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Abstract:  Aquaponics systems have emerged as an
innovative and sustainable approach that interconnects
recirculating aquaculture and hydroponics, synergizing
their benefits. This integration capitalizes on the nutrient-
rich effluents generated within the aquaculture
environment, which traditionally accumulate to hazardous
levels for aquatic life. However, in the context of aquaponics,
these effluents are repurposed as potent liquid fertilizers,
nurturing plant growth and thereby mitigating the
accumulation of toxins [1]. Concurrently, the rapid evolution
of the Internet of Things (IoT) technology has unveiled a
global network of interconnected devices, machines, and
sensors, engendering autonomous interactions and seamless
data exchange [2]. Capitalizing on IoT, the present study
orchestrates an Automated Aquaponic System empowered
by smart sensors and microcontrollers. By continuously
monitoring crucial parameters, the system provides real-
time insights through a user-friendly graphical interface,
transcending spatial limitations. In this paper, we delve into
the necessity of maintaining optimal water quality within
aquaponic environments, elucidating conventional methods
employed for water quality assessment [4]. Leveraging the
potential of IoT, Section 3 introduces the paradigm of
automated aquaponics, wherein a microcontroller collects
and transmits data to a web repository.
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1. Introduction

Aquaponics system links recirculating
aquaculture with  hydroponics. In
aquaponics, highly nutrient effluents
from culture tank functions as a fertilizer
for hydroponics system. Normally, these
nutrients will build up to toxic levels
within the fish tanks.
building the toxic level, they function as a
liquid fertilizer which will help the
growth of plants [1]. The Internet of
Things
machines and devices, which is capable
of interacting with each other by in own
[2]. Internet of Things (IoT) technology is
capable of providing remote, continuous,

But instead of

is a worldwide network of

and real-time information’s on a
graphical user interface (GUI), by using
smart
Aquaponic

sends measured parameters to a web to

sensors [3]. In Automated

system, microcontroller
store the data’s. Then, received data is
processed and corresponding actuator is
triggered to sustain the optimum level of

environmental parameters. All

information’s are showed in a mobile app or web application, which allow the user to access the real-time
data, and manual controls of the actuators. This automated system can run the control parts (actuators)

automatically as a results of changes in sensor parameters [4].
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The reminder of the paper is organized as follows. Section 2 presents the need to maintain water quality of
aquaponics system and Traditional testing methods of water quality parameters. In section 3, we present
the automated aquaponics technique and Section 4 gives inference of water quality testing methods.
Section 5 concludes the paper and highlights the parameter need to be considered while planning the
automated aquaponics system.

2. Need to maintain water quality

For a healthy and productive aquaponics system, maintaining a good balance between optimum water
quality parameters of fish, nitrifying bacteria, and plants is important. By monitoring important water
quality parameters (DO, pH, TAN and temperature) regularly, abnormalities can be resolved timely to
prevent the losses in productivity. In Tilapia aquaponics system, temperature should be maintained
between 279C to 299C. Optimum pH level is 7 and Dissolved oxygen should be maintained above 5ppm. TAN
concentration should be maintained below 1ppm.

2.1. Traditional testing methods for aquaponics system

In start-up aquaponics systems, water quality parameters must be tested daily, inorder to resolve the
abnormalities quickly. Once the nutrient cycles are balanced, weekly testings are sufficient.

Simple chemical titration or color change test kits are available to test essential water quality parameters
like pH, Ammonia, TAN, DO, which are reasonably priced. For more accurate measurements, many
companies provide digital meters for measuring pH, DO and Temperature [5].

2.1.1. Measurement of temperature

Temperature is a critical factor which affects other water quality parameters such as dissolved oxygen, pH,
salinity and toxicity of ammonia. Temperature is measured on a linear scale of degrees Celsius or degrees
Fahrenheit. Portable thermometer is mostly used for measuring the temperature of water manually. When
water temperature drops below 21°C, growth of tilapia reduces dramatically and the incidence of disease
increases.

2.1.2. Measurement of Dissolved oxygen using Winkler’s titration method

In this method, manganese sulphate and alkali iodide are added to the water sample. Then the bottle is
stoppered and sample is mixed well. If there any presence oxygen in water sample, it will form orange -
brown precipitate. The formed precipitates are dissolved by adding sulphuric acid and water sample. Now
Oxygen is mixed with above chemicals and it is fixed. Then starch solution is added to sample which turns
the sample blue For the final indication of neutralization. To determine the DO, oxygen fixed water sample
is titrated against sodium thiosulfate to a pale straw yellow color, for neutralization of acid. This titration
shows that amount of sodium thiosulfate is proportional to concentration of DO. In this titration, each ml
of sodium thiosulfate equals to 1ppm of dissolved oxygen.

2.1.3. Measurement of pH pH is measured by using potentiometry method. In this method, the apparatus
consists of Potentiometer, temperature compensating device, glass and reference electrodes. A reference
electrode is coupled with glass electrode and both electrodes are incorporated into a single probe. In the
glass electrode HCl is placed inside a thin walled glass bulb, whose outer layer will become swollen layer,
when dipped in water. Then, there is a ion exchange takes place between swollen layer and H+ ions. pH
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meter measures the difference in emf developed by the glass electrode, which is calibrated to the pH
reading directly [7].

2.1.4. Measurement of Ammonia using UV visible spectrophotometer

UV visible spectrophotometer and ammonia test kit are used for the measurement of Ammonia, nitrite and
nitrate. In UV visible spectrophotometer method, Ammonia reacts with the Nessler reagent (Kz[Hgl4]) and
forms a color yellow. It can be measured by spectrophotometer at 430 nm and proportional to the
concentration of ammonia. Potassium sodium tartrate is added to stops the cloudiness of the Nessler
reagent in water. Total ammonia nitrogen (TAN) is measured by commercially available ammonia test kits
[7].

However, it is very difficult to measure and control these water quality parameters manually. Also,
continuous monitoring of aquaponics system is necessary for healthy growth of plant and fishes. So,
Internet of Things is used to develop an Automatic system, which can monitor and control the aquaponics
system by integrating various sensors, Actuators with microcontroller.

3. Automated testing method for aquaponics system

The main objective of an automated aquaponics system is to maintain and control various parameters of
an aquaponics system by interconnecting various sensors and actuators with microcontroller to increase
productivity.

power supply
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conditioning Arduino mega
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) st
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Fig.1. Block diagram of the aquaponics control and monitoring [8].
In automated aquaponic system, temperature, pH, DO, Ammonia, flow rate and light sensors are fitted in
aquaponics system for data acquisition. This system accurately and automatically transmits the datas of

DC regulated D
T

Aquaponics data
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temperature, pH, DO, ammonia, flow rate, and light to WRT node in real time. Then, these datas are safely
stored in cloud storage. Sensors and actuators are connected with microcontroller (Arduino or Raspberry
Pi). Microcontroller processes these datas and activates the rectification unit i.e. corresponding actuator
(Water heater, LED grow light, secondary water pump and Fish feeder), if any problem arise in the system.
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For example, the system will alert the user, and turn on water heater, if water temperature falls below
optimum level. Concurrently, system will send out alert notifications in the forms of email, SMS and record
the abnormal condition in the database. Aquaponics system will turn off the water heater and alarm
automatically, once water temperature returns to optimum level. Then, the user will be notified with
updated information and the system will record the recovery event in the database. Mobile and web
applications are created on Raspberry Pi and Android platforms respectively, to give real time system datas
to the end users. Users can also control the system through these applications. A camera module also used
for the live video streaming of the aquaponics system [9] to [13].

4. Inference
Table 2 compares traditional and automated methods, which are used to measure water quality
parameters.

Parameters Traditional testing method Automated testing
method
Temperature Portable thermometer LM35 (or) DHT11 sensor
Automated Aquaponics: A Survey 93
Dissolved oxygen Winkler’s titration method Dissolved oxygen probe

interfaced with electronic
control system

pH pH meter (or) lab testing PHE-45P sensor

Ammonia UV visible spectrophotometer Ammonia sensor

Table 1: comparission between traditional and automated testing methods

Traditional testing methods are time consuming and not accurate at all times due to human error, hence it
is less reliable. But, automated test is more reliable, as it is performed by sensors and it is significantly
faster than traditional methods.

5. Conclusion

By the implementation of large-scale Smart Aquaponics system, we can minimize operating cost and
labours significantly, while extending the production and profitability. The essential water quality
parameters which increase the fish survival rate should be monitored. The live data streaming is needed
for control of aquaponics system and the system should be designed with less power, low bandwidth with
connector. In future the essential complex water quality parameters need to be analysed with IoT
techniques and real time data should be collected and control with actuators. The system should be
designed for healthy fish growth and organic plant growth. The automated aquaponics system must focus
on low power, less bandwidth Wi-Fi, secured cloud for data storage and retrivel. In future, aquaponics will
emerge as a bio-integrated and sustainable food production system.
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