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Abstract:  

An affordable method of producing and maintaining water that is 

hygienically safe, aesthetically pleasing, and appetising is known as water 

treatment. It is a technological intervention that removes unnecessary 

pollutants from water. Even if the water will be treated to the appropriate 

quality, the evaluation of its quality must persist after the treatment systems. 

The technique used to treat water is determined by the characteristics of the 

water sample and the intended requirements for water quality. The 

protection of the environment while maintaining a level of socioeconomic 

and global health is the main goal of wastewater treatment. Understanding 

the nature of wastewater is the fundamental idea that guides the creation of 

an efficient and advanced treatment technology to ensure the efficacy, 

security, and quality of the treated wastewater. Through the employment of 

microorganisms, microbial fuel cells (MFCs) transform chemical energy from 

organic substrates into electrical energy. This research makes an attempt to 

design an IOT system that will sense levels of humidity, temperature, and 

mixtures of gases, sensing each type of gas to measure its level while 

monitoring the changes in the above variables that occur in real-time.The 

main aim of this research work is to develop IoT based wastewater 

treatment using Microbial Electrochemical Technologies.  

Keywords: Microbial Electrochemical Technologies, Internet of Things, 

Wastewater Treatment, Monitoring, Sensors 
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1. Introduction  

One of the main goals of the United Nations' sustainable development project is access 

to clean water and sanitation. Around 2 billion people live in water-stressed conditions, 

and the globe will have a 40% water shortage by 2030, according to the UN's World 

Water Development Report 2021. Because of the recent surge in population and 

tremendous economic and technical advancement, the amount of wastewater produced 

globally has expanded rapidly [1, 2]. Sustainable Development Goals (SDGs)significantly 

emphasize improving water quality, wastewater treatment, and safe reuse.“Significantly 

improve water quality globally by 2030 by minimizing pollution, preventing disposal, 

and mitigating the leakage of hazardous compounds, halving the proportions of 

untreated wastewater, and massively increasing recycling and sustainable reuse” reads 

Target 6.3 of UN’s report 2021 [1].Wastewater management can be broadly divided into 

four integrated aspects: minimizing pollution, collecting, and treating wastewater as an 

alternative water source, retrieving valuable by-products. 

The main element of the natural world and the breath of the planet is water. 

Planetary and solar forces pump water around the earth in its many states of gaseous, 

liquid, and solidity. According to the Bible, the hydrosphere is where all living things 

first emerged. The specific form of God's creativity is the human. Nearly all of the human 

organs have water contents ranging from 22% to 96%, and the human body has roughly 

75% water by mass. 2 to 3 kilogramme of water must be consumed daily for an adult 

weighing about 75 kg to maintain normal physiological functions. About 97.20 percent 

of the world's 1.37 108 million ha-m of water potential has been allocated as salt water 

in the ocean, and 2.80 percent as fresh water. About 2.20% of the 2.8% fresh water is 

determined to be surface water, while 0.60 % is found to be ground water. Even of this 

2.20 percent of surface water, 2.1 percent is contained in glaciers and ice caps, and just 

about 0.0 percent is present in lakes and reservoirs. Only 0.001% comes from streams, 

with the remaining 0.001% coming from water vapour in the atmosphere and 0.002% 

coming from soil moisture in the top 0.6 metres of soil. 

At the current population growth rate of 1.91% per year, it is predicted that 

India's water demand will rise from its current requirement of 710 BCM to 1180 BCM 

by the year 2050. Additionally, it is anticipated that in the near future, the combined 

demand of industrial and home water would practically double. The only form of water 

found in nature is H2O. Water is a universal solvent that attracts a variety of 

contaminants. Physical, chemical, biological, microbiological, and radioactive features 

are used to categorise the water pollutants. 

2. Literature Review 

As per Chandhini et al. ( 2020), they fostered an organization structure that assists 

with the perception of perilous gases tracked down in sewage. Assuming that the gas 

level surpasses the edge number, an application on the advanced mobile phone shows 

data about different gas ppm levels. It additionally uncovers whether working in the 
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climate is ok for manual scroungers [9].The advancement of a Web of Things (IoT)- 

based sewage level support framework was recommended by Gowthaman et al. ( 2018). 

An attractive float level sensor would be utilized to check the sewage level. The 

framework's engineering incorporates a sensor for sewage level location, a regulator for 

simply deciding, and a correspondence network for following objections about 

relentless sewage level ascents and, if any, blockages. It is important to keep a data set 

to monitor the information. The innovation sends letters and SMS-conveyed protests to 

the proper divisions ahead of flood as advance notice signs. [ 10] 

Anushka et al. ( 2020) fostered the review which means to foster an IoT 

framework recognize the degrees of mugginess, temperature, and gas combinations, 

detecting each sort of gas to quantify its level while observing the progressions in the 

previously mentioned boundaries continuously. Assuming that the levels move over the 

limit, it will give a caution to the incorporated advanced cells of the approved people 

who are working remotely [11]. Priya et al. ( 2021) fostered a minimal expense, efficient 

and versatile answer for recognizing stops up and smell or horrendous scent gasses is 

proposed. This model utilizes a controller circuit, sensor driver circuit, microcontroller, 

sequential telecom innovations, and IoT module to get the necessary result from the 

module [12]. Samiha et al. ( 2021) proposed an admonition framework that utilizes GSM 

and IOT to pass detected information on to overseeing experts to deflect such 

occurrences before they affect people in general. [ 13]. 

Muhammed et al. ( 2020) proposed an original idea for continuous Shrewd 

Wastewater Observing Framework (SWMS) in Bangladesh that consequently utilizes 

the Web of Things (IoT). Various ventures utilize different synthetics and unrefined 

components and use particular creation processes. [ 14].A concentrate by Sharholy et al. 

( 2007) on MSWM for Indian urban communities was directed to survey what is going 

on at that point and distinguish the key issues. An extensive variety of MSW treatment 

frameworks that have been conveyed are inspected basically alongside their advantages 

and disadvantages. The review is finished up with various valuable proposals that might 

effectively inspire the significant specialists and researchers to work further on 

improving the current framework. [ 25] According to Medvedev et al. (2015), RFID 

technology has some uses in product self-management, with a focus on municipal solid 

waste management and RFID's effects on the environment. The widespread use of RFID 

tags on consumer goods carries the potential of causing the dispersion of both harmful 

and valuable materials, as well as the disruption of current usage procedures. This 

results in potential medium- or long-term hazards for managing pollutants and 

resources. However, by using preventive principles in the early stages of RFID 

technology development, these hazards could be reduced or even prevented [26]. 

3. Methodology 

The proposed procedure is Wastewater Treatment Utilizing IoT, which further 

develops in observing the level and stream pace of wastewater. As displayed in Figure 
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3.1,it comprises of IoT based checking for Microbial Electrochemical Innovation to treat 

wastewater. 

 

Figure 3.1System Architecture for Proposed Methodology 

3.1IoT based Monitoring 

It consists of an NodeMCU ESP2866, Arduino Uno, ultrasonic sensor, flow sensor, 

and float sensor. NodeMCU and Arduino will need a power supply. Node MCU will be 

connected to the blynk app. 

3.1.1NodeMCU Esp8266 

It is an open source IoT stage with a base expense. The open-source NodeMCU 

microcontroller and improvement board are planned essentially for Web of Things-

related purposes. In the proposed framework, it is the principal part to which the 

ultrasonic sensor and blynk web application are associated. 

 

Figure 3.2 NodeMCU Esp8266 

3.1.2 Arduino UNO 

A variety of electronic applications can utilize this open source programmable 

microcontroller board since it is sensibly valued, versatile, and simple to utilize. In the 

proposed framework, it is one more primary part to which the stream sensor and float 

sensor are associated. 
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Figure 3.3 Arduino UNO 

3.1.3 Ultrasonic Sensor 

Its essential capability is to create or identify ultrasonic energy. The ultrasonic 

sign's electrical result is enhanced and dissected to find repeats and decide the division 

from a specific item. In the proposed framework it is associated with a blynk web 

application through hub MCU to screen the degree of sewage inside the tank. 

 

 

Figure 3.4 Ultrasonic Sensors 

3.1.4 Flow Sensor 

An electronic device that monitors or regulates the flow rate of a fluid or a gas in a 

tube or pipeline is known as a flow meter. In the proposed system, a flow sensor is 

connected to Arduino UNO to measure the flow rate of wastewater. 

 

Figure 3.5 Flow Sensor 

3.1.5 Float Sensor 

The float level sensor is a nonstop level sensor with an attractive float that goes all over 

as the fluid level changes. In the proposed framework, a float sensor is associated with 
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Arduino Uno to give a caution to clients when the degree of sewage arrives at its limit 

inside the tank. 

 

Figure 3.6 Float Sensor 

The ultrasonic sensor screens the degree of sewage inside the tank. A float sensor 

checks whether the degree of sewage inside the tank arrives at its edge or not. Also, the 

stream sensor breaks down wastewater stream. The sewage laborers are cautioned by a 

blynk at whatever point the sewage level surpasses the limit esteem, exhibiting whether 

cleaning the wastewater is fundamental. This framework assists in checking sewage 

with evening out through ultrasonic sensor and observing stream rate through stream 

sensor and getting notice on sewage level arriving at its limit esteem, hence helping 

sewage laborers to take choices for neatness and furthermore keep a solid and illness 

free climate. 

The numerical and consistent estimations are completed inside by the ESP8266, 

which then, at that point, communicates the pertinent signs to the Blynk cloud for the 

necessary activities. Moreover, the continuous ultrasonic distance is conveyed to the 

Blynk application, and in case of a blockage or flood, a push notice is likewise conveyed 

to the cell phone. 

 

Figure 3.7 Circuit Diagram for IoT based Wastewater Treatment  

As illustrated in figure 3.7, the circuit can ever be linked in accordance with the 

device's circuit design for detecting wastewater. The water level detectors in this 

example were two conductors, but float sensors could also be employed in a similar 

way. 

Blynk is an application that is viable with both Android and iOS gadgets that 

permits us to utilize our cellphones to control any IoT gadget. To foster the GUI of our 

IoT application, we can foster the tweaked Graphical UI. You may likewise see all of the 
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past Blynk IoT projects that we made. To follow the sewage circumstance for this task, 

we will arrange our Blynk application here. 

 

Figure 3.8 Blynk App 

3.2 Microbial Electrochemical Technology (MET) 

The METs are a newly developed wastewater treatment technology that 

decontaminates contaminated water by converting organic materials into useful 

renewable energy in the form of bioelectricity and other significant industrial chemicals, 

such as hydrogen, hydrogen peroxide, methane, alcohols, acetate, etc.[15] Utilizing 

METs, concurrent wastewater treatment and energy recovery is accomplished by 

combining microbial degradation and the electrochemical breakdown mechanism in a 

synergistic manner. The bio electrochemical breakdown of organics that can exchange 

electrons with other receptive substances/materials, such as electrodes, electron 

mediators, nitrate, sulphate, and insoluble metal oxides, is carried out by specialised 

electroactive microbes.[16]. 

It is referred to as a microbial electrolysis cell (MEC) whenever electrical power is 

utilised for increasing the electrical usage among cathode and anode instead to enable 

or speed up the electrode reactions.  In a traditional MEC, electroactive microorganisms 

oxidise biological waste sources to carbon dioxide while similarly emitting protons into 

the resolution using a strong anode as the terminal acceptor of electrons [20]. Protons 

migrate to the cathode via a proton-exchange membrane that separates the two 

electrode divisions whereas electrons move from the anode to the cathode through an 

external circuit. The electrons interact with a dissolved electron acceptor at the cathode 

in the occurrence of an appropriate (bio)catalyst to produce the target product [17]. 

Similar to this, electro active bacteria can use a cathode as an electron donor to reduce 

substrates found in wastewater, such as NO2, NO3, SO4, and C2H2Cl4 [18]. These 

reactions need an extra power source to enhance the voltage created by substrate 
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oxidation at the anode in order to enable the cathodic reaction thermodynamically 

efficient [19]. 

4. Results and Discussion 

The experimental results are presented and discussed. Laboratory tests reveal 

the characterization of municipal sewage and water treatment plant. The experiments 

conducted with various parameters like pH, paddle speed, Biochemical Oxygen Demand 

(BOD), Chemical Oxygen Demand (COD) and Total Suspended Solids (TSS). 

4.1 Estimation of Biochemical Oxygen Demand (BOD) 

It measures the amount of biologically biodegradable solid waste that is 

contained in the water sample as well as how much oxygen the microbes need to stable 

that biologically degradable organic matter in an aerobic environment.10 mL each of 

water sample is added in two 300 mL BOD bottle. The BOD bottles are filled with D.H2O. 

One of the 300 mL BOD bottle is kept in an incubatorat 20° C for 5 days and the 

Dissolved Oxygen analysis is done after 5 days. With the other BOD bottle 1 mL of 

manganese sulphate and 1 mL of alkali iodide is added and shake it by repeated 

inversion. The brown precipitate is allowed to settle down. Then 1 mL con sulphuric acid 

is added and shakes it well. 205mL of sample from the BOD bottle is taken out is a 

conical flask and titration was done with N 40 sodium this sulphate using starch 

indicator and the end point is noted as disappearance of the blue colour. 

                                                                                          

(Eq.4.1) 

4.2 Estimation of Chemical Oxygen Demand (COD)  

In a 250 mL refluxing flask 20 mL sample is taken. A few glasses leads and 

0.2gHgSO4 is added with the sample. 30 mL sulphuric acid is slowly with mixing to 

dissolve HgSO4. The conical flask is cooled during mixing. 5 mL, 0.25N potassium 

dichromate (K2Cr2O7) solution is added and mix it thoroughly. The flask is attached with 

the condenser and turn on cooling with water. Reflux for 1 hour. The condenser is 

washed with H2O and disconnect the reflux contender. Cool to the room temperature. 2 

to 3 drops of ferro in indicator are added and titrate with 0.1 N ferrousammonium 

sulphates and the end point in the colour change from blue green to reddish brown. A 

blank is run with distilled water using the same quantity of the chemicals. 

      
  

 
  

                                                       

                                                  
   (Eq.4.2) 

4.3 Determination of Total Dissolved Solids (TSS) 

Total solids are calculated from the wastes left while evaporating the untreated 

sample. The surplus left over once the purified material has evaporated is used to 

calculate the total dissolved solids. 

               
  

 
      

              

                            
    (Eq. 4.3) 
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    (Eq. 4.4) 

                   (Eq. 4.5) 

 

 

Figure 4.1. Influence of Paddle Speed 250 rpm on Removal of BOD 

When the paddle speed is at 250 rpm, there is a maximum removal efficacy of 

BOD, COD, and TSSin the supernatant. Solution which is of 22%. This removal has been 

achieved at pH 7.95 and sludge loading rate of 20mg/L.  pH plays an important role on 

the removal of suspended micro particle of the waste water system.  

 

Figure 4.2. Influence of Paddle Speed 250 rpm on Removal of COD 

The results of analysis of the supernatant solution of the treated water for COD at 

the paddle speed of 250 rpm has been presented in Figure 4.2.At pH 6.80, the percentage 

of COD removal starts from 5.50 % for 1mg/L sludge dosage and it reaches to 8.80 % at 
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20mg/L dosage and further there is no increase in the removal efficiency even beyond 

20mg/L dosage. 

 

Figure 4.3. Influence of Paddle speed 250 rpm on Removal of TSS 

The results of analysis of the supernatant solution of the treated waste water for 

TSS at the paddle speed of 250 rpm has been presented in Figure 4.3. he results imply 

that the removal efficiency of TSS depends on the pH factor which is maximum removal 

of 22.0 % atpH 7.95. 

5. Conclusion 

The growing interest in electrochemical processes as a possible technology to 

supplement, if not completely replace, existing methods for wastewater reclamation 

justifies in-depth research to determine the technology's true potential. The efficiency of 

BOD, COD, TSS removal parameters from the waste water has no considerable 

improvement even though, the external conditions of sludge dosing, operating speed of 

paddle and pH is increased. The sludge dosage in the experiment has been limited to 20 

mg/L. Beyond that there is no considerable reduction in the BOD, COD and TSS. IoT 

sensor is used for monitoring the wastewater float sensor checks whether the level of 

sewage inside the tank reaches its threshold or not.  

Green technology, cleaner production, carbon footprint, etc., are different concepts 

and principles recently considered in research work due to more and more focus on 

climate change and sustainable environmental development. These concepts can be 

considered during the development of reclamation technology and treatment procedure 

for Water and Wastewater. Therefore, the electrochemical processes, considered one of 

the sustainable techniques, uncharted advantages might be helpful in future 

applications in water and wastewater. 
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