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ABSTRACT:

Offshore aquaculture relies heavily on stable water conditions, but open-sea environments can change rapidly
due to tides, weather variations, and pollution. These fluctuations can negatively impact fish health and lead to
economic losses. To overcome this challenge, this project proposes an Al-enabled Buoy System that
continuously monitors essential water-quality parameters using a Raspberry Pi 3B+ and a set of sensors
including pH, turbidity, temperature, dissolved oxygen, and salinity. The collected data is processed locally,
stored on an SD card, and displayed in real time on an LCD module.

The processed readings are simultaneously transmitted to an [oT dashboard, allowing remote monitoring and
early detection of abnormal water conditions. Artificial Intelligence algorithms can analyze trends and predict
potential risks, enabling timely preventive action. By combining sensor technologies, wireless communication,
and Al-based decision support, the proposed system provides a reliable, low-cost, and automated solution for
improving the safety, productivity, and sustainability of offshore aquaculture operations.

Index Terms: Offshore Aquaculture, Water Quality Monitoring, [oT Dashboard, Al-Enabled Buoy System,
Raspberry Pi 3B+, pH Sensor, Turbidity Sensor, Temperature Sensor, Dissolved Oxygen, Salinity Sensor, Real-
Time Monitoring, Wireless Communication, Environmental Monitoring, Smart Aquaculture, Predictive
Analysis.

LINTRODUCTION

Aquaculture has emerged as one of the fastest-growing sectors in global food production, playing a vital role in
meeting the increasing demand for seafood. Among various aquaculture practices, offshore aquaculture cages
are gaining popularity due to their ability to utilize open water resources efficiently and reduce the pressure on
inland water bodies. However, maintaining optimal water quality in offshore environments is a significant
challenge, as it directly impacts fish health, growth rate, and overall productivity. Poor water quality can lead to
disease outbreaks, reduced oxygen levels, and ultimately economic losses for farmers.

Water quality in aquaculture systems is influenced by several physical, chemical, and biological parameters such
as temperature, pH, dissolved oxygen, turbidity, and ammonia levels. These parameters can fluctuate rapidly
due to environmental changes, feed waste, and fish metabolism. Traditional methods of monitoring water quality
involve manual sampling and laboratory analysis, which are time-consuming, labor-intensive, and do not
provide real-time insights. This delay in detecting unfavorable conditions can result in severe consequences for
aquatic life.

To address these challenges, there is a growing need for an automated and real-time monitoring system that can
continuously track water quality parameters and provide timely alerts. The proposed project, “A System for
Monitoring Water Quality at Offshore Aquaculture Cages,” aims to develop an efficient and reliable solution
using sensor-based technology. The system integrates multiple sensors to measure key water quality parameter
and uses a microcontroller to process the data. The collected data can be transmitted to cloud platforms, enabling
remote monitoring and analysis.
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This system not only reduces the dependency on manual monitoring but also enhances decision-making by
providing accurate and real-time information. By implementing such a system, aquaculture farmers can take
immediate corrective actions to maintain optimal conditions, thereby improving fish health and yield.
Additionally, this approach contributes to sustainable aquaculture practices by minimizing resource wastage and
environmental impact.

In conclusion, the development of a real-time water quality monitoring system for offshore aquaculture cages is
essential for ensuring efficient farm management and sustainable production. This project leverages modern
technologies such as sensors, [oT, and data analytics to provide a smart solution for one of the critical challenges
in aquaculture.

I1. PROPOSED SYSTEM
OVERVIEW

The project titled “A System for Monitoring Water Quality at Offshore Aquaculture Cages” focuses on
developing an automated and real-time solution to monitor essential water parameters in aquaculture
environments. Maintaining proper water quality is crucial for the health, growth, and survival of aquatic
organisms, especially in offshore cage systems where environmental conditions can change rapidly.

This system is designed using a combination of sensors, a microcontroller platform, and communication
technologies. Key parameters such as temperature, pH, turbidity, and dissolved oxygen are continuously
measured using appropriate sensors. These sensors collect real-time data, which is then processed by a
microcontroller such as Arduino. The processed data is transmitted to an online platform, enabling remote
monitoring and visualization through graphs and dashboards.

The system also allows users to compare sensor readings with standard threshold values to identify any
deviations from optimal conditions. In case of abnormal readings, necessary actions can be taken promptly to
prevent harm to aquatic life. This reduces the need for manual monitoring and increases efficiency in farm
management.

Overall, the proposed system provides a cost-effective, reliable, and user-friendly solution for continuous water
quality monitoring. It enhances productivity, supports timely decision-making, and contributes to sustainable
aquaculture practices.

BLOCK DIAGRAM
Power Supply
‘ pPH Sensor I - . - LCD Display
l Temperature Sensor ———* 10T Dashboard
ARDUINO
UNO
‘ TDS Sensor

’ Turbidity Sensor . -

Fig a: Block diagram
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COMPONENT DESCRIPTION

1. Arduino Uno

Arduino Uno is a widely used microcontroller board based on the ATmega328P microcontroller. It serves as the
central processing unit in the proposed water quality monitoring system. The Arduino Uno is responsible for
collecting data from various sensors, processing the data, and controlling the communication with external
modules such as the Wi-Fi module.

The board consists of 14 digital input/output pins, out of which 6 can be used as Pulse Width Modulation (PWM)
outputs, and 6 analog input pins. These analog pins are used to read signals from sensors such as pH, turbidity,
and temperature sensors. The analog signals received from the sensors are converted into digital values using
the inbuilt Analog-to-Digital Converter (ADC) of the microcontroller. This enables the system to interpret real-
world physical parameters in numerical form.

Arduino Uno operates at a voltage of 5V and can be powered through a USB connection or an external power
supply. It has a clock speed of 16 MHz, which allows it to process data efficiently. The board also includes a
USB interface for programming and serial communication, making it easy to upload code and monitor outputs.
In this project, Arduino Uno continuously reads data from the connected sensors, processes the values, and sends
the data to the Wi-Fi module for transmission to the cloud platform. It ensures proper coordination between all
components of the system and enables real-time monitoring of water quality parameters.

Overall, Arduino Uno provides a simple, flexible, and cost-effective platform for implementing the proposed
system, making it suitable for real-time environmental monitoring applications.

2. Power supply

The system is powered using a 12V power source, which is then regulated to provide stable power to the
Raspberry Pi and various sensors. A voltage regulator or DC-DC converter is usually used to step down 12V to
5V, which is essential for safe and reliable Raspberry Pi operation.

3. Temperature Sensor

The temperature sensor is an essential component used to measure the water temperature in the aquaculture
system. Temperature plays a crucial role in the survival and growth of aquatic organisms, as it directly influences
metabolic activities and oxygen levels in water.

In this project, a temperature sensor such as LM35 or DS18B20 is used. The LM35 provides an analog output
voltage proportional to temperature, while the DS18B20 provides digital output. The sensor detects the
temperature of the surrounding water and converts it into an electrical signal, which is then sent to the Arduino
Uno.

The Arduino processes this signal and converts it into temperature values in degrees Celsius. Continuous
monitoring of temperature helps in maintaining optimal environmental conditions and preventing stress or
disease in aquatic life.

4. pH Sensor

The pH sensor is used to measure the acidity or alkalinity of water, which is a critical parameter in aquaculture
systems. The pH value ranges from 0 to 14, with 7 being neutral. Values below 7 indicate acidic conditions,
while values above 7 indicate alkaline conditions.

In this project, a pH sensor module is used, which consists of a pH probe and signal conditioning circuit. The
probe detects hydrogen ion concentration in water and generates a corresponding voltage signal. This signal is
usually analog in nature and is sent to the Arduino Uno for processing.

The Arduino converts the analog signal into a digital value and calculates the pH level. Monitoring pH is
important because extreme values can negatively affect fish health, growth, and overall productivity.
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5. Turbidity Sensor

The turbidity sensor is used to measure the clarity or cloudiness of water by detecting suspended particles such
as dirt, algae, and other impurities. High turbidity levels indicate poor water quality, which can reduce light
penetration and harm aquatic organisms.

The sensor works on the principle of light scattering. It emits light into the water and measures the amount of
light scattered by suspended particles. Based on this, it produces an analog output voltage proportional to the
turbidity level.

This output is fed into the Arduino Uno, where it is processed and converted into meaningful values. By
continuously monitoring turbidity, the system helps in maintaining clean and healthy water conditions in the
aquaculture environment.

6. TDS Sensor

The Total Dissolved Solids (TDS) sensor is used to measure the concentration of dissolved substances in water,
such as salts, minerals, and organic matter. TDS is an important parameter in aquaculture, as high levels of
dissolved solids can affect water quality and may be harmful to aquatic organisms.

The TDS sensor works based on the electrical conductivity of water. When dissolved solids are present in water,
they increase its ability to conduct electricity. The sensor measures this conductivity and converts it into a
corresponding electrical signal. This signal is usually analog in nature and is sent to the Arduino Uno for
processing.

The Arduino reads the analog signal through its analog input pins and converts it into digital values using its
inbuilt Analog-to-Digital Converter (ADC). These values are then used to calculate the TDS level, typically
expressed in parts per million (ppm).

Continuous monitoring of TDS helps in maintaining the appropriate concentration of dissolved substances in
water. It ensures a healthy environment for aquatic organisms and helps in preventing water quality issues such
as toxicity or imbalance in mineral content.

7. 10T Dashboard

The IoT dashboard is an important component of the system that enables remote monitoring and visualization
of water quality parameters. It provides a user-friendly interface where the collected sensor data is displayed in
the form of graphs, charts, and numerical values. In this project, a cloud-based platform such as ThingSpeak is
used to create the [oT dashboard.

The processed data from the Arduino Uno is transmitted to the cloud through the Wi-Fi module (ESP8266).
Once the data is uploaded, the IoT dashboard stores and organizes it for real-time and historical analysis. Users
can access this dashboard from anywhere using a web browser or mobile device.

The dashboard allows continuous monitoring of parameters such as temperature, pH, turbidity, and TDS levels.
It also helps in identifying trends and variations in water quality over time. In case of abnormal values, users
can take immediate action to prevent damage to aquatic life.

Overall, the IoT dashboard enhances the efficiency of the system by providing real-time insights, remote
accessibility, and better decision-making capabilities in aquaculture management.

8. LCD Display

The LCD display is used to provide on-site, real-time visualization of water quality parameters. It allows users
to directly view sensor readings without the need for internet connectivity or external devices.

In this project, a commonly used 16x2 LCD display is employed, which can display 16 characters per line across
two lines. The LCD is connected to the Arduino Uno using digital pins. It receives processed data from the
microcontroller and displays parameters such as temperature, pH, turbidity, and TDS values.

The LCD operates by converting electrical signals from the Arduino into visible characters using liquid crystal
technology. It is easy to interface and requires minimal power, making it suitable for embedded systems.

The inclusion of an LCD display ensures that users can monitor the system locally in real time, even in remote
offshore environments where internet access may be limited.
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It acts as an immediate feedback system for quick observation and verification of sensor readings.
WORKING PRINCIPLE

The proposed system for monitoring water quality at offshore aquaculture cages operates based on the
integration of sensors, a microcontroller, and IoT technology to provide real-time monitoring and analysis of
water parameters.

Initially, different sensors such as temperature, pH, turbidity, and TDS sensors are immersed in the water to
continuously measure the respective parameters. Each sensor detects a specific physical or chemical property of
water and converts it into an electrical signal. Most of these signals are analog in nature.

These analog signals are sent to the Arduino Uno microcontroller, which acts as the central processing unit of
the system. The Arduino reads the sensor outputs through its analog input pins and converts them into digital
values using its inbuilt Analog-to-Digital Converter (ADC). The microcontroller then processes these values
and converts them into meaningful units such as degrees Celsius for temperature, pH values, turbidity levels,
and TDS in parts per million (ppm).

After processing the data, the Arduino displays the sensor readings on the LCD display for local monitoring.
This allows users present at the site to directly observe the water quality parameters in real time.
Simultaneously, the processed data is transmitted to the IoT platform through the Wi-Fi module (ESP8266). The
data is uploaded to the cloud-based dashboard, where it is stored and visualized in the form of graphs and charts.
This enables remote monitoring of water quality from anywhere at any time.

The system continuously updates the data at regular intervals, allowing users to track changes in water quality.
If any parameter deviates from the standard or safe range, appropriate actions can be taken immediately to
maintain a suitable environment for aquatic organisms.

Thus, the system ensures continuous, accurate, and real-time monitoring of water quality, improving aquaculture
management and supporting sustainable practices.

HARDWARE DESCRIPTION

The hardware used in this project are:
e Arduino UNO

e LCD

¢ [OT Dashboard

¢ Ph SensoR

e Turbidity sensor

e Temperature sensor

TDS Sensor

e 12V power
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ARDUINO UNO

Arduino Uno is open source microcontroller board
that helps create interactive projects giving smart
solutions by automation. It is based on the
processor ATmega328p. It also comes with a variety
of input and output pins that can be used to connect
different electronic components.

LCD

In this project, a commonly used 16x2 LCD display is employed,
which can display 16 characters per line across two lines. The
LCD is connected to the Arduino Uno using digital pins. It
receives processed data from the microcontroller and displays
parameters such as temperature, pH, turbidity, and TDS values.

IOT DASHBOARD

The IoT dashboard is an important component of the system that
A - —— enables remote monitoring and visualization of water quality
s parameters. It provides a user-friendly interface where the
collected sensor data is displayed in the form of graphs, charts,

[~ = — and numerical values. In this project, a cloud-based platform such
: : ' as ThingSpeak is used to create the loT dashboard.

Ph SENSOR

The pH sensor is used to measure the acidity or alkalinity of water, which is a critical parameter in aquaculture
systems. The pH value ranges from 0 to 14, with 7 being neutral. Values below 7 indicate acidic conditions,
while values above 7 indicate alkaline conditions.

In this project, a pH sensor module is used, which consists of a pH probe and signal conditioning circuit. The
probe detects hydrogen ion concentration in water and generates a corresponding voltage signal. This signal is
usually analog in nature and is sent to the Arduino Uno for processing.

- — ": -
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TURBIDITY SENSOR

The turbidity sensor is used to measure the clarity or cloudiness
of water by detecting suspended particles such as dirt, algae, and
other impurities. High turbidity levels indicate poor water

quality, which can reduce light penetration and harm aquatic
organisms.

The sensor works on the principle of light scattering. It emits light
into the water and measures the amount of light scattered by
suspended particles. Based on this, it produces an analog output
voltage proportional to the turbidity level.

TEMPERATURE SENSOR

The temperature sensor is an essential component used to
measure the water temperature in the aquaculture system.
Temperature plays a crucial role in the survival and
growth of aquatic organisms, as it directly influences
metabolic activities and oxygen levels in water.

Temprature Sensor

«

TDS SENSOR

The Total Dissolved Solids (TDS) sensor is used to measure the concentration of dissolved substances in water,
such as salts, minerals, and organic matter. TDS is an important parameter in aquaculture, as high levels of
dissolved solids can affect water quality and may be harmful to aquatic organisms.

The TDS sensor works based on the electrical conductivity of water. When dissolved solids are present in water,

they increase its ability to conduct electricity. The sensor measures this conductivity and converts it into a
corresponding electrical signal. This signal is usually analog in nature and is sent to the Arduino Uno for

S

processing.
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This figure shows the hardware setup of the water quality monitoring system developed for offshore aquaculture
cages. The system is built using an Arduino Uno microcontroller, which acts as the central unit for processing
sensor data. Various sensors such as the temperature sensor, pH sensor probe, turbidity sensor, and TDS sensor
are connected to the Arduino through appropriate wiring.

The sensors are placed in water samples to measure different parameters. The pH probe and TDS sensor are
immersed in water containers to detect chemical properties, while the temperature sensor measures water
temperature. The turbidity sensor is used to determine water clarity.

A Wi-Fi module (ESP8266) is connected to the Arduino for transmitting data to the cloud platform. An LCD
display is also interfaced with the Arduino to show real-time sensor readings locally. The entire setup is mounted
on a base board, with proper connections using jumper wires.

This hardware implementation demonstrates how all components are integrated to collect, process, and display
water quality data in real time.

CONCLUSION

The project titled “A System for Monitoring Water Quality at Offshore Aquaculture Cages” was successfully
designed and implemented to monitor important water quality parameters using sensor-based and IoT
technologies. Maintaining proper water quality is essential for the survival and healthy growth of aquatic
organisms, especially in offshore aquaculture systems where environmental conditions may change frequently.
This system provides a reliable solution by continuously measuring parameters such as temperature, pH,
turbidity, and Total Dissolved Solids (TDS).

The developed system uses sensors to collect real-time data from the water environment, which is then processed
by the Arduino Uno microcontroller. The processed data is displayed locally on the LCD screen and also
transmitted to an IoT platform through the Wi-Fi module. This enables users to monitor water conditions
remotely through graphical representations on the dashboard. The integration of hardware and software
components ensures accurate data collection, easy monitoring, and effective management of aquaculture
environments.
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FUTURE SCOPE

1. Additional Sensor Integration

More sensors such as dissolved oxygen, salinity, and ammonia sensors can be added to monitor additional
water quality parameters for better analysis.

2. Automatic Control System

The system can be upgraded to automatically control aerators, pumps, or filtration units based on sensor
readings to maintain optimal water conditions.

3. Mobile Application Support

A mobile app can be developed to monitor real-time data, view graphs, and receive alerts when water
parameters exceed safe limits.

4. Solar-Powered Operation

Solar panels can be integrated to provide power for the system, making it suitable for remote offshore
aquaculture locations.

5. Real-Time Alert System

SMS, email, or push notifications can be added to alert users immediately when abnormal water quality
conditions are detected.

6. Cloud Data Analytics

Advanced data analysis can be implemented to study historical data and identify trends in water quality
variations.

7. Machine Learning-Based Prediction

Al and machine learning techniques can be used to predict future water quality conditions and prevent
potential issues.

REFERENCES

1. Berlie, A.B. Global warming: A review of the debates on the causes, consequences and politics of global
response. Ghana J. Geogr. 2018, 10, 144—164. [Google Scholar]

2. Shukla, P.R.; Buendia, E.C.; Delmotte, V.M.; Zhai, P.; Portner, H.O.; Roberts, D.; Skea, J.; Slade, R.;
Connors, S.; Diemen, R.V.; et al. Climate change and land, an IPCC special report on climate change,

desertification, land degradation, sustainable sand Management, food Security, and greenhouse gas fluxes in
terrestrial ecosystems. In Proceedings of the Intergovernmental Panel on Climate Change (IPCC), Geneva,
Switzerland, 2 August 2019. [Google Scholar]

3. Bardey, D.J. Overfishing: Pressure on our oceans. Res. Agric. Livest. Fish. 2019, 6, 397-404. [Google
Scholar] [CrossRef]

4. Ellitott, J.E.; Ellitott, K.H. Tracking marine pollution. Science 2013, 340, 556-558. [Google Scholar]
[CrossRef] [PubMed]

5. Willis, K.A.; Serra-Gongalves, C.; Richardson, K.; Schuyler, Q.A.; Pedersen, H.; Anderson, K.; Stark, J.S.;
Vince, J.; Hardesty, B.D.; Wilcox, C.; et al. Cleaner seas: Reducing marine pollution. Rev. Fish Biol.
Fish. 2022, 32, 145-160. [Google Scholar] [CrossRef]

6. Grappi, S.; Romani, S.; Barbarossa, G. Fashion without pollution: How consumers evaluate brands after an
NGO campaign aimed at reducing toxic chemicals in the fashion industry. J. Clean. Prod. 2017, 149, 1164—
1173. [Google Scholar] [CrossRef] [Green Version]

7. Mustapha, U.F.; Alhassan, A.-W.; Jiang, D.-N.; Li, G. Sustainable aquaculture development: A review on
the roles of cloud computing, internet of things and artificial intelligence. Rev. Aquac. 2021, 58, 788—799.
[Google Scholar] [CrossRef]

8. Naylor, R.L.; Hardy, R.W.; Buschmann, A.H.; Bush, S.R.; Cao, L.; Klinger, D.H.; Little, D.C.; Lubchenco,
J.; Shumway, S.E.; Troell, M. A 20-year retrospective review of global aquaculture. Nature 2021, 591, 551—
563. [Google Scholar] [CrossRef]

© 2026, IJSREM | https://ijsrem.com DOI: 10.55041/IJSREM59519 | Page 9



https://ijsrem.com/
http://scholar.google.com/scholar_lookup?title=Global+warming:+A+review+of+the+debates+on+the+causes,+consequences+and+politics+of+global+response&author=Berlie,+A.B.&publication_year=2018&journal=Ghana+J.+Geogr.&volume=10&pages=144%E2%80%93164
http://scholar.google.com/scholar_lookup?title=Climate+change+and+land,+an+IPCC+special+report+on+climate+change,+desertification,+land+degradation,+sustainable+sand+Management,+food+Security,+and+greenhouse+gas+fluxes+in+terrestrial+ecosystems&conference=Proceedings+of+the+Intergovernmental+Panel+on+Climate+Change+(IPCC)&author=Shukla,+P.R.&author=Buendia,+E.C.&author=Delmotte,+V.M.&author=Zhai,+P.&author=P%C3%B6rtner,+H.O.&author=Roberts,+D.&author=Skea,+J.&author=Slade,+R.&author=Connors,+S.&author=Diemen,+R.V.&publication_year=2019
http://scholar.google.com/scholar_lookup?title=Overfishing:+Pressure+on+our+oceans&author=Bardey,+D.J.&publication_year=2019&journal=Res.+Agric.+Livest.+Fish.&volume=6&pages=397%E2%80%93404&doi=10.3329/ralf.v6i3.44805
http://scholar.google.com/scholar_lookup?title=Overfishing:+Pressure+on+our+oceans&author=Bardey,+D.J.&publication_year=2019&journal=Res.+Agric.+Livest.+Fish.&volume=6&pages=397%E2%80%93404&doi=10.3329/ralf.v6i3.44805
http://doi.org/10.3329/ralf.v6i3.44805
http://scholar.google.com/scholar_lookup?title=Tracking+marine+pollution&author=Ellitott,+J.E.&author=Ellitott,+K.H.&publication_year=2013&journal=Science&volume=340&pages=556%E2%80%93558&doi=10.1126/science.1235197&pmid=23641102
http://doi.org/10.1126/science.1235197
http://www.ncbi.nlm.nih.gov/pubmed/23641102
http://scholar.google.com/scholar_lookup?title=Cleaner+seas:+Reducing+marine+pollution&author=Willis,+K.A.&author=Serra-Gon%C3%A7alves,+C.&author=Richardson,+K.&author=Schuyler,+Q.A.&author=Pedersen,+H.&author=Anderson,+K.&author=Stark,+J.S.&author=Vince,+J.&author=Hardesty,+B.D.&author=Wilcox,+C.&publication_year=2022&journal=Rev.+Fish+Biol.+Fish.&volume=32&pages=145%E2%80%93160&doi=10.1007/s11160-021-09674-8
http://doi.org/10.1007/s11160-021-09674-8
http://scholar.google.com/scholar_lookup?title=Fashion+without+pollution:+How+consumers+evaluate+brands+after+an+NGO+campaign+aimed+at+reducing+toxic+chemicals+in+the+fashion+industry&author=Grappi,+S.&author=Romani,+S.&author=Barbarossa,+G.&publication_year=2017&journal=J.+Clean.+Prod.&volume=149&pages=1164%E2%80%931173&doi=10.1016/j.jclepro.2017.02.183
http://doi.org/10.1016/j.jclepro.2017.02.183
https://iris.unimore.it/bitstream/11380/1127200/1/PrePrint_JClPr_GrappiRomaniBarbarossa_2017.pdf
http://scholar.google.com/scholar_lookup?title=Sustainable+aquaculture+development:+A+review+on+the+roles+of+cloud+computing,+internet+of+things+and+artificial+intelligence&author=Mustapha,+U.F.&author=Alhassan,+A.-W.&author=Jiang,+D.-N.&author=Li,+G.&publication_year=2021&journal=Rev.+Aquac.&volume=58&pages=788%E2%80%93799&doi=10.1111/raq.12559
http://doi.org/10.1111/raq.12559
http://scholar.google.com/scholar_lookup?title=A+20-year+retrospective+review+of+global+aquaculture&author=Naylor,+R.L.&author=Hardy,+R.W.&author=Buschmann,+A.H.&author=Bush,+S.R.&author=Cao,+L.&author=Klinger,+D.H.&author=Little,+D.C.&author=Lubchenco,+J.&author=Shumway,+S.E.&author=Troell,+M.&publication_year=2021&journal=Nature&volume=591&pages=551%E2%80%93563&doi=10.1038/s41586-021-03308-6
http://doi.org/10.1038/s41586-021-03308-6

7wy
DSREM 34 International Journal of Scientific Research in Engineering and Management (IJSREM)
W Volume: 10 Issue: 04 | April - 2026 SJIF Rating: 8.659 ISSN: 2582-3930

9. Kibenge, F.S.B. Emerging viruses in aquaculture. Curr. Virol. 2019, 34, 97-103. [Google Scholar]
[CrossRef]

10.Garlock, T.; Asche, F.; Anderson, J.; Bjerndal, J.; Kumar, G.; Lorenzen, K.; Ropicki, A.; Smith, M.D.;
Tveterés, R. A global blue revolution: Aquaculture growth across regions, species, and countries. Rev. Fish.
Sci. Aquac. 2020, 28, 107-116. [Google Scholar] [CrossRef

© 2026, IJSREM | https://ijsrem.com DOI: 10.55041/IJSREM59519 | Page 10



https://ijsrem.com/
http://scholar.google.com/scholar_lookup?title=Emerging+viruses+in+aquaculture&author=Kibenge,+F.S.B.&publication_year=2019&journal=Curr.+Virol.&volume=34&pages=97%E2%80%93103&doi=10.1016/j.coviro.2018.12.008
http://doi.org/10.1016/j.coviro.2018.12.008
http://scholar.google.com/scholar_lookup?title=A+global+blue+revolution:+Aquaculture+growth+across+regions,+species,+and+countries&author=Garlock,+T.&author=Asche,+F.&author=Anderson,+J.&author=Bj%C3%B8rndal,+J.&author=Kumar,+G.&author=Lorenzen,+K.&author=Ropicki,+A.&author=Smith,+M.D.&author=Tveter%C3%A5s,+R.&publication_year=2020&journal=Rev.+Fish.+Sci.+Aquac.&volume=28&pages=107%E2%80%93116&doi=10.1080/23308249.2019.1678111
http://doi.org/10.1080/23308249.2019.1678111

