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ABSTRACT 

Low-oxygen air causes death all around the world. Even though the number of fatalities varies 

from year to year and location to location, nitrogen gas replaces oxygen in the atmosphere, 

increasing its percentage to less than 21% by volume. Special environment/room such as High 

Purity Germanium Detector Room (HPGDR) requires tailored techniques to ensure that oxygen 

levels are properly monitored to avoid any hazard. This study was designed for the HPGDR at 

Tanzania Atomic Energy Commission (TAEC).  The V-Model was used which works well for 

small projects with clear requirements. It facilitated each step before moving on to the next level 

of development, resulting in the design of an error-free and high-quality system. The ESP32 

microcontroller which is built in Wi-Fi was used to send data to the Blynk cloud server. The 

developed system is made up of four parts: The sensing component continuously monitors 

environmental parameters with Oxygen, MQ-135, and DHT22 sensors. The processing section 

processes and analyzes sensor data. The notification component alerts workers via a buzzer and 

Short Message Service (SMS). While the controlling component replaces the contaminated 

compressed air with fresh air from outside. To provide real-time monitoring, the developed system 

employs the Blynk Application. All processed data was accessible via mobile phones using the 

Blynk application. The system eliminates both danger and fear because it alerts workers through 

SMS and switches on exhaust fan automatically. The HPGDR workers and the administrators are 

the main beneficiaries of the developed system. 
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CHAPTER ONE 

INTRODUCTION 

1.1 Background of the Problem 

Due to the danger imposed by nitrogen gas on human life when it exceeds its safe level of 78% by 

volume in air, this project is necessary to avert loss of human lives in Tanzania Atomic Energy 

Commission (TAEC) and beyond. Around the World, inhaling oxygen-deficient air results in 

deaths, thought the number of fatalities varies from year to year and place to place, Nitrogen gas 

eliminates oxygen in the air, decreasing the percentage of oxygen in the air to less than 21% by 

volume, which is hazardous to human life. According to  Maloney (2012) since 1992 to 2002, 85 

incidents of nitrogen asphyxiation resulted in 80 deaths and 50 injuries and also as Anon (2021) 

reported from 2012 to 2020 fourteen workers in the US, died from asphyxiation linked to nitrogen 

accidents. Nitrogen gas can displace oxygen in the air, dropping the percentage of oxygen in the 

air down below 21% by volume. Due to the massive liquid to gas expansion that occurs during 

evaporation, liquid nitrogen is capable of displacing enough oxygen to create an oxygen-deficient 

environment in a small or inadequately ventilated room in TAEC, posing a danger of asphyxiation 

(Green et al., 2019). This is system is not only applicable to TAEC, but the entire world. At the 

time of development of the project, there is no system that can perform what this system is designed 

to do. Human brain requires an ongoing flow of oxygen to stay active; without it, the brain cannot 

operate correctly, which can eventually lead to death. Therefore, this system is designed to provide 

protection to all humans all over the world.  

The only gas that sustains life is oxygen. Approximately 21% oxygen by volume in the air typical 

considered safe to breathe (Nitrogen, 2014). If the concentration of oxygen falls below 19.5%,  the 

atmosphere becomes dangerous (Yanisko & Croll, 2012). When the oxygen concentration falls 

only a little below the normal, focus, thinking, and decision-making are all hampered. These side 

effects are undetectable to the person who is affected. If the oxygen concentration in the air declines 

or the concentration of any other gases rises, it cause a condition where asphyxiation is a serious 

risk arises quickly (AIGA, 2008). Oxygen deficiency can have a range of impacts on the human 

body, keep in mind that different people will respond in different ways when the local oxygen 

content falls below 19.5% by volume (Resch, 2014). Working in or entering a room with a low 

oxygen level might result in unconsciousness and death without warning. 

High Purity Germanium Detector is an exceptional device used to detect inner and/or outer 

contamination of various radioactive gamma emitters of a person. This device plays an important 

role in nuclear safety. It enables the performance of quantitative and qualitative analyses of 
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radioactivity and specifies the contaminated spots of a human body (head, lungs, or legs) 

(Dararutana & Abdullah, 2021). 

Liquid nitrogen is used as a coolant to create an inert atmosphere in laboratories and elsewhere. 

'Cryogenic' or very low-temperature liquid nitrogen is stored at temperatures below -196oC, which 

is known as cryogenic storage. Skin and other tissues can be damaged by having contact with liquid 

or vapor at such temperatures (Glasgow, 2010).  

Because of its exceptional cryogenic qualities, liquid nitrogen is widely employed throughout the 

world. Because it is produced by the freezing of air at atmospheric pressure, it has no color, smell, 

or taste, and a temperature of -196°C. For chilling the HPGD to its working temperature, liquid 

nitrogen is employed. Users of chilled detectors should be aware of the dangers associated with the 

cryogenic fluid being used before using the device (Cryogen, 2008). 

However, if liquid nitrogen is not handled properly, it can be harmful. Liquid nitrogen, which is 

colorless, odorless, and tasteless, can inflict frostbite or cryogenic burns, and if used or spilled in a 

confined place, it can kill a person (Wallace, 2004). This is due to liquid nitrogen's enormous 

evaporation expansion ratio: One liter of liquid nitrogen can produce 700 liters of gas. As a result, 

only a minimal amount of liquid nitrogen must evaporate within a room to create an oxygen-

deficient environment (Practice et al., 2005). A person cannot breathe if there is not enough oxygen 

in the room. It is preferable to be alerted than to assume that nothing will happen if liquid nitrogen 

is accidentally spilled in a confined location (Headlines et al., 2014). 

As one of the safety measures for the radioactive mining workers, TAEC has installed a full-body 

scan device in one of the rooms, which uses liquid nitrogen to keep it cool. Every time liquid 

nitrogen is refilled, it pours and evaporates in the room. When nitrogen evaporates, it changes to a 

gas form, which is not possible for a human being to see or smell because it is colorless, odorless, 

and tasteless (Maloney, 2012). Therefore, no one can know the level of oxygen in the room. It is 

scientifically proven that exposure to very high level of pure nitrogen can cause dizziness, 

vomiting, and light headedness and replace oxygen in the room, which eventually can cause 

loss of consciousness and death (Headlines et al., 2014).  

Exposure to nitrogen gas can cause chronic health effects in the long run (Name et al., 

1999). Therefore, to create a safe and healthy environment for both the workers and the clients in 

the full scan room, there is a great need to install a system that can monitor, control and provide 

information on the level of oxygen in the room before entering, especially if the level of oxygen 

gas is low, to alert the workers and switch on exhaust fan automatically. Using the Internet, the 

Blynk application is used to display detected data, process data, and visualize data. Currently, no 
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to regulate its internal air quality using exhaust fan. These features have made the developed system 

of more advantages than other systems. 

Therefore, the proposed smart system for monitoring and controlling oxygen gas level in high 

purity germanium detector room will solve the presented gaps from existing systems because it is 

a user friendly system that helps workers and provides adequate and accurate information for 

informed decision making.  

1.3 Rationale of the Study  

The High Purity Germanium Detector Room at TAEC has no system to detect and regulate air 

impurities installed. Activities in the room are performed under fear of unknown because there is 

no installed system in the room, no one knows the level of oxygen. Even the system installed by 

European Union in Food and Environment Monitoring Laboratory at TAEC cannot regulate air 

impurities and the workers do not have fear as they carry on their daily duties in the room. The 

existing system can neither automatically expel the excessive air impurity from the room nor send 

information about the level of oxygen remotely. This system still needs to be upgraded to a level 

where it will be able to expel excess air impurity from the room without human intervention and 

provide information about the level of oxygen remotely. The TAEC is facing the aforementioned 

challenges and need to be addressed satisfactorily. Therefore, TAEC greatly benefits from the 

developed system because it can monitor any abnormal changes in oxygen level in the room and 

alert the workers. Also when the system detects any other air impurity in the room, the system can 

automatically switch on the exhaust fan to remove air impurity to keep oxygen at the correct level 

in the room. Due to the dangers associated with oxygen deficiency revealed by the literature 

reviewed, there is a great need to tackle the identified issue in the whole body counter room where 

liquid nitrogen is used for cooling the system. This is a lifesaving study both for TAEC and beyond. 

Every activity carried out by human beings must protect life and this is why this study is very 

important.    

1.4 Project Objectives 

1.4.1 Main Objective 

The primary objective of this project was to develop a Smart System for Monitoring and 

Controlling Oxygen Gas Level in High Purity Germanium Detector Room at TAEC. 

1.4.2 Specific Objectives 

(i) To identify the proposed system's user requirements. 
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(ii) To design and develop the proposed system. 

(iii) To implement and validate the proposed system. 

1.5 Research Questions 

(i) What are the required functionalities for the proposed system to monitor and control oxygen 

gas level?  

(ii) What are the required essential steps to design and develop the proposed system? 

(iii) Did the developed system meet the needs of the end users? 

1.6 Significance of the Study 

The developed system provides a better solution for monitoring and controlling oxygen gas, air 

quality, and temperature levels to reduce the negative effects of oxygen deficiency in the operation 

room at the TAEC. It can reduce the fear that causes workers to open door and windows because 

of liquid nitrogen leakage in the room. It can also help workers to take precaution measures in case 

the system alerts them of any air impurity in the room. Moreover, the system can both provide 

alarm and remove the oxygen-deficient air from the room by the use of an automated exhaust fan; 

also it can help the workers to keep safe from the effect of leaked liquid nitrogen. 

1.7 Delineation of the study  

The study aimed at monitoring, controlling, and providing information on the levels of oxygen gas, 

air quality, and temperature in the High Purity Germanium Detector Room at TAEC. I met with 

the difficulty in locating the essential device, such as a Nitrogen sensor, was one of the project's 

challenges. The initial plan was to use nitrogen and oxygen sensors together to monitor both the 

levels of nitrogen and oxygen in the High Purity Germanium Detector Room but Nitrogen sensor 

was not found in market.  As result, only oxygen sensor was used though it took a long time to get 

it because it was not possible to find it in Tanzania, Rwanda or Kenya. This required ordering an 

oxygen sensor from China and it took more than two months and a significant amount of money 

was spent on shipment, as well as delays in the project as a result of the lengthy wait.  
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according to the level and location. It is made known that there is a need to come up with new 

methodology and modern systems for monitoring and controlling air quality in real-time to save 

human lives (Kim et al., 2014). 

Gas leakage is a mutual issue in households and manufacturing environments. Its very existence is 

threatening if it is not detected and controlled right away. Paculanan and Carino (2019) designed 

system for detection of methane, butane, LPG leak, and methane outflow and alert authorized 

people via SMS and sound alarm. However, the system lacks the functionality of removing harmful 

gases from the room. 

The effect of domestic and commercial cooking fuel on human health increases daily. According 

to the research conducted in India by Gupta et al. (2020), it shows that every year people lose their 

lives due to inhaling unsafe air. Therefore, to monitor the concentration of harmful gases in the 

indoor atmosphere, the system was developed to take up appropriate steps in case gases increase. 

The system is used for domestic air monitoring purposes in homes or personal indoor spaces to 

measure the quality of air. However, the way of removing air impurity inside the room was to open doors 

and windows, the Internet was required to send messages to the user and it was not able to control the system 

remotely. 

Environmental contamination has posed a substantial hindrance to human life in the growing 

society. Most indoor air quality measures are beyond the threshold of health, therefore it is difficult 

to maintain a productive and stable environment. The system developed by Jayasree et al. (2021) 

was able to provide real-time monitoring of indoor air quality parameters and alert workers through 

a subscribed mobile phone. However, the easy way of minimizing the concentration of harmful 

gases in the room was just to open doors and windows to increase indoor air quality significantly.  

The system developed by Ahasan et al. (2018) was Arduino based real time air quality monitoring. 

This system was able to monitor air quality using MQ-135 sensor and display it locally using LCD 

display. This system needs to be upgraded to a level it can alert workers through buzzer, remotely 

monitoring and controlling and saving the processed data in the cloud for making decision. 

Harmful gas detection and monitoring utilizing internet of things system developed by Kodali and 

Rajanarayanan (2019). Ardunio Uno R3 board was used as central microcontroller which is 

connected with sensor. The data received by sensor was stored in internet which could be used for 

further processing and it could be analyzed for improving safety regulations. Locally the monitored 

data were displayed using LCD display. However, the system still need to be upgraded to a level 

what it can notify users using GSM technology and buzzer.  
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A NodeMCU based Fire Safety and Air Quality Monitoring Device system was developed and 

intended to monitor the quality of air present in the working environment. Air quality monitoring 

sensor MQ135, DHT11 (humidity and temperature) sensor were used for monitoring 

environmental parameters and the Blynk application (an IoT platform) was used for cloud storage. 

However, the system lacks the notification part either using buzzer or SMS.  

Real Time Air Quality monitoring system was developed to help people in avoiding the exposure 

to the pollutants harmful gases. The raw sensor data collected from the gas sensors was sent to the 

cloud using an android application. Arduino Nano microcontroller was interfaced with MQ135 

sensor and HC-05 module. Locally the monitored raw was displayed using LCD. However, the 

users need to be alerted using buzzer and SMS.  

This chapter reviewed the relevant literature to the project in order to identify a gap in what has 

been done. Therefore, this chapter helped in identifying a clear gap and developing a solution for 

covering the identified gap. To address the various challenges presented by the existing systems, 

the present study shows that there is a need to develop the smart system which can integrate all 

functionalities reviewed from systems in order to add features.   
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CHAPTER THREE 

MATERIALS AND METHODS 

3.1 Overview 

The project's development included several procedures, methods, and clear steps to achieve the 

project's goal. This Chapter describes the methodologies used to conduct this research. It covers 

the research area, data collection, system development approach, and model used. Data for the 

project development were gathered from various experts in various fields such as radiation and 

electronics, and ICT at TAEC.  

3.2 Area of the Study 

This study was conducted at Tanzania Atomic Energy Commission (TAEC) located in Arusha 

district, Njiro subward. The TAEC, is the government regulatory organization in charge of all 

atomic energy affairs in Tanzania. It was formed by the Atomic Energy Act No. 7 of 2003. The 

TAEC was established with responsibilities; control of the uses of ionizing and non-ionizing 

radiation sources, as well as the promotion of safe and peaceful usage of atomic energy and nuclear 

technology. Tanzania Atomic Energy Commission headquarters is located at Njiro, Arusha, 

Tanzania and it has departments such as Control of Radiation Contamination in Foodstuff and 

Fertilizers, Radiation Safety Inspections, Radioactive Waste Management, Radiotracer Laboratory, 

Dosimetry and Calibration, Technical Support and Radiation Protection and Nuclear 

Instrumentation Maintenance. Therefore, the developed project is under the department of 

Technical Support and Radiation Protection.  

The reason of choosing this project under Technical Support and Radiation Protection department 

was the presence of two rooms and one of them named as food and environment monitoring 

laboratory. The food and environment monitoring laboratory room is equipped with the system that 

is installed which can detect an excessive air impurity and the workers do not have fear as they 

carry on their daily duties in the room. The existing system in this room can detect an excessive air 

impurity and alert workers but it can neither automatically expel the excessive air impurity from 

the room nor send information about the level of oxygen gas remotely. This system still needs to 

be upgraded to a level where it will be able to expel excess air impurity from the room without 

human intervention and provide information about the level of oxygen gas remotely. However, the 

other room named whole body counter room, there is no any installed system. Activities in this 

room are performed under fear of the unknown. Because there is no installed system in the room, 

no one knows the level of oxygen gas in the room. 

http://taec.go.tz/control-of-radiation/
http://taec.go.tz/control-of-radiation/
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3.3 Data Collection  

In order to study, understand and plan for the required resources for designing and developing the 

Smart System for Monitoring and Controlling Oxygen Gas Level in High Purity Germanium 

Detector Room as per the first specific objective of this project, data on end user needs and 

requirements was locally collected through interviews with staff from department of Technical 

Support and Radiation Protection Support at TAEC, and observation of High Purity Germanium 

Detector Room in the organization. The aforementioned data collection methods were used to gain 

a deeper understanding of concepts and opinions over the proposed system. Furthermore, 

secondary data were sought through related literature reviews to gain a better understanding of how 

smart sensors work.  The High Purity Germanium Detector Room has been chosen for this project 

due to that; 

3.4 System Development Approach 

From the design phase to implementation, a variety of software development techniques can be 

used in the system development process. The most commonly known and likely to be used are 

Agile, Waterfall and V-Model. But after analyzing and understanding the requirements to be used 

for developing the proposed system, I found that both Agile and Waterfall could not be used for 

the system development because the requirement were well known. The table below shows the 

comparison between V-Model and Waterfall model 

Table 1: Comparison between V-Model and Waterfall Model 
S/N V-Model Waterfall Model 
1 
 
 
2  
 
 
3 
 
4 

It is possible to test a software 
during its development. 
 
Identification of defects can 
be done from the beginning. 
 
 
 
 
Guarantee of success through 
V- Model is high. 
 
More customer involvement 
as compared to Waterfall 
Model 
 

It is not possible to test a 
software during its 
development. 
Identification of defects is 
done in the testing phase. 
 
Guarantee of success through 
Waterfall Model is low. 
 
Less customer involvement 

We used V-Model in this project because it works well for small projects with clear requirements. 

It was simple to check each step before moving on to the next level of development, resulting in 

the development of an error-free and high-quality system. The V-Model is a Software Development 














































































