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ABSTRACT: Effective wastewater management is vital for ensuring environmental protection and meeting regulatory 

standards. This study introduces Real-Time Wastewater Surveillance and Regulation Using an Industrial IoT Cloud 

Framework, utilizing Arduino and the ESP8266 module. The setup incorporates various sensors—such as pH, gas, flow, 

and water level sensors—to continuously track the quality of wastewater. Data gathered from these sensors is shown on 

an LCD display and transmitted to a cloud server through the ESP8266, enabling remote access and monitoring. The 

system includes an automated control mechanism using a solenoid valve that adjusts wastewater discharge. When all 

sensor readings indicate safe conditions, the valve opens to permit the flow of wastewater. 

 Keywords: Cloud computing, Data Acquisition, IIoT System Sensor Network, Real time processing, Wastewater 
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I.  INTRODUCTION 

Water contamination poses a significant threat to the 

environment, particularly in industrial zones where 

untreated wastewater discharge can negatively impact 

both ecosystems and human well-being. Conventional 

techniques for monitoring wastewater are typically 

manual, time-consuming, and ineffective in capturing 

real-time variations. To overcome these challenges, a 

cloud-integrated Industrial Internet of Things (IIoT) 

system offers a cutting-edge solution for continuous 

monitoring and control of wastewater. 

This advanced setup combines IIoT components—such 

as sensors, actuators, and cloud-based computing—to 

enable instant tracking, analysis, and automated 

management of key wastewater indicators, including pH 

levels, flow rate, water height, and gas emissions. 

Utilizing cloud infrastructure allows for seamless data 

logging, remote system access, and intelligent analytics, 

thereby boosting operational performance and ensuring 

adherence to environmental guidelines. 

Deploying this type of smart system delivers multiple 

advantages, such as the prompt identification of 

contamination, automated corrective actions upon 

threshold violations, and data-driven operational 

decisions through the use of a solenoid valve 

mechanism. This modernized strategy not only supports 

environmental sustainability but also helps industrial 

operations maintain compliance with regulatory 

standards, reducing potential penalties and protecting 

their public image. 

 

II. CHALLENGES 

1. Significant Upfront Investment and 

Infrastructure Demands 

 Implementing IIoT components such as sensors, 

communication gateways, cloud-based data 

storage, and analytical tools involves considerable 

financial outlay. 

 For small and medium enterprises (SMEs), the 

cost of adopting such advanced technology may be 

prohibitive. 

 Upgrading existing wastewater treatment facilities 

to accommodate IIoT integration can be both 

expensive and labor-intensive. 

 

2. Sensor Reliability and Maintenance Issues 

 IIoT sensors that monitor variables such as pH, 

flow rate, water level, and gas concentrations may 

lose precision over time, compromising data 

quality. 

 Exposure to extreme environmental conditions—

like highly acidic or alkaline wastewater and 

corrosive chemicals—necessitates frequent 

servicing and calibration. 

 Inaccurate sensor outputs can result in false alerts 

or, conversely, a failure to detect actual 

contamination events. 

 

3. Navigating Regulatory Compliance 

 Environmental laws governing wastewater 

discharge differ by region, complicating 

compliance efforts across multiple jurisdictions. 
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 The system must be flexible enough to 

accommodate updates in legal frameworks and 

reporting protocols. 

 Non-compliance can lead to financial penalties, 

legal consequences, or forced suspension of 

operations. 

 

4. Power Usage and Environmental Impact 

 Operating sensors continuously and running cloud-

based analytics can significantly increase energy 

demands. 

 Achieving an optimal balance between system 

performance and eco-friendliness requires the 

adoption of energy-saving IoT hardware and 

efficient cloud infrastructure. 

III METHODOLOGY 

Step 1: System Design and Component Selection 

 Select microcontroller: Arduino for sensor 

interfacing and control. 

 Choose wireless communication module: ESP8266 

for cloud connectivity. 

 Identify required sensors: 

 pH sensor to measure acidity/alkalinity of 

wastewater. 

 Gas sensor to detect harmful gases. 

 Flow sensor to monitor wastewater flow rate. 

 Water level sensor to measure wastewater level. 

 Include LCD display for local data visualization. 

 Use a solenoid valve for controlling wastewater 

discharge based on sensor readings. 

 

Step 2: Sensor Integration and Hardware Assembly 

 Interface all sensors (pH, gas, flow, and water 

level) with the Arduino. 

 Connect LCD display to Arduino for real-time data 

output. 

 Wire the ESP8266 module to Arduino to enable 

wireless data transmission. 

 Connect solenoid valve to an output pin of 

Arduino for automated control. 

 

Step 3: Data Acquisition 

 Continuously collect readings from all sensors. 

 Process and filter data in Arduino to ensure 

reliability. 

 

Step 4: Data Transmission and Cloud Integration 

 Format the sensor data into readable packets. 

 Use the ESP8266 module to transmit the data to a 

designated cloud server (e.g., Firebase, 

ThingSpeak, Blynk). 

 Ensure real-time data is accessible remotely via a 

web or mobile interface. 

 

 

Step 5: Local Display and Monitoring 

 Display real-time sensor readings on the LCD 

screen. 

 Ensure that any abnormal values trigger alerts or 

notifications. 

 

Step 6: Automated Control Mechanism 

 Program logic in Arduino to analyze sensor data: 

 If all parameters are within predefined safe 

thresholds: 

 Open the solenoid valve to allow wastewater 

discharge. 

 If any parameter exceeds the threshold: 

 Keep the solenoid valve closed to stop discharge. 

 Include manual override or fail-safe mechanism if 

necessary. 

 

Step 7: Testing and Validation 

 Simulate various wastewater conditions to test 

sensor response and valve control. 

 Validate data accuracy by comparing sensor 

readings with standard measurement tools. 

 Ensure consistent communication with the cloud 

platform under real-time conditions. 

 

 

IV. PROPOSED SYSTEM 

 The system utilizes pH, gas, flow, and water level 

sensors to continuously assess the quality of 

wastewater, with real-time readings displayed on 

an integrated LCD module 

 Collected sensor data is transmitted to a cloud-

based platform via the ESP8266 IoT module, 

enabling remote supervision and advanced 

analytics. 

 A solenoid valve operates automatically to control 

the discharge of wastewater; it shuts off flow if 

any monitored parameter exceeds predefined 

safety limits 

 Continuous data monitoring helps industries meet 

environmental compliance by minimizing the risk 

of releasing harmful effluents. 

 Designed for adaptability, the system can be 

deployed across various industrial and municipal 

settings, offering a budget-friendly solution 

compared to traditional monitoring methods. 
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FIGURE 1. Block Diagram 

 

V. HARDWARE PARTS 

1)PH SENSOR 

A pH sensor is a device used to measure the acidity or 

alkalinity of a solution, expressed in terms of pH value 

(ranging from 0 to 14). It is commonly used in laboratories, 

industries, agriculture, water treatment, and environmental 

monitoring. 

                           

FIGURE 2. Analog pH sensor 

2)ARDUINO UNO 

Arduino UNO as the main controller to control all over the 

project to implement AI and IOT technology. The Arduino 

Uno is one of the most popular and widely used 

microcontroller boards in the Arduino family. It is an open-

source electronics platform based on the ATmega328P 

microcontroller, designed for beginners and advanced users 

to build and prototype embedded systems. 

               

FIGURE 3. Arduino UNO 

 

 

3)NODE MCU 

The Node MCU ESP8266 is a low-cost, open-source IoT 

development board that integrates the ESP8266 Wi-Fi 

module with a microcontroller. It is widely used for IoT 

applications due to its built-in Wi-Fi capability, ease of 

programming, and compatibility with the Arduino IDE. 

 

FIGURE 4. Node MCU ESP8266 

4)WATER FLOW SENSOR 

A flow sensor is a device used to measure the rate of fluid 

or gas flow in a system. It converts the flow rate into an 

electrical signal that can be read by a microcontroller or 

monitoring system. 

 

FIGURE 5. Flow Sensor. 

5)GAS SENSOR 

The MQ series gas sensors are widely used for gas 

detection in various applications. These sensors detect 

specific gases by measuring changes in resistance when 

exposed to the target gas. They are commonly used in 

environmental monitoring, industrial safety, and home 

automation systems. 

 

FIGURE 6. Gas Sensor. 
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6)BUZZER 

A buzzer is an electronic component that generates sound 

through the transmission of electrical signals. It is used to 

provide an audible alert or notification and typically 

operates within a voltage range of 5V to 12V. The buzzer 

circuit consists of a copper wire, nails, battery, an armature, 

and an electric buzzer. 

 

FIGURE 7. Buzzer 

7)16X2 LCD DISPLAY 

The 16x2 LCD (Liquid Crystal Display) is a commonly 

used display module that can show 16 characters per line on 

2 rows. It is widely used in embedded systems, IoT 

projects, and microcontroller-based applications due to its 

simplicity and efficiency platform to write the system’s 

programming code, then compiles and uploads the program 

to the NodeMcu Esp8266 module.  

 

FIGURE 9. CIRCUIT CONNECTION 

8) RELAY DRIVER 

A relay is an electro-magnetic switch which is useful if you 

want to use a low voltage circuit to switch on and off a light 

bulb (or anything else) connected to the 220v mains supply. 

 

FIGURE 10. RELAY DRIVER 

9) WATER LEVEL SENSOR 

A potentiometer is a manually adjustable resistor. The way 

this device works is relatively simple. One terminal of the 

potentiometer is connected to a power source. Another is 

hooked up to ground (a point with no voltage or resistance 

and which serves as a neutral reference point), while the 

third terminal runs across a strip of resistive material. This 

resistive strip generally has a low resistance at one end; its 

resistance gradually increases to a maximum resistance at 

the other end. The third terminal serves as the connection 

between the power source and ground, and is usually 

interfaced to the user by means of a knob or lever. The user 

can adjust the position of the third terminal along the 

resistive strip in order to manually increase or decrease 

resistance. By controlling resistance, a potentiometer can 

determine how much current flows through a circuit. When 

used to regulate current, the potentiometer is limited by the 

maximum resistivity of the strip. 

 

 FIGURE 11. POTENTIOMETER 

VI. SOFTWARE DISCRIPTION 

1)ARDUINO IDE 

The Arduino Integrated Development Environment (IDE) is 

a Java-based cross-platform framework for programming 

language processing and wiring projects derived from the 

IDE. It is aimed attaching programming to artists and other 

beginners in the field of software development. It provides 

a code editor that includes syntax highlighting, brace 

matching, and automatic indentation, as well as the ability 

to compile and publish programs to the board with just one 

click. A ‘‘sketch’’ is a program or code developed for 

Arduino. Arduino programs can be written in C or C++. 

The Arduino IDE includes ‘‘Wiring,’’ a software library 

derived from the original Wiring project that simplifies 

some common input/output functions. The proposed system 

uses the Arduino IDE platform to write the system’s 

programming code, then compiles and uploads the program 

to the NodeMCU Esp8266 module.  
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FIGURE 12. CIRCUIT CONNECTION 

2)BLYNK APPLICATION 

Blynk’s low-code platform not only reduces development 

time and costs but also makes it easy to master every aspect 

of a connected business—from managing users, apps, and 

devices to driving adoption and growth. 

 

 FIGURE 13. BLYNK APPLICATION 

VI. RESULT AND DISCUSION 

1) RESULT 

Achieved Real-Time Monitoring: The system effectively 

captures key wastewater indicators—such as pH, gas 

concentration, flow rate, and water level—and presents the 

data on an LCD screen. 

Enabled Cloud Integration: Through the use of the 

ESP8266 module, sensor readings are uploaded to a cloud 

server, facilitating remote monitoring and data access. 

Intelligent Wastewater Management: When sensor values 

remain within acceptable ranges, the solenoid valve stays 

open, allowing normal discharge. If any reading surpasses 

the designated threshold, the valve automatically shuts, 

halting the flow of potentially hazardous water. 

Enhanced Operational Efficiency: The system minimizes 

the need for manual oversight and supports quicker, more 

informed responses. 

2) DISCUSION 

Regulatory Compliance: The system effectively prevents 

the release of untreated wastewater, helping industries 

adhere to environmental protection standards. 

Dependable Performance: IoT-enabled remote monitoring 

allows for uninterrupted oversight of wastewater conditions 

without the need for on-site personnel. 

Identified Limitations: Potential challenges include 

unstable network connections affecting data uploads and 

sensor readings being compromised by harsh environmental 

factors. 

Scope for Future Development: Future improvements 

may involve integrating artificial intelligence for predictive 

maintenance, developing a mobile application for instant 

notifications, and adding more sensor types to enhance 

monitoring accuracy 

 

 FIGURE 14. HARDWARE PROTOTYPE 

 

 FIGURE 15. SOFTWARE OUTPUT 

 

 FIGURE 16. LCD OUTPUT 
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