live are also carried out in other countries. What is common in all studies is that systems
are created to monitor basic indicators of water, which differ in complexity, number of measured
indicators, accuracy of the devices and cost. Some of them, in addition to measuring, are also used to
predict changes in the environment over time. For fish farms or for aquariums, in which various
preparations are used to maintain a quality environment, the manufacturing companies have provided
simplified methods for manually determining the quantities of the investigated indicators, which are
suspected to be not within the norms. These are pH, Ammonium (NH4/NHz), Nitrite (NO2), Nitrate
(NO3), Phosphat (POa), Iron (Fe), Copper (Cu), Chlor (Cl), Carbonate hardness (KH), [18]. Limit
values and acceptable values for the environment are specified for each of the measured indicators.
0. values should be above 6 mg/l, CO2 — below 20-25 mg/l, pH — 8-9, NH4 — below 0.25 mg/l, NOs
— below 20 mg/l, Cl <0, 02 etc. Therefore, the indicators that are important to be measured initially
are pH, water temperature and dissolved O.. Additionally, measurement of NO3z, NH4 and Cl and CO»
is provided. The measurement will be done by sampling the water sources. In this regard, it is
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necessary to create a mobile measurement system in field conditions at a reasonable cost and
acceptable accuracy.

3. Description of the assessment methodology

The measurement of the main indicators of the water in which live fish live or are stored is
intended to be carried out with a mobile autonomous measurement system. For this purpose, such a
system was prepared, which consists of 1 —a controller for data collection, 2 —a container for placing
the water samples and fixing the measuring probes, 3 — fixing stands for the measuring probes, 4 —a
pH sensor, measuring from 0-14; 5 — temperature sensor, range from —20 to 115°C, accuracy: +0.5°C;
6 — dissolved oxygen sensor, measures from zero to 20 mg/L with an accuracy of +0.4 mg/L; 7 —
sensor for measuring chlorides, measures from 1 to 35,000 mg/L; 8 — sensor for measuring nitrates,
in the range from 1 to 100 mg/L; 9 — sensor for measuring ammonia, calibrated from 1 to 100 mg/L;
and 10 — sensor for measuring carbon dioxide range 0-10 000 mg/L. The accuracy of the last 4 sensors
is £10%; 11 — bottles for storing the sensors, Fig.1.

Data processing for visualization is performed with the Logger Pro 3 software product [19].

Fig. 1. General view of the mobile measurement system

It is planned to take samples from three water sources: the Rusenski Lom River, which is 196.9
km long and flows into the Danube River, [20], the Danube River and the Nikolovo Dam in the
Teketo area to the village of Nikolovo, which is about 10 km from the city of Ruse. The measurement
of the values of the main parameters of the water taken from the water zones is done immediately.
Data are recorded in the memory of the LabQuest 3 device.

All sensors have a coupler to connect to an analog input. Therefore, three sensors are connected
to the device in the three analog inputs. The data acquisition device also has two USB ports. Up to 4
analog sensors can be connected to each USB port through a suitable connector.

After the measurement, the next three sensors can be switched on to make a complete
measurement. In this case, the measurement will be made with only the following three sensors: for
temperature, dissolved oxygen and pH. This procedure is done for all water sources. The recorded
data is then transferred to a computer and processed there using the Logger Pro 3 program.

4. Experimental research

First, samples were taken for measuring water from the Rusenski Lom River at 17:25 h, Fig.2a,
then from the Danube River at 19:42 h, Fig.2b and finally at 20:31 h from the Nikolovo Dam, Fig.
2c. The water samples were taken on 29/03/2024. 1t is a warm and sunny day with an air temperature
during the day of around 26°C. The data were then processed on a computer.
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Fig. 2. Sampling of the three water sources

The collected data were transferred from LabQuest 3 to the processing program Logger Pro 3.
They are presented in Table 1.

Table 1
Data for T°C, pH and O2
# Logger Pro - Data fish Ruse 2024.cmbl*
File Edit Experiment Data Analyze Insert Options Page Help
- ] lr J| 142 A1 /
B=1= K Y BARAQI SN/ M (I
No device connected.
River Rusenski lom River Danube Dam Nikolovo
Times,sec.‘ T, °C pH ‘ 02 t ‘ T,°C ‘ pH ‘ 02 t ‘ T, °C ‘ pH ‘ 02

1 1 16,3 8,7 8,49 1 15,1 8,4 8,8 1 13,8 8,26 9,4 =

2 2 16,2 8,7 8,49 2 15,1 8,4 8,8 2 13,8 8,26 9,4 J

3 3 16 8,7 8,49 3 15 8,4 8,8 3 13,7 8,26 9,41

4 4 15,8 8,65 8,5 4 15 8,41 8,82 4 13,7 8,27 9,42

5 5 15,6 8,63 8,5 5 14,7 8,41 8,82 5 13,7 8,27 9,42

6 6 15,4 8,6 8,5 6 14,5 8,4 8,83 6 13,7 8,27 9,42

7 7 15,2 8,6 8,5 7 14,3 8,4 8,83 7 13,6 8,29 9,43

8 8 15 8,6 8,5 8 14,2 8,39 8,84 8 13,6 8,29 9,43

9 9 14,9 8,57 8,5 9 14 8,39 8,84 9 13,6 8,29 9,44

10 10 14.9 8.54 8.51 10 13.9 8.34 8.85 10 13.6 8.3 9.44 v
|4 | >

After the transfer, the data is visualized in Fig.3.

After processing in Logger Pro 3, it was found that on the same day, the Rusenski Lom River
had a pH of 8.40, which was 1.7% higher than that of the Danube River, and at the same time the
Rusenski Lom River had a pH of 8. 87 mg/L of dissolved oxygen, which is 6.9% less than that in the
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Danube River. The low level of dissolved oxygen can be explained by the pollution of the river,
because the sample was taken next to the industrial area of the city of Ruse before the confluence
with the Danube River.

NEAE epae: =8 BRARCFN %A, MO

No device connacted.
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Fig. 3. Presentation of the data taken from the three water sources

The final results are presented in Table 2.

Table 2
Final data for T°C, pH and O2

Water source Time,sec | T,°C pH, units | Oz, mg/L
River “Rusenski lom” 5055 14,7 8,40 8,87
River ,,Danube* 10937 13,5 8,26 9,53
Dam “Nikolovo” 12383 13,6 8,68 10,33

The temperature of the water in the Rusenski Lom River is higher by about one degree Celsius,
compared to the other water sources, because in the section from which the sample was taken, the
water has a low velocity and a small flow rate. The Nikolovo Dam has the highest pH of 8.68 and the
highest dissolved oxygen of 10.33. A number of fish species such as carp, whitefish, pike, grass carp,
carp, walleye, catfish live in this dam and fishing is carried out. In general, the dam is kept in good
condition as it also hosts boat races. In general, the results of the research show that the three water
basins have good indicators for the fish living in them. The results of the research are relevant not
only to water body owners and control authorities, but also to citizens who are interested in the state
of the environment and those who wish to learn to distinguish a favorable environment from an
unfavorable one.
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5. Conclusion

Presented is a mobile system suitable for rapid examination of basic indicators of water in
natural and artificially created basins, which can simultaneously measure three indicators with the
analog inputs and up to four indicators with one digital USB port in the presence of such a tip.

The results of the research carried out in the three basins - the Rusenski Lom River, the Danube
River and the Nikolovo Dam show that the pH is over 8.26, the temperature is about 14°C and O2 is
over 8.86 mg/L with values that allow the fish to live normally. In order to fully determine the quality
of water, it is necessary to carry out a study to determine the concentration of all substances in the
water, and these studies should be conducted periodically and the data obtained should be published
on sites to which citizens have free access.

In order to improve the preparation of society in terms of protecting the purity of water in basins,
it is appropriate to introduce into the educational process the prepared mobile system for measuring
the values of basic indicators of water or another similar system. In this way, the citizens will have
an idea of the appropriate values of the main indicators of the water in the basins and it will be possible
to react in time in case of deviation from them.

Acknowledgement

The research leading to these results has received funding from the Ministry of Education and

Science under the National science program “Intelligent animal husbandry”, grant agreement N°J{01-
62/18.03.2021.

References

[1] I Yves, G. Madson, I. Innocent, H. Claude, N. Maximillien and B. Gedeon, IOT monitoring systems in fish
farming case study: University of Rwanda fish farming and research station (Ur-FFRs), European Journal of
Technology. 7 No.3 (2023) pp.43-61. https://doi.org/ 10.47672/ejt. (accessed March 22, 2024)

[2] B. Abilov, K.Isbekov, S. Assylbekova, N. Bulavina, G. Kulmanova,S. Koishybayeva and L. Nikolova,
Evaluation of production and economic performance of farmed carp using small lake-commercial fish farms
system in Southeastern Kazakhstan, October 2021 Archives of Razi Institute. 76 No.4 pp.1143-1154.
https://doi.org/10.22092/ari.2021.355785.1722

[3] V. Pencheva, V. Hvarchilkov, A. Asenov, I. Beloev, D. Grozev, E. Yankov and I. Hristakov, Justification of
the need to implement intelligent warehouse systems in fish processing, SHS Web Conferences No120, Stara
Zagora, pp.1-13, ISSN: 2261-2424, 2021, https://doi.org/10.1051/shsconf/202112003002. (accessed March 22,
2024)

[4] H. Mohamed, A. Fadl, O. Anas, Y. Wageeh, N. EIMasry, A. Nabil and A. Atia, Msr-yolo: Method to enhance
fish detection and tracking in fish farms, Procedia Computer Science. 170 (2020) pp.539-546.

[5] K. Patro, V. Yadav, V. Bharti, A. Sharma & A. Sharma, Fish detection in underwater environments using deep
learning, Natl. Acad. Sci. Lett. 46 (2023) pp.407-412. https://doi.org/10.1007/s40009-023-01265-4

[6] J. Ribolli, D. Hashimoto, F. O’Sullivan, and E. Zaniboni-Filho, Supplemental technologies for freshwater fish
conservation In: Galetti Jr., P.M. (eds), Conservation Genetics in the Neotropics. (2023) pp.275-321.
https://doi.org/10.1007/978-3-031-34854-9 12.

[7] D. Ghazali, N. Nor, M. Mohaini and H. Saputra, Smart 10T based monitoring system for fish breeding, Journal
of Advanced Research in Applied Mechanics. 104 No.1 (2023) pp.1-11.
https://doi.org/10.37934/aram.104.1.111. (accessed March 22, 2024)

[8] A. Bachri, Freshwater monitoring system design in real-time for fish cultivation, International Journal of
Multidisciplinary Approach Research and Science. 2 No.1 (2024) pp.362-371.
https://doi.org/10.59653/ijmars.v2i01.483 (accessed March 22, 2024)

20


https://doi.org/10.1007/s40009-023-01265-4
https://doi.org/10.1007/978-3-031-34854-9_12
https://doi.org/10.37934/araм.104.1.111

Asen Asenov et al. / Informatics and Control Problems 45 Issue 2 (2025)

[9] W. Abdallah, Al-Mousa, M. Kasim and K. Al-Aubidy, loT-based smart monitoring and management system
for fish farming, June 2023 Bulletin of electrical engineering and informatics. 12 No.3 (2023) pp.1435-1446.
https://doi.org/10.11591/eei.v12i3.3365

[10] J. Elings, R. Mawer, S. Bruneel, I. S. Pauwels, E. Pickholtz, R. Pickholtz, J. Coeck, M. Schneider and P.
Goethals, Linking fine-scale behaviour to the hydraulic environment shows behavioural responses in riverine
fish, Movement Ecology. 11 N0.50 (2023) p.23. https://doi.org/10.1186/s40462-023-00413-1

[11] C. Kaixiao, G. Xiuyun, W. Xiaogang, L. Yun and Z. Long, Research progress on fish barrier measures, In: Y.
Li, Y. Hu, P. Rigo, F. Lefler and G. Zhao,(eds), Proceedings of PIANC Smart Rivers, 2022, PIANC 2022,
Lecture Notes in Civil Engineering. 264 (2023) pp.1195-1208. https://doi.org/10.1007/978-981-19-6138-0 105

[12] A. Vowles, J. Anderson, M. Gessel, J. Williams and P. Kemp, Effects of avoidance behaviour on downstream
fish passage through areas of accelerating flow when light and dark, Animal Behavior. 92 (2014) pp.101-1009.
https://doi.org/10.1016/j.anbehav.2014.03.006

[13]U.R. Wanjari, A.G. Mukherjee, A.V. Gopalakrishnan, R. Murali, S. Kannampuzha and D.S. Prabakaran,
Factors affecting fish migration, In: Soni, R., Suyal, D.C., Morales-Oyervides, L., Sungh Chauhan, J. (eds)
Current status of fresh water microbiology. (2023) pp.425-437. https://doi.org/10.1007/978-981-99-5018-8_20

[14]R. Black, D. Kniveton and K. Schmidt-Verkerk, Migration and climate change: towards an integrated
assessment of sensitivity, Environ Plann A Econ Space. 43 No.2 (2011) pp.431-450.
https://doi.org/10.1068/a43154

[15] M. Baumgartner, P. Piana, G. Baumgartner and L. Gomes, Storage or run-of-river reservoirs: exploring the
ecological effects of dam operation on stability and species interactions of fish assemblages, Environ Manage.
65 No.2 (2020) pp.220-231. https://doi.org/10.1007/s00267-019-01243-x

[16] Fisheries and Aquaculture Executive Agency, 2021BG14MFPR0O01 European maritime, fisheries and
aquaculture fund — Programme for Bulgaria, (2021) p.206.
file:///D:/Statii/Statii%202024/Statii%20Baku%202024/Riba%202/02_Programme_sfc2021-PRG-
2021BG14MFPR001-1.0.pdf, (In Bulgarian), (accessed March 22, 2024)

[17] Web page of Executive agency for fisheries and aquaculture, http://dcf-bulgaria.bg/documents/ (accessed
March 22, 2024)

[18] Sera, “Sera aqua-test box”, p.92,
https://www.sera.de/fileadmin/user_upload/manuals/sourcefiles/04002_sera_aqua-test-box_2015-07_INT.pdf,
(accessed March 22, 2024)

[19] Web page of Vernier products. https://www.vernier.com/products/, (accessed March 22, 2024)

[20] Rusenski Lom Nature Park, Management plan (updated) of Rusenski Lom nature park, (2020) p.292.
file:///C:/Statii/Statii%202024/Statia%20Baku%2015-05-
2024/Statii%?20riba%202024/Management_plan_2020-2030_EN_-_DNPRL.pdf, (accessed March 22, 2024)

21


https://doi.org/10.1186/s40462-023-00413-1
https://doi.org/10.1007/978-981-19-6138-0_105
https://doi.org/10.1016/j.anbehav.2014.03.006
https://doi.org/10.1007/978-981-99-5018-8_20
https://doi.org/10.1068/a43154
file:///D:/Statii/Statii%202024/Statii%20Baku%202024/Riba%202/02_Programme_sfc2021-PRG-2021BG14MFPR001-1.0.pdf
file:///D:/Statii/Statii%202024/Statii%20Baku%202024/Riba%202/02_Programme_sfc2021-PRG-2021BG14MFPR001-1.0.pdf
http://dcf-bulgaria.bg/documents/
https://www.sera.de/fileadmin/user_upload/manuals/sourcefiles/04002_sera_aqua-test-box_2015-07_INT.pdf
https://www.vernier.com/products/
file:///C:/Statii/Statii%202024/Statia%20Baku%2015-05-2024/Statii%20riba%202024/Management_plan_2020-2030_EN_-_DNPRL.pdf
file:///C:/Statii/Statii%202024/Statia%20Baku%2015-05-2024/Statii%20riba%202024/Management_plan_2020-2030_EN_-_DNPRL.pdf

